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Abstract. The submitted paper is devoted to the mapping of the surface 
road profile and to the mathematical description of unevenness in one 
vehicle track. Its statistical parameters are analyzed and the classification 
of the road into a category based on power spectral density of unevenness 
is made. 

1 Introduction  
Modeling of dynamic effect of moving load on the road is a serious engineering problem. 
Analysis of the problem implies: creation of computational models of vehicles, creation of 
computational models of roads, modeling of runway surface unevenness, method of solving 
equation of motion, processing and presentation of results. Surface unevenness represents 
an important role in this process, because it is the source of kinematic excitation of the 
vehicle and therefore the source of dynamic components of the contact forces [1, 2]. The 
submitted paper is devoted to the mapping of the surface road profile, mathematical 
description of unevenness in one vehicle track, analyzing its statistical parameters and the 
classification of the road into a category based on power spectral density of unevenness. 

2 Unevenness mapping  

Unevenness mapping of the roadway was carried out by the prototype of new developed 
devices like vibrograph. The result of mapping was road profile in one vehicle track, Fig. 1. 

Fig. 1. Road profile in one vehicle track. 
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It was mapped the section 105.9 m long in increments of 0.3 m.  

3 Amplitude characteristics of unevenness 
The original record had 354 samples. The record was re-sampled. New record has N = 213

= 8192 samples. All other analyzes were performed with such re-sampled record. The 
following characteristics were calculated:
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Root mean square average deviation Rq  
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Dispersion σ2 
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Effective values - Root mean square value RMS 
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Kurtosis Rku 
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Greatest depth of unevenness 
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The largest height of unevenness 
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Overall height of the profile 
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The histogram of amplitude distribution is shown in Fig. 2. 

Fig. 2. Histogram of amplitude distribution.

4 Spectral characteristics of unevenness
Passing from length to frequency domain can be carried out by Fast Fourier Transform. To 
each real number uk it is assigned a complex number Uk by the relation
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N is the number of samples of the record. The amplitude and phase angle are then
calculated for each complex number, so the amplitude and phase spectra can be calculated 
for the record. There are a few possibilities how to present the amplitude spectrum:

Peak Amplitude PA
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Auto Spectrum AS
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Root Mean Square Amplitude RMSA
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Power Spectrum PS
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ASPS � ,        for I = 0,                                            (15a) 
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The spectrum is usually shown as a function of wavenumber Lπ /2�� in [rad/m] or as 
a function of wavelength L in [m]. The PSD of unevenness u as a function of Ω is shown in 
Fig. 3 and peak amplitude of unevenness u as a function of L is shown in Fig. 4. 

Fig. 3. PSD of unevenness u.

Fig. 4. Peak amplitude of unevenness u.

The standard ISO 8608 [3] classified the road under the PSD into 8 categories A – H. 
Our road profile can be classified in the category B, Fig. 5.

5 Conclusion
Road unevenness represents the source of kinematic excitation of vehicle. It directly affects 
the vibration of the vehicle and the value of the dynamic components of the contact forces.
The knowledge of real road profile and its amplitude and spectral characteristics is needed
for classification of the road and for the numerical simulation of vehicle motion along the 
road. Our profile is 105.9 m long. Overall height of the profile is 6.03 mm. The greatest 
depth and the largest height are -2.32 and 3.71 mm, respectively. The profile contains the
waves of wavelength L in the interval 0.97 – 105.9 m. By the Standard ISO 8608 the profile 
can be classified as category B. It can be used as input value for numerical simulation of 
motion of plane vehicle computing model along the road.
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Fig. 5. Classification of unevenness u.
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