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Experimentally Evaluation of GPS/GSM Based System Design
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ABSTRACT: This research was carried out to design a hardware  and a software of the GPS based on GSM network in order
to evaluate the implemented system experimentally. The proposed GPS/GSM based system model includes two parts which
are the mobile unit and the control station. The mobile unit consists of Personal Computer PC-A connected to GSM modem-
A and GPSreceiver through the computer’s USB ports, while the Control Station consists of another Personal Computer PC-
B connected to GSM modem-B. This setup provides communication between PC-A and PC-B via SMS protocol. The system
processes, interfaces, connections, data transmission and reception of data between the mobile unit and the control station
has been carried out and tested successfully and accuracies less than 9m and 0.6m are obtained compared with the original
coordinates using ordinary GPS and differential GPS respectively.
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1. Introduction

The GPS/GSM Based System is one of the most important systems such that integrates both the GSM and GPS technologies,
which are necessary due to the many of applications of both GSM and GPS systems and the wide usage of them by millions of
people throughout the world [1, 2]. It is designed for users in land construction and transport businesses, where it provides real-
time information such as location, speed and expected arrival time of the users’ moving vehicles in a concise and easy-to-read
format. The system also allows for communication between a central command station and its vehicles [3]. Also for civil
engineering applications, where civil engineering works are often done in a complex and unfriendly environment, making it
difficult for personnel to operate efficiently. The ability of GPS to provide real-time sub-meter and centimeter-level accuracy in
a cost-effective manner has significantly changed the civil engineering industry [4]. Construction and transportation firms are
using GPS/GSM systems in many applications such as road construction, and fleet management [3, 4].

The GPS/GSM System is composed of a GPS, combined with wireless communication (GSM) and computer systems for data
processing. The designed surface information, in a digital format, is uploaded into the system. The operator can view whether
the correct grade has been reached with the help of the computer display and the real-time GPS position information [5]. Also it’s
used to track the location and usage of equipment at different sites. GPS enables contractors to deploy their equipment more
efficiently by sending this information to a central location [4]. Moreover, vehicle operators can be efficiently guided to their
destinations. While in public transport nowadays uses such system for navigation and receiving messages from their control
centre [1].
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The aim of this paper is to present a design of GPS based on existing SMS service of GSM networks and also to evaluate the
implemented hardware and developed software of the system experimentally.

2. Hardware Design

The system design is composed of the followings (as shown in figure 1):

2.1  The Mobile Unit (MU)
This part will represent the unit which will be handheld by a person or onboard a moving vehicle. It will be used for reception of
GPS positioning coordinates, processing and displaying of the data and then transmitting of those data to the control Station
via GSM telecommunication service. It includes:

1. GPS Receiver: provides the computer with the current position coordinates of the system. The GPS receiver used in this study
is the Garmin GPS-18 USB made by the Garmin International Corporation. The GPS-18 series products include an embedded
receiver and an antenna.
2. Computer-A (Laptop): for accepting the coordinates from the GPS receiver using software written for it.
3. Displays, processes, and then sends the data via a GSM modem/phone
4. GSM Modem-A (Cellular phone with SIM Card): Serves as a GSM transmitter for sending GPS data to the control Center by
using SMS messaging protocol.
5. Interface cables: used for connecting and interfacing the GPS and GSM devices to the computer through the required ports.
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Figure 1. Block Diagram for the GPS/GSM Based System proposed model
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2.2 Control Station
This is the second part where the reception of transmitted data from the MU will be done by using a second GSM modem which
will serve as a GSM receiver interfaced with a personal computer (which can be optional according to user needs), where the
received position coordinates of the MU will be displayed numerically on the GSM modem or shown on a computer digital map
source), and stored for further processing. It includes:

1. GSM Modem-B: which represent a GSM receiver for the reception of the MU position coordinates.
2. Computer-B: used for accepting the position coordinates of the MU, displaying them and even data storage.
3. Interface cables: used for connecting and interfacing GSM device to the computer through the USB-ports.

$GPRMC, 180432, A , 4027.027912 , N, 08704, 857070, W, 000.04,
181.9.131000, 1.8,W. D * 25

Field      Value                       Meaning
   1   180432.00 UTC of position fix in hhmmss.ss format

(18 hours, 4 minutes and 32.00 seconds)
   2         A Status (A - data is valid, V- warning)
   3 4027.027912 Geographic latitude in ddmm.mmmmmm

format (40 degrees and 27.0279 | 2 minutes)
   4        N Direction of latitude (N - North, S - South)
   5 08704.857070 Geographic longitude in ddmm.mmmmmm

format (87 degrees and 4.85707 minutes)
   6       W Direction in longitude (E - East, W - West)
   7     000.01 Speed over ground(heading)(0.01 knots)
   8      181.9 Track made good (heading)(|81.9o)
   9   131000 Date in ddmmyy format(October |3,2000)
 10      1.8 Magnetic variation(|.8o)
 11      W Direction of magnetic variation (E - East,

W - West)
 12       D Mode Indication(A- autonomous,

D- different, N-data not validfs)

Table 1. $GPRMC Output Sentence Description

In this study two GSM modems (Cell-Phones) along with their SIM Cards where used. The first one serves as a transmitter of the
processed GPS data from the MU to the control center, while the second one serves as a receiver in the control station for
reception of GPS position coordinates of the MU, which is done via SMS text messaging protocol. Both cell-phones used are of
the same type and features, in order to unify the interface programming steps and results for both parts of the GPS/GSM system,
which are the mobile Unit (MU) and the Control Station Center. In order to extract information related to the position of a GPS
receiver, it is necessary to record $GPRMC sentence that can be received on the receiver’s port [6]. This sentence indicates
geographical longitude and latitude of position fix and corresponding UTC time (Universal Time Coordinate) [7]. The Table 1
defines the meaning of the fields in the $GPRMC output sentences. The underlined values are to be used in calculations. Both
the latitude and longitude values included in a NMEA-0183 sentence are represented in degrees (d), minutes and decimal
minutes (m). Latitude is formatted as ddmm.mmmm, while longitude is represented as dddmm.mmmm in a single field.

The direction of latitude and longitude are indicated as a single character in the next field (‘N’- north; ‘S ’- south; ‘E’ - east;
‘W ’ - west). Most computations that involve geographical coordinates require longitude and latitude to be expressed in decimal
degrees with a corresponding sign (negative for south latitudes and west longitudes) [7 and 8].

3. Software Design

The software programs which were used to control the GPS/GSM based system have been developed in such a way where they
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Figure 2. Flowchart of the MU program model (2) represents the  input data from the GPS receiver
   interface program. (3) Represents  the input data from the GSM modem interface program
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should be implementable and satisfy the real time system requirements, the main advantage of this is to make system simpler and
faster. The software was written by using Microsoft Visual Basic programming language (version 6.0)

The hardware parts of the GPS/GSM Based System practical model are interfaced and communicated with each other under the
control of the software of the controlling program. It consists two parts; the first is the major program, which is responsible for
controlling the Mobile Unit (MU), while the second one is responsible for managing the control station, each part has several
sub-programs for controlling the specific devices used in building the system model.

The flowchart of the mobile unit program of the GPS/GSM Based System is shown in figure 2. To complete this program, there
are two interfacing programs: program of interfacing the GPS receiver and reading GPS data and the program of interfacing the
first GSM modem (Nokia 6670) - to- computer-A .

The flowchart of program interfacing the GPS receiver and reading GPS data is shown in figure 3. The $GPRMC frame gives the
coordinate of the GPS receiver including longitude, latitude as well as time and date. While the flowchart of the first GSM modem
(Nokia 6670) to computer interface program model is shown in figure 4.

Figure 3. Flowchart of the GPS receiver interface and data extraction
program model. (2) represents the input data to MU program model
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On the other hand, the program model of the control station is used to manage the interface between computer-B and the second
Nokia GSM-modem. Its flowchart is shown in figure 5. It follows the same steps as in the flowchart of figure 4 by acquiring the
GSM port settings, opening the port for data retrieval, checking for available PIN codes and the extraction of the GSM modem
and service provider related data. Then it will extract the received text message stored in the GSM-modem inbox. After that it will
process and display the GPS position coordinates of the mobile unit using any text message editor application available such as
the Nokia text message application then the coordinates can be displayed graphically on the Garmin digital map source if
required by the user.

4. Results of  Measurements

The system test involves the execution of both part of the system, the mobile unit and the control station models using two
types of GPS: ordinary GPS and differential GPS techniques as follows.
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Figure 4. Flowchart of the GSM-modem interface program model
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4.1 Using ordinary GPS
Three sites were selected to perform the measurements and the original position coordinates of three predefined places were
acquired using Garmin and Google Digital- Maps. Those sites are :

1. Site-A: The building of the department of electronic and communications engineering for AL-Nahrain University.
2. Site-B: The building of the AL-Nahrain University Health Center.
3. Site-C: The tower of the University of Baghdad.

The  coordinates  of  each  site  mentioned  above  obtained in this method were named A1, B1 and C1 respectively.

The position coordinates of the above sites were measured using the practical implemented system and repeated for three times
at each of the specified sites.  The points acquired in the practical system test were named A2, B2 and C2.

The detailed coordinates of the sites that were obtained in both methods (during the system test and using digital maps) can  be

    Start

No

Yes

Input GSM-Modem Port
              settings

Open GSM-Modem Port

Is SIM card
      PIN
protected?

Read input PIN code

Apply settings and read
    SIM card Database

Extract and Display (If Prompted) the data
 related to the GSM - service provider and
                    GSM - modem.

Read GSM - modem Inbox data

Display received text
 message data using
 Nokia text message
   editor application

 Project the MU position
coordinates on the Digital
  Map source application

Figure 5. Flowchart of the Control Station program model
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seen  Table  2.  It  is  indicated  that  an  accuracy  of  less than  10m  is  obtained  compared  with  the  original  coordinates
taken from digital map and this value is in the accuracy range of the used ordinary GPS.

4.2 Using differential GPS
The  concept  of  differential  GPS  technique  has  been applied on the implemented system  when the received data (representing
GPS reading at the mobile unit) by the control station  is  corrected  according  to  the  difference  value obtained between GPS
reading and the original coordinates of  the  control  station[9].  For  this  purpose,  seven experiments  representing  seven  sites
were  achieved  to examine  the    data  transmission  through  the  implemented system. The obtained errors in the horizontal
(longitude and latitude) and the vertical (altitude) coordinates according to the original coordinates are recorded in Table 3.

Sites
Actual Sites’ Coordinates
  obtained using Digital
               Maps

Coordinates obtained
during test procedures

Distance errors
     (meters)

Site - A A1:

Longitude - 4422.3066
Latitude = 3316.4105

Longitude - 4422.4035
Latitude = 3316.3641

B1:
Site - B

Site - C
C1:

Longitude - 4422.3837
Latitude = 3316.2501

A2:

Longitude - 4422.3048
Latitude = 3316.4134

Longitude - 4422.4010
Latitude = 3316.3650

B2:

C2:

Longitude - 4422.3845
Latitude = 3316.2472

10.18

6.5

9

Table 2. The position Coordinates obtained in two methods Using ordinary GPS

Experiment
       No.

Horizontal error of
coordinate (meters)

Vertical error of
coordinate (meters)

1             0.25          0.25

2             0.35          0.38

6             0.24          0.24

3             0.35          0.24

5             0.46          0.30

Table 3. The coordinate errors using differential GPS

After  the  system  has  been  tested  experimentally,  it  is  clear that a horizontal accuracy of 0.44m and a vertical accuracy of
0.55m are obtained (or the accuracy is less than 0.6m for both coordinates).

4             0.79          0.38

7             0.64          2.08
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5. Conclusion

The  present  work  has  been  carried  out  to  design  the hardware  and  develop  the  software  of  the  GPS  based  on existing
SMS service of GSM network in order to evaluate the implemented system experimentally. The proposed GPS/GSM based
system  model  includes  two  parts  which  are  the  mobile unit and the control station.  The system processes, interfaces,
connections,  data  transmission  and  reception  of  data  between the mobile unit and the control station has been performed
and tested  successfully  and  accuracies  less  than  9m  and  0.6m  are obtained  compared  with  the  original  coordinates  using
ordinary GPS and differential GPS respectively. These results are compatible with the accuracies of used GPS technologies.
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