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Adaptive Signal Control Method Based
on Virtual Dynamic Detection

JIANG Xiancai, XING Ling

(School of Civil Engineering and Transportation, Northeast
Forestry University, Harbin 150040, China)

Abstract:

detection methods in capturing continuous and dynamic

Given the limitations of traditional fixed

vehicle information, we propose an adaptive signal
control method (ACV2D method)

dynamic detection for

based on virtual
intersections in a partially
connected traffic environment to address the issue of low
signal control accuracy. Through the ACVZ2D method, the

position-variable virtual detection section and interval are

Wk HiH: 2024-11-29
BT H . BIRITA HARIERE4 (PL2024E012)
HB—1EH ?'%7? HP, Tt BRI o

B, PAJKIE 150040)

built to replace conventional traffic flow detectors. After a
signal phase gains the right of way, the initial green time
is calculated based on the position of the farthest
connected vehicle (CV) in the queue. Simultaneously, the
measured CV data are used to predict traffic flow
conditions within the virtual detection section and
interval, as well as the duration of phase green time.
During this process, the consistency between the
predicted and actual traffic flow conditions within the
virtual detection area is monitored. When the prediction
results deviate, a real-time correction model for signal
control parameters is constructed with the objective of
minimizing the average vehicle delay. Taking the predicted
vehicle arrival time as the decision point, the dynamic
programming method is adopted to solve the optimal
signal phase timing in a forward sequence of signal
phases. Simulation results demonstrate that when the CV
50%, ACVZ2D method
significantly outperforms reinforcement learning-based
adaptive signal control methods, such as 3DQN and
3DRQN, under medium to high traffic volumes. Further
research indicates that the effectiveness of the ACVZD

penetration rate exceeds

method is jointly influenced by two factors, i.e., CV
penetration rate and the sum of key lane group flow ratios
Y. The larger the Y value, the lower the required CV
penetration rate to ensure the effectiveness of the ACV2D
method; conversely, the smaller the Y value, the higher

the required CV penetration rate.

Keywords: traffic engineering; intelligent
transportation;  adaptive signal control;  dynamic
programming method; virtual detection; partially

connected traffic environment
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Fig.1 Schematic diagram of virtual detection section workflow
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Fig.2 Schematic diagram of virtual detection interval workflow
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