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Pricing Method of Urban Rail Transit Considering the
Optimization of Passenger Transport Structure

LIU Mei-yin, WANG Jian-wei

(School of Economics and Management, Chang'an University, Xi’an 710061, China )

Abstract:  Fare directly affects the passenger travel mode choice and the structure of urban passenger
transport. A bi-level programming model with the minimum travel time of the urban passenger transport
system is constructed to optimize the overall structure of the system based on comparing the relative
superiority degree and influence factors of each traffic mode. A numerical example is given to verify the
operability of the model, which suggests that as the fare of urban rail transit lower, more passengers would
choose the mode of urban rail transit instead of buses or private car. With the gradually increased of urban
rail transit passenger flow, the generalized travel cost and the total travel time will be reduced. Due to the
impact of the fare, how to increase the passenger flow should be primary considered to enhance the share rate
of urban rail transit system and display its advantage of large capacity and short travel time when making the
fare policy of urban rail transit system.

Keywords: urban traffic; urban rail transit; pricing method; optimization of passenger transport structure;
bi-level programming model
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Fig. 1 The process of passenger flow in urban comprehensive transportation system
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Fig. 2 Passenger travel time component

@ Tyo, Lo WV, FomEFiFP 2238 J7 =2 & 2o
S AL ATI ] BEES FEURE S Ty, Ly NV, RN 5
g 7 = B A 2 H 0 A5 AT s E) R S
FIRJE s FAN /IR AN LR A A5 A T TR ERUE M 0.

L,

Two,i = TZI (5
Ly,

TWD,i = V. (6)

@ T, i 2838 Jy AR ol A5 S i ]
HHR De Cea %5412 HY 1 20 2L A2 38 45 2= 1) (1], %2 IR
KBTI £ S Sifh 2238 Jr 2 & 4=
A 8 TR B ) P i 2 AR =X (7) A G & 5,
A VR AT, 8=0.707/f, 5 T 038 A2 38 1Y
8= 0, W T s 2838 1R AN, 52 AT IR EE S M
AN AR AHYR A U ZE R 55, RTINS VAT SRR (], A5
BOATHET,,. .-

_lozry+s]
Twail.i - T (7)
@A) f, ,i=HIAZS:
S (L VARES b e ®

0, = AR
0, i = AN NREE

@ T, on 27N SN A Ty ATE I 12 i 5] ) T
AE 5 A8 AT B R R0 ZE 5 R (R AT AR R AR iR B AT B
], A AN

Loy oruion.:
_ Operation,i,s
T i = 77 ©)
opration,i,s
S L
_ Operation,i,s
T i = 277 (10)
s=1 " opration,i,s

Et EP : Tuperz\i()n,i.s N LOperuliumi,s*nvupruﬁun,iys’%%i—\‘ ;T@g ﬁ%%g‘{k
K A2 7 s ATt a] AT R S - is A
JE A2 U SR 58 FT U Ry s A7 IR 1Y 8%~12% , Ik
TSI 2 T IE R HUE M 0.
L, .
T ot = (11)

opration, rail,s

e [ 39 T 2 308 S A1 SR Al RS 25 11, B A 5
FER A ERN T 20, M, s S5 22l 7 XA E—
FrrpefsB i AT 28 Oo).

— mlmﬁi(' 2 Li ngasi(:
M=\ + &L~ L) 1> L (15)
S o, R, RS AR A TR

AP R B (km) 5 LR 3R 7R 2 55 i A2 5i Ty iz
7 HE B (km) FER H R 25 0 4% 5 5007 2 B A0 A%
(Jt/km).

FANNRZE W A AT, 42— A KTE
PrIHEE AN A3 2% F AR 2% F 25 A, FAN
INREE SR IAT SR FHM R

M, = (Hg,+E,,) L. (16)
Ky JNE,, I3 R AN NG A B
HEAE I AE AR (U8 /km).

(3) FFIEPE.

TENPETEE 4 AT 2 A A i 3l U =X
R, SR AT 2 51 ) BRAR AR IR PE 5 4
(201 1) H 1 3l 55 28 BE A ofe , 2R a0 3 30 7 =58 s B
[HET % U, (D).

_ Q.
Pis= Gi (17)
U,=¢. Y.L, (18)

Ko TR iFh 2238 7 020 s B I 7 &
B Y, BN SR a2y 20 AR s B 0 3 B 2 R
(JG/km); L, Fn 55 i3l 77 5 s B A BE 25 (km) ;
Q. NG, 53 S 37 SR 388 Iy X 1) 27 s B 1 3l 37 7%
DL e R 2 PN (I 2 A i B 1 T R ) 4 1
AT LA A AR AR (A

Zi LA KR (2), iT LA B 2R P ac i 72t
R H

F.=6,T +6,M,+6,U, (19)

K :0,.0,.0. 3R HATFR] 25 AR SRRl 2%
FHR AL R AL



56 LB AG TESER

201746 A

3 EMREgE

e 5 AN [ AR 3 5238 75 2B A ik T
LR A, A28 Jr AR AT 52 AT I
)R A7 5240 (B ) A5 P B — A2 7 X
JRJE AT IS TR] A B S AR AU R AT 2]
T EZ B S ] ORI , a] DA £ Ty 5
(4 AT A, B2 R 3fe 2 R AT AT D R LA AT
R, AT FHXUZ R R A T i

LEBEY min Fey()
s, Glx,y(x)<0

ZRAH min f(x,

PR st g((x,;/))$0 @D
Ao P BRI e a2 19 H bR R ECFIPL R
A GAEXT S BB AT f R T 2 R A
FE B H AR R A T 2 BRI TR ) pe 3R AL 1 5 g
X AR Ty I 2B 5 y () SN RS

ZIE R s E T 207 2 2 AR R 25
M2, o] LU G =(NV, D, Joh N1 54 LRy
BB DR L, IR T A ACH R INRZE s i
W 4355 MG, =(N,.L)G,=(N,.L)&%G,=(N,.L,),
T 1 - 9 26 h A 45 A HR % A/ INAE:
FHR AR 4 A A s a7 X, Pk I I A8 38 - W
Bz SIS EE s ORI ACH T M 45z
M. slﬁ’]%ﬁé%,Qﬁr\ 52 8] Y52 38 T oK & S )
(i) P9 3 T 22 308 X 45 32 T R OD AR Fefa e , RIQ,
TR R AL,

(1) 2R,

S F AT A A B KA, R A R G AT
I SCRUASAE B dse /s, AN TR) A2 07 = AT 2005 A
a2 RS DL A7 AR e /N Ry A
Hbr(EP R ik scil ) XK iz e Sis b A Z
FSRE R/ N).

minZ=Y £:q,u,)F, (22)

sit. I qw)yu —quyE =0,u,, <u <u,,  (23)
g, () N S8 T N i s F o e 30k
PR N SSE 7 AU B B PC A RE 5 1k BB 52
10 2k iz 8 R s u, N SR A8l O U B R L,
SR T A S AN 3 5 B Ry BT 3 A i B T
FIBEIAS € NS iE 7 A, — B L.
3 (23) 27 I T B 2 i 0z AR 1T 2
TRPAFIEA LT an , LIS g 8, Blis
WA R T4 T A BEE i B R, R B

(20)

JE I T I S S R A AR AR R, S PR df 5
F 7, LB A IS (R HE g — 1 e
e {E.

(2) NZRIIRR.

e A7 7 AL P, T2 BRI X 25 o 5238 7
AR i A7 W, 2 s A 52 ad 7 5, 2%
12 R R PR A T RETE B R , e A5 2 T ANE R
ARG IR BT JE I 32 2R BB
PPl

minZ=3 3 3 Cr(x)d (24)
st DY fP=q; VkeK";f7=0  (25)
ks
%= 2 8 (26)
ks

Ao 228 [ 75 R P 8y ) A H bR pR S AR
PR 28 BT AT B BEI S5 o IS AT BB B o N
P Bra B B i 5 C (o) Bz s s Sk SR AR
B AR A TS R R A7 2% FH (3R 2 22 )
FIR), A R HC (W)= F, =0, +0,M. +0,U. ; N I%
ML 2 RNz S, s S RAR SR
B 5 g FeRETZ sy SRR 87, Rk
1z R, SRR AR S alk BO RN

4 REUKRE

7 8 3 OUZ IR R SRR A R U AR, 2R
FH 2238 75 3% I fit g, (w, )X 308 T #0038 5 3 S e, 1Y
SEOCHRAE R R eREL, B £ (q,u)n] HZ8 8 T =X
IR

0.0)= a6+ S =) @)

EENP WIS E ISR
R e TR 5 A g e AR AL A T, 2 )
RIS e DALk (RIS B0 T LT SE 241, AU
SEROR AT E ISR, 15 H 5085 19 52 38 J7 =X
FU, BRSO 1 RO -

Step 1 WG ALBIAI S HCIE i Kt T 2 LA
B 25 45228 7 A0 iR I AT i g, (u,), 254X
AAG = 1.

Step 2 g, (u,)>K i L JZH R SR )2
PRI b e I A7 FE O, oAk AR HL.

Step 3 FHO=Kf# T ZH KR AL,

Step 4 v WS, D452 11 2645 77 00



174 53

5 SR T 3 S AL DU Y3 T P S 3 4 D5 T 7 57

A j=j+1, %% Step2.

TR R AL AL B B SE A R -

Step 1 14 55 n b 22 38 Jy ) I s BE O
{2} =123, MR N Fu, .

Step 2 HUHT 4R gl W HATBRBL, B4
238 77 2 AT )T Al & i 4542 4 U
AT S AT SR AL

Step 3 i I8 447 A JoJFE T I , 753045 5 =8
(R B4

Step 4 gkt Ka.

Step 5 HHiE, HliTE

o= aly) = x) Yan=1,2.3
g, =q +a(u) ~q!),Vrs,n=123

Step 6 FJZHBNISER , ¢ " - ¢ <5%1%

1EIEAR I, Aon = n + 155 2 Step2.

5 BHISH
VAR I8l 5 3 0 8 ) oK R g ARk 341 A

N T T EE UL R RA N/ IR AR A G T
PR/ANRA  ZEORMEARTA , 384 THE J1°4 2 400 veh/h,
R A ISR TRE ST A 1200 veh/h; I BB SL
T BHHIARE ST 1 336 AUU/h; HABS KU PE(E AN
VAR 2 PR W AT IR R (AR AR L i AL
A3 ST A SUZ AR, a] LA BN RS2
PREIBEE G2 E A GaE W MRS B
ATV, PSS RANER 3 &1 4 M 5 i,

3 T A3 1) 2 A2 Jy X 5 T 19 2% il 42 14
Fig. 3 Abstract graph of traffic network in a city traffic

network
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Table 1  OD demand in urban transportation model
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Table 3  Adjust the fare of urban rail transit, the network

balance when the transport mode selection results
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Fig. 5 The change of system travel time in urban rail transit fare adjustment
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