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Hevator Group Control Usng Reinforcement L earning with CMAC

GAO Yang ,HU Jing-ka ,\WANG Berrnian ,WAN G Dongli
(National Laboratory for Novd Scftware Technology , Nanjing University , Nanjing , Jiangsu 210093, China)

Abstract: Hevator group control is a multi-objective optimization problem in an open,complicated and dynamica system.
Currently ,many agorithms have been applied in elevator group control ,such as zoning approaches, search-based goproaches, rule-
based approaches and other adaptive approaches. However these methods fail of achieving the optima performance in the average
wait time. In this pgper ,the reinforcement learning technology is goplied in the elevator group control system. The CMAC neura
network is used to gpprox the vaue function o reinforcement learning and Q-learning algorithm is used to optimize the value func-
tion,thereby the optima control palicy of the elevator group control is achieved. The simulation experiment shows that the elevator
group control using reinforcement learning with CMAC can reduce the average wait time efficiently in the down peak trafic.

Key words: eevator group contral ; reinforcement learning; CMAC neura network ; function gpproxi mation

1 Qites
(Reirforcement learning)
, 81 Qites , BP
, , , BP
[, } . QMAC
, , OMAC
} @ QVAC
(3] 14 5] _ , , QVIAC

BP
, , 5
2.1

:2006-01-25; :2006-04-20
: (No. 60475026) ; (No. 60325207) ; 973 (No. 2002CB312002)



2 OMAC 363
( - (s, @ Qnn
). (s a). r+y meQuw (s, d),
(Tria-and-er- , (5 :
ror) [7.81 P
Bw=a (r+y maQu(s ) - Qu(s @) T2 @
(Markov Decidon Process) ,
S,A,R,P 1:
s, A, R:SXA -R 1
P:SxA SD(S). R& s a Sepl: s;
d : PA Sep2: S QO (s, a);
s a d ) Sep3: € -greedy a, ;
( Sepd: r, s;
Se5: 4 ,a);
) _ Belman ® @ Qls. 2
. Sep6: (5) w;
' n s (1) Iep7:  Sepl,
(1) Y
V() =maxE{ a1 +Y VY (se1)| 5= 5,2 = @) 1
=qq<ZPé[R§+VV ()] (1)
, P
R T . BP
(VAR | . QVAC
P R , QVAC
. OMAC :
, Albus 1975 (Cerebdlar
Morte Carlo Modd Articuaion Controller ,QVAC) ,
. (2 (3. 11 avaC 3
2 R m, s ; ;
‘R ©) 2 QVAC (o1,
a . namm HHECMAC  MHER
V(s) <V(s) +a[R- V(s)] e RE ek ﬁ““mm
H
V(s) <V(s) +0[r+1+YV(s+1) - V(s)] 3 s | %ﬂ)
2.2 PMEMA s ~(O>—H \ -
MDP MDP 0s,3,)
O <
0,\(s.a) O
el e U] o L 00 B2 CMACHEZM&LHT KA
2 oMAC
B BRI RBETHER @l (O - ’
- Sep2: c . @
[9] , Se3: CQMAC
(8 ;
1. Sep4s: 5- (9).
Sepl.
o- ’ e
Q ' Q s=[s,%, ,sl]
Qnw s Q Belman ]
—_— I T —_— H ﬁ él
) - $=[s . 'S‘]_['“[AJ A, (6)

Q(s,a) «Quw(s,a) +a(r+y g\angNN(é ,d) - Qw(s,a))
(4

Addri=[s/ -rmod[(s{ - i),C], ,s -mod(s - i

i=1,2,

,C

) . Cl]
@



364

C
Qs,a) =¢ 3. W Fad) ®)
Aw=d-(Q(s,a) - Q(s,a))- F(Addr) 9
(8 F(Addr) CMAC Addr;
CQVAC
(1]
3 CMAC
3 CVAC
Sepl:  ty i , X,
CAMC Q(x,run)  Q(x,stop) . Q(x, run) X
Q .+ Q(x, stop) .
Sep2: Q Boltzmenn a, (10) .
Sep3: i ty , y.
(11, R[]
Sepd: ) [ (12) Q(s, a)
Sep5: (13) QVAC
Sepb6: X <y, ty <ty Sepl.
Q Boltzmann
Lix )/ T
Pr(stop) = QOCINT L QO] (10
T>0 , T
T
Q T
Q
, T
R[] i
d[i]
R[] N b1
. to 1
b » wo(b)  wi(b) tt b
(11y B
A 81,
AR[i] =

Bt di A 1- Pl lf)) 2 2Wo bﬂ
B (ty- dli]) b
e 0 Z{ B4 B3 BZ B J

(t- 19 2 _l_(_l+ﬂ’2:l.(_l
B p?

B
2wg(b) mF(b) wg(b)
Ai[ 53

t10) _l.(_l ﬂzlﬁ_l_'_lvi(_l]
the B? P

R[i] «R[i]+A R[] (11)
Q QVAC
(12) (13).

2007
Q(x,@) <R[i]+e P % mn  Que(y.d) (12
Aw=a[R[i]+eP% % mn Qumely,d,W)

d  { stop, cont}
- Qo (X, 2, W) ] VwQemac (X, @, W) (13)

4

4.1

(2]
4 . Crites
e QMAC
-1 +1
4
4
10
10
20
1.45s
7.19s
1s
1s
0.6  6.0s
00 1
05 2
10 4
15 4
20 18
25 12
30 8
35 7
40 18
45
50
55
MAC 47
2
3
B 0.01
a S a=ow, $a2<c<oo
4.2
QVAC
Qiites BP
SECTOR :
5 7 SECTOR Qiites 1998
, Qites
BP (o1,
BP QVAC
20



2 GQVIAC 365
control system and the new intelligent option series[J]. Mit-
subishi Hectric Advance,1988,45:5 - 8.
[5] H Ujihara,M Amano. The latest elevator group-control system
AvgWait SquaredWait Percentt > 60s [J]. Mitsubishi Hectric Advance,1994,67:10 - 12.
SECTOR 21.4 674 1.12 [6] Crites R H,Barto A G. Hevator group control using multiple
R-BP 21.2 569 0.09 reinforcement learning agents[J]. Machine Learning, 1998, 33
R.-CMAC 19.7 529 0.07 (2) :235- 262.
[7] KaelblingL P,Littman M L ,Moore A W. Reinforcement learn-
AvgWait SquaredWait Percent > 60s ing:a survey [J]. Journd of Artificia Intelligence Research,
SECTOR 27.3 1252 9.24 1996,4:237 - 285.
R-BP 24.3 1140 9.9 [8] RS Sutton and A G Barto. Reinforcement L earning[ M ]. Cam-
RL-CMAC 2.8 2045 9.14 bridge,MA :MIT Press,1998.
7 [9] Rich S Sutton. Generdization in reirf orcement learning :success ul
Avg\ait SquaredWit Percent > 60s exarples using sparse coarse coding[A].D Touretzky ,M Mozer ,
SECTOR 30.3 1643 13.50 M Hassemo ,Advances in Neurd Irformation Processing Systens 8
R.-BP 27.8 1698 8.74 [C].New York:MIT Press,199. 1038 - 1044.
R-QMAC 23.4 1562 8.20 [10] Albus J S. A new approach to manipulator control : The cere-
5 7 bellar model articulation contraller (cmac) [J].Journd of Dy-
. Percent > 60s , namic Systems, Measurement , and Control , 1975, 97 (3) : 220
’ 2 - 227.
: 100 Percert >60s  [11] : - CMAC
1 [31. ,2002,30(12A) :2153 - 2154.
’ Yang Yanli ,Cao Guangzhong. The CMAC learning a gorithms
of non-overlapping receptive field with variable resolution[J] .
5 Acta Hectronica Sinica. 2002, 30 (12A) : 2153 - 2154. (in
Chinese)
’ ” " [12] ; , : :
OMAC [J]. ,2001. 22:142 -
, : avac 144.
Zheng Yanjun, Zhang Huigiao, Ye Qingtai , Zhu Changming.
’ The research on eevator dynamic zoning algorithm and it’ s
genetic evolution[J]. Computer Engineering and Applications,
2001.22:142 - 144. (in Chinese)
[1] , , , . 1972 ,2000
[J]. ,2001.22:139 - 141. ,

Zhen Yanjun, Zhang Huigiao, Ye Qingtai , Zhu Changming. Pas-
senger flow analysis and simulation of elevator group control
system[J]. Computer Engineering and Applications,2001. 22:
139- 141. (in Chinese)

[2] Y Sakai, K Kurosawa. Develop o elevator supervisory group
control system with artificid intelligence[J]. Hitachi Review,
1984,33:25 - 30.

[3] M L Siikonen. Hevator traffic simulation[J]. Simulation, 1993,
61:257 - 267.

[4] H Ujihara,S Tsuji. The revolutionary Al-2100 elevator-group

. Emil :geoy @nju. edu. cn

,1982 ) )

,1967 ) )



