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Abstract: In this paper, the application of the communication system for investigation on performance of the vehicle is presented. The 
GPS is well known as a global satellite position determination system. It is the most important radio-navigation system in the world. GPRS is 
a packet-switching technology that enables data transfers through cellular networks. These two systems are effective tools for improving the 
operational efficiency and utilization of vehicles. 
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1. Introduction 
Communication system is one of the fastest developing 

branches of industry in the world. GPS (Global Positioning System) 
was intended to be released to the consumer market as a way to aid 
navigation. The number of users is growing rapidly and methods of 
application of that system in practice are alike. All of this was 
possible after development of science and technology such as 
electronics, information technologies, remote detection and also 
growing number of producers of software, hardware and other 
appliances.  

The principle behind GPS is that receivers are able to use the 
technique to calculate their coordinates on the Earth by measuring 
the time taken for signals from various satellites to reach them. The 
GPS software will account for any irregularities in the signal 
strength and clock differences between itself and the GPS satellite 
network by using signals from four separate satellites to improve 
accuracy. Usually the coordinates are then used to locate the GPS 
device on a map, which is either displayed to the user or used as a 
basis for calculating routes, navigation, or as input into mapping 
programs. For example, specific coordinates can be stored as 
waypoints allowing the user to retrace their steps by calculating the 
direction and distance to each waypoint that they have stored. 

This is particularly useful when using GPS units attached to 
vehicles which have distinctive identification such as chassis 
numbers. The same principle applies as for a GPS tracking device 
designed to be worn by a human, except that the GPS is integrated 
within the vehicular electronics. This serves two purposes. On the 
one hand, it provides the driver with an integrated GPS system, 
without the necessity to purchase a car navigation system, or a 
PDA-based GPS system, whilst also offering the possibility to relay 
that information via a radio or mobilephone transmitter.  

General packet radio service (GPRS) is a packet oriented 
mobile data service on the 2G and 3G cellular communication 
systems global system for mobile communication (GSM). It enables 
the use of a packet-based air interface over the existing circuit-
switched GSM network, which allows greater efficiency in the radio 
spectrum because the radio bandwidth is used only when packets 
are sent or received. Supports minimal upgrades to the existing 
GSM network infrastructure for those network service providers 
who want to add GPRS services on top of GSM, which is currently 
widely deployed. Supports virtual private network (VPN)/Internet 
service provider (ISP) corporate site access. 

GPRS technology allows mobile phone to be used for sending 
and receiving data over an Internet protocol based network and the 
mobile system can keep communication with the monitoring center 
when the vehicle is at the speed over 100 km/h. So we can do real-
time survey in large area. 

 

2. Causes for Errors 
According to [5, 6, 7] as any complex technical system,  GPS is 

affected by different sources of errors leading to incorrect results in 
determining the coordinates of the receiver. Ideally the system 
should specify the parameters necessary to calculate the position, 
but in practice the error reaches several meters to tens of meters. 
There are several causes for errors in GPS: 

- position of satellites 

This error occurs when navigation message does not transmit 
the exact coordinates of the satellites. Their position is usually 
known error in the range between 1 and 5 meters and leads to 
deviation in the position of several meters. Error in satellite 
positions tends to increase over time as the orbital parameters 
needed to calculate the position of satellites updated two hours and 
this leads to accumulation of error in calculations over time.  

- ionosphere 

Ionosphere is a major cause of errors in determining the 
position with GPS. Due to the presence of free electrons in the 
ionosphere, the speed of electromagnetic waves decreases when 
passing through this area. As a result, changing the distance to the 
satellites, calculated the speed of light in vacuum  it is possible to 
get an error of about 10 meters. To avoid these variations, there are 
two basic methods: using the delay model that uses information 
from the navigation message for the error evaluation, or using two 
frequencies of the signal, thus directly calculate the delay. In the 
case of property used signals at different frequencies that the delay 
in the ionosphere is different. 

- troposphere 

As the ionosphere and troposphere leads to a change in the 
speed of propagation of the GPS-signal. The change in temperature, 
pressure and humidity are factors to change the speed of radio 
waves. Like model ionospheric error correction, and tropospheric 
modeling deviations used to calculate the delay. 

- watches errors 

The error in the accuracy of clocks applies to receivers and the 
satellites. As it became clear errors in the receivers can be 
calculated using additional measurements, but unlike them, 
variations in the clocks of the satellites can not be calculated. Any 
uncertainty of 10 ns leads to an error in measuring the distance to 
the satellite by about 3 meters. Therefore, satellites are equipped 
with atomic clocks, but they deviation of about 1 ns every 3 hours 
exists. Upon receiving the signal from the receiver, since the 
transmission error is removed the clock to a satellite, which 
contains the message. Despite this procedure, errors in the clocks 
can not be precisely defined and unavoidable and will always 
remain the deviation of a few nanoseconds. 
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- multi - path distribution 

This error is caused by the reflection of signals from different 
surfaces. In reflection of the signal path it travels is extended, and 
with this change and measured distance to the satellites. Thus, when 
mixed with the direct reflected signals are received inaccuracy in 
determining the values of distances and errors occur in determining 
the situation. The influence of these errors with the ionosphere 
delays on the accuracy of the position is the greatest. To reduce this 
error is improved using special antennas or receivers, which 
calculate the deviations. 

- on pulpous errors 

These errors are intentionally introduced by the Ministry of 
Defense and are expressed as change parameters on-board clocks 
and orbital parameters wrong. Military receivers are equipped with 
codes that are able to cancel these errors, but civilian users can not 
access them. The method was repealed in 2000, however, the U.S. 
military reserves the right to introduce this method as they consider 
appropriate. 

 

3. GPS Errors 
In GPS, the accuracy of an estimated or measured position of a 

body (vehicle, aircraft, person, or vessel) at a given time is the 
degree of conformance of that position with the true position of the 
body at that time. Since readings from a GPS receiver vary with 
time for a particular location, GPS accuracy needs to be treated as a 
statistical measure of performance and expressed statistically. For a 
fixed location, GPS measurements need to be made periodically and 
recorded over an extended period of time. Statistical analysis of the 
recorded data is then performed to compare against the previously 
known coordinates of the same location. Finally, the result of the 
statistical analysis represents the accuracy of the GPS receiver for a 
fixed location. 

For applications that require the understanding of the dynamic 
performance of GPS receivers, a different approach needs to be 
taken. If a body’s direction of travel is known, the errors of the on-
board GPS can be separated into three components: positional error, 
lateral error and longitudinal error. Fig. 1. illustrates the three error 
components. The positional error is the distance between the GPS 
position and the reference position (i.e., ground truth). The 
longitudinal and lateral errors are the corresponding vector 
components of the positional error in the direction of travel and 
perpendicular to the direction of travel, respectively. 
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Fig. 1. Error components of a GPS measurement 

For road user charging applications, the lateral accuracy of a 
GPS receiver is more significant than the longitudinal accuracy. 
When a vehicle travels on a road, the lateral accuracy of the 
onboard GPS receiver is the parameter which will most affect the 
ability of the receiver to determine its correct location on a road, in 
particular for situations in which roads are in close proximity to 
each other. 

4. Map Errors 
Map accuracy is defined as the degree to which information on 

a map or in a digital database matches true or accepted values [1]. 
The map accuracy is an issue related to the data quality and the 
number of errors contained in a dataset or a digital map. In 
discussing digital road maps, most commonly considered are 
horizontal and vertical accuracies with respect to geographic 
positions, as well as attribute, and logical accuracy. The level of 
accuracy required for a particular application varies greatly. 
Formally, the traditional positional accuracy of a digital road map 
includes two components: lateral accuracy and longitudinal 
accuracy. Fig. 2 illustrates the lateral accuracy and the longitudinal 
accuracy of a digital map. 

 

 

GPS
POSITION

LATERAL 
ERROR

LONGITUDINAL 
ERROR

CENTERLINE OF 
A ROAD ON THE 

MAP

CORRESPONDING
GEODETIC POINT

 
Fig. 2. Definition of map positional accuracy. 

 

5. Decrease GPS errors  
Differential global positioning systems (DGPS) reduce GPS 

errors and provide more accurate and reliable readings. Differential 
correction uses a radio signal broadcast from known locations on 
Earth. These Earth-based stations receive radio signals from the 
GPS satellites and determine the error from their known positions. 
The error is calculated and transmitted to the GPS receivers. Each 
station has a radial coverage of approximately 300 miles. As the 
distance increases, the accuracy of the signal decreases. 

 

 
Fig. 3. Differential global positioning systems (DGPS) 

 

The differential techniques are based on processing of 
measurement records from twice of GPS receivers – user receiver 
and reference receiver. Consequently, a data communication 
channel is a necessary part of each real-time differential application. 
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The Internet or various local networks present a chance of 
perspective data channels with relative sufficient technical and 
economical parameters for DGPS purposes at present. The General 
Packed Radio Service (GPRS) of GSM network may be used for 
interconnection between stationary networks and mobile DGPS 
users. Several DGPS applications with Internet data channels have 
to be referred and published. However, the closed proprietary 
protocols are used in most of these cases. The open, integrated and 
generally applicable system or data protocol was not being 
established yet. An indispensable point of view is economical 
efficiency, which depends on economical using of GPRS data 
channel. Operating expenses of GSM-GPRS communication 
depend on total received or transmitted data capacity. Therefore, the 
economically suitable DGPS data protocol needs to be optimized 
for the minimal cumulative data volume. 

The birth of assisted GPS (AGPS) techniques was caused by 
requirement of continuous and reliable position measurement in 
case of difficult conditions of GPS signal reception. The AGPS 
techniques are intended for indoor applications (e.g., localization of 
persons) or difficult outdoor applications (e.g., cars or trains 
localization and navigation in heavy terrain or highly urbanized 
areas). The AGPS techniques are based on the cooperation of the 
specialized user GPS mobile equipment with a localization server in 
GPS reference station. A specialized GPS receiver in the mobile 
equipment provides sophisticated signal processing of a residual 
GPS signal, which is received in cases of indoor or weak signal 
applications. The residual GPS signal not contains all the 
information, which is necessary for the position computing. The 
wanting part of the GPS signal may be received by the GPS 
reference station and may be delivered to mobile equipment by 
appropriate data link. The GSM-GPRS data channel may be used 
for realization of this interconnection between the mobile 
equipment and the localization server. 

 

6. Application of communication system for 
parameters investigation of a vehicle 

 

- for crop production 

Lightbar-guided and automated steering systems help maintain 
precise swath-to-swath widths. Guidance systems identify an 
imaginary A-B starting line, curve or circle for parallel swathing 
using GPS positions and a control module. The module takes into 
account the swath width of the implement and then uses GPS to 
guide machines along parallel, curved, or circular evenly spaced 
swaths. Guidance systems include a display module that uses 
audible tones or lights as directional indicators for the operator. The 
guidance system allows the operator to monitor the lightbar to 
maintain the desired distance from the previous swath. 

Guidance systems require two principle components: a light bar 
or screen, which is essentially an electronic display showing a 
machine’s deviation from the intended position, and a GPS receiver 
for locating the position. This receiver must be designed for this 
purpose and it must operate at a higher frequency (position 
calculations are usually 5 to 10 times per second) than a GPS 
receiver designed to record positions for a yield monitor. GPS 
receivers designed for guidance can be used in conjunction with a 
yield monitor or for other positioning equipment. Automated 
steering systems integrate GPS guidance capabilities into the 
vehicle steering system. Automated steering frees the operator from 
steering the equipment except at corners and at the ends of fields 
[5]. 

Yield monitoring systems typically utilize a mass flow sensor 
for continuous measuring of the harvested weight of the crop. The 
sensor is normally located at the top of the clean grain elevator. As 
the grain is conveyed into the grain tank, it strikes the sensor and 
the amount of force. GPS guidance system in a tractor applied to the 

sensor represents the recorded yield. While this is happening, the 
grain is being tested for moisture to adjust the yield value 
accordingly. At the same time, a sensor is detecting header position 
to determine whether or not yield data should be recorded. Header 
width is normally entered manually into the monitor and a GPS, 
radar or a wheel rotation sensor is used to determine travel speed. 
The data is displayed on a monitor located in the combine cab and 
stored on a computer card for transfer to an office computer for 
analysis. Yield monitors require regular calibration to account for 
varying conditions, crops and test weights. 

- for automotive vehicle 

Communication systems have already been tried in the field, 
primarily as a vehicle locator in the event that the vehicle to which 
the attached GPS vehicle tracking system is stolen. The police, once 
informed, can find out from the control centre where the vehicle is, 
and proceed to track it physically. A useful consequence of being 
able to use GPS vehicle tracking to locate a vehicle is that the 
manufacturer can also use the information to alert the driver as to 
when they near a service centre. If, along with the GPS coordinates, 
the system relays telemetry information such as the status of the 
engine, time since the last service, or even information not relating 
to defects, the receiver of this information can make a decision as to 
what kind of alert to pass on to the driver. 

At the department of Transport at University of Ruse VBOX 3i 
100Hz GPS Data Logger for investigation of driver reaction time, 
vehicle reaction time and vehicle braking capability is applied [3]. 
They use this communication system for determination of the 
parameters of overpass and overtaking depends of the level of 
vehicle speed. The mobile communication system is useful for 
much application for study parameters of vehicle movements. 
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Fig. 4. Communication system for investigation of the vehicle 

 

Owing to satellite monitoring systems, safety of transported 
cargo and drivers increases. Active surveillance of a vehicle and the 
whole fleet is possible by specialized monitoring centres [4]. Basic 
element of the monitoring system installed in user’s vehicle is a 
special module. It is compound of GPS receiver and GPRS (General 
Packet Radio Service) module. This system begins with the capture 
of the positioning data from the GPS satellites using the GPS 
receiver. Then, it is necessary to dump the information to a service 
centre where it will be treated and/or monitored in a cartography. 
There have been designed two different possibilities for the 
download of the information. On one hand, it is possible to send this 
information in real time using Internet (modem GPRS). On the 
other hand, data can be stored in the memory of the platform and 
can be dumped latter, that is, when the mobile arrives at the control 
centre. The data of difference sensors is also possible to collect and 
it dumps by GPRS [8]. 

In [2] it is developed efficient software techniques that utilize 
GPS data for establishing a better correspondence between the 
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status of the buses, most importantly their current positions, and the 
information about this status as known by the surrounding 
infrastructure, e.g., the central server and the on-line electronic 
displays at bus stops. In particular, focus is on more accurate 
prediction of the arrival times of buses at bus stops, on reduction of 
the communication needed between the buses and the infrastructure, 
and on improved scheduling of buses. 

7. Conclusion  

The review which was done shows wide application of the 
communication systems (like GPS, GPRS and etc.)  for monitoring 
the transport and agriculture machinery. 

Because of accuracy improving in last few years this kind of 
systems may be used for more précised investigations concerning 
vehicle performance in road conditions. 

Depend on the character of investigation they must take into 
account the different types of errors and accuracy in different 
directions of motion. 

Similar systems can be used for non trivial investigations as fuel 
consumption reduction and raising of road trains efficiency. 
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