$38% H2W NI S = S 3 Vol. 38 No.2
2021 422 H Journal of Highway and Transportation Research and Development Feb. 2021

doi: 10.3969/j. issn. 1002 - 0268. 2021. 02. 018

X F MFD 56 & ryih 57U 28 5k B

FHE, A W
(L PIRZCEAS: OB S, 1 R 610031
2 WRACEKY  SASCREME R S A TRKE, MU A 610031)

t

4%
op

WE: ATEBRTPOFELIRRGBMEFME, ELTHNARREREH TLEASEUAKRE (MFD) #i4a% 22
W, RET—HEATA P AR PATHGEBRTRBEOREENKE, ZRBS A LBL)REBBEFTEEZLT
—AFAE R dEiER . ERMEMIEFK R DR, A TIESKR DA MFD Aa X455 A A SUEM R AR . b ZEEA ¥ B
ARG oG BARIBITR G, AR BA TR A B4R, TEAERNREA P R EEFTHIRA Wardrop % — 2 22,
MEEEFRTORA P -, 42 KR 3E B 403 AL 09 AR A TR T A B, RN W& & ok E LI K W
%5 B G ARG, BESREAFW FkRMTEEAR, B A Pl 88 o 0k 0 652 7T 47 Mt 4T
THIE, ZREAW, FhATESGATKERREEARRRG M BAZTEFTERBKRIWL, FHIALLRES
ROGBAT ) AR B Ak, FEIA R B A R R XA AT LA,

KA B AT BBERF RS, BUAAE; REAXNER; HBAE

RESES . U491 TERARIRAD: A EHE: 1002 -0268 (2021) 02 -0139 =07

Cordon Tolling Strategy Based on MFD and Distance
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Abstract: In order to alleviate traffic congestion in key areas such as city center, an optimal pricing strategy
based on the distance that users travel in a given cordon is proposed based on the theory of MFD. In this
strategy, a non-negative, non-decreasing, and nonlinear distance tolling function is defined by piecewise-
linear approximation method, and a bi-level programming model based on distance tolling function and the
characteristics of MFD is constructed. The upper-level model considers the overall operating benefits of the
system and aims to maximize the output flow of the road network, while the lower-level model assumes that
the user’s route choice behavior obeys Wardrop’s first theorem to construct a user equilibrium model under
fixed demand. In view of the non-additive property of the route cost caused by the nonlinear distance tolling
function, the conversion between the real network and the virtual network is realized by using the network
transformation method, and then the lower-level model is solved by the FW algorithm based on road section.
Finally, the reasonableness and the feasibility of the tolling model and the algorithm are verified by the
calculation example. The result shows that the implementation of cordon tolling strategy based on distance can
make the outflow of the cordon area maintain the best level, and obtain the optimal tolling function for the
efficient operation of the system, which proves that the nonlinear form of the optimal tolling function is

realistic and effective.
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network
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Fig. 2 Piecewise-linear tolling principle
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Fig.3 Illustrative example of network transformation method
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Tab.1 Link parameters of simple network

BB EHRE/s  S@ATRES/ (veh - h ™) KJE/m
1 20 2 400 200
2 30 1 200 300
3 40 600 400
4 30 600 300
5 20 600 200
6 30 600 300
7 30 700 300
8 20 1 500 200
9 30 700 300
10 70 600 500
11 10 1 200 100
12 20 600 200
13 30 1 200 300

2 WEHBESH
Tab.2 Parameters of internal routes
MR AR 2H B KJE/m
1 2,7,9 900
2 3,9 700
3 4 300
4 2,5,6 600
5 2,7,8 600
6 3,8 600
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Fig. 6 Distance-based optimal tolling function
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