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Research on Timing Optimization of Traffic Signals in 5G Intelligent Transport System
——timing optimization of traffic signals based on grey prediction model
and genetic algorithm
WANG Tong, LIU Yang
(College of Management, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] 5G has been put into commercial use in 2020. Its characteristics such as fast speed, low delay, and high connection
density will greatly help the development of intelligent transportation systems. Traffic lights are an important part of traffic
management, and intelligent traffic signal timing systems are also a significant part of the intelligent transportation systems. Aiming
at solving the traffic signal timing problem, the grey prediction model GM (1,1) and the idea of genetic algorithm were used to
compile the algorithm of timing optimization and implemented in MATLAB. The algorithm uses the 15min flow rate of the entrance
to calculate the optimal timing, and the genetic algorithm is used to achieve the coordination of the timing of the main intersection.
The environmental simulation platform of VISSIMS5.3-03 student version is used to simulate the environment, and the two sets of
time—-matching data of the two sets of signals are optimized to simulate the results, which proves the feasibility and superiority of the
algorithm.

[ Key words] Grey model; Genetic algorithm; MATLAB ; Traffic light; Timing optimization

0 31 5 W R AR AN SEE T GSMA Hid kb E & fe =g

2019 AEAERFE Bl (5 R GE P2 (GSMA) Hie i
SRYE T 5G AR, AT AT I8 B T (LA 0 R
PLEN 4 AT ) HHE SE S 1l 5 o] B R AT 15 B e, 3t
TEIEPESIO, A AL RGEFT DAL T SR | i it
SEIAF AT | PR IR A A AT A 5 | T R 4
SR RECH I — A KBt [ R i TR AL
(South Korea Telecom ,SKT) 27 , Fii1#F 2020 4F
JE,EE R T 56 BARMA REsCE RS, i
BRI 2 000 5 5G Ll B TA SRS, [l i
SRR AL L TE BB 1 56 O TR e R Y
V2X (vehicle—to—everything ) 1% R 4t , H 78 75 VU il ik
121 km, TiHE 56 BARBEHEARH, (LR S

7

BEEA.: KFEQFIIZTH (¢s1903013) ,

EE®IT: £ ME(2000-) 3, AR FERFTTr W 055 X)
WIS, X ¥ Email:892255897@ qq.com

K FSEHE: 2020-04-13

iR G BR A TIRF S5 RO DT 1),

SEBAF KT M 1 2 ARALAT 1 SO 1y
57 o WFRYSCI AR 5 KT IC I AT LA IR T8 % 52 i %2
A, AR 11 S B, DT 2 o 5 52 e i ) A 55
AR A A EC R 5 R 2 T A
WIRFIEC I 5 (TRRL 32) P HAR 2 8% R TH A8 ]
[ 5 JA SIS B A5 54T, ok AR el B 5 0 St &
Lt ] A SR SIS A 37 v 2 5 5 e KR 1 A
SCEANIE R E R, AR RESE M A T
REAS A R A A AR i, Bl L B AL 3 S
AR BESCIE (5 5 AT IO R 4, 2 e sC il i i v
ERELEH—E,

TE(1999-) L ABHA: EBRIR 510 HERZ 5555

oS FUR T AL K5 E I @ RAT R E A




186 B o /5 M5 MM

510 %

ARSCHET 15 min YA, F 56 LUK €8 1500 455 7Y
GM (1, 1) FF47 28 38 1 TR , LA T0000 45 SR 45 517 138
XA A AE AT BB Ak, I FH s AL A T2k
LN ASEAF ST, 3 T2 ik X W o 4 i 11 J B
PEATIREh LAk, SR A DL B B 5 48, 9F 1 MATLAB
HE T USEEL,

1 XHkgRid

165G 5 AT KB 10T $5 AR 45 4 i 2 e
BRI B S T H AR oG, o R s il
RGN SR T HAR R, AT KA
FOOMAS AR AL S X 5S35k T RO R R AL Ak
1.1 XEESAEAEAFT IR

H iE R LR 2838 {55 AT RO A s r

(1) BEEES WA ECR ik, X R85 5
KT AR AR JE 2 [/ R A B, 25 B B AR
JE 2 7 1), AN BRI S BsF G 00 475 75¢ i 42
TR T SR ST RN T A B
TR RIS, W T I EC AR A B A5 I , 3 st
(YR, £ 2 55 K ASm

(2) FETISR BN BT, STk [ 6] 42
th ek 28 ST C A 1 W A S T4 A IR S
BEAR AT R S BN S L R
AT B TR AR R AT R %07 A T E
B[] ZE I H RGN A A AR [0, AT — E R
M.

(3) HT % B L, SCHR[ 7]
FIH Greeshilds H % FERI BT Webster JE TR LA
DLZEAR S BRAE SRy BB AR B , X 38 L H 38Tl 5
YT A4 . 1B Greeshilds 58 784 X5 45 ) 26 9 =
TAEAE—E IR 2E

i bk, HRr g ae b sC A5 54T R G KA
AREE,

1.2 ETF56 HAMEBRENEZRINK

5 4G M#, 56 # sl {5 W 45 BA 0 sk
REULZR 1, 5G Y H BLAR U T 20 3 D) J T e 1) AR 22
(B, SRy G MR ) A S B At T AR M AT ek . T
FE IR PR S I S PR ) ) — o o 1 SR 4R ki
il TG R AR 5 M (E BT 5%, L%
550 GE B AT ARG 6 0 S E BaEE . &
K IO R B 22 3 AR 4 ) T R A R 4, Ry S B AS
(10 S AR5 BE AR B AL T 5 L ARl e R 4
PEIFOI 45 5 B N V2X 1R E 2 000 12,
T P RERT IR 3 6 000 77, {HJE 2019 4F F2f4E
S EWRAA N 173 468 222,85 5G ZEBE R 4 1H

W B RIS A — RE B
£1 56546 HRWMAHELE

Tab. 1  Comparison of some features of 5G technology and 4G
technology
FFAE i
4G 56

HAR i BT 4G FJifE

JIBIN AR v FHXT AR
Heulige AL R e Sl e s
R i T 4G 1%

W 1% T 46 G

1.3 xewmil

PRATTMAL Y ( Grey Model ) &% FEE & A 2 H
T AR ARG R A8 2R GE A T 100 (B A
BRI DL N B R 7 12, K I ) Al b R ) £k
P S 5540 TARFA R I e A = 1Y
SOMRRERE o R T R At D R] A A R A SR
Gy IR LABCF 7 008 S8 R B B0 H
HaE T 2R A vy R I T, H iz B R R
LS SUEE P S

(1) Kz 56 A1 A 2R A6 B0 H R a6 X4 3
V= (&), 272), - xV(n)), RIFIHEES
IR LL A A B ZR LEAR AT LA T T A58 2 DX ] A

(2)GM(1, 1) MRSy IR B ) S 2
HESE GM( 1, 1) A 18]I 53 Afr sKAH I ) AR A
SRARAAT TE

(3) X WU E AT A3, R HIER ZE K0 ) 5
FERTIR LN K 2 L Ml 22 (48 B0HE 22 v (8 R S i Oy =X
XFGM(1,1) BRI B A TR 50

HH T 1 [ X Rt s 5 3 i s s [ 5l P 91 A B A7
TEE AT E R, 2l 2 2T S HE R b
FEAEAE W 0 Z2 e MR A R AE , PR AR S 45
i FH B (M ABE IR GML( 1, 1) X s 32 3 37 B k47
T
1.4 BEH %

IRESEE (Genetic Algorithm ) 25045 T “ W) 3a
R, 18 EAF W AR A R Y — b kA B 1
AT REMM ., B EARYE 2 5 Bie, DI —
BRI a4, AW IR 22 1Y i, ik BT LA 3
AREL TCAAE A 223 (B A R, 3 Ny 1™ A S A
(N EIEEI R DR € C 1= 0 I ol | S N R T AN
P THERERE Y AR SCR S E BOR R T A sE
X EF SR LAY A PR AL A B — R0, Z J5
P TR E A, JF PO, e 245 2 Bl fe L A



T EWE, A5G RS RN SGEE S AT LS

F T A0 PN AR TR R 8t 4 3Rk 187

%
HEMKLTRMT .

(1) P2 HEW AR, A SCEBE A REA 50 44
o AR B H K B (DNA 85K ) b 4, 28 HER
0.9, 38 EHEFR K 0.1, e R L RS 100 YK,

(2) & A PR A, 3 FE(E T T IR de ki 45,
XPREEPERERZ AR K, A SCERA T PR IE iR A AL
SRR IR] DA K A BE X E b eR B i R AT AR,
FEFHETF IS A0 A (R R AL

(3) AR, EACEHRL 7 2R A IE S UK, B AR
BRI R, ASCRL R T, A A e
& SRR ARG A

(4) 21k %A AR AR FEA W LA 0K
18 F 38 I SR A 00 30 AR dme DL AR, i Al 1E 47 45 2 S A
fife o PRI, R 22 b SRR A A o, AR SOt B
FIERKECH 100 WK, 1R M2k 450, o nT 3l i 15 2
FHRSHEE
2 RBEESITERMEK

e L RSN a7 1 7 A = N T S
156 R0 22 G Atk T 0300 i B, TR 40 52 B A 58 38 i B4R
HEER RINME, PR, AR SR R K €8 S0 ASE Y 5% it Fisf
A s AT TN T T D) R Y S R Ik Bl JE R
T X OMEEALAL
2.1 ETFIxBEFNAYE 32 EiR
2.1.1 IR FALR

WA i B s

50 = <x<0)(1) , x<0>(2) ,,,,,x<o>(n) ).
xO(k-1)
x<o>(k>

MO (k) e (et, ent) I, A AIFE GM
(1, 1) FRAE, MDA S b 23R n = 4,5,6, -,
i, O TR (1, en) AP
n=4,0%(k) e [0.670 320 046, 1.491 824 698 ]

n=5,0k) e [0.716 531 310, 1.395 612 425]
n=6, (k) e [0.751 477 292, 1.330 712 198 ]

%o (k) N o (k) =

Xof D e B AT A e ol AL B S Y 9 4% L
A LIVEAE ] 5 w5 X, X TR S48 17
H, AT LA Ab B, RAERE SR T GM( 1, 1) HEA

X A I ARSI T GM (1, 1) EEA R 2
B, BARFER .

(1) XA BARE— K B

WA K OASE A ]+ (1) 27 (2) -,
x(n),iCH .

e(k) =

2= (1) & (2) 1V ().
X HAE— Wk S, 755
= (M), (2) 2 (n), k=12, 0.
k
Hepr 2V (k) = 3 (7 (D).
(2) HES7 GM(1,1) FAl

Hp | a,u AEEEE RN R EIIESEE] .
0= (B'B)'BY,.
eug
/\EP:
. ‘
E -G 2y
u
¢ - Laom @) 1
- — X X
B =3 2 0
g (i
¢ (
e (@) (1) U
i-—((x"(n—-1) +x'(n)) 17
) il

Y, =(x'"(2), x”(3) -+, (n)) , IS 10137 PR KK
N

X+ 1) = (1) = et x
a a

DG B8 ()3 D P
xV(k) = (P (k) -« (k- 1).

2.1.2 AR

AR HERZE R T | 5 I 25 A 56 D S g L A 25
K i 7 20 GM (1, 1) BRI TAS BEAG56

W IR A &0 1Y kS (EZ0) SRR AE N
2O (k) o o B AR R 2O (k)
WIFR q(k) =« (k) — 2 (k), Nk 5 (smt%]) 1
52

(1) FR2ERYS , B e X IR 2 e (k) 3
FHXTIRZE & (avg) FIRGEE p° .
q(k) 2 (k) =2 (k)

x(O)(k) x(O)(k)

e(avg) =ni1kzi‘2 | e(k) |,

P’ = (1 -g(avg)) x 100%.
T e(k),—MER e(k) < 20%, 5l (k) <
10%; XF p°, —MBEER p° > 80%), Fehf p° > 0%,
(2) JFRRZEML , BERARFA R 0 MR 3]

H 50 BRI ¢ B 20 B H )T 2 5

x 100% =

x 100% ,



188 B o /5 M5 MM

510 %

VISR
x =i,ix(0)(k),

S? =%Z (k) —x)%
¢V WIS I 25508 .

. 1 n' ,
g=— 2 (qgk), ' <n;
n p=1

1 &
S = 2 (alk) -~ )",
JE A € S5/MRESE P 4y .
SZ
=5
P=P{l q(k) —ql < 0.674 5S,}.
(3) G U2 (FEEHEEE M) K . XHA
B 2 FERF S 1O IR o (k) FIRE
Gt o (k) S

C

(0)
-1
o' (k) == <(ofﬁ(k> )’
5O () :a}“”(k -1) _1+05a
;C(O)(k) 1 - 0.5

VUG L i 2% (FE R 22 5 ME) A -
c”(k) = (k- 1)
o (k)

#i e (k) NIGETHL, Kip(k) < e if Fra'® )
CM(1, 1) BAEA & $8 54T 5%

$i2 £ (k) p°\C.Prp(k) BTN, TRIRS E
GFRNFERN Gy AP (B A% s A AN B )
A RRYTEPRE LR 2,

F2 BREKWHER
Tab. 2 Model test classification table

x 100%.

p(k) =

MIXFERZE KB RRZEME DMRERR Sz

e(k) ° C P p(k)
—% 1% 99% 0.35 0.95 1%
—4 5% 95% 0.50 0.80 5%
=% 10% 90% 0.65 0.70 10%
g 20% 80% 0.80 0.60 20%

22 TRIXXMOFESEEMRL
SRR ST A (S T
(DB ¢, =222
C, RRIFUREBIM () 5 L Kl B At

(s)5 ¥ Ryt LR

()55 MIRIE . L= (L, +1-A4,).

LS BRI (s) 5 L, 2R S it a]
(— M3 8) 3 A SREATHT (— ML 3 s) 5 TIRERAT
[ RERFTE] () 5 kb 22— FE BTN B 2R T TR PR A

(3) ZRJTIRIFEATE] . 7= A + AR.

[ ST BRI E] () 3 A R BATHI K (s) 5 AR
EEARK(s),

(4) BATHI], A =1 = >
2a

t, A5 V] (— M E 1 s) 5 v, A
SEITH TS 8] (s) 5 @ S SR BE (m/s”) , 7F
B = SEPREERE S DL |, FEAT Rl — B 3 s,

AL+ L,

(5)&4IIf[E]; AR = ———,

L RHEHKE(m); AL, A& EEG
HRK R SRR 5 — M0 45 408 1 A Ek
o R RS 2 22 R R AE (m) , TEEUHE Bl = A9 1
R ALLIH A — L 0~ 3 s,

(6) i e E A,

! qq q., -
g[gjﬂgjijY\oml

j=1
Y 2 AR B A S A AL B B — N R
T IR RS S ARNIEL 5, v, A2 AR
WiiE Hsg, 2 3¢ i (peu/h) S, & AT
(pewh), Y > 0.9 B}, MIF S H BTG S MO
T,
() BRERITHIN] . G, = C - L.

(8) EATAEBTIR g, = 6, "0 ),
(9) B AR b A =

(10) B AL /REST ] : g, =g, — A + L.
LS j AR SRR R ()

=~

(1) RIGEITH g, =7+~ 1
’U])

L, AT NG K (m) ; o, AT i ik
(B Tm/s) 5 T JRSHT TR .
23 FHEXOESMELL

43 S AT DR AR AL RO R 51 S
WD 15T B RG AL | LI ST R
SEH R S BRI ) /M EL B A i



SETH EHE, 55, 56 B AESCHE T T ST ST HC AT AR BT 9Y ——2E TR G TR R RN s S Rk 189
SR AE R A (], 5 B ) AP 3 A TR (R A AR R e
SEARZE B AR sRBUSEALIN T S A ;gq EE a1
mint=t;+d=t;+ del' RIAREE  g1s 50 3. 28s
. k=1 HAA
, A 1 50 28
dy;, < d, zgei:C_Li
s.t. i=1 3
gmin $ gei S gmnx ’ 0‘7 g xl.] $ 0‘9' izﬂifﬁ 81s 21ls 3s 57s
3 ZHIEZBHFEREIEN Hif2 ‘ 3
S FL RO 5 TR L } .

IOP R 5 a5 i a2 X B dE g AT A s 5
A AREE R SR VISSIMS.3-03 2% 4 4y 5
G T EIE R A X FEE DI RE A S AL 3
Tt e I [0) A T B RS 38 A5, A i AR T S 1S S
BC A HEAT PO B, X7 LA R AT 1 X e 43 #r
PR T 3k — A~ X 58 ST A8 B R RS R A A ]
FE I ASOGF I el A i -5 e T S A 2 ST R A B
BAfs AR — TR R A4
3.1 E#RESETREHZIOMNMKL
3.1.1 R

T e AR B T IR R O R R AR
VORI IE . 3T B Del bR S XL 1) DU 2256 38
PN 53530 B AR BBl 2208 45 A2 it S Ak it 5
F S 1) A28 D RE R 43 A B A RN EL A 208, KT IR
TR R W PR TE R RS 4, i 0 e 4
EUIRERN > A B A A Al I AATREGE DAL, B
TR AR VG Jy 1] 1E# 1 B WA WL i B 2 4 AT
fE9 2 E . X HAR 7R BT N ka7,
AWEMAE PR,

B1 zXOAZK
Fig. 1 Intersection status
SR T RIOMARRLBEE , A1 2 B (55
1 81s, SR — ARy el AR % LA Al AT, AT
BCR BT 50 s BT 3 s Z0AT 28 s 5H AR
T IRE A AT AT G BN  2)ST 21 s BAT
3 s 41T 57 s,

B2 ZBEESIK
Fig. 2 Status of traffic signals
ST el A 5 e 2 5 S o 3 1) 4 ]
3N, i I A B B AR R T AR A S
A U8 (PMS :30-7:30) , RA/NELAE S bife, 45 1
AL (pou) o HeAP BT ASSHATI RBN 2.0,

B3 Zi@EmERE(peu/h)
Fig. 3 Traffic flow direction (pcu / h)
A YA T
Ui e T 5 SR IBOI € T Ik, T 45 2R L
*3,

3.1.2

*3 TEREWM (peu/h)
Tab. 3 Traffic flow forecast (pcu / h)

iH1TRE WATHeH
JepkEd 795 28 93 468/1055
FHEE 549 85 61 695/1069
1667/2628
pEta 31 59 98 188/195
Ko 58 169 71 298/309

Ut T IER ST BARE 95% 55 AF T BFEARZ
= 313 4, MIE IR 4695 (48 - ), B2 ZE iR
26.2 s, FEE 53R 50.56% , 5 |8 AER ST LI 4.



190 C N = N N ] R R A 5510 &
18 e e g '
g16 A AF 5 AR i 5 e o
B0 i
= 12
% 10 . HEA 70s  40s  4s 26 s
& 8 AL 40 2
£ 6
O 4 4
H 2 e
0 123456 7 89101112131415161718192021222324 F‘Yj_|7v%1i‘l 70 s 14 s 3s 53 s
] /min ARA 2 HE 14 5
4 Je#OSHETER 48 3
Fig. 4 h h del s [ e e v f
ig Northbound approach delay E6 HUEETERS

ARk T IERGETHAE BTG E 95% %A T FEASE
304 4, AE 4R 3 825 (i - ), A 7 1Y 4 iR
21.4 s (5B 73R 58.88% , JL itk 1 Z- 11 5] i 7B 4%
gt s pis .

14

SN

HE T HERR 4 475049

(= S A A

12345678 9101112131415161718192021 2223242526 27
[ [i]/min

B 5 F#EOSHEER
Fig. 5 The delay of the east entrance approach
SR 5 R 55 7KF- Xt LR 4
F4 EIR-REKTFER
Tab. 4 Delay—Service Level Rating

s KT 450 R ETAIERY s R KT 15T LR s

A <10 D 36~55
B 11~20 E 56~80
C 21~35 F >80

3.1.3  fFAECIfL
FECT S E S DR B e, H
H R T A4S 2 T A R I IO 1 R IX 0 S [ 3 g
S EE YRR IR R S AL E A TRE T
LA S R IOH A B 55 I 70 s, H
H SR — A A e MR 2 A3 A T, KT (A A - 2T
40 s BEXT 4 s LTXT 26 o3 55 MG AR TR AT ELA
AT TR G40 14 s BEXT 3 s 24T 53 s,
MALJE W55 T R E 6 Fis .
3.2 ZEHEEMH
A & BB TRE A T, Ak
JEHBEATRE ST L ILFE 5, & P s bRt L L FE 6,
AL T 5 B AL 3 125 DG B T A 48 A5 X L DL
6, HEBMS B RN AR AE A B TR

Fig. 6 Optimized traffic signal
x5 MUBIEBETREAIL

Tab. 5 Comparison of capacity before and after optimization
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