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(57) ABSTRACT

The present disclosure provides a semi-contact type ECG
measurement system, comprising a contact-type sensor con-
figured to directly contact a skin of a passenger in a vehicle
and detect a first ECG signal; a non-contact type sensor con-
figured to be in proximity to the passenger to detect a second
ECG signal without directly contacting the skin of the pas-
senger; and an ECG sensor module configured to process the
first and second ECG signals and configured to determine a
biological status of the passenger from the first and second
ECG signals microcontroller.
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SEMI-CONTACT-TYPE ECG MEASUREMENT
SYSTEM AND MEASUREMENT METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims under 35 U.S.C. §119(a) the
benefit of priority to Korean Patent Application No. 10-2014-
0195499, filed on Dec. 31, 2014, the entire content of which
is incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to an ECG measure-
ment system. More particularly, it relates to a semi-contact-
type ECG measurement system and measurement method
thereof having excellent convenience for nonrestraint mea-
surement as compared with an existing contact-type heart-
rate detection method and also having excellent ECG signal
quality as compared with a non-contact type heart-rate detec-
tion method.

BACKGROUND

[0003] In the medical field, an electrocardiogram (ECG)
measurement device is a widely-used medical instrument
conventionally used in a manner of contacting an electrode to
measure a body’s potential and detecting electrical activity
and recording the detected electrical activity in the form of a
graph.

[0004] Inrecentyears, there has been ongoing research into
a technique that measures the ECG of a vehicle driver while
the driver is driving the vehicle.

[0005] One of the primary reasons for the research activity
is to monitor the heart activity of the driver to resolve various
inconveniences caused by a heart problem that may occur
while the driver is driving and to prevent an accident which
may occur in the event of cardiac arrest.

[0006] The above information disclosed in this Back-
ground section is only for the enhancement of understanding
of the background of the inventive concept and therefore it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0007] The present disclosure has been made in an effort to
solve the above-described problems associated with prior art.
[0008] The present disclosure has been made in an effort to
provide a semi-contact-type ECG measurement system and a
measurement method thereof having excellent convenience
by nonrestraint measurement as compared with an existing
contact-type heart-rate detection method and excellent ECG
signal quality as compared with a non-contact type heart-rate
detection method, by directly contacting a first electrode and
a GND on the skin and configuring a second electrode by a
two-point contact method in which the second electrode con-
tacts the skin with clothes therebetween by a non-contact type
in order to better detect ECG signals.

[0009] In one aspect, the present inventive concept pro-
vides a semi-contact type ECG measurement system includ-
ing: a contact-type sensor positioned at a portion directly
contacting a skin of a passenger in a vehicle to contact the
exposed skin of the passenger and detect an ECG signal; a
non-contact type sensor positioned in close contact with the
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clothes of the passenger at a seat to detect the ECG signal
through the clothing of the passenger; and an ECG sensor
module transmitting and processing the ECG signal to pro-
vide a stable environment in a vehicle by determining a bio-
logical status of the passenger by the ECG signal detected by
the contact-type sensor and the non-contact type sensor.
[0010] Inanother aspect, the present inventive concept pro-
vides a semi-contact type ECG measurement method includ-
ing: measuring an ECG by detecting an ECG signal of a
passenger seated on a seat through a semi-contact type ECG
measurement system; storing and collecting ECG data mea-
sured at multiple predetermined times; obtaining ECG R-R
PEAK INTERVAL information in the ECG data collected
through filtering; determining whether the obtained ECGR-R
PEAK INTERVAL information has regularity; calculating a
stress index by analyzing and implementing a stress algo-
rithm in the ECG R-R PEAK INTERVAL information
through a stress index calculating unit; and creating a mea-
surement and an environment for maintaining the stability of
the passenger through the Microcontroller based on the cal-
culated stress index.

[0011] According to the present inventive concept config-
ured above, the present disclosure provides a semi-contact
type ECG measurement system, comprising a contact-type
sensor configured to directly contact a skin of a passenger in
a vehicle and detect a first ECG signal; a non-contact type
sensor configured to bein proximity to the passenger to detect
a second ECG signal without directly contacting the skin of
the passenger; and an ECG sensor module configured to
process the first and second ECG signals and configured to
determine a biological status of the passenger from the first
and second ECG signals.

[0012] The ECG sensor module may further comprise a
differential amplifying unit configured to amplify the first and
second ECG signals and to remove common mode noise; a
band pass filter configured to remove noise; an A/D converter;
an R-R PEAK detector configured to detect an R-R PEAK
INTERVAL; and a stress index calculator configured to cal-
culate a stress index based on the R-R PEAK INTERVAL.
[0013] The ECG sensor module may further comprise a
notch filter configured to remove a power noise component
from the ECG signal.

[0014] A semi-contact type ECG measurement method
may comprise steps of measuring an ECG by detecting an
ECG signal of a passenger seated on a seat through a semi-
contact type ECG measurement system; collecting FCG data
measured at predetermined times; obtaining ECG R-R PEAK
INTERVAL information in the ECG data; determining
whether the obtained ECG R-R PEAK INTERVAL informa-
tion has regularity; calculating a stress index using the ECG
R-R PEAK INTERVAL information; and outputting a mea-
surement based on the stress index.

[0015] The semi-contact type ECG measurement method
may further comprise initializing an ECG signal and a PEAK
value before the ECG measurement step.

[0016] In addition, a body reaction index such as s heart-
rate, an ECG, and stress may be calculated without disturbing
the driver, and a safe driving environment in a vehicle may be
provided by a feedback of a MICROCONTROLLER corre-
sponding to the calculated result.

[0017] Other aspects and exemplary embodiments of the
inventive concept are discussed infra.

[0018] It is understood that the term “vehicle” or “vehicu-
lar” or other similar term as used herein is inclusive of motor
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vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other features of the present inven-
tive concept will now be described in detail with reference to
certain exemplary embodiments thereof illustrated the
accompanying drawings which are given hereinbelow by way
of illustration only, and thus are not limitative of the present
inventive concept, and wherein:

[0020] FIG. 1is a configuration diagram of a semi-contact
type ECG measurement system according to an embodiment
of the present inventive concept.

[0021] FIG. 2—is a configuration diagram of an ECG sen-
sor module in the semi-contact type ECG measurement sys-
tem according to an embodiment of the present inventive
concept.

[0022] FIGS.3 and 4 are configurationand installation state
diagrams of the semi-contact type ECG measurement system
according to an embodiment of the present inventive concept
which is applied in a vehicle.

[0023] FIG. 5 is a flowchart for an ECG measurement
method through the semi-contact type ECG measurement
system according to an embodiment of the present inventive
concept.

[0024] It should be understood that the appended drawings
are not necessarily to scale, presenting a somewhat simplified
representation of various features illustrative of the basic
principles of the inventive concept. The specific design fea-
tures of the present inventive concept as disclosed herein,
including, for example, specific dimensions, orientations,
locations, and shapes will be determined in part by the par-
ticular intended application and use environment.

[0025] Inthe figures, reference numbers refer to the same or
equivalent parts of the present inventive concept throughout
the several figures of the drawing.

DETAILED DESCRIPTION

[0026] Hereinafter reference will now be made in detail to
various embodiments of the present inventive concept,
examples of which are illustrated in the accompanying draw-
ings and described below. While the inventive concept will be
described in conjunction with exemplary embodiments, it
will be understood that present description is not intended to
limit the inventive concept to those exemplary embodiments.
On the contrary, the inventive concept is intended to cover not
only the exemplary embodiments, but also various alterna-
tives, modifications, equivalents and other embodiments,
which may be included within the spirit and scope of the
inventive concept as defined by the appended claims.

[0027] The present inventive concept will be described
more fully hereinafter with reference to the accompanying
drawings, in which exemplary embodiments of the inventive
concept are shown.

Jun. 30, 2016

[0028] Before describing the present inventive concept, an
electrocardiogram (ECQG) is a device used to measure a heart
rate as a kind of waveform by inducing, differentiating, and
amplifying a potential change generated by activity of heart
muscles (depolarization/repolarization) by an electrode 130
in contact with a body surface.

[0029] That is, a sensor in which two electrodes 130 (one is
a capacitive-coupling electrode and the other one is an elec-
trode for measuring a potential difference) and aGND 131 are
separated from each other and integrally formed is provided
on a vehicle seat 100 that may contact a human body, and
another sensor is provided on the vehicle seat 100 that may
not contact the human body.

[0030] Here, the contact-type sensor measures a signal gen-
erated by a difference between a potential of human skin
contacting the electrodes 130 and a potential of human skin
contacting the GND 131 surrounding the electrodes 130, and
the electrode 130 of the non-contact type sensor measures a
signal generated by a difference between a potential gener-
ated by an electric field flowing from the human body through
covering by the capacitive-coupling electrode 131 and a
potential of the human body contacting the GND 131 of the
contact type sensor unit connected with a circuit. Accord-
ingly, the ECG signal is measured as a difference between the
signal measured in the contact-type sensor 110 and the signal
measured in the non-contact type sensor 120.

[0031] In this case, the configuration of each sensor unit
provides the electrode 130 and the GND 131, the electrode
130 part of a portion to be measured is influenced by the
electric field flowing through the contact or non-contact
human body, and the electric field is influenced by the GND
131 formed around the electrode 130.

[0032] Accordingly, a direction and a size of the electric
field flowing into the electrode 130 may be configured to be
similar to a size of external noise by the GND 131, and as a
result, a structure in which noise is easily removed by a
difference between two signals measured by two sensors and
the ECG may be obtained, and a signal may be stably
obtained as compared with the non-contact type sensor based
on excellent signal quality of the contact-type sensor.

[0033] The semi-contact type ECG measurement system of
the present inventive concept, as illustrated in FIGS. 1 and 2,
includes a contact-type sensor 110 that is disposed in a
directly contacting a passenger’s skin position (such as an
armrest, a door, a seat structure, a handle, a gear lever, etc.) in
close proximity to a seat 100 to detect an ECG signal by
contacting an exposed skin of the passenger, and a non-
contact type sensor 120 which is disposed in a position con-
tacting clothes of the passenger (such as a seat, a backrest, a
headrest, etc.) also in close proximity to the seat 100 to detect
the ECG signal with a non-contact.

[0034] As illustrated in FIGS. 1 and 2, the semi-contact
type ECG measurement system includes an ECG sensor mod-
ule 200 which transmits and processes the ECG signal to
provide a stable environment in a vehicle by determining a
biological status of the passenger by the ECG signal detected
by the contact type sensor 110 and the non-contact type
sensor 120.

[0035] In the semi-contact type ECG measurement system
of the above configuration, the semi-contact type requires a
sensor configured by one electrode 130 and a GND 131
detecting an electric signal on a human surface in order to
measure the ECG, and in order to detect a good ECG signal,
one sensor configured to integrate the electrode 130 and the
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GND 131 directly contacts the skin and the other sensor
detects the ECG with the clothes therebetween by the non-
contact type.

[0036] In order to determine a state of the passenger by
detecting the ECG signal in a vehicle driving state, a good
ECG signal may be obtained under various driving conditions
such as acceleration, a sudden stop, or imperfect road condi-
tions so as not to cause inconvenience to the passenger.
[0037] Further, since the contact-type detection method
obtains ECG signals having excellent quality as compared
with the non-contact type and the non-contact type has
improved convenience because of nonrestraint measurement,
the semi-contact type ECG measurement system of the
present inventive concept detects a signal at a contact-type
level and equals the convenience of the non-contact type.
[0038] Inthis case, the present inventive concept including
the contact-type sensor 110 and the non-contact type sensor
120 may further comprise a signal amplifying unit 140 which
amplifies a heart-rate signal induced by the electrode 130 to
generate the ECG signal.

[0039] Furthermore, in the ECG sensor module 200, as
illustrated in FIG. 2, a weak ECG signal including noise
detected in the electrode 130 provided in each of the contact-
type sensor 110 and the non-contact type sensor 120 is pri-
marily amplified by the signal amplifying unit 140, a DC
component is removed through a high-pass filter 150, and the
output of each sensor 110 or 120 is transferred to the ECG
sensor module 200.

[0040] Here, the ECG sensor module 200 is configured b
a structure which may obtain a good ECG signal by
removing noise from the ECG signal input from each sensor
by a low-pass filter 210, @ amplifying a difference between
ECG signals of two sensors and simultaneously removin,
common mode noise by a differential amplifying unit 220,
removing a power noise component by passing the signal
through a notch filter 230, and @ passing only a component
suitable for a ECG frequency in a band pass filter 240.

[0041] Finally, Microcontroller 280 of the ECG sensor
module 200 is configured by @ converting the good ECG
signal into a digital signal in an A/D converter 250 unit,
detecting a peak through a R-R PEAK detection unit 260, and
@ calculating stress through a stress index calculating unit
270 based on accumulated data of the peak.

[0042] Accordingly, since various ECG signals are gener-
ated according to a health state of the passenger, an attitude,
and an environment, the electrode 130 which includes the
GND 131 for detecting a differential signal and detects a
biological potential directly contacts the skin integrally, and
the other electrode 130 detects the ECG signal by measuring
the ECG in the clothing state with a non-contact type.

[0043] Thatis, the ECG is measured only by contacting one
hand on the electrode 130 while the passenger is comfortably
seated, and the stress index of the passenger may be deter-
mined by using an index representing various biological
states. The Microcontroller feedback may be used to generate
a stable state of the passenger, and may be operated in coor-
dination with a service such as ventilation in a vehicle envi-
ronment.

[0044] Furthermore, the ECG signal is detected based on a
time axis after contacting and non-contacting (clothing state)
a predetermined body part (palms and thighs) through the
contact-type sensor 110 and the non-contact type sensor 120
to remove both contact noise and environmental noise
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through a band pass filter, a notch filter, a GND 131, and a
differential amp instead of'a DRL circuit.

[0045] An ECG measurement method will now be
described in detail with reference to FIG. § accompanied
through the above configuration.

[0046] AnECG signal of a passenger seated on the seat 100
is detected through the semi-contact type ECG measurement
system and then an ECG is measured (S100).

[0047] Next, ECG data measured for every predetermined
time are stored and collected (S200).

[0048] In this case, it is preferred that the predetermined
time is set to 0.5 to 1.5 ms so as to measure a detection signal
in real time.

[0049] ECG R-R PEAK INTERVAL information is
obtained in the ECG data collected through filtering (S300).
[0050] It is determined whether the obtained ECG R-R
PEAK INTERVAL information has regularity (S400).
[0051] A stress index is calculated by analyzing and imple-
menting a stress algorithm in the ECG R-R PEAK INTER-
VAL information through the stress index calculating unit
270 (S500).

[0052] A measure and an environment for maintaining sta-
bility of the passenger are created through the Microcontrol-
ler based on the calculated stress index (S600).

[0053] Further, a process (S700) of initializing an ECG
signal and a PEAK value collected before the ECG measure-
ment step (S100) 1s further included.

[0054] Inaddition, by forming the direct-contact type GND
integrated electrode 130, a stable signal is ensured by a
closed-loop type with the ECG signal in the body and an
internal circuit of the ECG sensor, and noise may be removed
by bypassing remaining component noise (friction of the
clothes, static electricity, external radio wave, the driving
noise of the vehicle) except for the noise flowing from the
human body through the electrode 130 through the GND 131
to the outside.

[0055] Accordingly, as the GND 131 has a larger contact
area, a phase of the human signal input to the electrode 130
directly contacting the capacitive-coupling electrode 130
tends to be decreased, and in the differential circuit, the signal
quality is improved by removing a large amount of noise of 50
to 60 Hz of a phase signal.

[0056] Therefore, when the GND 131 contacts the human
body, the ECG signal is measured by a difference between
two voltages of two ends of pressure bias resistors of two
sensors by forming a closed loop with the ECG signal in the
body through a contact of a reference and a body in the two
sensors, and when the GND 131 does not contact the human
body, the ECG signal is measured by a difference between
voltages measured in two sensor units and the ECG is mea-
sured by a difference between two signals by measuring a
body voltage of one portion of the human body as compared
with internal reference of each sensor. As a result, the voltage
level of each sensor is more unstable due to changes in inter-
nal reference and impedance of the sensor, and thus a DRL
method of contacting the body by inverting a predetermined
ratio of an average value of measured values of two sensors is
used as a security method.

[0057] According to the present inventive concept config-
ured above, there are multiple beneficial effects, such as
increased convenience by nonrestraint measurement as com-
pared with an existing contact type heart-rate detection
method, and excellent ECG signal quality as compared with
a non-contact type heart-rate detection method. Further, a
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body reaction index such as s heart-rate, an ECG, and stress
may be calculated with minimal intrusiveness, and a pleasant
vehicle environment may be provided by a feedback of an
Microcontroller corresponding to the calculated result.
[0058] Terms or words used in the present specification and
claims, which will be described below should not be intet-
preted as being limited to typical or dictionary meanings, but
should be interpreted as having meanings and concepts which
comply with the technical spirit of the present inventive con-
cept, based on the principle that an inventor can appropriately
define the concept of the term to describe his/her own inven-
tive concept in the best manner.
[0059] Therefore, configurations illustrated in the embodi-
ments and the drawings described in the present specification
are only various embodiments of the present inventive con-
cept and do not represent all of the technical spirit of the
present inventive concept, and thus it is to be understood that
various equivalents and modified examples, which may
replace the configurations, are possible when filing the
present application.
[0060] The inventive concept has been described in detail
with reference to exemplary embodiments thereof. However,
it will be appreciated by those skilled in the art that changes
may be made in these embodiments without departing from
the principles and spirit of the inventive concept, the scope of
which is defined in the appended claims and their equivalents.
What is claimed is:
1. A semi-contact type ECG measurement system, com-
prising:
a contact-type sensor positioned to directly contact a skin
of a passenger in a vehicle and detect a first ECG signal;
a non-contact type sensor positioned in proximity to the
passenger to detect a second ECG signal without
directly contacting the skin of the passenger; and
an ECG sensor module configured to process the first and
second ECG signals and configured to determine a bio-
logical status of the passenger from the first and second
ECG signals.
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2. The semi-contact type ECG measurement system of
claim 1, wherein the ECG sensor module comprises:
adifferential amplifying unit configured to amplify the first
and second ECG signals and to remove common mode
noise;
a band pass filter configured to remove noise;
an A/D converter;

an R-R PEAK detector configured to detect an R-R
PEAK INTERVAL; and

astress index calculator configured to calculate a stress index
based on the R-R PEAK INTERVAL.

3. The semi-contact type ECG measurement system of
claim 2, wherein the ECG sensor module further comprises a
notch filter configured to remove a power noise component
from the ECG signal.

4. A semi-contact type ECG measurement method, com-
prising steps of?

measuring an ECG by detecting an ECG signal of a pas-

senger seated on a seat through a semi-contact type ECG
measurement system;

collecting ECG data measured at predetermined times;

obtaining ECG R-R PEAK INTERVAL information in the
ECG data;

determining whether the obtained ECG R-R PEAK
INTERVAL information has regularity;

calculating a stress index using the ECG R-R PEAK
INTERVAL information; and

outputting a measurement Microcontroller based on the
stress index.

5. The semi-contact type ECG measurement method of
claim 4, further comprising;
initializing the ECG signal and a PEAK value before the
step of measuring an ECG.

I S T T
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