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Abstract

With the rapid growth in number of vehicles in metropolises, the problem of traffic
congestion is becoming more and more serious. Traffic congestion may cause not only traffic
accidents, but also brings many social problems such as economic losses and environmental
pollution. Thus, it greatly affects the quality of life to urban residents. To alleviate urban
traffic congestion, the primary way is to collect and utilize the congestion information of
urban traffic. Therefore, it is significant to develop a flexible and easy-to-use method for
qualitatively estimating the traffic congestion level. It is expected that the estimation space
coverage can be as large as a whole city and as small as a road segment. In this way, the
estimation results can provide vehicles and traffic managers with guidance for vehicle routing,
intelligent signal light control, etc. so as to alleviate traffic congestion.

Aiming at the traffic congestion estimation of a regional road network, two fuzzy
membership function for classifying traffic congestion levels are constructed respectively
based on two parameters, average speed and average density, and a two-layer traffic
congestion estimation framework based on vehicle-to-infrastructure (V2I) communication and
Dempster-Shafer (D-S) evidence theory is proposed in this study. Finally, the proposed
congestion estimation method is experimentally verified using real data sets, and the results
show that the proposed method can flexibly and effectively estimate the level of regional
traffic congestion. The main research contents of this work are as follows:

(1) A two-layer traffic congestion estimation method based on V2I and D-S evidence
theory is proposed. It can be used to estimate the traffic congestion in a larger road network
area. At the lower level, the D-S evidence theory is used to fuse two basic probability
assignments (BPAs) to obtain the road congestion evidence. Furthermore, at the upper level,
the traffic congestion level of a whole area is determined by fusing all road congestion
evidence in the area.

(2) The shortcomings of BPA generation methods are analyzed, and an improved BPA
generation method is proposed based on information entropy. In addition, this work uses two

specific calculation examples to show the calculation process of the proposed method. The
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calculation results show that the improved BPA generation method can reduce the conflict
coefficient between evidence and obtain correct inference results.

(3) Three important performance indicators suitable for the proposed method are analyzed
and discussed. These indicators are the optimal time interval, the primary factor road section,
and the computational complexity. The congestion estimation for an area containing a ring road
in Creteil, France is used as an example to show the application of the proposed method in
detail and verify its effectiveness. The results show that the proposed method has significant
advantage on these indicators.

Key words: Traffic congestion, Information fusion, Dempster-Shafer (D-S) evidence

theory, Vehicle-to-infrastructure (\V21) communication
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2.2.1 RZBPFEREX

HURT, S8 5 L4 BN — s Il i B Y 2% rh iy RS IR A, XA SRS
TEE 2, I LR EAAEERNG . AT BRI HEAK A SR A H 20 1
2 50 EANLLK, RIRALB) R EPURIGC, BT IE R 9 2% P A E A A I R A A
B AT R BB R, LR T AW 8 B BAER RS 7 AR s, s
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FOLE F R B o Al GETE SR RS E SR E SO IE N . H AT
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FEASIBIZ A, AN (Degree of Saturation, DoS) ik 728 X 0 R ¥F K& KL
W, THERE A KON

WRE= (Z0EFRx ?E%HHLI‘EH)/( VIR R T H]) (2.1)
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MR Y 100% B, RS ACIE T R RS B A AN S, NEE AV £ (W R A E I L
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R
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TR ARG B BRI, FRTESNME /R SERSSE TR 7, SEEADL
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AT IR o AR I I T A AR I SR R 2 2, I A A B T oy e R MRS i
SRR R AL AT @I o 5 R MRS I AR 58 2 Hh T T8 v R ] ) T AT RE T
AR B 6 1] 5 I ) 18 58 368 75 SRk DK T 5 e P S a3 B I R o 3K ] 5 o7 Bl 6 R AR AT A
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o ENAEL M BARE SCRIR) - EATRRIE I T -

AE . TR E R B B0 TE B bR 1 R G, RN AR
TP ZEAR 2 AL T3 IA1 BEZ) R 550 JER(167 2K), KL 27 SEMKE; B3 A RTE
EARFI O E AR o AT TG FE s S RO S i AR 2 RS 52 A AR 1
ASIEA IR BLIE H R AT T IR AR A H X
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HR(50 2K), KLH 8 ML MAKSE: IR KA — L/ NHBUE A @ %40 D AL
HRAS FALT TAE H R ZAT a8, B BT JERT ) T s A B s X I
PTTEAEAS AR B Ve i 1R B HAR S 4, DRUONIA B 4% C 75 2 B IR AR o

EARERR, BHLERIBITEE BT, B BRI, (H R D
BRI PR 2R (R B P RIBE LR 6 SRR, (HE 5 7E 50 km/h BA s
AT AR X A8 SR - HI 0 2 %ot e P 2 TR 3 RS E5 RK FRD B2 ), 481 a2 1 [ 3 2 1 il 3 A
s ATAT MR 223 ™ BB BRI B OREERK T FRELEK
AETE RIRTT X, 2 KR T o WL A RS
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SCRRVAI AR A AR VPN bRt 2 DU AN 521, B 2B IR SR B A 0={1, 11,
I, 1V}, 4iEEE-FHEE K Tai& T 35 km/h i, $HERERATEN AEHRL, FoRiZg
BONE R 4 PEEE AT 25 km/h A1130 km/h 22 [1E,  H3ERE B MR 0RAN A5 11,
TR BUR NS, 9 P X AT 15 km/h AT 20 km/h 22 Ja]IRF,  JEEFE EE v PAN N
WSS W, FoRZBBOP ERE: B, 9PN T ST 10 km/h B, 3
FEEEBAFI NS IV, RoR 2B B S . FIRENY, K B R N T el T
25 veh/km-lane )32 R VEU N H HI: ¥ EW % E T 30 veh/km-lane F1 35
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SEI AR AL, O ER R REAT R R o (R, AR RS B ) R P () 508 S 02 P A
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JR AR AR B K, TR B N I R Bl 4 T B A S B Ak 2, AR
s HR G IR T EER T TR R RS B 7 DURAN R A6 B0 AN 76 5 A AR ik e
FEIEAREOE. R B IRILLE.

16



» a1l > "
f~F . T W
s " A2 > zﬁ o| it o|
it Al £ ¢k
% i i i’
»  FdEn >

B 24 HIEGRA
FAE & R BT B e E /e, MEdRASunE 25 . s
A R AR U R B (R R B, SRR AT AL S RO RS . RRIE AL
ML R RIS EdE, B T E2IURES, FN, RearRE VirFER, MBRT
HAR R & A B O SEE, ERVERE A T T . WA TR A Rk e ms

%55

»  EidE1 > o
5 ' Jr Y
i | HhE2 S . g | %
*if i g Al T 4
% iy B i
> Hdfin >

B 25 HAEHRE
RREP R G T 2 RIS, BEE R R 2.6 fin. eXext G EdE AT
RRAESRE, ARG R R SR, o 2 T X e Jy AR SR AT R B DS . DR SRR & Bk
Bt R IR AR B e, DRTRG R, EE B AR XI5 7 o BRI, AETi 2 SEmt
et e K LR BT TR TR L EERIBTFUVER D-S IESEELIS . DU S e 2
T2 AR o

»  HdEL > > REBRE >
p R N
i T T - % 2
" ™ 2 > iF » TR R =»§ S
X e ah 45
> Hidin > > RERR >

K26 HREREE
SE VL DP AL AZ I8 RIS Bodhs iRk L B SR AN vy, (HE 75 EEARUE AT I8 A5 B e SE A%
Wt EA P INEE S, B, AR H P R Al A T HESR S 5 W vis
TR G B, 752, NERRGEIE SN B ZAE S A VR IE,
BV R BV By A A T, AT AN S 800 i VA % BOS IR, SR

RER A 17T LIRS % PR IX L P 25 2, 19 BIPPAL % B IR I 45 R
17



KB RA L AR

3R, CREHES MBS 2R G T G NASCE PG A R, B ORI R
SR A I ARG 21 DA @ T Al 25 2R

2.4 KB

AFERGR 7 A VAL T E T BRI, M 1 DU X 1 ) g R N
Yy, Y T AT ORI R AT 5 R L S0 A8 T AR Sl AN SR A AR
BEAt, AR T ASEI G RS B AN S, NS ABE IR R

18



w8 XESGEIE A

E£=8F ETMEZ D-SIEFEEILHNXEZBEREITE LA
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FOPETRBE T — R SEH AT IE R SEDX — Hbw, Bbhh, et RIE M £ s X 380E
BRI R B AEAT T, AR R 2 RSU FE 6 & B TRJ [ B A 4n o] T S
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Y FEIX PR S R AL I S B N PO SSIB I IR OL B b, IF B i s 1 R IX
A S 73 28I I3 5 5 FRASOR S5 s e K

3.1 D-S IEHEIE IS RO B AN HE &
3.1.1 EARH#EER B R 2
FHRIESE 0={6,6,,- .., 0,} & th N AN EJF B ARG o & 4E4. o fmEg2°
PR I 2N S T RIS N
2° ={z{6%}.-- {6.346.6}.---{6.6,,.. 8},.. .6} (3.1)
B m: 2° (0,112 M) =0F1X, c,om(A) =1, JIFR m g3 A 26 55 i B 5L
(Basic Probability Assignment, BPA), m(A) I EUE £ /- 105 SRR LS A IS .
BRI © MEE A THEICN A, Am(A)>0, WA N O L HEAMAKIGIE m
g
3.1.2 D-S JEIEIEIC BV & AR
5 @ LLER R D-S IR &N . A A BPA, S l#ic Am, Mm,,
MATEL S B FE Sy T NA LA, ..., AFIB,,B,, ..., B, JA m Fomm, Flm, 4 5 HEriEdEeel,
Dempster 204 HUU R /R U0
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321 WHEBETENERE. BEIHEE

BB DX A A SE A £ (R RIS [ JE 3 A X D, DX A (R 4 R0 1) RSU B A% 220K
SMEE. UK 2.2 Pros 88X RL 9, L1, L2, L3, L4 BB B RSU 707 4151
WERA IS B EI RS R, M5E R X HEWRIEE S, & RSU 4515 BTG 153
A BB SRS, PRI DY 5% B B Il S GOIEHR 15 B A BHR A o,
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fE RSU THEBR BOAS B SE JOESE I, B 5B B X R0 P9 0 Ik il 3 B2 A i % B A
S5 AL A i BT P51 B R B BT S B R . AR R X B B L1 ], BB L1

KRk, TS BT FE v, BP9 BFE o TS A SR T
(1) THEEEBL LL OB BOT SR v, - BB LL7E48 1 B Ny %, ELIZ e

FOBRIERFE A2 50 v 0 2 40 vigonllts U 1 BB PRI % i, R AR (3.3):

v, =42 (3.3)

2, 3,..., X PR FHIBR AR (3.3) (77T, RS 5
Vo Vi s v TUBRER LL MBS B v, FR AR (34):

P
Vu = —I:lx (3.4)

(2) THEBREB L1 KRB py A (3.5):

iN

le_ S 1 (3.5)

3.2.2 XIS BIEFRAVREERE

FE 73 AU B BOT- 0T L L B BOT- 2% B 52 B PP M BB S S U, B 5%
TR R MDA, B € ATE. IR TR BPA sREHEAHE
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20



= XIEOE I PG ik

R R APPSR 1 70 o) K Hh 3 PSR 3 58 PR AR o Rl 7 S A B S 0 1 S SR S5

PR

(D WRFBECHRLR, ERIAERET L NE R BEHE, s mEE
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JURAS A A A AR A T, R R AR 12T 35030 P2 0 Ak T T P s il IR AS M
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BT 3503 82 K1) o3 i BB I S SR B R, 30 (3.6) - (3.9) SRR NI e RIS
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25 veh/kmrlane PIRASR] 73 H i K& ER 2 /T 30-35 veh/kmelane RPRESR] 73
BRI, BIEREEANT 40-45 veh/km-lane FPIRARI NP S KB % E AT
25T 50 velvkmelane (AR R N E BEHSE . MU, A T iE MBS EEH T
SEBRIE Lo ] 3.2 45 HE T A0 I BB~ 4 5 P R e B AT SR A A S 2 1 SR B e 4, 2((3.10)
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____________ 16(28,0.1)
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0 p P10 oep <5
M, = —p, 10<p<30 (3.10) M, =1 1 (3.11)
21 22
20 40__/0 25<p <40
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- 0, <30
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M,, = 15 (3.12) M,, = p—, 30<p<50 (3.13)
55-p 20
R7P - 40<p <55
15 1, 0>50
0, p>55

FEE3 A 329 10 1L I A IV YA X (R B S, FIH 45 e 1 i B A
AT AER A B — AR B LR, BV S 2 AN XA R . R 3.1
32, RIZH T ATEELZ v=32km/h 1 p=28 veh/kmlane, iXP&LE AR X
WOl R A S I, 12, J3VAI{I4, J5, J6), i 3.1 A1 3.2 fivs. IXERE
R FH 265 7 (1 T8 B 0285 P2 0 A0 I S N A TE AN E M, 7R R — PO VAR A e
AN R

N FRRIEA T, IR B4 8 IS IR e, FRATT R SUSOR SR ki B S A
Y PR v BUT R B p I AS SRR NI RL R R . S TR, AR 7 il
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WHESNO=(1, II, II, IV}, & G RIEFFRMEL T, M@ SR 2 MasiE
WP RNES, BaiEd, G wTREZOMITEE THEM., HEE G P Had 4
RN, m(G)FRRHBECEIIIRGLA G hIu F ARIME SR MNEAEL, e, RATE
G ONHBTHEME UES G PRI —ATCRN, m(G)FRRAH T MBS E
RIH G TR TR R IR AVEELE, B, FATE X G AL TEMmE. A
my~ m, SR E R RIS 2 AN A G AR AT m (GBI ALK

Chm, (9 A O A2 901, % BT 2530 82 v T T S5 I8 32 o 50 M7= 26 ¥ 58 A AL B 1E
M), ME)EIE R /INE R M6 BCF 3530 v 5 55 I8 B R B DU O R B o FRATTAR 4 A2 £
AN COREFEM G )£0RIZE 5D 43 300 R RIS LR i VT AL 72
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5 G e AR I B S PR I UL AR, RIS T X B i G (¥ DL
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B HAE AL AR, M)A Z N ARBIE, HPEESRIIM ()
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7 G HIVLACTE L .

ASCRILRCRE N EAERE L, Bllm (G)=Mg ()4 T A B (S AR 2 AR T 1,
WS FHEAT H— AL HE e e, B G R S, B AR G RE 2R AL, B 3.3 a2 v = 32
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