Accepted Manuscript

A novel traffic signal split approach based on Explicit Model Predictive

Control

Ke Lu, Pingping Du, Jinde Cao, Qiming Zou, Tianjia He, Wei Huang

PII:
DOI:
Reference:

To appear in:

Received date :

Revised date :

Accepted date :

S0378-4754(17)30392-0
https://doi.org/10.1016/j.matcom.2017.12.004
MATCOM 4524

Mathematics and Computers in Simulation

28 August 2017
12 December 2017
13 December 2017

MATHEMATICS
AND COMPUTERS
IN' SIMULATION

Please cite this article as: K. Lu, P. Du, J. Cao, Q. Zou, T. He, W. Huang, A novel traffic signal split
approach based on Explicit Model Predictive Control, Math. Comput. Simulation (2017),
https://doi.org/10.1016/j.matcom.2017.12.004

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.matcom.2017.12.004

Manuscript
Click here to view linked References

Available online at www.sciencedirect.com M ath &

ScienceDirect Comp in

J,” [l
ELSEVIER Mathematics and Computers in Simulation 00 (2017) 1-11 M

A Novel Traffic Signal Split Approach based on Explicit Model
Predictive Control

Ke Lu*, Pingping Du®, Jinde Cao®*, Qiming Zou¢, Tianjia He®, Wei Huang®

4School of Automation, Southeast University, Nanjing 210096, China
bSchool of Management Science and Engineering, Anhui University of Technology, Maanshan 243032, China
“School of Mathematics, Southeast University, Nanjing 210096, China
dSchool of Computer Science and Technology, Harbin Institue of Technology, Harbin 150001, China
¢Intelligent Transportation System Research Center, Southeast University, Nanjing 210096, China

Abstract

As a consequence of the rapid growth of vehicles in cities, urban traffic congestion has become more and more serious nowadays.
As an effective control approach, Model Predictive Control (MPC) has been deeply studied for transportation management. How-
ever, the relatively complex on-line computing hinders MPC from being further applied on transportation system, especially for
large scale transportation networks. Based on the refined store-and-forward model, we propose a signal split control approach
with Explicit Model Predictive Control (EMPC) in this paper, by which the complexity of online optimization can be significant-
ly reduced. With multi-parametric Quadratic Program (mp-QP), our approach can generate explicit signal control law, and then
shifts the former repeated online signal split optimization offline. As a result, the real time signal control becomes an easier task
by searching the lookup table corresponding to the transportation state. The simulation experiments demonstrate that our EMPC
based approach outperforms the traditional fix-time signal control. Meanwhile, compared with traditional MPC based approach,
our approach can decrease the total computation complexity, and then increase the applicability for real transportation system.
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1. Introduction

Nowadays, due to the rapid growth of vehicles in cities, the urban traffic congestion is much more serious than that
of last decades. Meanwhile, as the scale of urban traffic system becomes larger and larger, it is incapable to control
only an isolated intersection to alleviate the congestion of the whole traffic network. As a consequence, advanced
traffic management measures are required to control traffic system coordinately [1]. Compared with various methods,
plenty of efforts have been dedicated to improve the efficiency of the existing transportation infrastructure [2], and a
large proportion of the studies focus on reducing the traffic congestion by optimizing the traffic signal split [3, 4].

It has been demonstrated that real-time signal control are much more efficient than fixed-time control for allevi-
ating traffic congestion [5]. Since the early 1980s, a large number of traffic-responsive urban control (TUC) systems
have been developed to address the issues of real time traffic management, e.g., SCOOT [6] and SCATS [7]. These
two systems determine the signal timings based on an adaptive control approach responding to the real time traffic
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