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Optimization of stretching-segment design and
signal timing in traffic control

WANG Dian-hai®!, GUO Wei-wei!, SONG Xian-min', LU Ting!
(1. College of Transportation, Jilin University, Changchun Jilin 130022, China;
2. College of Construction, Zhejiang University, Hangzhou Zhejiang 310058, China)

Abstract: To deal with the interaction between the stretching-segment design and signal timing, we optimize the timing
warrants, the phase and the phase sequence. By the intrinsic link between the stretching-segment and the signal control,
we design the stretching-segment without considering the constraint for intersection space. This design not only meets the
requirements in signal control, but also ensures no overflow for the queue vehicles and minimal impact on the opposite
exit-lane traffic. By using the traffic control theory and traffic flow theory, we build the computational model for the
stretching-segment length. When the intersection space is constrained, the equivalent saturation flow rate is used as the
warrant for the signal timing in the control strategy, if there is not interference between the straight traffic flow and the
left-turn traffic flow. On the other hand, if serious interference exists between these two traffic flows, the control strategy
is to optimize the phase and phase sequence. By this strategy, we build a nonlinear optimization model based on Webster
theory to minimize the delay and use genetic algorithm for determining associated parameters. The proposed methods and
models are simulated for validity by using the simulation software VISSIM.

Key words: stretching segment design; signal control; equivalent saturation flow rate; phase optimization; genetic
algorithm; traffic simulation
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Fig. 1 The geometrical chart and the phase of the intersection

21 i A (Design idea)
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2.2 Bl (Design method)
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Fig. 2 The diagram of the vehicle flow movement S;
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Fig. 3 The simplified diagram of the vehicle flow movement
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Fig. 4 The phase and phase sequence diagram
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4 FERLEF(Simulation and verification)
RTEG b R B B v v i B e e BESZ BRI

A 7 V2 R 4 R, AR SO VISSIMATT FLAR A

HEATRRAGGF.

4.1 ERBKE R AR E(Verification of de-

sign method to stretching segment length)

i B & K 2 ¥ & (Simulation condi-
tions and parameters setting)
KB TR AS X B AR AR AR Ry S 3047 45
UL, DARE VIR W OR = S0 4, b FTIEN, S AUt
15 43400 veh/h, BE1TTEW, B A\ Ui & 41 K 155251
P, SR RIS )9 s, IR S50 % T ks
FAMAREAY B, RPN, Vissim{lj ELASE H, 27
BB AN ZE DL b ZE Kk BB 4. ) L
I 7] 5 B 4800 s, SKA21200~4800 sty %k, LA Y
3 KA. 3 ) %6k R T 7 1420 B SE AT R4,
HHARBAU10X.

4.1.1

1 AR ANSS
Table 1 The input parameter of simulation

Fes Wik/(veh-h™h) FAWs A A2 A3

1 100 22 01 01 04
2 200 24 0.16 0.16 0.31
3 300 26 0.19 0.19 0.26
4 400 28 0.23 0.23 0.23
5 500 30 025 025 02
6 600 33 0.27 0.27 0.18
7 700 37 0.29 029 0.17
8 800 42 031 031 0.16
9 900 48 0.33 0.33 0.15
10 1000 56 0.35 035 0.14
11 1100 67 0.37 0.37 0.13
12 1200 83 0.38 0.38 0.13
13 1300 111 04 04 0.12
14 1400 167 041 0.41 0.12

4.1.2 45 Hr(Result analysis)

R DA b 2 B0 o 0 e o B B e T SR Y
()] £ 2 e 55 B R e vF SR, K H 5
fEXT LG, g5 RSP, B K SAT AN, FEAR i 2
WA S T B, 78 SRS i S A
BN FRIR, T AE v R T RME, S5 ariR1.27
SN . B TE A S AL Y S 3 A0 R 2
9 m, T AR 2 h22%, 25 AE ] L2
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the analog value
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(Verification of optimization control method to
restrained stretching segment)

4.2.1 i E B ¥ &S $ % & (Simulation idea and
parameters setting)

PLEINIT 7R A8 R S 8 S b AT BEgEL. 4 T A
UL 58 B AN K R A8CR, e 3E H13E W R B B R PR A
h24 m, HoAbAS 5 B AN SZ BRI 4 1 56k B Y
SRR A by C IS AR (A e, e S
) AT 1S W ELAT 5 3 R o BN A2, 1T A B 4
TR B AL, BTCE AR, AR5 B G I A e 4
iR, o I Ae TP I A U 0T 34
SR B8 UE S5 2R0 I S0 AR A 45 1 7 i, DLIE LT TEW o
W FON B BELIEN, Sk A it & 15 4500 veh/h,
HE I TEW, EE AT W& 15 5900 veh/h, /% i & 4
L2225 FroR. LA 2.S, HEAT B IS ¥ v 1 45 T
ZHER2 7R, LA R RRILh “JsriE” s LY E
MRS p AT AE 5 Bt [ 25 IS B W R 3P 7w, R
FON T L oy ek 22 335 Al B BEAT ) L.
P ECAEE W [F4.1.17.

4.2.2 i E 25243 Fr(Simulation results analysis)

B &5 R Ele~9p . Horh Ele. 1720 i3 1
TEW [ 135 2240 G 1 A1 380 e K HE A BE, el I8 mT
IRV AR R SOERTTIRFYIR SOy N: 1S ST e
T IR T, 43 MBS T 9%, 23%. i B LAY s
TR AT RC I B vk BN L AN X P 2R
S R R 1 e K HE B B2 118 9P s, e T
MRS /N TR GRS, , 5 1 bl w1 1
K, ABTTVETIAT X P B A 2 A8 S 1) i

R B B2 WL Y 25 A2 Ak 1 W] DA v i 44
D L TEW RIS IR AR B ) 5 S0 bt 1138 14 43
R R, HLRE A R g 8 B IR E
HIEEATRCR.

2RI HEREIE AL
Table 2 The input parameter of the original
simulation method

F5 AEGE/(veh-h™Y) B A X A3

1 0 27 036 0 03
2 50 28 0.34 0.06 0.28
3 100 29 032 0.11 0.27
4 150 30 03 0.13 0.26
5 200 32029 0.19 0.24
6 250 33 0.27 023 0.21
7 300 35  0.26 0.26 0.22
8 350 37 025 0.29 0.21
9 400 39 024 032 02

&3 Tk IR AL
Table 3 The input parameter of the simulation
method 1

F5 LG E/(veh-h™Y) BB A X A3

1 0 30 038 0 0.32
2 50 31 0.35 0.06 0.3
3 100 32 033 0.11 0.25
4 150 32 031 0.15 0.26
5 200 34 029 02 0.25
6 250 35 031 021 0.23
7 300 37 027 027 0.22
8 350 39  0.28 0.28 0.21
9 400 42 0.29 031 0.19
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Fig. 6 The average vehicle delay of the approach W
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Fig. 8 The average vehicle delay of the intersection
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Fig. 9 The average maximal queue length of the intersection

FH B6~9A ME & B, 24 e e 75 Ll i T25% 1
HE VT W RN SEANAE ST 1340 40 918 1 RT3 e K
HE B B TR B 0. X2 BT LEWIR 22 B 230
FEAT 420 AH BT B ok )™ 8, FRAIC 7 amAT 2%
R 7 B g A B i 2131 9% (R S5 940 17 T4k
Py, V- 380 2 A0 % RN - 2 g O BN K B 2 Jm 3 o,
HECTTEWTHERN 2250 O 20 3 21 % BB e,

LT A A PR AL 4™ T 4. i
KE V1 B4 R0, KR G200 1 B0 i AR A 423 161
VR EHT AT AL AR 2.3 75 R R Tk AR (LA
N RRIFR 5 2), B IR S04 Bl B LA AR AR
K 240, 15 I S5 R4 01K,

k4 FEUME TR TR
Table 4 The signal timing program of method 2

JAMAs A A2 A3 A

54 0.15

RV &5 R 3R5. Koo, KM ke, dt
TEWHIAZ SR 1 38 262 40 48 52 43 0l B IS 123 %,
10%, ~V-381 5 KAFBAAC B 73 30 B AIK 1 32%, 27%. 11
TR AE R AN 28 i K BAAS 2 22 BT DA 25 BRAIR,
BRA R 7 VAL 2 I T HEBL L3l il &,
I 751624 308D T 3 FHEW ) B2 Gt a4, 8
HEFEWYR S I HE AT, AR T BE D IEWAT AL
SV 24 A S 1 S Y- 24 e K HEBMAS B, 53 T
N X H IS ATRCR.

&5 FHEMILR
Table 5 The average vehicle delay
e~V JiikAs Jiik2s BEARI%

HELIEW  36.80 28.26 23
Y 22.45 18.30 10

0.30 0.15 0.19

26 FHRRHAKE

Table 6 The average maximal queue length

25 FHiElm  F2m BRE/%

HEOEw 152 103 32
X 64 47 27

5 R 45(conclusion)

SR T RSB SE SISO R, AT R
BETR BN RS S AR R L 23 (A () DO e, e 9 B
06 T BE 2% 18 A5 5 4 ) 7 SR L 4k A s
BT AR T v BER T VR S SRR, Y
JEE 55 B T RS2 2 BRI, &1 506 B A B3R LT
(AL, 20 4R T DA 24 R A R SR A S T B A 4
RV AT AH P ()4 ) S, $5¢ i 3 L VISSIMA E
BAERRLIGAE T Pk 7 vE AR (A Rk
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