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(57) ABSTRACT 

A wearable input device is worn on a finger of a user to detect 
contact and separation of the finger to and from the other body 
part of the user, respectively, and further measure motion of 
the finger. In the wearable input device, a signal Supply unit 
Supplies an electrical signal to a pair of signal electrodes worn 
on the finger, and a current sensor detects a current flowing 
between the signal electrodes. The contact and the separation 
are detected based on the detected current. Further a triaxial 
acceleration sensor detects the motion of the finger. A user 
input is determined by extracting only the trajectory of the 
motion of the finger detected when the finger is in contact 
with the other body part. 
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FIG. 3A 

FIG. 3B 
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FIG. 4A 
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FIG. 5A 
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FIG. 6A 

111 V110 y 

aver 1 

CONTROL 

113 

as m an are us - - - - a a w w w m ms w w w w w w was a w an as an as alw as a 

- - - a m r -m a m m we w an m an an au me u as a ra - - - 

x- wa TRAXAL 

1a ACCELERATION 
SENSOR 

11a 11b 

OUTPUT 

  

  

  

Petitioner Samsung Ex-1014, 0006



Patent Application Publication Sep. 2, 2010 Sheet 6 of 10 

FIG. 7A 

FIG. 7B 
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FIG. 8 
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FIG. 9A 
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FIG. 12A 
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INPUT SYSTEMAND WEARABLE 
ELECTRICAL APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on and incorporates herein 
by reference Japanese Patent Application No. 2009-46636 
filed on Feb. 27, 2009. 

FIELD OF THE INVENTION 

0002 The present invention relates to an input system and 
a wearable electrical apparatus used in the input system. 

BACKGROUND OF THE INVENTION 

0003. In one conventional input system, characters, fig 
ures or the like are inputted into a subject operation device 
Such as an information processing unit, which is a subject 
device to be operated. The characters, figures or the like are 
inputted into the Subject operation device by specifying coor 
dinates on a touch panel or a tablet, on which a user expresses 
characters, figures or the like by using a stylus pen. 
0004. In another conventional input system (patent docu 
ment 1), an electrical signal is applied to a contact face 
between a touch panel and a user so that the electrical signal 
also flows in a body of the user, when the user touches the 
contact face. The user touching the touch panel is specified 
based on the electrical signal, which flows in a body of the 
user when the user touches a contact surface. 
0005. In a further conventional input system using a 
human body (patent document 2), electromagnetic informa 
tion generated by a user operation (tap operation) is generated 
and specify operation of the user based on the electromag 
netic information so that input information corresponding to 
the user operation is generated. 
0006. In a still further conventional input system (patent 
document 3), a trajectory or path of movement of a finger of 
a user is measured so that characters expressed by a user may 
be recognized based on the movement trajectory. In a still 
further conventional input system (patent document 4), a 
touch pad or a tact Switch is provided on a ring worn on a 
forefinger so that a user may operate it by his/her thumb. 
0007 Patent document 1: JP 2000-148396A 
0008 Patent document 2: JP 2008-197801A 
0009 Patent document 3: JP (PCT) 2006-500680A (US 
2006/0149737A) 
0010 Patent document 4: JP 2006-302204A 
0011. However, according to the conventional input sys 
tem, which uses the touch panel or the tablet, the touch panel 
or the tablet is required to have a sufficiently large area to 
express characters and figures thereon. Although the touch 
panel or the tablet can be reduced in size if a fine-pointed 
stylus pen capable of expressing fine characters and figures is 
used. The stylus pen may be lost in some instances and 
therefore not advantageous. 
0012. In the conventional input system, which detects the 
tap operation of a user to generate input information into the 
Subject operation device, characters or figures cannot be used 
to input information. 
0013. In addition, in the conventional input system, in 
which the touchpad or the tact switch is provided on the ring 
to be operated by the user with his/her thumb, the user is 
required to move finely and accurately the thumb to operate 
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the touchpad or the tact switch. Further, this input system is 
not suited to input characters and figures. 
0014. In the conventional input system, which detects the 
trajectory of movement of the user's finger to recognize char 
acters or figures, it is hard to accurately recognize characters, 
which cannot be completed in one continuous pen motion. 
That is, in this conventional input System, it cannot be deter 
mined whether the user is moving his/her finger with the pen 
in contact with or out of contact of a paper Surface. As a result, 
it becomes more and more difficult to accurately recognize 
characters or figures as the characters or figures become more 
complicated. 

SUMMARY OF THE INVENTION 

0015. It is therefore an object of the present invention to 
provide an input system and an electrical apparatus for the 
input system, which can recognize characters or figures accu 
rately without requiring touch panels nortablets for receiving 
inputs of characters or figures. 
0016. According to one aspect of the present invention, an 
input system comprises a trajectory measurement section, a 
detection, section, a contact trajectory acquisition section and 
an input information generation section. The trajectory mea 
Surement section is configured to measure a trajectory of 
movement of a specified body part of a user. The detection 
section is configured to detect a contact and a separation of the 
specified body part to and from another body part of the user 
different from the specified body part by body motion of the 
user, respectively. The contact trajectory acquisition section 
is configured to acquire trajectory information indicating the 
trajectory of movement of the specified body part measured 
by the trajectory measurement section while the specified 
body part is detected by the detection section as being in 
contact with the another body part of the user. The input 
information generation section is configured to generate input 
information for a subject operation device based on the tra 
jectory information acquired by the contact trajectory acqui 
sition section. 
0017. According to another aspect of the present inven 
tion, an electrical apparatus wearable on a body of a user 
comprises a motion measurement section, a detection section 
and an output section. The motion measurement section is 
configured to measure a physical parameter value corre 
sponding to trajectory of movement of a specified body part 
of the user. The detection section is configured to detect a 
contact and a separation of the specified body part to and from 
another body part of the user by body motion of the user, 
respectively. The output section configured to output the 
physical parameter value measured by the motion measure 
ment section each time incorrelation with a detection result of 
the detection section of the each time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. The above and other objects, features and advan 
tages of the present invention will become more apparent 
from the following detailed description made with reference 
to the accompanying drawings. In the drawings: 
0019 FIG. 1A is a perspective view showing a first wear 
able input device 30, according to a first embodiment of the 
present invention; 
0020 FIG. 1B is a schematic view showing arrangement 
of electrodes and a current sensor of the first wearable input 
device; 
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0021 FIG. 2A is a schematic sectional view of the first 
wearable input device; 
0022 FIG. 2B is another schematic sectional view of the 

first wearable input device: 
0023 FIG. 3A is a perspective view showing one exem 
plary use of the first wearable input device; 
0024 FIG. 3B is another perspective view showing 
another exemplary use of the first wearable input device: 
0025 FIG. 4A is a schematic view showing a case, in 
which the first wearable input device is used as an armlet; 
0026 FIG. 4B is another schematic view showing a case, 
in which the first wearable input device is used as an armlet: 
0027 FIG. 5A is a schematic view showing the principle 
of operation of the first wearable input device: 
0028 FIG. 5B is an equivalent circuit diagram showing 
current flow when the fingers are brought to contact as shown 
in FIG. 5A: 
0029 FIG. 6A is a block diagram of a remote control 
system, which uses the first wearable input device with an 
external device; 
0030 FIG. 6B is a circuit diagram showing a current sen 
sor used in the first wearable input device; 
0031 FIG. 7A is a flowchart showing processing executed 
in the first wearable input device: 
0032 FIG.7B is a waveform diagram showing example of 
data extraction executed in the processing of the first wear 
able input device; 
0033 FIG. 8 is a flowchart showing a first modification of 
the processing shown in FIG. 7A: 
0034 FIG. 9A is a flowchart showing a second modifica 
tion of the processing shown in FIG. 7A: 
0035 FIG.9B is a table showing relation between figure 
patterns and commands used in the processing shown in FIG. 
9A; 
0036 FIG. 10A is a block diagram showing a second 
wearable input device according to a second embodiment of 
the present invention; 
0037 FIG. 10B is a schematic view showing arrangement 
of electrodes of the second wearable input device: 
0038 FIG. 11 is an equivalent circuit diagram of a mea 
Surement system of the second wearable input device; 
0039 FIG. 12A is a circuit diagram showing a third wear 
able input device according to a third embodiment of the 
present invention; and 
0040 FIG.12B is a schematic view showing the principle 
of determination of whether fingers are in or out of contact 
with each other in the third wearable input device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0041. The present invention will be described in detail 
with reference to a number of embodiments shown in the 
accompanying drawings. 

First Embodiment 

0042. Referring to FIGS. 1A and 1B, a first wearable input 
device 1 includes a pair of signal electrodes 11a, 11b and a 
current sensor 13. Each signal electrode 11a, 11b is ring 
shaped. The signal electrodes 11a, 11b and the current sensor 
13 are arranged in parallel at predetermined intervals along 
the axial line of a user's finger 12. The current sensor 13 is 
provided outside the area X, which is sandwiched between 
the signal electrodes 11a, 11b. 
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0043. The current sensor 13 is positioned between the 
signal electrodes 11a, 11b and the finger tip (nail part), that is, 
at the left side of the signal electrodes 11a, 11b. Instead, the 
current sensor 13 may be positioned between the signal elec 
trodes 11a, 11b and the base of the finger, that is, at the right 
side (palm side) of the signal electrodes 11a, 11b. That is, 
when the first wearable input device 1 is used, the first wear 
able input device 1 can be worn in either orientation so that the 
current sensor 13 may be located outside the pair of signal 
electrodes 11a, 11b. 
0044 As shown in FIGS. 2A and 2B, the pair of signal 
electrodes 11a, 11b and the current sensor 13 are provided in 
a finger ring body 10 made of resin as an annular body, which 
forms the outer shape of the first wearable input device 1. 
They are integrated but electrically insulated from each other 
in the finger ring body 10. The signal electrodes 11a, 11b are 
housed in the finger ring body 10 with their inner surfaces 
facing inward of the ring being exposed from the finger ring 
body 10. Thus, when the first wearable input device 1 is worn 
on the finger 12, the signal electrodes 11a, 11b are brought 
into contact with the user's body Surface (finger skin Surface). 
0045. The current sensor 13 is so configured that, when a 
Voltage is applied to the signal electrodes 11a, 11b as an 
electrical signal, the current flowing in the direction of the 
axis of a body site (finger) where the first wearable input 
device 1 is worn is measured by utilizing a magnetic field 
(magnetic flux) produced by a current, which flows in the 
direction of the axis of the body site (part). 
10046. As shown in detail in FIG. 6A, the current sensor 13 
includes a current transformer 13a, in which a coil 131 is 
wound on a core 130. The current sensor 13 measures the 
current flowing in the direction of the axis of the body site 
(finger) encircled with the current transformer 13a based on a 
voltage produced between the ends of the coil 131 of the 
current transformer 13a by electromagnetic induction. 
0047. The current sensor 13 is so configured as described 
above, because an alternating current (AC) voltage is applied 
to the signal electrodes 11a, 11b in the first wearable input 
device 1. However, a direct current (DC) voltage signal may 
be applied as the electrical signal between the signal elec 
trodes 11a, 11b. In this case, the current sensor 13 may be 
formed of a Hall element. For example, the current sensor 13 
can be configured as a sensor, in which a Hall element is 
placed in a cut formed in an annular core. The current, which 
flows in the direction of the axis of the body site (finger), can 
be measured by the Hall element based on a magnetic field 
produced between the ends of the core comprising the cut. 
0048. The principle of operation of the first wearable input 
device 1 is described with reference to FIGS 3A and 3B. 
0049. The first wearable input device 1 is worn on a speci 
fied finger (for example, right hand forefinger) 12 and used to 
write characters or draw figures (including pictures, symbols, 
etc.) on a body part (for example, left hand palm) other than 
such a finger 12 as shown in FIG. 3A so that the trajectory of 
such a character or figure may be sensed by the first wearable 
input device 1. It is also possible, as shown in FIG.3B, to hold 
a conductive plate 5 by the left hand and write a character or 
draw a figure on the conductive plate 5 in place of direct 
writing or drawing on the palm of the other hand. The finger, 
on which the first wearable input device 1 is worn, is referred 
to as an input finger. 
0050 Thus, the first wearable input device 1 has a function 
of measuring a trajectory of movement of the input finger, and 
a function of detecting contact or separation (non-contact or 
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out-of-contact) of the top end of the input finger to and from 
the other body part of the user different from the input finger, 
respectively. With these functions, the trajectories of charac 
ters or figures, which the user expresses on abody part such as 
a palm are specified. 
0051 More specifically, for this operation, the alternating 
current signal is applied to the signal electrodes 11a, 11b of 
the first wearable input device 1 to detect whether the top end 
of the input finger of the user is in contact with or out of 
contact with the other body part of the user. 
0052. When the input finger and the other body part are 
separated and out of contact with each other (FIG. 4A), even 
when the signal is applied between the signal electrodes 11a. 
11b, the supplied signal basically flows only through the body 
site (area X) sandwiched between the signal electrodes 11a, 
11b, for example, from the signal electrode 11b to the signal 
electrode 11a. The current sensor 13 does not detect any 
current flowing therethrough and the measured current value 
1S ZO. 

0053 When the input finger and the other body part (for 
example, the other hand) are in contact with each other (FIG. 
4B), a closed annular conduction path is formed through both 
hands, both arms and the main body of the user. In this case, 
the current sensor 13 is electrically sandwiched between the 
signal electrodes 11a, 11b through a point of contact Y 
formed between both hands in the clockwise direction in FIG. 
4B. As a result, the Supplied signal also flows through the 
current sensor 13 and the measured current value (effective 
value) of the current sensor 13 becomes larger than Zero. 
0054 For example, when the user brings the input finger 
(right forefinger 12) wearing the first wearable input device 1 
into contact with the palm of the other hand at point Y as 
shown in FIG. 5A, a first closed conduction path is formed 
from the signal electrode 11b to the signal electrode 11a 
through the right arm, main body, left arm and left palm of the 
user (not shown). It is noted that, whether the input finger is in 
contact or not with the palm of the other hand, a second closed 
conduction pathis formed from the signal electrode 11b to the 
signal electrodes 11a through the area X. 
0055 Thus, when the forefinger of the right hand contacts 
the palm of the left hand, the signal Supplied to the signal 
electrode 11b flows to the signal electrode 11a not only in the 
counter-clockwise direction but also in the clockwise direc 
tion. The current sensor 13 detects this current flowing in the 
clockwise direction. As a result, it is detected based on the 
current measured by the current sensor 13 whether the input 
finger in moved to contact with or separate from the other 
body part of the user. 
0056 FIG. 5B is an equivalent circuit diagram of the mea 
surement system of the first wearable input device 1. The 
resistance of a body site, through which the alternating cur 
rent signal applied to the signal electrodes 11a, 11b flows, is 
expressed by a lumped parameter system for the sake of 
simplicity of explanation. 
0057 Resistance R11 indicated in FIG. 5B represents the 
contact resistance between the signal electrode 11a and the 
input finger. Resistance R12 represents the contact resistance 
between the signal electrode 11b and the input finger. Resis 
tance R13 represents the electrical resistance of the surface of 
the body site corresponding to the area X (FIG.1) sandwiched 
between the signal electrodes 11a, 11b. Resistance R14 rep 
resents the electrical resistance of the surface of the body site 
extended from the measurement point of the current sensor 13 
to the signal electrode 11a. 
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0.058 Resistance R15 represents the electrical resistance 
of the flow path (body's interior) of an electrical signal that 
flows through the body's interior between the signal electrode 
11a and the current sensor 13 and is propagated between the 
signal electrodes 11a, 11b. 
0059 Resistance R16 represents the electrical resistance 
of a body site extended from the signal electrode 11b on the 
input finger 12 to the palm of the left hand in a case that the 
input finger 12 of the right hand is in contact with the palm of 
the left hand of the user as shown in FIG.5A. Resistance R17 
represents the electrical resistance of a body site extended 
from the top end of the input finger to the measurement point 
of the current sensor 13. A switch SW1 represents a condition 
at the pointYbetween the input finger and the palm of the left 
hand, that is, the input finger and the left hand palm are in 
(ON) or out of (OFF) contact with each other. The current 
sensor 13 is indicated as an ammeter. 
0060. The alternate long and short dash line in FIG. 5B 
indicates the flow of an electrical signal A, which flows only 
in the area X between the signal electrodes 11a, 11b regard 
less of whether the input finger of one hand and the palm of 
the other hand are in or out of contact with each other. The 
broken line indicates the flow of an electrical signal B, which 
flows between the signal electrodes 11a, 11b when the input 
finger of one hand and the palm of the other hand are in 
contact with each other (switch SW1 is in ON state). The flow 
direction of the signal B in the first conduction path is oppo 
site to that of the signal A in the second conduction path. 
0061. When the first wearable input device 1 is worn on 
the forefinger and the forefinger is brought into or out of 
contact with the palm of the other hand, the mode of flow of 
electrical signals changes as described above. The measured 
value of current detected at the current sensor 13 is also 
varied. The first wearable input device 1 in this embodiment 
detects that fingers are brought into or out of contact with each 
other by a user's body movement based on measurement 
values varying as described above. 
0062. The top end of a forefinger with the first wearable 
input device 1 worn thereon may be brought into or out of 
contact with different body parts of the user other than the 
palm of the other hand. The top end of the forefinger with the 
first wearable input device 1 worn thereon may be brought 
into contact with the arm of the other hand of the user. Even 
when such body movement is carried out, the similar current 
change occurs in proximity to the current sensor 13. It is thus 
detected whether two body sites are in or out of contact with 
each other. 

0063. That is, the user can utilize the first wearable input 
device 1 to provide a signal indicating his/her motion to an 
external side by bringing a body site outside (finger tip side) 
of a body site where the first wearable input device 1 is worn 
into or out of any other body site. 
0064. For example, the first wearable input device 1 may 
be provided as a part of a remote operation system 100 as 
shown in FIG. 6A. 

0065. The first wearable input device 1 includes, in addi 
tion to the pair of signal electrodes 11a, 11b and the current 
sensor 13, a signal supply unit 15, a check unit 17, a triaxial 
acceleration sensor 18, a synchronous output unit 19, an 
analyzer unit 21 and a radio transmitter unit 23. 
0066. The signal supply unit 15 applies the alternating 
current signal (alternating current Voltage) to the body site 
sandwiched between the signal electrodes 11a, 11b and is 
driven by a constant Voltage or a constant current. The Sup 
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plied signal may be a triangular wave signal, a sine wave 
signal, a rectangular wave signal, a sawtooth wave signal or 
the like. 

0067. The current sensor 13 measures the current flowing 
in the direction of the axis of the body site (finger) encircled 
with the annular current transformer 13a and inputs the 
resulting measured current value to the check unit 17. 
0068. In addition to the current transformer 13a, as shown 
in FIG. 6B, the current sensor 13 includes a differential ampli 
fier circuit 13b and a rectifier 13c. The differential amplifier 
circuit 13b is connected to both ends of the coil 131 of the 
current transformer 13a, amplifies the difference between 
signals inputted from both ends of the coil 131, and outputs a 
resulting amplified signal. The rectifier 13c rectifies the out 
put signal (alternating current signal) of the differential 
amplifier circuit 13b and converts it into a direct current 
signal. The current sensor 13 thus outputs an output signal 
from the rectifier 13c as a measured current value. 

0069. The effective value of voltage produced across the 
coil 131 of the current transformer 13a is converted into the 
measured value and outputted from the current sensor 13. 
This measured value (effective value) indicates a current 
flowing in the direction of the axis of the body site on which 
the current transformer 13a is worn. 

0070. In the current sensor 13, the difference between 
signals inputted from both ends of the coil 131 is amplified by 
the differential amplifier circuit 13b. Therefore, common 
mode noise inputted from both ends of the coil 131 can be cut 
out. However, it is also possible to provide a filter between the 
differential amplifier circuit 13b and the rectifier circuit 13c 
for passing only signals of the same frequency as that of 
signals applied between the signal electrodes 11a, 11b. Thus 
the current sensor 13 can remove noise that cannot be 
removed even by the differential amplifier circuit 13b. It is 
also possible to configure the current sensor 13 So that Syn 
chronous wave-detection may be performed by using the 
signal Supplied from the signal Supply unit 15 as a reference 
signal. 
0071. The check unit 17 checks whether the input finger is 
in contact with or out of contact from the other body part 
based on the measured current value inputted from the current 
sensor 13. 

0072 Specifically the check unit 17 compares the mea 
sured current value inputted from the current sensor 13 with a 
predetermined threshold value. If the measured current value 
is greater than the predetermined threshold value, the check 
unit 17 determines that the input finger is in contact with the 
other body part of the user and outputs a condition determi 
nation value indicating the contact of the input finger to the 
synchronous output unit 19. If the measured current value is 
equal to or less than the predetermined threshold value, the 
check unit 17 determines that the input finger is out of contact 
from the other body part of the user and output a condition 
determination value indicating non-contact or separation of 
the input finger to the synchronous output unit 19. 
0073. The triaxial acceleration sensor 18 is configured to 
detect motion of the input finger by detecting acceleration 
generated therein in the X, y, Zaxes, which are orthogonal one 
another, and output the triaxial components (x, y, Z axis com 
ponents) of the detected acceleration as an acceleration mea 
Surement value. This acceleration measurement value is out 
putted to the synchronous output unit 19. The triaxial 
acceleration sensor 18 inputs into the synchronous output unit 
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19 the triaxial components of the acceleration of the input 
finger in response to the movement of the input finger. 
0074 The synchronous output unit 19 is configured to 
input the measurement data into the analyzer unit 21. The 
measurement data includes the acceleration measurement 
value and the condition determination value at each time. The 
acceleration measurement value inputted from the triaxial 
acceleration sensor 18 at each time is correlated to the deter 
mination result (condition determination value) of the check 
unit 17, which corresponds to the current measurement value 
measured at the same time. 
0075. The analyzer unit 21 is configured to time-sequen 

tially store in its built-in memory 21a the measurement data 
(data including the acceleration measurement value and the 
condition determination value) produced from the synchro 
nous output unit 19 and specify a character or a figure, which 
the user expressed, based on the group of measurement data 
stored in the memory 21a indicating the trajectory of the input 
finger. 
0076. The analyzer unit 21 is configured to execute trajec 
tory transmission processing shown in FIG. 7A. 
0077. In this processing, the analyzer unit 21 first checks at 
S110 whether the input finger is started to contact the other 
body part based on the measurement data inputted from the 
synchronous output unit 19. 
0078 S110 is repeated until the condition determination 
value indicated by the latest measurement data changes from 
a condition determination value indicating that the input fin 
ger is separated from and not in contact with the other body 
part to a condition determination value indicating that the 
input finger is in contact with the other body part. 
(0079. If the contact is started (Yes at S110), the analyzer 
unit 21 stores the measurement data inputted from the Syn 
chronous output unit 19 in the built-in memory unit 21a at 
S120. This data storing processing is repeated until it is deter 
mined at S130 that the input finger is separated from the other 
body part for a predetermined period. 
0080. If input of the condition determination value indi 
cating that the input finger is separated continues for more 
than the predetermined period (Yes at S130), the analyzer unit 
21 determines that the input finger is not in contact with the 
other body part any more. 
I0081. At S140, the analyzer unit 21 converts the accelera 
tion measurement values indicated by a series of measure 
ment data stored in the memory 21a into a position coordinate 
having a reference (point of origin) at a position, at which the 
input finger is placed when the contact is started. The mea 
Surement data is acquired after the input finger is started to 
contact until it is separated for the predetermined period. 
I0082 More specifically, the acceleration measurement 
value at each time is converted into the position coordinate of 
the input finger of each time by integrating two times in the 
time direction the acceleration measurement value (triaxial 
components of acceleration) indicated by the measurement 
data of each time stored in the memory 21a. 
I0083. After this processing, the analyzer unit 21 extracts a 
measurement data group, which includes the condition deter 
mination value indicating the contact of the input finger, from 
measurement data group acquired during a period from the 
start of contact and the continued separation of the input 
finger. The data of the measurement data group is acquired by 
conversion of the acceleration measurement value stored in 
the memory 21a into the position coordinate. 
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0084 Thus, at S150, the measurement data group indicat 
ing the position coordinate of the input finger while the input 
finger is in contact with the other body part. This extraction 
operation is shown in FIG. 7B, in which an example of move 
ment of the input finger detected by the triaxial acceleration 
sensor 18 is shown at the upper top part, the contact (solid 
line) and non-contact (dotted line) of the input finger deter 
mined by the check part 27 are shown at the upper right part, 
and the extracted trajectory of the input finger moved in 
contact with the other body part is shown at the bottom left 
part. 
I0085. At S160 following S150, only the position coordi 
nate is extracted from each measurement data extracted at 
S150 and a time-sequence data of the position coordinate 
indicated by each measurement data is generated. This time 
sequence data of the position coordinate is transmitted to an 
external device 110 through the radio transmitter unit 23. The 
external device 110 is a subject operation device in this 
embodiment. 
I0086. The analyzer unit 21 thus supplies the external 
device 110 with the trajectory data (time-sequence data of the 
position coordinate) of characters or figures, which the user 
expressed by the input finger on the other body part, through 
the radio transmitter unit 23. The external device 110 includes 
a radio receiver unit 111 and a control unit 113. The radio 
receiver unit 111 receives the data transmitted in the form of 
radio wave from the first wearable unit 1. The control unit 113 
executes processing using the received data. For example, the 
external device 110 executes processing of displaying char 
acters or figures expressed by the user on a display Screen 
based on the time-sequence data of the position coordinate 
inputted from the first wearable input device 1. 
0087. According to the first embodiment, a user can fit 
his/her finger into the first wearable input device 1 and input 
characters or figures to the external device 110 by just 
expressing Such characters or figures by moving such a finger 
on and in contact with his/her other body part such as a palm 
of his/her hand. 
0088. Therefore, notablet or stylus pen is required. Char 
acters or figures can be inputted into the external device 110 
by a small-sized device. 
0089. Further by not only measuring the trajectory of 
movement of the input finger but also detecting the contact or 
non-contact of the input finger with the other body part, the 
trajectory of a character or figure expressed by a user can be 
acquired by detecting a user's motion, which corresponds to 
contacting or separating a pen to and from a paper. 
0090 The user can thus readily input a character or figure 
into the external device 110 even if such a character or figure 
is a combination of a plurality of discontinuous strokes. That 
is, the data of trajectory of a character or figure can be inputted 
to the external device 110 so that such a character or figure, 
which the user expresses, can be recognized by the external 
device 110 or by other users accurately. 
0091 Thus, this input device is suited to input characters 
or figures and very versatile. The first wearable input device 1 
need not be configured as a single unit but may be configured 
as a combination of a plurality of element parts. For example, 
as indicated in FIG. 6A, it may be divided into two function 
parts, that is, a measurement data output part 1a and an input 
data generation part 1b, which processes the measurement 
data group and generates the input data to be transmitted to 
the external device 110. That is, the first wearable input 
device 1 may be separated into a first device including the 
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function part 1a and a second device including the function 
part 1b. In this case, the first wearable input device 1 may be 
configured Such that the first device transmits the measure 
ment data to the second device by way of radio communica 
tions. 
0092. The first wearable input device 1 need not be in a 
finger ring shape but may be enlarged in size as an arm ring or 
armlet as shown in FIGS. 4A and 4B. In this case, any fingers 
of a hand, on which the first wearable input device 1 is worn, 
can be used to as the input finger to express characters or 
figures. 
0093. It is noted that, in case of using the conductive plate 
held by the other hand different from the hand of the input 
finger as shown in FIG. 3B, the measuring system has the 
same equivalent circuit as that shown in FIG. 5. 
0094. The analyzer unit 21 may be configured to execute 
character recognition and transmission processing as shown 
in FIG. 8 in place of the trajectory transmission processing 
shown in FIG. 7A. This processing is a first modification of 
the first embodiment. 
(0095. The analyzer unit 21 executes S110 to S150, which 
are the same as those described with reference to FIG. 7A. 
0096. Following S150, the analyzer unit 21 recognizes at 
S210 a character, which the user expresses with the input 
finger, from the trajectory of the position coordinate indicated 
by the extracted measurement data group. A character may be 
recognized by evaluating the degree of agreement between 
the trajectory pattern of the position coordinate indicated by 
the measurement data group and a pre-stored trajectory pat 
tern of a subject character. 
(0097. After S210, the analyzer unit 21 transmits data indi 
cating the character recognition result to the external device 
110 through the radio transmitter unit 23 at S220. 
0098. Thus, information of the character expressed by the 
input finger is inputted into the external device 110 in the first 
modification. 
0099. As data representing the recognition result of the 
character, data representing the recognized character can be 
inputted to the external device 110. If the character cannot be 
Successfully recognized, data indicating failure in the char 
acter recognition may be transmitted to the external device 
110 as the data representing the character recognition result. 
Alternatively, if the character recognition is not successful, no 
data may be transmitted to the external device 110. 
0100 Thus, the first wearable input device 1 may be used 
as an input device for inputting characters into the external 
device 110 by configuring the analyzer unit 21 to execute the 
above-described character recognition and transmission pro 
cessing in place of the trajectory transmission processing 
shown in FIG. 7A. 
0101. Further, the user action corresponding to contacting 
or separating a pen to or from a paper can be detected and the 
trajectories of characters or figures expressed by the user, by 
detecting the contact and non-contact of the input finger with 
the other body part. As a result, characters or figures inputted 
by the input finger of the user can be recognized more accu 
rately than in the conventional device, which recognizes char 
acters based on single stroke writing. 
0102 The analyzer unit 21 may be configured to execute 
command recognition and transmission processing shown in 
FIG. 9A in place of the trajectory transmission processing 
shown in FIG. 7A and the character recognition and trans 
mission processing shown in FIG. 8. This processing is a 
second modification of the first embodiment. 
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(0103) The analyzer unit 21 executes S110 to S150, which 
are the same as those described with reference to FIG. 7A. 
0104 Following S150, the analyzer unit 21 recognizes at 
S310 a figure inputted by the input finger of the user from the 
trajectory of the position coordinate indicated by the 
extracted measurement data group. The figure includes a 
character as well. 
0105. A figure may be recognized by evaluating the degree 
of agreement between the trajectory pattern of the position 
coordinate indicated by the measurement data group and a 
pre-stored trajectory pattern of a Subject figure. 
0106 Following S310, the analyzer unit 21 specifies a 
command for the external device 110 corresponding to the 
recognized figure and generates input data indicating the 
specified command. Then, the analyzer unit 21 transmits the 
input data indicating the specified command to the external 
device 110 through the radio transmitter unit 23 at S320. 
0107 The analyzer unit 21 preferably pre-stores a concor 
dance table representing a predetermined relation between 
figures and commands as shown in FIG.9B so that the com 
mand may be specified in correspondence to the recognized 
figure by referring to the pre-stored concordance table at 
S31 O. 
0108 If the figure cannot be successfully recognized at 
S310, a predetermined command may be transmitted to the 
external device 110 through the radio transmitter unit 23. The 
predetermined command is prepared for a case of failure in 
recognition and may be a command for requesting the exter 
nal device 110 to display a message, which requests another 
input of the figure. Alternatively, if the figure recognition is 
not successful, no command may be transmitted to the exter 
nal device 110 through the radio transmitter unit 23. 
0109 Thus, information of the character expressed by the 
input finger is inputted into the external device 110 in the first 
modification. As data representing the recognition result of 
the character, data representing the recognized character can 
be inputted to the external device 110. According to the sec 
ond modification, the first wearable input device 1 may be 
used as a remote controller for the external device 110. 
0110. Further, since the input figure can be recognized 
accurately, the external device 110 is effectively prevented 
from being operated unintentionally due to erroneous recog 
nition of figures inputted by the input finger. 

Second Embodiment 

0111. A second wearable input device 2 is shown in FIGS. 
10A and 10B as a second embodiment. 
0112 The second wearable input device 2 is different from 
the first wearable input device 1 only in that voltage measure 
ment is carried out instead of the current measurement. With 
respect to the second wearable input device 2, therefore, the 
same constituent elements as in the first embodiment will be 
denoted with the same reference numerals and the description 
thereof will be simplified. 
0113. As shown in FIGS. 10A and 10B, the second wear 
able input device 2 includes, in addition to the pair of signal 
electrodes 11a, 11b, a measurement electrode 23 similarly 
formed in a ring-shape. These electrodes 11a, 11b, 23 are 
arranged in parallel at predetermined intervals along the axial 
line of the finger. Thus, the second wearable input device 2 
includes the measurement electrode 23 in place of the current 
sensor 13. 
0114. Similarly to the current sensor 13, the measurement 
electrode 23 is provided so that it is positioned in an area 
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outside the area X sandwiched between the signal electrodes 
11a, 11b. Similarly to the signal electrodes 11a, 11b, the 
measurement electrode 23 is housed in the finger ring body 10 
so that, when the second wearable input device 2 is worn on 
the finger, the inner Surface facing inward of the ring is 
exposed from the finger ring body so that the measurement 
electrode 23 is also brought into contact with the user's body 
Surface (finger Surface). 
0115 The second wearable input device 2 further includes 
a voltage measurement unit 25 and a check unit 27 in addition 
to the signal Supply unit 15, the triaxial acceleration sensor 
18, the synchronous output unit 19 and the like. The alternat 
ing current signal is applied between the signal electrodes 
11a, 11b by the signal supply unit 15 as in the first embodi 
ment. Meanwhile, voltage (effective value) produced 
between the signal electrode 11a and the measurement elec 
trode 23 is measured by the voltage measurement unit 25 and 
the resulting measured Voltage value is inputted to the check 
unit 27. 

0116. The check unit 27 checks the finger condition based 
on the measured Voltage value inputted from the Voltage 
measurement unit 25. If the measured voltage value is higher 
than a predetermined threshold value, the check unit 27 deter 
mines that the input finger wearing the second wearable input 
device 2 is in contact with the body part of the user. If the 
measured Voltage value is equal to or less than the predeter 
mined threshold value, the check unit 27 determines that the 
input finger is out of contact. The check unit 27 outputs its 
check result to the synchronous output unit 19. 
0117 The synchronous output unit 19 outputs, as mea 
Surement data, the condition determination value inputted 
from the check unit 37 and the acceleration measurement 
value inputted from the triaxial acceleration sensor 18 by 
time-synchronizing the two input data. This measurement 
data is used by the analyzer unit 21 as described with refer 
ence to FIGS. 7A, 8 and 9A. 
0118 FIG. 11 is an equivalent circuit diagram of the mea 
Surement system in the second wearable input device 2. In 
FIG. 10B, resistance R21 represents the contact resistance 
between the signal electrode 11a and the finger. Resistance 
R22 represents the contact resistance between the signal elec 
trode 11b and the finger. Resistance R28 represents the con 
tact resistance between the measurement electrode 23 and the 
finger. 
0119 Resistance R23 represents the electrical resistance 
of the body site Surface corresponding to the area X sand 
wiched between the signal electrodes 11a, 11b. Resistance 
R24 represents the electrical resistance of the body site sur 
face corresponding to the area X (FIG. 10B) sandwiched 
between the signal electrode 11a and the measurement elec 
trode 23. Resistance R25 represents the electrical resistance 
of the path through which the signal applied between the 
signal electrodes 11a, 11b flows through the body's interior 
and leaks out toward the measurement electrode 23. 

0.120. It is assumed that the second wearable input device 
2 is worn on the forefinger as the input finger and the forefin 
ger and the palm of the other hand are brought into or out of 
contact with each other as exemplified in FIGS. 3A and 3B as 
in the first embodiment. In this case, resistance R26 repre 
sents the electrical resistance of the body site extended from 
the signal electrode 11b to the palm of the other hand of the 
user through the main body and both arms of the user. Resis 
tance R27 represents the electrical resistance of the body site 
extended from the top end of the forefinger to the body site 
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where the measurement electrode 23 is worn. The voltage 
measurement unit 25 may be a voltmeter. 
0121. As described above, the resistance R25 representing 
the electrical resistance of the current flow path, through 
which a signal applied between the signal electrodes 11a, 11b 
flows through the body's interior and leaks out toward the 
measurement electrode 23, is very large to any other body 
site, though this depends on the interval between the installed 
signal electrode 11a and measurement electrode 23. If the 
input finger is out of contact with the palm of the other hand 
of the user (switch SW2 is OFF), therefore, the measured 
voltage value Voffmeasured at and outputted from the voltage 
measurement unit 25 is close to zero. If the input finger of one 
of the hands and the palm of the other hand are in contact with 
each other (switch SW2 is ON), meanwhile, the signal flows 
through the resistances R26, R27, which are sufficiently 
smaller than the resistance R25. Therefore, the measured 
voltage value Von measured by and outputted from the volt 
age measurement unit 25 is Sufficiently higher than the mea 
sured voltage value Voff. 
0122 Therefore, it can be determined whether or not the 
input finger is in contact with other body parts of the user by 
checking whether or not the measured Voltage value inputted 
from the voltage measurement unit 25 is higher than the 
predetermined threshold value. 
0123. In this embodiment, the alternating current signal is 
applied from the signal Supply unit 15 to the signal electrodes 
11a, 11b as an example. Similarly to the first embodiment, 
however, a direct current signal may alternatively be applied 
from the signal supply unit 15. 
0.124. It is also possible to provide a phase measurement 
unit in place of the voltage measurement unit 35, when the 
alternating signal is Supplied from the signal Supply unit 15. 
The phase measurement unit is configured to measure a phase 
delay of the alternating signal inputted from the measurement 
electrode 33 relative to the alternating signal supplied to the 
signal electrodes 11a, 11b based on the Voltage (alternating 
signal) developed between the signal electrode 11a and the 
measurement electrode 33. 

0125. In this instance, it is determined that, if the measured 
phase delay value is greater than and less than a predeter 
mined threshold value, the input finger is in contact with and 
out of contact from the palm of the other body part of the user, 
respectively. 

Third Embodiment 

0126. A third wearable input device 3 is shown in FIGS. 
12A and 12B as a third embodiment. 
0127. The third wearable input device 3 includes ring 
shaped signal electrodes 31a, 31b similar to the signal elec 
trodes 11a, 11b and an impedance measurement unit 35 that 
measures impedance between the pair of ring-shaped signal 
electrodes 31a, 31b. A check unit 37 checks whether the input 
finger is in or out of contact based on the measured impedance 
value (absolute value) inputted from the impedance measure 
ment unit 35 and outputs its check result to the synchronous 
output unit 19, so that the check result indicating the contact 
or non-contact of the input finger with the other body part of 
the user may be used in the same manner as in the first and the 
second embodiments. 
0128. In this third wearable input device 3, the impedance 
measurement unit 35 applies the alternating current signal 
between the ring-shaped signal electrodes 31a, 31b and mea 
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Sures a current arising therefrom to measure an impedance Z 
between the ring-shaped signal electrodes 31a, 31b. 
I0129. The impedance Zon measured by the impedance 
measurement unit 35 when the input finger is in contact at 
point Y as shown in FIG. 12B is calculated as Zon=Z1xZ2/ 
(Z1+Z2) using two impedances Z1 and Z2. The impedance 
Z1 is formed in the path between the ring-shaped signal 
electrodes 31a, 31b, through which the supplied signal flows 
through only a part of the input finger (for example, in the 
counterclockwise direction in FIG. 12B) and not by way of 
the point of contactY. The impedance Z2 is formed in the path 
between the ring-shaped signal electrodes 31a, 31b through 
which the supplied signal flows by way of the point of contact 
Y between the signal electrodes 31a, 31b (for example, in the 
clockwise direction in FIG. 12B). 
0.130. The impedance Zoff measured by the impedance 
measurement unit 35 when the input finger is out of contact 
from the other body part of the user is calculated as Zoff-Z1. 
I0131 Therefore, an inequality of Zoff>Zonholds between 
the impedances Zoff and Zon. The impedance Zoff measured 
by the impedance measurement unit 35 is large, because no 
closed current conduction pathis provided by way of the body 
part of the user. The impedance Zon measured by the imped 
ance measurement unit 35 is Small, because a closed current 
conduction pathis provided by way of the body part including 
the contact point Y. 
(0132 For the above reason, the check unit 37 makes deter 
mination as follows. If the measured impedance value Z 
inputted from the impedance measurement unit 35 is higher 
than a predetermined threshold value, it determines that the 
input finger is out of contact from the other body part of the 
user. If the measured impedance value Z is equal to or lower 
than the predetermined threshold value, it determines that the 
input finger is in contact with the other body part of the user. 
0.133 According to the third wearable input device 3, con 
tact and non-contact of the input finger with the other body 
part of the user can be detected as well. Further, the trajecto 
ries of characters or figures expressed on the palm or the like 
by the input finger of the user can be detected, even if each of 
the characters or figures is not a simple pen stroke but is a 
combination of a plurality of pen strokes. 
I0134. The impedance may be measured by supplying a 
direct current voltage to the signal electrodes 31a, 31b in 
place of Supplying the alternating current. 
0.135 The present invention is not limited to the disclosed 
embodiments but may be implemented in different ways. 
0.136 For example, the signal electrodes 11a, 11b and the 
signal supply unit 15 in the first wearable input device 1 are 
electrically separated from other constructional parts. There 
fore, the first wearable input device 1 may be separated into a 
signal Supply-side device, which includes the signal elec 
trodes 11a, 11b and the signal Supply unit 15, and a measure 
ment-side device, which includes other electrical compo 
nentS. 

0.137 In this example, the signal supply-side device may 
be worn on the forefinger of a right hand and the measure 
ment-side device may be worn as an armlet so that the similar 
closed conduction path may be formed as shown in FIG. 5A. 
The user can write characters or draw figures on the palm of 
his/her left hand by the input forefinger of his/her right hand. 
0.138. In each of the wearable input devices 1, 2, 3, the 
electrodes need not be shaped in the closed ring form. The 
electrodes may be shaped in an arc form or other forms. 

Petitioner Samsung Ex-1014, 0018



US 2010/0219989 A1 

0.139. It is preferred that the electrodes are sized large to 
contact the body of the user over a Sufficient contact area so 
that the wearable input devices 1, 2, 3 may operate stably and 
accurately. The electrodes may be pressed to the body surface 
firmly by applying biasing force to the electrodes. 
0140. The wearable input devices 1, 2, 3 may be config 
ured to output data to the external device 110 via wired 
communications in place of wireless communications. 
0141. In the above-described embodiments and modifica 
tions, the signal electrodes 11a, 11b, 31a, 31b and the signal 
Supply unit 15 operate as a signal Supply section. The current 
sensor 13 forms a signal measurement section. The check unit 
17, 27, 37 operates as a detection section. The triaxial accel 
eration sensor 18 operates as a motion detection section and a 
trajectory measurement section. The synchronous output unit 
19 operates as an output section. The analyzer unit 21 oper 
ates as the trajectory measurement section and a contact tra 
jectory acquisition section. The current flowing between the 
signal electrodes 11a, 11b, the Voltage between the signal 
electrode 11a and the measurement electrode 23 and the 
impedance between the signal electrodes 31a, 31b are mea 
Sured by the current sensor 13, the Voltage measurement unit 
25 and the impedance measurement unit 35 as the physical 
parameter of the electrical signal, respectively. 
What is claimed is: 
1. An input system comprising: 
a trajectory measurement section configured to measure a 

trajectory of movement of a specified body part of a user; 
a detection section configured to detect a contact and a 

separation of the specified body part to and from an 
another body part of the user different from the specified 
body part by body motion of the user, respectively; 

a contact trajectory acquisition section configured to 
acquire trajectory information indicating the trajectory 
of movement of the specified body part measured by the 
trajectory measurement section while the specified body 
part is detected by the detection section as being in 
contact with the another body part of the user; and 

an input information generation section configured togen 
erate input information for a Subject operation device 
based on the trajectory information acquired by the con 
tact trajectory acquisition section. 

2. The input system according to claim 1, further compris 
ing: 

a signal Supply section configured to supply an electrical 
signal to the specified body part of the user, and 

a signal measurement section configured to measure a 
physical parameter value of the electrical signal, which 
flows in the body of the user, 

wherein the detection section is configured to detect the 
contact and the separation of the specified body part 
based on the physical parameter value measured by the 
signal measurement section. 

3. The input system according to claim 2, wherein: 
the signal Supply section includes a pair of signal elec 

trodes adapted to be worn on a surface of the specified 
body part to form a closed conduction path only when 
the specified body part and the another body part of the 
user contact each other, the pair of signal electrodes 
being configured to supply an electrical signal in a body 
part sandwiched therebetween; and 

the signal measurement section includes a detector element 
configured to be worn on the specified body part in 
parallel to the pair of signal electrodes and outside the 
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pair of signal electrodes and detect the physical param 
eter value of the electrical signal flowing in the closed 
conduction path. 

4. The input system according to claim 1, wherein: 
the signal Supply section includes a pair of signal elec 

trodes adapted to be worn on a surface of the specified 
body part to form a closed conduction path only when 
the specified body part and the another body part of the 
user contact each other; 

the signal measurement section includes an impedance 
measurement section configured to measure an imped 
ance of a body part sandwiched between the pair of 
signal electrodes; and 

the detection section is configured to detect the contact and 
the separation of the specified body part based on the 
impedance measured by the impedance measurement 
section. 

5. The input system according to claim 1, wherein: 
the contact trajectory acquisition section is configured to 

acquire the trajectory information by extracting, from a 
plurality of trajectories of movement measured by the 
trajectory measurement section, the trajectory of move 
ment measured when the specified body part is detected 
as being in contact with the another body part. 

6. The input system according to claim 1, wherein: 
the input information generation section is configured to 

generate the input information based on the trajectory 
information, which is provided from detection of a start 
of the contact of the specified body part to the another 
body part until detection of continuation of the separa 
tion of the specified body part from the another body part 
for a predetermined time period. 

7. The input system according to claim 1, wherein: 
the input information generation section is configured to 

recognize a character expressed by the motion of the 
specified body part based on the trajectory information 
acquired by the contact trajectory acquisition section 
and generate recognized character information as the 
input information. 

8. The input system according to claim 1, wherein: 
the input information generation section is configured to 

recognize a figure pattern expressed by the motion of the 
specified body part based on the trajectory information 
acquired by the contact trajectory acquisition section 
and generate a command as the input information, the 
command being selected from a predetermined relation 
between predetermined figure patterns and commands. 

9. An electrical apparatus wearable on a body of a user 
comprising: 

a motion measurement section configured to measure a 
physical parameter value corresponding to trajectory of 
movement of a specified body part of the user; 

a detection section configured to detect a contact and a 
separation of the specified body part to and from an 
another body part of the userby body motion of the user, 
respectively; and 

an output section configured to output the physical param 
eter value measured by the motion measurement section 
each time in correlation with a detection result of the 
detection section of the each time. 

10. The electrical apparatus according to claim 9, further 
comprising: 

a signal Supply section configured to Supply an electrical 
signal to a body of the user; and 
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a signal measurement section configured to measure a 
physical parameter value of the electrical signal, which 
flows in the body of the user, 

wherein the detection section is configured to detect the 
contact and the separation of the specified body part 
based on the physical parameter value measured by the 
signal measurement section. 

11. The electrical apparatus according to claim 10, 
wherein: 

the signal Supply section includes a pair of signal elec 
trodes adapted to be worn on a surface of the specified 
body part to form a closed conduction path only when 
the specified body part and another body part of the user 
contact each other, the pair of signal electrodes being 
configured to Supply an electrical signal in a body part 
sandwiched therebetween; and 

the signal measurement section includes a detector element 
configured to be worn on the specified body part in 
parallel to the pair of signal electrodes and outside the 
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pair of signal electrodes and detect the physical param 
eter value of the electrical signal flowing in the closed 
conduction path. 

12. The electrical apparatus according to claim 9, wherein: 
the signal Supply section includes a pair of signal elec 

trodes adapted to be worn on a surface of the specified 
body part to form a closed conduction path only when 
the specified body part and the another body part of the 
user contact each other; 

the signal measurement section includes an impedance 
measurement section configured to measure an imped 
ance of a body part sandwiched between, the pair of 
signal electrodes; and 

the detection section is configured to detect the contact and 
the separation of the specified body part based on the 
impedance measured by the impedance measurement 
section. 
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