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Abstract

Video game agents that surpass humans always select
the optimal behavior, which may make them look
mechanical and uninteresting to human players and
audience. Since score-oriented game agents have been
almost achieved, a next goal should be to entertain human
players and audience by realizing agents that reproduce
human-like behavior. A previous method implemented
such game agents by introducing biological constraints
into Q-learning and A* search. In this paper, we propose
video game agents with more entertaining and more
practical human-like behavior by applying biological
constraints into the deep Q-network (DQN). Especially,
to reduce the problem of the conspicuous mechanical
behavior found in the previous method, we improve the
method of the biological constraint “tired”, and propose
additional biological constraints “confusion” and
“carelessness”’. We implemented our method in the video
game “Infinite Mario Bros.” and conducted two types of
experiments that were subjective evaluation. One is to
evaluate the behavior of game agents that improved
“tired”. The other is to evaluate the behavior of game
agents that introduced “confusion” and “carelessness”
The results of both experiments indicated that the agents
implemented with our method were rated more human-
like than those implemented with the previous method.
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AARAXARDHY, S OIZEMFIRKNEMZ % TS,
ZOHRTHREREIE ZRMICEE LT YD, &5
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WZAEMFBERIEINZ T LA ZAF L E2HED TIPS
AL LEZ/BOND EBEZLND.

AR TMZ =AW ENTIETH D THREL TR
1L, BB EELTHDLEAR ) T ERRTTZEADOE
T CORBEERRT LD ThoT-. 2D L9 REE
DEMT TOEMZEIBEFNTET S FELTEY,
ITNHEFEEL TN ZET, BEICR X 5 MEE R
hCcEDHLEZD.

73 |BFEIIED X 5 2 5GH TRIZIL O

CORMBFETEONEF—LAINED L S RBH T
BINLODINZOWTEMEIT 5. TEMNRS — L7 L
THWHILS NPC 72 ECli, KEOXET —4% 2 H\W T
FEINTT— A A BEDR TSR, FEIZIIRED
SR NRIHND. ZOREICK L TIREFEZH VD Z
LT, o TRLWESRAML LWTEIZT 55— A
Al ZHEVESTS Z ENREEE 22D, ORI GEE L
T, T, F—2OT LA MG E R CHE LT L 5 7Rk
DANT=HBNREL WD, ZOANEBEITOZ 2 —T A
AVRELT, RTELWS—LAIZEDLZ ENTED
LEZILND.

7.4. EBRO 5

BHIC, EBROFEICOWTEREITY. KR T
WERE I L 2 FBIRMEERIC L > TARIS LE & BFEL
7. UL, EBEHMEER TIIEREICL > TRT R
FNEINED mOWBRF I L > TRERENRKE LB DL
BEENRD D, EEOBEII BN FERAET 5.
COMEEMRIT L0, AEL LI ZEENICER
LT, EBRETIZENRDLNS. LL, ABSL
SIEEFICHVWENTHILIT-OTEMICADL Z L I13#L
W, EORATHIRTHL S OBA, AFREFRL LI
WERRFE I X 2 FHFMEROALEZHEA LTS, ARS
LENEEMICERSLNIE, FMOBHREN 2L 2D,
Afib Lnwm—Yx MEROSH TCREREBME T 5
ZEEAS.

8. LW LEBDRE

AFHSCTIE, DQN TR & A G bR T BRI,
ABIB LWEIE 2 L727—A Al DOFEBFNTEX 50 E 50
WZOWTHHR L=, AFZE0 BRYIL, AMS LWEhx %
HLOD, BIBREOF—AAX N ERETDE /5 —A Al
ZHBTAEKRT AL THE. THEROHERNDS,
DON IZAMZNFERITH D &) T HEh
BEALZS—HANFIARS LWEDE WA & DRk
WX, 2R IR BN BN 7. £ 0
RORE & fRI 95 72 D IS RL T2 BITHT 12 2 B mHI T h
% TREL) THwr) 23280, BT [Eh) oK
BbiTo7-. ZO/E, FBEHMIERIC L > TL A
DT LATENE ) R ERERI TG OND Z L 2R LT
SHBOBEE LT, 2HIZOVWTEZDILENRDD.

1. Bl OAEMFEER O MGt

2. Infinite Mario Bros. LA+ D %7 — A~
EWFEIRAEA LS — 5 AL, Z08FoHmT
RERITEEIT) K H2FET 5. 20k, SEREY

NTTHEZR DONIC, ARNCHEZ Y 9 AW ERHIK 2 & %
IBMRY EEST B LT, IVEERARL LWRDH
WEEWS —ARAX LV TERTELOTERNNEER
TW5. FEETRXEYZOUHKOMFT L TNDE 0D
LT MY B’EZLND. THEV] 21X, AR
BETH-120, HIREBN DTN R-720 LIZERIZ,
TEDLRTRWVERIZLE ) LRSI ETRKOENE L
DHREIODVIZAR>TLEILIRETHD. 20X
RET- BRI Z S BICBNT A2 T, ABSL
VIEZ BN ERTE DN ERFET S.
AWFGEDOIRETIEIEN O OEREE, ok H>key
— AV X VICHLBEATED ZEEZEHMO 1L o LT
5. Lo, Infinite Mario Bros. LIAMZ i@ L, +431Z
AES LWEDENEZITH Z LN TE DN E BT D4
EnhsH. MELLULX, To/varvF—aeva—7T
4 T = AT 8O X ICEEATE N AT AL T BE TIE A2
<, ¥Iab—arF—aEDXHI@#HEDDN
=LA TIEAR S LUVTEIDE 5 M2 flrd 5 Z & i3
OTHLWED, SOLRDIMFADBMETHD.
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