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Acquisition of active perception and recognition through Actor-Q
learning using a movable camera

Ahmad Afif Mohd Faudzi and Katsunari Shibata, Oita University

Abstract: In the previous research, it was shown in simulation that active perception
and recognition problem can be learned through Actor-Q learning. Appropriate
camera motions and recognition timing as well as the correct recognition were
acquired. In this paper, the authors tried to verify whether appropriate continuous
camera motions and identification of two patterns could be acquired simultaneously
through Actor-Q learning using a real camera. As a result, within a limited number
of trials, these functions cannot be achieved. However, after three stages of learning
were introduced, within the same number of trials, it was observed that active
perception and recognition can be learned through Actor-Q learning.

I. 1TC®»IC

binbhiisEIEhttrtE2HNTHRDOER
WAL Z LIZ&oT, AV ORI AR L, #HY)
WIRBEI LTV 5, L2 L, AROERIZERKTHY
TRCOFREME E TGS 2 2 LITHEE, 2o,
ENEBENEEZZOND, ARIIE, BOLORRIC X
S THRLZ DERELHETNDD, BREINICIEESCH
RETZ L T ORI HEREREEE LTS,
F7o, HEOE Y RLOSMAIIRY —-THY, B
T E2EEE S THROFETERENTE D 2, FLER
DA DN TR oy 2 WY 2R B ATICB BN L €. 2hEmIC
W EIfToCTWD EEZLND,

AWM D B OB & &8I IER (2K, o, mike
EEICR 25, =& 21, ReHFcx, 430
XFHE—F— LFIEFICY Y H L CHERT 20Tl
72, MHATENOIAREBERM L, WICH T 2 FER
WEZHER L, ZORMIIGCTHZENT 2 & T,
ZhEH), MR EEE L TWDH I ITE b D,
TOXHIT, SESERZLEZRBEINCEBL, F
WA OB E ERHOMFZREBLTE D00, Mol
FIMEIZ L Db D EBEZBND,

EVaT VT X T OMEITT TICEE AT
PHLTVWER, BEFHENIRF v~y F L IROFTT
A ANTaB—ZHESVTERT 5 5EE2TD 5252
EN—ETH D, £, UF0NY — OB
HEAIITONTE TS, FrEDFEEIZE T2
FIX L TCEFEZOLFTHLEWVBRERENEI SN
TWD, L LR, KRGS AT LDT2DIT,
BMOBREZ T TlE e, IATE—Va L ETED
THRAEMICEE SETMIRIEEE DN BIRY T2 0

T EE L RERO W E & AR D 720 5 R

o

WCFEESE T HEELT, BkEEL=a—F 1
X v h(NN)E#MAGOED Z EnE2 6D, ML
B, HECEIC L 2 HENRFFAI T D8, — %
MIIHTENIR Y T =0 7oLt bibhbd
ARG, —F, =a2—F /%y MIFERBEEO
HPERELTOAY y BRERSINATWS, —F, &
FEODITN—TTE=a—F /%y ML FE %@
A5 bickoT, BrvInbE—FETO, Fik
RREEL G HOMEN Y AT LANTAIRT S Z b
ZoR L CE 2],

ZOBEZFIZHEASWT R ORE— %
TCIVOBELRERS 2 B L ZAICBRE ST, @
RE—V ORBEBYIRAA I T TITHZENTE
HIEMTIal—rvalilioTURENTWVA[3],
F 2 Z OBE, RERREO BRI E SR E L il etk o
FEIEL & BICHL PRI s TEET DI,
Actor-Q = &\ S FEGFIEDBE I TN D,

AW TlE, EEOFEND A Z % U TActor-QF
BN XV REEERIROMRE N ER TEX 2O B MG LT,
[3] & [FER IS AN EE) — 72 ff 1 B D i {5 2 -V CNN O AT
LT, o, BlEFEERIZTZ 4 — R7 4+ U — RNN&
WV, REZE LRSS VI EO RIS %O
PREE LT,

2. Actor-Q¥% ¥

Actor-QF B IBERU 2 R RE & @i 22 B E 4
FRFICFE T 5L N TED, ZOFEVAT LOH
TIIBERA e T178)) & EREE I TH D TENE)
WP SN D, AT A%, 15O T8 Z3REL,
ZOITEIS TEE] 2 0EETHHEIC, 61T TH)
1) 2RET D, ITENIQMEIZ L VIRE L. Q-learning



TEET L, —F. TEE] OWREIZIXActor-critic D
Actorz W5, £ LT, Actor®#EI21%, = DITEID
*HE 95 QfE & Critic Db D ITH W D,

VAT AFFig. 10 X H1ZQF v & Actor®k > hD
209D ==2—F/VF vy TR L, QF vy hOKHIIE
BATENZ KRS S8, Actor® v hOKH NITH AT D)
EE B &5, 22T (F2—rpThHd En
IHAEREZM T & WX T E2EHNT) 2ITEIE L
THW, BRARY = RPES D 5L, Jx D/ —
YTHD LV RMOMTRAE TIPEOITEIE I AT
BEIOUEZ &P+ DEOITENG 5 &1 5,

BIRSNATED (385K OHAITIL. TR IEMR
ROITHM A REMOBEIXEN G b, £OR
THETT 5, ELT, BRESNE—2DBpTHDHEND
fEEm A T TEI 2 “Recog.p” L EL &, ZDITHIO QfE
[abS R R T R = e S

Q"Recog:p" train = T @)

EHEx BN, L, i ThH Y | ERTHILIF0.9
L, REfETHIT0E Lz, —J5, [h 2 TEE)
MBIRENTZHAIL, Actorry FOHAIT L > TH A
TEBBIED, ZOHAIE, BITIEIRTET. 1A
TBHMBICH LA ZE T, BUOROITEINERIR X
b, [ ATEE] OEGHOHEEFIT.

Q'motion” train = YMAXge4Qq (St+1) 2

THZBLND, 22T, yEBIEHER, AaBRINAHE/R TH)EE
ROEETH D,

T AT OBHmMIZNT FATHY ., B AT DPan(h
FHEOBEY), Ti(fHEFEOBENOBHELZRTET Db
DETDH, LT, Actor® v b DHITONCELErmd %
Mz, E¥KEH#HITT

m = K(0,, + rnd) 3)

L2 oTHATEIESHE D, Actorky MO
0, DG 1%
Oumtrain = Om + (ymax,Q,(S¢e41)
—Q motion’(s¢))rnd. 4)

L L7z, QX I &Actorky M LOHEMESZHW
TRRZEWEM  (Error Back Propagation, BP) T X4
5 o

3. MEREL®H

KL T, Rt & LTHEIY A Canon
VC-C50i% iV 5, 70 &9 D2 oD/ ¥ — v & HE
L, =% LIZRL, EHbD0NRF—Thoink
AT o MEE® S, £72. Fig.20 k512, HLEo
FRAGIEN R E | DI OMBBEENR /NI &)

Q-network actor-
Q4+ Qp Quugion network
| | N\ I
@,

Fig. 1 Actor-Q based active perception and recognition learning system

16 pixel

|HEEN
12 pixel

=12 pixel ' 12 pixel

Fig.2 Visual image with non-uniform resolution
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Fig. 3 The difference of the captured image depending on the part that

captures a presented pattern.
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Fig. 4 The difference of the captured image depending on the part that
captures a presented pattern.
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Fig. 5 Learning curve for active perception and recognition task after
two preliminary learnings.
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Fig. 6 The change of Q-values at the end of every trial in the learning
of active perception and recognition task after two preliminary

learnings.

Fig. 612, R ITOK D W OFATEN R 2 QD
ﬁk%rﬁfﬂﬁﬂ/oﬂﬁréhé&%ﬂwwfm
PRE = OIS B QI & TR I OQE L v
KREL D NE—2 25T 5 Qfl &2 F 3 kA
INEL TpoTWe, ZOELD, AT AITIEMIC
WMTEl, LL, FEHBKbo ZATYH, [WiE
STERFHAE LT EBD LR Z B2, T TEns
PUZH W D e-greedy DT, FRQME TRWTHE) %2538
WLzt EZLND,

Fig. 712, H’”%T?& CELE A - TiTEh S g b
&, MIHILED O RS ROMERAE T T ETOI AT
@@ww%%ﬁoXTyfﬁ?\N&wyﬁ%KE@
DFGIE DB VE I G 2 DTV H R, Dk,
FVBEBWEHENTEANELRETZOMpVEIZ A2 L
TWb, LT, AT v 79CTELWRHMEREH AL
72

Fig. 8(a)lZFig. 7& A LRATOQEDZE L 2 KT, X
D LA TENEICRHGET D QEIEEMI N B REWN
ZENomD, FNT, REIIAF =957 5Q
BEDENNELR-T, AT v FITEBOQMED S5
MRELRVBHS D, AT v 74D LT TIZID /R K
— LV EBHTHUED T NOD Y — o 3BT 5 QM
EVEDEZDICKREL 2T DHOT, L HIVLFEHX
FLL Y BLSRBBETEL LT TiE 0t
BZoND, £, (b)IZ AT EBENT 572900 Actor
DHAEDOEAL Z 7R T, PanDENIET, TiltOIEN A
THDHI LMD, Fig TOX DTV AT AN AT %

s
ZEB

Q value

step 0

step 5

step 1

step 6

step 2

step 7

step 3

step 8

step 4

step 9

Fig. 7 A series of images from an initial position to the goal where the

recognition result is decided after learning.
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Fig. 8 The change of Q-values and actor outputs in the trial as shown in
Fig. 7
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