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Multi-objective Signal Simulation Optimization for Urban Oversaturated Arterial

GAO Guang ZHAO Xin-can WANG Li-ming
(School of Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract To resolve signal optimization problem of urban oversaturated arterial,a traffic signal simulation optimization
model was put forward by analyzing the impact of traffic control objective on vehicle queue. This model takes green
split, phase sequence,offset and cycle length as optimized parameters. Meanwhile, vehicle average delay,system average
queue-lane length ratio and system capacity are selected as optimized goal. In order to implement the model, a framework
was constructed,in which the microscopic traffic simulation environment established by ourselves is used to acquire the
evaluation index of special signal scheme. And the repeated individual problem of multi-objective optimization algorithm
(NSGA 1D is improved, thereby the simultaneous optimization of signal timing scheme of arterial intersections is com-
leted. Finally, the collected traffic data from arterial consisted of three intersections were used to verify the model. The

experimental results indicate that the proposed model not only can effectively control the vehicle queue length and ba-
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lance the vehicle distribution, but also has better performance on the system capacity and average delay.

Keywords Multi-objective optimization, Oversaturated arterial, Signal optimization, Microscopic traffic simulation

1 3]

B SR TIT B PR A J » S B TP L H 2 2% B, 3T 388
M FEEDT TR, BERHH LR ER B A ET 8T
BB A F R A ADIRAS T | 25 A5 i LA 28508 ol O T B0 A~
ZIE R, R AL i AR S T M TRE S EH S K
BCR T4 6 A B P AT AR IS8 . B RTE S MR ALBIT 5T
KEAT3 3 28 TR MR BAL M AL 2 T R AR
BB AE FE T RO Oy B A RAL

H TR IR A1 77 5 RIS JE A2 188 S 28 1 B 7 oK
{E i T HARAZ I8 R ST B2 A% 1 » S A28 1 2 Mode LA vl
B E A AR A 3R RN S8 , e A AR
AT HE A FTREARE 5 22 7% WAL i A6 1k 7 s BE A 280
R4 AR BN R A AL 2 [5G R L (H TG R SR BRT 3t
T2 TE i H AB T A 9 FORT B 0 R e AT R s B
T B AL AT 15 BE 18 R A AR A2 2% 1 S I 6

i

ZFH HEH.2016-09-02 &M HEH:2016-11-26

-

=

I B VL2205 HE BATE AT 8, SE B A B (S S sl
5, R 2 B # ok i 2 ) K EX . Stevanovie F1) WL 32 18
15 E2% (Vissim) Fl 3t 1& & 3 (Genetic Algorithm) , DL /ME
ARG S5 E R IBCR A AL B AR, X 0 T AR S
B mlRcR, SRR Z2AMME 5 MR SEGH TR
BASERMER R . LiRAZ Bt himgEzs
BBt S0, 8 38 HGE o 1 R 5 2 UL HEBA &
Hee/N (B0 T IR AR R AL . = e B g e
BN O SRS ERE, S HAKE SEEE R
APPSR RVE AL B3 . 456 2 BB B R T e
KR (CTMD MR AL SRS S50, S5 R B ARMEAL B AR Z R FE
AL R . £ BRI LBUS T BT SLBERS

A SCE X FIRAS T TRAF 5 M B Hl 84k [ &L,
GG HONASE T BN T LAGE L AHRP AN 22 FR 0 A1
WSHL UFB TN E. RE TN FEKE LA S
BATRE S M RAL BARK FTF {5 AL LBAY, FEM a2 T A AU ST

AR5 R Ao E 4 (U1433106) % B .
5 k1992, BB+, EER S REASE KM TR I (1972 —), B 14, BBz, EEM T I N fEACIE B LS

ERAA963—), 5, 14, HIR, FEPFR T IR TREAR S HRRA TE 88 BRZHE  E-mail: elmwang@zzu. edu. enGEfFEE) .



210 AL R 2

2017 4¢

MEHESR. ZAESR A A T SO 208 5 H R B, 41 XF NS-
GAIL 34k i FE 52 A [ R4y T8 52 A6 Oy ks A 3 8 9R
s LAHE— AR TR R RE

2 FEAMKETTLES FIF HEMAUEDR

FS R BRL B 12 52 B @ AT ROR, /MU R
Rl B AR Z — AR A TR R /N U 2 3 35053 e 48 G B A
AL ERAT A B, ZE 5 A AR AS T I 22 S A & R HE
I B AN B89 A 10 o DA T 18 R Y B AR o7 2 4 0 BA i s 174
A REtE. BFEEEATRES AR FAL A R A
HRIFAZRET , SBATHE 7 B, W T B ] ) R P 3R e v, 3
KELBRIEATRE 1A F) T BOE 2 44 As 4% BAFIK BE L)
Wl . A SCER X R 1 AT AT 5 U R AR b TR R R
FTF (signal optimization of Four variables, Three objectives
and Four constraints) 2 W 545 B EA, 0= (1) F0
K@DFIR.

min AD
FTF(G,PS,Offset,C)={min AQ @)
max TH
Cmin<C<Cmax
s. t. S Gi=C 2
Vo€, ¢
0<LOf fset; <C

FTF Bl T 15 5 AL (Lt 7 ZR B i hl = 4.
M ERESHARKR . GG E . D4 M5
. GFRINEIFIL; Ps FontlIT , e AL B9 PR ATINUT 5
Of fset Fornhiir 2z ; C Tt =AM . 2)3 ML BAR: Fe/h
T IIIFIE , e/ ME RGP I HEA- B K E L, e R R G
HWATREST . 34 MESERSHARKR MR K AR, K
H1 Chain » Conax 9 B0 8 NI 1S I 5 25 AR AL SR AT IR 900, G »
G min s Gopmax ST @ HIL @ HYSEBRERAT BHC L B S 5%
JTIHC AR A SRIT I 5 S5 FHAZIOR, @ 5280 7 BAIfL 4R
s MR AL Z LA OF fset; R i F j BAHNTARA 22 .

KD AD g F 40 0 JE AT - s/ veh) , 05K (3) B
s Horh TD RGeS IE TR A (LK (4)) i1 3 FM N - 5F
— T A 475 EL 2 TR SR B R B X SR 2 AT B 5
T B 5t AR5 IX S 2000 AT B i, 5 = 00 B A 0
DA e 3 AT s OB R )RR A BT

AD= TD

—W 3

REN Ufree
FHH Niw s Naw » N 5351 29477 BLE5 I AR B 1 #0230 H BT
R AR LA R A B ] HEA B B B R RS Gs d»
B2 53 R R e HEAHTES FERIFZE X R Bk 22 A e {5 L 4%
W25 e 58 kb BATBRBEAR 5 vpe. 0 E IR R
AQ R A B H - HEN- 438 K BE L g A, =X (5) fi
71 » FLAB /N UG B 4 R 4 2 40 BB 0 AR, A R T 4 R i
Hi, Hrh QO A i KEEEE—MAREWHHAKES
ZEE KB AT, () BioR .

AQ= X (Q/i [®; ) 5)
viel i=1

TD= 3 —g)+ 3 @ —d)r— 3 2w
ViEN,, VEEN,, v

Q=% ¥ 5 19

i=1 Ve€Q yoequ VeEE [
He, g BHTE e B EWHBKE; L, B s BIKEE E,
HEB s ERFEEES ;SR D i ) EIFHBE S o N
X0 i e ESERAT I S RIEG T I O,
TH X ZRGEAT 8 (BAAL: veh/h) , = (D) FiR, B J&
32X A SR AT BE T BB, HAE B R R IER
X SE 1 B AR

TH=1% 3 3 3 NV %)

Ti=1 Vier yocga vees,
Hrp, NV(e) R 5 I E] 418 e 385 00 908G T 05 Bt
6] S AR H ¢ T U BRESR .

3 FEAUERBLHHEELR

T FTF HAME T WE 1 fim 358 E S0 Bk
HEZL, ZAEZR E EAIE(E 5 RSO A& E s
oAk fs % Fi 22 Hinfb b & 3 NSGA 1'% (Nondominated Sor-
ting Genetic Algorithm IDAR$EMEIL H AR v BB LFPBE, 8
ERIERFBRME; T ESRE SN T RS ZERE
ESRAE BN WO A B UE S fa il T 22 8w i 4k
AR, IR R IR I AT R A B W A5 521k HEBATE B
FIHEEE .

6

NSGA Il {4t 8
Bk "
Hra
PRI SNPT v PEE S
A
A5 AN
B 4] | \\ \
1 54k o N \ s
—= = | a“ﬂﬁﬁgﬁﬁ . -
: ' ’l, % \ A i
I | . \
|| st :I E—
T fhAuts BB

| ah |

A W EEE
158 || e B GES

< -
o
«w”

B 1 ZEES RS

RS ORALTT i s 015 A AR 0 B X 5030 L 252 8 9 B 32 S
1 1) L 810 0 A B8 38 35 5 i B AR 0 B PO 9 2 M T 5
VAL A 7 R R AR P RE , Rl v B D AERRRT A — 1
RSN IR, R A5 2] 2 X 05 S BN S8
JF AL 22 BRAE L R 5 0 Bas B LR 5 B 7 KA T 0
o, 1E 07 B A 20 S A A A TR B B A o S2E 45 i HEBA
TRBE I B A i A DN R A, SRR C IS 7 RS SRR
RN 18IS FTF AR ) 3 ML B AR » L b g ik
P83 oA bR B SRR » I B 534 B 45 SR A AR T B o A A
MRS 7 RE G TS R AR T AR H AT —
Rt 2.

4 ZBERESHUEZOBGHE

FTF {55 EARAL AL SR 9 2 H R0 AL 1), fi ke
BESE AR B 7 EE T 2 P2 D BT ALE ML ; 2) 2 T Pareto
BARMEES . BT RESRHMRAT EAFRREL BiRNE
PR A IR B/, AT R EOME LU 5E s 22 T Pareto S fL#E
AT ENFIH Pareto SRS K XL R , A 5@



10 ]

o, 5 IR SSE S AR T LGS M2 Binli AU 5E 211

BT R, AR R B P NSGA I AUk R T GA frBA
HIEGR 2RI R B BRI 0 A, T BLRRf TR 2L
ANA TR RA 20 AR R,
4.1 NSGA I EEFESME M

NSGA 11 BA 2o 2 HFn Ak a1, (A i F s e 5
I BEDLR I R B B A A AT 3 EE AR AT
HEMRATREFTH TR, B E AR T i 2R,
Tois TR L. SRR KE EERR T EK
B, TR A A TR R S A A A, AR SCHR H 3 A A A
Frk s R R LU — R A B R
4.2 ESHNRIUERE
4.2.1 # T Hash s 464 & 2 40

BB m, B KRB v ZEIFIEKER n,
FEBR A T EFE Tk (RS DABMEE S
HEIEAE, MFEH AR D BN S HA MEKIK UL, F
YR m® /2 R FEFIBTRAMA R B EZ A, NFRNL
X P I FE R AL, ST 2 K, R — AR E AW S BT
m? X n/2 WEEHEANLXT LY, WK B8 RAREL » B B B[R] 52 24
RO nr) » IXFFREIU 7 3k X F 38k 1 g B 2 7= A K 2 s [i)
FF4H.

ASCHEH BT Hash B A % ok 7 8 2H 2207 =X, FLA
432 R AR AT AR F A A I, I 2 PR .

.

A

g 1 —L{ individual |—>| individual | |
* l

fr | ¢

H

M4 R |

—_———

;
2 FEHSR

XM A FEE A AR 15 2] Hash ik, 10z (8)
FR

address;=F(gene;) =£Z")1genej @ ®
o, gene; (D g /MAE j 55« EEMME. B 2 Fingih
ELA AH R bk B AT B — 8, 4 AR SRR B AT
BAMANY) Hash ik LR & AL AR, 27 My &y 4 W)
T TR A A — R LA AL v 75 T S o v
BRI MAEZ AL LT 2 F DR A AW . XF 42 i r
(B DTEXARIAT AW 5L T AT M B THHES
FiRE b AR LU B A, ZE BT L T (M Hash bk
YIRTRDANGE ST A ) Hash bk X 7 457 B 46 A — vk BRI
ERBHEE, PEA LK m K, BB B AL~ BB R &
ZE R OGmr) s IR B LT (M4 Hash ik 3540 FD Bi & 4
WAL F Rl —4 T W B A M S HARA R T T R AL
LeXT s R 5 R AL L Yo 25 R O ik B et ) 4R 2 BE A D
A OGntnr),

k1 EHESRABA X ERE %
B RO m, B RARH r, BT H B n
Bl MAEEFRIR
for generation=1¢r//BARMAT— IR E Z

flaglm]={0} ; / /WAL TE ZH5iR
for i=1:m//HR SR EEPH AR MR LB

for j=1:m

if i==] continue;

sum=0;
for k=1:n//Z N7 L3 EEH
if gene[i][k]==gene[j][k]
sum=sum—+1;
endif
endfor
if sum==n// FEH5EEMF, BEIREN 1
flagli]=1;
break;
endif
endfor
endfor
endfor
Bk 2 HET Hash BUNHE RN
A PR m, BB o, EFH SR n
i AMEREZIRR
init hashtable; // BIiRILIEFFR
for generation=1¢r// AT — K E LM
flaglm]=1{0} ; / /HIERALE EHRIR
for i=1:m//BWFENMEREEE
index=Hash(gene[i]); //i1%& Hash il
if hashtable[index] !=NULL
individuals=hashtable[ index]; / /{8 8% & B MME
for j=1:individuals
sum=0;
for k=1:n//BAL 3T FH
if gene[i][k]==gene[j][k]
sum=sum-+1;
endif
endfor
if sum==n// MEER , BIrEML 1
flag[i]=1;
flag[j]1=1;
break;
endif
endfor
endif
append(i, hashtable[ index]) ; / /¥ AMASERE = A B
clear(hashtable); // {EZS W, ME T RAEH
endfor
4.2.2 MAEHRLHE
SCERL13J7E R B & 2 MAE X R T B RSB E . H
o A5 SRR 5 505 T BT 36 R AT R
WEE R, 430 NSGAIL Bk PPMA BT i B8 545
& BN T Z AR 5 AR A B B E AR i —A, BRI
HAME, BENABS 5B RRSERE, EWHRFHHE P b
ANEERRZAM, MPATHERR G 74 0 A 3R P bR
DFEEEMEEMBEIBE | PI > Po |, ZEARIEARE LA
ZAEPER R 52 T ARALROR .

5 ZBEHRESHUEEZRET

5.1 #wEEIEARX
5.1.1 4255 EH5

AMARAE B E % 38 D85 L T IEZE R HA L KA 4R
X WAAAL 22 AL AL AR B B A B A . X TR



212 it &AL B A

2017 4¢

PUAHDIZE S O B G5k H: (gl s g2, 3o gl s sioshashysisgls
gi.g5,glsstyshoshisisof fizscycley . Hi, gbthEH i XX
OAHNE @ BIGRAE Hs s, 58§ ZE DML @ WIAH)T 50/ /5 BRE
XA AENLZE ; cycle LB L RBIB K. HFER
R P S MH R 1, HoAth AR o0 — 3 SR RS B R S L 4K on
B OBE, RO ", SRR ERN E TR,

on=_ logt" ~* | )
512 RB5HEME

TR AMARET 75 5 IR A E 5 RIS B R, AR 4
KT B R AR 25 T 43 4% 2K (10) — R (A 2) fffS -

C=Co F INTL (G — Co) X 1200 10
Gy =Gy TINTL(C— 3 Gli) X oo 1 ()
2 (g
Vo€ ®
Offsetj—INT[CX(off )1"] 12)

o, INT ZRHUE ()0 R SR I THERIAL. R 0K
JE 39 R (BRI /ML 2 105 2 (L) ARE 43 4845 32
BYRAT R A5 T B 2 P LRI JEL I 58 (12) R
HIRHARMEL 2 AE 0 AR 2 4],
5.2 A3 RAERYE
R RSSO , A% SCR P SCRRL 144 11 400 5
B B A AT 28 SR IR 25 ) A A
{302 AT A1 24 65— ML IS e — U, oA 2 BT 20
SUB LRI A A TSI AP 3 75 Redl BB
HEAT EAFAE T ST, WA SR BRI P P R TR
BB B RE AT
A A

{..,1,3,23,...} —— {--,1,4,23,..}
S~ R A
K3 MHTPHIE

L 4 TE T R 2 PR ) A S 4 AR AN P X A 22 2 1
R 7 S SOk T (RAIEAIE A48 SR A T P, SLRE AR R A AR

6 FESHLERPRABENMITHEE

B RO AZ 38 15 B 2% (Vissim 28) ) 15 W 2 55 2 72 B
4 NEEPHSL BT £ A8 BB B A TE R HE B BE DA AR
ﬁ@ﬂﬁf% B 38 N e B D B A 20, TOvk T R AT X A

B EEIRNTR . ARSOWE T M MR SRR (5
Sl DL R AB R VEMN OIS E I R, A R EHRE
TGN IE I B SR B A Y DM RGO AL
6.1 ERBIRNSHEMEE

1% P B BRI A e B A B TR 5 B DR P e O 32 3
HARR T TR BN, i BB G 4. ARSCE T
&3t A Bl AR BUE B DR IR N, BRSBTS .

(U1 FH5ERE 19 B30 €2 I A T A 3t P L D 4 () ) R AT TR
B A, X5 A L BRI 4()

(2)%F B 4(b) ST 7 52 18 Dl AN B2 B B 4 DL & BRIRAL A5,
RIGHAT BB E R P OR (B EEABD , BEN AL SR
DU BRI A2 XD AL B o S M B P 2 S i AR 2 s P A fi 2
5], HRE 4(0);

(3) T FR I IH 8% 0 28 5% F SCHRL 15 48 Hi iy 42 18 4
LTl i PO A AR vy e 20 6 o T, 22 S S IR U 45 B 7 AT E B

R, anE 4(d)B?/T IE 4Ce) B P SR R TR AU

|
Ty

B4 ERRECS MR

6.2 IDM ERIBAERY B2

PR BASE IR 43 SA 8- B I S A AR | 22 4 R B AR A L0 -
A BRI RN G825 o A B A (IDM) 4609, Hoefr IDM A5 5
B V9 2 ) A B h A R MR A B, vk TR S AL R

BARR A — SRR B TR R AT o AR SRR 0 B A B
RURE A2 PR B fE T 5 IDM B RUASE & DUAgR b 3A [a)

DI AL BR A58 B N 18 R I 5O 4
TSRARYE 42 HE s ] W72 75 o ek 2 » PR b PO R Ot o 2 43 3
BB 1)5=>0:0 2y Z BRI R, B 125 (BAAL: KD . th Ay P4
ARBEAGE , iy JR IDM A% A 07) WY 0 i 28 22 5 55 19 22 1|) BEL 1Y) b
GBS do) T BE i 5% e 58 /0 L3 350 28 BE S 4055
B, P 2 WS TN 2 P8 22 , B R 4 B Dbt o 8 ) B o
FRFFAIFATH . 2)50<s<0:50 NEEWE. AW EREE
SRR REER, AN E AR de Xt b B § 5w , 475 R F R
IDM I EEH AR, 3)s<so: WA B E B IE/NFZ 4
B AR AR , 7T 2 3l SR e, BA i 2 B R
IR 0, &5 badr, IR AT B8 AD), KPS K
E XS RIER17],

v(t) =

Jao{l—[@]ﬂ, 6<s

v(t)) (s* (v(t)S,Av(t)))z]’ 5 (13

{ 0[1 (== <s<g

0 H (=0, 5<$o
7 ZHIIES S

7.1 LGB REE

%54 Open Scene Graph Bl FE 5 MFC #2320 B T =4k
SEARTT AL SO A B3R5 [ 5 A TR SHEHI T 8RR
XAMEFBITRE,

B 5 f5 5l T AR X AR EETRES
FEBA M TRl 2= K EAESE 3 MR A#F T TLRES R



—

% 10 =

o, 5 IR SSE S AR T LGS M2 Binli AU 5E

213

16, TRILATE LA 6 Bz » F b T8 R i e o W)
PO TE , HAR W B 4E A5 1~3 AN A4S HARH
BB RS o

B 7 45 45 22 S E SR ) BRUARASE FAE R » e rp AR 7
AR B RARNL . 2R 1 31 A28 R 9 17: 00— 21: 00
AR O F ke K Sk B, AR AE R A 1,2, 3 B

V4 W ég FEEDO S35 1. 36,1, 28, 1. 35, TR EA T FLRAS .
; F_zlgnz_@) _329@__@_3_6@1_,@23(1“1_,5 J ‘} U A
AX a1 T
=
= il Y asl s Y
AL A2 Aq4r3 4
S S i
i vl ol N S
LS Htr6 bk v 18
K6 TRERHFAHEL B 7 FLRELXOWMHEMAS
#£1 TEREXTXOKWERE KRS LR
- % ¥ W 4
X | - - - -
A HEE A% E®% B A¥ KR BT A% E¥ EfT 4%
1 KE/(veh/h) 412 1348 195 242 877 393 438 648 666 956 397 451
EF D 1.7 1.5 1.5 1.8 1.6 1.6 1.9 1.7 1.6 1.4 1.7 2.2
9 WE/(veh/h) 261 1607 140 153 1569 191 155 116 121 59 230 170
%L BHEE /s 1.9 1.5 1.7 1.9 1.5 1.8 1.7 1.7 1.7 1.7 1.7 1.7
KE/(veh/h) 281 1592 93 98 1707 157 135 141 180 54 209 154
3
kBB /s 1.9 1.6 1.7 1.9 1.5 1.7 1.7 1.7 1.7 1.8 1.8 1.8

7.2 ZHEHRAABHE AL LR

FRAFR B RR , S84y Bk FdRiE NSGA T 5
B CER[13] 8 HEM-NSGA 11 FiZs Lt #E & 5 Improved-
NSGA I #HT FLES T EMA. RAMFSERE . A
JEFE R 40~150s, ZRATRHKTEE N 5~100s, #NLE AT FI LT
AFIE] 43508 3s T 2s, BEERBR B 60km/h, IR E 15min; R
MR 16, BEALRECH 50, 2 XAEH Ry 0. 9, FHEHR 0. 2,

Bl 8 45 T A [R5 ¥k 1 f 4R 4310, WT LU R Rl b o
NSGA 11 i MER Z & hF4 B, sk 2% HEM-
NSGA II i FRA“R I BRI "k -k, & — B B E
bR T R AEAMASE S R T S (B S AR
] ; Improved-NSGAII 7£ £ fb 3 2 v AU 3 S bk 1 &2 MR, F
— BRI T AN R, R AR WS R T AR, A AR A A AR

REFHER-FHKE

50
:?%lﬁﬁﬁﬁﬁ/(veh/h)mw

I FE/(s/veh)
K8 3FhERIE =4 AR
HERNT EIR 3 AR MENIS . K 2FH T AR
FR AR 1) W S5 BE AN A3 A BEDS L H B AR 4 =k (1) A
KA PR,

as

(15)

Horr, P RosFhts M AR BARAEG £ (D, £ fo 3R
A EER kA BAMEL S A DB ERAT R s A
SR MARIIER] 5d R d: BIIME. S BRI R Y
SR T PRAR R (PR 8 22 A1 R A b R SR A » 20 A JBE A/ Mg
BRI .

* 2 ARYCGERENRETN IR

SRR AR NSGAII  HEM-NSGA II
Con 1. 80882 1. 70360
SP 0. 04088 0. 02791

MR 2 AL APPSO S R I TARME R . H. Improved-
NSGA 115 HEM-NSGA I A bt eS8 7oA B 7 1 53]
BIT 1506 1306, X RIA CHGE T L RS TR =
L .

7.3 ARESHAFTERITLERE

St e AR ZS T A R 5 4016 77 ¥ 9 22 38 2 A
R EWHE 4 MBI EHATE S T B AL 45 07 L I
RN 3 pral.

R34 MESMATT AR

Improved-NSGA 11
1. 67741
0. 02428

B R EAR R
R Te gamn gw AR RREEE AR L,
FE R FEKEW AARA 4k
FE NN N N VN
O N - - v NNV
TIF N N N A
Fild  — — — - - = =y

Hr Field RERGRE WA 7R, A RAREMA,
A3 24 3R ; FOF (signal optimization of Four variables,
One objectives and Four constraints) 75 E:{ DA &% /IMb ZE 55 &
RNy BARARAALERAE Lo ARAL 22 A T AR 1 35 R & S 3L
25 ; TTF (signal optimization of Three variables, Three ob-
jectives and Four constraints) J5 ¥ ZEA 4L H An A1 S B A4 ]



214

it AL B 2

2017 4¢

Jr 5 FTF MR, B AR 545 b AR Az 22 0 R 3 2 47 4
e, NERF .

R 4 T AR BRI E S BCR J7 58 Horh Field 77
SEAANL2E ph B BEK BEBR LA BE PR ESR A .

R4 AMESRALTT B TR

Field FOF TTF FTF
B S 1 2 3 1 2 3 1 2 3 1 2 3

P AL 1 A5 A5 A 1 A5 A 8 A 1 Afe 5 AR5 A 1 A5 A7
55 25 25 60 30 16 21 14 10 37 20 20

&= /s AL 2 AL 6 AL 6 AL 3 AL 6 AHAL 7 AL 2 AL 6 AL 6 AL 2 AL 6 AL 6
65 75 75 21 73 29 11 39 36 16 40 41

&=/ AL 3 A7 AL 7 AL 4 AL 7 AL 5 A3 AL 7 AL 7 AL 4 AHL 8 AL 5
95 25 25 36 17 21 21 14 21 30 24 15

T AL 4 A 8 A 8 A 2 A 8 AL 6 A 4 Aef 8 A8 A 3 AL 7 L8
25 25 25 14 11 65 34 20 20 15 14 22
EXSRi: o5 0 19 40 0 27 61 0 18 57 0 23 55

JAH/s 240 150 131 87 98

M 4 AT IE H, Field FERMFALZRAM, ZX O 1
R B =AM (AL 3D MRS LB K. A E 1
ME 7 RBARN 3 B EFRBMER KW RIIHEE—E
HAREGH;FOF 2y T 5/ MEF I IR 1) 44 3 2 1 4T B
V6] 43 PE 44 i B Fe K ARV ELAT AL TTF SRR AR kAR T BLA
B0 ; FTF JMAE 4 M SR AT s 1) 3 B e 289 i M7 25
& F Field, f&F FOF, X FZZFE N FTF £l T 4 #HEK
BEFFARYE O BB LA AR 2

Xt 4 FE S ECAT 7 R MR RIBOR AR SR B R
BAT 1h, A R EE 5 WO LR ARRE L
MW, 5 G TR 4 NGHER, Hh Field %0
R, BITHE R IAR KA )5 ¥ 5 FOF A Je @ AT E i &
KEF 1, FE—E BB LK TR EE; 5 FOF fit TTF A e,
FTF W RSB ITRE S50 IR T 6 60 1. 196, ZE 3Rt 2 53 1
i 31260 16 X6, iy th 444 B4R T 7. 1670 1. 5%, RGF
YIHEBN- 430 KB LG4 B KA 33 %6 F— 10%, Bk Ui FTF
P IR B i

F£5 4 FESEN T R HIBR

T R G EAT FHuE  RATHHER-  KAREH
41 /(veh/h)  /(s/veh) FHKE W # /veh
Field 16503. 53 264,43 14. 37 6871, 82
FOF 18419. 17 81. 25 5.27 9661. 37
TTF 19335. 54 67.16 3.19 10191. 31
FTF 19563. 23 55. 86 3.52 10347, 50

AR Fh BESE AR B0 T 4 TS BT D7 SR IR
R PUE T4 B B P HR B BE (D7 ELAE R S B BeAs 4 18
B BE N AER A2 B T B RS A K H B 3
BO AN 9 BN 5 BFE Smin 32 B GRTG 7 1)) 1 4 3 A 52 ()
THA B A SE) AN 1ET 10 BT/ 5 4R Smin ) B 40 Rt
ot (OOP A 2 A 1 D An e 11 B

FHEFHRK S /m
g

N |

i 1 [l / [
50 fomp = — = = e
AT1 1T2 2T3 BT3 3T2 2T1 FT1 CT1 GT2 DT2 HT3 ET3
e

B9 4FESEIN TR ETHNCE

B I FE /(s/verh)

i S S S N
5 10 15 20 25 30 3 40 45 50 55 60

B ¥ A/ min

4 FiviE S RO AT 7 SR A0 S K R

20

—+—FTF

o 8000 |- 9 -~

E

g

o T
ol

EHEREI /v

S S S S S S S|
10 15 20 25 30 35 40 45 50 55 60

3 & ¥ % /min
B 11 4 MESEN TR EREFHRITRLE

9 HFSCATI”R A A B 1 Fia BB (LE 6),
HARSRML, TR Field J7 278 1 M 371 54 i 42 9 HE
BAEE K, 33 R R e 4 L R e K R T TR — 25 L 1 T
P, RS ARE T BRAE R U ZE T EL R b
RAEET PN FOF 2R T RT3 7T RE b 5T 4 0
R WRVE BEATAHAL, 580K B8 AT R R, HEBER K 5
TTF FEBFREMAT, 5 B BHAK E 5 FTF # A7
BRSNS LR 3 5 M b, 430 FTF J7 6045 H B
HEBA A BE Sk -S4 B s B T8 DL AR O ik RE S 4
WA AR IR B

H1 P& 10 FNE 11 AT, BEE IR A B N I Rk 2,
ST Y87 S S AN 24 2R 1 R I o, EL P Field 57 809 °F
Yyt R AR LR P K B B B K R 15min 5B T
K& ; FOF RUMART IERAL , RT3 35, (B 7€ 30min 24 1 F
W AR AR BAS H , M BETF 43 T B&; FTF A1 TTF 7 20min J&
i 394K AP % , 156 A 3 W R O Tk T i S IR A A e R AR
&, REWE Bt A2 AR K, B FTF #ad (A 5 i —

=)

BN T FIGRHEE
BWIE A XA SGEN EARES T TERA XA

(15 5 BC A DAl 1) L, 28 A [R) S 2 Al I A d 4 L B o s



10 ]

o, 5 IR SSE S AR T LGS M2 Binli AU 5E

215

7700, 3L T FTF 5505 BRI BY, M8 T £ H Al
B LG A HONASE 1 B FTF BIRISCMIHELR . AR 4R
WA FAEXT 3 22 XA R TR AT SRR , LI A5
BB AR T L/ ME B IE B — BRI
S 2 T B G A BE S O 5 X AR HEAT A AL RE
— /NI SEE 5 AR SO 1k BB A A W A W HR B BE , S5 420
TR SRTHEE IR , BrASE S IO 77 ST F TR R i 5 AE
LARERTTR . B ATAT7 RO AR B, it —
BRIHESIATT B LR, T — R I 0 BRSO %
T IS BHHATIRAL..

2 % x o

[1] YANL Q,ZHAO Z H,LI P F,et al. Review of Traffic Signal
Control Methods under Over-saturated Conditions[ ] ]. Journal of
Traffic and Transportation Engineering,2013,13(4):116.

[2] LERTWORAWANICH P. A Simple Adaptive Signal Control
Algorithm For Isolated Intersections Using Time-space Dia-
grams[ C] /2010 13th International IEEE Conference on Intelli-
gent Transportation Systems (ITSC). Funchal, IEEE, 2010.
273-278.

[3] YEBL,WUW M, HANG Y S. A Green Wave Band based
Method for Urban Arterial Signal Control[C]//2014 IEEE 11th
International Conference on Networking, Sensing and Control
(ICNSC). Miami, FL.,2014:126-131.

[4] LIUY,CHANG G L. An arterial signal optimization model for
intersections experiencing queue spillback and lane blockage[ ] .
Transportation Research Part C,2011,19(1);:130-144.

[5] YEBL,WUW M,MAO W J. A Two-Way Arterial Signal
Coordination Method With Queueing Process Considered[]].
IEEE Transactions on Intelligent Transportation Systems,
2015,16(6) : 3440-3451.

[6] HAJBABAIE A,BENEKOHAL R B. A Program for Simulta-
neous Network Signal Timing Optimization and Traffic Assign-
ment[ ] |. IEEE Transactions on Intelligent Transportation Sys-
tems, 2015,16(5) : 2573-2586.

[7] STEVANOVIC A,MARTIN P T,STEVANOVIC J. VisSim-
Based Genetic Algorithm Optimization of Signal Timings[]J].
Journal of the Transportation Research Board, 2007, 2035
(2035) :59-68.

[8] LIY,GUO X C,TAO S R,et al. NSGA 1I based traffic signal

control optimization algorithm for over-saturated intersection

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

group[J . Journal of Southeast University (English Edition),
2013,29(2).:211-216.

GAO Y F,HU H, HAN H, et al. Multi-objective Optimization
and Simulation for Urban Road Intersection Group Traffic Sig-
nal Control[J]. China Journal of Highway and Transport,2012,
25(6):129-135. (in Chinese)

R, WA, TG, 5. IRTTE A DR E SRR £ B iR
S ELT]. HEARER,2012,25(6) :129-135.

CHEN S Y. Real-time Traffic Signal Control for Over-saturated
Networks[ D . Lubbock, Texas: Texas Tech University, 2007.
YANG X G,ZHAO J, MA W ], et al. Review on Calculation
Method for Signalized Intersection Capacity[ ] ]. China Journal of
Highway and Transport, 2014,27(5) ;:148-157. (in Chinese)
BV, &, B %, 5. (55 EHIR BT R E
FELERLT]. hE AR, 2014, 27(5) : 148-157.
KALYANMOY D,AGRAWAL S,PRATAB A,et al. A Fast
and Elitist Multiobjective Genetic Algorithm: NSGA-II [ ] ].
IEEE Transactions on Evolutionary Computation, 2002, 6 (2);
182-197.

HUANG C,HU D M, YU X. An Improved NSGA-II Algorithm
Based on Vector Space Model[ J]. Journal of Chinese Computer
Systems, 2015,36(2) :391-396. (in Chinese)

I, B, R, — R R RIS NSGA-TT Buk s
B NEERTEHLR S, 2015, 36(2) : 391-396.

SUN Y J,SHEN G Z. Improved NSGA-II Multi-objective Ge-
netic Algorithm Based on Hybridization-encouraged Mechanism
[J]. Chinese Journal of Aeronautics,2008,21(6) :540-549.
HUANG M,RAO M L,LI M. Research of Lane-level Basic
Road Network Model for Simulation and Its Application[]].
Journal of System Simulation, 2014, 26 (3): 657-681. (in Chi-
nese)

B PO, 2R T 0 B 0 G R R P R R P
(1], RGATE 2, 2014, 26(3) :657-681.

WANG D H,JIN S. Review and Outlook of Modeling of Car
Following Behavior[ J]. China Journal of Highway and Trans-
port,2012,25(1) :116-127. (in Chinese)

FBO, &%, R IAT @ | T ], B A
#,2012,25(1) :116-127.

YANG L H,ZHANG X Q,GONG J K, et al. The Research of
Car-Following Model Based on Real-Time Maximum Decelera-
tion[ J ]. Mathematical Problems in Engineering, 2015, 2015,
1-9.

(E#% 192 )
FHER, PRAK, £, 5. T8 B AR B BB NS RAER
BRI #hl 5 0e%, 2014, 29(9) : 1683-1687.

[17] SEUNG H S, LEE D D. The manifold ways of perception[]].
Science, 2000,290(5500) : 2263-2269.

[18] LIU SL,YAN D Q. A new global embedding algorithm[]]. Ac-
ta Automatica Sinica,2011,37(7) :828-835. (in Chinese)
X PR, E ), —FhRT 2 R AR ER ] Ak,
2011,37(7) . 828-835.

[19]

[20]

ZHANG S W, LEI Y K. Modified locally linear discriminant em-
bedding for plant leaf recognition[]J]. Neurocomputing, 2011, 74
(14/15) : 2284-2290.

LI Y M, NI L P, FANG Q H, et al. Research of Text Data
Streams Clustering Algorithm Based on Affinity Propagation
[JJ. Computer Science,2016,43(5) ; 223-229. (in Chinese)
2= RN, JF VG, 5 BT MG ISR BR R A
BB HHENIR, 2016,43(5) :223-229.



