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Abstract 

An autonomous emergency braking (AEB) system based on Vehicle to Vehicle (V2V) 

communication considering road friction at slopes was proposed in this study. 

Conventional AEB systems have limited performance of effective braking according to 

road conditions because they mostly consider only particular road conditions on straight 

roads. To solve this limitation, a new control logic was proposed to calculate the braking 

timing by considering road condition at slopes. The TTC (time to collision) method, which 

is the collision risk, was introduced in the proposed AEB system based on information of 

the host vehicle and a nearby vehicle. To verify the proposed AEB system, various road 

conditions, vehicle speeds and slopes were reflected in this scenario. The AEB system 

proposed through this analysis showed enhanced braking and collision avoidance 

performances compared to conventional AEB systems. 
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1. Introduction 

According to the 2014 traffic accident data analyzed by the domestic National Police 

Agency, ap-proximately 73% of vehicular accidents occur because of the carelessness of 

drivers [1]. Thus, acci-dents that occur by late braking timing owing to carelessness such 

as distraction and dozing off while driving make up a large part of the total number of 

accidents. As interest in car safety has increased, research on advanced driver assistant 

systems (ADAS) is being actively conducted in the automobile market, to prevent 

accidents due to the carelessness of drivers [2]. Among several functions in the ADAS, 

the AEB system analyzes the collision risk with the vehicle ahead and prevents or avoids 

accidents by automatic braking in dangerous situations [3]. AEB systems generally detect 

danger through obstacle detecting sensors such as cameras, LIDAR (light detection and 

ranging), and radar (radio detecting and ranging) [4]. Obstacle detecting sensors such as 

cameras and radars can only detect obstacles right  in front of the vehicle, because of the 

physical interference  of nearby vehicles. Owing to this limitation, a dead zone occurs on 

a slope. When a dead zone occurs on a slope by blocking obstacles such as a vehicle, 

normal collision avoidance becomes difficult [5]. AEB systems that integrate Vehicle to 

Vehicle (V2V) and Vehicle to Infra (V2I) are being proposed to reduce the accident rate 

because of this problem [6]. 

The Euro NCAP AEB evaluation procedure is generally followed to evaluate 

automobile AEB sys-tems [7]. Standardized road conditions (dry asphalt) are only 

reflected in the Euro NCAP AEB evaluation procedure.  
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Road surface friction is a road feature that has significant meaning in road or driving 

information that drivers recognize and that can be effectively used in the control systems 

of vehicles. When only particular road conditions are reflected, limited braking and 

collision performance can be realized, because frequently changing road conditions 

cannot be satisfied [8]. Research on the AEB system evaluation method in a particular 

road condition (dry asphalt) was performed in existing research [9]. The conventional 

AEB system used the relative velocity and relative distance between the target vehicle and 

host vehicle to calculate the time to collision (TTC). Other features that affect braking 

were excluded in this type of system because only the relative velocity and relative 

distance at the braking timing to activate the brakes were used [10]. Therefore, further 

research is required to solve the limits of sensor detection  zones and to enhance AEB 

system performance through decisions about collision risks in various road condition 

environments. 

 Thus, a plan to enhance AEB systems considering road condition was presented by 

integrating V2V communication technology to overcome these problems such as dead 

zones and obstacles such as vehicles. Additionally, the conventional sensor-based AEB 

system was used  to evaluate its  usabil-ity in  comparison with the proposed AEB system. 

 

2. AEB System Design 
 

2.1. V2V Communication Based AEB System 

Figure 1 shows the block diagram of the AEB system proposed in this paper. A vehicle 

model that can implement road conditions and specific dynamic characteristics is required 

to design the proposed AEB system. A vehicle model with road conditions and high 

degree of freedom was used by using CarSim. PreScan was used to configure the V2V 

communication environment and driving environment. The DNPW algorithm was 

designed, and PreScan and CarSim were interfaced using MATLAB/Simulink. 

 

 

Figure 1. AEB System Block Diagram 

Figure 2 shows the proposed AEB system block that considers the road condition. The 

proposed AEB system is mainly composed of two parts. The first part calculates the 

braking timing by considering road conditions, and the second part calculates collision 

risk according to road shape for effective braking on various roads. 
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Figure 2. AEB System Flow Chart 

When the proposed AEB system assesses the collision status, maximum braking is 

applied at the instant when the TTC (       ), the time required until the collision point, 

becomes smaller than the braking timing (          ) according to the road condition, as 

shown in Equation (1). 

 

                                                                         (1) 

 

2.2. Calculation of Braking Timing According to Road Conditions  

An AEB system causes a vehicle to autonomously activate the brake when assessing a 

dangerous situation by analyzing the collision risk with the vehicle ahead. However, 

quicker braking is required because friction between the tire and road surface decreases, 

such as when the road is wet or frozen . Therefore, an algorithm that calculates the 

optimum timing of braking intervention according to road conditions is proposed in this 

paper. 

As shown in Figure 3, the effect of a slope on a vehicle must be considered to safely avoid 

collision on slopes. 

 

 

Figure 3. Effect According to Gradient 

Braking timing (          ) according to the road condition can be found by using the 

maximum deceleration according to the road condition and gradient. The deceleration 

movement of the vehicle is assumed as the uniform deceleration movement to calculate 

maximum deceleration (  ), time until stopping (  ), and maximum deceleration distance 
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(  ). Maximum deceleration can be found by Equation (3) in which μ is the friction 

coefficient, g is the acceleration of gravity, and θ is the gradient. Gradient is calculated by 

using DGPS data as shown in Equation (2). Time until stopping can be calculated as 

shown in Equation (4). Distance until stopping can be calculated as shown in Equation (5). 

The collision risk index (           ) at a slope is calculated using the deducted 

maximum deceleration and maximum deceleration distance, as shown in Equation (6). 

 

              √     
       

                                          (2) 

 

                                                                   (3) 

 

         
     

  
                                                               (4) 

   
        

 
                                                              (5) 

           
  

     
                                                        (6) 

 

2.3. Decision of Collision Risk at Slope  

The method of calculating collision risk by using the relative distance of each vehicle 

is not suitable at a slope. As shown in Figure 4, accurate relative distance cannot be found 

because the absolute location value of the vehicle is received through DGPS. Therefore, 

slope distance was used instead of relative distance of a vehicle in this study, as shown in 

Equation (7). The collision risk is found by using the relative distance at a slope as shown 

in Equation (8). 

 

       
                 

       
                                            (7) 

 

           
         

                      
                                         (8) 

 

 

Figure 4. Relative Distance at Slope (Slope Distance) 

3. Verification of Algorithm 
 

3.1. Simulation Configuration  

Euro NCAP scenarios were applied in the slope scenarios. There are three types of Car 

to Car scenarios in Euro NCAP. They are classified into CCRs, CCRm, and CCRb 

scenarios according to the velocities of the host vehicles and target vehicle.  
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As shown in Figure 4, the moving condition of vehicle in the CCRs scenario, in which 

the host vehicle moves and the target vehicle stops, is applied. The conventional AEB 

system and proposed AEB system were comparatively analyzed by changing velocity, 

gradient, and road friction in slopes. 

Scenario conditions were presented to compare the simulation results of the 

conventional AEB sys-tem and proposed AEB system in various situations. 

 

3.2. Simulation Results  

Table 1 and Table 2 show the simulation results of collision status between vehicles 

according to velocity and road condition on slopes. The collision avoidance rate of the 

conventional AEB system in 4 [%] gradient conditions is 16.7[%] as shown in Table 1. 

Collision in all scenarios except dry asphalt and wet asphalt was observed at 40[km/h] . 

The collision avoidance rate of the proposed AEB system is 100[%]. Avoidance in all 

cases was observed.  

As shown in Table 2, the collision avoidance rate of the conventional AEB system in 

10[%] gradi-ent condition is 0[%]. Collision was observed in all scenarios. However, the 

collision avoidance rate of the proposed AEB system is 100[%]. Avoidance in all 

presented velocities and road conditions was confirmed. 

Table 1. Collision Status According to Velocity and Road Condition in 4[%] 
Gradient Condition 

AEB System 

Road 

Condition 

Velocity 

Dry asphalt Wet asphalt Snow asphalt 

Conventional 

40 Avoidance Avoidance Collision 

60 Avoidance Collision Collision 

80 Collision Collision Collision 

100 Collision Collision Collision 

Proposed 

40 Avoidance Avoidance Avoidance 

60 Avoidance Avoidance Avoidance 

80 Avoidance Avoidance Avoidance 

100 Avoidance Avoidance Avoidance 

 

  



International Journal of Future Generation Communication and Networking 

Vol. 9, No. 11 (2016) 

 

 

76   Copyright ⓒ 2016 SERSC 

Table 2. Collision Status According to Velocity and Road Condition in 10[%] 
Gradient Condition 

AEB System 

Road 

Condition 

Velocity 

Dry asphalt Wet asphalt Snow asphalt 

Conventional 

40 Collision Collision Collision 

60 Collision Collision Collision 

80 Collision Collision Collision 

100 Collision Collision Collision 

Proposed 

40 Avoidance Avoidance Avoidance 

60 Avoidance Avoidance Avoidance 

80 Avoidance Avoidance Avoidance 

100 Avoidance Avoidance Avoidance 

 

Among the simulation results of the conventional AEB system and proposed AEB 

system shown according to scenarios, two main simulation results were shown in this 

paper. Through simulation results under the same condition, the conventional AEB 

system and proposed AEB system were comparatively analyzed. 

Figure 5 and Figure 6 show the main simulation results of the conventional AEB 

system in 4 [%] gradients. The scenario has dry asphalt road condition and 60 [km/h] 

velocities. 

Figure 5 shows the graph of TTC and Figure 6 shows the graph of host vehicle 

acceleration. It was confirmed that the braking timing is identical despite a changing road 

condition and gradient. Partial braking was applied when TTC was 1.6[s] and full braking 

was applied when TTC was 0.6[s]. The host vehicle collided with the target vehicle 

because braking did not completely take place, and TTC was 0. Braking force of 0.37[g] 

was applied when TTC was 1.6[s], and braking force of 0.73[g] was applied when TTC 

was 0.6[s]. Maximum deceleration was lesser than 0.85g despite dry asphalt road 

condition. This is because the gradient affected braking.  

Figure 7 and Figure 8 show the main simulation results of the proposed AEB system in 

4 [%] gradients. The scenario has dry asphalt road condition and 60 [km/h] velocities.  

Figure 7 shows the graph of TTC, and Figure 8 shows the graph of host vehicle 

acceleration. TCC larger than 0 is shown beyond 22.5[s] and relative distance is 0.2[m]. 

This means that the two vehicles avoided collision. Unlike the conventional AEB system 

where braking was applied when TTC was 1.6[s], braking was applied at less than 1.09[s]  

of TCC in the proposed AEB system considering the road condition. This information 

could show that collision was avoided. 
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Figure 5. TTC Results of Conventional AEB System (4%, 60[km/h], Dry 
asphalt) 

 

Figure 6. Acceleration Results of Conventional AEB System (4%, 60[km/h], 
Dry asphalt) 
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Figure 7. TTC Results of Proposed AEB System (4%, 60[km/h], Dry asphalt) 

 

Figure 8. Acceleration Results of the Proposed AEB System (4%, 60[km/h], 
Dry asphalt) 
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4. Conclusions 

In this paper, research on the enhancement of AEB performance considering road 

conditions were conducted based on V2V communication environment. The proposed 

AEB system deducted collision risks in each road environment using location and 

velocity information of the host vehicle and a nearby vehicle based on V2V 

communication. Further, time required stopping, and the velocity of the host vehicle 

according to road condition and gradient were used to calculate the braking timing. The 

operation timing of the proposed AEB system is determined by using the braking timing 

according to collision risk and road condition on slopes. 

Simulation results of the conventional AEB were analyzed to evaluate the usefulness of 

the pro-posed algorithm. The simulation results of the conventional AEB system and 

proposed AEB system are as follows: the collision avoidance rate of the conventional 

AEB system in 4 [%] gradients is 16.7[%], and the collision avoidance rate of the 

proposed AEB system is 100[%]. In the conventional AEB system, avoidance was 

observed in 40[km/h], dry asphalt, and wet asphalt cases, and collision was observed in 

the other scenarios. The collision avoidance rate of the conventional AEB system in 

10[%] gradient is 0[%], and the collision avoidance rate of the proposed AEB system is 

100[%]. Col-lision was observed in all scenarios in the conventional AEB system. The 

proposed AEB avoided collision in all scenarios. Through these results, the proposed 

AEB system was shown to have en-hanced braking performance compared to the 

conventional system. 

An AEB system that considers road conditions based on V2V communication 

environment on slopes was proposed in this paper. The usability was confirmed through 

comparison with the conven-tional AEB system. Research on collision avoidance 

systems, according to additional road environ-ments, and research on collision avoidance 

systems considering driving patterns of drivers are planned to be performed in future 

research. 
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