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Abstract

The monitoring and evaluation of traffic congestion on urban freeway network is of great significance
for the formulation of traffic congestion management and control strategies, one improved non-linear
fuzzy comprehensive evaluation methodology (iNFCM) is proposed for urban freeway network
traffic congestion assessment, which manages to highlight both the effect of judgment preference
and the effect of influencing importance by incorporating new parameters. The data-driven whole
assessment process consists of two sequential stages: one being calculation of network-level traf-
fic congestion indicators; the other one being determination of network traffic congestion level.
Finally, the proposed methodology, as well as traditional fuzzy comprehensive evaluation me-
thod (tFCM) and nonlinear fuzzy comprehensive method (NFCM), are applied using Shanghai
urban freeway network traffic flow data collected on 2013/02/05. It is found that the exactness
and stability of results obtained by iNFCM are better than those given by the other two methods.
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1. 5|

N TSR 2™ BRI ASE T ORI BRI T T AR5 el T PR i AR 8 IR SEERAIE M
PRI e DLE/D 1B B SRR IB I 2 MRl B, B S R i sls iR, fiseiel 1 iliscim. B
T ,  PRI EAE  TIRR A o RN T R TE B THI A 5%, AIRE [ 300% K H A E[1]: 5
AN T AR i LR o T L RR Y 8%, EIARER T 50%[MAS @R E[2]. HuklEI, PR i
AT F ™ 5, G e g A2 0 A S 4 A DR DU 1) A8 I AT I 1 R O B T . MR
HARES S AP R ASE B P RN AT AT S . R i B S O SUE TR RCR,
B SIS HEAfG 1L VA 3 DX S I 5 K AT B Z RN DR, 3 R AR R i S R R S 4 R AR
TP PEAN R A SR -

A GHAR IR PE TR SSE BTN AT AR EE AN R BTGB 2 AR
K MEZZ RNV, BT AR AR RG34 52 TN SR AR R PP AR T3 . AN ST HR PR
) A R ITE - FE 2R B - N [MIE Y A BT ) 2 2 DU G SR AL R SR AR I, R TR T
RIPPOY i A, —T7 1, T RIS AR, R R A BREIE SR M. BT BLEAM
AZ AL, BT LA LB 22 i IR SE AR B 0P A S5 BT E 76 R [3] [41H Ay HRast i I8 A SE 5 PR 3R L 1 2
o gy, BRI S 5% B I TE X 2% A 55 A% B AR TLRE N, BT DAAE VPO I S O R 2%
PBHRAE . FESRTT B R PIGCARAROT T T7 10, 2 R AR T B PR G(CMS) I 3R Y 1 e I 35 AL
PR < AT FEI (W) 3N B =S EE M RN BF PP SR & 48 b R RI 1 AHP 3R45[5]. #1755
SR HY T B 1B 3 PRIV D P S S B LR PN AR, R4 T RS TR AR A S R SR R A i AELL6] -
ARG S T B AR B T T B B R S )L DX IAT AR I 1) S R X 4 42 i B R = MR A
OREE A I T ST i R S B SRS I 22 AR [ 7] ARSI T AR AR R, IR RIS O
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EIEAT TP o e — AR bR A 58 SO S Il A B BE AN B B IR BE R, = AR bR guA 5E S HERA
KB, T XO—EEE, T X OWME., 2 X DGR, BB, BRBER. MBS A R M E
R SEFRAR[8]. HAMERT . b TN AT B AC I A ER R T EAR BT T & R AS @ A B PR b
AT AEHL[9] [10] [11]. AT 0L A it 2 S B i B A 0 55 4, AR {8 FH A8 8 A DR IR FR A
BHATIRUETHZ R, T — AN E ML R 0T LUE HOX e Fabs 0 20 A2 B 6t I T Hb T 2% s A8 @ B 4
Hn] DU FH T30 1 e T B DX A T B e D s LA R A TR B B VAN SR A AN IE A T
fEf oL, WRIRE E R R B 15 B AR

LN S E B FR IR AT 2 AN, W E BN AN LS TR R e B A T AT R A 2P R
UL R BRI 25 6 VEAN T 2R e A TAT AR ), BT R B, 8 TS0t . B T AC s e —4
BRI, A Fa 5 X R e B LE BB 8 X BRFE SEBr, B DR BRI SR & P OB . R
BT % B B AR AR, (H I SR o8 A AN 7 V8B 3 A% G I 2 M BRI 25 A VAN — 2%
[12] [13] [14] [15], #me KB BRRFE A& K F 26 Mhis A REAE 25 E8 AN FBAR I R H S e A B EEFR A . S M %
T BB ES B RERE T EUNE, B REETRREAGHETNELR, HFEASEHE
P o AR 255 VPN D7 1R RE TR AME SR M 25 S VPN TR AN A2 S IF BRI T KB v E AT
AT R FRIVPAN S i) @ [16] [17]. H HTHE& A KIAE AR L5 G VPN 77125 S T A8 @ 55 PPN i 5
Ho BT A AAEE VPN 2 T [E I 2B RN S W A A R AR A SR AR E AN DT T, BRI AE A
SCH 533 2 R AN WA R R IA G N BIE S AR AR 255 VRN iR, TR T o AR
LA LR A VPN 738 0 127 VR BRAE AN & S W0 H 07 0l e R4 A ) B 5 o 5 382 FE 79 77 10 DR 3R AR FH IX
IR, FG—FBREIAVHN TR S A TR i TE TG A PO K WS AT R 3R R AR T
WM. B e BT bl i P B A7 1 PR A 2k BT T A N 285 R B 1) S 3 i 2004 B0k 1 A 7 V) ml AT 1
HAG R
2. RIEEMZ BRI RAE
2.1, R EFEAMN R IRE R

PR — PP SRR E W, LIS ATHRE T DU I ISR A @ i e b, thanAdi@ s B (AR
R, IXEFRAR AT OB T 2GR . TR SR A S AR B DRI R T B R R s B A A
WA LU AR S S o O T PR B i B BF UE T A 5 TH . 76 bifg, TREAZIEIET . B A i
TR FRARRAE 5052 20 km/h, 35 km/h [6]. 7EAEIT, BREBUMBY S N 5 S, MBS B H A
I 135 %R, HIUANEME N 65 km/h, 50 km/h, 35 km/h #1120 km/h [9]. ZEIVE WA, BR B
FRERALIB UL EVUANBIE 79 1~5 G, BB BB ERIHE o IAE S5 AR PR A G i i i BB S a4
ARATT BV P N A FORE . B BESSE SN 5 B S IB AR B IE — AR, w2 e
—PRERWTT, SRR 2 AN BT, RIS RN R B B TR A B A B K SR R = R . AR
(% B FR PRI, E 4 R AR BL. BEARR BRI R P B FATIEAZ BN G. i RAER
SO (1) 2 B [18] 0 JE AR K B B AR /N T I b U I ITLIE (1 (R) o 45 bofg i V0 I 168 152 8 P 52 o 2 Pl A7
VRS, AR FH AR B K L) 1.9 km, K BE DL 1~4 km P8 B R LA

AHI FEIN R R R A AR A SR BFRERE . 2 10090 ] DA K RS ) = N EFE T, 430 FH i A
PRI G B AR LU RS AR R LR TR, RSB 2 LR S PN NEE R — MR & B
MV S5 R . AR5 SR R AT VE ARl B0 Th 1l T Pod i Sl iR bR &R, s 1 R, 1X e
FEARIEI AT D SEm RAR LR PR v SR, DRI 454 187 5 s A BV PN i T DA TS 850 E A
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Figure 1. Urban freeway network traffic congestion indicator system
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Table 1. Each indicator interval under different congestion levels

#* 1 TRIAHFFR T ZiarrXiE 5

[ER=E 30 BT 7 1 4 F35 25 (V) BB AR BISP)  SFFHRELRT I L 41(TP)
B EEAR ¥ 5 <20 >70% >70%
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LA e 3 [35, 50] [30%, 50%)] [30%, 50%]
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L 73 1 >65 <10% <10%
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Figure 2. Shanghai urban freeway network
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Table 2. The time-varying condition of traffic congestion index of the road network
= 2. BB HETE AR L E R

PRI B P-4 R (V) BF iR B EL B (SP) BFIFELIN [EI L B1(TP)
5:00~6:00 69.5 3.76% 2.95%
6:00~7:00 63.5 3.91% 3.05%
7:00~8:00 56.4 10.25% 9.67%
8:00~9:00 55.7 15.12% 13.72%
9:00~10:00 52.9 17.77% 14.28%
10:00~11:00 47.5 25.73% 22.36%
11:00~12:00 50.2 23.67% 20.02%
12:00~13:00 51.9 22.96% 18.85%
13:00~14:00 51.0 23.45% 19.02%
14:00~15:00 47.9 30.11% 25.53%
15:00~16:00 51.3 25.64% 22.35%
16:00~17:00 52.2 23.40% 20.70%

MR 2 MR, R RSEIE T AAS 205 WURCEL S S s B . [ SRR A AR I & 5T 70 A5
Bo AEGEARLAE RO SR & PPAN A 520 B 2R R AR BB R E , W 3 B A itk AR AR
SR VPO S B R AR A E e, ik 3 B=A. RO, ARG AN 2R S VRN
RAEH T EAE A, BGRARRIEBIZR S A 1 WA A KGEMEL T 2, Dol R IRZe it
WILEE PP AE ] T EBCE A SR mi 2 1,

Table 3. Subjective and objective weight and influence importance

#3 ERUNERTMERE

ECLa B (1) SN B 1 TARE A SN B 2

v 0.0336 1 0.7 7

SP 0.0790 3 0.2 2

TP 0.0797 3 0.1 1
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BITAFE T SRR SRR L =0 R KGR IR L7y BEe U, T DLBEAT RO SR 1740 o RO RE 2 AR s
BN S P SR 5
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Figure 3. Membership function of velocity
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Table 4. The evaluation results of congestion level under different methods

4. FRIFEATMEKFFMER

i Bt tFCM 751 NFCM 77 iNFCM 7%
5:00~6:00 1 2 1
6:00~7:00 2 2 1
7:00~8:00 2 2 2
8:00~9:00 2 2 2
9:00~10:00 3 3 2

10:00~11:00 2 2 2
11:00~12:00 2 2 2
12:00~13:00 2 2 2
13:00~14:00 3 3 2
14:00~15:00 2 2 2
15:00~16:00 2 2 2
16:00~17:00 2 2 2
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Figure 4. Road network average flow-average density diagram
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Figure 5. Average flow-average density of the road network after the upper
limit of the coordinate axis is extended to the standard range
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