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Abstract

If a player car precedes from start to the end or a fuzzy car wins every day during computer
or racing games, most players will lose their interest in the games soon after several times. In
order to solve this problem and increase amusement at racing games, the more important thing
than anything else is decide the ranking. In this thesis, in order to give amusement to racing
games, the researcher made a fuzzy car and made it race with player cars. Because the
preceding fuzzy car runs ahead of player cars, it can recognize their behaviors according to
change of following player cars’ speed and distance, and the fuzzy car changes its memory, but
doesn’t enforce actual behaviors. If the fuzzy car would make decision, it has to do behaviors to
compete the ranking on the basis of the contents it has memorized under the situation where a
timer is awarded. In addition, although an accompanying fuzzy car has different contents of
memory, it is operated in the same way as mentioned above. At the time of experiments, the
researcher applied the actual value to the test program and drew result for ranking
competition. In conclusion, the researcher could confirm that we can have modeling of various
behaviors by means of the method using fuzzy logic rather than simple if-then method.

» Keyword : fuzzy logic, racing game, FFLL, FCL

« M1XIX} 2 oM
< ®M49 : 2005.01.28, MAltE S : 2005.03.07
*ZFoeta AR aay



134 @& AFHEREE &3 (2005, 3)

HEHZ AYe] $422 B AIRES ATe] BolA
T AFEE ddishke AxRrke £59 A1 AYS )
€ ol Fon A4, A5l o o A Fg
antz Az HA. 22 AYE sdeE P A
23 A AYE & ¢ e 2do] EASA ] Wi
AE tAlE FEE AFAT Alo) Y AU ds
£ A =T, 2). 53] goly AYdA Edolo]
AeAht HAZPL did ez o7 =W 3 Auiglo]
= A48 2 Aot

2 =8dMe dold Addr AeAes <945
sl HA] o]8E HEY GAEF oIHAE o] f3}
F o EdololEo) AU AYE ¥+ UA=F .
A9E 73 Qe EdoldEdAE £ AL g &
A 971 gle EHollEE sld 798 wAstE Vi
27 5 PA4o] oA BR HAlE o= Bk 428
ARt

27 BALT disl 71Edln 33 HA Ao
2 o183k &9 2% i dAEd opIHAE e
B, 4FoMe A 2945 Bojn 532 A& FF A
7 FRE AP,

2.1 ol Aol HAt

AFAF AGY AAL 197080 vl Aol AR
HAM §AE ¥or AFHe oplolz AU AsA,
Edloloi7} Z1Ale) ASHA TRE ¥EF ke Aol F
TR 2 olF AFAT AL ¥EI| AWk 8
2 vz FEdIz sgeu 3D Aol st=delst
WAskn e do) njf B HAl 2ZE WY

dBAleel Adel F8 4F 8902 A A HAH3).
goly Ade 2¥x Fad ¥Fsp|zsln, shie %
48 F2=2 =P (DrivingAldelztaz #ck4).
old AL Mg ol AY(TY 1)3} oFlol=
A Hold AY(2d 2) F 7E EFEr) AlggeluA
Hold Ade S| Al H Yz den =2 A
U gololde, 28033} 7Gx § 234 YA
AAEE adiz Wgshy] wEdd] @zl HohkAe =
ol AUAA ol@AY BiZte] Yoldtke BE & W
7k ik, olol=A dloly Ade Bele Arldl B 23¢
ool geje Arle HuAT @43 Aol Aek5).

g 1. Algfoldy 2ol Al
Fig 1. Simulation type racing game

38 2. OBIOI=A 2ol AR
Fig 2. Arcade type racing game

22 HX| olg

AFE 7} A3ASE 7 Q1Mo Y3k uiE Algz
37] iAol AR FARe E8clx ofnid X
AE A & glojok sheH #A] o]&(Fuzzy Theory)
& ol @ JAuig BEE AHY & e olEHYU vigE
AFske FoltH6-8).

HA| o]l #A| AY, HA = Aol HA B4 F
o] slovt & =RoiMe HAI8HFuzzification) 9 9#=]
3HDefuzzification)oll @l 2HaiAl =g},




ol AgelM &4 2HE AT HA =2 o9 135

2.2.1 Hx[3}

33 2SS 282 2435 (Membership Fuction)
2 AAshs A3 o fRsle Zde O gA] ¥
FE UUR A4S = H9 Adelcho-11).

dlZ o} A%} 74717 E249) Start Lineols Finish
Line7}?] €€ ] B0l & Y F2 Uyl e
o (B D A5} =38 28 /X2 9F B9s
Ed.

1. ARF oE HYy
Table 1. Range of inputting “time’

ARZKE) a
wE 0~21
HE 17 ~ 30
=8 25 ~ 40

(3d 3)2 A gE& T2 BIAA. Bl
M2 dAdEe A& At wagy mdEe 4%
o d2r] wiel Pzt 2F& th2A EdHe o
AE°] A ol&elnt.

T8 3. X2 Uekl= HX| gt

Fig 3. Fuzzy value indicating second

% FgEL 93719 #ENE s Y £4%S )
Ao 2dyd 222908 £4o2 BPSRE FA 99
+ AL w¥sid 9ot

wE(Fast) (0, 1) (3, 1) (21, 0)
H2&(Normal) : (17, 0) (23, 1) (30, 0)
L2l(Slow) (25, 0) (35, 1) (40, 1)

0~40714] ME71€ HAFoZ Yehlr] fslo] a9
Fe BeE AAY. sA 2 ARE, M Sl o
3 morow A&EE AME 4 9oy (2¥ 4)eHe

Az Alelz mgkos ®¥skn ioh I 494 o]
W 2FAL 4714 2YE 25822 Eolgrhd BEde
0.60 2%z& 7K9, ‘=gole 0.089 &&u4s Ze
A& o Fa 3o}

;s ‘ \ /// ®

K / ‘:
/

E : / E]

L1 0]

g nﬂn am ko :n&m Qmn

T8 4, w=olof st mx] Mgt
Fig 4. Fuzzy sets for speed

2.2.2 Au{x|s}

ezl #A] Ao] AlaslelN HA| @S AR
AR s BEG goz wAske e Wt o
A8t Welle FA 249 (Center of Graity Method),
Bty 8% (Mamdani’s Inference Method), gt
B (Mean of Maximum) ¥he] EA13cH(12),

23 FFLL

FFLL(Free Fuzzy Logic Library)e 2Eix HZ]
=g 2d2 golEgop, Hue Adn o] &%)
% 48 Z2AL Y8 HAslE APIojt. £%8 4
e okt vinelE &3 Lookup HolES AMH-3
A ok =% dExne fuUac=s AdEe A H
7 =8 29& FFLLY YAXEH Y28 g £E
AT, FCLE AHg3le] 9zl =2 =i sk Rol
71 $%. FFLLE 774 71%S 32 4 9len Al
ol =2 IRl AMGEA HE A Al AR
HY =85 BE £ QIH(13-15).

. =9 24 98 #Hx| HMoj

Hold APllN Balolopt eRske ABAe BN
g gelrlesin HlM Wet e4E itk WAL



136 &E AFEfFHEe HE(2005. 3)

&4 95 A Edolort A At B
452 Fohd AL Avigle Aol 7l HEdd Ad
Zﬂﬂl% AMe BAgte] =8 AW zFsop Pt
d &% 24E 95l sA7 B4 =2E A8
’ﬂ*ﬂ’&h‘:— HA7ke AA &9 UiFolol sheAlg 24
oop & oy Fyste HAlske dll 7ke AL 19
Srjol & AMHE ZAs ok APl Tz Au|7t of ¢
g4 Aot

31 Mt X7 ol HX =2l e
HAFE Felol ABHE 2A ke AS A& 1A
g A4 & gort £ =RdMe AAe 29 A%
o] Aelg Nzl sAe 28 oFA BAso} 3}
ke vagn.
Holl 2 Zolo] AeAe =&
2 77 IS ez ok

(B 2% (39 5)

E 2. E3olo XisRie) £%
Table 2. Player cars’ speed

E 3. Ediolo] Xiskle| Hel wst
Table 3. Change of plaver cars’ distance

AHel MR
ofH(Very_Far) Hx|Fiete] Heai gh-)
H(Far) O=2Ci=E(0)
H2lgxI(D_M) 2t 948(0)
72 (Near) 082ckE(0)

o7 P7k2(Very_Near)

Hx7IRel S5 4H+)

a7 6. E2iolol XISXie Hxplel Hal 285
Fig 6. Sets to which distance of plaver cars and fuzzy cars
belongs

s

(E 29 (B 3»& 23 sA7ke & 49 Sle #A

== sk Y i Hesil P50 Hu 2 e 293
=g (Very _Slow) 0 ~ 50km 7)oz Uehiz gt
L8|(Slow) 40 ~ 90km
EE&(Normal) 80 ~ 120km P pe—
®HE(Fast) 110 ~ 160km Table 4. Change of fuzzy cars’ speed
ofiwiE(Very_Fast) 150 ~ 200km &5 x| Xiet
oHPRE(V_L Slow) Lol 1/4 PECR
4L _Slow) BRiETo) 1/2 FECR
HH(Common) BERlS

WA 1

3 6. Ealolo] XSk 52| AR HEE
Fig 5. Sets to which player cars’ speed belongs

oj$ #e) gele AEARE 200km o[3EEFE 3o
W 1 kEe BT USHEd) S5 Bt ehAet Yol
A EES 2007 AR ol £ ARE ]
fAziMolt.

(B & (a8 6)2
=9 A
ot

Eajolo} AFAH HAHE o=
& Fekl wet wAsle &= WiE Fu

2(H_Slow)

sixpaEel 1,260 450

sRissel 150 2508

o5 (V_H_Slow)

E% . R - . z
i ﬁ e

a8l 7. mHxple| 2
Fig 7. Fuzzy cars’ value

(E 29} (E 3 o83l ¥ 49 2z F s A

@315 1 ARE 47] Paike & 59 #& 7 ol
22 7R et 13 gelBel E#olo] AFAe &



dold Adold &4 24 43 A =8 opldA 137

=7} VR =Egd gazle] £=8 793 e sld &
golo] AEAE I IMA Ao Ade] AEE WAl
A fu= ARgle £28 AP fA%. gl
Eolo] AsAt WS- wE2A o]Fd AL HATY &=
T i pEo ZRBIGAT BRIt £=8 1.58) 3
Tz AN AFAYPA T} Frbshe A g At
o ArlE F7} Ak (1Y 8) HAFMY &8 oF
A B4 AW 73 Wer Bd F3 Sl

¥ 5. Mg HX7le] 74| Hols
Table 5. Table of rules for preceding fuzzy car

g wekbr] 98 $% F4 Welrk

Car_Speed Car_Distance Fuzzy.Speed

Very_Slow Very_Far Very_Low_SpeedE

]

Very_Near

Slow Far \ Low_Speed
[ . - W/
i Normal oM : Cammen |
PR 1
[ 0 X — )
I {
Fast Naar ¢ / High_Speed |
"»~~ S s 0 - e e J :‘ . F A e e 4 ml'
\\IeryJ-Iigh_S|:|3ij§

] | — ]

el o 3 A2 I o
55 it g
ok
s e Ty oYy oY %
=3 8 | md | my | 38 | D
al €
25 e X oy By 4
&

R I ™ "I I PN

5 xNE =5 A= D=

o ~ o ojj

oL

Wl’% x‘*’—‘l‘ ‘gg sl In! _,_‘\‘_ e
Car_Spead Car_Distance Fuzzy._Speed

] { §

Very Slow Very Far & Vary.Luw.Spaad:&'

'7“" b ah it ‘. ".‘ Rinaatmedben —— L;mv* Mﬂ:l}

o X |

] Slow Far Low.Speed *

= o — ey

Normal DM Common E

§

Fast Near High_Spseed %

l-~---— — —1 lw —— MT

: ;

Very_Fast very_Near Very High_Spesd:

.. [ S

— 1 — ] ————1

7| 8. MY Hxple] £ &
Fig 8. Map of speed rules for preceding fuzzy car

32 #8 mx|7} sold HX| =2 HEf

HAFZE Egolo} AgAe 58 ol e ke
Fdlold] AEAistel =9 AE ANl HATNY &
EE s FHolo ATt AU dold S djoiok
% o AeiA 4.

A7t Edolo] AExE el ve geld AR’
&xot Azle 2ol AT & AT HATM SE 13
o] Be] 32t (28 9& HAZWE Edolo] AFA

38 9. ¢ Hxplel 4T 7 Y
Fig 9. Map of speed rules for accompanying fuzzy car

F AT o= AEE Al ek Eelolo]
A5Ael &7k Bold W wet g2 nbol 9W woiE
WEA Hol & o Avie ALE BE 4 Uek

33 HX|Fte| 2AArEY AT ofF |

HAFWL AR 3] Ao dAlel ¥4 A4t
a0 dgske BFE Adshe oIS Fdldol @
. HA7ke dE AeAE FUE ddke ARTEE
7R o Asate] gedslel wE AgTRe Yis
AstA gk dold Fol Ealelol AFAYE 29 84
BzAgahe 25 2 2FHE AT & Eeolo] A%
AZA AvEle RS HAKe oWER A4sm gith
HA7ke Wiy 71oe) Eolsle WEe =303l oHEZ
A AeAe} E BAS Al T oHE TA 7
Agt. H{A 7t oilEd} dojuke RS @A HE 719
o] ¥7E ¥ ojul@ PFo| dojuiA Fed || vt
A<l ojHE A s Alzgzt o Fag Holth HA
77t GAER S B Ele|mE Folof JTH(16). Bl
E oHES} EY¥Hoz A Elolule] Aol Wz
7ol Bole w E 59 22 13 F e d¥sA €
o (28 10044 DeilA BA7ke dA 874 W3E oM
ER olEqit @€ oHEY dos A Y o
& BA7le] 719E ¥AY @2 HolHd] o3 ik
A FY3a @M AR oA B2 7R e
7199} 2t G HAE A dANERE € 3
B¢ 2Fs3 @2 AR 3 dAlel F= Fvi%
2 @7o] s ot



138 wE AFeimHese HeEs(2005. 3)

719

|
{ FETFR)

A8 3

73

38 10. Hxzle] oA Alag
Fig 10. Fuzzy car’s decision making system

Iv. &2

»a

27

0

B =20l AL Pentium 4, 2.4G, 256Mel Windows
XP wAe] 3 AolM Visual C++ 6.022 HF3I%
o} 9zl =g 2dE ¢E7] f8iA FCLE AMgdka glo]
BzjglE FFLLE o83l

TERM Very_Near := (2.0, 0) (35, 1) (4, 1) ;
END_FUZZIFY

RULEBLOCK first

RULE O: IF Very_Slow AND Very_Far THEN Low_Speed:
RULE 1: IF Very_Slow AND Far THEN Common:

RULE 10: IF Normal AND Very_Far THEN
Very_Low_Speed:
RULE 11: IJF Normal AND Far THEN Low_Speed:

RULE 24: IF Very_Fast AND Very_Near THEN
Very_High_Speed:
END_RULEBLOCK

END_FUNCTION BLOCK
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Fig 11. Fuzzy car’s behavior forming FCL
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FUNCTION_BLOCK
VAR INPUT
Car_Speed REAL: (* RANGE(O .. 200) *)
Car_Distance REAL: (* RANGE(-4 .. 4) ")
END_VAR
VAR OUTPUT
Fuzzy_Speed REAL: (* RANGE(1..5) ")
END_VAR

FUZZIFY Car_Speed
TERM Very Slow := (0, 1) (10, 1) (50, 0) :

TERM Slow  := (40, 0) (65, 1) (90, 0) ; '

TERM Normal = (80, 0) (100, 1) (120, 0) :

TERM Fast = (110, 0) (135, 1) (160, 0) :

TERM Very_Fast := (150, 0) (180, 1) (200, 1) :
END_FUZZIFY

FUZZIFY Car_Distance

#include "FFLLAPI.W" // FFLL APl

int main(int arge, char* argv())
{

int model = ffll_new_model():
int ret_val = (inffil_load_fcl_file(model,

\ffl\\src\\after_fuzzycar_1.fcl"):
int child = ffli_new_child(model);

ffil_set_value{model, child, CAR_SPEED, car_speed).

ffll_set_value(model, child, CAR_DISTANCE,
car_distance):

int output = (int)ffll_get_output_value(model, child):

T8 12, Visual C++ BIAE Z273
Figure 12. Visual C++ test program
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