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Development of Noncontact Train Driver Monitoring System
with Bio Signal Processing
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ABSTRACT

To detect extraordinary condition by monitoring consistently the car driver or the train driver can contribute to
improve the operational safety. A system that can monitor the driver by receiving a bio-signal with non-contact
method such that without using a sensor attached to the driver was developed. And the proess and result of the
development is dscribed in this paper. The system detects the driver’s status by recognizing the bionic signal
such that the gaze angle and heart beat rate of the driver which are highly related with drowsiness. Various
measurement data is used to machine learning for the first stage learning and the learned machine can detect the
drowsiness and the gaze angle with decision and classification algorithm. Multi-class classification algorithm was
adapted to detect various gaze angle. Besides, coutinuity condition was applied to reduce wrong recognition. Test
result represents the decision accuracy over 90% and this show that this monitoringsystem can be applied to the
real system

B A7 PEEE e Fasllel A7) Aglew FaEsizch

First Author : (ORCID:0000-0002-8540-1545)Korea University of Science and Technology, hychun@krri.re.kr, %3]
Corresponding Author : (ORCID:0000-0002-0085-7261)Korea Railroad Research Institute, jtkim@krri.re.kr, %31
Korea Railroad Research Institute
= E 1 201810-319-C-RU, Received October 10, 2018; Revised November 20, 2018; Accepted December 7, 2018

*

2136

www.dbpia.co.kr



) AANEADE ol 48 WAFA DR LA mE Ass A

I. M

ru

+AAL BUER Alagle 2Azke] AEE getst
2o8H olrfo] WARH A}l Harste] APl
AE WAlsHe Asdelel. PlEnAE R
(NHTSA)ol 2wl oid 3 A<= 1209 o
Aol SEAILE Sls) Apgaba gl oleidt wE
Al 1918] 94 ALES} FR olle] =, 2] s
ofub A, A, WAl
o wlel] MASHE Ao odelx|
o] A9 H 1017Ee] HEAL L 7§.3ﬂr°ﬂ ahe
H E299H 02 Qlak WEALT APFELE 22.5%0]c}
B 2 QALTE S gl Fee B
offel AmelE AR o) Aw wEe el
So] ol gal U AEFTe]Y] e AT A
ER M B LS B T B
AR AE U1 AT S GES el AAE
el dobke dol iekict
WA Z5 o¥-2 aal] 98 e o
o A EE 01*"%% 5ol ATt wiA
—*~°—.Tl]— AFE Al A7) 72 glrlste]
28 o] N2 sk A7) 9k Song”le e ¥
o A1 Folel e AT Sska o] Aol 2
oA g AR A A E= A]~EHE 7HHI——3],oﬂ s
¥} Choi'* = 3 S1g ol gslo] TE of
£ Qsislsh Dot Eow WSk A9 Aol
o el w2} i R A7l el S} 4}
o7F A 5 glemw 3-8 sk AR 7]
T Aspr] ofsivhs o] oltk ol& nakslr]
ol 2ot 5o A A5 olgeks AT Sltt
st 3L Blo] T o 0E WS A4S A
ol o aijel 4 71 F AT 24
A7} AN SARAS Hofsl 2 go] olgiche
W] gl
B =2 ARsareh At A48 4 gl AL
iﬂﬂl AL I b QRS L R Bl B i o i |
¥ AT HJB—% 7%k} RUE]R] AlaHle] AlelAd
A 84S gtnsl] flate] AL 54 Al
HIAEA] ARk Al Al QA Ax S 2-8sislch
53] A4 o1A AlAe] A E5 s WEE 5
kS sk opel AlAd o] whakel] Q)= Tkl 7171
Alotehs W ow 8ol rhgsith dxke] A9 7]
WAPE ohEaL FAJEof sk Agu7) wot o] 7]se
2 &g 5 glek
g7 wAel A4

o

o 7{‘]—1@!—01

—

o,
(
)

F9) 97 58] 293¢) o

o

o,
o

(o3

< ol e, AR Ak Al 9] Ag- o]9] 4
o] mjad Ark. st A AE =ol7] fsiM=
chegl dlole]ell i3k shgabdo] 23| Coimbra
s Alag] 2 2l elr] FoN S A
dloleje} g A A7 dlolelE &83isia
Aelds g3l o] Aeh é < =itk ool i’k =t
Al gt A8 BelA IEsh 1
Al v Ak ®IA 1ol = lelE Al
S5 <A k] Akl el skl ARt
ooz 24-ex = HlolHE sAlska <ol A
ol kel skl 7]Estar 3delA= wAlEY
o W 225 7 gl tiste] 7]Edt 4
AL HE A A AIAL =o]7] 95 uHE- 7]
%ffh_ 54ellx] A dlolel & nirkez A3 g
< Aduith o A2S AXgh

2.1 dojef 7 ¥ &5 olA] Eet MR}

a8 12 2 dellx] A AlmEle] A zw
Al=E vehdl Zlofeh A1) ZHA] Alzmgle] s
A2l ZEA= dole] 3, A, maled, 2,
A3} 3] 5 vheFgt %ﬂli 01—“% 14 gk wA &
AzF A QIS F7E S5 of - kS 918 vl
ARz AA deleE %@3}1 ol& nigew mAl
2lgS Falgth A dielslze ATt AteE
o] 43l ¥l dlole] 2 34 wlelelE wF 83}
et Al tellxle 418 dlelHE 7

Bio data collection and
. Participant Participant
[‘SRUS' BPM Open data][: BPM Measure(Webcam)J[:Eye position(Eye tracker)

] [TcP/IP JTCP/IP
Recognition and Classification

Initial learning
- Classification: Supervised learning

Initial decision(decision for 1 sample for every 100ms)
Softmax function, Cross Entropy, One hot encoding

Final decisi

Final decision(decision with accumulated sample, 1s)
- Application of continuity condition

Display and warning

Display Warning
- Wake up/Sleeping state - Decision as sleeping

- Eye sight direction consequently 5 times

i
2%

LB S S st el B %
Fig. 1. Learning and data flow for the sleep recognition
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Eye x N_x Eye y N_y

No. (pixel) (pixel) (pixel) (pixel) BPM N_BPM output 1 | output 2 | output 3 | output 4

1 0 0 0 0 66.7 6.67 1 0 0 0

2 0 0 0 0 68.8 6.88 1 0 0 0

431 857 8.57 264 2.64 85.4 8.54 0 1 0 0

432 922 9.22 319 3.19 86.2 8.62 0 1 0 0

707 1701 17.01 716 7.16 82.9 8.29 0 0 1 0

708 1657 16.57 657 6.57 84 8.4 0 0 1 0

1087 1843 18.43 821 8.21 82.2 8.22 0 0 0 1

1088 1849 18.49 814 8.14 88.9 8.89 0 0 0 1
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