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Abstract 

This study proposes a way  to generate a virtual lane by using a vehicle’s driving tra-

jectory during the operation of a V2V-based vehicle. The existing method of road shape 

detection using Lidar, Radar, and camera sensors has limitations in the range of detec-

tion with blind spots. To overcome such limitations, a method to generate virtual lanes 

was proposed to detect the road shape along with the driving trajectory of the leading 

vehicle based on V2V communications. A Clothoid road model was applied for the calcu-

lation of the driving trajectory of the leading vehicle.  A driving scenario with various 

changes in curvature of road was also configured. Furthermore, the feasibility of the vir-

tual lane generation method was verified by comparing the reference virtual lane and the 

virtual lane generated by the driving trajectory. The simulation results confirmed the us-

ability of the virtual lane generated from Clothoid road model. 
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1. Introduction 

Interest in studying intelligent vehicles is recently growing. In particular, the high-tech 

active safety system for collision prevention between vehicles is under active research. 

The active safety system such as LDWS (Lane departure warning system), LKAS (Lane 

keeping assist system), BSD (Blind spot detection), AEB (Autonomous emergency brak-

ing), FCW (Forward collision warning), or RCW (Rear-end collision warning)  is mount-

ed to commercial vehicles after considerable development. The currently existing active 

safety system detects the target using Lidar, Radar, or Camera sensors [1][2]. The system 

using sensors not only has a limited range of detection on curved roads or intersections, 

but also cannot detect areas of blind spots.  

To overcome such restrictions, studies on active safety systems using V2V (Vehicle to 

vehicle) or V2I (Vehicle to infra) communication are now being carried out [3][4]. Be-

cause the vehicle information is exchanged via wireless communication between vehicles, 

the sensor limit for its detection range and blind spots can be resolved.  

To achieve more accurate control over the high-tech active safety system using com-

munication, it is important to understand the shape of the road on which the vehicle is 

being driven [5]. Existing studies have shown the method of detecting and generating 

lanes using lidar, radar, and camera sensors [6][7]. This study used the information of the 

V2V-based leading vehicle to generate its vehicle trajectory. Furthermore, virtual lanes 

were generated using the driving trajectory to identify the road shape, verifying situations 
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with collision risk, as well as  selection and control of the right high-tech active safety 

system.  

B-spline curve and Clothoid curve are typically used for generating the curve trajectory 

[8][9][10].  

B-spline curve method generates an accurate trajectory as it positions multiple loca-

tions spots and then creates the driving trajectory. The Clothoid curve method first creates 

the trajectory according to the road curvature, which is calculated by the location infor-

mation and in-vehicle information. 

B-spline curve method requires the user to determine the degree of the trajectory func-

tion and the control point. A fluctuating function appears when the degree of the trajecto-

ry function increases, and the operation quantity increases if the degree of the function 

and the control point are set high. Thus, the degree of function, as well as the control 

points, restrictively affects its performance. As using equations of higher operation quan-

tity in a real autonomous navigation vehicle is difficult, the Clothoid curve of rather sim-

ple formula and less computation was used in place of the B-spline curve.  

To identify the road shape, a virtual lane was generated by the driving trajectory. The 

generated virtual lane was applied with left and right offsets from the road width regula-

tions of Korea. 

This paper proposes a method to generate a virtual lane using the Clothoid road model 

in a V2V environment.  

 

2. Virtual Lane Generation Method 

 
2.1. System Configuration  

Figure 1 illustrates the flowchart of the virtual lane generation system. The vehicle lo-

cation information X and Y, and the in-vehicle data   (Yaw rate) and  (velocity), can be 

obtained by the in-vehicle sensor. Input for the Clothoid road model is the vehicle loca-

tion and in-vehicle information. The output for the Clothoid road model is the vehicle’s 

driving trajectory. Therefore, the vehicle’s driving trajectory can be found by the Clothoid 

road model. To generate the virtual lane, the Korean road design standard (3.5m wide) 

was considered for the left and right offsets centered at the driving trajectory. The virtual 

lane can be created by the vehicle’s heading angle and its driving trajectory.  
 

 

Figure 1. Flow Chart of the Virtual Lane Generation System 

 

2.2. Clothoid Road Model 

A vehicle’s driving trajectory is needed to generate a virtual lane. The driving trajecto-

ry was created from the equations from Clothoid road model, which uses the road curva-
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ture for its calculation. Equation (1) shows the formula to obtain the curvature. Here, K 

represents the curvature and R for the radius of curvature. Equation (2) shows the formula 

to obtain the radius of curvature, which uses the velocity of the leading vehicle and its 

Yaw rate for the calculation. The reciprocal of the obtained radius of curvature leads to 

the curvature of the driving trajectory.  

Equation (3) means the change in tangent angle between two coordinates. The change 

in tangent angle can be calculated by integrating the curvature and distance between two 

coordinates. It can be represented by the difference of the tangent angle at the point to that 

at the other point,  ( )       . In addition, the difference of the two tangent angles can be 

expressed as the integration equation by the distance between the two points. The right 

side of Equation (1) describes curvature. It can be represented by adding the curvature 

rate to the current value. Here, _   is curvature,    is the curvature rate, and _   _ the dis-

tance between two points. Equation (4) transforms the tangent angle in the polar coordi-

nate system to that in the Cartesian coordinate system. The x-axis and the-y-axis were set 

according to the Earth’s absolute coordinate system. The x-coordinate and y-coordinate 

can be obtained by adding the change in the distance between the two points to the current 

coordinate (x0, y0). 

Equation (5) is the final Clothoid road model equation represented on the Cartesian co-

ordinate system. The x-coordinate as well as the y-coordinate is calculated using curva-

ture, change in curvature, and distance between the two points. It was obtained by the 

Taylor expansions of sinθ and cosθ in Equation (4). The vehicle drives along the trajecto-

ry and calculates the x- and y-coordinate for the two absolute coordinates, drawing the 

driving trajectory.  
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3. Simulation and Results 

Figure 2 illustrates the simulation system configuration environment. The PreScan tool 

was used to configure the V2V communication environment and to model the road shape 
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and driving conditions. MATLAB/Simulink tool was used for running the Clothoid road 

model and virtual lane generation algorithm. The entire system was configured by inter-

connecting PreScan and MATLAB/Simulink.    
 

 

Figure 2. Simulation System Configuration 

 

3.1. Simulation Scenario 

The driving scenario was created as in Figure 3 to generate a virtual lane from the driv-

ing trajectory on a road. The leading vehicle operates at a constant speed of 60 [km/h]. 

The host vehicle receives location and velocity of the leading vehicle as well as its Yaw 

rate information through V2V communication. The leading vehicle and the host vehicle 

communicate with V2V at an interval of 0.01[s]. The location information of the vehicle 

is received by the target vehicle as absolute information. The driving trajectory is generat-

ed by the information from the leading vehicle, and therefore, a virtual lane is generated 

to detect the road shape.  

The curvature of the road model was divided into three cases: no change in curvature, 

constant change in curvature, and non-constant changes in curvature. In addition, the 

width of the virtual lane was set as 3.5[m] to meet the current Korean road design regula-

tions.  

The driving simulation was carried out depending on the pre-set velocity conditions of 

the leading vehicle. Thus, the virtual lane was generated from the driving trajectory of the 

V2V-based leading vehicle.  
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Figure 3. Driving Scenario for Simulation 

 

3.2. Simulation Results 

Scenarios defined in 3.1 confirm the results of the virtual lane generation simulation 

according to its driving trajectory.  

Figure 4 represents the curvature rate of the simulation road model. The curvature rate 

rapidly changes at about 0.3[s] in Figure 4. This is because the vehicle velocity and Yaw 

rate sharply shift at the beginning of the simulation. Bend curve road is the road model 

with constant curvature. As the velocity and the Yaw rate change at a constant rate on the 

road with constant curvature, the curvature rate turns out to be 0. Therefore, the curvature 

rate appears as 0 in Figure 4, Curvature rate = 0 road model. The Clothoid curve road is 

the road model with a constantly changing curvature. As the operating velocity of the ve-

hicle is constant with large Yaw rate change, the curvature increases. With constantly in-

creasing curvature, the curvature rate becomes constant. Therefore, Figure 4 shows the 

constant curvature rate with the value of 0.01[m-1/s]. A Beizer curve road is the road 

model of non-constant curvature. The change in Yaw rate increases inconsistently on 

curved roads. As the Yaw rate does not increase at a constant rate, the curvature value is 

also not consistent. As the curvature is not consistent, the curvature rate increases over 

time. Therefore, the rising curvature rate is shown in Figure 4.  
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Figure 4. Curvature Rate of the Simulation Road Model  

Figure 5 illustrated the virtual lane generated according to the driving trajectory calcu-

lated from the leading vehicle information. Figure 5-(a) shows the road model with 0 cur-

vature rate. At the start point, the reference trajectory is confirmed to closely match the 

reference and simulation trajectory. This is because there is no yaw rate change on a 

straight road. Moreover, when the operating vehicle enters the curved area, the yaw rate 

sharply changes, creating error to the reference trajectory. Because the road model in Fig-

ure 5-(a) has a constant rate of yaw rate change, its error is smaller than that in Figures 5-

(b) and 5-(c). Figure 5-(a) helps to verify that the error to the reference trajectory occurs 

in the curved area of the road. The road model in 5-(b) has a constant curvature rate. Its 

error to the reference trajectory appears because of the constant velocity and the increas-

ing rate of the yaw rate change in the curved area. The error size is bigger as the yaw rate 

change is larger than that of the Figure 5-(a) road model. The road model of Figure 5-(c) 

has an inconsistent curvature rate. With its largest curvature rate, the rate of yaw rate 

change is also the largest, which produces the largest curvature rate from Equation (1). 

Therefore, it creates the largest error to the reference trajectory among the three road 

models. 

The similarity between the reference driving trajectory and the trajectory calculated 

from the Clothoid road model can be confirmed in the three scenarios. In addition, a vir-

tual lane was generated by adding a 1.75[m] offset on the left and right to the calculated 

road trajectory at the center. The generated virtual lane closely overlapped the reference 

lane. Therefore, we confirm that the generated virtual lane has similar shape to that of the 

reference lane. 
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(a) 

 
(b) 

 
(c) 

Figure 5. Virtual Lane Generation to the Driving Trajectory on Road 

Figure 6 shows the error of the driving trajectory calculated from the Clothoid road 

model to the reference model. The error size was represented as the difference in distance 

between the reference driving trajectory coordinates and calculated driving trajectory co-

ordinates. With a constant velocity of the leading vehicle and the changing yaw rate for 

each driving road model, the largest error size appears in the road model with the largest 

curvature rate. The road with 0 curvature rate has a uniform yaw rate and a constant driv-

ing velocity, which produces the smallest error size.   
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Table 1 displays the average error size of road models with different curvature rate. 

The average error size of the road model with 0 curvature rate is calculated as 0.32[m], 

that of the road model with constant curvature rate is 0.34[m], and lastly, the average er-

ror size of the road model with non-constant curvature rate is 0.35[m]. Because the driv-

ing velocity of the leading vehicle is consistent in all three road models, the parameter 

that affects the curvature is the yaw rate. The largest average error size appears in the road 

with the biggest curvature rate, as the yaw rate also largely changes.  
 

 

Figure 6. Difference in Trajectory Error Size of the Clothoid Road Model and 
the Reference 

 

Table 1. Average Error size of the Driving Trajectory 

Curvature rate [m
-1

/s] Zero Constant Non-constant 

Average error size [m] 0.32 0.34 0.35 

 

4. Conclusion 

In this paper, we studied a method to generate virtual lanes, carried out by using the 

V2V-based Clothoid road model in order to identify the road shape. Based on the V2V 

communication, the proposed virtual lane generation system generated virtual lanes for 

the driving trajectory on several road models using location and velocity of the leading 

vehicle and the yaw rate. The Clothoid road model was utilized to generate the driving 

trajectory on-road. The curvature parameter needed for the Clothoid road model was cal-

culated from the leading vehicle’s velocity and yaw rate. The virtual lane was created by 

setting the left/right offset to the generated driving trajectory.  

To verify the feasibility of the proposed virtual lane generation, several simulations 

were performed on various road models. Three scenarios were applied to the road model: 

no curvature rate, and constant and non-constant curvature rate. The simulation results 
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confirm that the driving trajectory as well as the virtual lane was generated similarly to 

the road shape model. The average error size of the simulation driving trajectory to the 

reference was confirmed as 0.32[m] on the road model with no curvature rate, 0.34[m] 

with constant curvature rate, and 0.35[m] with non-constant curvature rate.  

This paper proposes a method to generate virtual lanes using a V2V-communication-

based Clothoid road model and its usability was verified by the simulation on several road 

models. Future study will be concerned with the method of generating a driving trajectory 

on the road, depending on the vehicle’s location noise. 
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