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Description
BACKGROUND
1. Field

[0001] Apparatuses and methods consistent with ex-
emplary embodiments relate to measuring a signal from
an object and obtaining bio-information by using an im-
age sensor.

2. Description of Related Art

[0002] Generally, as examples of methods of non-in-
vasively measuring blood pressure without causing pain
or discomfort to the human body, there are a method of
measuring blood pressure through cuff-based pressure
measurementand a method of estimating blood pressure
through pulse wave measurement without a cuff.
[0003] The cuff-based blood pressure measurement
method may include a Korotkoff-sound method and an
oscillometric method. In the Korotkoff-sound method, a
cuff is wrapped around an upper arm, a pressure inside
the cuffis increased, and blood pressure is measured by
listening to sound produced in a blood vessel by a steth-
oscope along with the reduction of the pressure in the
cuff. In the oscillometric method, which uses an automat-
ed machine, a cuff pressure is increased after a cuff is
wrapped around an upper arm, a pressure inside the cuff
is continuously monitored by gradually reducing the cuff
pressure, and then blood pressure is measured based
on a point where a large change in pressure signal oc-
curs.

[0004] As cuff-less blood pressure measurement
methods, there are generally a method of estimating
blood pressure by calculating a pulse transit time (PTT)
and a pulse wave analysis (PWA) method of estimating
blood pressure by analyzing a pulse waveform.

SUMMARY

[0005] Accordingto anaspectofanexemplary embod-
iment, there is provided an apparatus for measuring a
signal, including: a sensor configured to generate pixel
data representing a fingerprint image of an object by de-
tecting light scattered or reflected from the object; and a
processor configured to acquire the fingerprint image of
the object based on the pixel data and acquire a pulse
wave signal based on the fingerprint image and the pixel
data.

[0006] The processor may be further configured to set
a region of interest (ROI) on the fingerprint image and
acquire the pulse wave signal based on intensities of
pixels in the ROl among the pixel data.

[0007] The pulse wave signal may include a photop-
lethysmography (PPG) signal.

[0008] The processor may be further configured to es-
timate an amplitude value of the PPG signal based on
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the intensities of the pixels in the ROI.

[0009] The processor may be further configured to es-
timate the amplitude value of the PPG signal by calcu-
lating atleast one of an average, a median value, a lowest
value, and a highest value of the intensities of the pixels.
[0010] The processor may be further configured to ex-
tract a feature point from the fingerprint image and set
the ROI based on at least one of a position and an ori-
entation of the feature point.

[0011] The feature point may include a fingerprint core
point.

[0012] The processor may be further configured to
generate information to guide a user to change of a po-
sition of the object in response to the position of the fea-
ture point being outside a predetermined normal range
on the fingerprint image.

[0013] The apparatus may further include one or more
light emitting diodes (LEDs) or one or more laser diodes
as a light source configured to emit the light to the object.

[0014] The apparatus may further include a display
panel as a light source configured to emit the light to the
object.

[0015] The apparatus may further include a light

source configured to emit the light to the object in a pre-
determined light emission pattern under the control of
the processor, and the light emission pattern may include
at least one of an emission color and an emission shape
including atleast one of a straightline shape, a concentric
circle shape, a rectangular shape, and a diagonal shape.
[0016] The sensormay include a pixel array configured
to detect the light scattered or reflected from the object
and each pixel may include at least one of a photodiode
and a photo transistor.

[0017] According to an aspect of another exemplary
embodiment, there is provided a method of measuring a
signal, including: generating pixel data representing a
fingerprintimage of an object by detecting light scattered
or reflected from the object; acquiring a fingerprintimage
of the object based on the pixel data; and acquiring a
pulse wave signal based on the acquired fingerprint im-
age and the pixel data.

[0018] The acquiring the pulse wave signal may in-
clude setting a region of interest (ROI) on the fingerprint
image and acquiring the pulse wave signal based on in-
tensities of pixels in the ROl among the pixel data.
[0019] The acquiring the pulse wave signal may further
include extracting a feature point from the fingerprint im-
age and the setting of the ROl comprises setting the ROI
based on at least one of a position and an orientation of
the feature point.

[0020] The feature point may include a fingerprint core
point.

[0021] The acquiring the pulse wave signal may in-
clude determining whether the position of the feature
point is outside a predetermined normal range on the
fingerprint image and generating information to guide a
user to change of a position of the object in response to
determining that the position of the feature pointis outside
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the predetermined normal range.

[0022] According to an aspect of another exemplary
embodiment, there is provided an apparatus for meas-
uring a signal, including: a first sensor configured to gen-
erate pixel data representing a fingerprint image of an
object; a second sensor arranged around the first sensor
and configured to measure a pulse wave signal by de-
tecting light scattered or reflected from the object; and a
processor configured to acquire a fingerprint image of
the object based on the pixel data and control driving of
the second sensor based on the fingerprint image.
[0023] The first sensor may include a capacitance-
based image sensor or a fingerprint sensor.

[0024] The second sensor may include a plurality of
channels arranged in a circle and a rectangle around the
first sensor.

[0025] Each of the plurality of channels may include
one or more light sources configured to emit the light to
the object to be scatted or reflected therefrom, and one
or more detector configured to detect the light scattered
or reflected from the object.

[0026] The processor may be further configured to ex-
tract afeature pointfrom the fingerprintimage and control
driving of the plurality of channels based on at least one
of a position and an orientation of the feature point.
[0027] The processor may be further configured to
drive a first channel arranged in a direction of the feature
point and a second channel arranged in a direction op-
posite to the direction of the feature point among the plu-
rality of channels.

[0028] The processor may be further configured to
drive a light source of the first channel and a detector of
the second channel, and the light source and the detector
may be disposed apart from the feature point by a pre-
determined distance.

[0029] The processor may be further configured to al-
ternately drive a pair of a light source of the first channel
and a detector of the second channel and a pair of a
detector of the first channel and a light source of the sec-
ond channel in a time division manner for a predeter-
mined time period. The first channel and the second
channel may be disposed apart from the feature point by
a predetermined distance.

[0030] The processor may be further configured to
generate information to guide a user to change the po-
sition of the object in response to the position of the fea-
ture point being outside a predetermined normal range
on the fingerprint image.

[0031] The processor may be further configured to ob-
tain bio-information based on the pulse wave signal, and
the bio-information may include at least one of blood
pressure, vascular age, a degree of arteriosclerosis, aor-
tic pressure waveform, vascular compliance, stress in-
dex, and a degree of fatigue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and/or other aspects will be more

10

15

20

25

30

35

40

45

50

55

apparent by describing certain exemplary embodiments,
with reference to the accompanying drawings, in which:

FIGS. 1A, 1B, and 1C are block diagrams illustrating
an apparatus for measuring a signal according to
exemplary embodiments;

FIGS. 2A, 2B, 2C, and 2D are diagrams for describ-
ing a sensor of the apparatus of FIGS. 1A to 1C;
FIGS. 3A, 3B, and 3C are diagrams for describing a
method of acquiring a target signal;

FIG. 4 is a block diagram illustrating an apparatus
for measuring a signal according to another exem-
plary embodiment;

FIGS. 5A and 5B are diagrams for describing a sen-
sor of the apparatus of FIG. 4;

FIG. 6 is a flowchart illustrating a method of meas-
uring a signal according to one exemplary embodi-
ment;

FIGS. 7A and 7B are flowcharts illustrating exem-
plary embodiments of an operation of acquiring a
target signal in FIG. 6;

FIG. 8 is a flowchart illustrating a method of meas-
uring a signal according to another exemplary em-
bodiment;

FIGS. 9, 10, and 11 are block diagrams illustrating
an apparatus for measuring bio-information accord-
ing to exemplary embodiments; and

FIG. 12 is a flowchart illustrating a method of meas-
uring bio-information according to exemplary em-
bodiments.

DETAILED DESCRIPTION

[0033] Exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0034] In the following description, like drawing refer-
ence numerals are used for like elements, even in differ-
ent drawings. The matters defined in the description,
such as detailed construction and elements, are provided
to assistin a comprehensive understanding of the exem-
plary embodiments. However, it is apparent that the ex-
emplary embodiments can be practiced without those
specifically defined matters. Also, well-known functions
or constructions are not described in detail since they
would obscure the description with unnecessary detail.
[0035] It will be understood that, although the terms
"first," "second," etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another. Also, the singular forms are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. In the specification,
unless explicitly described to the contrary, the word "com-
prise" and variations such as "comprises" or "comprising"
will be understood to imply the inclusion of stated ele-
ments but not the exclusion of any other elements. Terms
such as "unit" and "module" denote units that process at
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least one function or operation, and they may be imple-
mented by using hardware, software, or a combination
of hardware and software.

[0036] Expressionssuchas "atleastone of," when pre-
ceding alist of elements, modify the entire list of elements
and do not modify the individual elements of the list. For
example, the expression, "at least one of a, b, and c,"
should be understood as including only a, only b, only c,
both a and b, both a and c, both b and ¢, all of a, b, and
¢, or any variations of the aforementioned examples.
[0037] Various exemplary embodiments of an appara-
tus for measuring a signal described hereinafter may be
mounted in a variety of information processing devices,
such as a portable wearable device, a smart device, and
the like. For example, the various information processing
devices may include wearable devices of various types,
such as a smartwatch worn on a wrist, a smart band type,
a headphone type, a hairband type, and the like, and
mobile devices, such as a smartphone a tablet personal
computer (PC), and the like. However, the information
processing devices are not limited to the aforementioned
examples.

[0038] FIGS. 1A to 1C are block diagrams illustrating
an apparatus for measuring a signal according to exem-
plary embodiments. FIGS. 2A to 2D are diagrams for
describing a sensor of the apparatus of FIGS. 1A to 1C.
[0039] Referring to FIG. 1A, the apparatus 100a for
measuring a signal includes a sensor 110 and a signal
processor 120.

[0040] The sensor 110 may detect light scattered or
reflected from an object and generate pixel data repre-
senting a contact image of the object. The sensor 110
may generate consecutive pixel data during the contact
with the object. A light source may be disposed outside
the apparatus 100a, and may emit a light to the object
so that the light is reflected or scattered from the object
and collected by the sensor 110. The sensor 110 may
detectthelightreflected or scattered according to a tissue
component of the object.

[0041] The sensor 110 may include, but not limited to,
an optical-based image sensor, such as a complemen-
tary metal-oxide-semiconductor (CMOS) image sensor
(CIS), or a fingerprint sensor. The sensor 110 may in-
clude a pixel array, and each pixel of the pixel array may
include a detector, such as a photodiode or a photo tran-
sistor, for detecting light and converting the light into an
electrical signal. For example, the sensor 110 may con-
vert an optical signal detected by each pixel into an elec-
trical signal, for example, an electric charge signal or a
voltage signal, so as to output an electric signal of each
pixel as pixel data.

[0042] The signal processor 120 may be electrically
connected to the sensor 110 and may obtain a contact
image of the object based on the pixel data received from
the sensor 110. The signal processor 120 may obtain
successive contact images using consecutive pixel data
continuously received. In particular, the object may be a
finger and the obtained contact image may be a finger-
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print image of the finger.

[0043] In addition, the signal processor 120 may ac-
quire a target signal necessary for analysis of the object
based on the acquired contact images and pixel data. In
particular, the target signal may include a biosignal, a
bioelectrical signal, a pulse wave signal. The pulse wave
signal may include an electrocardiography (ECG) signal
and a photoplethysmography (PPG) signal, butis not lim-
ited thereto.

[0044] For example, when the signal processor 120
acquires the contactimage using the pixel data, the signal
processor 120 may extract a feature point from the ac-
quired contact image. When the contact image is a fin-
gerprintimage, the feature point may be a fingerprint core
point, but is not limited thereto, such that it may be ap-
propriately defined by taking into account characteristics
of the user’s fingerprint, for example, a thickness or
wound on a finger region. A direction of the feature point
may be determined based on a center point of the contact
image. Alternatively, when the contact image is a finger-
print image, the direction of the feature point may be a
direction of a fingerprint.

[0045] The signal processor 120 may set a region of
interest (ROI) on the contactimage based on the extract-
ed feature point. The signal processor 120 may set the
ROI based on a position and/or direction of the feature
point. In particular, the ROl may be set to various shapes,
such as a circle, a triangle, a rectangle, and a free curve,
and the like, and/or various sizes, in advance. For exam-
ple, in the case in which the user repeatedly lift and rest
his/her finger on the sensor 110, the contact position of
the finger may be changed. In particular, the position
and/or direction of the extracted feature pointis changed,
and hence the signal processor 120 may set a position,
shape, or size of the ROI differently according to the po-
sition and/or direction of the feature point.

[0046] Once the ROI is set, the signal processor 120
may acquire a target signal based on an intensity of each
pixel belonging to the ROl among the pixel data. In par-
ticular, an electrical signal intensity of each pixel, or a
value converted from an electrical signal through pre-
processing, such as normalization, may be defined as
the intensity of each pixel. The intensity of each pixel may
vary according to a contact time or contact area between
the object and the sensor 110. For example, when the
user’s finger in contact with the sensor 110 is pressed
againstthe sensor 110 with an gradually increasing force,
the contacttime and contact area are gradually increased
and in turn the intensity of an electrical signal of each
pixel may also be increased.

[0047] The signal processor 120 may acquire a pulse
wave signal as a target signal based on such character-
istics. For example, the signal processor 120 may use
an ROl of a contact image acquired at a specific point in
time to estimate an amplitude value at the specific point
in time. At this time, pixel intensities inside the ROl may
be input to an amplitude estimation equation and a value
calculated by the amplitude estimation equation may be
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estimated as the amplitude value at the specific point in
time. The amplitude estimation equation may be an equa-
tion to calculate one of an average value, a median value,
the lowest value, and the highest value of pixel intensities
as an amplitude value. However, the amplitude estima-
tion equation is not limited thereto, and may be defined
as various liner or nonlinear function forms.

[0048] When the feature point is extracted from the
contact image, the signal processor 120 may determine
whether the extracted feature point falls outside a normal
range, and may guide the user to change a contact po-
sition of the object when the extracted feature point is
outside the normal range. For example, when the feature
point is completely outside a detection region of the sen-
sor 110, in other words, when the feature point does not
fall within the contact image, it may be determined that
the feature point falls outside the normal range. In par-
ticular, the normal range may be set based on a center
ofthe contactimage (e.g., a center of the detection region
of the sensor 110). For example, the normal range may
correspond to an area within a predetermined distance
from the center of the contact image or the center of the
detection region of the sensor 110. Alternatively, it is pos-
sible to set an appropriate user-specific detection region
ofthe sensor 110 according to characteristics of an object
of each user, for example, characteristics of a fingerprint,
or the like.

[0049] Meanwhile, a method of guiding the user to
change the contact position is not necessarily limited to
a specific method. For example, guide information may
be output through an output module mounted in the ap-
paratus and/or an output module mounted in an external
device connected to the apparatus. In particular, the out-
put module may include a voice output module, such as
a speaker, a visual output module, such as a display, or
ahaptic module capable of transmitting vibration or tactile
sensation to the user, but the output module is not limited
thereto.

[0050] Referringto FIG. 1B, in addition to asensor 110
and a signal processor 120, the apparatus 100b may
further include an internal light source 130 configured to
emit light to an object under the control of a signal proc-
essor 120.

[0051] The internal light source may include a light
emitting diode (LED) or a laser diode, and may be formed
as one or a plurality of arrays. The internal light source
130 may emit light to the object under the control of the
signal processor 120. The internal light source 120 may
be configured to emit light rays of different wavelengths.
[0052] When the internal light source 130 is formed as
a plurality of arrays, the signal processor 120 may control
the internal light source 130 to emit light according to a
predetermined light emission pattern. For example, the
light emission pattern may be defined in advance as var-
ious combinations of emission shapes of the entire arrays
of the light sources 130 and/or emission color of each
light source. In particular, the emission shape may in-
clude a straight line shape, a concentric circle shape, a
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rectangular shape, a diagonal shape, and the like, but is
not limited thereto. In addition, the light emission pattern
may be defined to be differed according to various meas-
urement situations, such as a measurement time and/or
an object to be measured.

[0053] In particular, the sensor 110 may detect light
reflected or scattered from the object which is irradiated
by the internal light source 130, and may generate pixel
data based on the detected light.

[0054] The signal processor 120 may acquire a contact
image by receiving the pixel data from the sensor 110
and acquire a desired target signal based on the acquired
contact image and pixel data.

[0055] Referring to FIG. 1C, the apparatus 100c for
measuring a signal may further include a display panel
140, in addition to a sensor 110 and a signal processor
120. In addition, the apparatuses 100b and 100c for
measuring a signal shown in FIGS. 1B and 1C may be
integrated into one apparatus as needed. For example,
one apparatus for measuring a signal may be configured
to include both the internal light source 130 and the dis-
play panel 140.

[0056] According to the present embodiment, part of
light emitted from the display panel 140 may be used as
alight source for acquiring the contactimage. The display
panel 140 may include pixels that generate light to irra-
diate the object. The display panel 140 may display the
contact image acquired by the signal processor 120.
Here, the display panel 140 may be implemented using
generally known techniques, and thus a detailed descrip-
tion thereof will be omitted.

[0057] The signal processor 120 may be connected to
the display panel 140 and control the pixels of the display
panel 140 to emit light in a predetermined light emission
pattern. The predetermined light emission pattern is as
described above.

[0058] FIGS. 2A to 2D illustrate examples in which the
apparatus 100a, 100b, and 100c is mounted in a smart
device 20. According to one exemplary embodiment, as
shown in FIGS. 2A to 2C, a sensor 110 may be mounted
in a rear sensor unit 21 of the smart device 20. A filter
array including color filters for transmitting or blocking
light of a predetermined wavelength region to each pixel
of the sensor 110 may be arranged in the rear sensor
unit 21. In addition, a micro-lens may be arranged on
each pixel of the sensor 110 in order to increase, for
example, light gathering power of each pixel. In particu-
lar, light emitted from a surrounding environment of the
smart device 20 may be used as an external light source.
Alternatively, the internal light source 130 may be mount-
ed at a predetermined position on a rear surface of the
smart device 20, for example, around or inside the rear
sensor unit 21.

[0059] In another example, as shown in FIG. 2D, the
sensor 110 may be mounted on a front sensor unit 22 of
the smart device 20. The front sensor unit 22 may include
the display panel 140 and the display panel 140 may
include a touch sensor configured to process a user’s
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touch input and a touch screen configured to display a
variety of information. In addition, a filter array including
color filters for transmitting or blocking light of a prede-
termined wavelength region to each pixel of the sensor
110 may be arranged in the front sensor unit 22. Also, a
micro-lens 150 may be arranged on each pixel of the
sensor 110 in order to increase light gathering power as
sown in FIG. 2D. In particular, light emitted from a sur-
rounding environment may be used as an external light
source, or the internal light source 130 may be mounted
on a front surface, for example, an upper part of the front
surface, of the smart device 20. Additionally, light emitted
from the display panel 140 may be used as a light source
to be input to the object. When the light emitted from the
display panel 140 is input to the object and then light is
reflected or scattered from the object, the scattered or
reflected light may be detected by the sensor 110, pass-
ing through fine holes formed on the display panel 140.
[0060] According to the present embodiment, as
shown in FIG. 2B, even when the contact position of the
finger is frequently changed or when the center of a fin-
gerprint is different from the center of an area, it is pos-
sible to acquire an accurate target signal.

[0061] FIGS. 3A to 3C are diagrams for describing a
method of the signal processors 120 of FIGS. 1A to 1C
to acquire a target signal.

[0062] FIG. 3A illustrates a contact image, that is, a
fingerprint image of a finger, acquired by the signal proc-
essor 120 based on pixel data. When the fingerprint im-
age is acquired, the signal processor 120 may extract a
feature point, for example, a fingerprint core point F1 or
F2, from the fingerprint image and set an ROI R1 or R2
based on the extracted fingerprint core point F1 or F2.
The size of the ROI R1 or R2 may be defined in advance.
As illustrated in FIG. 3A, a center of the ROl R1 or R2
may be set to be located at the position of the feature
point F1 or F2, but is not limited thereto. For example,
when the fingerprint core point is located at either side
of the fingerprintimage, the ROl may be set to be shifted
toward the center of the fingerprint image with respect to
the fingerprint core point.

[0063] FIG. 3A illustrates an image (1) in which the
extracted fingerprint core point F1 is located on the right
side slightly above the center IC1 of the fingerprintimage
and the ROI R1 is set as a circle with respect to the fin-
gerprint core point F1. For example, the ROl R1 may be
set to a circle having the fingerprint core point F1 as the
center of the circle, with a predetermined radius. FIG. 3A
illustrates an image (2) in which the fingerprint core point
F2 is located on the lower right side from the center IC2
of the fingerprint image and the ROI R2 is set as a rec-
tangle with respect to the fingerprint core point F2. In
particular, the rectangular ROl may be set in considera-
tion of the orientation of the fingerprint. For example, a
long side of the rectangle may be set to be parallel to a
line connecting the center IC2 of the fingerprint image
and the fingerprint core point F2.

[0064] FIG. 3B illustrates an example of pixel data ac-
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quired by the sensor 110 at a specific point in time, show-
ing a feature point F and an ROI R on the pixel data. A
value in each pixel of FIG. 3B represents a pixel intensity.
When the extraction of the feature point F and setting of
the ROI R are completed, the signal processor 120 may
estimate an amplitude value at a specific point in time by
inputting intensities of pixels belonging to the ROI R to
an amplitude estimation equation below. The amplitude
estimation equation of Equation 1 is an example of an
average calculation formula, and an amplitude value at
a specific point in time may be estimated as 7, which is
an average of the pixel intensities of the ROI R of FIG.
3B, by using Equation 1.

Pt +P,
N

Amp=
(1)

[0065] Here, Amp represents an estimated amplitude
value and P, to Py each represent an intensity of each
of N pixels in an ROL.

[0066] FIG.3C illustrates a pulse wave signal acquired
using pixel data continuously measured for a predeter-
mined period of time. Here, an X-axis represents a time
index for a measurement time and a Y-axis represents
an amplitude value at each point in time. When the user
increases a contact time and a contact pressure by in-
creasing a pressing force of a finger pressing the sensor
110, the pixel intensity of the pixel data shows a tendency
to also increase in a predetermined period. Accordingly,
the amplitude value estimated based on each pixel in-
tensity also shows a tendency to gradually increase in
the predetermined period as shown in FIG. 3C.

[0067] FIG. 4 is a block diagram illustrating an appa-
ratus for measuring a signal according to another exem-
plary embodiment. FIGS. 5A and 5B are diagrams for
describing a sensor of the apparatus of FIG. 4.

[0068] ReferringtoFIG.4,the apparatus 400 for meas-
uring a signalincludes afirst sensor411, a second sensor
412, and a signal processor 420.

[0069] The first sensor 411 may generate pixel data
representing a contact image of an object according to
the contact with the object and transmit the pixel data to
the signal processor 420. The first sensor 411 may in-
clude a capacitance-type image sensor or fingerprint
sensor, but is not limited thereto. The first sensor 411
may include one or more pixels. For example, the first
sensor 411 may detects an intensity of each pixel which
represents capacitance accumulated in each pixel, and
generate information of the intensity of each pixel as pixel
data. The intensity of each pixel may increase as the time
and/or area of contact between the object and the first
sensor 411 increases. In particular, the contact area may
be increased as a pressure applied to the first sensor
411 by the user with the object increases.

[0070] The second sensor 412 may emit light to the
object when the object is in contact with the second sen-
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sor 412, and may acquire a target signal by detecting
light scattered or reflected from the object. In particular,
the second sensor 412 may include a sensor for meas-
uring a pulse wave signal, for example, a PPG signal.
However, the second sensor 412 is not limited thereto,
and may include a sensor needed according to informa-
tion to be acquired from the object.

[0071] The second sensor 412 may include a plurality
of channels, and each channel may include one or more
light sources to emit light to the object and one or more
detectors to detect light scattered or reflected from the
object. In particular, the light source may include an LED
or a laser diode, but is not limited thereto. In addition, the
detector may include a photodiode or a photo transistor,
but is not limited thereto. One or more light sources may
emit light rays of different wavelengths.

[0072] Referring to FIG. 5A, the first sensor 411 may
be formed in a circular shape. As shown in FIG. 5A, the
second sensor412 may have a plurality channels ch1, ...,
ch9, which are arranged in an isotropic configuration
around the first sensor 412. However, the embodiment
is not limited thereto, and the first sensor 411 may be
formed in various shapes, such as a rectangle, a triangle,
and the like, according to the characteristics of a device
in which the apparatus 400 is mounted. For convenience
of illustration, FIG. 5A illustrates that the second sensor
412 includes 16 channels and each channel have three
light sources and three detectors, but is not particularly
limited in the number of components included in the sec-
ond sensor 412.

[0073] The signal processor 420 may be connected to
the first sensor 411 to receive the pixel data from the first
sensor 411. When the signal processor 420 receives the
pixel data from the first sensor 411, the signal processor
420 may acquire a contact image of the object based on
the pixel data. In particular, the contactimage may be a
fingerprint image.

[0074] The signal processor 420 may control the driv-
ing of the second sensor 412 based on the acquired con-
tact image. For example, the signal processor 420 may
extract a feature point from the acquired contact image.
In addition, the signal processor 420 may drive the chan-
nels of the second sensor 412 based on one or more of
a position and a direction of the feature point. For exam-
ple, the signal processor 420 may drive a first channel
located in the direction of the feature point and a second
channel located in a direction opposite to the direction of
the feature point. Alternatively, the signal processor 420
may determine channels present within a predetermined
angle left and right from a line connecting the feature
point to the first channel as a first channel group, deter-
mine channels present within a predetermined angle left
and right from a line connecting the feature point to the
second channel as a second channel group, and drive
the determined first channel group and second channel
group.

[0075] In one example, a light source of the first chan-
nel or a light source among light sources of the first chan-
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nel groups which is spaced a predetermined distance
apart from the feature point and a detector of the second
channel or a detector among detectors of the second
channel group which is spaced a predetermined distance
apart from the feature point may be continuously driven.
Inanother example, the signal processor 420 may control
alternately the driving of the light source of the first chan-
nel or the light sources of the first channel group and the
detector of the second channel or the detectors of the
second channel group and the driving of the detector of
the firstchannel or the detectors of the first channel group
and the light source of the second channel or the light
sources of the second channel group in a time division
manner for a predetermined period of time.

[0076] FIG. 5B illustrates an example in which the sig-
nal processor 420 drives the channels of the second sen-
sor 412 based on a fingerprint core point FC extracted
from a fingerprint image F1 and the orientation of the
fingerprint. FIG. 5B illustrates that the second sensor412
includes 16 channels, each of which includes 5 light
sources and 5 detectors. For convenience of description,
a light source and a detector nearest to the first sensor
411 are referred to as a first light source and a first de-
tector, and a light source and a detector farthest from the
first sensor 411 are referred to as a fifth light source and
a fifth detector. In addition, under the assumption that a
direction of a channel ch1 from the center of the finger-
printimage is anorth direction and adirection of achannel
ch9 from the center of the fingerprint image is a south
direction, the east, west, south, and north directions are
defined accordingly.

[0077] Referring to an image (1) of FIG. 5B, since the
fingerprint is oriented in the slightly north-east direction,
the signal processor 420 may drive a first channel ch2 in
the north east direction and a second channel ch10in a
direction opposite to the first channel ch2. In particular,
the signal processor 420 may drive a fifth light source
L2_5 of the first channel ch2 and a first detector D10_1
of the second channel ch10, which are spaced apart from
a fingerprint core point FC by a first predetermined dis-
tance. Referring to an image (2) of FIG. 5B, since the
fingerprint is oriented in the north direction, the signal
processor 420 may drive a third light source L1_3 of a
first channel ch1 and a third detector D9_3 of a second
channel ch9, which are spaced apart from the fingerprint
core point FC by a second predetermined distance. Re-
ferring to an image (3) of FIG. 5B, since the fingerprint
is oriented in the south-west direction, the signal proces-
sor 420 may drive a first light source L16_1 of a first
channel ch16 and afifth detector D8_5 of a second chan-
nel ch8, which are spaced apart from the fingerprint cent-
er FC by a third predetermined distance.

[0078] Meanwhile, the signal processor 420 may de-
termine whether a position of the extracted feature point
falls outside a normal range on the contact image, and
may guide a user to change a contact position of the
object when it is determined that the feature point is out-
side the normal range.
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[0079] The second sensor 412 may drive a corre-
sponding light sensor and detector to measure a target
signal from the objectunder the control of the signal proc-
essor420, and may transmit the target signal to the signal
processor 420.

[0080] According to the present embodiment, it is pos-
sible to acquire an optimal target signal regardless of the
change in contact position and orientation of the object
by selectively turning on/off a light source and a detector
according to the contact position of the object.

[0081] FIG. 6 is a flowchart illustrating a method of
measuring a signal according to one exemplary embod-
iment. FIGS. 7A and 7B are flowcharts illustrating exem-
plary embodiments of an operation of acquiring a target
signal in FIG. 6. FIG. 6 may be one exemplary embodi-
ment of the method performed by the apparatus 100a,
100b, or 100c for measuring a signal according to the
exemplary embodiments of FIGS. 1A to 1C. The meas-
uring of a signal is described in detail above, and hence
it will be described in detail hereinafter.

[0082] First, as an object is in contact with the appa-
ratus for measuring a signal, the apparatus may generate
pixel data of the object by detecting light scattered or
reflected from the object in operation 610. In particular,
the apparatus for measuring a signal may include an op-
tical-based image sensor or fingerprint sensor. The pixel
data may be data indicating an intensity of each pixel. In
particular, the light input to the object may light emitted
by an external light source or light emitted from an internal
light source or display panel mounted in the apparatus.
[0083] Then, the apparatus may acquire a contact im-
age of the object based on the pixel data in operation
620. At this time, the object may be a finger and the con-
tact image may be a fingerprint image.

[0084] Then, the apparatus may acquire a target signal
based on the acquired contact image and pixel data in
operation 630. In particular, the target signal may be a
PPG signal, but is not limited thereto.

[0085] Exemplary embodiments of the operation of ac-
quiring the target signal will be described with reference
to FIGS. 7A and 7B.

[0086] When the contact image is acquired, the appa-
ratus for measuring a signal may extract a feature point
based on the contact image in operation 720. In partic-
ular, the feature point may be defined in advance accord-
ing to characteristics of the object. For example, when
the objectis afinger and the contactimage is a fingerprint
image, the feature point may be a fingerprint core point.
[0087] Meanwhile, according to one exemplary em-
bodiment, as shown in FIG. 7B, whether the feature point
falls outside a predetermined normal range may be de-
termined in operation 732. In particular, the normal range
may be set according to a center of a detection region of
a sensor 110, a center of the contact image, or charac-
teristics of an object of each user. When it is determined
in 732 that the feature point is outside the normal range
in operation 732, the user may be guided to change a
position of the object in operation 734. The apparatus for
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measuring a signal may guide the user through an output
module mounted therein or an output module of an ex-
ternal device, for example, an audio device, a wearable
device, a smartphone, a tablet PC, a desktop PC, a
healthcare device, and the like, which is connected for
communication with the apparatus.

[0088] Then, an ROI may be setbased on the position
and/or direction of the feature point in operation 740. For
example, the ROl may be set to various shapes and sizes
based on the position of the feature point. Thatis, a center
of the ROl may be located at the position of the feature
point. In particular, the ROl may be set based on the
direction of the feature point as well, and when the shape
of the ROl is, for example, a rectangle or an oval, a long
side of the rectangle or a long axis of the oval may be
aligned to the direction of the feature point. The center
of the ROI is not always necessarily the same as the
position of the feature point, and in consideration of, for
example, a displacement of the position of the feature
point from the center of the contact image, the position
of the feature point may have a corresponding displace-
ment from the center of the ROI.

[0089] In operations 732 and 740, when the contact
image is a fingerprint image, the normal range and the
ROI may be determined based on the core point of the
fingerprint. The core point may correspond to the center
of the north most loop type singularity, or the point of
maximum ridge line curve.

[0090] Then, a target signal may be acquired based
on a pixel intensity within the ROl in operation 760. The
target signal may be a PPG signal, and a pulse wave
signal for a predetermined period of time may be acquired
using a plurality of contactimages acquired during a pre-
determined amount of time. In particular, an amplitude
value of the pulse wave signal at a specific point in time
may be estimated using a contact image acquired at the
specific point in time and the amplitude value at the spe-
cific point in time may be calculated by inputting a pixel
intensity of the ROI set on the contact image obtained at
the specific point in time into a predefined amplitude es-
timation equation.

[0091] FIG. 8 is a flowchart illustrating a method of
measuring a signal according to another exemplary em-
bodiment.

[0092] The method illustrated in FIG. 8 may be per-
formed by the apparatus 400 of FIG. 4.

[0093] First, a first sensor 411 of the apparatus for
measuring a signal may generate pixel data in response
to the contact with an object in operation 810. In partic-
ular, the first sensor 411 may be a capacitance-based
image sensor or fingerprint sensor, but is not limited
thereto and may include an optical-based sensor as
needed. The fist sensor may include one or more pixels
and generate information, such as capacitance accumu-
lated in each pixel in response to the contact with the
object, as pixel data.

[0094] Then, a signal processor 420 may receive the
pixel data and acquire a contact image based on the re-
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ceived pixel data in operation 820. In terms of a technol-
ogy for acquiring an image of an object using pixel data
generated through an image sensor and the like, various
well-known methods may be utilized and thus a detailed
description thereof will be omitted.

[0095] Thereafter, the signal processor 420 may con-
trol driving of a second sensor 412 based on the acquired
contact image in operation 830. In particular, the second
sensor 412 may be a biometric sensor configured to
measure a bio-signal, such as a PPG signal, from the
object. The second sensor 412 may include a plurality of
channels, and each channel may be configured toinclude
one or more light sources and one or more detectors.
The signal processor 420 may extract a feature point
from the contact image and may drive at least some of
the plurality of channels based on a position and/or di-
rection of the extracted feature point. For example, the
signal processor 420 may drive one or more channels
arranged from the feature point and in a direction of the
feature point and one or more channels arranged in a
direction opposite to the direction of the feature point.
[0096] Then, the second sensor 412 may measure a
target signal from the object by driving a corresponding
light source and a corresponding detector under the con-
trol of the signal processor 420 in operation 840.
[0097] FIGS. 9to 11 are block diagrams illustrating an
apparatus for measuring bio-information according to ex-
emplary embodiments of the present disclosure.

[0098] Various exemplary embodiments of the appa-
ratus for measuring bio-information will be described with
reference to FIGS. 9to 11. The exemplary embodiments
of the apparatus for measuring bio-information may in-
clude the various above-described embodiments of the
apparatus for measuring a signal. In addition, the exem-
plary embodiments of the apparatus for measuring bio-
information may be mounted in various information
processing devices, such as wearable devices, smartde-
vices, and the like. For example, various information
processing devices may include a smart watch worn on
awrist of a user, various types of wearable devices, such
as asmartband type, a headphone type, a hairband type,
and the like, and mobile devices, such as a smartphone,
a tablet PC, and the like. However, the information
processing devices are not limited thereto.

[0099] Referring to FIG. 9, an apparatus 900 for meas-
uring bio-information may include a signal measurer 910
and a bio-information measurer 920. The signal meas-
urer 910 may correspond to the above-described appa-
ratuses 100a, 100b, 100c, 400 for measuring a signal,
or modifications thereof. Therefore, the signal measurer
910 may include the various sensors described above.
In addition, various functions related to signal processing
performed in the signal measurer 910 and functions of
the bio-information measurer 920 are integrated into one
processor, or may be separately included in two or more
processors.

[0100] The signal measurer 910 may include animage
sensor configured to generate pixel data representing a
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contact image of an object when the object is in contact
with the signal measurer 910 in response to a request
for measuring bio-information. In particular, the image
sensor may include various optical-based or capaci-
tance-based sensors, and examples of the image sensor
may include a charge coupled device (CCD), a CIS, and
a fingerprint sensor.

[0101] According to one exemplary embodiment, the
image sensor may be configured as a pixel array includ-
ing a photodetector, such as a photodiode. The signal
measurer 910 may include an internal light source con-
figured to emit light to the object. In particular, the internal
light source may include an LED or a laser diode, but is
not limited thereto. The signal measurer 910 may emit
light to the object by driving the internal light source and
may detect light scattered or reflected from the object
using the image sensor. Meanwhile, the signal measurer
910 may include a display panel and may use light emit-
ted from the display panel as the internal light source.
However, the exemplary embodimentis not limited there-
to, such that the internal light source may not be mounted
according to various conditions, such as a structure of
the apparatus 900 for measuring bio-information, and an
external light source may be used.

[0102] When the pixel data is generated by the image
sensor, the signal measurer 910 may acquire a contact
image using the pixel data and acquire bio-information
based on the acquired contact image. Such operations
have been described in detail above with reference to
FIGS. 1A to 3C and hence will be omitted thereinafter.
[0103] According to another exemplary embodiment,
the signal measurer 910 may include a biometric sensor
configured to measure a bio-signal, for example, a PPG
signal, from the object. In particular, the biometric sensor
may be formed by a plurality of channels arranged around
the image sensor, and each sensor may include one or
more light sources and one or more detectors. In partic-
ular, theimage sensor may be a capacitance-type sensor
that does not have an optical detection function.

[0104] When the signal measurer 910 acquires the
contact image based on the pixel data obtained from the
image sensor, the signal measurer 910 may control driv-
ing of the biometric sensor using the acquired contact
image. Such an operation has been described in detail
above with reference to FIGS. 4, 5A, and 5B, and hence
will not be reiterated hereinafter.

[0105] Meanwhile, the signal measurer 910 may mon-
itor a contact state of the object based on the contact
image and provide a feedback to the user about the con-
tact state. For example, when a feature point (e.g., a fin-
gerprint core point) of the object is not present in the
contact image or is outside a predetermined normal
range, the signal measurer 910 may guide the user to
change a contact position of the object.

[0106] The bio-information measurer 920 may acquire
bio-information using the bio-signal acquired by the sig-
nal measurer 910. In particular, the bio-information may
include one or more of blood pressure, vascular age, a
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degree of arteriosclerosis, aortic pressure waveform,
vascular compliance, stress index, and a degree of fa-
tigue, but is not limited thereto.

[0107] Forexample, the bio-information measurer 920
may measure a blood pressure based on an oscillometric
scheme using the bio-signal. In particular, the bio-infor-
mation measurer 920 may estimate a contact pressure
based on the pixel data from the image sensor and esti-
mate a blood pressure based on a pulse wave signal and
the contact pressure using an oscillometric scheme. As
described above, when the contact pressure is increased
by increasing a force of a finger pressing the image sen-
sor, a pixel intensity during a predetermined time period
accordingly increases. When the pixel data is generated
using a contact pressure estimation model indicating a
correlation between the contact pressure and the pixel
intensity, the bio-information measurer 920 may acquire
the contact pressure. At this time, the contact pressure
estimation model may be defined in various ways, such
as linear/nonlinear function forms, a matching table form,
and the like.

[0108] Referring to FIG. 10, an apparatus 1000 for
measuring bio-information may further include a pres-
sure measurer 1010 in addition to a signal measurer 910
and a bio-information measurer 920. The signal process-
ing function of the signal measurer 910, the function of
the bio-information measurer 920, and part of a function
of the pressure measurer1010 may be included in one
Or more processors.

[0109] The pressure measurer 1010 may measure a
contact pressure between an object and a biometric sen-
sor when the object is in contact with an image sensor
and/or the biometric sensor. In particular, the pressure
measurer 1010 may include a force sensor and/or an
area sensor and calculate a pressure based on a meas-
ured force and/or area.

[0110] The contact pressure measurer 1010 may pro-
vide guide information to the user about the contact pres-
sure in response to a request for measuring bio-informa-
tion. In particular, the guide information about the contact
pressure may include information about a reference con-
tact pressure which has to be applied by the user during
measurement of a bio-signal and/or an actual contact
pressure that has been actually applied by the userduring
the measurement time.

[0111] The bio-information measurer 920 may meas-
ure bio-information based on the bio-signal acquired by
the signal measurer 910 and the contact pressure meas-
ured by the pressure measurer 1010.

[0112] Referring to FIG. 11, the apparatus 1100 for
measuring bio-information may further include a storage
1110, an output interface 1120, and a communication
interface 1130 in addition to a signal measurer 910 and
a bio-information measurer 920. The signal measurer
910 and the bio-information measurer 920 have been
described with reference to FIGS. 9 and 10.

[0113] The storage 1110 may store user characteristic
information, a variety of reference information necessary
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to drive a sensor or measure bio-information, a variety
of information processed by the signal measurer 910 or
the bio-information measurer 920, and the like. Here, the
user characteristic information may include user informa-
tion, such as sex, age, health status, and the like. The
reference information necessary to drive a sensor or
measure bio-information may include a light emission
pattern, a contact position and contact strength of each
object, an amplitude estimation equation, a contact pres-
sure estimation model, and the like.

[0114] The storage 1110 may include a storage medi-
um such as flash memory, hard disk, multimedia card
micro type memory, a card type memory (e.g., SD or XD
memory), random access memory (RAM), static random
access memory (SRAM), read-only memory (ROM),
electrically erasable programmable read-only memory
(EEPROM), magnetic memory, magnetic disk, and opti-
cal disk, but is not limited thereto.

[0115] The outputinterface 1120 may output a variety
of information processed by the signal measurer 910 and
the bio-information measurer 920. The output interface
1120 may output user’s health status information deter-
mined based on a bio-information measurement value.
In particular, the output interface 1120 may include a vis-
ual output module, such as a display, a voice output mod-
ule, such as a speaker, and a haptic module for outputting
vibration or tactile sensation.

[0116] The communicationinterface 1130 may be con-
nected to various external devices 1200 for wired/wire-
less communication and receive a variety of reference
information from the external devices 1200, or transmit
the processing result of the signal measurer 910 or the
bio-information measurer 920 to the external devices.
The external devices 1200 may include information
processing devices, such as a smartphone, a tablet PC,
a desktop PC, and the like. The communication interface
1130 may communicate with the external devices using
Bluetooth communication, Bluetooth low energy (BLE)
communication, near field communication (NFC), wire-
less local access network (WLAN) communication, Zig-
Bee communication, infrared data association (IrDA)
communication, Wi-Fi direct (WFD) communication, ul-
tra-wideband (UWB) communication, Ant+ communica-
tion, Wi-Fi communication, radio frequency identification
(RFID) communication, 3" generation (3G) communica-
tion, 4G communication, 5G communication, and the like.
However, these are merely examples, and the embodi-
ment is not limited thereto.

[0117] FIG. 12 is a flowchart illustrating a method of
measuring bio-information according to embodiments of
the present disclosure.

[0118] The method shown FIG. 12 corresponds to an
exemplary method performed by the apparatuses 900,
1000, and 1100 of FIGS. 9 to 11 to measure bio-infor-
mation.

[0119] First, the apparatus for measuring bio-informa-
tion may receive a request for measuring bio-information
in operation 1210. The request for measuring bio-infor-
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mation may be received from a user or an external device.
[0120] Then, a bio-signal may be acquired based on a
contact image of an object in operation 1220. The appa-
ratus for measuring bio-information may acquire the con-
tact image based on pixel data that is generated using a
capacitance/optical-based image sensor or fingerprint
sensor when the object is in contact with the sensor. At
this time, the bio-signal may be a PPG signal. For exam-
ple, the apparatus for measuring bio-information may ac-
quire a pulse wave signal using the pixel data and the
contact image. In another example, when a separate bi-
ometric sensor for measuring a pulse wave signal is
mounted in the apparatus, the apparatus may drive the
biometric sensor based on the contactimage and meas-
ure a pulse wave signal through the biometric sensor.
[0121] Then, bio-information may be measured based
on the bio-signal in operation 1230. For example, the
apparatus for measuring bio-information may measure
bio-information, such as blood pressure, based on an
oscillometric scheme using the bio-signal. In one exam-
ple, the apparatus for measuring bio-information may es-
timate a contact pressure using the pixel data and meas-
ure a blood pressure using the estimated contact pres-
sure and the bio-signal. In another example, when a con-
tact pressure sensoris mounted in the apparatus, a blood
pressure may be measured using the bio-signal and a
contact pressure measured through the contact pressure
Sensor.

[0122] Then, a bio-information measurement result
may be output in operation 1240. In particular, the bio-
information may be provided to the user using various
output modules, such as a display, a speaker module, a
haptic module, and the like.

[0123] While not restricted thereto, an exemplary em-
bodiment can be embodied as computer-readable code
on a computer-readable recording medium. The compu-
ter-readable recording medium is any data storage de-
vice that can store data that can be thereafter read by a
computer system. Examples of the computer-readable
recording medium include read-only memory (ROM),
random-access memory (RAM), CD-ROMs, magnetic
tapes, floppy disks, and optical data storage devices. The
computer-readable recording medium can also be dis-
tributed over network-coupled computer systems so that
the computer-readable code is stored and executed in a
distributed fashion. Also, an exemplary embodiment may
be written as a computer program transmitted over a
computer-readable transmission medium, such as a car-
rier wave, and received and implemented in general-use
or special-purpose digital computers that execute the
programs. Moreover, it is understood that in exemplary
embodiments, one or more units of the above-described
apparatuses and devices can include circuitry, a proces-
sor, a microprocessor, etc., and may execute a computer
program stored in a computer-readable medium.
[0124] The foregoing exemplary embodiments are
merely exemplary and are not to be construed as limiting.
The present teaching can be readily applied to other
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types of apparatuses. Also, the description of the exem-
plary embodiments is intended to be illustrative, and not
to limit the scope of the claims, and many alternatives,
modifications, and variations will be apparent to those
skilled in the art.

Claims

1. A method of measuring a signal, the method com-
prising:

generating pixel data representing a fingerprint
image of an object by detecting light scattered
or reflected from the object;

acquiring a fingerprintimage of the object based
on the pixel data; and

acquiring a pulse wave signal based on the ac-
quired fingerprint image and the pixel data.

2. The method of claim 1, wherein the acquiring the
pulse wave signal comprises setting a region of in-
terest, ROI, on the fingerprint image and acquiring
the pulse wave signal based on intensities of pixels
in the ROl among the pixel data.

3. The method of claim 1 or 2, wherein the pulse wave
signal includes a photoplethysmography, PPG, sig-
nal, and
further comprising estimating an amplitude value of
the PPG signal based on the intensities of the pixels
in a region of interest, ROI, and
further comprising estimating the amplitude value of
the PPG signal by calculating at least one of an av-
erage, a median value, alowest value, and a highest
value of the intensities of the pixels.

4. The method of claim 2, wherein the acquiring the
pulse wave signal further comprises extracting a fea-
ture point from the fingerprint image and the setting
of the ROI comprises setting the ROl based on at
least one of a position and an orientation of the fea-
ture point.

5. The method of claim 4, wherein the feature point
comprises a fingerprint core point, or
wherein the acquiring the pulse wave signal com-
prises determining whether the position of the fea-
ture point is outside a predetermined normal range
on the fingerprint image and generating information
to guide a user to change of a position of the object
in response to determining that the position of the
feature point is outside the predetermined normal
range.

6. The method of one of claims 1 to 5 further comprising
emitting light to the object by using one or more light
emitting diodes or one or more laser diodes as a light
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source, or
emitting light to the object by using a display panel
as a light source,

further comprising emitting the light to the object in
a predetermined light emission pattern by using a
light source under the control of the processor, and
wherein the light emission pattern comprises at least
one of an emission color and an emission shape in-
cluding at least one of a straight line shape, a con-
centric circle shape, a rectangular shape, and a di-
agonal shape, or

further comprising detecting light by using the sensor
having a pixel array to detect the light scattered or
reflected from the object and each pixel comprises
at least one of a photodiode and a photo transistor.

An apparatus for measuring a signal, the apparatus
comprising:

a first sensor configured to generate pixel data
representing a fingerprint image of an object;

a second sensor arranged around the first sen-
sor and configured to measure a pulse wave sig-
nal by detecting light scattered or reflected from
the object; and

a processor configured to acquire a fingerprint
image of the object based on the pixel data and
control driving of the second sensor based on
the fingerprint image.

The apparatus of claim 7, wherein the first sensor
comprises a capacitance-based image sensor or a
fingerprint sensor.

The apparatus of claim 7 or 8, wherein the second
sensor comprises a plurality of channels arranged
in a circle and a rectangle around the first sensor.

The apparatus of claim 9, wherein each of the plu-
rality of channels comprises one or more light sourc-
es configured to emit the light to the object to be
scatted or reflected therefrom, and one or more de-
tector configured to detect the light scattered or re-
flected from the object, or

wherein the processor is further configured to extract
a feature point from the fingerprintimage and control
driving of the plurality of channels based on at least
one of a position and an orientation of the feature
point.

The apparatus of claim 10, wherein the processor is
further configured to drive a first channel arranged
in a direction of the feature pointand a second chan-
nel arranged in a direction opposite to the direction
of the feature point among the plurality of channels.

The apparatus of claim 11, wherein the processor is
further configured to drive a light source of the first
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channel and a detector of the second channel, and
wherein the light source and the detector are dis-
posed apart from the feature point by a predeter-
mined distance.

The apparatus of claim 11, wherein the processor is
further configured to alternately drive a pair of a light
source of the first channel and a detector of the sec-
ond channel and a pair of a detector of the first chan-
nel and a light source of the second channel in atime
division mannerfor a predetermined time period, and
wherein the first channel and the second channel
are disposed apart from the feature point by a pre-
determined distance.

The apparatus of claim 10, wherein the processor is
configured to generate information to guide a user
to change the position of the object in response to
the position of the feature point being outside a pre-
determined normal range on the fingerprint image.

The apparatus of one of claims 7 to 14, wherein the
processor is further configured to obtain bio-informa-
tion based on the pulse wave signal, and

wherein the bio-information comprises at least one
of blood pressure, vascular age, a degree of arteri-
osclerosis, aortic pressure waveform, vascular com-
pliance, stress index, and a degree of fatigue.
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