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1. Introduction  

Advanced Emergency Braking System (AEBS), which is one 

of the significant parts of Advanced Driver Assistant Systems 

(ADAS), supports the vehicles to reduce the rear-end collisions 

dramatically [1,2]. AEBS has been developed to work in coop-

eration with Anti-Lock Braking System (ABS) by minimizing 

the delay time in the system [3]. AEBS has been also adopted to 

the heavy weather conditions, such as the asphalt covered in ice 

and snow [4]. By taking in consideration to city traffic, pedes-

trians, bicycle drivers and changing weather conditions, AEBS 

becomes one of the significant driver assistant systems to pre-

vent rear-end collisions [5-12]. Although, these cases were sup-

ported with suitable controlling technologies, an adaptive AEBS 

is required in case of a rapid decrease in the road friction coef-

ficient during braking. If the road friction coefficient drops sud-

denly during braking, it will decrease Time to Collision (TTC) 

dramatically. This event will most probably end up with a rear-

end collision unless a steering maneuver is applied. Therefore, 

the originality of this study arises from the necessity of the ad-

aptation of the AEBS to work in co-operation with the autono-

mous emergency steering systems.  

To design an autonomous emergency steering maneuver, a 

proper predictive controller is essential as proposed in [14-17]. 

A steering maneuver should be supported with viable control-

ling methods to overcome lateral instabilities [14-19]. Predictive 

controllers, such as model predictive control (MPC), are one of 

the most reliable controllers to be used in lane change maneu-

vers [15-19]. However, the challenge in this study is applying 

an emergency steering maneuver un-der full-braking conditions. 

During full braking, most of the tire force is used longitudinally 

and therefore a critical amount of force is available for lateral 

maneuvers [20,21].  

Depending on the recent studies, the vehicle stability is main-

tained in three combinations. In the first part, the longitudinal 

stability is maintained with AEBS and ACC. In the simulations 

of the longitudinal part, lateral stability is ignored in most cases 

[22-25]. The point is avoiding a rear-end collision most of the 

time. In the second part, the lateral stability is being focused with 
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Electronic Stability Control (ESC) and Lane Departure Warning 

(LDW) systems. In the simulations of the lateral part, the longi-

tudinal control is assumed to be handled in most cases [24-28]. 

The point is keeping the vehicle on the road intersections. In the 

last part, both the longitudinal and lateral stability are main-

tained with perfect combination of ESP and ACC [23-28]. The 

point is both avoiding a rear-end collision at the same time keep-

ing the vehicle on track. In this study, the point is per-forming 

an intelligent steering maneuver under full-braking. 

According to controller review on research, it was decided to 

use a predictive controller in this study to maintain autonomous 

steering maneuver under full-braking [22-28]. The predictive 

controller was designed in MATLAB/Simulink interface with a 

one-track vehicle model. The design was verified in 

IPG/CarMaker environment, which includes full vehicle model 

with Anti-Lock Braking System (ABS). IPG/CarMaker plat-

form, which also contains ADAS modules, works with 

MATLAB/Simulink interface successfully. Yaw rate was se-

lected as an observing parameter which reflects the lateral sta-

bility of the vehicle [20,21]. Quantum particle optimization 

(QPO) method was used in the predictive controller with yaw 

rate and front wheel steering angles [29]. Steering wheel angle, 

vehicle lateral and longitudinal accelerations, vehicle speed and 

yaw rate are the parameters which were observed during the 

simulations. 

 

2. Method 

2.1. Vehicle and Environment Design 

A rear-wheel drive vehicle was modeled in the IPG/CarMaker 

simulation environment. In the vehicle model, longitudinal and lat-

eral load transfers were also taken into consideration and the vehi-

cle contains two-axles. The main vehicle parameters are presented 

in Table 1. The steering ratio between front-wheels and steering 

wheel was defined as 20. Both front and rear axles include stabi-

lizers. Non-linear tire parameters are also modeled in 

IPG/CarMaker with the magic formula. There are two vehicles in 

the IPG/CarMaker multibody dynamics simulation environment, 

such as the host vehicle cruising at a constant speed and the pre-

ceding vehicle parking as an obstacle in Fig. 1. The road friction 

coefficient is same as in dry asphalt in the beginning of the emer-

gency braking maneuver. After the full braking starts with AEBS, 

the road coefficient friction decreases suddenly. The decrease in 

the road coefficient friction was arranged intentionally for AEBS 

not to prevent the vehicle from a possible rear-end collision. For 

the detection of the preceding vehicle, a Long-Range Radar (LRR) 

was used in front of the vehicle as presented in Fig. 2. The param-

eters of the LRR are shown in Table 2 by including vertical open-

ing degrees and horizontal-longitudinal ranges. 

To observe the relative speed and distance to the obstacle, TTC in 

Eq. (1) must be calculated instantaneously. As it is shown in Eq. (1), 

𝑑𝑐𝑙𝑜𝑠𝑒𝑠𝑡   is the distance to the obstacle ahead and 𝑣𝑣𝑒ℎ𝑖𝑐𝑙𝑒 is the 

speed of the host vehicle [20,21]. As it is shown in Eq. (2), 

𝑑𝑏𝑟𝑎𝑘𝑒  stands for the minimum required distance to an obstacle during 

a hard-braking maneuver to avoid a possible rear-end collision [20,21]. 

𝑑𝑏𝑟𝑎𝑘𝑒 depends on the maximum absolute longitudinal deceleration 

𝑎𝑥(𝑚𝑎𝑥𝑖𝑚𝑢𝑚) during a full-braking maneuver [20,21]. 

 

Table 1. Vehicle specifications in IPG/CarMaker (Jaguar XJ series) 

Mass 

 

Springs 

(N/m) 

Damping 

Push-Pull 

(Ns/m) 

Stabilizers 

(N/m) 
Tire 

1634 kg 

 

Fronts:         

27000 

Rears:          

32000 

Fronts:         

2400-4800 

Rears:          

3200-6400 

Fronts:         

16000 

Rears:          

16000 

225 

50R 

17 

Table 2. Long-Range Radar (LRR) parameters 

Longitudinal Range Horizontal Opening Vertical Opening 

180 m 

 

10 deg 

 
10 deg 

 
Fig. 1. Advanced emergency braking case  

𝑇𝑇𝐶 =
𝑑𝑐𝑙𝑜𝑠𝑒𝑠𝑡

𝑣𝑣𝑒ℎ𝑖𝑐𝑙𝑒
  (1) 

𝑑𝑏𝑟𝑎𝑘𝑒  =  
1

2∗𝑎𝑥(𝑚𝑎𝑥𝑖𝑚𝑢𝑚)
𝑣𝑣𝑒ℎ𝑖𝑐𝑙𝑒

2  (2) 

 

Fig. 2. Advanced emergency braking case  
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 𝑑𝑠𝑡𝑒𝑒𝑟  =  √
2∗𝑚_𝑤𝑖𝑑𝑡ℎ

𝑎𝑦(𝑚𝑎𝑥𝑖𝑚𝑢𝑚) 

 
𝑣𝑣𝑒ℎ𝑖𝑐𝑙𝑒  (3) 

As it is shown in Eq. (3),  𝑑𝑠𝑡𝑒𝑒𝑟  represents the minimum 

longitudinal distance to an obstacle to perform an emergency 

steering maneuver, 𝑎𝑦(𝑚𝑎𝑥𝑖𝑚𝑢𝑚) is the maximum vehicle lateral 

acceleration and 𝑚_𝑤𝑖𝑑𝑡ℎ is the width in a steering maneuver 

[20,21]. 

The trajectory for a lane change maneuver is presented in Eq. 

(4) according to the presented variables in Eq. (2) and Eq. (3). 

𝑚_𝑙𝑒𝑛𝑔𝑡ℎ represents the longitudinal length of the steering ma-

neuver which is shown in Eq. (5) [20,21]. 

𝑦 (𝑥) =  𝑚_𝑤𝑖𝑑𝑡ℎ

[
 
 
 10 (

𝑥

𝑚𝑙𝑒𝑛𝑔𝑡ℎ
)
3

−15 (
𝑥

𝑚𝑙𝑒𝑛𝑔𝑡ℎ
)
4

+ 6(
𝑥

𝑚_𝑙𝑒𝑛𝑔𝑡ℎ
)
5

]
 
 
 

    (4)                                       

𝑚𝑙𝑒𝑛𝑔𝑡ℎ = (√
2∗𝑚𝑤𝑖𝑑𝑡ℎ

𝑎𝑦 

 
𝑣𝑣𝑒ℎ𝑖𝑐𝑙𝑒)      (5)                    

The four-wheel vehicle model required to perform an emer-

gency steering maneuver with a full-braking maneuver at a con-

stant speed was shown in Fig. 2 including lateral and longitudi-

nal load transfers. In between Eq. (6) and Eq. (25), by neglecting 

the road  inclination, rolling resistance and aerodynamic re-

sistance, m represents the mass of the main vehicle, a and b are 

the distances to the front and rear axles respectively from center 

of gravity of the vehicle (COG),  u and v are the lateral and 

longitudinal vehicle velocity respectively, 𝐹𝑥𝐹𝐿 , 𝐹𝑥𝐹𝑅 , 𝐹𝑥𝑅𝐿 , 

𝐹𝑥𝑅𝑅 represent the longitudinal friction forces of the tires corre-

spondingly, 𝐹𝑦𝐹𝐿, 𝐹𝑦𝐹𝑅, 𝐹𝑦𝑅𝐿, 𝐹𝑦𝑅𝑅  represent the lateral forces 

of the tires correspondingly, 𝐹𝑧𝐹𝐿, 𝐹𝑧𝐹𝑅 , 𝐹𝑧𝑅𝐿 , 𝐹𝑧𝑅𝑅  represent 

the vertical (normal) loads of the tires correspondingly, 𝛿𝐹𝐿 and 

𝛿𝐹𝑅 are the left and rear steering angles of front wheels respec-

tively, 𝐼𝑡𝑖𝑟𝑒 represents the moment of inertia of the tire, 𝑇𝑏 rep-

resents the braking torque, 𝜕  represents the wheel angular 

speed, �̇� represents the yaw rate of the vehicle, r represents the 

rolling radius of the tires, 𝐼𝑝𝑜𝑤𝑒𝑟𝑡𝑟𝑎𝑖𝑛 represents the moment of 

inertia of the powertrain, 𝐼𝑦𝑎𝑤 is the yaw moment of inertia of 

the vehicle, L represents the wheelbase, c represents the half of 

the track-width of the rear axle, g represents the gravitational 

force, 𝑇𝑑𝑖 represents the driving torque 𝑎𝑦 and 𝑎𝑥 are the lat-

eral and longitudinal deceleration of the vehicle respectively, mu 

represents the road friction coefficient, Ø represents the longitu-

dinal slip of the tire, h represents the height of the center of grav-

ity, 𝑀𝑧 represents the moment around vertical axis, 𝛼𝐹𝐿, 𝛼𝐹𝑅, 

𝛼𝑅𝐿, 𝛼𝑅𝑅 are the lateral slip of the tires respectively [20,21]. In 

the equations j equals to L,R and i equals to F correspondingly; 

𝑎𝑥𝑚 = 𝐹𝑥𝐹𝐿 cos(𝛿𝐹𝐿) + 𝐹𝑥𝐹𝑅 cos(𝛿𝐹𝑅) −  

𝐹𝑦𝐹𝐿 sin(𝛿𝐹𝐿) − 𝐹𝑦𝐹𝑅 sin(𝛿𝐹𝑅) + 𝐹𝑥𝑅𝐿 + 𝐹𝑥𝑅𝑅     (6)                        

𝑎𝑦𝑚 = 𝐹𝑥𝐹𝐿 + 𝐹𝑥𝐹𝑅 sin(𝛿𝐹𝑅) +

𝐹𝑦𝐹𝐿 cos(𝛿𝐹𝐿)+ 𝐹𝑦𝐹𝑅 cos(𝛿𝐹𝑅) + 𝐹𝑦𝑅𝐿 + 𝐹𝑦𝑅𝑅   (7) 

𝑀𝑧  = 𝑐(−𝐹𝑥𝐹𝐿 cos(𝛿𝐹𝐿) + 𝐹𝑥𝐹𝑅 cos(𝛿𝐹𝑅) +

𝐹𝑦𝐹𝐿 sin(𝛿𝐹𝐿) − 𝐹𝑦𝐹𝑅 sin(𝛿𝐹𝑅) − 𝐹𝑥𝑅𝐿 + 𝐹𝑥𝑅𝑅) +

𝑎(𝐹𝑦𝐹𝐿 cos(𝛿𝐹𝐿) + 𝐹𝑦𝐹𝑅 cos(𝛿𝐹𝑅) + 𝐹𝑥𝐹𝐿 sin(𝛿𝐹𝐿) +

𝐹𝑥𝐹𝑅 sin(𝛿𝐹𝑅) ) − 𝑏(𝐹𝑦𝑅𝐿 + 𝐹𝑦𝑅𝑅)   (8)                                  

�̇� =  𝑎𝑥 + �̇�𝑣  (9) 

�̇� =  𝑎𝑦 + �̇�𝑢  (10) 

𝜔 ̈ 𝐼𝑦𝑎𝑤 = 𝑀𝑧  (11) 

𝐼𝑡𝑖𝑟𝑒𝜕𝑖𝑗 = 𝐹𝑥𝑖𝑗𝑟 − 𝑇𝑏𝑖𝑗  (12) 

(𝐼𝑡𝑖𝑟𝑒 +
𝐼𝑝𝑜𝑤𝑒𝑟𝑡𝑟𝑎𝑖𝑛

2
) �̇�𝑖𝑗 = 𝑇𝑑𝑖𝑗 + 𝐹𝑥𝑖𝑗𝑟 − 𝑇𝑏𝑖𝑗    (13)               

𝐹𝑥𝑖𝑗 =  𝐹𝑧𝑖𝑗   (14) 

𝐹𝑦𝑖𝑗 =  𝛼𝑖𝑗 𝐾𝑖𝑗  (15) 

𝐹𝑧𝐹𝐿 =
𝑏

2𝐿
𝑚𝑔 −

ℎ

2𝐿
𝑚𝑎𝑥 −

𝑏ℎ

2𝐿𝑐
 𝑚𝑎𝑦    (16)                      

𝐹𝑧𝐹𝑅 =
𝑏

2𝐿
𝑚𝑔 −

ℎ

2𝐿
𝑚𝑎𝑥 +

𝑏ℎ

2𝐿𝑐
 𝑚𝑎𝑦     (17)                     

𝐹𝑧𝑅𝐿 =
𝑎

2𝐿
𝑚𝑔 +

ℎ

2𝐿
𝑚𝑎𝑥 +

𝑏ℎ

2𝐿𝑐
 𝑚𝑎𝑦       (18)                   

𝐹𝑧𝑅𝑅 =
𝑎

2𝐿
𝑚𝑔 +

ℎ

2𝐿
𝑚𝑎𝑥 −

𝑏ℎ

2𝐿𝑐
 𝑚𝑎𝑦     (19)                        

Ø𝑖𝑗 =
𝑢−(�̇�𝑖𝑗𝑟)

𝑢
         (20)                                    

Ø̇𝑖𝑗 =
�̇�(1−Ø𝑖𝑗)−(𝜕𝑖𝑗𝑟)

𝑢
  (21)                                            

𝛼𝐹𝐿 = 𝛿𝐹𝐿 − 𝑎𝑟𝑐𝑡𝑎𝑛 (
(𝑣+𝑎�̇�) 

(𝑢−𝑐�̇�)
)    (22)                         

𝛼𝐹𝑅 = 𝛿𝐹𝑅 − 𝑎𝑟𝑐𝑡𝑎𝑛 (
(𝑣+𝑎�̇�) 

(𝑢+𝑐�̇�)
)  (23)                            

𝛼𝑅𝐿 = −𝑎𝑟𝑐𝑡𝑎𝑛 (
(𝑣−𝑏�̇�) 

(𝑢−𝑐�̇�)
)    (24)                              

𝛼𝑅𝑅 = −𝑎𝑟𝑐𝑡𝑎𝑛 (
(𝑣−𝑏�̇�) 

(𝑢+𝑐�̇�)
)      (25)                           

2.2 Predictive Controller Design for a Lane Change Maneu-
ver 

To maintain the lateral stability of the vehicle during the 

emergency steering maneuver, a predictive controller with the 

linearized vehicle model (single track vehicle model) is used as 

below in Eq. (26) and Eq. (27). After the construction of the pre-

dictive controller, this model was verified with the full vehicle 

model mentioned in the previous section successfully. 

𝑚�̈�  + 𝑚𝑢�̇� = (
𝐹𝑦𝐹𝐿

+ 𝐹𝑦𝐹𝑅

2
  ) + (

𝐹𝑦𝑅𝐿
+ 𝐹𝑦𝑅𝑅

2
  )  (26) 
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𝐼𝑦𝑎𝑤�̈�  = 𝑎 (
𝐹𝑦𝐹𝐿

+ 𝐹𝑦𝐹𝑅

2
  ) − 𝑏 (

𝐹𝑦𝑅𝐿
+ 𝐹𝑦𝑅𝑅

2
  )  (27) 

𝐽 = ∫ [𝒙𝑡(𝜏)𝑄𝒙(𝜏) + 𝒖𝑇(𝜏)𝑅𝑢(𝜏)]𝑑𝜏
𝑇

𝑡
=

∫ [[
𝑣
�̇�

] 𝑡(𝜏)𝑄𝒙(𝜏) +
𝑇

𝑡

[
𝛿𝐹𝐿+𝛿𝐹𝑅

2
] 𝑇(𝜏) 𝑅 [

𝛿𝐹𝐿+𝛿𝐹𝑅

2
] (𝜏)] 𝑑𝜏    (28) 

In Eq. (28), the cost function of the predictive controller J, is 

presented and the value of J is calculated for deciding the state 

and controller parameters Q and R respectively. In Eq. (28), T 

presents the final time, x presents the state vector, u presents the 

input vector, Q presents the state-weighting matrix and R pre-

sents the weighting matrix [18]. A state space model was con-

structed to control the front-wheel steering input. The major tar-

get of the predictive controller is to determine an appropriate 

front wheel steering angle depending on the yaw rate of the ve-

hicle. In the state-space model, the main controlling parameter 

is the cost function. The cost function is determined by state (Q) 

and weighting (R) variables [18]. In this simulation, the 

weighting factors, Q and R, were calibrated by using quantum 

particle optimization (QPO) method [29]. The fitness function 

Fk for QPO is presented as shown in Eq. (29) below. 

𝐹𝑘 = 𝑘1 (
|max(�̇�)|

 
) + 𝑘2 (

|min(�̇�)|

 
)  +

 𝑘3 (max |
𝛿𝐹𝐿+𝛿𝐹𝑅

2
|) (29)     (29) 

In Eq. (29), 𝑘1 , 𝑘2 , 𝑘3 values are the weighting factors of 

the fitness function. In this method, the fitness function was cal-

culated based on a set of simulations. The maximum and mini-

mum absolute yaw rate of the vehicle and the maximum absolute 

front wheel steering angle were observed in each simulation and 

calculated depending on Eq (29). The aim of QPO is choosing 

the minimum fitness function and the corresponding cost func-

tion as presented in Table 3. In this simulation, the host vehicle 

was cruising at 100 km/h constant speed before AEBS was ena-

bled. After AEBS was enabled, the host vehicle speed decreased 

to 80 km/h at the beginning of the emergency lane change ma-

neuver. During the iterations, the 7th trial, the minimum fitness 

function in which the vehicle lateral stability maintained during 

the emergency lane change maneuver, was selected. Therefore, 

the corresponding cost function in the 7th trial was selected as a 

controlling parameter of the predictive controller. The flow-

chart of the control of the system is presented in Fig. 3. Depend-

ing on the change in the road friction coefficient, the predictive 

controller handles the emergency steering maneuver during full 

braking. The calculation of the road friction coefficient is done 

depending on the updated normal and longitudinal forces on 

tires instantaneously in IPG/CarMaker simulation environment. 

As described earlier, the two-wheel bicycle model was used to 

construct the predictive controller. The verification of the pre-

dictive controller was done with the four-wheel vehicle model 

successfully in IPG/CarMaker simulation environment.  

 

Fig. 3. Decision making for predictive control 

Table 3. The cost function, depending on the min. fitness function 

3. Results and Discussion 

In this part, the proposed predictive controller was tested in 

similar conditions. In the IPG/CarMaker simulation environ-

ment, the host vehicle was modeled as presented in Table 1 and 

the preceding vehicle was defined as an obstacle. The host vehi-

cle speed was defined as a constant speed of 100 km/h before 

performing AEBS maneuvers. To present the distinction of the 

predictive controller, there cases were defined. 

In the first case, the host vehicle was not developed with the 

predictive controller and the friction coefficient of the road was 

as same as in dry asphalt. The standard AEBS avoided the rear-

end collision as illustrated in Fig. 4. In the second case, the host 

vehicle was not developed with the predictive controller and the 

road friction coefficient changed to wet from dry asphalt during 

the full-braking maneuver. Therefore, the standard AEBS could 

not avoid the rear-end collision as shown in Fig. 4. In the third 

case, the host vehicle was developed with the predictive control-

ler and the road friction coefficient changed to wet from dry as-

phalt during the full-braking maneuver.  

Therefore, the adaptive AEBS not only avoided the rear-end 

collision but also performed an autonomous emergency maneu-

ver successfully. The steps of the autonomous emergency steer-

ing maneuver are presented in Fig. 5 in detail. As presented in 

Fig. 6 and Fig. 7, the absolute value of the longitudinal deceler-

ation decreases suddenly at around the 13.3rd second because of 

the sudden decrease in the road friction coefficient in the second 

and third cases and therefore it effects the vehicle speed. As a 

result, the standard AEBS in the second case could not avoid the 

rear-end collision at around 15.25th second. On the other hand, 

Trial 𝐽 𝐹𝑘 
Speed    

(km/h) 

Vehicle 

Lateral Sta-

bility Main-

tained? 

1 -1.89 2.67 80 NO 

2 -1.76 2.51 80 NO 

3 -1.66 2.12 80 NO 

4 -1.43 1.95 80 YES 

5 -1.48 2.01 80 YES 

6 -1.54 2.08 80 NO 

7 -1.34 1.86 80 YES 

8 -1.22 1.65 80 NO 

9 -1.28 1.72 80 NO 
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the adaptive AEBS started to the emergency steering maneuver 

at around the 13.75th second as presented in Fig. 8, Fig. 9 and 

Fig. 10. Therefore, the usage of the adaptive AEBS prevented 

the rear-end collision and completed the emergency steering ma-

neuver successfully. As presented in Fig. 8, the maximum abso-

lute value of the lateral acceleration reaches 0.5g which is in line 

with the maximum road friction coefficient on the wet asphalt. 

 

Fig. 4. Simulations results of Standard AEBS vs. Adaptive AEBS 

 

Fig. 5. Emergency steering case of Adaptive AEBS  

 

Fig. 6. Host vehicle speed 

 

Fig. 7. Host vehicle longitudinal acceleration 

 

Fig. 8. Host vehicle lateral acceleration 

 

Fig. 9. Host vehicle yaw rate 

 

Fig. 10. host vehicle steering wheel angle 
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The major advantage of the adaptive AEBS, which includes 

the predictive controller, is not only avoiding a rear-end colli-

sion but also completing an emergency steering maneuver suc-

cessfully in the simulations. The challenge in this simulation is 

performing a critical steering maneuver which the drivers may 

not complete by themselves as presented in Fig. 10. The steering 

wheel angle rate at around the 15.5th second is too high for a 

driver to perform. Therefore, the steering maneuvers, especially 

during full-braking, are very critical to be performed with hu-

man-drivers. The autonomous steering should take part in this 

situation to avoid a collision.  

In the previous studies which is discussed in the Introduction 

section [22-28], the stability was handled in three different cases 

such that, longitudinal, lateral and the combination of both. In 

these cases, the road coefficient friction assumed to be stable. 

On the other hand, in this study the road friction coefficient is 

dynamic during full braking. Therefore, the necessity of the 

steering maneuver arises during braking to prevent a possible 

rear-end collision. The proposed Adaptive AEBS prevented the 

collision during the simulations. One of the critical problems for 

using the Adaptive AEBS is presented in Fig. 11 in which the 

target lane is hold by another vehicle. By the support the Blind 

Spot Detection (BSD), the vehicle coming from behind can be 

easily perceived. Therefore, the usage of Adaptive AEBS can be 

cancelled under these conditions. 

 

Fig. 11. The critical cases of Adaptive AEBS 

4. Conclusions 

The advantage of the adaptive AEBS is investigated on com-

bined road friction coefficients. A predictive controller is de-

signed and implemented in IPG/CarMaker simulation environ-

ment with the MATLAB/Simulink interface. In the design of the 

predictive controller, QPO method was used which requires it-

eration of simulations. After the correct design, the adaptive 

AEBS worked successfully by performing an emergency steer-

ing maneuver during full braking. The steering maneuver was 

performed autonomously by neglecting the high steering wheel 

angle rate for human-drivers. Moreover, the change in the road 

friction coefficient was calculated instantaneously via observing 

the longitudinal and normal forces on tires by taking in consid-

eration of load transfers. In the simulations, a Blind Spot Detec-

tion (BSD) system was not used to check the target lane for the 

emergency steering maneuver. It was assumed that the target 

lane is free and available for a lane change maneuver. The ob-

servation of the target lane is very critical in the accomplished 

realization of the emergency steering maneuver, which will be 

beyond the range of this experiment. For the future experiments, 

the energy consumption of the proposed controllers should be 

examined to verify the applicability of control method. Moreo-

ver, in the current study, the yaw-rate and lateral acceleration 

parameters were taken into consideration to understand the lat-

eral stability of the vehicle. For the future experiments, the roll 

motion of the vehicle will be also examined under different road 

inclinations.  

 

Nomenclature 
AEBS : Advanced Emergency Braking System 

ABS  : Anti-Lock Braking System 

LRR  : Long-Range Radar 

TTC  : Time to Collision 

ADAS : Advanced Driver Assistant Systems 

MPC  : Model Predictive Control 

QPO  : Quantum Particle Optimization 
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