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Abstract: 
 

      Spatial data is the crucial component of a GIS. The important sources of spatial data are the already existing 

digital files, maps, which can be digitized, image satellite, aerial photography and more recently GPS. GPS 

(mapping type receivers) can be used to map an area and the data can be converted into GIS compatible forms.  

      The principle objective of the present study, is to combine a portable (GPS, type: GPSMAP76SCx) device 

with the GIS software (Global Mapper 10.0) a laptop computer as a one tracking system, to monitor the real time 

tracking path of the moving vehicle on the image satellite of the Mosul University Campus (i.e.; integrate image-

based road tracking (local) and GPS (global) data)  and to study the effect of the spatial resolution and the 

georeferncing coordinate system of the image satellite on the positional accuracy of the GPS tracking path. In 

order to present consistent representation of reality, several layers of GIS datasets with different resolution have 

been used to view the GPS tracking path. The results show that the level of the positional accuracy of the GPS 

tracking path depend on the type and accuracy of the used GPS, the accuracy of georeferncing coordinate system 

and spatial resolution of the adopted image satellites (GIS layers). It's also show that the applying of satellite 

images in consecutive time can be give an illustration for the updating the maps in the GIS database for the 

purpose of planning, mapping, and surveying applications. 
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  ستخهص:انً
 

والوصةار  الوموةة لمةاٍ البياًةات هةي ا هللةات البياًةات البياًات الوكاًية هي الؼٌاصر الجوهرية في براهجيات ًظن الوؼلوهات الجغرافيةة   تؼتبر       

حيةةي يوكةةي  (. GPSبالإضةةافة ىلةةب البياًةةات الومةةتلوة هةةي ا مةةوا ت ايةةا الوواقةةغ الؼةةالوي   الجويةةة   البياًةةات اللةةةا ية الرقويةةة   الاةةرا ا   الصةةو 

ؼالن هٌطقة هؼيٌة وتشكيل خا طة لما وبالتةالي ت ويةل بياًةات هةاٍ استااام ا موا ت ايا الوواقغ  الومتقبلات ًوع  اسوة الارا ا( في ت ايا و سن ه

 الاا طة ىلب اهتاار يتوافق هغ براهجيات ًظن الوؼلوهات الجغرافية لغرض الوؼالجة والت ليل. 

لجاهؼةة الووصةل هةي ىى الماف الأساسي هي الا اسة ال الية هو الؼرض الآًي لوما  هركبة هت ركة ػلب بياى فةةا ي ضةوي ال ةرم الجةاهؼي       

يتلاػةةل هةغ احةةا براهجيةةات ًظةن الوؼلوهةةات الجغرافيةةة  ( GPSMAP76SCxخةلا  بٌةةان هٌظوهةة تتبةةغ هلاحيةةة هتكةوى  مةةام لت ايةةا الوواقةغ ًةةوع  

 Global Mapper10.0ًةي لجمةام ( هي خلا  حاسبة رفترية ور اسةة تةيرير ًظةام الإحةااريات والاقةة الوكاًيةة للبيةاى اللةةا ي ػلةب رقةة الومةا  الآ

لقا تن استااام ػاا طبقات هي البياًات اللةا ية وباقة هاتللة لغرض توضيح تةيرير رقةة البيةاى اللةةا ي ػلةب ًتةا ث الب ةي. هٌظوهة ت ايا الوواقغ.  

ااريات والاقةة الوكاًيةة أظمرت الٌتا ث أى رقة الوما  الآًي لوٌظوهةة ت ايةا الوواقةغ تؼتوةا ػلةب ًةوع ورقةة الجمةام الومةتاام   وػلةب رقةة ًظةام الإحة

وأظمةرت الٌتةا ث أيةةا ىلةب أى اسةتااام بياًةات فةةا ية لأ  هٌطقةة ر اسةة وبلتةرات مهٌيةة هتؼاقبةة سةتؼتبر ػةاهلا هموةا للبياًات اللةا ية الوؼتواا. 

   لأغراض التاطيا و سن الارا ا والومح الويااًي.لت ايي الارا ا  في قاػاا بياًات ًظن الوؼلوهات الجغرافية 
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Introduction: 
 

      Remote sensing techniques make it 

possible to obtain and distribute 

information  rapidly  over large areas by 

means of sensors operating in several 

spectral bands, mounted on aircraft or 

satellites. The spectral bands used by these 

sensors cover the whole range between 

visible and microwaves.  

      Rapid developments in computer 

technology and the Geographical 

Information Systems (GIS) help to process 

Remote Sensing (RS) observations from 

satellites in a spatial format of 

maps(Amin,2002). The integration of 

information derived from RS techniques 

with other datasets - both in spatial and 

non-spatial formats provides tremendous 

potential for  the ability of identification, 

monitoring of the moving targets. 

      A Geographic Information System is a 

collection of geographically referenced 

information along with software that 

provides the capability of organizing, 

manipulating and visualizing that 

information datasets. Datasets are organized 

as layers to create a digital representation of 

an area. Each layer provides some 

information about the reality. A layer can 

be a surface model of the terrain, an aerial 

image, a street map, or a distribution of 

population for a given area (Raju,2004).      

     These maps or images are useful to 

locate the address of a moving target  fitted 

with GPS receiver. 

      The widespread used of GPS in a 

terrestrial, marine, and airborne 

applications (Alfred,2007,Li & Yan,2008, 

Paul,2008)has been participated by its 

accuracy (with  respect to the applied map 

scale) and global availability.  

      The high accuracy that GPS provides 

has GIS professionals storing and managing 

their data in new ways. GIS now supports a 

double precision database, and GIS users 

are developing new methods for improving 

the spatial quality of the existing data in 

their systems. GPS provides a key 

component for this, but there are many 

considerations when using GPS to obtain 

and understand accurate positions. In this 

paper we present a study of the 

functionality, accuracy issues and processes 

of data collection via GPS and 

demonstrates the ability to provide an 

effective real-time track navigation 

capability by the integration of GPS data 

into a GIS software.  
 

Study area 
 

The adopted study area is inside Mosul 

University campus as shown in (figure-1) 

with a UTM coordinate system of 

(332806.83E, 4028767.16N) to 

(334699.48E, 4027552.16N).   

 

Figure-1: The layout of the study area 

 

GPS and Mapping programs: 
 

      The principle behind GPS is that 

receivers are able to use the technique of 

"trilateration " to calculate their coordinates 

on earth by measuring the time taken for 

signals from various satellites to reach 

them. (Christopher,1997). The GPS 

receiver convert the satellites' signals into 

position, velocity, and time. This 

information is used for navigation, 

positioning, time dissemination, and 

research. 

      However, 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 the positional accuracy (Santiago  

etal,2004). Usually the coordinates are then 

used to calculate the GPS device on a map, 

which is either display to the user or used as 

a basis for calculating routes, navigation, or 
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as an input into mapping programs (such as: 

ArcGIS Desktop, Global Mapper and 

OziExplorer …etc.). The readout GPS 

accuracy is defines the estimated horizontal 

position error indicated by a GPS receiver 

and can be calculated by the following 

equation (GPS Horizontal Position 

Accuracy,2010): 
 

 

N

Error

ErrorRMS

N

i

i
 1

2

_ …………..1 

 

Where N is represent the number of errors 

Mapping programs enables the users to 

work with the digital maps on the computer 

screen. Laptop and Desktop running 

mapping software can be used to facilities 

the integration process between the GIS as 

a system for optimum acquisition and 

management of geospatial data and GPS as 

a reliable means of positioning and 

navigation. This integration process  could 

answer a number of spatial, non-spatial and 

integrated queries about the real-time 

navigation. Mapping programs support 

uploading and downloading of data to the 

GPS receiver for onscreen tracking of 

position (moving map). The software also 

enables the user to load digitized maps into 

the program and manipulate them to create 

routes, tracks and to preset waypoints that 

can then upload to the GPS unit.  

 

 

One of the major advantages of linking 

(interfacing) a computer to the GPS 

receiver is the ability to upload and 

download data between the two units. 

 

Software and datasets 
 

      Global Mapper(GM): It is one of the 

useful and important software of 

geographical information system(http:// 

www.GlobalMapper.com) The GM is a 

comprehensive software package 

characterized by more formats supported, 

true 3D, professional mapping viewer 

capable of displaying the most popular 

raster, elevation and vector datasets 

convert, edit, print, track GPS. GM 

version 10.0 was used in the present study 

for the purpose of viewing, overlapping and 

GPS real time tracking process. In the 

present study several layer of GIS datasets 

have been used to view the GPS path 

(table-1) gives the specifications of the 

image satellite layers used in this study. All 

these layers are projected and 

georeferenced to the same coordinate 

system in order to get a common spatial 

representation with the GPS dataset. 

WGS84_UTM_Zone 38N system have 

been adopted for the projected and 

georeferenced processes. Georeferncing 

process is the process of aligning a non-

georeferncing data set to known map 

coordinates and assigning a coordinate 

system(Stephen,2006).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-1:The specifications of the adopted GIS layers 

 

Resolution (m) Format Date Sources Bands GIS Layers 

1 MrSid 2003 
IKONOS 

 
True color 

IKONOS 

Image  satellite 

14.25 MrSid 2002 Landsat 1, 2, 8 Mosaic ETM+ 

0.60 MrSid 2007 

 

Quickbird (Qb) 

 

True color Image satellite 

0.50 TIFF 2004 
Google Earth       

(GE) 
True color Image Satellite 
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      The applied of different layers in GIS 

with GPS, gives attempted to present a 

consistent representation of the reality. All 

the image satellites listed in the (table-1) 

have been originally georeferncing-

corrected except the Google earth'  image 

have been corrected by the author by using 

the Modify layer position / projection (Re-

Rectify ) option in the GM10.0. The 

georeferncing process was performed 

according to UTM_WGS84_38N system. 
 

Data Collection Setup and Methodology 
 

      Nearly all GPS receivers have an 

interface method for the upload/download 

of data. Depending of the model type, an 

operator can download GPS data to a 

mapping software or upload a route they 

would like to follow. There are available 

GPS receivers that connect directly to a 

laptop computer or external data collector.  

For the Garmin GPSMAP76CSx adopted in 

the present study, the direct connection with 

the Laptop was done by the USB port for 

the downloading and displaying the track 

log (A track log is a sequence of GPS 

positions that can be converted to a line or a 

polygon.) of the current GPS location 

through the GM10.0 display window. 

(Figure-2) shows the  GPS/laptop setup that 

used for data collection in the present study. 

The set up is consist of three main items: 

GPS (Model: GPSMAP76CSx), laptop 

(acer-Extensa5220), Mapping software 

(Global Mapper10.0). 

 

Figure-2: The GPS/laptop setup of the present 

study 

 

      The Garmin GPSMAP76CSx is a color 

handheld mapping GPS with a mapping 

display (figure-3), it's built in base map that 

usually includes major roads and waterways 

within the given region and a world wide 

map consisting of the borders of countries 

around the rest of the world 

(GPSMAP76CSx,2005). It’s easy to link to 

a computer ‘s mapping program and 

accommodate up to 10,000 GPS positions 

in the active track log, and up to 20 saved 

track logs. It was chosen in the present 

study for its extreme ease of use and long 

battery life.  

 

Figure-3: The Garmin GPSMAP76CSx receiver  

 
      GM10.0 is one of the mapping software 

that offer GPS compatibility, that is mean 

the ability to use the computer such as a 

laptop to display the position or path on the 

map using GPS.  

      The default coordinates of the Garmin 

GPSMAP76CSx are latitude and longitude 

(Geographical coordinates System) in 

degrees minutes seconds (hddd°mm’ss.s’’) 

format which are not compatible with 

spatial georeferncing of the used dataset, 

therefore the coordinate system setting was 

converted to Universal Transverse Mercator 

(UTM) projection and the map datum of 

World Geodetic System 84 at the Zone 38N 

(i.e.; UTM_WGS84_38N) with the 

following parameters listed in (table-2). 

 

 

 

 

 

 

 

Table-2: The spatial setting parameters of the 

of the GPS  
 

Attribute Value 

Scale Factor  0.9996 

Central Meridian  45 

Origin Latitude 0.0 

False Easting (m) 500000 

False Northing (m)  0 
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 (Figure-4) illustrates the main steps of the 

methodology adopted in the present study 

for the collecting of the track path dataset. 

The collecting data can be exported as a 

vector data (shapefile format) which can be 

used by another GIS software (such as : 

ArcGIS 9.3, Surfer8, ERDAS8.7, ER 

Mapper …etc). Also the resulted shapefile 

features can be imported by the Google 

Earth software.  
 

Results and Discussion 
 

      The accuracy obtained by GPS receiver 

is dependent on the user's GPS receiver 

quality, location, the length of observation 

time, the number of satellites available, and 

the geometry of those satellites. Adding 

more satellite ranges will provide more 

accuracy in the located position. Thought 

the practical stages of the present study, it is 

found that the GPS accuracy (estimated 

positional error) is change between the 

values (±3m, ± 4m, ± 5m). Therefore, the 

calculating RMS error of horizontal 

position of the GPS reading in the present 

study according to equation (1) is found to 

be (4.0824m).   

      In the other side, the accuracy of the 

image satellites is determined by several 

parameters (Lillesand & Kiefer,1994): 

spectral resolution, spatial resolution, 

temporal resolution, radiometric resolution 

and the contrast ratio between the pixel and 

its vicinity.  

      For the objective of the present study, 

the important one is the spatial resolution 

which refers to the size of a pixel that is 

recorded in a raster image ( typically pixels 

may correspond to square areas ranging in 

side length from 1m (fine resolution) to 

1000m (coarse resolution)).  

      For the presented study the image 

satellites covered the study area are resize 

to be covered the same area of about 3.8 

km
2
, (table-3) shows the resulted data of the 

resized images. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure-4:: Methodology steps of the data collection 
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Table-3:Resulted data of the used satellite imagery by GM10.0 

 

 

 

Mosaic ETM+7: 

Pixel width=14.25 m 

Pixel height=14.25 m 

No. of columns=174 

No. of rows=112 

  

 

IKONOS image satellite: 

Pixel width=1 m 

Pixel height=1 m 

No. of columns=2488 

No. of rows=1583 

 

 

Quickbird image satellite: 

Pixel width=0.60 m 

Pixel height=0.60 m 

No. of columns=4074 

No. of rows=2598 

 

  

 

Google Earth image satellite: 

Pixel width=0.50 m 

Pixel height=0.50 m 

No. of columns= 4800 

No. of rows=2808 

 

 

      As shown from (table-3) that the spatial 

resolution ( pixel width, pixel height) of the 

image is ultimately dependent on the total 

number of the pixels (No. of columns 

multiply by No. of rows).  

      When the Start Tracking GPS feature in 

the GM10.0/GPS menu is turned on, the 

GPS automatically begins to record its 

position at regular intervals by joins the 

track points together to create a continuous 

line (track log). The track log (or tracking 

paths) was drawn directly on the adopted 

rectified image satellites, which allows the 

user to specify the path with a precision up 

to the spatial resolution of the image data.   

(Figure-5) shows the GPS real time 

tracking path on the main street inside the 

Mosul University Campus on 2
nd

 Feb. 

2010.  

      Here the continuous line of the GPS 

tracking representing a new GIS layer in a 

vector format which can be exported to the 

another GIS software (ERDAS, ArcGIS9.x, 

AutoCAD, …etc.).  

      The total length of the line is 3.834km 

with a 79 track points, the time interval  

between consecutive track points is 2 sec. 

The track points information (latitude, 

longitude, elevation, time of recording) are 

shown in (figure-6).     
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Figure-5: GPS tracking path on a Quickbird image satellite  

inside Mosul University 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      The GPS tracking layer was overlapped 

on the all of the used image layers in the 

same way illustrated in (figure-5). 

      The positional accuracy of each layers 

will determined the level accuracy of the 

GPS tracking path. Positional accuracy can 

be viewed as a measured of how well the 

coordinates in the data layer correspond to 

the real coordinates of the of the ground. By 

comparing the GPS tracking path layer with 

the used image satellite layers, it is found 

that positional errors of the tracking path 

location are : 0.861m, 3.235m, and 6.820m 

for the IKONOS, Google Earth, and 

Quickbird images respectively as shown in 

(figure-7), these errors could be found due 

to the absence of the image geometrical 

correction process. This values of the image 

satellite positional errors will be add to the 

calculating RMS error of horizontal 

position of the GPS readout (4.0824m) and 

result a cumulative error which must be 

taken in the process of analysis and 

mapping. For the ETM+7, it's difficult to 

find its positional error at the applied large 

scale (1:1000).  

      As shown from the (figure -7) that 

although the spatial resolution of the 

IKONOS image satellite is low (as shown 

in (table-2)) in comparison with those of 

Quickbird and Google earth, but it gives 

accuracy in determining the GPS tracking 

path higher that them. This gives a result 

that the spatial resolution of the image 

Figure-6: the GPS track points information 
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satellite is not a parameter for measuring the validity of the image coordinate system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-7:The measured positional errors in the used image satellites 

 

 

IKONOS images  

Resolution =1m  

Map scale 1:5446 

Posi.error=0.422m  

GE images  

Resolution 0.54m  

Map scale 1:5446 

Posi.error=3.235m  

  

Quickbird images  

Resolution 0.6m  

Map scale 1:5446 

Posi.error=6.820m  
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From the other side, the image satellite with 

a high spatial resolution can give the 

required clarity details for the image and 

the GPS tracking path even in a large scale 

view, as apposed of the image satellite with 

low spatial resolution which can't give the 

same detail at the same scale view as shown 

in (figure-8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-8: The effect of the image spatial resolution on the image details at the scale of  (1:1000) at the left 

and (1:10000) at the right  

 

Expected 

location  

Google Earth image  

ETM+7 image  

IKONOS image   
 image  

Quickbird  image  
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      A comparison of the image layers in 

(figure-8) shows the disadvantage of the 

low spatial resolution image satellite (such 

as ETM+7) at the of scale of (1:10000) and 

even at the scale of (1:1000) for the 

mapping purposes in the large scale view, 

whereas the image layers with a high spatial 

resolution (especially Google earth, 

Quickbird, and then IKONOS ) gives the 

required details for buildings, streets, and 

GPS track log to be visible in used image at 

the large scale for the generation of 

qualified maps with required contents and 

geometry.  Therefore , the improvement of  

tracking down urban characteristics can be 

useful for creating and updating city  plans 

that communicate better with the user. It 

can also become a basic for a GIS 

application.  

      The applying of satellite images in 

consecutive time can be give, for example, 

an illustration for the updating the maps in 

the GIS database for the purpose of 

planning, surveying, and cartography 

applications. (Figure -9) shows the updating 

in the study area between 2003 and 2007. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusions:  
 

      In this study, a GIS – GPS integration 

set-up was presented for the purpose of real 

time tracking path of the moving vehicle 

on the image satellite of the Mosul 

University Campus(study area). The set-

up was based on mapping software (Global 

Mapper10.0) and image satellites with 

different spatial resolution, sources, and 

acquired date .  

      The applied set-up can be a practical 

application in surveying and map updating 

field According to the results of the study, it 

is safely concluded that the applied 

methodology was successfully satisfied the 

objective of the study. The results indicated 

that the positional estimated error provided 

by the GPS track log is substantially 

depended on the accuracy level of the 

image coordinate system. The results also 

demonstrated that the very high spatial 

resolution satellite data represent the 

surface of the earth with more detail. 

Finally, the development of high resolution 

images and GPS survey techniques will 

supply more effective tools for the GIS 

applications. 
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