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Abstract

In this thesis, we research the learning of overtaking and blocking behaviors of
Al (non-human) drivers on TORCS, a simulated car racing platform. At first, we
introduce why we focus on the more aggressive driving strategy. Secondly, we
introduce the TORCS racing game architecture and some researches in TORCS or
Al-related conference. Because of built-in AT didn’t have aggressive driving skill,
when performing overtaking, if remain track width has not reach to a safely width, the
built-in Al will cancel the overtaking behavior. Additionally, the built-in AI didn’t
have blocking behaviors. If the opponent’s speed was higher than theirs, it will let the
opponent pass. In order to improve built-in AI’s driving strategy, we use Q-learning
algorithm for learning behaviors and analysis their overtaking and blocking

performance in different conditions.
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AP TRIERE S
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P PER A oo % dod 42 2

oA B A& & training pF R Y 9 @R e R

A2 B F RIS 5T g 8 R R
Training/Testing None blocking Slowly reactive Fully reactive
None blocking 91% 55% 51%
Slowly reactive 81.5% 83.5% 78.5%
Fully reactive 90% 82.5% 80%

L 4-2 P ¥R RIS L R heB Y 2 5% m ¥ Slowly reactive 2 Fully reactive

blocker Pk s g B & 74 825 8 & R4k (7 5 i Anit  ut TR o £ B g
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P2 F Y5 PRSI E
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AT AEFEYRFRLEYHYT EEREL o0 BB R R 0 H
FaaEpE o A28 Al G BT 5 ERE S > w12 Slowly
reactive 2 Fully reactive blocker 2 & ¥ ¥ 4 T2 F@E B FHF > Ha# F T KT
" % % » 12 Fully reactive blocker % # ¥ #f % & & $ ¥ b & ¥ ie 7R3 o A
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ERE AP e AR R PFEY F2E Y BRRERSE B ko
EARSFENFLETRL RS T B OES RRES 2 F Y R AR L
MIgEET - BREET ol HAFEM K 5 F & ¥ ¥ 5L 40m-90m
By & L gm g0m ~ 150m & * P 4RE A Jend F L2 65m 2 120m B ek % o

A A 431 Ay RiEARD T 210 2 ¢ FgE b4 Fully reactive
blocker cr4 3. > @ 4-3-2 P] Z_#+ Slowly reactive blocker s 3. o % 4-4 & &5 7
(T8 Y g5 2 A, $ 4 ape g ek 5 Fully reactive ® g 5 & 5 10 2 & en
2% 5 £ 4-5 P E % Slowly reactive pF e 35 -

BT RETARL I AP HEE RF TR B AE FLE
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- B FREE R ARG 15 o

D F R AR s Ao F 2SS 120m &

150m pF > @ B FE iz Al 2 IR 3 ek M0 Rds Al e #riu A AsgiE e 10

»

DRTRDBEELA oA hARP Y o FIRRY @R - LREFT £

|

DAPRe o AT PR BRRRE & RELE R S A A R BN kehE g
FEAPY g T EE SRR L R kA
# 4-3-1 : TORCS p £ berniw & $++ 5 Fully reactive z_ sv3*
Rad 40m Rad 65m Rad 90m Rad 120m | Rad 150m
dist_raced 60244 66602 75654 79788 81321
dmg 1071.0 0.0 0.0 0.0 0.0
Max_spd 230.8 240.9 251.2 263.4 280.3
min_spd 32.3 116.1 149.6 161.3 168.8
lap_diff 0.0 0.0 1.0 1.0 1.0
% 4-3-2 : TORCS p 2= berniw & #f = % Slowly reactive 2_ se3*
Rad 40m Rad 65m Rad 90m Rad 120m | Rad 150m
dist_raced 61251 69707 74939 78476 80518
dmg 0.0 0.0 0.0 0.0 0.0
Max_spd 229.7 241.0 251.3 263.2 280.5
min_spd 41.2 120.1 133.3 158.3 47.0
lap_diff 1.0 1.0 1.0 1.0 1.0
# 4-4: BYAgd 7 5 (s + 5 Fully reactive 2 %3+
Rad 40m Rad 65m Rad 90m Rad 120m | Rad 150m
dist_raced 67853 £ 1561 | 77168 £ 1191 | 86690 + 389 | 97860 + 2123 | 108607 + 573
dmg 407.6+3596 | 0.0+0.0 62.4 + 51.5 0.0+0.0 |123.4+246.8
Max_spd 231.0+0.6 | 2428+02 | 251.6+0.2 | 265703 | 2828+0.9
min_spd 412+7.0 67.7+17.3 | 60.6+41.9 151.9+25 38.8+2.8
lap_diff 10.0 £ 1.4 88+1.2 8.4+05 11.6+1.0 156+ 0.5
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4k 2L

B P AP 75 85+ 5 Slowly reactive 2. 3t3

Rad 40m Rad 65m Rad 90m Rad 120m Rad 150m
dist_raced 68667 + 677 | 77660+ 461 | 88140+ 109 | 90068 + 1969 | 105307 + 834
dmg 117.4 + 141.2 0.0+ 0.0 18.0 + 36.0 0.0+0.0 0.0+ 0.0
Max_spd 231.6+0.4 2429+ 0.0 251.7+0.1 265.3+0.2 282.9+0.0
min_spd 37.2+0.2 1209+ 0.2 133.1+7.6 50.3+17.3 | 1109+24.7
lap_diff 11.0+ 0.9 9.0+ 0.0 9.0+ 0.0 11.8+1.2 17.2+0.7
d 4 4-4% 4 4584 4-3-1 %2 4% 4-3-2°¢ cnE&jpitv 1 —g— R I SRR NP3
(oA B TR A RAARS BlEa 2 (FEFEML TR AFRE CBIRAELG BY
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i Eos AT R F oAz d Bldc s (7EEER A A T — B 4 htrade off o
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reactive & f& e ko A ff H Rl E g b F AR A PR o P ownF g ) ey
Slowly reactive 3 ¥+ & » 97 F|endf 504 2 A2 8 Bl#cT S B 28t ik ek iR
* Fully reactive - A8 F Ken@ sk % ¢ A PR * g & 43 & 5 Fully

reactive blocker - @ % & & F B 28> 0 » ﬁ&{éf;ﬁg g L gE Zo65m 2 2 120m

g S A B2
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fff 15 TORCS p & i L@ s >+ 23 41
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ik o FUTLE RS 2 G

44 TORCS P2 Jrif + chig # 9 5%

Bad s AR 7 A 33 &k I as B TORCS p @f%iﬁ KETARD F o

iRl 0 ¥+ &_Fully reactive blocker o 3% i/ 5 L * 224 4-4 ¢ & * ihjp e 07

BAlIEFARD F k-4 4-6 £ TORCS p 22 &1 Berniw £2 Fully reactive blocker &

FRBRNI R 24T EFR*YFY FEZEFARD 755 Y # 4 CGtrack
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4782 4-8 ¢ Fdhis £ 57 ¥ ¥ B % TN BYRILE TR Y A %

%

@ 4 4-8 P &_f Ruudskogen ' it (73R % o £

# 4-6 : TORCS p 2= Berniw e % 78 S 8iciiit B %

B o

dist_raced dmg Max_spd min_spd lap_diff
CG track3 103499 166 227.3 30.3 3
Ruudskogen 116255 1412 244.2 28.6 6
% 4-7: CGtrack 3 F &1 % 78 Sefic it & %
Rad 40m Rad 65m Rad 90m Rad 120m | Rad 150m
dist_raced 109779 = 110107 £ 109605 £ 110962 + 111062 £
1422 882 873 464 386
dmg 7574 673.8 £ 1177.4 £ 1021.4 873.0
721.2 425.5 1035.9 657.0 407.3
Max_spd 226.2 £ 0.8 2269+ 0.4 226.4 0.6 226.4+ 0.5 226.4 = 0.6
min_spd 349+ 10.8 35.2+85 34.4+9.5 36.2+17.1 55.1+5.5
lap_diff 48+04 48+ 04 48+£04 5.0+ 0.0 5.0 0.0
# 4-8 : Ruudskogen ' #% 38 e szt %
Rad 40m Rad 65m Rad 90m Rad 120m | Rad 150m
dist_raced 120783 121419 121683 £ 119343 + 121952 +
1669 700 1142 5518 262
dmg 418.0 = 595.8 + 533.8 + 366.2 + 396.2 £
348.8 373.5 347.7 291.0 360.0
Max_spd 2451+ 0.5 2444+ 1.2 2448+ 0.4 2451+ 04 2448+ 1.0
min_spd 23.0+ 116 29.1+1.8 284+21 244+6.9 314146
lap_diff 6.6 £ 0.5 6.8+ 04 6.8+ 04 6.8+04 7.0+£0.0

BEZR P TORCS ¥ chph a2 i st i e (G ¥ i PE P o ¥ 4R iR
RIRRPUGE 03 B > B F] G 2 R g IEE R g
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R A A R (F A

7
N

N

alA)) 0 A 4T 2 A 48 ¢

YARDFEhRpAIFY 2B 2+ o R 2 CGtrack 3+ £ 3|endp i Bl > £
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R B s X A

Q.
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150m) @ & B FAZE 75 PF o EHREP T g BB F X E AR S

VRS R A2 & FPds (T o

%49t 5 BEYEENLT FEAF RS
dist_raced dmg Max_spd min_spd lap_diff
CGtrack3 | 110690 + 403 790.0+ 226.4+ 0.4 33872 48+04
156.6
Ruudskogen | 123412 + 568 691.6 £ 244=4-+ 14 298+1.2 7.0+ 00
797.1

44958580 b

W

T REY AR 0 &2 CGtrack3 F AR TG < &
AR oAz —%’( “r X Flendf i B P § B 2ET 5 o @ 4 Ruudskogen iE 1B %@
ko BN Az B '“ﬁ”'“rﬁéi SRR R @ F H - AR L B o 2 Blerdp 5 R
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~=\

WF o AT D R 6000 A BRBEES T A A RS RE Y

P S HAE D A Mericie £ sk o

A5 pE Al i HEIEVRERFTLIFRI A FART

BARFRA o P NE Y F A 2§ IR g 5 T LA A e 2R AL
* Berniw 1T - BAFDOER Al> A f 4D S AlR] R * P Tita ~ Lliaw
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