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Driver's Status Recognition Using Multiple Wearable Sensors
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ABSTRACT

In this paper, we propose a new safety system composed of wearable devices, driver’'s seat belt, and integrating controllers. The
wearable device and driver's seat belt capture driver’s biological information, while the integrating controller analyzes captured signal
to alarm the driver or directly control the car appropriately according to the status of the driver. Previous studies regarding driver’s
safety from driver’'s seat, steering wheel, or facial camera to capture driver’s physiological signal and facial information had difficulties
in gathering accurate and continuous signals because the sensors required the upright posture of the driver. Utilizing wearable sensors,
however, our proposed system can obtain continuous and highly accurate signals compared to the previous researches. Our advanced
wearable apparatus features a sensor that measures the heart rate, skin conductivity, and skin temperature and applies filters to
eliminate the noise generated by the automobile. Moreover, the acceleration sensor and the gyro sensor in our wearable device enable
the reduction of the measurement errors. Based on the collected bio—signals, the criteria for identifying the driver’s condition were
presented. The accredited certification body has verified that the devices has the accuracy of the level of medical care. The laboratory
test and the real automobile test demonstrate that our proposed system is good for the measurement of the driver’s condition.

Keywords : Wearable, Sensor, Physiological Signal, HRV, Respiration Rate, PPG
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Fig. 1. (A) Toyota Steering Wheel with ECG Sensor
(B) Ford Driver's Seat with Capacitative Electrodes

CHE Al0ieE WME 2ET 20X B 214 273

s
—
ACH
i
@
N
e
o}
Q
)
1o,
Ho
>,
2
>
fot
i
=
flul
=
=
my)
)
Ak
=

=
A% 27 B5e AR W88

A
electrodes) 2.2 olH X AIE UF A= 5d9 ofddst

]

o

4
g
kS
2
aQ
.
I
=
=
(¢

of /LAt o MAE ek e FHs| e ECGE
AHETY Aol FAE AF AGR SAo] ofHARt 7

25mme] HolM%= HEE QRSIHQRS-complex)S 2% st
T otk st 2E 7o AlAl AU o o)y &=

r

TAE Foderh TEs AR B%el s XA

A dojels FAld g o] Z2AES

F=9 Plesseye I7HF flo] & &3 YANEE
A& 4= 9l= EPIC (Electric Potential Integrated Circuit)
S ARATHIZL FFo5E wEa 9Y JII2E F9

=
TR A Bl S =S AR

3. dHMs 8 X H =M FA2 WL

31 MAME SHE 9B MRS M

Ahgrel A WekE Jbg wel wedeks AANEE A%
Golxm ol 1 Aupdolmel F7o] bF Fastth
F5el wae YrdREe] Wi 14 gHE & 5
= Amelth g wAel 4A AsE ot A
o) Bu ARBAS TEH ol AFANNE E43H
7 ol Azolth W FAE MEHsht PEE 34
o) olgthe Wl qlth. FE3 Eqol s A& Fol
£ Aleo] ot 9% 879 9FS 4A wa, A4 W
32 47 243719 ok

B R e doldl 4Nz Fdol sbsstn AA
& g5 mAHA AN, BFF ARAEE 193 3]
PEEE 4G £ A4S vgos Ui
g Zdol B AVeRE 44 34 sl
Fu @75 A 3Fe ol Wyl MR TR Wt
g olzolie AANEE B4 v FaAY

A9 BARRE 3] A3 AR A2RE Fig 2,
Fig. 3% 2t} Fig 20)% Fig. (0% thiel 4A4n
g Sgshe doled 4A9 B dolojaga FAL 4

AARE G Bosks FHLAAA A 2ol



214 ZEMEISSl=2Al/EFEH S8 AL HMeH M6=(2017. 6)

| Display ” Audio |‘
Communications | ——— T S— i
FTTTTTTTTTTTTTTTTT | |
[ ]
H Controller
CAN i
___________________ |
[ e
| Gyro/Acc ” Temp

OLED : organic light emitting diode
PPG : Photoplethysmograph

GSR : galvanic skin response

SKT : skin Temperature

CAN : controller area network

Fig. 2. Block Diagram for Driver Physiological Signal
Collecting System

(A) Wearable device

(B) Seat belt

(C) Integrated driver
assistant system
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Table 1. Comparison List for Sensors of Wearable Device
with Commercial Medical Devices

Items of Test | Target range remarks

check the number of

measurement 50 ~ 200

1 . heart rate displayed at
of signal bpm the device
.. th t
2 | recognition rate 90% must up to the targe

range

(A) Target range of PPG sensor

Items of Test | Target range remarks
measurement ,u*Zi;Ifl(;ns check the number of
1 . ispl. h
of signal (25KQ ~ ((i}esv}ie displayed at the
200KRQ)
.. St to the t t
2 | recognition rate 90% must up to the targe
range
(B) Target range of GSR sensor
Items of Test | Target range remarks
heck th f
measurement 4~30 chee t. ¢ number o
1 of signal breaths/min respiration rate
displayed at the device
.. h
2 | recognition rate 90% must up to the target
range

(C) Target range of respiration sensor
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