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ABSTRACT 

This study aims to assess the accuracy of digital elevation model (DEM) created with 

utilization of handheld Global Positioning System (GPS) and comparing with Advanced 

Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model 

(ASTER GDEM), version 2. It is known that the quality of the DEM is affected by both of 

accuracy of elevation at each pixel (absolute accuracy) and accuracy of presented morphology 

(relative accuracy). The University of Baghdad, Al Jadriya campus was selected as a study area 

to create and analysis the resulting DEM. Additionally, Geographic Information System (GIS) 

was used to visualize, analyses and interpolate GPS track points (elevation data) of the study 

area. In this research, three additional DEMs were created using 60%, 30% and 15% of the all 

GPS track points to deduce the effect of the number of the included points on the accuracy of the 

resulting DEM. The study findings show a high resolution for the resulting DEM less than 5m 

when taking into consideration all GPS tracking points that observed in this research. Moreover, 

the resulting DEM has relative accuracy better than absolute accuracy and reaches to around 2m. 

By comparing with ground control points (reference points), the quality of handheld GPS DEM 

shows considerable improvement better than ASTER GDEM. Thus, this study indicates to 

improve the accuracy level of handheld GPS DEM by about 40% with increasing the observed 

number of GPS track points to twice. 
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 الخلاصة

وظةا  تددٔةد المُاقةل المدمةُ   الةذْ تةم تئُىةً باسةم دا   ((DEMدقةث ومةُ ح اترتعةال الزقمةٓ  تقٕٕم إلّ الدراسث ٌذي تٍدف 

(GPS  )( َٓمقارومٍا مل ومُ ح اترتعال الزقمٓ العالمASTER GDEM )ٓومةُ ح ان دةُدت  مه المعزَف. اتصدار الجاو

ظةاٌزت )الدقةث المللقةث( َدقةث الم ةيل ال حةدت مةه َحةداج الةةُرتَعىد كل  الىاتذث تمأثز بيل مه دقث اترتعال اترتعال الزقمٓ

ومةُ ح اترتعةةال كمىلقةث دراسةةث تو ةاح َتدلٕةةل  الدةز  الزيٕسةةٓ اةٓ الذادرٔةةثاخمٕةةار دامعةث بغةةداد/ حٕةةت تةم  .)الدقةث الىسةةٕث(

( لغةةزع عةةزع َتدلٕةةل GISوظةةا  المعلُمةةاج الذغزاإةةث )عةةةَت علةةّ  لةةس تةةم اسةةم دا  . الزقمةةٓ الىةةاتخ اةةٓ ٌةةذت الدراسةةث

 اضةاإث وما ح لةرتعةال الزقمةٓثةث  كما تم او اح)بٕاواج المىسُب( ال اصث بمىلقث الدراسث.  GPSَاسميما  وقاط مسار الـ 

 دقةث  علةّ المضةمىثتسمىماح تأثٕز عدد الىقاط  GPS% مه دمٕل وقاط مسار الـ 15% َ 30% َ 60باسم دا   آ ٌذت الدراسث

الذْ اسةم د  دمٕةل وقةاط المى أ  لىمُ ح اترتعال الزقمٓ ومايخ ٌذت الدراسث دقث عالٕث  الىاتذث. اظٍزج ومُ ح اترتعال الزقمٓ

 المللقةث دقةث وسةةٕث ااضةل مةه الدقةث لةًالميةُن  ممةز. عةةَت علةّ  لةس  ان ومةُ ح اترتعةال الزقمةٓ 5مه اقل  GPSمسار الـ 

عما ٌةُ علٕةث اةٓ الةـ  ملدُظا تدسىاالمدمُ    GPSللـ  ومُ ح اترتعال الزقمٓ  ممز. كما اظٍزج دُدت  2حُالٓ  َتةل الّ
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ASTER GDEM  رج ٌةذت الدراسةث الةّ اشةا اوقةاط الضةةظ اترضةٕث )الىقةاط المزدعٕةث(. كمةَ لس عه طزٔة  المقاروةث مةل

المزصةُدي  GPS% مل سٔةادت عةدد وقةاط مسةار الةـ 40المدمُ  بىدُ حُالٓ  GPSللـ  ومُ ح اترتعال الزقمٓ تدسه مسمُِ 

 الّ الضعف.

 ومُ ح اترتعال الزقمٓدقث   وظا  تددٔد المُاقل المدمُ   ومُ ح اترتعال الزقمٓ :الكلوات الرئيسية

1. INTRODUCTION 
Digital elevation models play an important part for several applications such as hydrologic 

analysis, land use, landslide monitoring and others. Some of these applications require high 

accuracy of DEM despite of the cost such as planning of dam area and drainage channel 

networks. Where, high resolution DEM less than 30m does not freely available for most of the 

world’s regions Srivastava and Mondal, 2012. Data of freely available DEM provide varied 

ground parameters (e.g. Earth's relief, slope and aspect of terrain) to be utilized for 3 

dimensional modeling and geospatial analysis. For example, the most common freely available 

DEM are the Advanced Spaceborne.   Thermal Emission and Reflection Radiometer Global 

Digital Elevation Model (ASTER GDEM, 30m resolution) and the Shuttle Radar Topography 

Mission (SRTM, 90m resolution). Additionally, several techniques were adopted for DEM 

production with different level of accuracy such as traditional field survey, photogrammetry, and 

laser scanning, Suganthi and Srinivasan, 2010. Where, traditional survey techniques such as 

leveling surveys and total stations are utilized for DEM generation with high accuracy for civil 

engineering project, however its cost comparing with other techniques, Farah, 2008. It is known 

that a geodetic GPS receivers are used for positioning with centimeters/ millimeters level of 

accuracy (depending on the length of baselines), while positioning accuracy of handheld GPS 

receivers reach to about a few meters. By Wide Area Augmentation System (WAAS) enabled 

the positioning accuracy of handheld GPS increases to about 3 meters based on WAAS 

correction for broadcast signal, Fry, et al., 2015. Thus, the objectives of this research were to (1 

assess the accuracy of DEM which created based on handheld GPS, (2 develop a high resolution 

DEM (less than 5m) based on low cost GPS, (3 compare the resolution of freely available DEM 

(ASTER GDEM) with the resulting DEM of this study. 

 

2. DEM STRUCTURE AND INTERPOLATION TECHNIQUE 

Digital Elevation Models (DEMs) represent data files that include the elevation of the earth’s 

surface for a specified area. Digital elevation data are obtainable in variety formats that consist 

of Digital Terrain Models (DTM), Digital Surface Models (DSM), and Triangulated Irregular 

Network (TIN).The difference between a DTM and a DSM is that a DSM represents the ground 

surface and includes all objects on it whereas a DTM represents the earth’s surface without any 

objects like building and trees, De Sawal, 1996. DEM can be created based on two main sources 

using interpolation method. The first is the traditional ground surveying (e.g. level, theodolite, 

and GPS). While, remotely sensed surveying, e.g. satellite image and laser scan, is the second 

source. After the data collection step, DEM generation needs to interpolation technique 

(whatever the data collection size). This technique is applied for determining the unknown 

values for certain locations based on the known values for another points (all points in DEM 

generation area become known data), Carlisle, 2002. Geographic Information System (GIS) is a 

tool widely used to visualize, manage, integrate, and analyze large quantities of spatial data. 

There are several interpolation methods available in GIS such as inverse distance weighting 

(IDW), ordinary kriging (KG), and spline with tension (ST). Most studies showed that kriging is 

more superiority by comparing with the other methods, Erdogan, 2009; Svobodová, 2011; and 
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Arun 2013. Thus, Kriging is a geo statistical interpolation which based on the spatial 

distribution of data instead of real values. 

 

3. STUDY AREA AND FIELDWORK DESCRIPTION 

In this study, Baghdad University Campus and Al Nahrain University were selected as the study 

area. The selected area located in the Iraqi, Baghdad, Al Jadriyah on geographic coordinates 33° 

16' 20" to the North and 44° 22' 44" to the East (as shown in Fig. 1). The dimensions of the 

observed region of this study area are approximately 0.8 km in the East-West direction and 1 km 

in the North-South direction. Regarding this study, fieldwork was accomplished in two stages. 

From 5 - 17 April 2015, handheld GPS units (2 Garmin eTrex units) as shown in Fig. 3-A, were 

used to gather elevation of GPS track points (by rate three thousand points per day) for the DEM 

creation of the interested area as the first stage. GPS track points, which amounted to over thirty-

seven thousand points, were distributed to cover all the selected area by arbitrary tracks as 

shown in Fig. 2 (red points). In the fieldwork of the first stage, the two handheld GPS receivers 

were set to receive the signal of Wide Area Augmentation System (WAAS). WAAS delivers 

signal corrections to enhance point positioning accuracy of GPS receivers, Andreea, 2011; and 

Donghai et al. 1998. For the period 18 - 28 April 2015, one hundred fifty two ground control 

points, which shown as a yellow points in Fig. 2, were created in obvious and specified sites of 

the study area, and represent the second stage of the fieldwork. Where, Differential Global 

Positioning System (DGPS) technique using two GR5 receivers, shown in Fig. 3-B, was used to 

observe these control points, which utilized for evaluating the accuracy of the resulting DEM. 

 

4. DEM CREATION AND ACCURACY ASSESSMENT 

In this study, spatial data for both of handheld receivers and geodetic receivers were used to 

construct DEM and assess its accuracy. Spatial data of GPS was visualized, analyzed and 

interpolated using Geographic Information System (GIS) Bussink, 2003 and Salih, and AL-

Tarif, 2012. Thus, the created DEM based on GPS track points was implemented through 

several stages in GIS. Firstly, GPS points were reviewed and edited for filtering and removing 

the blunders. This filtering was applied manually by comparing GPS points with data for both of 

fieldwork and satellite image of the study area. In the second stage, initial DEM for the study 

area was created based on interpolation method. This interpolation for GPS points was applied 

using ordinary kriging, which deduces values for unobserved locations based on advanced 

statistical method  Svobodová, and Tuček, 2009 and Muhsin 2013. Re-filtering was performed 

for the initial DEM in the third step. Thus, GPS points, which have elevation values significantly 

different from the neighboring points, were edited to represent the real terrain as it appeared in 

field data. Finally, interpolation of ordinary kriging was again achieved to obtain the final DEM 

of the study area. Moreover, GPS ground control points were considered as reference points 

(RP) to assess the accuracy for both of ASTER Global DEM (ASTER GDEM) and handheld 

GPS DEM (HGPS DEM). The absolute accuracy of the resulting DEM can be computed using 

the root mean square error (RMSE). The RMSE values were computed for the resulting DEMs 

(ASTER GDEM and HGPS DEM) relative to the reference points DEM (RP DEM) as shown in 

Eq. (1), Jenson and Domingue, 1988 and Wechsler and Kroll, 2006.  .  

 

RMSE   √
∑       

 
                                                                                                                     (1)                                                                                 
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where Ei is the elevation of the interpolated DEM, Et is the reference elevation (RP DEM) , and 

n is the number of RP. Furthermore, the relative accuracy of DEM also can be computed in 

addition to the absolute accuracy. Where, the relative accuracy, which is elevation difference for 

sample of point pairs, was calculated using the following equation, Bhakar, et al., 2010 and 

Gu, et al., 2014: 

Relative accuracy  |            |                                                                                         (2)                                         

 

where       refers to the elevation difference between RP point pairs and        refers to the 

elevation difference between the interpolated DEM point pairs. Additionally, accuracy 

assessment of DEM is also based on the value of spatial resolution which can be determined by 

the following spatial equation Chirico, et al., 2012: 

 

 Average spatial resolution  √
 

 
                                                                                                (3) 

where D stands for the dimension of the study area, which used to create DEM, and N stands for 

the number of observed GPS track points. Thus, the quality of a DEM is determined based on the 

level for both of absolute accuracy and relative accuracy (accuracy of morphology presented). 

Where, several factors significantly impact on quality of interpolated DEM, Sulebak, 2000; 

Guo-an, et al., 2001 and Ashraf, et al., 2012: 

 

 Earth surface roughness, 

 collected data density, 

 resulted resolution, 

 and interpolation method.                                                                              

 

5. RESULTS AND DISCUSSION   

In this study, DEM with spatial resolution less than 5m were developed using handheld GPS 

(low cost GPS) for the study area (Baghdad University) as shown in Fig. 4 (yellow grid). On the 

other hand, the open source data (free available DEM) do not provide DEM at this resolution 

such as ASTER GDEM, which has resolution equals to 30 m, as shown in Fig. 4 (red grid). 

Thus, results of this study showed that DEM which created by handheld GPS has high resolution 

and closer to the reference DEM (ground control points DEM) than open source DEM (ASTER 

GDEM), see Fig. 5. It is worth to mentioning that accuracy of handheld GPS observations was 

inhomogeneous due to constant changing in both of number and geometry of satellite that 

observed by the limited scope of handheld GPS. Therefore, the procedure of filtering by GIS, 

which applied in this study, plays an important factor to improve the accuracy of this resulting 

DEM (HGPS DEM). Where, the yellow grid in Fig.4 represents the DEM production based on 

the collected GPS track points (up to 37000 points) which input to GIS tool as individual 

shapefile. Thus, the points of this shapefile were interpolated after applying the visualizing and 

the filtering procedures to get high resolution DEM for the specific region. Moreover, the red 

grid (Fig.4) refers to ASTER GDEM grid which freely uploaded from internet and input to GIS 

with another shapefile. Meanwhile, ASTER GDEM showed lower resolution than HGPS DEM 

by over 6 times. Moreover, the significant variation between the reference DEM and ASTER 

GDEM can be noted in Fig.5. In contrary, this Figure shows magnitude similarity between DEM 
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of handheld GPS and DEM of reference points in terms of values of elevation and their 

distribution pattern in the study area. Additionally, the diagram for both of elevations and 

difference elevations, which were obtained from DEMS (RP DEM, HGPS DEM and ASTER 

GDEM), were presented in Fig. 6. Regarding the outcome of this study, the root mean square 

error, which refers to absolute accuracy, for the HGPS DEM is 3.07 m. Where, the ASTER 

GDEM has root mean square error more than HGPS DEM by over 5 times as shown in Table 1, 

which also presented the values of minimum and maximum difference elevation. In this study, 

the relationship between the number of GPS track points and the accuracy of resulted DEM was 

deduced. Where, all GPS track points (up to 37000 points) were reduced to three groups by 60%, 

30% and 15% to create three additional DEMs. Thus, accuracy assessment values for the 4 

DEMs, which created from either all points or reduced points, were computed depending on 

each of absolute accuracy, relative accuracy and spatial resolution (shown in Table 2). In Table 

2, it can be noted that the relative accuracy value was significantly lower for all the DEMs than 

the absolute accuracy. Where, the interest of the relative accuracy is represented by obtaining 

earth surface parameters such as aspect and slope that depend on differences between elevation 

points. Regarding Table 2, it is noticeable an increase values for each of relative accuracy, 

absolute accuracy and spatial resolution by reducing the number of GPS track points. For 

example, DEM for a 50% reduction results in a 2 m increase in spatial resolution. Thus, the 

number of the observed GPS track points can be determined based on a required spatial 

resolution and project budget (time and availability of personnel). 

 

6.  CONCLUSION 

Results of this study showed the ability to generate high resolution DEM, which reached to 

about 4 m, using low cost GPS that associated with GIS analysis (filtering and interpolation 

technique) based on the satellite image of the study area and ancillary field data. Additionally, 

created DEMs using this technique have more certainty for relative elevation accuracy than 

absolute elevation accuracy. Thus, this procedure provides considerable utility for obtaining 

earth parameters that rely on elevation difference of points such as earth surface relief, terrain 

depth, and determination of cut/fill volume. Moreover, ASTER GDEM (freely available DEM) 

showed lower accuracy than handheld GPS DEM by about 5 times. This study suggests that the 

quality of the resulting DEM can be improved by increasing the observed number of GPS track 

points, which determined depending on the required accuracy and the budget of the project. 
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Table1.Summary of the mean error and range of elevations from resulting DEMs. 

 

Resulting DEM  Maximum elevation 

difference (m) 

Minimum elevation 

difference (m) 

Root mean square 

error,  RMSE (m) 
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HGPS DEM 3.05 0.20 3.07 

ASTER GDEM 17.17 1.3 16.11 

 

Table2. Accuracy results for the 4 interpolated DEMs based on the number of GPS track points. 

 

HGPS DEMs GPS 

points 

Spatial 

resolution 

(m) 

Absolute 

accuracy  

(RMSE,m) 

Relative 

accuracy 

HGPS DEM 37875 4.5 3.0 2.1 

HGPS DEM (50%) 18938 6.5 4.0 3.2 

HGPS DEM (30%) 11362 8.4 4.8 3.7 

HGPS DEM (15%) 5681 11.9 5.2 4.3 

 

 

Figure 1.  Study area, Baghdad and Al Nahrain Campus University. 
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Figure 2.  The distribution of points which included both of control points and GPS track points. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.The distribution of points which included both of control points and GPS track points. 
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Figure 4. DEM grid production utilizing handheld GPS and ASTER GDEM. 
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Figure 5. Created DEM using each of handheld GPS, ground control points and Aster GDEM.  
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 Figure 6.  Comparison of elevation and difference elevation for the resulting DEMs. 
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