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Vehicle interaction velocity-changing model in the region affected
by potential field

MA Yanli', ZHANG Peng', ZHU Jieyu', JIANG Jianfeng’

(1. School of Transportation Science and Engineering, Harbin Institute of Technology, Harbin 150090, China;
2. Heilongjiang Provincial Highway Survey and Design Institute, Harbin 150080, China)

Abstract; To quantitatively analyze the interaction between vehicles in traffic flow, the vehicle interaction velocity-
changing model of arterial road was studied. The concept of potential field influence region was defined through the
analogy of gravitation and repulsion in the potential field theory. The attraction and repulsion between the target
vehicle and the surrounding vehicles were attributed to the changes of the interaction area affected by the potential
field. A vehicle interaction analysis method considering the influence area of potential field was proposed, and a
linear model of the interaction area between target vehicle velocity variation and potential field was established.
Vehicle coordinates and speed data collected by the P3-DT BeiDou high-precision positioning direction finder were
used to calibrate model parameters. The speed changes of the target vehicle were calculated by the proposed method
and compared with the measured data. Results show that the error values between the calculation results and the
measured data were less than 15%. When the lane-changing time became shorter, the interaction between the lane-
changing vehicle and the rear vehicle on the target lane was stronger, and the deceleration of the rear vehicle was
operated more quickly, which verifies the validity of the model. The model normalizes the vehicle speed and spacing
in traditional microscopic traffic flow analysis into the interaction area of potential field, which can provide method
for the study of multi-vehicle interactions in microscopic traffic flow and speed control strategy for automatic driving
vehicles.
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Fig.1 Schematic of potential field influence region
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Fig.3 Schematic of shape parameter of potential field region
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Fig.4 Data collection location
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Tab.1 Coordinates and instantaneous velocity at different time after coordinate translation

7@/ (km - h7) x/ m ¥/ m
A %)
1#% 6" % 1# % 6* % 12 6" %
09:57:19.2 33.13 23.09 399.61 319.67 4.50 -12.72
09:57:19.4 33.60 23.32 401.45 320.92 4.86 -12.39
09:57:19.6 33.72 23.53 403.29 322.18 5.22 -12.05
09:57:19.8 34.36 23.36 405.16 323.44 5.56 -11.74
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Tab.2  Coordinates and speed summary of lane-changing vehicle and rear vehicle on target lane

s ZI vy/ (km - h™") X9/ m Yo/ m v,/ (km - h™) x;/ m y;/ m S;
09.58.07.2 60.64 1 083.13 132.37 54.40 982.01 113.88 12.15
09.58:10.4 57.01 1 134.52 139.83 57.97 1 031.16 123.26 12.13
09.58:29.8 63.47 1 460.00 166.71 56.83 1 338.53 160.94 13.53
11.34.25.8 57.62 1422.31 185.53 51.67 1425.76 188.76 14.03
11:34.29.6 53.13 1 363.88 184.69 47.30 1 373.87 186.29 14.19
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Tab.3 Speed and coordinates calculation results of target vehicle and lead vehicle

vy/ v,/ Av (t)/ Av,(t)/
it %1 %o/ m Yo /m x;/ m y;/ m S;

(km - h™") (km - h™") (km+h™")  (km-h")
08:28:07.2 59.34 1 439.58 1.89 56.32 1417.27 6.60 — — —
08.28.09.4 57.56 1 443.03 1.67 57.69 1 420.75 6.37 35.8 -1.98 -1.78
08:32:29.8 61.32 1 446.49 1.46 57.67 1 424.22 6.13 — — —
09:10:12.8 55.57 2 448.55 -35.84 50.27 2 482.95 -38.36 — — —
09:10:14.6 52.93 2 446.11 -35.69 44.93 2 480.41 -38.22 37.2 -2.31 -2.64
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Tab.4 Speed and coordinates calculation results of target vehicle and side vehicle
vy/ v/ Av (t)/ Av, (t)/
sy 2] xo/ m Yo/ m x;/ m y;/ m S;

(km - h™") (km - h™") (km+h™")  (km-h™)
08:28:.07.2 60.64 1 083.13 132.37 54.40 982.01 113.88 — — —
08:28:09.4 57.01 1134.52 139.83 57.97 1 031.16 123.26 12.6 -3.38 -3.63
08:32:29.8 63.47 1 460.00 166.71 56.83 1 338.53 160.94 — — —
09:10:12.8 57.62 1.422.31 185.53 51.67 1 425.76 188.76 — — —
09:10:14.6 53.13 1 363.88 184.69 47.30 1 373.87 186.29 13.4 -4.20 -4.49
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