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Adaptive control strategy for isolated intersection based on
phase queue simulation
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(College of Automobile and Traffic Engineering, Wuhan University of Science and Technology, Wuhan 430065, China)

Abstract: An adaptive control algorithm based on the in—phase queue dissipation was proposed to address
the issues of low control efficiency and high model complexity in existing signal control algorithms. Firstly,
a prediction model was established to optimize signal timing parameters, and calculate the vehicle's
stopping delay based on traffic shockwave theory. Secondly, the acceleration and deceleration delays of
vehicles were calculated based on the speed variation curve. Finally, state transition matrix for constructing
dynamic optimization model was proposed to minimize delays, thereby realizing full-stage optimization of
intersection signal control. Compared with fixed—time control and actuated control methods, the proposed
method respectively reduced the average delay by 55% and 27.8% per vehicle in ultra-high-traffic demand
scenario and reduced the average number of stops by 58.5% and 10.1%. In high-traffic demand scenario,

the average delay decreased by 36.1% and 14.6% per vehicle, and the average number of stops decreased
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by 23.4% and 8.7% , respectively. In medium~-traffic scenario, the average delay decreased by 22.8% and

10.5% per vehicle, and the average number of stops decreased by 3.3% and 2.6%. The results indicate

that the algorithm proposed in this study can effectively improve the traffic operational efficiency at isolated

intersections under different traffic demand conditions.

Key words: engineering of communication and transportation; adaptive signal control; phase queue

simulation; flow prediction; dynamic optimization
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Table 1 Medium load experimental scenario traffic

ik HAT/ATA FE:/ At/ it/
0 /[(vehsh™ ") /(psh )] (vehh™') (veheh™) (vehh™')
% 297/161 147 114 558
) 213/137 78 120 411
&) 694/251 111 60 865
(4 660/140 102 33 795
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Table 2 High load experimental scenario traffic

ik HAT/ATA kek/ ikt / it/
M /[(vehsh ) /(psh )] (vehsh ') (veheh ') (veheh ')
K 396/214 196 152 744
il 284/182 104 160 584
5] 925/334 148 80 1153
B[4 880/186 136 44 1060
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Table 3 Ultra—high load experimental scenario traffic

biis HAT/ATA e/ i/ it/
1 /[(vehsh ")/(psh )] (veheh ') (vehh ') (vehsh ')
K 495/268 245 190 930
7 355/228 130 200 685
] 1156/418 185 100 1441
E[4 1100/233 170 55 1325
=4 BRAR
Table 4 Timing plan
o HATHE] /s e BT/ s Yty i
[ /N G [E /Y G ity
K 45/35 30/25 lead
i) 30/25 15/15 lag
] 60/35 20/15 lag
It 60/35 20/15 lag
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Fig. 9 Comparison of delays from different thresholds
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Fig. 10 Comparison of control benefits under different traffic loads
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