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SUMMARY OF MASTER™ S DISSERTATION

Student
Identification 81833556 Name Zhongyang Nie
Number

Title
Analysis of Driver’ s Behavior for Transition Period
Autonomous Cars Using Immersive Simulator

Abstract

For safety and user experience, the behavior of drivers should be
studied. Finding an improved solution for the driver to know what
information they need, and what kind of interface design is more
effective. An autonomous car is a vehicle that can sense the
environment and driving automatically without human input. People
who drive a car with auto driving system will behave differently from
driving a normal car. In this research, the purpose is to study the driver
behavior while sitting in an autonomous car which is Level-2 or Level-
3, thus allowing autonomous cars to be driven safer and better. To
approach, HRV measurement device, eye-tracking system and driving
simulator software which is called PreScan are used in the immersive
driving simulator. This experience is tested with several different
driving scenario. During driving in the CAVE simulator, we used an
HRYV to measure subjects' RRI and an eye-tracking system which is
called EMRO to record the video of eye-movement. From the RRI data,
calculate the RRV data to confirm the pressure during using automatic
driving system. As a result, the lowest pressure is observed when
system provided all safety information that drivers need to know when
driving a normal car. Thus, for transition period autonomous cars,
provide all the safety information which is as same as driving a normal
car to drivers is the best solution.

Keywords(5 words): Autopilot, Driving behavior, Eye-tracking, Driving simulator,
Interface design
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fEFR L 7=, RRV 2.0 RRIOEMECTH Y, Z oI AMBERL Tw 5
YTy 7 ALTWErRRTEEE LTHELSLZEBPMONTWS. RRV 255
WERERE XY Ty 7 AL TED, RRVIEWEHHREIIERL Wb LEbhT
W3, RRV ORtRGEE LTk, —ERMNOSEEZFRET 208 R D5 L
L, W O BRSIELE R2BERH 2 2 L5, RRID 5 HEDOBENT
BEHEL, ThonEzitE L TARIMIEDO RRVICL7-. ZOFEEBTIE, HHEIC
X D RATMRERE LT 5 2 L2, THALR & FTHAERICE S HEL 05
MrdFEfTL. LFoMIE, f#ile L Ci#EEEDO—AD RRV OfEREZR L Tw5,
D77 7hbl%, RG2S 100 W ClIEROHERZIT->TH Y, 100#
oERERIER LD 1MEHOEESIEE 5L, RRVAEY v 7 AL T b
CHERTIETLTWB Z 305, 125825 200 # F T oI IREE R <,
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RRV i3 ERE LT3, KD 200 25 225 IS HEERIER A H 25460 [ H
DEET, ZZTIZRRV KT REME NS 2, —HHOEEL T, WL
KT T 2EAVHRP LT n»s. R LTid, HMI ZfEH L %
BEREHRERICKY, RANL 72ZeERolRe G328 T, FI74 0k
MHEHELITEAMARME NS & & 2RE X N7z,

RRV analysis of driver
0.0045

0.004
0.0035
0.003
0.0025

0.002

RRV (10-3 sec2)

0.0015

0.001

o W L/\'\/"\—/\/\s/\l\/
0

0 25 50 75 100 125 150 175 200 225 250 275 300
Time (sec)

35 kB RRV KREREIZAL K 0 —1H4i

3.2. CAVEY I 2L —&XCDEER
AEITIECAVE ¥ 2 2 L — X CETLEEROEELZRL T3,
3.2.1. BEERCH»OATRENEKSZF I 4

PeBRE 10 B2 FHEL T, HWERE TN L CRCEFOERZ 2 H3FOETL
7. UFR 7132 DfER%2RLAZDDTH S, HlHIERIR RO £ 4 2 v /%R
LT3, FfFe Lz, HmiEne L, HilkEH 30m, 60m, 90m, 120m,
150m DOEFICHAIERZ AL 7=, Mz, EBho RRV & & EERATH 30 ok

40



BHIF D RRV L R CTHB L 72—k v T — Y TH 2. ZOREEH» S, [HHIER
RLEZBIRRT 244 I v BT EREAICE, 52 ICHiERE O RRV (FK
TL7ZZ ey o7-. MHHE30m OET E 2 HHRIERN L, AR LOEEIO
TANERRIE DR L e o7z, —77, HlifHEER? 90m MU Log#A1, RRV
FRENMEEZRL F 74 NOBREEAEVIBENL TV LB 0h 7. —FL
FHRDE D o T DI HHEEHEDS 150m DRFICIFRIR R 2T o BmATH o 72, Hi
R D FEEAER A 5, 120m~150m O B G X~ = = 7 V@R D585 O At
FADFHEREL VO REL, ZOZ L EBERLTWwE NS, DT
LBREHIRRZA 2 v 27 RRV OMBEEZ /R L TWw 3.

Increase-decrease rate of RRV
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36 HUEEECIEHRILA L7725 RRV O BEREIX

3.22. BEERCATREL LTEFTTEVF IV 4

IVEEL7-RRIZ 3 L ICRRV ZEEHLCUTORTE L7,
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# 4 EEEKCTHRE L L CGETT 5 v 7 ) A OfRE RRV Giix

RRV
No. | Al | e | JEIRE(4F) 0 50% 100% S
1 5 23 5 2.09E-04 | 8.97E-04 | 4.82E-04 | 3.44E-04
2| 5 24 3 3.69E-05 | 2.75E-05 | 3.14E-05 | 4.56E-05
3| 5B 29 5 1.04E-04 | 3.25E-04 | 1.32E-04 | 2.45E-04
4| % 24 1 1.78E-04 | 5.42E-04 | 3.36E-04 | 2.84E-04
5| 5 26 6 2.69E-05 | 2.46E-05 | 2.79E-04 | 3.96E-05
6| 5 28 3 3.78E-05 | 2.74E-05 | 2.26E-05 | 8.38E-05
T & 24 2 4.03E-05 | 2.83E-05 | 4.99E-05 | 3.57E-05
8| X 25 3 3.22E-05 | 3.89E-05 | 3.21E-05 | 2.99E-05
9| B 29 2 9.20E-05 | 5.40E-04 | 4.50E-04 | 3.90E-04
10| 5 23 4 3.20E-05 | 2.74E-05 | 3.99E-05 | 4.24E-05

3.23. AHEBfTOBAETENT T3V F IV 4
INEL7ZRRIZH LICRRV ZEHELCUTDORTE LD 7-.

x5 AT DG CTETT 5 2 U A O#lEeE RRV Gdix

RRV
No. | Al | e | () 0 50% 100% S
1| & 23 5 1.28E-04 | 2.96E-04 | 2.96E-04 | 2.75E-04
2| B 24 3 1.63E-05 | 2.63E-05| 1.45E-05| 2.55E-05
3| & 29 5 1.67E-04 | 1.43E-04 | 2.48E-04| 1.54E-04
4| %« 24 1 1.97E-04 | 2.28E-04 | 2.55E-04| 1.94E-04
5/ 5 26 6 3.85E-05 | 1.39E-04 | 2.66E-05| 2.17E-05
6| & 28 3 1.55E-05 | 3.49E-05| 9.94E-06| 1.45E-05
7 & 24 2 5.44E-05 | 2.32E-05| 3.56E-05| 2.57E-05
8| %« 25 3 4.53E-05 | 4.43E-05| 4.85E-05| 3.99E-05
9| B 29 2 2.45E-04 | 3.40E-04 | 3.60E-04 | 2.90E-04
10| & 23 4 4.85E-05 | 3.22E-05| 3.78E-05| 2.48E-05
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3.2.4. MHHO+FRERTER TS F I 4

HEL7ZRRIZHLICRRV ZHELTUTOERTE LD,

#£6 WO+ FRAERTENT 5 > F U FOHER#H RRV Gl

RRV
No. | M | 4y | HEHREE (4F) 0 50% 100% S

1| B 23 5 1.63E-04 | 4.72E-04 | 6.27E-04 8.26E-04

2| & 24 3 1.22E-05 | 6.35E-05 | 8.66E-05 4.80E-05

3| & 29 5 1.21E-04 | 1.28E-04 | 1.61E-04 2.43E-04

4| % 24 1 2.12E-04 | 2.85E-04| 2.59E-04 5.66E-04

5| & 26 6 7.43E-05 | 4.15E-05| 1.88E-05 2.84E-05

6| & 28 3 2.15E-05 | 1.58E-05| 6.65E-05 1.96E-05

7 & 24 2 1.77E-05 | 5.13E-05| 8.32E-05 5.53E-05

8| %« 25 3 5.84E-05 | 4.41E-05| 5.13E-05 9.94E-05

9| H 29 2 2.20E-04 | 3.40E-04 | 3.70E-04 3.90E-04

10| &8 23 4 3.55E-05 | 2.13E-05| 4.18E-05 3.44E-05

3.2.5. RRV =

RERF D RRV 238, RRV DK 25 L, UTFTOo/{RTI LD,
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3.25.1. BEERCAMBEL LTETTLVFI A4

TRIZEHERCTAREE LTETT 22 F Y 220w T RRV OBER A %
DL DTH B,

KT EHEGEECAME & L CETT 5 v 7 U 4 O #lRE RRV 8%

RRV HaJRH
No. | PERI | b | E#HERE () 0 50% 100% S
1| % 23 5 -95.2% | -89.0% | -89.0% | -89.8%
2| B 24 3 -76.7% | -62.3% | -79.2% | -63.5%
3| B 29 5 -22.2% | -33.7% 15.2% | -28.4%
41 % 24 1 -56.9% | -50.1% | -44.2% | -57.5%
5| 5 26 6 -78.2% | -21.1% | -84.9% | -87.7%
6| % 28 3 -61.9% | -14.0% | -75.5% | -64.1%
7| & 24 2 22.8% | -47.6% | -19.6% | -42.0%
8| & 25 3 -39.9% | -41.2% | -35.7% | -47.1%
9| H 29 2 -68.3% | -56.1% | -53.5% | -62.5%
10| 5 23 4 35.9% -9.8% 5.9% | -30.5%
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3.25.2. ABTOHACETT 6V F U 4

TRIZEEETOGAETEITT 2 F Y A>T RRV OMEEXREZ F Lo/

LDTHD.
# 8 HEITOHA CTETT 2 v 7 U A OWliE RRV B
RRV #j#3%
No. PERL | fEHD | BRI () 0 50% 100% S
1 5 23 5 -92.2% -66.6% -76.6% -87.2%
2| 5 24 3 -47.2% -60.6% 23.9% -34.8%
3| B 29 5 -51.7% 51.1% -25.3% 14.1%
4| % 24 1 -61.1% 18.6% -43.3% -37.9%
5/ 5B 26 6 -84.8% -86.1% -89.3% -77.6%
6| 5 28 3 -6.8% -32.3% 64.1% | 106.8%
7 & 24 2 -9.0% -36.1% 87.8% -19.4%
8| X 25 3 -57.3% -48.4% -32.0% -60.3%
9| B 29 2 -88.1% -30.2% -52.2% -49.6%
10 5 23 4 -10.4% -23.2% 17.1% 18.8%
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3.253. O+ ERERTEN TSV F IV F

DFREIHERO +FEREETER T2 F ) Ao T RRV OBER £ L
Db DTH A,

K9 WO FIGERTENTT 5 v 7 ) A OHRE RRV HHHE

RRV HaJRH
Go
No. | Ml | i | E#HE/E () 0 50% 100% S
1| %5 |23 5 -93.9% | -82.4% | -82.0% | -69.2%
2| B |24 3 -82.6% -9.1% | -55.0% | -31.3%
3] B (29 5 -43.7% | -40.6% | -38.5% 13.2%
41 % |24 1 -53.6% | -37.6% | -265% | 23.9%
5] B |26 6 -57.9% | -76.5% | 58.1% | -83.9%
6| B |28 3 -47.1% | -61.1% | -44.3% | -51.5%
7| & |24 2 -60.0% 15.8% 12.6% |  24.8%
8| & |25 3 -22.5% | -41.5% | -57.4% | 31.8%
9| H |29 2 -71.6% | -56.1% | -41.9% | -49.6%
10 %5 |23 4 -0.6% | -40.3% 11.8% -3.6%
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3.2.6. AL UX L ®

DEoFzRicLCrltiftd s s, UToXICKR 3.

N NS /J\&'?
e RRY G * e
ﬁ%}& J& }yg& ,5,?59
0.00%
-10.00%
-20.00%
-30.00% 2882%
-33.19%
-40.00%
-38.94%
-50.00%
-49.43%
-60.00% L
* +,p<.10
37 HEWIER AT L © RRV R
EEMRZHEL 20D UTOERTTE LD TS,
#£10 S-EBEROGEHERICOVWTORE
2 A7 FH
V=R fl H ¥ F i A EfER
BEETL 8.9552 14 0.640 6.411 0.000
iy 2.825 1 2.825 28.313 0.000
I AR 0.742 3 0.247 2.477 0.065
PF U 0.678 2 0.339 3.396 0.037
pLLINFN 6.165 4 1.541 15.446 0.000
A fin 4.722 4 1.180 11.830 0.000
e 10.477 105 0.100
oyl 36.278 120
fEIEARA 19.433 119

a. R2 3 = 461 (4% 4 R2 5 = .389)



# 11 ZHESHT

T 95% {5 HH X [H]
ox (- H¥E AR

(D TR 77k D mE R TR EIR
.00 0.5 -0.105 0.082 0.574 -0.318 0.108
1 -0.211 0.082 0.053 -0.424 0.002
S -0.162 0.082 0.198 -0.375 0.051
0.5 .00 0.105 0.082 0.574 -0.108 0.318
1 -0.106  0.082 0.564 -0.319 0.107
S -0.057 0.082 0.895 -0.270 0.155
1 .00 0.211 0.082 0.053 -0.002 0.424
0.5 0.106 0.082 0.564 -0.107 0.319
S 0.049 0.082 0.933 -0.164 0.262
S .00 0.162 0.082 0.198 -0.051 0.375
0.5 0.057 0.082 0.895 -0.155 0.270
1 -0.049 0.082 0.933 -0.262 0.164

ARMER DGR T, HERIRITEICH LT 0.065 T, 5ATICEL TWwin
Wi, 10%CTHE. UTofmrRons. MofFilierd 2uEhaid, Hiwe

HEh#EEE S X7 L2325 & D RRV 28 b T35 72, RRV 2RV 3 &R
T2 L WHBRELRD 570, MbiRn L avEGEREdBRESE. v =2
TOVEERDERIC, N7 A NDKD 2T X CTOMERTTAICK L 7= Z2ERIEHRE

PR L7225 PR 056 13 D BIRE MKy, HEhEZE— FICEN T K

S AL T, RERD~= 2T VEED X 5 1 L8 E KD BHADSH Y

ZNICEDLET, ~=a TIVEIETHERT 3K v b TREEFR &5HE R~ T
X, HEREEY 27 AR L 8IS WT RRV O T30 BEASEGR L, BRiE

D3R B A S R 2 5
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4.1. =

RETIE, FICHTE CHR L 2 BB R IO L 728 2d~ 2. @EHOH
WL — N 2 A S 2 R B IR ICEME B O BRI S <, kAR
DEHOLPICT200ET L., RS iz oRMoORHIck T, A%k
HARNTAVEZEERWZD, DPLITOBEBLARLIEL T O H
7. $ﬁ72t/XTL\%ﬁ&é*&Z>7‘&b FHTL WERBOE K E LT iE R b %
W, MR O—D2 L LTiE, HENEIRE— NI AT L TIEH 2208, @jEY
IR D~ = 2 T VEIE RGBT 2 0 AT LT, w= o 7R 5
DEFBIIFEFEL T b, O AT LERERDH L. HUlTnwd v AT 4
D, FTRICH AT LT, HIHOMTELZX L PFIGEMKE 2 —F—x
JAR) TV A TF2BERLLEZOND. ZTOBROLE# P+ 24 v
27 x— ADNEEHHBEIRE — F ORI o CTRE R EHRICR S L H
EINS.

4.2. MELHEEREEZFEHTLE0a vy T3 X Mo
BN 2 HEhEEEE— F2AHT 2L 20 a v 73X b 20 LTE LD
7-. BHEpElze— FA2FHT2HME LT, FEFEREELY X )L, sl
D7z, FTEFEEREZEE L. UMEM A Yy F (W6 13) ZFfAHL
TEML2D 0D,
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45, BEWREFICHEES T IEREICONWT
45.1. RE

HHEFAFOHEHRANID 8 0% & SHNTE L, TEFEFERD 9 0% IFHE L
LRELEEDLNDE X IIChoT, FFICEBMNRERELZLEBEbNL TS, FHEE EXR
XHRNC X B L, bR [EXHERGR AT LHE ]| L TENRHAD
AR Q978 4EHIK) TH 3. ZD 2 o0 ERIFAMOLIKTH 2 HHE, [E
W, WL, R, MR C, SRESEREONEE -k v T -V TR
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