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Abstract: In order to effectively alleviate the coexistence between traffic congestion and road resource idle caused by the 
tidal phenomenon, the variable lane optimization setting method was studied considering the influence of lane number on 
road unidirectional capacity. In this method, on the premise that the normal passage of the light traffic flow direction was 
ensured during the variable lane implementation process, the mixed integer bi-level programming model for variable lane 
optimization was established based on the price-quantity regulation of disequilibrium economic theory with the minimum 
total travel time of the system as the goal. Besides, the particle swarm optimization algorithm was used to solve the model, 
while the validity of the model and algorithm was verified by numerical examples. The results show that optimizing the 
variable lane setting from the system level can make full use of the idle road resources in the light traffic flow direction to 
improve the road capacity in the heavy traffic flow direction, which changes the travel time function, and then adjusts the 
redistribution of traffic flow on the road network and balances the saturation of each road, making the road network 
structure better match travel demands, and reducing the total travel time of the system economically and effectively in the 
case of specified road resources. 
Key words: traffic engineering; tidal phenomenon; variable lane; bi-level programming; particle swarm optimization 
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Table 1  Average capacity of per lane 

n/  2 3 4 5 6 7 n 

cn/( ·h�1) c2 0.928 1c2 0.894 0c2 0.874 2c2 0.861 3c2 0.852 1c2 nnac /)2(
2

2e �
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Table 2  Average per lane utilization factor 

n/  1 2 3 4 5 6 7 n 

n�  1 0.935 0 0.867 8 0.835 9 0.817 4 0.805 3 0.796 7 nna /)2(20.935e �  
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Fig. 1  Test road network 
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Table 3  Characteristic parameters of each link 

 
/h 

 
/( ·h�1) 

/  

1–2 0.25 600 4 

2–1 0.25 600 4 

2–4 0.15 600 4 

4–2 0.15 600 4 

1–3 0.15 800 3 

3–1 0.15 800 3 

2–3 0.10 800 3 

3–2 0.10 800 3 

3–4 0.25 800 3 

4–3 0.25 800 3 

 

 
2   

Fig. 2  Total travel time of system changes with iteration 
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Table 4  Comparison of link characteristic values 

/   /( ·h�1) /( ·h�1)   /h 
 

         

1–2 4 7  2 006 3 346 2 232 2 355 1.11 0.70  0.307 0.259 

2–1 4 1  2 006   600   605   499 0.30 0.83  0.250 0.268 

2–4 4 6  2 006 2 899 2 440 2 355 1.22 0.81  0.199 0.160 

4–2 4 2  2 006 1 122   605   641 0.30 0.57  0.150 0.152 

1–3 3 5  2 083 3 270 2 528 2 405 1.21 0.74  0.199 0.157 

3–1 3 1  2 083   800   575   681 0.28 0.85  0.150 0.162 

2–3 3 2  2 083 1 496   800   943 0.38 0.63  0.100 0.102 

3–2 3 4  2 083 2 675 1 808 1 600 0.87 0.60  0.109 0.102 

3–4 3 5  2 083 3 270 2 320 2 405 1.11 0.74  0.308 0.261 

4–3 3 1  2 083   800   575   539 0.28 0.67  0.250 0.258 
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