,/;\. ~ V3
274 o = % 5 kX 2012 4F 2 J
Vol. 27 No. 2 Control and Decision Feb. 2011

X EHE: 1001-0920 (2012) 02-0167-08
52 ATESHI 5 Y B R SR ASEY B AT B S S B

IRABR, RM#MED, TR, K
GHERY 0 BT THE, b

e, LA

S ML RFEWF T 0, JEaT 100084)

WOE: AR AT 5T I SE IS B U 7 el i, 2 b DA MG SRR ISR DA B AR I 22 B Bk SRR R A
BRI P 5 B S T FHLLAT 1) (8] P 25 R AL, 20 3o PR OG5 R ORGSR AN A 1k TR 4 T A B UAE, ) T4 T W0 M 33
FIRAN B2 DA vy 51 3 B AR B S 36 W7, 6 b ] 2 B P B S P s ) P DAY 24 B 0 4 ) S A e 1) 6 L
TR RO TR SR AR T7 32, T AR S sR AR5, 35 /2 S 43 R K

KA SCHAE SN ZMBRAL, AR: TRAEEO

hESEES: TPI3 XHERFRIZED: A

Multi-stage decision model for signal control problems and its forward
dynamic programming algorithm

WANG Lan-jun®, ZHAO Yan-jia®, LI Jin-yuan®, ZHANG Hao®, WANG Xi-qin®
(a. Department of Electronic Engineering, b. Center for Intelligent and Networked Systems Lab, Tsinghua University,
Beijing 100084, China. Correspondent: WANG Lan-jun, E-mail: wanglanjun@tsinghua.org.cn)

Abstract: The real-time signal control problem of traffic intersections is studied, and a multi-stage decision model is
proposed to minimize the waiting time. The model takes advantages of the structure of the minimum green and red time,
which significantly reduces the model scale by properly choosing the system states and control actions. Additionally, a
forward dynamic programming algorithm is developed, which can efficiently obtain the optimal solutions. Numerical results
show that the waiting time can be reduced in comparison with the fixed-time periodic control policy, and computation time
can be saved in comparison with the mixed integer programming, which can satisfy the real-time control requirement.
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KEDE Rz = f(s(k),a, k), It X (56) T 5 J(z,
k+1). WK J (2, k+1) > 7, Wk 3 Step 3; 75, 3
A Step 5.

Step5: ¥ s(k+1) =z, Lk =k + 1, BkiL 3
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Step 2. 480 = N), 17565 2 FHEE 4 B 145 OLIEAH [ B 2 7R

Step6: &k =k — 1, WAk > 0, WA 75k
A2 s(k - 1), Bk 2| Step 3; 770, FEA Step 7.

Step7: it & R n* = 7.

FHAZ AT 7] 30 A IR 2 IR B 28 P T, i %
WS B AS 1) R 1) B A
5 BEAER

A SCEERE 15 AR ATL AR J i S48, 6 bl e vV
FEHOR IR 2 DL S 22 By Bok SRR 3 (AR, v
KHECA RN AT LINGO SRR 2, K 1 SCHT A
ST 1) B AR SR AR R 3, Jl o HoH SN (R
FR0F EE R 73 22 B B ke SREASE 280 K LT 1) ) A5 R K1) B9
2%, RN, o A 120 s (17 18] e B i 5
WO EE, s T IR OB R R XL, 15 A1 48
N = 480, M = 4, ZEARBE I [ BEAL A . S50 25
Rk 1 PR

e, R LI 45 B n] DLE Y, A SCER G A8 il
5 5 AT B AR S B A 0. ad e g [ o B
K 1 J S 42 o S s of L, 2R A A P 4 SR mT AT 2
T 2417 % (WAEFREIN ). SEPLX — PR RE 3R TH 1 SR
TET, AR 7850 R H T B[R] 2 11 P8 1) 424 204
KL, SEEL T UE S KT E R N, AT R
TR ST EIR e, X — I R wE 2 Pros.

2 WoR TSI A AR A g R, JLrh R AR oR
I 1), DR s S AN T BN I 2 2 A %, & b
A FH 2K (8 0 SR A TR 2 B3 i AR s KT R LT 1 42 1.
1252 56 R B 2 4 1Y) 2138 il A Bernoulli 43471, 1 H.
T B 1 AN 3 Al S AE AT 120s (Bl n = 1,2,
o, 240) BIIAME R KT )5 120s (T n = 241,242, - - -,

Pt g Ron LU Hh, AE28 1A 3 IR Al e il Je o
B, A4 A A 38 W 3 SE A T 20T IR I 8], A T g
KT PRI 8], TS 5 2 A5 4 IS i Je 1B, i KT
ZXT I ) AT R 180 1 3.
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(a) Traffic flow 1 (a) Traffic flow 2
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(a) Traffic flow 3 (a) Traffic flow 4

B2 shESHxRHERTERE (GRHEA4)

FoR, 18 R B8 T 2 B B B L
FCR 1) B A BRI SR (0 vy Rk, BRI 2 3l i
PEAL AL BE, it gk T SCHR (6] S A7 A 2 P A5 2 (1 AN i)
figp L, AEL I SR AR 280 A1 R I 1% 0 AL AE e 5 I 4 )
Mgk, @, X BN = 480, B — A &5 U ) B
RoRILBRI0.5s, BIALAL B I IR] O 240 s, {HJZ, R
HILINGO SR X — 2 R 15 S B R 75 30 g
RIS ) C 28K T 240 s, BT AR S5 RIG IR AE e 51

R1 ZHBRKERRATEEENR EZHNBR

- [ JE PR E] P MIP R 2 + LINGO 2 Boyk SEpbisfd 3 + [ [ sh 2 k) PEREXS L
T um mmm ceuntis gon CPU il /5 WA % CPUNIH) %
0 N2 T> 13 T3 100(no —n3)/mo  100(T2 — T3)/T>
1 32775 28412 404 28412 9 1331 97.77
2 37344 29463 329 29463 4 21.10 98.78
3 33188 26830 558 26830 10 19.16 98.21
4 36772 24275 377 24275 2 33.99 99.47
5 33417 25190 375 25190 9 24.62 97.60
6 58784 48100 326 48100 5 18.18 98.47
7 92897 71599 312 71599 5 22.93 98.40
8 88844 70139 363 70139 8 21.05 97.80
9 95606 61723 311 61723 1 35.44 99.68
10 95029 63442 245 63442 7 33.24 97.14
11 15313 12980 544 12980 5 15.24 99.08
12 15210 11713 394 11713 3 22.99 99.24
13 16 130 12395 390 12395 6 23.16 98.46
14 15355 11200 349 11200 3 27.06 99.14
15 15101 10402 323 10402 9 31.12 97.21
BIfE 24.17 98.43
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it AH 2, 2B Bk SRR 3 K i 1) s A LRI A 1
SKAR R R KR &, ) L3715 45 98.43% (1) CPU I
5], 15%F 240 s PSR TR, B S50 #6570 10s N1
FIRAAR, 7T LI AL AE 2k S s ) 5 St ) B
FERE—0, ARSCWFFT T 53245 F 00 ST 1 Fi 4
PE. AT R0, AES2BR A AT T A S 45 ) j b, AR
AT B R 1 ITA G500~ 28 A5 R I ), 38 5 22 2%
JE A i 5 RN T — A 4 1 B A g e, DS n SRR AR
SEAFIN TR R S L, AR ML N B2 0. Tk, AR
EEE T S0 AEE R, AN TR I 45 s 42
By BT B B VR L) 2 ok b T A Sk
T2 B B SRR [0 S 7 BRI S S 45
R gl e JR s sl 2 J v, 8K A R B I L 431

R2 ZSMBRKRITSHKNEZOSHMEMAMLE
Y [ 5 ) 342 ZPrBrjesRa R
# A EERF LA/ % KR LU/ %
1 4.65 343
2 3.69 7.38
3 4.84 442
4 472 494
5 5.43 3.76
6 431 42
7 491 4.28
8 49 412
9 3.88 3.54
10 5.25 434
11 7.66 5.24
12 4.65 426
13 3.04 3.8
14 3.94 3.94
15 4.57 32

2 WA L2 S BoR, AR SCHE T 2 [ By SRAR Y
ST 1) B A BRI L I A9 31 1) s {5 5 T 2ol 45 2,
TEZHUEOL T FEA 38 B K (R 554 1 1], 554 B 1)
R 45 s IR 2R 50 P o Lo A9 5 4 436 ] e ) R 4 ol g v
(&5 RIEARF ], AR E#2 hig 2. X — 4 E 453
YGUE T A7V e A S FH
6 4

SRS i 1 AS AR 5 AT IR S IR e I 45 i) )
JEFFIFST, EEEDTEREL S a0 34N Tl B 4, ATt
AR ARG MR B FEAT T A AL B, 1531 T &
PEVE B BB RIBE Y, T A o T A E e A R 0
VSR IR Il L X — AR W] AR FH AT A R R A
#1401 LINGO ¢ # CPLEX 25K fif, v DL FH T B e 4%
il ) e

JLUR, R T B U 5T A 4 S I s i A 2R
SRR R, AR SRR T — M T 2 M Bk ok
IO AL, X — B B R R R A A T 31X — 46l

i) 758 1) G5 AR AIE, LI 5 PR E P R GRS AL B R4
AR, e 1A R R,

A, FERX— 2 B B SRR Al b, AR
T 1 B AR A, R SR AP A S AT
), 7331 T L. BESR BoR, ARSI U
ANSRAAE AL AT R, AT LA [ 5 I F Jol 30 42 )
SR 2548 240 1/4 IO ZEAFIN T, JF HASCER I 2
B B SRR R e T 17 2 2 LRI S9E T BLAE 10s Y
15 21 240 s I [A) B 11421 10 e 19 S DA, LU £ PR TR 75
HEROR IR B i T S 08 ST 100 7, R MR w]
LG A2 SN ) 25K
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