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Cooperative lane change guidance strategy in freeway traffic accident area

based on safety potential field theory
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Abstract: In order to mitigate the impact of traffic accidents on the operation efficiency of freeways, and
improve the throughput capacity of the accident area, based on real-time information via vehicle-to-vehicle
and vehicle-to-road, a cooperative lane change guidance strategy in freeway traffic accident areas was
proposed with the safety potential field theory. Firstly, in view of various traffic accidents in different lanes
in two-lane or multi-lane traffic of one-way, the guidance area of collaborative lane change was divided into

four areas: accident protection area, guidance transition area, collaborative lane change guidance area and
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free lane change area. The guidance threshold of lane change was determined to update vehicle status.

Furthermore, the safety potential field of traffic accidents was established, and the corresponding guidance

strategies of vehicle cooperative lane change were proposed according to different scenarios. The

calculation methods of the safe distance for vehicle lane change and the latest lane change position were

given. Finally, based on simulation of urban mobility ( SUMO ) software, the simulation results were

verified in various scenarios. The results show that in the two-lane of one-way scenario, the optimization

effect is most obvious when the vehicle cooperative guidance rate is at 75%. In the multi-lane of one-way

scenario, the optimization effect is most obvious when the guidance rate is at 50%. Meanwhile, through

comparative analysis, it is found that the average speed of vehicles passing through the accident section is

increased by up to 6.3% and the maximum vehicle delay is reduced by 14. 6% after adopting the lane

change guidance strategy.
Keywords: safety potential field theory;

guidance strategy
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Fig. 8 Diagram of calculation of vehicle safely lane change distance
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Table 1 Speed and delay results at different guidance rates in one-way two-lane scenario

ey B 2 H3E
% SR A TE P 4 R LM ZEE
HE/(m-s™) LR/ s HE/(m-s™) LR/ s
0 13.97( 10.0%) 3.54( 1 0.0%) 13.87( 10.0%) 3.76( 1 0.0%)
25 13.95( | 1.4%) 3.62( 12.3%) 13.75( 1 0.8%) 3.82( 11.6%)
50 13.62( | 2.4%) 3.52( 1 2.8%) 13.91( T1.2%) 3.73( 1 2.4%)

75 14.21( 14.3%) 3.21( | 8.8%) 14.32( 12.9%) 3.32( 1 11.0%)
100 14.52( 12.2%) 3.02( 1 5.9%) 14.37( 10.3%) 3.28( 1 1.2%)
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Table 2 Speed and delay results at different guidance rates in one-way multi-lane scenario

g5/ RMIESSL
‘% R A MU 4 R A 4 R A 4
B/ (m-s™) FETR/ s B/ (m-s™") JELR/ s B/ (m-s™") FER/ s
0 13.80( 10.0%) | 3.7( 10.0%) 13.94( 10.0%) | 3.6( 10.0%) 13.95( 10.0%) | 3.4( 10.0%)
25 13.65( 1 1.1%) | 3.82(10.1%) | 14.11( T1.2%) | 3.59( 1 1.6%) || 14.09( 10.4%) | 3.52( 12.9%)
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Table 3 Information of vehicle status after guidance at reasonable position in one-way two-lane scenario
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Table 4 Information of vehicle status after guidance at reasonable position in one-way multi-lane scenario

R A ARSI 4 R A e ] 4 HECE AN ZETE
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SIS/ (m - s7") 13. 80 14. 48 13.94 14. 46 13.95 14.36
ATFEEFE] /s 78 70 76 72 75 72
FEIR/ s 3.78 3.45 3.65 3.34 3.42 3.11
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