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Signal timing optimization model considering per capita delay
and per capita emissions

LIU Chang, WEI Liying

(School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To introduce the green traffic idea and the bus priority idea into the modeling strategy of signal timing
optimization for intersections, a multi-objective signal timing optimization model varying with the phase effective
green light time was proposed by considering the per capita delay and per capita CO emissions as the indexes. The
bus deduction coefficient was introduced into the delay per capita to overcome the negative effect of absolute priority
on private car. The fuzzy compromise method was used to transform the two objective functions of different
dimensions into a single objective function, and to determine the values of two dimensions lie in (0,1). Fuzzy
preference method was used to determine the membership function weights in the single objective function. The
improved PSO ( particle swarm optimization ) which combines the SAPSO ( self-adaptive particle swarm
optimization) and the AsyLnCPSO (asynchronous learning-factor changing particle swarm optimization) were used
to solve the single objective function based on the MATLAB software platform. Finally, the model was applied to an
actual case and the target values were compared and analyzed. Results showed that the per capita delay reduced by
0.94s and decreased by 3.87% after optimization. The per capita CO emission reduced by 1.25¢ and decreased by
12.74%. The optimized signal timing scheme has an optimal effect on delay and emission, and the validity of the
model was observed.

Keywords: urban traffic; signal timing; fuzzy compromise programming; signalized intersection; particle swarm

optimization

SCE A FIREL 15 G C U VR 22 [ G F L DX
TET I 4 = DR B A, A 3 5 3 A4 o e U HR I o
YOG X LR A 2 T Be. ENANEAIRZ
P EITIX 5 R IEFE, SRk [ 1] 7R 28 226 I8
AEGRGOL T, A 155 B DL AR A B SCHR
[2]4RH T —Fh 3B A A5 5 A e ks (4T B8
TSR AE A ) R T 42 0 HE 52 Wi A4 23 A 07 326 5 Sk

Y B4 2017-08-16

EZRN: X 1% (1994—) 2 Hi-LIFgE A
BN HE (1974—) , L, RIHE% A S0

WIE1EHE PRI DL, lywei@ bjtu.edu.cn

[3]PLRE DR /N AARIUAE AR 5 Jo 300, A3 AR o2
e i ik LU AR 7 46 0 BE 1 G S A LL. SR [ 4] AR
YA S A ABA TR TR S T B A, 1- r T
SE I AR A58 U PR 2 S ML S 15 T i 42 A A2 2.
(BAEC AT, WO R AR 2 0 2 B HE R HEBA K
JE CBATRES A, RIS DL SE SR A 4 2 S v 4
i, USROS CHEBC R 8 5, 7T MRS A
AFIA SRS AR T~ 58— LA, A
SCEEST TR A IE TR, E IR AR £ H
P S BC I AR | 78 PRAIE A B 17 300 HY R



.84 . ®oR

St

T

1| =S S %50 4

ST BEI R BT 75 .

TEXEE S 9 22 AARICAL IR REOR il B v,
SRR AR 49 R, 3 EOCE B0k H AL
Oy B FURR AR TR, S an A i A ] 19 AR Ee A
o AR ) G 2 ) A T AS W 9 5 1 R
W ASSOR HIBO AT b B30 7 1o B A ] 1) F
PR — AL AL, 8 Ao A e 4 05 32 0 E 45 A
R Z B, RS 22 F ATAS B A A S 13 7 5K ik 1) £
FIARSEL,

1 55 B AR A ey 22 or

1.1 R BR
111 AIER(HER A)

NBPERF A AN N SR 525
A AN HAEL N RSN GR35 1% A 1 1)
SRR NS R R IR, Sk 2e i Webster
FES AR MR d, BTEARD N

8
C(I—E) 52

4 i
2(11'(1 _xi)

5

1
C 7 L%
~0.65(—) x, >
q.

8:%;
2(1 = —
( C>

(D
AP d, i RO R IE R s € AR~ A
W ,s5 g, 8 i MDA BLERATIETR] s 5 g, M 0 FAOEDE0R
FIIAR  pew/s; x, 4 i AALHLHIEE, B i AL SEBR 2
TR i S IZAHALHE FE FEA TR ) Z L.

PN FIRTSTEE oillhg e R A R U ING RN PN
SETR N B LA A2 SO —A Ja 380 P 3 ) ofe 2%
S WO — AN IS RELR d, TR
X

d — DBP+D\P

P

. - (2)
C- 21 (qBiPB + ‘]vin)
s n NEARGIEL d, 32 SCH—A A
I NIIIELR 55 Dy A SEHA—A SN YA S
IR, s5 Dy AESEH DT AN BIER,s;
s, i *Hfﬁli//_\\fim%iﬁﬂit%,pcu/s; qv, A
i MO B2 A R B IR peu/s; Py HANSE
T E NEG Py LSS R Y RN
B 255 A ¢
C= Z (g +1),
Forb 1, e | ARALAG R S I TA] s
2 (1) BRI K= (1) ((3)
AR (2) v, B TFA S A AL 25 23 0 BT
e, AT B A AR RS T ITE] g, (HZE R FI

(3)

VBN R 2 €SNI PN FIRE S = Wi

min A =
(;(gi-'-li) _gi)z

- 2(i (g +1) _gixi)
i=1

: (CIB,PBP + (]\‘LPV)

2 (qB[PB + (JV[PV>
i=1

(4)
Kt p HASCH TR AL
PIAEAE TN 38 B2 N A TR I, 202 4
NI IR, LhIR B A 3SR )
H Y. (R T 75 25 ML 2h T AR FEA A
B, AR ASF) T 2 8 58 X B ARG AT R A SCE|
NI R L p, LATE 2 FRAR A 2 F 0 1
FERL, INITTAE — 8 R B b e miiat 25 0@ 1 1A% 25
1.1.2 A¥HEB (B4R B )
B AT B R v e A R A HE RS e
4 CO CH, No, 3 i, i 55 = B3 EI ML 3 4 B2 < HEK
X} COCH, No, 3 Fl{5 391 1 5T Bk Z853 %1 N 70% |
15% M 15% "7 SRS HERORE CO B F 5 YL IR, 78
B A X CO Heil i rT A RS X H 2
SHECR. 22 SR AHEROT 4k 45 At R B
FTZEHEBORM A5 1) B HE B, Ferh A A 28 S Y
T RS () 0 Ay 2 A 457 4 E 5 B [, A 8 — A JE 30
PR 38 SR CO HEUE = E BTTE AR N

Ey,=C- E[E‘l;tu * s, ]+
i=1

C Cu
36002[EIPBL 'qBi'dSB[]’ (5)
i=1
Ey=C- 2 I:EI{(:U AT J.1+
i=1
C n o
3 6002 [El, 31 : qVi ° dS\'LJ ’ (6)
i=1
E=E, +E,. (7)

Ky E A H—ADJRIHN R CO HEUE &
E, A A —A TN A S R CO HEUE 5 E,
R LA —AJEIH A2 42505 CO HFRl e &= J, M i
FAOLHE D AT  kmy dg, AN SE 4R 2445 42
IER 55 doy WA FEIEFIELR 55 B, "R
PRI/ IR CO BRI 7, ¢/ (peu - km) 5 By ™
RN CO AL HER N T, ¢/(veh - km);
E, " OABREINAS CO BEHEE T, g/ (peu - h) ;
E, " HASEHER] CO BHEHEIA T g/ (veh « h).

SCHR[ 9 ] IBFREAR B G R A 1% | 5 7RI
W d RRA N



59 1

X, A5 2B RS FEGRFN AR A 55 BC G A £ -85

d, =0.959d - 19.3. (8)

B (1) .(3) . (8) A AR (4) . (5) &
FEBIERAE S 8, 308 — A A 8 co HE
R BR DA & BB B HERL, R Tl

min B =

2 (g +1) - zJi(EBi - s, +EV,» . ‘Iv,.) +
i=1 i=1

Y+l 2
= . -193] -

0959 (X (g +1) - &)
3 600 z
(9)

o 2(i(gi+li) _gixi)
i=1

" 4, +E, vipm : qvi)

peu
(EI, B;

Z (qB[PB + ’IVin)
i1

1.2 AREH

R T H AR AR FEEIEL T 3 )7
T2 1) AN A BUERAT B8] g, AN/ T S5 2 KT e [
2o s2)ET I C BUEAE R AW €, Sk )H
W C,,. ZIa0;3) 38 X iR BUEFE A A, A,
Z I CZ B 7E 3.1 Bl RE MBS HE B4
). SRR AR SRR Rl

& = gmin’l s s n,

Cmin = 2 (gz + l;) = Cmax’
- (10)

‘ =

A, ST <A,

%

1.3 AR R R 77 % Ab 3B B 4 (6] R

AR SR HTOR 7 v MR 7 vk % A H AR e A
Teit PR B, %5 A2 HARE 5 BC I A8 rp
PR D BRANT

1) BRI X0 B b R £ e e A SCHE 1.2 v
K28 A R B 16 A e/ IMEL R A i E 20 (LA A
(LB R ERAT IS TR F R4 ), Wa(4) L(9).

2) RS 245 H bp eR 8 2R 25 1F T /)
(EA R BAR ] i X, D

KXo = (21, %) = (A, Boi) s (11)

G225 B AR sREE AR STl i R (E ALY
S AR ) R

Xmax :(‘xl5 xZ):(Amax7 Bmax)' (12>
3) Fi MR 2UE SASH FU R R SRR B2 PR B
1 ’Xi = Xmin;
Xmax - Xi
U = 7’Xmin < Xi < Xm;.w; (13)
Xmax - Xmin ‘
0,X,.. =X.

U= (1) (14)
&) 45 BN R S8 A LR

HB1 R RIESERE R, M

R,(i, /) =0, R(j, i) =2(t, << 1)
R,(i,)=0,R,(j, =11, <1); (15)
R,(i,j)=1,R,(j, i)=1(1, =1).

2 g, FXE A FRRB RO AR . 2 (14) 1,
Wy e NT 1, I (R S § A4 SR IO,
o5 A4 0 B TE IR 2, R 7 2 AR )
U o S B 0 P 5 7 % 165 ST A2
EIRIE B RO R PR R CHER A% 18 2
B 1, < o, FEEIFAS FBRAO s K6 e

R =" 16
a—[O J- (16)

TE|2 MR, MG A SR R
{R(i,]') v.RGD)= y(RGj)= 1HRG.)= D;

R(i,j)= a,R(,i)= BR,(ij)= 0HR,(i)= 1);

R(ij)= B,R(, )= a(R(ij)= 1HR,(i)= 0).

(17)

WAEE o = 0.25,8 = 0.75,y = 0.5. HUEFHREFE R

JEFER M
y B 0.5 0.75

k= "2 o5 (18)

SBI AR R & XA MHAENE G(A,
R) , BLEHAME R

SL(G,R) = ZCEA\{G} R(a,c). (19)
T4 IHHEAEREN
S
A=k B) 095 3
S S(i,,R) 075+025 4
(20)
ﬁ@ﬂ%Aung,

5) A BR Fr b SEARIR A e AL S 1 5 H A e

L = max [Z (/\iui)”]’i’. (21)

b LOBFARIR B E R R E A, D45 AR PR L
IALHE ; p MIEESEL,H O <p <+ .

KT p BUE, V223 C 0 R e e Tt
FEIIEp =11 < p <+ offl p =+ ooiX 3 P AL
TR SCRIPLLK A, JEHE2 ST HJDBT , 9 14—
B0k 5 p =+ oolit | FERHIOFE SR S ECIE™ i
ASCHE T BFE, B p =+ oo, JLB EBRERECT p
A3 N AT N Chebyshev BS54 B H A
BRE N



. 86 - ®oR

St

T

1| =S S %50 4

L=max[min21(/\iui)]. (22)
2 RAE*

AR SCE FHPE A FRPRL 330 (B PR A
L2 2] A6 ) SR 2 HARBC Y J5 51 e
HOLABRL o % FETT P FE 10701

PR A R AR X (23) L (24) >k HE
B A O R R

v, (e + 1) =wv, (1) +er[p; —x,,(0)] +

Cz’z[[’g,j -, (1) 1, (23)

x, (e +1)=x, (1) +ov, (¢ +1),j=1,2,---,D.
(24)
S o, o PRI R TR R R v,
t AR B - B 65 ey SAIIEURE (K7, A
PEPR Ry 2T K5 0 BT PEA R B, OE — AR TR
0.2~1.2 ZI[8l; ry,ry, HFELO,1] 3595340 I BEHLEL.

N T DR TR 42 SR 18 R BE ) AR RS R AE
1 A SR B A B A E 2R 50007 1 552 I B 1B

B AR
(W = W)+ (f = frin)
w={ VoS =l
s £ 3 fo
(25)

s w,w N w BERKAE S 5/ ME ; £ 8 21k
T B EHARRREUE; £, S A TOKL 47 25 H A5
fE AN HARA.

F T AROR X A 44 g S B AR (B 27 2T 3B B e T B
¢, P HAE IR F 8 25 52 MA R AUE p,.., B
M) 5 SR T 4 JRy SR DL AEL ) 27 ST JB BR BB JT R e, TRE,
HAEB KRS 2 2R E g, 20, SR
SCHERR R PR F 20 AR AR 2 2 R AR A X4y
b}
~ L )M, (26)

¢y = Copin T (Copae = Comin ) I/ M. (27)

K e o A F 2 F e KAE, 38 F H
2.55 Coin s Comin HEET A Fi/IME, BHH0.55 ¢ H
MRETIEAUEL; MR IGEAC T %L
3 PRI
31 HERENMSEIRE

T LY ) O AR A8 28 ST B T P LS R
Thir 5 R R % A8 S IR Sy 8401 28 SU . G vy D i g
SRR AL, AR VU 7 1 PR (55 BB AT S
BT B 18 O B R AR B E S A
K1 PR CRAG S ECET 5 2 an i) 2 i, Ab 35 1)

Cl = Clmax + (clmiu

W AN B/ N i DL 1 (e A 2 i 5 8 52
TEAAZE 2 AR N AR A Sl )

||‘ i Hi
X |
| 1] e |
stz I N :
— ///:,% g _a¥ TE
== = -
—= E—— | |
—= = T 3

T
| | L
’ I T s

1 TEIZXORUTEESHEAL

Fig.1 Schematic diagram and phase of channelized intersection
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Fig.3  Curves of per capita delay and CO emission with saturation
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