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Abstract - The paper presents implementation of monitoring devices connected to the Internet of Vehicle network, that can 
contribute overall road safety, as well as, various road assessment programs. Internet of Things (IoT) already has been 
introduced as a spreading network of various devices that could be applicated in the different life situations. Internet of 
Vehicles (IoV) can be considered as a subgroup of IoT. However, the vehicle network could be significant contributor to 
safety of all traffic participants. Various multisensory platforms are equipped with video cameras, temperature and humidity 
sensors, surface scanning profile meters and so on. As a tool for road and environment monitoring, it can be mounted on the 
different classes of vehicles, such are motorcycles, cars, trucks, busses, trains, and, even pedestrians.  Further on, such 
devices can be connected through the Internet of Vehicle (IoV) network. The common problems in the wireless field of 
communication, followed by connection quality between the moving objects are considered in different IoV models and 
predictions. Nevertheless, the main goal in this kind of multisensory unit network is to collect, processing signals and send 
back useful information in real time, or in time that could be sufficient for every traffic participant, to take adequate actions 
to avoid possible traffic accident.   
The digital signals are usually captured form multisensory platforms, and need to be sent to the local central computing 
systems or servers.  After the signal processing, the results about the road and environmental conditions are sent back to 
every local vehicle network units, bringing information, necessary to adequate reaction.  
In this paper the various processing techniques of signals obtained by vehicle multisensory platforms are introduced. The 
problems of real time driver alerting for improving the safety level, considering problems of moving objects, wireless 
connections are analyzed 
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I. INTRODUCTION 
 
The general road safety and road assessment program 
are based on the pavement and environmental 
condition inspection technology. It is analyzed in the 
various ranges of electromagnetic radiation. Different 
approximations supported by the main theoretic 
approaches that is based on material properties. 
Interaction of electromagnetic waves with non-
metallic materials, lead to determining optical, 
thermal, acoustic and other material properties. Road 
condition diagnostics is based on the characteristics 
of the signal reflected from the material and received 
by appropriate sensing device. Considering the 
important factors of traffic infrastructure safety, the 
quality and conditions of the road surface at all levels 
of road infrastructure are important. Determination 
the road quality provides the basis of the road 
management strategy and significantly contributes to 
increasing road safety. In most European countries, 
studies showed that next to their relatively limited 
effectiveness, road safety measures result in high 
costs[1]. So, due to the high costs of road safety 
measures, infrastructure improvements are not 
expected to be implemented widely and hence 
contribute marginally to a major reduction of road 
fatalities. However, a suitable combination of new 
technologies with existing infrastructure, or with 
limited improvements of it, may lead to much more 
cost-effective solutions. Precise and accurate sensing 

devices connected in a global network as Internet of 
Vehicles tends to be, could provide very effective real 
time protection for all traffic participants. [2] In the 
longer term, with improvements in technology, which 
will continue to transform the way people drive and 
use roads and the ability of the system toprotect all 
road users, safer and better driving will be reality.  
 
II. METHODOLOGIES  
 
Methodologies for assessing the road quality can be 
divided into three groups: 
 
1. Recording of roads and their environment, by 
using various types of cameras. 
2. Systems which capture the composition and 
structure below the level of roadway (ASTM D6432-
11, 2011). The obtained signals represent an image 
that visualizes the thickness of the layers in the vary 
structure of the roadway 
3. Contactless methods with the reflection 
(scattering) processes by using coherent light which 
are developed to monitor the evaluation of the road 
surface state, i.e. flatness, texture, cracks, moisture, as 
well as layers of water, snow or ice.Based on these 
three groups of technique enable possibility of 
visualization thickness of road layers in te vary 
structure of the roadway, (a layer of asphalt or any 
objects that are below the road surface), and in 
general, these systems could be used for both 
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qualitative and quantitative description of the road 
surface state. 
Note that all methods have to be in accordance with 
the international and local administrative demands 
and recommendations (ASTM E1845-01, 2005; ISO 
13473-2:2002, 2002).Scanning devices that could be 
used to satisfy above mentioned methodologies for 
road diagnostics, can be gathered onmultisensor 
platform mounted on the special vehicles (Fig.1).[3,4] 
 

 
Figure 1. Special vehicle with camera sensors, laser road 

diagnostics, temperature sensors and GPR scanning system 
 

 
Fig. 2. Various types of asphalt and concrete mixtures resulting 

in different texture conditions 
 

The existing scanning techniques, with sophisticated 
devices for diagnosingoverall road surface conditions, 
are strongly dependent on meteorological conditions.  
Also, distancebetween sensing device and surface, 
induced and reflected beam angles, interfering 
radiation, and various concrete and asphaltmixtures, 
and as consequence different surface textures and 
uneveness (Fig. 2).[3] The road can also be naturally 
covered by layers of various material, like spilled oil, 
a slash of ice and black ice, water, snow, etc. These 
circumstances require the special knowledge of 
spectral properties, which depend on the type of 
incident beam used for road condition diagnostics, as 
well as its intensity. Data, obtained from the 
multisensory platform are sent to data processing 
center, and sent back to the different locations 
including moving cars by Wi Fi od 4G broadcasting 
network techniques. Signal processing techniques 
depend on the raw signal type, obtained from 
multisensory platform. One example of technique for 

measuring road surface profile by laser 
profilometermounted on vehicle is shown in Figure3. 

 
Fig 3. Laser profilometer technique for measuring surface 

texture depth 
 

III. RESULTS AND DISCUSSION 
 
Signals, obtained from different sensing systems, can 
be processed in the various computing manners. The 
sample of the signal obtained from the contactless 
texture profile laser sensor is given in Figure 4. On 
the first sight one can note that surface profile depth 
randomly varies from one road segment to the other. 
However, the linear and nonlinear statistical tools can 
use to signing or mapping the crucial signal 
variations, as well as to determine the prediction of 
signal changes. In this case, the profile depth signal 
obtained from the laser profilometer shown in Fig 4, 
is than processed by the statistical moments, as it is 
given in Figure 5. The statistical moments applied on 
the laser profile depth signal as the analysis tools of 
texture profile measurement is presented, excluding 
the start and the end points. The method of sliding 
window width is performed. The results are leading 
to the conclusion that one can use statistical moments 
as tools for analyzing surface profile depth changes, 
but, these linear statistical parameters are not suitable 
for describing the local road structure, and structure 
changes. Thus, the nonlinear statistical methods, for 
example Multifractal analysis (MFA) and Inverse 
multifractal analysis (IFA), can be used to describe 
the local structure of signal by detecting sudden 
reactive changes [5]. Nonlinear statistical analysis 
applied to the original signal is given in Figure 6. 

 
Fig. 6. IFA of original signal 
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CONCLUSION 
 
Road safety as consequence of road assessment 
program, can be improved by introducing the various 
sensing devices mounted on vehicles. Even a small 
box camera [4] can be significant device for 
monitoring road conditions. Connecting these sensors 
to a global Internet of Vehicle (IoV) network leads to 
the fact that that every traffic participant can get the 
real time alert before possible accident, if the sudden 
road conditions changes occur. Modeling the 
interaction of the electromagnetic spectrum signals 
with different surface materials, perturbations in a 
both directions (send and receive). determining 

uncertainty of obtained signals, and real time 
processing are the main problems in the road 
diagnostics. However, the development of the signal 
processing techniques is useful to real time analyze of 
the road and environment conditions, making easy the 
road mapping for potentially hazards and accidents. 
Problems in the connection are based on the vehicle 
speed, meteorology conditions, as well as the type of 
data that are transferred over IoV network. Results of 
the nowadays researching shows that any kind of the 
real time road data would have no problems in the 
transmission provided by 4G and beyond wireless 
networks. 
 

 

Fig. 4. The sample of the signal obtained from the laser profilometer measuring surface texture depth 
 

Figure 5. Statistical moments - mean, standard deviation, skewness and kurtosis of texture data of the performed data analysis for 
chosen roadway texture 
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