
DOI: 10.2478/scjme-2018-0041, Print ISSN 0039-2472, On-line ISSN 2450-5471 2018 SjF STU Bratislava 

 
Journal of  MECHANICAL ENGINEERING – Strojnícky časopis, 

VOL 68 (2018), NO 3, 281 - 288  

  

 

 

ADAPTIVE CAR FOLLOWING MODEL 

MIKA Péter1 

1Multidisciplinary Graduate School of Engineering Sciences, Department of Mechatronics and Machine Design, 

Egyetem tér 1., 9026 Győr, Hungary, e-mail: mika.peter@sze.hu 

 

Abstract: The vehicle dynamics was a very lot developed in the last twenty years. There is a huge gap in the 

different vehicle models in this field. Researchers need accurate the car following models because of it. There 

are several mathematical model, which describe the dynamics and the motion of individual vehicles. This models 

based on a desired velocity, which is kept by the following vehicle and even small gaps will not induce braking 

reactions. So this behaviour is not realistic.  
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1 Introduction 

The efficient transportation system is important in the city. Researchers are therefore 

seeking solutions to the questions of how the capacity of the road network could be used more 

efficiently. The key of solution is the steady traffic flow, what is achieve with vehicle built-in 

and roadside equipment. Both of fields are develops but there are problems in traffic 

controlling system. Namely the traffic control strategy ordinary optimize the whole network 

or part of it, ignore the unique vehicle movement. So they optimize the system in macroscopic 

level.  

The unique vehicle movement is taken account in the different car-following model, such 

intelligent driver model (IDM) [10]. These models gives a new insights for the better 

description of human drivers [2], [3], [8], [13], [5]. The vehicle manufacturers develops driver 

assistance system, which is already available for basic driving tasks such as accelerating and 

braking by means of adaptive cruise control system (ACC) [1], but this is closely guarded 

secret. Despite of this the researchers must take account this factor in the microsimulation 

process [6], [7]. 

Modern cars was equipped some systems (ABS, TCS, ESP, …), which help the driver the 

safe transport [9], [11]. These cars provide more safety feeling for the drivers, whose keeps 

ever smaller distance each other’s, besides high speed. It happens quite often that the drivers 

brakes more than it should have been, because of the less distance. This manoeuvre leads to 

traffic waves, which decrease the road traffic capacity.  

However exist adaptive cruise control ACC, which allows the driver to set a desired speed 

and following distance and maintains the desired following distance from the leading vehicle, 

but is less useful in the city. On the one hand, this system is available on premium vehicles 

(BMW, Audi, Mercedes) and some mid-size vehicles, but there are few this premium vehicles 

in the Hungarian roads and the route of the roads is not sufficiently proper for this system. For 

this reason, I suppose that they does not use the ACC so often. On the other hand, the 

intelligent driver model, which is the basis for the development of an ACC system, 
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implements an intelligent braking strategy but a congested traffic if drivers have different 

conceptions of safe distance, this may lead to strong braking manoeuvres of the IDM, which 

would not be acceptable in a real-world. 

Therefore I developed a new car following model, the adaptive car following model 

(ACFM), which can change the following vehicle acceleration in attention an safety following 

distance, which take attention for the road conditions. In this model, the following vehicle 

wants to keep an safety distance which depends on velocity, coefficient of friction and the 

slope. Tyre pressure affects the coefficient of friction, therefore it is worthwhile to look into 

its effect in the future [12]. Furthermore worthwhile to modelling vehicle speed in case of 

road accident as well [4]. In this paper, I show an enhanced model which based on following 

distance.  

Given the fact that the ACC-equipped vehicles behaviour is different from those that are 

non-equipped with driver helping system. I must take attention of the human reaction time, 

which is different at the two case. Despite of it, I do not take attention on to the impact of 

ACC-equipped vehicles of the traffic flow in this paper, so I chose the reaction time for one 

second, which is a typical value. 

By means of simulation, I investigate the influence of adaptive acceleration and 

deceleration on the traffic flow characteristics, which based on the following distance. I 

suppose that all cars has the same behaviour the car-following from point of view. For 

simulating the modern cars, I propose a new car-following model that also serves as the basis 

of an implementation in real cars. The model has five behavioural parameters, one of them 

depends of human behaviour and available all of the vehicles: acceleration and deceleration, 

desired speed, reaction time, safety standing distance. Growing number of modern vehicles, 

the ACFM car-following model is needed, which can be easily implemented in the 

microscopic traffic simulators.  

2 The adaptive car-following model 

In this section, I develop the model equations of the ACFM. To do this I will first present 

the relevant aspects of the IDM [10]. The IDM implements an intelligent breaking strategy 

with smooth transitions between acceleration and deceleration behaviour. While in most 

situations it works well but the actual following distance is less than desired following 

distance, therefore the following vehicle breaks suddenly and the situation will be considered 

as critical because of the too strong deceleration. 

Therefore I develop a new continuous microscopic single-lane model, which define a 

sensitiveness factor which influence the acceleration and deceleration, furthermore this factor 

could be adjustable. Figure 1. depicted the adaptive car-following model architecture and 

parameters.  
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Fig. 1 The adaptive car following model architecture. The figure shows the desired 

distance 𝑠𝑗
∗ what the following vehicle wants to keep. (own editing) 

The ACFM drivers assume that the leading vehicle will not stop during a moment, 

therefore no must keep emergency distance, so the following vehicle get to closer. Even if the 

leading vehicle will suddenly initiate full-stop emergency brakes without any reason, 

therefore the following vehicle must keep a distance which enough to stop without crash. This 

distance is the desired gap 𝑠𝑗
∗ which is given by 

𝑠𝑗
∗(𝑡) = 𝑙 + 𝑠0 + 𝜏𝑣𝑗(𝑡) +

𝑣𝑗
2(𝑡)

2𝑔 (𝜇 ±
𝑒

100)
−

𝑣𝑖
2(𝑡)

2𝑔 (𝜇 ±
𝑒

100)
 (1) 

Where 𝑙 is the vehicle length, 𝑠0 is the safety distance in standing position, 𝜏𝑣𝑗(𝑡) describe 

the distance under the reaction time and the last part describe the distance under the 

maximum break taking into account the coefficient of friction 𝜇, the slope 𝑒 and the gravity 𝑔. 

The  𝑣𝑗  is the following vehicle velocity and the  𝑣𝑖 is the leading vehicle velocity. 

The following driver wants to move with a road conditions suitable velocity 𝑣0, more, but 

no more, so it is necessary to limit the max velocity of the following vehicle. 

𝑣𝑗(𝑡) = {
    𝑣𝑗(𝑡),           𝑣𝑗(𝑡) < 𝑣0   

𝑣0,               𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,
     (2) 

The ACFM acceleration is a continuous function in different driving situations. Besides the 

actual velocity 𝑣𝑗(𝑡) the ACFM takes into attention the difference (∆𝑠 = 𝑠 − 𝑠∗) between the 

following distance and the desired following distance, which is a sensitiveness factor and 

given by 

𝛿(𝑡) =
√∆𝑠2

100
= {

1,      𝛿 > 1                      
   𝛿,      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,               

 (3) 

The breaking term of the ACFM, even in the worst case, where the driver of the leading 

vehicle suddenly brakes with the maximum possible deceleration, is that the following vehicle 

may crash with the leading vehicle. In fact, the human drivers rely on the fact that the leading 

vehicle will not suddenly brakes, therefore come to closer each other, but keeps the desired 

gap 𝑠𝑗
∗. 

However, there are situations where the gap is smaller than the desired gap, where the 

worse-case leads to over-reaction, the ACFM regulate between 0 to max deceleration 𝑏 with 

the sensitiveness.  



284 2018 SjF STU Bratislava Volume 68, No. 3, (2018) 

𝑎𝐴𝐶𝐹𝑀(𝑡 + 1) = {
𝛿𝑎,               𝛾 > 1                  

   −𝛿𝑏,              𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,               
 (4) 

Where the 𝛿 is the sensitiveness factor and this calculate with the (3) equation. The (4) 

equation is need that we can decide whether the car accelerate or decelerate in the actual 

moment.  

𝛾(𝑡) = 𝛿(𝑡) + 𝛽(𝑡) (5) 

If the following car gap is less than the desired gap, than 𝛽(𝑡) is zero so 𝛾(𝑡) will be less 

than 1, therefore it must decelerate, otherwise accelerate. 

𝛽(𝑡) = {
    0,           𝑠𝑗

∗(𝑡) > 𝑠𝑗(𝑡)

1,          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒,
   (6) 

 

Table 1. Model parameters of the ACFM (typical value) 

Model parameter typical value 

Vehicle long 𝑙 5 m 

Safety standing distance 𝑠0 0.5 m 

Desired speed 𝑣0 120 km/h 

Coefficient of friction 𝜇 0.5  

Reaction time 𝜏 1 s 

Maximum acceleration 𝑎 4 m/s2 

Maximum deceleration 𝑏 8 m/s2 

 

The free (max) acceleration is characterized by the difference between the gap 𝑠𝑗  and 

desired gap 𝑠𝑗
∗. The desired gap 𝑠𝑗

∗ is composed of the vehicle length 𝑙, safety standing 

distance 𝑠0, the velocity-dependent distance 𝜏𝑣𝑗  and a dynamic contribution, which is only 

active in non-stacionary traffic corresponding to situations in which ∆𝑣 ≠ 0. This last 

contribution mean an ’intelligent’ driving behaviour because it define the sensitiveness factor, 

which lead to a smooth transition on deceleration. 

3 Results of the simulated ACFM 

The ACFM based on the following assumptions. 

- The acceleration of the vehicle is not constant in time. 

- The vehicles does not changing lanes. 

- The vehicles has not got ACC system. 

- The actual acceleration and deceleration is always lower than the maximum value. 

- There is a desired gap at any moment what the following vehicle wants to keep. 

I executed an examination which simulate two different traffic situations as Kesting [1] 

did. Figure 2. displays simulations of a mildly critical cut-in situation. The first vehicle 

suddenly brakes because a vehicle come to front of him. The following vehicle driving at the 

same velocity, 80 𝑘𝑚 ℎ−1 and her following gap 𝑠𝑗(0) = 10 𝑚 and the model parameters 
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shown in table 1. It is seen that the desired gap is approximately 30m and this not decrease 

because of the ∆𝑣 = 0 at the beginning. The situation is not really critical because of the 

following gap is not less than 10 m. Consequently, the ACFM model does not result 

uncomfortable deceleration (2𝑚/𝑠2) and crash. In contrast the IDM model [1], deceleration 

reaching the maximum possible value (8𝑚/𝑠2), but still the following car regain her velocity 

a same time.  

Notable, when the gap has minimum or maximum than both vehicles moving at the same 

velocity for a moment, 80𝑘𝑚/ℎ. After the incident in the ACFM model, the vehicle speed 

decrease under the desired speed. After that it increase and exceed the desired speed then 

decrease. So the ACFM driver behaviour is significantly different than the other models. 

 

Figure 2. Response of an ACFM vehicle (solid line the following vehicle, dashed line the first 

vehicle), when suddenly another vehicle get in front of the following vehicle. The initial 

velocities of both vehicles is 80𝑘𝑚/ℎ, and the initial gap is 10m. We can considered as a 

mildly critical situation. (own editing) 

Another circumstance, when the following vehicle speed is much higher than the first 

vehicle. So it result seriously critical situation which is depicted in Figure 3. The initial gap 

same as the previous situation 𝑠𝑗(0) = 10𝑚, but the following vehicle approaching rapidly 

and he need emergency braking to avoid a crash. Inspite of emergency brake the gap decrease 

almost zero, so this situation is very dangerous. Thus it can been seen that the vehicle gets the 
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first vehicles velocity as we can see in the previous situation. For this case both the IDM and 

the ACFM models lead to initial decelerations near the maximum value. However the 

deceleration of the ACFM vehicle slowly decreases towards the comfortable deceleration with 

smooth transition. In contrast the IDM vehicle [1], remains in emergency mode for nearly the 

whole braking manoeuvre. If compare the minimum gap of the IDM and the ACFM then we 

find that the ACFM leads to a closer gap (5.5m compared with 1.4m), but the velocity drop 

both of models are the same about 66 𝑘𝑚/ℎ. 

The maximum deceleration is influence the stability of the platoon of vehicles. I suppose 

that the third vehicle will crash in the queue in this situation. An further investigation light 

onto this and delineate the stability limits. 

 

Figure 3. Response of an ACFM vehicle (solid line the following vehicle, dashed line the first 

vehicle) when suddenly another vehicle get in front of the following vehicle. The initial 

velocity of the lane-changing vehicle 80𝑘𝑚/ℎ, while the initial velocity of the following 

vehicle is 110𝑘𝑚/ℎ. This is an critical traffic situation. (own editing) 

4 CONCLUSION 

In order to characterize the ACFM model, I investigated the implications of the adaptive 

acceleration and deceleration. From the examination is stated that the ACFM is triggered a 

more relaxed reactions, which suspense the wave spread therefore improve the traffic flow. I 
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was made a simple model, which describe the traffic flow more realistic, because of the 

sensitiveness factor. The ACFM drivers specify the difference between the following distance 

and the desired following distance which influence the intensity of the braking. 

The proposed car-following model is simple, has a few parameters with real value and 

reproduce a realistic traffic dynamics. This model to be used in microsimulation modelling 

and a built-in vehicle equipment as well. It take attention the road conditions and the human 

reaction time as well. Therefore the ACFM leads a plausible microscopic behaviour for 

single-lane model. The acceleration and deceleration is more relaxed than the other models 

and the velocity relaxation time is more. An interesting open question is the sensitiveness 

factor, which is specified by the different between the gap and the desired gap. An further 

investigation may light onto this question. 
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