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ABSTRACT 
This paper represents a total idea about Digital elevation modeling. It is a 3D representation of terrain’s surface created from 
terrain elevation data. It can be represented as raster (height of map) or as vector based Triangular Irregular Network (TIN). The 
TIN DEM dataset is also referred to as a primary (measured) DEM, whereas the Raster DEM is referred to as a secondary 
(computed) DEM. The DEM could be acquired through image acquisition techniques such as photogrammetry, LiDAR (Light 
Detection and Ranging), InSAR (Interferometry Symmetric Aperture Radar), land surveying, etc. Automatic and semiautomatic 
techniques can be used to convert 2D images in to 3D. DEMs are commonly built using data collected from remote sensing 
techniques, but they may also be built from land surveying. DEMs are used often in geographic information systems, and are the 
most common basis for digitally-produced relief maps. 
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1. INTRODUCTION 
DEM is the three dimensional vector indicating the terrain [1], it is widely used in surveying and mapping. The common 
data sources of obtaining DEM are remote sensing images, maps and etc. [2]. A Digital Elevation Model (DEM) is a 
digital geographic dataset of elevations in xyz coordinates. DEM data is being used in most of the western hemisphere in 
which DEM has "Bare Earth" z values at regularly spaced intervals in x (Easting's) and y (Northing's). In some countries 
the x and y orientation are opposite from the general use with "x" being Northing and "y" Easting. Many different 
horizontal and vertical geodetic reference systems are available around the world, hence the necessity to clarify. 
DEM can be represented as raster (height of map) or as vector based triangular irregular network (TIN). The TIN DEM 
dataset is also referred to as a primary (measured) DEM, whereas the Raster DEM is referred to as a secondary 
(computed) DEM. Satellite Imaging Corporation (SIC) provides orthorectified satellite images and aerial Photography 
which can be processed for visualization of terrain conditions in three Dimensions (3D) or Digital Elevation Model 
(DEM) which are generated from a variety of resources [3]. In addition to the orthorectification of remotely sensed data, 
the DEM's are utilized in support of the pre-planning and lay-out of corridor surveys, area developments, seismic line 
locations, Well sites and Engineering, Construction activities, Environmental and Geological purposes. 
Older methods of generating DEMs often involve interpolating digital contour maps that may have been produced by 
direct survey of the land surface. This method is still used in mountain areas, where interferometry is not always 
satisfactory. A DEM implies that elevation is available continuously at each location in the study area. Images for DEM 
are acquired from different image acquisition techniques such as LiDAR, photogrammetry, RTK (Real Time 
Kinematics), Doppler Radar etc. All these methods give better resolution images. 

2. METHODOLOGY 

2.1  LiDAR 

TLiDAR means light detection and ranging. LiDAR data contains the elevation and brightness information of surfaces of 
lands, vegetation cover and construction. As shown in Fig. 1 ground filtering and interpolation method are the key for 
extracting the DEM accuracy. Ordinary cringing interpolation method was used to retrieve Digital Elevation Model 
(DEM). 
The most crucial step in the derivation of DEM is the filtering process, which classify the laser scanning points into those 
that are part of the bare earth and those are not. Several filtering methods had been developed for this purpose [4], [5], 
[6], [7]. The filtering method was the progressive TIN densification method proposed by Axelsson (1999, 2000), which 
had been implemented in the software package Terra Scan. The method starts by selecting some local low points as seed 
points. This process is controlled by the max building size parameters. Filtering methods can discriminate ground points 
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from non-ground points automatically in high efficiency but the urban landscape is so diverse that they are likely to fail 
under some complex circumstances. These situations relate to, for example, outliers in the data, objects attached to the 
terrain and discontinuities in the bare-Earth surface. Dealing with these difficulties becomes the key issue of high 
precision DEM production. 
There are some points far above or below the terrain surface. These points are referred as high outliers and low outliers 
respectively. Low outliers impose greater impact than high outliers on the accuracy of filter. Filtering method starts by 
selecting some local low points as seed points. This process is generally controlled by the max building size parameter. If 
the maximum building size is 100m, the method assumes that any 100m by 100m area will have at least single ground 
point. Then the TIN is computed based on the seed points, and points are added to it in an iterative process. Whether a 
point can be accepted to the TIN is determined by iteration parameters, including iteration angle and iteration distance 
also. Terrain feature preservation is one of the important steps in DEM generation using LiDAR [6], [7]. 
The most common example is the buildings spanning the gaps between bare-Earth surfaces, where one is lower than the 
other. Classical interpolation method is based on the assumption that the surface is smoothly undulating. As a result, 
direct interpolation may produce a smooth terrain, resulting in terrain feature loss [5], [6], [7]. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Workflow for high-precision DEM production using LiDAR [8] 
 
Laser scanner with vertical accuracy approximately equal to 0. 1 m and horizontal accuracy equal to 0.2m. Dataset 1 is 
near the Wutaishan Sports Centre covered by dense trees (Fig. 2(a)). There are many difficulties in this study area, 
including steep slope, large sports stadium, complex objects, discontinuities and underground park entrance. Fig. 2 is a 
typical urban area with overpass spread. Other difficulties consist of low outliers, vehicles, bridges, rivers and large 
buildings (Fig. 2(b)). These two areas are 0.6 km sq. and 1.4 km sq. respectively [8]. 
 

 
 
 

Figure 2 Aerial image taken by using LiDAR (Fig (a) and Fig (b)) [8]. 
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2.2  Photogrammetry 

Data acquisition for aerial photogrammetry covers kites, gliders, balloon, and airship, rotary and fixed wing UAV 
(Unmanned Aerial Vehicle) with the various flight modes such as manual, semi-automated or fully-automated. The 
methods of data acquisition depend on project budget, time of project and level of accuracy required in the project. 
Recently, the development of science and technology has been widely spread in many education fields [9], [10], [11], 
[12]. 
Photogrammetry is basically divided in to five stages which is given in below fig.3. Data preparation is first stage in this 
stage required data is prepared. In second stage digital image of fixed or mobile platform is taken and acquired data is 
observed. Third stage is important stage which is data processing in this image processing is done in three steps interior 
orientation, exterior orientation, aerial triangulation. In fourth stage DEM generated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Photogrammetry Methodology Flowchart [13] 
 
In last stage accuracy of model is checked and gives proper conclusion [12]. Fig. 3 depicts flowchart of the research 
methodology which concentrated on the fixed platform and mobile platform using rotary wing UAV to obtain aerial 
images of the simulated model. The dimension of the simulated model is approximately 3 x 1 metre only and it was built 
using sand and cement. Before photogrammetry work is carried out, flight planning is the most important task that need 
be considered which contributes to the quality of data acquisition. Flight planning involves calculation of study areas, 
number of strips required, pixel size, photo scale, flying height and percentage of end lap and side lap. In general, aerial 
photograph should be overlapped at least 60% present and side at least 30%. This requirement need to be fulfilled to 
make sure quality photogrammetry results could be obtained [14], [15]. 
Recently, the development of science and technology has been widely spread in many education fields [6]. 
Photogrammetry is basically divided in to five stages which is given in above flowchart. 
 Data preparation is first stage in this stage required data is prepared. In second stage digital image of fixed or mobile 
platform is taken and acquired data is observed. Third stage is important stage which is data processing in this image 
processing is done in three steps interior orientation, exterior orientation, aerial triangulation. In forth stage we will get 
DEM, which can be converted in 3D models. In last stage we can check accuracy of model and can give proper 
conclusion. One of the images taken from photogrammetry method is given in above fig 4. The value of RMSE must be 
less than 1.0 in order to obtain good result [13]. 
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Figure 4 Image taken by photogrammetry method [13] 
 

2.3  Real Time Kinematic -Global Positioning System (RTK-GPS) 

By using correction data broadcast from a ground based reference station at a known location, the Real-Time Kinematic 
technique allows to obtain centimetre-accuracy GPS positions while stationary or moving. 
Positioning in a short time and high precision is an important issue in surveying [16]. Prior to 1990, the dominant 
technique to determine the height of points on the ground surface was geometric levelling [17]. Traditional levelling is 
cost effective but provides good accuracies in small study areas [18], [19]. After 1990, many efforts were implemented in 
developing of technologies and methods for geoid determination in sub centimetre level of accuracy [17], [20]. 
Positioning and navigation were revolutionized by development of Global Positioning System (GPS) [21]. This system 
was alternative technique to geometric levelling that provides rapid and reliable information [17], [20]. Today, GPS plays 
very important role in geodesy, land surveying, earth science, cadastral surveying, etc. Positional information can be 
obtained from two or more stations in three-dimensional space. The assessment of the precision of the GPS-RTK survey 
was made by comparing the data collected along the same paths, either the round-trip path along both sides of the road or 
two repeated measurements collected from two independent RTK field surveys [17], [20]. 

  2.4  Topographic Mapping 

Since 2008 a lot of 1:500, 1:2000, 1:5000 topographic map data have been updated, these data are typical of short period, 
rich information and high actuality, and have a large number of elevation points, contour information. In accordance with 
the requirements, elevation points, contour elevation have already been assigned the height value. It is meaningful for 
using these elevation data and contour lines to construct a TIN model, furthermore generate the digital elevation model 
(DEM). There are already some researches in China, like (Study of DEM Quickly-building Based on Large-scale Relief 
Maps) (1), (Quality Inspection and Assessment of DEM Based on 1:10000 Scale DLG) (2), (The Feasibility Application 
of DEM Technical Production Improvement in Basic Surveying and Mapping Projects) (3) etc. The main flow is as given 
in below Fig.5 [17], [22], [23], [24]. 
 

  2.5  Interferometry Symmetric Aperture Radar (InSAR) 
Synthetic Aperture Radar (SAR) can acquire high resolution images all the day and all the time with little influence to the 
atmospheric conditions. The technique of interferometry SAR has been widely applied to topographic mapping and 
deformation measurements since early 1990s. It is based on the processing of the SAR complex images acquired from 
slightly different points of views and phase difference of the precisely co-registered images called interferometric phase 
or interferogram, can be used to extract the height of the points on the Earth. Differential InSAR (DInSAR) on the other 
hand, is used to detect change of the ground surface with a high accuracy [25], [26], [27]. 
SAR interferometry processing technology has developed from a few decades, and it is widely used in many geoscience 
applications. Conventional SAR interferometry processing methods do not suit for space-borne spotlight SAR 
interferometry processing. Based on co-registration with Doppler centroid frequency estimation and joint phase 
unwrapping method, a novel space-borne spotlight SAR interferometry processing method is discovered. It is validated 
by Terra SAR-X spotlight SAR data. The results show a clear improvement in DEM construction [25], [26], [27]. 
By using interferometry processing with spotlight SAR data, a high accuracy DEM will be constructed. The ground range 
resolution and azimuth resolution are 0.82m and 1.1m respectively [28]. However, as the image resolution becomes finer 
and finer, more phase discontinuities, which often relate to some details, are introduced. Simultaneously, the variations of 
Doppler centroid frequency in the scene, which will affect the result of co- registration, are obvious because of the 
imaging feature of spotlight SAR imaging mode. Therefore, all of above problems will make it impossible to process 
spotlight SAR data with conventional methods [25], [26], [27]. 
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Figure 5 Flowchart of topographic mapping for generation of DEM 
2.6  Focus Variation 

Focus-Variation combines the small depth of focus of an optical system with vertical scanning to provide topographical 
and colour information from the variation of focus. The operating principle is demonstrated using the optical 3D 
measurement device. The main component of the system is a precision optic containing various lens systems that can be 
equipped with different objectives, allowing measurements with different resolution. With a beam splitting mirror, light 
emerging from a white light source is inserted into the optical path of the system and focused onto the specimen via the 
objective [29]. 
Depending on the topography of the specimen, as soon as the light is reflected into several directions, it hits the specimen 
via the objective. If the topography shows diffuse reflective properties, the light is reflected equally into all direction. In 
case of specular reflections, the light is scattered mainly into one direction. All rays emerging from the specimen and 
hitting the objective lens are bundled in the optics and gathered by a light sensitive sensor behind the beam splitting 
mirror. Because of the small depth of field of the optics only small regions of the object are sharply imaged. To perform a 
complete detection of the surface with full depth of field, the precision optic is moved vertically along the optical axis 
and continuously capturing data from the surface. This means that each region of the object is sharply focused. 
Algorithms convert the acquired sensor data into 3D information and a true colour image. This is achieved by analysing 
the variation of focus along the vertical axis [29], [30], [31], [32]. 
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Using the 3D measurement device Infinite Focus based on the operating principle of Focus-Variation, the vertical 
resolution depends on the chosen objective and can be as low as 10nm. The vertical scan range depends on the working 
distance of the objective and ranges from 3.2 to 22mm. In contrast to conventional techniques, the vertical resolution is 
achieved regardless the scan height leading to a vertical resolution dynamic of 1: 430000. The XY range is determined by 
the used objective and typically ranges from 0.14 x 0.1mm to 5 x 4 mm for a single measurement. By using algorithms 
and a motorized XY stage the XY range can be exceeded up to 100 x 100mm [29], [30], [31], [32]. 
 

 
 

1. array detector, 2. lenses, 3. white light source, 
4. beam splitter, 5. objective, 6. specimen, 

7. vertical scan, 8. focus curve, 9. light beam, 
10. analyzer, 11. polarizer, 12. ring light 

 
Figure 6 Schematic diagram of a typical measurement device based on focus variation [33] 

3. IMAGE PROCESSING 
Motion compensation based on Position of System. In image processing there are two types of 2D-to-3D image 
conversion methods: semi-automatic methods, that require human operator intervention, and automatic methods, that 
require no such help. One method is based on learning a point mapping from local image attributes to scene-depth. The 
other method is based on globally estimating the entire depth field of a query directly from a repository of image + depth 
pairs using nearest neighbour - based regression [34]. 

4. USES OF DEM 
In remote sensing Digital Elevation Model is used for flood risk assessment. The connection between the usages of DEM 
in flood risk assessment can be found on the elevation of the flood affected area where high affected flood prone area 
may have lower elevation. Digital elevation model (DEM) provides good visualization of the elevation by using colors 
[35]. In automatic 3D extraction of building roofs DEM is used [36]. 
In EM (Expectation Maximum) field DEM is used for automatic analysis or the contexture change detection in the urban 
area [37]. 
 

Conclusion and Future Scopes 
This study gives different methods of DEM generation. Each method is most suitable and cost effective. Different DEM 
is dealing with different priorities according to their absolute accuracy. A different method leads to generation of a DEM 
with different accuracies. DEMs come in different scales and resolutions. There is a powerful visualization of the relief 
map using various techniques. DEM can be used for statistical analysis and comparison of different kinds of terrains. 
In future it will be possible to take images from more height with much better resolution so that it will become easier to 
extract road network, buildings, lakes, rivers. It will enhance the regional economy and lives. 
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