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Node Dynamic Selection in Camera Networks Based on Reinforcement Learning
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%(College of Meteorology and Oceanography, PLA University of Science and Technology, Nanjing 211101, China)

Abstract: This paper addresses the problem of node dynamic selection in camera networks. A selection method based on reinforcement
learning is proposed in which the node is selected to maximize the expected reward while minimizing the switching with Q-learning. To
accelerate the convergence of Q-learning, the geometry of camera networks is considered for initial O-values and a Gibbs distribution is
used for exploitation. In order to evaluate visual information of the video, a function of the visibility, orientation, definition and switching
is designed to assess the immediate reward in Q-learning. Experiments show that the proposed visual evaluation criteria can capture the
motion state of the object effectively and the selection method is more accurate on reducing cameras switching compared with the
state-of-the art methods.
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T HREHEBRET :SxA— S,R(s,,a,) AR ¢ NIEFE R HP B EL R: S x A — R, il i v & A0 SR
7(s):s > a, SR T SE 0 T8 B R AL R B 7™ () dme K, B
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v (s) = max E{Z 7'R(s,,a,)

T =0

5 :s} M

Horh, y AR 0 < y <1 IR AR T 12 bR i O A0, bS5 0 m SR 3l 2 MR 0 e SR e AR 7 B2 2%
BT et 0% AR A LA A 3 SC PR R A SCER Y T 2 T Q-2 5 U5 125 00 B % [ iU HEAT R A5 SR AR

(2) W5t A4 5 Hbrghik (b) 3t B 5 HERHLE
Figl. Example of scene and target’s trajectory
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1.2 BIRHESR
Q-2 > J — i T B (1) JU AR AL I8 2% 5] )7 70, 1 SR 0 B A5 PRI o i A I A B A R R E R A
W ASCHRE T I T O-2 ST IR LI 2% 1 )b 0735, 2 20 Bodia vh 22 /1 4 il (episodic) 15U 511 4Lk,
5 247 g RIS TG T B 47 o 2 o0 R4 DL AR T 4 X R B A AR IR BB BRI Tk
SRR G4 B HHE HORZS SR FEBNAE RO P FUZRIR $05G021158150005 8,5y Ti1s S oeees Sy_ps Gy Ty Sy F MR, 5, Ay 47 i
TR ¢ NP RGORTE, ¢, ATECAH KK IE T F AT ARSI T IE S LT 5, 0 ARG HLE SR — B
ISF TE0) P T S B R 200 30 3 [l 3 B 3 I 2 0T 4 ) N READIR S-S0 XS (5,00) BERAG T XY O U
O(s,-,), e T Q-2 2] I 1] 7 43 JEARURT s SCSEBvE U) 40
O(s,,a,) <= Qs a)afr. +ymax 0(s,,,,a) = O(s, a,)] )

Serb, o o 29 3 RMUHTE RS O bR B S g A< 5 M T R IS 1L A [0,10: 7 DAy 9 58 [P o S I PR 4 41 A7
max O(s,.,a) A A WE BN )5 SR AR AN ME @ . O e BE IR SCRRI2TIUE W], 2 @ 3 L — S A AT I O-7

EDA ST B AUIRAS- B0 E s 845 O BRBOE ] WSO, nI 27 21 J5 1 O R B0 I d5 R A SR IR 4G S s -
z(s)=arg max 0(s,a) 3)
DRIk, AR SCEE T B0 1 RO,
&% 1. Camera selection based Q-learning.
Inputs:
7: Discount factor, &: initial learning parameter
S . states space, 4: camera sets
Outputs:
7: The Optimal policy for camera selection
BEGIN:
1. Initialize O(s,a)=0,(s,a) for Vse S,Vae 4
2. FOR each episode DO

3. initialized s, as starting state s,
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4. REPEAT
selection the camera @, € 4 as follow rule
6 ; {a =argmax,(0(s,,a)), with the probability 1-¢
' ! a Gibbs random camera selection, with the probability &
7. turn on camera a, and turn off the other cameras

observe the new state S,,; with the camera @, and get the immediate reward 7,,(5,,1,4,,4,,,)
update O(s,a) as O(s,.a,) = O(s,.a,)+alr;,, +7max Q(s,,,,a) - O(s,.a,)]

10. S, =8, 4, =a,,, t=t+1
11. UNTIL episode is end
12. END

13. Find the optimal policy 7 as 7z(s)=arg max 0O(s,a)

END

FCrp BRI 77 IR A @ J5 AR B A R a, I BEA H AR LS5 BPP 2 K158 2 9 A 4.
1.3 QEMHL

DR 22 ST SR B — ot Q-5 3 S0 w7 B U AR e 9 1) JB AR AR SO 2 H b 5 SRR S IR B R e
ANAR T8 BRI Ay 1 B DA L e O, DR Dy e 2 ) i AR SIS 1 R B ARIRES SRR AR FME A
SEI0 FR KW 4E O (H A Tr O BB RIS [BIHR Op (s, @), A SCABR W 77 St OB LAE 2 e & A [R] 4% 40 F AR H
Fr 5B ML RIALE 5 5 W 2 R4 O (s,a) w8 AP
0,(s,a) = wo[sin[ . -0, J] +(1- Wo)(] _ \/(‘xx _‘xa)2 +(, _ya)z ] )

MaxDis

e, wo ABUE, (x,,0,) 5 (x50 43 34 B AR RIEEAE AL a 17 B, MaxDis 95— 10 25, 6, F1 6, 55 5 3R oR BT 1% 4%
Bl a FUEFRTEIRAS s FIEE W 5A 1 A . BN W], B AR S 8RB, H bR 5 5328 LI BN N, vy 453 31 5
3 SO P M 4
1.4 FEZH R

o2 S AR I Agent AW 5 AMIIR T A2 TR AR A0 AR R 45 AR, T A2 AL HE 5 5 (exploitation) 1
241 (exploration), /3 & TR AR — & 4 A I 4 T 2% 2 14 SR S Ak 3 200 A A0 28T (W) B A 0 1) 302 o) EAT 4R R, I
SR SR IO ] 2 7 A B, — MR &-greedy SIS ACSC ST 1 4 6 47 1R &-greedy 4
W, DAEZE 1— & 26T 249707 O (H 00 LIk B ARG, BN a, = argmax , O(s,, ). R O {6 G S EHLTEE D0 2
TR B AR B M2 % e-greedy SR Hh 1) BEALE B 5 4 25 T+ Gibbs 43 A1 (135 UL, 76 ¢ IS 20715 4 a, 4%
R Py, 58 SN

Qa2
P, = 72 TR (%)

b=1
Horp e g e i 2R M2 N b IR AR LT AR
2 ARE2SIEM
BT YR LD B R A B A P s FRATT AR R SRt AR R ) R L i R R R
P S RN A R IR B (PR ey 53 D0 JE R 1) o I BE P9 St P AR R E V20 38 (B (IE [P T30 55 R A DDA R (A7 1]
)W R, s (6) Fr s,

L = WM —wd(a,.a,,,) (6)
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- 1 t+K P
Mr+1 - Ek;HMk (7)
5 B 0, a,=4a,., 8
(ataatH) N 1, otherwise N
6T wy 1wy I — BT, M 55 ¢ A SRR DL o, I K W RAOBLSERT BF 5 908, ()

i R @) 8(a,,a,,,) HHIABILEE S S BAECH 2R HL o, S5 H ARALSEAE BVE2r M W] i H bR o) W
PEVESS Mo A — AR B TS5y M 55 bR EGOR W BE VE Ay Mo s
M =M (w,M +wM) ©9)

e, w1 wy 43 ) A ok T3 3 Hak RS, JHG K /AN 6 2R U5 e S e 7 P S 390 LA RILAE e 1 57 P22 1 e
£ S 87 FH T St A0 T A7 0 4 7 % G R LR B 0 % VT4 I, A T i 0, A1 LA ol LA 39 i i R
i T P85 25 43 43 LS AG L C 56 T 3 s, B0 M, M, i M.

R E LR 4 4, ¥ S B BRI ot i R AT B 75 3 LR 9 M S T PR 4, e A B T
JES S L MR 5 R ALAT ST 50T 45 8 bR 7E 2 U0t G0 AL BT R 81 By BRI, 3% V40 40 5T 7 4 R

1) A WLPEE 4y M Bt b G 75 4 90 b E AR Ok VRN AR ML 26 3 45 R 0 T AR A S i B B
0 et v 5 A3 30 DX R T R I b A SE LA R BT L, B AR Y B KB B KR I RN T
SE BN, AT HENZ LA T E AR A ] LB M, =0, 7550 M, =1.

2) B VPSS A SR ARAZ S5 B U RR A L BE EAR I 1T 49 1) 5 HAZ 3 77 i — 80 HLYE N
) 05 FE) P 1 A U L B 58 0, o R B 5 80 1 57 8 5 81 o b 6 200 R 16D A0 0 T g (T ), (2,
YRR (xE,y)y 35 1AL R A A A B IR A R ] 2 T R PR PR R T b b s AR

6 -6

M, =sin[ L a J (10)
2
R, B ARIE 3 77 ) IE X Tk S AL BD Y A 24 1800 B 8 [l P14 e K.

Fig.2 Orientation angle based on target’s position sequence
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Lo, (3, ) HARRR (3, ) A H JC FEAE.
3 RBEHER

3.1 HREWET

K CAERE N Intel Core i7-3770(CPU),8G W AZEH) PC ML LB ISz Bl T 525655 3.2 Wik i 47 SRR HL
S RUAN () 4 1T 2 A T 7 (1 7 S 6 56 B 30 OB 36 4 SR 000 UE AR ST 7 2 (R WA S R R SR AT LS e T
BRRAN BT SR B ThRE A S 3 H SZ FRAE A L BE 3.3 IR FL ST s B R G, R AR SO A BRI R AR AT
AR5 40 7, [7] IR 328 4% 445 R 15 56 1 200 v DU PR 224 i e KRB VT A B VR (Max)« R85 1:(GAME)! L 43 n] W
221 IR ] B (POMDP) P UHEA T bh. 5 i 2 3] R 22 AR ME R 2 I — e oin 2% ) ik B e =0.1,6 =
0.1, M B 7 =10 N IEFE sS4, WA FI IR T ¢ = 0.7, eI 97 <0.02, WA K MG FBEAR SR T LG
RATF=ERE WS 2 TR AR AL T R R T SR WL R AR G R AR S w, =0.5,w, =05,
w, =0.6,wy = 0.4 G 7ELRFET5 7] AR A3 I 1745 S VP b R HUA I AR e M, e LG AR D 10,00 /g 4 o
H A B 4% BT8O v H g 300 1R AR 5 T 50375 I 152 91 20
32 HFEXWERS DN

PATHE 12 A EIEERAFHLBE LI B AE K 12 000mm, 55 24 8 000mm, =5 24 2 000mm (¥ HE 8 X 36, I 2E47 T K
AT RS0, A SC LA 1 A,B WA I 55 4 HEAT 0 B0 52 56 43 T AE S TR 3 57t h B4Rl B AS H AR 2 A B 20 000
HIZ AR R I B, B AR B A7 B ARKR (x, ) R ) (0) 2H R, 70 LB 58 B mlh b X 4 AN W0 R 1 7
EIANBME N 0,057 0 & W g /2% S i B b, RGUIRAS 2 B B UL 60 x 40 x 8 AR, BV DX 3 4% 1, v
HUE R 60x40 A A% A9 51 1) £ RS HUAE R 8 ANIRAS, R IRA T 0] A 195 155 450351 MIBG K = 20 /MU R A mi iE AT
— U RUE AR B VFAN IR AT EE 2 5 nl WLk R R D e R A T HE ), Hoh A 2K
b H AR R e SO H AR-TRAR UL 5 iR BN IR p B e A N T — @ BIME,B 2837 5erh H AR vl WLk AE 3 £
JAIWTHEA E R T T B BRSO £ 5 TG A HE TR A2 15 AR AL B 30 2 0 3 st vP I B AGOP LASE 150 3 AH 1), B
BCAG A W7 S AE — e R LT [ H bR 55 BHSHLI AL B T SR AR B T (X, 0,) 19 H ARFE X B A (0, ) Bk
BHLEIIE WP ] BTN R RN MY :1—\/(x —X, )2 +( -y, )’ /MaXDiS-

R T A M7 VEAA ORI SO AR SO I 4,B SN 50 % 20 000 2533 S BB AE A BE N WG O (R
B e 1.3 75 7 v (with_initiation) FI ¥ 4R 4 & O(without_initiation)$EAT B &K F A L J5¥: 4,B 335 (scene_A4 Fl
scene_B) I H ARBUZERAT: i (1 B0 (IR SIE 23 S0 W 18] 3(a) FHIEL 3(b) T, B0 vh 254 it £~ 359 9] 45 2 8
3(e)~ K 3(D BT A AEREA P 3l LA ST L F (greedy _selection), RITZE I BT #LE P20 d K 0775 A DA S DL ek
BWL,A,B Fyse ™ HFRPUEREE S B AR B S IS DI AR 23 W 3(c)s B 3(d) BT s, & fifi il 73 D) 4k
OE AW 3(g) B 3T B 3 Th AR LR A SCT7:,4,B 5 R s A V23 48 55 3 i 17 38
VI AR E A 2 000 PRI WS A O (E R WA A T 0 O, JUJ Wiz S0 it 88 5, i BH SR HH 4 05 A O 2
38 SR AT A R v SRR SO, T i D B I GRI HCRE TR I T B ] 3(a)s 18] 3(b). ] 3(e). B 3(H) 5]
3(e)- 3(d). 3(g)~ 3(h), ASCTTIEAE A,B st B2 5 45 R ) B0 20 (Rl A S D) 4 I BT 1A T30
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Fig.3 Result of simulation
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33 ASHBERRERSAHH

ARSCAELLI TP 12 AN CbR S (0 BER BT IRE 4L 10 430,360 4120 10 /N HORLHIAF Jo U258,
53 5 AL 2 000 WA 4 5 HCA T Vb L 0 DU SR S, I ki PR P 4073 30 0 2 S M 537 1 40500
SEef 1 F BRI S BURR 07 ZORE Ty J0 0, 0 5 e B o P — 5 2 RS 7 L5 R 252 0 5,
e A 5 B USRS e (B 2 5T 7 o SR VT BR BB AT BB B, 2 S 8 BR 0
S B BB T A A AT T T T IE AR SRR I 1 R K E BRI ER LS R 4 BT
77 AR B 5 45 LR 1T CLO) AN SR A0 3 A W L DL 4 90 VP 53 M R W 5 M 3 43
56 6 R LI 7 43 01,54 B 6 R LI I L 0 0 o V43, 7 R 4 S B i DR 25
" AL IR BT 40 6 (90,3 15V 53 AR e .

2 e Al

(i) Cam9, M=0.92, M =0.78  (j) Cam10, M}*=0.99, M!* =0.86 (k) Camll, M}'=0.99, M!' =0.81 (1) Cam12, M}*=0.95, M* = 0.82

Fig.4 Sample frames and tracking result of video sequence 1

Bl 4 PUBUR A 1 RFES RS 3 A 45 R

CLIMARARA 51 2 D 51, KL 1 1(Cam D)FIRLA 4(Camd) v 510 51 i 375 B JSE AT VP 53 i 25 ol P S )~
Kl S(e)Fs AL F 20 2,28 90 WA S 830 iy H ARADX T+ Cam1 Al Camd (1) x Hli /1 BE FLAEL52 93 2 0.09 Al
2.65, % 90 Migs 5 PF 5323530 24 0.007 I 0.75, %8 830 Mtah] (i) 153 73 4 0.97 FI 0.84, 355 4f 3 S ik 1 H AR AR X -
ARG HLI AR BEAG B4 F bR I8t BLAE 7 5h  3 23 391 i D1 2 i 2 (1 Camd 7 1 350 MiRT 1 950 Wi fYilr)
HEANEROE (IS AB AL R VP 23 i ZeAR 7 A T A [RIRE P 20,3 2 B0 oy T R ER SR AR IR S T PR BEAVRRE iR
ZEROR IR AT T400 4 T e sl OB 36 B AR 75 I8 R U 20 1 2 T o, 55 97 20 b 2 v X S PR 26 210 it 25 380
T 55 1650 MUAIEE 1 870 WTIE 4550 70t B 7, &5 45 e AT 45 mT LA b, 243 WA P2 7 20 B AR, A B S B4R
BUEZE, H b P 8305 W 2t A, e 2, H AR AR S 0 R B A o, e T AR BRER VA S bR e AP AE e IR ZE A K
2 BT 5050, 375 BT FE 1 2% A6 350 20 DXl Caml () 1 150 MUBRUT) ™= A2 T s FR FE IR 1 3.
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