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Abstract: Designing the behavioral patterns of video game agents (Non Player Character: NPC) is a cru-
cial aspect in developing video games. While various systems that have aimed at automatically acquiring
behavioral patterns have been proposed and some have successfully obtained stronger patterns than human
players, those patterns have looked mechanical. We propose the autonomous acquisition of video game agent
behaviors, which emulate the behaviors of human players. Instead of implementing straightforward heuris-
tics, the behaviors are acquired using techniques of reinforcement learning with Q-Learning, where biological
constraints are imposed. Human-like behaviors that imply human cognitive processes were obtained by im-
posing sensory error, perceptual and motion delay, physical fatigue, and balancing between repetition and
novelty as the biological constraints in computational simulations using “Infinite Mario Bros.”. We evaluated
human-like behavioral patterns through subjective assessments, and discuss the possibility of implementing
the proposed system.
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HWowck, L Aok E 5L Twb, 2L T, [AMIE
HOEHRIZAD» > TR THRETA2EELDTH L] L
IMREDT, TIFE] 1IC X 2aoEse, [#igl 2k
ANHDIENE & Vo 7ATE ORI, 5) BCOEHOMCKRITF
HyreEZONTVDS,

3.2 AEDOEMFHHKIDESE
BIffi CiliX7z, Cabrera 5 [10] R KF5 [11] @ [ HREK

1657



BB F =R G Vol.55 No.7 1655-1664 (July 2014)

Z=l#] &, Maslow ® H CEBIHG [12] THmIL T 5
[HEEEV L 720K 2FEL, TABMOAYF:
W] % TSR 2R @5 &7 “SBELY, 9Enh” ],
[A: EHEN B 72D 1L B ok “Fk & Hhigd N > 27
LT, UTFTOLIHIZERT S, Inbld, AHOEYSE
WD 1B TIEH DD, NPC D) TIVE A Lil#H
FERT LS — AR BVTIILTAELLHHTHS.
(1) 229X, EBHRICHITE [D5X]
AET VLAY, BEFRRME 72 27 b EOf
i () % BRI LB A 2 L L <, &
THE (WHE) LS (AlhEy, BEIARY).
Z 2T, NPC %@l 2 ISR OBUEME R 7 —
LDR[EFERIFL, FIA /AL R G535 LT
BT 5.
(2) HEL» SEBHEICES [Eh]
ANETVLAYE, F—20REEFHELTH S, EB
WCEMET % T CICENET S (IR TFomnEE
B AEBERY). 22T, NPC 2T 5 /e
SOREMER T — 2O FHEERE, a3 ik
DIEMIZTHZ ETHBTA.
(3) X —#HED [EHh]
AT VLAYIE, F—20ary ba—F0F—E%,
EhOTHIERTMEDL, 7213, BTG L %
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ToOXNTHEETS.

argmaza, Q(st, at) (1)

KX (1) I2BWT, 37— ARIED 5 DR, s, 13EF) ¢ 12
B 57— L8, ap 3R] ¢ 128 WT NPC 25#IRT 5
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Fig. 1 Screen capture of “Infinite Mario Bros.”
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Fig. 2 Feature extractions from observable information.

®1 ATEIOMM & X — AT DM A
Table 1 Action patterns of Mario.

BV oS
L =23t
# ik

OFF, OFF, OFF, ON, OFF)
OFF, OFF, ON, OFF, OFF)
OFF, OFF, OFF, OFF, OFF)

AT DS (LEFT, RIGHT, DOWN, JUMP, SPEED)
HIH A< (OFF, ON, OFF, OFF, OFF)
HIES (OFF, ON, OFF, OFF, ON)

£il# & Yy 7 | (OFF, ON, OFF, ON, OFF)
#1258 ¥ v 7 | (OFF, ON, OFF, ON, ON)
FelZHd | (ON, OFF, OFF, OFF, OFF)
TEES (ON, OFF, OFF, OFF, ON)
IR E Y v » 7 | (ON, OFF, OFF, ON, OFF)
FEWZED ¥ ¥ 7 | (ON, OFF, OFF, ON, ON)
(
(
(

BIEZ LR L7258 380OHME 52 2 L8V H L. €2
T, i r ZDLTOEBYRET L.

r = distance + damaged + death + keyPress (3)

K (3) ITBWTC, distance lFHT LV —Lt hHRT L — A4
t+1 OBIATE) a 12X > THICHEAZHEE (pixel) TH
D, EOWHME LT 25 (72721, EIEAZGAITAD
W& 72 %), damaged 3ATENZ X o T XA =T &lT 72
BEG 2 5 AOWMM, death \3ATENC X o T L7
GBI 2580 THS. 72, keyPress IIai7 L —
LADPOATEN R ZET LG G105 2 2 80MMTH 5. T
FEBEOFER, distance 134 I1ZHEAZZHEE (pixel) @ 2 4,
damaged 1Z —50.0, death £ —100.0, keyPress & —5.0 &
L7z,

5. BEINREVDLR

ANEOEDZHIREZEA L QFEL—Y = v hOR
VDS, ABIOAYEIHIF 2 EA L TR WiREW L L
N, EOLHICE L Lok BEET 5. HELZ2o0Q
FHI -V b (F2) IIOVWT, QFH1IE, wH X,
BN, ENZEALST, Iz, KROFEIIhPDST S
U LATE IR € 2700125 0FF DT -V 2V M TH
b, QFH21FE, 96 F, Bh, ENEEAL, 2o, S
FIREAE LW —LARFHEITO e 13 0.0125, K xiD
BELTWBTY—LJRETO e l20.2125 £ 952 & T [l
L DONT R A EH L -T2 M THB. Th
LbOIL—Y Y MIBWT, HffTR U AT — IR S
NDEINCLIIREET S BT LA OFEFRTET, Kb
BWRaTEES LT L AICBIT ARV E iR L 72,

FHERE LT, 20~260 OB 104 (B8 %, &
T2 %) 2RI, NHOEWZENHKZEA L THEGS
NIV &, BAETI G SNV & 2 s,
EDV ) BN S LWV, HHECHR CHZ S 7.
ZORFEO—EE L TFITRT.
<A [TABS Lw] #REW

o IV MI—TJDHENAENTHL 0D L) 2EE.

o HRRITHLCT—hEzH5 ).

x2 FEVERETS QFEHI—-—Y ]

Table 2 Two video game agents for comparing behavioral pat-

terns.
SRS QF#H 1 Q% 2
AR O E A L k)
w5 E (pixel) 0 4
N (frame) (F) 0 (0.0) 3 (0.125)
JEI (keyPress =) 0.0 —5.0
FEE o 0.2 0.2
FG I 0.9 0.9
0.0125
TV F LERIER e | D12 0.0125  (SRHLESE LI © 0.2125)
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FRHRFSER S

QUGN

EMERIHERIE L EWFEHIRS Y
3 BARL (KF)) LBAHY (FF]) TOREVOILE
Fig. 3 Comparison of agent without biological constraints

(left) and agent with them (right).

o MRAREREIIROMZ L) LT 5.
o VX UTDEERY vV ADAY — FAR—ETH .
TFHEBROME EB Y, ANMOEYFHHIKOEADH
EIZ Lo C, I LRV OFMICER S 57 (F 3).
N3 ENFTERVEEZOEY 35E (3 L)
o HBALL () i I/IROY Y T, o, S ALy
7T
o BADHY (£): KREL VY7L, BTkl F
% &9 wATE & L O DT
5 ROEMPEED EICEET 25E (K 3 FE)
o HBALL (f) | IEFELATENHIE CHSKEIAFAET
% [X [ % T
o BAHY (f7) : KEOFuI TR L, L&D S
REEIZZE LT & Y
REROMZ 358 (K 3 TE)
o HBALL (F): RIEBLLTHIO L Z 50 5i/ME
DY x T TYME
o BADHY () ROVLFHPLLKEL Y7L
B o THE
DLEofERED S, NEOEWZENHIKOEA % LT,
T =V ADRFEHLTVWLA, EAHY T, &
WL EE L RECHIERTETVwDE EnR S, ABD
IR F Q AR TL Z & T, RSN L IRE
VORI T A Z AR E N,

6. EEFFEEER
6.1 EEREHE

ANEDEYFHHIF ZBALL QFHL -T2 ¥ M
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®3 TLABHED T L ENE
Table 3 Prepared videos and their labels.

I~y P AR R 23T
il
[k, % L] (NPQC) AL 10.62 % 5,448
ikl aea]
[k, EA] (NPC) BAD Y 14.25 % 4,069
[FRAL, A [l HEADY
(B D 4)] (NPC) (ko &) 1557 F 3,458
(k] | hARE (D — 10.08 # 6,031
(oskE] | oAk NI — 14.25 % 3,644
[F#E] | B (D) — 7.68 % 7,371

Lo THER S NTIREEV DS, RYIZABS Lunrd ) %
MGES 7280, 20~24 DB L 204 (BH 134, LiE7
%) RATGICEBIEFMER T FERE L7z, EBESINE 20 4
CBIFA, A7 —LVEI< ) O T LA B O BREETE
¥ = 34 W5, EHERSE o =298l CTho72. 22T,
REBRICBWTIE, A7 O — VRIS ) FORMEE 3D
DTN —=TFIHHE LT, A7 a— V<Y F DT LA
W23 5 e (u—o) RMOEBRSME 4 %% [#8E] (5
b, 3K T LA BEEA 0 B OW0E), 638 (u+o)
DLEoEBRSINE 2 4% | B, 5L E 63 RERHA
WMOERSINE 14 %% [HilcE] ek

EBRTHZFUTOEBYTH L, T, EBBINEIC
[Ty s, 745745, AL R EREHELT, A7—-V0
FlHED | E#HOR L, “Infinite Mario Bros.” % 10 [0 7' L
14 Q74 258) &8/ kiZ, FLAEEZ 2 0¢FD
Hgsg (L5504 2ABS LW LA 2] & 78
BECEE & 72, WIS, TLAEEE 1 OoTOoORE [&
DL BN ABS L (AHS L BW) &L
| & H R T S 7.

EBRIHHA L7V ABE %R 3 IR, RERTI,
QFBI—Vzr MIEBATLAEHEEZ 32, AFAHRE
L7z7 VA8l % LRl *ZB LT3 MELZ. Q
FEIT -V r MIELTIE, 5 ETIEREVE LB L 725 2
D2 2ZHNR, FEzE S REI S 5 kD Az FEhET
HI—=V v N2 1DOHELL. 2oQFEL—-—Y v
2B BT v 5 LATEREIRIESR ¢ 13 0.0, 72721, JlEig
NELTWET—LFHETD e 13 0.2 EFEL. NI
L0, kKl Lewy — A/ TR 72 2478) &2 EIR L 2
W2OHEATEY, Klx L7 — LR TORF 7%
TEICHE T A —Y v bR E NS, AHOBIEE
B LTI, EEImIZ 2D A 7 a— VEl< ) 7
L A WA 5 B O AN 7 L A Y, a8 iE 50 B
DA TV A Y, EAGEEHIE 200 B O AR 7L A ¥ A%
BEL-ODOTHD. T2, #, 18, REwvo-EEY
DEER, ) FADBUHRL T A =T %) TDH Y — B3,
NS LS OFICKE S BEEGZLLEZONL. £
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4 ABS LSBT 2R RgfEE
Fig. 4 Relative preferences for human-like behaviors on 20 par-

ticipants.
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WMEFERT L., Z0H, Y—FA71 v 23k 7L A
B OVEIFEZ —~AROEM Ty ML, BEE) Lo
XY 72 BIERIE &, BEX IOV THET 5.

X 4 1%, ABS L ST 5 AR % B Eis 7
Oy LD THAL. T, QFHL—-TYzrbEHL
DILEAER A RS, ANEOEYZIHR ZEA L7 [
b, SEA] CHXTRIPELTEE © 0.66) &, AR OAEMFAHIF
FEALTWARW [BRIL, 72 L] (HABRELFE © 0.29) &
HIRLT, AL LwEw)fERPIEoN, L LD
5, MIXTHIRENFE D7 (0.66 — 0.29 = 0.37) A% 95%12 i#
XTHD 048 L N/INE W0, 5%KIEDHEZIZFD
SNahol. ZOEE, D (51 0.37 < 95%EHEX
M :048) &FKiLd 5.

KIS, QFEI—-—V N AMT VA VYOIlbESERE
WD N OAY K 28 A L7z [k, EA] I,
ANHE TV A Y O [W8hE] & LRE] L) AL Lwe
W FERDE S N, L, AEENEDLNZDIE,
[k, A & (k] (32112 > 99%EHEIXH & 0.58),
Rk, EA] & [EME] (% 1.33 > 99%/EHEX [ © 0.58)
Th, [k, BA] & [PHRE] (72044 < 9B5%EHEIX
M :048) TIIAREIRBDOLN o7z,

4128w, [k, BA] & [EL, % L], 1L, EA]
& PE]) OBICHBEADRO b Nk »ro /2 e LT,
EBRSIERTAR S L S OFHMEZEED T 22 o T A I HE
ATV, ) T ORBECOUSEHRIRIE L L TR 3 O
A DY, FNUE, SN T VARBIZBITS T
JADFPAE = FEHERLTWA, 22T, KEHO~<
VI OFEAE — F (3 3 OFAERR) &, ZoshEizx)
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Fig. 5 Relative preferences for human-like behaviors on 15 par-

-1 -0.5

ticipants except for 5 in Speedy Group.
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