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Abstract

Abstract: With the acceleration of the urbanization process in our country, the road traffic problems in the
urban-rural fringe area are becoming serious. In order to improve the traffic efficiency, environmental
benefits and traffic safety, a multi-objective optimal model for signal timing is established under the
comprehensive consideration of several factors, such as the delay, capacity, number of stops and vehicle
emissions. The genetic algorithm is used to solve the problem. A typical intersection is taken as the
example for the analysis and the improved design schemes can be achieved and evaluated by the road
traffic simulation. The results indicate that the multi-objective optimization is effective in the traffic signal
control, which can reduce the traffic congestion and pollutant emissions.
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Abstract: With the acceleration of the urbanization process in our country, the road traffic problems in the
urban-rural fringe area are becoming serious. In order to improve the traffic efficiency, environmental
benefits and traffic safety, a multi-objective optimal model for signal timing is established under the
comprehensive consideration of several factors, such as the delay, capacity, number of stops and vehicle
emissions. The genetic algorithm is used to solve the problem. A #ypical intersection is taken as the
example for the analysis and the improved design schemes can be achieved and evaluated by the road
traffic simulation. The results indicate that the multi-objective optimization is effective in the traffic signal
control, which can reduce the traffic congestion and pollutant emissions.

Keywords: urban-rural fringe; intersection; signal timing; vehicle emission; multi-objective optimization

2| S 2 SR o 9 1 R L0 R T X S
U, TR 2 % 4 o5k .

B RIMZE T AU AR gmonen e 15 4 bR TR OIS « A0 41 Rl 2 5
Wbk 5 2017 GRS, JRIRIMBUCHT S852%: o v g o e 4 3 S AL I I

5 2006 L TH4) 14%. A B AR i S 2 G e s 1 R S G i e 1 A

. NS IR AT SR bR AR 2 S, Af
Weks H 3. 2018-06-21 &l H . 2019-06-24;
SE T e R A BB 45 B T 4 Pk 2 545 T AT X [REAT RE AN e L BT
(2018YJS077, 2017JBZ106); /2 <R S N b sE 2 YR E Y 4 A
(R s S99, . LT, L B9 (PitTR o DRI, o3 % A8 S ) I 2 B A T pLAL
T A R SRR AR (1957-), B, 9 vt PRTFHRSS K AEAT RO B AT B S
Ik, W, B, RO ARSI

http: // www.china-simulation.com

* 709«

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 4, Art. 18

% 324558 4 1]
2020 4 4 11

E B ST SR [NV 26
MR, T PR, 4R BT LA, P
W B A% 5 0 SR 1 G B 3 % 6 2 B
BESTOEZ LSS0 B8, JR ST AL
RIESMAELESE  [HAMRAE S S RO o577
AT TR A AT S IR TR — 5 1B,
[R5 T30 2 6 5 R ACTIAFAT AL B2
W54, SRR R R B A O
BT MR AT 5T, XK S 4 £ O AE B
Yottt T SEBLG vk, KA S £ WA 5
3 AR AR B AT 26 2 T D
1 W54 EIER BRI
1.1 3 2 45 & I8 B AT AT

W% 4 2 I I SRR, & 4 4 0 5
B I AR ST B A . A
A SRVTERIE R ], 982 4543 B P LA
SY RGN ASHRIBS A A3 15
X 2 45 S B SO A AT RN
BURHIRRL AL, ARt T

(1) B % £ MR IR T2 B3 2 0325
PIAMRIC T, I LA S 5 Lok
HIEG, SEOLHL R R IO R AL &
A ET F 5 EASTRL,F A HR O,
BAT B EASY

(2) R I B R G 5 S0 L MO 1T 0
i 2 A R RS B RE BB
SIS A B 2, ST A

(3) AL L5 0 T4 5 K 2 B S e
E AR5 RSB 59 4 o B S
UK, FLRBLIAPENE S 2 A2U):

F(x) _ Foe—x(a+bx)

Aot o)y D SRECRAMI B TIE: x b
SHA TSI IR a0 b RIIHRY
Fo g P BRI A SR

E R
Journal of System Simulation

\ol. 32 No. 4
Apr., 2020

(4) SO T, kD 4G AT R
W A2 o 8 1) A RAENT LR X, A8 i AR 1) 22 38
TR, TG, BT 2 b i S
WK, 4 RO BRI AR 1k . 38 B 2R
SRARIE I T IR 2 G TR I B U AT -

(5) WEERMAEZL, ARG I I8 ) 132
M HEATRCRZ B . hAh, KA 4R LS
WA, RACHEBOGE B IR BT YR T P
b

(6) 3 % A S ERA J7 ORI 5 e B 55 A £
B, B IR IR, AR BRI AT T sk
R IR AR A A AR 2 &5 45 1 1 A8 ST SEAT i
IR H 2K AT 2R A0m 75K
1.2 JRIAE

AR SCLLRETT I X AL 3k 2 45 4 1 28 X
A BIEATIEIT . 1248 X H A R R B A8,
RN A SN & S Lo e NS Y N B
ABAPER ) JE3EAT « KB A= AR RAT A %28 X A8l
Ciaip =y = rie [ e B e b 17 e P U 5 9
AHEBCRE IR, KA AT RS R T E Y
Mo o ASSCE e 02 AT XOVEAT 1 S8 A A A2 i 1
2, JLHUIRP T L w3 1) PR BAR 5
SHCET WK 1~3 fios.

Bl A8 AR
Fig. 1 Plan of intersection

http: // www.china-simulation.com
«710

https://dc-china-simulation.researchcommons.org/journal/vol32/iss4/18
DOI: 10.16182/j.issn1004731x.joss.18-0392



Zhang and Shao: Multi-objective Signal Timing Optimal Model for Rural-urban Fring

93255 41 Vol. 32 No. 4
2020 4 4 A TRANR, A2 A G E A X 2 B ARG SRR Y Apr., 2020
26 DA R LA 3 % S5 A 0 AS T ok, T AR

@m§§ TG T 2 5 A A B IR 15 5 e 7 i

_// kh 2 ZHWME SR

_ S Eals Wi 2 2 SR 52 L0 9 T 4 A
= SBH B SEOMEE RIS, A A ™, Mo A X
H\\ z FUAERE . ATAE ST 4 RO B Ak R,
Besh, RBIAER S, HRAHE A A A 5

//fzm
oo
899
T908

Bl 2 e i B s it 1n) S (A Veh/h)
Fig. 2 Traffic flow diagram in peak hours (Veh/h)

AT s
Zvh Zc ;s
[EAskEy B |
GEwE g

K3 2 S HLAR AL I ]
Fig. 3 Signal timing diagram of the intersection

200 SRR AT, 1% X AR A
i) R R

(1) PEEE Al BRI 2, ek
73%, WAL RSB EATE B, W EAT
TEAT S Ak, KRB EN NG, 75 45 s 1)
ZETIN ) N AN BEIE E

(2) HAhik A2, HAGEBMEXR,
HEAT R AHE A e a3 i A 4% o 7T RSN
FEEWARIE L, WL o5 FAEDL3h 42k .

() {5 AL 192, ZEHTIEIREK,

(4) wREDNATROESS SAT 5 280507 ) Ae e (s
T8, REUT NS G RN A AR

18545 5 IE N J7 3% (4n Webster 7772 ARRB 5
%« HCM J5i%. Synchro A4S Ptk H bris
hE—, BN 2 AR T AT XS AT R 4
Th, M 2 2553 b T KB4 lE X, S AUE
B, MR D EA. Ak, 2 455
T8 P8 AE X A T 2 5 POk XA 22 5, K
R E fay T IR, Y O X 45 S BT I

AR A — B R SE R, R R R
HREAE Y TR 2 DUSE A k), L
TS R AR RS NI AR S, TR
VAR HETBO S il A HE TR o AR A S B AL
RPN Hbr. 2% B0 5 AN HbR, @2 H
AN RS N R i

2.1 % HARRALAR R 3

211 HirEE
B RERR ATHES) S U YO AR
LEEM A HEIEE 5 A H AR 2 H b R A, H

NZSEACUEEN (D )Tp
f(g;)=min(D,—~CAP,H ,E,PM) 1)

AH: D NBEETR(S); CAP JilATHE I (peu); H
EAEE E TGN AARBCE(9)s PM O Sl

R (9) -
(1) #Ei%
S BAVRE T E, EE ARRB
JiE I R A
F T AL N -
2
d=%%§%L+Mﬂ @
N0=067+§%- ®)
W FLR IR N B AN A BT IR (R K, )
d=M+(O.67+S—g}c 4
2(1—¢18) 600

Afr: d HHRAIELEDR(S); g K FIEATIH & (peu/h);
g NERERITITE(S)s S AWFIGF (peu/h); C A
JAYAK L (S)s x A MR

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 4, Art. 18

% 324558 4 1]
2020 4 4 11

- HE LV 1 2845 5 458 T DR 3 i ) & 4=
TEIE GNP B HEAT A 5 AN ST 2415
5 5 I T R AL A% AT X R % T S R I A
%,

) WS

A AR AT B8 ) A SO E A H bR 2
o fi T AT S AT B ) 43 il IR A S % 1
TGS, —ANJ7 )k I8 AT BE ) 2 1% B %
FAEATRE ) N — 43k V4B R AEAT e ) 2 AE
TR AR AR B e DAL P Jg A 5 A A )
A, naG)Prn:

QW=ZKMB=2§&=2E(%) ®)

e CAP; 3 i 230 1 A28 138 AT 8 ) (peu/h);
S; N i AR O ETE MRS (peurh)s A A
F S ARK B A ERER AR =

(3) AL

A ARRB 245 42 R BEAT {52 A 40 5
IR FLAR7R oy LA AL AT R 2 kT I ) 4 H A2
PREL  na(6)Fras:

peoo[1=8/C N (6)
1-q/S ¢gC

B 48 2E 1 P38 15 A A A0 AT R B v 45 2
A S AR

(4) VR

VPR HC, CO, NOx IIHES 1 2 5 i,
HORSCRIX 3 By GO oA D vt 2R 1
HERCR

PSR S5 5 TR A5 5 38 SO B IBCR 7
O ER T T AT B 2 R TR A DR A S R P |
A A RO HE R, JF 4 T BRI RSO I Sy
VR, R R AR R TR R 1R 0, R X
V5 B K HE TR 70 O i BT AR BOR A X0 8
HE®, HEBCE SR () B R

E=Y(EF"Y xq;xL;)+
J
L

E R
Journal of System Simulation

\ol. 32 No. 4
Apr., 2020

s BN X R (g)s 7 oA S %
Bt g Wk Bj MACIE LR (peu)s Lok j HELTIE(R)
B (m); Dy AT X BB ST (shpeu)s EFPY
h L A HE R 1 (glpeulkm): EFITCY g A
A 2@ -1 (g/peurh) o

2 (7) b B HE IR 1 8 B AL ) 4R as AT B B
PR LA I R) 7= AR 75 GRS B o 22 R LT
BUBIZETS Gy i HETBCE AR , 73 31N B 42 v B 25
YN PO Ge i 45 9, Wk 1~2 PR,

F 1 PLBNEEA R BTG PR 7
Tab. 1 Vehicle emission factors
under different speeds /(g/pcu/km)

VI KD D
(kmh) HC CO NOx HC CO NOy
10 1237 12293 21 2621 11865 533
20 758 7697 188 158 762 479
30 592 6165 181 123 6205 461
40 457 4472 186 971 4622 459
50 372 3356 19 81 3571 461
60 315 261 193 703 2869 462
70 274 2077 195 626 2367 463

* 2 WEVETG R BEHR R 7
Tab. 2 Vehicle emission factors at idle speed /(g/pcu/h)

Figed) AR A
HC 60.48 138.57
Cco 647.38 610.85
NOx 6.8 17.3

(5) S FHER

I 2 54 AT IR A e g iy, KA
e 4 £ 3l PM, A S EEHIST PMys
HEC MRS T KRG PMos AT ZEHER 7
4 1.25 g/(peu-km), EMHEHA TR~ 1.2 5P,
2 & NI R B 5% D6 45 ) MOBILE 5 #% A 7
(2.5/6.214) km/h -6, 75 (1) RHECHE TSN (] R 22, dnT
SRR () QR 12 3.73 gl(peu-h)™. S it
A7) P E AT 2 S 4 O HE i
2.1.2 LR &AM

(1) {55 K

EFI™Y xq.xD, 7 N o s .
36002 475;) g RS L AL K, A 20 5
http: // www.china-simulation.com

e712

https://dc-china-simulation.researchcommons.org/journal/vol32/iss4/18
DOI: 10.16182/j.issn1004731x.joss.18-0392



Zhang and Shao: Multi-objective Signal Timing Optimal Model for Rural-urban Fring

55 32 55 4 )

2020 4 4 J &

S

GKANF,

L A R 3 A A BRI, (R IN 2 38305 1 %
A B A T AT 75 S 5 B AR A S R B
B, B A S A A 5 428 1 e et o S A e A )
W 55 AL ARG (8) B

Crin < C < Cp ®)
IQE{:I: Chin ygiymﬁ-ﬁ%gﬁﬁﬂ(s), Cinax y‘jiimﬁ-ﬁ
KJHI(S)

W% &6 R R IRAT Y, AR SERR S
O, R A G FBOE 1 120~170 s 22 7]

) ST

FERHAT A S LI I, DA ZRARAE %5 4T A g
Craes UK IS TE- SN RIS Ay w24 N> 9 S A 1 P
AT IR 3G 0, SRR KA 2538 n, WsRAT I
)t AT — AN K (R B o 36KT IS IRD I 0 5 4 pF o
OFR:

Zmin = &= Zmax )

e gmin HERNEGITIIE(S): gmax A K ERIT I

[F](s)o
F JEAT NI 2 A, S5/ kT i 1) =X
(10)Fr7r:

Emin =1+L, [V, —1 (10)
X L, AT NS BTE K (m): 1, MAT N
M, HX1.0~1.2 mfs; 1 ALRAT IRIBR S TR)(S) o

DM, e P8 B ABHE AT NG A B AR A
SRITI R 2> 34 26, 21s, 26's, 26S.

(8 i A T HR 4 ) Hh e H SRR SR AT I 1]
— 2k 30~60 s, ACBEE N 60 s,

(3) IR

YRR E Sy 5 b BIIA RS Tl i AT RE ) 2 LE,
KAV FR:

vo=_qi _ 4i __Ji

L 4R S(g1C) glC

A VAT BE I /), WL TEAT e Sy K TAS
WK, A& X AAZBRIBATIR N g, CMALLL
B S, WA SO S R 22 H AR RIS
UK, HA R (AR 1Y 25 5 G 1R 3G 0 249 48 152
PR, 1 CPRIR IR 2 s A8 SN BE I K,

(11)

ik 2 45 5 ATE A I 2 H AR 5 O A A A Y

\Vol. 32 No. 4
Apr., 2020

A BB s IR 5 52 BIREHLIN 22 (1 T

P, FOREARFE, A5 M RLRAH AL,

Hep BRI AT, AZ X YU BEEAE 0.7~0.9 Z [l
Li L&, AR 7 2 HARS S RC Lt

A, ns(12)FroR:
f(g;)=min(D,~CAP,H ,E,PM)

120 < C < 170
< < 60
st | Smin & (12)
07 < 2 < 09
glC

2.2 Hikvwit
221 ZHBA—abE

KAk H AR 2 AN ], 75 2 AT 1 — 1k
KB, (B Hbr G=(=1, 2, 3, 4, 5) XIS & S5 e K
K (13)FiR:

0 Gi § Gimin
G, - G‘min
D P/ B Gimin <G, <G, 13
K Gimax - Gimin m e ( )
1 G, =G,

RINBALFIRAG PR G AEAAR A %
ME Gimin AR KAE. Gimaxo ILR 25 H AR 1358 L
bR B SERCAR N, R H o e K AL 1 X (14) Bl T
o IF BT HE AT R AR

1 5
f(g) :gzsi (14)
i1

2.2.2 RfgdiE

WAL L — B B A ) A R
AL EE B RS E Rt e ik
£ PUHEZ IR B AR FE RS, 79 238 MR = A
s TR AR iR R, A AR
LA -

MRIAIF TR G B R R, B SR sk
KNS 5L A R ER KT I TR REA T G, V5 b ik
RIZRBLAL, AN ITURA E AR R (RTINS 5 58 o B i 15
A m, e m BRI X PG ST B R 2 A
R SR —HERIACHS, A SR R R A
A G AR AT 4R B AN U7 % {1 g2r-eey gm}T

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

* 713«



Journal of System Simulation, Vol. 32 [2020], Iss. 4, Art. 18

532 BH 4 RGN B vol. 32 No. 4
2020 4E 4 A Journal of System Simulation Apr., 2020
Z XY £3 ZHRRAAIL AT R

i H] Matlab A% 500% T HARRA TSR AR, AL
A b ST I B R ) /ML, OIS H A ey
HOdAT AR Mo 38 NSE R I (15) s«

Fit(f(0) = /(&) (15)

WA ST B E R TIE A MR 3K
3R, ASCHEFESL T B NBENLIE Ak, AL
METBOE N AR X, A5 57 e HiG
NS o KT IR BEE Dl 50, IAZ X% 0.8,
SRR 0.010 2k Z AT 3 PG DL: ALAUEK
1531 300 AR BESE 50 AQAAE N TE W] AR AL 5
BRHE3E R o B P A/ T 1070

3 BT

R T 2 A X AR B %, BT %
A F1Jj7% B,

J7 % A ANBCERE U U 44, XTIRAS
X AT T RO .

PRI P 2 1 R 2R 4 e ) Bl iy 1 oAt 25 8E 1, s
PYHE R AL, 4 DA R ARt
FUEATZc % PHRE VAT e % . mdb AT mdbe
. 2 Matlab ist4% 5% T HA A IA 18 %A
WA N RE SR, HotE WSS RwmE 4 pr
7y 13 BNZAT S BURSAT T IRAE S B 25 3 ke
3R,

0.361 Best: 0.258212 Mean: 0.258242
-Best fitness
0.34r -Mean fitness
is) 0.32 1
4 0.30 '-.’.\
£028f =

0 50 100 150 200 250 300
Generation
Kl 4w Rl Sad
Fig. 4 Convergence process of genetic algorithm

Tab. 3 Multi-objective optimization signal timing table
ST BTN ALt

HARL Ji 1)

Ki/s K/s Kfs
0 LA RO EAT AR 29 3 0
H2 M6 N EATAR 35 3 5
55 3 A FMALEAT 29 3 0
55 4 AL [t 30 3 0

¥ 3 s SHECI AN VISSIM 1 LR A
BTV, 193038 SO IR hy 1.23, 28 Xk
IV By AR B O . MO7E B T i A
ZAET, 2 HARERIME 5 0 I B TG IR Al Y A8
SO R )

J5 %6 B TEA RS 5 WO I ok 2 fif A Tl
B, A8 XA HHT IS A A Ak

(1) Ffuixit

BEF PG RE O 2e AR Tl K, KA AR ik 73%
T AT GLIBAT AN P 1], SR B e i A 11
J7 N 14 A AT, o SRS K D 100 m,
WA B 40 my Shissb BAT AU B A A
P, ¥4 FHAFESMRM AL ERE. %
i B R S FH R 100, AR et S 43 S O 1O
W 4 s, Bk EwE 5 s,

(2) BAGJEAE SR vt

AL BT A 8] A AN [R5 1n) (9 A8 38 S AT
YRS, TEMCEEA b, FEATE SHC Bt R
T3 1A AT S IS TR] b 23 85 o R A ) 2 H bR R
SRR, ) Matlab 4L 5L T HATE
ATAE S U5 R SRl Ron %0, I KR
134's, ARG TN W 5 .

F4 BB LA R

Tab. 4 Channelization design and lane allocation

e RS S eIk
il HAT VEES LS

T T

[lipeigm! LAY 2 4 2 % 1&3%;% o

B[ugn 1% 25 HIF

ARt 14 24 JE4EAENLE)

Rt 1% 2% EEMEIL

http: // www.china-simulation.com
e714

https://dc-china-simulation.researchcommons.org/journal/vol32/iss4/18
DOI: 10.16182/j.issn1004731x.joss.18-0392



Zhang and Shao: Multi-objective Signal Timing Optimal Model for Rural-urban Fring

3255 4 1 Vol. 32 No. 4
2020 4E 4 A TR/NTR, &5 92 S A AL D % B (s S L b Apr., 2020

BEAIRZT 13%. J7%E B ILMEAS I GER . {5 420K
HIEARL 25%, WATHEIIRTTHZ) 38%, XX Hiz
TR BIFETE s VO ARG i A= HE B A% 2 2031
k) 35%FH 25%, AT X I PR AL 76 149 2 s

4 ANFIAZTEEK B BURHE A

B A SR R s R e, 20 A i B AN T H
TR ) SRR 2 G T B AT I R AS
ARG KT R o (BBAR R AE AT /T IR AS 8 1
g WIZERE 143 5115 K 20%, 40%, 60%, 80%, 100%,
T 4 AT B AR TR A 5 A SCVEEAT 10 ks, B

5 JRALJEAI -

Fig. 5 Plan of the channelized intersection

®5  BAEZ HARMUACARGIAR 2R

Tab.5 Multi-objective optimization signal timing after

channelization BEHF ST AN [R) AL T B 7K 6 H b e BB A 520, an
Wi ity BT ST BLM 7 R wAsE S g I, FRRERSUEZ S 0.223 7

Kls Kls Kls

AT EA 200%qg B, HARRE{EL) R 0.226 2,

AN AMEDHATAR 26 3 0 ‘ o ‘ o
92 AN PEREO EAT AR 31 3 5 Hﬁﬂ“ﬁibn 1.12%. &ﬁ%ﬁﬁ%%iﬁgbﬂy B *ﬂ‘lglé;&
WA mlbEAT 26 3 0 18 ETHIBRER A, 145 2 MR OE AR R 5 SR
o \M R #: P =) P R YA
CRRIUL L E L | A T RS AP R A D S AR T
F31 0.76, IR55/KTVIER) Co FKHURAZ X AP fefs 0.2260 -
FRECEM A 100%, s Sodt il s S FRbnAH X, :igo.zzss o =
e 6 s, %{0.2250
= —_—
1702245
140%r wPLR W FRA = KB —_
120%L 0.2240
100%y 02235 q ‘ 120%q ‘ 140%q ‘ 160%q ' 180%q ‘ 200%q ‘
80%r AN ALK
60%¢ 7 ARG EIKE N B H AR R EUE
40%) Fig. 7 Objective values at different traffic flow levels
20%r N
oo 5 45iig
K X Q& ‘ﬁ&& A SCLIE 2 A B RS X A BT %, 4
S SIASHAAE, HIES FAR AL S RN B, T
6 A8 X HITEREHE BRI (A H A AW ELAE:
Fig. 6 Comparison of intersection performance indexes 1) I % G0 BRI BR AT X1 AT 0 B R0 B 8

T5 A I LR U A AE R T A sy  K e sl
18 G, RS, I 2 45 E
PRI AT XV AZ T 7] AL PR S B T A

(2) Z HARE SR AR SE Ve AT fiE

ATLLVEH, 23088 XA IR, &
AR TR BT RCR I SE AN FE W] S, AT RE
T2 10%, SERANG D REBERL) 5%; XF T3
S B — e R G, VOl M Seit 4= HE I

http: // www.china-simulation.com

* 715«

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 4, Art. 18

% 324558 4 1]
2020 4 4 11

T3~ AU IR AR N RS 5518, fiE
i DA I 2 45 5 T i A8 SO RUOR R 2 4 v 9 3
(RIAZIE ), $ i FATTHASA T R A B R 2 o

FEBLV I 2 45 5 B A8 S SR T &
I, i BRI 2 455 0 0 A RN A T SR A
PEARAL , FE48 O A A O AR 5 5 e AR
BERY, DL Bl s AT 3%, i 4.
R IMRIASEIA, (et DIREETr A . 7
DU HEAS 5 BLIN TCTAAR I RSN, 385 5 9 2
255 A IE AT X VB BRI & 5, s A i it
B

FEJE SRR, AR AL H bR i ORI
Hhp e BRI, DY 2 5 RE AL AT 5K K
T LI, AR A I 2 55 0 T A
FFIE

S 3CHR:

[1] LiY, YulL, Tao S, et al. Multi-Objective Optimization of
Traffic Signal Timing for Oversaturated Intersection[J].
Mathematical Problems in Engineering (S1024-123X),
2013: 1-9.

[2] Abbas M, Bullock D, Head L. Real-Time Offset
Transitioning  Algorithm for Coordinating Traffic
Signals[J]. Transportation Research Record: Journal of
the Transportation Research Board (S0361-1981), 2001,
1748: 26-39.

[8] SEmRfe. I 2 &4 R A AR S W B AW T BRI
MDY Pz K22 K%, 2014,

Mo Xiaohua. The Optimization Design and Effect
Evaluation of Urban-rural Fringe Traffic Signs[D]. Xi’an:
Chang’an University, 2014.

[4] M. W2 4G A ) 8 R = R 0], AR}

5455, 2008, 10(3): 11-15.
Ma Xiangjuan. Studies on Transportation Problem and
Planning of Connection of Urban and Rural[J].
Technology & Economy in Areas of Communications,
2008, 10(3): 11-15.

[5] <81, B2 HARRURI 0T 6 % 22 X A{E S EC
FSEID]. dbat: dbRtACim k%, 2011.

Liu Jinming. On Signal Timing of the Urban Road
Intersections Based on Multi-objective Programming[D].
Beijing: Beijing Jiaotong University, 2011.

E R
Journal of System Simulation

\ol. 32 No. 4
Apr., 2020

BFE A7 B SE 9], R G U7 B4 #, 2008, 20(11):
3016-3019, 3031.
Yu Liu, Yu Lei, Wan Tao, et al. Simulation Study on
Traffic ~ Signal
Environmental Factor and Delay[J]. Journal of System
Simulation, 2008, 20(11): 3016-3019, 3031.

[7] FEEHE, 5 RIBAR 5 A8 X HAR G R A A B0 4
BT[], A BACE R, 1993, 10(3): 67-71.
Chen Zirun, Fu Dafang. The Analysis of Excess Emission
at the Signalized Intersections[J]. Journal of Highway and
Transportation Research and Development, 1993, 10(3):
67-71.

[8] Jil k. 25 R H e R 3R i i A8 ) H AS A o 5 2R
W& FIHFFI[D]. i BB TR %, 2009.
Zhou Shenpei. Research on Traffic Signal Control

Timing  Optimization  Integrating

Strategies in Urban Intersections Based on Emission
Factors[D]. Wuhan: Wuhan University of Technology,
20009.

[0 H#JE. FETHLEE PMys HER T M5 5 HIA X

P EARALITFI[D]. et Ph FgACIl K%, 2015.
Xiao Yulong. Research on the Simulation and
Optimization of Signal Control at the Intersections Based
on PM,s Emission Analysis[D]. Chengdu: Southwest
Jiaotong University, 2015.

[10] Z=1E W0, Hibet, 46, 55 T ss @Rl bl s)

V5RO A T 0], AR is i LR AEAR, 2001, 1(4):
87-91.
Li Xiugang, Yang Xiaoguang, Wang Wei, et al. Motor
Vehicles Exhaust Emission Factors for Urban
Transportation Planning[J]. Journal of Traffic and
Transportation Engineering, 2001, 1(4): 87-91.

[11] F8#k, EBeR, sKBESK, 55 JE 755 B AL H ik

BAT R aa Ui BN D). R G4 B3, 2013, 25(6):
1405-1409, 1414,
Guo Dong, Wang Xiaoyuan, Zhang Xiaolin, et al.
Evaluation of Traffic Operation Benefit from Signal
Timing Optimization of Dynamic Traffic Network[J].
Journal of System Simulation, 2013, 25(6): 1405-1409,
1414.

[12] 3R, TER AT A B 5 EHIM]. dest: NRZSHE W
fi4t:, 2007: 182-183.

Yuan Zhenzhou. Road Traffic Management and
Control[M]. Beijing: China Communication Press, 2007:
182-183.

[13] B4, %dx, Mbedt. e NE S R A R
KA B4 [0 & &P AR, 2007, 19(19):
4543-4547.

[6] &N, T3, 75, 5% ZREIEERER MAER I SR

http: // www.china-simulation.com
716«

https://dc-china-simulation.researchcommons.org/journal/vol32/iss4/18
DOI: 10.16182/j.issn1004731x.joss.18-0392



Zhang and Shao: Multi-objective Signal Timing Optimal Model for Rural-urban Fring

5 32 45 4 3 Vol. 32 No. 4
2020 4 4 TRANFE, AE Yk 2 AiG RERR A X O 2 B MG SRR Apr., 2020
Ma Wanjing, Nie Lei, Yang Xiaoguang. Optimization 4429-4436.
Model and Simulation Analysis of Pretimed Signals Shao Haipeng, Wang Yuxuan, Chen Xingying, et al.
Control at Isolated Intersections[J]. Journal of System Setting Conditions of U-turns at Entrances of Signalized
Simulation, 2007, 19(19): 4543-4547. Intersections[J]. Journal of System Simulation, 2018,
[14] e W] 5, ELPEIS, e, ok viv bRk i 2 i i oy i 42 30(11): 4429-4436.
Tt n SR 7 FL 0], RS0 BLAE AR, 2018, 30(8): [16] &4, £, XISEH. HeT A3 Bein /M T2 b
3050-3057. WS I S R G U R, 2017, 29(9):
Pang Mingbao, Xia Zemin, Luan Yanhai. Inputting 1938-1943, 1949.
Strategy Simulation of Multi-ramp Coordinated Control Li Yang, Jiao Pengpeng, Liu Meigi. Research on
Signal for Urban Expressway[J]. Journal of System Real-Time Arterial Coordination Traffic Signal Control
Simulation, 2018, 30(8): 3050-3057. Model Based on Minimum Per Capita Delay[J]. Journal
[15] ARMEMG, E525F, BRXsg, 4. fF5 8 X Ok Ak of System Simulation, 2017, 29(9): 1938-1943, 1949.

BEEAAFHT U], ARG HAA4H), 2018, 30(11):

http: // www.china-simulation.com

717 o

Published by Journal of System Simulation, 2020



	Multi-objective Signal Timing Optimal Model for Rural-urban Fringe Area Intersection
	Multi-objective Signal Timing Optimal Model for Rural-urban Fringe Area Intersection
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/b4YmEfF9NT/tmp.1688103004.pdf.YQ7fb

