US006128509A

United States Patent [19] 11] Patent Number: 6,128,509
’ ’
Veijola et al. [45] Date of Patent: Oct. 3, 2000
[54] INTELLIGENT SERVICE INTERFACE AND 5,870,680  2/1999 Guerlin et al. ....c.cceovevviinennnne 455/557
MESSAGING PROTOCOL FOR COUPLING A 5,884,190  3/1999 Lintula et al. ... 455/557
MOBILE STATION TO PERIPHERAL 6,021,331 2/2000 Cooper et al. ....cccceeuevruunennnnne 455/507
DEVICES FOREIGN PATENT DOCUMENTS
[75] Inventors: Mia Veijola, Salo; Aimo Alaniemi, 0282197 A2 9/1988  European Pat. Off. .
Oulu, both of Finland; Andrew Turner, w029421§294§§§ i(lﬁggi ited Kingdom
Camberley, United Kingdom ’
? 97/00591  1/1997 WIPO .
[73] Assignee: Nokia Mobile Phone Limited, Espoo, WO 9732439 9/1997 = WIPO .
Finland Primary Examiner—William G. Trost
Afttorney, Agent, or Firm—Ohlandt, Greeley, Ruggiero &
[21] Appl. No.: 08/965,670 Perle, L.L.P.
[22] Filed:  Nov.7, 1997 [5>7] ABSTRACT
[51] TNt CL7 oo H04Q 7/20 /A communications system has a radio unit that includes a
[52] US.Cl 455/556: 455/557: 455/403; plurality of applications, a plurality of servers each associ-
T ’ ? 710 /15’ ated with a resource of the radio unit, and a connectivity
. layer interposed between the plurality of applications and
[58] Field of Search ....................... 370/913; 455/403, the . . : .
: ’ ’ plurality of servers for selectively coupling the applica-
455/422, 550, 556-558; 37%4;//72(())53 0% ; 91%/3683;854145’ tions to the servers. The system further includes at least one
i 7103; accessory device that is coupled to the radio unit through the
[56] References Cited connectivity layer. The at least one accessory device has at
least one application and at least one server associated with
U.S. PATENT DOCUMENTS a resource of the accessory device. At least one of an
s application or a server of the radio unit can be coupled to the
5’%?’?28 ;ﬁggj Ilgiesssgtgg ol gggg § at least one server of the accessory device or a server of the
5450472 9 /1995 Bri% o s 557 radio unit through the connectivity layer in response to a
5:479: 479 12/1995 Braitb.e“r.éme.t“;l..“ 455557 X Resource Request message sent from the at least one appli-
5,526,489 6/1996 Nilakantan et al. . ... 395/200.02 cation or server of the radio unit. The Resource Request
5,568,536 10/1996 Tiller et al. .cc.coocovverrrrnrerrerenns 455/557 message is routed through the connectivity layer.
5,727,057  3/1998 Emery et al. ... ... 455/456 X
5,835,862 11/1998 Nykanen et al. .....ccccoeceumceneee 455/558 28 Claims, 15 Drawing Sheets
ACCESSy pEvicE  MOBLE STATION 10
v RADIO UNIT
|
1
527 appLicaTION 5 52—
g ! APPLICATION 94
il T
AM 1 MAN,
ISI INTERFACE ===n===nf====== e — istniiete Malatelsininieisininiie 1
oM t
CONNECTMITY COMMUNICA TION
LAYER 41— - IPH?NE " | MANAGER (cM) 414
. [}
ISI INTERFACE ---t- - - e § p— - R | E—
i ] rj— PANEL |60
= ; EVENT . SERVER
50~ SERVER | | SERVER [ 58
! — SERVER
B i 56~ 50 PANELS |H
SUBSYSTEM SRR osuussmpayn mmmuna O SN NN U AV SNy gupupurs mpaf SN
INTERFACE 1
i
3
!
t
4
1
i
1
1
!
48 48

IPR2026-00382
Tesla EX1054 Page 1



U.S. Patent Oct. 3, 2000 Sheet 1 of 15 6,128,509

FIG. 1 / ©
A/

DISPLAY
2 A
TRANSMITTER /4

-—20

18 CONTROLLER

MOD

4

27
MCU 21 SM pay 22a

I6A DSP 2 ]
—/| ~>——DEMO ED]E]/’”D
16

17 KEYPAD %2
RECEIVER c )
SPEAKER
O |52
9 %
MICROPHONE ‘
- ™~
24 WRELESS
(R
MEMORY  MBUS— | | BUS
BA ||| 18C
ZYry
FBUS
188

IPR2026-00382
Tesla EX1054 Page 2



U.S. Patent Oct. 3, 2000 Sheet 2 of 15 6,128,509
RF Bs
FIG. 2 MsC
Q N30 \Ji
32
BMI
+—p
10
\ ]
17 \\\\\%
20 - m
> I
\)
22a “ y
§§ 22
QQ j _—26
W ”
\
19 § y
ACCESSORY | — 28
| DEVICE

IPR2026-00382

Tesla EX1054 Page 3



U.S. Patent Oct. 3, 2000 Sheet 3 of 15 6,128,509
FIG. 3 CONNECTIVITY LAYER
41
—40
42A—H ROUTER ]
CONTROL\ oe £55 LNk || FBUS | [MBUS] |
MCU,/DSP L4259 L4 ]l 401 L CONECTION
R L4A YER,
2
1oE—] FRAME FILTER LAYER
43C,
RF/ Fbus | | Mbus
43A1 R | 43B HW HW
HW
FIG. 4
XX XX XXXX XXXX XXXX
DEVICE INT. OBJECT
PPE MASTER PPE TARGET
DEVICE | OBJECT MEDIA DEVICE \OBJECT
04 | o1 IR 03 | o1
04 02 bus 06 02
04 | 06 IR 06 | 06
AN /
N
FIG. 5

IPR2026-00382
Tesla EX1054 Page 4



U.S. Patent Oct. 3, 2000 Sheet 4 of 15 6,128,509

FIG. 6

21 _-23

VCU CONTROL DSP

PIPE

DEVICE 01 DEVICE 03 DEVICE 04

FIG. 7

MESSAGE
ROUTING TABLES

DEVICE & OBJECT
CONNECTION INFO.

MAIN
ROUTER

MESSAGE PPES

IPR2026-00382
Tesla EX1054 Page 5



6,128,509

Sheet 5 of 15

Oct. 3, 2000

U.S. Patent

oy

GOS0 = £000 [ 4¥31n0Y
2000 = ,31V3H0 TIVO,

100 WOMH IFLYIHO TIVO,

(¥31N08 NIiYW) 00 FOIA3d

0000 01 ,3LY3IHO TIVO,

S3LN0Y
ans
0, 4

ILVIHO TIVO,

e e e e e e vt e e et e e e s e e = em e o kb e e ey e e e e ol

£0 30134 9 ‘94

IPR2026-00382

Tesla EX1054 Page 6



U.S. Patent Oct. 3, 2000 Sheet 6 of 15 6,128,509

FIG. 9

APPLICATIONS

o —— S i - - — T —— = —— —— —— — —— " —— —

PHONET
ROUTER

Ncox

- an S - ————— g ] —— . S - W S Gt G G VW e G e At —

—— i ————— o ——

R Aw | [Feus aw| [mBUS HW
\ 434 438 N\ 430

IPR2026-00382
Tesla EX1054 Page 7



6,128,509

Sheet 7 of 15

Oct. 3, 2000

IPR2026-00382

Tesla EX1054 Page 8

U.S. Patent

FIV.AA4TLNI
e e R WILSASENS
m YINIIS | e
HINFS ! m ;
....... O i St Eatas ot Mr - 4-—- JIVATINI IS]
! D
iz (WD) FIVNYAW | I¥ HTAVT
NOLLYINAWHOD e 5 ALALOINNOD
I g e ~ JOVAYILNI IS]
|
(Wy) H4FOYNYN “ Y
NOLL YOI TddY L
7 NOIL VI TddfY | 79
re — 26 | NOLLVOTTalY |
| . m |
] " I
, 1NN oiavy .
T o nouvis Figon ' NI ALISSINV VI E]



6,128,509

Sheet 8 of 15

Oct. 3, 2000

U.S. Patent

NOLLY Ol lddY
I — 99 ™
MHOMLIN L od |
MNIT 4 | MNIT 4 | [ 09~
4 loanv] | 39 | | dsa
(z || y308vHo | |eiu :mw £z [ 4 0d _
WIS v oany d
AMLLYE -
NOIL §:&u
9p a4V u_
W3LSASEN YT =
SIAVT ALALLDOINNOD ¥ || ||4FAVT ALIANILOINNOD ¥
4
g7~ S3SNE WILSAS 09~
[z 83AVI ALALOINOD | AV ALALOINNGD 17| | [17 M3AV T ALALOINNOD)
NOLLYIIlddY N NOLL YOI TddY
F vALOaNH oL LvA AT FNOLY X TddY NOLLY DI TddY
d
m ] AMOSSFOOY Y
: _ — ==
] : T
QMVOGAIN AV IdSIa

zz 0z MH AHOSSIIOV GVOGADA| | AVTIdSIa

IPR2026-00382

Tesla EX1054 Page 9



6,128,509

Sheet 9 of 15

Oct. 3, 2000

U.S. Patent

LN
_ y
" 14 i
' [W3LsAisans) !
m m
§ ]
i “
,,,,,,, | m
! ¥ 1 ‘
_ 85 S 1NYd N mm\,mwﬁ |y | %\mwmm s
| 1 11 [ | ]
| 1 t T 1
Qm Qm 1 “ [ 11 I
09 9C YIS | |z |1 1| WY HU Y |
| 5| e ey ey
_w\:\ _ g N R AN B - AN B v
' | 1
NOITIYNYI !
NG Vo G0 - T L NOHd ﬁ L“/
e
v_m m _\M I A ﬁ. _\n.h I 4 ._/_ 4
NV) 4FOYNVYI b G L bG “
NOLLYOITddY UL &w e . Ay L m
I I 11 !
7o = ] i = 1
_t P NOLLY Y T4y N NOLLY Il lddY !
t 1 [ |
] { [ ]
Ty ) O v wZ o

IPR2026-00382

Tesla EX1054 Page 10



6,128,509

Sheet 10 of 15

Oct. 3, 2000

U.S. Patent

TIVO'4'dS3H I W3LSASENS

NOILONNS Hl W3LSAS8NS

W3LSASEANS

TIVO J 'dS3Y dINYFS

TIVO

RENTEN

mv\

06~

TIVO 4 HSNOJS3H

03 ¥3N43S QZ\Z@
TIVO 4 034 F328N0STY
Viv_
‘WO
b NOLLYIITddY
HIAVT ALIALLDOINNOD | zc”
g 9A

IPR2026-00382

Tesla EX1054 Page 11



6,128,509

Sheet 11 of 15

Oct. 3, 2000

U.S. Patent

— —_— —_— ——

9N SO R FNSS
TIVOY dS3 HEAYES

TVOIER I WALSASHS

NOLLONA HI WFLSASHS

TIVO J S NS

“TVD J O SN
9N SO O SN

TIVOd O3y F04N0S34

TIVO

J FSNOLS3

<QMNNE>

WN31LSASENS HINYSS

Vip Vi TN 4

‘C#ND L INONd 1#ND

P
9\\ 05

HFAVT ALIALLOINNOD

DR 008

+ NOLLYOIlddY

76~

-

Pl Ol

IPR2026-00382

Tesla EX1054 Page 12



6,128,509

Sheet 12 of 15

Oct. 3, 2000

U.S. Patent

T—

TV 4 ISNOIS

‘W3 LSASENS

HIAYTS

mv.\

06~

TIVO J DR $EALS

O SO S5 SN
OSW SN8- D8 dSFy HINMTS
O SO SR HINAS
TIVD 3 S HENES
TVOSLSR! 4l WALSASES
NOLONNA Al WALSASTS

ONINNN>

9N SO DR HINES
OSW Sngd B903 F0HN0SR
TV SO DI FoHN0S3Y
VIR TVO J D21 F0d10S2
‘2AND|  [Z#LINONd| |1#L3NONd| |1#ND| |- NOLLYOlddY
/ S
HIAVT ALIALLOINNOD iy 49
w -
al 9Ol

IPR2026-00382

Tesla EX1054 Page 13



U.S. Patent Oct. 3, 2000 Sheet 13 of 15 6,128,509

FIG 16 /52 /50
APPLICATION : PND SERVER :
PND_READ_REQ
PND_READ_RESP
FIG. 17
/52 /50
APPLICATION : CALL SERVER :

CALL_CREATE_REQ

CALL_CREATE_STATUS_IND(CALL PROCEEDING)

CALL_CREATE_STATUS_IND(CALL ALERTING)

CALL_CREATE_STATUS_IND(CALL CONNECTED)

CALL_CREATE_OK_RESP

FIG. 18
/ 52 / 50
APPLICATION : PND SERVER

PND_READ_REQ

PND_READ_EXTERNAL _MEMORY_CONS

PND_READ_EXTERNAL _MEMORY _INF

PND_READ_RESP

IPR2026-00382
Tesla EX1054 Page 14



U.S. Patent Oct. 3, 2000 Sheet 14 of 15 6,128,509

FIG. 19
92 Ve 50
APPLICATION : CALL SERVER :

< APPLICATION HAS REGISTERED FOR CALL EVENTS >

[ I
< CALL COMES. EVENT INDICATION TRANSACTION STARTS. >

CALL_COMING_IND

FIG. 20 s 50
APPLICATION : SECURITY SERVER:

| l

QPPLICA TION HAS REGISTERED FOR SECURITY SERVER E VENT>

! ]
< PIN REQUIRED. EVENT INDICATION TRANSACTION STARTS. >

SEC_CODE_REQUIRED_IND
SEC_CODE_VERFFY_REQ

SEC_CODE_VERIFY_OK_RESP

FIG. 21 52 50

APPLICATION : MENU SERVER :
I |
Q?ESOURCE REQUEST TRANSACTION TO REGISTER MENU ITEM>

MENU_ENTRY_ADD_REQ
MENU_ENTRY_ADD_OK_RESP

< USER SELECTS MENU_CONSULT REQUEST TRANSACTION STARTS,>
MENU_ENTRY_TEXT_GET_CONS

MENU_ENTRY_TEXT_GET_INF

IPR2026-00382
Tesla EX1054 Page 15



U.S. Patent Oct. 3, 2000 Sheet 15 of 15 6,128,509
—
FIG. 22A —
APPLICATIONS
52
I
CONNECTMITY LAYER —%
4 /4B
@ & |
]
[ [
[ [
SMC SYSTEM SYSTEM
SERVER SERVER SERVER
#
504 508 N-50¢
r
FIG. 228 —
[
APPLICATIONS
52
I
CONNECTMMITY LAYER
41
[ [
[ [
SMC SYSTEM SYSTEM
SERVER SERVER SERVER
#] #2
504 508 N\50C

IPR2026-00382
Tesla EX1054 Page 16




6,128,509

1

INTELLIGENT SERVICE INTERFACE AND
MESSAGING PROTOCOL FOR COUPLING A
MOBILE STATION TO PERIPHERAL
DEVICES

FIELD OF THE INVENTION

This invention relates generally to radiotelephones and, in
particular, to radiotelephones or mobile stations such as
those capable of operation with a cellular network and that
are further capable of being coupled to one or more periph-
eral devices.

BACKGROUND OF THE INVENTION

The concept of a telephone or phone that is meant only for
voice conversation is becoming antiquated due to the
expanding role of the phone as a generic device for exchang-
ing information by being connected to personal computers
(PCs) and other devices through intelligent accessories. It
can be appreciated that this development has created a need
to hide the complexities of the actual underlying devices
from a user, so as to make only the desired service(s)
available and visible to the user.

Due in part to the explosive growth in the cellular
telephone and related markets, there has developed a need
for physically connecting wireless telephones or
radiotelephones, also referred to as mobile stations, to one or
more intelligent accessories via a wired or wireless
connection, such as through an infrared (IR) link or some
other wireless communications medium such as low level
radio frequency (RF) signals.

While some limited functionality exists today in this area,
the existing approaches that are known to the inventors do
not provide a satisfactory solution to the problem of isolat-
ing the user from the underlying hardware/software com-
plexities.

A further problem that has arisen relates to the develop-
ment of hardware, software and interfaces for providing new
and enhanced functionality for mobile stations. As can be
appreciated, it is undesirable for a number of reasons to
completely or even partially reengineer portions of the
mobile station and/or accessory software when it is desired
to add a capability to interface with a new external device.

Related to the foregoing, it is undesirable to require
modifications when going from a point to point
configuration, such as a mobile station connected to one
external device, when the mobile station is to be simulta-
neously connected to a plurality of external devices (a
multipoint configuration).

OBJECTS AND ADVANTAGES OF THE
INVENTION

It is thus a first object and advantage of this invention to
provide an improved interface between a mobile station,
such as a cellular telephone or personal communicator, and
one or more external devices.

It is another object and advantage of this invention to
provide message passing router and connection functions for
facilitating a seamless integration of a mobile station with
one or more external devices through a selected type of
mobile station interface.

It is a further object and advantage of this invention to
provide a modular software protocol to ensure that different
devices and applications, as well as physical transferring
media, can be implemented without requiring major changes
to the mobile station’s main protocol software.
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It is one more object and advantage of this invention to
provide multipoint connection capability for a mobile
station, and to further specify a group of configuration
functions that make the software protocol more flexible.

SUMMARY OF THE INVENTION

The foregoing and other problems are overcome and the
objects of the invention are realized by methods and appa-
ratus in accordance with embodiments of this invention.

A communications system is disclosed that includes a
radio unit device having a main message router, a plurality
of internal objects, and a plurality of links. At least one of the
links is for passing messages between the internal objects.
The communications system further includes at least one
external device having a message sub-router and at least one
external object. The at least one external device is bidirec-
tionally coupled to at least one of the plurality of links. The
main message router is operable to receive registration
requests from the internal objects, the at least one external
device, and the at least one external object. The registration
request may include a link preference for registering devices
and objects.

One of the messages is a Resource Request message for
indicating a desire to obtain access to a resource of the radio
unit device or the external device, and another of the
messages is a Response message that is sent from a server
responsible for the resource to the originator of the Resource
Request message. The Resource Request message can be
sent by one of an application or a server. Another one of the
messages is an Indication message that is sent from the
server responsible for the resource for indicating one of an
event or a status associated with the resource. Another one
of the messages is a Consult Request message that is sent
from the server responsible for the resource for requesting
additional information in order to complete an action dic-
tated by the Resource Request message. A further message
is an Inform Response message that is sent from the origi-
nator of the Resource Request message in response to
receiving the Consult Request message.

This invention also includes a communications system
having a radio unit that includes a plurality of applications,
a plurality of servers each associated with a resource of the
radio unit, and a connectivity layer interposed between the
plurality of applications and the plurality of servers for
selectively coupling the applications to the servers. The
system further includes at least one accessory device that is
coupled to the radio unit through the connectivity layer. The
at least one accessory device has at least one application and
at least one server associated with a resource of the acces-
sory device. At least one of an application or a server of the
radio unit can be coupled to the at least one server of the
accessory device or a server of the radio unit through the
connectivity layer in response to a Resource Request mes-
sage sent from the at least one application or server of the
radio unit. The Resource Request message is routed through
the connectivity layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above set forth and other features of the invention are
made more apparent in the ensuing Detailed Description of
the Invention when read in conjunction with the attached
Drawings, wherein:

FIG. 1 is a block diagram of a mobile station that is
constructed and operated in accordance with this invention;

FIG. 2 is an elevational view of the mobile station shown
in FIG. 1, and which further illustrates a cellular commu-
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nication system to which the mobile station is bidirectionally
coupled through wireless RF links;

FIG. 3 is a simplified block diagram that illustrates a
router layer and a connection layer that form a part of a
Phone and network, Peripheral host-object Network
(PhoNet) system in accordance with this invention;

FIG. 4 illustrates a format of a logical address used in the
PhoNet system;

FIGS. 5 and 6 are useful in understanding the operation of
PhoNet message pipes;

FIG. 7 depicts an example of the interconnectivity of the
PhoNet main router and one or media driving message links,
wherein OS message services are regarded as one media;

FIG. 8 depicts an example of message flow between a
device and the main router for a “call create” message;

FIG. 9 depicts an example of message flow from an object
(application) through the router layer and connection layer,
across the MCU/DSP interface (IF), and to a requested
physical media (e.g., IR hardware (HW));

FIG. 10 is a high level diagram that depicts a software
architecture of the PhoNet system with an accessory device
coupled to a radio unit;

FIG. 11 is a high level diagram that depicts a physical
architecture of the PhoNet system with a radio unit and a
plurality of different external devices, such as a personal
computer, external radio unit, and cellular network applica-
tions;

FIG. 12 is a high level diagram that depicts a task view of
the PhoNet system;

FIG. 13 is an exemplary message sequence chart for a
case where an application and a server are in the same task;

FIG. 14 is an exemplary message sequence chart for a
case where an application and a server are in the same
processor, but in different tasks;

FIG. 15 is an exemplary message sequence chart for a
case where an application and a server are in different
processors;

FIG. 16 is an exemplary transaction chart for a case where
an application makes a resource request to a Phone Number
Directory (PND) server;

FIG. 17 is an exemplary transaction chart for a case where
an application makes a resource request to a Call Server;

FIG. 18 is an exemplary transaction chart for a case where
an application makes a resource request to the PND server,
wherein the PND determines that it must obtain permission
from the application to proceed;

FIG. 19 is an exemplary event indication transaction chart
for a case where the Call Server sends a Call Coming  IND
to an application or applications that previously registered to
receive event indications from the Call Server;

FIG. 20 is an exemplary event indication transaction chart
that includes a subsequent action, such as an application
making a resource request that is tied to the event indication;

FIG. 21 is an exemplary consult request transaction chart
wherein a server sends a consult request to an application,
and the consult request is not part of an ongoing resource
request transaction; and

FIGS. 22A and 22B illustrate two embodiments of a
System Mode Control (SMC) server, which incorporates
system selection rules, and its connection to applications and
system servers.

DETAILED DESCRIPTION OF THE
INVENTION

The following list of abbreviations and acronyms will be
useful when reading the description of the invention that
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follows, in particular the description of a Phone
Network, Peripheral Host-Object Network (PhoNet).

and

AMPS
[
Connection layer

Advanced Mobile Phone Service
Cellular System

Lower layer of PhoNet, which includes
a group of physical transferring media
modules such as infrared (IR), RF or
bus modules.

Device A physical device that holds
applications (i.e. accessories, MS)

DSP Digital Signal Processor/processing

ECI External Control Interface, a general

term for the ISI and VAS. Includes
services, devices, and generally the
entire connecting concept.

An object that can be accessed using
PhoNet and some physical media

External object

FBUS Fast two wire asynchronous message bus
connected to DSP

GSM Global System for Mobile
Communications

Host Device including PhoNet main router

ISI Intelligent Service Interface

Internal object An object within the same processor
that can be accessed by using the OS,

such as Infrared

Link Equivalent to a physical transferring
media

MBUS Media module and one physical media of
PhoNet

MDI MCU/DSP Interface

Lower levels of PhoNet. A media
module is a module that performs the
needed operations for message passing
through certain media such as IR, RF
or any bus. Media modules are in the
Connection layer of PhoNet.

Media module

MS A Mobile Station, such as a cellular
telephone, a PCS telephone, a wireless
telephone, a personal communicator, or
a PC module or card such as a PCMCIA
card.

Object An application located in an external
device, or a module within the same
processor such as the ISI, CS or UI

[ Operating System

RPC Remote Procedure call

RF Radio Frequency

Router, router layer The core element of PhoNet

SIM Subscriber Identity Module

Slave A device that includes a PhoNet sub-

router

A media that delivers PhoNet messages.
(e.g., IR, RF, wire)

User interface

Value Added Service

Transferring media

Ul
VAS

Reference is made to FIGS. 1 and 2 for illustrating a
wireless user terminal or mobile station 10, such as but not
limited to a cellular radiotelephone or a personal
communicator, that is suitable for practicing this invention.
The mobile station 10 includes an antenna 12 for transmit-
ting signals to and for receiving signals from a base site or
base station 30. The base station 30 may be part of a cellular
network comprising a Base Station/Mobile Switching
Center/Interworking function (BMI) 32 that includes a
mobile switching center (MSC) 34. The MSC 34 provides a
connection to landline trunks when the mobile station 10 is
involved in a call.

The mobile station includes a modulator (MOD) 14A, a
transmitter 14, a receiver 16, a demodulator (DEMOD) 16A,
and a controller 18 that provides signals to and receives
signals from the transmitter 14 and receiver 16, respectively.
These signals include signalling information in accordance
with the air interface standard of the applicable cellular or
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other system, and also user speech and/or user generated
data. The specifics of the air interface standard are not
germane to the operation or understanding of this invention
and will not be further discussed.

It is understood that the controller 18 may also include the
circuitry required for implementing the audio and logic
functions of the mobile station. By example, the controller
18 may be comprised of a Master Control Unit (MCU) 21,
typically a microprocessor device, and a Digital Signal
Processor (DSP) 23 which communicate with one another
across a MCU/DSP Interface (IF). The controller 18 may
further comprise various analog to digital converters, digital
to analog converters, and other support circuits. The control
and signal processing functions of the mobile station 10 are
allocated between these devices according to their respective
capabilities.

A plurality of buses, such as an asynchronous message
bus (MBUS) 18A, connected to the MCU 21, a fast, asyn-
chronous message bus (FBUS) 18B, connected to the DSP
23, and a wireless bus 18C, such as an infrared (IR) or a low
power RF link, are also provided for interfacing to external
devices, such as an accessory device 28 shown in FIG. 2.
Examples of accessory devices 28 include, but are not
limited to, personal computers, personal communicators,
external radio units, and devices such as voice recorders,
pagers, an external handset, and vehicle accessories. More
than one accessory device 28 can be connected to the mobile
station 10, as discussed below.

A user interface includes a conventional earphone or
speaker 17, a conventional microphone 19, a display 20, and
a user input device, typically a keypad 22, all of which are
coupled to the controller 18. The keypad 22 includes the
conventional numeric (0-9) and related keys (#,¥) 22a, and
other keys 22b used for operating the mobile station 10.
These other keys 22b may include, by example, a SEND
key, various menu scrolling and soft keys, and a PWR key.
The mobile station 10 also includes a battery 26 for pow-
ering the various circuits that are required to operate the
mobile station.

The mobile station 10 also includes various memories,
shown collectively as the memory 24, wherein are stored a
plurality of constants and variables that are used by the
controller 18 during the operation of the mobile station. For
example, the memory 24 stores the values of various cellular
system parameters and the number assignment module
(NAM). An operating program for controlling the operation
of controller 18 is also stored in the memory 24 (typically in
a ROM device). The memory 24 may also store data,
including user messages, that is received from the BMI 32
prior to the display of the messages to the user. A removable
SIM 27 may also be provided for storing certain mobile
station 10 information.

It should be understood that the mobile station 10 can be
a vehicle mounted, a handheld device, or embodied in any
suitable form, such as card that plugs into a slot (e.g., a
PCMCIA slot) of a personal or other type of computer.

It should further be appreciated that the mobile station 10
can be capable of operating with one or more air interface
standards, modulation types, and access types, such as
TDMA, CDMA, and analog (FM).

The operating program in the memory 24 includes soft-
ware for implementing the PhoNet system as described in
detail below.

Referring to FIG. 3, the PhoNet in accordance with this
invention includes two separated function layers referred to
as the router layer 40 and the connection layer 42, which
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together may be referred to as a connectivity layer 41. The
connection layer 42 includes a control module 42A as well
as link specific media modules, specifically a wireless media
module 42B, a FBUS media module 42C, and a MBUS
media module 42D. The router 40 and control and media
modules 42A—42D may reside in the MCU 21, while a frame
filter layer 42E, also part of the connection layer 42, may
reside in the DSP 23. Wireless (e.g., IR or RF), FBUS and
MBUS hardware (HW) modules 43A—43C are connected to
their respective buses for providing the necessary hardware
and physical interfaces to external devices.

The layer structure depicted in FIG. 3 is defined to ensure
hardware independence, as well as to achieve the desired
modularity for the PhoNet.

The router layer 40 includes a router module whose
primary function is to provide message routing and infor-
mation about connected devices and objects, as well as to
enable sophisticated configuration changes available. The
router layer 40 includes logic to pass the messages in an
optimized way to the different physical transferring media
modules 43.

The control module 42A of the connection layer 42 acts
as a gate through the MDI to the DSP SW for sending control
messages. The control module 42A holds a group of com-
mon configuration functions that are not link specific, but
that are instead common to all links. It also grants a pipe
transfer by separated control messages, as discussed below.
Also, possible protocol filter usage by different devices can
be determined from the control module 42A.

The media modules 42B—42D convert general router 40
messages to the required physical transferring media. A
given media module is an interface to the associated hard-
ware module 43. Although three different media modules are
shown in FIG. 3, more or less than this number can be used,
and new media modules 42, and associated hardware mod-
ules 43, can be defined as required. The media modules
42A—42C preferably include message re-transmission and
acknowledgment features. Each also contains any required
I/O buffers for storing messages and data passing through
the link.

The frame filter module 42E converts the PhoNet frame
structure format to another frame structure if required.
Preferably the conversion is accomplished by the higher
speed DSP 23 software.

The router 40 can be considered as the core of PhoNet by
providing message routing as a main service. The router 40
also performs other services such as configuration change
and query, as well providing information about the con-
nected devices and objects.

PhoNet is defined to have one main router 40 associated
with a host. Typically the main router 40 is located in the
mobile station 10. Only the main router 40 provides com-
plete message routing services. The router 40 optimizes the
usage of physical transferring media. The router 40 super-
vises the status and loading level of physical links, and can
select a most optimized (fastest) way to pass a given
message. Several sub-routers or slaves can also be connected
to system. A sub-router typically has a subset of the func-
tionality of the main router 40.

Features of the router 40, which is configurable and
scaleable, include the following:

(A) The router 40 performs a conversion from logical

addresses to physical addresses.

(B) The router 40 enables one logical address can be

mapped to several physical addresses (e.g., the mobile
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station’s user interface can send one message to a
plurality of applications.)

(C) The main router 40 can provide routing by function.

(D) The router 40 can perform default address mapping/
dynamic configuration, as well as configuration query.

(E) The router 40 can provide for physical addresses
(media) to have different priorities.

(F) The router 40 provides a signaling mechanism
between the router layer and the connection layer 42
(e.g., media availability and status).

(G) The router 40 provides clear interfaces between the
router 40 and devices and objects, between the router
40 and the connection layer 42, and between the
connection layer 42 and the physical media 43.

(H) The router 40 provides a clear interface to router
configuration changes and queries.

() The router 40 provides for the storing of information
concerning connected devices and objects, and also
provides for Remote Procedure Calls (RPCs), without
parameter count limitations.

(@) The router 40 also provides a capability to configure
the router to give information concerning disconnec-
tions to the desired interfaces.

For the main router 40, located in the host (e.g., the
mobile station 10), message routing basically entails routing
amessage according to function to some logical address, and
converting the logical address to a physical address that
includes information of what physical link to use. Messages
can be sent to some function without knowing the logical
address, or directly to some known logical address. The
main router 40 updates information about different func-
tions: such as (a) links available by system; (b) connected
devices and their links; (¢) information concerning logged-in
devices and their link preferences; (d) routing information
for object tasks such as ISI, UT or the CS; and (e) informa-
tion concerning active pipes.

Considering these now in greater detail, and for the links
available by system (a), the links can have one of three
different states: (1) active; (2) busy (can’t be used), and not

available. Table 1 shows an exemplary link status condition.
TABLE 1
Link Status
MBUS active
FBUS active
IR busy
RF not available

With respect to the connected devices and their links (b),
the main router 40 stores information about all devices that
are available and which of the devices are currently active.
It also stores link loading level information to provide an
optimized way to pass messages, such that if a desired link
is loaded then a message will be routed to another, available
link. Table 2 illustrates information regarding device status
and the links they use, as well as pointers to object tables.
The “pointer” column contains pointers to Table 1 for
obtaining status information. The “media” column indicates
preferred media (see Table 3), or the media that the associ-
ated device first registered on if no preferred media is given.
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TABLE 2
object
device media status  pointer ptr
01 IR active ~ MBUS FBUS RF  ptrl...
02 IR active  FBUS ptr2 ...
03 RF inactive IR RF NULL
04 FBUS active IR NULL

Table 3 depicts exemplary information about device
logged-in objects and their link preferences (c).

TABLE 3
object link preference
01 MBUS
02 MBUS
03 FBUS
04 IR
05 no preference
06 RF
07 MBUS
08 FBUS

With respect to routing information for an inner object
task such as ISI, Ul or the CS, Table 4 shows one exemplary
configuration.

TABLE 4
addrl addr2 . ..
function (logical addr) (physical addr.)
ISI 0001 0203
LOC 0002
CS
AUD 708 07

By way of explanation, a given PhoNet message can be
delivered to the “inner” objects of the mobile station 10,
such as the cellular system (CS) module, user interface (UT)
module, audio software module, or ISI module. Since these
objects are not owned necessary by any device, and neither
do they use any links for communication, the special inner
object table (Table 4) is provided for communication with
these modules by converting a logic address of the module
to a physical address. Table 4 is thus used by the router 40
when the function of a message refers to an inner object.

Finally, and with regard to the information concerning the
active pipes (e), the router 40 can set up a fast message link
or pipe between different devices or objects. A pipe can be
set up using the wireless media, the FBUS, or the MBUS.
Once the pipe becomes active, two objects can communicate
with each other without having the router 40 involved. That
is, the two objects can transfer ‘pure’ data without employ-
ing a router-recognized frame structure. In general, the
router 40 stores information about active pipes, controls the
active pipes, and grants a message pipe setup to any request-
ing device (if a pipe is available).

Table 5 presents an exemplary “snapshot” of a current
state of all PhoNet pipes, that is, the addresses of the
involved devices and the link through which the pipe is
established.
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TABLE 5
originator partner link
0102 0205 FBUS
0104 0204 IR
0201 0703 RF
0701 0803 MBUS

In general, there are two different types of pipes. A first
type of pipe allows a straight through and fast data stream
from one accessory to another. A second, slower type of pipe
delivers data coming from a device through the link host (not
necessarily using Phonet router MCU 21 involvement) to
another device.

The first type of pipe provides a mechanism for perform-
ing a fast data transfer between, for example, two DSPs
(e.g., digital audio). Communication through a pipe is not
visible to the host. Instead it maintains information about
active pipes in a separated table (see FIGS. 5 and 6.

The second type of pipe can be used to translate data
coming via a media that the receiver does not hold. For
example, an accessary that has only an IR-link can transfer
data to an accessory that has only an RF-link or some other
bus. Protocol conversion can be used during the transfer by
passing the messages through some protocol converter
implemented in, by example, DSP 23 software.

When a pipe is no longer used the host must be informed
that the pipe has been released. The host can also control and
interrupt a given pipe. It is possible to have more than one
active pipe at any given time and, as in shown in FIG. §, to
have more than one active pipe using the same media.

FIG. 6 illustrates the general pipe architecture, with
control being exercised by the MCU 21 (the router 40), and
the actual pipe being made through the DSP 23 between two
devices (e.g., devices 3 and 4).

A given sub-router (located in a slave device) updates the
following information: its own connection status
(registering, logged in/out); the status of its own links
(active/inactive, loading level, etc.); the available/active
links of the host; and message routing. The basic functions
related to these tasks are similar to functions of the main
router 40, although the message routing is simpler, as it
involves only mapping from logical addresses to physical
addresses.

With regard to the router 40 configuration, there are
default and dynamic routing schemes for both major router
functions: routing and logical address to physical address
mapping. Default routing is defined during a software com-
pilation phase, while dynamic routing can be dynamically
changed at runtime. The numbers of internal objects are
preferably fixed and defined at compilation time.

A configuration query can be used to obtain information
about the current default or dynamic routing. A clear inter-
face function is provided for configuration query and
change. The interface is basically a message interface (with
some functions allocated for configuration purposes only). A
set of service functions can be provided for building mes-
sages.

Certain features of the router 40 can be configured so as
make the router scaleable according to system needs. For
example, a single mode AMPS cellular phone may have very
limited router functions as compared to a fully featured
digital cellular phone, such as a GSM or IS-136 phone.

With regard to addressing, the preferred embodiment of
this invention uses two level addresses. The logical level
address contains a device number (e.g., phone, PC, etc.) and
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an internal object number (e.g., UI or CS). The physical
level address adds information to the physical address about
the media that is used.

The address space of external devices is divided into two
sets. One set contains fixed device addresses (i.e., devices
can have predefined addresses), while the other set of
addresses are reserved for devices using the dynamic reg-
istration method disclosed herein.

If a device uses a fixed address then it is not necessary for
the device to actually register with the PhoNet host, as
sending a message is sufficient to inform the Host that the
device is connected, unless the device wishes to inform the
host about link preferences, etc. The use of fixed addresses
enables the use of simple external devices that do not require
a high degree of intelligence. For example, digital audio can
be sent to a simple and low cost external slave device having
a hardcoded fixed address such as, by example, a so-called
‘hands free’ unit.

A registration message in this case can simply include a
fixed host address in the receiver portion and a fixed slave
device address in the sender portion, and the registration
response then contains the fixed slave address in the receiver
portion and the fixed host address in the sender portion.

Turning now to those devices that use dynamic
registration, the addressing is dynamic in that sense that
some slaves do not have fixed device numbers. Device
numbers are instead dynamically assigned by the PhoNet
host in the registration phase. The host always owns one
fixed device number. There is also one fixed address for
global or broadcast type of messages, and all connected
devices receive any messages addressed to the fixed broad-
cast address.

FIG. 4 illustrates a logical address format. According to
this addressing scheme the network could contain, for
example, 255 connected devices, and each connected device
can hold a maximum of 256 internal objects. Preferably the
internal object numbers of each device are fixed in the
software compilation phase. In accordance with an aspect of
this invention each device, and object within a device, can
be separately addressed and can participate in a communi-
cation transaction.

There are three different states that a device address can
assume: free, active, or suspended. A free address can be
assigned to any new device, an active address is one that has
been assigned to some connected device, and a suspended
address is one that is waiting for confirmation that the
associated device has logged out. An assigned address is
placed in the suspended state by the router 40 when com-
munication with the corresponding device fails. A suspended
address may become active again if the corresponding
device “wakes up”, or becomes free after running some
device recovery software, or after some predetermined time-
out.

The preferred message format between the router 40 and
the physical media (e.g., the IR link) is shown in Table 6,
where “b” represents “bits™:

TABLE 6
media 8b
receiver device 8b
sender device 8b
function 8b
length 16b

data(0) receiver object
data(1) sender object

8b (optional)
8b (optional)
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TABLE 6-continued

data(n) 8b
where:

media = e.g., IR, FBUS, MBUS

receiver = device address

sender = device address

function = message type identifier

length = number of data bytes

object = low level address, e.g., a PC application address
data = data to be transferred

Devices can register at system startup, whenever the
device is connected to the system, and whenever required by
the main router 40. Registration is performed using physical
transferring media selected by the device. If the selected
media is not available or functional for some reason, other
physical media can be tried. The registration technique can
be fully configurable such that one can select a preferred
media to use for registration, and a priority for using other
media if the preferred media is not available or is non-
functional.

In a registration message a registering device uses a
temporary address until a real device address is assigned by
the main router 40. The registration message contains infor-
mation about the available physical transferring media for
this certain device. A registration message also contains a
fixed part, such as device type, and some randomly gener-
ated part. The randomly generated portion is used to avoid
conflicts when devices attempt to identify their own regis-
tration acknowledgements. A device may also suggest a
preferable device number. The host (main router 40) will
assign the requested device number if the device number is
free.

In greater detail, a registration message sent from a device
to host contains:

a fixed host address as receiver;

a temporary device sender address;

a device type identifier;

a random number;

a preferred device number to be assigned if available; and

information about available links.

In the registration acknowledgement message the main
router 40 provides the assigned device number to the reg-
istering device and also informs the device of what physical
media it has available.

In greater detail, a registration acknowledgement message
sent from the host to the slave (device) contains:

a temporary address as receiver;

a fixed host address as sender;

a device type identifier (from registration message);

a random number (from registration message);

a device number assigned by the host; and

information about available links in the host.

The external objects owned by devices can also log into
the system. If the external object wants to change, for
example its routing, it first identifies itself to the host as the
devices do. This object can also inform the host of what
physical link it wants to use. The object registration message
contains, basically, only the preferred link information. In
order to set up a pipe between two external objects they must
each be logged into the host.

Device connection supervision is performed in PhoNet
connection layer 42. When the connection layer 42 detects
that one certain device has disconnected it informs the
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PhoNet router 40. The router 40 then marks that device and
all the external objects owned by that device as being
disconnected. The address used by the device is first
changed to the suspended state for indicating that this
address cannot be assigned to any other device until the
router 40 is assured that the device has actually logged off
or disconnected from the PhoNet system. When the router
40 is certain that the device has logged out the address is
changed to the free state, and can be reassigned to another
device.

The router 40 provides a service for obtaining the con-
nection information of any device. Any object can request
the router 40 to automatically inform the object if a device
or devices are disconnected. It is also possible for an object
to employ a router 40 service function to first determine
whether a needed object/device is disconnected or con-
nected.

All routers (main router and sub-routers) support conver-
sion from logical addresses to physical addresses. One
logical address can be mapped to several physical addresses.
Both default and dynamic configuration are provided.

The main router 40 is able to route messages according to
function, i.e., the receiver address can be unknown. A call
creation message is one example, as a call creation message
can be generated without knowing where the call creation is
performed or which CS (in a multi-CS phone) is active at
particular moment. However, the main router 40 routes the
message to the correct logical address. This routing is fully
configurable so that, for example, if the CS service is
switched to another system the routing is changed accord-
ingly.

The PhoNet system includes separate security checking
modules. Each logical address and routed function can be
secured if desired. For example, a function or a logical
address may be secured by locking it by command, and the
lock can be opened only by performing certain security
operations.

The connection layer 42 provides the path for the actual
physical link, such as Fbus, IR or RF. Each physical media
has its own low level driver for interfacing to the certain
media module. The OS is also regarded as one transferring
media, although it is not similar to the physical media.

The connection layer 42 includes the above-mentioned
protocol converter modules (i.e., frame filter 42E) by which
messages are fitted into the required frame structure. This
processing is done before passing the messages to the media
modules 43. The connection layer 42 may also provide an
optimized message passing so that several PhoNet messages
can be packed into one physical layer frame.

In general the connection layer 42 provides the following
features and advantages:

(a) provides reliable message transfer over the physical

media;

(b) is responsible for reporting link lost/found information
to the router 40;

(c) provides frame mapping to lower level protocols as
required;

(d) provides an interface to the router 40 that is fixed and
equal for every lower level media module 43;

(e) enables lower level media to be added easily to the
PhoNet system;

(f) provides a mechanism for the media modules 43 to
update diagnosis of link function (for example,
retransmissions, bit error rate, buffer status, etc.); and

(g) provides the above-described frame filter 42E to
convert the PhoNet frame structure to other structures,
and vice versa, as required.
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FIG. 7 depicts an example of the interconnectivity of the
PhoNet main router 40 and a plurality of media driving
message links, wherein OS 42F message services are
regarded as one media.

FIG. 8 depicts an example of message flow between a
device and the main router for a “call create” message. In
this case the call create message is passed through a sub-
router 40' in the slave device 03, via the IR link to the main
router 40 (device 00), which routes the call create through
the OS 42F to the CS. In this example there are two physical
media available for logical address 00.00, and the IR is
preferred over the FBUS.

FIG. 9 depicts an example of message flow from an object
(application) through the router layer 40 and connection
layer 42, across the MCU/DSP interface (IF), and to a
requested physical media (e.g., IR hardware 43A). More
particularly, the following steps take place.

1. An object, such as ISI, sends a message to be routed.

2. The PhoNet router 40 defines—where: device+
object—how: physical media

3. The router 40 sends the message to the physical media
module (e.g., IR HW 43A) which performs the necessary
protocol by:

buffering

message numbering

acknowledgements

retransmissions

sends failure reporting to the router 40

and all other lower level tasks

4. Media module functions can be partitioned between the
MCU 21 and the DSP 23. In general, all needed control is
performed by the MCU 21, the DSP 23 may add some
additional information to the frame but the main function is
to “drive” the physical media. Typically the MCU 21 is too
slow to drive a fast bus. A given media module can “drive”
one or several different physical media (e.g., the wireless
media module 42B can drive both the IR and RF links
through their respective hardware interfaces).

5. The message is transmitted using the requested physical
media (IR).

Having provided an overview of this invention, a more
detailed description will now be made of the invention.

The mobile station 10 has a number of fundamental
capabilities. These include cellular (and possibly cordless)
system related capabilities (e.g. ability to make, receive and
manage calls), and non-system related capabilities (e.g.
ability to store and retrieve phonebook entries). The mobile
station 10 includes all these fundamental capabilities that are
integrated together in a coherent way to provide the phone’s
features.

An Intelligent Software Architecture (ISA) divides the
mobile station’s fundamental capabilities into logical groups
or resources. In the ISA the mobile station’s resources are
controlled by servers. Each resource has a server. The server
provides an interface which allows any number of applica-
tions to use the resource. The objective of the server is to
encapsulate the resource it controls in a server interface. The
server and the server interface are designed and imple-
mented without direct regard to the applications that will use
it.

Applications link together the resources of the mobile
station 10 with logic to produce the mobile station’s fea-
tures. Applications can use any number of resources, via the
servers, to build their features. Applications make ‘resource
requests’ through the connectivity layer 41 (see FIG. 3),
which may be considered for this purpose to include the
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functionality of the router 40 and the connection layer 42.
The connectivity layer 41 delivers the ‘resource request’
message, using the router 40, to the appropriate server which
controls the resource required. Servers perform the
requested action and then send appropriate response mes-
sages back to the requesting application via the connectivity
layer 41. The connectivity layer 41 provides an indirect
message passing mechanism that allows applications to use
the mobile phone terminal’s resources without knowing how
or where the resource, or the server that controls the
resource, is implemented. The application needs only to
know the properties of the resource and the interface to be
able to use it. The connectivity layer 41 allows dynamic
configuration of resources. This means that the resources
and capability of the mobile station 10 can be changed
dynamically. Applications can be made aware of such
changes if required.

The connectivity layer 41 includes the protocol software
of PhoNet and a communication manager which may be
embodied in the control module 42A. The connectivity layer
41 handles Intelligent Service Interface (ISI) messages,
which follow the PhoNet message format. The messages and
the PhoNet are not tied to a certain bus hardware. The
communication manager is responsible for distributing
events to internal applications, servers and panels and main-
taining communication between applications. The applica-
tion manager takes care of the registration of the applica-
tions. Panels are used to display the information created by
applications to the user in a desired user interface style. One
significant difference over previous mobile station software
architectures is the division of the user interface software
into applications and servers. The servers can be called from
outside the mobile station 10 using the connectivity layer 41
and the ISI interface. Applications using the same server(s)
can exist either in the radio module or outside the mobile
station 10 using the connectivity layer 41 and the ISI
interface. Applications using the same server(s) can exist
either in the radio module or outside it, e.g., in a PC or in an
accessory device. In one previous software architecture the
MCU SW was divided into subsystems, each being an
autonomous part of the MCU software with a specified
service to other subsystems. In the ISA the previous sub-
systems still mostly exist, but the servers have been intro-
duced between the applications (UI) and the subsystems.

The objectives of the ISA include the following: to
separate control of basic resources from control and logic of
features; to separate entities requiring and providing services
(applications & servers); to create an interface that allows
servers to provide services to applications(s); to create an
interface that allows a server to be changed without affecting
the application (decoupling); to create an interface ensuring
that servers need not know anything about the application
using the services, i.e. allow new applications to be intro-
duced without affecting servers; and to hide the location of
applications and servers, even amongst several processors
(distribution).

Several views of the architecture are described and illus-
trated in the ensuing discussion. The development view
(FIG. 10) concentrates on the structure of the software, its
partitions and layers. The physical view (FIG. 11) shows the
system configuration. The task view (FIG. 12) describes the
OS task allocation of entities. Message sequence charts are
then provided made to describe the communication between
applications, the connectivity layer 41, and the servers.

Referring to FIG. 10, the development view describes the
structure of the software, wherein it can be seen that the
mobile station’s resources or subsystems 48, as well as those
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of an accessory device 28, are controlled by servers 50,
which provide an ISI interface and which allow applications
52 to use the mobile station’s subsystems 48. The applica-
tions 52 make resource requests to the connectivity layer 41
using ISI messages. The connectivity layer 41 includes the
PhoNet and the communication manager 41A, as described
above. Application managers 54, which may be instead a
part of the communication manager 41 A, are responsible for
handling the registration of the applications 52. An event
server 56, which also may instead form a part of the
communication manager 41A, handles the event distribution
from servers 50 to applications 52. Panels 58 provide the 10
functionality for the applications 52, and have an associated
panel server 60. The various subsystems 48 in the same
processor can also communicate directly with each other.

The physical view of FIG. 11 illustrates the use of the
system buses (FBUS, MBUS, IR) to connect the mobile
station 10 (also referred to as a radio unit) to, by example,
the accessory device 28, a personal computer (PC) 60, a PC
card, such as a PCMCIA card 62 connected to a second PC
60, an external radio unit 64, such as an AMPS pack for a
DCS phone), a cellular network 66 and, through the cellular
network 66 to a network application, such as over the air
(OTA) features such as phone number inquiry, internet link,
etc. The mobile station 10 in this example includes Value
Added Service (VAS) applications 70 and handportable user
interface applications 72.

The Task view of FIG. 12 (which is similar to the
Development view of FIG. 10) shows the OS task 74
allocation of the MCU 21 software. Each OS task 74 is
depicted as a dashed rectangle. The user interface task
includes applications 52, servers 50, application manager 54
(the functionality of which may be incorporated into the
communication manger 41A) and panels 58. Other applica-
tions can exist in other MCU 21 OS tasks. The servers 50
can be located in the same task as subsystems or separated,
while most complicated subsystems (e.g. CS) include sev-
eral OS tasks. PhoNet has its own OS task. Each task
containing either an application or a server has its own
communication manager 41A.

Having described the overall architecture, a description
will now be made of entities. An entity is intended to mean
either an application 52, a server 50, the connectivity layer
41, or a subsystem 48. The ISA partitions software into
applications 52 and servers 50. It is necessary to be able to
identify the difference between a server 50 and an applica-
tion 52 to ensure the correct partitioning of the architecture.
This information is useful for understanding what a particu-
lar entity does and for partitioning the system when a new
functionality is added.

The properties of a server 50 include the following: a
server controls a resource; a server 50 provides an interface
which allows other entities access to the resource it controls
(the interface is assumed to conform to an ISI specification);
a server 50 can only be accessed by resource requests made
via the connectivity layer 41 using a valid resource address;
only a server 50 can serve resource requests; a given server
50 can use the services provided by one or more of the other
servers 50 to build its own services; and a server 50 does not
present information to the user via the panels 58.

The properties of an application 52 are as follows: an
application 52 does not control a resource; an application 52
does not provide services via an ISI interface; an application
52 cannot be accessed by resource requests made via the
connectivity layer 41; an application 52 uses the services of
one or more of the servers 50 to build features; an applica-
tion 52 can present features to the user via the panels 58, but
is not required to perform this function.
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With regard to the roles played by entities in transactions,
it is possible that a server 50 uses its own resources as well
as the services offered by other servers 50 to build its own
services. For example, consider a memory search feature in
a GSM mobile station. In this example there is an applica-
tion 52 in the handportable user interface which uses the
services offered by the panel server 60 and a phone book
server 50 to build a memory search feature. The application
52 may request the phonebook server 50 to match a name to
an entry in the phonebook. The phonebook processes the
request and responds with the closest matching entry, or with
an error indication, to the requesting application 52.

In processing the application’s request the server 50 may
be required to use its own resources, e.g. the phone’s own
phonebook memory, and the resources of another server, for
example the SIM server 50, if the phonebook entry is held
in the SIM 27. In this case when processing the applications’
request the phonebook server 50 will, itself, have to make a
resource request to the SIM server 50 to access the phone-
book entries stored in the SIM 27. The application 52, that
made the original resource request, does not know, and does
not need to know, that the server 50 that processed its
resource request had to make its own resource request to
complete the request.

In this type of situation it is useful to identify the role that
a given entity takes in a certain transaction.

A transaction is comprised of a sequence of
communications, i.e., messages that are passed between two
entities. In each transaction one entity takes the client role
and the other takes the server role. The client role is taken
by the entity that makes resource requests, receives
responses, indications or consult requests, or sends inform
response messages. Entities classed as applications 52 or
servers 50 can take the client role in a transaction. The server
50 role is taken by the entity that serves resource requests,
makes consult requests, sends indication messages or
receives inform response messages. The server 50 role can
only be taken by entities classified as servers 50. An appli-
cation 52 can never take the server 50 role. It is possible that
an entity takes the server 50 role in one transaction, e.g,
serves a resource request, and then takes the application 52
role in the next transaction, i.e., makes a resource request.

An application 52 implements a feature to the software
with the help of one or more servers 50. Applications 52
inside and outside of the mobile station 10 use the same
server 50 interface. In general, applications 52 use the
resources offered by servers 50. The servers 50 are available
through the connectivity layer 41, i.e., the communication
manager 41A and the PhoNet. Applications 52 receive
events from other applications 52 or external devices. Appli-
cations 52 can create panels 58 to perform input and output
operations with the user.

The application manager (AM) 54, the functionality of
which in the presently preferred embodiment of this inven-
tion is incorporated into the communication manager 41A,
is responsible for managing applications 52 and servers 50
within a task. There may be several instances of the appli-
cation manager 54, each one running in a separate OS task.
The responsibilities of the application manager(s) 54
include: registering new applications 52/servers 50; remov-
ing applications 52/servers on request; managing event
subscriptions from applications 52/servers 50 within a task;
passing events to subscribing applications 52/servers 50; and
starting the initial application(s) 52/server(s) 50 associated
with a particular instance of the application manager 54.

A list of applications 52/servers 50 maintained in the
application manager 54 is also used by the communication
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manager 41A for the particular tasks. Even if a given task
only contains one application 52 or server 50, an instance of
the application manager 54 is still provided.

The above-referenced VAS applications 70 can be divided
into fixed applications, dynamic applications and download-
able application. A fixed application is a permanent appli-
cation receiving some information from outside the mobile
station 10, e.g., a new ringing tone is programmed into the
mobile station 10 by a message received from the network
66 (sce FIG. 11). A dynamic application has more interaction
with the network 66, e.g., an internet browser. Download-
able applications are comprised of a script language or
object code which is programmed over the air interface to
the mobile station 10 from the network 66.

External applications (outside the MCU 21) are similar to
handportable Ul applications, but run instead in another
processor. They communicate by ISI messages with panels
58 and servers 50 in the mobile station 10. Examples include
personal communicator type applications and voice recorder
applications.

Network applications use the mobile station’s resources
over the air. Their use of mobile station’s resources is
controlled, for example, by the VAS applications 70 in the
mobile station 10.

Various server 50 categories exist. In general, a server 50
offers a set of services to (any) application 52. A server 50
can be inside or outside of the mobile station 10. The servers
50 can be divided into several categories, as follows.

Default server: A server 50 is a default server for a certain
resource when the connectivity layer 41 is configured so that
all resource requests for that resource are delivered to that
particular server.

Multiple server: The mobile station 10 may contain two or
more similar resources, i.e, resources of the same type. In
this case each resource has its own server 50, which implies
that there will be more than one server 50 for a particular
resource type in the mobile station 10 and its accessories.

For example, there may be multiple phonebooks. In a
personal communicator embodiment of the mobile station
10 there may be phonebooks in both the personal commu-
nicator unit and in the radio unit. Both of these phonebooks
have their own servers.

Further by example, in a multi-mode mobile station there
may be two kinds of call resources, one for each of the
cellular/cordless systems supported (e.g., AMPS and
IS-136). These two call resources each have their own
servers 50.

Dynamic Server: A dynamic server is any server that is
added to the system after compile/build time. A dynamic
server can exist inside the mobile station 10 (e.g., down-
loadable software), or on other devices connected to the
mobile station 10.

Director: In the case where there are multiple servers 50
in the mobile station 10 and its accessories then one entity
is assigned a higher level of control to arbitrate between the
multiple servers 50, e.g. defining which of the multiple
servers is the default server. This entity is referred to herein
as a director. The director may be one of the multiple servers
50, or it may be an independent entity.

The event server 56, the functionality of which in the
presently preferred embodiment of the invention is incor-
porated into the communication manager 41A, handles the
event distribution from servers 50 to applications 52. The
event server 56 has the following functionality.

Applications 52 use the event server 56 function for
subscribing to events of a particular resource (e.g., timing
interrupts from a time keeping resource). The event server
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56 also stores information about which applications 52 are
registered for which events. The event server 56 receives all
events from the servers 50, and distributes the events to all
applications 52 who are registered to receive those events.

An application 52 uses a set of panels 58 to provide its I/O
functionality. The purpose of the panel server 60 is to extract
the style specific information from the applications 52 to
increase their portability. The interface between applications
52 and panels 58 is message based due to the fact that
applications 52 may be external to the mobile station 10.

The panel server 60 is thus used to handle the commu-
nication between an application 52 and panels 58. It pro-
vides methods for the creation and deletion of panels 58. The
panel server 60 stores a stack containing information
describing current panels 58 and the relative priority of each
panel. An external application 52 can use the mobile sta-
tion’s keyboard 22 and display 20 by reserving panel(s) 58
from the panel server 60. External applications 52 can create
customized panels or predefined panels 58.

Turning now to a special server of most interest, a System
Mode Control (SMC) server is a special server that handles
multi-mode mobile station control. The general purpose of
multi-mode mobile stations is twofold: to combine different
cellular (or cordless) systems into one, which gives optimal
performance concerning coverage and capacity (the mobile
station 10 has only one telephone number but supports
different systems); and to combine two different and inde-
pendent systems into one, which offers the user two systems
in one terminal. In this latter case the mobile station 10 has
a telephone number for each system.

The SMC server’s role in ISA is to control the selection
of cellular (or cordless) system software which may be
implemented externally (outside MCU 21, e.g. AMPS in a
battery pack for DCS, as shown in FIG. 11, unit 66) and
internally (inside the MCU 21, e.g. DECT+GSM or PDS+
PHS). The SMC server need not be included in single mode
mobile stations (e.g., AMPS or GSM only).

The SMC server functions to separate the multi-mode
functionality from the specific servers 50. System specific
servers 50 include, by example, a Call server, Short Message
Service (SMS) server, a Supplementary Service (SS) server,
and a Network Selection (NS) server 50. The separation is
preferably done by a flexible configuration of the connec-
tivity layer 41, and by adding a special routing mechanism
to the connectivity layer 41, which is recognized and acted
on by the router 40.

The different systems are implemented in separate system
servers 50 which offer the same architecture for both exter-
nal and internal systems. In addition, they offer a complete
separation of the different systems, which also enhances the
modularity of the system configuration.

FIGS. 22A and 22B illustrate two embodiments of the
System Mode Control (SMC) server 50A, which incorpo-
rates system selection rules, and its connection to applica-
tions 52 and system servers 50, specifically first system
servers S0B and second system servers 50C. In the embodi-
ment of FIG. 22A the SMC server 50A operates through the
connectivity layer 41 so as to control the connection of the
applications 52 to one or the other of the system servers S0B
and 50C. The operation of the SMC server S0A is schemati-
cally illustrated as a single pole, double throw (SPDT)
switch 41B. The embodiment of FIG. 22B, which is pres-
ently preferred, couples the application 52 to the SMC server
50A through the connectivity layer 41, and then the SMC
server S0A, also through the connectivity layer 41, to a
selected one of the system servers 50B and S0C.

In the embodiment of FIG. 22A the applications 52 send
generic messages to the system servers S0B or S0C. The
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SMC server S0A controls the switch 41A in the connectivity
layer 41, affecting indirectly to the routing of messages.

Besides controlling the routing, the SMC server 50A
performs several other functions. These include the control
of which system should be active (suspend and resume of
systems); initializing all functions that are required when
turning one of the systems off (e.g., call forwarding, auto-
matic dialling to an operator center); controlling scanning
procedures on the inactive system (e.g., each 5 min.);
controlling the selection of different systems (depending on
a priority of systems); controlling the connectivity layer 41
switch in the embodiment of FIG. 22A (control of routing);
handling of user controlled actions (e.g., a forced set-up of
a call to the inactive system, user initiated-scanning); and
interacting with the applications 52, connectivity layer 41,
and the system specific servers S0B and 50C to fulfill the
multi-mode requirements.

In general, the applications 52 build their features by
using the resources of the mobile station 10 via the ISI server
interface. Applications 52 make resource requests to the
connectivity layer 41. The connectivity layer 41 maps each
resource request to the server 50 that is currently configured
to be active for that resource, typically the default server. All
such server configuration tables are stored and maintained in
the connectivity layer 41 by the MCU 21. A default con-
figuration of the resource to server mapping is defined at
compile time, but the mapping can be modified in run time.
Applications 52 that attempt to use system resources that are
not supported receive a ‘not supported’ indication in a
response message.

To summarize, and as was described previously, the
connectivity layer 41 is responsible for the detection, reg-
istration and addressing of the connected servers 50 and
applications 52. It handles message routing from resource
names to resource logical addresses, and from logical to
physical addresses. The sender is not required to know if a
message is going to an entity in the same processor or to an
entity in an accessory device, behind some physical bus. The
connectivity layer 41 masks the actual physical location
behind the ISI interface.

Applications 52 and servers 50 use the communication
manager 41A for communicating. The communication man-
ager 41A checks to determine if the target for the commu-
nication is located in the same OS task. If it is then the
communication is routed to that target. If the target is not in
the same OS task, the communication manager 41 A passes
the request to the PhoNet as an ISI message. The PhoNet
then delivers the message to the mailbox of the appropriate
OS task, or if the target is located on another device it passes
the message to the device via a suitable media such as a
serial IR bus 18C. A response message is routed in the same
way, either directly to the sender by the communication
manager 41A or by the PhoNet to the communication
manager of the sender’s OS task. There is one instance of the
communication manager 41A for each OS task that contains
either application 52 or servers 50.

Communication between entities (applications 52 and
servers 50) is message based. The messages are either OS
messages from task to task or messages sent through some
physical bus (e.g. FBUS, IR link). The messages are ISI
requests, responses and indications.

The communication between applications 52 and servers
50 is divided into the following groups.

A Resource Request is generated by an application 52
requesting to use one of the resources of the mobile station
10. The Resource Request is passed from the application 52
to a server 50 by the connectivity layer 41.
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A Response is sent by a server 50 to send the result of an
operation, initiated by a Resource Request, back to the
requesting application 52.

An Indication, also referred to herein as a notification or
an event, is sent by a server 50 to pass Status Information
concerning the resource the server 50 controls to one or
more applications 52.

The Status Information can sent by the server 50 to report
an event to an application or applications 52, wherein the
event occurred in the resource that the server 50 controls. In
this case the event was not directly caused by a Resource
Request from an application 52. One example of such an
event is an incoming call received by the Call server.

The Status Information can be sent by the server 50 to
report the ongoing status of an operation to an application or
applications 52. This particular Status Information is not the
result of the operation, which is instead given in a Response
message.

The Status Information may also be sent in response to an
operation caused by a Resource Request made from an
application 52 to the server 50. The operation takes place in
the resource that the server 50 controls.

The communication between applications 52 and servers
50 also includes the following.

A Consult Request is sent by a server 50 that is perform-
ing an action initiated by a Resource Request made by an
application 52. To continue processing the server 50 requires
some information from the application 52 that initiated the
request. The information required could be, by example, that
the server 50 may need to inform an application 52 of an
event and also ‘handshake’ with the application 52 (e.g., to
request whether the server should continue processing). The
Consult Request may also be sent by the server 50 to obtain
more information from the application 52 to allow process-
ing to continue.

Finally, an Inform Response is sent by application 52 to
respond to a Consult Request received from a server 50. The
Inform Response could contain the additional information
required by the server 50.

The following suffixes are appended to all message iden-
tifiers to indicate the nature of the message.

_REQ Resource Request

_ RESP Response to a Resource Request
_IND Indication

__CONS Consult Request

_INF Inform Response

The communication between applications 52, the connec-
tivity layer 41 (communication manager 41A and PhoNet),
servers 50 and various subsystems is described in the
message sequence charts illustrated in FIGS. 13, 14 and 15.
In these diagrams an application 52 and a server 50 are either
inside or outside the MCU 21. In each diagram the same
protocol is described, i.e., an application 52 sends a
Resource Request and the server 50 which supports the
resource receives the Resource Request and sends a
Response back to the requesting application 52.

Some abbreviations that are used in the diagrams include:
f. call=function call, if=interface, msg=message, r.value=
return value (of a function), req=request, resp=response,
CM=communication manager.

Referring first to FIG. 13, where the application 52 and
server 50 are in the same OS task, the CM 41A receives a
Resource Request from application 52 in the form of an ISI
message. The CM 41A determines that the server 50 to serve
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this Resource Request is located in the same OS task. The
Cm 41A delivers the Resource Request to the server 50. If
needed, the server 50 interprets and converts the Resource
Request into subsystem 48 interface function call(s). The
subsystem’s response is either an OS message or a return
value of the interface function. The server 50 has now the
needed data to form a Response message. The server 50
passes the Response to the Resource Request back to the CM
41A, which in turn passes the Response back to the request-
ing application 52.

Reference is now made to FIG. 14, wherein the applica-
tion 52 and the server 50 are located in the same processor
(MCU 21), but in different OS tasks, a first CM 41A (CM#1)
receives a Resource Request from application 52 in the form
of an ISI message. CM#1 determines that the server 50 to
serve this Resource Request is not located in the same OS
task. CM#1 passes the Resource Request to PhoNet, which
delivers the message to the OS mailbox of the task config-
ured to contain the server 50 for that resource. A second CM
41A' (CM#2) of that task reads the OS mailbox and delivers
the message to the server 50. If needed, the server 50
interprets and converts the Resource Request to interface
function call(s) for the target subsystem 48. The subsystem’s
response is either an OS message or a return value of the
interface function. The server 50 now has the necessary data
to form a Response message. The Response message is
addressed to the OS task, which was contained in the header
of the originally sent Resource Request message (see Table
6 above). The server 50 passes the Response to the Resource
Request back to CM#2, which delivers the Response mes-
sage to Phonet, which forwards the Response to CM#1.
CM#1, located in the task of the application 52, receives the
message and passes the Response back to the requesting
application 52.

Reference is now made to FIG. 15, wherein the applica-
tion 52 and the server 50 are located in different processors.
First, the CM#1 receives a Resource Request from applica-
tion 52 in the form of an ISI message. CM#1 determines that
the server 50 to serve this Resource Request is not located
in the same OS task. CM#1 passes the Resource Request to
PhoNet#1. PhoNet#1 delivers the device to Resource
Request message to the device configured to contain the
resource. PhoNet#1 delivers the Resource Request message
over a suitable link, such as the IR link 18C, as determined
from, by example, a preferred link that was specified by the
device when it registered with PhoNet#1, as described
above. Phonet #2 in the device receives the Resource
Request message from the selected link and delivers the
message to the OS mailbox of the task configured to contain
the server 50 for that resource. CM#2 of that task reads the
mailbox and delivers the message to the server 50. If needed,
server 50 interprets and converts the Resource Request to
subsystem interface function call(s). The subsystem’s
response is either an OS message or a return value of the
interface function. Server 50 has now the required data to
form a Response message, which is addressed to the device
and the object which were contained in the header of the
Resource Request message. Server 50 passes the Response
message back to CM#2, which delivers the Response mes-
sage to PhoNet#2, which in turn delivers the Response
message to PhoNet #1 in the original device. PhoNet#1
receives the Response message and routes the Response
message to the target task as an OS message. CM#1 receives
the OS message and passes the Response message back to
the requesting application 52.

A more detailed description is now made of the Intelligent
Service Interface (ISI) in accordance with an aspect of this
invention.
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An ISI server 50 ‘owns’ the interface between the server
50 and a client (a client is an application 52 or another server
50 using the ISI server). As such, messages sent to and from
the ISI server are always expressed in the desired format of
the ISI server, and not in the format of the requesting client.
This ensures that the ISI server interface is defined inde-
pendently of the clients that use it, and the services of the ISI
server can therefore be used by any client.

The ISI message suffixes allow messages to be defined in
a way that shows the context in which they are used.
Information that can be gained from understanding the
suffixes include: who was the sender of the message, the
client or the ISI server; who is the intended receiver of the
message, the client or the ISI server; and in what context was
the message sent. That is, was the message the result of a
previous message, or did the message initiate a new request.

The messages that are used in communication between an
ISI server and its clients were defined above to include the
Resource Request, Response, Indication, Consult Request,
and Inform Response messages.

Every ISI message contains a message header. The mes-
sage header follows the PhoNet message header. The first
portion of the data part of the message are common between
all ISI messages.

The basic ISI message format is shown in the following
table. An H or D in the first column denotes if the field is in
the Header or Data part of the message.

ISI message format
Field

Description Notes

Defines the media to be
used. e.g. PN_MEDIA__MBUS,
PN_MEDIA_FBUS
Device address of the
receiver.

1st part of sender’s address
Device address of the
sender.

1st part of sender’s address
ISI Resource group, as
defined in the ISI
specification.

This is known as ‘function’
in PhoNet terms.

Number of subsequent bytes
in the message, starting
with and including the
receiver object.

This field always follows a
processors LSB/MSB
conventions for handling
word data. The media
drivers in PhoNet handle the
conversion to and from the
PhoNet fixed MSB, LSB order
during interprocessor
communication.

Internal address of the
receiver object.

2nd part of receiver’s
address.

Internal address of the
sender object.

2nd part of sender’s
address.

H media

H receiver device

H sender device

H Resource

H length

H Receiver object

H Sender object

D Unique

Transaction ID Used to identifier which
transaction a message
belongs to.

D Message ID ISI message ID.

IPR2026-00382

Tesla EX1054 Page 27



6,128,509

23 24
-continued -continued
ISI message format Field
Field Description Notes
Description Notes 5
H Sender object Object ID of the appiication
D Msg data 1 Message data as indicated in 52 making the resource
the ISIS specification for reguest
this message. D Unique
D Msg data 2 Message data . . . Transaction ID Unique transaction ID
D Msg data n Message data . . . 10 generated by the requesting
application 52.
D Message ID ISI message ID, as defined
The ISI message specification need not include the com- for the required message in
plete ISI message description for each message, as many of the appropriate IST
X e specification. This has the
the fields in the message header are handled in the same way 15 suffix_ REQ.
for all messages. The ISI message specifications use the D Msg data 1 Message data, as defined for
. . the required message in the
following format to describe ISI messages. appropriate ISI
specification.
D Msg data 2 Message data . . .
20 D Msg data n Message data . . .
Message ID
Description Parameters

Message header info As in the PhoNet message header
described above
RESOURCE_ID

As in PhoNet message header

described above

Resource
Message header int.

Unique Transaction ID
Message ID
message data

MESSAGE_ID

The following ISI message fields are specified for each
ISI message.

Resource—This field describes the resource (and there-
fore the server 50) that the message belongs to, e.g., ISI__
PND (phone number directory), ISI__CALL, ISI_ MENU
etc. Unique Transaction ID (UTID)—This field is used to
identify which transaction a message belongs to. Message
ID—This field describes a particular message within a
resource. Message data—These bytes are the content of the
message, as described in the specific message specification.

As an example, and to build an ISI message for a
Resource Request message, Resource Requests (message
type _ REQ) use the ‘route by source’ feature of the con-
nectivity layer 41 to deliver resource requests from a
requesting application 52 to an appropriate server 50 to
serve the request. This implies that the requesting applica-
tion 52 need not know the Device and Object address of the
receiver when it builds the ISI Resource Request message.

The following table describes the specific information for
building an ISI message used to make a Resource Request.

Field
Description Notes
H media PN_MEDIA_ROUTING_REQ
H receiver device PN_DEV_HOST
H sender device Device ID of the application
52 making the resource
request
H Resource ISI Resource group, as
defined for the required
message
H length Length of the message, as
the number of bytes to
follow.
H Receiver object PN_OBJ_ROUTING__REQ
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Further by example, and to build an ISI message for all

other types of messages, the message types _ RESP, IND,
__CONS and _INF all use the ‘route by receiver’s address’
feature of the connectivity layer 41. This implies that the
entity (application 52 or server 50) sending the message
must have prior knowledge of the address of the receiver. In
general, the address of the receiver will be known by the
sender due to communication earlier in the transaction or in
previous transactions. Previous communication or previous
transactions will have taken place due to the nature of these
message types, as was described above in the examples
depicted in FIGS. 13-15.

The following table provides information for building an

IS message which is to be sent directly to a receiver.

Field

Description Notes

PN_MEDIA_ROUTING_REQ
Device ID of the entity that
will receive the message.
The Device ID can be found
from the ‘sender device’
field in the header of a
message previously received
from the entity.

Device ID of the application
52 making the resource
request

ISI Resource group, as
defined for the required
message in the appropriate
ISI specification. Although
this message is not routed
by function this field is

still included because
messages are identified by a
combination of Resource and
Message ID. The scope of a
message ID is limited to a
particular resource.

Length of the message as the
number of bytes to follow.
Object ID of the entity td
receive the message. The
Object ID can be found from
the ‘sender device’ field in
the header of a message
previously received from the
entity.

media
receiver device

T o

H sender device

H Resource

H length

H Receiver object
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Field
Description Notes
H Sender object Object ID of the application
52 making the resource
request.
D Unique Unique transaction ID. The

Transaction ID UTID is either generated by
the sending entity or is
copied from a previous
message earlier in the
transaction or from a

previbus transaction.

D Message ID ISI message ID, as defined
for the required message in
the appropriate ISI
specification

D Msg data 1 Message data, as defined for
the required message in the
appropriate ISI
specification.

D Msg data 2 Message data . . .

D Msg data n Message data . . .

ISI is an asynchronous message passing system. Entities
communicating using ISI messages may be distributed.
Entities may be located within the same OS task, within
separate OS tasks on the same processor or on separate
processors. Entities may be sending and receiving messages
with one or more entities at the same time. Applications 52
can use the services of many servers 50, and servers 50 can
provide their services to many applications 52.

The asynchronous nature of the interface implies that
entities are not certain when a response to a message they
have sent will be received. Due to the possibility of having
distributed entities the message transmission latency may
differ message by message depending on the locations of the
destinations and the media through which the messages are
delivered. The relationship between applications 52 and
servers 50 may mean that a given entity has many commu-
nications active with many entities at any one time.

Due to the characteristics described above mean, the ISI
system provides support to enable applications 52 and
servers 50 organize their communications so that the effects
of asynchronous communication, distributed
communication, and multiple simultaneous communications
can be readily handled.

IST uses transactions to organize the message passing. A
transaction is a sequence of communications (i.e. messages)
passed between two entities. In each transaction one entity
takes the client role and the other takes the server role. The
client role is taken by the entity that makes Resource
Requests, receives Responses, Indications or Consult
Requests or sends Inform Response messages. Entities
classed as applications 52 or servers 50 can take the client
role in a transaction. The server role is taken by the entity
that serves Resource Requests, makes Consult Requests,
sends Indication messages or receives Inform Response
messages. The server role can only be taken by entities
classed as servers 50. By definition, an application 52 can
never take the server role.

It is possible that an entity takes the server role in one
transaction, e.g. serves a Resource Request, and then takes
the client role in the next transaction, i.e. makes a Resource
Request.

The following types of transactions are encompassed by
the teachings of this invention with respect to ISI messages:

Resource Request transaction;

Event Indication transaction;
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Event Indication transaction with subsequent actions; and

Consult Request transaction.

The Resource Request transactions starts when an appli-
cation 52 sends a Resource Request message. As was
described previously, the Resource Request message is
passed by the connectivity layer 41 from the requesting
application 52 to the appropriate server 50 to serve the
request. The server 50 then fulfills the request. While the
server 50 is processing the request it can respond to the
requesting application 52 with Indication messages inform-
ing the requesting application 52 of the progress of the
request, or it can make Consult Requests to the requesting
application 52 and receive Inform Responses in reply. The
Resource Request transaction ends when the server 50
responds to the application 52 that make the resource request
with a Response message.

EXAMPLE 1

FIG. 16 depicts an exemplary Resource Request transac-
tion than involves an application 52 making a Resource
Request to the Phone Number Directory (PND) server 50.
The PND server 50 actions the request and sends a Response
message to the requesting application 52. This ends the
resource request transaction.

EXAMPLE 2

FIG. 17 depicts an exemplary Resource Request transac-
tion than involves an application 52 making a Resource
Request to the Call server 50. The Call server 50 actions the
request. The Call server 50 reports progress of the request to
the requesting application 52 by sending Indication mes-
sages (e.g., Call Proceeding, Call Alerting, Call Connected,
etc.). Finally the Resource Request is completed and the Call
server 50 sends a Response (RESP) message to the request-
ing application 52. This ends the resource request transac-
tion.

EXAMPLE 3

FIG. 18 depicts an exemplary Resource Request transac-
tion than involves an application 52 making a Resource
Request to the PND server 50. The PND server 50 actions
the request. In actioning the request the PND server 50
discovers that it must check whether to proceed from the
requesting application 52, as it must read external memory.
The PND server 50 makes a Consult Request (CONS) to the
application 52. The application 52 responds to the consulting
server 50 with an Inform Response (INF) message giving
permission to read from external memory. The PND server
50 can then complete the Resource Request. The PND server
50 sends a Response message to the requesting application
52. This ends the resource request transaction.

An Event Indication transaction starts when a server 50
sends an indication of an event to one or more applications
52 in the form of an Indication message. The application(s)
52 have previously registered to receive indications. The
Event Indication is passed from the server 50, where the
event occurred, to the application 52. The event indication
transaction ends when the Event Indication message is
delivered to the application(s) 52 that have registered to
receive the Event Indication(s).

EXAMPLE 4

FIG. 19 depicts an exemplary Event Indication transac-
tion that begins when a server 50 sends a Call Coming
IND to application(s) 52. The transaction is then complete.

IPR2026-00382

Tesla EX1054 Page 29



6,128,509

27

The applications(s) 52 have previously registered to receive
event indications from the server 50.

An Event Indication transaction ends after the successful
delivery of the Event Indication message to the application
52(s), as in depicted in FIG. 19. It is possible, however, that
an Event Indication transaction continues. In this case the
transaction is instead an Event Indication transaction with
Subsequent Actions.

An application 52 that receives an Event Indication mes-
sage may wish to react to the Indication message by making
a Resource Request, and may also wish to tie the subsequent
Resource Request transaction to the Event Indication trans-
action that it has received. This may true because the server
50 is sending many Event Indications, and the application 52
wants to make it clear to which Indication it is ‘replying’. In
this case the subsequent Resource Request transaction is
considered to be part of the Event Indication transaction
with Subsequent Action. The Event Indication transaction
with Subsequent Action is considered to end when the server
50 sends the Response Message to the Resource Request
made by the application 52.

It should be noted that an application 52 may want to react
to the Indication message by making a Resource Request,
but it may not wish to tie the Resource Request directly to
the Indication message. In this case the subsequent Resource
Request is made instead as a regular Resource Request
transaction.

EXAMPLE 5

FIG. 20 depicts an exemplary Event Indication with
Subsequent Actions transaction that begins when a security
(SEC) server 50 sends a SEC__Code_ Required_ IND mes-
sage to application(s) 52 which had previously registered to
receive Event Indications. One of the applications 52 that
receives the Event Indication then makes a Resource
Request which is tied to the Event indication. The Resource
Request is a SEC__Code_ Verify_ REQ. The SEC server 50
responds to the requesting application 52 with a Response
message (SEC__Code_ Verify_ OK_RESP). This ends the
Event Indication with Subsequent Actions transaction.

A Consult Request transaction starts when a server 50
sends a consult request to an application 52, and the Consult
Request is not part of an ongoing Resource Request trans-
action. The Consult Request message is passed by the
connectivity layer 41 from the consulting server 50 to the
appropriate application 52. The application 52 performs the
necessary actions. The Consult Request transaction ends
when the application 52 responds to the server 50 that made
the Consult Request with an Inform Response message.

EXAMPLE 6

FIG. 21 depicts an exemplary Consult Request transaction
that begins when a menu server 50 sends a Consult Request
message to an application 52 that had previously registered
to use a service of the menu server 50. The application 52
responds to the Consult Request with an Inform Response to
the consulting server 50. This ends the Consult Request
transaction. After registering, it can be seen the application
52 sends a MENU__Entry_ Add_REQ (a Resource
Request) to the menu server 50, and in response receives a
MENU_ Entry_ add_ OK__RESP from the menu server 50.
After the user selected the menu, such as by interacting with
the user interface of the keypad 22 and display 20 of the
mobile station 10, the actual Consult Request transaction
begins

As was described above, each transaction has a unique
Transaction ID (UTID). The UTID is used by the entities
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involved in the transact ion to match messages to particular
transactions. This enables applications 52 and servers 50 to
be simultaneously active in more than one transaction with
more than one entity, and yet still be able to match Request
and Response messages accordingly.

In each transaction one of the communication entities is
designated as the originator of the transaction. The origina-
tor is responsible for allocating a UTID for the transaction
and including the allocated UTID in the first message of the
transaction. The originator and the other communicating
entity then use the allocated UTID in each subsequent
message in that transaction.

The originator is designated depending on the type of
transaction that will take place, and is the first entity to
communicate in the transaction. The following table shows
the originator in each of the transaction types.

Transaction Originator

Resource Request
Event Indication
Event Indication with
Subseguent Actions
Consult Request

Requesting application 52
Indicating server 50
Indicating server 50

Consulting server 50

Each entity that wishes to communicate through ISI
maintains its own UTID count. Whenever an entity allocates
a UTID to a transaction it increments its own UTID count
and includes it in the Unique Transaction ID field of the
message header of the message that initiates a transaction.
The UTID is, for example, an 8 bit value. The MSB is used
to indicate if the UTID is owned by a client or a server 50.
The remaining 7 bits contain the entities” UTID counter
value. Entities may all initialize their UTID counter to zero
at startup.

An entity can identify a message and the transaction to
which it belongs using a combination of the UTID, the
address of the other communicating entity, the resource, and
the message ID. In most case only a combination of a few
of these elements are needed to identify in which transaction
a message belongs. The following table shows several
examples.

Server 50
Application identifies identifies
Transaction using using
Resource Request AO UTID + Resource AO UTID +
Address of
Sender
Event Indication SO UTID + Resource SO UTID +
Resource
Event Indication SO UTID + Resource SO UTID +
with Subsequent Address of
Actions sender
Consult Request SO UTID + Resource SO UTID +
Resource

Based on the foregoing it can be appreciated that the
inventors have described an interface for communication
between a radio telephone and one of multiple accessory
devices with a choice of several physical connection media
(e.g., IR, RF or wire). Characteristics of the invention
include the PhoNet interface having two separate layers: (1)
the router layer for routing the messages from/to an acces-
sory device, for controlling the interface functionality, and
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for keeping track of the link status; and (2) a connection
layer for converting the router layer messages into a suitable
format for the physical connection. The connection layer
further comprises (1) the control unit, (2) media modules,
and (3) the frame filter. The ISI (Intelligent Service
Interface) is a messaging concept that uses the PhoNet
interface for message routing. Individual accessory devices
having different physical connection types can communicate
with each other via PhoNet/ISI. In a similar manner separate
software modules of a phone can communicate via PhoNet/
ISI. The PhoNet/ISI interface of a phone and PhoNet/ISI of
an accessory device have a master/slave relationship. The
PhoNet/ISI is an interface architecture that supports modular
software architecture, ISA. PhoNet is a universal phone
interface for all types of accessories, that typically are
connected to a wired or wireless connector of the phone or
included in a battery pack. The two distinct layers of PhoNet
provide the functionality of a “plug and play” type of
operation. New accessory device with a physical connection
different from those that the phone is already supporting can
be connected to the phone by loading a new media module
in the connection layer.

Although described in the context of preferred
embodiments, it should be realized that a number of modi-
fications to these teachings may occur to one skilled in the
art. By example, the teaching of this invention is not limited
to only the specific message formats, protocols, field sizes
and field ordering that has been disclosed above. The
teachings of this invention are also not limited to only the
specified ones of servers, sub-systems, resources, and appli-
cations that have been described above. Furthermore, more
or less than the FBUS, MBUS and wireless buses 18A-18C
can be employed, as can other media types besides wired
and wireless. By example, optical fiber links could be used
in some applications.

Thus, while the invention has been particularly shown and
described with respect to preferred embodiments thereof, it
will be understood by those skilled in the art that changes in
form and details may be made therein without departing
from the scope and spirit of the invention.

What is claimed is:

1. A communications system, comprising a radio unit
device that comprises a radio transceiver, a plurality of
objects and a plurality of links for transferring messages
between said objects, said radio unit device further com-
prising a message router for receiving system registration
requests from objects, said system registration requests
comprising an identification of a registering object and
addressing information for enabling a message to be sent to
said registering object.

2. A communications system as in claim 1, wherein a
message includes a logical address of a destination for said
message, said router being responsive to a receipt of a
message for translating the logical address to at least one
physical address and for directing the message over a link to
the at least one physical address.

3. A communications system as in claim 1, wherein a
message includes a functional description of a destination
for said message, said router being responsive to a receipt of
a message for translating the functional description to at
least one physical address and for directing the message over
a link to the at least one physical address.

4. A communications system as in claim 1, wherein said
router is responsive to a request to establish a connection for
setting up a direct communications pipe between two of said
plurality of objects, using one of said plurality of links.

5. A communications system as in claim 1, and further
comprising at least one external device comprised of at least
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one external object that is coupled to said radio unit device
through at least one of said plurality of links, said message
router being operable for receiving a registration request
from at least one external device and from said at least one
external object and for recording at least one of an identity
of a preferred link specified by the registration request or an
identity of a link over which the registration request was
received.

6. A communications system as in claim 1, wherein at
least one type of registration request includes a link prefer-
ence for a registering object.

7. A communications system, comprising a radio unit
device that includes a main message router, a plurality of
internal objects, and a plurality of links at least one which is
for passing messages between said internal objects, said
communications system further comprising at least one
external device that includes a message sub-router and at
least one external object, said at least one external device
being bidirectionally coupled to at least one of said plurality
of links, said main message router for receiving registration
requests from said internal objects, said at least one external
device, and said at least one external object, said registration
requests comprising an identification of a registering object
or device and addressing information for enabling a message
to be sent to said registering object or device.

8. A communications system as in claim 7, wherein one of
said messages is a Resource Request message for indicating
a desire to obtain access to a resource of said radio unit
device or said external device, and wherein another of said
messages is a Response message that is sent from a server
responsible for the resource to the originator of said
Resource Request message.

9. A communications system as in claim 8, wherein one of
said messages is an Indication message that is sent from said
server responsible for said resource for indicating one of an
event or a status associated with said resource.

10. A communications system as in claim 8, wherein one
of said messages is a Consult Request message that is sent
from said server responsible for said resource for requesting
additional information in order to complete an action dic-
tated by said Resource Request message.

11. A communications system as in claim 10, wherein one
of said messages is an Inform Response message that is sent
from the originator of said Resource Request message in
response to receiving said Consult Request message.

12. A communications system as in claim 8, wherein said
Resource Request message is sent by one of an application
Or a server.

13. A communications system as in claim 8, wherein one
of said messages is an Indication message that is sent from
said server responsible for said resource for indicating one
of an event or a status associated with said resource, wherein
another one of said messages is a Consult Request message
that is sent from said server responsible for said resource for
requesting additional information in order to complete an
action dictated by said Resource Request message, and
wherein said Indication message and said Consult Request
message each contain a destination address field that is
obtained from an address field of said Resource Request
message.

14. A communications system as in claim 13, wherein said
Indication message and said Consult Request message each
further contain a unique transaction identification field that
is obtained from a unique transaction identification field of
said Resource Request message.

15. A communications system as in claim 8, wherein one
of said messages is an Indication message that is sent from
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said server responsible for said resource for indicating an
occurrence of an event associated with said resource, said
Indication message being sent to at least one destination that
has previously registered a request to be informed of an
occurrence of the event.

16. A communications system as in claim 7, wherein at
least one registration request is comprised of a link prefer-
ence for a registering device or object.

17. A communications system, comprising a radio unit
that includes a plurality of applications, a plurality of servers
each associated with a resource of said radio unit, and a
connectivity layer interposed between said plurality of appli-
cations and said plurality of servers for selectively coupling
said applications to said servers, said system further com-
prising at least one accessory device that is coupled to said
radio unit through said connectivity layer, said at least one
accessory device comprising at least one application and at
least one server associated with a resource of said accessory
device, wherein at least one of an application or a server of
said radio unit can be coupled to said at least one server of
said accessory device or a server of said radio unit through
said connectivity layer in response to a Resource Request
message sent from said at least one application or server of
said radio unit, said Resource Request message being routed
through said connectivity layer, said radio unit further
comprising a message router coupled to said connectivity
layer for routing messages between applications and servers
and for receiving registration requests from objects and
devices requiring registration and for providing information
about registered objects and devices.

18. A communications system as in claim 17, wherein at
least one of said plurality of servers is a panel server coupled
to at least one panel providing a user interface to said radio
unit.

19. Acommunications system as in claim 17, wherein said
system includes an event server function for providing
indications of events to predetermined ones of said appli-
cations that have registered to receive said indications.

20. A communications system as in claim 17, wherein at
least one of said plurality of servers is a system mode
controller for providing said radio unit with a capability to
be bidirectionally coupled to individual ones of a plurality of
different radio communication systems.

21. A communications system as in claim 17, wherein
another message is a Response message that is sent from
said server responsible for said resource through said con-
nectivity layer to the application or server that originated
said Resource Request message.

22. A communications system as in claim 17, wherein
another message is an Indication message that is sent from
said server responsible for said resource for indicating one
of an event or a status associated with said resource.

23. A communications system as in claim 17, wherein
another message is a Consult Request message that is sent
from said server responsible for said resource for requesting
additional information in order to complete an action dic-
tated by said Resource Request message.

24. A communications system as in claim 23, wherein
another message is an Inform Response message that is sent
from the originator of said Resource Request message in
response to receiving said Consult Request message.
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25. A communications system, comprising a radio unit
operable with at least one type of wireless communications
network, said radio unit being comprised of a plurality of
applications, a plurality of communication media, a master
router layer, and a connection layer, said master router layer
and said connection layer being interposed between said
plurality of applications and said communication media,
said master router layer being responsive to messages
received from said plurality of applications for routing at
least some of said messages through said connection layer
and at least one of said communication media to an external
application coupled to said radio unit through a slave router
layer, said master router layer being responsive to registra-
tion request messages from requesting entities for register-
ing said requesting entities, said registration request mes-
sages comprising an identification of a registering entity and
addressing information for enabling a message to be sent to
said registering entity.

26. Acommunications system as in claim 25, wherein said
master router is responsive to a receipt of a registration
request message for dynamically assigning an address to an
entity requesting registration.

27. An accessory device for being bidirectionally coupled
to a radio unit device through at least one of a wireless
interface or a wired interface, the radio unit device com-
prising a plurality of resources, said accessory device com-
prising at least one application that is coupled to said
wireless or wired interface through a message router layer
for transmitting at least one of a Resource Request message
or a Resource Request Response message to said radio unit
device and via a message router of said radio unit device to
a resource server associated with a particular radio unit
device resource, whereby the at least one application is
enabled to operate with one of said plurality of radio unit
device resources, wherein said message router of said radio
unit device receives registration requests from radio unit
device resources for enabling a registering resource to be
identified and for enabling a message to be sent to said
registering resource.

28. A radiotelephone, comprising:

a radio frequency transceiver;
a plurality of devices;

a plurality of links for transferring messages between said
devices; and

a message router for receiving registration messages from
devices and for replying with registration acknowl-
edgement messages, wherein
a registration message comprises a device type identi-

fier; a message identifier; a preferred device number

to be assigned, if available; and information describ-

ing available links; and wherein

a registration acknowledgement message comprises
the previously received device type identifier; the
previously received message identifier; an
assigned device number; and information describ-
ing available links.
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