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Abstract: In this paper, we analyze effects of Als and interfaces to players’ enjoyment in fighting games.
There are two input interfaces in fighting games. One is finger-control interface such as the keyboard or
gamepad, and the other is body-movement-control interface like Kinect. In order to have players enjoy play-
ing fighting games in both input interfaces, Als are need that evenly fight against their opponent human
players. To implement such Als, it is also necessary to have sufficiently strong Als to be based upon. In this
paper, first, we attempt to make a latter Al, called pAl, by combining MCTS with UCT (used in MCTS’s
selection criteria), roulette selection, and rule-base. Next, based on pAl, by changing its UCT evaluation
function, we develop eAl, an Al that dynamically adjusts its strength to that of its current player in the
game. Finally, we analyze effects of both Als and keyboard as well as Kinect interfaces to players’ enjoyment.
The results of our experiments using FightinglCE, a fighting game platform recently used in a number of
game Al competitions, show that adjustment of Als’ strength is an important factor for the player to play
the game with more fun.
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KREICBIFATHB LI L - C, pALOIR S 27RT. 1k
AT 2015 SERZITH L7z 17 FEgH O AT ZfET L 7.
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Table 1 The parameters used in the experiments.

Notations  Meanings Values

C ING Y AINT A —F 0.42

Niaw A B £ o Bl 7

Diax FLROESOMME 3

Tsim YIalb—va v 128 frames
Trnaw UCT DFEATHERH 16.5ms
DISshore  UTEREEDRYfE 110
DISiong  EEEBEDRfH 160

S A —VINTG A —% 30

52.2 TLAYDREUZ2EARIICEAZITELEIOHD
=i (X5 2)

AL STV AVICEbE-#GEHRENTE LD, 72,
AL REEEEDEVD, TLAYOELAHMAIIZED L)

GLRBEG 0%, HREFERICE o THE»O 5. HER
BIEREZ 20 N (B D18 A, & 12 A, IR 22.140.8
W) AWz, BEEBEIHL, RIRT 2200V F ) F
TEBRTIT- 7.

o F—FK—FEHVZYFF

BRI T 4 AT VA DEWIZLE A L) IR TICEES
RO ITHEERE I LT, F—F— FIZX B 8EHEICOW
THW L%, UToL) T TEREIT.
(BBFELT MbLAVATIE1IRA BTV F)

179
(2) pAl, eAl t ZhENn 5 RGO, & 10RKE1T.
fJ’_L FIE212B VT pAl, eAl & OxJIEFILT ~
LZHEIRT 5.

e Kinect W72+ 1) 4

Kinect [R5 1.2m D& &, WEEL,S 2.5m gin7:
ECAICHET L., WEBEIIT A AT LA DIERIZLC A X
I 2D, F 72, Kinect % I\ T FightingICE O ¥F v 7 7
Y EPET B 72012, LK [18] DY AT A&k fV7z. o

(HERE ﬁtf Kinect (2 & 2 EICOWTHBL

7%, DToL) FIETERZIT).

() #BRELT, MbLRVAIE1HE BT F)
179
(2) pAl, eAl X Zh 5 AETD, 710 AT

B )4 LS, T (2) 128V T pAl eAl O
JENEFEL T >~ FAICEIRT S, L, KT+ 4T
Ra8h LCAL #31ET 5720, WBEDORT#EEL,
HREAEWIC 1 TORBEER 2300 5. UL, Koo v s
DL —VIZH > TV 5.

FEEE 2 TIE, #BRE I L TR AT ICBT 2 1H S,
i Al DJEFIC OV TIEAILE v, F72, #HEREOE
BRioxt 3 2 a2 B8 L, EBEXIT) RN, HERE 2
#*$~F%mwT4L1ETﬁNt$§#%W~D/F
BIRABENVDD (V321 — 3 YIBEOHFEOFTHIER
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Table 2 The questionnaire content.
Metrics Questions
HAEomH S SOREFME P> 72T 2
MFEOmS WEd 7z L WRTE YD 72 T2
MFEOTHOAKRS BB SIIAKRT LD

BT FL) BEMALZAIZHFICSHEIToTb 6o
7o, FITEONE S REOTYEEZA T (LT, 5
AT ENER) &b &2, Zh—FEIERE WL D #
BEx A, BO2ODOTIV—T1050F72. £, 71—
7 AlZF—FK—F, Kinect DN, 7V — 7 B & Kinect,
F—AKR—=FDNEIZAT > 7.

F7o, MY F)FICBNTEAAGRTRICEKR 2 ITRTT
Y= PMZEELTH S o7 Ty — MICHN19] 25
BIER LTz, T o — ORI, AETHEH LRSS
DIHAS L ATOBS I, K2 1RTEH12, HFH»
%ofwék%K%#%éi&ﬁﬁ%&ﬁ@%b&w#t
IMERMENO D20, ITEIOBHKRSIZOWTOEH %Y
ANTz. HER O EECEFEIC 2 5 & 9 12&HE
WCBLTC, [&THEHEH] =5, [RRZHIEI =4, TL
LEoldbuzxhn] =3, [bFEWEH)8bhwv] =2, [¥-
T ZE)EDbRV] =1 O5BERETHEL T 5o 7.

6. FERDEE

ARETIE, FEBE1, FEBR2 21To728RE, TR
T HELZITONTIERS,

6.1 ER1ICHTIBREER

FightingICE @ K& % 10 [Ol47 - 7285 R BT 5, EAL
3ODAID 1 KREDOFHBLIEER 3 1IRT. RIER
TlE, pAl # &0 72 180D ALl D#Y 72 1) ¥ CTlT - 7272
B, 1 RENCBITLHE AL LD ) 2RAKOBEH KT 102
THab. £3 X0, pALIZTFH T 72.0 O 2B T
2LV FERIC 2 o 72, [AFED Machete, Nilmirdri 13,
FightingICE @ 2015 £ K& 1BV TENENL, 2/70D Al
THb. INHLDT NS, 41 HiTHRRATE2EHT
HZEIZLoT, BMEEDLEEFF-7- Al DNEHTE
Wz b,

6.2 FERR2ICHTIBREER
ARECIE, WERE D pAl, eAL X T AEHEAaT LT
Y= DENEFNOEEND, EREEREZLRRL, %
B, KECBIIAHEROBmZEICEHIE R LOT A va sy
¥ ONENAE [20) & AV T 5.
6.2.1 HRBREFOEEXIAT7ICHATIMREEEER
F—R— FEBRIZBIT S, #EH L D pAl, eAl IT4
T LHEEAT T %E 5(a), Kinect EERIZBIT S, HEHE
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& 3 10 MOKREIZBIT S LA 3AI OFHHEHE
Table 3 Average # of wins of the top 3 Als in 10 competitions.

Al Names  Average # of wins
Machete 76.9
pPAI 72.0

Nilmir4ri 70.6

HpAl meAl
600 g % - *
550 ®k FF = & ** .
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450
P 400
[T 350
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A B C D E F G H J K L M N OZPOQR S T
WEBE
(a) F—HR— KER
750
700
o HpAl meAl
600
550 * —
%k k% *¥ %% *% *% *%
500 -
% EE FF
450 ¥ FE g
400
P a5
n
r 300
250
200
150
100
50 i

C D E F G H 1 K L M N O P Q R s T

(b) Kinect F5&

M5 15772 F BRkA) CBIL%5ALICHT 2HBED 17
Y NOFIGHHZ a7, (a), (b) ZFNFNRANA 5 72—
ANF —AK—=1F, Kinect D& EDOFERTHAH. T2, *, x x
ZZhZN pAl LI, HEKMES%, 1% TENHLI L%
RY

Fig. 5 The average round scores each player obtained against

pAI and eAl in 15 rounds (5 games). (a) and (b) show
the result when the input interface is keyboard and
Kinect, respectively. The symbols * and * * show sig-

nificant difference at 5%, 1% to pAl, respectively.

T LD pAl eALIXTT AR a7 %X 5 (b) IZZNEN
AT ZRIZBWT, ﬁ%ﬁﬂm%&z%ﬁ% fedh AR A T T %
LTS, HEZATTIE, 500 1IZEDLIEFEZD AL

WNLTHADOKAZ LT, é:m_t%%fﬁﬁia“a. X 5 (a)
LY, WEECRPK Evworz, pATISH LTAEITTWEHE
B 7S, eALIZH LCTAITAT500 123V, b L< 1500
AL AAT EEELTVLI N g0h. 72k 213

WeBRE G OYf, pALIIxTd 515 2377)‘168TZF)V)
HADBIEWZ AT D500 123 L 332 DENDH -
72, —h, eALICHT AR AaTIE 502 TH Y, #E0H
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LI E 0TS, K5ID, FNS OWERE OREA 2
TIZDWT, 10 AOBERE 12 L CHEE D bz
BTIZ, WEE DR E £ \Wworz pALIZH L TH->Tw»
DLRERE I3 L TUE, e AT I3HERE B % W THEZEDE
OOLNLMmoTz, 728 Z21E, WEE D O¥f, pAl, eAl
W23 DS A T TIEZENZEN 667, 668 THY, T Al &
QENED S TRV EDVgn5E,. TNUE, Al DELT
TWh b S3WEBE I L CHS AN T8 21TV, A
7% 500 1CEZE)ETSH. OFN, pAl LR U L9 %AT
FEHIZR o TWAEDIELEEZLNS,

FM5(D) &), §RTOEBREIZONWT, pAL I
T AR T TITHANR AL KT BB A 2 7 H%500 12
DVWTWEZ EDGND. 12k ZIEHERE M O%4, pAl
WX MR AT TH 284 TH o 72D L, eAT ITH§
LIERATTIZA95 THY, eAl L HADOHEEEZ L TWA,
BB, HERE T 2B TRTOWERE 1T L THESEN
RO LTz,

INHDOZERG, pATICET TV B HERE 1T L Tl
BEREZTIZEICE T, EMIGEVWREEZEBTE
TWB I EITRENT. T2, pALICHi> T A HERE 2
LTS ETEED ) T o/l b, XD
B Al #EH SR B720ICIEE5 R M E 23D Al
DBLETHD, LI TEPRVZD.

KIZ, B 5(a), M5 (D) 2lbEssE, AJI4 25 72—
ANF— K= FD L XX, Kinect ® & X TIIHERH
DM AT 2§ BER AT HHS PR L TnwDE T &
D53 A. 2F D, Kinect # W24, 7L A Vidd—
A= FEHWGAEICHRGE ALV 2PV D,
I, fTEIOX— AJOE, *—K— FTIRIBLOE
POTEF—%2ANTAHAIENTELZD, TLAYXIZZED
EEDT = ADRWIZIB L 2ER VLS TE L, —,
Kinect TlEZF— AN FRoF v 7 L EORELEKOH)
EDPWTERTD, TLAYIRF— AL L O % BE$
5. TOER, ATHHPMHFOEFICE->TLEV, BIZK
WA M TOND Vo 7IRABEE ICEIZ S -7, 2
DE)BRIERI o720 EEZONDL. MAT, FEH)
PLET D LI D TOERICL ST, LA YD
T =< VAPKTLZOBERD 1 272LE2 605,
6.2.2 BHEXIT7OBRENHERICETIREREER

F—F— FEBRIZBIT S, pAl, eAl DRBEZ 3T 5
R A 27 ORI 2R 6 (a), Kinect EERIZHIT 5,
PAL, eAl O EBEERE X § 5 A T 7 ORERIHER %
B 6 (b) IZZENLIURT . FHIZBIT HHEEIL, X6 (a)
TIUTO LT 287V —FPRICB T, pAl Ik
FTHEHRATTHRIETH D LD, F 6(b) Tld pAl IS
BioTwa, b LLRIEMAOBELZ LTV AREBRE IV
Molzlzd, SERIZBWT pALICKT 2 M52 3 7 s g
HETHLHDEHV. Z2TIE, Zv— 7RO A
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EFR (T — L300
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[
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300 —phl s iHEEE |
200 —eAlvs IHEEE 1
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SRS EFEREdEES iR R HAASEEF D
EF = Er = EEE :
ANAIRERSS SHHSREEgARERA R RaRAEEN

B (Tl — LD
(b) Kinect FE§&

6 15 77> F (5#A) 12815 KK LAY 5%
Al D1 5% NOVHER A a7 OREBIIER. (a), (b) &
FNENATIA V7 T 2 —=ADNF—FK—F, Kinect D& ZD
GRTHB. E72, (a) HHBEE, N, Q, (b) RHEE T A°
AT TH B

Fig. 6 The temporal transition of average round scores each

Al obtained against typical subjects in 15 rounds. (a)
and (b) show the result when the input interface is key-
board (vs subjects E, N, and Q) and Kinect (vs subject
J), respectively.

BiZo70E, B4E0HIL, LYV RKREVAITEERL
7o R ROE E L7,
PATICKZE B> TWVD
PAT I LT, EHATTH 550 & ) KEWikEaE 7
ADEY . 7 — T NOFEEFA T T 13 610 + 34.
LB ISR S E AVES L 72 613.
PAL LtEADHEEZLTWVWS
PAT IZxF LC, A 37 5% 450~550 DHERE 5 A
RGN, TV — THNOFEER A 2713 509 £29. H
S TR ERE N A L 72 523.
PALICKECEITTWVWD
PALIZxF LC, MEfS A 37 25 450 KO ERE 8 AN
. TNV — THNOFEERG A 3713 306 £ 59. ik
fE T BEBRE Q 2915 L 72 323.
X 6(a) £V, #baE QIIx LT, eAl d 500 IZUL\ i
BAIT7THR LT D I gh b, F72, HEBEEIC
LT, pAl eAl & & |ZHERZ I 7 A2 412 500 Kiili T
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T4 EWEEBREIIBITAT V7 — OV
Table 4 The average evaluation score of the

questionnaire in all subjects.

Questions Interface pAIl eAl
HEOmH S F—K—F 334 3.56
Kinect 2.90 3.48
GERR2L: F—HK—F 352 2.66
Kinect 4.64 3.55
HMFOTEOBAKS  F—FK—F 3.60 3.33
Kinect 3.74 3.12
HBL VDI ENThs. TN DR L FEOM %

RYWAER 27 OB, ZNZRO TNV —TIZHLT B
ﬁwﬁﬁtﬁwf%fmnt.it,m%%N AL,

PAL D% e AT IZHA 500 IZIEVVEIR A O 7 THER L T
BT ENGDE. THUE, HERE N OFE L pAl DY)
Er$I)&-oThY), MHERELITTD% CTHLHMDNE

BN TELLOREEZONE. ZOMEE L FREOMEN %
IR T 7 DD, pAl EHMOPBEEZ L TVEY
V=TI LRTHHEEE D) B, pAl 1> TV HEEH
(B3AN) TRTHENZ. pATLIZAIT TV AHEE 2N) T
d,ﬁ%%Q@iﬁ&ﬁ%&%%@%ifw%wm eAl
DFHH00I2L D EVE ZATEEATITHERLT0D
@R H TNz, o2 ens, pAl L HAL EOBA
T L72HEERE I LT, Al ZHER ST EZITA T v
ZEDIRENT.

Kz, ™ ()ib el J 12xf LC pAL IZHR eAl
DFH, 500 [THVEBRZ T T TR L TwEZ t#ﬁ#
é._@ﬁ%kﬂﬁwﬁﬁ%rﬁﬁ A 3T DD,
BEEICBWTH OGN

INSORERLY, pATIZEIT TV BB 2T LT,
eATIZATIA v % 7 =2 — xkﬁ%&<,ﬁ%¢1@%u%
GEREI TZTWAE Z EATRENT.

6.2.3 7>#—hu%¢5#%t%$

Ty — MOKEMEE BT S, SBERE OGO
wm%§4&m¢.%ﬁ_%Lf,ﬁémﬁéé,miw
AEOBEKRSOIEH IZOWTIE, FElifEas5 12D 13 &
%ﬁﬁ%<,ﬁ$@%é@ﬁa’ow1u,%ﬁﬁ3u&
HF EEMIA S, ZFEMEBICOWT, FRFNELEL
Tw(,

o HENHEHBZIICHTIERLEER

F 4 OFEFER LD, F—F—F, Kinect #{EDOMW 712
BWTpAL L) eAl D) o5 - 22> 72, & 512 Kinect
FEERICE L T, AEKE IR THEEEN RO LN, &
g, [5(0b) o505 k912, #BRF X pALIH LT
k%(%ﬁfw%.Oib,mﬂ®%§#ﬁﬁ%®&%ﬁ
HGoTBLTY, HMENZORAGICHASEZE L2 ko
TLEoledTHLEEZEZ NS, —)F, Kinect F1ER;
DHERE D e AT 1T 2R AT 713429 TH B,
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LD, eALDPHERE L HMA, L3 IVBaTT LS
LIZEoT, BB EZORAEEZHACE LA LWV 2 &
WEZHND.

F72, ¥F—F— F& Kinect IZB1F % eAl 1244 2 57
#%,kﬁ4/77l Z@gwhiéﬁémﬁéémﬁ

HICHEE 5b%n%@ot.:h%®:k#%,m
@ﬁ%ﬁﬁﬁ%ﬁo_ 12&oT, ANA Y% 7 x—AI
BIfRZ: KB ISR A2 L VA B L SEL T LN TE
T2, BV TENNZD.

o HFDEIICEHTIRRELER

F 4 OFMEFER LD, F—F—F, Kinect #{EDM 512
BT, BERE L pAI DA Al L) iV EE L TW5
WD, ELLOBEICBWTHFEKE INTH

BEMRO LN, ZOMEND, eAl lX pAL IZIEREES
EETIFTWE, L) 2Pz b,
72, Kinect #ERED eAl 12X A5 6, T

FTVF BT AL IFHEBREOF= L) A L HW»
WCHERS R R T o Tz, L) 2Pz b, Zhi
FlZ DRIz L 912, WERED eAl IZHT HHEHA T T
429 THolzZ embEZLNA.

o HENTHNERSICHATIRREER

F 4 OFMEHR LD, F—F—F, Kinect FIEDOM )
ZBWT, Wb 3% ERAKERE o725, WEREIE
PAIDFH eAl L D A EESHRZ 572 E L Twb 2 L
D93 % . I Kinect #AERF DR IZ DWW T3, A EKHEE
1% THELEPRO N, T, pALIZT — 2 DRI

B ARERITENZ DRISEIRL T 5720, BEREIZZ
DATE % 77— 2 ORI D > 72 AR ATE), 2Lz &
FERAoNb., —F, eAl 3HERE O ®EIZEbE TS
REST D720, F—LORNIZZE CHhRVTE), D%
FIEEAT) . ZOFMREIT ) BOITEI & LT, eAlld
TLA Y EOREEN TSN TV AL 2 0b b THREE
BORTE VST, O SERTIEE LT 5 & HHT
TEBLATHDER Y Ho72. ZTHICEY, eATIZpAL & D
DRIV oo Zcb ) T ENEZLNL. LAL, &
DBz L 912, KAEDHEH S IZRET 55HMiAY e AT DJ7
# Mol b, WEEIIHTFOB XL PAHKRT
HoTd, HADOBANTELFPEHAVEELETWS
W) ZENEZLND.
6.2.4 EEXIT7EREOEAE, BHFOMHI ENDIEM
DPFEREER

KIETIE, FEBHMEOW AL T 2EEAaTET
F—MIBIA2RAOWHE, BLUOEEATT EHMTFO
i S OFHM & OB OWTHTT 5. LUF, RIHTRT
BIZBWT, BBz oEREA a7 romEAa7 T
H5 500 %5172 b o, HEEAST V4 — PO E FE .
o BEXATEREAGNAEAS EDHEBEDAIER EER
F—KR— FEBRIZBIT A, #E#EHIT L D pAl, eAl (2
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Fig. 7 The relationship between the average scores each player
obtained against both Als and the average evaluation
scores about fun of the game. (a) and (b) show the re-
sult when the input interface is keyboard and Kinect,

respectively.
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—045 TH Y, EHITHFHAMHEIREI Nz, 25 ), F—
K= FPBANA % 72— ADOAL, HEEZX T 725500
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Fig. 8 The relationship between the average scores each player
obtained against both Als and the average evaluation
scores about the opponent’s strength. (a) and (b) show
the result when the input interface is keyboard and

Kinect, respectively.
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