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Techniques of Driving Style Imitation in Simulated Car

Racing Games
Student : Keng-te Liao Advisor : Tsai-pei Wang

Institute of Multimedia Engineering
College of Computer Science

National Chiao Tung University

Abstract

This thesis is about the analysis and imitation of human and non-human players’
driving styles in the TORCS platform. We classify existing controller architectures as
low-level controllers or high-level controllers, and we achieve better results of
imitation by integrating these types of controllers.

For evaluating the imitation results, we propose a method to estimate the
similarity of driving styles. It is also useful for a trained controller to adapt to a new
track. We use multi-objective optimization algorithm as a method for controllers’
self-adaptation. According to our experiments, if a NPC with almost optimal speed
performance is selected as the imitation target, the trained controller is able to produce
similar trajectories and is only slower by 4%~14% than the imitation target in very
difficult and unfamiliar tracks.

In this thesis, we also discuss whether different human players have unique
driving styles. By using our proposed method for estimating driving style similarities,
it is possible to observe the differences of driving styles and we can even recognize a
player by analyzing the driving data. Besides, according to some proposed researches,
if human players are selected as the imitation targets, the trained controllers usually
crash on the tracks frequently. Therefore, the speed performance is quite low. For
dealing with this issue, we propose a method to train a controller with robust driving
style. Such a trained controller is able to show some driving behaviors of the target

human player and seldom crashes.
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FAE PEHREFAERRERL R

6.1 A MIRFERE A%

FAANDEE LR F b B EE Y MR AR T B o & 61
8 3ef 5 B ¢ F A B Fi o f st B A F

FRAEZFE R R T L P BRI Gl 2P Alpine 1 § % 2
B IER (B o B A e F § L R @ B IR L

o Bt G E A MR FIE T A R DR P AR e 6 R R

A5 o
Fo6-1 B F B R B St
CGL(®%) | CG2(%) | Aa(®%) | AL®%) | E4%) | <5(%)
KT 10.55 10.17 3.02 17.17 0.1 6.63
YR 40.54 14.89 6.34 19.75 0 11.61
HA 2.98 A 1.14 13.04 0.47 3.80
SD 17.44 9.74 8.04 29.07 1.44 11.59
HB 40.53 12.45 18.77 26.64 2.79 16.55
JG 48.58 49.13 43.36 48.86 3.07 35.67
zZs 3.95 4.07 17.82 21.61 0.82 10.84
TS 43.85 53.07 37.66 50.34 1.18 35.62

# 6-2 &_7= CG Speedway number 1 i R Fadp 00 R cha {18 % o 11 4 6-2
¢ Judgergr-KT i&— £ 5 &) » & & &2 KT & CG track 2 ~ Aalborg ~ Alpine 1 12
% E-Track 4 ¢ e B Foflad = cnh $o4p 0 R 2|87 % > 2% KT & CG Speedway
number 1 7 B L 18 9 3 - B ki@ 0.462 -
P L ERRATOES SRR LRE e ol i ERER L L
Gtz R H#-E (FAE Y dlicEd P AREFRAECHY RAARERRT £
BoMeficld BB A cht Lo FIptam g bR B L E AL % - {5 B
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Judgergr-KT eie &% & & & K> (2 Judgergr-ZS #1ie 0431 { /] > Flpt 2 %
20 2Kt T A nE e TP L e TR L ok AR gt LB ENE
WAL BT ARt X GE A5 R AFERA MR PB R oo dok
Trop LARRRIT L PIT NGRS RRE G FARP O EpE ) AF R

*)’é' o
% 6-2 CG Speedway number 1 FF i b 40 02 & & 1755 %

KT YR HA SD HB JG ZS TS #
Judgergr | 0.685 | 0.827 | 0.804 | 0.726 | 1.158 | 0.666 | 0.756 | 0.971 2
Judgerygr | 0.861 | 0.820 [ 0.824 | 0.557 | 1.277 | 0.698 | 0.738 | 0.719 5
Judgery, | 0.843 | 0.637 | 0.595 | 0.655 | 0.986 | 0.670 | 0.974 | 1.280 1
Judgersp | 1.074 | 1.107 | 1.147 | 0.797 | 1.456 | 0.718 | 1..085 | 0.739 3
Judgeryg | 0.827 | 0.951 | 1.090 | 0.697 | 0.915 | 0.571 | 0.575 | 1.429 5
Judger;g | 1.688 | 2.007{ 1.894 | 1.559 | 2.089 | 0.668 | 1.700 | 1.231 1
Judgerzs | 0.939 | 1.101 | 1.125 | 0.879 | 1.402 | 0.654 | 0.708 | 1.245 2
Judgerrs | 1.396 | 1.631 | 1.248 | 1.096 | 1.695 | 0.832 | 1.528 | 0.643 1
# o 1 2 1 5 1 4 2 1 2.125/2.5

% 6-3CGtrack 2 g b fAp A~ 4748 %

KT | YR |'HA | SD | HB | JG | zS | TS B2
Judgeryy | 0.462 | 0.491 | 0624 | 0.923 | 0.812 [0.920 | 0.431 | 1.373 2
judgeryg | 0.719 | 0.475 | 0.552 | 0.598 | 0.762 | 1.172 | 0.408 | 1.301 2
Judgery, | 0.492 | 0.605 | 0.420 | 0.770 | 0.837 | 0.991 | 0.449 | 1.135 1
Judgersp | 0.746 | 0.739 [-0.700 | 0.753 | 0.962 | 1.049 | 0.495 | 1.138 5
Judgeryp | 0.644 | 0.853 | 0.669 | 0.771°[ 0526 | 1.161 | 0.433 | 1.630 2
Judger; | 1.526 | 1.537 | 1.346 | 1.405 | 1.659 | 1.197 | 1.174 | 1.607 2
Judger,s | 0.954 | 0.924 | 0.825 | 0.913 | 0.840 | 1.200 | 0.451 | 1.644 1
Judgerrs | 1.229 | 1.189 | 0.976 | 1.182 | 1.447 | 1.378 | 1.002 | 0.977 2
Bz 1 1 1 2 1 6 5 1 |2.25/2.125
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% 6-4 Aalborg i b fadp 2R 247 5% %

KT YR HA SD HB JG ZS TS 2
Judgergr | 1.687 | 1.894 | 2.066 | 1.458 | 2.142 | 1.617 | 1.629 | 1.343 5
Judgeryr | 1.751 | 1.851 | 1.920 | 1.381 | 1.821 | 1.693 | 1.402 | 1.523 7
Judgery, | 1.556 | 1.9063 | 1.666 | 1.251 | 1.968 | 1.426 | 1.467 | 1.566 6
Judgergp | 2.097 | 1.704 | 2.377 | 1.313 | 2.179 | 1.492 | 1.757 | 1.602 1
Judgeryg | 1.836 | 1.759 | 1.702 | 1.317 | 1.569 | 2.249 | 1.369 | 2.072 3
Judger;q | 3.436 | 3.174 | 3.100 | 2.144 | 3.261 | 2.079 | 3.037 | 1.726 2
Judgerys | 2.167 | 1.877 | 2.625 | 1.558 | 2.259 | 2.024 | 1.309 | 1.732 1
Judgerts | 2.463 | 2.233 | 2.802 | 1.706 | 2.916 | 1.501 | 2.324 | 1.104 1
2 2 3 1 2 1 7 1 1 2.25/3.25
# 6-5Alpine 1 FF i b ta4p 01 4 17 .55 %
KT YR HA SD HB JG ZS TS £ 7
Judgergr | 0.786 | 0.853 | 0.958 | 0.715 | 1.332 | 0.915 | 0.811 | 0.834 2
Judgeryg | 0.867 | 0.777.(.1.050 | 0.752 | 1.315 | 0.948 | 0.788 | 0.917 2
Judgery, | 0.919 | 0.837 | 0.979 | 0.688 | 1.642 | 0.910 | 0.847 | 0.904 7
Judgersp | 1.073 | 0.998 | 1.340 | 0.892 | 1.333 | 1.080 | 0.994 | 1.043 1
Judgeryg | 0.912 | 0.923 | 1.163 | 0.853 | 1.038 | 0.920 | 0.832 | 0.935 7
Judgerjg | 1.737 | 1.809 | 2.148 | 1.407 | 2.100 | 0.997 | 1.814 | 1.284 1
Judgerzg | 1.085 | 0.998 | 1.549 | 0.996 | 1.358 | 1.074 | 0.827 | 1.098 1
Judgerts | 1.169 | 1.155 | 1.473 | 0.896 | 1.634 | 0.724 | 1.163 | 0.694 1
2L 1 il 2 5 1 6 3 1 2.5/2.75
# 6-6 E-Track 4 Fif b 124p 02& 4 45 55 5%
KT YR HA SD HB JG ZS TS # i
Judgergr | 0.337 | 0.399 | 0.416 | 0.620 | 0.790 | 0.919 | 0.563 | 0.546 1
Judgeryr | 0.457 | 0.524 | 0.422 | 0.545 | 1.023 | 0.971 | 0.560 | 0.489 4
Judgery, | 0.372 | 0.382 | 0.348 | 0.600 | 0.809 | 0.865 | 0.558 | 0.572 1
Judgersp | 0.477 | 0.538 | 0.521 | 0.590 | 1.032 | 1.077 | 0.644 | 0.642 4
Judgeryg | 0.777 | 0.710 | 0.708 | 0.535 | 0.771 | 0.848 | 0.745 | 0.402 6
Judger;q | 1.277 | 1.560 | 1.450 | 1.370 | 2.136 | 1.389 | 1.849 | 0.995 4
Judgerzg | 0.557 | 0.462 | 0.718 | 0.536 | 0.822 | 0.986 | 0.422 | 0.511 1
Judgerts | 0.720 | 0.838 | 0.831 | 1.045 | 1.444 | 1.464 | 1.043 | 0.891 4
2 1 4 4 4 1 7 1 7 3.25/3.125
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F 6-7 T 3op
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2.475 2.75
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B R i st > B Y S| e E e RS- A 6-8(@) ARG
EH A E R PRSI RAE B R AT 1 F 525% i A o v S R 0

125%8 #1255 o

# 6-8(a) Hiuw T InP 7 i szt
# i 1 2 3 4 ) 6 7 8
= #ic 21 6 2 3 3 2 3 0
k) 52.5 67.5 72.5 80 87.5 92.5 100 100
(%)

% 6-8(b) # = T 32p 7 @t
P 1 2 3 4 5 6 7 8
= #c 15 10 2 4 4 2 3 0

%+F.| 875 | 625 | 67.5 | 77.5 | 875 | 925 | 100 -|. 100
)

6.2 WD B
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%69 AR RERL BRI AP R A RS S -

CGl CG2 Aa Al E4
KT 6 1 2 3 1
YR 6 4 6 3 7
HA 3 2 3 1 3
SD 1 4 2 4 2
HB 1 1 1 1 1
JG 2 4 7 8 1
ZS 2 2 6 3 1
TS 2 2 2 6 4

T 2.875 2.5 3.625 3.625 2.5

%g%%?%%%%é’%%M®3%4%% g A 2 hl 7 82 B eh
PLE VBTN EE X A5 A% ke Tiop 2@ 3,025 v URE
A feRR (s S E v RE Gk e

dedk A2 5UE FRAE B RRE 0 ¥ R RLIIEE R X8 7 Aalborg {e Alpinel -
Lo g S o R T AR R B R RER o R A RRE T F LD AR
HRAREPREHRT R EABATRE RARDPE R o 0 PR
AR RBERARDERT - g p ReOFENBEFAIETRH L0 h
Aalborg {= Alpinel # % =i 4 B4R A fEpdP R E G F AT Lo 4 2

CG Speedway number 1 ~ CG track 2 14 % E-Track 4 +“ g % % % - ¥ it 3% 4
P fs RERY L AR A ERE o bR RS Rz B R T
# ziEs pAgant Aalborg - Alpinel i o

WFAANROESF2Z DR BAPNR A1 ¥ 0d o folis KBS - 4
6@*%%{ﬁ@$%’4#{ﬁﬁﬂ$%mm%@&ﬁaﬁﬁw,gﬁéﬁﬁ
& Rk e Sl S ot 1R AR I - RO B pE N
RN EE G L P H R hR e 25587 fhanriR Sz o

% 6-10 7| e E 5ip B % > AP P I AT E BT H R OE R FTHEIR
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f" E“_;Fm fﬂﬁi%-ﬁ' 45> 4 T’ {“{b&;}* Bj?r‘ﬂm o

AP EHER g R G - BT ER D R e ] B UG A
FIBowmia ko Fpte TEE I APHEROERE £ o £ 6-10 B L F ¢ hT s
PR LB R AHEITHIBR e AR DLE A e B LR F T
i B ek eid £od 07 AE - BAPERR RIS G R
BRI B 2 EFIRRDR o oS WP ROk R E T RAFIRE 7R
FI B 2 e b 15 B HRE IR A e R e EC T 2 S B R DU ]

F IR BT A LG ER Y Ao

#6-10 A f BB R APMR ARG E S

CG1 CGZ Aa Al E4 T iaiE

KT 3 b 1 5 5 3.8
YR 2 2 2 5 4 3
HA 3 7 4 3 6 5

SD 5 3) 6 6 3

HB 1 1 3 1 1 14
JG 8 8 8 8 7 7.8
ZS 2 2 5 2 2 2.6
TS 7 < 7 L 7 6.2

T 4.125 4125 4.5 4.625 4.375 4.35/4.35

% 6-11 540 BHED S % ¢ PAIRIo A IR RGE A AR 6 ot e §
BN A AR RGE R AR T N R R B R & 4o KT-CGL & & »
# A F_% CG Speedway number 1 + » KT vt 12 KT 5 $00 $F % 27 001 e ) -
7 23.76% - KT-Aa B #_% Aalborg + » 0 KT 5 #7 $ %' d endr 4] Bt KT
B3 15% - A Y VRN AR HE m%:{g ® 5 |4 CG Speedway number 1
fr CGtrack 2 » 4 #g32 78 R & st NPC 47 o & ff - BLehE-Track 4 @ >
RIE R 5 - XA fgae 72518 NPC o f4p 4 ¥ Aalborg = Alpinel 42 > NPC %
Aalborg ¥ 2>32%2% 41> 4 Alpine 1 B £_F $i — = A #f 3= e 42ip] 1k F]E_Alpine
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L0 i @S G MRS TI IR RS 2 2R S B

Fod o VAR E Perig Bl B R o

% 06-11 EIR R BB A R A S

CGl%) | CG2(%) Aa(%) AL(%) E4(%)
KT -23.76 -12.12 +1.50 -17.98 -17.71
YR -18.65 -7.58 +9.25 -16.42 -14.06
HA -12.25 -19.93 +12.49 -12.80 -15.36
SD -3.88 -21.29 -1.72
HB 77 +6.83
G : +31.14
ZS +1.97

TS
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