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Coordination and control of arterial traffic signals
based on adaptive differential evolution

BI Xiaojun', LIU Guoan', XIAO Jing’
(1. College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China; 2. Department of Infor-
mation Engineering, Liaoning Provincial College of Communications, Shenyang 110122, China)

Abstract ; In order to improve the efficiency and stability of the coordination and control on urban arterial traffic sig-
nal of traditional intelligent optimization algorithms, and to avoid flaws such as low precision solution and local opti-
ma, a dynamic self-adaptive differential evolution algorithm, named p-ADE, will be examined. In the p-ADE, a
new mutation strategy and a self-adaptive parameter adjustment technique are proposed to balance local and global
searches for the improvement on convergence accuracy and speed. Experimental outcome illustrates the p-ADE al-
gorithm outperformed several state-of-the-art optimization algorithms. In addition, innovative coordination control
methods are capable of offering better traffic signal patterns that can reduce the average delay of traffic flow. This
new technology will ultimately help improve the traffic capacity of urban trunk road traffic.

Keywords ; differential evolution; intelligent transportation; arterial coordination and control; pbest-based adaptive
differential evolution ( p-ADE ) ; multi-population immunity algorithm
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SEXt L bR, 7E % BE L AL B vk 22 2 #E 4k (dif-
ferential evolution, DE) By 2Rl F#f7oke 3, £ T
—FPEET HAE S R WS B 307 B E N 2 L B R
( pbest-based adaptive differential evolution, p-ADE) ,
BE—2B4RF+ T DE BIE KRN B R & B % p-
ADE F T3t T4 3558 15 5 W A n AL 5,
T3 O A 2 KRG R AR P ER.
SEE ¥ p-ADE 5 Z R R 42 58 1 (multi-popula-
tion immune algorithm, MIA) ) S A7 5%t L, TR 45 3B
W ,p-ADE AL S REBEBREBE NI TRE
MR, B AR BRI E .
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T U0 SR s (A5 728 5 3R W 0 38 SR ) R A Bt
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DE/rand-to-best/pbest FIETHISEL B 1& b 25K 1%,
ML T — LR a Bt i 2 0 #E L B Ik p-ADE, LI#R
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KA f, N o BRSPS AR BE N E,
oo, T i TP RS ¢ AR oA Y B R o
EME/DENEHE, ZROELBEEAN W,
[0.1,0.9],K;,e [0.3,0.9],F,,e [0.3,0.9]#0
Crir€[0.1,0.9]™. B SHH AR I % 8 T
BEA AL B A 35 1 B (B B A, 78 B B BB
I B3 BB R AL, TR A8 T AR M 5B 5
FR.

2 HENELHMAERTT LA
P12 8+ o B A

2.1 WiT&IEHBARLEHER
RAEET B/ MERK HSSTEA T T4 sk




ESH

HHE % £ T AEN I TROE R S

- 439 -

1k

N

PR, R 1 F7s. RERIER G s1,5,,70,8,
n AR, X D Z B BB 4308 1y,
L. RERRA BB EER M BT —3, BT

W, S ARG b AT HE A v, Flv, (km/h) . 245
ARGENFSCERU AR RN , PRUESR B RS LASE R,
JRSR AR S LR SE J7 ik B , S TR 1T 38 XL A A

SEETA N g, Mg, (vel/h) AFZBHEERNE  VEEHTRERERE/ML.
7)&1[{ s, / iEIDS )lezlsz iyusn
uuzl ’quZI 432 -9, 132
< « — — — — — |
1 2 3 hn
—————— >
udlz’ qz/lZ ” ud23 ’ qd23 |
[e———— e le————
A Hs, Z M s, | ZZX s, X As, | X Hs, X s,
TR TATHELR | EATIERR TATHER | HATHER MATHER
— > —_— —

Bl T&UAZEREERRE

Fig.1 Green wave control model of two-way arterial traffic
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Fig.2 Coordinative optimizing control of arterial sig-
nal based on CDE
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Table 1 Average and the standard deviation of the best-of-run solution for 30 independent runs

5 M BREH FHBME (RERZE)
RS p-ADE DEGL MDE iDE CLPSO
6.6539E-299 3.616 TE-40 4.8179E-22 1.4575E-17 5.8719E-11
f 3-0E +05 (1.186E -296) (3.328E-38) (3.176E-22) (4.109E -15) (3.066E -08)
£ S oEs0s O502E-52 5.3758E-21 1.9920E-02 1.1300E-03 7.337 3E-07
(5.161E -52) (4.014E-20) (2.968E-01) (4.456E-02) (1.997E-04)
1.680 1IE-302 3.724 OE —136 4.2720E -28 5.4255E-28 6.885 7E —07
£ 3-0E +05 (4.07 4E -302) (2.770E - 136) (8.129E -27) (6.809E -27) (7.440E —05)
2.7050E-51 4.5316E-10 5.3430E-01 1.4525E-01 4.645 3E +03
f 3-0E +05 (2.640E -51) (8.318E-09) (2.012E-01) (3.751E-01) (5.032E-00)
5.5530E-07 8.3708E-04 7.7420E-03 7.4000E-03 2.730 OE —02
5 3-0E +05 (2.436E -07) (6.337E-04) (3.398E-02) (5.292E-02) (3.284E-01)
0.000 0E +00 1.480 OE-02 2.0372E -41 3.426 0E-40 8.700 OE 05
% 3-0E +05 (0.000E +00) (2.914E-02) (1.338E-40) (5.789E -36) (3.759E-04)
; S oEs0s ~L-828SE-06 —1.828 SE 06 ~1.828 SE -06 ~1.828 SE-06 1.305 9E -05
(2.071E -06) (4.002E-06) (2.071E-06) (5.138E-05) (3.215E-05)
0.000 0E+00 1.989 9E +01 0.000 OE +00 0.000 OE +00 1.003 8E +00
s 3-0E +05 (0.000E +00) (1.891E+01) (0.000E +00) (0.000E +00) (9.784E -01)
0.000 0E+00 3.700 OE +01 0.000 OE +00 7.976 9E—-03 2.087 9E +00
5 3-0E +05 (0.000E +00) (3.367E-01) (0.000E +00) (3.376E -02) (1.216E -00)
0.0000E+00 7.7920E-05 4.926 7E-06 3.9525E-04 5.662 7E —04
fu 3-0E +05 (0.000E +00) (3.021E -05) (2.965E-05) (5.083E -03) (2.047E—03)
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MWALETT R REGTMREGA B R KE R 2R
BRE, B8Rl FHRILAREEMGEEZ (FESH).
TR RZFW, p-ADE 7 A MR B L2 Rk
PCAAAE B 5 HAt 4 R E R L BA B B A
3.2 ETF p-ADE T L&ESEIEXESH

REIER I BB T p-ADE BB K TRFS U
TR R A S, X BT THESR, 5%
FfrEEREY BT MR BRI
1 AT

RRIUE HAR S2 3 1) 2 1, R 5 3CEk (61 4
FM =X AR TR R, RSB 2 5
i, =500 m fiL, =400 m, RERFPH TR =X O
BRAILSHEA80 s, TR E N 4 500 veh/h, %
WATR FHHE 35 km/h. R ABTEENSE
WESRIE R, €M ZEHER ¢, =52 5,
@s, =42 5. TREARX O7E 10 4~ A B8 R 2 5
k2 firon.

x2 TXO0AFHHZERE
Table 2 Traffic flow of the intersection in 10 cycles

JAH g/ (veh/h) g/ (vel'h) gg,/(veh/h) qp/ (veh/h)

1 1 600 1849 1738 1 965
2 1731 1617 1863 1739
3 1849 1956 1631 1738
4 1 605 1 840 1811 1926
5 1617 1863 1855 1735
6 1849 1950 1631 1755
7 1755 1720 1820 1945
8 1825 1 865 1753 1632
9 1602 1833 1725 1944
10 1988 1823 1702 1614

Geit 3 BT 10 NMA LRSSl R, Ik
3 P 3 firas. & 3 g ® T 10 NAHIAE AL 2=
B T PR R R A A BT p-ADE #24H|
IA7E 30 YOS ST TR B9 T R B R R
A XA AN ZE. NEH BT AR,
AR KT p-ADE BIER) T LI5S Uh AT H
77 5 RS B 2 Bl T AT A I RE R 1S, 7R
ERXABEMTRRGEH LT, p-ADE BILFEL
JEH L B F G 0. 638 s, 1 JE SRS ST 2 il 19

£330 RMITMRAN FRNMNERRAGE
Table 3 Average minimum delay and phase difference in
30 independent runs
. SEARNL 2
1;3 il
FEIR/ s 4“’1,2/s 4“’3,2/s FER/ s 4“’1,2/s 4“’3,2/s FER/ s
1 231.15 38.9 46.8 176.46 41.28 39.89 120.40

SR RBMER  P-ADE At

2 231.18 35.5 39.2 151.71 41.28 39.88 120.39

3 248.72 37.4 41.8 156.47 41.69 39.88 134.02

4 255.08 39.9 37.5 119.39 39.16 40.09 111.45

5 258.77 38.2 39.5 113.12 39.06 40.09 112.08

6 262.96 40.6 42.7 135.29 40.37 39.87 127.62

7 279.81 46.8 40.7 176.27 38.64 40.08 116.44

8 281.93 42.1 36.8 145.92 39.52 40.16 127.55

9 293.40 43.6 38.5 146.21 38.45 39.94 119.64

10 294.72 40.3 42.8 136.25 39.09 40.09 128.40

300
280 +
260 +
= 240} —e SEAHAL P
2 20] o PG AL
9 200} ——p-ADER AL 281
=~ 180¢
ﬂﬁ 160 |
B 140!
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100 ——— — S —

1 2 3 4 5 6 7 8 9 10
JA

B3 FTE&LZBEFEHRNERXEL
Fig.3 Comparison of average minimum delay of arte-
rial traffic
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B A AN F R/ NERE A RIFIER
YK, Bk R BB R R M. d ™ I, A 3C4R
HE9EET p-ADE BIEH TLAF S RS 7k 2
HATARBRY, %7k R R A RO F TR,
BT TAIEETRE N, BREF S
FERIEY B B, Xk AR G 15 1 75 ¥ BE A S8 47 Ml i 32
BRI,
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R T — A3 BB N 20 B B 1k p-ADE &g
%t DE B35 938 5 SR IS s B B A B R
W R 50 AU SIS B A IR, A TG ZE 33T T 2

Mk A

18] SE 1 5 ) DR 0 A 72 P ARG SE DD 3B I F
BBUNELR. L5 AR R B X b, 5%
B4 RFM, p-ADE H LRI SUG X MG e b 2y
RAW RS, 9B TAE RS s R4
TR AR B R, A SO TSGR RR
fH S PR RIE bR A B R E LR
FRYE, BT — 2R B 52 77 1 v B RALAY X 52 38
TAES .

RAl MERERHE
Table Al Test functions sets
ER FreRBAK D HEHATEE RAE
D
fi: Sphere function f(X) = z % 30 -100<x,<100 £,(0) =0
=1
D i
£, :Schwefel’s problem 1.2 A =3 ( x}.)2 30 -100<x<100 £(0) =0
=1 =
: High conditioned D e
for LX) =D (105714 30 -100<x,<100 f£;(0) =0
elliptic function =1
: Schwefel’s problem 1.2 D i
Z P LX) => ( > xj)z x (1+0.41N(0,1)1) 30 -100<x,<100 f£,(0)=0
with noise = =
D
J5 : Noisy quadratic function £(X) = z iz? +rand[0,1) 30 -1.28=<x,<1.28 £;(0)=0
=1
. . 2 a 2 x;
Je: Griewank's function f(X) = ; 7 0”00— 1;[1 cos(f) +1 30 0<%, <600 (1) =0
1 2
£ =-2ep( 0.2 [L52)-
>+ Ackley’s function = 30 -32<w,<32 £(0) =0
D
exp( % ; cos(ZTrxi)) +20 +e
D
J3 : Rastrigin’s function L(X) = z (27 =10cos(2mx,) +10) 30 -5.12<x,<5.12 £(0) =0
i=
D
(X) = (2 —10cos(2mz,) +10),
J5 : Noncontinuous Rastrigin’s 5 ;
. 30 -5.12=<x,<5.12 f,(0) =0
function {xi ’ iflx;1 <0.5;
z; =
round(2x,) /2, else.
D Fmax
Fo(X) = z ( z [a*cos(2wb* (x, +0.5) )]) -
=1 %=0
Jfio: Weierstrass function k 30 -0.5=<%,=<0.5 f,(0) =0

Dz [a*cos(2wb* x0.5) ],
=0

a=0.5,b=3,k_ =20.
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