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1. 

ELECTRONIC DEVICE AND METHOD OF 
OPERATING AN ELECTRONIC DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

Korean Patent Application No. 10-2013-0166504, filed on 
Dec. 30, 2013, and entitled, “Electronic Device and Method 
of Operating an Electronic Device,” is incorporated by 
reference herein in its entirety. 

BACKGROUND 

1. Field 
One or more embodiments described herein relate to an 

electronic device and a method of operating the electronic 
device. 

2. Description of the Related Art 
A smart device is readily portable because of its small 

size. These smart devices are held by hand during use. To 
obviate this inconvenience, a wearable Smart device (e.g., a 
watch) has been developed to provide improved portability 
and convenience. Also, a head mounted device in the form 
of glasses has been developed. Because a wearable Smart 
device can be worn by any person, a security problem arises 
Such as invasion of privacy. 

SUMMARY 

In accordance with one embodiment, an electronic device 
includes a frame configured to be worn by a user, at least one 
strain gauge coupled to the frame, the at least one strain 
gauge configured to generate a deformation measurement 
signal indicative of an amount of Strain caused by deforma 
tion of the frame, and a control unit configured to identify 
the user wearing the frame based on the deformation mea 
Surement signal. The frame may be configured to be worn on 
a head of the user, and the electronic device may be a 
head-mounted device (HMD). 

The electronic device may include a display device con 
figured to display a result of the identification by the control 
unit. The at least one strain gauge may include an electrode 
formed in Substantially a ZigZag shape on the frame, and the 
at least one strain gauge may generate the deformation 
measurement signal based on a change in resistance of the 
electrode caused by deformation of the frame. 
The at least one strain gauge may have a semiconductor 

layer on the frame, and the at least one strain gauge may 
generate the deformation measurement signal based on a 
change in resistance of the semiconductor layer caused by 
deformation of the frame. 
The at least one strain gauge may include a first electrode 

in a comb shape on the frame; and a second electrode in the 
comb shape on the frame, wherein the first and second 
electrodes are Substantially symmetrical with each other, and 
wherein the at least one strain gauge is to generate the 
deformation measurement signal based on a change in 
capacitance between the first and second electrodes cause by 
deformation of the frame. 
The electronic device may include a memory configured 

to store at least one value of the deformation measurement 
signal corresponding to at least one authorized user, wherein 
the control unit may identify the user wearing the frame by 
comparing a value of the deformation measurement signal 
currently generated by the at least one strain gauge with the 
value of the deformation measurement signal stored in the 
memory. 
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2 
The control unit may begin to identify the user wearing 

the frame when a change in the amount of the deformation 
measurement signal is maintained below a first reference 
value for a predetermined time. After the control unit 
identifies the user wearing the frame, the control unit may 
re-identify a wearer when a change in the amount of the 
deformation measurement signal exceeds a second reference 
value. 
When the frame is deformed in a predetermined defor 

mation pattern, the at least one strain gauge may generate the 
deformation measurement signal indicating the predeter 
mined deformation pattern, and the control unit may identify 
the user based on the predetermined deformation pattern 
indicated by the deformation measurement signal. 
The frame may have a shape of glasses. The frame may 

include two rims, two lenses fixed to respective ones of the 
rims, a bridge to connect the rims, legs connected to respec 
tive ones of the rims, and a nose pad to Support the rims, 
wherein the at least one strain gauge may be located on at 
least one of the rims, bridge, legs, or nose pad. 

In accordance with another embodiment, a method of 
operating an electronic device including a wearable frame 
includes receiving at least one deformation measurement 
signal from a strain gauge located at the frame, the at least 
one deformation measurement signal indicative of an 
amount of Strain caused by deformation of the frame; and 
identifying a user wearing the frame based on the at least one 
deformation measurement signal. The frame may be con 
figured to be worn on a head of the user, and the electronic 
device may be a head-mounted device. 
The method may include displaying a result of the iden 

tification of the user. The method may include storing at least 
one value of the deformation measurement signal corre 
sponding to at least one authorized user, wherein identifying 
the user may include comparing a value of the at least one 
deformation measurement signal currently generated by the 
strain gauge with the at least one value of the deformation 
measurement signal stored in the memory. 

Identifying the user may begin when a change in amount 
of the at least one deformation measurement signal is 
maintained below a first reference value for a predetermined 
time. After the user wearing the frame is identified, a wearer 
of the frame may be re-identified when the change in the 
amount of the at least one deformation measurement signal 
exceeds a second reference value. 
When the frame is deformed in a predetermined defor 

mation pattern, the strain gauge may generate the deforma 
tion measurement signal indicating the predetermined defor 
mation pattern, and identifying the user wearing the frame 
may include identifying the user based on the predetermined 
deformation pattern indicated by the at least one deforma 
tion measurement signal. 
The frame may include two rims; two lenses fixed to 

respective ones of the rims; a bridge connecting the rims; 
two legs connected to respective ones of the rims; and a nose 
pad configured to Support the rims, wherein the strain gauge 
is located on at least one of the rims, bridge, legs, or nose 
pad. 

In accordance with another embodiment, a control appa 
ratus includes a first input port to receive at least a first strain 
signal; and a controller including the first input port, wherein 
the controller is to identify a user wearing a frame coupled 
to at least one strain gauge to output the first strain signal, 
the controller to identify the user wearing the frame based on 
deformation of the frame indicated by the at least the first 
strain signal, and wherein the controller is to control opera 
tion of an electronic device based on the user identification. 
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The control apparatus may include at least a second input 
port to receive at least a second strain signal, wherein the 
controller may include the second input port and wherein the 
first and second strain signals may be indicative of defor 
mation at different locations of the frame, the first and 
second strain signals to form a deformation profile to 
identify the user wearing the frame. 
The control apparatus may include a memory may store 

the deformation profile of the user, wherein the controller 
may identify the user wearing the frame based on a com 
parison of the deformation profile corresponding to the first 
and second strain signals and the deformation profile stored 
in the memory. 
The controller may re-identify a wearer of the frame when 

a change in at least the first strain signal exceeds a prede 
termined value. The controller may limit operation of the 
electronic device when the user is not identified as an 
authorized user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features will become apparent to those of skill in the art 
by describing in detail exemplary embodiments with refer 
ence to the attached drawings in which: 

FIG. 1 illustrates an embodiment of an electronic device; 
FIGS. 2A and 2B illustrate a strain gauge in different 

States: 
FIG. 3 illustrates another example of a strain gauge; 
FIGS. 4A and 4B illustrate another strain gauge in dif 

ferent states; 
FIG. 5A illustrates an example of a frame of an electronic 

device, FIG. 5B illustrates another example of a frame of an 
electronic device, and FIG.5C illustrates another example of 
a frame of an electronic device; 

FIG. 6 illustrates another embodiment of operating an 
electronic device; 

FIG. 7 illustrates an embodiment of operating an elec 
tronic device; and 

FIG. 8 illustrates another embodiment of operating an 
electronic device. 

DETAILED DESCRIPTION 

Example embodiments are described more fully herein 
after with reference to the accompanying drawings; how 
ever, they may be embodied in different forms and should 
not be construed as limited to the embodiments set forth 
herein. Rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully 
convey exemplary implementations to those skilled in the 
art. 

FIG. 1 illustrates an embodiment of an electronic device 
100 which includes a frame 120, at least one strain gauge 
140-1, 140-2, and 140-3, and a control unit 160. The 
electronic device 100 may also include a display device 180 
or may be coupled to a display device. 
The frame 120 may be configured to be worn by a user. 

For example, the frame 120 may have a suitable shape 
corresponding to a predetermined portion of a body, to allow 
the user to wear the electronic device 100. For example, the 
frame 200 may have a shape corresponding to the head of a 
user, e.g., the electronic device 100 may be a head mounted 
device (HMD) worn on the head of the user. In one embodi 
ment, the frame 120 may be in the shape of glasses as 
described in greater detail below with reference to FIG. 5A. 

In other embodiment, the frame 120 may have a shape of 
a helmet to be worn on the head of a user. The helmet may 
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4 
protect the head of the user from external impact. In another 
embodiment, the frame 120 may have a shape of a circlet. 
This shape allows frame 120 to be worn on the head of the 
user and may allow the electronic device 100 to have small 
Volume and light weight. Further, a circlet shape may allow 
the electronic device 100 to have a good-looking appear 
aCC. 

At least one strain gauge may be located at the frame 120. 
In FIG. 1, the three strain gauges 140-1, 140-2, and 140-3 
generate the deformation measurement signals SV1, SV2. 
and SV3 representing amounts of strain caused by defor 
mation at various locations of frame 120. At least one 
deformation measurement signal SV1, SV2, and SV3 may 
be provided to control unit 160. The control unit 160 
determines overall deformation of the frame 120 based on 
the at least one deformation measurement signal SV1, SV2. 
and SV3. 

In one embodiment, the electronic device 100 may 
include at least one strain gauge. In another embodiment, the 
electronic device 100 may include two or more strain 
gauges. In this case, control unit 160 may more accurately 
determine the deformation of the frame 120. In one embodi 
ment, the three or more strain gauge 140-1, 140-2, and 140-3 
may be included. The strain gauges in the aforementioned 
embodiments may be the same type of Strain gauge or a 
combination of different gauges. Examples of strain gauges 
that may be used include a metal resistance strain gauge, a 
Semiconductor strain gauge, and a capacitive strain gauge. 

In one embodiment, the strain gauges 140-1, 140-2 and 
140-3 may be formed on or attached to frame 120. In other 
embodiments, the strain gauges 140-1, 140-2 and 140-3 may 
be formed by a three-dimensional printer. 
The control unit 160 may identify the user who wears the 

frame 120 based on the one or more of the deformation 
measurement signals SV1, SV2, and SV3 generated by the 
one or more strain gauge 140-1, 140-2, and 140-3. For 
example, in a case where the electronic device 100 is a head 
mounted device, because each user may have a unique shape 
of a skull, the deformation measurement signals SV1, SV2. 
and SV3 of the strain gauge 140-1, 140-2, and 140-3 may be 
unique to each user. Accordingly, the user who wears the 
frame 120 may be identified based on the unique deforma 
tion measurement signals SV1, SV2, and SV3. For example, 
the control unit 160 may identify a user who wears the frame 
120 (or the electronic device 100) based on the unique 
deformation measurement signals SV1, SV2, and SV3 gen 
erated by the strain gauges 140-1, 140-2, and 140-3. 

In one embodiment, the control unit 160 may start to 
identify the user who wears the frame 120 when an amount 
of change of one or more of the deformation measurement 
signals SV1, SV2, and SV3 is maintained below a first 
reference value during a predetermined time. For example, 
when the user starts to wear the frame 120, or while the user 
wears the frame 120, the deformation measurement signals 
SV1, SV2, and SV3 of the strain gauge 140-1, 140-2, and 
140-3 may be continuously changed, and may not accurately 
represent the deformation of the frame 120 unique to the 
user. Thus, the control unit 160 may not accurately identify 
the user wearing frame 120. 

However, in one embodiment, because the control unit 
160 starts to identify the user when the amount of change of 
deformation measurement signals SV1, SV2, and SV3 is 
maintained below the first reference value during the pre 
determined time (e.g., after wearing the frame 120 is com 
pleted), the control unit 160 may accurately identify the user 
who is wearing the frame 120. 
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In one embodiment, after the control unit 160 identifies 
the user who is wearing the frame 120, the control unit 160 
may re-identify the user wearing the frame 120 when the 
amount of change in one or more of the deformation 
measurement signals SV1, SV2, and SV3 exceeds a second 
reference value. For example, after a first user finishes using 
the electronic device 100, a second user different from the 
first user may wear the frame 120 for purposes of using the 
electronic device 100. In this case, the electronic device 100 
may identify the second user who is a new user. While the 
first user takes off the frame 120 (or the electronic device 
100), or while the second user is wearing the frame 120 (or 
electronic device 100), the amount of change in at least one 
of the deformation measurement signals SV1, SV2, and/or 
SV3 may be large. 

In one embodiment, because the control unit 160 re 
identifies the user who is wearing the frame 120 when the 
change amount of one or more of the deformation measure 
ment signals SV1, SV2, and SV3 exceeds a second reference 
value, the control unit 160 may identify the new user when 
the user is wearing the frame 120, and may distinguish 
between a previous user and the new user. 

In one embodiment, the user may deform the frame 120 
in a predetermined deformation pattern. The strain gauge 
140-1, 140-2, and 140-3 may generate the deformation 
measurement signals SV1, SV2, and SV3 indicating the 
predetermined deformation pattern. The control unit 160 
may identify the user based on the predetermined deforma 
tion pattern indicated by the deformation measurement 
signals SV1, SV2, and SV3. 

For example, when the frame 120 has a shape of glasses, 
the user may stretch legs of the glasses a predetermined 
number of times. The electronic device 100 may identify the 
user by recognizing the predetermined number of times of 
stretching. In one embodiment, different deformation pat 
terns may be stored in the electronic device 100 for respec 
tive authorized users. The control unit 160 may identify the 
user by comparing a deformation pattern indicated by one or 
more of the deformation measurement signals SV1, SV2 and 
SV3 with the stored deformation patterns. 

For example, the deformation pattern may correspond to 
the number of times of the deformation (e.g., stretching the 
legs of the glasses a predetermined number of times). In 
another example, the deformation pattern may correspond to 
the number of times of the deformation and a time interval 
between the deformation (e.g., stretching the legs of the 
glasses the predetermined number of times with a time 
interval of 1 second). 
The display device 180 may display a result of the 

identification by the control unit 160. The display device 180 
may display the identification result to the user who is 
wearing the frame 120. In one embodiment, the electronic 
device 100 may be a head mounted device, and the display 
device 180 may be located proximate to an eye of the user 
to allow the user to readily view an image displayed on the 
display device 180. In one embodiment, the display device 
180 may be disposed on both eyes of the user, and respective 
display the devices 180 may display different images to 
provide a three-dimensional image. 

FIGS. 2A and 2B illustrate an example of a strain gauge 
that senses an amount of strain caused by deformation of a 
frame. In FIGS. 2A and 2B, a metal resistance strain gauge 
is illustrated as an example of the strain gauges 140-1, 
140-2, and 140-3 located at the frame 120 in FIG. 1. 

In particular, FIG. 2A illustrates a metal resistance strain 
gauge before the frame 120 of FIG. 1 is deformed, e.g., the 
strain gauge 200a in a non-deformed state. FIG. 2B illus 
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6 
trates the metal resistance strain gauge after the frame 120 
is deformed, e.g., the strain gauge 200b in a deformed State. 
As illustrated in FIGS. 2A and 2B, deformation of the frame 
120 may be sensed by this metal resistance Strain gauge 
transitioning from non-deformed to deformed States. 
The metal resistance strain gauge may include a wire or 

a thin film formed of a metal in a ZigZag shape, where a 
length of the wire or thin film extending in an X direction in 
which a strain is sensed is longer than that of the wire or thin 
film extending in a Y direction perpendicular to the X 
direction. The metal wire or the metal thin film may be 
formed on or attached to the frame 120 illustrated in FIG. 1. 
When a portion of the frame 120 of FIG. 1 is deformed 

(for example, extended in the X direction), strain may be 
applied to the metal resistance strain gauge on the portion of 
the frame 120 of FIG. 1. Further, due to ductility of metal, 
as illustrated in FIG. 2B, metal resistance strain gauge may 
be also deformed (for example, extended in the X direction 
in which the portion of the frame 120 of FIG. 1 is extended) 
by the applied strain. 
As a result, a width B of the wire or the thin film of the 

deformed metal resistance strain gauge 200b may be smaller 
than a width A of the wire or the thin film of the original 
metal resistance strain gauge 200a. Further, a total length 
(L'N, where N is the number of the wire or thin film 
extending in the X direction) of the deformed metal resis 
tance strain gauge 200b may be increased by (L'-L)*N. 
compared with a total length (L*N) of the original metal 
resistance strain gauge 200a. 

Because a resistance of a wire (or a thin film) is propor 
tional to a length of the wire and is inversely proportional to 
a width of the wire, a resistance of the deformed metal 
resistance strain gauge 200b may be increased compared 
with that of the original metal resistance strain gauge 200a. 
Further, because the resistance of the metal resistance strain 
gauge 200a and 200b is increased depending on the applied 
strain, the applied strain may be measured by measuring the 
resistance of the metal resistance strain gauge 200a and 
2OOb. 
As described above, the resistance of the metal resistance 

strain gauge 200a and 200b may be measured. Thus, the 
strain applied to the metal resistance strain gauge 200a and 
200b may be measured based on the measured resistance. 
Further, based on the measured strain, the deformation of the 
frame 120 of FIG. 1 may be measured. 

FIG. 3 illustrates another example of a strain gauge that 
senses an amount of strain caused by deformation of a 
frame. Referring to FIG. 3, a semiconductor Strain gauge 
300 may include a semiconductor layer 350 formed on a 
frame 320. In one embodiment, semiconductor strain gauge 
300 may further include an adhesive layer 340 between 
frame 320 and semiconductor layer 350. The semiconductor 
layer 350 may be formed of single crystal silicon. 

Lead wires L1 and L2 may be coupled to respective ends 
of the semiconductor layer 350. A resistance of semicon 
ductor layer 350 may be measured based on a voltage 
between lead wires L1 and L2 and a current flowing through 
the lead wires L1 and L2. Due to a piezoresistive effect, the 
resistance of the semiconductor layer 350 may be changed 
depending on a strain (or a stress) applied to the semicon 
ductor layer 350. Further, because deformation of the frame 
320 may cause strain on the semiconductor layer 350, the 
deformation of the frame 320 may be measured by measur 
ing the resistance of the semiconductor layer 350. 

FIGS. 4A and 4B are diagrams illustrating another 
example of a strain gauge that senses an amount of strain 
caused by deformation of a frame. In FIGS. 4A and 4B, a 
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capacitive strain gauge 400a and 400b is illustrated as an 
example of strain gauges 140-1, 140-2, and 140-3 located at 
frame 120 in FIG. 1. 

In particular, FIG. 4A illustrates capacitive strain gauge 
before the frame 120 is deformed (e.g., in a non-deformed 
state 400a), and FIG. 4B illustrates the capacitive strain 
gauge after the frame 120 is deformed (e.g., in a deformed 
state 400b). As illustrated in FIGS. 4A and 4B, deformation 
of the frame 120 may be sensed by the capacitive strain 
gallge. 
The capacitive strain gauge may include a first electrode 

(420a in the non-deformed state and 420b in the deformed 
state) in a comb shape on the frame 120 of FIG. 1. The 
capacitive strain gauge may also include a second electrode 
(44.0a in the non-deformed state and 440b in the deformed 
state) in the comb shape on the frame 120 of FIG.1. The first 
electrode and second electrode may be disposed Substan 
tially symmetrically (for example, point-symmetrically) 
with each other. 

The first electrode may include a plurality of metal wires 
or metal thin films in the form of the teeth of the comb, 
which extend in a Y direction perpendicular to an X direc 
tion in which a strain is sensed. The first electrode may serve 
as one electrode of a capacitor. 
The second electrode may include a plurality of metal 

wires or metal thin films in the form of the teeth of the comb, 
which extend in the Y direction perpendicular to the X 
direction in which the strain is sensed. The metal wires or 
metal thin films of the second electrode are separated from 
the metal wires or metal thin films of the first electrode. The 
second electrode may serve as another electrode of the 
capacitor. 

Before the frame 120 is deformed, the capacitive strain 
gauge 400a may not be deformed and the plurality of metal 
wires or metal thin films of the first electrode 420a may be 
spaced apart by a predetermined distance C from the plu 
rality of metal wires or metal thin films of the second 
electrode 440a. Because the first electrode 420a and the 
second electrode 440a are spaced apart from each other, the 
first electrode 420a and the second electrode 440a may form 
the capacitor having a predetermined capacitance. 

After the frame 120 is deformed, the capacitive strain 
gauge 400b may be deformed and the distance C between 
the metal wires or metal thin films of first electrode 420b and 
the metal wires or metal thin films of the second electrode 
440b may be increased to a distance D, as illustrated in FIG. 
4B. As a result, because the capacitance of a capacitor is 
inversely proportional to a distance between two electrodes 
of the capacitor, the capacitance between the first electrode 
420a and 420b and the second electrode 440a and 440b may 
be changed according to the deformation of frame 120. 

For example, when the frame 120 of FIG. 1 is extended 
in the X direction in which the strain is sensed, the distance 
C in FIG. 4A may be increased to the distance D. Because 
the capacitance between the first electrode 420a and 420b 
and the second electrode 440a and 440b is inversely pro 
portional to distance C and D between the first and the 
second electrodes 420a, 420b, 44.0a and 440b, the capaci 
tance between the first electrode 420a and 420b and the 
second electrode 440a and 440b may be decreased. 

FIG. 5A illustrates an example of a frame 500 of an 
electronic device, wherein the frame 500 is a pair of glasses. 
In one embodiment, the frame 500 may include two rims 
510, two lenses 520, a bridge 530, two legs 540, and at least 
one nose pad 550. 

The rims 510 hold the lenses 520. The lenses 520 may be 
formed of a transparent material. In one embodiment, the 
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8 
lenses 520 may block light having a particular wavelength. 
The bridge 530 connects the two rims 510. The two legs 540 
are connected to the two rims 510, respectively. The two legs 
540 may be parallel to each other, and may extend in a 
direction perpendicular to a direction of the bridge 530 
connecting the rims 510. The nose pad 550 may support the 
rims 510. 

According to one embodiment, at least one strain gauge 
140-1, 140-2, and/or 140-3 in FIG. 1 may be located on at 
least one of rims 510, the lenses 520, the bridge 530, the legs 
540, or the nose pad 550. As the number of the strain gauges 
disposed on frame 500 increases, deformation of frame 500 
may be more accurately measured. 

FIG. 5B illustrates another example of a frame 620 of an 
electronic device. In this embodiment, frame 620 is in the 
shape of a circlet. At least one strain gauge 640-1, 640-2, 
640-3, 640-4, and 640-5 may be located at the frame 620. A 
user who wears the frame 620 may be identified based on a 
deformation measurement signal generated by the at least 
one strain gauge 640-1, 640-2, 640-3, 640-4, and 640-5. As 
the number of the strain gauge 640-1, 640-2, 640-3, 640-4, 
and 640-5 disposed on the frame 620 increases, deformation 
of the frame 620 may be more accurately measured. 

FIG. 5C is a diagram illustrates another example of a 
frame 720 in the shape of a watch. At least one strain gauge 
740-1, 740-2, 740-3, 740-4, and 740-5 may be located at the 
frame 720. A user who wears the frame 720 may be 
identified based on a deformation measurement signal gen 
erated by the at least one strain gauge 740-1, 740-2, 740-3, 
740-4, and 740-5. As the number of the strain gauges 740-1, 
740-2, 740-3, 740-4, and 740-5 on the frame 720 increases, 
deformation of the frame 720 may be more accurately 
measured. In one embodiment, the display device 780 may 
display a result of the identification of the user. 

FIG. 6 illustrating an embodiment of an electronic device 
800 which includes a frame 820, at least one strain gauge 
840-1, 840-2, and 840-3, a control unit 860, and a memory 
890. The frame 820 and at least one strain gauge 840-1, 
840-2 and 840-3 may be the same as or similar to the frame 
120 and the strain gauges 140-1, 140-2, and 140-3 in FIG. 
1. 
The memory 890 may store each value of a deformation 

measurement signal SV1, SV2, and SV3 of the strain gauges 
840-1, 840-2, and 840-3 caused by deformation of frame 
820 when at least one user wears the frame 820. In one 
embodiment, storing the value of deformation measurement 
signal SV1, SV2, and SV3 in the memory 890 may be 
performed in a setting mode. When a user wears the frame 
820 after storing the values of the deformation measurement 
signals SV1, SV2, and SV3, the control unit 860 may 
identify the user by comparing the values of deformation 
measurement signals SV1, SV2, and SV3 currently gener 
ated by strain gauges 840-1, 840-2 and 840-3 with the value 
of deformation measurement signals SV1', SV2 and SV3' 
stored in memory 890. 

For example, in a setting mode, strain gauges 840-1, 
840-2, and 840-3 may generate deformation measurement 
signals SV1, SV2, and SV3 unique to each authorized user. 
The unique deformation measurement signals SV1, SV2. 
and SV3 may be stored in the memory 890 with respect to 
the authorized user. In normal operation mode after the 
setting mode, when the user wears the frame 820, the control 
unit 860 may compare the value of the currently generated 
deformation measurement signals SV1, SV2, and SV3 with 
the values of the stored deformation measurement signals 
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SV1', SV2', and SV3". Based on this comparison, a deter 
mination is made as to whether the current user is an 
authorized user. 

FIG. 7 illustrates an embodiment of a method of operating 
an electronic device, which includes a frame configured to 
be worn by a user. In this method, at least one strain gauge 
located at the frame generates a deformation measurement 
signal representing an amount of strain caused by deforma 
tion of the frame (S120). The user wearing the frame may be 
identified based on the deformation measurement signal 
(S140). A result of the identification of the user may be 
displayed (S.160). 

Referring to FIG. 7, the strain gauge at the frame gener 
ates the deformation measurement signal representing the 
amount of strain caused by deformation of the frame when 
the user wears the frame (S120). The amount of strain 
represented by the deformation measurement signal may 
correspond to an amount of the deformation of the frame. 

At least one strain gauge may be formed on or attached to 
the frame. In one embodiment, the at least one strain gauge 
may be formed by a three-dimensional printer. 

In one embodiment, two or more strain gauges may be 
located at the frame. The deformation of the frame may be 
more accurately measured based on deformation measure 
ment signals generated by the two or more strain gauges. 
The strain gauge may be a metal resistance strain gauge, a 
Semiconductor strain gauge, a capacitive strain gauge, or a 
combination thereof in a multiple strain gauge embodiment. 
The user wearing the frame may be identified based on the 

deformation measurement signal(s) (S140). For example, in 
a case where the electronic device is a head mounted device, 
because each user has a unique skull shape, deformation 
measurement signal(s) of the strain gauge(s) may be unique 
to each user. Accordingly, the user wearing the frame (or 
electronic device) may be identified based on the unique 
deformation measurement signal(s). 

In one embodiment, identifying the user wearing the 
frame may be initiated when one or more deformation 
measurement signal(s) change and that change is maintained 
below a first reference value during a predetermined time. 
For example, when a user starts to wear the frame, or while 
the user is wearing the frame, the deformation measurement 
signal(s) of the Strain gauge(s) may continuously change, 
and may not accurately represent the deformation of the 
frame unique to the user. Thus, the user wearing the frame 
may not be accurately identified based on the continuously 
changing deformation measurement signal(s). 

However, in one embodiment, because identifying the 
user may be initiated when the amount of change of the 
deformation measurement signal(s) is maintained below the 
first reference value during the predetermined time (for 
example, after wearing the frame is completed), the user 
wearing the frame may be accurately identified. 

In one embodiment, after identifying the user wearing the 
frame, the user wearing the frame may be re-identified when 
the amount of change of one or more of the deformation 
measurement signals exceeds a second reference value. For 
example, after a first user completes using the electronic 
device, a second different user may wear the frame for 
purposes of using the electronic device. In this case, the 
electronic device may identify the second user who is a new 
USC. 

While the first user takes off the frame (or electronic 
device), or while the second user wears the frame (or 
electronic device), the amount of change in the deformation 
measurement signal(s) may be large. The user wearing the 
frame may be re-identified when the amount of change in the 
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10 
deformation measurement signal(s) exceeds a second refer 
ence value. Thus, the new user may be accurately identified 
when the new user wears the frame, and may be distin 
guished from the previous user. 

In one embodiment, the user may deform the frame in a 
predetermined deformation pattern. Each strain gauge may 
generate the deformation measurement signal indicating the 
predetermined deformation pattern. The user may be iden 
tified based on the predetermined deformation pattern indi 
cated by the deformation measurement signal. For example, 
in a case where the frame has a shape of glasses, the user 
may stretch legs of the glasses a predetermined number of 
times. The user may be identified by recognizing the pre 
determined number of times the legs are stretched. 

In one embodiment, different deformation patterns may 
be stored in the electronic device with respect to respective 
authorized users. The user may be identified by comparing 
a deformation pattern indicated by the deformation mea 
Surement signal with the stored deformation patterns. For 
example, the deformation pattern may correspond to the 
number of times of the deformation (e.g., stretching the legs 
of the glasses the predetermined number of times). In other 
examples, the deformation pattern may correspond to the 
number of times of the deformation and a time interval 
between the deformation (e.g., stretching the legs of the 
glasses the predetermined number of times with a time 
interval of 1 second). 
A result of the identification of the user may be displayed 

(S.160). The identification result may be displayed to the user 
wearing the frame, to allow the user to see the identification 
result. In one embodiment, the electronic device may be a 
head mounted device, and the display device may be located 
proximate to an eye of the user to allow the user to readily 
See an image displayed on the display device. In one 
embodiment, the display device may be disposed on both 
eyes of the user, and respective display devices may display 
different images to provide a three-dimensional image. 

FIG. 8 illustrates another embodiment of a method of 
operating an electronic device, which includes a frame 
configured to be worn by a user. In the method of FIG. 8, a 
value of at least one deformation measurement signal cor 
responding to at least one authorized user is previously 
stored in memory (S220). When a user wears the frame, at 
least one strain gauge located at the frame generates a 
deformation measurement signal representing an amount of 
strain caused by deformation of the frame (S240). The user 
wearing the frame is identified by comparing a value of the 
deformation measurement signal currently generated by the 
strain gauge with the value of the previously stored defor 
mation measurement signal (S260). 

For example, respective values of deformation measure 
ment signals caused by deformation of the frame may be 
stored for different users (S220). In one embodiment, the 
value of the deformation measurement signal may be stored 
in a memory included in the electronic device in a setting 
mode. When a user wears the frame in normal operation 
mode, the strain gauge may generate the deformation mea 
surement signal (S240). The user wearing the frame may be 
identified by comparing a value of the currently generated 
deformation measurement signal with the value of the 
previously stored deformation measurement signal (S260). 

Because each deformation measurement signal is unique 
to each authorized user, a current user may be accurately 
identified by comparing the currently generated deformation 
measurement signal with the previously stored deformation 
measurement signal. 
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Of course, deformation measurement signals from a plu 
rality of gauges may be stored to form a distribution profile 
of strain values correspond to deformation unique to each 
user. Currently measured signals from the strain gauges may 
then be compared with the distribution profile stored in 
memory for each user, to identify the person who is currently 
wearing the frame. 

The electronic device may be any electronic device 
including a frame configured to be worn by a user. For 
example, the electronic device may be a wearable computer, 
a wearable digital camera, a wearable video camcorder, a 
watch, a wearable Smart phone, a wearable multimedia 
player, a wearable personal digital assistant, a wearable 
music player, or a wearable cellular phone, to name a few. 
By way of Summation and review, a Smart device may be 

adapted to be worn by a person. However, security problems 
may arise. Such as an invasion of privacy, when an unau 
thorized user wears the device. 

In accordance with one or more of the aforementioned 
embodiments, to provide for secure access, a person wearing 
a smart device may be accurately identified before being 
allowed to use the device. If identification of an authorized 
user does no occur, a control circuit in the device may block 
access to and/or operation of the device until an authorized 
user is identified. For example, when the device has a 
head-mounted device, the head mounted device should be in 
a locked State to prevent the invasion of privacy. 

In accordance with one or more of the aforementioned 
embodiments, a wearable electronic device and method are 
provided that can identify a wearer as a pre-requisite to 
allowing the device to be used. 

Example embodiments have been disclosed herein, and 
although specific terms are employed, they are used and are 
to be interpreted in a generic and descriptive sense only and 
not for purpose of limitation. In some instances, as would be 
apparent to one of ordinary skill in the art as of the filing of 
the present application, features, characteristics, and/or ele 
ments described in connection with a particular embodiment 
may be used singly or in combination with features, char 
acteristics, and/or elements described in connection with 
other embodiments unless otherwise specifically indicated. 
Accordingly, it will be understood by those of skill in the art 
that various changes in form and details may be made 
without departing from the spirit and scope of the present 
invention as set forth in the following claims. 

What is claimed is: 
1. An electronic device, comprising: 
a frame to be worn by a user; 
at least one strain gauges coupled to the frame, the at least 

one strain gauges to generate a deformation measure 
ment signal indicative of an amount of strain caused by 
deformation of the frame; and 

a control unit to identify the user wearing the frame based 
on the deformation measurement signal, 

wherein, when the frame is deformed in a predetermined 
deformation pattern having a predetermined number of 
times of deformation and a predetermined time interval 
between deformation, the at least one strain gauge is to 
generate the deformation measurement signal indicat 
ing the predetermined deformation pattern, and the 
control unit is to identify the user based on the prede 
termined deformation pattern indicated by the defor 
mation measurement signal. 

2. The electronic device as claimed in claim 1, wherein: 
the frame is to be worn on a head of the user, and 
the electronic device is a head-mounted device (HMD). 
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3. The electronic device as claimed in claim 1, further 

comprising: 
a display device to display a result of the identification by 

the control unit. 
4. The electronic device as claimed in claim 1, wherein: 
the at least one strain gauge includes an electrode formed 

in Substantially a ZigZag shape on the frame, and 
the at least one strain gauge is to generate the deformation 

measurement signal based on a change in resistance of 
the electrode caused by the deformation of the frame. 

5. The electronic device as claimed in claim 1, wherein: 
the at least one strain gauge has a semiconductor layer on 

the frame, and 
the at least one strain gauge is to generate the deformation 

measurement signal based on a change in resistance of 
the semiconductor layer caused by the deformation of 
the frame. 

6. The electronic device as claimed in claim 1, wherein 
the at least one strain gauge includes: 

a first electrode in a comb shape on the frame; and 
a second electrode in the comb shape on the frame, 
wherein the first and second electrodes are substantially 

symmetrical with each other, and wherein the at least 
one strain gauge is to generate the deformation mea 
Surement signal based on a change in capacitance 
between the first and second electrodes caused by 
deformation of the frame. 

7. The electronic device as claimed in claim 1, further 
comprising: 

a memory to store at least one value of the deformation 
measurement signal corresponding to at least one 
authorized user in a setting mode, wherein the control 
unit is to identify the user wearing the frame by 
comparing a value of the deformation measurement 
signal currently generated by the at least one strain 
gauge with the value of the deformation measurement 
signal stored in the memory in an operation mode. 

8. The electronic device as claimed in claim 1, wherein 
the control unit is to begin to identify the user wearing the 
frame when an amplitude of the deformation measurement 
signal is maintained below a first reference value for a 
predetermined time. 

9. The electronic device as claimed in claim 1, wherein, 
after the control unit identifies the user wearing the frame, 
the control unit is to re-identify a wearer when an amplitude 
of the deformation measurement signal exceeds a second 
reference value. 

10. The electronic device as claimed in claim 1, wherein 
the frame has a shape of glasses. 

11. The electronic device as claimed in claim 10, wherein 
the frame includes: 
two rims; 
two lenses fixed to respective ones of the rims; 
a bridge to connect the rims; 
two legs connected to respective ones of the rims; and 
a nose pad to Support the rims, wherein the at least one 

strain gauge is located on at least one of the rims, 
bridge, legs, or nose pad. 

12. A method of operating an electronic device including 
a wearable frame, the method comprising: 

receiving at least one deformation measurement signal 
from at least one strain gauges located at the frame, the 
at least one deformation measurement signal indicative 
of an amount of strain caused by deformation of the 
frame; and 

identifying a user wearing the frame based on the defor 
mation measurement signal, 
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wherein, when the frame is deformed in a predetermined 
deformation pattern having a predetermined number of 
times of deformation and a predetermined time interval 
between deformation, the at least one strain gauge is to 
generate the deformation measurement signal indicat 
ing the predetermined deformation pattern, and the user 
is identified based on the predetermined deformation 
pattern indicated by the deformation measurement sig 
nal. 

13. The method as claimed in claim 12, further compris 
ing: 

displaying a result of the identification of the user. 
14. The method as claimed in claim 12, further compris 

ing: 
storing at least one value of the deformation measurement 

signal corresponding to at least one authorized user in 
a setting mode, wherein identifying the user includes: 

comparing a value of the deformation measurement signal 
currently generated by the at least one strain gauge with 
the at least one value of the deformation measurement 
signal stored in a memory in an operation mode. 

15. A control apparatus, comprising: 
a first input port to receive a first strain signal; 
a second input port to receive a second strain signal; and 
a controller including the first and second input ports, 

wherein the controller is to receive the first and second 
Strain signals through the first and second input ports, 
respectively and to identify a user wearing a frame 
coupled to first and second strain gauges to output the 
first and second strain signals, respectively, the con 
troller to identify the user wearing the frame based on 
the first and second strain signals caused by deforma 
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tion of the frame, and wherein the controller is to 
control operation of an electronic device based on the 
user identification, 

wherein, when the frame is deformed in a predetermined 
deformation pattern having a predetermined number of 
times of deformation and a predetermined time interval 
between deformation, the first and second strain gauges 
are to generate the first and second strain signals 
indicating the predetermined deformation pattern, and 
the controller is to identify the user based on the 
predetermined deformation pattern indicated by the 
first and second strain signals. 

16. The control apparatus as claimed in claim 15, 
wherein the first and second strain signals are indicative 

of deformation at different locations of the frame, the 
first and second strain signals to form a deformation 
profile to identify the user wearing the frame. 

17. The control apparatus as claimed in claim 16, further 
comprising: 

a memory to store the deformation profile of the user, 
wherein the controller is to identify the user wearing the 

frame based on a comparison of the deformation profile 
corresponding to the first and second strain signals and 
the deformation profile stored in the memory. 

18. The control apparatus as claimed in claim 15, wherein 
the controller is to re-identify a wearer of the frame when an 
amplitude of the first strain signal exceeds a predetermined 
value. 

19. The control apparatus as claimed in claim 15, wherein 
the controller limits operation of the electronic device when 
the user is not identified as an authorized user. 
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