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Abstract. The article describes the peculiarities of mathematical models for 
determining the performance indicators of operation and environmental impact of road 
vehicles. The models are the basis of intelligent monitoring systems for separate road 
transport objects: vehicle propulsion systems, separate vehicles in motion on the real 
route and traffic flows. The structures of these monitoring systems with the 
characteristics of input data, the features of simulating the main processes and output 
results of monitoring the performance indicators of operation and environmental impact 
of road vehicles are presented. The examples of current parameters monitoring of the 
car with a gasoline engine in three typical motion phases in the traffic flow are given. 
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1 Introduction  
Road vehicles are currently the most efficient means of passenger and freight transportation, 
individual trips, etc. At the same time, road vehicles are the largest consumers of fuel and 
other resources. They are the sources of noise, vibrations, electromagnetic radiation and 
environmental pollution by different solid and gaseous substances.  

The issues of road vehicle performance have been important throughout the history of 
automobiles. With increasing number of automobiles, the issues of environmental impact of 
road transport have become more urgent.  

Many scientists [1-10] devoted their research to environmental impact of road network 
objects – separate vehicles and traffic flows – and the ways to improve their environmental 
safety. The investigations also focused on the development of methods to study and predict 
environmental safety of separate vehicles and roadside pollution by traffic flows. The 
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development of transport environmental monitoring systems was of great scientific interest 
as well.    

The paper [1] is devoted to the study of environmental pollution by motor transport and 
methods for preventing such pollution. It results in the development of a “driver-vehicle-
road-environment” system which enables to optimize the operation factors for reducing 
environmental pollution by motor transport.  

The research [2] deserves particular attention. The research results include the 
systematized quantitative estimation of harmful emissions by different categories of vehicles, 
the estimation of urban environmental pollution by motor transport. Measures aimed at 
reducing air pollution by vehicles have also been analysed.  

The issues of improving vehicle environmental safety are described in [7]. The research 
includes systems analysis methods for developing a mathematical model of “road vehicle” 
system. It enables to evaluate vehicle environmental safety and to find ways to improve it.  
The peculiarities of developing a mathematical model of “traffic flow-road” system and 
creating specific elements for intelligent monitoring system (IMS) of vehicle environmental 
safety in operation are described in [8, 9].  

[10] describes the peculiarities of “Vehicle to Infrastructure” (V2I) information system 
and the process of monitoring and evaluating the vehicle technical condition in operation 
with the possibility of forecasting. The system is based on the general approach to investigate 
the "Vehicle - Driver - Operating Conditions - Vehicle Operation Infrastructure" system.  

The issue of integrating IMS separate elements of vehicle environmental safety to monitor 
and control roadside pollution by traffic flows requires additional research.   

The composition and the level of hardware and software for intelligent monitoring 
systems significantly depend on monitoring objects and monitoring tasks (Fig. 1). Vehicle 
propulsion systems, separate vehicles and traffic flows are considered to be monitoring 
objects in road transport. Depended on monitoring tasks intelligent monitoring systems can 
include monitoring systems of monitoring objects technical performance (such as the speed 
of motion, the mode of motion, operation process parameters, technical condition, traffic 
flow composition, etc) [11]. On the other hand, the monitoring systems of environmental 
performance are more science intensive because it significantly depends on both operational 
technical performance and design parameters of monitoring objects [12].  

 

Fig. 1. The hierarchy of using intelligent monitoring systems in transport 
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2 The stages of vehicle monitoring process 
2.1 Monitoring of vehicle propulsion system parameters 

The first stage of vehicle monitoring is vehicle performance evaluation for standard driving 
cycles. This enables to evaluate the efficiency of certain means for improving fuel economy 
and environmental performance of vehicle propulsion systems according to specific vehicle 
operation conditions. The mathematical model of the “engine-catalytic converter” system 
[13] is used for this purpose. The mathematical model is based on volume balance method 
[14]. The model enables to determine fuel economy, engine power and environmental 
performance according to its design parameters, operation mode, fuel type and environmental 
parameters. The input data for modeling are the actual engine operation data obtained from 
in-cylinder pressure sensor; engine parameters in steady operation modes obtained in 
laboratory experiments; on-board diagnostics (OBD) system data for appropriate modes of 
vehicle motion (Fig. 2). The data set of in-cylinder working body parameters, fuel economy, 
engine power and environmental performance in operation modes according to modes of 
vehicle motion in a driving cycle is determined during simulation. The vehicle fuel economy 
and environmental performance in the driving cycle are the simulation results.  

 
Fig. 2. Monitoring of vehicle propulsion system parameters 

2.2 Monitoring of vehicle parameters 

The second stage of vehicle monitoring is environmental safety evaluation when the vehicle 
is in motion on the real route. It is possible using OBD data and vehicle current location 
parameters based on Global Positioning System (GPS) data. Figure 3 shows the enlarged 
functional scheme of vehicle performance monitoring under operating conditions. The data 
set of real characteristics of the vehicle route is determined according to the vehicle current 
location data. This is the basis for determining real resistance forces of the vehicle motion on 
the route. Using the mathematical model of the “road vehicle” system [7], the environmental 
safety is evaluated when the vehicle is in motion on a certain route. The obtained data of 
vehicle motion parameters and environmental safety parameters are transferred to remote 
databases for further analysis using data transmission systems. 

3

MATEC Web of Conferences 244, 03003 (2018)	 https://doi.org/10.1051/matecconf/201824403003
ITEP’18



 
Fig. 3. Monitoring of vehicle parameters 

2.3 Monitoring roadside pollution by traffic flow 

Traffic flow parameters can be monitored and controlled according to the information from 
vehicle parameters database (Fig. 4). Thus, the traffic flow structure is created according to 
the vehicle categories, fuel types, vehicle environmental classes and traffic flow intensity. 
Route parameters and weather conditions are determined by the monitoring system according 
to the vehicle current location data. The simulation of vehicle environmental safety in the 
traffic flow and the evaluation of roadside pollution by the traffic flow are based on the 
determined traffic flow parameters. The use of geographical information systems (GIS) 
enables to visualize and analyze roadside pollution by traffic flows. 

 
Fig. 4. Monitoring roadside pollution by traffic flow 
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3 The examples of vehicle monitoring results 
Fig. 5, 6 show the examples of current parameters of the car with a gasoline engine moving 
in the city traffic flow and a separate vehicle environmental safety.  

 

 
a) b)

 

 
c) d) 

Fig. 5. Vehicle motion parameters in the traffic flow: a) speed; b) the distance travelled; c) coolant 
temperature; d) catalytic converter temperature 

 
a) b) 

 
c) d) 

Fig. 6. A separate vehicle environmental safety performance:  
a) fuel consumption; b) CO emission; c) CmHn emission; d) NOx emission 
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The analysis of the obtained vehicle motion parameters (Fig. 5) enables to determine three 
typical motion phases, namely: heating, free motion and motion in a traffic jam. The heating 
phase is characterized by low speed of motion Va, increasing the coolant temperature tcool and 
catalytic converter temperature tcat to operating values, the increased values of specific fuel 
consumption gfuel, carbon monoxide emission gCO, hydrocarbons emission gCmHn, nitrogen 
oxides emission gNOx (Fig. 6). 

The phase of free motion is characterized by increasing the speed mode (Fig. 5 a), 
increasing the distance travelled Sa (Fig. 5 b), normal values of the coolant temperature (Fig. 
5 c) and catalytic converter temperature (Fig. 5 d). This contributes to the decreased values 
of specific fuel consumption and harmful emission (Fig. 6). 

The temperature mode of the cooling system in the phase of motion in a traffic jam is 
characterized by maximum values of the coolant temperature and periodic turning on the 
radiator cooling fan (Fig. 5 c). In contrast, the temperature mode of the catalytic converter is 
characterized by the decreased temperature (Fig. 5 d). This is related to low engine load. The 
values of specific fuel consumption and harmful emission increase in this phase (Fig. 6). 

4  Conclusion 
Thus, the approach to evaluate the efficiency of road vehicle operation and environmental 
impact is shown. The vehicle performance in standard driving cycles, based on fuel economy, 
power and environmental performance of the vehicle propulsion systems, is taken into 
account in this approach. It also implies the vehicle current location and motion parameters 
under real route conditions, total roadside pollution by the traffic flow according to the 
determined emissions of separate vehicles in traffic. The examples of current parameters 
monitoring of the car with a gasoline engine in three typical motion phases in the traffic flow 
are given. It is shown that the phases of heating and motion in a traffic jam are characterized 
by increased fuel consumption and, consequently, increased harmful emissions. 
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