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Two-dimensional intelligent driving model and application based
on virtual boundary

ZHANG Jiahao, ZHANG Yukai, QI Hongsheng

(Institute of Intelligent Transportation, College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: To describe and predict the vehicles’ two-dimensional movements under heterogeneous traffic
environments ( such as off-ramps) , this research firstly proposes the concept of virtual boundary field (VBF). The
influence of VBF on driver behaviors is analyzed from a microscopic point of view. The VBF model hence is
established. A two-dimensional IDM (intelligent driver model) model that considers the VBF is constructed which
takes the surrounding vehicles into account. The proposed model is capable of describing and predicting the two-
dimensional trajectories of vehicles. To calibrate the parameters in VBF, the dynamic time wrapping ( DTW) is
employed as the objective. The PSO ( particle swarm optimization) is used to optimize the location of VBF. The
validation results show that the trajectories prediction error is about 3. 1% —8.2% for Mirror traffic data, and is
3.8% —28.2% for NGSIM data, and the proposed model is capable of describing and predicting the lateral and
lateral two-dimensional motion of conventional vehicles in mixed traffic flow environments on ramps. The proposed
model can be used to provide basic information for the trajectories planning of autonomous vehicles in mixed traffic flow.
Keywords: virtual boundary field; intelligent driving; 2D-IDM; car following behavior; ramp
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Fig. 1 Driving behaviors of vehicle under the virtual boundary fields
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Fig.2 The effect of the boundary field on the vehicle at the microscopic level
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Algorithm GetPara(vehicle, Vobstacles)

INPUT: Status of the target vehlcle and obstacle vehicles
L. Lon Eff Eff

OUTPUT: AV, AV | sEt  Ser ., Skiane> Stat

If len(Vobstacles) is “0” do

Lat Lon; Eff
AV AR ST SET L se ghi' , s all equal to Infinity
Else:

Initialize six sets: dVia, dViong, SFront, SRear, SRight, SLeft +— (0
Initialize two unit vectors: e,, e,

for V € Vobstacles do
Vectort— <vehicle.direction, V.direction >
Distance*— || Vector ||
dV<— V.speed - vehicle.speed
dVviaiInsert(dV *Vector *¢€,)
dViong.Insert(dV *Vector *¢€,)
if Vector same as vehicle.direction do
Skront. Insert(Vector* vehicle.direction)
Swear. Insert(Infinity)
else Reverse.
if Vector same as -vehicle.direction do
Sttt Insert(Vector* -vehicle.direction)
Sright. [nsert(Infinity)
else Reverse.
AVt mean(dV1La), AV mean(dViong), S+ min(SLer),

S5 . Eff . Eff .
Front * miR(SFront), SRear™™ MUN(SRear), SRight*— Min(SRight)
3 AR
Fig.3 Pseudocode
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Tab.1 Evaluation analysis of different time-scale trajectory prediction in Mirror-Traffic and NGSIM datasets
Wl LRS- NPT RUEE /s MAE/m MSE/m? RMSE/m MAPE/%

3 0.17 0.068 0.25 3.1
Mirror-Traffic 30 6 0.42 0.34 0.58 6.4
9 0.62 0.81 0.90 8.2

20 0.60 3.51 1.87 3.80

NGSIM 45 45 1.13 17.34 4.16 9.13

70 1.84 52.89 7.27 28.24
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