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Abstract

The intelligent Driver Model (IDM) is an Adaptive Cruise

Control (ACC) model which is wide used in transportation re-

search. Although implementation simplicity in case of simula-

tion, this model has drawbacks in terms of respect of the vehi-

cle’s capability and driver safety. This paper presents the state-

of-the art of the IDM and the applied modifications to overcome

its drawbacks.
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Notations
ln nth vehicle length (m)

xn nth vehicle position (m)

ẋn=vn nth vehicle velocity (m.s−1)

ẍn=v̇n nth vehicle acceleration (m.s−2)

∆xn = xn+1 − xn bumper to bumper distance gap (m)

∆vn = vn+1 − vn nth vehicle velocity difference (m.s−1)

∆an = an+1 − an nth vehicle acceleration difference (m.s−2)

1 Introduction

The concept of controlling the vehicle speed dates back to

1788 ([4]). The first experience was made by James Watt and

Matthew Boulton to control the speed of a stream engine [5, 6].

After that, researchers were continuing to develop speed control

systems in many fields.

In the automobile field, during the last decade, Advanced

Driver Assistance Systems (ADAS) have been developed and

implemented by automotive manufacturer. Such ADAS systems

like Anti lock Braking System (ABS) allows the wheels to con-

tinue interacting with the road surface and avoid skidding. These

systems include, also, the Adaptive Cruise Control (ACC) sys-

tem functionality. The first vehicle with Adaptive Cruise Con-

trol shipped in 1995. This system tries to reduce human driving

task. Nowadays, car manufacturers, such as Audi, Volkswagen

and Peugeot, are developing and improving their ACC system to

adjust it to different traffic situations using vehicle sensors and

actuators.

In 2000, the Transportation laboratory in technical university

of Dresden in Germany published the Intelligent Driver Model

(IDM) which was used by BMW car manufacturer. Compared

to the other ACC model, the IDM has more advantages in terms

of implementation, calibration and intuitive parameters. Nev-

ertheless, the IDM has drawbacks. The goal of this presented

work is to improve the IDM model to have more performance in

terms of driver safety and of realistic response in case of critical

situations such as collision.

In this paper, Section two presents the original formulation

of the Intelligent Driver Model. Section three presents the state

of the art of the Intelligent Driver Model. Section four presents
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the desired minimum gap modification for driver safety. Section

five presents the modification of the Intelligent Driver Model

related to the vehicle’s real capability. Section six presents the

full modified IDM. Section seven concludes and gives outlooks.

2 Initial formulation of Intelligent Driver Model

The Intelligent Driver Model (IDM) is an Adaptive Cruise

Control model with which driver can preset his desired speed

and safety time gap. This continuous model, presented by [15],

is given by

v̇n = an ·

1 − (
vn

v0
n

)δ
−

(
s∗(vn,∆vn)

sn

)2
 , (1)

where an is the maximum acceleration of the vehicle n

(m.s−2), v0
n the desired velocity of the vehicle n (m.s−1), δ a pa-

rameter of model (According to [16], this parameter is almost

fixed at 4), sn the net distance gap(m) defined as sn = ∆xn − ln+1

and s∗n the desired minimum gap of the vehicle n given by

s∗(vn,∆vn) = s0
n + Tnvn −

vn∆vn

2
√

anbn

, (2)

where bn is the desired deceleration of the vehicle n (m.s−2),

s0
n the jam distance of the vehicle n (m) and Tn the safety time

gap of the vehicle n (s).

3 State-of-the-art of Intelligent Driver Model

The Intelligent Driver Model, presented in the last Section, is

wide used in transportation research area:

In the Multi-model Open-source Vehicular-traffic Simulator,

[7] use the IDM to simulate the longitudinal vehicle motion. In

addition, this simulator presents a lane changing strategy which

consists in comparing acceleration costs. If this cost is greater

than a settled threshold, the vehicle can change lane. More-

over, the IDM is implemented in other traffic simulators such as

SUMO (Simulation of Urban Mobility) simulator and VISSIM

(Verkehr In Städten - SIMulationsmodell:German for Traffic in

cities - simulation mode).

[8] study the single lane traffic inhomogeneity using the IDM

model. For different percentage of cars and tracks, traffic flow

and vehicles density are calculated and compared to empirical

data of extended congested traffic on the Dutch freeway A9. By

analyzing the flow density diagram and the time series of single-

lane heterogeneous traffic, results show the typical inverse λ

form with a distinct gap between free and congested traffic data.

Furthermore, in this reference, characteristics between free and

congested traffic are compared.

The parameter sensitivity according to the string stability of a

platoon vehicle is made by [9]. Fig. 1, taken from this ref-

erence, shows the phase diagram of congested traffic states in

the phase space spanned by the number na of anticipated ve-

hicles and the reaction time T ′ in the open system with a bot-

tleneck as described. The dynamic phases homogeneous con-

gested traffic (HCT), oscillatory congested traffic (OCT), trig-

gered stop-and-go (TSG), and moving and pinned localized

clusters (MLC/PLC) are discussed in the main text. In this fig-

ure, we see that when the reaction time is high and the spatial

anticipation number is small, crashes will occur in case of criti-

cal situation.

Fig. 1. Reaction time-spatial anticipation diagram ([8])

[16] extended the IDM to human driver model by adjusting its

parameters and adding noise. Impact of IDM equipped vehicle

on traffic flow and travel time in Open system with a bottleneck

are investigated. Results show that when the percentage of ACC

vehicles increases traffic flow and travel time decrease.

[11] studied the convective instability in congested traffic flow

using the Intelligent Driver Model. As he says in this reference:

an extended open system such as traffic flow is said to be con-

vectively unstable if perturbations of the stationary state grow

but propagate in only one direction, so they eventually leave the

system.

[12] uses the IDM model to study the impact of Adaptive

Cruise Control on traffic flow. In his studies, the traffic is di-

vided into clusters where vehicles motion is represented by the

Intelligent Driver Model.

[10] use the Intelligent Driver Model as a basic example of a

car-following model representing the operational level of driv-

ing in agents traffic simulation.

In the literature, there is, also driver safety studies using the

IDM Model such as done by [13] in case of mixed traffic. This

last denotes the coexistence of two driving styles: automated

and manual driving. Automated vehicles are equipped by the

Intelligent Driver Model. Figs. 2 and 3 shows the relative safety

percentage as function as the percentage of IDM in the traffic

in case of accident scenario. In this last, the platoon leader
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brakes suddenly and stops instantly after the platoon stabiliza-

tion (catastrophic scenario). Results show that in the presence of

more equipped vehicles with IDM, traffic is more safe in terms

of collision number and collision severity.

0 20 40 60 80 100
0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
se

cu
rit

y 
pe

rc
en

ta
ge

Percentage of automated vehicles (IDM)

Fig. 2. Relative safety index based on the collision number ([14])
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Fig. 3. Relative safety index based on the Equivalent Energy Speed

In case of collision free scenario, the Dwell Time safety indi-

cator is used for safety evaluation in mixed traffic road. Fig. 4

shows that, at constant density, the driver safety increases when

the percentage of automated vehicles, which are equipped with

IDM, increases also. Furthermore, when the traffic density in-

creases driver safety increases.

4 Desired minimum gap modification of Intelligent

Driver Model for driver safety

4.1 Modification

Eq. (2) contains three terms:

The first one is the minimum distance s0 in congested traffic.
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Fig. 4. Safety percentage in case of collision free scenario ([13])

This term is significant only for low velocity.

The second term is Tnvn which corresponds to the safety gap

that the follower must have with its leader. This term is active

in stationary traffic. The last term, −
vn∆vn

2
√

anbn

, is only active in

non-stationary traffic situation.

Because driver safety is not totally guaranteed by mean of the

actual desired minimum gap in non stationary traffic, the term

given by

cn

v2
n

bn

(3)

is added to desired minimum gap.

The new desired minimum gap is given by

s∗(vn,∆vn) = s0
n + Tnvn + cn

v2
n

bn

−
vn∆vn

2
√

anbn

, (4)

The goal to modify the desired minimum gap is to improve

driver safety by increasing the minimum gap in case of criti-

cal situations such as accident scenario. So, in case of high

speed, the desired minimum gap increases and automatically

driver safety. In case of low speed, the added term, given by

Eq. (3), has no significant impact on driver safety. In the next

paragraph, the minimum cn value will be calculated using a crit-

ical accident scenario.

4.2 Determination of the variable cn

4.2.1 Scenario

In [14] present a state-of-the-art of accident scenarios such as

emergency braking and Bricks Wall. In this paragraph, a new

one will be presented. This scenario consists on the brutally

switching from a speed to another lower than the first speed.

This scenario seems to be similar to the emergency braking sce-

nario but it is more aggressive. Fig. 5 presents this test scenario

which is given by leader speed profile.
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Fig. 5. Leader speed profile

4.2.2 Safety descriptor

Through the scenario described below, collision in the pla-

toon will occur between follower vehicles. For this purpose, at

constant density, number of collision will be the descriptor for

traffic safety assessment and for cn determination. [13] define

the relative safety indicator related to accident scenario as

S Coll = 100
NbVeh − NbCrash

NbVeh

, (5)

where NbVeh is the vehicle number in platoon, NbCrash the

collision number and S Coll the relative safety index based on

collision number.

4.2.3 Simulation result

The scenario described below will be applied in to simulation

under IDM parameters given by table 1.

Tab. 1. Intelligent Driver Model parameters

Parameter mean value Standard deviation unit

Maximum acceleration (a) 6.0 0.3 m.s−2

Desired deceleration (b) 7.5 0.9 m.s−2

Safety time gap (T) 2.3 0.4 s

Desired speed (v0) 30 3.0 m.s−1

Fig. 6 shows that when c increases the driver safety increases

also. This conclusion is evident since the desired minimum gap

has increased with adding the positive term cn
v2

n

bn
. In the other

hand, this result shows that the safety time gap fixed by the

driver before starting can be insufficient to avoid collision. In

conclusion, with the new desired minimum gap, driver safety

is more guaranteed even if the safety time gap ,Tn, is not suffi-

cient. In figure 6, to have a full safety driving, cn must be equal

or greater than 0.4. This value is the minimum one to have no

collision in the platoon in case of critical accident scenario. To

improve traffic flow, cn can be fixed at 0.4 since

s∗(vn,∆vn)|(cn=0.4) < s∗(vn,∆vn)|(cn>0.4),

then

q(cn=0.4) > q(cn>0.4),

where q is the traffic flow. So, cn = 0.4 is the optimal value to

improve safety and traffic flow at the same time.
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Fig. 6. Safety evaluation based on collision number as function as cn values

5 Adaptation to the real vehicle capabilities

5.1 Formulation

For a multi vehicle system, the Intelligent Driver Model is

give by

〈A〉−1 ẍ(t) + 〈V〉−1 f1(ẋ(t)) + 〈S〉 f2(x(t)) = 1 (6)

with

〈A〉−1 =


1
a1

1
a2

...
...

...
...

...
1
an

 ,

〈V〉−1 =



1

(v0
1
)4

1

(v0
2
)4

...
...

...
...

...
1

(v0
n)4


,

〈S〉−1 =


s2

1

s2
2

...
...

...
...

...

s2
n

 ,

f1(ẋ(t)) =


ẋ4

1

ẋ4
2

...

ẋ4
n

 , f2(x(t)) =



1
(x0−x1)2

1
(x1−x2)2

...
1

(xn−1−xn)2


, 1(t) =


1(t)

1(t)

...

1(t)

 .
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5.2 First modification of the Intelligent Driver Model

As shown in Eq. (6), there is the step function in the left side.

It means that vehicles, which are stopped at initial time, start

with no null acceleration. This drawback is caused by the non

derivative and non continuity of the step function at time t = 0 s.

For this reason, this one can be replaced by a piecewise function

given by

E(x) =


0 if t ≤ 0

t2 (t − 2 ε1)2

ε4
1

if 0 < t ≤ ε1

1 otherwise

(7)

The E function is composed by two hyperbolic functions given

by

g1 : t 7−→ t2 g2 : t 7−→ (t − 2ε)2 (8)

The product g1g2 at time t = ε1 gives a result of ε4
1
. To have 1

at time t = ε1 s ,the product is divided by ε4
1
. Fig. 7 shows the

E function with the example of ε1 = 2 s. With this function, the

acceleration continuity is guaranteed and the initial acceleration

at time t = 0 s is null. The ε1 is the response time of the ACC

system. This parameter can be a driver comfort criterion also.
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Fig. 7. E function (ε1 = 2s)

5.3 Second modification of the Intelligent Driver Model

The principle of this new modification is to have the vehicle

acceleration continuous and differentiable. As mentioned below,

the IDM is collision free model. It means that the IDM gener-

ates a non realistic acceleration, which can exceeds the vehicle

capability, when approaching to a vehicle ahead to avoid colli-

sion. Fig. 8 shows that the vehicle acceleration is infinite when

the collision occurs. It is notified that the preceding results are

made under saturation of the vehicle’s real acceleration values.

This paragraph deals with the exceed of the vehicle decelera-

tion just at collision time. Therefore, the f2 function, given by
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Fig. 8. Vehicle acceleration without the second modification in case of col-

lision

f2(x(t)) =



1
(x0−x1)2

1
(x1−x2)2

...
1

(xn−1−xn)2


,

is replaced by the E2 given by

E2(x(t)) =



1

ε2
1
+(x0−x1)2

1

ε2
2
+(x1−x2)2

...
1

ε2
n +(xn−1−xn)2


.

As shown in Fig. 9, under this modification, the vehicle accel-

eration is finite when collision occurs. ε is fixed at 0.2 to have

a maximum acceleration of 5 m.s−2 which is a real vehicle pa-

rameter value.
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Fig. 9. Vehicle acceleration under second modification in case of collision
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6 The full and new formulation of the Intelligent Driver

Model

6.1 Formulation

Assuming that the driver takes in account his follower vehicle

behavior, a new parameter h f (human factor) is introduced in

to the IDM expression. The new formulation of the Intelligent

Driver Model is given by

∂2

∂t2
xn = an

1 − ( ∂
∂t

xn)4

v04
n

−
(s∗n)2

ε2 + (∆xn)2

 +

(h f )ian−1

1 − ( ∂
∂t

xn−1)4

(v0
n−1

)4
−

(s∗
n−1

)2

ε2 + s2
n−1


where

s∗n = s0
n + vnTn +

cnv2
n

bn

+
vn∆vn

2
√

anbn

.

For a Multiple vehicle system, the Intelligent Driver Model is

given by

〈A〉−1 ẍ(t) + 〈V〉−1 f1(ẋ(t)) + 〈S〉 f2(x(t)) = 1(t) + h(t) (9)

with

〈A〉−1 =

〈
1

a1

,
1

a2

, ...,
1

an

〉
,

f1(ẋ(t)) =


ẋ4

1

ẋ4
2

...

ẋ4
n

 , f2(x(t)) =



1

ε2
1
+(x0−x1)2

1

ε2
2
+(x1−x2)2

...
1

ε2
n +(xn−1−xn)2


,

1(t) =


1(t)

1(t)

...

1(t)

 ,h(t) =


h1(t)

h2(t)

...

hn(t)

 ,
with hi(t) = (h f )i

ai

ai−1
∀i = {1..n − 1} and hn(t) = 0 ,

〈V〉−1 =



1

(v0
1
)4 +

h1(t)

(v0
2
)4

1

(v0
2
)4 +

h2(t)

(v0
3
)4

...
...

...
...
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
.

6.2 Determination of the parameter h f

6.2.1 Scenario

In this part, the modified IDM is tested with the following sce-

nario: the platoon leader starts with a velocity of 5m.s−1. After

platoon stabilization, the platoon leader speed follows a sinu-

soidal profile with 1 Hz of frequency and 1m.s−1 of amplitude.

Fig. 10 shows the scenario applied in this paragraph to deter-

mine the parameter h f .

100 105 110 115 120 125 130 135 140 145 150

4

4.2

4.4

4.6

4.8

5

5.2

5.4

5.6

5.8

6

Time (s)
V

el
oc

ity
 (m

.s
−1

)

Fig. 10. Leader Speed Profile

6.2.2 Results

The last scenario is applied to platoon leader. This platoon

is composed by seven vehicles. Fig. 11 shows the velocity of

the platoon vehicle. In this figure, with h f < 1 and h f > 1,

speed oscillations appears large and the relative speed between

two consecutive vehicles is high. With h f = 1 oscillations is

reduced and the platoon is stable.

12 show the accelerations of the platoon vehicle. In this fig-

ure, with h f < 1 and h f > 1, acceleration profile shows a large

oscillations and then the relative accelerations are high. With

h f = 1, each vehicle follows its leader with less oscillations and

the platoon appear also stable like in Fig. 11 in term of velocities

profile.

7 Conclusions and outlook

This paper presented the state-of-the-art of the Intelligent

Driver model (IDM). Although this model was used in several

research works, it presents many drawbacks. This paper pre-

sented three modifications are applied to this model. The first

one consists in adding a positive term which depends on the

vehicle speed, deceleration capability and a calibrated param-

eter. This one is determined according to an accident scenario.

The optimal value of this parameter insures driver safety and

the traffic flow at the same time. The second modification con-

sists in replacing the step function by a piecewise function to

insure derivative and continuity in the IDM model. The third

modification consists in adding a small constant in the term of

the inter-distance inside the model. This modification allow the
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Fig. 11. Velocity of vehicles with different values of h f
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Fig. 12. Acceleration of vehicles with different values of h f

model to respect the vehicle’s real capability in term of acceler-

ation. Since the driver take in account the state of his follower,

the fourth modification consist in taking in adding a human fac-

tor h f to the IDM model. As consequence, the vehicle’s accel-

eration depends on the state of the follower and the preceding

vehicle at the same time. Future works consist in implementing,

into vehicle, the new IDM model and testing it in terms of driver

safety and the vehicle’s real capabilities.
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