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Iterative learning control for urban traffic signals and the impacts on
macroscopic fundamental diagram of road networks

YAN Fei, TIAN Fu-li, SHI Zhong-ke'
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Abstract: Aiming at the difficult problem of accurately modeling traffic flow in urban traffic signal control, an iterative
learning control (ILC) approach for urban traffic signals is first presented by using the repeatability characteristics of traffic
flow, and the convergence of the ILC algorithm with initial state uncertainty is proved by rigorous analysis. Then, the
impacts of the iterative learning based traffic signal control strategy on the traffic conditions of road networks are analyzed
by using the property of macroscopic fundamental diagram (MFD). The analysis results show that uniform bounds for
the system tracking errors are obtained when the initial states of traffic flow fluctuate in small ranges. The actual space
occupancies of each link in the network can gradually approximate the desired ones through iterative control of the traffic
signals, which makes the vehicle density distribution in the network be more homogenous and ensures traffic flows run under
a well defined MFD. Therefore, the traffic efficiency decline and traffic congestion caused by heterogeneous distribution of
vehicle density are effectively prevented. Finally, the effectiveness of the proposed method is verified by simulation tests.
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Fig. 1 Link traffic flow model
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Fig. 2 Urban traffic network

3 o)A (Problem formulation)
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Ff 2% % BRAS) Ry B ) XU . S [ S BB ) F) 2 1) 2R 0 ST
BR[21]. FESEE B N: (55 AMN120s; 2 X H
TR IS A A 12 s, HARAS XTI AR A A8 s; i
BL2f K B N650 m, B B4R 131 K B 1000 m,
R B A B N500 m; PR R A0 = 0.05; 54K
anFERE S Q25 THEA R, M- KE 6.7 m;
BB b HADSE S IE B El A 2
Ioh 070 22 R MR 55 2 35 D A8 1B R VISSIMAK 14
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Table 1 Inflows of the network (veh/h)

&I B B/min - T2 3 zg Zg

0~20 600 1000 600 800 600

BB 20~40 1000 1400 1000 1200 1000
40~60 800 1200 800 1000 800
0~20 1800 2200 1800 2000 1800
IE2  20~40 2200 2800 2200 2400 2200

40~60 2000 2600 2000 2200 2000

{1 B AP 5 282 1) [ 2 BC B (fixed-time, FT).
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Table 2 Simulation results
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>

ILC 6347 3.74 29.87 4870
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-

ILC 164.82 2429 20.73 6948

) 3 5 B4R (%)

Table 3 Comparisons of the simulation results (%)
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Fig. 3 Occupancies of links 10 and 12 for Scenario 1
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