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ton (440) dafur eingerichtet ist, in dem ersten Ge­
horgang (303) verwendetzu werden, und dieses den 
verdeckten Ton in dem ersten Gehorgang (303) 
empfangt, wobei der wenigstens eine Abschnitt der 
ersten Ohrform zur Anordnung in dem ersten Ge­
horgang (303) eingerichtet ist, und ferner mit einer 
zweiten ohrseitigen Vorrichtung (21 OB), die beinhal­
tet: 

einen Drahtlosempfanger, um ein erstes Draht­
lossignal zu empfangen, das einen Fernton dar­
stellt; 
einen zweiten Prozessor (260), der mit dem 
Drahtlosempfanger verbunden ist, um das erste 
Drahtlossignal in den Fernton umzuwandeln; 
einen Lautsprecher (470), der mit dem zweiten 
Prozessor verbunden ist, wobei der Lautspre­
cher zur Verwendung in dem zweiten Gehor­
gang (303) eingerichtet ist, um den Fernton an 
den zweiten Gehorgang (303) zu ubertragen; 
und 
einer zweiten Ohrform, die wenigstens den 
Lautsprecher einschliel3.t, wobei wenigstens ein 
Teil der zweiten Ohrform zur Anordnung in dem 
zweiten Gehorgang (303) eingerichtet ist. 

17. System nach Anspruch 16, bei dem die zweite ohr­
seitige Vorrichtung (21 OB) ferner ein zweites Mikro-

5 

10 

15 

20 

25 

fon (420) aufweist, das mit dem zweiten Prozessor 
(460) verbunden ist, wobei das zweite Mikrofon (420) 30 
dafur eingerichtet ist, einen Umgebungston von au-
13.erhalb des zweiten Gehorgangs (303) zu empfan-
gen, und bei dem: 

derzweite Prozessor (460) den Umgebungston 35 

weiterverarbeitet; und 
der Lautsprecher (470) dafur eingerichtet ist, 
den Fernton und den verarbeiteten Umge­
bungston an den zweiten Gehorgang (303) zu 
senden. 40 

18. System nach einem der Anspruche 16 oder 17, bei 
dem die erste ohrseitige Vorrichtung (110, 21 DA) die 
erste sprachbetriebene Austauschschaltung (VOX) 
(430) mit dem ersten Prozessor (460) verbunden 45 
aufweist, und wobei die zweite ohrseitige Vorrich-
tu ng (21 OB) ferner eine zweite VOX-Schaltu ng ( 430) 
aufweist, die mit dem zweiten Prozessor verbunden 
ist. 

19. System nach einem der Anspruche 16 bis 18, bei 
dem der erste Prozessor u nd der zweite Prozessor 
jeweils ein Spracherkennungsmodul aufweisen. 

50 

20. System nach einem der Anspruch 16 bis 19, bei dem 55 

die ersten und zweiten ohrseitigen Vorrichtungen je­
weils die BTE-vorrichtungen darstellen. 

14 

21. 

22. 

23. 

24. 

25. 

26. 

System nach einem der Anspruche 16 bis 19, bei 
dem die ersten und zweiten ohrseitigen Vorrichtun-
gen jeweils die ITE-Vorrichtungen darstellen. 

System nach Anspruch 21, bei dem die ersten und 
zweiten ohrseitigen Vorrichtungen jeweils eine In-
Gehorgangs-Vorrichtung (ITC) (310B) darstellen. 

System nach Anspruch 22, bei dem die ersten und 
zweiten ohrseitigen Vorrichtungen jeweils Vollstan-
dig-ln-Gehorgangs-Vorrichtungen (CIC) (31 DC) dar-
stellen. 

System nach einem der Anspruche 16 bis 23, das 
ferner eine entfernte Vorrichtung (190, 290) auf-
weist, die kommunikativ mit den ersten und zweiten 
ohrseitigen Vorrichtungen verbunden ist. 

System nach Anspruch 24, bei dem die entfernte 
Vorrichtung (190,290) wenigstens einen Computer, 
einen Personal Digital Assistant (PDA), ein Mobilte-
lefon, ein Walkie Talkie und/oder einen Sprachuber-
setzer aufweist. 

Verfahren, das beinhaltet: 

Bestimmen eines verdeckten Tons unter Ver­
wendung eines ersten Mikrofons, das zur Ver­
wendung in einem Gehorgang (303) eingerich­
tet ist; 
Bestimmen eines eingehenden Funksignals, 
das einen Fernton von einer entfernten Vorrich­
tung (190,290) darstellt; 
Starten einer sprachbetriebenen Austauschein­
richtung (VOX), die in einer ohrseitigen Kommu­
nikationsvorrichtung eingeschlossen ist, wenn 
der verdeckte Ton und/oder das eingehende 
Funksignal bestimmt wird, wenn die VOX nicht 
bereits an ist, wobei die ohrseitige Kommunika­
tionsvorrichtung eine ln-Ohr-Vorrichtung (ITE) 
oder eine Hinter-Ohr-Vorrichtung (BTE) dar­
stellt; 
Einblenden des verdeckten Tons und Ausblen­
den des Ferntons, wenn der verdeckte Ton be­
stimmt wird, wahrend das eingehende Funksi­
gnal nicht bestimmt wird; und 
Einblenden des Ferntons und Ausblenden des 
verdeckten Tons, wenn das eingehende Funk­
signal bestimmt wird, wahrend der verdeckte 
Ton nicht bestimmt wird. 

27. Verfahren nach Anspruch 26, bei dem das Bestim­
men des verdeckten Tons, das Vergleichen einer 
Amplitude des verdeckten Tons mit einem Schwell­
wert fur einen verdeckten Ton beinhaltet, wobei der 
verdeckte Ton bestimmt wird, wenn die Amplitude 
des verdeckten Tones den Schwellwert fur den ver­
deckten Ton uberschreitet. 
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28. Verfahren nach einem der Anspruche 26 oder 27, 
bei dem das Bestimmen des eingehenden Funksi­
gnals das Vergleichen einer Amplitude des Ferntons 
mit einem Ferntonschwellwert beinhaltet, wobei das 
eingehende Funksignal bestimmt wird, wenn die 5 

Amplitude des Ferntons den Ferntonschwellwert 
uberschreitet. 

29. Verfahren nach einem der Anspruche 26 bis 28, das 
ferner das Bestimmen eines Umgebungstons unter 10 
Verwendung eines zweiten Mikrofons beinhaltet, 
und wobei das Starten derVOX das Starten derVOX 
beinhaltet, wenn wenigstens der verdeckte Ton, das 
eingehende Funksignal und/oder der Umgebungs-
ton bestimmt wird, wahrend die VOX noch nicht be- 15 
reits an ist. 

30. Verfahren nach Anspruch 29, das ferner das Aus­
blenden des verdeckten Tons, das Einblenden des 
Ferntons und das Ausblenden des Umgebungstons 20 

beinhaltet, wenn das eingehende Funksignal be­
stimmt wird, wahrend der verdeckte Ton nicht be­
stimmt wird. 

31. Verfahren nach Anspruch 29, das ferner das Aus- 25 

blenden des verdeckten Tons, das Einblenden des 
Ferntons und das Einblenden des Umgebungstons 
beinhaltet, wenn das eingehende Funksignal be­
stimmt wird, wahrend der verdeckte Ton nicht be-
stimmt wird. 30 

32. Verfahren nach Anspruch 29, das ferner das Ein­
blenden des verdeckten Tones, das Ausblenden des 
Ferntons und das Ausblenden des Umgebungstons 
beinhaltet, wenn der verdeckte Ton bestimmt wird, 35 

wahrend das eingehende Funksignal nicht bestimmt 
wird. 

Revendications 40 

auditif (303) et le second conduit auditif 
(303); et 
un recepteur sans fil, connecte a un premier 
processeur (460), pour recevoir un premier 
signal sans fil representant un son distant; 

dans lequel le premier processeur (460) est connec­
te au premier microphone (440) et est adapte pour 
traiter le son occlus (305) et le son distant; le premier 
dispositif d'oreille comprenant en outre : 

un haut-parleur adapte en vue d'une utilisation 
dans celui parmi le premier conduit auditif (303) 
et le second conduit auditif (303) et adapte pour 
transmettre le son distant traite a celui parmi le 
premier conduit aud itif (303) et le second conduit 
auditif (303) ; un emetteur sans fil, connecte au 
premier processeur (460) et adapte pour rece­
voir le son occlus traite du premier processeur 
(460) et emettre un second signal sans fil repre­
sentant le son occlus ; 
un premier embout auriculaire logeant au moins 
le premier microphone (440) et le haut-parleur 
(470), au moins une portion du premier embout 
auriculaire etant configuree en vue d'etre placee 
dans celui parmi le premier conduit auditif (303) 
et le second conduit auditif (303) ; et 
un premier circuit d'echange a commande vo­
cale (VOX) (430) connecte au premier proces­
seur (460); 
le premier circuit VOX (430) comprenant: 

un module de controle de son occlus (441) 
adapte pour laisser passer le son occlus et 
pour bloquer le son distant lorsque le son 
occlus est detecte alors que le son distant 
n'est pas detecte ; et 
un module de controle de son distant (451) 
adapte pour laisser passer le son distant et 
pour bloquer le son occlus lorsque le son 
distant entrant est detecte alors que le son 
occlus n'est pas detecte. 

2. Systeme selon la revendication 1, dans lequel le pre-

1. Un systeme adapte en vue d'une utilisation dans au 
moins une parmi une premiere oreille (101A) ayant 
un premier conduit auditif (303) et une seconde 
oreille (101 B) ayant un second conduit auditif (303), 
comprenant: 

un premier dispositif d'oreille (110, 21 0A) confi­
gure pour etre un parmi un dispositif place a l'in­
terieur de l'oreille (ITE) et un dispositif contour 
d'oreille (BTE), le premier dispositif d'oreille 
comprenant : 

45 mier embout auriculaire loge le premier microphone 
(440), le premier processeur et l'emetteur sans fil, 
et dans lequel le premier em bout auriculaire est con­
figure pour etre utilise comme dispositif ITE (310 A). 

un premier microphone ( 440) adapte en vue 
d'une utilisation dans un parmi le premier 
conduit auditif et le second conduit auditif, 
et adapte pour recevoir un son occlus (305) 
a l'interieurdecelui parmi le premier conduit 

50 3. Systeme selon la revendications 1, dans lequel le 
premier dispositif d'oreille (110, 21 0A) comprend un 
module ITE comprenant le premier microphone 
(440) et un module BTE fixe au module ITE, le mo­
dule BTE comprenant le premier processeur et 

55 l'emetteur sans fil. 

15 

4. Systeme selon la revendication 1, dans lequel le pre­
mier microphone (440) et le haut-parleur (470) sont 
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mis en oeuvre sous la forme d'un dispositif commun 
recevant le son occlus et emettant le son distant trai­
te. 

5. Systeme selon la revendication 4, comprenant en 
outre un second microphone (420) connecte au pre­
mier processeur (460), le second microphone (420) 
etant adapte pour recevoir un son ambiant de l'ex­
terieur de celui parmi le premier conduit auditif (303) 
et le second conduit auditif (303), et dans lequel : 

le premier processeur (460) traite en outre le 
son ambiant ; et 
le haut-parleur (470) est configure pour trans­
mettre lessons distant et ambiant traites a celui 
parmi le premier conduit auditif (303) et le se­
cond conduit auditif (303). 

6. Systeme selon la rev end ication 5, dans lequel le pre-

13. Systeme selon la revendication 11, dans lequel le 
module BTE comprend une batterie rechargeable 
(480). 

5 14. Systeme selon l'une quelconque des revendications 
7 a 13, comprenant en outre un dispositif distant 
(190, 290) couple en communication a l'emetteur 
sans fil et au recepteur sans fil via une liaison de 
telemesure (195, 295) assurant une communication 

10 bidirectionnelle simultanee entre le premier dispositif 
d'oreille (110, 21 0A) et ledispositifdistant(190, 290). 

15. Systeme selon la revendication 14, dans lequel le 
dispositif distant (190, 290) comprend au moins un 

15 parmi un ordi nateur, un assistant numerique person­
nel (PDA), un telephone cellulaire, un talkie-walkie, 
ou un traducteur de langue. 

mier circuit VOX (430) comprend un module de con- 20 

tr6Ie de son ambiant (421), couple au premier mi­
crophone (420), pour occulter ou attenuer sensible­
ment le son ambiant. 

16. Systeme selon la revendication 1, dans lequel le pre­
mier microphone (440) est adapte en vue d'une uti­
lisation dans le premier conduit auditif (303) et regoit 
le son occlus a l'interieur du premier conduit auditif 
(303), ans lequel au moins la portion du premier em­
bout auriculaire est configuree en vue d'etre placee 
dans le premier conduit auditif (303), et comprenant 
en outre un second dispositif d'oreille (21 OB) 
comprenant : 

7. Systeme selon l'une quelconque des revendications 25 

precedentes, dans lequel le premier processeur 
(460) comprend un module de reconnaissance vo-
cale. 

8. Systeme selon l'une quelconque des revendications 30 
4 a 7, dans lequel le premier embout auriculaire loge 
le premier microphone (440), le premier processeur 
(460), l'emetteur sans fil, le recepteur sans fil, et le 
haut-parleur(470), etdans lequel le premierembout 
auriculaire est configure pour etre utilise comme dis- 35 

positif ITE. 

9. Systeme selon la rev end ication 8, dans lequel le pre­
mier embout auriculaire est configure pour etre uti-
lise comme dispositif intra-conduit (ITC) (31 OB). 40 

un recepteur sans fil pour recevoir un premier 
signal sans fil representant un son distant ; 
un second processeur (260), connecte au re­
cepteur sans fil, pour convertir le premier signal 
sans fil dans le son distant ; 
un haut-parleur (470) connecte au second pro­
cesseur, le haut-parleur etant adapte en vue 
d'une utilisation dans le second conduit auditif 
(303) pour transmettre le son distant au second 
conduit auditif (303) ; et 
un second embout auriculaire logeant au moins 
le haut-parleur, au moins une portion du second 
embout auriculaire etant configuree en vue 
d'etre placee dans le second conduit auditif 
(303). 

10. Systeme selon la revend ication 9, dans lequel le pre­
mier embout auriculaire est configure pour etre uti­
lise comme dispositif completement intra-conduit 
(CIC) (31 0C). 

11. Systeme selon l'une quelconque des revendications 
4 a 7, dans lequel le premier dispositif d'oreille (110, 
21 0A) comprend un module ITE comprenant le pre­
mier microphone (440) et le haut-parleur (470) et un 
module BTE fixe au module ITE et comprenant le 
second microphone (420), le premier processeur 
(460), l'emetteur sans fil et le recepteur sans fil. 

45 17. Systeme selon la revendication 16, dans lequel le 
second dispositif d'oreille (21 OB) comprend en outre 
un second microphone (420) connecte au second 
processeur (460), le second microphone (420) etant 
adapte pour recevoir un son ambiant de l'exterieur 

12. Systeme selon la revendication 11, dans lequel le 
module BTE comprend le premier circuit d'echange 
a commande vocale (VOX) (430). 

50 du second conduit auditif (303), et dans lequel : 

le second processeur (460) traite en outre le son 
ambiant; et le haut-parleur (470) est configure 
pour transmettre le son distant et le son ambiant 

55 traite au second conduit auditif (303). 

16 

18. Systeme selon l'une quelconque des revendications 
16 et 17, dans lequel le premier dispositif d'oreille 
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(110, 210) comprend le premier circuit d'echange a 
commande vocale (VOX) (430) connecte au premier 
processeur (460), et le second dispositif d'oreille 
(2108) comprend en outre un second circuit VOX 
(430) connecte au second processeur. 5 

19. Systeme selon l'une quelconque des revendications 
16 a 18, dans lequel le premier processeur et le se­
cond processeur comprennent chacun un module 
de reconnaissance vocale. 

20. Systeme selon l'une quelconque des revendications 
16a 19, dans lequel les premier et second dispositifs 
d'oreille sont respectivement le dispositif BTE. 

10 

detecte; et 
laisser passer le son distant, et bloquer le son 
occlus lorsque le signal radio entrant estdetecte 
alors que le son occlus n'est pas detecte. 

27. Procede selon la revendication 26, dans lequel la 
detection du son occlus comprend la comparaison 
d'une amplitude du son occlus avec un seuil de son 
occlus, dans lequel le son occlus est detecte lorsque 
!'amplitude du son occlus depasse le seuil du son 
occlus. 

28. Procede selon l'une quelconque des revendications 
26 et 27, dans lequel la detection du signal radio 

21. Systeme selon l'une quelconque des revendications 
16a 19, dans lequel les premier et second dispositifs 
d'oreille sont respectivement le dispositif ITE. 

15 entrant comprend la comparaison d'une amplitude 
du son distant avec un seuil de son distant, dans 
lequel le signal radio entrant est detecte lorsque 
!'amplitude du son distant depasse le seuil du son 
distant. 

22. Systeme selon la revendication dans lequel les pre- 20 

mier et second dispositifs d'oreille sont respective- 29. Procede selon l'une quelconque des revendications 
ment un dispositif intra-conduit (ITC) {31 OB). 26 a 28, comprenant en outre la detection d'un son 

23. Systeme selon la revendication 22, dans lequel les 
premier et second dispositifs d'oreille sont respecti- 25 

vement un dispositif completement intra-conduit 
(CIC) {31 0C). 

ambiant au moyen d'un second microphone, et dans 
lequel le lancement du VOX comprend le lancement 
du VOX lorsqu'au mains un parmi le son occlus, le 
signal radio entrant et le son ambiant est detecte si 
le VOX n'est pas deja en marche. 

30. Procede selon la revendications 29, comprenant en 24. Systeme selon l'une quelconque des revendications 
16 a 23, comprenant en outre un dispositif distant 
(190, 290) couple en communication aux premier et 
second dispositifs d'oreille. 

30 outre l'etape consistant a bloquer le son occlus, lais­
ser passer le son distant et bloquer le son ambiant 
lorsque le signal radio entrant est detecte alors que 
le son occlus n'est pas detecte. 

25. Systeme selon la revendication 24, dans lequel le 
dispositif distant {190, 290) comprend au mains un 35 31. Procede selon la revendication 29, comprenant en 
parmi un ordinateur, un assistant numerique person­
nel {PDA), un telephone cellulaire, un talkie walkie, 
ou un traducteur de langue. 

26. Un procede comprenant les etapes consistant a : 

detecter un son occlus au moyen d'un premier 
microphone adapte en vue d'une utilisation dans 
un conduit auditif {303) ; 

40 

detecter un signal radio entrant representant un 45 

son distant provenant d'un dispositif distant 
{190, 290); 
lancer un echange a commande vocale (VOX) 
loge a l'interieur d'un dispositif de communica-
tion d'oreille lorsqu'au mains un parmi le son 50 

occlus et le signal radio entrant est detecte si le 
VOX n'est pas deja en marche, le dispositif de 
communication d'oreille etant un parmi un dis­
positif place a l'interieur de l'oreille {ITE) et un 
dispositif contour d'oreille {BTE) ; 55 

laisser passer le son occlus, et bloquer le son 
distant lorsque le son distant occlus est detecte 
alors que le signal radio entrant n'est pas 

17 

outre l'etape consistant a bloquer le son occlus, lais­
ser passer le son distant et laisser passer le son 
ambiant lorsque le signal radio entrant est detecte 
alors que le son occlus n'est pas detecte. 

32. Procede selon la revendication 29, comprenant en 
outre l'etape consistant a laisser passer le son oc­
clus, bloquer le son distant, et bloquer le son ambiant 
lorsque le son occlus est detecte alors que le signal 
radio entrant n'est pas detecte. 
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Description 

[0001] The present invention relates to a system and 
a method for separation of a user's voice from ambient 
sound by using at least one device to be worn at the 
user's ear or at least partly in the user's ear canal. 
[0002] For communication purposes, in particular for 
wireless electronic communication between or from per­
sons exposed to a noisy environment, such as workers 
in industrial plants, policemen, soldiers, firemen, etc., it 
is desirable to have a sound pick-up system which is 
capable at least to some extent to separate the user's 
voice from ambient noise, or generally ambient sound, 
in order to improve the intelligibility of the person's speech 
to the listener, who may be one of the other persons 
exposed to the noisy environment or who may be a re­
mote person. 
[0003] A common approach to achieve such separa­
tion of a person's voice is the use of a boom microphone, 
i.e. a microphone which is placed close to the mouth, 
carried by a headset, helmet or any other device worn 
by the person. Such microphone selectively emphasizes 
the near field around the mouth. 
[0004] Other approaches are vibration pick-up devices 
which are in direct contact with the throat, picking up the 
vibrations of the vocal chord, or which are in direct contact 
with the meatus wall or the outer ear canal, picking up 
the vibrations of the head tissue (i.e. "bone conduction" 
microphones) or which are in direct contact with the 
cheek-bone. 
[0005] Devices of these types are either fairly sensitive 
to acoustic noise masking the speech or certain speech 
sounds are poorly transmitted, especially the high fre­
quency consonant sounds necessary for good intelligi­
bility. Furthermore, for industrial applications boom mi­
crophones have the drawbacks that they limit the free­
dom of movement of the user and that, when combined 
with a hearing protection device, they will affect the sta­
bility and hence the attenuation of the hearing protection 
device. Bone-conduction microphones have the draw­
backs that they have a very limited audio bandwidth 
which limits the intelligibility of the speech and that they 
often have to be pressed fairly hard which causes dis­
comfort to the user. 
[0006] US 6,661,901 B1 relates to an active hearing 
protection system comprising an earplug with an outer 
microphone for picking up ambient sound and an inner 
microphone which is sealed with respect to ambient 
sound but is open towards the inner part of the user's ear 
canal. In an operation mode in which separation of the 
user's voice from ambient noise is desired only the inner 
microphone is activated while the outer microphone is 
not, with the signal from the inner microphone being proc­
essed by an electronics unit integrated within the earplug 
in order to make the user's voice highly natural and in­
telligible, either for the user himself or his external com­
munication partners. 
[0007] Another approach is based on a so-called "blind 

source separation" (BSS) algorithm in order to separate 
a person's voice from background noise by correspond­
ing audio signal processing. In this respect, US 
2003/0055535 A 1 relates to the use of a BSS algorithm 

5 for separating the voice of an operator of a vehicle wheel 
alignment system with a voice audio interface from back­
ground noise by using a microphone array in order to 
avoid the necessity to use a headset. US 2005/0060142 
A 1 relates in a more general manner to the use of two 

10 spaced-apart microphones operated with a BSS algo­
rithm for voice separation from background noise in audio 
applications. 
[0008] It is an object of the invention to provide for a 
system and a method for separation of a person's voice 

15 from ambient sound wherein good intelligibility of speech 
is achieved while nevertheless discomfort to the person 
is to be avoided as far as possible. 
[0009] According to the invention this object is 
achieved by a system as defined in claims 1 and 25, and 

20 by corresponding methods as defined in claims 28 and 
29, respectively. 
[001 0] The invention is beneficial in that, by using a 
first microphone and a second microphone, wherein ac­
cording to the solution of claims 1 and 28 the first micro-

25 phone is oriented outwardly towards the environment and 
the second microphone oriented inwardly towards the 
user's ear canal and according to the solution of claims 
25 and 29 the first microphone is located at the right ear 
and the second microphone is located at the left ear, and 

30 by processing the audio signals from the first and second 
microphone by a blind source separation algorithm, good 
separation of the user's voice from ambient sound with 
resulting high intelligibility of the user's speech is 
achieved without the need for additional restrictions re-

35 garding the location of the microphones, so that in par­
ticular the need for a boom microphone or a bone-con­
duction microphone can be avoided. In particular, by ori­
enting the first microphone towards the environment and 
orienting the second microphone towards the user's ear 

40 canal or by locating the first microphone at the right ear 
and the second microphone at the left ear these two mi­
crophones pick up sufficiently differently mixed signals 
of the ambient sound and the user's voice so that a BSS 
algorithm will work efficiently. 

45 [0011] Generally, blind source separation (also re­
ferred to as "independent component analysis" (ICA)) is 
a technique for separating mixed source signals (com­
ponents) which are presumably statistically independent 
from each other. In its simplified form, blind source sep-

50 aration applies an "un-mixing" matrix of weights to the 
mixed signals, for example, multiplying the matrix with 
the mixed signals, to produce separated signals. The 
weights are assigned initial values, and then adjusted to 
maximize joint entropy of the signals in order to minimize 

55 information redundancy. This weight-adjusting and en­
tropy-increasing process is repeated until the information 
redundancy of the signals is reduced to a minimum. Be­
cause this technique does not require information on the 

2 

Exhibit 1004 
Page 0385 of 1001



3 EP 1640972 A1 4 

source of each signal, it is referred to as "blind source 
separation". An introduction to blind source separation 
is found, for example, in US 2005/0060142 A 1. 
[0012] In the most simple cage, BSS is applied to two 
different mixtures of two (acoustic} sources, wherein the 
two different mixtures are obtained by using two spaced 
apart microphones. Mixing of the two sources can be 
represented by a matrix A, with the BSS algorithm cor­
responding mathematically to finding the inverse matrix 
of A without knowing anything about the matrix nor about 
the sources, except that they are statistically independ­
ent. In the case of a person's voice mixed with back­
ground noise the latter assumption usually is valid. The 
mixtures of the two sources could be different with re­
spect to amplitude and/or phase of the two sources. In 
other words, by picking up sound signals with two differ­
ently oriented microphones the signal of each of these 
microphones will correspond to a mixture which is differ­
ent with regard to the difference in amplitude and/or 
phase of the two acoustic sources (i.e. user's voice on 
the one hand and ambient noise on the other hand}. By 
orienting one of the microphones outwardly towards the 
environment and the other microphone inwardly to the 
ear canal, a particularly large difference between the two 
mixtures can be obtained in a simple and particularly 
comfortable manner, i.e. no boom microphones or 
bone-cunduction microphones which would cause dis­
comfort to the user need to be used. 
[0013] According to one embodiment, the two micro­
phones are part of a hearing protection device. With such 
a configuration, the microphones can be arranged such 
that the ambient sound reaching the inwardly oriented 
microphone is attenuated by the hearing protection de­
vice relative to ambient sound reaching the outwardly 
oriented microphone. Although such hearing protection 
device could be an earmuff, according to a preferred em­
bodiment the hearing protection device is an earplug 
comprising a shell which is to be inserted at least partially 
into the user's ear canal. According to one embodiment, 
the shell is a customized hard shell having an elasticity 
from shore D85 to D65 and having an outer shape ac­
cording to the measured inner shape of the user's outer 
ear and ear canal. According to an alternative embodi­
ment, the she I I is a generic soft shell capable of adapting 
to the shape of the user's outer ear and ear canal. 
[0014] Preferably, the inwardly oriented microphone is 
located at or is open to the inner part of the shell which 
is to be inserted into the ear canal, with the inwardly ori­
ented microphone preferably being located at the inner 
end of the shell or within a channel of the shell open to 
the inner end of the shell. 
[0015] Preferably, the outwardly oriented microphone 
is located at or is open to the outer part of the shell which 
is not to be inserted into the ear canal, with the outwardly 
oriented microphone preferably being located at the outer 
end of the shell or within a channel of the shell open to 
the outer end of the shell. 
[0016] If the hearing protection device is an earmuff, 

the first microphone is located at or is open to the outer 
side of the earmuff and the second microphone is located 
at or is open to the inner side of the earmuff. 
[0017] In all embodiments, the device preferably com-

5 prises a speaker adapted to provide an external audio 
signal to the user's ear. Thereby bidirectional communi­
cation with the user is achieved. Preferably the speaker 
is located at or is open to a portion of the device which 
is to be worn within the user's ear canal, whereby the 

10 speaker is brought acoustically close to the user's ear 
drum so that good intelligibility of the sound provided by 
the speaker is achieved even in noisy environments. 
[0018] Usually the device will be binaural, i.e. it will 
comprise one unit for the right ear and another unit for 

15 the left ear. The speaker and the microphones may be 
integrated in the same unit, i.e. in at least one of the units, 
or the speaker may be part of the unit for one ear and 
the microphones may be part of the unit for the other ear. 
[0019] According to one embodiment, the device may 

20 be adapted to be worn completely within the user's ear 
canal, whereby the device can be more or less completely 
hidden from the views of other persons. According to 
other embodiments, the device may be any other kind of 
a wired or wireless headset. 

25 [0020] Preferably the audio signal processing unit is 
integrated within the device. In an alternative embodi­
ment, the audio signal processing unit may be adapted 
to be worn behind the user's ear or somewhere at the 
user's body. In this case, although the device becomes 

30 more handy, more space, and hence also more power, 
is available for the audio signal processing unit, which 
may reduce the costs an/or may improve the perform­
ance of the blind source separation. In such case, the 
audio signal processing unit may be connected to the 

35 microphone either by wires, which is the most simple 
solution, or via a wireless link, for example, a radio fre­
quency link such as Bluetooth link, an inductive link or 
an infrared link, which solution would result in enhanced 
wearing comfort for the user. 

40 [0021] As a further alternative, the audio signal 
processing unit could be designed to be located remote 
from the user and is connected to the microphones via 
a radio frequency link such as Bluetooth link. In this case, 
there would be even less restrictions regarding the size 

45 and power consumption of the audio signal processing 
unit, which might result in reduced costs and/or increased 
performance of the blind source separation. 
[0022] In all embodiments, the system preferably com­
prises a radio frequency transmitter for transmitting the 

50 processed audio signal output of the audio signal 
processing unit to a remote radio frequency receiver in 
order to provide the user's voice to another person. Ac­
cording to one embodiment, the radio frequency trans­
mitter is integrated within the audio signal processing 

55 unit, i.e. the radio frequency transmitter may be either 
integrated within the device or it may be adapted to be 
worn behind the use's ear or at the user's body or it could 
be even located remote from the user. However, in an 
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alternative embodiment, the radio frequency transmitter 
could be remote from the audio signal processing unit, 
in which case the processed audio signal output of the 
audio signal processing unit would be provided to a radio 
frequency transmitter by wires or via a radio frequency 
link, an inductive link or an infrared link. In this case the 
location of the audio signal processing unit and the radio 
frequency transmitter can be optimized independently 
form each other. 
[0023] In all embodiments, the blind source separation 
algorithm preferably works in the frequency domain, i.e. 
the algorithm is simultaneously carried out in different 
frequency bands/bins and the outcomes of these bands/ 
bins are combined in an appropriate way. 
[0024] In all embodiments, the blind source separation 
algorithm preferably works with the assumption that the 
sources are statistically independent, i.e. that the user's 
voice is independent of the ambient sound. 
[0025] In the following, examples of the invention will 
be explained in detail by reference to the attached draw­
ings. 

Fig. 1 

Fig. 2 

shows a schematic view of a first em­
bodiment of a hearing protection ear­
plug system according to the invention 
inserted into a person's ear canal with 
a block diagram of the most relevant 
electronic components; 

shows a schematic view of a modified 
embodiment of a hearing protection 
earplug according to the invention; 

Figs. 3 and 4 show further modified embodiments of 
a system according to the invention; 

Fig. 5 

Fig. 6 

shows a modification of the embodi­
ment of Fig. 1; and 

shows a modification of the embodi­
ment of Fig. 5. 

[0026] The system of Fig. 1 comprises a hearing pro­
tection earplug 10 which may have a hard shell with an 
elasticity from shore D85 to shore D65, which is custom­
ized, i.e. it has an outer shape according to the individual 
measured inner shape of the user's outer ear and ear 
canal. The hard shell may be manufactured by lay­
er-by-layer laser sintering of a powder material, for ex­
ample, polyamide powder, or by laser stereo-lithography 
or photo-polymerization. An overview regarding such ad­
ditive layer-by-layer build-up processes for manufactur­
ing customized shells of hearing devices can be found, 
for example, in US 2003/0133583 A 1 or US 6,533,062 
B1. The inner shape of the person's ear canal and outer 
ear can be measured, for example, by taking an impres­
sion which then undergoes laser scanning or by direct 
laser scanning of the ear. 

[0027] Preferably the hard shell is designed such that 
it provides for an acoustic attenuation, averaged over the 
audible frequency range, of at least 10 dB when inserted 
into the user's ear canal. 

5 [0028] Rather than having a customized hard shell, 
earplug 10 may have a generic soft shell which adapts 
to the shape of the users outer ear and ear canal due to 
its elasticity. 
[0029] In Fig. 1 the earplug 10 is shown to be inserted 

to with its inner end portion into a user's ear canal 12. The 
earplug 10 comprises an outer microphone M1, which is 
located at the outer part of the earplug 10 and which is 
open to the outer end 14 of the earplug 10 via a sound 
channel 16, and an inner microphone M2, which is locat-

15 ed at the inner part of the earplug 10 and which is open 
to the inner end 18 of the earplug 10 via a sound channel 
20. The earplug 10 further comprises a speaker S which 
is likewise located at the inner part of the earplug 10 and 
is open to the inner end 18 via a sound channel 22. The 

20 earplug 10 also includes a digital audio signal processing 
unit 24 comprising a digital signal processor as well as 
a radio frequency transmitter unit T1 and a radio frequen­
cy receiver unit R1. The audio signal processing unit 24 
functionally includes a unit 26 for applying a blind source 

25 separation algorithm to the audio signals provided by the 
microphones M1 and M2. It is evidentto the skilled person 
that the earplug 10 includes additional electrical compo­
nents, such as amplifiers and analogue-to-digital con­
verters for the audio signals provided by the microphones 

30 M1 and M2, a digital-to-analogue converter and an am­
plifier for the audio signal to be transformed into sound 
by the speaker S, program and data memory compo­
nents for the audio signal processing unit 24, a battery 
for power supply, a demodulator, a modulator, an anten-

35 na, etc., which are not shown in Fig. 1 for the sake of 
simplicity. 
[0030] The transmitter T1 of the earplug 10 is adapted 
to transmit audio signals from the earplug 10 to a remote 
receiver R2 via a radio link, while the receiver R 1 of the 

40 earplug 10 is adapted to receive audio signals from a 
remote transmitter T2. The audio signals received by the 
receiver R1 are demodulated and then undergo signal 
processing in the audio signal processing unit 24 as input 
to the speaker Sin order to provide remote audio signals 

45 to the user. Such remote audio signals could be the 
speech of another person picked up by a microphone 
whose output is sentto the remote transmitter T2 by wires 
or via, for example, a mobile telephone or mobile radio 
device. 

50 [0031] The audio signals provided by the microphones 
M1 and M2 are passed as input to the blind source sep­
aration unit 26, in which a processed audio signal output 
for the transmitter T1 is produced, with the processed 
audio signal output consisting completely or at least es-

55 sentially of the user's voice which has been separated 
from the ambient sound by action of the blind source 
separation algorithm carried out in the BSS unit 26. Such 
BSS signal processing utilizes the fact that the sound 
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mixtures picked up by the microphone M1 which is ori­
ented towards the environment and M2 which is oriented 
towards the ear canal 12, respectively, consist - due to 
the different orientation of the microphones M1 and M2 
- of essentially different mixtures of the ambient sound 
and the user's voice, which are different regarding am­
plitude ratio of these two signal contributions or sources 
(i.e. ambient sound on the one hand and user's voice on 
the other hand) and regarding phase difference of these 
two signal contributions of the mixture. 
[0032] The output signal of the BSS unit 26 is trans­
mitted via the transmitter T1 to the remote receiver R2 
which usually will be connected to a remote speaker for 
presenting the user's voice to another person. The re­
mote speaker and the remote microphone connected to 
the remote transmitter T2 could be part of an earpiece 
or an earplug worn by another person, which may be 
similar or identical to the earplug 10. Thereby in-the-ear 
hearing protection devices with integrated communica­
tion function can be achieved. Such a system could be 
used by any persons who need to communicate in a noisy 
environment, such as workers, soldiers, firemen, etc. 
However, the remote receiver R2 also might serve for 
communication via a mobile telephone or a mobile radio 
device. 
[0033] In general, the remote receiver R2 / transmitter 
T2 could be a part of an interface of a standard wireless 
communication device, such as a mobile telephone de­
vice or a mobile radio device Preferably, the wireless link 
between the transmitter T1 / receiver R1 and the remote 
receiver R2 / remote transmitter T2 is a Bluetooth link. 
The remote receiver R2 / transmitter T2 then could be a 
part of the Bluetooth interface of a standard wireless com­
munication device, such as a mobile telephone device 
or a mobile radio device. 
[0034] According to Fig. 1, the audio signal produced 
by the microphones M1 and M2, which is used as input 
to the BSS unit 26, in addition could undergo other audio 
signal processing within the audio signal processing unit 
24, for example, in order to provide the ambient sound 
picked up by the microphone M1 to the speaker S for 
enabling perception of desired ambient sounds during 
times when the noise level is low so that the hearing 
protection function provided by the earplug 10 is not 
needed, or to provide for an in-situ measurement of the 
actual acoustic attenuation provided by the earplug 1 0 
when inserted into the user's ear canal 12 by comparing 
the sound levels measured by the microphones M1 and 
M2. 
[0035] In Fig. 2 a modified embodiment is shown, 
wherein the transmitter T1 and the receiver R 1 have been 
removed from the earplug 10 and now are located in an 
external unit 28 which is connected by wires 30 to the 
earplug 10 and which is to be worn at an appropriate 
location at the user's body, for example behind the user's 
ear or somewhere within or below the user's clothing, for 
example, within a helmet. The external unit 28 may in­
clude further electrical components removed from the 

earplug 10, for example, the power supply battery. 
[0036] In Fig. 3 a further modified embodiment is 
shown, wherein not only the transmitter T1 and the re­
ceiver R1 (and the power supply battery) but in addition 

5 also the audio signal processing unit 24 including the 
BSS unit 26 has been removed from the earplug 10 and 
is connected via corresponding wires to the microphones 
M1 and M2 and the speaker S, respectively. 
[0037] In Fig. 4 a still further modified embodiment is 

10 shown, wherein the wire connection 30 between the ear­
plug 10 and the external unit 28 has been replaced by a 
bidirectional wireless link 32, which is established by a 
transmitter T3 and a receiver R3 located in the earplug 
10 and a corresponding receiver R4 and transmitter T4 

15 located in the external unit 28. The wireless link 32 could 
be a radio frequency link, an inductive link or an infrared 
link. If it is an inductive link, the external unit 28 would 
have to be located relatively close to the earplug 10, for 
example at a distance of not more than 20 cm. With an 

20 RF link, the distance could be larger; in this case it would 
be even be possible to locate the external unit 28 at a 
position remote from the user's body, for example, within 
a distance of a few meters. Preferably the wireless link 
32 of the embodiment of Fig. 4 is a Bluetooth link. 

25 [0038] Although in the embodiments shown is Figs. 1 
to 4 the speaker S is shown as being integrated in the 
same earplug 10 as the microphones M1 and M2, in other 
embodiments the speaker S may be provided at an ear­
plug other than the earplug at which the microphones M1 

30 and M2 are provided. 
[0039] Fig. 5 shows a modified version of the embod­
iment of Fig. 1, wherein the inwardly oriented second 
microphone M2 is not part of the earplug 10 - as shown 
in Fig. 1 - but rather is provided at the earplug 11 for 

35 the other ear. The second microphone M2 is located at 
the inner part of the earplug 11 and is open to the inner 
end 18 of the earplug 11 via a sound channel 20. In ad­
dition, the earplug 11 further comprises a speaker S 
which is likewise located at the inner part of the earplug 

40 11 and is open to the inner end 18 via a sound channel 
22. The microphone M2 and the speaker S of the earplug 
11 are connected to the audio signal processing unit 24 
located in the earplug 10 via a wire connection 40 which 
be integrated in a mechanical connection (not shown) 

45 between the earplugs 10 and 11 which may be provided 
for preventing loss of the earplugs 10, 11. 
[0040] According to a modification of the embodiment 
of Fig. 5, the outwardly oriented first microphone M1 may 
be provided at the earplug 11, while the inwardly oriented 

50 second microphone M2 may be provided at the earplug 
10 as in Fig. 1. 
[0041] An alternative modification of the embodiment 
of Fig. 5 is shown in Fig. 6, wherein both the first micro­
phone M1 of the earplug 10 and the second microphone 

55 M2 of the earplug 11 are outwardly oriented. In this case 
the differences in the sound mixtures picked up by the 
microphone M1 of the earplug 10 and the microphone 
M2 of the earplug 11 are due to the different location of 
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the microphone M1 at one ear and the microphone M2 
at the other ear (for example, a disturbing noise source 
usually will be located closer to one of the two ears and 
hence will contribute more strongly and with different 
phase to the signal picked up by the microphone located 
at that ear than to that located at the other ear). 
[0042] According to a modification of the embodiment 
of Fig. 6 both microphones M1 and M2 could be inwardly 
oriented rather than outwardly oriented. 
[0043] While Figs. 5 and 6 and the above-discussed 
variants thereof are modifications of the embodiment of 
Fig. 1, according to which both the audio signal process­
ing unit 24 and the transmitter T1 / receiver R1 are part 
of the earplug 10, it is to be understood that the embod­
iments of Figs. 2 to 4 may be analogously modified, i.e. 
by providing the second microphone M2 at the earplug 
11 rather than at the earplug 10. 
[0044] While the examples discussed so far relate to 
an application of the communication system to hearing 
protection earplugs, the invention also may be applied 
to earmuffs serving as a hearing protection device or gen­
erally to any kind of headset, i.e. also to hearing devices 
which do not provide for a hearing protection function. 
For example, the headset may consist of a device with 
a customized or a generic shell which is designed such 
that it can be worn completely in the ear canal 12 (i.e. as 
a "CIC device") and which serves exclusively communi­
cation purposes, for example, for security persons, po­
licemen, firemen, etc., i.e. for persons who are exposed 
to a noisy environment, with the noise level, however, 
being below a threshold value which would require the 
use of hearing protection devices. Such CIC device gen­
erally could have the construction of the earplug of Fig. 
1, however, without considerable acoustic attenuation 
provided due to the material and the design of the shell, 
and would be reduced in size so that it can be worn com­
pletely within the ear canal 12. 
[0045] In general, the device need not be designed as 
an earplug but it may rather be any kind of headset. 

Claims 

1. A system for separation of a user's voice from am­
bient sound, comprising a device (10) to be worn at 
the user's ear or at least partly in the user's ear canal 
(12) comprising a first microphone (M1) oriented out­
wardly towards the environment and a second mi­
crophone (M2) oriented inwardly towards the user's 
ear canal, and an audio signal processing unit (24, 
26) for processing audio signals from the first and 
second microphone by a blind source separation al­
gorithm adapted to separate the user's voice from 
ambient sound. 

2. The system of claim 1, wherein the device (10) is 
designed as a hearing protection device. 
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3. The system of claim 2, wherein the hearing protec-
tion device ( 10) is designed to provide for an acoustic 
attenuation, averaged over the audible frequency 
range, of at least 10 dB. 

4. The system of claim 3, wherein the microphones 
(M1, M2) are arranged such that ambient sound 
reaching the second microphone (M2) is attenuated 
by the hearing protection device (10) relative to am-
bient sound reaching the first microphone (M1 ). 

5. The system of one of claims 2 to 4, wherein the hear-
ing protection device is an earplug (10) comprising 
a shell which is to be inserted at least partially into 
the user's ear canal (12). 

6. The system of claim 5, wherein the shell is a hard 
shell having an elasticity from Shore D 85 to Shore 
D 65 and having an outer shape according to the 
measured inner shape of the user's outer ear and 
ear canal ( 12). 

7. The system of one of claims 5 and 6, wherein the 
second microphone (M2) is located at or is open to 
the inner part of the shell which is to be inserted into 
the ear canal (12). 

8. The system of claim 7, wherein the second micro-
phone (M2) is located at the inner end of the shell or 
within a channel (20) of the shell open to the inner 
end of the shell. 

9. The system of one of claims 5 to 8, wherein the first 
microphone (M1) is located at or is open to the outer 
part of the shell which is not to be inserted into the 
ear canal (12). 

10. The system of claim 9, wherein the second micro-
phone (M2) is located at the outer end of the shell 
or within a channel (16) of the shell open to the outer 
end of the shell. 

11. The system of one of claims 1 to 4, wherein the hear­
ing protection device is an earmuff and wherein the 

45 first microphone is located at or is open to the outer 
side of the earmuff and the second microphone is 
located at or is open to the inner side of the earmuff. 

12. The system of one of the preceding claims, wherein 
50 the device comprises a speaker (S) adapted to pro­

vide an external audio signal to the user's ear. 

55 

6 

13. The system of claim 12, wherein the speaker (S) is 
located at or within a channel open to that end of the 
device which is to be worn with in the user's ear canal. 

14. The system of one of the preceding claims, wherein 
the device is adapted to be worn completely within 
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the user's ear canal. 

15. The system of one of the preceding claims, wherein 
the audio signal processing unit (24, 26) is integrated 
within the device (10). 5 

at the user's left ear or at least partly in the user's 
left ear canal (12), the first device comprising a first 
microphone (M1) and the second device comprising 
a second microphone (M2), and an audio signal 
processing unit (24, 26) for processing audio signals 
from the first and second microphone by a blind 
source separation algorithm adapted to separate the 
user's voice from ambient sound. 

16. The system of one of claims 1 to 14, wherein the 
audio signal processing unit (24, 26) is adapted to 
be worn behind the user's ear or at the user's body. 

17. The system of claim 16, wherein the audio signal 
processing unit (24, 26) is connected to the micro­
phones (M1, M2) by wires (30) or via a radio frequen­
cy link (32) such as a Bluetooth link, an inductive link 
or an infrared link. 

18. The system of one of claims 1 to 14, wherein the 
audio signal processing unit (24, 26) is designed to 
be located remote from the user and is connected 
to the microphones (M1, M2) via a radio frequency 
link (32) such as a Bluetooth link. 

19. The system of one of the preceding claims, wherein 
the system comprises a radio frequency transmitter 
(T1) for transmitting the processed audio signal out­
put of the audio signal processing unit (24, 26) to a 
remote radio frequency receiver (R2) in order to pro­
vide the user's voice to another person. 

20. The system of claim 19, wherein the remote radio 
frequency receiver (R2) is part of a Bluetooth inter­
face of a mobile telephone or a mobile radio system. 

21. The system of claim 19 or 20, wherein the radio fre­
quency transmitter (T1) is integrated with the audio 
signal processing unit (24, 26). 

22. The system of claim 19 or 20, wherein the radio fre­
quency transmitter (T1) is remote from the audio sig­
nal processing unit (24, 26) and wherein the proc­
essed audio signal output of the audio signal 
processing unit is provided to the radio frequency 
transmitter by wires (30) or via an inductive link. 

23. The system of claim 12, wherein the system com­
prises a radio frequency receiver (R1) for receiving 
the external audio signal from a remote radio fre­
quency transmitter (T2). 

24. The system of claim 23, wherein the remote radio 
frequency transmitter (T2) is part of a Bluetooth in­
terface of a mobile telephone or a mobile radio sys­
tem. 

10 26. The system of claim 25, wherein one of the first mi­
crophone (M1) and second microphone (M2) is ori­
ented outwardly towards the environment and the 
other one of the first microphone and second micro­
phone is oriented inwardly towards the user's ear 

15 canal (12). 

27. The system of one of claims 25 and 26, wherein the 
audio signal processing unit (24, 26) is located in 
one of the first device (10) and the second device 

20 (11) or is adapted to be worn behind the user's ear 
or at the user's body or is designed to be located 
remote from the user and is connected to the micro­
phones via a radio frequency link (32) such as a Blue­
tooth link. 

25 

28. A method for separation of a user's voice from am­
bient sound, comprising: 

providing the user with a device (10) to be worn 
30 at a user's ear or at least partly in the user's ear 

canal ( 12) and comprising a first microphone 
(M1) oriented towards the environment and a 
second microphone (M2) oriented towards the 
user's ear canal (12), 

35 picking up sound by the first microphone to cre­
ate a first audio signal and by the second micro­
phone to create a second audio signal, and 
processing the first and second audio signals by 
a blind source separation algorithm in order to 

40 produce a processed audio signal wherein the 
user's voice is separated from ambient sound. 

45 

29. A method for separation of a user's voice from am­
bient sound, comprising: 

providing the user with a first device (10) to be 
worn at the user's right ear or at least partly in 
the user's right ear canal (12) and a second de­
vice (11) to be worn at the user's left ear or at 

50 least partly in the user's left ear canal ( 12), the 
first device comprising a first microphone (M1) 
and the second device comprising a second mi­
crophone (M2), 

25. A system for separation of a user's voice from am- 55 

bient sound, comprising: a first device (1 0) to be worn 

picking up sound by the first microphone to cre­
ate a first audio signal and by the second micro­
phone to create a second audio signal, and 

at the user's right ear or at least partly in the user's 
right ear canal (12), a second device (11) to be worn 

7 

processing the first and second audio signals by 
a blind source separation algorithm in order to 
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produce a processed audio signal wherein the 
user's voice is separated from ambient sound. 

30. The method of one of claims 28 and 29, wherein the 
blind source separation algorithm works in the fre- 5 

quency domain. 

31. The method of one of claims 28 to 30, wherein the 
processed audio signal is provided to another person 
via a wireless link such as a Bluetooth link. 10 

15 

20 

25 

30 

35 

40 

45 

50 

55 
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Es pace net 

MONITOR DEVICE 

lnventor(s): 

Applicant(s): 

Classification: 

Application 
number: 

Priority 
number(s): 

ONO KEIZABURO ± (ONO KEIZABURO) 

ONO DENKI KK ±. (ONO DENKI KK) 

- international:G08B13/196; H04N5l915; (IPC1-7): G08B13/196; 
H04N5/915 

- cooperative: 
JP1994021458119940908 

JP1994021458119940908 

Abstract of JPH0877468 (A) 

PURPOSE: To record information before and after an important event occurs 
successively in real time and securely store the information for a long period. 
CONSTITUTION: This device is equipped with a video camera 2a which picks up an 
image of an object to be monitored, a microphone 2b which picks up the sound of the 
object to be monitored, a compressing circuit 3 which compresses the video signal from 
the video camera 2a and the sound signal from the microphone 2b, a 1st storage 
device 7 wherein the output of the compressing circuit 3 is recorded endlessly for a 
specific time, a 2nd storage device 8 wherein the reproduced signal from the 1st 
storage device 7 is stored for a long period, an abnormality recognizing circuit 5 which 
analyzes the contents of the video signal from the video camera 2a and the sound 
signal from the microphone 2b and detects the occurrence of an abnormal event, and a 
recording control circuit 6 which places the 1st storage device 7 in a reproduction state 
for a certain time when the abnormality recognizing circuit 5 detects the abnormal event 
and places the 2nd storage device 8 in a recording state during the reproduction period 
of the 1st storage device 7. 
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latest translation technology, go to the original language text and use Patent Translate. 

[0001] BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to a 
monitoring device used in stores, banks and the like. 

[0002] 2. Description of the Related Art In a store, a bank or the like, a monitoring device such as a security 
camera is provided for security or for recording when a crime has occurred. 

[0003] In a conventional monitoring apparatus, a video signal and an audio signal from a security camera are 
recorded in an intermittent operation type magnetic recording apparatus called a time-rasp recorder. The time­
rasp recorder records a signal from a security camera one frame at a time at intervals of several seconds to 
several tens of seconds, and is capable of continuous recording for several tens of hours. 

[0004] However, since the time-rasp recorder only records signals intermittently, important information such as 
the moment of a crime or the clothing of a suspect is not known. It may not be recorded. In addition, since the 
record was intermittent, it was not possible to know details of the behavior of the suspect. 

[0005] It is also conceivable to continuously record signals from a security camera on a magnetic recording 
device. In this case, however, the continuous recording time is several hours at most due to the limitation of the 
length of a magnetic tape used. This is not practical because the tape must be changed at regular intervals. 

[0006] It is also conceivable that a recording operation is started by a human being. However, there is a danger 
in operating the apparatus in a state where recording is necessary, in view of the characteristics of the security 
camera. This is not practical because the operation is complicated and the operation is easy to forget. 

[0007] It is therefore an object of the present invention to be able to continuously record information before and 
after an important event has occurred in real time, and to reliably store the information for a long period of time. 

[0008] In order to achieve the above object, a monitoring device according to the present invention has a video 
information detecting device for detecting video information to be monitored and an audio information for 
detecting acoustic information to be monitored. A detection device, a compression circuit that compresses a 
video signal from the video information detection device and an audio signal from the audio information 
detection device, and a first storage device that stores an output of the compression circuit endlessly for a 
predetermined time, A second storage device capable of recording a reproduction signal from the first storage 
device and storing the reproduced signal for a long period of time; and a content of at least one of a video signal 
from the video information detection device and an audio signal from the audio information detection device. 
An abnormality recognition circuit that detects the occurrence of an abnormal event by analyzing the first 
storage device when the occurrence of the abnormal event is detected by the abnormality recognition circuit for 
a certain period of time, It said second storage device in the serial reproduction period of the first storage device, 
characterized by comprising a recording control circuit for a recording state. 

[0009] In the monitoring apparatus according to the present invention, the first storage device performs a 
recording operation at all times, and in a steady state, video information and audio information near the 
monitoring target are recorded endlessly for a fixed time. When the occurrence of an abnormal event is detected 
by the abnormality recognizing circuit, the reproducing operation in the first storage device is started, and the 
recording operation in the second storage device is started, and returns to the original state after a predetermined 
time. Therefore, in the second storage device, video information and audio information near the monitoring 
target before and after the occurrence of the abnormal event are held. 

[0010] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Hereinafter, the features of the 
present invention will be specifically described based on embodiments with reference to the drawings. 

[0011] FIG. 1 is a block diagram showing an embodiment of a monitoring apparatus according to the present 
invention. 
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[0012] Referring to FIG. 1, reference numeral 1 denotes a plurality of monitoring units arranged at different 
places in a building to be monitored. Each monitoring unit 1 includes a monitoring camera device 2 including a 
video camera 2a such as a CCD camera and a microphone 2b, a compression circuit 3 for compressing a video 
signal from the video camera 2a and an audio signal from the microphone 2b, and the presence or movement of 
a human body. The human body sensor 4 to be detected, the video signal from the video camera 2a, the audio 
signal from the microphone 2b, and the output from the human body sensor 4 are supplied, and the contents of 
these signals are analyzed to detect whether an abnormal situation has occurred. An abnormality recognizing 
circuit 5, a recording control circuit 6 for controlling a recording I reproducing operation of a storage device to 
be described later based on an output of the abnormality recognizing circuit 5, and a first storage device for 
storing a compression signal from the compression circuit 3 endlessly for a fixed time. 7, a second storage 
device 8 capable of recording information reproduced from the first storage device 7 and storing the information 
for a long period of time; The information reproduced from the device 8 is transmitted to a centralized 
management system 11 installed in a security company via a communication line 10 such as a telephone line, 
and various instructions from the centralized management system 11 are received. The communication circuit 9 
is provided. 

[0013] As the human body sensor 4, for example, an infrared sensor, a Doppler radar, or the like is used. As the 
first storage device 7, for example, a hard disk device or a solid state file made of a semiconductor memory is 
used. As the second storage device 8, for example, a magnetic tape device such as a video tape recorder is used. 
A recording I reproducing device is used. 

[0014] The centralized management system 11 includes a communication circuit 12 for communicating with 
each monitoring unit 1 via the communication line 10, a control circuit 13 for controlling the entire centralized 
management system 11, a compressed video signal and audio signal. An expansion circuit 14 for expanding the 
signal to restore the original signal, an image display device 15 for displaying an image captured by the video 
camera 2a based on the restored image signal, and a microphone 2b based on the restored audio signal. A sound 
output device 16 for outputting the picked-up sound, and a control panel 17 including a keyboard for giving 
various instructions to each monitoring unit 1, a lamp for displaying occurrence of abnormality, and a CRT 
display are provided .. The control circuit 13 receives information from each monitoring unit 1, supplies the 
information to the video output device 15 and the audio output device 16 via the expansion circuit 14, and 
receives various instructions input from the operation panel 17. The process of sending out to the monitoring 
unit 1 is performed. 

[0015] Next, the operation of the above-described monitoring device will be described. Here, a case where the 
inside of the store after the store is closed is monitored by a plurality of monitoring units 1 arranged at various 
places in the store will be described as an example. The video signal from the video camera 2a and the audio 
signal from the microphone 2b are recorded in the compression circuit 3, and the data amount is compressed by 
encoding or the like. Various methods can be adopted as the compression method. For example, it is possible to 
adopt a standardized coding method that uses both intra-frame coding and inter-frame coding called MPEG 
(moving picture coding experts group). it can. 

[0016] The compressed data from the compression circuit 3 is always supplied to the first storage device 7. The 
first storage device 7 can switch between a recording mode and a reproduction mode by a mode switching signal 
from the recording control circuit 6. In the normal state, the first storage device 7 is in the recording mode, and 
the first storage device 7 records the compressed data from the compression circuit 3 for a certain period of time 
endlessly. Further, the second storage device 8 is in a stopped state in a normal state, and is in a recording state 
when the first storage device 7 is reproduced. 

[0017] For example, when the first storage device 7 is a solid state file composed of a semiconductor memory, 
compressed data is written in order from the head address of the memory, and when the memory area is full, the 
compressed data is written first. Writing is repeated starting from the address. Solid state files can be used semi­
permanently because there are no mechanical moving parts. Similarly, in the case of a hard disk device, the data 
is sequentially and continuously recorded on each sector and track on the rotating hard disk. In a hard disk drive, 
the hard disk is constantly rotating, and the write / read head is floating above the surface of the hard disk due to 
the airflow generated by the rotation of the hard disk, so that the surface of the hard disk does not wear. 
Therefore, it can be used for a very long time over several months to several years. 

[0018] As a result, the information from the current time to the time that has been traced back by a certain time 
corresponding to the storage capacity of the first storage device 7 is recorded in the first storage device 7. In the 
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normal state, as described above, the recorded contents of the first storage device 7 are constantly updated with 
the latest information of a certain period. That is, the first storage device 7 functions as an endless storage 
device. 

[0019] Next, when a suspicious person enters the store and passes near the human body sensor 4, the output of 
the human body sensor 4 is supplied to the abnormality recognition circuit 5. When there is an output from the 
human body sensor 4, the abnormality recognition circuit 5 determines that an abnormality has occurred. 

[0020] When the window glass is broken or the door is opened, the sound generated at that time is picked up by 
the microphone 2b and supplied to the abnormality recognition circuit 5. In the abnormality recognition circuit 
5, the pattern of the frequency component and the amplitude component of the input signal in the audible 
frequency range is changed to a pattern of a sound generated when a window glass registered in advance is 
broken or a door is opened. It is determined whether or not the pattern matches the sound pattern generated in 
the case. If the pattern matches, it is determined that an abnormality has occurred. 

[0021] The video signal from the video camera 2a is supplied to the abnormality recognizing circuit 5, and it is 
determined whether or not the video has changed within the imaging range, that is, whether or not a moving 
object exists within the imaging range. This moving object discrimination can be detected, for example, by 
examining the presence or absence of a difference in the content of the video signal at two points separated by a 
certain time. That is, when there is a difference between the contents of the two video signals, it is determined 
that an abnormality has occurred. It is also possible to determine that an abnormality has occurred when a 
pattern other than the predetermined pattern registered in advance appears in the content of the video. 

[0022] As described above, by supplying the outputs of the video camera 2a, the microphone 2b, and the human 
body sensor 4 to the abnormality recognition circuit 5, it becomes possible to cope with various situations. 

[0023] When the abnormality recognition circuit 5 determines that an abnormality has occurred, an abnormality 
detection signal is supplied from the abnormality recognition circuit 5 to the recording control circuit 6, and the 
first storage device 7 is switched from the recording mode to the reproduction mode, and Then, the recording 
operation of the second storage device 8 is started, and the information of the latest certain period recorded in 
the first storage device 7 is recorded in the second storage device 8. When the information recorded in the first 
storage device 7 is recorded in the second storage device 8, the first storage device 7 is again set to the recording 
mode, and the recording operation of the second storage device 8 is stopped. 

[0024] By the above-described operation, every time an abnormal event occurs, the reproduction operation of 
the first storage device 7 for a certain time and the recording operation of the second storage device 8 for a 
certain time synchronized with this reproduction operation are repeated. Therefore, every time an abnormal 
event occurs, certain video information and audio information immediately before the occurrence of the 
abnormal event are sequentially recorded in the second storage device 8. 

[0025] When it is determined by the abnormality recognition circuit 5 that an abnormality has occurred, the 
communication circuit 9 provides the abnormality occurrence data indicating that the abnormality has occurred 
together with the identification data indicating which monitor unit the data originated from. And transmitted to 
the centralized management system 11 installed in the security company via the communication line 10. The 
abnormality occurrence data is supplied to the control circuit 13 via the communication circuit 12, and the 
operation panel 17 displays where and what kind of abnormality has occurred. At the same time as the 
information recorded in the first storage device 7 is reproduced and recorded in the second storage device 8, the 
reproduced signal from the first storage device 7 is transmitted to the central management system 11 via the 
communication line 10. The video signal and the audio signal are restored to the original video signal and the 
audio signal by the decompression circuit 14 and supplied to the video output device 15 and the audio output 
device 16 to reproduce the video and the sound immediately before the occurrence of the abnormal event. After 
the information recorded in the first storage device 7 is reproduced, real-time information from the video camera 
2a and the microphone 2b is transmitted automatically or based on an instruction from the operation panel 17. 
You may. 

[0026] As a result, the security company can know the details of the abnormality, and can take appropriate 
measures such as dispatching a security gnard or reporting to a police station in charge. 

[0027] Also, by giving an activation instruction from the operation panel 17 to the recording control circuit 6 of 
the monitoring unit 1 other than the monitoring unit that has detected the abnormality, the other monitoring units 
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in the vicinity of the monitoring unit that has detected the abnormality can receive a start instruction. Also, the 
recording in the second storage device 8 is started, real-time information is transmitted via the communication 
line 10, and the centralized management system 11 can easily grasp the intruding route and the escape route of 
the intruder. it can. 

[0028] Further, by giving an instruction to reproduce the second storage device 8 from the operation panel 17 to 
the recording control circuit 6 of the monitoring unit 1, the data is recorded in the second storage device 8 on the 
centralized management system 11 side. The status of abnormal events in the past can also be known. Note that 
a television monitor can be directly connected to the second storage device 8 of the monitoring unit 1 to 
reproduce the recorded contents of the second storage device 8. 

[0029] In the above-described embodiment, the security device has been described as an example. However, the 
present invention is not limited to this. For example, the invention can be applied to monitoring of abnormal 
events in a chemical plant or a manufacturing plant. can do. 

[0030] As described above, according to the present invention, the status of a monitoring target is always 
endlessly recorded in the first storage device, and when an abnormal event occurs, the reproduction operation is 
performed in the first storage device. Then, the reproduced signal is recorded in the second storage device 
capable of storing the data for a long time. Thus, the situation at the time of occurrence of the abnormal event 
can be reliably maintained without being limited by the recordable time of the first storage device that performs 
the endless recording. 

[0031] BRIEF DESCRIPTION OF THE FIGURES 

[0032] FIG. 1 is a block diagram showing an embodiment of a monitoring device according to the present 
invention. 

[0033] Explanation of reference numerals 

[0034] DESCRIPTION OF SYMBOLS 1 ... Surveillance unit, 2 ... Surveillance camera device, 2a ... Video 
camera, 2b ... Microphone, 3 ... Compression circuit, 4 ... Human body sensor, 5 ... Abnormality recognition 
circuit, 6 ... Recording control circuit, 7 ... First storage device, 8 .. 2nd storage device, 9 communication circuit, 
10 communication line, 11 centralized management system, 12 communication circuit, 13 control circuit, 14 
expansion circuit, 15 video display device, 16 audio display device, 17 ... Operation board 
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1. A video information detection device that detects video information to be monitored, an audio information 
detection device that detects audio information to be monitored, and a video signal from the video information 
detection device and an audio signal from the audio information detection device are compressed. A first storage 
device for recording an output of the compression circuit endlessly for a predetermined time, a second storage 
device for recording a reproduction signal from the first storage device and capable of storing the signal for a 
long period of time, An abnormality recognition circuit that analyzes the content of at least one of the video 
signal from the information detection device and the audio signal from the audio information detection device to 
detect the occurrence of an abnormal event; A recording control circuit that, when detected, sets the first storage 
device to a reproduction state for a certain period of time and sets the second storage device to a recording state 
during a reproduction period of the first storage device. Monitoring apparatus according to claim and. 

Exhibit 1004 
Page 0409 of 1001



(51) Int.Cl.• 
G08G 1/00 
GOlS 15/88 
G08B ?.1/00 

?.5/04 
?.5/10 

(21)/::1:if;l-~ 

(22)/:llfilB 

(57) [ ~¾,s;] 

lil;df Jtc! :at 

~fflljl8-318197 

lJl~ 8 '¥ (1996) 11 J'J28 B 

[~Ji!!] *JEEIJl!:L 3!!ll4L!:. '{'O)]i[jflJt&~O)JE:i: i' :;R 

ML ffi'rrai, t~.WO)'i"f lJllHA: fmf;/':'J:' < , it~ ~t& 'c!flJ~ 
&t/§~~0)~¥1£tf¥--.:ic.:. /:: 'J:'< ~ffi'rt:~*&U)WIW~ 
~"--~¥RT 6 /:: l,',Jffi'rt:, f:ftm]l[ffi"--O)~*i'JET 6 c.:. /:: 
(: J: 'J =;,;:55f1"fO)JE:i: i' IWKT 6 c.:. /:: i' § ~1 /:: l ---C ~, 
◊o 

[ l!!i'.iRcfc~] 3!!£% J::.:nt·]l[fRO)~ff HJJlf'J:' ~ ,{.v:l\U:i~ 
11 L, ~'Ar:f:lt=ff~tmieou±~~-t 6 J'{-"7 _;,( t- 1J '1/ 1 

m~~nt, 3!!£tJ::.:nt:]![fiilii0)~1'fHJHf'J:'~ ,f.v:111:-;--, 
7 _;,( t- 1J ,11m~~nt xtfnl L ---ci~ir L, )\7 _;,( t- 1J '1/ 

7 m~~nh' 0 n:~Jlt~ nt~-ff ~ i' JSz!llt-t 6 JSz!llt~ll /:: , 
;'f,7_;,( l-- 1J '17m~~n(:m~ft-%i'mftl, ~it<JSz!llt 
~lib' 0 0) JSz!lltff ~ i' ~ft!l!!fI l ---C icjf JZU~¥1£T 6 AllJ 
till~ll/::h>G'J:'".), J'f,7_;,( l-- IJ '1/7JZ~~,nh>l':,)W]~fj: 

O){ih•(:~'J:'6-ff~i'm~ l, JSz!llt~ll(:J: 'J JSz!llt~h 
t~ff~h{3!!£%i'JE1'fr:f:10)]i[fjilij(;:J: 6~'ffi"ffO)g;'i,!,8'{'~~ 

i'~tt---C ~ •6 h'c: 3 h'i'illlJtill~ll't''~i±lT 0ffinlt/:: T 6 
c.:.tt:J: 'Ji!!i'.iR~h6" 

(11) ~ff/:Hffl01Jff .-I'} 

~1ffl 1Jl l 0-162283 
(43) 088 B }jl;,x;lO~ (1998) 6 J'J 19 B 

FI 

C08G 1/00 J 

COlS 15/88 
COBB 21/00 u 

25/04 C 

25/10 l\ 

·TI:•* *•* lii:lf<)J{OJ!( 8 OL (~ 7 JU 

(71)1±11ii.A. 00000~108 
~J-'\~f.f:B.fr!!i'FJW 
JIU{'f&'f ftlE !KW! 8.!lf>lf -&tmT El 6 iifl!! 

en) ~IJlcl1'f *a !'fm 
1'fl*Jll~-~,lfpij1]2{p_\j'llfJ216$:f;tl!~-_,t 

~ff ! 3 .v:1ttFmmma t.r'J~llBJ;lg 
(7?.) §'.!IJlcj1'f ~Ji Wf ~ 

1'fl*J1 I ~-~Tlfp~ii{p §f llfJ216$:f;tl!~-_,t 

:f14J:, 3 :v:!!i'Fmfflfflil n !J~ff!Slig 
(7?.) §!IJlcli'f ~ ::1.Ui 

:W~JI l!Jit-~Tifp~i,Ip.~llfJ216#:f;tl!~:,t 

:fl,*J:, 3 :v:!!i'Fmfflfflil n !J~ff!Slig 
(74).ftJ.!1!.A. #J.!I!± ,Nil &5':J 

~ 

~ 
"" 

LI) 

~ 

~ & .. 

Exhibit 1004 
Page 0410 of 1001



[ 1lfH1t:J<0inlffi] 
rnw>1<rw 1 J J!!N-ttJE11'$0]!!ffit:J: 6 ~mfft~i±l 
l, ]!!ffi$i\t~0J!!N%--1::_0~mt 'liii:t.ll:T 6 ~@'t:t:H 1 

"C , J!!N%--1::_:n~t·]!!ffi0iffl11' t tmtf~ H11'1t:fitl l, 
~m$(:ffielt*ii!CZ!i-rtil!i'.T 6ffil!l*-rtielnt, J!!N-t 
--1::_:n~t:]!!ffi0ifflfrttmtf~ t 1f1t11:·~ftffi&:*-rti&:n 
t :xtfllJ l -cfitl l, ~ftffil!l*-rti&:niJ' 01RM2-htc:ff 
i&: t RJJJti'" 6 F:iJ!t~@' t , ~ ft ff i&:*-rti&:nt:*i&: 1i {} 
t $1§ l , ~ftRJJJt~friJ, G 0 RJJJtff i&: t -rt1i lJ/1fl l "C 
fc#l l, Ji:iffll'gffiiJ-t: 1/:5'~(:ifflfflT 6ffi1Jffil~@'t iJ' Git: 
fJ, ~ftffi&:*-rti&:niJ'0*i&: ltc:ffi&:iJ1~ftRJJJt~@' 
t·RJJJt 2- h "C 1i -:i "C < 6 rsi t:]!!ffi$ilt~ t: J: fJ nit. l tc: 
~mffil!lt -=f~ l "C~filmt-rttt"C ~ 16 iJ, t· 3 iJ,t ~ftffiiJ 
ffi)~@'t·§"i:1§lJ/1rl l, ~mt~/±\ ltc: Ct !iJi:iffll'gffiiJ-!: 
1/:5'~t:ifflfflT6 2:. t t1tmtt ltc:J!!N-t:JxiIL'liii:t.ll:~1'1◊ 
rnw>1<rw 2 J J!!N-ttJE11'$0]!!ffit:J: 6 ~mfft~i±l 
l, ]!!ffi$i\t~0J!!N%--1::_0~mt'liii:t.ll:T 6~@'(U3~ 1 

"C, J!!f%--1::_:n~t·]i!ffi0ifflil'ttmtf~~ 1{1@'t:fit1 l, 
~m$t:ffi&:t*i&:Jzti-rtil!i'.-t 6ffil!l*-rtil!lnt, J!!N-t 
--1::_:n~t:]!!ffi0iffl1l'ttmtf~ ~ 1{1frt·~ftffi&:*-rti&:n 
t :xtfllJ l -cfitl l, ~ftffil!l*-rtil!lniJ' G:1RJJJt2-htc:ff 
i&:t RJJJti'" 6RJJJt~tlt, ~ftffi&:*-rti&:nt:*i&:1§{} 
t*1i l, ~ftRJJJt~friJ, 0 0RJJJtffi&:t-rt1ilJ!1fl l "C 
ic#i l, Ji:iffi'gffiiJ-t: 1/:5'~(:iffifflT 6ffi1Jffil~@'t, J!!N-t 
:JxiIL t ]!!ffit:1al G -tt 6 'liffi*~~@' t iJ, Git: fJ , ~ftff 
i&:*-rti&:niJ'0*i&:ltc:ffi&:iJ'~itRJJJt~t1t·RJJJt2-h 
"C1i-:i "C < 6 rsit:]!!ffi$ilt~t:J: fJ ntt. ltc:~mffi&:t 
-=f~ l "C~filmt-rttt"C ~ 16 iJ, t· 3 iJ,t ~ftffiiJffil~frt·-rt 
{§lJ/1fl l, ~mt~/±\ ltc: t t !iJi:iffl'gffiiJt 1/:5'~(:iffi 
fflT 6 t ['i,]ffi'fct:, ~it'liffi*~~@'t:f&im0]!!ffit:ii~ 
t 11E T J: 3 *~ 2- -tt 6 2:. t t 1tmt t l tc: J!!Nt:JxiIL'liii:t.ll:~ 
@'. 

rnw>1<rw 3 J J!!N-ttJE11'$0]!!ffit:J: 6 ~mfft~i±l 
l, ]!!ffi$i\t~0J!!N%--1::_0~mt'liii:t.ll:T 6~@'(U3~ 1 

"C, J!!f%--1::_:n•e]!!ffi0iffl1l'ttmtf~~ 1{1@'t:fit1 l, ~ 

m$t:ffi&:t*i&:-t 6ffil!l*iBl*t, ~ftffil!l*iBl*t= 
*i&:1i{}t*1i-t 6*1it1Jffil~tlt, ~fiffi&:*i&:nt 
:xtfllJ l -cfitl l, ~fiffi&:*i&:niJ'01RJJJt2-htc:ffi&:t 
-rtil!l-t 6ffil!l-rtil!lnt, ~ftffil!i'.-rtil!i'.cH0-rtil!i'.1i{}tlJ!1 
fl l "Cic#i l, Ji:iffl'gffiiJt 1/ :5'~(:iffifflT 6-rt1it1Jffil~ 
tit , ~i&ffiiJffi)~@'-e~I±\ l tc:J!!Nt:JxiIL t*~T 6 'liffi 
*~~tltiJ,t:,it: fJ, ~ftffil!l*iBl*iJ'G*il!lltc:ffil!l 
t ~fiffi&:-rti&:nt·-rti&:i'" 6 rsii:, ]!!ffi$ilt~t:J: fJ n 
It. ltc:~mffi&:t -=f~ l "C~filmt-rttt"C ~ 16 iJ,t· 3 iJ,t 
~ftffiiJffi)~@'·r·-rt1ilJ!1fl l, ~mt~/±\ ltc: t t !iY:Jffl 
'i;ffiiJ-!: 1/:5'~(:iffifflT 6 t ['i,]ffi'f,(:, ~i&'liffi*~~@'t: 
f&®1;0]!!ffit:ii~t{lET J: 3 *~2--tt6 2:. t t1tmtt l 
tc:J!!Nt:JxiIL'liii:t.ll:~1'1◊ 

[fw>1<rw 4 J iw>1<rw 1 YJiiw>1<rw 2 t::B ~ 1-CWJicffi&:* 
-rtil!lnti, jy)J x. i:r1n,:-1: 7 2. --1 :7 ~0~m ff!i,!.B~J:@.~-=r 

( 2) 1llffl-'f 1 o - 1 6 2 2 s 3 

t m ~ 1, m il!i'.t:l( 01iiJ' t=~~ 6 =t1:m 0ff i&: t *-rtil!l 
l, Wllfflli&:f:l(J: fJ lifflli&:f:l(iJ,f.5;<_§_--;t·-L$i'lr05.%~1ff 
i&:tntt. 2--tt 61,5 > f' 1J •y :7 7 v1 t mt 16 c::. t t1t 
Wt t l tc:J!!N-t:JxiIL'liii:t.ll:~@' o 

rnw>1<rw 5 J iw>1<rw 3 t::B t 1 -c, Wifcffi&:*i&:*&Uff 
il!i'.-rtil!i'.n!i, :'.!"~< t li i:::·-t:,e:,tJ,-:niJ,fw>1<rW4~cl¼0 
1,5 > f' 1J •y :7 7v1 t m~ 16 c::. t t1tmtt ltc:J!!N-t:Jx 
iJL'liii:tJl:~@', 
[ iw>J<JJi 6 ] iw>J<rW 1 , iw>J<JJi 2 , iw>J<rW 3 0 ~ 1 i"hiJ' 

i::B t 1-c, Wifcffi1Jffil~t1&U-rt1it1Jffil~t1ii, iw>1<rw 4 
&Uiw>1<rw 5 fclJG01, 5 > f' 11 •y :7 7 v 1 t= J: fJ-rtil!i'. l 
tc:ff!Bfi{}t mil!i'.ttn"rtr L -c]!!ffi0fii~ff, rinff &U 
]lif000$Ll:l-ff~0]!!ffi$i\t~0J!!N-tiffl11' ___l::_~ m~ffi&:t: 
1lmtl'l'.J~fflli&:f:l(:z«.:7 f' 1v1,:5'-1/t~i±\T 6 2:. t t:J: 
0 t:J: 0 $ilt~0~mt~i±l, fc#I&UJi:iffll'gffirJt 1/:5' 
~"'-ifflffl, 'liffi*~~@'t:f&im]!!ffit:ii~t11Ei'"*~t 
2--tt 6 2:. t Ntmtt ltc:J!!N-t:JxiIL'liii:t.ll:~tlo 
rnw>1<rw 1 J iw>1<rw 6 t::B t 1 -c, t1Jffil~t1a-rti&:ff!B1i 

{}t---;J,_1--1::_Cl)l'\1/ }',' l'\:Z 7 -1 Iv?' (:J: fJ ]liffi$i\t~(: 
n:1t.T 6J!!N%iffl1i___l::_~m~ffi&:0fflli&:J:l(1!r~f:ffi1J~l ltc: 
f&, -'f/ft:l1Ht l "C :B~ 1tc:~mff0{i{}il!i'.%t ltllixi'" 6 c::. 

t t:J: 0 $ilt~0~mt~i±l, ~c#I&tf'Ji:iffll'gffirJt 1/:5' 
~"'-ifflffl, 1liffl*~~t1t:f&im]!!ffit:ii~tf1Ei'"*~t 
2--tt 6 2:. t t1tmtt ltc:J!!N-tmJL'liii:t.ll:~tlo 
rnw>1<rws J iw>1<rw1 t=:B~ 1-c, t1Jffil~t1ii-rtil!i'.ff!B1i 

{}0fflli&:f:l(1,:5'-:.., t~c#i · ilffl l, ~ft-'f-:5' t;fiJffl 
T 6 2:. t t: J: fJ, J: fJ :fi'i'Ji'..fl: < ~m0~1±\t oJB~c T 6 
2:. t t1tmtt ltc:J!!N-t:JxiIL'liii:t.ll:~@', 
[ nBJMf'Mlll~fjlBJJ J 
[0001] 

[ naJJ0mi-t 6 cJit,r,dHlf J :t;:naJJii, J!!Nt1E1l't::B it 6 
]!!ffit: J: 6 $i\t~0~ mt~1al l, illi:fill'l'.J, _g_--; Eli/Jl'l'.J 
t:Ji:iffl'gffiiJ t 1/ :5' ~"'-ifflffl l, i td&im]!!ffi"'-0'1iffi* 
~t1l't 1={xxwn:1t. t llnll::.-t 6 ~0J!!N-t:JtiJL'liii:t.ll:~t1 
(:lffl-t 6 l, Cl)'{''&) 6 0 

[0002] 

[frE*0;Jit,t.j] frE*, ]!!ffi01E11'$t:$i\t~iJ'n1±'.ltc: 
:t£,£-, $ilt ~$1f Xii §£1fiJ,, jy)J i_ !:f017<~lffifl&U' 
~Fmffl~lffitl~0!filJE:fl'l~Wistl, ]!!lJGffl~Wisfl&U~1!r 
ffl~Wist1~0f%i/J:f\'l~Wist1t·V~1&-'z'iWlln1&~"'-ifflfflT 
6 0iJ,-fdltl'f'.Jt·;t:i 6, liJ' l~iJ, t:,, !filJE:f\'l~lffiflt•iffi 
fflT 6:t£,£-, $ilt~$1f-'z'§£1fiJ,fit12-h "C ~ 16:tlJiJr 
"'-t%i/JT 6 i t·~~'0ffi'trsit~T 6 2:. t, 11Jli:i:iit12-
h "Ct 1~~ 1:t£,£-iJ%6 2:. t, §£1fiJ,~< $ilt~$1fiJ, 
ifflffl~il~:t£ii~ i:::··r·$i1tn:1t.t ['i,]ffi'rt:ifflffit·t 6 t !i 
~l G ~ t I o f%i/J:f\'l~Wisflt::B t 1 "C li ['i,];ff0 2:. t iJ, i"i x. 
6 o 2:. 0~$ ilt 0nJl. · ifflffiiJ,~ < ~ -:i "C l i ~ 1, :€t fl 
1ftx~0~n, $iltntt. t1ai e:, ~ ~ 11-!!!0]!!ffi t= J: 6 ={x 

.%Wn1t.0f~hiJ'ifl 6 o 

[ O O O 3] C::.hH11/'.iRT6~t:, ]!!ffit:fii~$ilxiJ'n 
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:'t l--1.=iJ,=e:fiJ,t~fflT -bli~-1: ✓-it, ]l[ffiO)l_ltt{ft@'t 
~t:e-t 6 ]l[ffi{ft@'-1: ✓-it, ]l[ffiO)Jlllii:~iJ, El jJ'-0)~ {iHk 
!l~t AJJT 6 7--.1 ·1 +*•cfflnx.0h6.,\jJ~@'&U:Jffifg; 
flt *u ]![l!t$t&Jffiffl~@' c , Ji:Jffi'EffirJ-1: ✓ 51 t , ~* 
fi&U:iWlsJr~t*u~~i1Jin&fl¾t*U1/ 7--. 'r LiJ>~N 
0hTVi6 0 

[ o o o 4] it.=, ]l[ffit:]![l!t$t&E1i/JJffiffl~tlH~Mf 
0--l:t' $t&Jt:'ttJffifflT -tl 1/ 7--. T LiJ>:'i!_f~0h T ~ I 6 0 

c::. O)jyiJ c l T, fllffl-'f 8 - 3 o 8 8 5 -%0ffiiJ,~1f G h 
6. 
[ o o o 5] C::.O)jj"$(:J::h!:f1.JUJ:EJi'.~t:e-¥f:lL frJ,grJ.cf­

f9:&IfJz{g.cf-f9:t 12::. •1 f' ·cmnx.-c-·t i O)t·]l[ffi!\,.O) 
tli!tiJ'nf.lj!(:1=r i 6 ◊ it.=, r□1i:EJ!!ft0).,\□ t·jt Lt:e--1:t 
!ffr:]l[ffif:tti!ti'" 6 c::. c iJ1t·t, n-$t&iJ'Jt:'t Lt.::t£ 
1r -c-· t, ~**J\,.O) Jffiffl , f &m]l[ffi!\,.O)Jffi ffliJ>$ t&Jt:'t t 
!:l'Jf"'-lffi'rf;:riJFJ~c ;,j:-6. 
[0006] 
[JtSJJiJ\i!'i'tJtLJ:: --3 ci'"6~M] LiJ,L;,j:-iJ,t:,, J:JcO) 

J:: --3 t:]![ffit:-1: ✓-itt Jf:X IJ {1ft 6:tlir, ~€f9J~t·O)Jf:X 
IJ 11ttiJ\f;,~-c··irJ IJ, ]l[ffi~€*~J\,.O)~t.S_iJ,~1.Ju L, 
!l.l{1¥=]1[ffi!\,.O) :ir:x 0 11, t-c-ttf lJ m ~ 0)-ff m oo-c-· 0) ~ rn iJ, ~ 
1.JUT 6 . i t.:]l[ffiO)Jlllii:~iJ1 El jJ'-0)~ {l~fiiJ t AJJT 6 
t: LT t>, ~Ji'.t: t> J:: 6 iJ1, .,\jJ:::friJFJ~t·ib 6 :t£1riJ,:?7 
< , it.= $t&t: J:: IJ ~@'iJ1t&~f LT Li --3 C::. c iJ% 6 * 
O)roiMiJ1 ib 6 o 

[0007]]![l!t$t&Eli/JJffiffl~tlt~*0--l:t6~ir 
!:L $t&(:J:: IJ ~@'iJtt&~f lJffiffit·t ;,j:- t ,:t£1riJ1ib 6 C::. 
t, :flJffl~O)~t.S_iJ,~1.J□T 6 c::. c, ffit L t:e-t:tiirt:!:L 
t:lc:i:t:i!JIJ~liJ't·t TL i --3 c::. c, !Z.{im • W:f1Jffl:n$*0) 
Jimoo-c-t:tl!1tiR-t rZ t r,nMiJ' :?7 ;z ib i . 
[ 0 0 0 8] :,j,:JtBJJ!:;L C::. O);ffi;,j:-;ji;z O)roiMtl!li'.iR l, 

J!!lltJ:.t·O)]j!ffi$t&*O)Jt:'t txfl~L ffi'rrs,, t~-WO)~ l 
IIU:tm{*;,j:-<, it.=$t&~$~&U:§~~O)Jffifflt* 
~ c::. c ;,j:- < ~ffi'it: ~*&U:iWIWfi*!\,.JffifflT 6 c "'-1 ffi'r 
t:, f&m]l[ffiJ\,.O)~*tJtT 6 c::. c t:J:: 0-={_x5,5f§O)Jt 
:'tt!W.tl::i'"6 c::. ct §1'1-\Jc LT~•6 o 

[0009] 
[~Mt i!ii'.iRT 6 ~O).cf-f9;] ..1::.ic~M!~L J,_:rf 0) J:: --3 ;,j:­

~@'fflnx. c T 6 c::. c t:J::-:i Ti!ii'.iR0h6 ◊ 
[ 0 0 1 0] ( 1 ) J!!lltJ:.:n*t·]i!ffljO)Jffi1'ftRfj{f;,j:-t • 

fftt1i:fl¾t1 L, ~m$t:ffuiztmtozt::J:'3'tuiz-t iffuizm 
§tu!zn t , J!!lltJ:.:n*t:]l[ffiO)Jffiff tW51f;,j:- ~ ,{ftfrt·ff 
u!zm§tu!zn t :frtfnJ L Ti!¾@' L, ffu!zm§tu!zniJ> G :hx!1Jt0 
ht.=ffu!z t R!1JtT 6 R!1Jt~@' c , ffu!zm§tu!znt=mulz{g 
-%tizfg L, R!1Jt~friJ,f:,O)Bz!1Jtffulzt'§'t{g!Ji1f.l L Tic 
filt L, Ji:Jffig"ffirJ-1: ✓ 51*(;:JffiffiT 6ffi1Jmi~t1c t•fflnx.T 
6 c::. U:J:: IJl!li'.iR0h6, 
[ o o 1 1 ] ( 2 ) J!!llt J:.:n*t·]l[ffiO)Jffiff t W51f ;,j:-~, 

fftt1i:fl¾t1 L, ~m$t:ffulztmulzX!::J:'3'tulz-t iffulzm 
§tu!zn t , J!!lltJ:.:n*t:]![ffiO)JffifrtW5ff;,j:-~ •fftfrt·ff 

( 3) fllffl-'f 1 o - 1 6 2 2 s 3 

u!zm§tu!zn t :frtfnJ L Ti!¾@' L, ffulziz'§'tulzniJ1 G:hx!11t0 
nt.=ffuizt oc!11t-t iocM~tlt, ffuizm'3'tuiznt=muiz1i 
{}tizfg L, R!1Jt~@'iJ>00)oc!1Jtffulzt'§'t{g!Ji1f.l L Tic 
filt l, Ji:Jffi'EffiiJ-1: ✓ 51 *t:illJ:El'f-\J.§. ~ Eli/Jl'f-\J t:JffifflT 6 
ffirJm~tl C ' J!!llt:l:kiJi'. t ]l[ffit=m G--1:t 6 1~ffl*~~@' C 
t•fflnx.T 6 c::. c (: J:: IJ i!itiR 0 h 6 . 
[ o o 1 2] ( 3) J!!lltJ:.:nt·]l[ffiO)JffifrtW5!f;,j:-~ ,{ft 

t1t:fl¾t1 L, ~m$t:ffulztmulz-t 6ffuizmuiznt, ff 
uizmuizni=muiz1i-%tm1i-t im1iiumi~t1t, ffuizm 
ulznc :frtfnJ l Tfl¾@' l, ffulzmulzniJ 1 G:hx!1Jt0ht.:ffulz 
t §tu!zi'" 6 ff u!z§tu!z n c , ff u!z§tu!z nO)'§'tu/z {g-% t !Ji1f.l 
L Ticfilt L, Ji:Jffig"ffiiJ-1: ✓ 51*/:illJ:El'f'.J_§_ ":) Eli/Jl'f-\Jt:Jffi 
fflT 6-§'t{gffiiJm~tlc, ffi1Jmi~t1-c-·~t:e Lf.:J!!llt:l:kiJi'.t 
*~T 6 1~ffl*~~@' t t·fflnx.T 6 c::. c (: J:: IJ i!ii'.iR 0 h 
6 0 

[ o o 1 3 ] ( 4 ) ( 1 ) &r/ ( 2 ) i:in, T ffu!zm§t 
uiznt::J:, m :t. i:rEE~ -1: =; 2. •y -1 *O)~m ff!6~tti~-=t-t 
ffl~ •, )ff)u!zfy:O){_iiJ,t:~;,j:-6 -=flmO)ffu/zt iz'§'tu!z L, 
j)N)ff]u!zfy:J:: I] {.,)ffju!zfy:iJ>{t< _§_ ~ t:·-L~/i'i0)5~t •ffulzt 
Jt:'i:0--1:t i r,=; > f' 1J •y -1 rv1 t m~ ,iffuizm'3'tuizn 
t T 6 c::. c t·Wi'.iR0h6 o 

[ o o 14 J ( 5) ( 3) t=:B~•Tffuizmuizn&U:ffuiz 
'§'tulzn!::l:, j,';,j:-< t {., c:·tc, f:,iJ,-:nt:r,7 ;,< f' IJ '1/ -J 7 
v1 t fflt • 6 C::. c t•i!ii'.iR0h6 o 

[ 0 0 1 5] ( 6) ( 1), ( 2) &r/ ( 3) (::B~•T 
ffiiJm~fl]Str/'§'tfgffjljm~fl!::J:, ( 4 ) &r/ ( 5) O)J'\7 
;,< f' 1J •1-:; 7v1 t= J:: IJ '3'tulz lt.=ff!6{i-%t )ff]ulzfxjJ\l'fr 
LT ]l[ffiO)IJ~ff, riJtff &r/]![!Jili!O)Q!Lh ff *O)]i!ffi$ 
t&*O)J!!lltJffi1'r J:.~ fi!i';,j:-ffu!z t:ftffil'f'.J;,j:-)ff]u!zJy:7--. «--J f' 
;t---1,51- ✓ t~t±:\T 6 c::. U:J:: IJ t:J:: IJ$t&*O)~fi/,'t 
~t:e, icfilt&r/Ji:Jffi'EffiiJ-1: ✓ 51*!\,.illJ:fill'f-\J.§. ~ Eli/Jl'f-\Jt: 
Jffiffl, 1~ffl*~~t1t:f&m]l[ffit:i.:1:~tf1Ei'"*~t 0--l:t 
6 c::. c t·1!1tiR 0 h 6 . 
[ o o 1 6 J ( 1) ( 6) t::Bt •Tffi1Jmi~t1i::J:'3'tulzff!6 

{g{}t-~J,..:J.J:.0))\/ ]--:'J,7--. 7 1 JL---51 i:J:: I] ]i!ffi$t&* 
f:Jt:'tT 6 J!!lltJffi:f=f J:.~fi!i';,j:-ffu/zO)}ff]u/zfx*~l:ffirJ~l L 
t.=f&, -=f/11')-ff:filt l T :B t ,t_:~fi/,''§'O){g{}u/z% t Jt11i!ti'" 6 
C::. c t:J:: IJ $t&*O)~fi/,'t~t:e, icfilt&r/Ji:Jffi'EffirJ-1: ✓ 
51*!\,.ffiJ:Ea'.JiJ,Ji:xa-\J t=Jffiffl L, ,~,m*~~t1i=1&m* 
ffit:H:~t{lE't"*~t 0--tt-6 c::. c -c-·1!1l'.iR0h6 ◊ 
[ o o 1 1 J ( s) ( 1) t=:B~•Tffi1Jmi~t1i::J:'3'tulzff!6 

1i-%0))ff)u/ztx1,51- ✓ ticit • ilfflL, ~fa>f-51t:frJ 
fflT 6 c::. c t:J:: IJ, J:: IJ:ffl'Ji'.Jt< ~fi/,'O)~tf:\t"i!JFJ~c T 
6 C::. c t•i!ii'.iR0h6, 
[0018] 
[ JtaJJO)~n&O)%.flJ J *JtaJJO)~n&,1 Hmt mt, T i_:rf 

fJl.SJJT -ti o 

[ 0 0 1 9] l;fil 1 !;:J::,j,:JtS}J(;:;B(t6-~nllijylJ'"(·ir),b. 1 
u1, =; > f' 1J •y -:; m'3'tuizn, 2 t::J:muizii -%0):'tnx. t '3'tuiz 
fg{}O)!Ji1f_Ej1 tfr '") ffiiJm~fl, 3 !;:l:J'\7 ;,( f' IJ '1/ -Jiz'§'tu/z 
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n 1 iJ>0miSr~ht-:ffulztRJ)Jti'"6RJJJt~ct'L 4 a&rl 
4 b !:l:J!!lltt,t1l'T 6 ]i!ju,L 5 !;l:F,7 ;,< r- 1) 'Y :7 m~ulz 
n 1 O)mulzffu!z{imi¥IHt, 6 !:l:]!!ffli 4 a /:: 4 b iJ{fi~ l 
t-: !:: t JE4'.T 61§'1.'\10 6 o 7 a /:: 7 b !:l:, :X:Jffl>gi!JIJ--t /' 
JI, tr1;t~*0)"1;~3iJinf!i!11:·&:> i ◊ 

[ o o 2 o J c.: c.: '"l::\ 1,7 > t- 11 •y :7mulzn. ~u!znt= 
--:W11_' ,z-O)J](fitffi*t:!~BJI l "( B <, -mt:=--:)0)~ 

'J'.' ') t-:)ff]ulzfXtt'f--:)if~lHm~llrffulzt 1"111i'rt:i"1JJfPJ (:fl)(J)Jt 
lt-::tJi'r, :@.J? 0) r□iIDmu!zfflt-5:i'-tc:Ht·'J'.' < , ollc¾lJlJ'J'.'ffili 
{tffit:J:: 'Jl~ff, ;faff*t-: < '2:'A.,O))ffjulzfxfflt-5:i'-iJ,4=_£. 
h, jy)Lz!:L =-JO))ff]ulzfxt f 1, f 2 !:: T 6 !:: , f 
1 , 2 f 1 , • • • , f 2 , 2 f 2 , • • • , nx:-5:i'-!:l:PJ 
~O)C.: /::, f 1 - f 2, f 1 + f 2, 2 f 1 - f 2, · 
· ·,O)§.<O)fflt*~4=.f6C.:.!::,C.:.;h(,O)fflt*O)j~ 
f 1 - f 2 O)~-j§'O)ffil,!.B1~t1iJ>:j;,jlit) "C {J:h "C ~ i ,ti c.: /:: iJ> 
~Gh "( ~ i,ti O c.: O)~fft:fiJffiT 6m~ulznt }'\7 ;,( }-

1) •y :7 7 V 1 !:: § j O c.: O)-j§'~0)1~Wi!:l:' ( 1 ) t:,ifPJ'ti 
iJ\jJt < liJ• t.> l/riJ:fi,jiJ{:rftt l'J'.' t ,iJ,, t-: !:: x. &:>')"Ci o!lcm' 
t:1J,'2:' t ,, ( 2) t:,ifPJ'i1!:J:mulznO)-f$t:001* l'J'.'t ,iJ, 
Gmulznt1J\:~tlf!I:1.1~1:·t i, ( 3) ~ffi:J:a:1!f~'J'.'m 
ulzfx1~1i1tt'f-Jo ( 4) t:,ifPJ 1!1!:l:fl:~i)ff]ulzJx1'f~(:;bt-: 
') "CI i i:r-5E·c &:> i , ( 5 ) ~mulzix J: 0 i ~ff i:J:o11cm 
t:f.1:1;;~, c.: i:: iJ, G, mulzn11Jli:t·O)ff fEiJ{;J, '2:' <"Ci ~ff 
!:l:J&JJ i t•f im-t 6 , *,z· &:> 6 o JJl!:fil:RI Hill 2 ( a ) t: 
jr,To 8!:l:~1J~$llrn, 9!:l:mulzn, 1 O!:l:mulzt·-1' 
J,Jl-/'1:'&:>6 0 

[ 0 0 2 1] J'\7;,( }- IJ •y:)'~ulzn(:-J~i"(!~BJIT6 
/:: , !;RI 2 ( b ) t:jf, l t-: J: 3 t:, mu!zniJ> G fl)(J)Jt '2:' h 6 
ffulzt f P, )ff]lffiiJ•GO):\'Htfi-l'}t f s !:: T 6, 1 1 !:l: 
mulzn, 1 2 !:l:~ulzn, 1 3 !:l:7 11vJ1, 1 4 !:l:~ulzt· 
-1'1,JI-YC''&:>60 f p0)-j§'ulz0)1JN$llrt*t <1f~];jm 

$l/rO)iJ!~t: lt-: !:: t, )ff]ulzfx f P - f s O)~ff-'?, f P 

+ f s O);f[]ffiJ,fJl:h6, ~ff-'?;fOff!:J:fg-J'}ulzO)'i'wWt-% 
uc.: i:: 1J•0, fg;-l'}ulzt~tt'J'.' < "( imulznt=t-tfPJ l "C!1 
11 lt-:~ff, ;fOff t~ttJ/filtJJ'J'.'lJ!!:fitnf!i-1±-!;f{g;-l'}ulzt:t,t 
u:,ifPJ'i10)1J:ht-:~ulzn1J,1:·t i 0 

[ o o 2 2 J -mt:ffulz (1mi/Jl 1:J:, ffulzmulznO)f~fI 
a'.J-st$iJ'!"1-0):tJi'r, mulzIX/J'r□i ~ ,a c·rnfPJ111!:J:1i < 'J'.' 
i iJ,fimRelli.iJ,m < , mulztx1J,f.1:1;;~, i:: 1imRelli.!:J:* < 'J'.' 
6iJtt:,ifPJ'i1iJ;fl:< 'J'.''J "C li 3, {.1:1;;~ ,)ff]ulztx·et:,ifPJ'tit 
11{ < T 6 /:!:l:f~fil'l'.J-sf$iJ'* t 'J'.' t> 0) !:: 'J'.' ') "C l i 3 o 

[ o o 2 3 ] 2$:~@'.0):tJi'r, J!!ll%-1JJ&:> 6 ~ •!:l:Jli:f'JA,,O) 
~11!1llt*l!i'" 6 !:: , f~fI-sf$!:J:1J,~ < 'J'.'!th!:f'J'.'G 
'J'.' ~ ,iJ;, ffu!zm~u!z* i:: RJ)Jt~llO)Relli. t AJ-ift'J'.'~10 a: 
< T 6 t-:/lt:>(:!:l:ffulz{imRelllt*< l'J'.'tth!;f'J'.'?:, 'J'.'t, 
!:: i§ 3 ::f JiiJ{4'.f 6 c.: !:: t:'J'.' 6 o c.: O)Fu9~t1111'.i*T 6 t-: 
1it:>t:1:J:1,7 > t- 1J •y :1m~ulznO)J: 3 t:, m~ulznO)f~ 
fI-sf$!:l:1J,'2:' <"Ci, ~fft: J: 0 {.1:1;;~ ,)ff]ulzfxtJE4'.'Z· 
t, t:,ifPJ,11t1i< 1:·t im~u!zniJ,£,~i='J'.'i 0 

[ o o 2 4 ] '2:' "C, 1:R11 O)i/J{tt·&:> 6 iJ;, J!!llt-1JJt·]!! 

( 4) 1~1ffl-f 1 0 - 1 6 2 2 8 3 

ffliJM1ittmW l'J'.'~ •{ll@'.t:!111 lt-:i!JIJm~ll 2-Z:•{iiJ•t: 
~'J'.'6}ff]ulz~fl!::)ff]ulz~f2t4'.ffltl,1"1t<J!!~-1 
JJt:!111 lt-:1,7 > t- 11 ,y :1m~ulz* 1 t:J: 0~mff!B 
~fti l~tj:lt:mulzT 6 ◊ mulz'2:'ht-:ffulz!:l:, {imi¥IH% 5 
tt-: c· 0, £.t-:1"1 t < J!!ll%-1JJ-r·1,7 > t- 11 •y :1m~ulz 
n 1 !:: x-ffPJ l "C!111 lt-:RJJJt~ll 3 t·RJJJt'2:' h{imi¥IHt 
5t~t=t-:c·')-z:1,7;,( t- 11 •y:7m~ulzn1 t=:i''J~-t 
i ◊ 1,7 > t- 11 •y :1m~ulz* 1 J: 0 mu!z'2:'nt-:mu!ztH 
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Abstract of JPH10162283 {A) 

PROBLEM TO BE SOLVED: To instantaneously report the occurrence of car accident 
to a police and a firehouse and to prevent the occurrence of secondary disaster by 
simultaneously issuing an alarm to a following vehicle by providing a reflector for 
reflecting sonic waves and a controller for receiving the reflected sonic waves, 
recording these sonic waves and reporting them to a traffic control center or the like. 
SOLUTION: Frequencies f1 and f2 different a little are generated by a controller 2 
installed above a road, and sent into air after performing electric/ acoustic transduction 
through a parametric transmitter/receiver 1, On the assumption that a vehicle 4b 
collides with a vehicle 4a while this differential frequency f1-f2 is reflected by a reflector 
3 and reciprocated through a propagation path 5, a non-linear acoustic wave 6 caused 
by an abnormal sound f3 generated at such a time is propagated in air, the sonic wave 
with differential frequency f1-f2 propagated through the propagation path 5 is 
interferred and modulated, and this sonic wave is turned to a reflected sonic wave and 
received by the parametric transmitter/receiver 1. Then, the generation of abnormality 
is detected by a controller 2, recorded and speedily and automatically reported to 
emergency contact facilities 7a and 7b at the same time. 
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JPH10162283A ROAD CONDITION MONITORING DEVICE 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

[0001] The present invention relates to is, detects an abnormality such as an accident caused by a vehicle in the 
road traveling, rapid manner, and automatically Problem to the traffic control center or the like, also two 
performs a display of information to a subsequent vehicle order those related to road condition monitoring 
apparatus for preventing accidents. 

[0002] Conventionally, when the accident or the like during the running of the vehicle has occurred, accident 
parties or witnesses, for example, public phone and fixed phone of emergency phones, and the like, in-vehicle 
phone and mobile, such as a portable phone it is general to report to the police station and fire station and the 
like on the phone. However, if the report at a fixed phone, it takes some time before moving to the location 
where the accident parties or witnesses are installed, that it may not be installed near, accident parties without 
witnesses not always possible to report the accident and at the same time, such as when the report difficult. 
Similarly, in the mobile phone it can be said. Because of this slows down the discovery and reporting of the 
accident, there is a risk of secondary disaster caused by other vehicles do not know delay of injured relief, the 
accident occurred. 

[0003] To solve this, composed of a switch or the like collision sensor collision in the vehicle for detecting 
whether or not occurs, the vehicle position sensor for detecting the current position of the vehicle, the driver of 
the vehicle to enter their wounded a vehicle accident notification apparatus comprising an input device and a 
communication device is a traffic control center, the system including emergency facilities, including police and 
fire departments have been studied. 

[0004] In addition, to carry a vehicle accident automatic reporting device in the vehicle, it has been devised 
system to report the accident. Examples of this include Hei 8-30885 JP. 

[0005] Acceleration detection means According to this method, mounted to the vehicle can be carried out easily 
because it constitutes a discrimination means and transmitting means in one unit. Also, Kashidase at the inlet of 
the highway can be mounted to all vehicles, emergency report to the police or the like even when an accident 
occurs, reporting to a subsequent vehicle is substantially simultaneously possible with the accident. 

[0006] The present invention is, however, if you are installing a sensor in the vehicle as described above, it is 
necessary to mounting at the manufacturing stage, and increase the burden on the vehicle mannfacturer, in the 
attachment to an existing vehicle users burden on the cost side of the increases. Also even if the driver of the 
vehicle to enter their wounded, depending on the degree, there is a problem that often is not possible input and 
device by accident which may cause malfunctioning. 

[0007] Case of mobile-vehicle accident automatic reporting device is that it may device by accident can not 
report a failure, the burden on the user is increased, when lending is that she can limit the quantity, re-establish 
and operational aspects such as how to use is there are many problems to be solved. 

[0008] The present invention, such to solve the various problems, police the occurrence of a vehicle accident on 
the road weather, time, regardless of the field of view of the quality, also instantly without waiting for the report 
of the accident parties and witnesses and at the same time report to the fire station or the like, and aims to 
prevent the occurrence of secondary disasters by issuing a warning to following vehicles. 

[0009] The above-mentioned problems, according to means to solve the problem] is solved by the device 
configuration, such as the following. 

[0010] (1) was placed in a position that does not interfere with vehicle traffic in the road upper or the like, a 
sonic transducer for transmitting or reception waves in the air, sonic wave transceiver at a position that does not 
interfere with the passage of vehicles on the road upward like vessels facing to be installed, a reflector for 
reflecting the sound waves emitted from the ultrasonic transducer transmits a transmit signal into sound waves 
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transducer and recorded by the reception processing the reflected sound wave from the reflecting device, It is 
solved by configuring by the controller to notify the traffic control center or the like. 

[0011] (2) it was placed in a position that does not interfere with vehicle traffic in the road upper or the like, a 
sonic transducer for transmitting or reception waves in the air, sonic wave transceiver at a position that does not 
interfere with the passage of vehicles on the road upward like vessels facing to be installed, a reflector for 
reflecting the sound waves emitted from the ultrasonic transducer transmits a transmit signal into sound waves 
transducer and recorded by the reception processing the reflected sound wave from the reflecting device, a 
control device for Problem rapid manner and automatically to a traffic control center or the like, are solved by 
constructing in an information display device to inform the road condition to the vehicle. 

[0012] (3) was placed in a position that does not interfere with vehicle traffic in the road upper, a sonic wave 
transmitter for transmitting a sound wave into the air, and a transmission control unit for transmitting a transmit 
sigual to the sonic wave transmitter, ultrasonic wave transmission vessels facing to be installed, and ultrasonic 
wave receiver for reception of sound waves emitted from the ultrasonic wave transmitter, and recorded by 
processing the received signals of the sonic receivers, rapid manner and the traffic control center or the like a 
reception control device that automatically notify, is solved by configuring in an information display device for 
displaying the road conditions detected by the control device. 

[0013] (4) (1) and ultrasonic transducer (2), for example using an electro-acoustic transducer of a piezoelectric 
ceramic or the like, a slightly different two kinds of waves of frequency transmission and reception waves, the 
source lower than the frequency and it is solved by a sound wave transducer using a parametric array to generate 
a narrow sound wave of the beam width. 

[0014] (5) sonic wave transmitter and ultrasonic wave receiver (3) it is solved by using a parametric array in at 
least one. 

[0015] (6) (1), (2) and the control apparatus and the reception control unit (3) is, (4) and (5) vehicle collision 
noise acoustic signal by performing frequency analysis with reception by parametric array of explosion 
detecting an abnormality such as an accident by by detecting the sound and the wheels of the creaking sound 
such as a vehicle accident such as road traffic on the unusual waves characteristic frequency spectrum pattern 
of, rapid manner and automatically to the recording and the traffic control center or the like report, be resolved 
by causing the attention displayed in the following vehicle in the information display device. 

[0016] (7) After the controller is limited to the frequency band of the road traffic on abnormal waves generated 
in a vehicle accident or the like by one or more band-pass filters the reception acoustic signal (6), previously 
registered abnormal detecting an abnormality such as an accident by comparing the signal waveform of sound, it 
is resolved by the recording and transportation quick manner or Tsujido to Problem to the control center or the 
like, be the attention displayed in the subsequent vehicle on the information display device . 

[0017] (8) (7) the controller will record and store the frequency pattern of the received wave an acoustic signal 
in, by utilizing the data, it is solved by allowing a more accurate abnormality detection. 

[0018] It is described below with reference to FIG the embodiment of the embodiment of the present invention. 

[0019] FIG. 1 is an embodiment of the present invention. 1 parametric transducer, 2 control unit for the 
processing of generation and received signal of the transmit signal, 3 reflector for reflecting the sound waves 
transmitted from a parametric transducer 1, 4a and 4b the road traveling vehicle, the transmitting sound wave 
propagation path of parametric transducer 1 5, 6 is the sound generated when the vehicle 4a and 4b has collided. 
7a and 7b, the traffic control center, an emergency contact facilities such as police stations. 

[0020] Here, a brief description of the principle for parametric wave transmitter-receivers. In general, when the 
radiation at the same time in the same direction the finite amplitude waves with different frequencies of the two, 
not only the harmonic components of each, born difference tone, chord, etc. a lot of frequency components by 
non-linear interaction, for example, of two If the frequency is fl, f2, fl ,2fl, • • ·, f2,2f2, • • ·, component is of 
course that, fl-f2, fl + f2,2fl-f2, • • ·, many of the components of the resulting it, acoustic characteristics of the 
difference tone of fl-f2 of these components are known to be extremely excellent. A transducer to take 
advantage of this difference tone say parametric array. The feature of this sound source is, (1) or sharp 
directivity And Vice pole does not exist, even if very small, even, (2) small size and light weight of the wave 
transmitter since the directivity is not related to the size of the wave transmitter possible reduction, (3) the 
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difference tone will have a wide-band frequency characteristics. (4) directivity is approximately constant over a 
wide frequency band, (5) from the difference tone is very low than the source frequency, the difference tone 
even with a small sound pressure in the vicinity of the wave transmitter is propagated to distant, and the like. 
The principle diagram shown in FIG. 2 (a). 8 power amplifier, 9 wave transmitter, is 10, which is a transmit 
beam pattern. 

[0021] Referring to the parametric wave receiver, as shown in FIG. 2 (b), the sound waves radiated from the 
wave transmitter fp, and extraneous signals from the surrounding fs. 11 wave transmitter, 12 receivers, 13 
filters, 14 is a receiving beam pattern. When in the area of large finite amplitude of the amplitude of the sound 
waves offp, difference tone and the frequency fp-fs, chord offp + fs appears. Difference tone and chords from 
it, including the information of the signal wave, excellent difference tone even without receiving a signal wave 
was set to face the wave transmitter, for the signal wave if Hodokose an appropriate process received a chord of 
directivity the wave receiver can be. 

[0022] Are generally acoustic wave (vibration), if the physical dimensions of the sonic wave transmitter is the 
same, the directivity higher frequency is shorter propagation distance narrows, the propagation distance 
frequency is low is but wider directivity long and will. To narrow the directivity in the low frequency becomes 
physical dimension is a big thing. 

[0023] In the case of the present system, in view of the device installation to the road above or near, the physical 
dimensions are not should be small, to lengthen the sound wave propagation distance in order to widen as much 
as possible the distance of the reflecting device and ultrasonic transducer so that the inconsistency to say there 
must be caused. As in parametric transducer in order to solve this problem, physical dimensions of the 
transducer be small, can generate a lower frequency by the difference tone, it is necessary to transducer capable 
of narrow directivity. 

[0024] Now, the operation of FIG 1, to produce a slightly different frequencies fl and f2 by a control device 2 
installed in a position that does not interfere with vehicle traffic on the road above, likewise the parametric 
transducer 1 installed in a road upward electro-acoustic transducer and to transmit in the air. Transmitting sound 
waves will follow the propagation path 5, also similarly reach the propagation path 5 is reflected by the 
parametric transducer 1 and the opposing reflecting device 3 was placed on the road upward traced back to the 
parametric transducer 1 to. Almost ignored because waves of frequencies fl and f2 that has been transmitting 
from parametric transducer 1, but to form a sum frequency fl+ f2 and the difference frequency fl-f2, sum 
frequency fl + f2 is subjected to greater absorption frequencies fl and f2 it can. During this difference 
frequency fl-f2 is a round trip propagation paths 5, the vehicle 4b has collided with the vehicle 4a. At this time, 
non-linear wave 6 is propagated in the air due to the abnormal sound f3 generation, interfere with the sound 
waves propagation difference frequency that route is 5 propagates through the fl-f2 is allowed to modulation, 
parametric transducer 1 this becomes a reflected sound wave It is reception at. Modulated difference frequency 
sound waves, (fl-f2) -f3 waves, (fl-f2) + f3 is reception in parametric transducer 1 as a sound wave, receiving 
the processed frequency spectral pattern analysis in the control unit 2, abnormal sound data detecting a 
comparison is abnormal occurrence and, is notified rapid manner and automatically to the emergency contact 
facilities such as traffic control center or police station and fire station at the same time when it is recorded on 
the recording device in the control device 2. The information is notified, because it contains the absolute 
position information of the accident point was calculated from the difference frequency wave, it is possible to 
accurately provide information to the police and fire the like. 

[0025] As a method for detecting an abnormality on the road, a method may be considered to be side-by-side 
microphone on the road side, in this case, there is a problem in that a very large number of the microphone must 
be installed expensive. In apparatus of this point the present invention, there is no need to arrange a large 
number of microphones, and because it can be installed into road upward, the influence of the weather, for 
example, buried by snow, without being affected etc., also utilize sonic It has a very good point that it is 
possible to quickly specific and automatic report regardless of the quality and time of sight since. 

[0026] 3, in the road with bad visibility, such as curves, an example in which using the information display 
device 15. 4c is a subsequent vehicle. 

[0027] As indicated above Embodiment FIG 1, to produce a slightly different frequencies fl and f2 by a control 
device 2 installed in a position that does not interfere with vehicle traffic on the road above, also electricity 
through parametric transducer 1 installed in a road upward to transmit in the air and acoustic conversion. 
Transmitting sound waves will follow the propagation path 5, also similarly reach the propagation path 5 is 
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reflected by the parametric transducer 1 and the opposing reflecting device 3 was placed on the road upward 
traced back to the parametric transducer 1 to. Almost ignored because waves of frequencies fl and f1 that has 
been transmitting from parametric transducer 1, but to form a sum frequency fl+ f1 and the difference 
frequency fl-f1, sum frequency fl + f1 is subjected to greater absorption frequencies fl and f1 it can. During 
this difference frequency fl-f1 is a round trip propagation paths 5, the vehicle 4b has collided with the vehicle 
4a. At this time, non-linear wave 6 is propagated in the air due to the abnormal sound f3 generation, interfere 
with the sound waves propagation difference frequency that route is 5 propagates through the fl-f1 is allowed to 
modulation, parametric transducer 1 this becomes a reflected sound wave It is reception at. Modulated 
difference frequency sound waves, (fl-f1) -f3 waves, (fl-f1) + f3 is reception in parametric transducer 1 as a 
sound wave, receiving the processed frequency spectral pattern analysis in the control unit 2, abnormal sound 
data detecting a comparison is abnormal occurrence and, is notified rapid manner and automatically to the 
emergency contact facilities such as traffic control center or police station and fire station at the same time when 
it is recorded on the recording device in the control device 2. The information is notified, because it contains the 
absolute position information of the accident point was calculated from the difference frequency wave, it is 
possible to accurately provide information to the police and fire the like. In the case of this example, to display 
that the information display device 15 is abnormal such as an accident at the front, with respect to the 
subsequent vehicle 4c thereafter, 4a attention, to prevent secondary disasters such as rear-end to 4b it is possible. 
The information display device, to may be an existing display device and Heiyoko death hand, may be a red 
warning light is illuminated. Cost savings of the new production and installation of this case information display 
device are possible. 

[0028] Figure 4 is an example of dividing the parametric transducer 1 to the wave transmitter and wave receiver. 
16 transmission control device, 17 parametric wave transmitter, 18 parametric receivers, 19 receiving control 
device, 20 is a propagation path. 

[0029] As examples of FIG 3, to produce a slightly different frequencies fl and f1 in the transmission control 
apparatus 16 which is installed at a position that does not interfere with vehicle traffic on the road above, 
likewise the parametric wave transmitter 17 installed in the road upward electro-acoustic transducer and to 
transmit in the air. Transmitting sound waves follows a propagation path 20, and is received at the parametric 
wave receiver 18 also installed to face the parametric wave transmitter 17 on the road above. Difference 
frequency that is received at the parametric receivers 18 are receiving process by the reception control unit 19. 
Almost iguored because waves of frequencies fl and f1, which is transmitting from the parametric wave 
transmitter 17 is to form the sum frequency fl + f2 and the difference frequency fl-f1, sum frequency fl + f1 is 
subjected to greater absorption frequencies fl and f1 it can. During this difference frequency fl-f1 is 
propagating in the propagation path 20, the vehicle 4b has collided with the vehicle 4a. At this time, non-linear 
wave 6 is propagated in the air due to the abnormal sound f3 generation, interfere with the sound waves 
propagation difference frequency of the route 20 propagating fl-f1 is allowed to modulation, parametric 
receivers this becomes a modulation difference frequency 18 is reception at. Modulated difference frequency 
sound waves, (fl-f1) -f3 waves, (fl-f1) + f3 waves are received wave in parametric wave receiver 18 as, 
receiving the processed frequency spectral pattern analysis in the receiving control unit 19, abnormal sound 
detecting a comparison is abnormal occurrence and data, it is notified rapid manner and automatically to the 
emergency contact facilities such as traffic control center or police station and fire station at the same time when 
it is recorded in a recording device of the receiving control device 19. The information is notified, because it 
contains the absolute position information of the accident point was calculated from the difference frequency 
wave, it is possible to accurately provide information to the police and fire the like. Also in the same manner as 
in the case Figure 3 of the present example, to display that the information display device 15 is abnormal such as 
an accident at the front, with respect to the subsequent vehicle 4c thereafter, 4a attention, such as the rear-end 
collision to 4b two it is possible to prevent the following accident. In the present embodiment, it becomes 
possible to reduce the size and weight than the further above embodiment separates the transmitting system and 
the reception system. Display instruction and control information to the information display device 15, may be 
any from the traffic control center or the like, can also be adapted to the instructions and control of the reception 
control unit 19. 

[0030] Each control device in the apparatus of the present invention, since none of the wave transmitter­
receivers can be very compact and lightweight, even if a sufficient installation space on the road side can not be 
secured, the road above, the sky of the vehicle while driving there is no what problems such as so can be 
installed in. 

[0031] In either embodiment described above, by making it possible to arbitrarily change the transmit frequency 
can be the optimum setting corresponding to the changing conditions in the environment, and changing the 
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frequency bandwidth free since it is, it is possible to provide a degree of freedom in such detection condition 
setting detects that and wide range to limit the abnormal sound to be detected at a time. 

[0032] As shown in FIG. 5, when the waves generated on the road to frequency analysis, usually running sound, 
squeak the collision sound and the wheel has a respective different characteristic frequency spectrum pattern. 
This to detect abnormal sounds from various sound wave on the road by focusing, through a sound wave 
received at the parametric wave receiver to the bandpass filter, the frequency spectrum pattern such as collision 
sound that has been previously registered constitute the reception control device to detect compared to the. 

[0033] Further, the characteristic frequency spectrum pattern obtained from the reception wave, the detection 
accuracy at the time of next compare detected by to perform the recording data storage in a recording device, to 
the diversification of the abnormality judgment reference corresponding can allow device configurations. 

[0034] As described above, according to the present invention, according to the present invention, the 
occurrence of the vehicle accident on the road weather, time, irrespective of the field of view of quality, and 
without waiting for the notification of an accident parties and witnesses instant and at the same time to report to 
the police and fire department, etc., there is an effect to prevent the occurrence of secondary disasters by issuing 
a warning to the following vehicle. 

[0035] Brief description of the drawings 

[0036] One embodiment in FIG present invention. 

[0037] Figure 2 parametric wave transmitter. Explanatory view of the principle ofreceivers. 

[0038] One embodiment shown in FIG. 3 the present invention. 

[0039] One embodiment shown in FIG. 4 the present invention. 

[0040] The example of FIG. 5 frequency spectrum pattern. 

[0041] Description of the code 

[0042] 1 ... parametric transducer 2 ... control device 3 ... reflecting device 4a, 4b, 4c • • • vehicle 5 ... transmit 
sound waves round-trip propagation path 6 ... vehicle collision at the time of the generated sound 7a, 7b • • • 
emergency contact facility 8 ... power amplifier 9 ... wave transmitter 10 ... transmission beam pattern 11 ... 
wave transmitter 12 ... wave-receiver 13 ... filter 14, ... reception beam pattern 15 ... information display device 
16 ... transmission control device 17 ... parametric wave transmitter 18 ... parametric receivers 19 ... reception 
control device 20 ... transmitting sound waves frequency spectrum pattern of the propagation path 21 ... usually 
frequency spectrum pattern of the frequency spectrum pattern 22 ... collision sound of running sound 23 ... the 
wheels squeak 
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JPH10162283A ROAD CONDITION MONITORING DEVICE 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

1. Detects an abnormal sound due to vehicles traveling on a road, in an apparatus for monitoring abnormality on 
the road, such as a vehicle accident, was placed in a position that does not interfere with vehicle traffic in the 
road upward like, transmitting or sound waves in air a sonic transducer which received wave, at a position that 
does not interfere with the passage of vehicles on the road upward like disposed opposite to the said ultrasonic 
transducer, a reflector for reflecting the sound waves emitted from the ultrasonic transducer, It sends a transmit 
signal to the ultrasonic transducer, and recorded receives and processes the reflected sound wave from the 
reflecting device, consists of a control unit to report to the traffic control center or the like, was transmitted from 
the ultrasonic transducer traffic control center when whether interfering with the abnormal sound waves 
generated by the vehicle accidents are receiving the modulated reception processing in the control unit, detects 
an abnormality while the sound wave comes back after being reflected in the reflecting device road conditions 
monitoring device is characterized in that report to equal. 

2. Detects an abnormal sound due to vehicles traveling on a road, in an apparatus for monitoring abnormality on 
the road, such as a vehicle accident, was placed in a position that does not interfere with vehicle traffic in the 
road upward like, transmitting or sound waves in air a sonic transducer which received wave, at a position that 
does not interfere with the passage of vehicles on the road upward like disposed opposite to the said ultrasonic 
transducer, a reflector for reflecting the sound waves emitted from the ultrasonic transducer, It sends a transmit 
signal to the ultrasonic transducer, from recorded receives and processes the reflected sound wave from the 
reflecting device, and a control device to report to the traffic control center or the like, and the information 
display device to inform the road conditions in the vehicle becomes, the reception processing whether sound 
waves transmitted from the ultrasonic transducer is undergoing modulation interferes with abnormal waves 
generated by the vehicle accident while coming back after being reflected in the reflecting device in the control 
device and, when detecting abnormality when Problem to traffic control center or the like at the same time, the 
information display device to the road condition monitoring apparatus characterized thereby alert display on 
subsequent vehicles. 

3. Waves road to detect the abnormal sound by the vehicle while driving, in an apparatus for monitoring the 
abnormality on the road, such as a vehicle accident, which was placed in a position that does not interfere with 
the vehicle of the traffic on the road above, to transmit sound waves in the air a wave transmitter, a transmission 
control unit for transmitting a transmit signal to the sonic wave transmitter, and disposed to face the said 
ultrasonic wave transmitter, sound waves received for reception of sound waves emitted from the ultrasonic 
wave transmitter a duplexer, and recorded by processing the reception signal of the ultrasonic wave receiver, 
consists of a receiving control device to notify the traffic control center or the like, an information display 
device for displaying the road conditions detected by the control device, the sound waves transmitted from the 
ultrasonic wave transmitter during the reception in the ultrasonic wave receiver, whether interfering with the 
abnormal sound waves generated by the vehicle accidents are receiving the modulated reception processing in 
the control unit, At the same time when detecting an abnormality is reported to the traffic control center or the 
like, road condition monitoring apparatus characterized thereby alert display subsequent vehicle to the 
information display device. 

4. The acoustic wave transducer according to claim 1 or claim 2, for example using an electro-acoustic 
transducer of a piezoelectric ceramic or the like, a slightly different two kinds of waves of frequency 
transmission and reception waves, the source lower than the frequency and beam road condition monitoring 
apparatus characterized by using a parametric array for generating a narrow wave width. 

5. Device according to claim 3, wherein the ultrasonic wave transmitter and ultrasonic wave receiver is traffic 
condition monitoring apparatus at least one is characterized by using a parametric array according to claim 4. 

6. Claim 1, Claim 2, in any one of claims 3, wherein the control device and the reception control device, the 
vehicle collision by the frequency analyzing acoustic signals received wave by claim 4 and claim 5 parametric 
array according sound, detecting an abnormality such as an accident by by detecting the characteristic frequency 
spectrum pattern to road traffic on the abnormal waves such as a vehicle accident of creaking sound, etc. of 
explosion sound and the wheels, report to the recording and the traffic control center or the like, road conditions 
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monitoring device is characterized in that the information display device to the attention displayed in the 
subsequent vehicle. 

7. In claim 6, the control device after limiting the frequency band of the road traffic on abnormal waves 
generated in a vehicle accident or the like by one or more band-pass filter a receive acoustic signals, the 
abnormal sound is registered in advance detecting an abnormality of an accident such as by comparing the 
signal waveform, recording and traffic control Problem to center or the like, the information display device to 
the road condition monitoring apparatus characterized in that to the attention displayed on subsequent vehicles. 

8. Method according to claim 7, the control unit will record and store the frequency pattern of the received 
wave an acoustic signal, by utilizing the data, road condition monitoring apparatus which is characterized in that 
to enable more accurate abnormality detection. 
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(57) Abstract: The present invention relates 
to a binaural hearing aid system comprising a 
first hearing aid and a second hearing aid, each 
of which comprises a microphone and an AID 
converter for provision of a digital input signal 
in response to sound signals received at the 
respective microphone in a sound environment, 
a processor that is adapted to process the digital 
input signals in accordance with a predetermined 
signal processing algorithm to generate a 
processed output signal, and a Di A converter 
and an output transducer for conversion of the 
respective processed sound signal to an acoustic 
output signal, and a binaural sound environment 
detector for binaural determination of the sound 
environment surrounding a user of the binaural 
hearing aid system based on at least one signal 
from the first hearing aid and at least one signal 
from the second hearing aid for provision of 
outputs for each of the first and second hearing 
aids for selection of the signal processing 
algorithm of each of the respective hearing aid 
processors so that the hearing aids of the binaural 
hearing aid system perform coordinated sound 
processing. 
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A BINAURAL HEARING AID SYSTEM WITH 

COORDINATED SOUND PROCESSING 

FIELD OF THE INVENTION 

PCT/DK2004/000442 

The present invention relates to a binaural hearing aid system with a first hearing aid and a 

5 second hearing aid, each of which comprises a microphone, an AID converter for provision 

of a digital input signal in response to sound signals received at the respective microphone 

in a sound environment, a processor that is adapted to process the digital input signals in 

accordance with a predetermined signal processing algorithm to generate a processed 

output signal, and a D/A converter and an output transducer for conversion of the 

10 respective processed sound signal to an acoustic output signal. 

BACKGROUND OF THE INVENTION 

Today's conventional hearing aids typically comprise a Digital Signal Processor (DSP) for 

processing of sound received by the hearing aid for compensation of the user's hearing 

loss. As is well known in the art, the processing of the DSP is controlled by a signal 

15 processing algorithm having various parameters for adjustment of the actual signal 

processing performed. The gains in each of the frequency channels of a multi-channel 

hearing aid are examples of such parameters. 

The flexibility of the DSP is often utilized to provide a plurality of different algorithms and/or 

a plurality of sets of parameters of a specific algorithm. For example, various algorithms 

20 may be provided for noise suppression, i.e. attenuation of undesired signals and 

amplification of desired signals. Desired signals are usually speech or music, and 

undesired signals can be background speech, restaurant clatter, music (when speech is 

the desired signal), traffic noise, etc. 

The different algorithms or parameter sets are typically included to provide comfortable and 

25 intelligible reproduced sound quality in different sound environments, such as speech, 

babble speech, restaurant clatter, music, traffic noise, etc. Audio signals obtained from 

different sound environments may possess very different characteristics, e.g. average and 

maximum sound pressure levels (SPLs) and/or frequency content. Therefore, in a hearing 

aid with a DSP, each type of sound environment may be associated with a particular 

30 program wherein a particular setting of algorithm parameters of a signal processing 

algorithm provides processed sound of optimum signal quality in a specific sound 

environment. A set of such parameters may typically include parameters related to 

broadband gain, corner frequencies or slopes of frequency-selective filter algorithms and 
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parameters controlling e.g. knee-points and compression ratios of Automatic Gain Control 

(AGC) algorithms. 

Consequently, today's DSP based hearing instruments are usually provided with a number 

of different programs, each program tailored to a particular sound environment category 

5 and/or particular user preferences. Signal processing characteristics of each of these 

programs is typically determined during an initial fitting session in a dispenser's office and 

programmed into the instrument by activating corresponding algorithms and algorith!TI 

parameters in a non-volatile memory area of the hearing aid and/or transmitting 

corresponding algorithms and algorithm parameters to the non-volatile memory area. 

10 Some known hearing aids are capable of automatically classifying the user's sound 

environment into one of a number of relevant or typical everyday sound environment 

categories, such as speech, babble speech, restaurant clatter, music, traffic noise, etc. 

Obtained classification results may be utilised in the hearing aid to automatically select 

signal processing characteristics of the hearing aid, e.g. to automatically switch to the most 

15 suitable algorithm for the environment in question. Such a hearing aid will be able to 

maintain optimum sound quality and/or speech intelligibility for the individual hearing aid 

user in various sound environments. 

US 5,687,241 discloses a multi-channel DSP based hearing instrument that utilises 

continuous determination or calculation of one or several percentile values of input signal 

20 amplitude distributions to discriminate between speech and noise input signals. Gain 

values in each of a number of frequency channels are adjusted in response to detected 

levels of speech and noise. 

However, it is often desirable to provide a more subtle characterization of a sound 

environment than only discriminating between speech and noise. As an example, it may be 

25 desirable to switch between an omni-directional and a directional microphone preset 

program in dependence of, not just the level of background noise, but also on further signal 

characteristics of this background noise. In situations where the user of the hearing aid 

communicates with another individual in the presence of the background noise, it would be 

beneficial to be able to identify and classify the type of background noise. Omni-directional 

30 operation could be selected in the event that the noise being traffic noise to allow the user 

to clearly hear approaching traffic independent of its direction of arrival. If, on the other 

hand, the background noise was classified as being babble-noise, the directional listening 

program could be selected to allow the user to hear a target speech signal with improved 

signal-to-noise ratio (SNR) during a conversation. 
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Applying Hidden Markov Models for analysis and classification of the microphone signal 

may obtain a detailed characterisation of e.g. a microphone signal. Hidden Markov Models 

are capable of modelling stochastic and non-stationary signals in terms of both short and 

long time temporal variations. Hidden Markov Models have been applied in speech 

5 recognition as a tool for modelling statistical properties of speech signals. The article "A 

Tutorial on Hidden Markov Models and Selected Applications in Speech Recognition", 

published in Proceedings of the IEEE, VOL 77, No. 2, February 1989 contains a 

comprehensive description of the application of Hidden Markov Models to problems in 

speech recognition. 

10 WO 01 /76321 discloses a hearing aid that provides automatic identification or classification 

of a sound environment by applying one or several predetermined Hidden Markov Models 

to process acoustic signals obtained from the listening environment. The hearing aid may 

utilise determined classification results to control parameter values of a signal processing 

algorithm or to control switching between different algorithms so as to optimally adapt the 

15 signal processing of the hearing aid to a given sound environment. 

The different available signal processing algorithms may change the signal characteristics 

significantly. In binaural hearing aid systems, it is therefore important that the determination 

of sound environment does not differ for the two hearing aids. However, since sound 

characteristics may differ significantly at the two ears of a user, it will often occur that sound 

20 environment determination at the two ears of a user differs, and this leads to undesired 

different signal processing of sounds for each of the ears of the user. 

SUMMARY OF THE INVENTION 

Thus, there is a need for a binaural hearing aid system wherein sound environment 

determination does not differ for the two hearing aids so that signal processing in the two 

25 hearing aids may be coordinated and the user be provided with desired processed sound in 

both ears at the same time. 

According to the present invention, this and other objects are solved by provision of a 

binaural hearing aid system of the above-mentioned type wherein the hearing aids are 

connected either by wire or by a wireless link to at least one binaural sound environment 

30 detector for binaural determination of the sound environment surrounding a user of the 

binaural hearing aid system based on at least one signal from the first hearing aid and at 

least one signal from the second hearing aid whereby the sound environment is determined 

and classified based on binaural signals. The one or more binaural sound environment 

detectors provide outputs for each of the first and second hearing aids for selection of the 
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signal processing algorithm of each of the hearing aid processors so that the hearing aids 

of the binaural hearing aid system perform coordinated sound processing. 

In this way both hearing aids may process sound in response to a common determination 

of sound environment. Sound environment determination may be performed by one 

5 common environment detector, for example situated in one of the hearing aids or in a 

remote control, or, by a plurality of environment detectors, such as an environment detector 

in each of the first and second hearing aids. 

In the event that the user has substantially the same hearing loss in both ears and the 

sound environment is omni-directional, i.e. the sound environment does not change with 

1 0 direction, coordination of sound processing in the hearing aids leads to execution of 

identical signal processing algorithms in the respective signal processors of the hearing 

aids. In the event that the hearing aid user suffers from a binaural hearing loss, the signal 

processing algorithms may desirably differ for compensation of the different binaural 

hearing losses. 

15 It is an important advantage of the present invention that binaural sound environment 

detection is more accurate than monaural detection since signals from both ears are taken 

into account. 

It is a further advantage of the present invention that signal processing in the hearing aids 

of the binaural hearing aid system is coordinated since the sound environment detection is 

20 the same for both hearing aids. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention reference will now be made, by way of 

example, to the accompanying drawings, in whiC?h: 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

illustrates schematically a prior art monaural hearing aid with sound environment 

classification, 

illustrates schematically a first embodiment of the present invention, 

illustrates schematically a second embodiment of the present invention, 

illustrates schematically a third embodiment of the present invention, and 

illustrates schematically a fourth embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 illustrates schematically a prior art monaural hearing aid 10 with sound environment 

classification. 

The monaural hearing aid 1 0 comprises a first microphone 12 and a first AID converter (not 

5 shown) for provision of a digital input signal 14 in response to sound signals received at the 

microphone 12 in a sound environment, and a second microphone 16 and a second AID 

converter (not shown) for provision of a digital input signal 18 in response to sound signals 

received at the microphone 16, a processor 20 that is adapted to process the digital input 

signals 14, 18 in accordance with a predetermined signal processing algorithm to generate 

10 a processed output signal 22, and a D/A converter (not shown) and an output transducer 

24 for conversion of the respective processed sound signal 22 to an acoustic output signal. 

The hearing aid 10 further comprises a sound environment detector 26 for determination of 

the sound environment surrounding a user of the hearing aid 10. The determination is 

based on the output signals of the microphones 12, 16. Based on the determination, the 

15 sound environment detector 26 provides outputs 28 to the hearing aid processor 20 for 

selection of the signal processing algorithm appropriate in the determined sound 

environment. Thus, the hearing aid processor 20 is automatically switched to the most 

suitable algorithm for the determined environment whereby optimum sound quality and/or 

speech intelligibility is maintained in various sound environments. 

20 The signal processing algorithms of the processor 20 may perform various forms of noise 

reduction and dynamic range compression as well as a range of other signal processing 

tasks. 

The sound environment detector 26 comprises a feature extractor 30 for determination of 

characteristic parameters of the received sound signals. The feature extractor 30 maps the 

25 unprocessed sound inputs 14, 18 sound features, i.e. the characteristic parameters. These 

features can be signal power, spectral data and other well-known features. 

The sound environment detector 26 further comprises an environment classifier 32 for 

categorizing the sound environment based on the determined characteristic parameters. 

The environment classifier categorizes the sounds into a number of environmental classes, 

30 such as speech, babble speech, restaurant clatter, music, traffic noise, etc. The 

classification process may consist of a simple nearest neighbour search, a neural network, 

a Hidden Markov Model system or another system capable of pattern recognition. The 

output of the environmental classification can be a "hard" classification containing one 
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single environmental class or a set of probabilities indicating the probabilities of the sound 

belonging to the respective classes. Other outputs may also be applicable. 

The sound environment detector 26 further comprises a parameter map 34 for the 

provision of outputs 28 for selection of the signal processing algorithms. 

5 The parameter map 34 maps the output of the environment classification 32 to a set of 

parameters for the hearing aid sound processor 20. Examples of such parameters are 

amount of noise reduction, amount of gain and amount of HF gain. Other parameters may 

be included. 

Figs. 2-5 illustrate various preferred embodiments of the present invention. The illustrated 

10 binaural hearing aid system 1 comprises a first hearing aid 10 and a second hearing aid 

10', each of which comprises a first microphone 12, 12 'and an AID converter (not shown) 

and a second microphone 16, 16' and AID converter (not shown) for provision of a digital 

input signals 14, 14', 18, 18' in response to sound signals received at the respective 

microphones 12, 12', 16, 16' in a sound environment, a processor 20, 20' that is adapted to 

15 process the digital input signals 14, 18, 14', 18' in accordance with a predetermined signal 

processing algorithm to generate a processed output signal 22, 22', and a D/A converter 

(not shown) and an output transducer 24, 24' for conversion of the respective processed 

sound signals 22, 22' to an acoustic output signal 

In the embodiments illustrated in Figs. 2-4, each of the hearing aids 10, 1 O' of the binaural 

20 hearing aid system 1 further comprises a binaural sound environment detector 26, 26' for 

determination of the sound environment surrounding a user of the binaural hearing aid 

system 1. The determination is based on the output signals of the microphones 12, 12', 16, 

16'. Based on the determination, the binaural sound environment detector 26, 26' provides 

outputs 28, 28' to the hearing aid processors 20, 20' for selection of the signal processing 

25 algorithm appropriate in the determined sound environment. Thus, the binaural sound 

environment detectors 26, 26' determines the sound environment based on signals from 

both hearing aids, i.e. binaurally, whereby hearing aid processors 20, 20' is automatically 

switched in co-ordination to the most suitable algorithm for the determined environment 

whereby optimum sound quality and/or speech intelligibility is maintained in various sound 

30 environments by the binaural hearing aid system 1. 

The binaural sound environment detectors 26, 26' illustrated in Figs. 2-4 are both similar to 

the binaural sound environment detector shown in Fig. 1 apart from the fact that the 

monaural environment detector only receives inputs from one hearing aid while each of the 

binaural sound environment detectors 26, 26' receives inputs from both hearing aids. Thus, 
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according to the present invention, signals are transmitted between the hearing aids 10, 1 0' 

so that the algorithms executed by the signal processors 20, 20' are selected in co­

ordination, e.g. in case of an omni-directional sound environment, i.e. the sound 

environment does not change with direction, the algorithms are selected to be identical 

5 apart from possible differences in hearing loss compensation of the two ears. 

In the embodiment of Fig. 2, the unprocessed signals 14, 14', 18, 18' from the microphones 

12, 12', 16, 16' of one hearing aid 10, 1 0' are transmitted to the other hearing aid and 

inputted to the respective feature extractor 30, 30'. Thus, feature extraction in each of the 

hearing aids is based on the identical four input signals so that identical sound environment 

10 characteristic parameters will be determined binaurally in both hearing aids 10, 10'. 

The signals may be transmitted in analogue form or in digital form, and the communication 

channel may be wired or wireless. 

In the embodiment shown in Fig. 3, the output 36, 36' of the feature extractor 30, 30' of one 

hearing aid 10, 10' is transmitted to the respective other hearing aid 10', 10. The 

15 environment classifier 32, 32' then operates on two sets of features 36, 36' to determine 

the environment. Since both environment classifiers 32, 32' receive the same data, they will 

produce the same output. 

In the embodiment shown in Fig. 4, the output 38, 38' of the environment classifier 32, 32' 

of one hearing aid 10, 10' is transmitted to the respective other hearing aid 10, 10'. The 

20 parameter map 34, 34' then operates on two inputs 38, 38' to produce the parameters for 

the processor algorithms, but since both parameter mapping units 34, 34' receive identical 

inputs, identical parameter values will be produced. 

This embodiment has a number of advantages: Usually classification systems take both 

past and present data into account - they have memory. This makes them sensitive to 

25 missing data, since a classification requires a complete data set. Therefore it is required 

that the data link is safe, in the sense that data is guaranteed to be transmitted. The 

parameter mapping can be implemented without memory so that only present data is taken 

into account when generating parameters. This makes the system robust to packet loss 

and latency, since the parameter mapping may simply re-use old data in the event that 

30 data is missing. This will of course delay the correct action, but to the user the systems will 

appear to be synchronized. 

The transmission data rate is low, since only a set of probabilities or logic values for the 

environment classes has to be transmitted. 
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Rather high latency can be accepted. By applying time constants to the variables that will 

change according to the output of the parameter mapping it is possible to smooth out any 

differences that is caused by latency. As described earlier it is important that signal 

processing in the two hearing instruments is coordinated. However if transition periods of a 

5 few seconds are allowed the system can operate with only 3-4 transmissions per second. 

10 

Hereby, power consumption is kept low. 

A binaural hearing aid system 1 with a remote control 40 is shown in Fig. 5. The 

environment detector 26 is positioned in the remote control 40. The required signals are 

transmitted to and from both hearing aids. 

Exhibit 1004 
Page 0434 of 1001



5 

10 

WO 2004/114722 PCT/DK2004/000442 

-9-

CLAIMS 

1. A binaural hearing aid system comprising 

a first hearing aid and a second hearing aid, each of which comprises 

a microphone and an AID converter for provision of a digital input signal in 

response to sound signals received at the respective microphone in a sound 

environment, 

a processor that is adapted to process the digital input signals in accordance 

wlth a predetermined signal processing algorithm to generate a processed 

output signal, and 

a D/A converter and an output transducer for conversion of the respective 

processed sound signal to an acoustic output signal, and 

a binaural sound environment detector for binaural determination of the sound environment 

surrounding a user of the binaural hearing aid system based on at least one signal from the 

first hearing aid and at least one signal from the second hearing aid for provision of outputs 

15 for each of the first and second hearing aids for selection of the signal processing algorithm 

of each of the respective hearing aid processors so that the hearing aids of the binaural 

hearing aid system perform coordinated sound processing. 

2. A system according to claim 1, wherein the binaural sound environment detector having 

inputs for each of the digital input signals is provided in a remote control of the system. 

20 3. A system according to claim 1, wherein the binaural sound environment detector is 

provided in one of the hearing aids and provides an output for the other hearing aid. 

4. A system according to claim 1, wherein each of the hearing aids comprises a binaural 

sound environment detector. 

5. A system according to any of the preceding claims, wherein the binaural sound 

25 environment detector comprises 

a feature extractor for determination of characteristic parameters of the received sound 

signals, 

an environment classifier for categorizing the sound environment based on the determined 

characteristic parameters, and 

30 a parameter map for the provision of outputs for selection of the signal processing 

algorithms. 
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6. A system according to claim 4 and 5, wherein each of the feature extractors has inputs 

for each of the digital input signals. 

7. A system according to claim 4 and 5, wherein each of the environment classifiers has 

inputs connected to each of the feature extractors. 

5 8. A system according to claim 4 and 5, wherein each of the parameter maps has inputs 

for connected to each of the environment classifiers. 
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O (57) Abstract: A system and method that reduces the perceptual effect resulting from ear occlusion is disclosed. It comprises of an 
0 electro-acoustic feedback network that produces phase cancelling sounds in the ear, where a receiver and a microphone are located. 
M A novel control mechanism is disclosed that controls the response of the feedback network to minimise distortion in the ear while 
O maintaining a desired frequency response for external signals. Devices producing the external signal include hearing aids, personal 
:;_... sound devices, in ear monitors, communications headsets and hearing protectors. The integration of the present invention with these 
;;,-,-- devices improves the user's perception of their own voice. 
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Acoustically Transparent Occlusion Reduction System and Method 

Field oflnvention 

The present invention relates to an improved occlusion reduction system for 

applications such as hearing aids, personal sound devices, in ear monitors, 

5 communications headsets and hearing protection devices. 

Description of Background Art 

An electro-acoustic negative feedback scheme was originally presented by H.F 

Olson, in 1961 in U.S Patent No 2,983,790. A more comprehensive implementation was 

later proposed by Bose et al, in 1982 in U.S Patent No 4,494,074 under the title 

Io "Feedback Control". Using headphones, Bose proposed the idea of an electro-acoustic 

feedback in the proximity of the ear canal. The concept was later used by Langberg et al, 

in 1988 in U.S. Patent No 4,985,925, describing a system functioning as a bilateral 

transducer drive with a shunt feedback correction network. Later on in 1991, Langberg 

et al, in U.S Patent No. 5,267,321 entitled "Active Sound Absorption" describes an 

15 electro-acoustical feedback system, with the receiver acting as both a diaphragm actuator 

and motion sensor. In 1996, U.S Patent No. 5,774,565 to Benning et al describes an 

electro-acoustic feedback subsystem with oscillation prevention circuit in the forward 

path of the loop. In 2002, U.S Patent Application No. 2003/0012391 Al to Armstrong et 

al, entitled "Digital Hearing Aids System" discloses a hearing aid including an occlusion 

20 processing subsystem. 

The occlusion effect is commonly described as a hollow or echoing like sound of a 

person's own voice. The occlusion effect results from acoustically sealing or partially 

sealing the ear, or to a greater effect sealing or partially sealing the ear canal from the 

external acoustic environment. As a result, the occlusion effect creates discomfort and/or 

25 an unnatural sound sensation. This problem is commonly reported to clinicians in the 
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hearing aid industry as it affects a large number of hearing aid wearers (tho~e with mild 

low-frequency hearing loss). Until now, there were at least two common schemes to 

decrease the occlusion effect in hearing aids, either using a vent or by increasing the 

insertion depth of the earmold into the ear canal. To restore naturalness of a hearing aid 

5 wearer's voice, vents ofup to 3.5 mm in diameter may be employed. These vents need 

to be sufficiently large so that the residual sound pressure in the canal due to the 

occlusion effect is not significant. On the other hand, a sufficiently large vent limits the 

hearing aid amplification due to oscillations created by positive feedback occurring 

around the loop defined by an external microphone, amplifier, receiver, and path through 

10- the vent back to the external microphone. 

The soft tissue in the ear canal is excited by vibration energy propagated by the 

skull and jaw due to the wearer's voice and this results in an increased sound pressure 

within the occluded of partially occluded ear relative to an open ear. Another solution is 

to insert the earmold further into the ear canal to fill the cartilaginous portion of the 

15 canal and hence reduce the occlusion effect at its source. However there are a number of 

practical problems relating to the deep insertion of an earmold, for instance physical 

discomfort. 

vv'hile some of the aforementioned patents include methods to alter the response of 

the electro-acoustic feedback system, none of these patents incorporate methods to 

20 compensate for the effect that response alteration within the feedback system has on 

external signals such as from an external microphone or hearing aid processor. In 

addition, the aforementioned patents do not provide a mechanism to prevent the receiver 

from overloading by sensing the level of signal at the optimum point, being the input to 

the receiver. 

25 
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Summary of Invention 

It is an object of the present invention to provide an improved occlusion reduction 

system for applications such as hearing aids, personal sound devices, in ear monitors, 

communications headsets and hearing protection devices. 

5 In accordance with a first aspect of the present invention, there is provided an 

electro-acoustic system comprising of: an electro-acoustic circuit including a negative­

feedback loop comprising of: a microphone for generating an internal signal from an 

acoustical signal located within or closely coupled to an occluded or partially occluded 

ear; a second electronic circuit, (B) for modifying the internal signal to produce a 

Io processed internal signal; a combiner for combining the processed internal signal with a 

processed external signal to produce a combined signal; a first electronic circuit (A), for 

modifying the combined signal to produce an receiver signal; and a receiver for 

generating an acoustical signal from the receiver signal at a location within or closely 

coupled to the occluded or partially occluded ear; a third electronic circuit (C) for 

15 modifying an external signal such as from an external microphone or hearing aid 

processor to produce a11 external processed signal; a fourth electronic circuit (D), for 

estimating the level of the receiver signal optimally from the receiver signal and 

producing a control signal; wherein the processing performed by the second electronic 

circuit (B) preferably is controlled by the control signal. 

20 The negative-feedback loop preferably can include a filter that alters the open loop 

response so that the real component of the response is large and negative at :frequencies 

where the occlusion effect can be typically the greatest. Consequently reducing all 

signals introduced into the closed loop within this frequency range. 

The third electronic circuit (C) preferably can include filtering that provides 

25 compensation for the closed loop response of the negative-feedback loop. 
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Optionally the filtering provided by the third electronic circuit (C) adapts to 

compensate for changes in the closed response of the negative-feedback loop. 

Optionally the control signal can control the response of the first electronic circuit 

(A) while controlling the response of the third electronic circuit (C). 

5 The microphone for generating the internal signal optionally can be coupled to the 

occluded or partially occluded ear by a tube. The receiver optionally can be coupled to 

the occluded or partially occluded ear by a tube. The microphone and receiver optionally 

can be combined in a single unit or jointly coupled to the occluded or partially occluded 

ear by a common tube. At least one of the electronic circuits can be implemented 

IO digitally. At least one of the digital electronic circuits can performed signal processing at 

a sampling rate at least four times that of the bandwidth of the signal. 

In accordance with a further aspect of the present invention, there is provided an 

electro-acoustic system including a negative-feedback loop comprising of: a 

microphone for generating an internal signal from an acoustical signal located within or 

15 closely coupled to an occluded or partially occluded ear; a second electronic circuit (B) 

for modifying the intemal signal to produce a processed internal signal; a combiner for 

combining the processed intemal signal with a processed external signal to produce a 

combined signal; a first electronic circuit (A) for modifying the combined signal to 

produce a receiver signal; and a receiver for generating an acoustical signal from the 

20 receiver signal at a location within or closely coupled to the occluded or partially 

occluded ear; a third electronic circuit (C) for modifying an external signal such as from 

external microphone to produce a processed external signal; a fourth electronic circuit 

(D) for estimating the level of the receiver signal and producing a control signal from 

this estimate; wherein the control signal controls the processing perfo1med by the second 
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electronic circuit (B) and controls the processing performed by the third electronic 

circuit (C). 

In accordance with a further aspect of the present invention, there is provided an 

electro-acoustic system including a negative-feedback loop comprising of: a 

5 microphone for generating an intemal signal from an acoustical signal located within or 

closely coupled to an occluded or partially occluded ear; a second electronic circuit (B) 

for modifying the intemal signal to produce a processed intemal signal; a combiner for 

combining the processed intemal signal with a processed external signal to produce a 

combined signal; a first electronic circuit (A) for modifying the combined signal to 

1 o produce a receiver signal; and a receiver for generating an acoustical signal from the 

receiver signal at a location within or closely coupled to the occluded or partially 

occluded ear; a third electronic circuit (C) for modifying an external signal to produce a 

processed external signal; a fourth electronic circuit (D) for estimating the level of the 

receiver signal and producing a control signal from this estimate; wherein the control 

15 signal controls the processing performed by first electronic circuit (A) and controls the 

processing performed by the third electronic circuit (C). 

In accordance with a further aspect of the present invention, there is provided a 

method of providing a negative feedback loop for an electro-acoustic system, the method 

including the steps of: (a) generating an intemal signal representing an acoustical signal 

20 located within or closely coupled to an occluded or partially occluded ear; (b) modifying 

the internal signal to produce a processed internal signal; ( c) combining the processed 

internal signal with a processed external signal to produce a combined signal; ( d) 

modifying the combined signal to produce a receiver signal; ( e) generating an acoustical 

signal from the receiver signal at a location within or closely coupled to the occluded or 

25 partially occluded ear; (f) modifying an external signal to produce a processed external 

Exhibit 1004 
Page 0449 of 1001



WO 2006/037156 PCT/AU2005/001506 

6 

signal; (g) estimating the level of the receiver signal either directly from the receiver. 

signal or from the combined signal and producing a control signal from this estimate; 

wherein the degree of modification in step (b) is controlled by the control signal. The 

control signal can be utilised to control the amount of modification occurring in step (f). 

5 In any of the aforementioned aspects of the present invention the fourth electronic 

circuit (D) optionally produces a control signal using estimates of the signal levels from 

the internal signal or the processed internal signal and the receiver signal or the 

combined signal. 

Brief Description of the Drawings 

10 Preferred embodiments of the present invention will now be described with 

reference to the accompanying drawings in which: 

Fig. 1 is a block diagram of the occlusion reduction scheme of the preferred 

embodiment; 

Fig. 2 is a schematic diagram of an analog electronic circuit for the electro-

15 acoustic negative feedback loop; 

Fig. 3 is a schematic diagran1 of an analog adaptive pre-compensation electronic 

circuit; 

Fig. 4 is a schematic diagram of an analog level estimator and control signal 

generation electronic circuit; 

20 Fig. 5 is a schematic diagram of a digital implementation of the occlusion 

reduction scheme; 

Fig. 6 is a schematic diagram of an adaptive IIR filter; 

Fig. 7 is a schematic diagram of a level estimator and control signal generator ; 

Fig. 8 is a graph of the simulated closed loop response in a Zwislocki coupler; 
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Fig. 9 is a graph of the measured response of the effective gain reduction inside a 

real ear; 

Fig. 10 is a graph of the measured responses from an external signal to a Zwislocki 

coupler microphone; and 

5 Fig. 11 is an illustration of the occlusion reduction scheme implemented as an in-

the-canal hearing aid device. 

Detail Description of the Preferred and Other Embodiments 

The preferred embodiment operates to reduce the level of signals generated within 

an electro-acoustic negative feedback loop, such as signals produced by vibration in the 

10 ear canal walls due to bone conduction of a user's voice. The reduction occurs in the low 

to mid audible frequencies, typically ranging from 80 Hz up to 1 kHz, where the 

occlusion effect is more predominant and perceptually apparent. 

A negative feedback scheme is provided which combines a processed externally 

generated signal such as from an external microphone or a sound system v,,ith a 

15 processed internal signal such as from a microphone located within or closely coupled to 

the occluded or partially occluded ear. The combined signal after optional further 

processing is applied to a receiver located within or closely coupled to the occluded or 

paiiially occluded ear. The level of the signal to be applied to the receiver is optimally 

estimated either from the signal applied to the receiver or from the combined processed 

20 external and processed internal signals. Optionally this signal level can be estimated 

from signals at other points within the scheme. High signal levels applied to the receiver 

may produce a distorted output from the receiver. This distortion is reduced by applying 

active gain reduction in the feedback path in response to estimated high signal levels 

being present. Optionally low signal levels can be detected so that noise inherent in the 

25 negative feedback components such as the internal microphone can be minimised by 
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applying active gain reduction in the feedback path. Thus, the high and the low signal 

level thresholds for gain reduction in the loop can depend on the dynamic operational 

range of the discrete components within the system. In addition, an adaptive equ_alisation 

filter is applied to the external signal to compensate for variations of the transfer 

5 response of the closed loop. 

The preferred embodiment includes of a microphone ~o sense the sound pressure in 

the ear. The preferred embodiment also includes a novel design of estimating the level of 

the signal to be applied to the receiver and reducing the gain in the feedback path of the 

loop when this level is high. This mechanism effectively improves the robustness of the 

10 closed loop system by limiting excessive driving levels being applied to the receiver. A 

filter within the feedback path of the loop yields the necessary phase and gain around the 

loop to generate a phase cancelling sound in the ear without creating acoustic feedback. 

This negative feedback response also causes a sound pressure reduction for external 

signals thus affecting the response from the external processed signal to the receiver 

15 signal. As a result, an adaptive pre-compensation filter is provided. The adaptive pre­

compensation filter performs adaptive equalisation to maintain a constant :frequency 

response between the external signal and the receiver signal in response to changes in 

loop response. 

In addition, the negative feedback response also causes a reduction in external 

20 sounds transmitted through a vent or leakage, thus minimising both effects. 

Referring initially to Fig. 1, a schematic diagram 1 illustrates the occlusion 

reduction scheme of the preferred embodiment. This electronic circuit can be 

encapsulated in an earmold 100 as discussed hereinafter with reference to Fig. 11. The 

earmold optionally contains tubing for coupling the receiver to the ear. The earmold 

25 optionally contains tubing for coupling the internal microphone to the ear. The 
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microphone and receiver optionally can be combined into a single unit or jointly coupled 

to the occluded or partially occluded ear by a common tube. Optionally these tubes can 

be protected from wax blockage using wax guards. The lengths of these tubes are 

preferably as short as possible to minimise delays around the feedback loop, but can be 

5 any length. The earmold can optionally contain an open vent to depressurise the ear thus 

reducing the sensation of stuffiness in the ear. Optionally, the vent can be fitted with an 

acoustic damper for compensating for the vent resonance that may affect the closed loop 

response. 

The internal signal from an internal microphone 7 is proportional to the ear canal 

10 sound pressure. This internal signal is filtered in a.feedback loop shown as first 

electronic circuit (A) 2 and second electronic circuit (B) 3 to produce the receiver signal 

4 output to the receiver 5. The aim is to produce cancellation around the loop, limited to 

a given low to mid frequency band. 

An analog implementation of the occlusion reduction scheme is depicted in Figs. 

15 2-4 and a digital implementation is shown in Figs. 5-7. 

In addition, Fig. 1 shows fourth electronic circuit (D) 8 that estimates the level of 

the receiver signal to produce a control signal. Optionally the input to the fourth 

electronic circuit (D) 8 can be obtained from the output of a combiner 9 with appropriate 

compensation for the effects of the first electronic circuit (A) 2. The response of the 

20 negative feedback loop is controlled by the control signal. The estimated level of the 

receive signal 4 can be compared to a reference level which is not shown in this figure. 

The control signal reduces the gain in the loop as the level of the receive signal increases 

above the reference level. The reference level is set to a level to minimise distortion 

occurring within the loop. 
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The combined signal within the loop results from a combination 9 of processed 

internal signal 12 and processed external signal. The processed external signal results 

from a filtered external signal 13. The pre-compensation filter 10 depicted as the third 

electronic circuit (C) 10 in Fig. 1, equalises the magnitude of the transfer function from 

5 the external signal 13 to the receiver signal 4 so that it is approximately constant across 

frequency, assuming a fixed closed loop response. Optionally, the filter in the third 

electronic circuit (C) 10 is adaptively controlled by fourth electronic circuit (D) 8 so that 

the magnitude of the transfer function from the external signal 13 to the receiver signal 4 

is approximately constant across frequency regardless of changes in the closed loop 

1 o response. 

Optionally the fourth electronic circuit (D) uses estimates of signal levels from the 

receiver signal or combined signal and from the internal signal or processed internal 

signal to produce a control signal to control the loop response. This control signal can 

control the loop response by directly applying gain reduction to the first electronic 

15 circuit (A) or to the second electronic circuit (B). The control signal produce from this 

arrangement can be used in combination with the fixed or adaptive third electronic 

circuit (C). 

Analog Implementation 

Fig. 2, depicts an analog implementation 20 of the negative feedback loop of Fig. 

20 1. Firstly, the internal signal is applied to a high pass filter 21 and lead-lag filter 22 in 

order to reduce effects from jaw movements and very low frequency instability in the 

loop. The equations for the transfer function in relation to the corresponding discrete 

components are shown below: 
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if R4 = R5, C 2 = C3 then the lead lag transfer function equation is shown below 

The next filtering stage reduces the dominant transducer resonance within the loop 

and provides greater open loop gain at frequencies at which the occlusion effect is 

5 greatest. This is achieved by using a bi-quadratic filter 24, and placing a complex pair of 

zeros at the dominant transducer resonance frequency followed by a pair of real poles to 

provide low frequency emphasis in the open loop response. 

R12 = R13 , C8 = C9 ,then the biquadratic transfer function equation can be computed as 

10 follows 

To determine the pole zero placement, the biquadratic transfer function equation 

can be directly related to a well known second order transfer :function equation. 

15 Where the cop and coz are the location of the pole and zero frequencies. Similarly .;zand 

s P are the damping factors for the poles and zeros respectively. Thus, this relationship 

can be used to position the poles and zeros at the desired frequencies with the desired 

damping. 

With appropriate phase compensation, amplification is added to the loop. The gain 

20 amplification is chosen in accordance to a well-known gain and phase margin criteria 

(e.g. Linear Control Systems Analysis and Designs, John J.D' Azzo, Constantine H. 
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Houpis, 2nd Edition, McGraw-Hill, 1981). A loop gain of less than or equal to :._3 dB is 

chosen at :frequencies likely to produce positive feedback. The filtering arrangement of 

Fig. 1 shown in Fig 2, produces a gain greater than unity, for an open loop response 

between 80 Hz and 1 kHz and less than unity at other frequencies, where positive 

5 feedback may occur. The frequency band ranging from 80 Hz up to 1 kHz is an 

appropriated choice as the occlusion effect is subjectively more apparent at these 

frequencies, as described in literature (e.g. Hearing Aids, Harvey Dillon, Boomerang-

Press, 2001). 

The bi-quadratic filter 24 is followed up by a voltage controlled variable resistance 

IO 25, referred to as VVR. This control produces up to -20 dB of gain around the loop, by 

controlling the voltage at the gate of the JFET. Thus, the gain across the VVR network is 

found by observing that the JFET is series with R7 forms a voltage divider, with its gain 

given by: 

15 Where RQ1 , is the variable resistance across drain to source junction. 

The VVR is followed by a bufferstage 26, that is subsequently followed by a 

variable resistor, R14 • 27. This latter resistor is used to fined tune the gain around the 

loop manually. The variable resistor 27 is followed by an amplifier and a combiner 9, 

combining a processed external signal 28 with the processed internal signal 12. Finally, 

20 this buffer functions as a voltage controlled voltage source to the receiver, optionally a 

class D amplifier may be used. 

Referring now to Fig. 3, there is illustrated the precompensation circuit 10 of 

Fig. 1 in more detail. The circuit may be used to pre-compensate an external signal 13 to 

produce a processed external signal 28. The external signal is pre-compensated with a 
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fixed high pass filter 32, a variable notch filter 33, and an adjustable gain control 34. 

Note that the notch and the gain are also controlled with voltage variable resistances, 

using JFET transistors. 

If C13 = C14 ,then the transfer function equation for the notch filter, positioned 

5 between U6 and U7 is shown below 

Where Rx = R20 + RQ3 + RQ4 and RQ3 + RQ4 is the combined resistance across drain 

to source junction of the two JFET transistors. Also note that the amplification at U7 is 

controlled by the source to drain resistance at QS, and the low pass filter between US 

10 and U6 is essentially switched on and off by Q2. 

The voltage variable resistances shown in Fig. 2 and 3 are driven by the circuit 40 

shown in Fig. 4. This circuit functions as a signal level estimator and threshold detector 

and produces a control voltage 41. In this circuit the receiver signal 4 is compared to a 

reference voltage 43, shown as v-Refin the figure, at the negative input of US (44). If 

15 this voltage does not exceed the reference level, the current source, made up by BJ3 and 

BJ4 transistor pair pulls down the voltage across the RC tank towards the negative 

supply voltage, with a time constant equal to the release time. Note that the voltage 

across the RC tank feeds directly into the gate of the JFET control transistor in Fig. 2 

from U9 buffer (1), resulting in a VVR signal 25. Similarly from UIO and Ul I buffer (2) 

20 and buffer (3), results is an inverted VVR signal 35, that is directly applied to the gates 

of all the JFET transistors shown in Fig. 3. As the voltage .exceeds the threshold 

reference level, the current source, shown as BJ6 and BJS transistor pair, charges the RC 

tank, towards the base voltage at BJ6, with a time constant set by the attack time. The 

Exhibit 1004 
Page 0457 of 1001



WO 2006/037156 PCT/AU2005/001506 

14 

attack and release time constants can be approximated by finding the appropriate ratio 

between resistors R31 and R30 . 

The voltage across the capacitor C15 ranges from a voltage at the based of BJ7 , say 

0.7V or fully charged to the voltage at the collector ofBJ3, say -2.8V or fully 

5 discharged, then the change in voltage AV R! 3.5V, from which the current needed to 

produce the discharging rate can be evaluated as follows: 

• h • LlV uA Disc argmg I = C15 x------ = 7 

thus effectively ]charging R! 11 x I discharging 

Then R
31 

= O. 7 
R! 8.2k 

77u 

1 o Digital Implementation 

Re lease Time 

A digital implementation of the arrangement of Fig. 1 typically requires the signal 

within the loop to be oversampled to reduce the delay introduced into the loop by 

sampling. The signal processing performed by electronic circuits A, B, C and D and the 

combiner 9 may be performed digitally. The digital processing optionally is performed 

15 by a digital signal processor which is instructed to perform the signal processing. 

Various techniques are available to those skilled in the art to perform these processes. 

Examples of these are performing the filtering operations using FIR or IIR filters or 

modifying the signals in the frequency domain using the short-time Fourier transform 

techniques. One implementation of the scheme described for Fig 1 is shown in Figs. 5-7. 

20 In Fig. 5, after AID conversion 50, the internal signal is filtered with an IIR filter 

51 in order to provide the required gain and phase compensation, with the same criteria 

applied in the description of Fig. 2. 

In this digital implementation the level of the receiver signal 4 is directly estimated 

and the control signal r(n) is produced by the level estimator and control signal generator 
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8 which is shown in greater detailed in Fig. 7 .. Referring now to Fig. 7, the receive 

signal level is estimated with a digital 1st order switchable time-constant envelope 

detector. The envelope signal is compared 71 to a threshold value and the maximum of 

either the ratio of its exceedance of this threshold or unity is produced. This maximum is 

5 inverted to produce the control signal. As the level of the envelope signal exceeds the 

threshold, the control signal shown as r(n) decreases at a rate dete1mined by the attack 

time constant Aauack. As the envelope signal decreases in level, the control signal 

increases at a rate determined by the release time constant A,-e/ease • Alternative signal 

level compression strategies employing different envelope detector designs well known 

1 O to those skilled in the art may be used. 

The internal signal, after being filtered by the IIR filter 51, is scaled by the 

control signal r(n) to produce the processed internal signal. The processed external 

signal is added to the processed internal signal by the combiner 9 to produce the 

combined signal. The combined signal is scaled 2 to produce the receiver signal 4 which 

15 after DIA conversion is applied to the receiver 5. 

As in the analog description, the negative feedback loop requires pre­

compensation so that the gain response measured from the external signal to the receiver 

signal is not altered by the closed loop response. In Fig. 5, the pre-compensation filter 10 

is realised as a cascaded IIR filter, with a structural realisation shown in Fig. 6 . The first 

20 filter stage shown in Fig. 6 is a high pass filter, comprising of a zero at O Hz and a pole 

at fHP, the coefficient being a function of the sampling rate, Fs. The second stage of the 

filter shown in Fig. 6 is adaptive, the locations of poles f P and zeros fz of the digital 

filter are varied in accordance with the output of a mapping function p(n) 61. 

Alternatively the damping factors for the poles and zeros can be controlled by two 

25 independent mapping functions derived from the control signal r(n). Fig. 5 showsp(n) 
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as a single output from a polynomial mapping function with input r(n ). The 

polynomial's coefficients are found using an autoregressive analysis of the required 

compensating response as a function of the control signal r(n). 

Any combination of analog and digital electronic circuits is possible in addition to 

5 the all _analogue and the all digital implementations described with the appropriate 

conversions between analogue and digital fonnats. In particular, electronic circuits B, C 

and D may be implemented digitally with the combiner and electronic circuit A 

implemented in analog circuitry. Furthermore, the processed internal and processed 

external signals may be combined while both in a 1-bit format and applied directly to the 

10 receiver without electronic circuit A performing any function or with it simply providing 

the 1-bit drive current for the receiver. 

Referring now to Fig. 8 the simulated closed loop response in a Zwislocki coupler 

is shown. The scheme yields approximately 16 dB of occlusion reduction at 300 Hz, and 

18 dB at 100 Hz. The occlusion reduction response is a measure of the level difference 

15 between the sound level in the coupler with the occlusion reduction system active and 

the sound level in the coupler without any occlusion reduction. Referring to Fig. 9 

occlusion reduction in a real ear is shown. This was calculated by taking the linear 

average of the energy in 1/12 octave bands recorded using an in-the-ear-canal 

microphone while a subject talked for 2 minutes. This signal was recorded while the 

20 feedback loop gain is maximum, and then again while the loop was open. 

Referring now to Fig. 10, three responses measured in a Zwislocki coupler are 

shown. These are the transfer functions from an external signal to the coupler 

microphone for the compensated 93 and rm-compensated responses 92. Also shown is 

the natural receiver response 94 employing a voltage controlled voltage source to the 

25 receiver. Note that the compensated response is not adversely affected by the occlusion 
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reduction scheme compared to that of the natural receiver response 94. Also similar 

responses are derived for minimally open vented cavities with the appropriate changes to 

the mappings, filtering and gain equalisation in electronic circuits A, B, and C. 

Referring now to Fig. 11, there is shown one form of actual implementation of the 

5 present invention as an in-the-canal hearing aid device 100 placed in a user's ear 101 

that substantially eliminates the discomfort associated with the occlusion effect. 

The device 100 includes a sealed or optionally vented 102 eannold that occludes or 

partially occludes the ear canal. The earmold encapsulates a hearing aid electronic 

circuit comprising of: a hearing aid processor 103 directly connected to an external 

IO microphone 104 and powered by small battery 105. The hearing aid processor includes 

occlusion reduction electronic circuits A, B, C, D and the combiner. A separate receiver 

5 and an internal microphone 7 are also interconnected. These transducer elements are 

acoustically·coupled to the inside of the ear canal with short tubes 108, 109; and 

protected from ear wax with wax-guarding devices 110, 111. 

15 The forgoing describes preferred embodiments of the present invention. 

Modifications, obvious to those skilled in the art, can be made thereto without departing 

from the scope of the invention. 
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CLAIMS 

1. An electro-acoustic system including: 

an electro-acoustic circuit including a negative-feedback loop comprising of: 

5 a microphone for generating an internal signal from an acoustical signal located 

within or closely coupled to an occluded or partially occluded ear; 

a second electronic circuit (B) for modifying the internal signal to produce a 

processed internal signal; 

a combiner for combining the processed internal signal with a processed external 

IO signal to produce a combined signal; 

a first electronic circuit (A) for modifying the combined signal to produce a 

receiver signal; 

and 

a receiver for generating an acoustical signal from the receiver signal at a 

15 location within or closely coupled to the occluded or partially occluded ear; 

a third electronic circuit ( C) for modifying an external signal to produce a 

processed external signal; 

a fourth electronic circuit (D) for estimating the level of the receiver signal either 

directly from the receiver signal or from the combined signal and producing a control 

20 signal from this estimate; 

wherein the processing performed by the second electronic circuit (B) is controlled 

by the control signal. 

2. A system as claimed in claim 1 wherein the negative-feedback loop includes 

filtering that alters the open loop response so that the real component of the response is 

25 large and negative at frequencies where the occlusion effect is most apparent. 
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3. A system as claimed in claim 2 wherein the third electronic circuit (C) includes 

filtering that provides compensation for the closed response of the negative-feedback 

loop. 

4. A system as claimed in claim 3 wherein the filtering provided by the third 

s electronic circuit (C) is adaptive and controlled by the control signal. 

5. A system as claimed in any previous claim wherein the fourth electronic circuit 

(D) estimates the level of the internal signal or the level of the processed internal signal 

and uses this estimate with the estimate of the receiver signal to produce a control signal. 

6. A system as claimed in any previous claim wherein the gain of the second 

10 electronic circuit (B) is controlled by the control signal. 

7. A system as claimed in any previous claim wherein the ear is occluded or partially 

occluded by an earmold. 

8. A system as claimed in claim 7 wherein the earmold contains a vent. 

9. A system as claimed in claim 8 wherein the vent contains an acoustic damper 

15 10. A system as claimed in any previous claim wherein the microphone for generating 

the internal signal is coupled to the occluded or partially occluded ear by a tube. 

11. A system as claimed in any previous claim wherein the receiver is coupled to the 

occluded or partially occluded ear by a tube. 

12. A system as claimed in any previous claim wherein the microphone and the 

20 receiver are jointly coupled to the occluded or partially occluded ear by a common tube. 

13. A system as claimed in any previous claim wherein at least one of the electronic 

circuits is digital. 

14. A system as claimed in any previous claim wherein at least one of the digital 

electronic circuits uses a sampling rate at least four times that of the bandwidth of the 

25 signal. 
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15. A system as claimed in claims 13 or claim 14 wherein the first electronic circuit 

(A) includes a digital to analogue converter'. 

16. A system as claimed in claim 13, claim 14 or claim 15 wherein the second 

electronic circuit (B) includes an analogue to digital converter. 

5 17. A system as claimed in claim 16 wherein the second electronic circuit (B) includes 

a digital to analogue converter. 

18. A system as claimed in claim 14 wherein at least one of the input signals to the 

combiner is a binary signal. 

19. An electro-acoustic system including a negative-feedback loop comprising of: 

10 a microphone for generating an internal signal from an acoustical signal located 

within or closely coupled to an occluded or partially occluded ear; 

a second electronic circuit (B) for modifying the internal signal to produce a 

processed internal signal; 

a combiner for combining the processed internal signal with a processed external 

15 signal to produce a combined signal; 

a first electronic circuit (A) for modifying the combined signal to produce a 

receiver signal; 

and 

a receiver for generating an acoustical signal from the receiver signal at a location 

20 within or closely coupled to the occluded or partially occluded ear; 

a third electronic circuit (C) for modifying an external signal such as from external 

microphone to produce a processed external signal; 

a fourth electronic circuit (D) for estimating the level of the receiver signal and 

producing a control signal from this estimate; 
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wherein the control signal controls the processing performed by the second 

electronic circuit (B) and controls the processing performed by the third electronic 

circuit (C). 

20. An electro-acoustic system including an~gative-feedback loop comprising of: 

5 a microphone for generating an internal signal :from an acoustical signal located 

within or closely coupled to an occluded or partially occluded ear; 

a second electronic circuit (B) for modifying the internal signal to produce a 

processed internal signal; 

a combiner for combining the processed internal signal with a processed external 

IO signal to produce a combined signal; 

a first electronic circuit (A) for modifying the combined signal to produce a 

receiver signal; 

and 

a receiver for generating an acoustical signal :from the receiver signal at a location 

15 within or closely coupled to the occluded or partially occluded ear; 

a third electronic circuit (C) for modifying an external signal to produce a 

processed external signal; 

a fourth electronic circuit (D) for estimating the level of the receiver signal and 

producing a control signal from this estimate; 

20 wherein the control signal controls the processing performed by first electronic 

circuit (A) and controls the processing performed by the third electronic circuit (C). 

21. A method of providing a negative feedback loop for an electro-acoustic system, 

the method including the steps of: 

(a) generating an internal signal representing an acoustical signal located within or 

25 closely coupled to an occluded or partially occluded ear; 
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(b) modifying the internal signal to produce a processed internal signal; 

( c) combining the processed internal signal with a processed external signal to 

produce a combined signal; 

( d) modifying the combined signal to produce a receiver signal; 

5 ( e) generating an acoustical signal from the receiver signal at a location within or 

closely coupled to the occluded or partially occluded ear; 

( f) modifying an external signal to produce a processed external signal; 

(g) estimating the level of the receiver signal either directly from the receiver 

signal or from the combined signal and producing a control signal from this estimate; 

IO wherein the degree of modification in step (b) is controlled by the control signal. 

22. A method as claimed in claim 21 wherein the control signal is utilised to control 

the amount of modification occurring in step (f). 

23. A method substantially as herein described with reference to any one of the 

embodiments of the invention illustrated in the accompanying dra,vings and/or 

15 examples. 

24. A system substantially as herein described with reference to any one of the 

embodiments of the invention illustrated in the accompanying drawings and/or 

examples. 
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"'1' (57) Abstract: A video/audio recording/reproducing apparatus (101) has an internally-mounted stereo microphones (2la,2lb) and 
I.I) an external microphone connection terminal (32). The external microphone connection terminal (32) is connected lo binaural mi­
~ crophones (3) to be attached to the cars of a recording user (300). In a case of collecting ambient sounds by use of the binaural 
\0 microphones (3), the user switches the audio signals to be recorded in a recording medium from the audio signals obtained from 
0 the internally-mounted stereo microphones (21a,2lb) to the binaural audio signals obtained from the binaural microphones (3). The 
~ recording user (300) attaches the binaural microphones (3(3la,3lb)) to his ears to collect sounds around him including sounds gen­

erated from an imaged subject. A camera part ( 11) images the subject. The binaural audio signals, video signals obtained by imaging 
0 the subject, and binaural flag signals are recorded into the recording medium. 
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ic.~ • ¥f:1: :ff~ 14, :B-JtflH~:ffn 5, e-r':;t:m %1~:fr~ 16, *ffi:ffn 1, t7'1 •A 7'" v:;t? -1 :7 

21 (2H:t21a, 216(!)~~), :;t-7'-1fsf%1~:tf~22, :;t-7'-1:;tif %1~if~26, :7P7' 

!---:7q:--y✓t727, Yf-'lf~?-1 :7~mJrffii-=f32, 77f•twflUlicff'l'.f~36, ~flt±:liJJrffii-=f3 

7a, ifrf t±:liJJrffii-=f37b, ~m~t±:1:ff~41, 77f•twffl:1:JJx'!f~42, ic.~~f:;$:44, ffiU~ 

'Jf~4 7, t!kfF'lf~48, 7'-1o/'TSwl, Sw2, Sw3:ff:{iffl;t -CffiJJx~h -Cv '00 ft:to, ii:.~ 

~f:;$:44cL -Cl:t, -r'-17-:7~ii:.~~f:;$:~7'"-7°jJto/!--(J)J::5ftJif!m ~ 1£(!)ii:.~~f:;$: 

t-tJ::v 'L, /,-F-r'-17-:7(J)J::51;:~flif rfic.~¥}±~&1O1 t7'1 f;:-'f /Jb~ff~n -C 

v '0 ic.~~f:;$:--C-;b0 -CtJ::v 'o 

[0023] ~~t±:liJJrffii-=f37al;:1:t7'"vl:::'':)3✓st{l~~(J)-1:-::::.!752:o~~m~h00 ifrf t±:IJJ 

Jrffii-=f37bt;:/:t7✓7°51:ff::frL -C7-1:::
0

-jJ53, 54iJ~~m~h-'5o 7-1:::
0

-jJ53, 54iP6 

5Bir~htcifrfl:ttJ!lf,i1'f591;:J::!Jstlf,i~h-'5o ft:to, ~3--C-t:t~1L.l, ffl~1'r3OOc 

:tJUi1'r59c:ff:[P]a~r;:~ffiL -cv '0:0~, @·~1:tffl~1'r3O0t;:J::0ffl~cmlf,i1'f591;:J:: 

0 Ff.1:~fl • if r'f (J)tJ!lff-f:t3rJfl f;::ff:bh-'5~cl:t isi5~t-tftv 'o 

[0024] < ic.~tb{t > 
~~if rfic.~¥f:1:~-/i:1 O 1 f;:;tott-'5 ic.~tbftl;: ~ v ,-cJ~13JjT-'5o 

[0025] ~i\ ffl~1'r3OOiJ~t!kft:ff~481;:J::!Jifrf-1:--F(J)fJJM~JEffi{l ('7-1✓F'7) :ff:* 

ffi~7±"0t!kft:ff:1-r5c, ffiU~'!f~4 71:t-fftlcL -C~4f;:ffi--t J::5ftfJJM~JEffi{ll 7O:ff: 

*ffitn 11;:*ffi~7±-00 Yf.t~?-1 :7~mJrffii-=f32r;:1:t, Yf.t~?-1 :7 c:L-c, ~1. ~2 

t-J~13JjLtcJ::5ft/{-1 /-7 Jv?-1 :73c@'ffi(J)7f.tf~?-1 :7 c(J)v 'Tnt~mT0~c:o~ 

t-~00 t!kft:ff~481;:J::0BTJE(J)t!kft1;:J:: !J, ffl~*3OOf';J::/{-1 /-7 Jv? -1 :73:fi: fflv' 

-C~ifT0fflit-l;:1:t, ~4f;:ffi--t J::5 f;:"/{-1 /-7 ;v'':ff:~tRL, @'~(J)yf.if~?-1 :7:ff: 

fflv ,-c~ifT0fflit-l;:f:t"/-? 1v":fi:~tRT00 ffiUf$11:ff~4 71:t, Yf-'lf~'"? -1 :7~mJrffii-=f 

321;:~;mL-Cf!l!fflT0Yf-'lf~?-1:7cL-C, /{-1 /-7;v?-1:73:ov{-1 /-7;v?-1:7 
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J;J.:>'f-.O)y -1 :7iJ:.~filtn:T0filtn:'€f~cfJ>0-Cv \00 :n.:g:~y -1 ::'.7 >-n cL -c"/{-1 /-7 iv" 

iJ~~;tR.~:h, iJ:.-"J, tf;§RiJ'tl~ W'€f~41 ii~:>'f-.'€f~y -1 ::'.7tf;§ml1ffif--r32 f;::>'f-.'€f~y -1 :70)7°7:7''iJ~ 

tlfiA~:h -Cv \0~c~~/±1Ltc:lj-iff;:, 1ffUqij'€f~4 7/'i, 1!1k:f~if ric~N±~!i':1OliJ~ 

/{,1 /-7 Jvy-1 ::'.73~ fflv \fdlii~fc~tr,tLtc~c~IIJW~:fT5J::5 §1~~$~1ffUqij-t-

00 /{,1 /-7/vY-1:73~fflv\-C,@]lfflifa.1~ifL-C, .ifLtcifr{§%~~~T9 

if r-=E--F~/{,1 /-7 /v-=E--Fcfk-T0~CCT00 P'l-7-TV:;i-Y,1 :721 ~tc!'iim 

'~O)~if~y-1 ::'.7~fflv \t$Jlffl{f~•if L -c, •if Ltcifrf§%~ic~T0ifr-=c-­

F~ /-y 1v-=c--FcT00 

[0026] ft;Jo, /{,1 /-7 /VY4 :730)7°7:;'.l''~ijmO):>'f-.'ff~y-1 :7 c!'i.f,t9/{,1 /-7 /VY4 

:73~ffl0)%~cL, ;>'f-.$y -1 ::'.7tf;§ml1ffif--r32~/{,1 /-7 Jvy-1 :73~ffl O)tf;§ml1ffif--rc 

T:h!i, M~O)ifr-=E--FO)f)J~filtn:~~~T0~cil~-C-~00 

[0027] jl.{;;fs:l'f{_Jf;:/';J::, ~3fCt3v \-C, tf;§m~W'€f~4H'i7'1-'€f~y-1 ::'.7tf;§ml1ffif--r32f;:7'f-$y-1 :7 

iJ~tf;§m~:h -Cv \0~c~~l±IT0c, ~I±\{§ §·~1ffUqij$47f;:~ii-t-00 1ffUqij'€f~47!'i 

7'1-'€f~y -1 ::'.7iJ~ "/{,1 /-7 iv" f;:filtn:~:htc~~-C-7'1-'€f~y -1 ::'.7il~tf;§m~:h -Cv \0~c~ 

ffiT~l±\{§%iJ~J-.jJ~:h,tcb, 7'-1o/'TSwl~P'1-7-7'"v:;i-Y-1:72liJ:.bO)ifr{§ 

%~ J-.JJT0l1ffif--raiJ::.6, /{,1 /-7 Jvy-1 ::'.73iJ::.60)if r{§ %~AJJT0l1ffif--rb~c 

-g,Jl'.Jff k00 ~:h,f;:J::l'.J, /{,1 /-7 Jvy-1 :73iJ::.60)ifr{§%i1~:;i---r'-1fsf%1~t~22 

~c~ii~:h00 7'-1o/'TSwlf'i,@Jlffl{f~·{fT0Y-1:7cL-C, ffl~tf3OO0)Ji=3O 

2r;:~lfT0/{-1 /-7 Jvy-1 ::'.7~f5'!fflT0iJv{-1' /-7 Jvy-1 ::'.7 J;J.:>'f-.O)y-1 ::'.7~f5'!ffl 

T0iJ:.~-gol'.Jff k0-gQl'.Jff k '€f~cft0-Cv \00 

[0028] ~t:::., 1ffUqij'€f~4 7/'i, 77:;1',t'fffl±JJx::ff~42ZJ~/{,1 /-7 Jv-=E--F-C-&J0~c~ffiT7 

7 :7"-tfffl (/{-1/-71v77;1/ {§ % ) ~±ftx:L -c /±In T 0J:: 51ffUqijT 00 /{,1/-71v7 

7:7"{§ §·i'i~ m1~:ffn31;:J-.JJ~:h00 

[0029] ~O)J::5 f;:/{,1 /-71v-=E--FO)filtn:il~~:htc:1j-if, 1ffUqij'€f~4 7!'i*7f.:ffn 7/;:/{,1 / 

-71v-=c--Fcft0 -cv \0~c~ffi-t-y-:7~*ffi~--it0~cil~t<f~Lv \0 ~5f;:y-:7 

O){~tl~ffiTo ~5 (A) f;:ffi-t-Y-:;7l 7H';l::/{,1 /-7/vy,{:73~~fflT0ffl~tf3O 

O~tJ~l'r{_Jf;:ffiTY-:;7-C-&Jl'.J, ~5 (B) f;:ffiTY-:7172/';J::/{,1 /-7 Jvifr0).7-l:::0 

-JJN±~ffi~l'r{_Jf;:ffi-t-y-::'.7-C-&J00 /{,1 /-7;v-=c--F~ffi-t-y-::'.7cL -C!'i~ 
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5 (A), (B) 1t \T:fl,0)?-:7~ fflv Y-CtJ::<' m~=.tt£J.5'f-0)?-:7~ fflv Y-CtJ::v \0 =­
:fl,t)0)?-:7/1:, fiJ3£0)fJJ~~JE~ T~~5'1-'lf!3?-1 :7~mJ!l/.!--1-32f::/'\,1 /-7 ;v? 

-1 :73iJ~~m2'.:htcfflitf;:1J~7#~11-Cffi~2'.:htcl!:1k:{jJ;:_m~L-C*ffitn 7f;:*ffi 

2'.7±-:htiJ::v \0 ;:.O)J::5tt?-:7*~i::J::VJffi~~3oOl':l:?'\-1/-71v? -1 :73~~ffl 

T0 ~ t::, ti r"-l=--FiJ~/'\,1 /-7 ;v-l:--Ft::~JE2'.:h -Cv \:sti~~tP~-!tiim-t:s=.<1:: 

il~-C~:So ftU1Mlt~4 n1:, if r"-l=--Fil~/'\,1 /-7 Jv-l=--FO)c1='.~, *ffi:ffH 7f;:_,7'{,1 / 

-7 Jv-l:--F-C;b:S=.<1::~ffiT /'\,,{ /-7 Jv?-:7 ( ?-:71 71, 1 72) ~*ffi2'.7±" 0* 

ffiffiUiMJ'lf!3<1::tt-0 -Cv \:So 

[0030] /'\,,{ /-7 Jv?,1 :730)EE:t°0)?,1 :73la, 31b~EE:t°O)Ji=302t::~lfLtcffi~~3 

00 f1:rEt¥-f;t:~jJ ~7:tf~ 11 -Cffi{l T 0o 7J ~7:tfH 1 iPG /±I jJ 2'.:htc l!!k:{l {~ % fj: 1::'' 7':;t 

fsf%11::'lf!3 (1::''7':;t~fit~) 12& 07'-1 o/'f-Sw30)J!l/.!--1-gf;:J.-.jJ 2'.:h:So l!!k:{lif r!c. 

@N1:~ti:101-Cffi~ me.@) ~fT-0-Cv\0fflitf::f1:, 7'-1o/'f-Sw3/1:J!l/.!--1-gt::,wJVJ 

ff :tG:h -cv \-c, 1J ~7tn 1ti~GO)i!!k:flfs g•tJ~*ffitn 11::~*t2'.:h -crEt¥-ftO)ffi 

{lil~*ffi2'.:h:So =.tt,<1::[flla~f;:, -~~3000).lljt~30<1:'.?-1:73la, 31bc1:'.0){ftti:~ 

~ t::J::VJ, ? -1 :73 la, 3 liJ~Gt1:rEt¥-{;$:~ JE c:pffif:7J"IP1 <1:'.T0/'\,,{ /-7 Jv~tiLtcti 

r"{s%il~~G:h:So ;:.O)if rf{s%/1:7'-1o/'f-Swl ~:fr-L -C:;t-7'~fsf%11::if~ (:;t-7' 

~:;t~fi:ff~) 221;:J.-.iJ2'.:h00 

[0031J =.=.-cr1:!c@t!ttts:44il~Dv1Jto/J--O)fflitl::"J1t ,-cwJtaJl-t-0<1::, t:''7':t-fsf%11::~~ 12 

!1:J.-.iJ2'.:htcl!:1k:{l{s%~A/D~~T0<1::*f::DVJ±ffi:7J":i:tf;:J::VJfsf%11::L -Cfsf% 

11::l!!k:{l{s %~±PXT0o :;t-7-~fsf%11::t~22fj:J.-.jJ 2'.:htcif rf {s %~ A/D~~ 

T0<1:'.*f;:jFJ±ffiO)ifrf{s%0)7'-:7{ftl!~:/-t7!J1/:7''f;:J::VJMzVff:t -Cfsf%11:: 

ifrfs%~±PXT00 

[0032] $ _mfl::'lf!313!1:, J.-.iJ2'.:htcfsf g•fl::l!!k:{l{s g•<1::fsf g•fl::if rfs g•c1::/'\,1/-71v77 

:7'{s %<1::~ a'.;1:ffl 7'~y:7 /vVCRf:bfi-CJEbb G:h:S{s %7 ;;t-?o/ Hcct-0-ca~:5t 

t1J$ _mL -C$ _mfl::{s%~±PXT00 $ _mfl:::ff~13J::VJ /±\iJ2'.:htc$ _mfl::{s %11:!c@· 

N1::ff~ 14 f;:J.-.jJ 2'.:h:So !c.@· N1:'lf!314!1:J.-.iJ 2'.:htc $ _mfl::{s %~a;1:ffl T·~y:7 

JvVCRf±~-CJE6bG:htdE@7;;t-?o/!--t::t¥:-0-C!c@t!ttts:44f::!c.@T00 /'\,,{ / 

-71v77::o/''{s%0)J'l.{ta'-Jtt!c.@:7J"rti1:~t::t¥3£T00 
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[0033] :..:..-c-, /~-1 /-7 Jv-Y-1 :730)W2%fftl f;:":)v Y--CJJlOOT00 

[0034] < /~,1 /-7 Jv-Y -1 :730)W2%fftl > 

~6 (AHi-Y-1 :73 la, 31 bO)ffilO)W2%ffetl-C-;i,J0-Y-1 :73lc:a:~L:--C:;t3fJ, ~6 (B) 

l'i-Y-1 :73 la, 31 bO)ffi20)W2%fJU-C-;i,J0-Y-1 :73ld:a:7f-L;--Cv \90 ~6 (A) f;:7f--j--y 

-1 :73ld'i, ffl~;jlf3000)Jl=3021;:1'A T0-Y-1 :7*ffltr~312<1:'., -Y-1 :7*ffltr~312 

0) J:: tr~ f ;:if~ L, tfilt it G:n t :la fJ , :ffiRI/J t.oc ~ 0)-y -1 :7 .::z..:::>y 1--:a: !&*P1T 0 y -1 :7 !&*Pl 

tf~311<1:'.:a:,viitt tv \00 /~-1 /-7 Jv-Y-1 :73:a:-Y-1 :7!&*P1:ff~31 L~-Y-1 :7*Rtf~312<1:'. 

f;:~JtlL,fdA:mO)-y,1 :73lcc1:'.T0:..<1::f;:J::fJ, ffl~;jlf300l'i/~-1 /-7 Jv-Y-1 ::'.73:a:~ 

ifL, tt:91--:ffM~GJU*T0if:a: ~ft=H;:OO<:..b?~-C-~00 ~6 (B) f;:~T-Y-1 :73ldl'i 

, -Y-1 :7*Ri~3120) Ti~ f;:if~L, t-Y -1 ::'.7!&*Ri~311 :a:filtfttct0)-C-;i,J00 y -1 ::'.73 

ld-C-t -Y-1 :73 lcc1:'. fi,Jffi0)5i"j]*iJ~;:l,J00 

[0035] ~ 71'i-Y-1 :7*Rtr~3120)jJ_.f$:l'f"Jfflfffltfftl:a:~-rf4tJ!~-C-;i,J00 :..:..-c-1:t-Y-1 :7*R 

tf~3120) J::tr~ f;:-y _,, ::'.7!&*P1tr~311 :a:filttttc~6 (A) 0)-y ,1 ::'.73 ld;: ":)v \t~L, tv \9 

o ~7 (A) f;:~T-Y-1 :7*R$3121'i, *Rtr~*f$:312af;:, .l:!=3020)t7'J:ff~t;:rPliJ:,5 

ICµf:0 t~iJ~1J,;:'::<tt07""-/~;(kO)jj{f:fl313a:a:%JtltL,td)O)-C-;i,J00 ~7 (B) f;:~ 

T-Y-1 :7*Rif~312l'i, *Rif~*f:;$:312a f;: Pitt;fkO)if :fL313b:a:%JtltL,fctO)-C-;i,J 

9o ~7 (A) O)*fif'ff~*f$:312al'iffl~;jlf3000)Jl=302f;:1'Ail~~~ -C-;i,JfJ, ~7 (B 

) O)*~:g:~4f:;$:312bf'i~ifa~0);9j-.{f-O)~~iJ~1J,2'.v '<1::v '?!r#*:a:~T00 

[0036] ~81'i, ~6 (A) O)-y,1::'.731c0)-Y-1 :7*R$3120):9i--%:a:lFtG7±-fdftl:a:~L, tv' 

00 ~8 f;::;t3v ,--c, (A)l'i:;k0):9!--%:a:~T0-Y-1 :7*R'ff~312, (BH'i c:p 0):9!--%:a:~ 

T0-Y -1 :7*Rtr~312, (C) l'i1J,0):9!--%:a:~T0-Y-1 :7*Rtr~312-C-;l,J00 :..O)J::5 f;: 

-Y-1 :7*Rtr~312<1:'.L, ti'l~O):;k~;:'::O)tO):a:Jt'HiThli-~;jlf300l'i gJ ~O)Jj:30 

20):;k~;:'::f;:-it0fct0):a:~;J:R.-t-0:..<1:'.iJ~-C-~00 tt:!a, ~8 (A),___, (C) l'i-Y-1 :7!&*P1:fm 

311 (-Y-1 :7.::z.;:::.o/ 1--) 0)%;fk.& V::k~c':: l'iifllC -C-;i,JfJ, -Y-1 :7.::z.;:::.o/ J---O)~I\t,& Vfit~ 

fe!o~~~'t!t fi,J--C-;i,J00 

[0037] </~-1 /-7Jv77f{s%0)ic.iW<> 

ffl~;jlf300iJ~/~-1 /-7 Jv-Y-1 ::'.73:a:~ifL, t~if L.,fu~-1 /-7 ;vifF° <1::t7'1Jii!G7-7"" 

v;d--Y-1 :721-C-~if L,fc.7-7'-v;d-ifJ'ii <1:'.:a:ffil!rJ-t-0fc~, /~-1 /-7 ;vifF°~ifa~f;: 
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jj:,1~-1 /-7 Jv{f pi c;!l:[;:,1~-1 /-7 /v77!lf~%~ic~~f:,$:44[;:jc~T9o ,l~-1 / 

-7 /V 77 ::7''fi % t'i77 ::7''•tWffl1:.fflt'€f~4 2---C 1:.rot~:hoo 

coo3sJ ~-r, tc~~f:-$:44:o~Dv,iJto/ J---O)ffli}-0),1~-1/-71v77::J''fi §·O)~f:-$:a~t,tic~ 

7Jl!IC--::>v \-CfJl~Too 

[0039] ~9!'iDV,iJt:YJ---l;::;t-7',1:;t7'-;,~re~Toffl1f0)7'-:5777t---?o/!---C;:boo 

0"-'89/~,1]--0):;t-7',1:;t7'-:5'~jc~Tol;:~H.,, mo, l/~-1H'ilRJWJ:::z-F~, ffi 

2"-'4/~-1H'iID (m53rJ) :::z-F~, ffi5"'9,1~-1H'i:;t-7',1:;t Jt'Hf !IJJ7'-:57 (AUX)~ 

, ffil0"-'81 f'i:;t-7',1:;t-7'-:57~, ..'f L, -Cffi82"-89!'i~IJ7'-:57~/±IR uiTJEffl 

0)17'Jf-fi},1{!)7 ,17'-:57~ic~T9o 77::7''•tWffl1:.fflt'€f~42!'i-{fdcL, -C,1~-1 /-7 /V 

~-F-C;:b:hti,1~-1 /-71v77::J''fi%cL, -c1~/±lfJL,, ,l~-1 /-71v~-F-Ct,ttf 

:hti (/---? ;v~-F-C;:b:hti) 0~/±lfJToa $, 1J!1~'€f~13!'i~91C}~T7--:5'77t 

---?o/ J---O)fi %~1:.ffltToo 

coo40J :rx r;:, tc~~f:-$:44:o~tc~ffl 0)7'-1 A::JO)ffli}-0),1~-1/-71v77::J'·1i §·O)~f:-$:a~ 

f,tjc~7J~[;:---::> 1t \-c:Jl~Toa ic~ffl 0)7',1 A:7 CL, -C!'i, DVD-RAM,DVD- R 

W,DVD-RO)J::5t,t~€i,v--!f.3/t~fflv \-cre~llf1:.To7,-1A::7 C, Blu-ray Disc~ 

HD- DVDO)J::5t,tilr€i,v--!f.3/t~ fflv \-Cic~¥t1:.To7,-1A::7iJ~;:boa ~~ -Cl'i~ 

:h,GO)ic~ffl0)7'-1A::7~~[;:JifflTo~cil~-C~oDVDl:::''7':;tffl*~ffl1t\-C/~-1 / 

-7 /V 77 ::7''fi %~ m,1: To fflif [;:---::> 1t \ -CWJl ~Too 

[0041] DVDl:::''7':;tffl*~ffl1t \l/~-1 /-7 Jv77::J"fi%~£"i:Toffil0)7Jf!cL, -C!'i, 

DVDl:::''7':;t"ffl*[;::tottoDVD-Video zone[;:,1~,1 /-71v77:7''{§%~1J!"i:To7J 

r!il~~.:zG:hoa 

[0042] ~1m;:jf.T J::5[;:, DVDm*O);j{!).::z.-A@F~ (Volume space) !'i, Volume and Fil 

e structurecDVD-Video zonecDVD others zonecir,.Gt,t-75 0 DVD-Video zone!'iV 

MG (Video Manager) cVTS (Video Title Set) # 1,___, DVTS # n~1!itf O n!'i2£,l.J:: 

O)F)r~O)~~-C;;boo -'t::h,,F:h,O)VTS!'iftujp7'-:57 (Control Data) cVOBS (Video 

Object Set) c~'2itf O VOBS!'i~~O)VOB (Video Object) ~'2itJ0 VOBSt'i~~ 

O)CELL~'2itJ0 CELU'i~~O)VOBU (Video Object Unit) ~'2itf0 VOBU!'iT 

l:::"-1/-V3✓ ,1{o/::J (NV_PACK), :;t-7',1:;t ,1{o/::J (A_PACK), l:::''7':;t ,1{o/::J (V_PAC 
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K) ~~tr o *~:1niiJlfffi--C-l'i, VOBU N l::/'\-1 /-7 Jv77 Y 18 %~~,tf :f'-;$7 /~ o/ 

!7 (D_PACK) ~iHt00 

[0043] :r'-;$7/~o/:7 (D_PACK) l'i, /~o/!7.r--...o/;$7', /~'7o/P.r--...o/;$7', '!f-7'AHl-AID, :;t-:r· 

-1:T7v-Affffl, 2f--:f'-12J-7'-;$1,tfffl, /'\-1 /-7 Jv77:'.'.1'18 %~~D>o /'\-1 /-

7 Jv77:'.'.1'~1i %l'i11l~0)2J--:r'-12J-7v-Av -1-t'ir-Gtt00 

[0044] :..O)J::51::ovo1::·•:r'2rm*t::~WLfc%~--C-/'\-1 /-7 Jv77:7''18%~?TD>'tfffl~ 

:r'-;$7 /~o/:7 (D_P/\CK) ,!::L, -C/~o/:7{~1...,, MPEG~ l!f~T00 :..tt.,t::J::tJ, DVDl::":r' 

2rmft5.t0)1f.~,~~*i:>ttiJ~G, 2J--:r'-12t-1i%0).!::"0)2J--:r'-12J-7v-At~:51'il~/'\ 

-1 /-7 Jvif J'if 18 %--C-;;!.,}'.), .!::" 0)2J--:r'-12J-7v-At~:51'il~@ m,O)A TV:TirJ'if--C-&> 

00)fr~il~:51'fP00 1¾:-0-C, :7PA!---!7::\=--y:,,,t;v~:l!l!~.!::"0)2J--:f'-12J-7v-At~:51' 

--C-:nmit li'J::v \0);6,.~ffi 1¥• l::flJl.lrJ -t 0:..-!::iJ~--C-~ 00 

[0045] DVD1::'':f'2rm;j?g.~ffi1t \t/'\-1 /-7;v77Yfi%~JH!tT0ffi20)77ft.!::L, tl'i, 

DVD1::'':f'2rm;j?g.f;::t3 It 0DVD others zone (;:/'\-1 /-7 Jv77:7''18 §·~11!"£T077 

$iJ~~;z_GtL,00 DVD others zonel'i1!9-!:1l~if J'ifO)*f,fs:0)7'-;$7[;:IJfifT0fiWJ:r' 

-;$<'~~~-t0ffi:IJ!IG--C-&>tJ, .:::z.--lf:f'-;$1~~ffi:IJ!IG--C-t&>00 

[0046] ~ 1 O.!::~ 11.!:'.~ .lt~Thl'i:51':6,.0J::51::, *~1im%Tm--C-l:t.:::z.--lf:f'-;$7fc.~il:IJ!IG 

--C-&>0DVD others zoneO):r'-;$7:ffl:m~DVD-Video zone0)7'-;$1:ffl:m.!::ffiff), L,fc:ffl: 

~,!::l..,tlt\00 ~lH::jf--tJ::51::, DVD others zonetVMG, VTS, VOES, VOB, 

CELL, VOBUft019-'tfffl~~/v--C-lt\00 ~lH::jf--tDVD others zone[;::t3/t0-t 

tt.,GO):~H'Ffffl~~ 100)-{-tl,cS:l.lrJ-t0tcbb, .ffJH::o~ftL,tc~ ~cl, tv \00 

[0047] ~lH::jf--t J::51::, DVD others zonel'iDVMGcDVTS # 1 ""DVTS #n~~tf0 

-{-tl,,Ftl,O)DVTSl'iDVTSI (Video Title Set Information) .!::DVOBS.!::~~tf O DV 

0 BS l'ifl~O) DVO B~~tf o DVOBS l'ifl~O) DCELL~~tf o DC ELL l'ifl~ 

0) DVO BU~~tf O DVO BUl'ifl~O):;t-:f'-12J-7v-A v-1-t'~~tf O :;t-:f'-1 

2J-7v-Av-1-t'l'i2f--:r'-12t-1i%0)~%f~/~7:J.-;$ltt.!::"0)2J--:r'-12J-7v-A:r' 

-;$7 ~ic.~-t0il:llix--C-&>tJ, :._O):;t-:f'-12J-7v-Av-1-t'O)-tf~O)iJ:l!ix~ /'\-1 /-7 

1v77,;7··1i%0)fc.~il:IJ!IG.!:'.-t00 

[0048] :..O)J::5 [::DVD1::":r'2f-~A~f;:~WL,tc%~--C-DVD others zonel::/'\-1 /-7 Jv77 
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:7''{~%~ic~T0:..cf::J::1:J, DVD-Video zonef::~~tt,;s:;t-y',,:;t-{~%(/{,1 /-

7 Jvif F{§%~tc}iiffl'.%'0)ATVTif F) c?{,1 /-7 Jv77:;7''{§%b6~1i.v \f::OOJt 

{tttGn00 DVDl::::''y':;tn!~cO) 1i~fl:~f% 1:ittil~G, :;t-7',{:;t{§ §·O)f' O))t--

7'-1:;t7v-Acff~:5til~/{,1 /-71v1fF{§%"0'£bl'.), ,!::O):;t-y'-1:;t7v-A:ff~::Stil~ 

im '.%'0)A 7'-v:;tif F"c'£b00)iJ:.iJ~::StiP00 vf:0 t, ::7PA J---::7::f--t ✓tJv:71!:E!I!~ t:' 0) 

:;t-y'-1:;t7v-A~:5t"c'nf.!i-ittiJ::v \O)iJ:.~ffi'11Jif::iuIJrJ-t-0:..ciJ~"c'~00 

[0049] ~10, ~1 lO)ffl,ft, fJU.:ttiA?'-J--;f-?'✓~mftL tffli;~ifflfraL lAro/77T,?7✓ 

~~ftL tffli;~~ TT0 r~i i::•if~ntc:;t-y'-1:;t{§ %~1 ~tdi11!~0):;t-y' 

,{T7v-Av,1--\7 cL, -{-tl,-t:';hO))t-y'-1:;t7v-Av,1--\7[:::tjL tifF't"-F·tt 

¥1i!~ft1JOT00 -t:L t, ifF't"-F·tf¥1i!rf'1f;:?{,1 /-71v77::7''{§%~ic~L, ?{,1 / 

-71v•tr'f¥IV~&-~+c L t~:E!l!T00 /{,1/-71v77:7''{§ %~ /{,1/-71v•tr'f¥IV~&­

o/ rc L t~:E!l!-t-0:..c[::J::1:J, :;t-y'-1:;t7v-Amt=ifF't"-F-tWffl~?G~l=1&~ 

-t-0:..ctJ~"c'~00 :..ni::J::I'.), tc~~ft$:44~lif1:-t-0~i=, ,?{-1 /-71vifFf§ §·c 

iffl'.%'0)A7'-v:;tifFf§%ctJ~rEB:t±L ttc~~:n tv\0ffl-ft"c'£b0tth ifF't"-Fi:: 

r.tct~"c'if~-t-0::7oAJ---::7::f--t✓t7270)"WJf',)ff.:t~®-!m'=:f-r5:..ctJ~"c'~00 

ifF't"-F-tffflO)tc~r-:t-Pti<ctiffl~~lfflfra-t-0m1t~i=:fT5:..bo~~.~"0'£bl'.), 

mJEa~r~imi=tc~-t-0:..cr'iJ:: I'.) tlf ~L" \0 

[0050J ~tc, tc~~1*44cL tfftl.:tti-'f.~1*7-t"!J~ffiv'0ffl-ft"c'£b0tti, J::iccfRJ~ 

r::/{-1 /-71v77::7''{§%0)ic~il~~JE~L, tc~~n0ifFf§%0)ifF't"-F~ 

r~JE-t-0:..c[::J::1:J, /{,1 /-71v"c'ic~~ntcifF{§%~~1.lrJL, ::7PAr-::7::f--t✓ 

t7270)i!Jft·7Flbft~Ji-!Wf::-w:Jl:Jff.:tttil~GifFf§%~¥f1:~it0:..cil~"c'~00 

[0051] ~Gf::, MPEGttf'O)fsf%{~J:J:i:t0)$_m{~v,1--\70).::z.--!f7'-:,1rf'1[;:/{,1 /-7/v 

77::7''{§ §·~ic~-t-0:..cti~.:tGh00 ~fJUcL t, l!!k:{~&VifFO)iffl{§~H~~~ 

-t-0mffl=ffl~r1f ~ ffl v \, *{§ {JIJJ O)mffl=ffl~r1fiJ:.G/{,1/-71v"<'-1::73---c'. 1f L tc 1f F {§ 

%c*t=ffl~Ltcl!:1k:{~{§%~st{§{JIJJO)mffl=ffl~t::{ii*T0ffl-ft~~JET00 :..O)J:: 

5ttffl-ftt::ti, *f§{JllJO)mffl=fflitiJ:.Gst{§{JllJO)mffl=fflit"'-c/{,1/-71v77::7"{§% 

~{iiffi-t-0:..cil~"c'~00 ifF1§%t:::tjL '"(?{,1 /-71v77::7''{§%~1tL t{iiffiT0 

:..ci::J::l:J, ,?{-1 /-71vifFO)ffl-ftt::1i;ffl~O)£b0ifF~lif1:.-t-0:..ctJ~PJfi~ctt0 
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o :..O)mit, ~ffl=ffl~8--C-{ii;i~tt-0~fl& Vif F'f r{&"o/ J--.y'-?"O)J3/rJEO)J'miJ3/rt;:/~-1 

/-7 ;1,,77::7''{§%~lc3£L -C/~'l"o/r-7--?" c:L -C{ii~T00 fjU;zJ;f, MPEG-4--C­

J:l1E~h0{ii~:JJA~ ffiv \9:f;J;}itf;:/-;t, ::r.v ,)1/?"9 .7-J-,.9-AO).::z.-~y--?"lc~'µJ{ 

~--C-, ~gf;:~Ltc.J::5ft/~-1 /-7 Jv77::?''{§%~{ii~T0:..c:iJ~--C-~00 MPEG-4 

t:lJH:f!i--C-J:l1E~h0 r-71/7'7t- r-7-J--.9-A~ ffi v \0$1tf;:t:t, 7°7-1.r--:::-J--.y'-?"n&~ 

(private_data_type) f;:/~-1 /-7 Jv77:~r{§ %~lc3£'t-0:..c:il~--C-~00 

[0052] 'itc., ~,tly'-?" & Vif F'f y--?"~iHt77-1JvO)~A'"C-77-11H~~htc y'-?" 

c:L tfii~T0$itt:t, ,{-0)77-11v~o/1t'O)'l'.f~~1;:/~-1 /-71v77:7''{§%~lc3£ 

T0J::5 f;: L ttJ::v \o 

[0053] ~tlif F'flc~N1:~/;:101 f;:;tott 0lc~tJJftf;:~v \-c~ 12r;:~-t-7o-':f--y-

J--.~ ffiv \-c~Gt;:JJlaJ1T00 

[0054] 'ii\ lU1fEll:g:~471:t, 7'To/7°S15H;:-C, ~4--C-JJlaJ]Ltcf)J~~!Eil~, :5'1-:g:~"?-1:7~ 

ml'!lf.Ff32f;:~mT0:5'1-:g:~Y-1:7~/~-1/-71v"?-1:73f;:~IE~h-Cv\0il:,.~tJ:,.~iu 

1ET00 7'7'-o/7°S 151--C-f)J~~!Eil~/~-1 /-7 ;vf;:~!E~h -Cv \0c:iU!E~hhti ( 

YES), 7'To/7°S152t;:~00 /~-1 /-7;]/f;:~!E~h -Cv\0c:iiJJE~hft!thti(NO 

L tU1iEPif~4 71:t.7--1 o/'TSw 1 ~JJ/m--ra ~c:-IWl'.J ff~' A To/7S 154 f;:-C, ~flif F'flc 

~N1:~t1:101 t:tfkJ • .7-7'-v:;t"?-1 :72ltJ:,.GO)if F'f {§ %~I&1iT00 tM1iEP:ff~4 71:t, 

ATo/7°S 152[;:-c' ~m~/±l:ff~41il~:5'1-'l'.f~-y-1 :7~ml1/m--r32f;::5'1-'l'.f~-y-1 :70)7°7f 

i)tJi¥A~h -Cv \9:..c:~~/±IL -Cv \97J:;~tJ:;~iU!ET00 ATo/7°S 152--C-:5'1-'!f~-y -1 :7 

~ml1/m--r32f;::5'1-:g:~"?-1 :7iJ~~m~h -Cv '0iUJE~hhti (YES), ffiU1iEP'!f~4 7t:t, 7--1 

o/'TSwl~JJ/m--rb~c:-IWf'.Jff ~, 7'To/7°S153t;:-c, ~flif F'flc~N1:~uilOH:t 

/~-1 /-7 Jv"?-1 :73iJ:,.GO){f F'f{§%~I&1ijT00 7'To/7°S152--C-:5'1-$"?-1 :7~ml'!lti! 

--r32f;::5'1-:g:~"?-1 :7il~~m~h -Cv '0c:iU!E~htttthti (NO), lU1fEll:g:~4 71:t, 7'-1o/ 

'1-Swl~JJ/m Ta~c:-IWl'.Jff~, 7'To/7°S154t;:-c, ~fl1fF'f~c~N1:~tl:lOH:tfkJ 

•7'-:rv:;t"?-1 :72ltJ:,.GO){f F'f {§ %~I&1iT00 

[0055] ~t;:, 7'To/7S155t;:-c, jJ,)7:ffn 1tJ:,.GO)IJ!k:fl{§%~r:-'y':;tfsf%{~:ff~l2P'JO)~ 

~Lttv ,f1:·9 r;:-atic·liL, /~-1 /-7 Jv"?-1 :73'itcl:tfk1•7'-:rv:;t"? -1 :72lil"G 

O){fF'f{§-l}~:;t-7'.-,(:;tf,f-l}{~'l'.f~22P'JO)~~Lftv',)-t"9(;:-~lc'liT00 ATo/ 
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7° S 15 6 ! ;: -C, l:'' :r':t-fsf %1 r:t~ 12 !:t l!W:{fJ~ % ~fsf %ff::: L, :t--:r-,{ :t-fsf %1f:::$22 

!:t~rf{§ %~fsf%ff:::T-75o To/7°S 157!::-C, fsf%ff:::i!W:{l1§ %~c:'':r':t-fsf%fr:t~ 12 

P'-J<7)[2QffiLttv v~o/77f;: -attc.'tlL, fsf §·ff:::if rf{§ §·~:t--:r'-1:t-fsf §·fr:t~22P'-1 

<l)~~Lftv V~o/77[;:-at~c•l:l-t-00 2'.6[::, .ATo/7S158[::-C' 77tl•tfffl1:.fflG 

t~42!:t,,~-1/-71v-l=--F<l)c'::~ffi1J~:g:~4 7<7)r~ffif;:£---:5v \-C,,~-1 /-7 Jv77::1'{§ 

%~1:.fflGT:So 

[0056] -t:L-C, ?tl!fr:ffn3!:t, 7'To/7S159!::-C, fsf%1f:::i!W:{l1§%c'::fsf%1f:::ifrf1§%c':: 

,,~-1 /-71v77tl{§%c':'.~?t1K1f:::L, 7'To/7S160t::-C, ,,~-7o/Ht:7'J--!J-A{§% 

~1:.fflGT:So ~Effi'<·N1:.tn4!:t, 7'To/7°Sl6 l f::-C, m;{:;fs:!c~44!::7'J-,.!J-A{§% 

~li:.ffi'<T:So 7'To/7°S 162[::-C, 1::":r':t-fsf%1f:::t~12c':::t--:r'-1:t-fsf%1f:::t~221:tfsf 

%1f:::T~~i!W:fl1§%c'::ifrf1§%il~;b;s;o:.flJJEL, fsf%1f:::T~~i!W:fl{§%c'::ifrf{§ 

%il~j:fc;b:ScflJJE2'.:h:h!i (YES) 7'To/7°S 152!::mtJ, 0,J:<l)i!Jfp~~t'.l.il&To 7' 

To/7°S162't'fsf §·ff:::T~~i!W:fl{§ §·cifrf{§ §·;o~j:fc;b:ScfiJJE2'.:hftlt:h!i (N 

o), 711:E!I!~~ TT:So 

[0057] <N:1:.ibft> 

~ 3!::mlJ, !!W:{lif rflcffi'<N:1:.~ffif:1O11:::toit0N1:.ib1t!::0v \-CIDl~T:So ~ 3 

r:::tov ,-c, mftff~48<7)~ffiLttv ,w1:.nf)"✓il~m1t2'.:h0c'::, tc.ffi'<· N1:.ffn4!:ttM 

1MJ:ff~4 7 <l)ffiUiMl t::J:: tJ, !cffi'<m;f:;fs:44!:: ic.ffi'<2'.:htc le~{§ %'t';b:S?t l!ff:::{§ %~ Ff:1:. 

T:So ic.ffi'< • N:1:.:ff~ 14 't'N:1:.2'.:htc ?t l!ff:::{§ %f:t½'IU1r::ff~ 151:: fft*il-2'.:h, ½'IU1f::: 

:ff~15!:tAf.12'.:htc?t1lHf:::1§%~fsf%1f:::i!W:fl1§%c'::fsf%1f:::ifrf1§%c,,~-1 /-71v 

77:f{§%c!::½'IUT-75o 

[0058] fsf%ff:::i!W:1l1§ %!:tc:'':r':t-11 %fr::ff~ (c:'':r':t-711:Ei:ff~) 16 i:: ift~2'.:h, fsf%fr:if rf 1§ 

§·!:t:t--:r'-1:t-ii §·ff::::ff~ (:t--:r'-1:t-711:Ei:ff~) 26 f;: ift*il-2'.:h, ,,~-1 /-7 Jv77::l{§ 

%!:t77~'•tfffl!&1i:ff~36 f;: fft*il-2'.:h:So c:'':r':t-11 %ff::::ff~ 16 f:tAf.J 2'.:htcfsf%ff:::l!W: 

1l1§%~1i %ff:::L -Ci!W:flf§%~1l00 N1:.7f.)7✓il~m1ti::1-t--::i-c, fM1MJ:ff~4 7<7)fnlJ1Ml 

[;:J:: tJ7'-1 o/'TSw3 ;6~l1i'fil--rh!::-wJtJff .:t6:h:So l:"-;r';tqf %1f:::ff~ 16J:: IJ t±:!f.12'.:htcl!W: 

fl{§ %!:t~ffi:ff~ 1 7't'~ffi2'.:h-75 c'::#!::, i!W:flt±:!t.Jtrlf.i--r37 a ~frL -c -l:-;::.)7521:: 1ft 

*il-2'.:h -C~ffi2'.:h:So :t--:r'-1:t-ii %1f::::ff~ 26 !:tAf.J 2'.:htcfsf %1f:::if rf {§%~ii% 
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{l::L -C{f F°f~ %~:fi00 if F°f~ %f'i:7PA j-,.-:7q::--y /'t727 CA-1 o/'TSw20)frlf.!rc 

~t#ti15~tl,00 

[0059] :70.A]--.-:7q::--y/'t727!'i, /;:;,1 /-71v~{f~tL,tcifF°{§ ~·~.Al:::°-jJ53, 54-C-

N1::T0 ~ f;:361::T0, b::{JIJJO).A l:::°-jJ 54iPG36'ff~tL,td§ %il~~.lli~590)::#flliJ 

0) ¾-C-~.lf,j~tl,0ffi 10):;70.A!---:7 fflG)t C' kifJIJjO),A r:.0

-jJ 53iPG36if ~tL,td§ % 

il~~.lf,i*590)b::{JIJJO)Jl=-C-~.lf,i~tt.,0ffi20):7oA!---:7fflG½'c~h'!::,Wi-ttctJJO)f§ 

%~1::fflGL -CifF°{§%f.:{tiJO-t0:..ct.:J::l'.J:70,AJ---:7~3:1{§%~1::fflGT00 77:f 

·ttffl1&:fij'!f~36!'i½'~fl:::ffH5-C-1ijGtL,tc/;:;,1 /-71v77:f{§%~*~T00 tU1ill 

:ff~4 7!'i77:f•ttffl!&~'!f~36il~,,,;:;,,, /-71v77tt'{§%~*NL -Cv \0iPi!:fir,.f;:J::0 

-CA-1o/'TSw2~-\ml'.J~:ttU1iPT00 l!P'l::,, 77tf'•ttffl!&1~:ff~36il~/;:;,1 /-71v77 

:7''{§%~*ftL -Cv\tl,!i, A-1o/'TSw2il~trM!rdf;:~~L -C:7PAJ---:7q::--y/'t727 

iJ::.G0):70,AJ---:7~3:1{§%~ifF°WJJfrlf.!r37b!;:ML -CWJJT0J::5tU1iPL, /;:;,1 / 

-7 Jv77:7''{§ ~·~*ftL -Cv \f,dth!i, A-1 o/'TSw2il~frlf.!rd;:~~L -C:;d---r'-1 

:;d-qj[ %{1::'!f~26;6:o.G0):70A!---:7~:E!f!L -Cv \ftv \if F°{§ %~if F t±:!JJfrlf.!r37b(;:xt 

L -c t±:!JJT0J::5fffiJ1iPT00 

[0060] if F° t±:!1Jfrlf.!r37bJ::IJ t±:!tJ~tL,, 7/'751-C-ffi~i~htcif F°{§%!'ib::kiO).A1::0

-

jJ53, 54il"tJ36ir~h00 ifF°t±:!JJfe/rur37bJ::l'.Jt±:!JJ~tL,0ifF°{§%iJ~:70,AJ---:7 

q::--y/'t727il"G/:±:!JJ~tt.,tc::,o,Ar--:7~3:lf§%0)$iff;:!'i, tl.lli~59f'i, .:=c.:::.:,r 

s21;:~ffi~tt.,tc~fl~~ftil~G, ffll6~300il~ffll6~1-r-0td~O)ffli6~3000)ffeJ 

lffl{f~rw;~~O)tb0ifF° cL tS2.lf,t-t0:..ci1~-c-~00 :..O)c~, ::,o.A]--.-::,q::--y✓t 

727!'i, ~f;:ff~T0.ffJ'i'!fM~i¥OO~~ffiv\-c::,o,AJ---:7fflG5J'~trt::,t~L -cv\00)-C­

, •16~3oot1J.lf,t~s9ct1t~tt0$it-C-b, 1£it0)•16~3ootJ~•l6L -cf£ti0) 

tl!C'Kt~59il~tJ!C'KtT0$it-C-b, ~10~0)lfc/i.;~'ttv \rw;$~0);b0ifF°~~!C'KtT0 

:..ciJ~-C-~ 9o 

[0061] ~flif F°ic.~N1::~fiii:101 f;::t3~t0N1::l'J{tf;:01,; \-C~ 13 f;:ffi-t-70-'1--y-

l--~ ffi v '-C~ G f;: fJl 13}] T 00 

[0062] ~13f;::t31,;,-c, ATo/7°Sl8H;:-c, ic.~·Ff.1::'!fH4!'ilc.feydrtf;,fs:44~Ff.1::L, ~ 

1R{l::{§%(;:£-0v \fcA!--!J-A{§%~1ij00 ATo/7°S 182(;:-c' fc,~• N1:::ff~14!'i 
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;q,!J-Af~%~qj[ %L -Cr~".'.ro/H8%~1:.ffltT00 ATo/7°S 183(;:-C, '.Slffff:::'€f~15 

11:,,~&-o/ Hi %~e''-r':;t1i % , :;t--r',-r:;t1i % , ,,~-1/-71v77:7''1i %f;:'.SlffT00 

ATo/7°S 184fCC e''7':;d-qj[ §·ff:::'€fH6/1:e''7':;tfi §·~qj[ §·L, :;d--7',-r:;tqj[ §·fr: 

'€f~26/j::;d---r',-r:;tfi%~qj[ %T00 ATo/7°S 185(;:-c, e''-r':;d-qj[ %ff:::'€fH6t:;t­

-r',-r:;tqj[ %fr:'€f~26t1:qj[ %Ltc.e-r':;t1i %t:;t--r',-r:;t1i %~~ffiLt~1,, v~o/77 i;: 

-ll~'flc'fgT00 ATo/7°S 186[;:-C, 77:7'',tw$1H&ff'€f~36/j:,,~-1 /-7 Jv77:7''18 % 

~J&fiT00 

[0063] --t:L-C, ffiU~'€f~4711:, ATo/7°S187f::t, 77:7''ff$1HIXfij'€f~36iJ)J&fijLtu~-1 / 

-7 Jv77:7''1i %f;:£-0v ,-c, N1:.Ltc.:;d---r',-r:;t1i %iJ)@m-O)ATVTif J'if 18 % 

-C-tb0irv~-1 /-7 ;vif:Jif18%-C-tb0:6"~*IJJET00 ATo/7°S 187-C-,,~-1 /-7 ;vif 

J'if18%-C-tb0bfiJJELtd~,g.f;:fj: (YES), ATo/7°S 188(;:~00 ATo/7°S187-C-,,~ 

-1 /-7 ;vif:Jif18%-C-t~lt \,!::*IJJELtc~,g.f;:/j: (NO), ATo/7°S 19H;:~fJ, ffiU~'€f~ 

4 7/1:, A-1o/'rSw2~J'.ilm--f-d;:W)fJff ;z -C, e''-r':;tfi §·t:;t--r',-r:;tfi §·~IAJMN1:. 

T 0 J:: 5 §I~* '€f~ ~ffi!J1JW T 0 o 

[0064] _,,~-1 /-7;vif:Jif18%-C-tbttA'i, ATo/7S188(;:-C, ffiU1JW'€f~4711:, A-1o/'TSw2~ 

J'.ilm--f"df;:-w:J fJ ff )t 0=.t f ;::J:: fJ 7PA J-- -:7:3?-\" ✓'e727 f ;:J::g7PA J---7:3?-\" ✓'e/v~ 

:f!:l!~'Ff5<"jJt~ttft~tT00 ATo/7°s 1s91;:-c, tU1JW:ff~4111:, e-r':;t1i%t:7PA!---:7 

:3r-\"✓'t727(;:J::0-C:7PA!---:7:3r-\"✓t/v~:f!:l!Ltc:;t--r',-r:;tfi%~1AJMFf1:.T 

0J::5§1~*'€f~~ffilJ1iWT00 ATo/7°s19m::-c, N1:.T.,-;::2'.e-r':;t1i%t:;t--r',-r:;t 

1i%ilt~tctb0t*IJJE~:h:h!i (YES)' ATo/7°S 182(;:mfJ, J;l,J:0)1/Jf-'F~~fJJ!&T 

0 ATo/7°S190-C-N1:.T.,-;::2'.e-r':;t1i%t:;t-7',-r:;tfi%il~j:tctb0t*IJJE~:ht~ 

lt:h!i (NO), ~:f!:l!~~ TT00 

[0065] < :7PA J---:7:3?-\" ✓'e/v > 
=.=.-c-, ~ 14~ fflv \"( :7PA!---:7:3r-\"✓'e7270)Jl,.f;is:a"Jffiffflt,!::I/Jf-'p(C--::>lt \"(~~ 

T00 ~ 14(;:ffiT J::5 f;:, :7PA!---:7:3r-\"✓'e72711:, 7,-r Jv:57272a"'272d, 1JD1it 

~27 4a, 27 46, 7,-( Jv:57275a, 2756~,fim)t -Cffiffflt~:h -Cit '00 

[0066] ~14f;::t31,,,-c, ,,~-1 /-71vif:Jif1i%0)51:)ftT-\"✓:tJv0)1i%P (t) f1:7,-r1v:572 
L 
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Jv7'272a"'272dl:t)l~I;:, ~3£T0.l!Jfff~{iii¥~~h (t), h (t), h (t), h (t) (;: 
rs lo ro ls 

i£--:5v \-C{trotLtc.7-1 Jv?"!rl'l'it (7-1 Jv?"~~) {i:lc'tiL -Cv \00 7-1 ;v:?"272a, 272d 

l:tszJf!f!Hii~~~h (t), h (t) c[RJ~0)7.,( Jv?"!rl'~{i:~L -C:;fSl'.J, 7.,( Jv7'272b, 2 
rs ls 

72d:t.l!Jfff!Hiii¥~~h (t), h (t) {i:BtfiLtc.O)c[m~0)7-1 Jv?"!l'l'~{i:~T00 fl! 
lo ro 

'.ltJ::, 7.,(Jv7'272a"-'272d0)7.,(Jv7'!1'f'~{i:h (t), -h (t), -h (t), h (t)c* 
n ~ ro b 

7'/r-f't1:{i:~;t -c l:±:LiJT00 

[0067] JJ0-~27 4al:t7-1 Jv7'272a, 272ciJ"G/±17J~tG0{§ %{i:JJO.L, 7.,( Jv7'275al:t 

JJo-~ntdi%t;:d(t) ft07.,(Jv7'!rlfl:{i:~;t00 JJ0-~274bt:t7-1 ;v:?"272b, 27 

2diPG/±17J~tG0{§%{i:JJO.L, 7.,( Jv7'275bl:tJJo•~ntdi%t;:d (t) ft07.,( Jv 

7'/r-f'~{i:~:Z0o 

[0068] :..:.. t\ 7-1 Jv7'275a, 275b 1;:i2•[:i~tt, -Cv \07-1 Jv?"!l'lttd ( t)!';tiJZO) ( 1) :i:t-C~ 

[0069] d(t)={h (t)Xh (t)-h (t)Xh (t)}- 1 ···(l) 
b n ~ ro 

7-1 Jv7'275a, 275biPG/±17J~tG0{§ %1:t, Ae0 -;fJ53, 54iJ"6-Jeif~tG0~IC~ 

PAJ-.-7iJ~:\=-f✓t.'Jv~tl,0J::5, 7PAJ-.-7:\=--\"✓t.'Jv~;E!l!i)~,nm~tl,fc.7PAJ-.-7 

~:E!l!1i%-c~00 7.,(Jv7'275a, 275biJ'>G/±lt.J~ntc.PAr--7~:E!l!1i%1:t, !✓7 

51 O)fr."f--\" ✓ ;t;v7✓7°5 lat:-ti"T-\" ✓ ;t;v7✓7° 51 b-C-ttG-ttGffi~j~tt,, A 1::
0

-

jJ 53, 547J"G-Jeif~n00 

[0070] .A1::°-jJ537J'>t)-Jeif~ntdi % (if pi) l:ttJUltf-590)ir.l}-C~lf,i~n0c#I;:, 36 

if~ntdi%0)-~~1:t~~1;:-c~-t-ffi10)70,At--7fi%tL -CtJUttf-590),;tll= 

-C§tlf,i~tl,00 7PAr--7:\=--\"✓t'7271:tiJ[lf,f,tf-590),til}t'§tlf,f,~tl,0ffil0)7PA 

J-.-:7{§ g•{i:}Tl::iWi-t-tcbOO)ffi10):7PAr--:7rJWiL1i g•{i:±ffltL -CA1::°-jJ54iJ~G 

-JB'ff~-l±"00 m10):7PAt--:7tTWiL1i%1;:J::l'.Jffi10):7PAt--:71i%1:tntiwi~n 

0 (~~~n0) o IRJ~f;:, .A1::°-;fJ54iJ"G-Jeif~ntdi% (if-pi) 1:ttl1Clllr590),til} 

-c§t1Ct~n0c#1;:, -Jeif°~ntdi%0)-:ff~r:t~~1;:-c~-t-ffi20):7PAt--:71i% 

cL -Ctl.lfi!i:tf-590)-Jr.ll=-c5t.iri!i:~n00 :7PAt--:7:\=--\"✓t721t:ttl.lfi!i:tf-590)-Jr.ll= 

-C§tlf,i~n0ffi20):7PAJ-.-:7{§%{i:rJ'f::>t~TtcbOO)ffi20):7PAr--:7tTmL1i% 
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~1:_pJtL, 't.Al::0 -'}J53i):.G-9fiir~ii"-0o ffi20):;7P.Ap-:;7rJ¥f'~L,f~i}f;:J::~ffi20):;7P 

.Ap-:;7{§%11:trf::>~~~:h,0 (~~~:h,0) 0 ~*c:L-C' tJ!10!t~5911:tcl1=-C:7P.Ap­

:7iJ~:f--t1/t/v~:h,tc{frf{§ §·P (t) ~5tJIJ!tL, :till=-C:7P.Ap-:;'.7;zi~q:--y:,,,t;v~:h, 
1 

tc1frf{§%P (t) ~5tlliToo 
r 

[0011] <.llJfff~fii~M~O)lfflJJE> 

~15~ffiv't, 7-11v5'272a""'272d, 275a, 275bf;:**111To.llJHf~{iii¥M~* 

'~~>ftbb0tcbb0).llJftf~{iii¥M~lfflJJE~tl:6f;:0v'tiJlOOT00 ~1srui-t J::l)f;:, 

.llJfff~fiii¥M~lfflJJE~tl:6f1:, ,,~-1/T 1v:::r:,,,c:0:i-5'6L fi~i~62, .Al::°-'}J63, 

"<' -1 :7-1::::. o/ p65a, 65b, Plfffi%ffim{*65e, fi~i~66a, 66b~,vm .:z. tffifflt~:h, t 

[0072] .llJfff~fiii¥M~O)lfflJJEJJr*f;:0v'tf;tOO-t00 

[0073] j:f, /~-1/T Jv::I1/1::°:i-5'61 [;:J::~fftl.:z.li-11//~/V.Air J::~ftolfflJJE{§%~1:.fflt 

Too i!lUJE{§ §·l1:fi~i~62-Cfi~i~:h-00 tcfJIJJO).Al::°-'}J63iJ:.G3Bir~:h-tci!lUJEf§ 

%11::tE::ti0)"?-1 :7-1::::.o/p65a, 65b-C5tif~:h-oo 5t{fL t1~G:h,tctc:tiO)f§%!1: 

fi~i~66a, 66b-Cfi~i~:h, t,1~-1/TJv:::r:,,,1::0 :i-5'6H;:AJJ~:h-00 ::::._O)AfJ{§ 

%!1:.Al::°-'}J63iJ:.G3Bir~:h-tcifrf~F9ffi%ffim{;$:65elC~3{~{tttG:h-tctc:tiO)"? 

-1 :7-1::::.o/ p65a, 65b-C5tif Ltd§%0).llJftf~{iii¥M~h (t), h (t) 'c'&>oo .llJftf~{ii 
ls lo 

%il~:ti{Jllj0)"? -1 :7 _:i;:::. o/ p65b-C~Jf,i!{~:h,o:7P.Ap-:;7 fflt::$j-O)!j;~'Hi-C&>oo 

[007 4] Fi:rlffif;:, :tifJIJJO).Al::°-'}J64;zi:.f=>3Bif ~:h-tdJlUJEf§ %11::tE:ti0)"?-1 :7 -1::::. o/ p65a, 

65b-C5tif~:h-00 5tifL -C1~G:h,tctc:ti0){§%!1:ft~i~66a, 66b-Cit~i~:h,-C 

,1~-1/T ;i,:::r:,,,l::°:i-5'61 f;:AJJ~:h-00 ,1~-1/T ;i,:::r:,,,l::°:i -5'6111:1:.ffltLtci!llJJE 

{§%c:5t1fLtd§%c:~l:~~T0=:..c:t;:J::~, .Al::°-'}J64iJ:.G3B1f~:h-tc1frf~F9ml 

%ffimf$:65elC~&~{tttG:h-tctc:ti0)"?-1 :7-1::::.o/p65a, 65b-C5tifLtd§%0).llJ'i 

:ff~{iii¥M~h (t), h (t) ~>K600o :!!Ji:ff~{iii¥M~h (t) 11::ti{Jllj0).Al::0 -'}J64il'>G 
n ro n 

3B'fr~ntd§ %il~:tifJt1J0)'"?-1 :7 -1::::.o/ p65b -c5t.11J!t~n0t~f1:-r&>~, mfff~fiii¥M~ 

h (t) l1::tifJIJJO).Al::0 -'}J64iJ:.G3Bir~:h-td§ %il~tEfJllJO)"? -1 :7 -1::::.o/ p65a -C5tJCi!{~ 
ro 
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:ho :7 o,7-r -:7 J1x:'.St O)ttt·~--c-ii9o 0 

[0075] ~ 16~ffiv ,-cP3mHfffi~{;ifs:65d::--:)v Y--Cf~~Too ~16[C;i3v \"(, (A) fj:p:Jiffi 

%ffimf$:65eO)J::jj~, (B) !:tP3mi%ffim{:ifs:65eO)f,4t.Ji~--C-;i,JfJ, (C) /':tl:~~O)fc_ 

6b 7i-Tv \b ~ o 5· ~-.r--.. o/ F '? -1:70) WT rm ~--c-ii9oo 

[0076] ~16(A), (BHCffiTJ:5[::, rJmi%ffim{:ifs:65eO)*ffiHC/':t-?-1:7.:::r.;::.o/r65a, 6 

5bil~180° Jtttrnm~fc.~ffj--C-~~~:h-Cv'oo ~ffiO)J:51::, -?--{:7.:::r..:::.o/r65a, 65b 

l:tJffr-& V:1/1-¾Jl~~L -Cv ,ttv 'o -? -1 :7.:::r.;::.o/ r65a, 65b0) ~ffiLftv ,:tJiffi;!Jf~l:t 

P3mi%t~m{;ifs:65eO)*tmcVifll'-$fcto{ftfftl::@2,fft~:h -Cv'oo -jJ, ~16 (C) [:: 

ffi-t-5'~-.r--..o/ F-?-1 :769/:t, AI.ffj6910) jrfrj{Jllj:ff~ i::¾ir-%:ff~,t,f692a, 692bc¾ 

m693a, 693bc~{iffl;t, ¾m693a, 693b0)~:ff~(C-?-1 :7.:::r..:::.o/r694a, 694b~ 

{iffl ;ttc.tO)--C-;i,Joo -? -1 :7.:::r.;::.o/ r694a, 694bl':tAO)~~O){fttl:/::,f:~ ~To{ftfftl:: 

~ttG:h t:i3f'.J, AiJ~JD!U&Toif /::ili{f,J,Toifrf{§%~~ifTotO)--C-;i,Joo 

[0077] ~ 16 (A), (B) /CffiTP3mi%ffim{;ifs:65e[Cli&fJ{t!tG:htc.-?-1 :7.:::r..:::.o/r65a, 65b 

O)stifttt·~i:t, A -'t:h-F:h --c-x~~~%~il~•tto.l:!=1r-~7f-..l:!=Jit::J:f'.J-g-;tG:ho 

tttf!J~O)J6W~stito=.cil~tt<, .ffl:ff~fiii¥~~~itat1J-t-o=.ci1~--c-~ottt·~--c-ii9o 

o 7-l:::0 -jJ63, 64il"G56if~:htc.if¥Htt:tP3mi%ffimf$:65et::J:fJJlt~~:hotO)O), 

P3mi%ffimf$:65et::m0 t§ltfiL t-? -1 :7.:::r..:::.o/r65a, 65bl::JUi¥Too -? -1 :7.:::r..:::. 

o/r65a, 65b/':t7-l:::
0

-jJ63, 64il"G56if~:h tilt~JUi¥Toif~cP3mi%t~m{:ifs:6 

5el::m0t§ltfrL tJUi¥Toif~cJ:f'.Jtto*'~~itffllJTo:..c1::ttoo P3mi%ffim 

{;ifs:65e~ ffiv ,-75:..t /CJ: fJ, SJZ:lf.8a"Jtt.ffl:ff~Jlt~*'~~~To.l!l:ff~{iii¥~~~fto=.c 

iJ~'"C-~O0 vf:0-C, .ffj'ff~0)7(~~~%~75~-ttf'.J.ffj'ff~Jlt~*'~75~-ftofik O)tJ!JCi!t 

~il~/~-1/-71vif rf {§ %~st!Ci!tL -ct, ~fOl@O)lfclv~-ttv '~$l@O)ii9oif r'f~ 

stl-iT o:..cil~--C-~ oo 

[0078] ~ 1 7 (A),___, (D) r:t, W}~0)1f9{§ %{iiil*·~IIJYE~tl:6il~"Je1:.Ltc.-1✓ /~Jv,7-1f 

r::, if9{§%{iii¥*'~ilJYE~-/ll61CJ:0-CIIJYELtc.Pimi%ffim{:ifs:65eO),l!j'ff~{iii¥ 

~~h (t), h (t), h (t), h (t) il~"i:Ji-J6'i:htc.-1✓ /~Jv,7-fit~~%~ffiL -Cv \9 
b ~ n ro 

o ~17 (D) t:twJ~O) (1) ~tCffiT7-1Jv?'*'~d(t) ~ffiL -Cv 'oo ~17 (A),___, (E) 

r:::i3v ,-c, iW€$illt:tmYEO) /±IJJ'l:EE--C-IEm{~Ltd§ %'1:J.±0):f'Ji~M~ffi L, ffl$illt:tffl1J 
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[0079] 12Q 18 (A),____, (E) !'i, l2Q 17 (A),____, (E) f;:lT-Tfs §<a·7~!Jx.MtfrL -C1fGn0Ji1o~ 

~4°lfl::a.-7f.L-Cv\00 ~18(A),._,(E) !Ctov\-C, lOOHz, lkHz, lOkHzO)mJ~~ 

fv. fii :a.-lilf ~ 0) ~~ -cffi L -c :t3 ~ , ~$Eb 0) rit ~ttft 1;: :t3 tt 0 2--::) O)lilf ~ 0) m~ r~i 0) f11 

1f~!'ilOdB-Ccb00 

[0080] ~ 140)7.-f Jv?'272a"-272d!Ui, £J.J::O)J::5 f;:L t1iGntc.l!Jfff~{iii¥OO~h (t) 
rs 

, h (t), h (t), h (tH:Jl---5v \t::.7-1 ;v:74lfl:iJ~-9-;z.GtG00 frJJZtO)J::5 f;:, 7-1 ;v 
lo ro ls 

?'272a, 272df;:f'i.l!Jfff~{iii¥00~h (t), h (t) f;:tB~T07-1 ;v:74lfl:iJ~-9-;z.Gtt, 
rs ls 

, 7-1 ;v:7272b, 272d;:!'i:ffJHf~{iiiYOO~h (t), h (t) :a.-tHiBt~Ltc-h (t), -
lo ro lo 

h (t) f;:tB~T07-11v?'!l'l·1'1:iJ~-9-;z.GtG00 
ro 

[0081] .b~~O)fcllb, F9iWHfffi~{;$:65e/;:Irz~{ttttc-Y-1 :7.:::z.;::.~+65a, 65bO)fi;:b~ f;:~ 

16 ( C) /;:7T-T :7·~~""'-o/ F-Y -1 :769:a., ffiv \tiffU'.lELtc!rl·t1::a.-12Q 19, l2Q 20f;:7T-T o l2Q 

19!'i~l 7t[fl]~f;:JU'.lEL t1fGntc!l'l·t1:-ccb00 ~17t~19t:a.-.lt~Tn!i:5tir,. 

0J::5 f;:, rJ ffif Wffim{;$:65efCE&~#tttc-Y -1 :7-1;::.o/ l--65a, 65b:a.-ffiv \-Ci:DIJ'.lELtc 

-1✓ ,,,~;v~J,i~~~Wl'i, :7--~~""o/ F-Y-1 :769:a.-fflv \ti:DIJ'.lELtc-1✓ ,,,~;v~J,i~~~W 

J:: ~b, mu '.lEffi A1J fs %-Ccb0-1✓ ,,,~;v ~ if f;:ili:v \~W-Ccb00 

[0082] ~20/'i~-~~""o/ FY -1 :769:a., ffiv \ti:DIJ'.lELtcmi~~r,t~4t,i-1:-ccb00 ~ 1st~2 

ot:a.-.lt~Tnfi:5tiP0J::5 f;:, F9ffif Wffim{;$:65e f;:Irz~{ttttc-Y -1 :7.:::z.;::.o/ l--65a, 6 

5b:a.-ffiv \-C1itc!l'l•i'1:0)7fiJ~ml~~4l•t1:0)iLnil~1J,~<-'¥:l:S f;:ili:v \o ~20 (A),,___ (E 

) f;:lT-T f.-n-f'tl,O)tj:l·i-1:t'i, 1. 5,____,7kHzO) ml ~~f;:;t3v \ "( r,t~tt·i-1:il~fi~i~ntc 

~~~~ntc.~L -Cv \00 ~18 (A),____, (E) f;:7T-T!l°l•t1:0)7fiJ~r,t~tt•t1:0)fi~i&V~ 

~O)WOCil~1J\~v \o :=..n!'iF9 ffif Wffim{;$:65e!&~{ttttc-Y -1 :7-1.:::.o/ l--65a, 65b:a.-ffi 

v\fdiiff;:f:t¾:fr~5'1--¾mf;:J::~1:.C0!1'l•t1:0)iLnil~ttv\fcllb-Ccb00 ,Y~~""'-o/F 

-Y-1 :769-C!'i, ~1::°~.:fJ63, 64J::~~if~ntcif~O)-if~il~¾:fr-CBtttL-C, Bttt 

Ltcif~till~¥U*T0if~tiJ~[fl]1B-Cif P>t~n tfi~i~ntc~, ~tB-Cif P>t~n t 

~~Ltc~T00 ~tc, 5'1--Jl=mO)+l=r)j~,&+l=r)jft~O)~~r::J::~4l'.lEO)ffeJ~~-cf;ffl 

~i~ntc ~~~Ltc~T00 F9ffif Wffim{;$:65e!::1&~{ttttc-Y -1 :7 .:::z..:::.o/l--65a, 65b 
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~ ffl 1t \g=.c f;:J:: !J5·~-~o/ F--Y-1 :769~ fflv \fc:1$}itO)J::5ft~~·~;j'Jj] :zg=.cii~-C-

~ go 

[0083] ::7PAJ---:7::f--'f 1/'E7270)7,{ Jv::>'272a____,272d&V7-1 Jv::>'275a, 2756[;:, P3 

im%mmf*65elC~&!Jfttttc--Y-1 :7 :i.:=.o/ l--65a, 656~ fflv \-CiffUYELtc!!JfffMii~~ 

~1;:£---:51t \fc7,{ Jv'.>'!rl'tlE (ffilO)§:kftf:c-tg) C, 5·~-~o/ F--Y-1 :769~ffllt \-Cif{IJYE 

Ltc!!Jfff~fii~~~t;:£---:51t \fc7-1 Jv'.>'*'tt:!:c~4:t (ffi20)§:kftf:c-tg), ~~O)tJ!.!Ci 

~t;:J::g jµjj~O) Jt~ti.!CiTA l--~1t0 tco ti.!Ci~O)Jl=j}If;:*-lllv \tMl/'!--Y-1 :7~:!iPA L, 

f:0)1M~'! y -1 :7-C-stif ~;h,gif iJ~tJ!.!Ci~f ;:J:: I) stlffil(~;rt,gif "c'&Jg CL -Cstif4ltt ~ 

IUYELtco 

[0084] ~2Hi, mlO)§:kftf:-C-, iVJgtJ!.!Ct~·f;:J::!JIIJYELtc4lfl:~ffeL -Cit \go ~2H;:;to1t \ 

-C, (A)!';J::ir:{Jllj0)7't.,f~%P (t)~-11//~JvA{i%, :ti"{Jllj0)7't.,f~%P (t)~~fi 
L R 

%.!::L -CAe°-jJ53, 54ir•G-jaif~it, tJ!.!Ci~O)ir:Jl=f;:~~LtuJ,~'?-1:7-C-stif~ 

ntc-11//~JvAJ;t~fi §·0)~%-C-iVJgo (B) l';J:: (A) c!AJC§?kftf:-C--jaif~it, tM.!Ci~O) 

ti" J:j: IO~~LtuJ,~'?-1 :7-C-stif ~ntc:7P7' J---:7 fflc:5t0)~%-C-iVJgo ~ 21 (A)-C­

l';J:::.k~ftv~Jv0),11/ /~JvAJ;t~~%iMiGn, ~21 (B) -C-l';J::1J,~ftv~1v0)~% 

iMiGn -Cit \go ~ 21 ( C) l';J::J,~~~~%0) $1 ~~:5ttfrM5 * -C-iVJ".J, Cal';J:: (A) 0) !,~~~ 

~%~$J~~:5ttfrLtcJ;t~*'t1-C-iVJ".), Cbl';J:: (B) O)[,t~~%~$1~~:5ttfrLtcJ;t 

~!tlfl:-C-iVJgo 1 00Hz"' 2kHz-C-20dB~~ ;t g:;7PA J---:7::f--t 1/'EJv5<"jJ*il~~G;h, 

1J,~'?-1 :7-C-stif~;h,tc:7PA}---:7 pjt'.5t0)~%-C-iVJgo (E) l';J:: (D) c IAJC§?kftf:-C--jaif 

~it, tJ!.lf,i~O):ti" j:j:f;:~~LtuJ,~'?-1 :7-C-stif~;h,tc-11//~JvA);t~O)~%-C-iVJ 

g 0 ~21 (D) -C-l';J::1J,~ftv~1v0)~%iMiGn, ~21 (E) -C-l';J:::.k~ftv~Jv0)-11/ 

/~JvAJ;t~~%il~1iGn -Cit \go ~21 (F) t';J::J;t~~%0)$J~~:5tt!rM5*'t"iVJIJ, F 

dl';J:: (D) O)[,t~~%~$J~~:5ttfrLtcJ;t~*'t1't"iVJIJ, Fet';J:: (E) O)[,t~~%~Ja1~ 

~:5ttfrLtcJ;t~!J:#1tt:l:'t"iVJgo 100Hz"-'2kHz-C-16dBffiOC0)::7PA}---:7::f--'f 1/'E/v 

:t:h*il~1iGn -Cit \go 
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[0086] ~22/';J::, ffi20)~ftf:·t\ ~21.!:'.[p']l:>tJUi~f;:J::1'.JiJIIJJ'.ELtcJffl:~~L -Cv \00 iJIIJJ'.E 

~{tf:f';J::~21 c[p'j--C~00 ~22 ( C) O)::JP7-p-::J:f-.Y1/tJv::tj]_!fJ';J::~ 14dB-C~I'.), 

12Q22 (F) O)::JP7-f-,-::7:3f--y1/tJv::tjJ}fJ';J::~l ldB-C~00 ffi20)~{4-Cf';J::ffi10)~{4 

clt~L -c::ti*il~*0 -c1.i \0=-cil~:5til~00 

coo87J ~23/';J::, ~21, ~22ci';J::•tt0t!JCt~cL, ffilO)~ftt:r::-c~21c[p')-O)iJIIJJ'.E~ 

{4-CiJIIJJ'.ELtc*'l'lt~ffiL "(I; \90 ~23 (C) O)::JP,7-p-::J:f-.Y1/tJv::tj]*f';J::~22dB 

-C~I'.), ~23 (F) O)::JP7-f-,-::7:3f--y1/tJv::tjJ*/';J::~l8dB-C~00 •ft0mJCt~-C~ 

0 -ct ~~tt::ti*il~~bh -Cv \00 

[0088] ~ 24/';J::, ~ 23c [p']l::,;j:J!Jf,i~-C, ffi20)~{4f::t~22c[p'j-O)ij{IJJ'.E~{4-CiJIIJJ'.ELtc 

/tffl:~ffiL "(l;\90 ~24 (C) 0):707-f-,-:7:3f--y1/tJvJj]*/';J::~l4dB-C~V), ~24 ( 

F) O)::Jo7-f---::7:3f--Y1/t1v::tj]*f';J::~lOdB-C~00 ~tt0t!lCi~-C~0-Ct, ffi20) 

~ftt:-ci';J::ffilO)~ftf:c.lt~L t1i*il~*0-c1.i \0=-cil~:5t:6~00 ~E:>1::•tt0t!JCt~ 

r::J::l'.J [p']~O)iJllJJ'.E~fT" \, ffi10)~f4cffi20)~f4-th-t':n -r J::tcc[p')~O)::ti*il~ 

flb:n0:=_c~-!ii~, Ltco 

[0089] £}.J::O)ij{IJJ'.E~*J::l'.J, ::7P7-!---::7:3f--Y1/t7270)7-1 Jv:5'272a "-'272d& 07-1 Jv 

:5'275a, 275bf::4;:z.0 7-1 Jv:51!rt-tt/';J::, ;,--~--A...o/ F'"?-1 ::769~ fflv \"(iJ{IJJ'.ELtcl!JUffi 

{ii:i¥~~f;:£---:5v \tc7-1 Jv:51*'1ti:J::l'.Jt P3ffij%:flf@~65et::J&l'.J{tttfc'"?,{ ::J:J-:=.--y 

l--65a, 65b~fflv \"(ij{IJJ'.ELtcl!Jfff~fii:i¥~~f;:£01; \fc7-1 Jv:51*'~0)JJiJ~, ir::{JIJJO) 

7-l:::°-jJ ;zp!:)jaif ~h t::t"{JllJ 0) Ji=-Cstlf,i~h0::7P7' f-,-::7 fflG)j' c::t"1JllJ0)7-l:::0 -fJ:6~b 

jaif ~:n -cir:: 1Jl!JO) Jr-rS2JCt~:n0::Jo7-1-- -::7 JJJG:5t~rri::> r~-t-1i*il~::k~" \=-cii~-lii 

~~ntco 

[0090] P3ffij%:mm{t65et::J&l'.J{ttttc'"? ,1 ::7 :J-:=.o/f--65a, 65b~fflv \"(iJ{IJJ'.ELtcl!JfffM~ 

J¥~~r::£--5v \fc7-11v:51!rl'ti-Ct';J::, rWiir~-CO)Jel~~*'ti0)\5Lhil~1J'tto NP'i::>, 

P3 im%:mm{t65e~ ffl v \9::_c r::J:: l'.J, !rfJ'.EO) Je1 ~~~~5t-C Jej~~!rl1tiil~::k~<~ 

1::>i6!vtc'vJJ::~Ltc'vJT0:=_c~1J'tt<T0:=_ciJ~-C~, ifffO)*ff::~ffiJJ;JllJ;:z.0:=_ciJ~ 

-r~00 =-:ni::J::'vJmJCt~,';J::ficJv~~fr.i~~Jt;:z.0::_ttt< i:w;m~0)~0ifr~stJCt 

-r0=-tii~PJfi~ctt00 

[0091] ::7P7-f-,-::7:3f--y1/t7270)7,1 ;v:5'272a"-'272d&V7-1 ;v:5'275a, 275bt::4;:z. 
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o7 ~ Jv:)"/j;~'Hi~PHfHfffim{2fs:65d::1&".J{tittc"? ,1 :7.::z..:::.o/r65a, 65b~fflv Y-CiJ{tl 

'.iELtc.ffJfJ'.f~{~~~~f;:i£--:5v \fc7 ~ 1v31/tf11'1:c: Ltc~~l::!'i, :707-r-:7~'1' 1/tJv 

~, ,,~,1/-71vif rf{§ ~·~st.1D!i:-to~O)ffimf2fs:-c-6Jot.M.lf,f~590)51-!i=.iiA".J r:::r m: 
ff-c-:fr5=.c:i::ttoo vf:-:it, Il=:fr~51-!i=.ii0)1fW!tff!:iltiVtotl~O)tJVD!i:~59l:: 

ML-C:7P7'r-:7JvG)tO)tyWiLil~tjJ*e"Jt::tt~:no=.c:t::ttoo 

[0092] tt:t3, PHiHfffimf2fs:65ef'i5G~tt Plmi%t::~H'.iE~:hobO)-C-f-;J::tt<, Plmi%~~ 

-=f~%~-tttc%~-C-ib0 ttiJ::v \0 Il=:fr~1f-II= .iitt t'iJ'>;l} ;t oJ:: 5 ttFit~tr-f'lti:O)~ 

{r,~1¥-kolliJ 8t~5t~~~ttv \%~c:ToO)iJ'>;~f ~L<, Plmi%tA:m{2fs:65ef::"? -1 :7 

.::z..:::.o/ r65a, 65b~ !& ".J{ttttc~~-C-J;t~ij;ffl:O)~L:hil~ffijJ,jdtv \=.c:il~ftr~Lv \ 

0 

coo93J ::o/o7'r-:7~'1'1/t7211'i~141::~-tffiJvGf::~1t'.iE~:no=.c:i:ttt<, iliti-:JGJaJ~~ 

1!f~-C-1:.Co~tl=W~~~Gl::~y~-tto=.c:iJ~-C-~o1!f~5tWIJ~0):7p7-j---:7~'1'1/ 

t7c:L -C'liJ::v \0 11f~5t'@'.1J~0):707-r-:7~'1'1/t7!'i, ~)i!fl~~1!f~O){§ ~·c:L 

tAJJ~:ho,,~-1 /-71vifrf{§%~ili~Jal~~*~O)f§%c:cprWJ~Jal~~*~ 

O)f§%c:l::5ttiJL, q::r rWi~JaJ~~*~0),,~-1 /-71vifrf{§%f::ML tO)JJ-::o/o7-r 

-:7~'1' 1/tJv7l!l:1~1T5bO)-C-iboo 

[0094] ~25[::1lf~5t'@'.1J~0):707-]---:7~'1'1/t727a~~L, -{-O)ffiJvGc:ffi1Jftl::0v\-C 

fJlaJ1Too ~14[::~Ltc:7P7'r-:7~'1'1/t727c:[fl]-O),m1J~~~TofA:)JX:t~5tl:: 

l'i[fl]-f-f%~ftL, f_-O)f,#,aJ]~~~Too 

[0095] ~25[;:~TJ::5[::, :7P7'r-:7~'1'1/t727af'i, ~140):;7P7'r-:7~'1'1/t727 

c:Jt~L -C, 0-/~7'7 ~ Jv:)" (LPF) 271a, 271d, /,,1 /~7'7 ~ Jv:)" (HPF) 271 b, 2 

71c, j/!JJ1;~273a, 273b, J/ ,11/:::Z1/rP-JV71/7° (GC) 276a-----276d, 1Jn1J:~2 

77 a, 277bil~~1JD~:h -Cv \9}~-C-tl=l~L -Cv \90 

[0096] :7P7'r-:7~'1'1/t727a[::AJJ~:htu~,1 /-71v1fyf{§%0)5i::,, ftT'1'1/*Jv 

0){§%P (t) l'iLPF271ac:HPF271b[;:AjJ~;h, ki'T'1'1/*Jv0){§%P (t) !'iLP 
L R 

F271dc:HPF271d::AJJ~:h-C, ,fji~)aJ~~1!fc:tp rWJ~)aJ~~1lfc:[::5t'@'.1J~:ho 

o LPF271a, 271dc:HPF271b, 271cO);IJo/r:t"7)aJ~~f'il00-----200Hzffi&I:: 

~JE~:hoo 
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[0097] HPF271 b, 271cJ::!J /:±:lfJ~:hfcq=t rWJ~JaJ~~J!f0){8 %!:t, :;'.lo7'J-,.-:7q::--y/'t7 

27 c:[RJ~~H;:ttiffflG~:h07-1Jv3>'272a"'272dc:1J0#~274a, 27 4bc:7-1 Jv!l275a, 

27 5bc:J:: ".Jft0 @J)m~~:5t-C-:7o7' J--.-:7::f--\7 /'t1vM::f!I!il~:n'ti!~:h00 :707' J--.-:7::f--\7 /' 

t1vM::f!I!il~:nm~:htc q=r rWJ~JaJ~~ffl=O)fi %!:t-1/-1/':::i/'J--.o-;v7/'7°276b, 276 

C [;:)\.jJ ~:(L,, ,1/--{/'iJ~wlff~~:(L,Qo 

[0098] LPF271a, 271dJ::!J/:±:lfJ~:htc~~)aj~~ffl=0){8%!:t~fil~273a, 273b[;:}\. 

jJ~:h,, q=tr,e/J~}aJ~~ffl=O)fi%t;:MT0:707'r-:7:{--\7/'tJvM::f!I!f;:~-t0a~r~ic: 

Vifl£[R)Ca~r~itiJt~fil~:h00 ~fil~273a, 273bJ::!J/:±:lfJ~:htc~~)aJ~i,~J!fO) 

18%!:t,1/ 4/':::Z/'rO-Jv;/'7°276a, 276df;:}\.jJ~:h,, q=t rl'IJ~}a]~~ffl=0){8%C: 

0) v~Jv~iJVt< ft0J::5 ,1/ -1/'il~ift,l~~:h00 

[0099] ..:CL -c :.1JO;J,:~277a, 277b!:t, ,1/ ,1/':::i/'J-,.o-;v7/'7°276a"'276diJ:.G/:±:lfJ~ 

:htc~~)a] ~~ffl=O){§ % c: q=r rHJ~}aJ ~~ffl=O){§ %c:~JJO#T00 1J0#~277 a, 27 

7bJ::!J /:±:lfJ~ntdi §·!:t, q=t rl'/J~Ji!f]~~*O)fi §·[;:ML ""(O)Jj.:;707'r-:7::f--\7/'t 

1vM::E!I!il~:n'ti!~tLtc:7o7'r-:7M::E!l'!{8%-C-&>00 :.1Jo;J,:~277a, 277biJ:.G/:±:lfJ~tLtc 

07'r-:7~:f!I!{8 %!:t, 7/'7°510)2r'T-\7/' *Jv7/'7°5 lac:::ti'T-\7 /' *Jv7/'75 l 

b-C--ttL-FtL,ffirjii~tL, 7'l:::
0

-jJ53, 54iJ:.G56if~tL00 

[0100] :._0)~250)ttiffvG-C-l:t, ~~)aj~~ffi:0){§%(;:ML -C!:t:707'r-:7::f--\7/'tJvM,;f!I! 

il~:nm~:httv 'fc'rh, ~~)a]~~,m:-c-~+1=1~0)ttv ,fi%c:L -CFf.1:.~:h00 

[0101] ~ 14f;:ffeT:707'r-:7:{--\7/'t."727-C-!:t, frJ~0)~21 "-'~24(;:-CfJlaJ]LtcJ::5 f;: 

, :;'.lo.7' J--.-:7::f--\7 /'t."7 2 7 f ;:J::;s:707' J---:7q::--y /'tJv;Si"}JJl~J:t 1 OOHzJ;l. r-C-!:t+:5t 

f;:;ffGtL -Cv ,ttv 'o lOOHzJ;l. rO)~~)aJ~~ffi=!:tiflJJt:O)J'.E{1zJ;:%.:z.0~IM~:P-tt 

v'ffi=~-C-&>00 :707'r-:7~::f--\7/'t."JvLftv'{8%!:t~,tij0){8%c:L -C~fo~~~L 

-C5t!O!t~tL -CL~5o 

[0102] ~25[;:7f-T:707' J-,.-:7q::--y ✓t."727 a -C-!:t, 100,..,_,200Hz0. r O)~~)a]~~* 

-C-:7o7'r-:7::f--\7 ✓tJv~:ftbttv ,J::5 f;: L, ~~JaJ ~~,m:-c-~-t1=11i %il~1:.Cttv ,J:: 

5 [;:Lfc:707'r-:7:{--\7/'t."7~~ffl.L, -Cv '00 

[0103] ~26[;:, ~25c:l:t7-11v!lO)tfifJ1x77ldiil~~tt0JaJ~~ffi=~:5tt1J~0):707'r-:7={-

-\7 /'t727b~ffe L, ..:CO)ttiffvGc:IJJ{1=q;: "":) v ,-cJJlaJ1 T00 ~ 25 f;:ffe Ltc:;'.lo.7' J--.-:7q:-
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-y/'t727ac!::IPJ-O)~Jil§~lfT0ffiffflt'€f~'.jj't::!'i!PJ-~%~ftL, ~O)fJlaJ]~~--~ 

T00 

[0104] ~26f;:ffiT:7P.7-r--:7:f-.Y/'t."727b!'i, ~250):7P.7-r--:7:f-.Y/'t."727ac!::J:t~ 

L '"C 7-1 Jv:7272a,.._,272d1z.V7-1 Jv:7275a, 275bO){~;bl',H::7-1 Jv:7278a, 278 

bl?( V7-1 Jv:7279a, 279b~{Fm ?t0,~~tl=l~L t:t3f'J, ~~1Jl*b~fJ>:> tit \00 :7 

P.7-r--:7:f-.Y/'t."727at'i7-1 Jv:7*'tlE~7-1-F7;d-17-F~O)FIR (finite impulse r 

esponse: lf ~H-1/' /~Jv.7-J;t~) *~ffifffltL tit \90) (::ML, :7P.7-)----:7:f--Y /'t."72 7 

b!'J:7-1 Jv:74lft~7-1- }t/'\o/:7~0)FIR*~t1lt:J;JGL tit \90 

[0105] ~26(::;r3lt\t, HPF27lb, 271cJ:f'J/±ljJ~;h,tcq=rrWJ~ml~J1Jjf0){§%!'i, FIR 

*0)7,-(Jv:7278a, 278b, 279a, 279b1z.VJJ0~~274a, 274bf::J:0t:7o.?-]---­

:7:f--Y /'t1v)'l1:El:6~:nm~n00 .ffJ'i'€f~fiii¥00~iJ!UJE~fii6~;ftoo Gtttc.7-11v:74t·ti!'i 

, 7-1 Jv:7278a, 278b, 279a, 279bi7'JO)~ffiLftlt \ic'[:lµ_l~t::m*~~;h,, 7-1 Jv:7 

278a, 278b, 279a, 279b!'iAiJ~t10fi §·f::~tt-Ftt,0)7-11v:74lfl:~J£7;f-J6 

!v~/±\iJT00 :7P.7-r--:7:f-.Y/'t."727bf::J:tt!i, IB:~ml~~*~~tl=lf§%:6~:1:. 

t:ftlt\J:51::L t~fol@~~~T0c!::1t\5,~~:7P.7-r--:7:f--Y/'t727ac!::IPJffiO)fpffl 

5<"JJ*~*T9o ~ 26 f;:ffiT :7tz.?-)----:7:f--\7 /'t."727bO)jJ;6~ ~ 25 f;:ffiT :7P.?-)---­

:7:f--\7 /'t."727 aJ: f'Jb{~fflT07,-( Jv:70)~~~1,-tt<-r-0=.c!:::6~~~, ffiffflt~'M~{~ 

~~00 ft:t3, FIR*0)7,-( Jv:70){~;bf') f::IIR* (infinite impulse response: ~~R-1/' 

/~Jv.7-r,t~) 0)7-11v:7~ffl1t \tbJ:lt \o 

[0106] ~ 3 f;:~Tffifffltf;::t31t \tf'i, :7P.7-r--:7:f--Y /'t."727 (~td'i27 a, 27b) ~lUf»:11'€f~ 

4 7 c!:: !'iJ.!IJffifffltc!:: L tit \9 :6~, lUf»:11'€f~4 7:6~DSP (Digital signal processor) ~{Fm ?ttc '? 

-1 :7P7°Pt."o/-!j-O)~~f::!'i, :7tz.?-)----:7:f-.Y/'t."727, 27a, 27bO)~Jil§~lUf»:11'€f~4 

7(::~fi~--l±"tbJ:lt\o ~tc, :7P.7-r--:7:f-.Y/'t."727, 27a, 27b!';tr,-Fi:'J::r:7f::~H 

JE~tti\ 1/7r-?::r:7[::J:0t~m-r0=.c!:::6~~~00 

[0107] <-"--o/F7;d-/'ll}:1:.> 

c!::=.0 ~, ~3f;:ffi-t-ll!k:flifrlc~N:1:.~fiilO 1 f;::t31t \t!'i, :;t-7'-1:;t{l %{~ 

'€f~26J:IJ /±liJ~tt0if rfi %~-"--o/ F7;d-/'~b5t.lfi!i:~~ 0J:5 f;: L tit \00 /'\-1 /-7 

1vifrfi%~-"--o/F7;d-/'~5t~~T0~~f::!'i, -1J£Ltc:7tz.?-!----:7fflt'.jj'f'i:1:.Cft 
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l;\o :7P7'}---:7q=--y✓t7271;:-C~lH!i!Ltc:7P7'r-:7~:l!IH~%~-"'o/F7;t✓--C-Stl,l 

T0c/::-1 /-7 ;vif rf{§%0)~tfilfflG:5;)-iJ~iE:,t"O)Jl="C'stll~h -CL~5o ~,tij)Jx::5;)­

l'i gJ ~,w.1;:ttv 'if°Wf§ ~·fflG:5;)---C-&ilJ, stllJ::t,ff~L<ttv 'fc~, ,?{-1 /-7 ;vifrf{§ 

%~-"'o/ F7 * /'--C-bst.lliT0~itf;:1:t::'.7o7-J---:7q=--y /'t1v~:Em~fi;tdtv 'o 

[0108] -i--:.--c-, ~31;:ffi-t-J::5 f;:, :i"--r',{:;tif %1~:ff~26J::VJ l±L1J~htcif rf f§ %~, :70 

7-J---:7q=--y✓t727~:fr-t-0-=.c:tt< if rf l±lfn'.imFf37 d;:1±1JJT0J::5 f;:L -Cv '00 

ifrf l±IJJYi'ru~37ctr-.t)/±:lfJ~htcifrff§%1'i-"'o/F7;t/'56-"'#t*fi'~h00 till~ 

591'ifrJ~O)J::'.5 f;::7p7-}---:7q=--y/'t727 J::VJ /±:IJJ~:h,fc_:707-}---:7~:fif§ 1}~7'1:::° 

-}J53, 54(;:J::0-CstliT0S:.c:b "C-2'.0L, :7P7'}---:7q=--y✓t7271;:J::9~:fl~ 

:Ml!L -Cv ,ttv 'irr'f 1§ %~-"'o/F7;t /'66f;:J::0 -CstliT0S:.c:b --C-2'.00 

[0109] ~ 27~ ffiv ,-c ,7{-1 /-7 ;vif rf{§ %0)-"'o/F7;t /'55--C-0)¥f1:.-=f.Jill!;:"Jv ,-cJJl~ 

T00 ~131;:ffi-t-70-'f--y-h!::[P'J-O)~:fil;:f-;t[P'J-O)fsj'.%~1-tL, -{-O)JJl~~ 

if litfr T 0-:. c: c:T 00 

[0110] ~271C}3v ,-c, 7-To/7°S 181,._,S 186~--C-l'i~13--C-}Jl~LtdilJ--C-&ilJ, 7-To/7° 

S 1921;:-c, -"'o/F7;t/'55"C-0)¥}1:_iJ:-.NiP~fiJJET0o -"'o/ F7;t/'550)~ml'.imi~ 

--C-&i0if rf 1±11Jl'.imi~37 cf;:77~t'iJ~1'A~h -Cv \07J"~~ffiL -Cv \ftv \~m~l±liffi 

f;:J:: 0 -C~l±IThliJ::v 'o 7'To/7S 192--C--"'o/ F7 ;t /'¥}±--C-&i0c:fiJ1E~hhli (Y 

ES), 7-To/7°S193[;:-C, l:::''7':i"{§i}(;:[P'J_ML -C :7P7'}---:7q=--y/'t/v~:Ei~:f-T:b 
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ffi--1±"-f) ~'Vm;{., -*fc.i'ifl~O)v1/A,~~IJJ~--l±"-Cv1/A,F~ifilE~~RJ~Tg:_c/;: 

J::0trBt~1$:~A'-A7o/7° / ?7''1)1/TgA'-A~fjl§~~L -Cv\go 1!l1t:tf~48/;:J::--::i 

tA'-A 7o/7°~{til~tt~ngc, lU1$11:ff~4 7il"GA'-A 7 o/7°lU1$11{§ %il~7J 77:i'.f~ 11 

f;:AJJ~n tflt~{;$:il~A--A7o/7°~n tffl{l~ngc~I;:, ,A'-A7o/7°lU1$11{§% 

i,~ifFA'-A)ll!;E!l!'l'.f~331;:AJJ~n tAJJ~ntc.ifF{§%(;::xtL -C1fFO)A'-A7 

o/ 7° )fl! :Ell! ii~ :nm~ ftg 0 

[0115] 1rFA'-A5'l!:E!l!'l'.f~33l'i, A'-A7 o/7°lU1$11{§%1;:£---:5v \t, /'\-1 /-7 ;vif F{§ 
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[0117] ~291Ct3v\-C, ;(-Aft•~/±1$33ll';J::ffiljqij$47il"6,fjtifl'~h-'5;(-A7o/7°ffilJ 

qij{§%:a-£f;:;(-Aft•:a-~l±IT00 ffi~ff/±1$332l';J::~/±l~ntc;(-Aft*f;: 
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C-Cffiljqij$4 7-C-1ij6h0A'-Aft•:a-~WT00 A'-Aft•:a-jJ ;-(7:ff~l l O)v✓A­
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9o 
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00~1&1fff333, {iiil00~~-t"!J334, J£JJ-~JJ-~•ff336il~~JJ□~:h -Cv \0,¢,i:-C­

;t§~L-Cv\00 

[0121] 12Q3H:.:;t3v \-C, {ii.i¥00~~t!J 334t:.f';J::if~1r~ms"Jt:.m:t_f€L -CJE{ft~1i"tc~m 

if~ 1i:'%fflGT 0 tcbb 0) !iltMiiilOO~:fi: le. •r,l L -c :t3 <o -c O) !iJf~MiiilOO~ f';J:: ~m if 

~iP6-JB1i"6:h0if0)5t.!IJ!ltt~'f"~:fi:1l0tcbb0)00~-C-;bVJ, st.lD!lttt•~f';J::~~if~cst 

JC~tf cO)fileli!U:.J::0-crR:*00 

[0122] 00~1&1fff333t';J::, ~~-/±!ff332-C-·t±:!~:h0~~ a r:.vt0-CmJE~:h0if~ 

0) JE{ft {fttl: t:.xtfitT 0!iJ'it~{iiilOO~:fi:{iiilOO~~'t" !J 3 34:6,.6![)(1ijT00 tt:t3, !El 

29t:.:t3tt0~* a c!El31,& 0ft!!O)!Elf:.:t3tt 0~* a ct';J::~,fL'li[P]C'tiO)-C-f';J::ftv \ 

ii~, 'B1!1!:J::[P]-O)fsf%1rftTo J£JJ-~JJ-~-ff336/';J::, 1J□-ff335-C-1:.fflG~:htc 

,,,~-1/-71vif rt 0) JJ□ f/i {§ % t:.00~1&1fff 3 3 3-C-1&1l~:htc.liJtMiiilOO~:fi:J£JJ­

~ tJ> o AJ~ffirliiff337t';J::, !iltM~ilOO~il~J£JJ-~*:hfcJJn•f§%1i:'~~-t±:!ff33 

2--C-~6:ntc~~ a t:.f;E0-CffirpiT00 JJ□-ff338a, 338bf';J::, fr., ti"'T-t1/*Jv0) 

,,,~-1/-71v1f rf{§ %cRJ~ffirpiff3370)/±!1Jf§%c:fi:JJ□•-t-00 :..:..-c:-i';J::, AJ~ffi 

'Piff33 7:fi:{Fm .:t0ff!ffflGc Ltcil~, ifl!JR:fi:~ma"J t:.ili:ti€L -CJEfft~00)JJ--C-ti+:St:. 

5<":113'!:s"J-c:-;bVJ, AJ~ffirpiff3371i:'1f~T0:..cti AJ"fi~-C-;b00 'itc, 00~1&1fff333 
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[ O 12 3] ~ 3 2~ ffl v y·c {Bt~ {f 7Jl ~% fflGT 0 tc ot> 0) mfff~{ii~ 00 ~ 0) IU JE71¥t t:: ~ v Y'(j~ 

~T00 

[0124] ~32f::ffi--t:UJ'i:ffMii.i¥00~i:UUJE~ti:6al:t, /~-1/-r 1v:::z/l:::0 .::r.-'.96L ffljli~62 
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-.r--..o/ F-z-1 :7681':t, AI!ij68H::-z-1 :7.:::r..:::.o/l--684a, 684b~~~L -Cv \00 @:ff~ 

{ii~OO~IUJE~-/w:6al':t, ~ 15 f;:ffi Ltc!ij:ff~{ii~OO~IUJE~-/w:6 c!::.lt~L t, rJ ffii 

%i'llf~f:$:65el::~!fLtc-z-1 :7.:::r..:::.o/J--65a, 65bO){~b~ f;:5·~--"-o/ F-z-1 :768~ 

fflv \-Cv \0,¢,e, & V, .Al:::0 -:fJ~ti::,tiO).Al:::°-:fJ63, 640)-jf O)JJ-c!:'. Lt (~~~l':t 

.Al:::°-jJ63~{5e:ffl) 5·~--"-o/F-Z -1 :7680)JE9JrnH::fficu!L -Cv \9,¢,e~tB~L -Cv \9 

0 

[0125] ~33f;:5·~--"-o/ F-z-1 :7680)[2l;/rffii~~,,~To 5-~--"-o/F-z-1 :7681:t, ¾:fr-%:ff~ 

,tJ682a, 682b~-Olif ::t0AI.ffj6810)Jrji683a, 683bO)JdJ ili{ff::-z-1 :7.:::r..:::.o/ J--

684a, 684b~fficti:LtcbO)~dlJ00 ~ 16 (C) f;:ffiLtc'.9'~-.r--..o/F-z-1 :7691':t, ¾Ji 

693a, 693bO)~if~O) _AO)'.llt)llO){ftti:1::tB ~T0{ftfiif;:-z -1 :7.:::r..:::.o/ l--694a, 694 

b~@cti:LtcbO)~dlJ~, 5·~--"-o/ F-z-1 :768~1:t¾m683a, 683b0) A 1=1 ili{f f;:-z 

-17.:::z.;::.o/J--684a, 684b~fficffif:L tv\0,¢,e~3'~-.r--..o/F-z-1 :769c!:'.tB~L -Cv \00 ft 

:to, im'~, :9--~--"-o/F-z-1 :7 c!:'.l':t, ~16 (C) f;:ffi--t J::5 f;:JrJi693a, 693bO)~if~O) 

_AO)wz)llO){ftti:f::tB ~T0fftti:l::-z-1 :7.:::r..:::.o/ l--694a, 694b~@cti:T0bO)~v \5 

ii~, ¾:fr-%:ff~tJ682a, 682b~-Olif ::t0AI!ij6810)Jrji683a, 683b0) A 1=1 ili{f(;: 

-Y-17.1.:::.o/J--684a, 684b~@cti:Ltc~330)bO)b-@!1L..l::!i~-.r--..o/ F-Y-1 :7 c~L 

tv\00 

[0126] 5-~--"-o/F-Y-1 :768~fflv \0~c!::f::J::~, .Al:::0 -:fJ637'.l"GO)if F'1~ ¾m683a, 683 

bf::J::0J&Wi1~~7'.l"htc.?~-1 /-7 Jvif F'1 c!::L t~ifT0~c!::il~~~00 

[0127] ~321::JR~, /~-1/-r 1v:::z/l:::0 .::r.-'.96H::J::~{f~;;tfi-11//~Jv.A1r J::~tt0IUJE{8 

%~1:ffltT00 IUJE{8%l:tf10i~62~:l:fOi~h00 .Al:::°-:fJ63il"G-JBir~htciUJE 

{8%1':t:$7''~-.r--..o/F-Y-17680)ft,ti0)-Z,{ :7.:::z.;::.o/J--684a, 684b~§t{f~h0o stir 

L t:fijGtt,tcti::,t-0){8 %f:tff ljli~66a, 66b ~ff ljli~h t /~-1/T ;v:::z 1/l:::0 .::r. -'.96 

1(;:AiJ~h00 /~-1/T ;v:::z/l:::0 .::r.-'.96ll':l:1:ffltLtciUJE18%c§t{fLtd8%c~ 
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J:l:~-t-0:..c[CJ::I'.), 5·3:-"'-o/ F-Y-1 :7680),ffjf!f~{iii¥00~h ( t), h (t) ~;itbc')-'5o ,ffj 
I r 

00 ~, :ffjf!f!Hii ~ OO~h ( t) f'i:ti fj!JJ 0)-y -1 :7 .::z.;::. o/ l--6 84 b '"(-0) stiff~ ~· l CJ:: l'.J ;it be') t c 
r 

.l!j:ff~fiii¥00~--C-db-'5o .Al::
0

-jJ63c::/'·3:-"'-o/ F-Y-1 :768cO)ffiMD~, ff~?i:Jio. 5 

m, lm, 2mftc"O)J::5fC~JEL, -{-;h,,F;h,O)ffiMDlC}3~t-'5.l!j:ff~{iii¥00~~)i[Jftj(;jt 

6<1) ,'50 

[0128] ~34,.__.,~39fc, ~32fCffiLtc.l!j:ff~{iii¥00~iUJE~tl:6a--C-iUJEL t1lGntc.l!j 

if~fiii¥ 00~ 0) *'11: ~ffiT a 

[0129J ~34(A)fcffi-t--1✓ /{Jv.Afit~iBU~t'i, .Al::°-jJ63c~3:-""o/F-Y -1 :768cO)ffi 

MDzi~50cmO)fflit[C,tE{JlljO)-y ,,{ :7.::z.;::.o/ l--684a--C-5tif~;h,t:::jBU~--C-db-'5a >Wt$11H'i 

IE:ij[{l::~;h,tc;fJJOi ( ffl)±) t'db-'5o ffl,.f111'ia~rFl,--r-dbl'.J, t~.;$:{l::JaJ ~~zi~48kHz--C-db-'5 

f~i}O)tJ,;$:,¢,t:O)~t'ffiL tdb-'5a ~34 (B) !'i~34 (A) fCffiT-1✓ /{Jv.Ar,t~~% 

~/{-1/-:r ;v:::z✓l::°.::z. -561 --C-7-!Jx.MtfrL t1tGntdaJ~~r,t~ttlfl:t-db-'5a ffi 

$11lil~Ja1 ~~ (Hz) --C-dbl'.J, >Wt$11l!'ifit~*'t-1--C-db-'5o 

[0130] ~35 (A) !'iffiMDil~50cmO)ffl1HC:tifJlljO)-y,{ :7.::z.;::.o/f--684b--C-5tif~;h,tc-1✓ 
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[0131] 0-T, [R)~[CL t, ~ 36 (A) t'iffiMDil~ lmO)fflitfctr:{JlljO)-y -1 :7.::z.;::.o/f--684a --C­

stif~;h,tc-1✓ /{Jv.Ar,t~~%, ~36 (B) f'i-{-O)}aJ~~fit~4ff!:t-db-'5a 

[0132] ~37 (A) !'iffiMDzi~lmO)m,g-1::;;t"fJlljO)-y,,{ :7.::z.:=.o/r684b--C-52if~;h,tc-1✓ /{ 

Jv.Ar,t~~%, ~37 (B) !'i-{-O)}aJ~~fit~!rl11"1--C-db00 

[0133] ~38 (A) !'iffiMDil~2mO)fflit!Ctr:fJlljO)-y,{ :7.::z..:::.o/r684a--C-5tif~;h,tc-1✓ /{ 

Jv.Ar,t~~%, ~38 (B) !'i-{-O)}aJ~~fit~!rl11"1--C-db00 

[0134] ~39 (A) !'iffiMDil~2mO)fflit!Ci=i"fJIJJO)-y,{ :7.::z..:::.o/r684b--C-5t'ff~;h,tc-1✓ /{ 

Jv.Ar,t~~%, ~39 (B) !'i-{-O)}aJ~~r,t~*'t-1--C-db-'5o 

[0135] -{-;h,GO)*'t1~J:l:~T-'5c, ~34,.__.,~390) (A) tcffi-t--1✓ /{Jv.Ar,t~~%1'iffilil 

DO){i~o. 5m, lm, 2mcffi:1J0~1i"0c~%0)~rj,jf'i~YT0a ~34"-'~390) (B 

) [CffiT Jal~ ~r,t~!j:ff!J'i, ffiMDzi~O. 5m O)fflit!'i 1iBt~O)#j P3 --C-lffl A.de 1 kHz"-' 
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4kHzO) Jal ~~:ff~:$t-C-~400Hz0) r~, ~;O)mJl1Ja"Jft[ill 8/tffl: (l:::°-Y-;r'~o/7°) il~:1:. 

C-C:tolJ, ffili!tDil~ lm0)$1t-C-f'i~~~mJllJft[ill 8!rl-titc:ft1J, ffili!tDil~2m0)$ 

1t-C-f'iJaJ~~r~i~;n~jVt0~~0)lliJ8/tf'tin~lJiJJ-1t:b~ntc./tl'tic:ft0-C1i \00 * 

tc., ffili!tDiJ~ [R)-0)$1tt'ib::::ti-C-f;tViflil]-O)/j:f'tiii~1iGn -Cli \00 

[0136] ,,,~-YT ;v:::z ✓l:::0.1 -576 H'i, ±fflc:Ltc.-1✓ ,,,~/v.AifO)jljJE{§ %c:ffi~i~66a, 66 

bil'>GAJJ~n0-1✓ /~}v.AJ;t~1s%0)~%c:~l:l::~L-C, ffili!tD~'c:O)EJ'i:ff~{iii¥~ 

'~~>ftb000 ffi!UD~'c:f-:>ftbbtc.EJ'i:ff~{iii¥~'~ii~ifW¥:~{&J~a"Jf;:ffij!jf[DO){:\'z:tl:f;:JE 

1:v:~1t-c, ,{-O)flR~a"Jftif W¥:ti"GO)if ,r 1s %~5t.lfmttri=5t.lfmt~1t 0 tc.bb 0)/tffl:-c:ib 

0 0 ft:to, *~:nm%~-C-f'iffi!ilD~O. 5m, lm, 2mc:Ltc.il~, ~Gf::$,<O)ffi!ilf:::to 

Ii \-C-th-'t:t[;O)/tf'ti~>ftbb-CtJ:<, Jffili1DO)r~1~;~0. 5mJ:IJt~<L -CtJ:li \o 

[0137] J;J.J:O)J::jfS:::L-C1fGntc.EJ'i:ff~{iii¥4'f'ti!'i~310){iii¥00~~-t"!)334fS:::~"i:i't.i~n 

00 ;(-Aft*~W~331-C-~W~ntc.A'-Aft*f::ML-C, lc't.i~ntdiii¥00~ 

O)li \-rn~ffi" \0ti"i-x, -f~Uc:L-c, 1J~7:ffn 1 r=:tott0[2Q~Lft1i \ gi mJJ~,~iJliJJE~ 

1i13/;:J:1JitiiJ~h0tBl'_!j'..{:;fs:*-C-O)ffi!il~A,_A1'€f*-C-~L -C1iGh0~~ a ~ffili\ 

00 fjiJ;:zJitN~f:;fs:*-C-O)ffiJi!tn~lOm-C-A'-Afit*n~50)$#, ~~ a f'i2c:ft00 tN 

~f:;fs:*-C-O)fileli!til~10m-C-A'-A1t*il~100)$1t, ~~ a f'ilc:ftlJ, A'-A1t*il~ 

200)$1tf::t'i~~ a f'iO. 5c:ft00 

[0138] ~40~ ffili \-c, irF'f A'-A~;l:!1!~~33a-C-O)l}]fp~13"'LJ'l!!R:{lif F'fic~ ff:1:.~tl:10 

20)1}]fpf;:~1i \-C~Gf;:fJlaJ1T00 ~40t:::to1i \-C, .ATo/7°S211 f::-C, JJ□-~335 

f-;t/{-1 /-7 Jv'?-1 Y3il"60)b:::ti"T-t✓*JvO)r{-1 /-7 ;vif F'ffs%~JJ□-L -C1J□ 

f/i1s%S~1i00 .ATo/7°S212f::-C, A'-Aft*~W~331f'i.fp:ff~480).fpf;:: 

J;tC -Cffi1Jqap:ff~4 7-C-1~Gh0A'-Aft*~~l±IT00 .AT:Y7°S213f::-C, ~~-/±I~ 

332f'iA'-Aft*f;::J;tC-C{iiJ¥00~~-t"!)334f::lc'l:i~ntc.~~O){iiJ¥00~0)r-JO) 

li\Tn~~~T0il"~~6':>tc.lJ, AJ~ffi~i~337-C-O)ffi5if!t~~T~~ a ~-/±IL 

tc.l'.JT00 ft:to, ~~ a c:L -Cf'itN~f:;fs:*-C-O)ffiJi!t~A,_Aft*-C-~L -C1iGn0~ 

~-{-O)'i'iffili\-CtJ:li\L, tN~f:;fs:'i-C-O)ffij!jf[~A,_Aft*-C-~L -C1iGh0~f;::}i 

---51i \-c :1:_pJGLtdllt-C-ib0-CtJ:1i \0 

[0139] .ATo/7°S214f::-C, OO~J&1f~333t'i~~ a f;::J;tt,-C{iii¥00~~-t"!J334J:IJ{ii 
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~~~~I&;f~L, ,l:J;.~J;.~-~336l'i1J0.~335;6:.~/±ljJ~:htc1JO·{~%f::{~ 

~~~~,!:JJ-~D'o ATo/7°S215(C(' RJ~ifflrliM~3371'i,l:J;.~Jj.~~~3360) 

/±L1J{§ §·f::~~ a ~*C-Ctffi5iT00 7-To/7°S2161::-C, 1J0-~338a, 338bl'i, 

tr., -:tiT-t✓*Jv0)/'\-1 /-71vffpf{§%c!::RJ~tffl1liM~3370)/±liJf§%c!::~1Jo•-r 

00 -tL -·c 7-To/7°S2161::-c ;('-A7o/7°ifrf{§%~~~~{t441::~~T00 7-

To/7°S2181::-C' ftUjj)ff~4 71'iic~il~K4-TLtc:o:.irJJEL, K4-TL -Cv \f~tt:hli (NO) 

, 7'To/7S211;6:.~~l'.JJl&To 7'To/7S218-C-fc~il~K4-TL -Cv\:hli(YES), ifrf 

;('-A)Q!:f!l!if~33a"C'O))Q!:f!l!~K4-TT00 

[0140] ~ffi30)~:JmUfff1i)> 

~20)~:JmU~~l'iifyfO);('-A7o/7°)Q!:f!l!~fc~{JllJ-C-1f5tO)-C-;b0il~, ~30)~ 

:nm%~1'iif rf O);(--A 7 o/7° )Q!:f!I!~ N1:. fJIJJ-C-fi5tO)-C-;b00 ~41 f;:,,,~Tffi30)~ 

:nm%~0)i!W:{lifrfic~N1:.~&1031Ctov\"(, ~3f;:jf.LtdfHO)~:nm%~0)i!W: 

{lif ric~N1:.~ti:101 c!::iA'lCml~l§~~T0i1Jft\G$:B-l::l'iiA'l~fsf §·~{tL, -{-0) 

}JlOO~if Ple-T00 l!W:{lifric~-f!f1:.~ti:1031'il!W:{lifric~¥}1:.~ti:10lc!::!t~ 

L -C, ifrf;('-A:71!:l:!1!$33b~:5t$1{~ffn50)~.®'.l::~tt-C:tol'.J, ;('-Aftf$~/±I~ 

331~$~f~iffi130)JW.f&f;:~tt-Cv\9,~ZJ~tl=l~L -Cv\90 t~:to, ~41---C-l'i, .r-._o/F 

7 ;;{" ✓55,!::.r-._o/ F7;;{" ✓550)~mti/ru-f,-C-;b0if rf /±IJJJ!/ru-f,37 cO)~jf.~1f Pie-L -Cv \ 

0o 

co141J l!W:fl'ffrtc~N1:.~t!:1030)l!Jft1::~v\-ctJlOO-t00 •ftff~4sil~•ft~:h, iu 

jj)ff~4 7-C-1:.ft\G~:h0:fJ ~7if~l 1 O)v✓A',l[l/Jffl{§ %1'i:fJ ~7ir~ 1 lc;('-Aftf$~/±I 

~331 f;: ~ia~:h00 ;('-Aftf$~W~331 l'i, V✓A',l!Klbffl {§ 1}0);('-Ajj [P], 

;('-A~!Jt, V✓A',l!Klb~F~~fg~tfrL -C;('-Aftf$~~/±IT00 ~/±1~:hfc;('-A 

ft$~jf.-r;(--Aft$·ttffl1'i$mf~ff~131::~if5'~:h00 :$mf~ffn31'ifsf §·f~l!W: 

{l{§ %tfsf%1~1f rf {§ i},!::,7{--{ /-7 Jv77:7''{§ %[:: {Jf-l±"-C;('-Aftf$•twfflt:$ m 

f~T00 ic~·N1:.ff~141'i;('-Aftf$•twfflt~tJ>$mf~f§%~1c~~{t441::fc~ 

T00 

[0142J tc~· Ff.1:.ff~141'itc~~f*441::tc~~:htc$mf~f§%~Ff.1:.L, :B-$1f~ff~15l'i 

fsf%f~i!W:fl{§%cfsf%f~ifrf§%c,,:.:;-1/-71v77:7"{§%1::{Jt-i±--C;('-A{tf$·tw 
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fflt5tlllToo ~:-Aff*·tr'fffll'i{f?'f7.'-A~lHi:ff~33bf::.J,.fJ~:hoo 

[0143] ~42!'i{f ?'f7.'-AJ&:Ei:ff~33bO)jl.f;is:i'l"Jfti1J~fftl-C-&Joo ~42[::.~T J:5 [::., {f ?'f 

7.'-AJ&:Ei:ff~33b!'i~290){f ?'f7.'-AJ&:Ei'tf~33c:lt~L -C, 7.'-Aff*~l±lff33 

1 i)~tgfiP:h -Cit \9}~t:1JOjfiff338a, 338b f;:.AfJ~:hof§ %il~:7P.A J---:7::f-..Y ✓'"e7 

270)/±lfJf§ %-C-&Jo}~-C-;f:l=l~L -Cit \90 

[0144] ~421::.:te>v \-C, ~~jfi/f:lff332!'i5t/ll1~:tfn5-C-,t/ll~:h -CAfJ~:htc7.'-Aff 

*'twffl~ fflv \-CPJ~ffirpiff337-C-AfJf§ %~ffi1PiTo~f::.ffl1t \o~~ a ~-/±IT 

oo 1Jojfiff335!'i:t--7'-1:;t~ %1~:tf~26iJ:;GAfJ~:ho,,~-1 /-7 ;v{f?'ff§%~1JD 

jfi-t-oo PJ~ffirpiff337!'i1JDjfiff335iJ:;GO)/±lfJf§%~~~-/±lff332iJ:;GAfJ 

~:htc~~ a i::.r,tC-CffilPiToo 1Jojfi~338a, 338b!'i:7P.Ar-:7::f-..Y✓'"e727iJ:; 

GO) /±lfJf§ % c: PJ~iffirpiff33 7iJ:;GO)iffirpif§ % c:~JJojfi-t-oo 

[0145] t:~0---C-' 7J~7:ff~l 1 [::.:te>tto7.'-AJ&:El~fftl::zJ;fDSP~ffllt \-C1/7ri:'.i':r:.:n::.J:0 

-C~jfi J&:Ei L -C ~1T~ --1±" o$itiJ~&Joo {f ri 7.'-A J&:Ei ~ llf 1:a~ f::. 1T 5 $it t::. !'i7.' 

-AJ&:E!IH::.£,~ftDSPO)f§%J&:E!f!a~r~i~,1ti*T0£,~il~ft1t \o -f:O)fc'?h, ic.~a~ 

t::.DSP f;:.J: 0-Cffl~ Ltc~f~f§ %0):/ijj{~:1&:Ei~~f~f§ %0)f{f %1~, ~tcl'i~~ 

ffiLliMJftc!:'O)f§%Jl1:Em~+5tt::.1f5~c:il~-C-~oo {f?'f7.'-AJ&:Ei~llf1:atf::.fi5~c: 

[;:_J:tJ, DSP-C-O)~jfiI~il~7.'-AJ&;EiO)fc'?IJO)~jfiJ&;Efflf::.t1JtJ ~-CG:h-C, ic.~ 

~1'r5tc'?IJO)~jfia~r~i iJt7F JE Tot:v \57F .,,.~itil~-JB1:To:t3-f::h~@J~To~c:ilc:;-c­

~oo 

[0146] ~43!'i, ~420){f?'f7.'-AJ&:Ei:tf~33bf::.~L-C, ~31c:[p']it :iEq:JffijO){f?'ff§ 

% f ::.iliJl5i°7J*~ lj. ::z. o.ffj:tf~fiii¥00~~.;: JJ. i6 tr J: 5 i::.:m~ L tc =ff ri 7.'-AJ&:Ei:tf~ 3 

3c~~L -Clt\oo {f?'f7.'-AJ&:Ei$33d'i{f?'f7.'-AJ&:Ei:ff~33bt:lt~L-C, 00~ 

!&1lff333, {iiJ¥00~~.::i:-!J334, i!:JJ.i6JJ.~jfiff336il~~1JD~:h -Cit \o}~-C-tl=I~ 

L -Clt\oo 00~!&1lff333, {iii¥00~~.'.f-!J334, i!:JJ.i6JJ.~jfiff3360)11Jfp!'i~3 

1 c: [p'] ~ -C-&J tJ , fill l:IJI ~if Pie-Too 

[0147] ~ffi40)~:JmHtlm~ 

~44[::.~-t-ffi40)~:JmiJtfmO)~fl{f?'ffi:,~ff1:~ull04f'i, {f?'f0)7.'-A7--y 

7°Jl1:Ei~ic.~t!tf;is:440)ll}1:a~f;:_~:ff~~{tt::.J:tJ~lb-C-1f5J:5i1J~LtctO)-C-&Joo 

Exhibit 1004 
Page 0521 of 1001



WO 2006/054698 40 PCT/JP2005/02124 7 

jpf::>, ;(-Aft$•tr'fffl;o~!c.iMlf2fs:44f::~I:.~~tt, -Cv \ftv \miff;:, tJ!.!Citf59;o~'1:"==­

!7 52-CN1: Lfc.l!W:{~fi %~ Jt,ftil~Gif yif 0)7'..'-A 7 o/7° M::Em~1f5bO)"C&>go tJ!.!Ci 

tf59f;:J::g~IJJ-C1-r5ifyif0)7'..'-A7o/7°M::fm~'"?.:::.::i71v{fyii;(-AM::Emt~T 

g;:.tt-tgo 

[0148] ~44f;:if.-t~f~ifyii~~N1:~ti:104t'i, ~~ifyii~~N1:~ti:103tltt~L 

t, 7'..'-Af'€f$~/±!ff331 il~~--111:e-~n, if yif 7'..'-AM,:E!:fff~33bO){i;;bl'J f;:{f yif 7'..'­

AM!:fm:ff~33d~-O/if ;z_ -Cv \g}~-CtB~L -Cv \go 

[0149] tJ!.lfi!(tf59;o~~{''p:ff~48~~ftL -C'"?.:::.::i 7 ;vifyif 7'..'-A~1-r5J::5.J:~if.Tgt, ffiU1ill 

'Jf~4 n:t7'..'-A 7 o/7ffiU1i!l{§ %~if yif 7'..'-AM::Em:ff~33df;:A:1J ~:rt,go if yif 7'..'-AM, 

:Em:ff~33dt'i7'..'-A 7 o/7°ffiU1ill{§ %f::t¥:0 t:t---r',{:;tqj[ %1l::ff~26-Cil %~ntc.f{-1 

/-7 ;vifyiff§%f::xtL t7'..'-A7o/7°M::Em~»mT0 

[0150] ~45l'iif yif7'..'-AM::Emt~33dO)jl.{2fs:i'l"Jfti1JJJx:{~tl-C&>go ~45(::if.-t J::5 f;:, if yif 

7'..'-AM::Emt~33dl'i, ~420);(-AM::Emt~33btt~~L t, ffilJ1ill#~4 7tJ::.G0)7'..'-A 

7o/7°ffiU1illfi%il~A:1J~tt,g7'..'-Af€f$~1±!ff331ail~~ltGn, ~~Jfl±!ff332 

r:: l'i5t~ftfl:t~ 15tJ::.G0)7'..'-Aft$·twffl-Cl'ift<7'..'-Aft$~ l±!ff33 la -C1:JJx:Lfc. 

7'..'-Aft$•twffi~A:1JL -Cv \g,~-CtB~L -Cv \go -'fO)ft/!O)if~5tt'i7'..'-A~:fmif~33 

bt [RJ:#RO)m1Jft-C&>l'J, iJll3A ~~111:e-Tgo 

[0151] ~46~ fflv \tm40)~:1mf~~(;:;}-:Ht g'"?.:::.::i7 ;vif yif 7'..'-AM!:Emf::"Jv \t~Gf;: 

fJl13ATgo ~46f::;to1t \-c, ATo/7°s221 i::-c, JJoJfff335t'iN1:L t1tGnfc./L1 

/-7 Jvifyif1§%0)1c~O){§%~JJ01fL tJJOJffi%s~:ftgo ATo/7S222f::t' 

tU1illt~471:ti?kftt~4sr::J::0tifyif7'..'-Aft$il~RJ~~ntc.il,.~:6,.~fU'.iE-tgo A 

T:>17°S222-Cif yif 7'..'-Aft$il~RJ~~tl,fd~if t'i (YES), AT:>17°S 223 f;:~l'J, 

RJ~~tl,ft:6::.0fdj}ifl'i (NO), ATo/7°S226f;:~go 

[0152] *yif;7'..'-Aft$il~RJ~~ntc.~ifr;:1:tATo/7°S223(::t, 7..'-Aft$~/±!ff33 

lal'i7'..'-A7o/7°ftU1ill{§ %t::£01t \t7'..'-Aft$~1f /±!Tgo ATo/7°S224t::t, 

~~Jf l±!ff332t'i7'..'-Aft$~1±!ff331a:6"GA:1J~ntc.7'..'-Aft$f;:£01t \t~ 

~ a ~- 1±1 T go ~~ a l'i, if i)j ~tJ!.lfi!(tf O) frJ 77 r:: '.iE {v:~ it g tc. 6b 0) !iJHf~{iii¥~ 

~O)!r~"i1:~13 lv -Cv \-CbJ::v \o ATo/7°S225 t::t, ~~ a O){lJ!~f)rtc. f;:jf l±!~ntc. 
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flil l::: J!:WJr--t 0 o 

[0153] -t:L -C, ATo/7°S226(:::-C, RJW2fi1jij~33U:t1JO~fs%Sf;:~~ a :fi:*~L -Ca 

S1i:'1:fflGT00 tt:;J:3, ATo/7S223,..,_,S2251i:'{€e-Clt \ftv \$if!';t, ~~ a !';t{f rf ;( 

-Af(f,$iJ)RJW2T0wJO)fl1l-C;b00 ATo/7°S227(:::-C, 1JO;lf~338a, 338bl';t::7P 

AJ---::7:f--y✓t727[:::J:: 0-C :7PAJ---::7:3f--y ✓tJv~;fliJ):lJm~tl,fu'\--{ /-7 Jv{f 

rffs%f:::fs% a S1i:-1JOifT00 ATo/7S228[:::-C, A--1o/'TSw2&0ifrf l±!JJtrmFf 

37b1i:'frL -CATo/7S227-C1iGntc{frffs%1i:'l±IJJT00 ATo/7S229[:::-C' #JU 

1M):ff~4 7!-;iFf.1:il~~ TLtcti~i'Str,.1i:'-'¥1JJEL, ~TL-Cit ,tttthli (NO), ATo/7°S22 

1 f:::mlJ, ~TL-Cit 'nli (YES), 711:fl:fi:~ TT00 

[0154] <(~50)~:1Jm%~)> 

~47[:::~--tffi50)~:1Jm%~0)i!!k:f~{frffc.ifP}1:~fii105f';t, 7.'-A7o/7°{frf 

{s % :fi:-"" o/ F7 ;t-✓ 5 5-Cst IU!t--t 0 0) l;: tH·Ji ttffi )jjt:fi:~ L -Cit \;so ~ 4 7 f :::~--tl!!k:f~ =ff 

rftc~llf1:~ui1osr-;t, ~410)i!!k:f~ifrftc~llf1:~ui103t1t~L-c, ifrf;<'­

A 7113:!I! :ff~ 3 3 bO) {i;b ~ f;: {f rf ;(-A 7113:!I! :ff~ 3 3 e :fi:-Om ;;t -C :t3 ~ , {f rf ;(-A711:f!I! :ff~ 3 3 

eti~Gl±!JJ~ntcif rf {s %:fi:if rf l±!JJtrlm-=f 37 c:fi:frL -C -""o/ F7;t-✓55-'"'-.c#tiil'L -C 

V \Q}~"C{l=l~L -Cit \00 -""o/ F7 T ✓55 f;:fj:, :7PAJ---:7:f"-\" ✓i::'727[;:J:: 0-C :7PA 

J---::7:f--\"✓tJv711:f!:1!1i:':1JmL -C:;J:36 i\ {f rf ;(-A711:fl:ff~33ef:::J:: 0-C;(-A 7 o/7 

711:El:fi:nmLtc/'\-1 /-7 ;v{f rf fs %1i:-#tiB'T00 

[0155] ~48!';tifrf_:::t.'-A711:fl:ff~33eO)Jl.f:;fs:a"JttffifflGfftl-C;b00 {frf _:::t.'-A711:fl:ff~33e 

!';t~420){f rf _:::t.'-A711:flt~33bclt~L -C, 1JO;lf~338c, 338diJ)~1JO~n -Cit '0 

-~-Ctl=l~L -Cit \0o 1J0~~338c, 338d!';t, ::-d---r'-1::-d-~ %1f::t~26-C~ %L -C1fG 

ntu'\-1 /-7;v{ff!:fs%f:::RJW2fi11ii~337il~Gl±!JJ~ntc;t.'-A7:Y7°ifrffs% 

1i:-1JOif T00 1JO;lf~338c, 338df:::J:: 0 -C1JO;lf~tl,fc-""o/F7 ;t-✓st.tCi®:Jt§ {f rf {s g•l';t 

* rf 1±1 JJ trim T 31 c 1r:1t L -c"" o/ F7 * ✓ s s"" c#tiB'~ n;s 0 

[O 156] 0.J::filll:IJILtcffi2,..,_,ffi50)~:1Jm%~!:::J::;s;t.'-A 7 o/7°if rf {s-l}O)ll}1:tjJ~t';t£]. 

r 0) 5m 1J -c ;b;s o 

[0157] jJ ,J7~l lO);j:j!l!ffoJ il~17--{}q;:~;E~tl,, ;t.'-A{:g:,$;6)tj\~lt \$if f;:/-;t1JO;lf~335 

-c1Joif~ntds %!-;tRJW2fiipj~33 7-Cf;ffi~:l~nttv ,fc'ih, t.J!JU!\tf 59!-;t, ~.:::?" 52 
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f;:*/~~:htcl!!k:ftJ~%t1iiHl6*300~lffltf3600CO)ifF'ff~%~At0 -7J53, 54-C­

N1::Ltc~$~~~Tg'ffF'ffs%t~tJ!Jr,i-tg:..t1;:t,tg0 tJ!!l!fftJ~1:7-1Ff;:~'.iEL 

tc$it-C-btM.!l!fftJ !:t6oocwoc-c-clbgo tM.Jr,i*59!:t, i!!k:flO)tJi!l!fftJ t{f F'ffs §·a 

* Ltc~O)ftJ oci111ffl tO)~v \ f;:J:: fJ, -1:-.:::.:7 52t;:*~~:hgrJll'§:{;$:iJ:.656Tg*iJ~ 

JFJE:Tgv \;baj)g q=r~ttif F'f-C-clbgt:JmffiTg$'ftiJ~clbgo :..tt,f;:ML -c HIJ~O)~D 

< {f F'f ;(-A 7o/7°5ll1:f!f!iJ~~~:htc{f F'f fs %!:t, ffl~llr300(;:ML tJE q=tffiiiJ:.60) 

fs %JvG:B-~ft~:iL t /'\-1/-71v{f F'f fs %f;:JJ□-Tgfc21J, q=r~tti6~i1IHl~:htcif 

F'ffs%tttgo J::0t, tJ!lff-*59il~q=ttJUtifF'f-C-clbgt:JmfflTg:..t:~!Wir.L, tJ!lff­

*59!:tffil~~fftlt:lt~L t~6t::Jlfp~O)jd,t1t \~$~0)clbg{fF'f~§tlf,f,-tg:_ 

t:il~AJii~tttgo 

[0158] ~ffi60)~~%~)> 

~49, ~5o(;:~Tffi60)~~%~0)i!!k:{l=ff-F'flc~N1::~ffi106!:t, ffil "'ffi5 

0)~~%~0)J::5[;:r-J.ATV:;d-'"?-1 :72lt:/'\,1 /-7 Jv'"?-1 :73t:~531J k f;:~tttcb 

0)-C:/:ttt<, Jffl'mO)ATV:;d-.{r ffl O)y -1 :7 t:/'\,1 /-7 Jv'"? -1 :7 t:~*ffl~-tl:"tc:ffiFJvG 

~~L tv \go ~491:tffi60)~~%~bl!!k:{~if F'f!lE~¥}±~ti:1060)>1}fi:ffiFJvc:fjiJ 

~~T¥ffii~-C-clb1J, ~501:ti!!k:{lif F'flc~N1::~ffit1060)J'l.{;$:a"Jttr-Jif~:ffiFJvG15Ll~ 

~T7Po/:7~-C-clbgo ~49, ~5otcJov't, ~1, ~3t[RJ-O)~li~~~Tg:ffiFJvG 

:ff~:B-f;:f-;t[RJ-fsf%~ftL, -{-O)fSl13A~~IIJ.e.Tgo 

[0159] ~49[;:~T J::5 [C, l!!k:{lifF'flc~N±~t!:1061:tJ::ffii[;:'"? ,1 :73le, 31f~~t!: 

Tgfc21J0)'"?,1 :7t!Gti:t~35a, 35bt:'"? -1 :731e, 31ft;:m;m~:hfc'"?-1 :7::::z-F310e 

, 310f~ll3t*P3Tg::::z-Fll3t*P3t~34~-0m;;t t1t \go 

[0160] ~49[C;Jo1t \"(, '"? -1 :73 le, 3 lf~ fflv \"(jj'mO)A7v:;d-{f F'f f;:t:ffiifTg$itf:t 

, 1iiHl6*300f:t'"?-1 :73 le, 31£~'"?-1 :7t!Gti:t~35a, 35bf;:t!Gti:L t•ifTgo /'\-1 

/-71v*F'f O)•*~fi5$itl:t, 1iiH1&*3oor:t::::z-Fll3t*rrff~34iJ:.6'"?-1 :7::::z-F3 

l0e, 310£~51~1:±:!L 't'"?-1 :731e, 31f~¾302f;:~~L t•ifTgo i!!k:flifF'fic 

~N±~-/i:1061':t'"?-1 :7t!Gti::ff~35a, 356[;:t!Gti:~:hg'"?,1 :731e, 3 lf~~/:±:!Tg 

~~Lttv ,~,i:a~~l:±:!:ff~~~Tgo ~,i:a~~l:±:!t~t;:~IJJL tl!JftTgA-1o/-r (~5 

00)A-1o/-rSw4l::t~ ~) O):;d-✓ /:;d-7f;:J::fJ, l!!k:{lifF'flc~N1::~ti:l06!:t'"? -1 :73 
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le, 31£:6~-Y-1 :7Ctl::ff~35a, 35bf;:Ctl:~h-Cv \)5:6:.i!:fiJ:.{r~/±!Too y' -1 :7Ctl: 

:ff~35a, 35b f;:Cffir~h -Cv \)SiJ:.i!:fiJ:.O)~W f'i::.nf;: ~lUE~ho::.cJitt<, fftl ;;zJi 

-Y-1 :73 le, 3 lfl;: P'-1-~h -Cv \)5Jk!A~~iJ,.G-je1:To~-W-1i:'*-1v*--r~~xf, 

~m* T1rffiv\-C~/±!ToJ::5 tn__, -CbJ::v\o 

[0161] Jl.{;$:a'-:J /;:f;t, ~ 50!C}3v \-C, .A-1o/'7Sw41'i, '? -1 :73 le, 3 lf:6~'? -1 :7~-/l::ff~35a 

, 35bf;:~fi~h -Cv \ftfth!il1ffii--re!;:ti€mL -C:--t-7;fk~c:ttl'J, '? -1 :73 le, 3 lf:6~ 

Ctl:~h -Cv \h!i~--rfl;:~mL -c:--t-✓;fkfmc:ttoo Ct!:~ /±!:ff~4 la!'i, ,A-1 o/'TSw 

4:6~l1ffii--re(;:~mL -Cv \9iJ'-l1ffii--rfl;:~mL -Cv \oii"(;:J::0-C'? -1 :73le, 31£:6~'? -1 :7 

iGM:ff~35a, 35bf;:iGffit~h -Cv \)SiJ:.i!:fiJ'-1i:'~/±!Too iGM~/±!:ff~41a!;:J::;s~/±! 

fi %t'iffiU~:ff~4 7 ~~ii~hoo 

[0162] Ctl:~/±!:ff~41a:6~, -Y-1 :73le, 3 lf:6~Ctl:~h -Cv \0::.c:1i:'~/±!Lt:::-J~Ht!;:f-;t, y' 

-1 :73 le, 31H'iiffl'.%'0).A7'"v:--t-~ 'ir1i:'1Tv \, ffiU~:ff~4 7!'i, l!W:{~'if rf~E~~1:~M 

106 :6~ /--y Jv-r-Ft'O)tiHI& 1;:M J;tL tcic~ibfF1rfr5J:: 5 §I ~%$1rffiU~Too 

::_O)~it, '? -1 :731 e, 31£0):&'§IH'i~ 3 f;::t3 /to P'-J•.A 7'-v;t"'? -1 :721 c:~,fiffi-C-&>l'J 

, 77:7'',t-Nffl1:fix::ff~421'i,,'\-1 /-7 Jv-r-F-C-&>0::.c:1i:'ffiT /'\-1 /-7 Jv77::1'{i % 

1i:1:.fflGLftv\o ---JI- Cffit~/±!if~41a:6~, -Y-1:73le, 31f:6~Cffit~h-Cv\ftv\=.c:1i: 

~/±!Ltc~itf;:f-;t, ffl~;:f300:6~'?-1 :73le, 3 lf{i; ¾302[;:~ffL -C?'\-1 /-7 Jv 

~'if-To,,'\-1/-71v-r-F-C-&>oc:J;.tt L, ffiU~$4 7t'i, ll!k:f~'if rfic~ Ff1:~t1:1 

06:6~,,'\-1/-71v-r-Ft'O)ffl~ /;:;rj-J;tLtcic~i/J11F1i:'1-r5J::5 §1~%:ff~1rffiU~T 

00 ::_O)~it, 77:7'',tr'fffl1:fix:'ff~42!'iffiU~:ff~4 7 t;:J::offiU~ f;:~~v \-c /'\-1/-71v 

77:7''fi %1i:'1:fix:Too 

[0163] ffi60)~:00Uf'fm-C-!'i, -Y-1:73le, 31L -Y-1:7ttti::ff~35a, 35b, ttti:~/±!:ff~41a, 

ffiU~:ff~4 7:6~~{;$:c:L -C, )efl lffl'if{r~'if-To'? -1 :7 c: L -C, -~;:fO)J:!=f;:~ffTo/'\-1 

/-7 Jv'?-1 :71i:'~fflToiiv'\-1 /-7 Jv'?-1 :7 J.V.71,.0)'?-1 :71i:'~fflToii"1i:-!Wl'Jff ;;z_ 

o-!Wl'Jff ;;z_ t~c:L -Cib11FL -cv \;so 

[0164] ::.::.-c-, ~ 511i:' fflv \-c:::i-FJ!3t*R:ff~340):ffiJ~O)-ftl /;:01; \-CiJl~Too ~ 51 (A) 

f';t:::z-FJ!3t*R:ff~341i:' _lffif{jllji):,G~tcP'-J:ff~:tA:mt'&>l'J, -Y-1 :7:::z-F310e, 3 lOfl'i§I 

~$m3431i:'~To!J-;v341 t;:~~1tttGh -Cv\oo ~51 (B) t'i:::i-FJ!3t*Ri~341i:' 

Exhibit 1004 
Page 0525 of 1001



WO 2006/054698 44 PCT/JP2005/02124 7 

T rm 1JllJ ;6:, G J! tc r,r!f~ffif ~ -c-;:t,)'.) ' !) - Jv 3410) r,r!f~ t;: f j: riir~~ 0) A 7° !) ✓ :7'' 34 2 il~,vm 

kG:h -Cit \g0 '? '1 ::73 le, 31.fiJ~'? '1 ::7tGfii'lt~35a, 356 f;:tGfii~:h, -Cit \g;6:.1!f;6::.{i: 

~/f:ITg{-\".::blJ f;:, ~td:t::..:hfOJDk-C, !J-1v34lO)@J~ftl :a,~/f:1-tg:=..t:f::J::IJ/~ 

,i /-71v-1:-- F-C-&,)g;o::.1!f;o::.:a,~ /±IL -CbJ::lt \o 

[0165] ~ffi70)~1if!Hf~~ 

~52f::?f.-tffi70)~1ifjiJf~O)~{iifr'fic~N:l:!:.~fil07t:t, .if L -CffG:htc 

if r'f 1s %{i:~ti:*f:$:[;:~-{~*Tg~-~/~,{ /-7 /VY ,i ::7:a, ffilt 'fcffiffi>G{i:?f.L 

-Cit \go ~52f:::t:31t ,-c, ~1t[R)-O),m1J~:a,~TgfA:)JX:'lt~5tf::f:tlRl-1ff%:a,{tL, 

-{-O)f~aJ]:a,~lmTga 

[0166] ~52(::;}olt \"(, ~1iifr'f(lc,~ff±~W:107f:t, ~lO)~i~'?,1' ::7~mtr/Af-=f320) 

{-\".::blJ f;:~-*~1si~3 9:a,,vm k, /~,{ /-7 Jv'? ,i :730){-\".::blJ f;:~-~/~,i /-7 

1v'?,i:738:a,ffl1t\tifr'fitt~:a,q-=f50 ffl~1'r3oor:t, ~M*ftt~-~~~:hg~ 

-~/~,{ /-7 Iv'?,{ ::738{i::ffJ!#~ f;:~~L~c::;t"O)'? ,{ ::738a, 386:a, !!=302 f;:tifiAL 

-c•if-tg:=..t: f;:J:: IJ, y ,i ::7=1.-Ff::$)1t~;h,g:=_ttt<ffl~:a,1T5::..tti~-c-~ go ~tc 

, ffl~1'r300t:, ~?f.Ltt1t\.if1'r0)2Jd::J::gffl~b RT1i~tttga 

[0167] ~ 53:a, ffllt \"(~fiif r'f(lc,~N±~gl070) Nif~;ffiffi)G[::01t \"(IDll3JJTgo ~ 53 [;: 

:t:3 It '-C, ~ 3 t: IRI - O),m 1m :a, ~T g ffif fi>Gif~ 51 t:: f :t IRl-1ff % :a, ft L, -t 0) I~ l3J1 :a,if Im 

Tgo ~53t::?f.-t~fiirr'fic~Ff.1:~ti:107f:t, ~30)~1tirrric~Ff.1:~ti:10 

1t1t~L -c, ~t~y ,{ ::7~mtr/Af-=f32&o~m~1±1i~410)f-\".:v1J i::~•*stfsi~3 

9:a,,vm k -Cit \g,i~-C-t~~L -Cit \go 

[0168] ffiUqfEpt~4 71:t, ~-~/~,i /-7 Jv'? ,i ::738il~~M*f*:o::.Gm'.iEO)fE§JiJtf;:&,)gt:fU 

!frL, ~-*st1st~39il~~-~/~,i /-7;v'?,1'::738:o::.G/~,i /-7;vifr'f{s%:a, 

st1s"Tgffl~[;:, A'1o/'7Swl{i:tr/Af-=fbt::~m~--1±"-C~-~/~,1' /-7 Iv'?,{ ::738;6::. 

G/~,i /-71v*F'ffs %:a,;;t--r',,;;t1ff%f~t~22t::fjt~~--i±"go ::_O)ffl~, ffiUqfEpt~4 

7t:t, 77:7''•twffl:l:!:.fi>Gt~42il~/~,i /-71v77:1'1s%{i::l:i:.fi>GTgJ::5ftuqfEp-tgo ~tc, 

ffiUqfEpff~4 7t:t, ~-~/~,{ /-7 /VY,{ ::738iJ~~ti:*f:$:;6:.Gijy7£0)ffijff{i:~;z_gt:fU 

lff Ltcffl~t::f:t, A'1o/'7Swl {i:tr/Af-=fa[::~m~--1±", N~ATV;d-'? ,{ ::721:o~GO),A 

T v;;t{f F'f 1s %:a,;;t--r',,;;t1ff %f ~i~ 2 2 t:: {jt*~~ --1±" ga ::.. 0) ffl~, 77 ::7'' ·twffl:l:!:.fi>G 
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:ff~42/'Jf~-1 /-7 Jv77:f{8 %~1:.ffltLftlt \0 

[0169] ~54f;:~-~,7{,1' /-7 Jv"?-1 ::738&V~-J!stfi:ff~390)r:kJ'ff~ffiffltfjtl~ffiL, 

-i-ttA::i 0) lb fF f;: ..-::> 1t \'--Cit~ T 00 

[0170] ~54f;:7f-T J::5f;:, ~-~,7{,1' /-7Jv"?-1 ::7380)"?,1 ::738af'i, "?,1'::7.:::z.;::.o/J-,38 

L "7'-1::77✓7°382, J!stfi.:::z..:::.o/l--383, 1✓TT384, ¥'fff8%3618~385~1/m 

k tffifflt~h tit \00 ~ffi~1f~L tit \0il~, "7'-1 ::738bfi, ¥'ff18 %-JB{8:ff~385~ 

1mJ k tit \ftlt \¢,C£,l.½,/';t"? -1 ::738a~l'RJ:#RO)ffifflG'c'&>0o ~-J!§t{§if~39f'i, J!§t{§ 

.:::z..:::.o/ l--3 91, "7'-1 ::7-'¥UJtl'.f~392, ffi/tliJtlJE:ff~3 93, @fiPJfi~il rk1-'¥UJE:ff~394, ¥'ff 

18%-JB{8:ff~395, 7✓TT396~1/mk tffifflt~h tv\00 

[0171] y -1 ::738a (38b) 0)-y -1 ::7.1.:::.o/ l--38 H'i/{-1 /-7 ;vif rf{8 %~1:.ffltT00 y -1 ::7 

7✓7°382/'i"?-1 ::7.1.:::.o/ l--381iJ:.G0),?{-1/-71vif rtfi%~:rffi1liMT00 J!Stf~.:::z. 

;::.o/ J--383/'i"? ,1 ::77✓7°382ir:.1:JO)j;ffl~j~tl,fc_,7{,1' /-7 ;Vff rf {8 i}~ijyJEO)~~ 

7JA/;:J::!J~JJ!BL t7✓TT384~1t'L t~f8T00 ¥~·fi §·-JB{8:ff~385/'i~~T 

0~-J!stfi:ff~390)¥'fff8%-JB18'lf~395---C-1:.fflt~n, J!stfi.:::z..:::.o/l--391&VJ! 

stfi.:::z..:::.o/t-3s3~1t'L tfiiJ!~ntc.¥'fffi%~£r;:¥'fffi%~-JB1:.T00 

[0172] ~-J!stfi-if~390)7✓TT396t'iii::ki0)"?-1 ::738a, 38biJ::.GJ!fi~n0~~fi 

%~st{8T00 J!stfi.:::z..:::.o/J--39H'istfiLtc.~ijJ!fffi%~fiJJ!BL t,?{-1 /-7;vifrf 

fi%~1:.PX:T0~+t=f;:, ~1J!Bfi%0)stfifflfJ0)5ioc~iJtlJET00 ffiitliJtlJE:ff~393 

!'iiJtlJE~htcstfimn 0)5ioc~£i=~•J!stfi:ff~39iJ::.G~-~,?{-1 /-7 }VY -1 

::7 38~---C-O) ffi/tl~flJET 00 @fiPJfi~il r:k1-'¥U JE:ff~ 3 94/'iflJE~htc.ffi/tlil~@fiPJ 

Ml§ft mJE 0) ffiitl£J. P9 'c'&>Q!'.J'>1!f !'.J ::.~flj JET 0o ®181:iJM~il N flj JE:ff~ 3 940)flj !Effi 

.!l!J'iffiUfail'!f~47f;:#t~~h00 ffiUfail'!f~47!'i, flJE~htcffi/tlil~@fiPJ1i~ftmJEO)ffi 

/ti£}. rkJ---C-Ji)hli-7--1 o/'TSw 1 ~ttlM--r bf ;:~m~ --1±", 77::7''ffffl1:.fflt'!f~42il~/{,1 /-7 

1v77::7''fi %~1:.fflt-t0J::5ffiUfailT00 ffiUfail'!f~4 7''i, flJE~htd~/tlil~@fiPJ1i~ft 

ijyJEO)ffi/tl~fflk0fflit!;:/';t7'-1o/'7Swl~ttlM--rat::t.i€m~--1±"00 

[0173] ¥*f8%3618if~395!'i, @fiPJfi~ilr:kJ-'¥UJEif~394---C-fiJE~htcffi~il~@fiPJ1i~ 

ftijyJEO)ffi/tl~fflk0~-'¥1JJELtcfflitf;:¥'fff8%~1:.PX:T00 ¥'fff8%f'iffiUfail:ff~4 

7(;:#tji~n00 ffiljfai)~47''i¥'ff"?-::7~1:.ffltL t~ffi:ff~l 7(;:#tjiL t, ~ffi:ff~l 7 
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f;:ijyJEO)lf'a°y-'.7~*/~~it00 Y-1:7fUJE'€f~392!'iW'a°f~%36f~'€f~395--C-W'a° 

fs%~1:.rotL tv\ttv \ffl~!'i:iE~r;:,,'\-1 /-71v'ifF'ffs%il~1lG:h tv \0c~JJEL, 

J2's5t{s.::r..:::.o/l--39H;:tfif,RffL --C1fG:htc/::,1/-71v{f F'f{s ~·~, 7'-1o/-rSwl~ 

:fr L t:--t---r',,:;tf,f%{~:ff~22t;: {jt~T00 

[0174] ~55f;:, ~irnf,!/'\-1 /-7 Jvy'-1 :738&V~{~if F'f~~N1:.~ti:107--C-tt~:h-'5 

lf'a°*ffiO){ftl~ffiTo Y -1:738a[;: f';J::3a.3/t3'',1:;t-F (LED) 386~:$'cfelm:ff~ (;:~~L 

tc-~if~ttil~~ltG:h --Cv \00 LED386 f;:fj::lfi:1ffs i}3a{sif~385--C-1:.fflt~:htclf 

'a°{s %iJ)'fjtif.B'~:h, f:f'a°fs i}(;:£---5v \tLED386iJ),¢,,J)! (~tc!'i}~1T) T-'5o LED 

386iJ1,i/~C{)![;:jJp;t t, ~td'iLED386iJ1,¢,C?'J!O)ft.bfJ (;:f:f'a°ir~361:.~itttJ:lt \ 

0 :_O)ffl~f;:f'i, ¥'a°if-iJ1y -1 :7.1.:::. o/ l--381 --C-5tIC~~;h,ttv \J:5 (5tIC~~:h,f;: <v \J:5 

) ' W'a°if-O)v~Jv~Jj\~<Ltc.fJ, W'a°if-O))aj~~~fttl.:t!i~+HzJ;l. rO){JJ;;)aj~ 

~c Ltc. fJ-t-0:..cil~tlr~Lv \0 

co11sJ ¥'i1:ffs ~·3afs'!f~395t'i, ~~~/'\-1/-71vy'-1 :738iJ)~~O)P1--C-ffi-t-:imfsAJt~ 

ll~~;ttccfUJELtcffl~t;:f:f'a°fs %~1:.ffltT-'5o ~55f;:ffiT J:51;:, ~~~/'\-1 

/-7 Jvy'-1 :738iJ):im{sAJi~ll~~;t tlt \;(L,fi, *ffi~l 7f;:ijyJEO)f:f'a°Y-:7Z)) 

*ffi~:h0o 

[0176] ~56!'i*ffiif~l 7[;:*ffi~:h0¥%y'-:70)fftl~ffiL tlt\00 ~56 (J\.) f;:ffiTlf 

'a"Y-:7171a!'i, ~5 (A) [;:ffiL,fc/'\-1 /-7 /vy'-:7171-lf;: X l=:P~mtJ.t*ffi 

Ltct0)--C-;b-'5o ~56 (B) [;:ffiTf:f'a°Y-:7172a!'i, ~5 (B) t::ffi-ry'-:7172~!/' 

v-*~Ltct0)--C-;b-'5o W'a°y'-:7cL t!'i~56 (A), (B) lt \f;h,O)y'-:7~fflv\ 

ttJ:<, m~:..:hJ21.Yi--O)y'-:7~ffl1t\ttJ:1t\o W'a°*ffi~fT-·=>fd;:tiJ::.iJ::..bGf~ 

~~5tfst~3 9--C-0)5tfsmn iJ)5tfs~1u10. r ctt-'5 c:~JE~:h0ffl~ r;: !'i, mu1Mlt~4 

n'i~~~/'\-1 /-7 Jvy'-1 :738iJ::.GrkJ•7-Tv:--t-y'-1 :721------..c:-?JJfJff .:t-'50 

[0177] ~ 57~ fflv \t~f~1f F'f~c~¥f1:.~ti:1070)1JJ{-'pl;:"Jv \t~Gr;:m~T-'5o ~57 

f;::t31t \'"(, 7-To/7S251 f;:t, ftU1MJ:ff~4 lf';J::/'\-1 /-7 Jv-=E--F--C-;b-'5iJ::.NiJ::.~flJJE 

T-'5o 7-To/7S251--C-/'\-1 /-7;v-=c--F--C-;b0cfUJE~:hftft:h!i(NO), 7-To/7 

s2531;:--c, le~• Ff.1:.'!f~ 14!'ir"1•7-Tv:--t-y -1 :721--c-~{f L t:iffl~0)7-7v:;t{f 

F'f{s%~ic~#!itf;;fs:44[;:fc~T-'5o A'To/7°S251--C-/'\-1 /-71v-=E--F--C-&>0cfUJE 
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2'.:h:hfi (YES), 7'To/7°S252f::-C~~*St1~#~39f'i~~~r~-1 /-7 Jvy'-1 :73 

8:o::.Go:)*{§{§ %1i:§t1§T00 7' To/7°S 2541::-C, fali!IIU'.iE~393 f'i§t{§ffljJ o:)5i 

!Jt (§t1§5i!Jt) i::£.-:51t \ -c~~$5t{§#~39:o::.G~~~,,,;:;-1 /-7 Jvy'-1 :738~--C-o:) 

ffili!l1f:~l±IT00 ATo/7°S255[::-C, im{§RJfml'i Pl~IJ'.iE#~394f'i~/±IL..fcffili!l:o~ 

m '.iE o:) ffili!l£J. P'1 t-;b.:S :o ::.i!:f :o ::.1f: iu '.iET ;so 

[O 178] 7' To/7°S255--C-Ffr'.iEo:) ffili!l£!. P'J--C-;b0tiiJ'.iE2'.:httft:h!f (NO), 7' To/7°S257 

r::-c, tMjpff~4 n-x, ¥%~ffeatr~it:o)o (*F~ffe) --c-;b;s:o::.i!:f:o::.iiJ'.iEL,, ¥%~ffeat 

r~it:o)O--C-;b:h fi7' To/7°S 300 f;: -C¥1a°1§ --l}{f:ja:1:_ T .:SJ::5¥1a°1§ %ja{§'!f~ 3 9 51f: 

ffiUjl)T.:So ff1a°{§--J}o:)ja:1:_f&, ATo/7°S254[:=m:1:J[p'JC7L1:fl{f:KfvJJ}zT0 ATo/7°S 

257(::-C' ¥1a"~ffeatr~it:o)O'"('tttt:hfi (NO)' ATo/7°S258 r::-c' ffiUjl)'!f~4 7!'i, 

W1a"~/~atr~it:o~-'f'liJ'.iE'liJtc-J&*atr~itmax1f:m:ttc:o::.i!:f:o::.irJ'.iEL,, i&*atr~itmax 

{f:~;t -Cit \ftlt:h!f (NO), 7' To/7°S30Qf::~I:), [p'jffi[::7'-o/7S254 f::m:00 i&* 

atr~itmax1f:m:t -Cit \:hfi (YES), ATo/7°S259 t::-C, ffiUjpt~4 7!'i, ~~~,,,;:;-1 /-

7 Jvy'-1 :738:o::.GP'J.7'7'-v::.d-Y-1 :721 ""-t-w.Jl?ff :t.:SJ::57'-1o/'7Swl 1f:ffiUjl)L,, ¥ 

1a°1§--l}o:)ja:1:.1f:1* lr.T0J::5¥1a°1§ %ja{§#~3951f:ffiUjpT.:So -'t_-L, -C, 7'7'-o/7°S25 

3[;:~,:So 

[0179] ATo/7S255--C-Ffr'.iEo:) ffililt£J.P'J--C-;b0ti1J'.iE2'.:h:h!f (YES), 7-To/7S256 [::-C 

, ffiUjpt~4 7!-x, ¥1a°1§ %jaf§#~395:o)¥1a°1§ %1f:ja:1:. tf=tt-;b:h!i, ¥1a°1§ --l}o:)ja 

:1:.1i:1*Jr.T0J::5¥1a°1§%ja{§'!f~3951f:ffiUjl)T.:So -'t_-L, -c' ATo/7°S30H::-C' ~e~ 

• N:1:.t~ 14 !'i~~~,,,;:;-1 /-7 Jvy'-1:738-c~if L, -c ,,,;:;,1/-71vif rf 1§ %1i:!2~ 

t!t1:$:44f::i3c~T00 7-To/7°S302!::-C, ffiUjpt~4 7!'i, !c~n To:)mf'p;o~tt2'.:htc. 

:o::.i!:f:o::.iu'.iEl,, t2~n T o:)mfp:o~tt2'.n -c1t \ttttnii (No), ,A To/7°s2s 11::m:1?, 

!c~n T o:)mfp:oVt2'.:h -Cit \:hfi (YES), 7l1:Fi1f:n TT.:So 

)if~ J:: 0) f U ffl PJ mg,~ 

[O 180] *jal:!JH'i, .§'.;:1:.ffl o:) 1::''7':;d-1J _j7o:)J;.ttG i\ *~ffl o:) 1::''7':;d-1J _j7 t::.t31t \Tb, ffl 

1l L, tc ll!k:1lt ~ t:: ~ffl~o:) ;b;s if rt 1i: N:1:. T ;s~ t iJ) ~,~tt ll!k:1l if rt!c~N:1:.~ul 

1::~fflt-~ 00 ~tc, lhffiffl~,mfi~1i:WT0T':J ?' 1v1J _j7~~1Wfflitt::t~fflt-~ 

00 2'.Gf::!-x, *jaOO f'iil!k:1l1§ %tif rt1§ %to:) lZ:iJ1f:!c~N:1:.T.:Sil!k:flif rfic~ 
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N1::~fil f;:ffi v \-cttt-~-C-tb0 ii~, if :Ff f~ %0) JJ-~!c.~N1:: T 0 if F'f!c.~N1::~fil 

f ;:ffi v \ -Cb +:51 f ;:JjJ*l'r'-.J-C-tb00 
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it :zj,t OJ lti lffl 

[ 1 J iEz 1j: f$:1f: fflfl L tc. l!!k:{l fi % c: , frllc~ '!j: f$:ir•G-jait G :ht c. if 1r-£' tf ffl~* ( 3 oo) (1) 

Ji1fl lffiif1f:~if-Ltcif Ffi §-c:1f:lc~T0i!!k:flif Flc~~ti: (101, 102, 103, 104 

, 105, 107Hc:tov\"C 

M~~1j:f;$:1f:fflf~T07J~7:ff~ (11) c:, 

frllc$Jlfflifaif-T0?-1 :7 c:L -c frllcffl~llr (300) (l)Ji=[C~~T0/'\,1 /-7 

Jv?-1 :7 (3) 1f:f!e:fflT0ilv'\,1 /-7 Jv?-1 :7 (3) £131-(1)? ,1 :71f:f!e:fflT0il"1f:-g,JIJ~ 

k0-gQIJff ~:Jf~ (Swl) c:, 

frllc7J ~7:tf~ ( 11) J::IJ /±IJJ~:htci!!k:flfi %1f:711f!l!.T0 l:::''-r'::t711fl:tf~ ( 12) c:, 

frllcffeJ lmifaif-t-0?-1 :7 J::IJ /±IJJ~:htcif Ffi %1f:711f!l!.T0::t--r',,::tJ11f!I!. 

:g:~ (22) C:, 

frllc-gQIJff k:ff~ (Swl) tcJ::0-CfrllcffeJ lffiif1f:~if-T0-Y-1 :7 c: L tfrllc,,:.:;-1 /-7 

Jv'?-1:7(3) tc-g,J1Jffktc:f;JHttc, frllc$Jlfflifaif-t-0~(1)if"F-l=--F1f:,,:.:;-1 /-

7 ;v:i:--Fc: Lt, ,,:.:;,1 /-7 ;v-1=--F-C&>0~c:1f:;rf-T ,,:.:;,1 /-7 Jv77:~l{i %1f:1:fflG 

T077:1'''t'~ffl1:fflG:ff~ (42) c:, 

frllc l:::"7':;t 711fl if~ ( 12) [CJ: 0 -c 711fl~ :h tcl!!k:{l fi % C: frllc::t-7',{ ::t711f!I!. if~ ( 2 2 

) tcJ::0tJ11f!l!.~:htcifrfai7c:Mic,,:.:;-1 /-7;v77:7"fai7c:1f:?c~~f*tc?c~T 

0lc~:tf~ (14) c:, 

1f:-Om;t tffifflGLtc~c:1f:t~~c:T0i!!k:flifrTlc~~ti: (101, 102, 103, 104, 105 

' 107) 0 

[2J Mlci!!k:flif-Flc~~ffi (101, 102, 103, 104, 105, 107)tcl7'J•~n tv \017'1• 

-Y-1:7(2l)c:, 

5'1--t~ y' -1 :7~ml'!lm-=t- < 3 2) c:, 

M~c5'1--~-Y-1 :7~ml'!lm T (32) tc~mL -c~ffl-t-05'1--'ff~-y-1 :7 c:L -c, M~c,,:.:;-1 /-

7 Jv'?-1 :7 (3) i)v'\-1 /-7 Jv'?-1 :7£1.ji-(1)-y,1 :7iJ--.1f:~JET0~JE:ff~ (48, 4 7) c:, 

frllcff-~-Y-1 :7~mtrmi-1-(32) tcff-if~-Y-1 :7i6~~m~:h tv \0il"~il"1i:~/±IT0~ 

m~/±1~ (41) c:, 

frllc::t-7',,::tJ11fl:tf~ (22) tcf+Uil'T0if-F{§%c:L -C, frllci7'1.-Y-1 :7 (21) J::IJ 

Exhibit 1004 
Page 0531 of 1001



WO 2006/054698 50 PCT/JP2005/02124 7 

/±I jJ ~ :h tc if F {~ % C Mic.1!-'€f~ y ,1 ;I J:: I) /±I jJ ~ :h tc if F {~ % c ~-!WI) ff ;t QA-1 o/ 

T (Swl) c, 
Mic.~JE'€f~ (4 7, 48) /;:_J:: 0 tMic.1!-:ff~y -1 ;1ti~_,,;:;,1 /-71v'"? -1 ;1 (3) t;:_~JE~:h 

, M~ct.i€Mc~t±:ltm ( 41) r;:.J:: 0 --cwr~c1!-'€f~y ,1 ;1ti€Mcfimf T (32) 1;:.11-'!f~y ,1 ;1ti~ti€Mc 

~:h tv \0-=.cti~~/±1~:htcc~, if rf-l=--F~M~_,,;:;,1 /-7 Jv-l=--FcT0iM~'!f~ ( 

47) c~-Om.:t, 

Mic.ffiU~:tf~ (4 7) t'i, ifrf-l=--Fil~Mfc./;:;,1 /-7 Jv-l=--F0c~, Mfi:.A-1o/T (S 

wl) il~Mic.11-'!f~y -1 ;1 J::IJ /±liJ~:htcif rt{i %~Mfc.:;t-7'.-f:t-1tl!::E!l!'!f~ (22) f::~ 

$~T0J::5Mfi:.A-1o/T (Swl) ~-!WIJff.:tffiU~L, Mic.77;7'',tfffl:1::fflG'!f~ (42) il~M 

fc,/;:;,1 /-71v77f{i%~1:fflGT0J::5Mlc.77::~f'•tfffl1:fflG'!f~ (42) ~ffiU~T0S:.c 

~!r-f~cT0iw::tt0f11lilHfU:i:J:t;:_fc,tlG0'!!k:{lifrfli:.~~t!: (101, 102, 103, 104 

' 105, 107) 0 

[3J MfcjJ ,)7:ff~ ( 11) J::IJ /±liJ~:htcl!!k:{lfi g-~*ffiT0*ffi:ff~ ( 1 7) ~-Om;t, 

ifrf-l=--Fil~Mic._,,;:;,1 /-71v-l=--F0c~, Mic.*ffi'€f~ (17) 1;:.Mfc._,,;:;,1 /-71v 

-l:--F~'1)0S:.c~ffiT ,,,;:;,1 /-7 Jv'"?-;1~*ffi~it 0*ffiffiiJ~'!f~ ( 4 7) ~-Om .:ttcs:. 

c~tti~cT0lw::ft0tiilfflJH:i:J:r::tc.C01!!k:{lifrfli:.~~g (101, 102, 103, 10 

4, 105, 107) 0 

[ 4] MfcjJ ,)7'!f~ ( 11) t'iMictl~,t,ts:~.J:J.t::kL tffl{lT0.A'-Amfi~~~L, 

Mic._,,;:;,1 /-7 Jv'"?,1 ;1 (3) f::J::0t•if~:htcifrt{i%~Mfi:.jJ,)7'!f~ (11) f;:_;;Jo 

it0M:::k*/;:_J;tt:,t:fi~MT0ifrt.A'-A1tl!::E!l!'€f~ (33) ~-Om.:ttc-=.c~ttt~cT0iw::ft 

0t~ lffl ffi V:]li]:: ic.C0 i!!k:{l if rfic.~~ui ( 102) o 

[5] Mfi:.jJ,)7'€f~ (101) !'iMic.tl~{t~tt::kL tt\t{lT0A'-Ami~~~L, 

Mtc,,,;:;-1/-71v'"?-1 ;1 (3) ti~•if-t-0ifrrfi g-0ifWR~f&m.af,_J1;:.5t.tO!t*i;:.t_i€m: 

~ittf&m.1rWR~mfflGT0tc'rJJ0!iJ'i'€fMiii¥OO~~M~cf&m.1rWRcM~c5tlli*c0 

:t1r~0ffi1fff;:_x-tJ;t~ittic'~T0{iii¥00~,)-l=-!J (334) c, s:.0{iii¥00~,)-l=-!J (33 

4) i::tc·~~:htc:t1r~0!iJ'i'!f~fiii¥00~01; \-f:hti-.~Mfc.jJ ,)7:tf~ (11) r::;;Joit0tt::k 

*';:.r,tc--c~;J:R.af,_J1::I&1ij-r-0oo~J&1ij$: (333) c, wrtc.,,,;:;-1 /-7 /VY -1 ;1 (3) 1;:.J:: 

0t•if~:htcifrtfi%1;:.%J-L tMic.OOJ0&1l$: (333) 1::t1&1l~:htc!iJ'i'!f~{iii¥ 
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~~~,l:J;.JbtJ,,l:J;.JbJ;.~~~ (336) c~~Toif ?'f ;(-A~3:f:ff~ (33a, 33c) ~ 

1im :ztc. =.c ~!tl~cT 0 itr~tt O)j!1 lffi ffi 1 :CJjj];: 13ctlt0) i!!k:fl if Fi3C~~ui ( 10 2, 10 3) 

0 

[6] *i~f,$:~fflflLtci!!k:flf§ %c, M~cflll~f,$:iJ:,.G36--l±"Gntc.1f~~tfffl~* (300) 0) 

fe!rllffiif~•ifLtcif?'ff§%c~~~T0i!!k:f~ifri~~:77yttc}31t"-C, 

Micflll~f;$:~fflflTofflfl7'To/7 (S 155) C, 

Mtcfe!rllfflifaif-t-o?-1:7 cL--c Mtcffl~*(3oo) O)Ji=f;:~~-t-0,,c;;-1 /-7 

;v?-1 :7 (3) ~f!i!ffl-t-0ilvc;;-1 /-7 ;v?-1 :7 .031-0)?-1 :7~f!i!ffl-t-0il"~-wl1Jff:z0 

,w)IJff ;z-7-7'"o/7° (S 151) c, 

Micflll~f*~fflflLtci!!k:flf§%~~3:fT0l:::''7'::,t~3:f-7-7'"o/7°(Sl66) c, 

Micfe!rllfflifaif-t-0?-1:7J:IJ/±IJJ~ntc{f?'ff§%~~3:f-t-0::-t-y',,::,t~3:f-7-

7 o/7°(s155)c, 

Mtc-wJl?ff:z7'7'"o/7° (s151) rccMtcJi!fl lffiif~•if-t-o?-1 -!7 cL -cw112,,c;;-1 /-

7 Jv?-1 :7 (3) f;:,w)l'.)ff :ztdfit[;:, Micfe!rllffi{f~•{f-t-0~0){f ?'f-1:--F~/'\,1 / 

-7 ;v-i:--Fe L -c, ,,c;;,1 /-7 ;v-1:--F-ccb0=.c~jf.T ,,c;;,1 /-7 Jv77:~1'{§ %~1: 

JvGT077:1'''t'l'f$~1:JvG7'To/7(S158) c, 

Mfcl:::''7'::,t-~3:f-7-To/7 (s 156) f;:-c ~3:f~ntci!!k:flf§ %cMic::-t-y',,::,t~3:f 

A'To/7° (S156) [;:-C~3:f~ntc{f?'f{§%t:Mfc/'\--'( /-7 Jv77f{§%c~lc~~ 

f* < 44) r;: 12~-t-0 tc~7' To/7° ( s 161) c, 

~~-t-0=.c~!r-f~c-t-0i!!k:flifriic~:77rto 

[7] *i~f;;$:~fflflLtci!!k:flf§%c, Micflll~f,$:iJ:,.G36--l±"Gntc{f~~tfffl~*(300)0) 

fflJlffi{f~~{fLtc{f?'ff§%b3~fc~~ntcic~~f:;$:(44)~¥f1:-t-0i!!k:fl{f?'f¥f1: 

~fit (101, 102, 103, 104, 105, 106, 107)1C;t3lt \-C, 

M~c~c~~f:;$:t;:~c~~ntc~c~f§%~¥f1:-t-0¥f1:t~ (14) c, 

Mtc¥f1:t~ (14) 1;:J:0-C¥f1:~ntc.Mtctc~f§%il"GMtci!!k:flf§%cMtcifri 

{§%t:~);flffTo);flfff~ff~ (15) c, 

Mfc);fitlf~t~ ( 15) 1;:J:0 -c );fJtl~ntc.Mtci!!k:flf§ %~~3:f-t-01:::-'7'::t-~3:ft~ ( 1 

6) c, 
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M~E'.St liJfH l:t~ ( 15) ';:J:: 0 -c '.Stiff~ tL, t C Mic. {f F 18 % ~7l1:EI T 9 :;f--7',{ T 1'lHffl 

cg:~ (26) C:, 

Mic.ic.~~ft (44) 1;:, Mic.Ji!fl lffl{f~·if-T0'"7'-1 :7 c:L tMic.ffl~* (300) (7)!i= 

f;:~ffT0,,,'\-1 /-7 Jv'"?-1 :7~~ffl Ltc~c:~~T /'\-1/-71v77:7''fi %:o~~c~~ 

tt, tv \0c:~, M~/'\-1 /-71v77::7'18%~:E&1fT077::7'•ttfflfflrrtt~ (36) c:, 

Mlc.77:7''fwffl!&ftt~ (36) :o~Mfc./'\-1/-71v77:1'18%~1&1fLtcc:~, Mfc.:;t 

-:r',{:;t7l1:Em:ff~ (26) f;:J::0t7l1:Em~tt,tcMic.if-F'f18%~7-l:::0 -ft (53, 54) f;:J::0 

t-Jaif Ltdlif l=-JB1:. -r 0:707-r-:118 %~tJ1:) r~-r J:: 5 Mic. if F'f 18 %~7l1:Em -r 0 

:7P-7-r-:7::\"-.Y✓Y7 (27) c:~{im;t, 

Mic.:7P-7-r-:7::\"-.Y✓Y7 (27) f:l::Mic.if-F'f{8%1;::tjL -C-'f00:1t20tc7,{ Jv?'!r~"~ 

~,!:JJ-~tf7,{ 1v::$t (272a-272d) ~~L, Mlc.7,{1v::$t/tf•~f:l::, iJ!UJE18%~PHffi 

~i1J~f$:f;:~ffLtc-:M(7)'"7'-1:7-C.{fLtctfF'f18%~fflv\tftiJ!ULtc.ffJitMiii¥ 

00~/;:£---:51t \fc7,{ 1v::$t!rf•~-ccb0~c:~!tlffic:T0i!!k:{itfF'f¥f±~-/i: (101, 102 

, 103, 104, 105, 106, 107) 0 

[8] *l~f*~ffl{~ Ltcl!!k:{~18 % c:, M~fEl~f$:iP6-Jait6tL,tc if ~~tfffl~* ( 300) (7) 

$Jlffi{f~·{fLtc{fF'f18%c::o~fc.~~tt,tdE~~{t(44)~¥f±T01!:1k:{l{fF'fll}1:. 

:1J 1~ I;: :to 1t \ -c , 

Mic.ic.~~ft(44) [;:fc,~~tL,tcic.~18%~ff±T0 f}±ATo/7°(Sl8l) c:, 

Mic.N±-7-To/7°f;:tN1:.~tL,tcMic.ic.~18%iP6Mic.1!:1k:{l{8%c:Mic.ifF'f18 

%c:~'.StlffT0'.St!ff1l:7-7'"o/7° (S 183) c:, 

Mic.'.Stlff1l:7-7'"o/7° (S 183) f;:t '.Stlff~htc.Mic.l!!k:1~18 %~7l1:EIT0 l:::'':r':;t7l1:EI 

7-To/7° (S184) c:, 

Mic'.Stlff1l:7-7'"o/7° (S 183) f;:J:: 0-C '.Stlff~tL,tcMicif F'f18 g•~7l1:EIT0:;t-:r' 

,{T7l1:Ei-7-To/7° (S 184) c:, 

Mic.lc.~~ft(44) (;:, Mlc.$Jlffl{f~•{f-t-0'"7'-1 :7c:L tMic.ffl~llf (300) (7)!i= 

f;:~ffT0/'\,,{ /-7 Jv'"?-1 :7 ( 3) ~{~ffl Ltc~c:~~T /'\,,{ /-7 Jv77:1'18 %:o~fc. 

~~ti., tit \0c:~, Mic.,,,'\-1/-71v77:1'18%~I&fijT077::7'•twfflI1X1ij7'7'"o/7° (s 

186) c:, 
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MiE77::'.lfr'f¥1H&1t-7-To/7°(Sl86) f::-CMic/~-1 /-71v77::'.lf~%~1&1tLJ:t 

~' Mic:;d---r'-1:;d-M!:fi-7-To/7° (S 184) f::-CM!:Ei~tL,tc.Micif rf1§%~7'e°-jJ ( 

53, 54) 1::J:0-CJaifLtc.~--a-1::Ja1:.t-0:7o7't--:71§ §·~tTl::>~~-r J:5Mtcifrf 

{§%~M!:EiT0:7P7'J----:7:3f-..Y✓t/v.ATo/7°(Sl88) t~~L, 

M~:7P.7-J----:7::lf-..Y✓t/v7'7'-o/7° (S188) t:tM~ifrf1§%f::ML-Crbbxtbbtc 

7 -11v5' *ft ~J£ JJ. ~ tf 7-To/ 7°--C-;b VJ, Mic 7 -11v57 *'tlfJ:t, ifftl IE 1§ %~ PHm ~'Hlif 

Jilt{;~q;:~flLtc-M0)'"?,1:7--C-~ifLtcifr'f1§%~fflv'-CitifftlLtc!lJfff~{~i¥~~ 

t:: £---5v 'tc 7 -11v 57 ttt 111:t-&>0 :..t ~4tffi t T 0 l!!k:{l if r'f Ff. 1:.77 fdio 
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Notice 

Th:s translation is machine-gem,rate,:L It canno! be guaranteed tha! it is intelligible, accwrate, complete, rel,abte or flt for spec,f:c pwrposes. Critical 

ded&i(lns, such as C(lmrnercially relevant or financial decisions, should not be based (lf1 rnm::hine-lranslation output 

The video ! audio recording ! p!ayback device {101) includes a built-in stereo microphone (21a, 21b} and an external 
microphone connection terminal (32). A binaural microphone (3} to be wom on the ear of the photographer {300) is connected to 
the exl:erna! microphone connection terminal (32). When the ambient sound is collected by the binaural microphone {3), the 
audio signal to be recorded on Hie recording medium is switched from the audio signal from the built-in stereo microphones 
(218, 21 b) to the binaural audio signal from the binaural microphone (3). The photographer (300) wears a binaural microphone 
(3 (31 a.31 b)) in his ear and collects ambient sounds of the photographer {300) including sOlmds emitted fmm the subject The 
camera unit (11) captures a subject The binaural audio signal, the captured video signal, and the binaural flag signal are 
recorded on the recording medium. 
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WO2006054698Al VIDEO/AUDIO RECORDING APPARATUS AND METHOD, AND VIDEO/AUDIO 
REPRODUCING APPARATUS AND METHOD 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

Specification 

Video / audio recording apparatus and method, audio / video reproduction apparatus and method Technical field 

[0001] TECHNICAL FIELD The present invention relates to a video and audio recording apparatus and method 
for recording a video signal obtained by imaging a subject and an audio signal obtained by collecting ambient 
sound of a photographer including a sound emitted from a subject, and an image and sound recording apparatus 
A video and audio reproducing apparatus and method for reproducing a signal and an audio signal, and more 
particularly to a video and audio recording apparatus and method, and a video and audio reproducing apparatus 
and method capable of reproducing realistic sound with a captured image . 

BACKGROUND ART 

[0002] Video/ audio recording I reproducing apparatuses (1, so-called video cameras) are widely used to record 
the image signal of the subject and the sound signal collected by the photographer's surroundings including the 
sound emitted from the subject. This type of video/ audio recording I reproducing apparatus has a stereo mic for 
recording sounds in a stereo manner. In recent years, the video / audio recording I reproducing apparatus has 
been further miniaturized, and there is a problem that it is difficult to record a realistic sound in a stereo 
microphone mounted on a compact video / audio recording I reproducing apparatus. Therefore, there is a 
demand for a video / audio recording I reproducing apparatus capable of recording a more realistic sound. 

[0003] In International Publication No. 96Zl0884 pamphlet records the binaural collected sound field of the 
sound field around the photographer together with the image signal of the object picked up by disposing the ear 
structure on both sides of the main body of the video and audio recording and reproducing apparatus Audio / 
video recording I reproducing apparatus capable of recording I reproducing video / audio data. 

[0004] In the video/ audio recording I reproducing apparatus in which the binaural microphone disclosed in the 
above-mentioned document is attached, the lateral width of the main unit of the apparatus, that is, the distance 
between the left and right microphones is not equal to that of the human head, I can not record sensible sounds. 
In recent years, the main body of video/ audio recording I reproducing apparatus which has been 
commercialized has been miniaturized in accordance with the advancement of high density recording 
technology, digital signal recording technology and video compression processing technology so that video / 
audio recording I reproducing Even if a microphone intended for binaural sound collection is mounted on the 
main body of the apparatus, the effect expected can not be obtained. Further, since the shape of the apparatus is 
largely different from the human head, it is considered difficult to obtain the effect disclosed in the above 
document. 

Disclosure of invention 

[0005] SUMMARY OF THE INVENTION The present invention has been made in view of the above 
problems, and it is an object of the present invention to provide a video and audio recording apparatus and 
method capable of reproducing realistic voices with images captured irrespective of the size and shape of the 
apparatus main body, It is an object of the present invention to provide a video and audio reproducing apparatus 
and method 

[0006] A video and audio recording apparatus and method capable of reproducing a more realistic sound in 
conjunction with zooming-up of a subject when zooming up the subject, and a video and audio reproducing 
apparatus and method It is aimed to provide. 

[0007] Furthermore, even in the case where an arbitrary photographer shoots and watches an arbitrary viewer, as 
in the case where the viewer who views the reproduction signal and the photographer who captured the binaural 
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sound are different from each other, It is an object of the present invention to provide a video and audio 
reproducing apparatus and method capable of listening to a sensitive voice. 

[0008] In order to solve the problem of the above-described conventional technique, the present invention 
provides an image recording apparatus for recording an image signal obtained by imaging a subject and an audio 
signal obtained by collecting ambient sound of a photographer including a sound emitted from the subject A 
voice recording apparatus comprising: a camera unit for picking up an image of the object; and a microphone 
for picking up the ambient sound, the microphone other than a power binaural microphone using a binaural 
microphone mounted on the ear of the photographer is switched A switching unit, a video processing unit for 
processing the video signal outputted from the force melting unit, an audio processing unit for processing a 
sound signal outputted from a microphone for collecting the ambient sound, And when switching to the binaural 
microphone as the ambient sound, the sound mode for collecting the ambient sound is set as a binaural mode, A 
flag information generating section for generating a binaural flag signal indicating binaural mode, a flag 
information generating section for generating a binaural flag signal indicating binaural mode, a flag information 
generating section for generating a binaural flag signal indicating binaural mode, And a recording unit for 
recording the video and audio data on the recording medium. 

[0009] According to the present invention, it is possible to reproduce a sound with realistic sensation together 
with a captured image irrespective of the size and shape of the apparatus main body. In addition, when 
photographing by zooming up the subject, it is possible to reproduce sound with more realistic interlocking with 
the zoom-up of the subject. Furthermore, even in the case where an arbitrary photographer shoots and watches 
an arbitrary viewer, as in the case where the viewer viewing the reproduction signal and the photographer who 
captures the binaural are different from each other, there is almost no sense of incompatibility I can listen to a 
sound with a sense 

In this configuration, as the built-in microphone built in the video and audio recording apparatus, an external 
microphone connection terminal, and an external microphone connected to the external microphone connection 
terminal, a microphone other than the binaural microphone power binaural microphone , A connection detection 
section for detecting whether or not an external microphone is connected to the external microphone connection 
terminal, and a connection detection section for outputting, as an audio signal to be supplied to the audio 
processing section, A switch for switching between an audio signal output from said external microphone and an 
audio signal output from said external microphone, and said external microphone is set as a binaural microphone 
by said setting unit, and an external microphone is connected to said external microphone connection terminal 
by said connection detection unit And a control unit for setting the audio mode to the binaural mode when it is 
detected that it is connected Wherein the control unit performs switching control of the switch so that the switch 
supplies the audio signal output from the external microphone to the audio processing unit when the audio mode 
is the binaural mode, It is preferable that the generation unit controls the flag information generation unit to 
generate the binaural flag signal. 

[0010] The display control unit includes a display unit for displaying the video signal output from the camera 
unit, and a display control unit for displaying a binaural mark indicating that the binaural mode is displayed on 
the display unit when the audio mode is the binaural mode . 

[0011] Furthermore, the camera section has a zoom function of enlarging and capturing the subject, and includes 
a sound zoom processing section that amplifies the sound signal collected by the binalolic microphone 
according to the enlargement ratio in the camera section It is preferable. 

[0012] Furthermore, the camera unit has a zoom function for enlarging and capturing the object, and the sound 
source of the sound signal collected by the binaural microphone is virtually brought close to the listener to form 
a virtual sound source A transfer function memory for storing a head related transfer function of the head sound 
source in association with a plurality of distances between the virtual sound source and the listener and a 
plurality of head related transfer functions stored in the transfer function memory, A convolution arithmetic unit 
for convoluting the head related transfer functions acquired by the function acquiring unit with respect to the 
sound signals collected by the binaural microphone, And a sound voice zoom processing unit having a sound 
processing unit. 

[0013] In order to solve the problem of the above-described conventional technique, the present invention 
provides an image recording apparatus for recording an image signal obtained by imaging a subject and an audio 
signal obtained by collecting ambient sound of a photographer including a sound emitted from the subject An 
audio recording method comprising: an image capturing step of capturing an image of the object; and switching 
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whether to use a microphone other than a power binaural microphone that uses a binaural microphone to be 
worn by the photographer's ear as a microphone that collects the ambient sound A video processing step of 
processing a video signal obtained by imaging the subject; an audio processing step of processing an audio 
signal outputted from a microphone that collects the ambient sound; When switching to the binaural microphone 
as a microphone for collecting the ambient sound, A flag information generating step of generating a binaural 
flag signal indicating that the binaural mode is set as a binary mode as a binary mode; And a recording step of 
recording the image signal and the noisy ralph lag signal on a recording medium. 

[0014] In order to solve the problem of the above-described conventional technique, the present invention is 
characterized in that a video signal obtained by imaging a subject and an audio signal obtained by collecting 
ambient sound of the photographer including the sound emitted from the subject force are recorded A 
reproducing unit for reproducing a recording signal recorded on the recording medium by a video / audio 
reproducing device for reproducing a recording medium; and a recording unit for reproducing the recording 
signal reproduced by the reproducing unit on the basis of the video signal and the audio signal A video 
processing unit for processing the video signal separated by the separating unit, an audio processing unit for 
processing the audio signal separated by the separating unit, When a binaural flag signal indicating that a 
binaural microphone to be worn by the photographer's ear is used as the microphone for collecting the ambient 
sound is recorded on the recording medium, the binaural flag A flag information acquiring unit that acquires a 
lag signal from the speaker, a crosstalk signal that is generated when the flag information acquiring unit acquires 
the binaural flag signal, when the sound signal processed by the audio processing unit is sounded by a speaker 
And a crosstalk canceller for processing the audio signal so as to cancel the speech signal, wherein the crosstalk 
canceller has a filter convolving filter characteristics obtained in advance with respect to the speech signal, 
Wherein the filter characteristic is a filter characteristic based on a head related transfer function measured using 
a sound signal collected by a pair of microphones mounted on the structure. 

[0015] A video and audio reproduction method for reproducing a recording medium on which a video signal 
obtained by imaging a subject and an audio signal obtained by collecting ambient sound of a photographer 
including a sound emitted from the subject are recorded, A separating step of separating the video signal and the 
audio signal from the recording signal reproduced in the reproducing step; a separating step of separating the 
video signal and the audio signal from the recording signal reproduced in the reproducing step; An audio 
processing step of processing the audio signal separated by the separating step; an audio processing step of 
processing the audio signal separated by the separating step as a microphone for collecting the ambient sound on 
the recording medium; When a binaural flag signal indicating that a binaural microphone to be mounted on the 
camera is used is recorded, the binaural flag signal is taken A flag information acquisition step of acquiring a 
binaural flag signal at the flag information acquisition step, canceling a crosstalk signal generated when the 
sound signal processed by the audio processing step is sounded by a speaker And a crosstalk cancellation step of 
processing the audio signal so as to process the audio signal, wherein the crosstalk cancellation step is a step of 
convolving a filter characteristic obtained in advance with respect to the audio signal, Characterized in that the 
filter characteristic is a filter characteristic based on a head related transfer function measured by using a sound 
signal collected by a pair of microphones mounted on a type structure. 

Brief Description of the Drawings 

[0016] FIG. 1 is an external perspective view showing a video/ audio recording I reproducing apparatus 
according to a first embodiment of the present invention. 

FIG. 2 is a diagram showing a state in which a subject is photographed using the video/ audio recording I 
reproducing apparatus according to the first embodiment of the present invention. 

FIG. 3 is a block diagram showing an internal configuration example of a video / audio recording I reproducing 
apparatus according to a first embodiment of the present invention. 

FIG. 4 is a diagram showing a display screen for performing initial setting of audio mode in the video / audio 
recording I reproducing apparatus according to each embodiment of the present invention. 

FIG. 5 is a diagram showing a display example of a binaural rakemake in the video / audio recording I 
reproducing apparatus according to each embodiment of the present invention. 

FIG. 6 is a diagram showing a modified example of the binaural rakemake used in the video / audio recording I 
reproducing apparatus according to each embodiment of the present invention. 
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FIG. 7 is a diagram showing a modified example of binaural rakemake used in the video/ audio recording I 
reproducing apparatus according to each embodiment of the present invention. 

[FIG. 8] FIG. 8 is a diagram showing a modified example of a binaural mike used in the video / audio recording 
/ reproducing apparatus according to each embodiment of the present invention. 

FIG. 9 is a diagram showing an example of a description format of a binaural Ralph Lag signal in the video / 
audio recording I reproducing apparatus according to each embodiment of the present invention. 

[FIG. 10] FIG. 10 is a diagram showing another example of the description format of the binauraflag signal in 
the video / audio recording I reproducing apparatus according to each embodiment of the present invention. 

[FIG. 11] FIG. 11 is a diagram showing still another example of the description format of the binauraflag lag 
signal in the video / audio recording I reproducing apparatus according to each embodiment of the present 
invention. 

FIG. 12 is a flowchart for explaining a recording operation in the video/ audio recording I reproducing 
apparatus according to the first embodiment of the present invention. 

FIG. 13 is a flowchart for explaining a playback operation in the video/ audio recording I playback apparatus 
according to the first embodiment of the present invention. 

[FIG. 14] FIG. 14 is a block diagram showing a configuration example of a crosstalk canceler used in the video/ 
audio recording I reproducing apparatus according to each embodiment of the present invention. 

[FIG. 15] FIG. 15 is a diagram showing a head related transfer function measuring device for obtaining a head 
related transfer function characteristic used in a crosstalk canceler used in the video / audio recording I 
reproducing apparatus according to each embodiment of the present invention. 

FIG. 16 is a view showing a cylindrical structure to which a microphone unit used in the head related transfer 
function measuring apparatus shown in FIG. 15 is attached and a dummy head microphone for comparison. 17] 
FIG. 17 is a waveform diagram showing an impulse response waveform measured by the head related transfer 
function measuring apparatus shown in FIG. 15. 

(18) FIG. 18 is a waveform diagram showing frequency characteristics measured by the head related transfer 
function measuring apparatus shown in FIG. 

FIG. 19 is a waveform diagram showing an impulse response waveform measured using a dummy head 
microphone. 

FIG. 20 is a waveform diagram showing frequency characteristics measured using a dummy head microphone 

FIG. 21 is a diagram for explaining a crosstalk cancellation characteristic based on a filter characteristic based 
on a head related transfer function measured using a cylindrical structure having a microphone unit attached 
thereto. 

FIG. 22 is a diagram for explaining crosstalk canceling characteristics by filter characteristics based on head 
related transfer functions measured using a dummy head microphone. 

FIG. 23 is a diagram for explaining crosstalk canceling characteristics by filter characteristics based on a head 
related transfer function measured using a cylindrical structure having a microphone unit attached thereto. 

[FIG. 24] FIG. 24 is a diagram for explaining crosstalk cancellation characteristics by filter characteristics based 
on head related transfer functions measured using a dummy head microphone. 

FIG. 25 is a block diagram showing another configuration example of a crosstalk canceler used in the video/ 
audio recording I reproducing apparatus according to each embodiment of the present invention. 
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[FIG. 26] FIG. 26 is a block diagram showing still another confignration example of the crosstalk canceler used 
in the video / audio recording I reproducing apparatus according to each embodiment of the present invention. 

FIG. 27 is a flowchart showing a playback operation on a headphone in the video/ audio recording I 
reproducing apparatus according to each embodiment of the present invention. 

FIG. 28 is a block diagram showing an internal confignration example of a video / audio recording I reproducing 
apparatus according to a second embodiment of the present invention. 

FIG. 29 is a block diagram showing a confignration example of a voice zoom processing unit in the video/ 
audio recording I reproducing apparatus according to the second embodiment of the present invention. [FIG. 30] 
FIG. 30 is a flowchart for explaining the operation in the case of performing the voice zoom processing in the 
video / audio recording I reproducing apparatus according to the second embodiment of the present invention. 

[FIG. 31] FIG. 31 is a block diagram showing another confignration example of a voice zoom processing unit in 
the video / audio recording I reproducing apparatus according to the second embodiment of the present 
invention. 

32 is a diagram showing a head related transfer function measuring device for finding a head related transfer 
function used in another confignration example of the audio zoom processing unit in FIG. 31. 

FIG. 33 is a cross-sectional view showing a dummy head microphone used in the head related transfer function 
measuring apparatus of FIG. 32. 

[FIG. 34] FIG. 34 is a diagram showing the characteristics of a head related transfer function obtained by 
measuring with the head-related transfer function measuring apparatus of FIG. 32. 

FIG. 35 is a diagram showing characteristics of a head related transfer function obtained by measuring with the 
head-related transfer function measuring apparatus of FIG. 32. 

36 is a diagram showing the characteristics of the head-related transfer function obtained by measuring with the 
head-related transfer function measuring apparatus of FIG. 32. FIG. 

37 is a diagram showing characteristics of a head-related transfer function obtained by measuring with the head­
related transfer function measuring apparatus of FIG. 32. FIG. 

38 is a diagram showing characteristics of a head related transfer function obtained by measuring with the head 
related transfer function measuring apparatus of FIG. 3 2. 

39 is a diagram showing the characteristics of the head-related transfer function obtained by measuring with the 
head-related transfer function measuring apparatus of FIG. 32. FIG. 

FIG. 40 is a block diagram showing the operation of the audio-video recording I reproducing apparatus 
according to the second embodiment of the present invention in the case of performing audio zoom processing 
using another confignration example of the audio zoom processing section shown in FIG. 31 7 is a flow chart 
for explaining. 

[FIG. 41] FIG. 41 is a block diagram showing an internal confignration example of a video / audio recording I 
reproducing apparatus according to a third embodiment of the present invention. 

FIG. 42 is a block diagram showing a confignration example of a voice zoom processing unit in the video/ 
audio recording I reproducing apparatus according to the third embodiment of the present invention. 

FIG. 43 is a block diagram showing another confignration example of a voice zoom processing unit in the video 
/ audio recording I reproducing apparatus according to the third embodiment of the present invention. 

FIG. 44 is a block diagram showing an internal confignration example of the video / audio recording I 
reproducing apparatus according to the fourth embodiment of the present invention. 
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FIG. 45 is a block diagram showing a configuration example of a voice zoom processing unit in the video/ 
audio recording I reproducing apparatus according to the fourth embodiment of the present invention. 

FIG. 46 is a flowchart for explaining the audio sound zoom process in the video / audio recording I reproducing 
apparatus according to the fourth embodiment of the present invention 

FIG. 4 7 is a block diagram showing an internal configuration example of a video / audio recording I reproducing 
apparatus according to a fifth embodiment of the present invention. 

[FIG. 48] FIG. 48 is a block diagram showing a configuration example of a voice zoom processing unit in the 
video / audio recording I reproducing apparatus according to the fifth embodiment of the present invention. 

49 is an external perspective view showing a video/ audio recording I reproducing apparatus according to a 
sixth embodiment of the present invention. FIG. 

FIG. 50 is a block diagram showing an internal configuration example of a video / audio recording I reproducing 
apparatus according to a sixth embodiment of the present invention. 

51 is a plan view showing an example of the structure of a cord housing section in a video / audio recording I 
reproducing apparatus according to a sixth embodiment of the present invention. FIG. 

FIG. 52 is an external perspective view showing a video/ audio recording I reproducing apparatus according to 
a seventh embodiment of the present invention. 

FIG. 53 is a block diagram showing an internal configuration example of the video / audio recording I 
reproducing apparatus according to the seventh embodiment of the present invention. 

[FIG. 54] FIG. 54 is a block diagram showing a specific configuration example of a wireless binaural 
microphone and a radio transmission/ reception unit in the video / audio recording I reproducing apparatus 
according to the seventh embodiment of the present invention. 

FIG. 55 is a diagram for explaining a warning when the wireless binaural microphone crosses the communicable 
area in the video / audio recording I reproducing apparatus according to the seventh embodiment of the present 
invention. 

56 is a view showing an example of a warning mark displayed on the display unit when the wireless binaural 
microphone exceeds the communicable area in the video / audio recording I reproducing apparatus according to 
the seventh embodiment of the present invention . 

57 is a flowchart for explaining the operation of the video / audio recording I reproducing apparatus according to 
the seventh embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0017] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Hereinafter, embodiments of the 
video and audio recording apparatus and method, the video and audio reproducing apparatus and method of the 
present invention will be described with reference to the drawings. 

[0018] (( First embodiment )) 

FIG. 1 is a perspective view showing an external configuration example of the video / audio recording I 
reproducing apparatus 101 according to the first embodiment. 

[0019] The video/ audio recording I reproducing apparatus 101 shown in FIG. 1 includes a camera section 11, a 
display section 17, internal stereo microphones 21 a and 21 b, and an external microphone connection terminal 
32. An earphone type binaural microphone 3 having right and left microphones 3 la and 3 lb of 
omnidirectionality is detachably connected to the external microphone connection terminal 32. [ Here, a state 
where the binaural microphone 3 is connected to the external microphone connection terminal 32 is illustrated. 
The microphones 31 a and 31 b have diaphragms therein. As will be described in detail later, the video / audio 
recording I reproducing apparatus 101 selectively performs photography (sound recording) using the built-in 
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stereo microphones 21 a and 21 band photography (binaural recording) using the binaural microphone 3 . Note 
that shooting means not only capturing an image of a subject but also capturing the image of the subject and 
collecting the ambient sound of the photographer including the sound emitted from the subject May occur. 

[0020] FIG. 2 shows a state where the photographer 300 shoots a subject (not shown) using the video/ audio 
recording I reproducing apparatus 101. When taking a subject while collecting sound using the binaural 
microphone 3, as shown in FIG. 2, the photographer 300 attaches left and right microphones 31 a and 31 b to the 
left and right ears 302. As a result, the ambient sound of the photographer 300 including the sound emitted from 
the subject with the binaural acoustic characteristics given by the positional relationship between the head 30 of 
the photographer 300 and the microphones 3 la and 3 lb is collected. While viewing the monitor image of the 
object displayed on the display unit 17, the photographer 300 photographs the subject with the camera unit 11 
and collects the surrounding sound with the binaural microphone 3. As will be described in detail later, the 
video signal picked up by the camera section 11 and the audio signal picked up by the binaural microphone 3 
are recorded on a recording medium, not shown here. Also, as will be described in detail later, the video signal 
recorded on the recording medium is reproduced together with a voice having a realistic feeling as if the viewer 
is viewing in the same shooting environment as the photographer 300. 

[0021] FIG. 3 is a block diagram showing a concrete internal configuration example of the video/ audio 
recording I reproducing apparatus 101. 

[0022] The video/ audio recording I reproducing apparatus 101 includes a camera unit 11, a video encoding unit 
12, a multiplexing unit 13, a recording I reproducing unit 14, a demultiplexing unit 15, a video decoding unit 16, 
a display unit 17, a built-in stereo microphone 21 An audio decoding unit 26, a crosstalk canceller 27, an 
external microphone connection terminal 32, a flag information acquisition unit 36, a video output terminal 37a, 
an audio output terminal 37b, a connection A detection unit 41, a flag information generation unit 42, a 
recording medium 44, a control unit 47, an operation unit 48, and switches Sw 1, Sw 2, Sw 3. The recording 
medium 44 may be a removable recording medium such as a disc-like recording medium or a tape cassette, and 
may be a recording medium such as a hard disc that is mounted in the video / audio recording I reproducing 
apparatus 10 1 in advance and is V Even if it is there! /,. 

[0023] A monitor 52 such as a television receiver is connected to the video output terminal 37 a. Speakers 53 
and 54 are connected to the audio output terminal 3 7 b via an amplifier 51. The sound produced by the speakers 
53 and 54 is listened to by the viewer 59. In FIG. 3, for the sake of convenience, for the sake of convenience, it 
is shown that the photographer 300 and the viewer 59 are illustrated simultaneously. Normally, photographing 
by the photographer 300 and watching of the reproduced image/ sound by the viewer 59 are separately 
performed Yes. 

[0024] (Recording Operation) 

The recording operation in the video / audio recording I reproducing apparatus 101 will be described. 

[0025] First, when the photographer 300 performs an operation to display the initial setting image (window) of 
the sound mode by the operation unit 48, the control unit 4 7 displays the initial setting image 170 as shown in 
FIG. 4 on the display unit 17 as an example . Both the binaural microphone 3 as described in FIGS. 1 and 2 and 
a normal external microphone can be connected to the external microphone connection terminal 32 as an 
external microphone. When the photographer 300 collects sounds using the noisel microphone 3 by a 
predetermined operation by the operation unit 48, it selects "binaural" as shown in FIG. 4, and collects sounds 
using a normal external microphone Select "Normal" if you want. The control unit 47 serves as a setting unit for 
setting as an external microphone connected to the external microphone connection terminal 32 whether to use a 
microphone other than the innovative microphone 3 or the binaural microphone. When "binaural" is selected as 
the external microphone input and the connection detecting section 41 detects that the plug of the external 
microphone is inserted in the external microphone connecting terminal 3 2, the control section 4 7 controls the 
video / audio recording I reproducing apparatus 101 controls each part of the circuit so as to perform a recording 
operation corresponding to photographing using the binaural microphone 3. The sound mode in which the 
binaural microphone 3 is used to sound ambient sounds and the collected sound signals are recorded is referred 
to as binaural mode. The ambient sound is collected using the built-in stereo microphone 21 or an ordinary 
external microphone, and the sound mode in which the collected sound signal is recorded is set to the normal 
mode. 
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[0026] If the plug of the binaural microphone 3 is formed exclusively for the binaural microphone 3 different 
from the usual external microphone and the external microphone connection terminal 32 is used as a connection 
terminal dedicated to the binaural microphone 3, the initial setting of the above-mentioned sound mode can be 
omitted can do. 

[0027] Specifically, in FIG. 3, when detecting that the external microphone is connected to the external 
microphone connection terminal 32, the connection detection unit 41 supplies a detection signal to the control 
unit 47. When a detection signal indicating that an external microphone is connected is input while the external 
microphone is set to "binaural", the control unit 4 7 switches the switch Swl to a terminal a for inputting a sound 
signal from the built-in stereo microphone 21 To the terminal b for inputting the audio signal from the binaural 
microphone 3. As a result, the audio signal from the binaural microphone 3 is supplied to the audio coding 
section 22. The switch Swl serves as a switching unit for switching whether to use a microphone other than a 
force binaural microphone that uses a no noise mic to be attached to the ear 30 2 of the photographer 300 as a 
microphone for collecting ambient sounds. 

[0028] In addition, the control unit 47 controls to generate and output flag information (binaural flag signal) 
indicating that the flag information generation unit 42 is in binaural mode. The binaural flag signal is input to 
the multiplexing unit 13. 

[0029] When the binaural mode is set in this manner, the control unit 47 preferably displays a mark indicating 
that the binaural mode is set on the display unit 17. An example of the mark is shown in FIG. A mark 171 
shown in FIG. 5A is a mark schematically showing the photographer 300 using the binaural microphone 3, and 
a mark 172 shown in FIG. 5B schematically shows a sphygmomanic reproduction of binaural sound It is a mark 
shown. As the mark indicating the binaural mode, any of the marks in FIGS. 5A and 5B may be used, but other 
marks may be used. If these marks are displayed on the display section 17 after being superimposed on the 
image photographed by the camera section 11 after the above-described initial setting or when the binaural 
microphone 3 is connected to the external microphone connection terminal 32 Yo With such a mark display, the 
photographer 300 can confirm whether the audio mode is the force set to the binaural mode when using the 
binaural microphone 3. When the audio mode is the binaural mode, the control unit 4 7 is a display control unit 
for displaying a binaural mark (marks 171, 172) indicating that it is in the binaural mode on the display unit 17. 

[0030] The viewer 300 wearing the left and right microphones 3 la, 3 lb of the binaural microphone 3 on the left 
and right ears 302 images the subject with the camera unit 11. The video signal output from the camera unit 11 
is input to the video encoding unit (video processing unit) 12 and the terminal g of the switch Sw 3. When 
photographing (recording) is being performed by the video / audio recording I reproducing apparatus 101, the 
switch Sw 3 is switched to the terminal g, the video signal from the camera section 11 is supplied to the display 
section 17, An image is displayed. At the same time, due to the positional relationship between the head 30 of 
the photographer 300 and the microphones 3 la, 3 lb, the microphone 3 la, 31 obtains a sound signal with a noisy 
sound whose subject is in the median plane direction. This audio signal is input to the audio coding section 
(audio processing section) 22 via the switch Swl. 

[0031] In the case where the recording medium 44 is a DV cassette, the video encoding section 12 AZD 
converts the input video signal and encodes it according to the DV compression method to generate an encoded 
video signal. The audio coding section 22 AZD converts the input audio signal and rearranges the data positions 
of the uncompressed audio signal by shuffling to generate a coded audio signal. 

[0032] The multiplexing unit 13 time division multiplexes the input coded image signal, the coded voice signal, 
and the binaural flag signal according to the signal format defined by the consumer digital VCR specification to 
generate a multiplexed signal . The multiplexed signal output from the multiplexing unit 13 is input to the 
recording I reproducing unit 14. The recording I reproducing unit 14 records the input multiplexed signal on the 
recording medium 44 in accordance with the recording format defined by the consumer digital VCR 
specification. The specific recording method of the Binotto-Ralf-Lag signal will be described in detail later. 
[0033] Here, a modified example of the binaural microphone 3 will be described. 

[0034] (Modified Example of Binaural Microphone 3) 

FIG. 6 (A) shows a microphone 31 c as a first modification of the microphones 31 a and 31 b, and FIG. 6 (B) 
shows a microphone 31 d as a second modification of the microphones 31 a and 31 b. A microphone 31 c shown 
in FIG. 6 (A) is provided to be connected to an upper part of the microphone holding part 312 and a microphone 
holding part 312 to be inserted into the ear 302 of the photographer 300, and houses a microphone unit such as a 
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diaphragm And a microphone housing part 311 for making it! By making the binaural microphone 3 a 
microphone 31 c structured to be separated into the microphone storage part 311 and the microphone holding 
part 312, even if the photographer 300 mounts the binaural microphone 3, it is possible to listen to the sound 
arriving from the outside satisfactorily it can. The microphone 31 d shown in FIG. 6 (B) is provided with a 
microphone storage part 311 connected to the lower part of the microphone holding part 312. Even microphone 
3 Id has the same effect as microphone 31 c. 

[0035] FIG. 7 is a perspective view showing a specific configuration example of the microphone holding unit 
312. Here, the microphone 31 c of FIG. 6 (A) in which the microphone housing portion 311 is provided on the 
top of the microphone holding portion 312 is shown. The microphone holding portion 312 shown in FIG. 7 (A) 
has a holding portion main body 312 a formed with a tapered sound passage hole 313 a whose diameter 
decreases toward the inside of the ear 302. The microphone holding portion 312 shown in FIG. 7 (B) is formed 
by forming the holding portion main body 312 a circular columnar sound hole 313 b. The holder main body 
312a of FIG. 7 (A) is easy to insert into the ear 302 of the photographer 300, and the holding part main body 
312b of FIG. 7 (B) has the feature that the attenuation of external sound when worn is small. 

[0036] FIG. 8 shows an example in which the external shape of the microphone holding part 312 of the 
microphone 31 c in FIG. 6 (A) is made different. 8A shows a microphone holding portion 312 having a large 
outer shape, FIG. 8B shows a microphone holding portion 312 having an outer shape, and FIG. 8C shows a 
microphone holding portion 312 having a small outer shape. In this way, if a plurality of sizes are prepared as 
the microphone holding unit 312, the photographer 300 can select one matching the size of his ear 302. 8A to 
8C, the shape and size of the microphone housing portion 311 (microphone unit) are the same, and the 
sensitivity and response frequency characteristics of the microphone unit are also the same. 

[0037] (Recording of binaural flag signal) 

In order to distinguish between the binaural sound collected by the photographer 300 wearing the binaural 
microphone 3 and the stereo sound collected by the built-in stereo microphone 21, binaural sound and a binaural 
sound signal are recorded on the recording medium 44 at the time of binaural sound collection Record. The 
binno-lull-lag signal is generated by the flag information generating unit 42. 

[0038] First, a specific recording method of the binaural flag signal when the recording medium 44 is a DV 
cassette will be described. 

[0039] FIG. 9 shows a data format for recording audio data in the DV cassette. 

0When recording audio data of - 89 bytes, the 0th and 1st bytes are synchronous codes, the 2nd to 4th by ID 
(identification) code, the 5th to 9th bytes are audio auxiliary data (AUX) 10 to 81 record audio data, and 82 to 
89 record inner code parity data for error data detection and correction. For example, the flag information 
generating unit 42 outputs 1 as a binaural flag signal in binaural mode, and outputs 0 as long as it is not in 
binaural mode (in normal mode). The multiplexing unit 13 generates the data format signal shown in FIG. 

[0040] Next, a specific recording method of the binaural flag signal in the case where the recording medium 44 
is a disk for recording will be described. As a disk for recording, there are a disk for recording and reproducing 
using red laser light such as DVD-RAM, DVD-RW, DVD-Rand a blue laser light such as Blu-ray Disc and 
HD-DVD There is a disk to record and reproduce. Here we will explain the case of superimposing the 
binauraflag lag signal using the DVD video standard that can be applied to these recording discs in general. 

[0041] As a first method of superimposing the Noino-Ralph lag signal using the DVD video standard, a method 
of superimposing a binaural flag signal on a DVD-Video zone in the DVD video standard can be considered. 

[0042] As shown in Fig. 10, the Volume space of the DVD standard is powerful with Volume and Film 
structure, DVD - Video zone and DVD others zone. The DVD-Video zone includes V MG (Video Manager) 
and VTS (Video Title Set) # 1 to DVTS # n. n is a predetermined integer of 2 or more. Each VTS includes 
control data (Control Data) and YOBS (Video Object Set). The YOBS includes a plurality of VOBs (Video 
Objects). The YOBS includes a plurality of CELLs. CELL includes a plurality of VOBU (Video Object Unit). 
VOBU includes navigation pack (NV _PACK), audio pack (A _PACK), video pack (V _PACK). In the present 
embodiment, a data pack (D _PACK) including a binaural flag signal is provided in the VOBU. 

Exhibit 1004 
Page 0606 of 1001



[0043] The data pack (D _PACK) includes pack header, packet header, sub stream ID, audio frame information, 
audio data information, and noino ralph lag signal. Noino Ralph Lag signal will also be multiple audio frame 
layer power. 

[0044] In this manner, information including a binaural flag signal in a format conforming to the DVD video 
standard is packed as a data pack (D _PACK) and MPEG multiplexed. This makes it possible to know which 
audio frame portion of the audio signal is a binalaural audio signal and which audio frame portion is a normal 
stereo sound while maintaining compatibility with the DVD video standard. Therefore, it is possible to easily 
determine in which audio frame portion the crosstalk cancellation process should be performed. 

[0045] As a second method of superimposing the Noino-Ralph lag signal using the DVD video standard, a 
method of superimposing a binaural flag signal on DVD other zone in the DVD video standard can be 
considered. The DVD other zone is an area for recording auxiliary data related to data of the main body of video 
and audio, and it is also a user data recording area. 

[0046] In the present embodiment, the data structure of the DVD other zone which is the user data recording 
area is structured similar to the data structure of the DVD-Video zone so as to be apportioned by comparing 
FIG. 10 with FIG. 11. As shown in FIG. 11, the DVD other zone also includes VMG, VTS, YOBS, VOB, 
CELL, and VOBU. In order to distinguish these pieces of information in the DVD other zone shown in FIG. 11 
from that of FIG. 10, the name given with D is added to the head. 

[004 7] As shown in FIG. 11, the DVD other zone includes DVMG and DVTS # 1 to DVTS # n. 

Each DVTS includes DVTSI (Video Title Set Information) and DVOBS. The DV OBS includes a plurality of 
DVOBs. DVOBS contains multiple DCELLs. DCELL includes a plurality ofDVOBUs. The DVOBU includes 
a plurality of audio frame layers. The audio frame layer is an area for recording audio frame data such as coding 
parameters of audio signals, and a part of this audio frame layer is set as the recording area of the binaural flag 
signal. 

[0048] By describing the binaural flag signal in the DVD other zone in the format conforming to the DVD video 
standard as described above, audio signals (binaural audio signal or normal stereo sound) included in the DVD­
Video zone and binaural flag signal Are associated with each other. It is possible to know which audio frame 
portion of the audio signal is a binaural sound signal and which audio frame portion is a normal stereo sound 
while maintaining compatibility with the DVD video standard. Therefore, it is possible to easily determine in 
which audio frame portion the crosstalk cancellation process should be performed. 

[0049] In the cases of FIGS. 10 and 11, for example, an audio signal picked up while photographing is started 
by operating the start button and the stop button is operated to end shooting is set as one or a plurality of audio 
frame layers, Add audio mode information to each audio frame layer. Then, the binaural flag signal is described 
in the voice mode information and managed as a binaural information packet. By managing the Noino Ralph lag 
signal as a binaural information packet, it is possible to easily acquire voice mode information for each audio 
frame. Thus, even when the binaural audio signal and the normal stereo audio signal are mixedly recorded at the 
time of reproducing the recording medium 44, the crosstalk canceller 27 Can be switched appropriately. 
Recording of the audio mode information is required to be performed at least for each operation of starting 
photographing, and it is more preferable to record at every predetermined time. 

[0050] Also, even in the case of using, for example, a semiconductor memory as the recording medium 44, by 
defining the recording area of the binaural flag signal and specifying the sound mode of the sound signal to be 
recorded in the same manner as described above, it is possible to record binaural It is possible to identify the 
audio signal and reproduce the audio signal while appropriately switching the operation/ non-operation of the 
crosstalk canceler 27. 

[0051] It is also conceivable to describe the binaural flag signal in the user data of the multiplexing layer of the 
encoding method such as MPEG. As an example, it is assumed that a cellular phone having a communication 
function of video and audio is used, and a case where a video signal photographed together with a voice signal 
collected by the binaural microphone 3 from a cellular phone on the transmitting side is transmitted to the 
mobile phone on the receiving side . Even in such a case, the binaural flag signal can be transmitted from the 
transmitting-side cellular phone to the receiving-side cellular phone. By transmitting the binaural flag signal to 
the audio signal and transmitting it, it becomes possible to reproduce a sound with realism in the case of 
binaural sound. In this case, a binaural flag signal is described in a predetermined portion of the video and audio 
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packet data to be transmitted by the cellular phone and transmitted as packet data. For example, when using the 
transmission method specified by MPEG-4, it is possible to transmit a no-no-ruff-lag signal as shown in FIG. 9 
in the user data recording area of the elementary stream. When a transport stream specified by the MPEG -4 
standard is used, a binaural flag signal can be described in a private data area (private_ data_ type). 

[0052] Also, when transmitting video data and audio data as fileed data in the form of attached files, binaural 
flag signals are written in the file header portion. 

[0053] The recording operation in the video / audio recording I reproducing apparatus 101 will be described 
further using the flow chart shown in FIG. 

[0054] First, in step S 151, the control unit 4 7 determines whether the external microphone connected to the 
initial setting force external microphone connection terminal 32 described in FIG. 4 is set in the binaural 
microphone 3 or not. If it is determined in step S 151 that the initial setting is binaural (YES), the process 
proceeds to step S 152. If it is not determined that the binaural setting is made (NO), the control unit 47 switches 
the switch Swl to the terminal a. In step Sl54, the video/ audio recording I reproducing apparatus 101 transmits 
the audio signal from the built-in stereo microphone 21 get. In step Sl52, the control unit 47 determines whether 
or not the connection detecting unit 41 is detecting the insertion of the plug of the external microphone into the 
external microphone connecting terminal 32. [Instep S 152, if it is determined that an external microphone is 
connected to the external microphone connection terminal 32 (YES), the control unit 47 switches the switch Swl 
to the terminal b, and in step Sl53, the video/ audio recording I reproducing apparatus 101 acquires an audio 
signal from the no-noal microphone 3. If it is not determined in step S 152 that an external microphone is 
connected to the external microphone connection terminal 32 (NO), the control unit 47 switches the switch Swl 
to the terminal a, and in step S 154, The reproduction apparatus 101 acquires a sound signal from the built-in 
stereo microphone 21. 

[0055] Next, in step Sl55, the video signal from the camera section 11 is temporarily stored in a memory (not 
shown) in the video encoding section 12, and the audio signal from the binaural microphone 3 or the built-in 
stereo microphone 21 is temporarily stored in the audio encoding section In a memory (not shown) in the unit 
22. At step SI 56, the video encoder 12 encodes the video signal, and the audio encoder 22 encodes the audio 
signal. In step Sl57, the coded video signal is temporarily stored in a buffer (not shown) in the video encoding 
section 12, and the coded audio signal is temporarily stored in a buffer (not shown) in the audio coding section 
22. Then, Further, in step S 158, the flag information generating unit 42 generates a binaural flag signal based on 
an instruction from the control unit 47 in the binaural mode. 

[0056] Then, in step Sl59, the multiplexing unit 13 multiplexes the encoded video signal, the encoded audio 
signal, and the binaural flag signal, and in step S 160, generates the packetized stream signal. In step S 161, the 
recording I reproducing unit 14 records a stream signal in the medium recording 44. In step Sl62, the video 
encoder 12 and the audio encoder 22 determine whether there is a video signal and a sound signal to be encoded, 
and it is determined that there is still a video signal and a sound signal to be encoded (YES), the process returns 
to step S 152, and the above operation is repeated. If it is not determined in step S 162 that there is still a video 
signal and an audio signal to be coded (No), the process is terminated. 

[0057] (Playback Operation) 

Returning to FIG. 3, the playback operation in the video/ audio recording I playback apparatus 101 will be 
described. In FIG. 3, when a reproduction button (not shown) of the operation unit 48 is operated, the recording 
I reproduction unit 14 reproduces the multiplexed signal which is the recording signal recorded on the recording 
medium 44 under the control of the control unit 47. The multiplexed signal reproduced by the recording and 
reproducing unit 14 is supplied to a demultiplexing unit 15 which separates the input multiplexed signal into a 
coded video signal, . 

[0058] The coded video signal is supplied to a video decoding section (video processing section) 16, the coded 
audio signal is supplied to an audio decoding section (audio processing section) 26, and the noino ralphag signal 
is transmitted as flag information And is supplied to the acquisition unit 36. The video decoding section 16 
decodes the input coded image signal to obtain a video signal. In accordance with the operation of the 
reproduction button, the switch Sw 3 is switched to the terminal h under the control of the control unit 4 7. The 
video signal outputted from the video decoding section 16 is displayed on the display section 17 and also 
supplied to the monitor 52 via the video output terminal 37a for display. The audio decoding section 26 decodes 
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the input coded voice signal to obtain a voice signal. The audio signal is supplied to the crosstalk canceller 27 
and the terminal c of the switch Sw 2. 

[0059] The crosstalk canceler 27 generates a first tone signal that is generated when a binaural collected sound 
signal is reproduced by the speakers 53 and 54 and a signal sounded from the left speaker 54 is listened to by the 
right ear of the listener 59 Generates a signal for canceling the crosstalk component and the second crosstalk 
component that the signal generated by the right speaker 53 is listened to by the left ear of the listener 59 and 
adds it to the audio signal And generates a crosstalk processed signal. The flag information acquisition unit 36 
holds the binaural flag signal obtained by the separation unit 15. The control unit 47 switches over the switch 
Sw 2 depending on whether the flag information acquisition unit 36 holds the binaural flag signal or not. That is, 
if the flag information acquiring unit 36 holds the binaural flag signal, if the switch Sw 2 is connected to the 
terminal d and the crosstalk canceling signal of the crosstalk canceller 27 power is also output to the sound 
output terminal 3 7 b If it is not controlled and the switch Sw 2 is connected to the terminal c and the audio 
signal which is not crosstalk processed from the audio decoding unit 26 is transmitted to the audio output 
terminal 37 b So as to output. 

[0060] The sound signal output from the sound output terminal 37 b and amplified by the amplifier 51 is 
sounded from the left and right speech forces 53, 54. When the audio signal output from the audio output 
terminal 37 bis the crosstalk processed signal output from the crosstalk canceler 27, the viewer 59 views the 
video displayed on the monitor 52, and the photographer 300 captures an image It is possible to listen to the 
surrounding sound of the photographer 300 at the time of going as a sound with realism. At this time, since the 
crosstalk canceller 27 cancels the crosstalk component by using the head-related transfer function which will be 
described in detail later, even if the photographer 300 and the viewer 59 are different from each other, an 
arbitrary photographer 300 So that even when an arbitrary viewer 59 views it, he/ she can listen to a sound with 
realistic feeling with little sense of discomfort. 

[0061] The reproduction operation in the video/ audio recording I reproducing apparatus 101 will be described 
further using the flow chart shown in FIG. 

[0062] Referring to FIG. 13, in step Sl81, the recording and reproduction unit 14 reproduces the recording 
medium 44 and obtains a stream signal based on the multiplexed signal. In step Sl82, the recording and 
reproduction unit 14 decodes the stream signal to generate a packet signal. In step Sl83, the demultiplexing unit 
15 separates the packet signal into a video signal, an audio signal, and a no-no-rural signal. In step S 184, the 
video decoding unit 16 decodes the video signal, and the audio decoding unit 26 decodes the audio signal. In 
step Sl85, the video decoding unit 16 and the audio decoding unit 26 temporarily store the decoded video signal 
and audio signal in a buffer (not shown). In step S 186, the flag information acquiring unit 36 acquires the 
binaural flag signal. 

[0063] Then, in step S 187, on the basis of the binauraf luggage signal acquired by the flag information acquiring 
unit 36, the control unit 47 determines whether the reproduced audio signal is a force binaural audio signal 
which is a normal stereo audio signal judge. If it is determined in step S 187 that the signal is a binaural sound 
signal (YES), the process proceeds to step S 188. If it is determined in step S 187 that the sound signal is not a 
binaural sound signal (NO), the process proceeds to step S 191, the control unit 47 switches the switch Sw 2 to 
the terminal c, and synchronizes the video signal and the audio signal . 

[0064] Ifit is a binaural audio signal, in step Sl88, the control unit 47 switches the switch Sw2 to the terminal d, 
thereby setting the crosstalk cancellation processing by the crosstalk canceler 27 to an effective state. In step 
Sl89, the control unit 47 controls each unit of the circuit so as to synchronously reproduce the crosstalk 
canceled audio signal by the video signal and the crosstalk canceller 27. If it is determined in step S 190 that 
there is still a video signal and an audio signal to be reproduced (YES), the process returns to step S 182 and the 
above operation is repeated. If it is not determined that the video signal and the audio signal to be reproduced 
still exist in step S 190 (NO), the processing is terminated. 

Here, the specific confignration and operation of the crosstalk canceler 27 will be described with reference to 
FIG. 14. As shown in FIG. 14, the crosstalk canceller 27 is configured to include finishers 272 a to 272 d, calo 
calculators 274 a and 274 b, and filters 275 a and 275 b. 

[0066] In FIG. 14, the left channel signal P (t) of the binaural sound signal is filtered by the filter 2 
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72a, 272 b [This signal, right channel signal P (t) voice letter 272 c, 272 d [This will be done. The filters 272a 
to 272d are sequentially assigned to the head related transfer functions h (t), h (t), h (t), h (t) 

The filter characteristic (filter coefficient) created on the basis of rs lo ro is stored. The filters 272 a and 272 d 
have filter characteristics equivalent to the head related transfer functions h (t) and h (t), and the filters 272 b and 
2 

rs Is 

72c has filter characteristics equivalent to those obtained by inverting the head related transfer functions h (t) 
and h (t). Feces 

lo ro 

For convenience, the filter characteristics of the filters 272a to 272d are expressed ash (t), - h (t), - h (t), h (t) 

Write rs lo ro Is. Filters 272 a to 272 dare configured to add input signals P (t) and P (t) 

LR 

And outputs it. 

[0067] The power calculator 274 a calculates the signal output from the filters 272 a and 272 c, and the filter 
275 a gives a filter characteristic of d (t) to the added signal. Calo calculator 274 b adds the signals output from 
filters 272 band 27 2 d, and filter 275 b gives a filter characteristic of d (t) to the added signal. 

[0068] Here, the filter characteristic d (t) stored in the filters 275 a and 275 bis the following equation (1). 

[0069] d (t) = {h (t) X h (t) - h (t) X h (t)} 1, 

Is rs lo ro 

The signals output from the filters 275a and 275b are crosstalk processed signals subjected to the crosstalk 
cancellation processing so that the crosstalk is canceled when sound is generated from the speakers 53 and. The 
crosstalk processed signal output from the filters 275 a and 275 bis amplified by the left channel amplifier 5 la 
and the right channel amplifier 5 lb of the amplifier 51, respectively, and is sounded from the speech forces 53 
and 54. 

[0070] A signal (voice) generated from the speaker 53 is listened to with the left ear of the viewer 59, and a part 
of the sounded signal is received as a first crosstalk signal indicated by a broken line at the right ear of the 
viewer 59 Listen. The crosstalk canceler 27 generates a first crosstalk cancellation signal for canceling the first 
crosstalk signal listened to by the right ear of the viewer 59 and causes the speaker 54 to generate sound. The 
first crosstalk cancellation signal cancels (attenuates) the first crosstalk signal by the first crosstalk cancellation 
signal. Similarly, a signal (voice) generated from the speaker 54 is listened to by the right ear of the viewer 59 
and a part of the sounded signal is received as a second crosstalk signal indicated by a broken line on the left 
side of the viewer 59 Listen with your ears. The crosstalk canceller 27 generates a second crosstalk cancellation 
signal for canceling the second crosstalk signal to be listened to by the left ear of the viewer 59 and causes the 
speaker 53 to generate sound. The second crosstalk signal is canceled (attenuated) by the second crosstalk 
cancellation signal. As a result, the viewer 59 listens to the audio signal P (t) whose crosstalk is canceled with 
the left ear, the crosstalk is canceled with the right ear 

Listens to the voice signal P (t). 

[0071] (Measurement of Head Related Transfer Function) 
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With reference to FIG. 15, a head related transfer function measuring device 6 for obtaining head related 
transfer function characteristics stored in the filters 272 a to 272 d, 275 a and 275 b will be described. As shown 
in FIG. 15, the head-related transfer function measuring device 6 includes a personal computer 61, an amplifier 
62, a speaker 63, microphone units 65 a and 65 b, a cylindrical structure 65 e, and amplifiers 66 a and 66 b. 

[0072] How to measure the head related transfer function! 

[0073] First, a personal computer 61 generates a measurement signal composed of impulse sound, for example. 
The measurement signal is amplified by the amplifier 62. Measurement signals generated from the left speaker 
63 are received by the left and right microphone units 65a and 65b. The right and left signals obtained by 
receiving the sound are amplified by the amplifiers 66 a and 66 b and input to the personal computer 61. This 
input signal is the head related transfer function h (t), h (t) of the sound received from the speaker 63 and 
received by the left and right microphone units 65a and 65b attached to the cylindrical structure 65e is there. 
Head trance 

Is lo 

The reaching function h (t) indicates that the signal generated from the left speaker 63 is the left microphone 
unit 65 a 

Is 

The head related transfer function h (t) is a characteristic to be listened to and received by the left speaker 63 

lo 

Is the characteristic of the crosstalk component listened to by the microphone unit 65 b on the right side. 

[0074] Likewise, the measurement signal generated from the right speaker 64 is received by the left and right 
microphone units 65a and 65b. The right and left signals obtained by receiving the sound are amplified by the 
amplifiers 66 a and 66 b and input to the personal computer 61. The personal computer 61 compares the 
generated measurement signal with the received sound signal so that the sound generated from the speaker 64 is 
received by the left and right microphone units 65a and 65b attached to the cylindrical structure 65e Head 
transfer functions h (t) and h (t) are obtained. The head related transfer function h (t) is obtained from the right 
speaker 64 

rs ro rs 

The head related transfer function h (t) is a characteristic in which the sound generated by the right speaker 64 is 
a crosstalk component listened to by the left microphone unit 65a It is a characteristic. 

[0075] The cylindrical structure 65 e will be described with reference to FIG. 16. 16A is a top view of the 
cylindrical structure 65e, FIG. 16B is a perspective view of the cylindrical structure 65e, and FIG. 16C is a 
cross-sectional view of a so-called dummy head microphone shown for comparison . 

[0076] As shown in FIGS. 16 (A) and 16 (B), microphone units 65 a and 65 bare mounted on the surface of the 
cylindrical structure 65 e in a state of being separated by 180 °. As shown in the drawing, the microphone units 
65a and 65b do not have an auricle and external ear canal. The diaphragm (not shown) of the microphone units 
65a, 65b is disposed at a position substantially coincident with the surface of the cylindrical structure 65e. On 
the other hand, the dummy head microphone 69 shown in FIG. 16 (C) has pinna shaped members 692 a, 692 b 
and ear canals 693 a, 693 b on both sides of the artificial head 691, and a microphone unit 694 a, and 694 b, 
respectively. The microphone units 694 a and 694 b are provided at positions corresponding to the position of 
the eardrum of a person, and collect sound signals approximate to sounds to be heard by a person. 

[0077] The sound receiving characteristics of the microphone units 65a and 65b attached to the cylindrical 
structure 65e shown in FIGS. 16 (A) and 16 (B) are influenced by characteristic differences given by auricles 
and external auditory canals different in size and shape from person to person And it is a characteristic that can 
measure the head related transfer function. Although sound waves generated from the speakers 63, 64 are 
shielded by the cylindrical structure 65e, they are diffracted along the cylindrical structure 65e and reach the 
microphone units 65a, 65b. The microphones 65a and 65b measure the characteristics of sound waves directly 
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emitted from the speakers 63 and 64 and reaching by diffracting along the cylindrical structure 65e. By using the 
cylindrical structure 65e, it is possible to obtain a head related transfer function having an average head 
shielding characteristic. Therefore, even when various viewers who have different sizes and shapes of the heads 
and have different head shielding characteristics listen to the binaural sound signal, it is possible to receive 
speech with realistic feeling with almost no discomfort. 

[0078] 17 A to 17D are diagrams showing the head related transfer function h (t (t) of the cylindrical structure 
65e measured by the acoustic signal transfer characteristic measuring device 6, the impulse sound generated by 
the acoustic signal transfer characteristic measuring device 6 described above, ), h (t), h (t), h (t) are convoluted 
with each other 

Is lo rs ro 

. FIG. 17 (D) shows the filter characteristic d (t) shown in the above formula (1). In Figs. 17 (A) - 17 (E), the 
vertical axis shows the amplitude of the signal voltage normalized with the prescribed output voltage, and the 
horizontal axis shows the number of samples when the measured signal is sampled at 48 kHz The time shown is 
shown. 

[0079] 18 (A) to 18 (E) show the frequency characteristics obtained by Fourier analysis of the signals shown in 
FIGS. 17 (A) to 17 (E). In FIGS. 18 (A) to (E), the frequency positions of 100 Hz, 1 kHz, and 10 kHz are 
indicated by the broken vertical lines, and the gain difference between the horizontal lines of the two broken 
lines in the response characteristics of the vertical axis is 10 dB. 

[0080] In the filters 272a to 272d of FIG. 14, the head related transfer functions h (t) 

rs 

, h (t), h (t), h (t) are given. As mentioned above, Phil lo ro Is 

Filter characteristics corresponding to the head related transfer functions h (t) and h (t) are given to the tapes 272 
a and 272 d 

rs Is 

, Filter characteristics corresponding to the head related transfer functions h (t), h (t) whose polarity is reversed -
h (t) and - lo ro lo h (t) are given to the filters 272 band 272 c. 

ro 

[0081] For comparison, the characteristics measured using the dummy head microphone 69 shown in FIG. 16 
(C) instead of the microphone units 65a and 65b attached to the cylindrical structure 65e are shown in FIGS. 19 
and 20. FIG. 19 shows characteristics obtained by measurement similarly to FIG. 17. As can be understood by 
comparing FIG. 17 with FIG. 19, the impulse response waveform measured by using the microphone units 65 a, 
65 b attached to the cylindrical structure 65 e is the impulse response measured by using the dummy head 
microphone 69 This waveform is closer to the impulse sound which is the input signal for measurement than the 
waveform. 

[0082] FIG. 20 shows the frequency response characteristics measured using the dummy head microphone 69. 
The characteristics obtained by using the microphone units 65a and 65b attached to the cylindrical structure 65e 
are smaller than the distortion force S of the frequency characteristic and close to flat . Respective 
characteristics shown in FIGS. 20 (A) to 20 (E) are enhanced or attenuated in the response characteristics at a 
frequency of 1.5 to 7 kHz. The characteristics shown in FIGS. 18 (A) to 18 (E) are smaller in degree of 
enhancement and attenuation of response characteristics. This is because there is no disturbance in 
characteristics caused by the auricle or the external auditory meatus when the microphone units 65a and 65b 
attached with the cylindrical structure 65e are used. In the dummy head microphone 69, a part of the sound 
waves emitted from the speakers 63, 64 is reflected by the auricle, and the reflected sound wave and the directly 
arriving sound wave are synthesized and synthesized in phase and synthesized in reverse phase It attenuates. In 
addition, it is strengthened or attenuated at a specific frequency due to the influence of external ear canal 
resonance, antiresonance, etc. By using the microphone units 65 a and 65 b attached to the cylindrical structure 
65 e, it is possible to suppress adverse effects as in the case of using the dummy head microphone 69. 
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[0083] Filter characteristics based on the head related transfer function measured by using the microphone units 
65a and 65b attached to the cylindrical structure 65e are added to the filters 272a to 272d and the filters 275a 
and 275b of the crosstalk canceler 27 ) And a filter characteristic based on the head-related transfer function 
measured using the dummy head microphone 69 (second condition), and a comparative viewing test was 
conducted by a plurality of viewers . A small, small microphone was inserted into the ear canal of the viewer, 
and the sound receiving characteristic was measured as the sound received by the small microphone is the sound 
heard by the viewer. 

[0084] FIG. 21 shows the characteristics measured by a certain viewer under the first condition. In FIG. 21, (A) 
shows an impulse signal on the left side input signal P (t), a silent input signal P (t) on the right side 

LR 

This is the waveform of the impulse response signal which is sounded from the speakers 53 and 54 as the 
number and received by the compact microphone worn by the viewer's left ear. (B) is the waveform of the 
crosstalk component sounded with the same condition as (A) and received by a compact microphone worn by 
the viewer's right ear. In FIG. 21 (A), a large impulse response waveform is obtained, and in FIG. 21 (B), a 
small level waveform is obtained. FIG. 21 (C) shows the frequency analysis result of the response waveform, Ca 
is the response characteristic obtained by frequency analysis of the response waveform of (A), and Cb is the 
response characteristic obtained by frequency analysis of the response waveform of (B). Crosstalk cancellation 
effect exceeding 20 dB at 100 Hz to 2 kHz is obtained. 

[0085] Further, in FIG. 21, (D) shows the case where the left input signal P (t) is no signal, the right input signal 
p 

(t) as an impulse signal from the speakers 53 and 54, and worn on the left ear of the viewer 

R 

It is the waveform of the crosstalk component received by the small microphone. (E) is the waveform of the 
impulse response received by a compact microphone worn on the right ear of the viewer, which is pronounced 
under the same condition as (D). In FIG. 21 (D), a waveform of a small level is obtained, and in FIG. 21 (E) a 
large level of impulse response waveform is obtained. FIG. 21 (F) is a frequency analysis result of the response 
waveform, F dis a response characteristic obtained by frequency analysis of the response waveform of (D), and 
Fe is a response characteristic obtained by frequency analysis of the response waveform of (E) . A crosstalk 
cancellation effect of about 16 dB is obtained at 100 Hz to 2 kHz. FIG. 22 shows the characteristics measured 
by the same viewer as in FIG. 21 under the second condition. The measurement conditions are the same as in 
FIG. The crosstalk canceling effect of FIG. 22 (C) is about 14 dB, and the crosstalk canceling effect of FIG. 22 
(F) is about l ldB. Under the second condition, the effect is inferior compared to the first condition. 

[0087] Fig. 23 shows the characteristics measured with the same measurement conditions as in Fig. 21 under the 
first condition with different viewers from Fig. 21 and Fig. 22. The crosstalk canceling effect of FIG. 23 C is 
about 22 dB, and the crosstalk canceling effect of FIG. 23F is about 18 dB. Even different viewers have good 
effects. 

[0088] FIG. 24 shows the characteristics measured under the same conditions as in FIG. 22 under the second 
condition with the same viewers as in FIG. 23. The crosstalk canceling effect of FIG. 24 (C) is about 14 dB, and 
the crosstalk canceling effect of FIG. 24 (F) is about 10 dB. Even for different viewers, it can be seen that the 
effect is inferior to the first condition under the second condition. Furthermore, similar measurements were 
performed by different viewers, and it was confirmed that the same effect as above can be obtained for each of 
the first condition and the second condition. 

[0089] From the above measurement results, the filter characteristics given to the filters 272 a - 272 d and the 
filters 275 a, 275 b of the crosstalk canceller 27 are more improved than the filter characteristics based on the 
head related transfer function measured by using the dummy head microphone 69 Direction of filter 
characteristics based on head related transfer functions measured using microphones 65a and 65b attached to 
form structure 65e Crosstalk component sounded from the left speaker and listened to by the right ear and right 
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side It is f * i ¾ that the effect of canceling the crosstalk component sounded by the speaker of the left ear 
listened to is high. 

[0090] In the filter characteristics based on the head related transfer function measured using the microphone 
units 65 a and 65 b attached to the cylindrical structure 65 e, disturbance of the frequency characteristics in the 
high frequency range is small. That is, by using the cylindrical structure 65e, it is possible to reduce the 
frequency characteristic being greatly reduced or increased at a specific frequency portion, and it is possible to 
minimize the degradation of the sound quality as much as possible. As a result, the viewer can listen to the 
sound with realistic feeling with little sense of incongruity. 

[0091] Filter characteristics based on head related transfer functions measured using the microphone units 65a 
and 65b attached to the cylindrical structure 65e with filter characteristics given to the filters 272a to 272d and 
the filters 275a and 275b of the crosstalk canceller 27, The crosstalk cancellation is performed near the entrance 
of the ear canal of the viewer 59 which is the structure when listening to the binaural sound signal. Therefore, 
the cancellation of the crosstalk component is effectively performed for a plurality of viewers 59 having 
different acoustic characteristics of the auricle and the ear canal. 

[0092] The cylindrical structure 65e is not limited to a complete cylindrical shape, but may be a slightly 
cylindrical deformed cylindrical shape! /,. It is preferable not to have a concave-convex portion that gives a 
change in response characteristics such as the auricle or the external auditory canal, etc. In a state where the 
microphone units 65 a, 65 b are attached to the cylindrical structure 65 e, the response characteristics are 
disturbed As much as possible, it is preferable, 

[0093] The crosstalk canceler 27 is not limited to the configuration shown in FIG. 14, but may be a band 
division type crosstalk canceller which can further reduce the opposite phase feeling occurring in the low 
frequency band. The band division type crosstalk canceller divides a binaural sound signal input as a signal of 
the entire frequency band into a signal of a low frequency band and a signal of a mid high frequency band and 
converts the binaural sound signal into a binaural sound signal of a middle to high frequency band Crosstalk 
cancellation processing is performed only for the crosstalk. 

[0094] FIG. 25 shows a band division type crosstalk canceler 27a, and its configuration and operation will be 
described. Constituent parts having the same functions as those of the crosstalk canceller 27 shown in FIG. 14 
are denoted by the same reference numerals, and description thereof is omitted. 

[0095] As shown in FIG. 25, the crosstalk canceller 27 a is different from the crosstalk canceler 27 shown in 
FIG. 14 in that it includes low-pass filters (LPF) 271a and 271d, high-pass filters (HPF) 271b and 271c, delay 
units 273a and 273b, Gain control amplifiers (GC) 276 a - 276 d, calo calculators 2 77 a, 277 b Different in that 
they are being caught! 

[0096] Among the binaural audio signals input to the crosstalk canceller 27 a, the left channel signal P (t) is 
input to the LPF 271 a and the HPF 271 b, the right channel signal P (t) is input to the LP 

LR 

F 271 d and HPF 271 c, and is divided into a low frequency band and a middle high frequency band. : The cut­
off frequency of the LPFs 271a, 271d and the HPFs 271b, 271c is set to about 100-200 Hz. The middle and high 
frequency band signals output from the HPFs 271 b and 271 c are circuit portions composed of the finer 
switches 272 a to 272 d configured in the same manner as the crosstalk canceler 27, the calorific calculators 274 
a and 274 b, and the focus switches 275 a and 275 b Crosstalk cancellation processing is performed. Signals in 
the middle to high frequency band subjected to the crosstalk cancellation processing are input to the gain control 
amplifiers 276 band 276 c, and the gain is adjusted. 

[0098] The signals in the low frequency band output from the LPFs 271a and 271d are input to the delay units 
273a and 273b and are delayed by substantially the same time as the time required for the crosstalk cancellation 
process for the signals in the middle to high frequency band. The signals in the low frequency band output from 
the delay units 273 a and 273 b are input to the gain control amplifiers 276 a and 276 d, and the gain is adjusted 
so as to eliminate the level difference from the signals in the middle to high frequency band. 

[0099] The power calculators 277 a and 277 b add the low frequency band signal output from the gain control 
amplifiers 276 a to 276 d and the middle high frequency band signal. The signals output from the adders 277a 
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and 277b are crosstalk processed signals subjected to crosstalk cancellation processing only for signals in the 
middle to high frequency band. The crosstalk processed signal output from the adders 277 a and 277 b is 
amplified by the left channel amplifier 5 la and the right channel amplifier 51 b of the amplifier 51, respectively, 
and is sounded from the speakers 53 and 54. 

[0 100] In the configuration shown in FIG. 25, crosstalk cancellation processing is not applied to signals in the 
low frequency band, so that it is reproduced as a signal having no antiphase feeling in the low frequency band. 

[0101] In the crosstalk canceler 27 shown in FIG. 14, the crosstalk cancellation effect by the crosstalk canceller 
27 is sufficiently obtained at less than or equal to 10 Hz as described above with reference to FIGS. 21 to 24. 
The low frequency band below lOOHz has less influence on the localization of the sound source than the V 
band. Without canceling the crosstalk, the signal is audibly listened to with a sense of incompatibility as a signal 
of opposite phase. 

[0102] In the crosstalk canceller 27a shown in FIG. 25, crosstalk cancellation is not performed in a low 
frequency band of 100 to 200 Hz or less so as to realize a crosstalk canceller such that a reverse phase signal 
does not occur in a low frequency band Do it. 

[0103] FIG. 26 shows a frequency band division type crosstalk canceler 27 b having a filter construction method 
different from that of FIG. 25, and its configuration and operation will be described. Constituent parts having 
the same functions as those of the crosstalk canceller 27 a shown in FIG. 25 are denoted by the same reference 
numerals, and description thereof is omitted. 

[0104] The crosstalk canceller 27 b shown in FIG. 26 differs from the crosstalk canceler 27 a in FIG. 25 in that 
filters 278 a and 278 b and filters 279 a and 279 b are provided in place of the filters 272 a to 272 d and the 
filters 275 a and 275 b The way of wiring is also different. The crosstalk canceller 27 a is configured with a 
filter characteristic as a feedforward FIR (finite impulse response) type, whereas the crosstalk canceller 27 b 
uses a feedback type FIR type filter characteristic . 

[0105] In FIG. 26, cross-track cancellation processing is performed by the FIR type filters 278 a, 278 b, 279 a, 
279 band adders 274 a, 274 b for signals in the middle to high frequency band output from the HPFs 271 b, 271 
c. The filter characteristics obtained by the head-related transfer function measuring device 6 are shown in the 
illustration in FIG. 7 in the winding positions 278 a, 278 b, 279 a, 279 b. The winding patterns 278 a, 278 b, 279 
a, 279 b The respective filter characteristics are convoluted with the input signal and output. According to the 
crosstalk canceller 27 b, when the discomfort is reduced as if the reverse phase signal does not occur in the low 
frequency band, the same action and effect as the crosstalk canceller 27 a can be obtained. The crosstalk 
canceller 27 b shown in FIG. 26 can reduce the order of the filter used than the crosstalk canceller 27 a shown in 
FIG. 25, and the configuration can be simplified. In place of FIR type filter, IIR type (infinite impulse response) 
infinite impulse response filter may be used. 

[0106] In the configuration shown in FIG. 3, when the force control unit 47 having the crosstalk canceler 27 (or 
27 a, 27 b) configured separately from the control unit 47 is a microprocessor having a DSP (Digital signal 
processor), The control unit 47 may execute the functions of the crosstalk canceler 27, 27 a, 27 b. In addition, 
the crosstalk canceler 27, 27 a, 27 bis not limited to hardware, and can be realized by software. 

[0107] (Headphone playback) 

Meanwhile, in the video/ audio recording I reproducing apparatus 101 shown in FIG. 3, the audio signal 
outputted from the audio decoding unit 26 can be listened to even by headphones. When listening to the nooraur 
audio signal with headphones, the above-mentioned crosstalk components do not occur V,. When listening to 
the crosstalk processed signal processed by the crosstalk canceller 27 with headphones, the opposite phase 
component of the binaural sound signal is listened to by the left and right ears. Since the reverse phase 
component is an acoustic signal component not in nature and it is not preferable for listening, crosstalk 
cancellation processing is not performed when listening to binaural sound siguals even with headphones. 

[O 108] Therefore, as shown in FIG. 3, the audio signal outputted from the audio decoding section 26 is outputted 
to the audio output terminal 37 c without going through the crosstalk canceler 27. The audio signal output from 
the audio output terminal 37 c is supplied to the headphone 55. As described above, the viewer 59 can listen to 
the crosstalk processed signal outputted from the crosstalk canceler 27 by the speech strength 53, 54, or the 
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audience 59 can listen to the sound signal not processed by the crosstalk canceler 27 as the headphone 55 You 
can also listen to. 

[O 109] A reproduction procedure of the binaural audio signal at the headphone 5 5 will be described with 
reference to FIG. 27. The same processes as those in the flowchart shown in FIG. 13 are denoted by the same 
reference numerals, and description thereof is omitted. 

[0110] In FIG. 27, steps Sl8 l to Sl86 are as described with reference to FIG. 13, and in step Sl92 it is 
determined whether or not reproduction is performed by the headphone 55. FIG. It is sufficient to detect by a 
connection detecting unit whether or not a plug is inserted into the sound output terminal 37c which is a 
connection terminal of the headphone 55. FIG. Ifit is determined in step Sl92 that the headphone is to be 
reproduced (YES), in step Sl93, a binaural audio signal which is not subjected to crosstalk cancellation 
processing in synchronization with the video signal is reproduced by the headphone 55, and in step Sl90 
Transfer. Similarly, when the reproduced audio signal is not binaural audio signal but normal stereo sound, the 
audio signal outputted from the audio decoding section 26 may be similarly supplied to the headphone 55. 

[0111] Ifit is not determined in step Sl92 that the headphone is to be reproduced (NO), the process of steps 
Sl87 to Sl90 is performed as in FIG. Unlike the reproduction process by the headphone 55 in step Sl93, the 
process in step Sl89 is a process ofreproducing the binaural audio signal by the speakers 53, 

[0112] (( Second Embodiment)) 

The photographer 300 attaches the binaural microphone 3 to the left and right ears 302 and picks up the subject 
and records on the recording medium 44 while collecting the sound, so that the viewer 59 can recognize the 
entirety when the photographer 300 shoots You can listen to the ambient sound in the direction. However, an 
image shot by a normal video / audio recording I reproducing apparatus (video camera) is an image in the range 
of about 60 degrees in front of the camera. In the case of zoom photographing, photographing is performed with 
a narrower viewing angle. Therefore, in the case of performing zoom shooting, it is desirable to enhance the 
sound produced in the vicinity of the zoomed up subject and collect the sound. In the second embodiment, in 
addition to the zoom-up of the subject, the sound in the vicinity of the subject is enhanced, and collected and 
recorded. 

[0113] FIG. 28 shows the video/ audio recording I reproducing apparatus 102 provided with the audio 
processing unit of audio which is the second embodiment, and its configuration and operation will be described. 
Components having the same functions as those of the video / audio recording I reproducing apparatus 101 of 
the first embodiment shown in FIG. 3 are denoted by the same reference numerals, and description thereof is 
omitted. The video/ audio recording I reproducing apparatus 102 is different from the video/ audio recording I 
reproducing apparatus 101 in that it includes an audio zoom processing section 33. In FIG. 28, illustration of the 
audio output terminal 37 c which is the connection terminal of the headphone 55 and the headphone 55 is 
omitted. 

[0114] In FIG. 28, the audio signal from the binaural microphone 3 input via the external microphone 
connection terminal 32 is input to the audio zoom processing unit 33. The camera unit 11 includes a plurality of 
lenses (not shown), and has a zooming function of zooming up and down the subject by moving one or a 
plurality of lenses and varying the distance between the lenses. When a zoom-up operation is performed by the 
operation unit 48, a zoom-up control signal is input from the control unit 47 to the camera unit 11, the subject is 
zoomed in and imaged, and the zoom-up control signal is subjected to audio zoom processing The audio signal 
inputted and input to the unit 33 is subjected to audio zoom processing. 

[0115] On the basis of the zoom-up control signal, the audio zoom processing unit 33 augments the audio signal 
collected on the median plane of the photographer 300 including a lot of audio signals to be emitted from the 
binaural sound power of the subject, and performs zoom-in Thereby generating an audio signal. The zoom-up 
audio signal is input to the audio coding section 22 via the switch Swl. The image signal of the subject picked 
up by zooming up is encoded by the video encoding section 12 and the zoom up audio signal is encoded by the 
audio encoding section 22 and is recorded on the recording medium 44 as in the first embodiment It is recorded. 
FIG. 29 is a specific configuration example of the audio zoom processing unit 33. As shown in FIG. 29, the 
audio zoom processing unit 33 includes a zoom magnification detector 331, a coefficient calculator 332, an 
adder 335, a variable amplifier 337, and adders 338 a and 338 b. 
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[0117] In FIG. 29, the zoom magnification detector 331 detects the zoom magnification based on the zoom-up 
control signal supplied from the control unit 47. The coefficient calculator 332 calculates a coefficient a 
representing the degree of enhancement of the sound emitted from the vicinity of the subject according to the 
detected zoom magnification. The adder 355 adds the binaural sound signals of the right and left channels input 
from the external microphone connection terminal 32. The variable amplifier 337 amplifies the output signal of 
the adder 335 according to the coefficient a from the coefficient calculator 332. The adders 338 a and 338 b add 
the left and right channel binaural sound signals to the output signal of the variable amplifier 337, respectively. 
The diaphragms in the microphones 3 la and 3 lb are substantially parallel in a state in which the microphones 
3 la and 3 lb of the binaural microphone 3 are attached to the left and right ears 302 of the photographer 300. 
Since the sound from the left and right direction of the photographer 300 sometimes includes components 
having phases opposite to each other, as a result of the addition of the left and right channels in the adder 335, 
the sound from the left and right directions is partially canceled out and attenuated. Accordingly, from the audio 
zoom processing unit 33, a zoom-up audio signal in which the sound collected on the median plane of the 
photographer 300 is enhanced is output. 

[0118] With reference to FIG. 30, the operation of the video/ audio recording I reproducing apparatus 102 
including the operation in the audio zoom processing unit 33 will be further described. 30, in step S201, the 
adder 335 adds binaural sound signals of left and right channels from the binaural microphone 3 to obtain an 
addition signal S. In step S undefined 202, the zoom magnification detector 331 detects the zoom magnification 
obtained by the control unit 47 according to the operation of the operation unit 48. The zoom magnification may 
be obtained from the relationship between the applied voltage to the motor for driving the lens of the camera 
unit 1 1 and the driving time. In step S203, the coefficient calculator 332 calculates a coefficient oc representing 
the enhancement degree according to the zoom magnification. In step S 204, the variable amplifier 337 
multiplies the output signal of the adder 335 by the coefficient a to obtain a S. In step S 205, the calorie 
calculators 338 a and 338 b add the binaural sound signals of the left and right chambers and the output signal 
(S) of the variable amplifier 337. Then, in step S 206, the zoom-up audio signal is recorded on the recording 
medium 44. In step S207, the control unit 47 determines whether the recording has ended. If it has not ended 
(NO), the control unit 4 7 repeats the force of step S201. If recording has ended in step S207 (YES), the 
processing in the audio zoom processing unit 33 is ended. 

[0119] FIG. 31 shows an audio zoom processing unit 33 a showing another configuration example of the audio 
zoom processing unit 33. If a head related transfer function that gives the effect that the sound source 
approaches the listener with respect to the sound signal of the median plane is convoluted, the sound source also 
receives a power in conjunction with the zoom-up of the subject in the camera unit 11 It is felt as if it 
approached the listener, and it is possible to receive and listen to the audio signal having the realistic feeling. 
The audio zoom processing unit 33 a shown in FIG. 31 is configured to convolve a head related transfer 
function that provides an effect of bringing the sound source closer to the sound signal of the median plane. 

[0120] The audio zoom processing unit 33 a shown in FIG. 31 differs from the audio zoom processing unit 33 of 
FIG. 29 in that a function acquiring unit 333, a transfer function memory 334, and a convolution operator 336 
are added. 

[0121] In FIG. 31, a transfer function memory 334 stores a head related transfer function for forming a virtual 
sound source in which a sound source is virtually positioned in close proximity. The head related transfer 
function is a function to obtain the listening characteristics of the sound emitted from the virtual sound source 
and the listening characteristics are determined by the distance between the virtual sound source and the listener. 

[0122] The function acquiring unit 333 acquires from the transfer function memory 334 a head related transfer 
function corresponding to a sound localization position assumed according to the coefficient oc calculated by 
the coefficient calculator 332. Note that the coefficient a in FIG. 29 and the coefficient a in FIG. 31 and the 
other figures are not necessarily the same. For the sake of convenience, the same reference numerals are 
attached. The convolution arithmetic unit 336 convolves the head related transfer function acquired by the 
function acquiring unit 333 with the addition signal of the binaural sound generated by the adder 335. The 
variable amplifier 337 amplifies the added signal convoluted with the head-related transfer function according to 
the coefficient a obtained by the coefficient calculator 33 2. Calo calculators 338 a and 338 b add the left and 
right channel's neural audio signals and the variable amplifier 337 output signals. Here, it is sufficiently 
effective only to locate the force sound source having the variable amplifier 337 virtually in close proximity, 
and it is also possible to omit the variable amplifier 337. The coefficient a for selecting the head-related transfer 
function by the function acquiring unit 333 and the coefficient determining the degree of amplification in the 
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variable amplifier 337 may be set as different coefficients. [0 123] With reference to FIG. 32, A method of 
measuring the head related transfer function for forming a virtual sound source will be explained. 

[0124] The head-related transfer function measuring apparatus 6 a shown in FIG. 32 is configured to include a 
personal computer 61, an amplifier 62, a speaker 63, amplifiers 66 a and 66 b, and a dummy head microphone 
68. Dummy one head microphone 68 i, artificial head 681 [Install the microphone units 684 a, 684 b ! The 
cranial transfer function measuring device 6a uses a dummy head microphone 68 instead of the microphone 
units 65a and 65b attached to the cylindrical structure 65e, as compared with the head related transfer function 
measuring device 6 shown in FIG. 15 Except that the point and the speaker are arranged on the median plane of 
the dummy head microphone 68 as only one of the left and right speakers 63 and 64 (in this case, the speaker 63 
is used) 

[0125] FIG. 33 shows a sectional view of the dummy head microphone 68. In the dummy head microphone 68, 
micro switches 684 a and 684 b are disposed in the vicinity of entrances of the auditory canals 683 a and 683 b 
of the artificial head 681 having the pinna shaped members 682 a and 682 b. The dummy head microphone 69 
shown in FIG. 16 (C) is obtained by disposing the microphone units 694 a, 694 bat positions corresponding to 
the position of the eardrum of the person in the back of the ear canals 693 a, 693 b, and the dummy head 
microphone 68 , The dummy head microphone 69 is different from the dummy head microphone 69 in that the 
micro units 684 a and 684 b are arranged near the entrances of the auditory canals 683 a and 683 b. Normally, 
the dummy head microphone refers to one in which the microphone units 694 a and 694 b are arranged at 
positions corresponding to the position of the eardrum of the person at the back of the ear canals 693 a and 693 
b as shown in FIG. 16 (C) 33 in which the microphone units 684a, 684b are disposed in the vicinity of the 
population of the auditory canals 683a, 683b of the artificial head 681 having the 1S auricular shapes 682a, 682b 
is also referred to as a dummy head microphone for convenience. 

[0126] By using the dummy head microphone 68, it is possible to collect sound from the speaker 63 as binaural 
sound excluding the influence by the auditory canal 683 a, 683 b. 

[0127] Returning to FIG. 32, the personal computer 61 generates a measurement signal composed of impulse 
sound, for example. The measurement signal is amplified by the amplifier 62. Measurement signals generated 
from the speaker 63 are received by the left and right microphone units 684 a, 684 b of the dummy head 
microphone 68. The left and right signals obtained by receiving the sound are amplified by the amplifiers 66a 
and 66b and input to the personal computer 6 1. The personal computer 61 compares the generated measurement 
signal with the received signal to determine the head related transfer functions h (t), h (t) of the dummy head 
microphone 68. Head 

1 r 

The part transfer function h (t) is the head related transfer obtained by the sound receiving signal at the left 
microphone unit 684a 

The function, head related transfer function h (t) is a head related transfer function obtained from a sound 
receiving signal at the right microphone unit 684 b. The distance D between the speaker 63 and the dummy head 
microphone 68 is set to, for example, 0.5 m, 1 m, 2 m, etc., and head related transfer functions at each distance 
D are sequentially found. 

[0128] 34 to 39 show characteristics of the head related transfer function obtained by measuring with the head­
related transfer function measuring device 6 a shown in FIG. 32. 

[0129] The impulse response waveform shown in FIG. 34 (A) is a waveform received by the left microphone 
unit 684 a when the distance D between the speaker 63 and the dummy head microphone 68 is 50 cm. The 
vertical axis is the normalized amplitude (voltage). The horizontal axis is time, and it is indicated by the number 
of sample points of the signal whose sampling frequency is 48 kHz. FIG. 34 (B) is a frequency response 
characteristic obtained by Fourier analysis of the impulse response waveform shown in FIG. 34 (A) by the 
personal computer 61. The horizontal axis is the frequency (Hz), and the vertical axis is the response 
characteristic. 
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[0130] FIG. 35 (A) shows the impulse response waveform received by the right microphone unit 684 b when the 
distance Dis 50 cm. FIG. 35 (B) is a frequency response characteristic obtained by Fourier analysis of the 
impulse response waveform shown in FIG. 35 (A). The measurement conditions are the same as in FIG. 34. 

[0131] Similarly, FIG. 36 (A) shows an impulse response waveform received by the left microphone unit 684 a 
when the distance Dis 1 m, and FIG. 36 (B) shows its frequency response characteristic. 

[0132] FIG. 37 (A) shows the impulse response waveform received by the right microphone unit 684 b when the 
distance D is 1 m, and FIG. 37 (B) its frequency response characteristic. 

[0133] FIG. 38 (A) shows the impulse response waveform received by the left microphone unit 684 a when the 
distance D is 2 m, and FIG. 38 (B) its frequency response characteristic. 

[0134] FIG. 39 (A) shows the impulse response waveform received by the right microphone unit 684 b when the 
distance D is 2 m, and FIG. 39 (B) its frequency response characteristic. 

[0135] Comparing these characteristics, the amplitude of the waveform decreases as the impulse response 
waveform shown in (A) of FIGS. 34 to 39 increases the value of the distance D to 0.5 m, 1 m, 2 m. In the 
frequency response characteristic shown in (B) of FIG. 34 to FIG. 39, when the distance Dis 0.5 m, regular 
concavo-convex characteristics at intervals of about 400 Hz in the frequency portion of lkHz to 4 kHz enclosed 
by the ellipse of a broken line Dip), and when the distance D is lm, it becomes somewhat irregular asperity 
characteristics, and when the distance D is 2 m, it is a combination of a plurality of concavo-convex 
characteristics with different frequency intervals. In addition, when the distances Dare the same, substantially 
the same characteristics are obtained on the left and right. 

[0 136] The personal computer 61 compares the measurement sigual of the generated impulse sound with the 
waveform of the impulse response signal input from the amplifiers 66a and 66b to obtain head related transfer 
characteristics for each distance D. The head related transfer characteristic obtained for each distance Dis a 
characteristic for causing the listener to listen to the sound signal of the virtual sound source force by locating 
the sound source virtually at the position of the distance D. In this embodiment, the distances Dare set to 0.5 m, 
1 m, and 2 m, but even if the respective distances D may be determined to be narrower than O. 5 m even if the 
respective characteristics are obtained at more distances Good. 

[0137] The head related transfer characteristics obtained as described above are stored in the transfer function 
memory 334 of FIG. Which of the stored transfer functions is to be used for the zoom magnification detected by 
the zoom magnification detector 331 is determined as an example by setting the distance to the subject measured 
by the automatic focus measuring function Use the coefficient a obtained by dividing by the zoom 
maguification. For example, when the distance to the subject is 10 m and the zoom magnification is 5, the 
coefficient is 2. When the distance to the subject is 10 m and the zoom magnification is 10, the coefficient a is 
1, and when the zoom magnification is 20, the coefficient a is 0.5. 

[0138] With reference to FIG. 40, the operation of the video/ audio recording I reproducing apparatus 102 
including the operation at the audio zoom processing unit 33 a will be further described. 40, in step S211, the 
calorifier 335 adds binaural sound signals of left and right channels from the binaural microphone 3 to obtain a 
calorie calculation signal S. In step S undefined 212, the zoom maguification detector 3 31 detects the zoom 
maguification obtained by the control unit 47 according to the operation of the operation unit 48. In step S213, 
the coefficient calculator 332 determines which one of the plurality of transfer functions stored in the transfer 
function memory 334 is selected according to the zoom magnification, and determines the coefficient a 
representing the degree of enhancement in the variable amplifier 337 . As the coefficient OC, the number 
obtained by dividing the distance to the subject by the zoom magnification may be used as it is, or the value 
generated based on the number obtained by dividing the distance to the subject by the zoom magnification Even 
if it is! /,. 

[0139] In step S 214, the function acquiring unit 333 acquires a transfer function from the transfer function 
memory 334 according to the coefficient oc, and the convolution operator 336 convolutes the transfer function 
with the addition signal output from the adder 335. In step S215, the variable amplifier 337 multiplies the output 
signal of the convolution arithmetic unit 336 by the coefficient a to enhance it. In step S 216, the adders 338 a 
and 338 b add the binaural sound signals of the left and right channels and the output signal of the variable 
amplifier 337. Then, in step S 216, the zoom-up audio signal is recorded on the recording medium 44. In step 
S218, the control unit 47 determines the force at which recording has ended, and if not completed (NO), repeats 
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the force of step S21 l. If the recording has ended (YES) in step S218, the processing in the audio zoom 
processing section 33a is ended. 

[0140] (( Third embodiment)) 

In the second embodiment, the zoom-up process of audio is performed on the recording side, but in the third 
embodiment, the zoom-up process of audio is performed on the reproduction side. In the video/ audio recording 
/ reproducing apparatus 103 according to the third embodiment shown in FIG. 41, the same reference numerals 
are given to components having the same functions as the video / audio recording I reproducing apparatus 101 
of the first embodiment shown in FIG. 3 And its explanation will be omitted. Compared with the video / audio 
recording I reproducing apparatus 101, the video/ audio recording I reproducing apparatus 103 has the audio 
zoom processing section 33 bat the subsequent stage of the separation section 15, and the zoom magnification 
detector 3 31 is provided at the front stage of the multiplexing section 13 The difference is that it is. In FIG. 41, 
illustration of the audio output terminal 37 c which is a connection terminal of the headphone 55 and the 
headphone 55 is omitted. 

[0141] The operation of the video/ audio recording I reproducing apparatus 103 will be described. The 
operation unit 48 is operated, and the lens drive signal of the camera unit 11 generated by the control unit 4 7 is 
supplied to the camera unit 11 and the zoom magnification detector 331. The zoom magnification detector 331 
detects the zoom magnification by analyzing the zoom direction, the zoom speed, and the lens driving time of 
the lens driving signal. The zoom magnification information indicating the detected zoom magnification is 
supplied to the multiplexing unit 13. The multiplexing unit 13 also multiplexes the zoom magnification 
information together with the encoded video signal, the encoded audio signal, and the binaural flag signal. The 
recording I reproducing unit 14 records the multiplexed signal including the zoom magnification information on 
the recording medium 44. 

[0142] The recording I reproducing unit 14 reproduces the multiplexed signal recorded on the recording medium 
44, and the demultiplexing unit 15 separates the zoom magnification information together with the coded video 
signal, the encoded voice signal and the binaural flag signal . The zoom magnification information is input to 
the audio zoom processing unit 33 b. 

[0143] FIG. 42 is a specific configuration example of the audio zoom processing unit 33 b. As shown in FIG. 
42, the audio zoom processing unit 33 b differs from the audio zoom processing unit 33 of FIG. 29 in that the 
zoom magnification detector 33 1 is eliminated and the signals input to the adders 338 a and 338 bare But is 
different from the output signal of the crosstalk canceller 27. 

[0144] In FIG. 42, the coefficient calculator 332 calculates a coefficient a used when the input signal is 
amplified by the variable amplifier 337 using the zoom magnification information separated and input by the 
demultiplexer 15. The adder 335 adds the noisy speech signal input from the audio decoding unit 26. The 
variable amplifier 337 amplifies the output signal from the adder 335 according to the coefficient a input from 
the coefficient calculator 332. The adders 338 a and 338 b add the output signal from the crosstalk canceller 27 
and the amplified signal from the variable amplifier 337. 

[0145] Meanwhile, there are cases where zoom processing in the camera unit 11 is executed by computation 
processing by software using, for example, DSP. When the audio zoom processing is performed at the time of 
reproduction, it is unnecessary to secure the signal processing time of the DSP necessary for the zoom 
processing. Therefore, it is possible to snfficiently perform signal processing such as optimization processing of 
a video signal photographed by a DSP at the time of recording, encoding of a video signal, recording control or 
the like. By performing the audio zoom processing at the time of reproduction, it is possible to avoid the 
possibility of occurrence of a problem that the calculation man-hours at the DSP are assigned to the calculation 
processing for the zoom processing and the operation time for recording is insnfficient Show. 

[0146] 43 shows an audio zoom processing unit 33 c configured to convolve a head related transfer function that 
gives the proximity effect to the audio signal of the median plane to the audio zoom processing unit 33 b of FIG. 
42 ing. The audio zoom processing unit 33 c differs from the audio zoom processing unit 33 bin that a function 
acquiring unit 333, a transfer function memory 334, and a convolution operator 336 are added. The functions of 
the function acquiring unit 333, the transfer function memory 334, and the convolution computing unit 336 are 
the same as those in FIG. 31, and description thereof is omitted. 

[0 14 7] (( Fourth Embodiment )) 
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The video / audio recording I reproducing apparatus 104 according to the fourth embodiment shown in FIG. 44 
is configured so that the audio zoom processing is performed manually by an external operation at the time of 
reproducing the recording medium 44. That is, when the zoom magnification information is not recorded on the 
recording medium 44, the viewer 59 performs the zoom up processing of the audio while watching the video 
sigual reproduced by the motor 52. The zoom-up process of the audio manually performed by the viewer 59 is 
referred to as manual audio zoom process. 

[0148] Compared with the video/ audio recording I reproducing apparatus 103, the video/ audio recording I 
reproducing apparatus 104 shown in FIG. 44 omits the zoom magnification detector 331, has the audio zoom 
processing section 33 d instead of the audio zoom processing section 33 b, Different in that!/. 

[0149] When the viewer 59 instructs the operation unit 48 to perform manual audio zooming, the control unit 47 
inputs the zoom-up control signal to the audio zoom processing unit 33 d. The audio zoom processing unit 33 d 
performs zoom-up processing on the binaural audio signal decoded by the audio decoding unit 26 according to 
the zoom-up control signal. 

[0150] FIG. 45 is a specific configuration example of the audio zoom processing unit 33 d. As shown in FIG. 
45, the audio zoom processing unit 33 dis provided with a zoom magnification detector 331 a to which the 
zoom-up control signal from the control unit 47 is input, in comparison with the zoom processing unit 33 bin 
FIG. 42, and coefficient calculation But differs in that it inputs the zoom magnification information generated 
by the zoom magnification detector 33 la instead of the zoom magnification information from the separation 
section 15 to the unit 332. The other parts are the same operations as those of the zoom processing section 33 b, 
and the description thereof will be omitted. 

[0151] The manual audio zoom process in the fourth embodiment will be further described with reference to 
FIG. 46. In FIG. 46, in step S221, the adder 335 adds the right and left signals of the binalolar audio signal 
obtained by reproduction and obtains the addition signal S. In step S undefined 222, the control unit 4 7 
determines whether or not the audio zoom magnification is varied by the operation unit 48. If the audio zoom 
maguification is varied in step S222 (YES), the process goes to step S223, and if not changed (NO), the process 
goes to step S226. 

[0152] When the audio zoom magnification is varied, the zoom magnification detector 33 la calculates the zoom 
maguification based on the zoom-up control signal in step S223. In step S224, the coefficient calculator 332 
calculates a coefficient (X) based on the zoom magnification input from the zoom magnification detector 33 la, 
and the coefficient (X is a head for locating the sound source in front of the viewer But may also include the 
transfer function characteristic In step S225, the value of the coefficient a is updated to the newly calculated 
value. 

[0153] In step S226, the variable amplifier 337 multiplies the added signal S by the coefficient a to generate a S. 
In the case where the steps S223 to S225 have not passed, the coefficient a is a value before the audio zoom 
maguification is varied. In step S227, the adders 338a and 338b add the signal "S" to the binaural sound signal 
subjected to the crosstalk cancellation processing by the crosstalk canceller 27. Then, In step S228, the audio 
sigual obtained in step S227 is output via the switch Sw2 and the audio output terminal 37b. In step S229, the 
control unit 47 determines whether or not the reproduction has ended. Ifit is not completed (NO), the control 
unit 47 returns to step S22 1, and if it is completed (YES), ends the processing. 

[0154] (( Fifth Embodiment)) 

The video / audio recording I reproducing apparatus 105 of the fifth embodiment shown in FIG. 4 7 shows a 
configuration suitable for listening to the zoom-up audio signal with the headphone 55. The video/ audio 
recording I reproducing apparatus 105 shown in FIG. 47 is different from the video/ audio recording I 
reproducing apparatus 103 shown in FIG. 41 in that it has an audio zoom processing section 33 e instead of the 
audio zoom processing section 33 b, and the audio/ 33 e are supplied to the headphone 55 via the audio output 
terminal 37 c. The crosstalk cancellation processing is not performed on the headphone 55 by the crosstalk 
canceller 27, and the binaural audio signal subjected to the zoom-up processing by the audio zoom processing 
unit 33 e is supplied. 

[0155] FIG. 48 is a specific configuration example of the audio zoom processing unit 33 e. The audio zoom 
processing unit 33 e differs from the audio zoom processing unit 33 b of FIG. 42 in that adders 338 c and 338 d 
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are added. The adders 338 c and 338 d add the zoom-up sound signal output from the variable amplifier 337 to 
the binaural sound signal obtained by decoding by the audio decoding section 26. The headphone listening audio 
signal added by the adders 338 c and 338 dis supplied to the headphone 55 via the audio output terminal 37 c. 

[0156] The effect of reproducing the zoom-up audio signal according to the second to fifth embodiments 
described above is as follows. 

[0157] When the zoom magnification is set to be small, the signal added by the adder 335 is not increased by the 
variable amplifier 337, so that the viewer 59 sets the image signal displayed on the monitor 52 and the 
photographing And the audio signal having realistic sensation reproduced by 360 degrees audio signal 
surrounding the person 300 with the speakers 53 and 54. Even when the viewing angle is set wide, the viewing 
angle is about 60 degrees. The viewer 59 sometimes recognizes that it is a so-called blank speech sound in 
which the sound generated by the subject force displayed on the monitor 52 is insufficient due to the difference 
between the viewing angle of the image and the angle range when collecting the sound signal. On the other 
hand, as described above, since the audio signal subjected to the audio zoom-up process is enhanced for the 
photographer 300 by adding the signal component from the median plane to the binaural sound signal, the blank 
area is compensated Sound signal. Therefore, it is possible to prevent the viewer 59 from recognizing that the 
viewer 59 is a hollow speech sound, and the viewer 59 can listen to a sound having a realistic feeling with less 
sense of discomfort as compared with the first embodiment. 

[0158] (( Sixth Embodiment)) 

The video / audio recording I reproducing apparatus 106 according to the sixth embodiment shown in FIGS. 49 
and 50 is not provided with built-in stereo microphone 21 and binaural microphone 3 separately as in the first to 
fifth embodiments Shows a coufignration in which a normal stereophonic sound collecting microphone and a 
binaural microphone are shared. 49 is a plan view showing an external coufignration example of the video/ 
audio recording I reproducing apparatus 106 in the sixth embodiment, and FIG. 50 is a block diagram showing a 
concrete internal configuration example of the video/ audio recording I reproducing apparatus 106. In FIGS. 49 
and 50, components having the same functions as those in FIGS. 1 and 3 are denoted by the same reference 
numerals, and description thereof is omitted. 

[0159] As shown in FIG. 49, the video/ audio recording I reproducing apparatus 106 houses the microphone 
placing sections 35 a, 35 b for placing the microphones 31 e, 31 f on the top surface and the microphone cords 
310 e, 310 f connected to the microphones 31 e, 31 f And a cord storage section 34. 

[0160] In FIG. 49, when sound is collected by normal stereo sound using the microphones 31 e, 31 f, the 
photographer 300 places the microphones 3 le, 3 If on the microphone placing parts 35 a, 35 band collects 
sound. In the case of collecting binaural sounds, the photographer 300 pulls out the microphone cords 3 lOe and 
3 lOf from the cord storage unit 34, attaches the microphones 3 le and 3 lf to the ear 302, and collects sounds. 
The video/ audio recording I reproducing apparatus 106 has a projection-like detecting section (not shown) for 
detecting the microphones 31 e, 31 fplaced on the microphone placing sections 35 a, 35 b. With the on-Z off of 
the switch ( corresponding to the switch Sw 4 in FIG. 50) that operates in conjunction with the protrusion 
detector, the video / audio recording I reproducing device 106 places the microphones 3 le, 31 f on the 
microphone placing portions 35 a, 35 b Whether or not the force is being detected. The detection of whether or 
not the force placed on the microphone placement portions 35a and 35b is detected is not limited to this, and for 
example, the magnetic field generating also the permanent magnet force built in the microphones 3 le and 3 lf 
may be detected by a Hall element or a magneto- It is also possible to detect using. 

[0 161] Specifically, in FIG. 50, if the microphones 31 e and 31 fare not placed on the microphone placing parts 
35 a and 35 b, the switch Sw 4 is connected to the terminal e and turned off, the microphones 31 e and 31 fare 
placed If it is connected to the terminal f, it is turned on. The placement detection section 4 la detects whether or 
not the microphone 3 le, 3 lf is placed on the microphone placing sections 3 5a, 35b, depending on whether the 
switch Sw 4 is connected to the force terminal f connected to the terminal e . The detection signal from the 
placement detection section 41 a is supplied to the control section 4 7. 

[0162] When the placement detection unit 4 la detects that the microphones 3 le and 3 lf are placed, the 
microphones 3 le and 3 If perform normal stereo sound collection, and the control unit 4 7 controls the video / 
audio recording I reproducing apparatus 106 controls each part of the circuit so as to perform a recording 
operation corresponding to photographing in the normal mode. In this case, the roles of the microphones 31 e 
and 31 fare equivalent to the built-in stereo microphone 21 in FIG. 3, and the flag iuformation generating unit 
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42 does not generate the binaural flag signal indicating that it is in the binaural mode. On the other hand, when 
the placing/ detecting unit 41 a detects that the microphones 31 e and 31 fare not placed, the photographer 300 
wears the microphones 31 e and 3 If on the ears 302 to collect binaural sounds in binaural mode , The control 
unit 47 controls each unit of the circuit so that the video/ audio recording I reproducing apparatus 106 performs 
the recording operation corresponding to the imaging in the binaural mode. In this case, the flag information 
generating unit 42 generates a no-noal flag signal under the control of the control unit 4 7. 

[0163] In the sixth embodiment, the microphones 31 e and 31 f, the microphone placing parts 35 a and 35 b, the 
placing and detecting part 41 a, and the control part 47 as a whole, as microphones for collecting ambient 
sounds, a bike to be worn by the photographer's ears It acts as a switching unit that switches whether to use a 
microphone other than a binaural microphone that uses a nor- mal microphone. 

[0164] Here, an example of the structure of the cord storage section 34 will be described with reference to FIG. 
51. 51 (A) shows the internal structure of the cord storage portion 34 with respect to the upper surface side 
force, and the microphone cords 310 e and 310 fare wound around the reel 341 having the rotation shaft 343. 51 
(B) shows an internal structure of the cord storage portion 34 as viewed from the lower surface side, and a spiral 
spring 342 is provided inside the reel 341. Instead of or in addition to detecting whether or not the microphones 
3 le and 3 lf are placed on the microphone placing parts 35a and 35b, by detecting the rotation angle of the reel 
341, it is possible to determine whether or not the binaural mode You can also detect. 

[0165] (( Seventh embodiment)) 

The video / audio recording I reproducing apparatus 107 of the seventh embodiment shown in FIG. 52 shows a 
configuration using a wireless type binaural microphone that wirelessly transmits the sound signal obtained by 
collecting the sound signal to the main body of the apparatus. In FIG. 52, components having the same functions 
as those in FIG. 1 are denoted by the same reference numerals, and description thereof is omitted. 

[0166] In FIG. 52, the video/ audio recording I reproducing apparatus 107 includes a radio transmission/ 
reception section 39 instead of the external microphone connection terminal 32 of FIG. 1, and performs voice 
recording using a radio type binaural microphone 38 instead of the noise noisy microphone 3 . The photographer 
300 attaches the wireless binaural microphone 38 wirelessly coupled to the main body of the apparatus to the 
head and inserts the right and left microphones 38 a and 38 b into the ear 302 to collect the sound so that it is not 
interrupted by the microphone code You can shoot. It is also possible for two persons, the photographer 300 and 
a sound collector (not shown) to take photographs. 

[0167] With reference to FIG. 53, the internal configuration of the video/ audio recording I reproducing 
apparatus 107 will be described. In FIG. 53, components having the same functions as those in FIG. 3 are 
denoted by the same reference numerals, and description thereof is omitted. 53 is different from the video/ 
audio recording I reproducing apparatus 10 1 shown in FIG. 3 in that a wireless transmitting/ receiving unit 39 
is provided instead of the external microphone connecting terminal 3 2 and the connection detecting unit 41 
Different in point! 

[0168] When the wireless transmitting/ receiving unit 39 receives the binaural sound signal from the wireless 
type binaural microphone 38, the control unit 47 determines that the switch Swl is connected to the terminal b 
And causes the binaural audio signal to be supplied from the wireless type binaural microphone 38 to the audio 
encoding section 22. In this case, the control unit 47 controls the flag information generating unit 42 to generate 
a binaural flag signal. Further, if it is determined that the wireless main binaural microphone 38 also exceeds the 
predetermined distance, the control unit 47 connects the switch Swl to the terminal a and transmits the stereo 
sound signal from the built-in stereo microphone 21 to the terminal a And supplies it to the audio encoding 
section 22. In this case, the flag information generating unit 42 does not generate the binaural flag signal. 

[0169] FIG. 54 shows an example of the internal configuration of the wireless binaural microphone 38 and the 
wireless transceiver 39, and their operation will be described. 

[0170] As shown in FIG. 54, the microphone 38 a of the wireless type binaural microphone 38 includes a 
microphone unit 38 1, a microphone amplifier 382, a transmission/ reception unit 383, an antenna 384, and a 
warning signal transmission unit 385. The force microphone 38 b (not shown) has the same configuration as that 
of the microphone 38 a except that it does not include the warning signal transmitting unit 385. The wireless 
transceiver 39 includes a transmission/ reception unit 391, a microphone determination unit 392, a distance 
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measurement unit 393, a communication coverage area determination unit 394, a warning signal transmission 
unit 395, and an antenna 396. 

[0171] The microphone unit 381 of the microphone 38 a (38 b) generates a binaural sound signal. The 
microphone amplifier 3 82 amplifies the noisy audio signal from the microphone unit 3 81. The transmission/ 
reception unit 383 modulates the amplified binaural sound signal from the microphone amplifier 382 according 
to a predetermined modulation scheme, and transmits the modulated binaural sound signal via the antenna 384. 
The warning signal transmitting unit 385 generates an alarm signal based on the warning signal generated by the 
warning signal transmitting unit 395 of the wireless transmitting/ receiving unit 39 (described later) and 
transmitted via the transmitting/ receiving unit 391 and the transmitting/ receiving unit 383. 

[0 172] The antenna 396 of the wireless transceiver 3 9 receives the modulated signals transmitted from the right 
and left microphones 38 a and 38 b. The transmitting/ receiving unit 391 demodulates the received modulated 
signal to generate a binaural sound signal and measures the intensity of the received power of the modulated 
signal. The distance measuring unit 393 estimates the distance from the wireless transmitting/ receiving unit 39 
to the wireless binaural microphone 38 based on the measured intensity of the received power. The 
communicable range inside determination unit 394 determines whether the estimated distance is a force within a 
communicable predetermined distance. The determination result of the communication coverage area 
determination unit 394 is supplied to the control unit 47. If the estimated distance is within a predetermined 
communication distance, the control unit 47 connects the switch Swl to the terminal b, and controls the flag 
information generation unit 42 to generate a binaural flag signal. The control unit 47 connects the switch Swl to 
the terminal "a" when the estimated distance exceeds a predetermined distance capable of communicating. 

[0173] The warning signal transmitting unit 395 generates a warning signal when it is determined that the 
distance estimated by the communication range in-coverage determining unit 394 exceeds a predetermined 
distance that can be communicated. The warning signal is supplied to the control unit 47. The control unit 47 
generates a warning mark and supplies it to the display unit 17 to display a predetermined warning mark on the 
display unit 17. When the warning signal transmitting unit 395 does not generate the warning signal, the 
microphone judging unit 392 judges that the binaural sound signal is normally obtained, and the binaural sound 
signal obtained by demodulating by the transmitting / And supplies it to the audio encoder 22 via the switch 
Swl. 

[0174] FIG. 55 shows an example of a warning display performed by the wireless type binaural microphone 38 
and the video/ audio recording I reproducing apparatus 107. The microphone 38 a is provided with a rod-like 
member having a light emitting diode (LED) 386 attached to its distal end portion. A warning signal generated 
by the warning signal transmitting unit 385 is supplied to the LED 386, and the LED 386 blinks (or lights) based 
on the warning signal. In addition to blinking LED 386, or LED 386 may flash warning sound instead of 
blinking! In this case, it is possible to lower the level of the warning sound or to set the frequency of the warning 
sound to a low frequency of several tens of Hz or less, for example, so that the warning sound is not heard by 
the microphone unit 381 Preferable,. 

[0175] The warning signal transmitter 395 generates a warning signal when it is determined that the wireless 
binaural microphone 38 has crossed the communicable area indicated by the dashed circle. As shown in FIG. 
55, if the wireless type binaural microphone 38 exceeds the communicable area, a predetermined warning mark 
is displayed on the display unit 17. 

[0176] FIG. 56 shows an example of a warning mark displayed on the display unit 17. The warning mark 171 a 
shown in FIG. 56 (A) is displayed with the X mark superimposed on the no-noal mark 171 shown in FIG. 5 (A). 
The warning mark 172a shown in FIG. 56 (B) is obtained by graying out the mark 172 shown in FIG. 5 (B). 
Any of the marks in FIGS. 56 (A) and 56 (B) may be used as the warning mark, and other marks may be used as 
a matter of course. If it is assumed that the received power at the wireless transmission/ reception unit 39 is 
below the reception limit despite the warning display, the control unit 47 switches from the wireless binaural 
microphone 38 to the built-in stereo microphone 21. 

[0 177] The operation of the video / audio recording I reproducing apparatus 107 will be described further using 
FIG. 57. In FIG. 57, in step S25 l, the control unit 47 determines whether it is in binaural mode. If it is not 
determined in step S25 l that the binaural mode is set (NO), in step S253, the recording and reproducing unit 14 
collects the sound by the built-in stereo microphone 21 and records a normal stereo sound signal on the 
recording medium 44. FIG. If the binaural mode is determined in step S251 (YES), in step S252, the wireless 
transceiver 39 receives the transmission signal from the wireless binaural microphone 38. In step S undefined 
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254, the distance measuring nnit 393 detects the distance from the wireless transmitting/ receiving unit 39 to the 
wireless binaural microphone 38 based on the strength (receiving intensity) of the received power. In step S255, 
the communication coverage area determination unit 394 determines whether or not the detected distance is 
within a predetermined distance. 

[0178] If it is not determined in step S255 that the distance is within the predetermined distance (NO), the 
control unit 47 determines in step S257 whether or not the warning display time tis O (non-present) and 
determines whether or not the warning display time If tis 0, the warning signal transmitting unit 395 is 
controlled to generate a warning signal in step S300. After the warning signal is generated, the process returns to 
step S254 to repeat the same process. In step S 257, if the warning display time tis not O (NO), in step S 258, 
the control unit 47 determines whether the warning display time t exceeds a predetermined maximum time t max 
or not and determines the maximum If the time tmax has not been exceeded (NO), the process proceeds to step 
S300, and the process returns to step S254 in the same manner. If it exceeds the maximum time tmax (YES), in 
step S259, the control unit 47 controls the switch Swl so as to switch from the wireless type binaural lull 
microphone 38 to the built-in stereo microphone 21, and stops the generation of the warning signal So as to 
control the warning signal transmitter 395. Then, the process proceeds to step S25 3. 

[0 179] If it is determined in step S255 that the distance is within the predetermined distance (YES), in step 
S256, if the warning signal transmitting unit 395 is generating a warning signal, the control unit 47 stops 
generating the warning signal As shown in FIG. Then, in step S 301, the recording 'playback unit 14 collects the 
sound by the wireless type binaural microphone 38 and records the binaural sound signal on the recording 
medium 44. In step S302, the control unit 47 determines whether or not an operation for ending the recording 
has been performed. If the operation for ending the recording has not been performed (NO), the control unit 4 7 
returns to step S25 l, and if the recording end operation has been performed (YES), the process is terminated. 

Industrial applicability 

[0 180] The present invention can be applied not only to consumer video cameras but also to professional video 
cameras to video and audio recording and reproducing apparatuses that need to reproduce realistic sounds 
together with the captured images. It can also be applied to digital cameras and mobile phones with movie 
shooting functions. Furthermore, although the present invention is suitable for use in a video / audio recording I 
reproducing apparatus for recording and reproducing both a video signal and an audio signal, it is sufficiently 
effective even when used in an audio recording I reproducing apparatus for recording I reproducing only an 
audio signal . 
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WO2006054698Al VIDEO/AUDIO RECORDING APPARATUS AND METHOD, AND VIDEO/AUDIO 
REPRODUCING APPARATUS AND METHOD 

Data originating from sources other than the EPO may not be accurate, complete, or up to date. 

The wording below is an initial machine translation of the original publication. To generate a version using the 
latest translation technology, go to the original language text and use Patent Translate. 

The scope of the claims 

[l] (101, 102, 103, 104, 105, 106) for recording a video signal obtained by imaging a subject and an audio signal 
obtained by collecting ambient sound of a photographer (300) including a sound emitted from the subject, 107) 
[;::-:,!/,t, 

A camera unit (11) for imaging the object, 

A switch unit (Swl) for switching whether to use a microphone other than the binaural microphone (3) using the 
binaural microphone (3) worn on the ear of the photographer (300) as the ambient sound )When, 

A video processing section (12) for processing the video signal outputted from the camera section (11), an audio 
processing section (22) for processing the audio signal outputted from the microphone which sounds the 
ambient sound, 

A sound mode when the ambient sound is turned on as a binaural mode when switching to the binaural 
microphone (3) as a microphone for collecting the ambient sound by the switching unit (Swl), and that the sound 
mode is a noorrhard mode A flag information generating section ( 42) for generating a binaural flag signal 
indicating a binaural flag 

A recording unit (14) for recording the video signal processed by the video processing unit (12), the audio signal 
processed by the audio processing unit (22), and the binaural flag signal on a recording medium, 

(101, 102, 103, 104, 105, 107) characterized in that it comprises: 

[2] A built-in microphone (21) incorporated in the video and audio recording apparatus (101, 102, 103, 104, 
105, 107) 

An external microphone connection terminal (32) 

A setting section (48, 47) for setting as the external microphone to be connected to the external microphone 
connection terminal (32) whether to set the binaural lull mike (3) or a microphone other than the binaural 
microphone; a setting section A connection detection section (41) for detecting whether or not an external 
microphone is connected to the connection section 

A switch (Swl) for switching between the audio signal output from the built-in microphone (21) and the audio 
signal output from the external microphone as audio signals to be supplied to the audio processing unit (22) 

It is detected that the external microphone is set to the binaural microphone (3) by the setting section ( 4 7, 48) 
and the external microphone is connected to the external microphone connection terminal (32) by the connection 
detection section ( 41) , And a control unit ( 4 7) for setting the audio mode to the binaural mode, 

When the voice mode is the binaural mode, the control unit (47) controls the switch (Swl) so that the switch 
(Swl) supplies the audio signal output from the external microphone to the audio processing unit (22) ), And the 
flag information generating section ( 42) controls the flag information generating section ( 42) so as to generate 
the binaural flag signal as described in the first aspect of the invention Audio recording apparatus ( 101, 102, 
103, 104, 105, 107). 

[3] A display unit ( 17) for displaying a video signal output from the camera unit ( 11) 
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Characterized in that it further comprises a display control unit (47) for displaying a binaural mark indicating 
that the binaural mode is displayed on the display unit (17) when the audio mode is the inno informal mode. The 
video and audio recording apparatus (101, 102, 103, 104, 105, 107) according to 1. 

[ 4] The camera unit ( 11) has a zoom function for enlarging and capturing the object, 

A sound zoom processing unit (33) for amplifying the sound signal collected by the binaural microphone (3) 
according to the enlargement ratio in the camera unit (11). (102) according to the first aspect of the invention. 

[ 5] The camera unit ( 101) has a zoom function for enlarging and capturing the object, 

A head related transfer function for forming a virtual sound source by virtually bringing a sound source of an 
audio signal collected by the binaural microphone (3) close to a listener corresponds to a plurality of distances 
between the virtual sound source and the listener A transfer function memory (3 34) for storing and storing a 
plurality of head related transfer functions stored in the transfer function memory (3 3 4) selectively according to 
the enlargement ratio in the camera section (11) A convolution operator (336) for convolving the head related 
transfer functions acquired by the function acquiring unit (333) with respect to a sound signal collected by the 
binaural microphone (3), a function acquiring unit (333) (102, 103) according to claim 1, further comprising an 
audio zoom processing section (33a, 33c) having a plurality of audio signal processing sections (33a, 33b) 

[6] A video and audio recording method for recording a video signal obtained by imaging a subject and an audio 
signal obtained by collecting ambient sound of a photographer (300) including a sound emitted from the subject, 

An imaging step (S 155) of imaging the subject, 

A switching step (S 151) of switching whether to use a microphone other than a binaural microphone that uses a 
binaural microphone (3) worn on the ear of the photographer (300) as the ambient sound, 

A video processing step (S156) of processing a video signal obtained by imaging the subject, an audio 
processing step (S 156) of processing a sound signal output from a microphone for collecting the ambient sound, 

Wherein when switching to the binaural rhythmic (3) as a microphone for collecting the ambient sound at the 
switching step (S 151 ), a sound mode at the time of collecting the ambient sound is set as a binaural mode, a 
noiselal mode A flag information generating step (S 158) for generating a binaural flag signal indicating that the 
binaural flag signal is present, 

A recording step (S161) ofrecording in the recording medium (44) the video signal processed in the video 
processing step (S 156), the audio signal processed in the audio processing step (S156) and the binaural flag 
signal )When, 

And a video / audio recording method. 

[7] An audio /video reproducing apparatus (101) for reproducing a recording medium (44) on which a video 
signal obtained by imaging a subject and an audio signal obtained by collecting ambient sound of a 
photographer (300) including a sound emitted from the subject are recorded, 102, 103, 104, 105, 106, 107) 

[Ko! 

A reproduction unit (14) for reproducing a recording signal recorded on the recording medium, 

A separation unit (15) for separating the video signal and the audio signal from the recording signal reproduced 
by the reproduction unit (14) 

A video processing unit (16) for processing the video signal separated by the separation unit (15), an audio 
processing unit (26) for processing the audio signal separated by the separation unit (15), , 

When a binaural flag signal indicating that a binaural microphone worn on the ear of the photographer (300) is 
used as the microphone for collecting the ambient sound on the recording medium ( 44 ), the binaural flag A flag 
information acquisition unit (36) for acquiring a flag signal, a flag information acquisition unit (36) for 
acquiring a flag signal, a flag information acquisition unit (36) for acquiring a flag signal, And a crosstalk 
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canceller (27) for processing the audio signal so as to cancel out a crosstalk signal generated when sound is 
generated by the sound source (53, 54) 

The crosstalk canceller (27) has filters (272 a - 272 d) for convolving the filter characteristics obtained in 
advance with respect to the audio signal, and the filter characteristic is obtained by combining the measurement 
signal with a pair of microphones (101, 102, 103, 104, 105, 106, 107) characterized in that it is a filter 
characteristic based on a head related transfer function measured using collected sound signals. 

A video and audio reproducing method for reproducing a recording medium ( 44) in which a video signal 
obtained by imaging a subject and an audio signal obtained by collecting ambient sound of a photographer (300) 
including sound emitted from the subject are recorded, 

A reproducing step (S 181) of reproducing a recording signal recorded on the recording medium ( 44 ); a 
separating step of separating the video signal and the audio signal from the recording signal reproduced in the 
reproducing step (S183) 

A video processing step (S 184) for processing the video signal separated in the separating step (S 183) 

An audio processing step (S 184) for processing the audio signal separated by the separating step (S 183) 

A binaural flag signal indicating that a binaural microphone (3) to be worn on the ear of the photographer (300) 
is used as the microphone for collecting the ambient sound is recorded on the recording medium ( 44) A step (S 
186) of acquiring the binaural flag signal when acquiring the binaural flag signal in the flag information 
obtaining step (S 186), and a step of acquiring the binaural flag signal And a crosstalk canceling step (S 188) of 
processing the audio signal so as to cancel a crosstalk signal generated when the sound signal processed by the 
speaker (53, 54) is sounded, 

The crosstalk cancellation step (S 188) is a step of convolving the filter characteristics obtained in advance with 
respect to the voice signal, and the filter characteristic is a sound obtained by converting the measurement signal 
into a sound collected by a pair of microphones mounted on the cylindrical structure Wherein the filter 
characteristic is a filter characteristic based on a head related transfer function measured using a signal. 
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Q includes a housing; a speaker accommodated in the housing such that a front air chamber is defined at a front side of the speaker 
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DESCRIPTION 

INTERCOM DEVICE AND WIRING SYSTEM USING THE SAME 

TECHNICAL FIELD 

5 The present invention relates to an intercom device suitable for an 

interphone system or the like, and a wiring system using the same. 

BACKGROUND ART 

Conventionally, an interphone system has been widely used as 

10 short-distance conversation means between separated rooms or between an 

entrance and a room of a building or a house. A typical interphone system for 

household use is mainly form·ed with an indoor intercom device installed on a 

wall surface of the room, and an outdoor intercom device installed on a wall 

surface of the entrance, and connected to the indoor intercom device through a 

15 transmission line. For example, the outdoor intercom device has a microphone 

for receiving a visitor's voice, and a speaker for outputting a dweller's voice. By 

operating the outdoor intercom device, the visitor can have a conversation with 

the dweller using the indoor intercom device. 

In this kind of intercom device, since the speaker is located near the 

20 microphone, there is an inconvenience that howling phenomenon easily occurs 

when the audio output of the speaker is picked up by the microphone. To solve 

this inconvenience, various measures or methods for preventing the howling 

phenomenon have been proposed. 

For example, Japanese Patent Publication No. 2607257 discloses a 

25 loudspeaker communication device 300, which is suitable for a handsfree 

telephone. As shown in FIG. 35A, this communication device 300 has a 

speaker SP, and a pair of microphones {Ml, M2). In addition, to prevent the 

howling phenomenon caused when an audio output of the speaker SP is picked 

up by the microphone (Ml, M2), the communication device 300 also includes a 

30 pair of amplifying circuits (310, 320), a level-control amplifying circuit 330, a 
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delay circuit 340, and a differential amplifying circuit 350, as shown in FIG. 

35B. The delay circuit 340 delays an output of the microphone Ml located 

closer to the speaker SP by a delay time, which is determined according to 

sound velocity and a difference between a distance dl between the microphone 

5 M 1 and the speaker SP and a distance d2 between the microphone M2 and the 

speaker SP. The level-control amplifying circuit 330 controls the output level 

of the microphone M2 such that an amplification factor is d2/dl. In other 

words, the output level of the microphone M2 is controlled so as to be 

substantially equal to the output level of the microphone Ml with respect to the 

10 signal component corresponding to the audio output of the speaker SP. The 

differential amplifying circuit 350 receives an output of the delay circuit 340 

and an output of the level-control amplifying circuit 330, and provides an 

output signal corresponding to a difference between these outputs.· 

According to this communication device, the signal component 

15 corresponding to the audio output of the speaker SP is cancelled from the 

output of the microphone (Ml, M2) by the differential amplifying circuit 350. 

Therefore, it is possible to achieve a comfortable communication, while 

preventing the howling phenomenon. 

However, as shown in FIG. 35A, since each of the microphones (Ml, M2) is 

20 spaced from the speaker SP by a relatively large distance, there is another 

problem that the device itself becomes large in size. In addition, since the 

intercom device is usually installed on the wall surface or the like, it is strongly 

desired that the intercom device has a thin thickness. On the other hand, 

when the speaker is accommodated in an excessively thin housing, a volume of 

25 a rear air chamber, which is defined as a space of a rear side of the speaker, is 

reduced, so that a radiating sound pressure of the speaker lowers and a 

minimum resonance frequency of the speaker shifts to a higher frequency level. 

As a result, there is a fear that deteriorations in sound quality and 

electro-acoustic conversion efficiency of the speaker occur. 

30 Thus, the conventional intercom device still has plenty of room for 
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improvement in downsizing of the device itself, sound quality, electro-acoustic 

conversion efficiency as well as the prevention of howling phenomenon. 

SUMMARY OF THE INVENTION 

5 Therefore, a primary concern of the present invention is to provide a 

compact intercom device, which has the capability of preventing howling 

phenomenon, and achieving an improvement in sound quality and efficiency. 

That is, the intercom device of the present invention is characterized by 

comprising: 

10 a housing; 

a speaker accommodated in the housing such that a front air chamber is 

defined as a space enclosed by a front surface of the speaker and an inner 

surface of the housing, and a rear air chamber is defined as a space enclosed by 

a rear surface of the speaker and an inner surface of the housing; 

15 a first microphone disposed such that its sound receiving surface faces the front 

air chamber; 

a second microphone disposed such that its sound receiving surface faces 

outside of the housing; and 

a signal processing unit configured to, when an audio output of the speaker is 

20 picked up by the second microphone, remove_ a signal component corresponding 

to the audio output of the speaker from an output signal of the second 

microphone by use of an output signal of the first microphone. 

According to the invention, since the first microphone easily and efficiently 

collects the audio information output from the speaker, howling phenomenon 

25 can be efficiently prevented by the signal processing unit. In addition, a 

distance between the first microphone and the speaker becomes short, thereby 

allowing downsizing of the intercom device. Furthermore, since the sound 

receiving surface of the second microphone faces the outside of the housing, an 

acoustic coupling between the speaker and the second microphone reduces, 

30 and the second microphone becomes hard to pick up the audio output of the 
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speaker. As a result, the second microphone can be located closer to the 

speaker. Thus, it is possible to provide a compact intercom device capable of 

preventing the howling phenomenon. 

From the viewpoint of more efficiently preventing the howling phenomenon, 

5 it is preferred that the rear air chamber is the space hermetically-sealed by the 

rear surface of the speaker and the inner surface of the housing. In addition, it 

is preferred that the first microphone is arranged such that the sound receiving 

surface of the first microphone faces a diaphragm of the speaker. Moreover, 

when the first microphone and the second microphone are mounted on a same 

10 circuit board, it is preferred that the circuit board is mounted on an outside 

surface of the housing such that the sound receiving surface of the first 

microphone faces the front air chamber and the sound receiving surface of the 

second microphone faces the outside of the housing. 

On the other hand, from the viewpoint of further downsizing the intercom 

15 device, the second microphone is preferably located adjacent to the speaker. In 

addition, it is preferred that the first and second microphones are mounted on a 

single board. 

From the viewpoint of improving sound quality and electro-acoustic 

conversion efficiency of the speaker, itis preferred that the intercom device has 

20 an acoustic tube having an opening communicated with the rear air chamber at 

its one end, and a closed end at the other end. Alternatively, the intercom 

device may have a plurality of acoustic tubes having different lengths, each of 

which has an opening communicated with the rear air chamber at its one end, 

and a closed end at the other end. in addition, it is preferred that the acoustic 

25 • tube h_as a tube length of an odd multiple of one quarter of a wavelength 

determined in consideration of sonic velocity and an intended frequency where 

an increase in sound pressure level of the audio output of the speaker is needed. 

Furthermore, it is preferred that the acoustic tube has a resonant 

frequency between a frequency equivalent to a lowest resonant frequency of the 

30 speaker that is supposed to be mounted on an infinite baffle and a lowest 
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resonant frequency of the speaker mounted on the rear air chamber with the 

absence of the acoustic tube. The acoustic tube can be formed along an inner 

surface of the rear air chamber. If necessary, a sound absorbing material may 

be disposed at the opening of the acoustic tube. 

5 A further concern of the present invention is to provide a wiring system 

using the intercom device described above. That is, the wiring system 

comprises at least one transmission line installed in a building structure to 

transmit electric power and information signals, and a plurality of base units 

each adapted in use to be mounted in a wall surface of the building structure, 

10 and connected to the transmission line. The intercom device has a first 

connector detachably connectable to a second connector formed in each of the 

base units. This wiring system is characterized in that when the first 

connector is connected to the second connector of one of the base units, the 

intercom device functions such that the information signals provided through 

15 the transmission line are output as audio information from the speaker unit, 

and an output of the signal processing unit is sent out through the transmission 

line. 

By the way, in the intercom device installed on the wall surface of the house, 

one provided with a liquid crystal display or the like for displaying not only the 

20 audio information but also visual information such as images comes into 

practical use recently. Once such an intercom device is installed on the wall 

surface, not only electric wiring work but also mounting/repair work to the wall 
I 

su~face are required in a case where a layout of the intercom device has to be 

changed. However, it is not easy for a general user himself/herself to do the 

25 work. In addition, a function of the conventional intercom device is completed 

by itself, and a new-type intercom device is required in a case where it is desired 

to add another function. In such a case, not only a purchase of the new-type 

intercom device but also the above-described mounting/repair work becomes 

necessary, so that this is a great burden in cost for the user. The wiring system 

30 of the present invention is effect. According to the wiring system of the present 
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invention, since the intercom device is detachably connectable to the base unit, 

there advantages that the wiring system allows great flexiJ?ility for the change of 

layout of the intercom device, and makes it easy to replace the intercom device 

without cumbersome repairing work. Thus, the present invention provides the 

5 wiring system capable of solving the problems described above. 

As a preferred embodiment of the wiring system of the present invention, 

the wiring system further comprises a function unit adapted in use to be 

connected to the transmission line through one of the base units, the function 

unit having a third connector detachably connectable to one of the second 

10 connector of the base unit, and an extended connector formed in the intercom 

device. When the third connector of the function unit is connected to the 

second connector of the base unit, or when the first connector of the intercom. 

device is connected to the second connector of the base unit, and the third 

connector of the function unit is connected to the extended connector of the 

15 intercom device, the function unit provides at least one of functions for 

. supplying electric power provided through the transmission line, outputting 

information signals provided through the transmission line, and sending out 

information signals through the transmission line. At this time, it is 

particularly preferred that the first connector and the third connector are 

20 stylized in shape and arrangement, and the second connector and the extended 

connector are stylized in shape and arrangement corresponding to the 

stylization of the first connector and the third connector. 

As another preferred embodiment of the wiring system of the present 

invention, the wiring system further comprises a function unit adapted ·in use to 

25 be connected to the transmission line through one of the base units. The 

function unit has a third connector detachably connectable to the second 

connector of the base unit and an extended connector detachably connectable 

to the first connector of the intercom device. When the third connector of the 

function unit is connected to the second connector of the base unit, and the 

30 extended connector of the function unit is connected to the first connector of the 
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intercom device, the function unit provides at least one of functions for 

supplying electric power provided from the transmission line through the base 

unit, outputting information signals provided from the transmission line 

through the base unit, and sending out information signals to the transmission 

5 line through the base unit, and the intercom device operates such that the 

information signals provided from the transmission line through the base unit 

and the function unit are output as audio information from the speaker unit, 

and the output of the signal processing unit is sent out to the transmission line 

through the base unit and the function unit. At this time, it is particularly 

IO preferred that the first connector .and the third connector are stylized in shape 

and arrangement, and the second connector and the extended connector are 

stylized in shape and arrangement corresponding to the stylization of the first 

connector and the third connector. 

In the wiring system described above, it is preferred that the first and 

15 second connectors provide an electric power transmission between the base 

unit and the intercom device by means of electromagnetic coupling, and/ or the 

first and second connectors provide a signal transmission between the base unit 

and the intercom device by means of optical coupling. 

Further characteristics of the present invention-and advantages brought 

20 thereby will be clearly understood from the best mode for carrying out the 

invention described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an intercom device according to a first 

25 embodiment of the present invention; 

FIG. 2 is a cross-sectional view of the intercom device; 

FIG. 3 is a circuit diagram of a voice processing unit of the intercom device; 

FIG. 4 is a cross-sectional view of a microphone board of the intercom device; 

FIG. 5 is a cross-sectional view of a bare chip employed in the microphone 

30 board; 
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FIG. 6A is a simplified plan view of the microphone board, and FIG. 6B is a 

simplified circuit diagrru:n of the microphone board; 

FIG. 7 is a circuit diagrru:n of an impedance converting circuit of the microphone 

board; 

5 FIG. 8 is a circuit diagram of a signal processing unit of the intercom device; 

FIG. 9A and FIG. 9B are diagrams showing_ signal waveforms in the signal 

processing unit; 

FIG. lOA and FIG. l0B are diagrams showing further signal waveforms in the 

•signal processing unit; 

10 FIG. l lA and FIG. llB are diagrams showing another signal waveforms in the 

signal processing unit; 

FIGS. 12A to 12C are diagrams showing still another signal waveforms in the 

signal processing unit; 

FIG. 13 is a cross-sectional view of an intercom device according to a second 

15 embodiment of the present invention; 

FIGS. 14A to 14C are cross-sectional and plan views of an.other housing of the 

intercom device according to the second embodiment; 

FIG. 15 is a graph showing frequency characteristics of the cancelled amount of 

voice components of the speaker; 

20 FIG. 16 is a graph showing frequency characteristics of the radiating sound 

pressure of the speaker; 

FIG. 17 is a cross-sectional view of an intercom device using an ideal baffle 

plate; 

FIG. 18 is a graph showing sound pressure characteristics of the intercom 

25 device having an acoustic tube and the intercom device having no acoustic tube; 

FIG. 19 is a simplified cross-sectional view showing a modification of the 

housing having the acoustic tube; 

FIG. 20 is a simplified cross-sectional view of a housing having a plurality of 

acoustic tubes; 

30 FIG. 21 is a plan view of a housing having a sound absorbing material; 
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FIG. 22 is a schematic diagram of a wiring system using an intercom device 

according to a third embodiment of the present invention; 

FIG. 23 is a schematic circuit diagram of a base unit of the wiring system; 

FIG. 24 is a rear perspective view of the base unit; 

5 FIG. 25A is a perspective view showing a gate housing and a main housing of the 

base unit, and·FIG. 25B is a plan view of a module port of the gate housing; 

FIG. 26 is a plan view of an attachment plate for mounting th~ base unit on a 

switch box; 

FIG. 27 is a schematic circuit diagram. of the function unit; 

10 FIG. 28 is a perspective view of the intercom device for the wiring system; 

FIG. 29 is a schematic circuit diagram of the intercom device for the wiring 

system; 

FIG. 30 is a perspective view of the intercom device connected to the function 

unit or the base unit; 

15 FIG. 31 is an exploded perspective view of the base unit; 

FIG. 32A is a front view of the function unit, FIG. 31B is a side view of the 

function unit, FIG. 32C is an exploded side view of the function unit, and FIG. 

32D is a perspective view of a joining member; 

FIG. 33 is a perspective view illustrating how to mechanically couple the 

20 function unit to the base unit; 

FIG. 34 is a schematic circuit diagram of an intercom device for a power line 

carrier type wiring system; and 

FIG. 35A is a schematic perspective view of a conventional loudspeaker 

communication device, and FIG. 35B is a partial block diagram. of the 

25 loudspeaker communication device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to the attached drawings, an intercom device of the present 

invention and a wiring system using the intercom device are explained in detail 
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As shown in FIGS. 1 and 2, an intercom device A according to a first 

embodiment of the present invention includes a housing Al, a speaker SP, a 

5 microphone board MBl, and a voice processing unit 10. The housing Al 

consists of a body Al0 having an opening at its back face, and a cover Al 1 for 

closing the opening of the body Al0, and accommodates the speaker SP and the 

voice processing unit 10 therein. The housing Al0 has a plurality of sound 

holes 12 formed in a front face of the body Al0. The speaker SP 

10 accommodated in the housing Al provides a voice output through the sound 

holes 12 to outside of the housing Al. The microphone board MBl has a 

sound hole F2 that picks up a voice emitted from a user of the intercom device A. 

In operation, when a conversation switch SWl is operated to the ON position, 

the intercom device A sends the picked-up voice to another intercom device A 

15 and receives signals from another intercom device A via an information line Ls. 

As shown in FIG. 2, the speaker SP includes a cylindrical yoke 20 that is 

open at one end, and a round support 21 that extends radially outward from the 

open end of the yoke 20. The yoke 20 is formed of an iron-containing material, 

such as a cold rolling steel plate (SPCC, SPCEN) or an electromagnetic soft iron 

20 (SUY), and has a thickness of about 0.8 mm. A columnar permanent magnet 

22 {having a residual flux density of, for example, 1.39 T to 1.43 T) formed of, for 

example, neodymium is placed in the yoke 20. An edge surface of the round 

support 21 is fixed on an edge portion on an outer peripheral side of a 

dome-shaped diaphragm 23. 

25 The diaphragm 23 is formed of a thermoplastic material, such as PET 

(PolyEthylene Terephthalate) or PEI (Polyetherimide), and has a thickness of, for 

example, 12 µm to 50 µm. A cylindrical bobbin 24 is fixed to the back of the 

diaphragm 23, and a voice coil 25 is provided at the rear end of the bobbin 24. 

The voice coil 25 is located at the open end of the yoke 20, and the bobbin 24 
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and the voice coil 25 are allowed to freely move back and forth (in the vertical 

direction in FIG. 2) in the vicinity of the open end of the yoke 20. The voice coil 

25 is formed by winding a polyurethane copper wire (having a diameter of 0.05 

mm, for exam.pie) around a paper sleeve of craft paper. 

5 When the polyurethane copper wire of the voice coil 25 receives a voice 

signal, an electromagnetic power is generated in the voice coil 25 by electric 

current of the voice signal and a magnetic field of the permanent magnet 22, 

thereby to vibrate the bobbin 24, along with the diaphragm 23, forward and 

backward. As a result, a sound corresponding to the voice signal is emitted 

10 from the diaphragm 23. That is to say, the speaker SP of this embodiment is 

an electrodynamic speaker. The speaker has, for example, a diameter of 20 

mm to 25 mm, and a thickness of about 4.5 mm. 

A rib 11 is formed on an inner surface of the front wall of the housing Al, 

which is opposed to the diaphragm 23, and is in contact with an end face of a 

15 convex portion 21a that protrudes frontward from an outer peripheral portion of 

the round support 21. Thus, the speaker SP is fixed to the housing Al such 

that the diaphragm 23 faces the inner surface of the front wall of the housing 

Al. 

With the speaker SP thus fixed within the housing Al, a front air chamber 

20 Bf is formed as a space enclosed by the inner surface of the front wall of the 

housing Al .and a front surface (on which the diaphragm 23 is located) of the 

speaker SP, and a rear air chamber Br is formed as a space enclosed by an inner 

surface of the rear and side walls of the housing Al and the rear surface (on 

which the yoke 20 is ·located) of the speaker SP. The front air chamber Bf 

25 communicates with outside of the housing Al through the sound holes 12 

formed in the front wall of the housing Al. The rear air chamber Br is 

insulated from (or does not communicate with) the front air chamber Bf since 

the end portion of the support 21 and the rib 11 are attached firmly to each 

other. Furthermore, the cover All is tightly fitted in the opening formed in the 

30 rear wall of the body AlO, so that the rear air chamber Br provides a 
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hermetically-sealed space that is insulated also from the outside of the housing 

Al. A gasket may be provided between the end portion (or the convex portion 

21a) of the support 21 and the rib 11 so as to increase the degree of adhesion 

between the support 21 and the rib 11. 

5 As shown in FIG. 3, the voice processing unit 10 is formed by an integral 

circuit (IC), which includes a communication unit 10a, echo canceling units 

(10b, 10c), an amplification unit 10d and a signal processing unit lOe. In 

operation, the communication unit 10a receives a voice signal transmitted from 

an intercom device A installed, for exru:nple, in another room through the 

10 information line Ls. The received voice signal is transmitted through the echo 

• canceling unit 10b to the amplificationunit 10d, in which the signal.is amplified, 

and then output from the speaker SP. When the conversation switch SWl is 

operated to the ON position, the voice communication function of the intercom 

device A becomes available. In this condition, voice signals respectively 

15 received from a microphone Ml {first microphone) and a microphone M2 

(second microphone) on the microphone board MB 1 are processed by the signal 

processing unit 1 Oe. In the signal processing unit 1 Oe, each received signal is 

processed in the manner as described later, and the resulting signal passes 

through the echo canceling unit 10c. Then, upon reception of the resulting 

20 signal from the echo canceling unit 10c, the communication unit 10a transmits 

the resulting signal through the information line Ls to the intercom device A 

installed in, for example, another room. In this manner, the intercom device A 

serves as an interphone that permits two-way voice communications between 

the rooms. An electric power for the intercom device A may be supplied from a 

25 wall socket disposed in the vicinity of the location where the intercom device A is 

installed. Alternatively, the electric power may be supplied through the 

information line Ls, or may be supplied from an internal battery accommodated 

in the intercom device A. 

As shown in FIG. 4, the microphone board MBl has a module board 2 and 

30 the microphones Ml and M2, which are mounted on a (top) surface 2a of the 
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module board 2. The microphone Ml is mainly formed with a bare chip BCl, 

an IC chip Kal, and a shield case SCl. Each of the bare chip BCl, the IC chip 

Ka 1, and a wiring pattern (not shown) on the module board 2 are connected to 

each other with wires W (wire bonding). The shield case SCl covers the bare 

5 chip BCl and the IC chip Kal. The microphone M2 has the same construction 

as that of the microphone Ml. That is to say, the microphone M2 is formed 

with a bare chip BC2, an IC chip Ka2, and a shield case SC2 mounted on the 

module board 2 that covers the bare chip BC2 and the IC chip Ka2. The 

microphones (Ml, M2) are preferred to be formed on a silicon substrate by a 

10 micro structure manufacturing process. That is, it is preferred that the 

microphones (Ml, M2) are IC chips of Micro Electro Mechanical System 

(MEMS). 

Each of the bare chips BCl and BC2, which will be generally referred to as 

"bare chip BC", provides a condenser-type silicon microphone, as shown in FIG. 

15 5. More specifically, the bare chip BC includes a silicon thin film ld that is 

formed on a (top) surface of a silicon substrate lb so as to cover a cavity le 

formed through the silicon substrate lb. An electrode lf is formed above the 

silicon thin film ld -wi.th an air gap le interposed therebetween, and two pads lg 

are provided on the surface of the silicon substrate 1 b for producing an output 

20 in the form of a voice signal. When the silicon thin film ld is vibrated by a 

sound wave from outside, such as a human voice, a capacitance between the 

silicon thin film ld and the electrode lf changes, namely, the amount of electric 

charge changes. With the change in the electric charge amount, electric 

current proportional to the received sound wave flows from the two pads lg. 

25 Each of these bare chips BCl and BC2 is fixed by die-bonding the silicon 

substrate lb on the module board 2, as shown in FIG. 4. The silicon thin film 

ld of the bare chip BC2 faces the sound hole F2 formed in the module board 2. 

As shown in FIG. 4, a sound receiving surface of the microphone Ml is 

positioned on a surface having the sound hole Fl of the shield case SCl. On 

30 the other hand, a sound receiving surface of the microphone M2 is positioned 
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on a surface having the sound hole F2 of the module board 2. Thus, the sound 

receiving surface of the microphone Ml is to receive sound from an upper side of 

FIG. 4, and the sound receiving surface of the microphone M2 is to receive 

sound from an opposite side, i.e., the lower side of FIG. 4. In brief, as shown in 

5 FIG. 2, the module board 2 is mounted to the housing Al such that the sound 

receiving surface of the microphone Ml faces the diaphragm 23 of the speaker 

SP, and the sound receiving surface of the microphone M2 faces outside of the 

housing Al. Since both of the microphones (Ml, 1VI2) are mounted on the same 

surface 2a of the module board 2, the thickness of the microphone board MBl 

10 can be advantageously reduced. 

FIG. 6A is a simplified plan view of the module board 2. The module board 

2 has a substantially T-shape, which is composed of a rectangular portion 2f, 

on which the microphone Ml is mounted, a rectangular portion 2g, on which 

the microphone M2 is mounted, and a connecting portion 2h that connects the 

15 rectangular portions 2f and 2g. The rectangular portion 2g is formed to be 

larger than the rectangular portion 2f. The rectangular portion 2g has a 

negative power supply pad Pl, a positive power supply pad P2, and output pads 

(P3, P4) on an edge portion of the rectangular portion 2g such that each of the 

pads (Pl, P2, P3, P4) forms a line along an end face of the edge portion of the 

20 rectangular portion 2g. 

As shown in FIG. 6B, the negative power supply pad Pl is connected to a 

negative terminal of an external power supply, and the positive power supply 

pad P2 is connected to a positive terminal of the external power supply. The 

electric power received from the pads {Pl, P2) is supplied to the microphones 

25 (Ml, M2) through the wiring patterns on the module board 2. A voice signal 

corresponding to the voice picked up by the microphone Ml is output from the 

output pad P3 via the wiring pattern on the module board 2. On the other 

hand, a voice signal corresponding to the voice picked up by the microphone M2 

is output from the output pad P4 via the wiring pattern on the module board 2. 

30 The negative power supply pad Pl also serves as a ground pad that establishes 
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a ground for the voice signals delivered from the output pads (P3, P4). 

As described above, electric powers needed to activate the microphones (Ml, 

M2) are supplied from the power supply via the common negative and positive 

power supply pads (Pl, P2). The negative power supply pad Pl also serves as 

5 the ground pad for the outputs of microphones (Ml, M2). Therefore, the 

number of pads used in the microphone board MB 1 can be reduced, and the 

construction of the microphone board MB 1 can be simplified. 

Next, an operation of the microphone board MB 1 will be explained. First, 

electric currerits flowing from the bare chips BCl and BC2 corresponding to the 

10 received sound signal are subjected to impedance-conversion, and converted to 

voltage signals by the IC chips Kal and Ka2. Then, the voltage signals are 

• output as voice signals from the output pads (P3, P4), respectively. 

For example, each of the IC chip Kal and the IC chip Ka2, which will be 

generally referred to as "IC chip Ka", has a circuit configuration, as shown in 

15 FIG. 7. The IC chip Ka has a constant-voltage circuit Kb formed of a chip IC 

that converts a power supply voltage +V (e.g., SV) supplied from the power 

supply pads (Pl, P2) to a constant voltage Vr (e.g., 12V). The constant-voltage 

circuit Kb applies the constant voltage Vr to a series circuit of a resistance Rl 1 

and the bare chip BC. A connection midpoint of the resistance Rl 1 and the 

20 bare chip BC is connected to a gate terminal of a junction-type J-FET S11 

through a capacitor C 11. A drain terminal of the J-FET S 11 is connected to an 

operating voltage +V, and a source terminal is connected through a resistance 

Rl2 to the negative terminal of the power supply. Herein, the J-FET S11 is 

intended for converting electrical impedance, and the voltage of the source 

25 terminal of the J-FET S11 produces an output as the voice signal. It is to be 

understood that the impedance converting circuit of the IC chip Ka is not 

limited to the above-described configuration, and may be replaced by a circuit 

haying a function of a source follower circuit by an operation amplifier. For 

example, an amplifying circuit for the voice signal may be provided in the IC 

30 chip Ka, if necessary. 
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In the microphone board MB 1, on which signal transmission and supply of 

electric power are performed via the wiring patterns on the module board 2 as 

described above, the signal lines and the power-supply lines can be arranged 

with high efficiency, and attached to the outer surface of the housing Al, as 

5 shown in FIG. 1. In this embodiment, as shown in FIG. 1, the surface 2a of the 

module board 2 is attached along an outer surface of the front wall of the 

housing Al, and the microphone Ml is inserted in an opening 13 formed in the 

front wall of the housing Al such that the sound receiving surface of the 

microphone Ml faces the front air chamber Bf. The diaphragm 23 faces the 

10 microphone Ml through the sound hole Fl formed in the shield case SCl. 

With this arrangement, the microphone Ml has a high directivity to the voice 

emitted from the speaker SP via the sound hole Fl, so that the voice emitted 

from the speaker SP can be efficiently picked up by the microphone Ml. The 

microphone M2 fits in a recess 14 formed in the front wall of the housing 1',l, 

15 and faces the outside (or the front) of the housing Al through the sound hole F2 

formed in the module board 2. In this regard, a direction where the second 

microphone M2 receives a voice from the outside of the housing Al is 

substantially equal to the direction of emitting a voice from the speaker SP. 

Thus, the microphone M2 has a high directivity to the voice of a talker who is 

20 located in front of the intercom device A. When Xl, X2 represent distances 

from the center of the speaker SP to the centers of microphones (Ml, M2), 

respectively, the relationship between the distances (Xl, X2) is expressed as Xl 

<X2. 

Since the rear air chamber Br facing the rear surface of the speaker SP is 

25 hermetically-~ealed in the housing Al as shown in FIG. 2, the voice emitted 

from the rear surface of the speaker SP (rear surface of the diaphragm 23) is less 

likely to leak from the rear air chamber Br, so that an acoustic coupling between 

tp.e speaker SP and the microphone M2 is lowered. BY the way, the voice 

emitted from the rear surface of the speaker SP is reversed in phase with respect 

30 to the voice emitted from the front surface of the speaker SP (front surface of the 
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diaphragm 23). Therefore, if the voice emitted from the rear surface of the 

speaker SP gpes around to the front of the speaker SP, these voices emitted from 

the front and rear surfaces of the speaker SP are cancelled with each other. As 

a result, the radiating sound pressure of the speaker SP is lowered, and it 

5 becomes difficult for the talker located in front of the intercom device A to hear 

. the voice (sound) emitted from the speaker SP. However, since the intercom 

device of this embodiment is formed to reduce the leaking of the voice emitted 

from the rear surface of the speaker SP to the outside of the housing Al, as 

described above, it is possible to prevent such a reduction in the radiating 

10 sound pressure, which is caused by the voice emitted from the rear surface of 

the speaker SP going around to the front of the speaker SP. 

As shown in FIG. 2, since the recess 14, in which the microphone M2 is 

inserted, is an insulated space not communicated with the rear air chamber Br, 

the microphone M2 is even less likely to pick up the voice (or sound) emitted 

15 from the speaker SP. Therefore, the acoustic coupling between the speaker SP 

and the microphone M2 can be further reduced. With the above arrangement, 

the microphones (Ml, M2) are adapted to separately pick up the voice emitted 

from the speaker SP and the voice of (generated by) the talke_r, respectively. 

Furthermore, if the microphone board MBl is placed in the housing Al, it 

20 is difficult to maintain the spatial insulation between the front air cham.ber Bf 

and the rear air chamber Br. In this embodiment, however, the microphone 

board MBl is attached to the outer surface of the housing Al. Therefore, it is 

possible to maintain the spatial insulation between the front air chamber Bf and 

the rear air chamber Br. 

25 As described below, the intercom device of this embodiment has a 

configuration to prevent a howling phenomenon caused when the microphones 

(Ml, M2) pick up the voice emitted from the speaker SP. 

As shown in FIG. 8, the signal processing unit lOe of the voice processing 

unit 10 includes an amplifying circuit 30 for amplifying the output of the 

30 microphone Ml, a band.-pass filter 31 for removing noises of frequencies other 
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than a voice-band (300 to 4000 Hz) from the output of the amplifying circuit 30, 

and a delaying circuit 32 for delaying the output of the band-pass filter 31. 

The signal processing unit lOe further includes an amplifying circuit 33 for 

amplifying the output of the microphone M2 while reversing the phase of the 

5 output of the microphone M2 by· 180 degrees, a band-pass filter 34 for removing 

noises of frequencies other than the voice-band (300 to 4000 Hz) _from the 

output of the amplifying circuit 33, and an adder circuit 35 for adding the 

outputs of the delaying circuit 32 and the band-pass filter 34. 

Referring to FIG. 8 to FIG. 12C, operations of the signal processing unit lOe 

10 will be explained below. First, an operation of the signal processing unit lOe 

when the voice emitted from the speaker SP is picked up by the microphones 

(Mi, M2) will be explained. FIGS. 9A and 9B, 1 OA and 1 OB, 1 lA and 1 lB, and 

12A to 12C show voice signal waveforms that appear at respective units of the 

signal processing unit lOe when the microphones (Ml, M2} respectively pick up 

15 the voice emitted from the speaker SP. As mentioned above, the distance Xl 

from the center of the speaker SP to the center of the microphone Ml is smaller 

than the distance· X2 from the center of the speaker SP to the center of the 

microphone M2. Accordingly, as shown in FIGS. 9A. and 9B, when the 

microphones (Ml, M2) pick up the voice emitted from the speaker SP, the 

20 amplitude of the output Y21 of the microphone M2 is smaller than that of the 

output Yll of the microphone Ml due to the difference between the distances 

(Xl, X2). In addition, the phase of the output Y21 of the microphone M2 is 

delayed with respect to that of the output Yl 1 of the microphone Ml by a delay 

time Td (=(X2-Xl)/Vs, where Vs is sonic velocity), which is proportional to the 

25 difference between the distances (X2-Xl). 

The amplifying circuit 30 amplifies the output Yl 1 to produce an output 

Yl2, and the amplifying circuit 33 amplifies the output Y21 while reversing the 

phase thereof by 180 degrees, to produce an output Y22. At this time, each of 

the amplifying circuits (30, 33) performs level adjustment based on the 

30 difference between the distances (X2-Xl), so that the output levels of the 
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microphones {Ml, M2) relative to the voice emitted from the speaker SP become 

equal to each other, as shown in FIGS. lOA and lOB. In this embodiment, 

since an amplitude rate of the amplifying circuit 30 is set to substantially 1, the 

amplifying circu1.t 30 may be eliminated from the signal processing unit l0e. 

5 As shown in FIGS. 1 lA and 1 lB, the band-pass filters (31, 34) remove 

frequencies other than the voice band from the outputs Yl2 and Y22, to 

produce outputs Yl3 and Y23, respectively. 

The delaying circuit 32 can be formed by, for example, a time delay device 

or a CR phase delaying circuit. The delaying circuit 32 delays the output of the 

10 microphone Ml, which is located closer to the speaker SP, by the 

above-d~scribed delay time .Td, thereby producing an output Yl4 whose phase 

coincides with the phase of the output Y23 of the band-pass filter 34. Thus, it 

is possible to reduce noises contained in a voice signal to be transmitted. 

Through the amplifying and delaying processes described above, a voice 

15 component emitted from the speaker SP, which is contained in the output Yl4, 

and the voice component emitted from the speaker SP, which is contained in the 

output Y23, have the same amplitude and the reversed phase relative to each 

other, as shown in FIG. 12A and FIG. 12B. The adder circuit 35 adds the 

output Y14 and the output Y23 to cancel the ~oice component of the speaker SP 

20 from the output of the microphone M2. Thus, it is possible to produce an 

output Ya shown in FIG. 12C, in which the voice component from the speaker 

SP is removed.or reduced. As described above, the signal processing unit l0e 

removes the voice component of the speaker SP from the output signal Y21 of 

the microphone M2 by using the output ~ignal Yl l of the microphone Ml. 

25 On the other hand, an operation of the signal processing unit l0e when the 

voice emitted from the talker Hin front of the intercom device A is picked up by 

the microphones (Ml, M2) vvill be described below. Since the microphone M2 

has a high directivity to the voice. from the talker H located in front of the 

intercom device A, the amplitude of the output Y21 of the microphone M2 is 

30 larger than that of the output Yl 1 of the microphone Ml, Furthermore, since 
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the signal from the microphone Ml is not amplified while the signal from the 

microphone M2 is amplified in the amplifying circuit 33, the voice component 

from the talker H contained in the output Y23 is sufficiently larger than the 

voice component from the talker H contained in the output Yl4. Thus, even 

5 after the above-described adding process is performed in the adder circuit 35, 

the signal corresponding to the voice generated by the talker H remains in the 

output Ya with a sufficiently large amplitude. 

In the manner described ~bove, the voice component from the speaker SP is 

reduced in the output Ya of the adder circuit 35, whereas the voice component 

10 generated by the talker H in front of the intercom device A remains in the output 

Ya. Thus, a relative difference in the output Ya between the voice component 

from the talker H, which is desired to be saved, and the voice component from 

the speaker SP, which is desired to be reduced, becomes larger. That is to say, 

even when the voice from the talker H and the voice from the speaker SP are 

15 simultaneously generated, only the voice component from the speaker SP is 

reduced while the voice component from the talker H remains sufficiently large. 

Accordingly, it is possible to prevent the howling phenomenon caused when the 

microphones (Ml, M2) pick up the voice output of the speaker SP. 

Since the microphone Ml is disposed in the front air chamber Bf so as to 

20 face the diaphragm 23, as shown in FIG. 2, the microphone Ml efficiently picks 

up the voice emitted from the speaker SP. Therefore, the signal processing unit 

lOe can efficiently achieve the howling phenomenon prevention function. 

Furthermore, since the sound receiving surface of the microphone M2 faces 

outside of the housing Al, and the output direction of the speaker SP and the 

25 directivity of the microphone M2 substantially conform to each other, the 

acoustic coupling between the speaker SP and the microphone M2 is reduced. 

Thus, the microphone M2 is less likely to pick up the voice emitted from the 

speaker SP, and can be placed close to the speaker SP, that is to say, close to 

the front air chamber Bf, which makes it possible to downsize the intercom 

30 device A. 
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On the other hand, the signal processing unit lOe transmits the voice 

signal to the echo canceling unit 10c through a digital-analog converter (not 

shovVn), and the echo canceling unit (10b, 10c) shown in FIG. 3 perform the 

process as described below to further efficiently prevent the howling 

5 phenomenon. 

First, the echo canceling unit 10c retrieves the output of the echo canceling 

unit 10b as a reference signal, and performs a suitable computation on the 

output of the signal processing unit lOe, thereby canceling a voice signal, which 

goes around from the speaker SP to the microphones (Ml, M2). On the other 

10 hand, the echo canceling unit 10b also retrieves the output of the echo 

canceling unit 10c as the reference signal, and performs a suitable computation 

on the output of the communication unit 10a, thereby canceling a voice signal, 

which goes around from a speaker of an intercom device installed in another 

room to its microphones. 

15 More specifically, the echo canceling units (10b, 10c) control the amount of 

loss at variable loss means (not shown) provided in a loop circuit consisting of 

the speaker SP, the microphones (Ml, M2), the signal processing unit lOe, the 

echo canceling unit 10c, the communication unit 10a, the echo canceling unit 

10b, the amplifying unit 10d and the speaker SP, so as to prevent the howlinp: 

20 phenomenon by making the loop gain less than 1. Herein, one of the 

transmitted voice signal and the received voice signal, which has a smaller 

signal level, is regarded as not important, and a transmission loss of a variable 

loss circuit, which is inserted in a transmission path of the signal having the 

smaller level, is increased. In this embodiment, the intercom devices transmit 

25 signals via the information line Ls. However, the transmission of signals is not 

limited to a wired line. A non-wired transmission manner such as radio wave, 

optical communication • system, and infrared radiation may be alternatively 

employed. 

(Second Embodiment) 

30 As shown in FIG. 13, an intercom device. A' according to a second 
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embodiment of the present invention includes an acoustic tube 40, which is 

provided in the rear air chrunber Br having a small volume, so as to improve the 

sound quality and electro-acoustic conversion efficiency of the speaker SP. 

The intercom device A' according to the second embodiment will be explained 

5 below. 

The acoustic tube 40 has an opening at its one end and a closed end at the 

other end, and is provided in the rear air chrunber Br to be along an _inner wall 

surface( s) of the rear air chrunber Br. By setting the resonance frequency of the 

acoustic tube 40 to an appropriate level, the lowest resonance frequency fo of 

10 the speaker SP, which is provided in the intercom device A', is shifted to a lower 

frequency level, and the sound pressure level of the speaker SP increases, 

resulting in improvements of the sound quality and electro-acoustic conversion 

·efficiency of the speaker SP. It is noted that except for the sound tube 40, the 

construction of the intercom device A' shown in FIG. 13 is the same as that of 

15 the intercom device A shown in FIG. 2. Accordingly, details of the intercom 

device A' will be omitted herein. 

The lowest resonance frequency fo of the speaker SP is generally 

determined by an equivalent mass (diaphragm, coil, additional mass of air) Mo 

of a vibration system of the speaker, stiffness So of an edge or the likE' 

20 supporting the vibration system, and stiffness Sc of air in the rear air chrunber 

Br. That is, it is represented by an equation: 

fo = {1/ (2,r)} • ..r {(so+Sc) /Mo} 

FIG. 14A through FIG. l 4C show another housing A2 of the inten;om device 

A' according to a modification of the present embodiment. The housing A2 

25 accommodates the acoustic tube 40 therein. Effects of the sound tube 40 are 

explained below referring to the housing A2 as an exrunple. The housing A2 

essentially consists of a body A20 having opening at its rear surface, and a cover 

A21 for closing the opening of the body A20. In FIG. 14B, only the body A20 is 

illustrated. As in the intercom device A of the first embodiment, the housing 

30 A2 is capable of accommodating a speaker SP, a microphone board MBl, a 
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conversation switch SWl, and a voice processing unit 10. The acoustic tube 

40 is provided in the body A20. 

The housing A2 has two spaces A2a and A2b therein, which are insulated 

from each other. The space A2a has a lateral dimension of 30 mm, a vertical 

5 dimension of 40 mm, and a thickness of 8 mm, to accommodate the speaker SP 

therein. In the space A2a, columnar bosses 51 are formed at regularly spaced 

four locations on the inner surface of the front wall of the body A20, and screw 

holes 52 are respectively formed in the bosses 51. The speaker SP is fixed to 

the inner surface of the front wall of the body A20 by using mounting screws, 

10 which are thread engageable with the screw holes 52. With the construction 

described above, a front air chamber Bf and a rear air chamber Br similar to 

those of the first embodiment (FIG. 2} are formed. The front air chamber Br is 

provided by a space enclosed by the inner surface of the front wall of the 

housing A2 and the front surface side (diaphragm 23 side) of the speaker SP. 

15 The rear air chamber Br is provided by a space enclosed by the inner surface of 

the rear and side walls of the housing A2 and the rear surface side (yoke 20 

side) of the speaker SP. A plurality of sound holes 12 are formed in the front 

wall of the housing A2. 

As shown in FIGS. 14A through 14C, the acoustic tube 40, which has G 

20 rectangular shape in cross section, is formed along the inner walls of the rear air 

chamber Br at the back of the speaker SP over substantially three-quarter of the 

circumference of the rear air chamber Br. The acoustic tube 40 has an 

opening at one end 40a and a closed end at the other end 40b. The overall 

length L of the acoustic tube 40 is set to an odd multiple of one quarter of a 

25 wavelength, which is determined by the sonic velocity and a frequency f of which 

sound pressure level is desired to be increased. In this embodiment, the 

acoustic tube 40 has a length of one quarter of the wavelength determined by 

the frequency where an increase in sound pressure level of the audio output of 

the speaker SP is needed and the sonic velocity. In detail, since an open-end 

30 correction is performed on the acoustic tube 40, where sonic velocity is set to C 
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and an open-end correction value is set to cr (=0.8d, wherein dis an open-end 

diameter of the acoustic tube 40), the overall length is determined from an 

equation described below: 

f = [C/ {4 (L+u)}] 

5 In this embodiment, the overall length L of the acoustic tube 40 is set 95.2 

mm and a cross-sectional area of the acoustic tube 40 is set to 4.2 mm2 

(equivalent to qi= 2.3). By forming the acoustic tube 40 along the inner walls of 

the rear air chamber Br, it is pos_sible to minimize a volume reduction of the rear 

air chamber Br caused by the formation of the acoustic tube 40. In addition, 

10 with the acoustic tube 40 thus provided, the sound pressure level of the speaker 

SP can be increased in a desired frequency band (at around 700 Hz in this 

embodiment). As a result, it is possible to improve the sound quality and the 

electro-acoustic conversion efficiency of the speaker SP. 

By utilizing the fact that input impedance becomes extremely small at the 

15 resonance frequency (i.e., a frequency at which the overall length of the tube is 

equal to an odd-number multiple of an approximately quarter ( 1 / 4) wavelength) 

of a closed tube, the acoustic tube 40 can reduce the sound leakage from the 

rear air chamber Br to the outside of the housing. That is, the sound waves 

radiated from the rear surface of the speaker SP is reflected toward the rear 

20 surface side of the speaker SP. 

Referring to FIG. 15 through FIG. 18, effects of the acoustic. tube 40 

provided in the housing A2 will be explained below in comparison with the 

intercom device A of the first embodiment, which has no acoustic tube in the 

·housing Al, and an intercom device having an infinite baffle, which will be 

25 explained in detail below. 

FIG. 15 shows frequency characteristics of the cancelled amount of the 

voice component from the speaker SP in the case of using the signal processing 

unit lOe of intercom device A of the first embodiment, and FIG. 16 shows 

frequency characteristics of the radiating sound pressure measured in front of 

30 the ·speaker SP. FIG. 15 and FIG. 16 also show results obtained in the case 
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where the housing has no acoustic tube as in the first embodiment, and the 

case where an ideal baffle plate is used as the housing. 

FIG. 17 shows a baffle plate C having an infinite size as an example of the 

above-mentioned ideal baffle plate, but the baffle plate C is not realistic for 

5 mounting a real speaker thereon. Thus, in this embodiment, a standard baffle 

as specified in JIS C 5532 is used to measure a frequency equivalent to a lowest 

resonant frequency of the speaker SP that is supposed to be mounted on the 

baffle plate C. The lowest resonant frequency of the speaker SP mounted on 

the standard baffle is equivalent to that of the speaker SP that is supposed to be 

10 mounted on the baffle plate C (an ideal baffle plate). The cancelled amount 

(Yla in FIG. 15) in the case where the speaker SP and the microphone board 

MBl are mounted on the standard baffle to form an intercom device is kept at 

10 dB or more in a frequency band of 100 Hz to 10000 Hz, and the radiating 

sound pressure characteristics (Y2a in FIG. 16) in the same case indicate that _ 

15 the lowest resonance frequency fol of the speaker SP is 600 Hz, which is an 

equally ideal characteristic as provided by the speaker SP alone. A standard 

closed box as specified in JIS C 5532 may be used- to measure a frequency 

equivalent to the lowest resonant frequency of the speaker SP that is supposed 

to be mounted on the baffle plate C having_an infinite size (an ideal baffle plate) 

20 as shown in Fig. 17. 

In the case where a rear air chamber having no acoustic tube 40 is used, as 

in the rear air chamber Br of the first embodiment, the cancelled amount (Ylb 

in FIG. 15) of the voice component from the speaker SP is kept at 10 dB or more 

in the frequency band of 100. Hz to 10000 Hz. Thus, substantially the same 

25 cancelled amount as that of the case where the standard baffle is used can be 

obtained. However, in the case where the rear air chamber Br is formed as an 

enclosed space, radiating sound pressure characteristics comparable to those of 

the case where the standard baffle is used can be obtained when the volume of 

the rear air chamber Br is sufficiently larger. On the other hand, when the 

30 volume of the rear air chamber Br is small, the mechanical equivalent stiffness 
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of the rear air chamber Br increases, and the lowest resonance frequency of the 

speaker SP becomes higher. As higher the lowest resonance frequency, the 

radiating sound pressure reduces, so that the sound quality and the 

electro-acoustic conversion efficiency of the speaker SP deteriorate. For 

5 example, the radiating sound pressure characteristics (Y2b in FIG. 16) of the 

case where the rear air chamber· Br of the first embodiment is used indicate that 

the lowest resonance frequency fo2 of the speaker SP is 1200 Hz, which is 

noticeably ,higher than the lowest resonance frequency obtained when the 

standard baffle is used. Furthermore, the sound pressure level in a frequency 

10 band below 800 Hz is lower by about 5 to 20 dB than that of the case where the 

standard baffle is used. It means that the sound quality and the 

electro-acoustic conversion efficiency of the speaker SP are deteriorated in this 

frequency band. 

The radiating sound pressure characteristics (Y2c in FIG. 16) of the case 

15 where the volume of the rear air chamber Br is made three times larger than 

that of the rear air chamber Br of the first embodiment indicate that the lowest 

resonance frequency fo3 of the speaker SP is 800 Hz, and the sound quality of 

the speaker SP is improved as compared with the case of using the housing Al 

of the first embodiment. However, the overall size of the housing increasef;'. 

20 with the increase in volume of the rear air chamber Br, which makes it difficult 

to downsize the intercom device. Thus, in this embodiment, by providing the 

acoustic tube 40 in the rear air chamber Br having a small volume, the sound 

quality and the electro-acoustic conversion efficiency of the speaker SP are 

improved, while making the intercom device smaller. 

25 The overall length L of the acoustic tube 40 is set so that the resonance 

frequency of the acoustic tube 40 is located between the lowest resonance 

frequency fo2 (= 1200 Hz) of the case where the rear air chamber Br having no 

acoustic tube 40 is used, artd the lowest resonance frequency fo 1 (=600 Hz) of 

the case where the standard baffle is used. By setting the overall length L of 

30 the acoustic tube 40, as described above, the lowest-resonance frequency fo5 of 
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the speaker SP in the case where the housing A2 having the acoustic tube 40 is 

used is set to about 700 Hz between fol and fo2. 

FIG. 18 shows frequency characteristics of the radiating sound pressure of 

the intercom device A', which is provided with the housing A2 and the sound 

5 tube 40 of the present embodiment, and the radiating sound pressure of the 

intercom device A of the first embodiment, which has no acoustic tube. The 

characteristics Y3a of the intercom device A' in FIG. 18 indicate that the sound 

pressure level in a frequency band not larger than 800 Hz is increased by about 

5 to 10 dB, as compared with the characteristics Y3b of the intercom device A, 

10 and the lowest resonance frequency is reduced from fo4 (=1200 Hz) to foS (= 

about 700 Hz). That is, improvements in the speaker efficiency and the sound 

quality can be achieved. For example, the sound pressure level at around 700 

Hz is increased by about 10 dB, and the improvement of the speaker efficiency 

brought by the increase of the sound pressure level corresponds to a 70% 

15 reduction in input current and a 90% reduction in input power of the speaker 

SP. Thus, the sound pressure level of the speaker SP increases around the 

lowest resonance frequency of the speaker SP. Therefore, by setting the overall 

length of the acoustic tube 40 to an appropriate length, and shifting the lowest 

resonance frequency of the speaker SP to a lower frequency side, it is possible to 

20 achieve improvements in sound quality and electro-acoustic conversion 

efficiency of the speaker SP. 

As another preferred acoustic tube of the present invention, an acoustic 

tube 41 that communicates with the rear air chamber Br may be provided at the 

outside of a housing A3. For example, the acoustic tube 41 can be obtainep. by 

25 attaching a tubular member to into a hole (not shown) formed in the housing A3, 

as schematically shown in FIG. 19. When tubular member is made of urethane 

or the like, the overall length L of the acoustic tube 41 can be easily changed, if 

desired. 

As a further modification of this embodiment, two or more acoustic tubes 

30 may be formed in the rear air chamber Br. As an example, three acoustic tubes 
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42, 43, 44 can be formed in the rear air chamber Br of a housing A4, as 

schematically shown in FIG. 20. In this example, the acoustic tubes (42, 43, 

44) have different lengths from each other. This means that they have 

mutually different resonance frequencies. Accordingly, the sound pressure 

5 level of the speaker SP is increased at a plurality of frequencies. By setting the 

overall lengths of the respective acoustic tubes (42, 43, 44) to appropriate 

values, it is possible to provide desired sound quality and electro-acoustic 

conversion efficiency of the speaker SP. 

As shown by a dotted line in FIG. 21, a sound absorbing material 45 such 

10 as a non woven fabric may be provided at or in the vicinity of the open end 40a of 

the acoustic tube 40. By use of the sound absorbing material 45, it is possible 

to provide an enhanced sound absorbing effect, and perform a fine adjustment 

of the resonance frequency of the acoustic tube 40. 

(Third Embodiment) 

15 The present embodiment provides a wiring system using an intercom device 

101 of the present invention. That is, this wiring system enables power and 

signal transmissions between electric devices spaced away from each other in a 

building structure. 

As shown in FIG. 22, the wiring system comprises a power line Lp and an 

20 information line Ls installed in the building structure, which are· connected to a 

commercial power source AC and the Internet network NT through a 

distribution board, switch boxes 102 embedded in wall surfaces of the building 

structure, base units 103 mounted on the switch boxes, and connected to the 

power line Lp and the information line Ls, and function units 104, each of 

25 which is detachably connected to a desired one of the base units 103, and has 

at least one of functions for supplying electric power from the power line Lp, 

outputting information from the information line Ls, and inputting information 

into the information line Ls in a connected state with the desired base unit. An 

intercom device 101 of the present invention, which is preferably provided by 
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the intercom device (A, A') of the first or second embodiment described above, 

can be regarded as one of the function units 104. In the present description, 

the wall surfaces of the building structure are not limited to surfaces of 

sidewalls standing between adjacent rooms. That is, the meaning of the wall 

5 surfaces includes outdoor and indoor wall surfaces, and the indoor wall 

surfaces comprise ceiling and floor surfaces as well as the sidewall surfaces. In 

the drawings, MB designates a main circuit breaker, BB designates a branch 

circuit breaker, and GW designates a gateway (e.g., a router or a built-in hub). 

As shown in FIGS. 23 and 24, each of the base units 103 is formed with a 

10 gate housing 130 having terminals (131a, 132a, 131b, 132b) connected to the 

power supply line Lp and the information line Ls, and a main housing 135 

detachably connected to the function unit 104. Theses housings can be made 

of a synthetic resin having electrical insulating characteristics (e.g., a 

_non-crystalline plastic such as ABS resin). The terminals (131b, 132b) are 

15 used to extend the wirings. The gate housing 130 and the main _housing 135 

have a pair of a module port 134 and a module connector 142, which are 

detachably connected to each other to simultaneously establish both of 

supplying the electric power from the gate housing 130 to the main housing 

135, and making a signal transmission there between. In addition, when tL: 

20 function unit 104 has the module connector 142, it can be connected to the 

gate housing 130 in place of the main housing 135. If necessary, the gate 

housing 130 and main housing 135 may be integrally formed. 

Circuit components of the base unit 103 are designed to transmit the 

electric ·power and the· information signal to the function unit 104. For 

25 example, the base unit 103 is provided with an AC/ AC converter 160, DC power 

section 161, transceiver section 162, E/0 converter 163, 0/E converter 165, 

and a function portion 167. 

The AC/AC converter 160 converts commercial AC voltag~ to a lower AC 

voltage having an increased frequency, and applies the lower AC voltage to a coil • 
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172. The DC power section 161 generates an operating voltage of the internal 

circuit components from a stable DC voltage obtained by rectifying and 

smoothing the lower AC voltage. The transceiver section 162 transmits and 

receives the information signal for enabling the mutual communication through 

5 the information line Ls. The E/O converter 163 converts the information 

signal received from the information line Ls to an optical signal, and outputs the 

optical signal though a light emitting device (LED) 164. On the other hand, the 

O/E converter 165 receives the optical signal provided from the outside, e.g., 

the function unit ~04 by a light receiving device {PD) 166, and converting the 

10 received optical signal into the information signal to transmit it to the 

transceiver section 162. The base unit 103 shown in FIG. 23 has an outlet tap 

as the function_portion 167. Alternatively, a sensor device or a controller may 

be formed as the function portion 167. 

The module port 134 formed at a front surface of the gate housing 130 is 

15 composed of an electric power port 134a for supplying the electric power and an 

information signal port 134b for accessing the information line Ls, as shown in 

FIG. 25B. Arrangement and shapes of the electric power port 134a and the 

information signal port 134b are standardized (normalized or stylized) in the 

wiring system of this embodiment. For example, as shown in FIG. 25B, each of 

20 the electric power port 134a and the information signal port 134b is configured 

. in a substantially rectangular shape such that they are arranged in parallel to 

each other. 

On the other hand, the module connector 142 formed at a rear surface of 

the main housing 1~5 is composed of an electric power connector 142a and an 

25 information signal connector 142b, as shown in FIG. 25A. Arrangement and 

shapes of the electric power connector 142a and the information signal 

connector 142b are standardized (normalized or stylized) in the wiring system of 

this embodiment. For· example, as shown in FIG. 25A, each of the electric 

power connector 142a and the information signal connector 142b is configured 
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in a substantially rectangular shape such that they are arranged in parallel to 

each other. 

In this embodiment, the module port 134 has a guide portion 133 such as 

a ring-like wall or a ring-like groove extending around the electric power port 

5 134a and the information signal port 134b. This guide portion 133 is formed 

to be engageable to an engaging portion 145 such as a ring-like wall of the main 
' 

housing 135, which is formed around the electric power connector 142a and 

the information signal connector 142b. By simply engaging the engaging 

portion 145 to the guide portion 133, the electric power connector 142a and the 

10 information signal connector 142b can be simultaneously connected to the 

electric power port 134a and the information signal port 134b. Therefore, 

there advantages that the main housing 135 can be easily attached to or 

removeq. from the gate housing 130 with improved connection reliability. A 

module connector having the same structure described above may be formed in 

15 the function unit 104. The module port 134 and the module connector 142 

may be formed by female and male connectors. 

In the present embodiment, the gate housing 130 is directly fixed to the 

switch box 102. If necessary, the gate housing ·130 may be fixed to the switch 

box 102 through an attachment member 175, as· shown in FIG. 26. For 

20 example, this attachment member 175 is formed by a rectangular frame 176 

with a window hole 177. In this case, the gate housing 130 is mounted on the 

attachment member 1 75 by fitting a front portion of the gate housing into the 

window hole 177, and- then engaging hooks (not shown) formed at both sides of 

the gate housing to the rectangular frame 176. The attachment member 175 

25 mounting the gate housing 130 thereon is fixed to the switch box 102 by use of 

fixing screws. Alternatively, the gate housing '!30 may be directly fixed to the 

wall surface by use of exclusive clamps without using the switch box 102. 

The function unit 104 is designed to provide a desired function by using the 

electric power ·supplied to the function unit 104 through the base unit 103 or 
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using the mutual communication of the information signal between the function 

unit 104 and the information line Ls through the base unit 103. For example, 

when the function unit 104 is connected to the base unit 103 mounted in the 

wall surface at a high position near the ceiling, it preferably has a receptacle 

5 function of receiving a plug with hook of a lighting apparatus, security function 

such as a motion sensor, temperature sensor, and monitoring camera, or a 

sound function such as speaker. In addition, when the function unit 104 is 

connected to the base unit 103 mounted in the wall surface at a middle height, 

at which the function unit 104 can be easily operated by the user, it preferably 

10 has a switch function of turning on/ off the lighting apparatus, control function 

for electric appliances such as air-conditioning equipments, a display function 

such as liquid crystal display or a timer function. The intercom device of the 

present invention is preferably connected as one of the function units 104 to the 

base unit 103 at the middle height. Moreover, when the function unit 104 is 

15 connected to the base unit 103 mounted in the wall surface at a low position 

near the floor, it preferably has a receptacle {unction for receiving a plug of an 

electric appliance such as electric vacuum cleaner, the sound function such as 

speaker, or a footlight function. 

Specifically, as shown in FIG. 27, when a function section 181 of the 

20 function unit 104 is formed by a switch, operation data obtained by operating 

the switch is transmitted to a processing section 188 such as CPU through an 

I/0 interface 189. Then the processed data is sent to, for example, an infrared 

remote controller (not shown) through a transceiver section 187, so that an 

electric appliance to be controlled is turned on/ off by receiving a remote control 

25 signal emitted from the infrared remote controller. In addition, when the 

function section 181 is formed by a sensor, data detected by the sensor is 

transmitted as the information signal to the information line Ls, and then 

informed to the user by a required communicator. 

The coil 172 wound around a core 170 of the base unit 103 shown in FIG. 
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23 is used as a power transmission means for supplying electric power to the 

function unit 104 in a noncontact manner. That is, the coil 172 of the base 

unit 103 provides an electromagnetic coupling portion that works as a first side 

of a transformer. On the other hand, as shown in FIG. 27, the function unit 

5 104 has an electromagnetic coupling portion comprised of a coil 182 wound 

around a core 180, which works as a second side of the transformer. Therefore, 

by forming electromagnetic coupling between the base unit 103 and the 

function unit 104, a low AC voltage can be induced in the coil 182 of the 

function unit 104 to supply of electric power from the base unit 103 to the 

10 function unit 104. Similarly, an electromagnetic coupling portion X2 is formed 

at the opposite side of the electromagnetic coupling p~rtion Xl, and used to 

make a connection between the function units. In this embodiment, since the 

low AC voltage having the higher frequency than the commercial AC voltage is 

obtained by the AC/ AC converter 160, there is an advantage that the 

15 electromagnetic coupling portions used as the transformer can be downsized. 

In addition, the light emitting device (LED} 164 of the base unit 103 shown 

in FIG. 23 is used to transmit an optical signal as the information signal to the 

function unit 104 in a noncontact manner. On the other hand, as shown in 

FIG. 27, a light receiving device (PD) 186 is disposed in the function unit 10 -

20 such that the light emitting device 164 is in a face-to-face relation with the light 

receiving device 186 when the function unit 104 is connected to the base unit 

103. Similarly, to transmit the optical signal as the information signal from 

the function unit 104 to the base unit 103, the function unit 104 has a light 

emitting device (LED) 184, which is disposed in the face-to-face relation with the 

25 light receiving element (PD) 166 when the function unit 104 is connected to the 

base unit 103. Thus, each of the base unit 103 and the function unit 104 has 

the pair of the E/0 converter (163, 183) and the 0/E converter (165, 185) as an 

optical coupling portion to enable the mutual communication of the information 

signal therebetween in a noncontact manner. 
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As shown in FIG. 23, tli~ electromagnetic coupling portion X used to supply 

the electric power and the optical coupling portion Y used for the mutual 

communication of the information signal are disposed at a side surface of the 

base' unit 103 to be spaced from each other by a constant distance. 

5 Arrangements and shapes of the electromagnetic coupling portion X and the 

optical coupling portion Y are standardized (or stylized) to make the base unit 

103 shareable among the function units 104. In addition, the pair of the 

electromagnetic coupling portion X and the optical coupling portion Y may be 

formed at each of both sides of the function unit 104, as shown in FIG. 27. 

10 That is, the optical coupling portion Yl formed at one side (e.g., left side) of the 

function unit 104 is composed of the light receiving device 186 located at the 

upper side and the light emitting device 184 located at the lower side, and the 

optical coupling portion Y2 formed at the opposite side (e.g., right side) of the 

function unit 104 is composed of a light emitting device 194 located at the 

15 upper side and a light receiving device 196 located at the lower side. In this 

case, since the base unit 103 is connected to the one side of the function unit 

104, and another function unit or the intercom device of the present invention 

can be connected to the other side of the function unit 104, there is an 

advantage of further improving function ·expandability of the wiring system. 

20 The intercom device 101 of this embodiment can be connected to the base 

unit 103, as shown in FIG. 28. In addition, internal components of the 

intercom device 101 of this embodiment are shown in FIG. 29. As understood 

from the comparison with the function unit 104 of FIG. 27, the intercom device 

101 of FIG. 29 is substantially equivalent to a function unit having the 

25 components of the intercom device shown in FIG. 2 as the function section 181. 

Since this intercom device 101 has the stylized connectors as well as the 

function unit 104 and base unit 103 described above, it can be used in .a 

desired combination with the base unit 103 and the function unit 104. For 

example, as shown by the arrow CD in FIG. 30, the intercom device 101 can be 

Exhibit 1004 
Page 0669 of 1001



WO 2008/050583 PCT/JP2007/069131 

35 

connected to the function unit 104 having the timer function, which is 

connected to the base unit 103. Alternatively, as shown by the arrow® in 

FIG 30, the intercom device 101 may be connected at its one side to the base 

unit 103. At this time, the function unit 104 having the timer function can be 

5 connected to the other side of the intercom device 101. Thus, there ·is a 

remarkable advantage that a layout of the function units 104 hav:i,ng various 

functions and the intercom device 101 can be changed with a high degree of 

freedom according to the user's needs. 

In addition, when the intercom. device 101 is operated in conjunction with 

10 at least one functions unit 104, the wiring system of this embodiment can 

provide a higher order function in addition to the communication function. For 

example, when the intercom. device 101 is connected to one of the base units 

103, and the function unit 104 having a sensor function (e.g., motion sensor or 

fire sensor) is connected to another one of the base units 103, which is disposed 

15 at a proper location, the intercom device 101 can output an alarm sound by 

receiving alarm signal from the function unit. Therefore, the intercom device 

101 of this case has an alarm generating function for disaster or crime 

prevention as well as the communication function. In addition, since it is not 

needed to individually prepare a speaker for generating the alarm sound, ther 

20 is a further advantage of achieving an improvement in cost performance of the 

wiring system as a whole. 

Next, means for mechanically coupling between the base unit 103 and the 

function unit 104 (or the intercom device 101) i~ explained. 

For example, the base unit 103 shown in FIG. 31 has a cosmetic cover 112, 

25 which is detachably attached to a front surface of the gate housing 135, and 

horizontal guide rails 114 formed at upper and lower portions of the gate 

housing. The numeral 115 designates a stopper wall formed in a substantially 

center position in the longitudinal direction of the guide rail 114. On the other 

hand, as shown in FIGS. 32A to 32C, the function unit 104 (or the intercom 
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device 101) has concave portions 128 for accommodating joining members 150 

therein, which are formed at both of its upper and lower sides, horizontal guide 

rails 124 extending in the concave portions 128, and cover members 126 

pivotally supported at upper and lower ends of the function unit 104. In 

5 addition, as shown in FIG. 32D, the joining member 150 has a groove 152, in 

which the horizontal guide rail (114, 124) can be slidably fitted. 

In this case, a cosmetic cover 112 is firstly removed from the gate housing 

135 of the base unit 103. Then, the electromagnetic coupling portion X and 

the optical coupling portion Y of the base unit 103 are connected to' the 

10 electromagnetic coupling portion Xl and the optical coupling portion Yl of the 

function unit 104 (or the intercom device 101). Next, the cover member 126 is 

opened, and the joining member 150 is slid along the guide rail 124, as shown 

by an arrow in FIG. 33. The slide movement of the joining member 150 is 

performed until the joining member 150 contacts the stopper wall 115. As a 

15 result, the joining member 150 is engaged to the guide rail 114 of the base unit 

103 over about half length of the joining member 150. On the other hand, the 

remaining portion of the.joining member 150 is still engaged to the guide rail 

124 of the function unit 104 (or the intercom device 101). Thus, by engaging 

the joining member 150 to both of the base unit 103 and the function unit lO'C 

20 the base unit 103 can be mechanically coupled with the function unit 104 (or 

the intercom device 101). Finally, the cosmetic cover 112 is attached to the 

base unit 103, and the cover member 126 is closed. 

According to this coupling means, since the joining member 150 is held 

between the cosmetic cov;er 112 and the gate housing 135, it is possible to 

25 prevent accidental falling of the joining member 150, and obtain the stable 

mechanical connection therebetween without spoiling the beauty of them. In 

addition, since the joining me_mber 150 is ~ways accommodated in the concave 

portion 128 of the function unit 104 (or the intercom device 101), there is no 

worry about loss of the joining member 150. This coupling means is also usual 
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in the case of mechanically coupling between the function units 104, or between 

the function unit 104 and the intercom device 101. 

As an information-signal transmitting method available in the wiring 

system, a baseband transmission or a broadband transmission can be used. 

5 In addition, the protocol is not limited to a specific one. For example, sound 

and visual information signals may be transmitted and received according to 

JT-H232 packet to make the mutual communication between the intercom 

devices. In a control system, it is also preferred to use a routing protocol for a 

broadcast or a unicast that controlling can be performed at a control ratio of 1:1 

10 or 1:N according to operation data. Alternatively, the protocol used 'between 

the base units may be different from the protocol used in the function unit or 

the intercom device connected to the base unit. In this case, a protocol 

conversion is preferably performed by the base unit. 

In addition, the wiring system of the above embodiment is essential to use 

15 both of the information line and the power line installed in the building 

structure. As a modification of this embodiment, a power-line carrier 

communication may be used in the wiring system. 

That is, the wiring system according to this modification is essential to 

install only the power line in the building structure. Therefore, the base unit is 

20 connected to only the power line. On the other hand, the base unit, the 

function unit and/ or the intercom device need to have a transceiver unit for 

transmitting and receiving information signals in the power-line carrier 

communication manner. For example, when the transceiver unit is formed in 

the base unit, the electric power carrying the information signals thereon is 

25 separated to the electric power transmission and the information signal 

transmission by the base unit. Therefore, the same function unit and the 

intercom device us€d in the wiring system of the above embodiment are also 

available in this power-line carrier type wiring system·. 

Alternatively, the transceiver unit may be formed in the intercom device 

30 101, as shown in FIG. 34. In this case, the intercom device is detachably 
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connected to the base unit and/ or the function unit by a power-line carrier type 

connector Z. In addition, the intercom device also comprises a PLC modem· 

210 for receiving the information signals carried by the power line, and 

transmitting information signals through the power line, a processing section 

5 220 connected to the PLC modem, an I/ 0 interface 230 between the processing 

section, and a function section 240 for providing the intercom function. 

Similar circuit components may be formed in the function unit and/ or the base 

unit. As a modulation method for the power-line carrier communication, for 

-example, it is possible to use a broad spectrum diffusion model, multi carrier 

10 model or an orthogonal Frequency division multiplexing (OFDM} model. 

INDUSTRIAL APPLICABILITY 

Thus, according to the present invention, the first microphone disposed in 

the front air chamber efficiently receives the voice output of the speak.er, and the 

15 output of the first microphone is effectively used in the signal processing unit to 

remove the signal component corresponding to the voice output of the speaker 

from the output of the second microphone. Therefore, it is possible to improve 

the howling prevention effect. In addition, the intercom device can be 

downsized because a distance between the first microphone and the speak.Pr 

20 becomes short. Furthermore, the intercom device is suitable for the wiring 

system with excellent function expandability, as described in the above 

embodiments. 

Therefore, the present invention is expected to further increase the demand 

of the intercom device, and especially as one of the components of the wiring 

25 system of the next generation. 
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5 a speaker accommodated in said housing such that a front air chamber is 

defined as a space enclosed by a front surface of said speaker and an inner 

surface of said housing, and a rear air chamber is defined as a space enclosed 

by a rear surface of said speaker and an inner surface of said housing; 

a first microphone disposed such that its sound receiving surface faces the front 

10 air chamber; 

a second microphone disposed such that its sound receiving surface faces 

outside of said housing; and 

a signal processing unit configured to, when an audio output of said speaker is 

picked up by said second microphone, remove a signal component 

15 corresponding to the audio output of said speaker from an output signal of said 

second microphone by use of an output signal of said first microphone. 

2. The intercom device according to claim 1, wherein the rear air chamber is tbr 

20 space hermetically-sealed by the rear surface of said speaker and the inner 

surface of said housing. 

3. The intercom device according to claim 1, wherein said first microphone is 

25 arranged such that the sound receiving surface of said first microphone faces a 

diaphragm of said speaker. 

4. The intercom device according to claim 1, wherein said second microphone is 

30 located adjacent to said speaker. 
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5. The intercom device according to claim 1, wherein said first microphone and 

said second microphone are mounted on a same circuit board. 

6. The intercom device according to claim 5, wherein the circuit board is 

mounted on an outside surface of said housing such that the sound receiving 

surface of said first microphone faces the front air chamber and the sound 

receiving surface of said second microphone faces the outside of said housing. 

7. The intercom device according to claim 1, further comprisirig an acoustic 

tube having an opening communicated with the rear air chamber at its one end, 

and a closed end at the other end. 

8. The intercom device according to claim 7, wherein said acoustic tube has _a 

tube length of an odd multiple of one quarter of a wavelength determined in 

consideration of sonic velocity and an intended frequency where an increase in 

20 sound pressure level of the audio output of said speaker is needed. 

9. The intercom device according to claim 1, further comprising a plurality of 

acoustic tubes having different lengths, each of which has an opening 

25 communicated with the rear air chamber at its one end, and a closed end at the 

other end. 

10. The intercom device according to claim 7, wherein said acoustic tube has a 

30 resonant frequency between a frequency equivalent to a lowest resonant 
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frequency of said speaker that is supposed to be mounted on an infinite baffle 

cUld a lowest resonant frequency of said speaker mounted on the rear air 

chamber with the absence of said acoustic tube. 

11. The intercom device according to claim 7, wherein said acoustic tube is 

formed along an inner surface of the rear air chamber. 

10 12. The intercom device according to claim 7, further comprising a sound 

absorbing material disposed at the opening of said acoustic tube. 

13. A wiring system using the intercom device as set forth in claim 1, comprising 

15 at least one transmission line installed in a building structure to transmit 

electric power and information signals, and a plurality of base units each 

adapted in use to be. mounted in a wall surface of said building structure, and 

connected to said transmission line; 

wherein the intercom device has a first connector detachably connect_able 

20 to a second connector formed in each of said base units, 

when said first connector is connected to said second connector of one of 

said base units, the intercom device functions such that the information signals 

provided through said transmission line are output as audio information from 

said speaker unit, and an output of said signal processing unit is sent out 

25 through said transmission line. 

14. The wiring system as set forth in claim 13, further comprising a function 

unit adapted in use to be connected to said transmission line through· one of 

30 said base units, said function unit having a third connector detachably 
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connectable to one of said second connector of said base unit, and an extended 

connector formed in the intercom device, 

when said third connector of said function unit is connected to said second 

connector of said base unit, or when said first connector of the intercom device 

5 is connected to said second connector of said base unit, and said third 

connector of said function unit is connected to said extended connector of the 

intercom device, said function unit provides at least one of functions for 

supplying electric power provided through said transmission line, outputting 

information signals provided through said transmission line, and sending out 

10 information signals through said transmission line. 

15. The wiring system as set forth in claim 14, wherein said first connector and 

said third connector are stylized in shape and arrangement, and said second 

15 connector and said extended connector are stylized in shape and arrangement 

corresponding to the stylization of said first connector and said third- connector. 

16. The wiring system as set forth in claim 13, further comprising a function 

20 unit adapted in use to be connected to said transmission line through one u1 

said base units, 

said function unit has a third connector detachably connectable to said 

second connector of said base unit and an extended connector detachably 

connectable to said first connector of said intercom device, 

25 when said third connector of said function unit is connected to said second 

connector of said base unit, and said extended connector of said function unit is 

connected to said first connector of the intercom device, said function unit 

provides at least one of functions for supplying electric power provided fror:n said 

transmission line through said base unit, outputting information signals 

30 provided from said transmission line through said base unit, and sending out 
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information signals to said transmission line through said base unit, and the 

intercom device operates such that the information signals provided from said 

transmission line through said base unit and said function unit are output as 

audio information from said speaker unit, and the output of said signal 

5 processing unit is sent out to said transmission line through said base unit and 

said function unit. 

17. The wiring system as set forth in claim 16, wherein said first connector_and 

10 said third connector are stylized in shape and arrangement, and said second 

.connector and said extended connector are stylized in shape and arrangement 

corresponding to the stylization of said first connector and said third connector. 

15 18. The wiring system as set forth in claim 13, wherein said first and second 

connectors provide an electric power transmission between said base unit and 

the intercom device by means of electromagnetic coupling. 

20 19. The wiring system as set forth in claim 13, wherein said first and second 

connectors provide a signal transmission between said base unit and the 

intercom device by means of optical coupling. 
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METHOD AND DEVICE FOR 

LINKING MATRIX CONTROL OF AN EARPIECE II 

FIELD 

[0001] The present invention relates to a method of controlling an earpiece device, and 

more particularly, though not exclusively, a method of configuring and managing audio input 

and output on an earpiece. 

BACKGROUND 

[0002] Headphones or earpieces can be used for music enjoyment or voice 

communication. Use of these devices has steadily been increasing, and more products are 

expanding functionality to support audio delivery to headphones and earpieces. 

[0003] The earpieces and associated products are becoming more intelligent as more 

communication features become available. However, the earpieces themselves have 

limited resources and must make efficient use of the many audio input and output 

configurations required to manage and support audio delivery. 

[0004] A need therefore exists for improving audio configuration paths of headphones or 

earpieces. 

SUMMARY 

[0005] In a first embodiment, an earpiece, can include a peripheral interface configured 

to receive a plurality of sound signals and direct the plurality of sound signals to a plurality 

of audio processing modules that produce audio control information responsive to an 

analysis of the sound signals, a logic control unit operatively coupled to the plurality of 

audio processing modules to receive the audio control information from the plurality of 

audio processing modules and generate configuration data, a filter set operatively coupled 

to the peripheral interface to process the plurality of sound signals in accordance with the 

configuration data to produce filtered sound signals, and a mixing matrix operatively 

coupled to the control logic unit and filter set to mix the plurality of filtered sound signals in 

accordance with the audio control information to produce output sound signals and route 

the output sound signals to at least one peripheral component. 

[0006] The peripheral component can be an Ear Canal Receiver (ECR), a phone, a 

portable communication device, or a data storage. The peripheral interface can include at 

1 

Exhibit 1004 
Page 0703 of 1001



WO 2009/023784 PCT/US2008/073189 

least one Ambient Sound Microphone (ASM) configured to convert an ambient sound to an 

ambient sound signal, and at least one Ear Canal Microphone (ECM) configured to convert 

an internal sound from an ear canal of a user to an internal sound signal. The earpiece can 

further include an audio content interface configured to receive a plurality of audio streams 

and direct the plurality of audio streams to the plurality of audio processing modules. The 

audio content interface can receive an audio stream from a phone, a media player, or a 

portable communication device. The audio content interface can mix the plurality of audio 

streams based on a user context that is one among an incoming call, a music session, or a 

voice mail. 

[0007] The audio control information can include filter data for processing the plurality of 

sound signals, audio control data for assigning a priority to the plurality of sound signals, 

and router data for mixing the plurality of filtered signals according to the priority. The 

priority can be event driven responsive to detecting a sound signature, a background noise 

condition, a battery life indication, a manual interaction, or a voice recognition command. 

[0008] In a second embodiment an earpiece can include a peripheral interface 

configured to receive a plurality of sound signals and direct the plurality of sound signals to 

a plurality of audio processing modules, an audio content interface configured to receive a 

plurality of audio streams and also direct the plurality of audio streams to the plurality of 

audio processing modules, at least one signal analysis module operatively coupled to the 

peripheral interface and audio content interface to provide a shared analysis of the sound 

signals and the audio streams for the plurality of audio processing modules, a logic control 

unit operatively coupled to the plurality of audio processing modules and the at least one 

signal analysis module to receive the shared analysis and audio control information to 

generate configuration data, a filter set operatively coupled to the peripheral interface to 

process the plurality of sound signals in accordance with the configuration data to produce 

filtered sound signals, and a mixing matrix operatively coupled to the control logic unit and 

filter set to mix the plurality of filtered sound signals in accordance with the audio control 

information to produce output sound signals and route the output sound signals to at least 

one peripheral component. 

[0009] The shared analysis can include spectral analysis, spectral band energy level 

analysis, spectral envelope analysis, voice activity detection analysis, and cross-correlation 

analysis. A separate signal analysis module can be provided for components of the 

peripheral interface and the audio content interface that is shared among the plurality of 

2 

Exhibit 1004 
Page 0704 of 1001



WO 2009/023784 PCT/US2008/073189 

audio processing modules. The peripheral interface can include at least one Ambient 

Sound Microphone (ASM) coupled to an ASM signal analysis module configured to analyze 

an ambient sound signal, and at least one Ear Canal Microphone (ECM) coupled to an 

ECM signal analysis module configured to analyze an internal sound from an ear canal of a 

user. The audio content interface can be coupled to an audio content (AC) signal analysis 

module and configured to analyze an audio stream from a phone, a media player, or a 

portable communication device. The logic control unit can produce a linkage matrix of 

mixing gains that are applied to the plurality of filtered sound signals to produce the plurality 

of output sound signals to each of a respective peripheral output device. 

[0010] In a third embodiment, a method for configuring audio delivery on an earpiece 

can include the steps of receiving at least one sound signal and at least one audio stream, 

performing an analysis of the at least one sound signal and the at least one audio stream, 

presenting the analysis, the at least one sound signal, and the at least one audio stream to 

a plurality of audio processing modules that generate configuration data responsive to the 

receiving. The method can include filtering the at least one sound signal and at least one 

audio stream according to the configuration data to produce filtered sound signals, mixing 

the filtered signals according to the configuration data to produce output sound signals, and 

routing the output sound signals to at least one peripheral component. The at least one 

sound signal can be an ambient sound signal, an ear canal sound signal. The at least one 

audio stream can be received from a phone, a media player, or a portable communication 

device. A linkage matrix of mixing gains can be generated based on the configuration data 

that are applied to the plurality of filtered sound signals for producing the plurality of output 

sound signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a pictorial diagram of an earpiece in accordance with an exemplary 

embodiment; 

[0012] FIG. 2 is a block diagram of the earpiece in accordance with an exemplary 

embodiment; 

[0013] FIG. 3 is an exemplary schematic of a software system for the earpiece in 

accordance with an exemplary embodiment; 

[0014] FIG. 4 is a more detailed exemplary schematic of the software system of FIG. 3 

for the earpiece in accordance with an exemplary embodiment t; 
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[0015] FIG. 5 is a flowchart of a method for generating filter configuration data from a 

plurality of processing modules in accordance with an exemplary embodiment in 

accordance with an exemplary embodiment; 

[0016] FIG. 6 is a flowchart of a method for generating and applying filter configuration 

data from a plurality of processing modules in accordance with an exemplary embodiment; 

[0017] FIG. 7 is an exemplary schematic for configuring audio input and output via a 

mixing matrix in accordance with an exemplary embodiment; 

[0018] FIG. 8 is another exemplary schematic of a software system for the earpiece 

providing separate analysis and re-synthesis modules for peripheral inputs in accordance 

with an exemplary embodiment; and 

[0019] FIG. 9 is a more detailed schematic for analysis and re-synthesis for a particular 

peripheral input in accordance with an exemplary embodiment. 

DETAILED DESCRIPTION 

[0020] The following description of at least one exemplary embodiment is merely 

illustrative in nature and is in no way intended to limit the invention, its application, or uses. 

[0021] Processes, techniques, apparatus, and materials as known by one of ordinary 

skill in the relevant art may not be discussed in detail but are intended to be part of the 

enabling description where appropriate, for example the fabrication and use of transducers. 

Additionally in at least one exemplary embodiment the sampling rate of the transducers can 

be varied to pick up pulses of sound, for example less than 50 milliseconds. 

[0022] In all of the examples illustrated and discussed herein, any specific values, for 

example the sound pressure level change, should be interpreted to be illustrative only and 

non-limiting. Thus, other examples of the exemplary embodiments could have different 

values. 

[0023] Note that similar reference numerals and letters refer to similar items in the 

following figures, and thus once an item is defined in one figure, it may not be discussed for 

following figures. 

[0024] Note that herein when referring to correcting or preventing an error or damage 

(e.g., hearing damage), a reduction of the damage or error and/or a correction of the 

damage or error are intended. 

[0025] At least one exemplary embodiment of the invention is directed to an earpiece for 

background noise mitigation. Reference is made to FIG. 1 in which an earpiece device, 
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generally indicated as earpiece 100, is constructed in accordance with at least one 

exemplary embodiment. As illustrated, earpiece 100 depicts an electro-acoustical 

assembly 113 for an in-the-ear acoustic assembly, as it would typically be placed in the ear 

canal 131 of ear 117 of user 135 The earpiece 100 can be an in the ear earpiece, behind 

the ear earpiece, receiver in the ear, open-fit device, or any other suitable earpiece type. 

The earpiece 100 can be partially or fully occluded in the ear canal, and is suitable for use 

with users having healthy or abnormal auditory functioning. 

[0026] Earpiece 100 includes an Ambient Sound Microphone (ASM) 111 to capture 

ambient sound, an Ear Canal Receiver (ECR) 125 to deliver audio to an ear canal 131, and 

an Ear Canal Microphone (ECM) 123 to capture internal sounds within the ear canal and 

also assess a sound exposure level within the ear canal. The earpiece 100 can partially or 

fully occlude the ear canal 131 to provide various degrees of acoustic isolation. The 

assembly is designed to be inserted into the users ear canal 131, and to form an acoustic 

seal with the ear canal walls 129 at a location 127 between the entrance to the ear canal 

and the tympanic membrane (or ear drum) 133 Such a seal is typically achieved by means 

of a soft and compliant housing of assembly 113. Such a seal is pertinent to the 

performance of the system in that it creates a closed cavity 131 of approximately 5cc 

between the in-ear assembly 113 and the tympanic membrane 133. As a result of this seal, 

the ECR (speaker) 125 is able to generate a full range bass response when reproducing 

sounds for the user. This seal also serves to significantly reduce the sound pressure level 

at the user's eardrum resulting from the sound field at the entrance to the ear canal. This 

seal is also the basis for the sound isolating performance of the electro-acoustic assembly. 

[0027] Located adjacent to the ECR 125, is the ECM 123, which is acoustically coupled 

to the (closed) ear canal cavity 131. One of its functions is that of measuring the sound 

pressure level in the ear canal cavity 131 as a part of testing the hearing acuity of the user 

as well as confirming the integrity of the acoustic seal and the working condition of itself and 

the ECR. The ECM 123 can also be used for capturing voice that is resonant within the ear 

canal when the user is speaking to permit voice communication. 

[0028] The ASM 111 is housed in an ear seal 113 and monitors sound pressure at the 

entrance to the occluded or partially occluded ear canal. The ASM 111 can also be used to 

capture the user's voice externally for permitting voice communication. All transducers 

shown can receive or transmit audio signals to a processor 121 that undertakes audio 
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signal processing and provides a transceiver for audio or voice via the wired or wireless 

communication path 119. 

[0029] The earpiece 100 can actively monitor a sound pressure level both inside and 

outside an ear canal and enhance spatial and timbral sound quality while maintaining 

supervision to ensure safes sound reproduction levels. The earpiece 100 in various 

embodiments can conduct listening tests, filter sounds in the environment, monitor warning 

sounds in the environment, present notification based on identified warning sounds, 

maintain constant audio content to ambient sound levels, and filter sound in accordance 

with a Personalized Hearing Level (PHL). 

[0030] Referring to FIG. 2, a block diagram of the earpiece 100 in accordance with an 

exemplary embodiment is shown. As illustrated, the earpiece 100 can include a processor 

206 operatively coupled to the ASM 111, ECR 125, and ECM 123 via one or more Analog 

to Digital Converters (ADC) 202 and Digital to Analog Converters (DAC) 203. The 

processor 206 can measure ambient sounds in the environment received at the ASM 111 

and internal sounds captured at the ECM 130. Ambient sounds correspond to sounds within 

the environment such as the sound of traffic noise, street noise, conversation babble, or 

any other acoustic sound. 

[0031] Ambient sounds measured by the ASM 111 can also correspond to industrial 

sounds present in an industrial setting, such as, factory noise, lifting vehicles, automobiles, 

and robots. The processor 206 can monitor the ambient sound captured by the ASM 110 

for sounds in the environment, such as an abrupt high energy sound corresponding to an 

on-set of a warning sound (e.g., bell, emergency vehicle, security system, etc.), siren (e.g., 

police car, ambulance, etc.), voice (e.g., "help", "stop", "police", etc.), or specific noise type 

(e.g., breaking glass, gunshot, etc.). 

[0032] Internal sounds measured by the ECM 123 can correspond to sounds contained 

within the ear canal 131 such as spoken voice or audio content delivered by way of the 

ECR 125. The internal sounds can include residual background noise related to ambient 

sounds in the environment; for example, high level sounds that leak around the ear seal 

127 and enter the ear canal 131. The processor 206 can monitor internal sounds captured 

by the ECM 123 and analyze the internal sounds. The processor 206 can also adjust a 

mixing between the ambient sound signals measured at the ASM 111 and the internal 

sound signals measured at the ECM 123, for example, responsive to assessing ambient 

background noise conditions. 
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[0033] The processor 206 can utilize computing technologies such as a microprocessor, 

Application Specific Integrated Chip (ASIC), and/or digital signal processor (DSP) with 

associated storage memory 208 such a Flash, ROM, RAM, SRAM, DRAM or other like 

technologies for controlling operations of the earpiece device 100. The memory 208 can 

store program instructions for execution on the processor 206 as well as captured audio 

processing data. 

[0034] The memory 208 can also store program instructions for execution on the 

processor 206. The memory 208 can be off-chip and external to the processor 208, and 

include a data buffer to temporarily capture the ambient sound and the internal sound, and 

a storage memory to save from the data buffer the recent portion of the history in a 

compressed format responsive to a directive by the processor. The data buffer can be a 

circular buffer that temporarily stores audio sound at a current time point to a previous time 

point. It should also be noted that the data buffer can in one configuration reside on the 

processor 206 to provide high speed data access. The storage memory can be non-volatile 

memory such as SRAM to store captured or compressed audio data. 

[0035] The memory 208 can be a machine-readable medium. The term "machine-

readable medium" should be taken to include a single medium or multiple media (e.g., a 

centralized or distributed, and/or associated caches and external memory) that store the 

one or more sets of instructions. The term "machine-readable medium" shall also be taken 

to include any medium that is capable of storing, encoding or carrying a set of instructions 

for execution by the machine and that cause the machine to perform any one or more of the 

methodologies of the present disclosure. 

[0036] The term "machine-readable medium" shall accordingly be taken to include, but 

not be limited to: solid-state memories such as a memory card or other package that 

houses one or more read-only (non-volatile) memories, random access memories, or other 

re-writable (volatile) memories; and/or magneto-optical or optical medium; and carrier wave 

signals such as a signal embodying computer instructions in a transmission medium. 

Accordingly, the disclosure is considered to include any one or more of a machine-readable 

medium or a distribution medium, as listed herein and including art-recognized equivalents 

and successor media, in which the software implementations herein are stored. 

[0037] The earpiece 100 can include an audio interface 212 operatively coupled to the 

processor 206 to receive audio content, for example from a media player or cell phone, and 

deliver the audio content to the processor 206. The processor 206 responsive to detecting 
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ambient sounds can adjust the audio content and pass the ambient sounds directly to the 

ear canal. For instance, the processor 206 can lower a volume of the audio content played 

out the ECR 125 responsive to detecting an acute sound for transmitting the ambient sound 

to the ear canal. The processor 206 can also actively monitor the sound exposure level 

inside the ear canal via the ECM 123 and adjust the audio content to within a safe and 

subjectively optimized listening level range. 

[0038] The earpiece 100 can further include a transceiver 204 that can support singly or 

in combination any number of wireless access technologies including without limitation 

Bluetooth ™, Wireless Fidelity (WiFi), Worldwide Interoperability for Microwave Access 

(WiMAX), and/or other short or long range communication protocols. The transceiver 204 

can also provide support for dynamic downloading over-the-air to the earpiece 100. It 

should be noted also that next generation access technologies can also be applied to the 

present disclosure. 

[0039] The power supply 210 can utilize common power management technologies such 

as replaceable batteries, supply regulation technologies, and charging system technologies 

for supplying energy to the components of the earpiece 100 and to facilitate portable 

applications. A motor (not shown) can be a single supply motor driver coupled to the power 

supply 210 to improve sensory input via haptic vibration. As an example, the processor 206 

can direct the motor to vibrate responsive to an action, such as a detection of a warning 

sound or an incoming voice call. 

[0040] The earpiece 100 can further represent a single operational device or a family of 

devices configured in a master-slave arrangement, for example, a mobile device and an 

earpiece. In the latter embodiment, the components of the earpiece 100 can be reused in 

different form factors for the master and slave devices. 

[0041] FIG. 3 is an exemplary schematic of a software system 300 for operating the 

earpiece 100. The software system 300 can reside at least in part or whole on the 

processor 206, the memory 208, and/or any associated machine readable storage medium 

operated on by the processor 206 (see FIG. 2). Generally stated, the software system 300 

by way of the processor 206 can manage a configuration of audio input and output (paths) 

to the earpiece 100 to support audio delivery. 

[0042] As illustrated, the software system 300 includes a peripheral interface 310 

configured to manage a plurality of sound signals 315 and direct the plurality of sound 

signals 315 to a plurality of audio processing modules 330. The sound signals can be an 
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ambient sound signal measured by the ASM 111 or an internal sound signal from measured 

by the ECM 123. The software system 300 can include an audio content interface 320 

configured to manage a plurality of audio streams 325 and direct the plurality of audio 

streams 325 to the plurality of audio processing modules 330. The audio stream can be a 

voice signal from a Phone, a music signal from a personal media player (PMP), or an audio 

signal provided by the earpiece (e.g., loopback signal). The plurality of sound signals 315 

and the plurality of audio streams 325 are also passed to a filter set 350 as shown by the 

wide arrows. 

[0043] The plurality of audio processing modules 330 can produce audio control 

information 331 responsive to an analysis of the sound signals. The audio control 

information 331 is provided to the logic control unit 340 for configuring filtering and mixing 

operations on the plurality of sound signals 315 and the plurality of audio streams 325 at a 

filter set 350. The logic control 340 unit is operatively coupled to the plurality of audio 

processing modules 330 to receive the audio control information 331 from the plurality of 

audio processing modules 330 and generate configuration data. The configuration data can 

include filter data 342 for processing the plurality of sound signals, audio control data 343 

for assigning a priority to the plurality of sound signals, and router data 344 for mixing a 

plurality of filtered signals 355 according to the priority 

[0044] The software system 300 includes the filter set 350 operatively coupled to the 

peripheral interface to process the plurality of sound signals 315 in accordance with the 

configuration data 342 for generating the filtered sound signals 355. The filter set 350 also 

processes the plurality of audio streams 325 in accordance with the configuration data 344 

to produce filtered sound signals 355. The filtered sound signals 355 are passed to a mixing 

matrix 360. 

[0045] The mixing matrix 360 is operatively coupled to the control logic unit 340 and filter 

set 350 to mix the plurality of filtered sound signals 355 in accordance with the configuration 

data 344 and generate output sound signals 365 that are routed to at least one output 

peripheral component 370. The peripheral component 370 can be the ECR 125, a phone, 

or a data storage. The mixing matrix 360 can include individual gains that are applied to the 

plurality of filtered sound signals 355 for producing the output sound signals. 

[0046] FIG. 4 is a more detailed schematic of the software system 300 of FIG. 3. System 

components of FIG. 3 will be referred to when describing components of the detailed 

schematic. 
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[0047] The peripheral interface 310 (see FIG. 3) can include the Ambient Sound 

Microphone (ASM) 111 configured to convert an ambient sound to an ambient sound 

signal, and the Ear Canal Microphone (ECM) 123 configured to convert an internal sound 

from an ear canal of a user to an internal sound signal. The peripheral interface 310 

receives the ASM sound signals from the external environment including background noise, 

warning sounds, and the ECM sound signal including the voice of a wearer of the earpiece 

100 and any audio content playing out the ECR 125. The components (e.g., ASM-R, ECM­

R) of the peripheral interface 310 can contain more than the components shown, for 

instance, a secondary ASM for sound localization or noise suppression. The peripheral 

interface 310 can also include components (ASM-L, ECM-L) from a second earpiece such 

as a L-left or R-right earpiece. In this case, the software system 300 can reside on one of 

the earpieces, although resources can be shared if the software system 300 is enabled on 

both earpieces. 

[0048] The audio content interface 320 (see FIG. 3) can receive audio streams, for 

example, from a phone 421, a personal media player (PMP) 422, a portable communication 

device (e.g., VOP) 423, or a component 411 of the earpiece. The local component 411 

(e.g., ECR 125) can permit audio feedback for allowing the user to hear audio, for example, 

loop back when the user is speaking on the phone, or playing comfort noise during non­

speech intervals. The audio content interface (AC) 420 can mix the plurality of audio 

streams to produce a single audio stream delivered to the processing modules (AP1-AP5). 

In one arrangement, the AC 420 can perform audio content mixing based on a user context. 

[0049] The user context identifies an operation or mode of the earpiece, such as, an 

incoming call, a music session, or a voice mail. For example, if the user is listening to music 

and an incoming call is detected, the earpiece 100 by way of the software system 300 (see 

FIG. 3) further discussed herein can lower the volume of the music relative to the incoming 

call ring tone to permit a hearing of the incoming call (e.g., ring tone). As another example, 

if the user is using the earpiece in a transparent "safe" mode while listening to music, then 

any harmful ambient sounds (e.g., loud jackhammer, bus noises) can be attenuated with 

the music, for instance, by reducing the ASM to ECM pass through levels. Similarly, 

important warning sounds captured at the ASM 111 can be elevated in the mix with respect 

to other sounds by increasing the ratio of ASM 111 to ECM 123 sound levels. The AC 420 

can also mix the sounds in accordance with manual intervention, for example, if the user 
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adjusts a volume level manually by way of a user interface or directly mixes the audio 

streams. 

[0050] Referring to both FIGS. 3 and 4, the sound signals from peripheral interface 310 

and the mixed sound signals from the audio content interface 320 can be passed through a 

signal analysis module 410 operatively coupled to the peripheral interface 310 and the 

audio content interface 320 to provide a shared analysis of the sound signals and the audio 

streams. The sound signals and the shared analysis can then be sent to the plurality of 

audio processing modules (AP1 - AP5).The shared analysis can include spectral analysis, 

spectral band energy level analysis, spectral envelope analysis, voice activity detection 

analysis, and cross-correlation analysis. 

[0051] The shared analysis module 410 permits a sharing of processing resources 

among the processing modules (AP1 - AP5) to minimize individual resource use of the 

processing modules from performing a common analysis. For instance, instead of each 

processing module performing an FFT analysis, the shared module 410 can perform an 

FFT and share output results with the modules. In another arrangement, output results from 

the shared analysis can be conveyed to the processing modules based on frequency band 

requirements or trigger events and thresholds. For instance, AP1 may register as an event 

listener for ASM signals that exceed a certain level in a frequency band; AP2 may register 

as an event listener to receive ECM signals that match a particular masking profile, and so 

on. 

[0052] Alternatively, each processing module can interpret the output results individually 

and make their own respective determination as how to process the sound signals. For 

instance, each processing module (AP1 - AP5) can selectively process the plurality of 

sound signals in accordance with its own requirements. For example, AP1 can be a sound 

detection module to identify one or more sounds in the user's environment, for example, in 

accordance with the teachings presented in U.S. Patent Application No11/966,457 filed on 

December 28, 2007 entitled "Method and Device for Sound Signature Detection" herein 

incorporated by reference in its entirety. AP 2 can be a sound exposure monitoring module 

to assess safe listening levels, for instance, in accordance with the teachings presented in 

U.S. provisional patent application No. 60/887, 165 filed on January 30, 2007 entitled 

"Sound Pressure Level Monitoring and Notification System" herein incorporated by 

reference in its entirety. AP 3 can be a sound enhancement module or voice control 

module, for instance, in accordance with the teachings presented in U.S. Provisional 
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Application No. 60/911,691 filed on April 13, 2007 entitled "Method and Device for Voice 

Operated Control", and U.S. Provisional Application No. 60/885,917 filed on January 

22, 2007 entitled "Method and Device for Acute Sound Detection and Reproduction" herein 

incorporated by reference in its entirety. AP 4 can be a sound correction module to modify a 

sound signal based on a sound level exposure within safe listening levels, for instance, in 

accordance with the teachings presented in U.S. Provisional Application No. 60/866,420 

filed on November 18, 2006, entitled "Method and Device for Personalized Hearing" the 

entire disclosure of which is incorporated herein by reference. 

[0053] Each of the processing modules (AP1 -AP5) generates separate audio control 

information 331 in view of the audio signals that can be used by the logic control unit 340 to 

make an informed decision related to filtering and mixing the sound signals and audio 

streams. The audio control information 331 includes filter control data 342, audio control 

data 343, and router control data 344. The filter control data 342 can include filter 

coefficients that each processing module (AP) identifies as being significant to their 

intended function. The audio control data 343 can control a mixing of the plurality of audio 

streams at the AC 420 based on an established priority in view of the processing module 

decisions (e.g., warning signal detected, sound exposure level exceeded, echo feedback 

condition). The router control data 344 can include mixing gains (g1-g2) to amplify or 

attenuate the filtered sound streams. 

[0054] The logic control unit 340 responsive to receiving the audio control information 

331 generates a priority that is used for generating the configuration data (341,342 and 

343) used to filter the sound signals and mix the filtered sound signals. The priority controls 

how the filtered signals are filtered at the filter set 350 (e.g. F1, F2, F3, see also FIG. 3). As 

illustrated, F1 is a first filter for the ambient sound signal, and F2 is a second filter for the 

internal sound signal in the ear canal. The logic control unit 340 varies the level of filtering 

at both F1 and F2 in accordance with the filter configuration data 342 as established by the 

determined priority. The filter coefficients for the F1 filter and F2 filter are provided on a 

frame-by-frame basis in real-time with the filter configuration data 342 from the logic control 

unit 340. The priority also controls how the audio steams are mixed in the audio control unit 

320 (e.g., see VOP, Phone, PMP, see also FIG. 3) based on the audio control data, and 

how the filtered signals are mixed in the mixing matrix 360 (e.g., g1-g9, see also FIG. 3). 

[0055] For example, an AP1 module configured for warning sound detection upon 

identifying a warning sound in an ASM sound signal, can generate filter coefficients to 
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amplify one or a group of frequency bands of the warning sound (e.g., horn or siren). The 

AP1 module can consider the other frequency bands as don't cares since they are not part 

of the warning sound. AP1 can also raise or flag a priority level that a warning sound has 

been detected. Similarly, AP3 module for speech enhancement may determine from a 

simultaneous ECM audio stream that the wearer is speaking and generate filter coefficients 

that accentuate certain portions of the sound spectrum. AP3 can raise a flag or priority level 

based on an energy level of the spoken voice. AP4 may determine an echo condition 

feedback that could potentially damage the users hearing and generate filter coefficients to 

null out the feedback. AP4 can raise a flag or priority level indicating an immediate danger 

condition. AP2 may determine that a sound level exposure is being exceeded and generate 

audio control data to turn volume down on a media player. The logic control unit 340 upon 

receiving the audio control information and corresponding priorities from the respective 

processing modules (AP1-AP5) can then determine the appropriate filter configuration 

given the filter coefficients and the priority. 

[0056] Notably, the logic control unit 340 evaluates the audio control information from all 

the processing modules (AP1-APN) individually, and then collectively as a whole, for 

prioritizing the configuration data. For instance, warning sounds that are given a higher 

priority over voice from the ECM or music from the AC, will be mixed according to the 

priority. Thus, the output sound signal generated by the mixing matrix 360 emphasizes the 

warning sound, followed by the voice, followed by the audio content. If voice commands are 

given a higher priority over music, than the mixing matrix 360 can reduce the music levels 

from the AC module when an AP module detects voice. Again, the priority can be 

established manually (e.g., via user interface) or automatically (e.g., user context, or 

presence). As another example, the mixing matrix 360 can increase ASM to ECM pass 

through upon detection of a warning sound, while simultaneously lowering a phone volume 

if the user is checking voice mail messages. As yet another example, the mixing matrix 360 

can reduce ASM to ECM pass and simultaneously lower a music level if an incoming phone 

call is detected. The priority can also be event driven responsive to detecting a sound 

signature, a background noise condition, a battery life indication, a manual interaction, or a 

voice recognition command. 

[0057] In the foregoing, a detailed description for one exemplary operation of audio 

inpuUoutput configuration of the software system 400 shown in FIG. 4 is provided. It should 
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be noted that other configurations apply, for instance, using more or less than the number 

of mixing coefficients (g1-g9) or filters (F1-F9) shown. 

[0058] As illustrated, The AC control unit 420 mixes audio content (e.g., phone, VOP, 

PMP) and outputs an AC signal (or pair of stereo channels if two earphone devices are 

used). The mixing is controlled accordance with configuration data 343 received from the 

control logic unit 340 and also automatically by the AC control unit 420. The AC signal 

generated from the AC 420 is then filtered by audio content filter F3. The internal ear-canal 

audio signal from the ECM 123 is filtered by ECM filter F1 205, and the ambient audio 

signal from the ASM is filtered by ASM filter F2. All three filters (F1, F2 and F3) are 

updated and controlled by the logic control unit 340 via filter configuration data 342. 

[0059] The filtered audio signals 355 are then passed to the mixing matrix 360. The 9 

mixing coefficients (g1-g9) of the mixing matrix 360 are controlled and updated by the 

control logic unit 340 via configuration data 344. Each mixing coefficient (e.g., g1-g9) can 

be a time-varying positive number, negative number, or zero. As part of the mixing, the 

output sound signals are routed to the three peripheral output components (Phone 421, 

ECR 125, and Storage 430). The mixing gains can be normalized so as to permit balanced 

audio delivery. The peripheral output components comprise the ear canal receiver ECR 125 

for delivering audio to the ear canal, the output signal to the phone 421 (i.e. the signal that 

is transmitted to another remote individual), and the audio storage device 430 (e.g. hard 

drive on a PMP). 

[0060] The filter configuration data 342 for the 2 filters, the AC configuration data 343 for 

the AC control unit, and the routing configuration data 344 for the mixing matrix 360 is 

generated responsive to receiving the audio control information from the plurality of 

processing modules (AP1-AP5). Recall, each module (e.g., modules 1-5, or more) receives 

as its inputs at least one of the unfiltered audio input signals (e.g. the ECM and ASM 

signals) or audio sound streams (e.g., music signal from PMP). As illustrated, each module 

analyzes the input audio signal and generates 3 output types: coefficients for the router 

(e.g., g1-g9), filter coefficients for the 3 signal filters (e.g., F1 ,F2 and F3), and audio control 

signals for the AC control unit. Each of these output types can have "don't care" states­

which can be represented by a reserved number value (e.g., -1 ). 

[0061] The control logic unit 340 prioritizes the sound signals and audio streams for 

each signal type, for instance, it can prioritize the router coefficient values (e.g., mixing 

gains g1-g9) higher for one AP module than the other. In some cases, the control logic can 
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maximally prioritize the signal type from one module so that the output router coefficients, 

for example, from one module is copied directly to the output of the control logic unit. In 

other cases, the output signals of the same type from different modules can be combined 

by a weighted addition. Similarly, the filter coefficients for a particular filter (F1 - F3) can be 

generated by a weighted addition (frequency domain) or convolution (time domain). 

[0062] FIG. 5 is a flowchart of a method 500 for generating filter configuration data in 

accordance with an exemplary embodiment. The method 500 be practiced with more or 

less than the number of steps shown and is not limited to the order shown. To describe the 

method 500, reference will be made to components of FIG 2, although it is understood that 

the method 500 can be implemented in any other manner using other suitable components. 

The method 500 can be implemented in a single earpiece, a pair of earpieces, headphones, 

or other suitable headset audio delivery device. 

[0063] In particular, method 500 describes one exemplary arrangement in which the 

logic circuit 340 generates filter configuration data from the audio content received by 

individual AP modules to produce a combination filter output. In the exemplary embodiment, 

only one filter of the three filters shown in FIG. 4 is explained (e.g. generation of F1 

coefficients for the ECM audio path). In other exemplary embodiments, the filter output for 

method 300 includes all 3 filters (F1, F2 and F3) , for instance, the ECM sound signal, the 

ASM sound signal and the AC sound signal. 

[0064] The method 500 can start at step 502. At step 504, the logic control unit 340 can 

receive N filter vectors from the N processing modules 506 (AP1-APN). Each processing 

module generates a filter vector that is a set of filter coefficients (time or frequency domain). 

Each of the N processing modules (AP1-APN) also outputs an associated module priority. 

[0065] At step 508, the logic control unit 340 assesses the priorities raised by each 

processing module and evaluates the priorities against a corresponding reference module 

priority at step 510. If a processing module does not assign a particular priority value, then 

a default priority value is retrieved from the reference module priority list. At step 512, the 

logic control unit 340 identifies the processing module with the highest priority. If a first 

processing module returns the same module priority value as a second processing module, 

then the logic control unit 340 assigns a unique module priority value to both the second 

and first modules, for example, based on a user context. 

[0066] Upon selecting the processing module with the highest priority, the logic control 

unit 340 proceeds to determine if any configuration data is a "don't care" as shown in step 
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514. A "don't care" value is a value that does not affect the filter state of the respective 

processing module. The filter configuration data 342 generated by each processing module 

can include filter values of a time domain filter vector (e.g. for an FIR type filter) of 

frequency domain filter (e.g., bi-quads) with "don't care" value; the logic control unit 340 can 

assign a reserved numerical value of symbol for "don't care" filter states. A "dont care" flag 

can be associated with each filter output from each module. 

[0067] At step 516, the logic control unit 340 can copy the configuration data (e.g., filter 

data, router data, audio content data) for "care" states to internal memory for output to the 

filter set 350, mixing matrix 360, and audio control 420 (see FIG. 4 ). The logic control unit 

340 can continue to update the configuration data for "care" states as it is retrieved from 

each of the respective processing modules according to the priorities. Starting with the next 

highest priority module, as shown in step 520, the filter values for this high priority module 

are then checked at step 514to see if they correspond to a "don't care" state in the method 

loop. The method loop continues until the end of the module priority list as shown in step 

518. 

[0068] If the logic control unit 340 identifies a "don't care" state is present, the filter 

values for that state is not updated; else, the filter values for this module are copied to the 

output and no further update of the filters is conducted until new filter vectors are received 

from all modules as shown in step 522. In such regard, the logic control unit 340 output filter 

states using filter values directly from the processing modules based strictly on priority. If all 

module filter values are "don't care" states, then the filter output is the same as a previous 

filter output. The method 500 continues back at step 504 to evaluate the priorities of each 

module in real-time as results are received. The logic control unit 340 thus continually 

updates the filter values in view of priority for the respective filters (F1, F2 and F3) to 

process audio signals and audio streams in real time. 

[0069] FIG. 6 is a flowchart of a method 600 for generating filter configuration data 

where filter data is collectively combined based on priority. The method 600 is an extension 

of method 500 of FIG. 5 and can practiced with more or less than the number of steps 

shown and is not limited to the order shown. Briefly, FIG. 6 presents an embodiment 

wherein processing modules can have a same priority value. In such a case when two 

modules have the same priority value, and neither contain (don't care" filter states, then the 

filter values from each of these two module with the same priority value are combined. The 
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combination can be a simple summation of filter weights (e.g. for frequency domain filters) 

or a convolution of the two sequences (e.g. for time domain weights). 

[0070] The method 600 can start at step 602. At step 604, the logic control unit 340 can 

receive N filter vectors from the N processing modules 606 (AP1-APN). Each processing 

module generates a filter vector that is a set of filter coefficients (time or frequency domain). 

Each of the N processing modules (AP1-APN) also outputs an associated module priority. 

At step 608, the logic control unit 340 assesses the priorities raised by each processing 

module. If a processing module does not assign a particular priority value, then a default 

priority value can be retrieved from a reference module priority list. 

[0071] At step 610, the logic control unit 340 identifies the processing module with the 

highest priority. The logic control unit 340 at step 618 then examines the audio control 

information from each of the N processing modules to identify "don't care" states. Filter 

values with "don't care" are not considered in generating output filter configuration data 342 

or router configuration data 344 (see FIG. 4). Accordingly, the method 600 continues to get 

the next most important priority modules at step 620 until the end of module priority list is 

reached at step 622. 

[0072] Filter values other than "don't care" are however used in generating a combined 

filter output; that is, a filter output representative of the collective priority of all the 

processing modules (AP1-APN) based on their processing results. The combination also 

depends on whether the module is uniquely defined; for instance, it has precedence over 

combination with other filter vales. Thus at step 614, the logic control unit 340 determines 

whether a processing module with a "care" filter value is uniquely defined. If yes, then the 

filter values for that unique model are copied to the output (e.g., router configuration, filter 

configuration data, audio configuration data) at step 616. If however, the module is not 

unique, then the logic control unit 340 at step 612 combines the filter value with filter data 

from modules of the same priority. These filter values are then copied to the output at step 

616 if no other modules eclipse their collective priority, or until a module with higher priority 

is identified. Upon evaluating all new filter from all the modules at step 624, the method 600 

can return back to step 604 to continue to retrieve the filter vectors in real-time. 

[0073] FIG. 7 is an exemplary schematic 700 for configuring audio input and output via a 

mixing matrix in accordance with an exemplary embodiment. Reference will be made to 

FIG. 4 when describing the schematic 700. For instance, the filtered ECM signal 702 is the 

output of the ECM filter (F1) of FIG. 4. The mixing gains g1 (704 ), g4 (704) and g7 (707) 
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correspond to the first column of the mixing matrix 360 as shown in FIG. 4. The phone out 

710, ECR 712, and audio storage 714 correspond to the output peripheral components 

(421, 125, and 430) of the mixing matrix 360. 

[0074] The mixing gains (g1-g9) of the mixing matrix 360 can be applied to the filtered 

audio signals 355 (see FIG. 3) before they are routed to the corresponding peripheral 

output components (phone out 710, ECR 712, and audio storage 714 ). FIG. 7 shows a 

signal path diagram for the filtered ECM input signal 702 to the 3 peripheral output 

components of the matrix 260. The mixing gains can be normalized coefficients whose total 

contribution across a column of the mixing matrix is unity. For example, mixing gains of 

g1 =0.2, g4=0.3, and g7=0.5 are applied to the filtered ECM signal 702 to produce phone 

out 710, ECR out 125, and audio storage out 714. The coefficient values can be time 

variant for each new input audio sample into the mixing matrix 360, or can remain constant 

for a block of input samples. 

[0075] In one exemplary embodiment, the 9 coefficients (g1-g9) for each of the mixing 

gains in mixing matrix 360 can be generated using a similar logic process as described in 

FIG. 4 and FIG. 4, except the inputs to the logic system are not filter vectors but rather 9 

coefficient values from each module. The priority value assigned to each module, or the 

priority value automatically generated by that module, can be a different value for the filter 

vectors than for the 9 coefficient values. Moreover, 9 coefficients are shown since there are 

3 audio paths (ASM, ECM, and AC) and 3 output peripheral components (Phone, ECR, 

data storage). The number of mixing gains and structure of the mixing matrix 360 can thus 

be a function of the number of audio input and audio output paths. 

[0076] FIG. 8 is another exemplary schematic 800 of the software system 300 providing 

separate analysis and re-synthesis modules for peripheral inputs in accordance with an 

exemplary embodiment. As illustrated, the schematic 800 combines the three audio filters 

F1, F2 and F3 with the shared analysis module 410 of the software system shown in FIG 4. 

Analysis/Re-synthesis unit 810 performs shared analysis of the ECM sound signal for 

processing modules (AP1-AP3). Analysis/Re-synthesis unit 820 performs shared analysis 

of the ASN sound signal for processing modules (AP1-AP3). Analysis/Re-synthesis unit 830 

performs shared analysis of the Audio Content (AC) sound signal for processing modules 

(AP1-AP3). 

[0077] The combined analysis/resysnthesis units 810, 820 and 830 filter the 3 input 

audio signals; the ECM signal; the ASM signal, and Audio Content (AC) signal. The AC 
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signal comprises at least one of; an earcon signal (e.g. a "low battery" auditory warning 

cue); a signal from a mobile telephone; and a stereo signal from a PMP (e.g. portable DVD 

player, music audio player etc). The output signal of the analysis/resynthesis units 810, 820 

and 830 are passed to the mixing columns (g1, g4, g7; g2, g5, 98; and g3, 96, g9) of the 

mixing matrix 360. The mixing gains g1-g9 are controlled via the router configuration data 

from the logic control unit 340, which in turn were determined from the audio control 

information generated by the processing modules (AP1-AP3). 

[0078] As illustrated the mixing matrix 360 can associate a phone with a first row of a 

linkage matrix, associates an ECR with a second row of a linkage matrix, associate an 

audio storage with a third row of a linkage matrix, associate an ECM with a first column of a 

linkage matrix, associate an ASM with a second column of a linkage matrix, and associate 

an AC controller with a third column of a linkage matrix. The mixing matrix can modify the 

output sound signal of the phone using values in the first row of the linkage matrix, modify 

the output sound signal of the ECR using values in the second row of the linkage matrix, 

and modify the output sound signal sent to the audio storage using values in the third row of 

the linkage matrix. 

[0079] Recall each processing module has two or more output signals: filter gain 

coefficients which control the resynthesis of the signals in the analysis/resythesis units; 9 

coefficients for the router, and audio configuration data for the audio control. The 

processing modules (AP1-AP3) create AC Control signals to control the routing of the input 

AC signals using AC control unit (420, see FIG. 4). The processing modules are configured 

and their internal state can be queried by the user interface 850 (e.g. a computer connected 

to the DSP unit via USB). 

[0080] FIG. 9 is a more detailed schematic 900 of an analysis and re-synthesis unit for a 

particular peripheral input in accordance with an exemplary embodiment. For instance, the 

analysis and re-synthesis unit 910 corresponds to the ASM sound signal path of the 

software system 800 shown in FIG. 8. That is, the analysis and re-synthesis unit 910 can 

receive audio input 901 from the ASM 111. Notably, the schematic 900 can be applied for 

producing filtered output for also the ECM 123 sound signals and AC 420 sound signals 

(see FIG. 4) or other signals. 

[0081] As illustrated in FIG. 9, the analysis and re-synthesis unit 910 incorporates a 

filter-bank 912 (e.g., cascade of band-pass filters (BPF)) structure for decomposing the 

ASM sound signal into a plurality of filter-banks. The filter-bank can be based on a linear 
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frequency scale or a non-linear frequency scale, such as, an octave, 1/3 octave, critical 

band, equivalent rectangular band (ERB), or melody (mel)-frequency scale. Each output of 

each filter-bank can then be presented to each of the N processing modules (AP1 920-AP2 

930). As previously indicated, the processing modules 920 and 930 generate audio control 

information 331 (see FIG. 3) that the logic control unit 340 uses in generating filter 

configuration data 342 (see FIG. 4 ). In the embodiment shown, the filter configuration data 

342 is used by the analysis and re-synthesis unit 910 to scale the filter-bank output signals. 

For instance, the filter-bank outputs are gain scaled to amplify or attenuate the individual 

filter-banks with the filter coefficients in the filter configuration data 342. The filter-bank 

output signals can then be summed to generate a composite filtered sound signal. The 

filtered sound signal is then presented to the mixing matrix (see FIG. 8) for routing and 

mixing to the one or more output peripheral components (e.g., Phone, ECR, data storage). 

[0082] In the following, a detailed description for operation of the analysis and re-

synthesis unit 910 for use with an audio input signal is provided. The input signal 901 is 

called "audio input 1 ", and can be any one of the exemplary three signals described 

previously (i.e. ECM, ASM or AC signal).The audio input signal is split and processed by 

the different band-pass-filters 912 (i.e. with different centre frequencies). In one 

arrangement, the response of each respective band pass filter 912 is such that if the filter 

outputs are summed, then the power spectral density is the same as the original audio input 

signal. The band pass filters 912 can be time-domain FIR type filters or IIR type filters, or 

the analysis could be with a frequency domain FFT. The output signal of each band-pass 

filter is fed to at least one module (for the sake of clarity, 2 modules are shown in the 

exemplary embodiment of figure 8). Each module then creates an output signal to control 

the re-sythesis of the band-pass filtered input signals. This output signal is a vector of 

weights to control the gains of the filtered signals (i.e. the number of gains is equal to the 

number of filter used in the analysis). The logic control unit 340 determines a single set of 

gain coefficients for the gains (i.e. G1, G2, G3 and G4 in the exemplary embodiment of 

figure 8). After the first set of band pass filtered signals have been multiplied with the gains 

(G1-G4) to create a second set of amplified (or attenuated) band-pass filtered signal, the 

second set of signals are summed with the summing unit to create a single filtered ASM 

output sound signal, which form one of the three exemplary inputs to the previously 

described mixing matrix 360. 
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[0083] While the present invention has been described with reference to exemplary 

embodiments, it is to be understood that the invention is not limited to the disclosed 

exemplary embodiments. The scope of the following claims is to be accorded the broadest 

interpretation so as to encompass all modifications, equivalent structures and functions of 

the relevant exemplary embodiments. Thus, the description of the invention is merely 

exemplary in nature and, thus, variations that do not depart from the gist of the invention 

are intended to be within the scope of the exemplary embodiments of the present invention. 

Such variations are not to be regarded as a departure from the spirit and scope of the 

present invention. 
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CLAIMS 

What is claimed is, 

1. An earpiece, comprising: 

PCT/US2008/073189 

a peripheral interface configured to manage a plurality of sound signals and direct 

the plurality of sound signals to a plurality of audio processing modules that produce audio 

control information responsive to an analysis of the plurality of sound signals; 

a logic control unit operatively coupled to the plurality of audio processing modules to 

receive the audio control information from the plurality of audio processing modules and 

generate configuration data; 

a filter set operatively coupled to the peripheral interface to process the plurality of 

sound signals in accordance with the configuration data to produce filtered sound signals; 

and 

a mixing matrix operatively coupled to the control logic unit and filter set to mix the 

plurality of filtered sound signals in accordance with the configuration data to produce 

output sound signals and route the output sound signals to at least one peripheral 

component. 

2. The earpiece of claim 1, wherein the peripheral component is an Ear Canal Receiver 

(ECR), a phone, a portable communication device, or a storage. 

3. The earpiece of claim 1, wherein the peripheral interface comprises: 

at least one Ambient Sound Microphone (ASM) configured to convert an ambient 

sound to an ambient sound signal; and 

at least one Ear Canal Microphone (ECM) configured to convert an internal sound 

from an ear canal of a user to an internal sound signal. 

4. The earpiece of claim 1, further comprising: 

an audio content interface configured to manage a plurality of audio streams and 

direct the plurality of audio streams to the plurality of audio processing modules. 

5. The earpiece of claim 4, wherein the audio content interface receives an audio stream 

from a phone, a media player, or a portable communication device. 
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6. The earpiece of claim 4, wherein the audio content interface mixes the plurality of audio 

streams based on a user context that is one among an incoming call, a music session, or a 

voice mail. 

7. The earpiece of claim 1, wherein the configuration data comprises filter data for 

processing the plurality of sound signals, audio control data for assigning a priority to the 

plurality of sound signals, and router data for mixing the plurality of filtered signals 

according to the priority 

8. The earpiece of claim 4, wherein the priority is event driven responsive to detecting a 

sound signature, a background noise condition, a battery life indication, a manual 

interaction, or a voice recognition command. 

9. The earpiece of claim 3, wherein the filter set comprises: 

a first filter for the ambient sound signal; and 

a second filter for the internal sound signal, 

where the filter coefficients for the first filter and second filter are provided on a frame-by­

frame basis in real-time with the configuration data from the logic control unit. 

10. An earpiece, comprising: 

a peripheral interface configured to manage a plurality of sound signals and direct 

the plurality of sound signals to a plurality of audio processing modules; 

an audio content interface configured to manage a plurality of audio streams and 

direct the plurality of audio streams to the plurality of audio processing modules; 

at least one signal analysis module operatively coupled to the peripheral interface 

and audio content interface to provide a shared analysis of the sound signals and the audio 

streams for the plurality of audio processing modules; 

a logic control unit operatively coupled to the plurality of audio processing modules 

and the at least one signal analysis module to receive the shared analysis and audio control 

information to generate configuration data; 
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a filter set operatively coupled to the peripheral interface to process the plurality of 

sound signals in accordance with the configuration data to produce filtered sound signals; 

and 

a mixing matrix operatively coupled to the control logic unit and filter set to mix the 

plurality of filtered sound signals in accordance with the audio control information to 

produce output sound signals and route the output sound signals to at least one peripheral 

component. 

11. The earpiece of claim 10, wherein the shared analysis comprises spectral analysis, 

spectral band energy level analysis, spectral envelope analysis, voice activity detection 

analysis, and cross-correlation analysis. 

12. The earpiece of claim 10, wherein a separate signal analysis module is provided for 

components of the peripheral interface and the audio content interface and is shared 

among the plurality of audio processing modules. 

13. The earpiece of claim 10, wherein the peripheral interface comprises 

at least one Ambient Sound Microphone (ASM) coupled to an ASM signal analysis 

module configured to analyze an ambient sound signal; and 

at least one Ear Canal Microphone (ECM) coupled to an ECM signal analysis 

module configured to analyze an internal sound from an ear canal of a user. 

14. The earpiece of claim 10, wherein the audio content interface is coupled to an audio 

content (AC) signal analysis module and configured to analyze an audio stream from a 

phone, a media player, or a portable communication device. 

15. The earpiece of claim 10, wherein the logic control unit produces a linkage matrix of 

mixing gains that the mixing matrix applies to the plurality of filtered sound signals for 

producing the plurality of output sound signals. 

16. The earpiece of claim 10, wherein the mixing matrix: 

associates a phone with a first row of a linkage matrix; 

associates an ECR with a second row of a linkage matrix; 
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associates an audio storage with a third row of a linkage matrix; 

associates an ECM with a first column of a linkage matrix; 

associates an ASM with a second column of a linkage matrix; and 

associates an AC controller with a third column of a linkage matrix. 

17. The earpiece of claim 16, wherein the mixing matrix: 

modifies the output sound signal of the phone using values in the first row of the 

linkage matrix; 

modifies the output sound signal of the ECR using values in the second row of the 

linkage matrix; and 

modifies the output sound signal sent to the audio storage using values in the third 

row of the linkage matrix. 

18. A method for configuring audio delivery on an earpiece, the method comprising the 

steps of: 

receiving at least one sound signal and at least one audio stream; 

performing an analysis of at least one sound signal and the at least one audio 

stream; 

presenting the analysis, the at least one sound signal, and the at least one audio 

stream to a plurality of audio processing modules that generate configuration data 

responsive to the receiving; 

filtering the at least one sound signal and at least one audio stream according to the 

configuration data to produce filtered sound signals; 

mixing the filtered signals according to the configuration data to produce output 

sound signals; and 

routing the output sound signals to at least one peripheral component. 

19. The method of claim 18, wherein the at least one sound signal is an ambient sound 

signal, an ear canal sound signal, and the at least one audio stream is received from a 

phone, a media player, or a portable communication device. 
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20. The method of claim 18, comprising generating a linkage matrix of mixing gains based 

on the configuration data that are applied to the plurality of filtered sound signals for 

producing the plurality of output sound signals. 
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AUTOMOTIVE SOUND RECOGNITION SYSTEM FOR ENHANCED SITUATION AWARENESS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is related to and claims the benefit of U.S. Provisional 

Application No. 61/432,016 entitled "AUTOMOTIVE SOUND RECOGNITION SYSTEM FOR 

ENHANCED SITUATION AWARENESS" filed on January 12, 2011, the contents of which 

are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a device that monitors sound directed to a 

vehicle cabin, and more particularly, though not exclusively, to an audio system and 

method that detects ambient warning sounds and adjusts audio delivered to a vehicle 

cabin based on the detected warning sounds to enhance auditory situation awareness. 

BACKGROUND OF THE INVENTION 

[0003] People that use audio systems in vehicles generally do so for either music 

enjoyment or voice communication. The user is generally immersed in the audio 

experience when using such devices and is acoustically isolated within a sealed vehicle 

cabin. Background noises in the external vehicle environment (e.g., road, engine, wind 

and traffic noise) can contend with the acoustic sounds produced from these devices. As 

the background noise levels change, the user may need to adjust the volume to listen to 

their music over the background noise. Alternatively, the level of reproduced audio may 

be automatically increased, for example, by audio systems that increase the audio level 

as the vehicle velocity increases (i.e., to compensate for the rise in noise level from 

road, engine and aerodynamic noise). One example of such an automatic gain control 

system is described in US patent No. 5,081,682. 

SUMMARY OF THE INVENTION 

[0004] Aspects of the present invention relate to a sound recognition system for a 

vehicle. A sound recognition system includes at least one ambient sound microphone 

(ASM), at least one vehicle cabin receiver (VCR) and a processor. The ASM is disposed 

on the vehicle and configured to capture ambient sound external to the vehicle. The 

VCR is configured to deliver audio content to a vehicle cabin of the vehicle. The 

processor coupled to the at least one ASM and the at least one VCR. The processor is 

configured to detect at least one sound signature in the ambient sound and to adjust the 

audio content delivered to the vehicle cabin based on the detected at least one sound 

signature. 

[0005] Aspects of the present invention also relate to methods for increasing auditory 

situation awareness in a vehicle. The method includes capturing ambient sound external 

to the vehicle from at least one ambient sound microphone (ASM) disposed on the 

vehicle; monitoring the ambient sound for a target sound by detecting a sound signature 
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corresponding to the target sound in the ambient sound; and adjusting a delivery of 

audio content by at least one vehicle cabin receiver (VCR) to a vehicle cabin of the 

vehicle based on the target sound. 

[0006] Aspects of the present invention further relate to methods for sound signature 

detection for a vehicle. The method includes capturing ambient sound external to the 

vehicle from at least one ambient sound microphone (ASM) disposed on the vehicle; and 

receiving a directive to learn a sound signature within the ambient sound. A voice 

command or an indication from a user is received and is used to initiate the steps of 

capturing and learning. 

[0007] Aspects of the present invention also relate to methods for personalized 

listening in a vehicle. The method includes capturing ambient sound external to the 

vehicle from at least one ambient sound microphone (ASM) disposed on the vehicle; 

detecting a sound signature within the ambient sound that is associated with a warning 

sound; and mixing the warning sound with audio content delivered to the vehicle cabin 

via at least one vehicle cabin receiver (VCR) in accordance with a priority of the warning 

sound and a personalized hearing level (PHL). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The invention may be understood from the following detailed description when 

read in connection with the accompanying drawing. It is emphasized, according to 

common practice, that various features of the drawings may not be drawn to scale. On 

the contrary, the dimensions of the various features may be arbitrarily expanded or 

reduced for clarity. Moreover, in the drawing, common numerical references are used to 

represent like features. Included in the drawing are the following figures: 

[0009] FIG. 1 is a pictorial diagram of a vehicle including an exemplary automotive 

sound recognition system for enhanced situation awareness in accordance with an 

embodiment of the present invention; 

[0010] FIG. 2 is a block diagram of the system shown in FIG. 1 in accordance with an 

exemplary embodiment of the present invention; 

[0011] FIG. 3 is a flowchart of an exemplary method for ambient sound monitoring 

and warning detection in accordance with an embodiment of the present invention; 

[0012] FIG. 4 illustrates various system modes in accordance with an exemplary 

embodiment of the present invention; 

[0013] FIG. 5 is a flowchart of an exemplary method for sound signature detection in 

accordance with an embodiment of the present invention; 

[0014] FIG. 6 is a flowchart of an exemplary method for managing audio delivery 

based on detected sound signatures in accordance with an embodiment of the present 

invention; 
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[0015] FIG. 7 is a flowchart of an exemplary method for sound signature detection in 

accordance with an embodiment of the present invention; 

[0016] FIG. 8 is a pictorial diagram for mixing ambient sounds and warning sounds 

with audio content in accordance with an exemplary embodiment of the present 

invention; and 

[0017] FIG. 9 is a flowchart of an exemplary method for updating the sound 

signature detection library dependent on the vehicle location in accordance with an 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The following description of at least one exemplary embodiment is merely 

illustrative in nature and is in no way intended to limit the invention, its application, or 

uses. 

[0019] Processes, techniques, apparatus, and materials as known by one of ordinary 

skill in the relevant art may not be discussed in detail but are intended to be part of the 

enabling description where appropriate, for example the fabrication and use of 

transducers. Additionally in at least one exemplary embodiment the sampling rate of the 

transducers can be varied to pick up pulses of sound, for example less than 50 

milliseconds. 

[0020] In all of the examples illustrated and discussed herein, any specific values, for 

example the sound pressure level change, should be interpreted to be illustrative only 

and non-limiting. Thus, other examples of the exemplary embodiments could have 

different values. 

[0021] Note that herein when referring to correcting or preventing an error or 

damage (e.g., hearing damage), a reduction of the damage or error and/or a correction 

of the damage or error are intended. 

[0022] Automotive vehicle operators are often auditorially removed from their 

external ambient environment. Ambient sound cues such as from oncoming emergency 

(and non-emergency) vehicle sound alerts are often not heard by the vehicle operator 

due to acoustic isolation of the vehicle cabin and internal cabin noise from engine and 

road noise and, especially, due to loud music and speech reproduction levels in the 

vehicle cabin. 

[0023] Accordingly, background noises in the external vehicle environment contend 

with the acoustic sounds produced from the vehicle audio system. The vehicle operator, 

thus, becomes auditorially disassociated with their ambient environment, thereby 

increasing the danger of accidents from collisions with oncoming vehicles. A need 

therefore exists for improving the auditory situation awareness of vehicle operators to 

automatically alert the operator to ambient warning alerts. 

Exhibit 1004 
Page 0742 of 1001




