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SENSOR SYSTEM AND METHOD OF
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of Korean Patent Application No. 10-2013-0023368,
filed on Mar. 5, 2013, in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated herein
by reference for all purposes.

BACKGROUND

[0002] 1.Field

[0003] The following description relates to an sensor sys-
tem and a method of operating the same.

[0004] 2. Description of Related Art

[0005] An electromyography (EMG) signal, which is a sig-
nal measuring electrical activity produced by skeletal muscle,
may be used for rehabilitation applications or to assist a user
interface. An EMG sensor for sensing the signal may monitor
muscle relaxations and contractions. Signal quality may be
high or low based on the location of the EMG sensor while
attached to the skin surface.

[0006] Similarly, other biological signals are affected by
the location of sensors while attached to a skin surface, and
signal quality generally is related to sensor position and loca-
tion. Examples of other biological signals include electrocar-
diography (EKG) signals, electroencephalography (EEG)
signals, among others.

[0007] Accordingly, the location of the EMG sensor on the
skin surface is important. However, it is difficult for a person
lacking anatomical knowledge to attach an EMG sensor to an
intended location above a particular muscle for which elec-
trical activity is to be sensed.

SUMMARY

[0008] In a first general aspect, there is provided a device
for measuring a biological signal, the device including elec-
trodes configured to collect measurements from a subject;
and a control unit configured to select electrode combina-
tions, each of the electrode combinations comprising at least
two electrodes, and to determine an optimal electrode com-
bination by comparing signal sizes measured for the selected
electrode combinations.

[0009] The biological signal may be an electromyography
(EMG) signal; the electrodes may be configured to be in
contact with the subject; and the optimal electrode combina-
tion may be used to sense the EMG signal from the subject.
[0010] The electrodes may include an electrode and other
electrodes; and the control unit may select the electrode com-
binations by grouping the electrode with each of the other
electrodes in a sequential manner.

[0011] The control unit may determine that a combination
of the electrode and one of the other electrodes is the optimal
electrode combination in response to that combination mea-
suring a largest signal size.

[0012] The control unit may control a single differential
amplifier to measure a signal size by connecting the single
differential amplifier with the at least two electrodes of the
electrode combination.

[0013] The device may further include a guide unit config-
ured to provide a command to move the subject from which
measurements are to be taken according to a pattern, wherein
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the control unit may compare a signal size of the electrode
combinations without the movement having an effect on the
comparing.

[0014] The pattern may correspond to one or a combination
of a muscle contraction and a muscle relaxation.

[0015] The guide unit may provide the pattern in a form of
graphical information or audio information.

[0016] The bracelet member may be configured to be worn
by a subject from whom measurements are to be taken, and to
support the electrodes with sensing surfaces of the electrodes
being in contact with the subject; and a switch may be pro-
vided on the bracelet member to connect and switch between
the electrodes, wherein the control unit may select the elec-
trode combinations using the switch.

[0017] In another general aspect, there is provided a
method of operating a sensing device for measuring a bio-
logical signal, the method including providing electrodes
configured to collect measurements from a subject; selecting
electrode combinations, each of the electrode combinations
comprising at least two electrodes; and determining an opti-
mal electrode combination by comparing signal sizes mea-
sured for the selected electrode combinations.

[0018] The biological signal may be an electromyography
(EMG) signal; the providing of the electrodes may include
providing electrodes that are configured to be in contact with
the subject; and the determining of the optimal electrode
combination may include determining the optimal electrode
combination to be used to sense the EMG signal from the
subject.

[0019] The electrodes may include an electrode and other
electrodes; and the selecting of the electrode combinations
may include selecting the electrode combinations by group-
ing the electrode with each of the other electrodes in a sequen-
tial manner.

[0020] The determining of the optimal electrode combina-
tion may include determining that a combination of the elec-
trode and one of the other electrodes is the optimal electrode
combination in response to that combination measuring a
largest signal size.

[0021] Themethod may further include controlling a single
differential amplifier to measure a signal size by connecting
the single differential amplifier with the at least two elec-
trodes of the electrode combination.

[0022] The method may further include providing a com-
mand to move the subject from which measurements are to be
taken according to a pattern; and comparing a signal size of
the electrode combinations without the movement having an
effect on the comparing.

[0023] The providing of the command may include provid-
ing a command to move the subject according to a pattern
corresponding to one or a combination of a muscle contrac-
tion and a muscle relaxation.

[0024] The providing of the command may include provid-
ing the pattern in a form of graphical information or audio
information.

[0025] Inanother general aspect, there is provided a device
for measuring a signal, the device including: sensors config-
ured to collect measurements from a subject; and an output
unit configured to measure signals sensed by the sensors,
wherein pairs of the sensors are sequentially connected to the
output unit for determining a pair of sensors having an opti-
mal signal.

[0026] The sensors may be arranged on a bracelet accord-
ing to a shape.
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[0027] The optimal signal may be determined by compar-
ing signal sizes of signals sensed by each pair of the pairs of
the sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a diagram illustrating an example of an
electromyography (EMG) sensor system.

[0029] FIG. 2 is a diagram illustrating an example of
sequential electrode combination selection by a switch.
[0030] FIG. 3 is a graph illustrating an example of a com-
parison of signal sizes for optimal electrode combination
determination.

[0031] FIG. 4 is a diagram illustrating an example of opti-
mal electrode combination determination for a subject mov-
ing in a predetermined pattern.

[0032] FIG. 5 is a flowchart illustrating an example of a
method of operating the EMG sensor system.

DETAILED DESCRIPTION

[0033] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding of
the methods, apparatuses, and/or systems described herein.
However, various changes, modifications, and equivalents of
the systems, apparatuses and/or methods described herein
will be apparent to one of ordinary skill in the art. Also,
descriptions of functions and constructions that are well
known to one of ordinary skill in the art may be omitted for
increased clarity and conciseness.

[0034] Throughout the drawings and the detailed descrip-
tion, the same reference numerals refer to the same elements.
The drawings may not be to scale, and the relative size,
proportions, and depiction of elements in the drawings may
be exaggerated for clarity, illustration, and convenience.
[0035] The features described herein may be embodied in
different forms, and are not to be construed as being limited to
the examples described herein. Rather, the examples
described herein have been provided so that this disclosure
will be thorough and complete, and will convey the full scope
of the disclosure to one of ordinary skill in the art.

[0036] The term “electrode” as used herein may represent
an element or component to sense a signal generated from a
subject from which measurements are to be taken while in
contact with the corresponding subject. The sensed signal
may be input to a differential amplifier with another signal
sensed by another electrode, and may be used to measure an
electromyography (EMG) signal for the corresponding sub-
ject.

[0037] Forexample, when a measurement is to be taken for
amuscle, aplurality of electrodes may be attached to different
locations on the human skin above the muscle in order to
sense the signals generated from the muscle. The sensed
signals may be input in pairs to a differential amplifier and
may be used to measure an EMG signal for the muscle.
[0038] The plurality of electrodes in an array may be sup-
ported in a bracelet member worn by the corresponding sub-
ject. In this example, the sensing surfaces of the electrodes of
the bracelet member may be in contact with the subject. Each
of the electrodes of the bracelet member may sense signals
generated from the muscle concurrently at each of their
respective locations.

[0039] In an example, an EMG sensor system may input at
least two signals among the sensed signals to a differential
amplifier in a sequential manner by a switching action. The
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sensor system may measure a size of each signal and deter-
mine an optimal electrode combination allowing a largest
signal size. This allows subsequent EMG signals to be mea-
sured accurately through the determined optimal electrode
combination.

[0040] FIG. 1 is a diagram illustrating an example of an
EMG sensor system 100.

[0041] Referring to FIG. 1, the EMG sensor system 100
includes electrodes 110 and a control unit 120. In an example,
the EMG sensor system 100 may include a bracelet member
130, a guide unit 140, and a switch 150.

[0042] In this example, the electrodes 110 collect signals
from a subject from which measurements are to be taken
while in contact with the subject. In this example, the portion
of the subject from which measurements are taken corre-
sponds to amuscle of an organism. This allows the electrodes
110 to measure an EMG signal. Alternatively, signals such as
electrocardiograms (EKG) for heart activity, electroencepha-
lograms (EEG) for brain activity, and other physiological
signals may be measured using the electrodes 110.

[0043] The electrodes 110 may be spaced apart according
to a predetermined array, and may be attached to and contact-
ing skin above the subject’s muscle. This allows the elec-
trodes 110 to sense various signals generated from the
muscle. The signals may correspond to a signal generated in
association with the muscle, for example, a bio-electric/mag-
netic/optic signal, a bio-impedance signal, a bio-mechanical
signal, and the like.

[0044] In this example, to collect signals having a high
signal to noise ratio (SNR), the electrodes 110 are disposed at
an exact location corresponding to a trunk or a bulging central
part of the muscle from which measurements are to be taken.
However, a number of muscles, a location, a structure of
muscle differentiation, and a function may be different for
each individual, and finding optimal locations of the elec-
trodes 110 while satisfying these differences may be very
difficult.

[0045] For example, wrist muscles which are responsible
for the movement of fingers and the wrist include about
thirteen muscles on the forearm side. Further, these muscles
may be arranged in overlapping layers. Accordingly, it may
be impossible for a person lacking anatomical knowledge to
locate and attach the electrodes 110 to a most favorable loca-
tion for measurement.

[0046] Therefore, in an example, the EMG sensor system
may further include the bracelet member 130 to support the
plurality of electrodes 110 in a spacing pattern which corre-
sponds to a predetermined array.

[0047] Inthisexample, the bracelet member 130 is worn by
the subject and supports the electrodes 110. The sensing
surfaces of the electrodes 110 are in contact with the subject
from which measurements are to be taken. The sensing sut-
faces sense signals generated from the subject, for which
direct measurements are to be taken, while in contact with the
subject. The bracelet member 130 supports the electrodes 110
for allowing the electrodes 110 to sense various signals of the
subject. For example, the signals that may be measured
include bio-electric/magnetic/optic signals, bio-impedance
signals, bio-mechanical signals, and the like.

[0048] Forexample, when the bracelet member 130 is worn
on the subject’s wrist, the bracelet member 130 may wrap
around the skin above the wrist muscles so that an area of the
bracelet member 130 supporting the plurality of electrodes
110 may cover at least the wrist muscles. Accordingly, the
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bracelet member 130 enables collection of the signals
through the plurality of electrodes 110 which are placed over
all the muscles in the wrist from which measurements are to
be taken.

[0049] The EMG sensor system 100 may determine the
optimal electrode combination to be an electrode pair allow-
ing the largest signal size among the plurality of electrodes
110 supported in the bracelet member 130. The EMG sensor
system 100 may enable measurement of subsequent EMG
signals for the corresponding subject through the determined
optimal electrode combination in order to achieve high reli-
ability EMG signal measurements.

[0050] In this example, the EMG sensor system 100
includes a control unit 120. The control unit 120 selects an
electrode combination n number of times, each electrode
combination including at least two electrodes among the plu-
rality of electrodes 110. Here, ‘n’ denotes a natural number
greater than or equal to two, and the control unit 120 may
select the electrode combination n number of times.

[0051] For example, the control unit 120 selects the elec-
trode combinations by grouping a first electrode and a second
electrode among the plurality of electrodes 110 in a sequen-
tial manner.

[0052] Forexample, if the electrodes 110 include nine elec-
trodes in a 3x3 array, the control unit 120 determines an
arbitrary electrode among the nine electrodes to be a first
electrode and one of the remaining eight electrodes to be a
second electrode. Thus, the control unit 120 selects eight
electrode combinations by grouping the first electrode and the
second electrode in a sequential manner. Subsequently, the
control unit 120 re-determines an arbitrary electrode among
the remaining eight electrodes, aside from the previously
selected first electrode, to be a first electrode. Thus, the con-
trol unit 120 selects seven electrode combinations by group-
ing the newly determined first electrode and the remaining
second electrodes in a sequential manner. This electrode pair-
ing may be performed iteratively. Accordingly, in this
example, the control unit 120 selects a total number of com-
binations equal to (9-1)!=36 for nine electrodes in a 3x3
array.

[0053] In this example, the control unit 120 determines an
optimal electrode combination to be used for sensing the
EMG signal by comparing signal sizes measured for each of
the electrode combinations. In an example, the signal sizes
are measured through an operation by a differential amplifier
160.

[0054] For example, the control unit 120 determines the
optimal electrode combination to be a combination of the first
electrode and the second electrode when a largest signal size
is measured. In this example, the control unit 120 controls the
single differential amplifier 160 to measure the signal sizes by
contacting the single differential amplifier 160 with the at
least two electrodes included in the electrode combination.
[0055] During the measurement of the signal sizes by the
differential amplifier 160, the EMG sensor system 100 may
induce the subject to make a movement for obtaining opti-
mum measurement. Accordingly, the EMG sensor system
100 may further include a guide unit 140 to provide a com-
mand to move the corresponding subject in a predetermined
pattern.

[0056] In this example, the guide unit 140 provides a com-
mand to move the muscle or muscles for which measurements
are taken in a pattern corresponding to contraction and/or
relaxation.
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[0057] Forexample, when the muscles for which measure-
ments are taken are wrist muscles, the guide unit 140 may
provide a command associated with a wrist raising pattern to
contract the wrist muscles to a maximum extent. This allows
measurement of the signal sizes for each of the electrode
combinations under the highest tension. Also, in another
example, the guide unit 140 may provide a command associ-
ated with a wrist laying-down pattern to reduce the tension of
the wrist muscles. This allows measurement of the signal
sizes for each of the electrode combinations under relaxation.
[0058] Inthisexample, the command provided by the guide
unit 140 for subject movement according to a predetermined
pattern may ensure equal conditions for measuring the signal
sizes using each of the electrode combinations. This ensures
reliability in the subsequent comparison of the signal sizes.
[0059] Theguide unit 140 may provide the pattern in a form
of graphical information or audio information. Accordingly,
the guide unit 140 may be connected to a display to provide
the pattern in a form of graphical information by displaying
the pattern. For example, the guide unit 140 may induce the
maximum contraction of the wrist muscles from which mea-
surements are to be taken by displaying graphical information
associated with a wrist raising movement through the external
display.

[0060] In another example, the guide unit 140 may be con-
nected to a speaker to provide the pattern in the form of audio
information by voicing the pattern to be performed. For
example, the guide unit 140 may induce the maximum relax-
ation of the wrist muscles from which measurements are to be
taken by outputting audio information associated with a wrist
laying-down movement through the external speaker.

[0061] Inthis example, the EMG sensor system 100 allows
measurement of the signal sizes for each of the electrode
combinations under the same condition. For example, the
EMG sensor system 100 allows measurement in a condition
having maximum signal size output from the corresponding
electrode combinations.

[0062] Inthe selection of electrode combinations, the EMG
sensor system 100 may select a particular electrode pair to be
an electrode combination by switching between the plurality
of electrodes 110. Accordingly, the EMG sensor system 100
may further include a switch 150.

[0063] In this example, the switch 150 selects a first elec-
trode to be connected with an input terminal of the differential
amplifier 160 and a second electrode to be connected with an
opposite input terminal of the differential amplifier 160 by a
sequential switching action.

[0064] Hereinafter, a further detailed description of select-
ing the electrode combination by the switch 150 is provided
with reference to FIG. 2.

[0065] FIG. 2 is a diagram illustrating an example of
sequential electrode combination selection by a switch.

[0066] Referring to FIG. 2, a bracelet member 210 may
support a plurality of electrodes 211-219 having a predeter-
mined array spacing. The plurality of electrodes 211-219 may
have a diameter in a range of several millimeters (mm) to
several centimeters (cm). The electrode diameter may be
determined based on a magnitude of the SNR and a width of
the bracelet member 210.

[0067] Eachoftheelectrodes 211-219 may be connected to
the two input terminals of the differential amplifier 220 with
a switch. The switch may select an electrode pair among the
electrodes 211-219 in a sequential manner by switching
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between the electrodes 211-219 and establishing a connec-
tion to the input terminals of the differential amplifier 220.
[0068] Inthisexample, the switch selects electrode combi-
nations by switching ON and OFF the electrodes 211-219 and
the differential amplifier 220 in an alternating manner. Also,
the control unit 120 may determines the optimal electrode
combination an electrode combination which allows the larg-
est signal size while the subject maintains a gesture or posi-
tion.

[0069] Forexample, in FIG. 2, an arbitrary electrode 211 is
determined as the first electrode and a signal sensed by the
electrode 211 may be input to an input terminal of the differ-
ential amplifier 220 by closing the switch between the elec-
trode 211 and the differential amplifier 220. Also, signals
sensed by the second electrodes 212-219 may be input to an
opposite input terminal of the differential amplifier 220 by
closing the switches between the second electrodes 212-219
and the differential amplifier 220. In this example, the
switches for the second electrode 212-219 may be closed ina
sequential manner under the control of the control unit 120 of
FIG. 1.

[0070] Subsequently, the control unit 120 may arbitrarily
determine a different electrode 212 among the remaining
eight electrodes 212-219 as the first electrode, and select
seven electrode combinations by grouping the electrode 212
with the remaining seven electrodes 213-219 in a sequential
manner. This electrode combination selection may be per-
formed iteratively until all possible electrode combinations
resulting from combining the nine electrodes 211-219 are
selected.

[0071] The differential amplifier 220 may measure a signal
size for a corresponding electrode combination each time a
signal is input through the two opposite input terminals.
Accordingly, in this example, the control unit 120 forms a
plurality of electrode combinations by a switching action,
each electrode combination including a first electrode and a
second electrode, and the differential amplifier 220 measures
a signal size for each of the plurality of electrode combina-
tions. Subsequently, the control unit 120 determines an elec-
trode combination as the optimal combination allowing the
largest signal size among the measured signal sizes. This
allows the electrode pair having the highest quality EMG
signal to be set automatically for optimum recognition of
subsequent user gestures.

[0072] In an example, the EMG sensor system determines
the optimal electrode pair allowing the highest quality EMG
signal using a bracelet. Thus, despite a user’s lack of anatomi-
cal knowledge about individual muscles, the position of the
electrodes may be optimized. Also, in this example, the EMG
sensor system enables efficient use of a gesture user interface
(UI) through the determined electrode pair.

[0073] Further, in this example, the EMG sensor system has
a power consumption reduction effect in a mobile environ-
ment by using a fewer number of differential amplifiers than
the number of electrodes or by using a single differential
amplifier.

[0074] FIG. 3 is a diagram illustrating an example of opti-
mal electrode combination determination through signal size
comparison.

[0075] Referring to FIGS. 2 and 3, the EMG sensor system
selects a plurality of electrode combinations, each electrode
combination including at least two electrodes of the bracelet
member 210, and compares signal sizes of the electrode com-
binations.
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[0076] For example, the EMG sensor system selects elec-
trode 211 as a first electrode and each of the remaining elec-
trodes 212-219 as a second electrode. Electrode combina-
tions are formed by grouping the electrode 211 with each of
the second electrodes 212-219 in a sequential manner.
[0077] Subsequently, the EMG sensor system measures the
signal size for each of the electrode combinations and com-
pares the measured signal sizes.

[0078] InFIG. 3, an example of comparing signal sizes for
two electrode combinations among the plurality of selected
electrode combinations is illustrated.

[0079] In (a) of FIG. 3, a signal size measured for a com-
bination of the electrode 211 and the electrode 212 of FIG. 2
1s illustrated. In this example, the differential amplifier 220 of
FIG. 2 receives an input of the signal sensed by the electrode
211 and an input of the signal sensed by the electrode 212
through the two input terminals. The differential amplifier
220 measures a signal size for a combination of the electrode
211 and the electrode 212.

[0080] Also, the differential amplifier 220 may receive an
input of the signal sensed by the electrode 211 and the signal
sensed by the electrode 217 through the input terminals. The
differential amplifier 220 measures a signal size for a combi-
nation of the electrode 211 and the electrode 217 as shown in
(b) of FIG. 3.

[0081] Subsequently, the EMG sensor system may com-
pare the signal size shown in (a) of FIG. 3 to the signal size
shown in (b) of FIG. 3, and determine the combination of the
electrode 211 and the electrode 217 to be an electrode com-
bination allowing a larger signal size during the same mea-
surement period.

[0082] Accordingly, in this example, the EMG sensor sys-
tem recognizes that the signal size measured for the combi-
nation of the electrode 211 and the electrode 217 is largest,
and determines that the combination of the electrode 211 and
the electrode 217 is the optimal electrode combination.
[0083] FIG. 4 is a diagram illustrating an example of opti-
mal electrode combination determination for a subject mov-
ing in a predetermined pattern.

[0084] Referring to FIG. 4, in 410, the guide unit 140 of
FIG. 1 induces a subject to move a body part, from which
measurements are to be taken using the bracelet member 400,
in apredetermined pattern. In this example, the bracelet mem-
ber 400 wraps around the wrist for measuring signals affili-
ated with wrist muscles. The guide unit 140 may provide
audio information through a speaker instructing a user to raise
the wrist or move the wrist according to a particular pattern.

[0085] Inthis example, as the wrist is raised, muscles of the
wrist are contracted and each of the electrodes supported in
the bracelet member 400 obtain a signal generated from the
wrist muscles.

[0086] In 420, the control unit 120 selects electrode com-
binations among the plurality of electrodes in a sequential
manner. The control unit 120 selects the electrode combina-
tions by pairing the electrodes iteratively through switching
between the electrodes in such a state that sensing surfaces of
the electrodes are in contact with the wrist. For each of the
selected electrode combinations, each electrode included in
the electrode combination may be connected to each input
terminal of the differential amplifier 160 of FIG. 1. Subse-
quently, the differential amplifier 160 may measure a signal
size of an EMG signal for a corresponding electrode combi-
nation.
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[0087] 1In 430, after the signal size is measured for each of
the selected electrode combinations, the control unit 120
determines the electrode combination which allows the larg-
est signal size of the EMG signal to be the optimal electrode
combination. For example, the control unit 120 may deter-
mine and verify which electrode combination allows the larg-
est signal size by comparing the EMG signal sizes measured
during the same sensing period.

[0088] In this example, the electrode pair determined to be
the optimal electrode combination are regarded as electrodes
disposed at the optimum location to sense the signal gener-
ated from the muscle which measurements are taken. For
example, this optimal location may be a trunk of the muscle.
This optimal location may be used for measuring subsequent
EMG signals.

[0089] However, the electrode pair determined to be the
optimal electrode combination may be valid only for the
subject wearing the bracelet member 400 and from which
measurements are to be taken. When the bracelet member 400
is moved and worn by another subject, the EMG sensor sys-
tem may determine a different pair of electrodes as the opti-
mal electrode combination.

[0090] In an example, the EMG sensor system determines
the optimal electrode pair for measurement of an EMG signal
in a simple manner by providing a switch-type connection
structure to connect a plurality of electrodes attached to an
inner surface of a bracelet with a fewer number of differential
amplifiers than the number of electrodes.

[0091] Further, in an example, the EMG sensor system
enables a user to make a gesture of a predetermined pattern
using the bracelet member, and provides a method of auto-
matically determining an electrode-differential amplifier
pathway allowing the largest signal size of the EMG signal.

[0092] Hereinafter, a further detailed description of opera-
tion of the EMG sensor system 100 is provided.

[0093] FIG. 5 is a flowchart illustrating an example of a
method of operating the EMG sensor system.

[0094] Referring to FIG. §, in 510, the EMG sensor system
maintains a plurality of electrodes to collect signals from a
subject from which measurements are to be taken. In 510, the
plurality of electrodes collect signals from the subject from
which measurements are to be taken while in contact with the
corresponding subject. In this example, the body part of the
subject from which measurements are to be taken may cor-
respond to, for example, a muscle of the subject requiring
measurement of an EMG signal.

[0095] The plurality of electrodes may be spaced apart
according to a predetermined array and may be attached to
and in contact with skin above the muscle in order to sense
various signals generated from the muscle. The signals may
correspond to signals generated in association with the
muscle, for example, bio-electric/magnetic/optic signals,
bio-impedance signals, bio-mechanical signals, and the like.
[0096] In this instance, to collect signals having a high
SNR, disposing the electrodes at an exact location corre-
sponding to a trunk or a bulging central part of the muscle
from which measurements are to be taken may be important.
However, a number of muscles, a location, a structure of
muscle differentiation, and a function may be different for
each individual, and finding an optimal location of the elec-
trodes while satisfying these differences may be rather diffi-
cult.

[0097] For example, wrist muscles responsible for the
movement of the fingers and the wrist may include about
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thirteen muscles on the forearm side, and these muscles may
be arranged in overlapping layers. Accordingly, it may be
impossible for a person lacking anatomical knowledge to
locate and attach the electrodes to a most favorable location
for measurement.

[0098] Accordingly, a plurality of electrodes may be sup-
ported in the bracelet member according to a predetermined
array spacing.

[0099] When the bracelet member is worn by the subject
from which measurements are to be taken, the bracelet mem-
ber may support the plurality of electrodes with sensing sur-
faces of the electrodes in contact with the corresponding
subject. The sensing surfaces may correspond to surfaces for
sensing signals generated from the subject, and for direct
measurement of signals while in contact with the correspond-
ing subject. The bracelet member may suppott the plurality of
electrodes in order to sense various signals such as bio-elec-
tric/magnetic/optic signals, bio-impedance signals, bio-me-
chanical signals, and the like.

[0100] For example, when the bracelet member is worn on
the wrist, the bracelet member may wrap around the skin
above the wrist muscles so that an area of the bracelet member
supporting the plurality of electrodes may cover at least the
wrist muscles. Accordingly, the bracelet member may enable
collection of the signals through the plurality of electrodes
contacting all wrist muscles from which measurements are to
be taken.

[0101] In520, the EMG sensor system selects an electrode
combination an n number of times, each electrode combina-
tion including at least two electrodes among the plurality of
electrodes. Here, ‘n’ denotes a natural number greater than or
equal to two, and the EMG sensor system selects electrode
combinations an n number of times corresponding to a total
number of iterations that may be considered from the plural-
ity of electrodes.

[0102] In520,the EMG sensor system selects the electrode
combination by grouping a first electrode and a second elec-
trode among the plurality of electrodes in a sequential man-
ner.

[0103] When the plurality of electrodes include nine elec-
trodes having a 3x3 array spacing, the EMG sensor system
determines an arbitrary electrode among the nine electrodes
to be a first electrode and one of the remaining eight elec-
trodes to be a second electrode. Accordingly eight electrode
combinations may be selected by grouping the first electrode
and the second electrodes in a sequential manner. Subse-
quently, the EMG sensor system may re-determine an arbi-
trary electrode (i.e. determine a new electrode) among the
remaining eight electrodes (not including the previously
determined first electrode) to be the newly determined first
electrode. Seven electrode combinations may be selected by
grouping the re-determined first electrode and the remaining
second electrodes other than the re-determined first electrode
in a sequential manner. This electrode pairing may be per-
formed iteratively, and for nine electrodes having a 3x3 array
spacing, the control unit 120 may select a total number of
electrode combinations equal to (9-1)!=36.

[0104] In 530, the EMG sensor system determines an opti-
mal electrode combination to be used for sensing the EMG
signal by comparing signal sizes measured for each of the
selected electrode combinations. In this example, the signal
sizes may be measured through an operation by the differen-
tial amplifier 160.
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[0105] 1n 530, the EMG sensor system determines an elec-
trode pair allowing the largest signal size among the plurality
of electrodes supported in the bracelet member as the optimal
electrode combination. This enables measurement of subse-
quent EMG signals for the corresponding subject through the
determined optimal electrode combination to achieve high
reliability EMG signal measurements.

[0106] For example, the EMG sensor system may deter-
mine a combination of the first electrode and the second
electrode when a largest signal size is measured as the optimal
electrode combination. In this example, the EMG sensor sys-
tem controls a single differential amplifier to measure the
signal sizes by contacting the single differential amplifier
with the at least two electrodes included in the electrode
combination.

[0107] Inthe measurement of the signal sizes by the differ-
ential amplifier, the EMG sensor system may induce the
corresponding subject to make a movement for optimum
measurement. Accordingly, the EMG sensor system provides
a command to move a body part to be measured according to
a predetermined pattern.

[0108] In an example, the EMG sensor system provides a
command to move muscles in a pattern corresponding to
contraction and/or relaxation.

[0109] For example, when the muscles from which mea-
surements are to be taken correspond to wrist muscles, the
EMG sensor system may provide acommand associated with
a wrist raising pattern to contract the wrist muscles to a
maximum extent. This allows measurement of signal sizes for
each of the electrode combinations under the highest tension.
Also, according to another example, the EMG sensor system
may provide a command associated with a wrist laying-down
pattern to reduce the tension of the wrist muscles. This allows
measurement of the signal size for each of the electrode
combinations under relaxation.

[0110] The command provided requesting movement of
the body part in accordance with a predetermined pattern may
ensure equal conditions for measuring the signal sizes of each
of the electrode combinations. This ensures reliability in the
subsequent comparison of the signal sizes.

[0111] Also, the EMG sensor system may provide the pat-
tern in a form of graphical information or audio information.
Accordingly, the EMG sensor system may be connected to a
display to provide the pattern in a form of graphical informa-
tion by displaying the pattern. For example, the EMG sensor
system may induce the maximum contraction of the wrist
muscles from which measurements are to be taken by dis-
playing graphical information associated with the wrist rais-
ing pattern through an external display.

[0112] Also, in another example, the EMG sensor system
may be connected to a speaker to provide the pattern in the
form of audio information by voicing the pattern to be per-
formed. For example, the EMG sensor system may induce the
maximum relaxation of the wrist muscles from which mea-
surements are to be taken by outputting audio information
associated with the wrist laying-down pattern through an
external speaker.

[0113] Accordingly, the EMG sensor system allows mea-
surement of the signal sizes for each of the electrode combi-
nations under the same condition, such as a condition where
a maximum level of a signal size is output for each corre-
sponding electrode combination.

[0114] In this example, the EMG sensor system selects a
particular electrode pair to be an electrode combination by
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switching between the plurality of electrodes. Accordingly,
the EMG sensor system further includes a switch.

[0115] Forexample, the switch selects a first electrode to be
connected with an input terminal of the differential amplifier
and a second electrode to be connected with an opposite input
terminal of the differential amplifier by a sequential switch-
ing action.

[0116] Inthis example, the EMG sensor system determines
an optimal electrode pair by providing a switch-type connec-
tion structure to connect a plurality of electrodes attached to
an inner surface of a bracelet with a fewer number of differ-
ential amplifiers than the number of the electrodes.

[0117] While the Specification describes electrodes foruse
with a biological signal such as an EEG, it should be appre-
ciated that the description provided also includes determining
the best position or location for sensors in general. In addi-
tion, it is noted that the differential amplifier may be an output
unit which receives the sensed signal from the sensors or
electrodes to determine the best position of the sensors.
[0118] Also, the EMG sensor system may enable a user to
make a gesture of a predetermined pattern while wearing the
bracelet member, and provide a method of automatically
determining the electrode-differential amplifier pathway
allowing the largest signal size of the EMG signal.

[0119] The EMG sensor system 100, electrodes 110, con-
trol unit 120, bracelet member 130, guide unit 140, switch
150, and differential amplifier 160 described above may be
implemented using one or more hardware components, or a
combination of one or more hardware components and one or
more software components. A hardware component may be,
for example, a physical device that physically performs one or
more operations, butis not limited thereto. Examples of hard-
ware components include controllers, microphones, amplifi-
ers, low-pass filters, high-pass filters, band-pass filters, ana-
log-to-digital converters, digital-to-analog converters, and
processing devices.

[0120] A processing device may be implemented using one
or more general-purpose or special-purpose computers, such
as, for example, a processor, a controller and an arithmetic
logic unit, a digital signal processor, a microcomputer, a
field-programmable array, a programmable logic unit, a
microprocessor, or any other device capable of running soft-
ware or executing instructions. The processing device may
run an operating system (OS), and may run one or more
software applications that operate under the OS. The process-
ing device may access, store, manipulate, process, and create
data when running the software or executing the instructions.
For simplicity, the singular term “processing device” may be
used in the description, but one of ordinary skill in the art will
appreciate that a processing device may include multiple
processing elements and multiple types of processing ele-
ments. For example, a processing device may include one or
more processors, or one or more processors and one or more
controllers. In addition, different processing configurations
are possible, such as parallel processors or multi-core proces-
SOrS.

[0121] Sofiware orinstructions for controlling a processing
device, such as those described in FIGS. 3, 4, and 5, to
implement a software component may include a computer
program, a piece of code, an instruction, or some combination
thereof, for independently or collectively instructing or con-
figuring the processing device to perform one or more desired
operations. The software or instructions may include machine
code that may be directly executed by the processing device,
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such as machine code produced by a compiler, and/or higher-
level code that may be executed by the processing device
using an interpreter. The software or instructions and any
associated data, data files, and data structures may be embod-
ied permanently or temporarily in any type of machine, com-
ponent, physical or virtual equipment, computer storage
medium or device, or a propagated signal wave capable of
providing instructions or data to or being interpreted by the
processing device. The software or instructions and any asso-
ciated data, data files, and data structures also may be distrib-
uted over network-coupled computer systems so that the soft-
ware or instructions and any associated data, data files, and
data structures are stored and executed in a distributed fash-
ion.

[0122] For example, the software or instructions and any
associated data, data files, and data structures may be
recorded, stored, or fixed in one or more non-transitory com-
puter-readable storage media. A non-transitory computer-
readable storage medium may be any data storage device that
is capable of storing the software or instructions and any
associated data, data files, and data structures so that they can
be read by a computer system or processing device. Examples
of a non-transitory computer-readable storage medium
include read-only memory (ROM), random-access memory
(RAM), flash memory, CD-ROMs, CD-Rs, CD+Rs,
CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs, DVD+Rs,
DVD-RWs, DVD+RWs, DVD-RAMs, BD-ROMs, BD-Rs,
BD-R LTHs, BD-REs, magnetic tapes, floppy disks, mag-
neto-optical data storage devices, optical data storage
devices, hard disks, solid-state disks, or any other non-tran-
sitory computer-readable storage medium known to one of
ordinary skill in the art.

[0123] Functional programs, codes, and code segments for
implementing the examples disclosed herein can be easily
constructed by a programmer skilled in the art to which the
examples pertain based on the drawings and their correspond-
ing descriptions as provided herein.

[0124] While this disclosure includes specific examples, it
will be apparent to one of ordinary skill in the art that various
changes in form and details may be made in these examples
without departing from the spirit and scope of the claims and
their equivalents. The examples described herein are to be
considered in a descriptive sense only, and not for purposes of
limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to similar
features or aspects in other examples. Suitable results may be
achieved if the described techniques are performed in a dif-
ferent order, and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-
nents or their equivalents. Therefore, the scope of the disclo-
sure is defined not by the detailed description, but by the
claims and their equivalents, and all variations within the
scope of the claims and their equivalents are to be construed
as being included in the disclosure.

What is claimed is:
1. A device for measuring a biological signal, the device
comprising:
electrodes configured to collect measurements from a sub-
ject; and
a control unit configured to select electrode combinations,

each of the electrode combinations comprising at least
two electrodes, and to determine an optimal electrode
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combination by comparing signal sizes measured for the
selected electrode combinations.

2. The device of claim 1, wherein

the biological signal is an electromyography (EMG) sig-
nal,

the electrodes are configured be in contact with the subject;
and

the optimal electrode combination is to be used to sense the
EMG signal from the subject.

3. The device of claim 1, wherein

the electrodes comprise an electrode and other electrodes;
and

the control unit selects the electrode combinations by
grouping the electrode with each of the other electrodes
in a sequential manner.

4. The device of claim 3, wherein the control unit deter-
mines that a combination of the electrode and one of the other
electrodes is the optimal electrode combination in response to
that combination measuring a largest signal size.

5. The device of claim 1, wherein the control unit controls
a single differential amplifier to measure a signal size by
connecting the single differential amplifier with the at least
two electrodes of the electrode combination.

6. The device of claim 1, further comprising;

a guide unit configured to provide a command to move the
subject from which measurements are to be taken
according to a pattern,

wherein the control unit compares a signal size of the
electrode combinations without the movement having
an effect on the comparing.

7. The device of claim 6, wherein the pattern corresponds to
one or a combination of a muscle contraction and a muscle
relaxation.

8. The device of claim 6, wherein the guide unit provides
the pattern in a form of graphical information or audio infor-
mation.

9. The device of claim 1, further comprising:

a bracelet member configured to be worn by a subject from
whom measurements are to be taken, and to support the
electrodes with sensing surfaces of the electrodes being
in contact with the subject; and

a switch provided on the bracelet member to connect and
switch between the electrodes,

wherein the control unit selects the electrode combinations
using the switch.

10. A method of operating a sensing device for measuring

a biological signal, the method comprising:

providing electrodes configured to collect measurements
from a subject;

selecting electrode combinations, each of the electrode
combinations comprising at least two electrodes; and

determining an optimal electrode conibination by compar-
ing signal sizes measured for the selected electrode com-
binations.

11. The method of claim 10, wherein

the biological signal is an electromyography (EMG) sig-
nal;

the providing of the electrodes comprises providing elec-
trodes that are configured to be in contact with the sub-
ject; and

the determining ofthe optimal electrode combination com-
prises determining the optimal electrode combination to
be used to sense the EMG signal from the subject.
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12. The method of claim 10, wherein

the electrodes comptrise an electrode and other electrodes;

and

the selecting of the electrode combinations comprises

selecting the electrode combinations by grouping the
electrode with each of the other electrodes in a sequen-
tial manner.

13. The method of claim 12, wherein the determining of the
optimal electrode combination comprises determining that a
combination of the electrode and one of the other electrodes
is the optimal electrode combination in response to that com-
bination measuring a largest signal size.

14. The method of claim 10, further comprising:

controlling a single differential amplifier to measure a sig-

nal size by connecting the single differential amplifier
with the at least two electrodes of the electrode combi-
nation.
15. The method of claim 10, further comprising:
providing a command to move the subject from which
measurements are to be taken according to a pattern; and

comparing a signal size of the electrode combinations
without the movement having an effect on the compar-
ing.
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16. The method of claim 15, wherein the providing of the
command comprises providing a command to move the sub-
ject according to a pattern corresponding to one or a combi-
nation of a muscle contraction and a muscle relaxation.

17. The method of claim 15, wherein the providing of the
command comprises providing the pattern in a form of
graphical information or audio information.

18. A device formeasuring a signal, the device comprising:

sensors configured to collect measurements from a subject;
and

an output unit configured to measure signals sensed by the
sensors,

wherein pairs of the sensors are sequentially connected to
the output unit for determining a pair of sensors having
an optimal signal.

19. The device of claim 18, wherein the sensors are
arranged on a bracelet according to a shape.

20. The device of claim 18, wherein the optimal signal is
determined by comparing signal sizes of signals sensed by
each pair of the pairs of the sensors.
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