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Research on a speed guidance model considering
the influence of the leading vehicle

WAN Wenwen, YANG Xiaofang, XU Yang

(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In contemporary transportation systems, the increasing volume of road traffic has led to vehicle driving behavior being
significantly influenced by preceding vehicles, rendering single — vehicle speed control inadequate for managing complex traffic
scenarios. This paper introduces a speed guidance model that incorporates the influence of preceding vehicles, aiming to optimize
vehicle behavior under varying traffic signal conditions, thereby enhancing traffic efficiency and reducing fuel consumption. The
research primarily addresses two traffic scenarios: firstly, an acceleration guidance model is developed for the period preceding the
end of a green light, facilitating dynamic speed adjustment to enable vehicles to pass through intersections smoothly; secondly, a
deceleration guidance model is formulated for the post-red light phase, managing vehicle speed during queue dispersion to minimize
frequent stops and starts. The effectiveness of the proposed models is validated through secondary development and simulation
experiments conducted using SUMO software. The results demonstrate that, compared to scenarios without speed guidance, the
application of the proposed model achieves a 5. 48% reduction in total vehicle fuel consumption, a 7. 14% decrease in queue length,
a 5.91% reduction in stop frequency, and a 11. 09% decrease in delay time. These outcomes indicate that the proposed speed
guidance model significantly enhances fuel efficiency and traffic flow, proving applicable across various traffic conditions.

Key words: intelligent transportation; speed guidance; queue dissipation; simulation system; traffic efficiency
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Fig. 1 Schematic diagram of the arrival moment at the end of the

green light
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Fig. 2 Schematic diagram of accelerated guided vehicle without

considering the preceding vehicle
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vehicles
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Fig. 4 Queue dissipation process
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Fig. 5 Deceleration guidance considering queue dissipation
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Table 1 Main parameters of simulation and model calculation
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Fig. 7 Vehicle distance and speed trajectory map
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Fig. 9 Vehicle time and distance trajectory map before optimization
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Fig. 10 Vehicle speed and distance trajectory map before

optimization
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Fig. 11 Vehicle time and distance trajectory map after optimization
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optimization
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Table 3 Comparison of fuel consumption before and after
optimization
%y Al tefess TR %
co 4.44 3.83 13.91
co, 193. 44 182.85 5.48
HC 24.71 21.56 12.74
PM, 3.97 3.68 7.45
NO, 79.98 73.93 7.56
fuel 61.70 58.32 5.48
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Table 4 Queue length under different flow rates m
N HEBA S
Wit R

K5lT 515 PEARR/ %

100 27.82 27.50 1.15
300 27.82 27.50 1.15
600 61.55 57.15 7.15
900 106. 74 94.39 11.57

x5 FEIRETHHEBAEIR
Table 5 Queuing delays for different traffic flows s

HETR
Uit —
AR3IF BV EARR %
100 15.75 14.57 7.49
300 15.75 14.57 7.49
600 19.53 17.36 11.11
900 28.57 20.22 29.23
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Table 6 Number of stops under different traffic flows i
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100 14.08 13.50 4.12

300 14.08 13.50 4.12

600 33.83 31.83 5.91

900 70. 67 55.92 20.87
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