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H Ultrasonic sensors B RADAR sensor '

Parking assist Audio assistance
Parking systems Reverse info
B Long range RADAR
Audio ssistance!
Obstacle detection
ACC Stop & Go

B Front cameras
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hstance & S
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S #AEte o7t 9o, HElRY d 8y (Multimodal Deep Learning)[30]2 <5 &

g TZo o3 dolH THE uYstA stozH 7E vl FF9 dHolEt

AFESE Hely Aol ok A S 7Fete ol 54 FFe Yol vt HekAl sty A
=

LA E = ZAE Ak

1l 1l —

Deep Learning

Neural Networks

Performance

Traditional
Machine Learning

Data
[ 10] k5 wlolefe] FRol Hdste] 4o F7bet Held

(6) AAIZF wEgo] 7]uke] ebg Al HolH Azl 7|&e oA

o AYY A= T w8 VAAAE do] B AAFAZE Yolrtal e CPU
(Central Processing Unit)S A o2 Zbg AAof ARG = REo] Ajts o =314
AA HolHE g @ BEXeta 2t T2 o] AEE= =9 7HFE AlAH O

= Zgtetar 9l

A, wkeF AlE 100km= sk Abe A7 ol w, AR 125 S HW 5o
FHOR 28mE olTAl H. olek T AF A&l HANE w v AeA=
TAAREH 52 ofE AojHE o|¥E AAI3], 321 & A=F AFEy U5

al
o [33]9] Ao} o] ApE At FAlE = AAS AWt = A| 28-S S xxLe] dF o]u
A& 300ms ez AAZto g BAo] 753k =50l NVIDIAC] Drive AGX[34]
oF 22 MY AFE st=dole] F$ 14% GPU(Graphics Processing Unit)<
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gAste] 1080p sl Y=ol A A= olnAE =T 307 ol AAIE ATt T
& Aow o g (HEa AxYdA Volvor A& HW EF 2= NVIDIA Drive
AGXE AEeto] 2020858 Aite = Asatel g8 oA)

oA ¥ AAlel 1l v e A HW+ 1-v- (5ol A AAIgE Hejd 719k <l
A RS AT 7] SRS AH. sHAT eCall 52 72 22 7hs kAl st
3G ol 213 fojelE 7]7]odl A AFE-% &= BLE(Bluetooth Low Energy) <

252 A E] B E] (connectivity) & IT 41 7]14£E5< Holg 7t &4 7154 o]

N

rr

A= A F A (reliability) o] HAE A &= EJIY

dol8 %ol Azde]l wAHA i ths e SHEE PolstA gkol Hol

Subsystems, Control, Processing, Alerts, Work units,
@ee

Devices, Machine Elements, Sensors

(27 11] =wlel we} tfstAl 48 7 DDS[35]

DDS[35]F OMG(Object Management Group)oll A #| A3k A A 7F djo] g w3
o2 B el Foke] AAEA 1 AAIF L AFAAJE HolH dEeEs B

Zat7) Qe A E AL, olu] RTI PrismTech, 3t A S A AT 5 k9] vl

A5 2; ok A o] DDSe| &8-S tEA o2 Audirt ?1Hl, o7 2012 F-H RITol
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o AT W9

Cardiac Heart

Arrest Attack Normal Light Sleep Deep Sleep

Driver’s State Detection System

Emergency Detection Drowsiness Detection
_| | (Signal Processing, Deep Learning) (Multimodal Deep Learning)

E X 3

Real-time Data Distribution Service (DDS) Mi(*lcwarc

Multimodal Interface

(Bluetooth, Universal Serial Bus)

PPG Data Image Data

, " ‘

(28 12] ¥ A4 E=

HedS 7Ivto® At Ay S5 s dAE7] fg & A i
v [ 1113 25 PPG "ol S Ax|ot Ak W) hv|etE o] §ato] T3 Aol A
AR AEEE velHe 2 A3 onAE R HE Y <Y # o] 2~ (Multimodal I
nterface) = FAZHE T dolelE & A7/Nde] Axgloz 7tx 7] g H Aol
Fstn, 4 TRE dodE 71719 hlebr gisA o s Adstes EFF2 E4l
¥} USB(Universal Serial Bus)E& A3 QJHH | ~E &

A dolE = [ 10]3 22 A Wl B dAg A eke] S S adskal, & AN
o] e Alzdlel kA o w A wetr] flste] AR SAvEHe] £ DDSE 71wk

o2 HolHE AEsH 3% PPG dolH+= Y543 212 (Emergency Detection) &9l
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Multimodal Network

Class: Normal, Light Sleep, Deep Sleep

Classification
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PPG Signal

(27e] =lf-9] &

=
=

Q4 AT

= o
=T

719 "ed 71k

i

)

o)

gl H

s

o,

j=4
QLN

£40] 97 u)

)|

=5

4 7ol A o]

b, 5

S

!

o

o &0l

o

o] 7] wtol] -2 #H(Light Sleep)

2 ZF(Deep Sleep) S T+

71
G

7}

29



Aol o] 93 7)a o Ho] Aehd Fa Aloje] FUH BSE A Fom 9l
4

el gHA 2 AA wAg 2E3 A

() A AJEA Aol HAAZE B AEA 2 doly A V1Y 448

[Z29 18] A&22] AXHAWE Al2~¥ (&3] whichcar)

& A e] A% 2= CPU(Central Processing Unit) S Al o2 zFE AlA e A x3=] 7}
T3 A AFH Alagom wdsta e, AAsAk 959 AAE F3 FHE
dlolHE S48 oz Al 9 #A43te] &4 o =z S o] AY, sk - 4lA

=

g B 2AAE A 4% Aus ZRade] AWHE AFe AR Axdow

g2 Az AbE S o] HFE Alads A5 &88H7] flal X H QW E(Infotainme
nt) A|2=8"S JpEstar S, AR5 Intelligent Personal Cockpit, 4H4d A 2} 2]
Digital Cockpit, Google®] Android Auto, Apple®] CarPlay & A%< A5 A%
AR B oty El HAk 9T SJAME R JIZHRIN A ZHEFS skl 5. NVIDIAY]
A9 A 2= st=9ojeol 1245 GPU(Graphics Processing Unit)S & A 3} ¢

o

F

202058 Volvoe] Alate] gAjgt o4 Q. 5, do 2o s gy thksh A

oz AR 5 A& Ao MY

=
>4
i
-0,
£
£
o
Il
>
[>
et
o
ofN
o
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[ 1] AA e wet dxte] AeE <ladsts WHy Fd 2 A H[42]
Dependent . .
Sensor Variables Advantages Limitations
¢ Non-intrusive . Costl
Eye-tracking Eye blinks | ¢ Comprehensive oLy
C . e Noise
indicator
e Low cost
Proximity . ¢ Reliable e (Cannot track eye movement,
Eye blinks . o .
Sensor ¢ Commercially such as fixation duration
available
Accelerometer Head ¢ Non-intrusive * Noise from sensor location and
Sensor movements | ®* Low cost car vibrations
Brain's |+ Reliable * Costly
) . e  Uncomfortable
EEG electrical e High temporal . .
O ) e Environmental artifacts
activity resolution
(e.g. head movement)
* High accuracy e Confounded by age and health
Heart Rate Heart rate | Low cost i
) . exercise
e Low Iintrusive
Respiration Respiration | | . e Sensor may slip
Rate rate High accuracy e Uncomfortable
Galvanic Skin Skin * Noise for environmental weath
e FEasy to attach
Response conductance er
.. Lane ¢ Non-intrusive * Noise (vehicle type, road condi
Driving .. . . .
Dynamics position, e Easily accessible tion, etc.)
speed, etc. | ¢ Low cost * (Generalizability
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[ 2] 71AISt5S ol &3t &xA el Q2] AFellA A& 543 48 w[49]
Source FUsed Classifier Accuracy Ground Truth
eatures
Saradadevi Mouth 86% (Normal) labeled eye and
. SVM o . mouth images
et al., 2008. tracking 81% (Yawning)
(self-reported)
Patel et al,, Neural o labeled ECG Data
2011. HRV Networks 90% (12 subjects)
Wang et | EEG, Facial o SSS Labels
al., 2014. | Expressions SVM 88.62% (15 subjects)
Lin et al Cascade labeled eye
2015 v PERCLOS Classifier, 85% pictures
: AdaBoost (self-reported)
G. Li and 1-minute-videos
Chung, %‘Eierljgif SVM 96.24% Wierwille labels
2015. (6 subjects)
. Binary 1-minute-videos
Z Lét)le; al, SWA Decision 78.01% expert labels
‘ Classifier (6 subjects)
o Al Ego] W4T W Yot 54 tgen, AAMAE dwsE Fod v

rii_lo] w\7] T'm""oﬂ

[ 2
g A7 5. SEH o2 ATA VNATEFS ©

(28] 7-(9)]&= Agt=HY A1)~ Kick Startero] 2o} =& WA STEER =
EZ[28], ~vE sl e o 7]7]E o] &3dle] 2% W E PPGE A7)y HnkgS

SASI 2SS AT A B @ AN S FE FANA FLA,
Bagk A7 BYEE A e 9 AR ARy 2 2AR G ool A B
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wele] S5 gken, 2017d 1149 o] %= A4S ez 44 71717k Al
Ha dsel FAEHAE. 2018 949 sd ZmAE S Al JNE, Al A, A A

Aol AleHar A A4 Aol e A At AeHA @gon, Ald A
ol mEW AA E5o] ofd 5191 A AVIE sto= FEI7E RS AV 2l
. B, ol E5o] BT o] F (A o] 4 o] AlEkxl o] )l PRI} & 7] )

woll, 24l &4 de] aybe AvtE W= geje] STEER7F 0S5 &37F 9=

[ 3] Sul-9) $AA Je AAp A7 2 gsua

Related DL

Training Data Accuracy or Results

Works Algorithm
[50] EOG . C.
(2014) (22 subjects) CNN Mean Correlation Coefficient: 0.73
[51] Face images o .

(2014) (30 subjects) CNN 92.33% (Normal, Drowsiness)
[52] EOG and EEG Autoencoder Correlation Coefficient: 0.85
(2017) (21 subjects) Root Mean Square Error: 0.09

[531 | Bve and mouth 94.8%
(2017) 1mages DNN (Normal, Yawing, Drowsiness)
(22 subjects) ’ ’

Eye and mouth
ours images with
(2018) PPG data
(14 subjects)

Mean: 92.80%, Best 96.15%

AL (Normal, Light Sleep, Deep Sleep)
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traction) ¥l Q17te] AL = MPstAY /MdstA = = A 9edS 54 F
tFaA el daEls A WiE ol dvke SHAA 7]ES] HEAl 7 A

7}
I Z AolE Bl ' dske] dzte] A A e uxAHd SAS VA =
2
=
=

_l

116x156
120x160 512
e 128
58x78 '
Sax74
% 5 4
5 : 2 . 27x37 Z4x3: 12x17
B R
oS 20
12 16 16 =

Comnvolution 1 Maxpookag 1 Convelution? Maxpooing? Comolutionl Maopoclingl FC1 FLC2 FC3

[2% 23] A& A0 CNNeo| - 2[54]

[50]2 o+ A = (electrooculography, EOG)E o] &3to] &8 HAHE Q4st= A9,
7= 7IAEEY gdE2A 54 5 s AbEste] gFshA &
a3k Ax)e] 34 o]F CNN(Convolutional Neural Network)S ©]838to] 714 A~~~

=
e,
rie
e5!
@)
o)
-3
Y

2 5SS FEL ERSHES skl Held okl olmxet e FARE
G = dolEe A [17 22]9F 22 CNNE o] &3 +8 5HS FF3+3 3
FE 9% FC(Fully Connected) #lelof([Z29 22]9] &% Holof)= 12 (4]
d) Fel= FAEY, 33 A AR HlolH I EE 1xdeRr ¥
A B o] £aF o] dhggo] o]Fojx = A Hi=d CNN2 o|n x| dolge] &3t
ARE FASHEA gzo] 7hee 2l [50]9] AFH-2 2279 AF-FeiA =R
o

A4 S5 due EOGE skl 19 23] 22 729 EER Q4 RS

EE39 S 25d 299 Hit A3 Alg-(Mean Corelation Coefficient)= 0.73% 4
Elyom AG"o] A A 7]Ee] FAA 7IHol 079 #Aetde W A S
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& Time Label PPG

FALSE a2

Lk FALSE 92

708 5. 25.17.19.59 574 FALSE 92
TOT 5_25.17.19.59 624 FALSE 92
o8 (5251719 59 681 FALSE a3
o8 5251719 59 756 TRUE a2
740 5. 251719 59 789 TRUE Q2
Ty 5 251719 59 873 TRUE gz
74215 25.17.19 59 937 TRUE g2
1 ]‘,_;5_1:‘1:}_59_5-9_" TRUE a2
714 |5 25 17_20_00_ 060 TRUE g2
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dolg ezl Aef dolgrt glolA BAst= A9, o= 44 "Held Ay
gl oolA F2 T T8, oA dFelM e o) ®BA 2l

oA A AT mHdlat o, oo M= A Aol e wolE Rt
®aL oj" Wl A AbgEe] HolH7F 53] Ao =P ol A
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s Fotd A Aol heety dHolH S €l HolE ] Holas AR #
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[24]= o HE AA HolHE S74ste] d¥e EUHH S 7ol F714 < b
olB] = AA} glo] °F 9% Bxe] FT MAS RS E AT =

AbeE Hto] A= [38]9] AR, BE€F PPG Alrdel tiste] ¢ o] B3l (Wavelet)
W 3ES 71k o]m %] 2] dlo]EE CNN(Convolutional Neural Network)S ©] &3
Trete A2 B A7 AR FEY ATE AdEAE. o] A9 o5 Rde
Alsks 2are] &<l KNN(K-Nearest Neighbor Algorithm) 2.t} oF 6% 9] 9] d 3

B ATAEe 2D ol 18 AgaE B HolHA AgEAe das
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Conv olulmnal
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i layer

Input layer

[27 38] ¥ AF/delx 749 PPG HolHe &/FE 98 A&
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)

[ 7] CNN 7]uke] Alaa3 ola walo] A=

ER FAE | AN/ AFAAEER delE) / A (E2E delE)

s ool 200
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2,400 7N
grE dolg (Sterol AHEEA e BE A4 HolE,

S FxE Sh5F dlolHel YY)
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(10-Fold Cross Validation / E|Z~E d°o]H)
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2 AT 1Ad =(2017.06.30. T 2017.12.31) 9] ATRES Esto] ool 3o

7] gAY BERY Qe TREYS ABstgon, 2dE ATARE Fat

o

FEIIA Al="la AAlE A DDSE 3 AAIRE B AR =2 dloly dE 7ol

CAN(Controller Area Network)< ISO-11898¢ A ¢ &&= A%} A A= o] A A 7F
A ZREFE AR MATHIS A A Wl AEE e i B AN

< [2% 38]3 o] CANS 7|Wro 2 PPGet #2 x7ke] AA volgE 1

9 eEsEelo] Jure SEdols TR ALY
whel, CAN® Hlo]E A5 ES IMbps £34 ol Ao} o] Lal = ol vl 42 4
B4 Asglom A%eslds e $EF A8 AnHARNEd FaH s

Z2¥ PPG 54 Kol 544 HAZde 349 PPGE & FF2(Bluetooth) 9+ 2
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& A ] 25 2F= CPU(Central Processing Unit)2 SAl o2 25 AA b A =42 71
FFE Adig HFH Al2glo® dHstal e Asak & AAE F3 e
HolHE 7402 g 2 BEAs xgHoz 2Zo]A

2 E8 £AA4E AW 24F Aus o] 4YsE AFe AR ALYoR

% = BLE(Bluetooth Low Energy) 52| A&=} 719 E]H] E] (connectivity) ## IT &
Al 72 HolH7t &449 7hsAd ol e A E A (reliability) o] B E X &= HE

ATt SN A 5

dlolE HEo Aol HAHA & the e $HEHE Folahx ool HiolE
Aol Adm 2 9= nAAZF B4 WS ouaty, BA FX 7} Sojui= Ao
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