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• Digital Elevation Model – A brief outline

• Producing DEM from remotely sensed imagery is important for a variety of

mapping applications which include: Ortho photo generation, terrain

modeling, volumetric analysis, mine modeling, city modeling and creation of

perspective views, etc.
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perspective views, etc.

• Latest sensors from DigitalGlobe WorldView1 (WV1) and WorldView2

(WV2) stereo imagery is found to be an excellent source for generating high

resolution DEMs which would support the needs of various industries such

as Mining, Oil & Gas and Natural Resources industries



• This paper sheds light on:

� The methods and data sources, used for generating DEM, and

calculation of land surface parameters that have changed over a period

of time

� Highlights examples of high resolution DEMs that were generated under
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� Highlights examples of high resolution DEMs that were generated under

typical topographic locations using SocetSet’s Next Generation

Automatic Terrain Extraction (NGATE) software module

� The factor of speed constitutes an important element while generating

the DEM



What ?

A Digital Elevation Model (DEM) is a representation of the terrain elevation values (Bare

Earth) over a specified area, by a regular array of z-values, referenced to a specific

horizontal projection system and vertical datum

Digital Elevation Model (DEM)
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Why ?

o Flood mapping

o Land use studies

o Geological applications

o Ortho rectification

o City modeling, 3D perspectives generation

o Line of sight analysis

o Surface analysis



• Topographic features that represent terrain surface can generally be divided 

into two categories. 

� Mass points / Elevation Points – collected at a defined grid or random

� Breaklines - linear features collected to represent the abrupt change in 

Digital Terrain Model (DTM)
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elevation

Together, mass points and breaklines are considered as a digital terrain

model (DTM).



• Mass points collected at an evenly spaced grid (e.g. 2 m ). This type of

elevation model is considered a Digital Elevation Model (DEM)

• DTM is often imported into software to generate an interpolated data

Triangulated Irregular Network (TIN) model. A TIN may be also referred as a

Digital Terrain Model (DTM)
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Triangulated Irregular Network (TIN) model. A TIN may be also referred as a

surface model

• A TIN model can be processed through software to generate contour lines

(lines of equal elevation). TIN models can also be used to layout and

produce cross-section data across an area of interest (i.e., stream crossings

for hydraulic analysis)



• Grid : Raster DEM represent a surface as

a regular grid consisting of a rectangular

array of uniformly spaced cells with z-

values

DEM Types
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• TIN: Triangulated Irregular Network

represent a surface as a set of irregularly

located points linked to form a network of

triangles with z-values stored at the nodes



• DSM: A digital surface model (DSM)

is the representation of terrain

elevation features, by a regular array

of z-values, including buildings,

Digital Surface Model (DSM )
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of z-values, including buildings,

vegetation, and roads, as well as

natural terrain features



• Contour: Contours are lines that 

represent equal height.

• Sources of DEM:

DEM Representation
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• Sources of DEM:

� Topographic maps
� Surveying 
� Aerial photogrammetry 
� Satellite photogrammetry
� Radar data
� LIDAR



• Stereo View Capable 

� DigitalGlobe - Worldview-1, Worldview-2,

� GeoEye - GeoEye-1, IKONOS

� Astrium - SPOT-5

� ISRO - CARTOSAT1

Remote Sensing Imagery and Stereo Capabilities
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Satellite Sensor Resolution(m) Capability Bands Swath

Worldview-2

PAN 0.5 Stereo PAN 16.4 km

MSS 2 8 band
CB,B,G,Y,R,RE,NIR1,NIR

2

Worldview-1 PAN 0.5 Stereo PAN 17.6 km

Geoeye-1 PAN 0.4 Stereo PAN 15.2 km

MSS 1.6 4band B,G,R,NIR

IKONOS PAN 1 Steteo PAN 11 km

MSS 4 4band B,G,R,NIR

CARTOSAT-1 PAN 2.5 Stereo PAN

SPOT-5 PAN 2.5 Stereo PAN

MSS 10 4 band G,R,NIR,SWIR 60 km



Worldview-2 Accuracy

Basic Accuracy of Satellite Imagery

Image Accuracy Specification (Basic and Ortho Ready  Stereo)

Horizontal 5.0 m CE90 at <30º off nadir
Typical performance in the range of 3.0 - 4.0 m CE90 at nadir
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Vertical 5.0 m LE90 at <30º off nadir
Typical performance in the range of 3.0 - 4.0 m LE90 at nadir

A - Accuracy specifications exclude terrain induced displacement and is applied to products with an off nadir of 
less than 30 degrees



• Highly accurate Digital Surface Models and Digital Terrain Models can be produced from 

various stereo satellite sensors such as Worldview- 1 and /or 2

• Highly accurate DEM and DSM serve as key building blocks for 

� Exploration

� Engineering,

� Land Management

Products and Accuracy - High Accuracy Digital Elevation Data
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� Land Management

� Simulation

• Numerous product configuration options for accuracy, resolution, type, and format are 

possible from which users can select the product specifications that best fit their project's 

elevation demand



• Mapping Level Elevation Products: Native accuracies of Worldview-1 & Worldview-2

satellites supports the accuracy for the product

• Precision Level Elevation Products: Native accuracies supported by Worldview-1 and

Worldvie-2 are enhanced with Ground Control Points (GCP’s) to achieve the desired product

level accuracy. These products have 4m post spacing

DEM - Products

© 2013 Infotech Enterprises

level accuracy. These products have 4m post spacing

• Very High Precision Level Elevation Products: Native accuracies supported by Worldview-1

and Worldvie-2 satellites are enhanced with Ground Control Points (GCP’s) to achieve the

desired product level accuracy. These products have 2m post spacing



Mapping Level Elevation Product: 8 Meter DTM

• Remove spikes, 
wells and blunders

• Flatten Coastal areas
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• Flatten Roads

• Use third party 
source such as 
SRTM for null / cloud 
areas to fill the voids



Mapping Level Elevation Product: 8 Meter DSM

• Remove spikes, 
wells and blunders

• Flatten Coastal 
areas
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• Use third party 
source such as 
SRTM for null / 
cloud areas to fill 
the voids



Precision Level Elevation Product: 4 Meter DTM

• Remove spikes, 
wells and 
blunders

• Flatten Coastal 
areas

• Hydro 
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• Hydro 
Enforcement

• Flatten Roads

• Use third party 
source such as 
SRTM for null / 
cloud areas to fill 
the voids



Precision Level Elevation Product: 4 Meter DSM

• Remove spikes, 
wells and blunders

• Flatten Coastal 
areas

• Hydro enforcement
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• Hydro enforcement

• Use third party 
source such as 
SRTM for null / 
cloud areas to fill 
the voids



Very High Precision Level Elevation Product: 2 Meter DTM

• Remove spikes, 
wells and 
blunders

• Flatten Coastal 
areas

• Hydro 
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• Hydro 
Enforcement

• Flatten Roads

• Use third party 
source such as 
SRTM for null / 
cloud areas to fill 
the voids



Very High Precision Level Elevation Product: 2 Meter DSM

• Remove spikes, 
wells and blunders

• Flatten Coastal 
areas

• Hydro Enforcement
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• Hydro Enforcement

• Flatten Roads

• Roof flattened

• Use third party 
source such as 
SRTM for null / cloud 
areas to fill the voids



DTM/DSM - Process flow chart

Pre-Processing

Auto DEM Generation 

Auto DEM Editing 

QC
If Error <= 5 

Rework to Auto DEM 
Editing 

Step 1

Step 2

Step 3

Step 4

Step 5
NOYES
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Fixing

RMSE

Naming Convention

SHIPMENT

QA
If No Error

Editing 

Rework to QC
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Step 11

NOYES



• NGATE: An automatic terrain generation module in SOCETSET software

• Advantages of NGATE over ATE: The DEM generated form NGATE is far 

more accurate than DEM from ATE process

Next Generation Automatic Terrain Extraction (NGATE )
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• In DEM generation NGATE attempts to eliminate structures/trees above the 

ground from the smallest size to the largest size defined by two sets of 

parameters: the minimum height and maximum width

• There are several strategies available in SOCET SET or can be customized based on 

Parameters & Strategies
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terrain type

� Ngate_urban_strategy file can be used for general purpose.

� ngate_urban_canyon.strategy - urban areas with tall buildings

� ngate.strategy- rural and easy terrain

� ngate_low_sp.strategy - For desert or images without much texture

� Custom strategy



• Interactive Terrain Editing (ITE) module is best suitable for DEM/DSM

manual editing process. There are many in built tools in ITE which increase

the speed of DEM generation

• Often the dense vegetation, Hydro features, urban areas, cloud cover and

Interactive Editing
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• Often the dense vegetation, Hydro features, urban areas, cloud cover and

shadows are challenging and time taking in DEM production. Effective

usage of ITE tools drastically reduces the time of manual process

• Based on the development of elevation products in various terrains and

related projects, IEL has developed several methodologies integrated with

manual editing to automated algorithms and filters



Interactive Editing

Geomorphic editor window has number of tools viz. uniform slope, U Shaped slope, V 
shaped slope, bulldozer, bulldozer with feathering, and Hedge Trimmer etc.
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• Productivity and Efficiency are the Key factors in production environment to 

produce DEM or DSM on large scale. There need to be ways to improve the 

productivity by optimizing the performance of processors

• Infotech has developed several tools to aid the increase in the productivity

Terrain Editing – Customized Tools
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• Infotech has developed several tools to aid the increase in the productivity

• The tools were organized in to different modules



DTM Module
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DTM Module
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DTM Module
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Results and Accuracy for 2Meter DEM

Infotech deploys rigorous quality control process to evaluate, correct, and verify

the DEM data. The terrain is fixed with the necessary elevation controls, the

rough contours and relief map will be generated for terrain matching and quality

checking purpose
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Sample CE90 - Report



Miscellaneous Tools
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Results and Accuracy for 2Meter DEM
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Sample - LE90 Report



Worldview-2 DEM – 3D Perspective view
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Worldview-2  DSM – 3D Perspective view
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ORTHO – 3D Perspective view
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• Through High Resolution Satellite imagery more accurate DEM can be 

produced in a cost effective manner

• The DEM accuracy of 2 meter can be achieved

Conclusions
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• Based on the requirement of DEM, the user can choose the input from 

Worldview, GEOEYE, CARTOSAT-1 etc.

• DEM for large areas can be processed in short time
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