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< SUMMARY )

Purpose &
Contents

O Final Goal
[] Development of driver state awareness and context recognition system for the accident risk

prediction and prevention when automatically switching the driving mode in the autonomous
vehicle

O Detailed Goals
[J Multiple cameras and biometric signal sensor modules analysis and optimal synthesis

technology developed signal processing (Real-time signal synthesis system)

[J Multi-sensor—based driver fatigue recognition and quantitative measurement technologies (over
80% success rate)

] Developing multi—sensor—based driver's emotional state recognition and judgment
(over 80% success rate)

[ Verification and recognition of individual modules complement to a variety of environments
(over 80% success rate)

(] Quantitative measurement development to expect the accident risk and construct the database
in various environment (building robust systems to changing environmental conditions)

[ Situation recognition and accident expectation development using the correlation between
objects and the driver (over 90% success rate)

] System performance analysis and correction in real situation (over success rate 90%)

O Research1: Optimal synthesis technique for multi-cameras and biometric sensors
] Wide angle acquisition using stereo camera and driver’'s depth acquisition using depth image

from stereo adjustment technique

[] Pre—processing technique to remove noise signal and stable image acquisition in the low
illumination condition and the external environment change using RGB and IR cameras

[] Sensor position and type selection considering the physical contact of the driver in vehicle
and integration module development for heart rate and various biometric sensors

O Research2: Driver condition recognition and gquantitative measurement technigue based on
multi—camera and biometric sensors
[] Real-time image segmentation to divide background and a driver in the vehicle

[] Development of GPU-based parallel processing technique of the machine learning—based face
and eye tracking for improved recognition and real—-time processing

[1 Complexity reduction technique developed over the required area of interest information
extraction and feature extraction technique for the driver state awareness

O Research3: Correlation analysis of the circumstances and driver recognition techniques
] multi-object image segmentation and tracking technique development among driver,

passengers and interest objects

[] Real-time processing and parallel processing techniques for improving the accuracy during the
limited resource for multi-object tracking technique

[1 Decision model accuracy improvement for accident risk expectation using various signal
synthesis and optimization

O Research4: Database construction for customized driver and driving mode change study
(] Quantitative technique and feature vector selection study for individual driver classification

[J Low volume database construction in signal synthesis and optimization from individual
driver-based multi-camera and biometric sensors
[] Automatic vehicle driving mode transition study based on driver biometric signal recognition

and situation recognition using optimization database




Results

O Optimal synthesis technique for multi-cameras and biometric sensors

[] Purpose: integrating signals with various input formats and overcoming the difficulty of
applying the system

[l Key performance: optimal processing model develooment for real-time signal
processing—based biometric sensors and multiple camera signals

O Driver condition recognition and quantitative technique based on multi-sensors

[] Purpose: providing information in automatic driving transition using multi-sensors data

[] Key performance: driver condition decision model development for automatic driving
transition

O Correlation analysis of the circumstances and object recognition techniques

[] Purpose: providing information as to whether the ambient conditions may cause an
accident to the driver

[J Key performance: circumstance analysis system development for autonomous vehicles

O Optimization method for constructing personalized user database

[] Purpose: Accurate accident prediction about individual users and users judgment

[] Key performance: The development of interface system and constructing adaptive
database model based on the individual users

Expected
Contribution

O Definition and application of technology based on software for a driver condition
prediction model using acquired data from multi cameras and biometric sensors in an
autonomous vehicle

O The technology can be applied to similar various fields by predicting context awareness
model through recognizing driver fatigue and emotion. It is possible to develop an
personalized user interface module and transfer the technology at the related research
institutes

O It is easy to recognize the driver fatigue, the emotion and shape data because of data
based on image sensor and biosensor, and hence, it can be applied to a personalized
monitoring system

O 1t is possible to use next generation technology that can improve driving safety,
convenience and acceptability (by gender/age group scenarios—derived UX and
optimized Ul) of the autonomous vehicle on real road through analyzing comprehensive
data that is driver characteristics, driver condition, and context data inside the vehicle

O The ultimate purpose is not just to develop the technology but to secure a fusion
technology through fusing various fields such as electrical and electronics, information
technology.

Keywords

Autonomous - ) Accident . .
o Driving mode Multi-sensor L Signal processing
driving prediction
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O AbeA 2R Ae AAHe TR
(0 d&st d= g0 JCIMEE Aitstd 2 &7 S8 HEHE Algg &
o QEJ_EH(HOG)O x%
|

cheol AIBRIE BR o Al

oA 10| M AF2SIEE Precision, Recall, F1 scoreE Al235I0d 2 2MX}
olAl J|HE HIISIG =S

A2 (m) Precision Recall F1 score
1.000 1.000 0.981 0.991
1.500 1.000 0.985 0.993
2.000 1.000 0.975 0.987
2.500 1.000 1.000 1.000
3.000 1.000 0.991 0.996
3.500 1.000 0.991 0.996

72| Hato| wE du2E 45 ot

- Azl Halo w2 guelE Ms "ole Zulel HAS AASHH, Recalle
A 98.7%, Precision2 B 100%, F1 score2| A 99.4%E5 ¥=2
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| MEE =X 7|

O ArEAte| AH 2UE o] SA| A[FH2 AlM FHI|9| SA| AH 2o ¢
st= xto| 2 7|

A F=H T2 A ALE 2 2 AREARe Al HME| g, SAl XIE, S5
of 2 Soll olalf AlM F=XMo| Hado| LHSHK| Rots 47t of Ll
O 2 7|H2 ALEAtel AA ZUE &2 SAl A[FI AlM FH 7|7]19] Al X

H Z2tel 2HE Sof et SAl A E AlLtsts 7Y

Test pattern

Offline QOnline
provesnsn Sere e .
o ™ . - :
- . . Emitting near infrared
Comparing pupil position
for measurement
and test pattern H unil position
L y \ pupil p
4 N : 4 ‘
: Measurement
Creation personal profile | : H pupil position
L ) : : about gazing potion

v

Gathering near infrared
information from pupil :
\. v
i . l . R
Calculation pupil position | :
use near infrared :
information

¥

Qutput gazing pointdata | :
from real-time eye tracker | :
. J .

Gazing point coordinate
and color data

= Z|He Al FdE

O Al FH A[2H0 HEE ZHMO| SAE D, Al FH A
of BAtEl FE &, 532 YEE =5t ALEXL] 53 9%

O 24eM2 ot 9 itz o 3 o t
2 HMon], dEH Al FHo| 223 32| SaEzt 2ol HAtE 2ol ¢
2 5d35t=d g0l

O ZUEE 9=estod 97He
A s Y /Al 2
Hetr 4ot =Y

O o¢ 231

[J Tobii eyexel Al FHI|E ALEsto] A TSI o0 Hots olzfet 2=

(Gazing measurementaccuracy

Person_mean | 1.0sec. | 1.5sec. | 20sec. | 25sec. | 3.0 sec
Ratio(%) | Ratio(%) | Ratio(%) | Ratio(%) | Ratio(%)
Person 1 71.9 794 88.8 89.4 914
Person 2 58.8 782 794 83.5 87.0
Person 3 714 734 85.8 83.5 834
Total mean 674 77.0 84.7 85.5 87.3
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4 A|AHof Zheh A7t
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O

A RFoM= SR = S =0t2EE LA 0[(HMD) 28 AlZa
3

=
Ol4d BHHOIM LME 5 A= Tol, AT HA HPo| et AT
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O
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O

(] Z|&2] HMD systeme 2kors
O HMelsks 2 HiE Q32 e o 55 =4

HMDol| ol &=l= #=2| diE o=
sHa JHM 71

Ab 2 ZHInterpolation) Al At2F HZ+ 4

ret

i

SAloll rendering S04 AESE complexity 22

A
= RS MASHD ALAIZE A

7k
(]

(] 8l Q4= LUTRF Nearest, neighborhood, Bilinear, Bicubic interpolation2 Ol
85t 7|E g o] A M dnelgd 78

- M otot= w2 7= dhHal d|msto W AHAE AlZES 34.69%7HA| EHE

O HiE =T Al
— A ot5l= i

o -

HE ZYS T MHsto] 7| W oy 22 3 7

[

|& 2ot H|Wstod PSNRE =i 3.72dB7HA| 7t

fa)

M AE=ZEH (a) Nearest neighborhood interpolation
(b) Bilinear interpolation (c) Bicubic interpolation

Lk

rlo

HMDoOl o| &%= ofetsl=o| s o7 &t E&(correction) ¥ EZF A
H 71

Motot= g2 FiH2l miefo|e Aih & AA AH LS 124st0{ ofE HolE o
A

Aake| viE@e= Mo w2l sjEel=s mefo|e{E =™t InterpolationZt S
Aloll Corrections 3

Motst= w2 ufE =2 A Interpolationtt SA|o| F=sisto] HMS X
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Hetsts w2 XN S SetA 7|0 AlMAIZHE Z|Of 15.85%7HK| M2
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Input

Camera parameter 6
calculation
| Short focal lengih Long focal kength

Scale consideration & Scale consideration & coordinate conversion
coordinate co

— | —

Mapping table

generation — |
;!—/ \lapping table generation
LT:I e fal QO e | HC TR
Correction with !; 1 Qb =y, pixel
interpolation t‘ L
OUtFUt \rlml neighborhood inlc-r;i;»uliﬂn Bilinear interpalation
R G B

Image interpolation technique
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o AeH, tfFE2] Ao = Latency =0l 2fsh Ll |2|Zoll 2fs Ho|
SO HMst= ZHez U E
- Latency= AH AF2XEe| head orientationoll Hst7} &S A S Al
Mol sliEste a2 £ WriX| Zel= X[AIZEHS 2[o|
- Latency= 2MSHA =M™ ALBAIE AXH ED s 2E| siEstX] 2=
Aol EHEA =0 AFZAE dHAOM AME HglS of LMSH= s
o= ot gefe| Z4Ze oA ==dl, ol2{§t 12| Zol o5 Ho|yp gk

[J HMD Z|Z|ollM o]2{st latency EME 2535H7] 2ls MA Ho|E
CHS k stepollMe| XIMIE o F5104 Ofo dliEst= Pa2 &SI latencyE
Haloks AlARIS Kot

- g MMZ 25 FS5E Gyroscope % Accelerometer CIO|E{E 7|He =2
Euler angleO| Hl4t=lo{ o ZtEof CHE 2t 5 wak o 52 S5l k stepoll A
o XM Hlo|EE H &t

- o] m, o EollM= Linear extrapolation 7|2 S35 o|Mel Zt
Curve fittingSt A AAl S 0|2

o

ol

010

S| A

Creulus Rift DE2

Dale

" Orientations ail
Prediction e wcquisition
*
e L
Syaw’,
T
a L T pitch f .
Lincar regression oo Oricmation data
= k- el
Linear rienlations g
extrapeletion time T == k)
* 2
VW
+ =
K=step ahead pitch ;
b ; * Rendering svstem
prediction rol o
X I
VEAM .
ulcafieley Display output
WVidea I} -

HMetste gl M Fd =

O Ay &3t

[ yaw, pitch, roll gtgk 2|1 T=100, 200, 2302| A|Zof cHsl 1 stepel &
< ZtZF 0.724, 0.090, 0.300=2| A7} YMSIR T, 4 stepdFel 5 2
2t 1.739, 0.180, 1.200=2| 27| &M

(0 yaw, pitch, roll &&kol| Cist HHF 22Xt= 4 step olFol CHallAM  ZH2t
1.083, 4.497, 3.248 £9o| X7} HM3SI¥ 1 0] B 53m
AF5104 7| = latency@l 50mse| 2F 106.667% 22 EAME = USS EQl

%
I
=2
e
0f
ol
)
e
>




(85% = H|53%)

1-7. Holdd 34k 7|gt XX} olAl AlAg Iy [1-20]

o
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AT

i3

- O o

. ferol M wrase = watel 2st| flol, MelM Hatol of
9l N o o

O AlAH”H MAFME

O dlole =% M4 2 bjd IMS Zesh MM Pl =37

O dlole &2 Hat XMzl Lne[ES 0|E$t Data augmentation A4
O XX 2lAl Hd o7 |HXHE &28 XA &F

Driver Identification

Target Images

Backgrounds

- CPU 24 Intel i7-6700HQ (2.60GHZz)
- 29 A H: Window 10
O A FHH2h AbF
- dAb 2 72k Kinect V2 (Microsoft M%)
O Ad Hefd ESHE
- H{d z2lol=28{2]: Tensorflow 7|22 Keras
= - 7+& 7tabetd: Anaconda 3.0
5O A Hole
¢l o 7Ho| cisto Pak Hole 5
- sh& dlo|E{: 2F 100,0000{Zte| MM At (7IZ 512, MZ 424 ZAM)
- H|AE Hlol&f: 2F 9,00009&e| Mol Hak (FIR 512, MZE 424 H4H)
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Data
Augmentation

Removal Foreground Extraction
Process

VN

Hole Filling Algorithm
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_________ o bnacaaad

Mixed GMM 719k A )M g2 a4 AA L F7F S5

- Hld ®MAH LneF
1. Mixed Gaussian mixture model (Mixed GMM)2 &&%t 1x} M4 22| &

nelEs

2 &8st Lo|= HMH AlA
Hole filing €X2|& S

2. Super—pixel 7|2t2| Flood—fill &1z
3. Neighboring pixelZte| AZIZAHE E

rok oy

Freign:[0]
Freigne[1]

Fhelght [300] Y‘max =
Freigne[301] Freigne[300]
Fyiaenl0] - Fiiqen[349]--- Xonax = Fwiam[350]
Fyiam[1] Foiam[350]
(a) (b)

e

Super—-pixel(Z& @) Flood-fill 138 & AL H(a)Z(b)

- Holef &7 &12|F (data augmentation)
1. Haar-like feature 7|8te| d=2 I AHZE
2. Brighten/darken2 0| &8 ¥Ate| 17| =&
3. Flipped 212|152 S8 Yatel 52 o

oAb dlo]E] Augmentation 23}
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= D%
1. E dYof s =5 zdalgs S5t A& 2 2t dodol EH™o| st
LUHE St HE A9 =&
2. ¥d=2 A Fol Contour HHoks Al 2l (Region of Interest, ROI)
o MYl siA AAdakzg stEo ol E

ROT AdA4E& $8 2283 49 #4: RO ALA A8 F(=5)

[J Convolutional neural network(CNN) Z|gt X X} 214

- Tiny network@l MobileNet2 0|28t A AtEF 24
1. Convolutional layerE& Depthwise/pointwise layer2 1lx|5t0] ALE
2. Batch—normalization layer& &%t Overfitting &K
3. 3 AAto| SHME A 2 Layer-depth S8 S8+ A MY 2

Cre =« 'Ich'SF'{(a'Och_1)'(Sk_1)—1}

b}
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W o |

(c) MobileNet
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i (d) Driver Identification
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(a) Input Image (b) Face Detection

y /
4
Standard Convolution Layer w Depthwise Convolutional Layer rﬂ Average Pooling Layer Batch Normalization Layer

4
RelU Layer

A\

MobileNet Layer ‘ Pointwise Convolutional Layer ( Fully Connected Layer
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N
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DO
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1. Precision(P): /st olal A1l & A sl at=to| 2dojt H|g
2. Recall(R): AX siE Azo| d{GE I AXNZE EF= A Zule| H|E
3. Accuracy: A MY Zi 5 ERZoet AN MEO| 2 HRo HE
4. F1 score(F1): PrecisionZ} Recalle| =3} W#S LIEHY
A Ay
Positive Negative
True TP TN
A ATk
e False FP FN
p— TP R= TP
TP+ FP TP+ TN
TP+ FN P X
Accuracy = Fy=2X R

TP+ TN+ FP+ FN’ ! P+ R
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O Hze ASEES St N gt
- MetEl CNN 22 S 7|Z2Z Memory AFSEe| Mgt 2 MOzt H|W
- MM AEE= 22 XS Solf ob7|El el = A3t Hct
- UMK ®
out- = FH9| Pixel T
2. Nyon—irain. Batch normalization
Non-trainable Zl2}0|E{2] =
Convolutional layer2| weight2t Z2 Trainable Zl2fo|E{e| =

1. n

layere| BWH-24F n2lojg el &2

=
o

—

OOII

2
2
TR -+
ooz 2
It
= 1>
00 yo 0% 0
g

. ntrum
4. Nyemory: Byte Et2l0IAM 2] memory ALSE
Nmemory =4 X (nout + Nirain + nnon*train)
0 Mg 2ot
Aatoll Chst W F1 AF0lE 94.18%2 S5
Driver Precision Recall F1 score
Driver 1 1.0000 0.9858 0.9928
Driver 2 0.9951 0.9903 0.9927
Driver 3 0.9964 0.9175 0.9553
Driver 4 0.9966 0.9932 0.9949
Driver 5 0.8273 1.0000 0.9055
Driver 6 0.6388 0.9958 0.7783
Total 0.9973 0.8922 0.9418
HID)EIIX 2O ALSE HAE Q4o £ 2bolsict

(a)

M Y

AE Hab (a) MK} 5 (Sanghyuk),

(b)

(b) XXt 1 (Yunsoo)

— Conventional modelofl H|sH MM 2=Z 49.0822H] X2 Memory ALZ

Model Memory Resource(KB) Memory Resource(%dthzh)
1.0 AlexNet-224
. 235,349 49.0822
(Conventional model)
1.0 MobileNet—224 82,829 17.2740
0.75 MobileNet-224 57,827 12.0599
0.5 MobileNet-224 35,721 7.4496
0.25 MobileNet-224 16,511 3.4434
1.0 MobileNet—-100 36,436 7.5987
0.75 MobileNet-100 22,994 4.7954
0.5 MobileNet-100 12,447 2.5958
0.25 MobileNet-100
4,795 1.0000
(Proposed model)
O 21 &88
O XA 7HE 214
- 2R HEeIAlE S5 el BEH olEiHolA HME Jts
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1-8. MolM Gaf 7|uk 2R 2H Mel 214 AlAY J¥ [1-20]
S O g4 3 Mol ALgRio Satel M= S o @8
° _ .
=TE O gold YMeIES S8 WA 4W def o4 M M
O MM FAS olg8st MR ZH el el4] 7|
2 gt T2 XA A elaof of2 g0l US

O] okzk Al Xt Lol 7|7} of
- ol2 2l OfF2 ofzh Aol
stual AL

O 21& Y1252 29 20A =2 & #H o4 ezt 4ol AgFd e
= Het AIFE EEst7lol o320l /US
- 0| ®lof dMo=RE FEE= 5 HE2 XNS2E F£35I2 0|8 0|8
stod A=z F HEHE QAlsteE UK sS(HEY) LiEEE ABRLEA,
oA et E =2
O S ZF o4l 7|y MY PHE
0 42 P9 B Haar-like featureS 0| &St d=2¥ A B
O 92 o4 s5E goly 2DneIES 0l=E YN
O EY 914 Jfelstel clolefHo|AS J|uto = B EHeIA
] Gatoll chet efdlE: EF el & Edol st 2tdd
Input Face Person FSCIQ! Output
Detection Classification £ et i
image . Classification image
Tom, Nomal
\"r
i:s

* }‘ It's Tom Nomal

— oS od™
Ol= A . Al5IA ) = ;
(ol== - dEH Input image Face Detection Personal Fagial Output image
T 2 ube ) al e ot Expression
B Classification
THH WE

Classification
O Al ztA

O Als HAFE AR

- CPU 2Y: Intel i7-6700HQ (2.60GH2z)

- 2% X A: Window 10

O Al™ 7t 2 AFek

- GAb =9 FiH 2} Kinect V2 (Microsoft A Z})
i Held EAE
=l2ld 2ol =282 Tensorflow Z7|EHe| Keras
- 7+ 7H4EHE: Anaconda 3.0
O Als dolg
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— Haar-like S22 0|28t 29 HE
1. £ dYo ojst st zdalg £ AE 9 Zb Foo| BHo| st
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‘Tlnll'j:”% ES H= odod _||:_

2. €2 999 Fol Contour ¥ots ChA] A A A (Region of Interest, ROI)
o Z MHslo] siA AAdakzg stEo ol E

(] Convolutional neural network(CNN) 7|2 2 X} 214
- AMAIZE 2HX Y olAls st Hld ofF|ElX mot
1. 7|&2| AlexNet2 H&st{ M2 7= AHA
2. LRN layerE& Batch—normalization layer2 i, &z JHM
3. & AA(FEE dZF A9 sizeE 112{5t0] o}F|E X depth =X

’ Batch Normalization |

Local Response Norm

Max Pool 3x3s2

’ Max Pool 2x2s2 |

Local Response Norm ‘ l

Batch Normalization |

’ Max Pool 3x3s2 ‘ _
— P
Max Pool 3352 Max Pool 2x2s2

] FC 2048 / RelU |

FC 4096 / RelU

FC 4096 / RelLU

FC 8 ‘ Fce |

(a)

(
Eleld of7[E X : (a) 7|& AlexNet (b) 7HM &

|
|
| ] FC 2048 / ReLU |
|

O M8 ity 4 23
[ F1 230{8 0|83 My~ g}
- HolefHo]lA0 2EE S
- AT F2 ALBSt=
= N

Precision(P): 2&$H ¢1Al Z3t & AX siE Ao

Recall(R): &IA 5 o

Accuracy: M Ald Z3u & FFZIL}

M O N =

Positive Negative
True TP TN
False FP FN

A7) %

oL
ot

TP TP
P= TP+FP’R_ TP+ TN

TP+ FN oo PXR
TP+ TN+ FP+ FN’ 1 P+ R

Accuracy =
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Z o}
olalof cf &t HeEtr: 2 F1 A0 E 98%=2 =X
Driver Precision Recall F1 score
Driver 1 0.9847 0.9744 0.9795
Driver 2 0.9884 0.9931 0.9907
Driver 3 0.9658 0.9892 0.9774
Driver 4 0.9796 0.9856 0.9826
Driver 5 0.9765 0.9887 0.9826
Driver 6 0.9871 0.9798 0.9834
Driver 7 0.9683 0.9812 0.9747
Driver 8 0.9766 0.9913 0.9839
Total 0.9783 0.9854 0.9818

JEIIX EOl| AFEE HIAE Jako| £ &kolsiol.

olAlof| Cist W MaEE 2 F1 2F30HE 97%=2
Driver Precision Recall F1 score
Smile 0.9858 0.9857 0.9857
Normal 0.9773 0.9834 0.9803
Angry 0.9683 0.9713 0.9697
Total 0.9771 0.9801 0.9785

>

AlZh ZtH 2t 4ol E=FH 2l Al

O Zn #88s
0 2R MY 214
- 2HA Jigelale Sal el HEY lEmolx M IS

- XS] ZAFelA 7|8t 2HIts ofF HE Jts
- ddo wE 2 wEH M=z ol MEet 2UA 2x AAH HEVts
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geld 7|uh AL D2 Ae) 28 718 [21-37]

O fdzZ clHlolA 7|8t 22X A Ao HE F5 L 2Y
A7 HQ O g4 7/¥2 o|8std =2FAe| =& (Drowsiness) % MHU=  ArEY

H =

(Normal) &/

O 2HA M 215 EAS FE5t7| /st 7|t 2HX}L el 27/ 718
[0 2™ Xt ateffof w2l & ASIF Hetsicte 8 0l &
- £S5 ME w2 Aukx S AMA AT HAAI2be| Xto|&o| S0
O 71& ZtH2t 7|gte] 2™A ZUEE A|ABISl A9 =T 9| Hstof wat ol
g9 Jdgo| 2
M AMSE S5t04 ofzf a0 w2 F XFo| st AAME st F
A5 MA
O M AMS F5 Al 2TXtol w74 = X| 22 57| fish AzH 22
- &5% 9oiz{E ClHlo|AE 0| 85t0 2ol Chh sl = A3t
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