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Design of longitudinal profile parameters for motorways in a fully
autonomous driving environment
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Abstract; In order to ensure the safety and comfort of self-driving vehicles on expressways, research has been
conducted on the design parameters for the longitudinal profile of highway sections suitable for autonomous vehicles,
improves the calculation method of vertical curve radius and length of expressways suitable for self-driving vehicles,
and puts forward a simulation test method of self-driving vehicle-road integration from the point of view of driving
sight distance through LiDAR sensor based on PreScan and MATLAB/Simulink software. According to the safe
driving speed, the adaptability of the highway with the design speed of 80—140 km/h to the self-driving vehicle is
analyzed, and the minimum length and radius of the highway vertical curve suitable for the self-driving vehicle are
determined. The results show that the highway of 140 km/h is not enough to meet the safety requirements of self-
driving vehicles at the present stage, and its design speed can be reduced to 130 km/h, and the speed can be
increased when the technology is mature. Due to the lower system response time and higher sensor height of self-
driving vehicles, the corresponding convex vertical curve radius can be reduced to 1 800 m, 2800 m, 5 600 m and
10 600 m when the design speed of expressway is 80 km/h, 100 km/h, 120 km/h and 130 km/h respectively. The
radius of concave vertical curve can be reduced to 2 000 m, 3 000 m, 4 000 m and 5 500 m. The research results
of this paper can provide theoretical support for the design of fully automatic driving expressway in the future.
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Tab.1 Friction coefficient of pavement at different design speeds

BEHHEE/ (km-h 1) BT/ (km-h 1) JEERH 22 %0
80 68 0.31
100 85 0.30
120 102 0.29
140 119 0.28
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Tab.2 Parking sight distance at different design speeds

B/ e

(km-h~") i =0 S 11 BN
80 75.0 64.9 84.4
100 110.0 98.9 124.6
120 160.0 146.8 176.3
140 220.0 200.9 243.9
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Tab.3 Minimum radius and length of convex vertical curve under the control of different factors

BHE/ (km-h ™) 1E AL/ m ZApdi/m MLEEELSR /m LR BRE/ m
80 75 1 778w 1223w 1 800
100 110 2 778w 2 630w 2 800
120 160 4 000w 5565w 5 600
140 220 5 444w 10 521w 10 600
x4 ARBEREHTHLEEHENENFEEIKE
Tab.4 Minimum radius and length of concave vertical curves under the control of different factors
WHHE/ (km-h ") 1A/ m ZeMhdi/m B N AL/ m LSRRI BE B/ m 2R BRAE/m
80 75 1778w 203w 98w 1 800
100 110 2 778w 437w 146w 3 000
120 160 4 000w 925w 214w 4 000
140 220 5 444w 1748w 297w 5 500
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Tab.5 Value space of profile alignment parameters
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120 [168,510] 6 [5 600,17 000] 200 [120,180] 3 [4 000,6 000] 100

140 [212,360] 4 [10 600,18 000 ] 200 [110,180] 2 [5500,9 000] 100
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Fig.8 Sight distance of self-driving vehicles under the condition of vertical curve road alignment with different design speeds
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Tab.6 Evaluation standard of safe driving speed
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Fig.9 Safe speed of self-driving vehicles in straight line/straight slope scene
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Fig. 10 Self-driving safety speed in vertical curve scene
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