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Abstract 
In vehicle dynamics, there are wide applications concerning the simulation of 
vehicles on roads. These simulation applications relate to vehicle driving, ride 
comfort and durability. An accurate prediction of simulation results requires 
reliability and efficiency of road representations. The MATLAB graphical us-
er interface module, called MATLAB GUI, is used to develop virtual simula-
tion laboratories that allow the user to interact with a computer program us-
ing graphical objects. In this context, the aim of this article is to use the 
MATLAB OpenCRG suite of tools and the MATLAB GUI to develop a virtual 
environment for simulating a 3D road profile. A three-dimensional model of 
a pothole with variable parameters is developed and integrated into the 3D 
road profile. 
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1. Introduction 

In the automotive industry, chassis designers integrate road profiles into the au-
tomotive design process. During this stage, engineers are challenged to predict 
vehicle load through computer modeling and simulation. The accuracy of these 
simulation results depends not only on the fidelity of the model but also on the 
excitation of the model, i.e. the road. The road is therefore the main excitement 
of the vehicle. Knowledge and modeling of the road profile are therefore essen-
tial especially for: 
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• road quality analysis to deduce the consequences for passenger comfort, 
• optimization of suspensions, 
• improving vehicle safety and handling, 
• a better understanding of vehicle dynamics. 

According to [1], there are two main approaches to modeling a road profile 
which are: the deterministic approach and the stochastic approach. The simplest 
deterministic route profile model uses sinusoidal, rung, triangular, cardinal sin, 
square profiles [2]. The more complex stochastic road profile model characte-
rizes road profiles as Markov chains [3]. Considering the road here as a random 
process, the spectral power density of the road surface is also used to model the 
road profile [4] [5]. 

Note that these road profiles are also obtained experimentally using measur-
ing devices called profilometers such as the General Motor Profilometer (GMP) 
developed by General Motor in 1964 and also the APL (Longitudinal Profile 
Analyzer) developed by the LCPC (Central Laboratory of Bridges and Roads) in 
1980 [6] [7]. Another semi-empirical approach consists in first obtaining, using 
a profilometer, the real road data and then in carrying out processing in order to 
digitize its data in a specific format to obtain a digital road model [8]. Recently 
the OpenCRG digital road model has been developed and has shown that it is 
possible to describe 3D digital road surfaces in a uniform and efficient format 
[9]. 

Road profiles with potholes are used in studies of vehicle dynamics simulation 
(for example during braking-acceleration, we compare the path during maneuv-
ers with the responses to impact under a nest entry-hen, then we observe the 
state of the vehicle body which tends to feel significant vertical and rotational 
movements) and the design of alternative suspensions. 

Although the same form of vehicle model can be used in many studies, the se-
lected pothole dimensions and vehicle speed could be significantly different. For 
example, two alternative suspension designs or adjustments could have different 
performances under two different excitations of pothole models with different 
specified parameters (depth and duration). Thus, one suspension tuning design 
may work better than the other for the first pothole model but may produce 
worse shock isolation performance for the second pothole model. Hence the in-
terest in developing several models of potholes was obtained by varying its pa-
rameters [7]. 

This article, therefore, offers a new software tool for three-dimensional simu-
lation of an OpenCRG road profile which takes into account different excitations 
of pothole models represented in three dimensions obtained, by varying its pa-
rameters. In this contribution, we propose a 3D model of a route based on the 
OpenCRG model which contains a pothole type obstacle with variable parame-
ters, modeled as a probabilistic distribution. All integrated thanks to the MATLAB 
graphical user interface module in a virtual simulation environment. 

The article is organized as follows: Chapter 2 deals with the main types of road 
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irregularities and their modeling methods. Chapter 3 offers the 3D simulation of 
a road without obstacles and that of a road with obstacles like potholes in the 
virtual environment. Chapter 4 concludes the article. 

2. Different Types of Route Irregularities 

The dynamics of road vehicles are generally evaluated under the effect of the 
main excitation of the vehicle, which is the road, even if the effect of other 
sources of excitation, such as aerodynamics, tire-wheel assemblies, chain. Kine-
matics and the engine, can be highlighted in the study. As such, it is well recog-
nized that the road profiles used as input for the models of automobile chassis 
are road irregularities [10]. The main ones are the roughness of the road and the 
potholes. 

2.1. Road Roughness 

The roughness of the road, also called vertical displacement of the ground, is the 
road profile used to study the optimization of the suspensions and the vibratory 
comfort. 

According to [11], the roughness of the road is modeled by a filtered white 
Gaussian noise of equation: 

( ) ( ) ( ) ( )0 0 02 2z t f z t GG U t w t= − π + π ⋅              (2.1) 

or 
z: Vertical displacement of the ground (m); 
f0: Low cut-off frequency (Hz); 
G: Unit coefficient (cycle∙m−2∙s−1); 
G0: Road roughness coefficient (m3/cycle); 
U0: Longitudinal speed of the vehicle (m/ s); 
w(t): Centered white Gaussian noise. 
Another approach in [12] consists in characterizing the roughness of the road 

by its power spectral density noted PSD defined by: 
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with: 
a: Geometric spatial mean; 
Ω: Spatial frequency (cycles / m). 
According to [10], the roughness of the road can also be modeled as a Laplace 

or hybrid process (combination of the Gaussian model and the Laplace model). 

2.2. Pothole 

Different definitions of road potholes have been described in the literature, in-
cluding [13]: 
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A pothole can be defined as any localized loss of material or depression on the 
surface of a sidewalk. 

A pothole is a bowl-shaped hole of various sizes on the pavement surface. The 
minimum dimension of the plan (diameter) is 150 mm. The degrees of severity 
are: 
• Weak: less than 25 mm deep; 
• Moderate: between 25 - 50 mm deep; 
• Top: more than 50 mm deep. 

A cavity in the road surface that has an average diameter of 150 mm or more 
and a depth of 25 mm or more. 

2.3. Mathematical Modeling 

A variety of different pothole designs have been considered in the literature, 
which could be broadly classified as one of the following three types [13]: 
• Smooth: pothole models with continuous first and second-order derivatives 

(displacement, speed and acceleration) in the open interval or duration of the 
pothole, including half-sine, shed sinus, cycloid, ellipse, polynomial, U-turn, 
etc. 

• Not smooth: pothole models with continuous displacement curve only, in the 
open time interval, including triangular, trapezoidal, rectangular, etc. 

Statistics: pothole models described by a probability distribution, such as a 
rounded pulse, which can be represented by: 
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With: 
A: Constant; 
Tc: The characteristic duration so that the area under the impulse rounded in 

the interval [0, Tc] is approximately 95% of the total surface of the pothole. 
Another approach in [14] is to model potholes as sudden and transient inputs. 

The dimensions of potholes are effective parameters in estimating vehicle damage. 
The equation that specifies the potholes of the road can be written as follows: 
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with: 
h: The depth of the pothole (m); 
t: Time (s). 
In this article, we use the statistical model given by Equation (2.3) as a pothole 

model. The three-dimensional representation in space of this equation is ob-
tained by using parametric equations with time as parameters. 
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with: 
( ),x y : Spatial parameters; 
t: Time parameters; 
θ : Passage angle. 
The 3D model of the pothole in Equation (2.3) is: 
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with: 
h: Pothole depth (m); 
Tc: Characteristic duration (s); 
( )0 0,x y : Spatial position of the pothole. 

3. Description of the Virtual Simulation Environment 

The road modeling techniques described in the previous sections have all been 
implemented in software. This tool, which we called RoadSIM, was created with 
the GUI (Graphical User Interface) of MATLAB. 

RoadSIM has an easy-to-use interface and allows a user to choose the type of 
road model to model and then obtain the 3D profile of a barrier-free road and the 
3D profile of a road with a nest-type obstacle. The interface is shown in Figure 1. 

3.1. Simulation of an Obstacle-Free Route 

A road without obstacles (a good road) has a significant vertical displacement of  
 

 
Figure 1. RoadSIM Software. 
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the ground. As stipulated in [15], a good road is not smooth but has a vertical 
displacement of the lower ground at 2 cm. 
• The CRG XYZ road surface: Clicking on the road XYZ button represents the 

road in a curved XY grid with the Z-axis as elevation (Figure 2). 
• CRG UVZ road surface: Clicking on the road UVZ button represents the road 

in a curved UV grid with the Z-axis as elevation (Figure 3). 
• Road surface CRG Cross Section: Clicking on the roadCrossSect button 

represents the cross-section of the elevation grid (Figure 4). We can see 
on this figure vertical displacement of the ground stochastically. 

• CRG Long Section road surface: Clicking on the roadLongSect button represents 
the longitudinal section of the elevation grid (Figure 5). Here also we can see 
the vertical displacement of the ground in a stochastic way. 

 

 
Figure 2. Curved XY grid route with the Z axis as elevation. 

 

 
Figure 3. Curved UV grid route with Z axis as elevation. 
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Figure 4. Curved UV grid route with Z axis as elevation. 

 

 
Figure 5. Curved UV grid route with Z axis as elevation. 

3.2. Simulation of a Road with a Pothole Type Obstacle 
3.2.1. 3D Representation of a Pothole 
In Road SIM, the three-dimensional representation of the pothole modeled from 
Equation (2.6), is given in Figure 4. We took as parameters of the hole h = 0.08 
m, Tc = 1.7 s and placed the pothole has the spatial position: ( ) ( )0 0, 0,0x y = . 

By varying the parameters of the hole, taking h = 0.15 m, Tc = 2 s and placing 
the pothole at the spatial position: ( ) ( )0 0, 1,1x y = , we obtain a second three- 
dimensional representation of the pothole in Figure 7. 

By integrating the potholes in Figure 6 and Figure 7 into the OpenCRG road 
model, we obtain two road profiles with the following potholes. 
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Figure 6. Pothole with: h = 0.08 m, Tc = 1.8 s and ( ) ( )0 0, 0,0x y = . 

 

 
Figure 7. Pothole with: h = 0.15 m, Tc = 2 s and ( ) ( )0 0, 1,1x y = . 

3.2.2. First 3D Road Profile with Pothole: h = 0.08 m and Tc = 1.8 s 
The CRG XYZ road surface: Clicking the road XYZ button represents the curve 
XY grid road with the Z-axis as elevation (Figure 8). 

CRG UVZ road surface: Clicking on the road UVZ button represents the road 
in a curved UV grid with the Z-axis as elevation (Figure 9). 
• Cross-section: Clicking on the roadCrossSect button represents the cross-se- 

ction of the road (Figure 10). 
• Longitudinal profile: Clicking on the roadLongSect button represents the lon-

gitudinal profile along the route (Figure 11). 
The cross-section of the road does not allow us to see the depth of the hole. By  
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Figure 8. Curved XY grid route with the Z-axis as elevation. 

 

 
Figure 9. Curved UV grid route with Z-axis as elevation. 

 
cons on the longitudinal profile, we can see the depth of the pothole. This is ex-
plained by the fact that the vertical displacement of the ground seen along the 
lateral axis (i.e. along the width of the road) is denser than the vertical displace-
ment of the ground seen along the longitudinal axis (along the entire length of 
the road). 

3.2.3. Second 3D Road Profile with Pothole: h = 0.15 m and Tc = 2 s 
• The CRG XYZ road surface: Clicking on the road XYZ button represents the 

curve XY grid road with the Z-axis as elevation (Figure 12). 
• CRG UVZ road surface: Clicking on the road UVZ button represents the road 

in a curved UV grid with the Z-axis as elevation (Figure 13). 
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Figure 10. Profile across the road. 

 

 
Figure 11. Profile along the road. 

 
• Longitudinal profile: Clicking on the roadCrossSect button represents the lon-

gitudinal profile of the road (Figure 14). 
• Longitudinal profile: Clicking on the roadLongSect button represents the lon-

gitudinal profile of the road (Figure 15). 

4. Conclusion and Perspectives 

In our study, we have developed a virtual environment for simulating three-di- 
mensional road surfaces with pothole-type obstacles. 

As a route model, we opted for the OpenCRG digital model, then we used 
the Matlab GUI to design the graphical interface. The pothole was considered a  
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Figure 12. Curved XY grid route with the Z axis as elevation. 

 

 
Figure 13. Curved UV grid route with Z-axis as elevation. 

 

 
Figure 14. Profile across the road. 
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Figure 15. Profile along the route. 

 
probabilistic distribution whose parameters varied. 

This allowed us to obtain a 3D road profile with a pothole-type obstacle whose 
parameters are variable. A simulation study aimed at studying the effect of the 
pothole, the parameters of which vary, on the response of a vehicle approaching 
the obstacle will be carried out in future work. 
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Notations 

z: Road height (m) 
G: Unit coefficient (cycle∙m−2∙s−1) 
G0: Road roughness coefficient (m3/cycle) 
U0: Longitudinal speed of the vehicle (m/s) 
w(t): Centered white Gaussian noise 
f: Frequency (Hz) 
f0: Cutoff frequency (Hz) 
A: Constants w1 w2 
PSD: Power spectral density of the ground displacement 
t: Time (s) 
a: Geometric spatial mean 
Ω: Spatial frequency (cycles / m) 
Tc: Characteristic time (s) 
h: Pothole depth (m) 
( )0 0,x y : Spatial position of the pothole 
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