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Research on car-following model for freeway diversion area
considering lane-changing pressure gain
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Abstract: To more accurately capture vehicle-following behavior in freeway diversion areas, this study proposes
an enhanced car-following model by incorporating a lane-changing pressure gain factor into the full velocity
difference model (FVDM). The proposed model accounts for both lane-changing pressure and lane-changing
behavior. First, a linear stability analysis reveals that the stability region of the freeway diversion area diminishes
as the lane-changing pressure gain factor increases. Second, using trajectory data from 92 lane-changing vehicles

extracted from the NGSIM dataset, the improved car-following model is calibrated and validated. Simulation
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results demonstrate that the improved model more accurately reproduces vehicle speed and position. Compared
with the original FVDM, the simulation error of the proposed pressure-based FVDM (P-FVDM) is reduced by
16%. Compared with the lane pressure FVDM(LP-FVDM), the proposed pressure-lane pressure FVDM(PLP-
FVDM) reduces error by 12%. Finally, the improved model is used to simulate traffic oscillation in the diversion
area. Results show that lane changing behavior can trigger traffic oscillations. Higher driving speeds attenuate
oscillation amplitudes, while lower speeds result in a concave growth pattern of speed standard deviation along the
vehicle platoon in the upstream direction. Furthermore, lane changes occurring closer to the exit ramp exacerbate
oscillations, whereas shorter lane-changing duration help suppress them.

Keywords: transportation engineering; car-following model; traffic oscillation; lane-changing pressure; freeway

diversion area; numerical simulation
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Fig. 2 Time-location diagram of vehicle lane change
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Fig.3 Speed correction effect of car 104
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Fig. 4 Frequency of the distance from the start of the lane change to the nose end of the exit ramp
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Fig. 5 Distance from the nose of the exit ramp for lane change vehicles
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Table 1 Parameters range of values

2R S P-FVDM 2 %1 [ PLP-FVDM & 475 H
o 0.85 [0,1] [0.1]
K 0.20 [0,1] [0,1]
v, 6.75 [0,20] [0,20]
v, 7.91 [0,20] [0,20]
C 0.13 [0,1] [0,1]
c, 1.57 [0,10] [0,10]
p — [0,1] [0,1]
“ — — [0,1]
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Table 2 Parameters of the genetic algorithm

ZH W H
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[ERUE AW 100.0
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75 S Al 0.2
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Table 3 Calibration results of the P-FVDM model

S8 fE A e FNII fe/ME P i 22
a 0.61 0.59 0.78 0.46 0.13
K 0.32 0.34 0.63 0.18 0.11
v, 5.83 5.55 7.23 3.95 0.18
v, 8.35 7.38 9.84 6.64 0.12
C, 0.24 0.26 0.46 0.16 0.23
C, 1.83 1.58 2.32 1.32 0.06
p 0.53 0.51 0.73 0.41 0.09

&4 PLP-FVDMIRELHR
Table 4 Calibration results of PLP-FVDM model

28 ifE SiiEH K fH /M b 2%
a 0.57 0.61 0.76 0.43 0.17
K 0.11 0.10 0.43 0.05 0.19
v, 6.23 6.41 7.95 5.34 0.09
v, 7.31 8.03 9.01 6.36 0.14
C, 0.18 0.24 0.45 0.14 0.11
C, 1.76 1.81 3.44 0.85 0.17
p 0.34 0.31 0.57 0.19 0.13
1 0.45 0.48 0.65 0.33 0.08
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Fig. 9 Vehicle position simulation
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Table 5 The head spacing corresponding to different vehicle speeds
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