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ABSTRACT : The concept of creating digital models of the terrain has been one of the continuous growths over the last 30 years as a result of spectacular advances in computer graphics and imaging technology, and parallel developments in the used software. At the same time, due to the development of data sources and techniques of DEM creation.

The main objectives of the current research are to create a DEM for Sinai with investigating the terrain classification and analyzing different interpolation techniques at different terrain types. The data were obtained from manual digitizing for 36- topographic maps, scale 1:100000 (Military Surveying), after reviewing, filtering and checking data investigations of the terrain classification were done. Then, the different methods of interpolation techniques are tested with different grid size for the three-terrain type (flat – rolling – mountainous). 

The obtained data is about 940,624 points (34,263 from spots and 906,378 from contours ) its elevations varied from zero to 2639 m with mean elevation 435 m and RMS 356 m, the average intensity is  15.54 pt./ Km2  except Wadi Kaid area has poor intensity, the available data 131 spot points only and hashor.

A grid- based DEM for Sinai were developed using Surfer7 software beside some auxiliary computer programs were designed by researchers. Furthermore, some applications of DEM such as relief maps and 3D viewing. Based on the obtained results, valuable and important conclusions were obtained.

1. INTRODUCTION

Digital Elevation Model (DEM) is simply a statistical representation of the continuous surface of the ground by a large number of selected points with known X, Y, Z coordinates in an arbitrary co-ordinate field. The use of DEM dates back to the 1950s. Since that time, DEM has proved to be an important method for modeling and analyzing the spatial-topographic information. Broadly, there are five main application domains where DEMs are utilized: civil engineering, surveying and photogrammetry, earth sciences, military applications and planning and resource management [1].

The choice of data sources is critical for the quality of the resulting DEM. At present, most DEM data are derived from three alternative sources, ground survey, photogrammetric and digitized existing cartographic maps. Other sources occasionally used include RADAR, laser altimetry, and sonar (for sub-aquatic terrain). Data for geological models are obtained from either borehole records or seismic surveys [2].The captured data points may be constructed by either grid - based terrain modeling or triangulation irregular network (TIN).

The users of DEM must be interested by the basics of DEM and highlight the strengths and weaknesses of the most common techniques employed in their formatting and interpretation. It is hoped that this will lead to a better understanding of the mechanics of such models and encourage taking more active interest in how they operate, so that the quality and reliability of their results improve [3]. Our country is still far away from having a national topographic database from which the terrain elevation data required for a particular project at a specific geographical location could be obtained in digital form.

2. CARTOGRAPHIC DATA SOURCES 

Existing topographic contour maps can be considered as an inexpensive DEM source. Considerable efforts have been made to convert spot points and contour lines on existing topographic maps to a girded DEM by manual digitizing approach. The operator is not just a line tracer during manual digitization, but digitizing is largely a manual process involving the concentration and skillfulness of a digitizing operator.  It is both a time-consuming and boring task [4]. The factors affecting- such as number and distribution of tics in registering the map, Digitizing fatigue, the resolution of the digitizer itself and the skill of the operator- the digitizing process were considered [5].  

3. TERRAIN CLASSIFICATION 

The terrain is very irregular surface and changes from point to another, so that the terrain is classified into some category from very smooth surface (flat terrain) to very mountainous surface (very rough terrain) [6]. Therefore the terrain classification is an important step before processing the DEM, because it helps in choosing the most suitable processing method for each terrain type.

The roughness factor by using the circle method was selected to investigate terrain classification; this method depends on computing the RF within circle with an assumed radius. Values of Zave and dave are computed from the center of the circle to other points within same circle then, the RF to this circle is computed using equation (2-1). [7], [8]

 
[image: image11.emf]2550 100 250 500

                      grid size   ( m )

0

10

20

30

40

50

60

70

80

f

la

t

 t

y

p

e

 t

e

r

ra

i

n

r

o

u

g

h

 

t

y

p

e

 

t

e

r

r

a

i

n

r

o

ll

i

n

g

 

t

y

p

e

 t

e

r

r

a

i

n

2550 100 250 500

grid size   ( m )

50

100

150

200

250

300

350

400

flat t

ype terrain

rough

 type terra

in

rolling type terrain

2550 100 250 500

grid size   ( m )

0

10

20

30

40

50

60

70

80

fl

at

 ty

p

e

 te

r

ra

in

r

o

u

g

h

 

t

y

p

e

 

t

e

r

r

a

i

n

    a) Inverse Distance to a Power ( p = 8 )

 b) Radial Basise (M.Q.) 
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Figure (8): R.M.S. for Elevation Residuals Versus Grid Sizeand

                   Terrain Type for Different Interpolation Techniques
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d) kriging Method

e) Triangulation Method






(2-1)

The previous procedure is repeated at all points of study area. Then, every point (circle) has a significant RF. The percentage of the points have RF less than 1% is computed, also the percentage of the points have RF less than 2% is computed and so on. The relation between different slopes and percentage of the points of RF less than specific slope is drawn. From this percentage the terrain type can be determined according to classification of the highway engineering, [9].

4. METHODOLOGY 
1. After selection of Sinai Peninsula as study area and selection of existing topographic maps as a source of input data, (Fig. (1) shows the key maps), the coordinates of the maps corners are transformed from international ellipsoid (datum of the used maps) to Helmert 1906 (adopted datum in Egyptian Surveying Authority, ESA).

2. Map corners coordinates are projected from geographical to Cartesian coordinates (E, N) using ETM (Egyptian Transverse Mercator) as the adopted projection in ESA.

3. The topographic maps are converted from raster to vector by manual digitizing, Fig. (2) shows digital map for all area.

4. An effective manner was developed for reviewing, filtering and checking data in both raster and vector stage.

5. Sinai area were divided into blocks 16 Km * 18.5 Km (about 10 ‘*10’) for more flexibility and speeding the work up, as shown in Fig. (3).

6. DEM for Sinai is created using some commercial software packages (Surfer 7 and AutoCAD 14) and some auxiliary computer programs - were designed by investigator as a complement to the used commercial software to meet some special requirements.

7. Different interpolation techniques are investigated at different grid size with different terrain types on three studied blocks in order to choose the best technique.

8. Verification of quality of the developed DEM.

9. Some applications and products are obtained and illustrated such digital maps, 3D maps, and shaded relief map.

5. RESULTS OF THE DEM CREATION AND VERIFICATION

5.1 TERRAIN CLASSIFICATION RESULTS

The roughness factor by using circle method is selected to classify the terrain into its categories; flat (slope < 5 %), rolling (slope 5 - 12%) and mountain (slope >12 %). Three blocks were selected as a studied blocks, Table (1) shows the statistical information for them (each one represents one of the three terrain category; flat- rolling – mountain). For further understanding the terrain characteristics the cumulative curves are drawn for each block and percent of each terrain type is calculated as shown in Table (2) and Fig. (4).

5.2 INTERPOLATION INVESTIGATION RESULTS 

A comparative study was made for five interpolation techniques; inverse distance to a power technique, radial basis technique, kriging, triangulation and polynomial regression with five grid size values; 25,50,100,250 and 500 m applied to the three studied blocks. The total data points were used to construct the model and to verificate the quality through the estimation of RMS of the elevation residuals (height differences between the actual heights and the predicted heights).
5.2.1 INVERSE DISTANCE TO A POWER TECHNIQUE

In this method, the significant parameter is the value of power. In our study the power has been varied from the default value (1) to many higher values (up to 8). The results of this method are shown in Figures (7a), (7b) and (7c) for flat, rolling and mountain terrain, respectively. As can be noticed from these figures, the smaller the grid size the greater the accuracy for all types of terrain. 

In general the accuracy increases as the power increases for all terrain types at all grid sizes, but, it can be noticed from figures that, the increasing rate of accuracy with varying power from 1 to 4 is more greater than that with varying power from 4 to 8. Also the gained accuracy from varying power from 4 to 8 doesn’t proportion to the consumed time for calculation. Detail investigating figures, one can notice that the higher the power the higher the accuracy up to grid size 250 m for flat terrain, while at grid size 500 m the best accuracy is gained at power 6.

For rolling and mountain terrain, the greater the power the greater the accuracy up to grid size 100m. While at grid size 250 and 500 m the best accuracy is gained with power 6 and 4, respectively.
5.2.2 RADIAL BASIS TECHNIQUE

The used functions are inverse multiquadric, Multilog, Multiquadratic, natural cubic spline, and thin plat spline. The results of this technique are shown in Fig. (6a), (6b) and (6c) for flat, rolling and mountain terrain, respectively. In general N.C. spline function has the best accuracy followed by thin plate and multiquadratic respectively for all terrain types and at all grid size.
5.2.3 KRIGING INTERPOLATION TECHNIQUE

Point kriging method is used in this study and its results are shown in Fig. (8d) for different terrain types. The accuracy increases as grid size decreases for all terrain types.
5.2.4 TRIANGULATION WITH LINEAR INTERPOLATION

The results of this method are shown in Fig. (8e), for the three terrain types. It can be noticed from this figure that the accuracy increases as grid size decreases for all terrain types.

5.2.5 POLYNOMIAL REGRESSION

There are four used options in this method. They are; Simple-Plan, Bi-Linear, Quadratic and Cubic. The results of these methods are given in Fig. (7a), (7b) and (7c) for flat, rolling and mountainous terrain types. Examining these data, one can conclude that there is no effect of grid size on the accuracy of this method for all terrain types, for all options. Considering flat terrain, the Cubic gives the best accuracy followed by Quadratic followed by Bilinear and Simple Plan on the other hand for rolling and mountainous terrain, cubic method gives the worst accuracy with the same other for other methods.

Examining the values of accuracy, it can be seen that the quality is very bad. Polynomial regression can be used to define large-scale trend and pattern for given data. Therefore, it can be concluded that polynomial regression is not really an interpolation technique because it does not attempt to predict two unknown values.
5.3 THE EFFECT OF TERRAIN TYPE ON INTERPOLATION
 Accuracy for different techniques is shown in Fig. (8 a,b,c,d and e). Examining these figures, it is clear that flat type terrain has the best accuracy followed by rolling terrain followed by mountainous terrain for all investigated techniques. The accuracy is inverse proportional to roughness.

5.4 COMPARISON BETWEEN INTERPOLATION TECHNIQUES

Results of all investigated techniques at the best condition of each technique are shown in Fig. (9a), (9b), and (9c) for flat, rolling and mountain terrain, respectively. Considering flat terrain, the best technique is the inverse distance to a power at all grids followed by radical basis followed by kriging followed by triangulation.

The same order is found for rolling terrain for grid size up to 250m, while at grid size 500, kriging is the best technique. Considering mountainous terrain, there is no definite trend. That is radial basis is the best at grid size 25m. While at grid size 50 and 100 m inverse technique is the best, further increase in grid size shifts the quality to radial basis again at grid size 250 m, while at grid size 500m, kriging technique is the best.

 For more globalization, one can conclude that inverse distance technique is almost the best interpolation technique at the wide used range of grid size up to 250 m.

6. DEM PRODUCTS

I. Digital map: After digitizing and filtering and reviewing data a vector format maps were obtained, which can be used in various applications with customized scale.

II. Grid Files: A grid is a rectangular region comprised of evenly spaced rows and columns. Grid files are necessary to create maps types in Surfer, including contour, image, shaded relief, vector, surface, and wireframe maps. Based on the obtained conclusions, the best interpolation algorithm applied to each block according to its terrain classification at grid size 25 (m). [10]
III. Classed Post Map: Post maps indicate XY locations with symbols and labels. Posting data points on a map can be useful for determining the spatial distribution and density of data, as shown in Fig. (10) for the studied blocks. 

IV. Shaded relief maps: are raster maps based on grid file. These maps use colors to indicate the local orientation of the surface relative to a user-defined light source direction; Fig. (11) shows a relief map for Sinai.

V. 3D surface: are three-dimensional shaded rendering from a grid file. The height of the surface corresponds to the Z value of the associated grid node. Denser grids show greater detail on the surface, Fig. (12) shows a 3D surface map for Sinai. 

7. CONCLUSIONS

Based on the obtained results, the following conclusions can be stated:

1. Smean  by roughness factor by using the circle method gives an arithmetic mean value for slopes, but the cumulative curve gives more information about the terrain characteristic.
2. There is no 'best' interpolation algorithm that is clearly superior to all applications.                

3. Polynomial method is not really an interpolator; it can be used only to define large-scale trend and patterns. So, it gives illogic results.

4. The smaller the grid size the higher the DEM accuracy, but with more run time consume.

5. The smaller the roughness of terrain the higher the DEM accuracy.

6. For inverse distance to a power method,

a. Generally the higher the power the higher the DEM accuracy for all terrain types at all grid sizes, 

b. But, the increasing rate of accuracy with varying power from 1 to 4 is greater than that with varying power from 4 to 8. Also the gained accuracy from varying power from 4 to 8 doesn’t proportional to the consumed time for calculation.

c. The higher the power the higher the accuracy up to grid size 250 m for flat terrain, while at grid size 500 m the best accuracy is gained at power 6.

d. For rolling and mountain terrain, the greater the power the greater the accuracy up to grid size 100m. While at grid size 250 and 500 m the best accuracy is gained with power 6 and 4, respectively.

7. For radial basis method, in general N.C. spline function has the best accuracy followed by thin plate and multiquadratic respectively for all terrain types and at all grid size. But run time is much greater than all other methods.

8. For flat terrain the inverse distance to a power method is the best interpolation technique at all grid size followed by radial basis.

9. For rolling terrain up to grid size 250m, the inverse distance to a power method is the best interpolation technique, while at grid size 500m the best technique is kriging.

10. For mountainous terrain there is no general optimum interpolation technique, where the obtained accuracy varies with grid size for all interpolation technique
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ملخص البحث

إن الحاجة إلى انتاج نماذج رقمية لسطح الأرض من الأهمية بمكان لدورها الهام فى كثير من التطبيقات الهندسية مثل انتاج الخرائط الكنتورية وتقدير كميات الحفر والردم ... الخ والتى تحتاج إلى تكثيف للبيانات باستخدام هذة النماذج دون الحاجة للرصد الحقلى مما يوفر الوقت والجهد.

وعلى ذلك ، فإن الهدف الرئيسى من هذا البحث هو دراسـة نماذج الأرض الرقمية المنتجة بواسـطة الطرق المختلفة للتنبؤ بقيم الأرتفاعات وذلك مع الأنواع الثلاثة للأرضى ( المنبسطة – التلية – الجبلية ) مع دراسة تاثير قيم المسـافات للشبكة المنتظمة للنموذج.بالإضافة لدراسـة تصنيف الأرض طبوغرافيا لأهميتها عند عند انتاج النموذج. وتم تطبيق الدراسة على شبه جزيرة سيناء حيث تم الحصول على البيانات من خرائط طبوغرافية (36 خريطة) بمقياس رسم 1 : 100.000 من المساحة العسكرية بعد تحويلها لخرائط رقمية بواسطة الماسح النقطي (Digitizer) وبعدمراجعة البيانات وتنقيحها تم عمل النموذج.ثم عرض أهم الاستنتاجات المسـتنبطة من هذه الدراسـة بعد تحليل النتائج ومناقشـتها.
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Table )1(: Statistical Information for studied Blocks (16Km * 18.5Km)
	Block
	No. of points
	Z
	X
	Y
	Intensity

Pt./ Km2

	
	
	Min.
	Max.
	Mean
	S.D.
	Min.
	Max.
	Min.
	Max.
	

	R4C5
	2185
	60
	1428
	386.72
	275.84
	168923.5
	185914.4
	902913.4
	922401.6
	7.38

	R5C5
	6296
	100
	2035
	812.6
	377.12
	168920.3
	185917.1
	921404.5
	940900
	21.27

	R4C6
	5652
	328
	2586
	1344.1
	446.88
	184921.8
	201918.6
	902907.3
	922395.6
	19.1


Table) 2(: Percent of points, which belong to each terrain category for studied Blocks.
	File
	Mean Slope
	Flat%
	Rolling%
	Mountainous%

	R4C5
	2.97
	81
	10
	9

	R5C5
	8.8
	48
	25
	27

	R4C6
	13.4
	28
	30
	58
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Figure (5): R.M.S. for Elevation Residuals Versus Grid Size at Different

                  Terrain Types Using Inverse Distance to a Power
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Figure (6): R.M.S. for Elevation Residuals Versus Grid Size 

                        at Different Terrain Types Using Radial Basis
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Figure (7): R.M.S. for Elevation Residuals Versus Grid Size 

                        at Different Terrain Types Using Polynomial
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Figure (9): R.M.S. for Elevation Residuals for Each Terrain Type

                    with Different Interpolation Techniques
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 Figure (1) : Postion of Studied Blocks in Cartesian Coordinates According to Helmart 1906 ( ETM )
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