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Evaluation of Urban Road Operational Status Based on Comprehensive Weight and
Matter Element Extension Model
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Abstract: In order to improve the traditional urban road traffic operation state evaluation method and
determine the appropriate traffic evaluation indicators, taking the comprehensive weight determined by the
triangular fuzzy number method and the entropy weight method as the basis for the value of the evaluation
indicator weight, and the method for evaluating urban road operation status is constructed based on the matter
element extension model. First, in order to avoid the one-sidedness of single indicator evaluation, based on
summarizing the basic and characteristic indicatores, the indicatores of average travel speed, saturation and
delay time ratio are proposed as the evaluation indicatores of urban road traffic operation. Then, the classical
domain matter element, the node domain matter element, the matter element to be evaluated, the associated
number are determined according to the matter element extension principle, the comprehensive weight of the

indicators is calculated by introducing the triangular fuzzy number method and the entropy weight method to
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avoid the absolute subjectivity and absolute objectivity of the the indicator weight, and the comprehensive

evaluation indicators are analyzed by the extensibility of matter element. Finally, In order to verify the

effectiveness of the model, taking the measured data of the section between Chang’an Middle Road and Yanta

North Road in the east section of South Second Ring Road in Xi’an City for example, the operation status of

the road is evaluated by the matter element extension model and the fuzzy evaluation method, and the the

superiority of this method is proved. It is found that the results of the fuzzy comprehensive evaluation method

and the matter element extension evaluation method are basically the same, but the former can only judge that

the indicator value belongs to a certain evaluation interval based on the principle of maximum membership

degree, while the latter not only can reflect the degree of closeness to the critical value of the evaluation

interval, but also can reflect the connection degree between each indicator and each level, and can convert

the incompatibility problem between indicatores into compatibility problem.
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Fig. 1 Urban road traffic operation status evaluation model
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Tab.1 Urban road traffic operation state evaluation criteria

W EER W
SRR Vis V>V, x70% Vi x50% < V<V, x70% V,x40% <V, <V, x50% V;x30% <V, <V, x40%  V, <V, x30%
JE A E] L [0, 0.3) [0.3, 0.5) [0.5, 0.6) [0.6, 0.7) [0.7, 1.0)
aRilES [0, 0.4) [0.4, 0.6) [0.6, 0.75) [0.75, 0.9) [0.9, 1.0)
BRI EER % 388 HA N8 REEHT TR FEE IR

VE: Vi B BCT TR VO BB
2 EINYITRIRER

B Q, T 2B AT ARBLER j AN 2k, C,
S L ERERR, VRS SRR ISR (E, Y
BYITR=[Q, C, V],
2.1 MEYTAHITEMERFZEEY T

Yool P AR 1) 2 S JuHE [ R, AT LA
TN

Qj ¢, Uy
C, v,
Cy v
Q,‘ C, (ajlibjl)

G, ((112, b,z) (4)

CN (a’ja’ bj;;)
:—thjy Qj(jzl’ 2’ 3, 4’ 5) j"jiilzm%g&; Ci(izl,
2, 3,0, n) NIFMIEDS; v Capy b)) AP R

C TEVFT 54 Q; Frx LY BIETE [, R 4 oo n]

PRI 28 L
2.2 HEMTAETAEE T
W RYITCRNE R, T LAFR K

Qp CI vp]
C, v
O R
CN Upn

Qp C, (apl’ bp])
Cy (a,,b,)
{b, R, AN SFRI A v, C BRI RS
Bl B 3lTT A2 3 0 7 de
2.3 WMEFTYIT
f#ii]Z%ﬁMl<l:15 25 33”" m) H‘J%ﬁﬁ@
Rwﬂ‘ui%/jf\‘ﬂ‘:’:

Qp C, vy
Ry= (M. Cov)=| @ "l ()
C‘\" Uln

S, o, BT LRI M, TSR €, BT



54

WER, A T A ACE AN T H R T I S T TR AT 115

{EL,  BIRFVES (][] e N O 45 br 0 BRI
2.4 HEEGERKEKE
PyoC T VA o T ) O B QIR B, DRk
-p(v;, vji)

Ki(v;) = { vﬁ|( )
P\V; U;

JERR T BB AR5 25 P S TR YR R R
AR AT ¥ P P 0 P S, U HOR) A S K R R
BORIRIE K (v,) s HRAZ:

v, € v,

(7)

p(v;, U})i) -p(v;, Uji)) ’

v; — %(aﬁ + bji) - %(1’,’; - aj[) , Bl 5 Vi IXI‘ETJ(G,'M b,z) ) I

p(v;, ”ﬂ) =

1
v; — ?(a/)i + bpi)

X, Ki(v) o BIERRRELG o A FRFIFYI CTESS
PEOTIEDS € P XS RLAYSEPRE(E v, O e Sl b A5 O
frshR ¢, TR (a0, b)), |1 =
la; =b; 1

N T R BEREUEAT o0 A AN LA, H it AR E
HIREKEE K, (v,) MRAEA (8) dbAT Byt 3,
PRI K,

K, (1)
K = K (o) 1°

2.5 MENE

TSR TE i A7 RS PR 2o it o 45 A AU 9 1
SE I35 AT B3 T AN AS [ 230 LA 3 M
WG I% o F2 WAS B 32 i 2~ 5% 5 L 28 6 B W
SO B ) i EAT A WAL, X 2 T 3 A7 1 Y Bk
MRS TN, Bz X LR 4 3 B, AR gy
Brik . =ABMIROE SR & TR ik il i SR AR F Y
B 3 B AR AR UEAT H L AT R T A, X Ty
R X, B EUARAE, WRALE
FISCRBGE A L, BTF0RE T 0028 50 A0 4 L
BB BT A A &, I F8 AR AR 5 52
PRREEEAIAT &, R EN R ER PR ASBETOR =
BEMIAGE MR AGE 5 Y oC il i E iR 45 45, R
SABIRGE 2878 K 4 A5 VA 95 im0 S0k T
EACE, B A i 22 2% PE A 4 B o oL 114 500
ATt S b i i e & WAL, — 3 i WA R A A
CREBE, BEITR I IC AT 30 PP Y 36 0 i 52 i
IEAPIRGLIEAT 2 B PP, AT Rk~ 5 B A A 2 Tl
A TR

(1) T = A onfh e A

OREIr o BER i DLRZME j DN IEIR S
IR B 1y = Lay, by, o] (i=1,2,-, n;
J=1, 2, m) o ag N i DNRFIIEN AR IR j R0
REBEZ B IR T 0 B by 080 SR R XHETR j #

(8)

v, ¢ v; Hp(v,, v;) #0

- %(bpi - api) , Bl 5 Vyi B:I‘Eﬂ(api ’ bpi) B 75

WA R RE 2 R FTRE 2 B ¢y AR @ DT X6 bR j
SRR T 25 Y S R B

Q MELERXIFMIIELE = [e, e, e, -,
e, ], e, N n DRRE MM BUELELE /T B0h B
i He il

@ BRI GBI T = [a,, by, ¢], [ay, b,
el e, la,, b,, ¢, 15 6 AEOEME T /955 9,

L, =ejor; = I:aj,bj,c/-}(j =1,2,3,--,m),(9)
X, a HVEBTTEER J S RSFIO B s b, PP TS
bR ECRTRER I EUE s ¢ IO IR IR J B SR WL 73 2
fHo “o7 RWEMIG T, BFCRATMBCE Y 85
TM(®, @) FHFATEMG R, X FZZH ML
BRI T BA X 2R R E IR, BB AR B
T A A B R B 207 T e ™

D E = ABRIERE . 265 7 D PEN R AR A
GZIE

v"= (a; +2b, +¢,)/4,j=1,2,3,---, m, (10)

WO M IR bR = OB &
WL H— AL PR FIEE A

a =
[ala Ay, A3,°"", am}T,
FRVR IR
a; = v;’/iv;'o (11)
(2) BETRAGE e E
@ XHFEEEVERFIE X = (0,) ., HATARUECAL I,
By A EVEUHE o S IZE R, AR
i = maE@J;TTEZi@)O (12)
Q@ HEIHN RS C, 1T e, , AR
&

e. = —
" Inm#&

N Yii
itquli = Ml o
zyli

I=1

Py Inpg, (13)




116 AN

ST 5

538 &

@S C IR, B b = 1L,

1 —e

Z(l —e;)

i

’ bn ﬁj\%ljﬁﬂ Cl5 CZ’ C}"“;

b, =

i

0 (14)

Bi b, by, by,
Cy AL

(3) WhELREAE

BERARE N w, NEEREAE w;, 5 o, M1 b, 0]
ABHAT, MBI B 2y bR

. wi n &
min F = ;wi(ln ai) + ;wi(ln bi)’ (15)

s. t Zwizl,wi>00

i=1
K] Lagrange 371K il Bk, wlfs
(aibi)l/z

i n o

Y (ab)"”

BB (16) $HSFIPUG R RIS A BT
2.6 HEFTHEL

AR A B e RO O 2 0 5 07 61 85

C. MR BT w0 (Y, = 1), FHHLHFEEILES Ry

XTI N, BIEOCHEIE R

K,'(RM) = iwi[(;‘ia

A, K(Ry) 507 BE Ry 26 9 6 4 9 N, 19

(16)

(17)

SBFE. BK(Ry) = max| K (R,) |, MEFIFHIC
BT o

3 B

TEPERETE S VG %0 T 7 30 6 AR B 22 vp 5 )
PEALES Z ] B PR X 5, B 3 IR A A
Ferp eSS AL 7 2 N B BOle A B I A a1 1, K%
AT S P B B A R 3, TSI A R [ )
FIBSRAL SRAAE I RIR S i 22, R A A
SRR 3 Z Ay 1.3 km; 7ERZERFRAL
Mr EBCE A A 2, PR BRI 2 B,

K b e

e » 7"

i i [

i e i \\
— = B = 5—

R R
1'43
A

2 pEHATEE
Fig. 2 Schematic diagram of survey site
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Tab.2 Average travel speeds at different time
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Fig. 3 Variation of saturation in road section
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Fig. 4 Change of correlation of traffic state to

each level in each time period
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(2) 5T 2345 BCE AN o0 n] 305 150 (9 3T 3
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Tab. 6 Connection degree of each time period
= 1 2 3 4 5 6 7 8 9 10
7 B 0.133 0.075 0. 180 0.278 0. 141 0. 056 0.013 -0.032 -0.038 0. 002
PN AR 3 3 3 3 3 3 3 3 3 3
TR 559 3 3 3 3 3 3 3 3 3 3
g 11 12 13 14 15 16 17 18 19 20
I 2 B 0. 030 0. 060 -0. 006 -0. 004 -0.033 0.043 0. 049 0.023 -0.068 -0.125
TR 3 3 3 3 3 3 3 3 3 3
RO 559 3 3 3 3 3 3 3 3 3 4
=) 21 22 23 24 25 26 27 28 29 30
I 2 B 0.025 -0.099 -0.167 0.258 0.233 0. 157 0.241 0.137 -0.122 0. 098
NG 3 3 4 5 5 5 5 5 4 3
MR 294 3 4 4 5 5 5 5 5 4 3
e 31 32 33 34 35 36
R 0. 044 0. 088 0.071 0. 095 0. 100 0.115
WSS 3 2 2 2 2 2
R 3 2 2 2 2 2
IBATARBEIEAN e R 1 48 AR A 4 X F2 004 11 446 ) 7% 187848

WLPER BB, DT 45 AR A 45 S B A JEE AR 4
S PR A HER L

(3) Yoorl IR I8 T A48 br 5 % S R Z ]
(IR R FRIE | b 2 18] A AN AR 28 [ LA B 4% S B
(E45 TP DX IfG SE A BE

(4) DAV TR 3R B AR BU 2 i S S L
I 2 18] et B 14 S 840 DA 491, e e AR 25 5 T
LA B A B TR AT IS, BiE 15 T W
B RIP) o0 AT 30 0F O B Y BE A% Al . A7 R0 S e TE
A% I 1] BE N B384 7R DL o

S 30k
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