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ABSTRACT 

 

Remote areas by their geographical inaccessibility or location in hostile/foreign territory present  

numerous challenges in their mapping despite advances in the field of remote sensing.  The primary 

challenge still remains in achieving reasonable accuracy standards in locational and feature extraction 

domains. The plethora of open domain RS and GIS resources present us with a credible feasibility of 

obtaining information to generate mapping products. This research is an attempt to identify, utilize 

and assess quantitatively and qualitatively  the open domain resources in mapping of remote 

inaccessible areas. 

The research identifies various open domain resources for obtaining Ground Control Points (GCPs), 

images and GIS data both physical and cultural for mapping requirements. On the quantitative 

assessment aspect, the location intelligence obtained in the form of GCPs has been verified using 

field verification. The research has been instrumental in arriving at robust methodology of online 

DGPS processing without uploading own sensitive raw GNSS observation data in the open domain. 

In this study Google Earth derived GCPs have been used to assess their suitability in satellite 

triangulation of Cartosat-I stereo images of the local study area and Pléiadestristereo images of 

Melbourne, Australia. The accuracy assessment of derived products e.g. DEM, orthoimages, contours 

have also been done in this study.  

The research also focuses on feasibility of  automation in obtaining data from published geospatial 

web services in XML format and its utilization in accuracy assessment using VBA (Visual Basic for 

Application) driven modules in Microsoft Excel environment. The study also attempts to find the 

height format used by Google Earth, is it orthometric or ellipsoidal. The comparison in the local study 

area has been implemented by DGPS field work whereas for the rest of the world more than 3000 

CORS station ECEF co-ordinates have been analyzed for the height comparison.  

The open domain resources have been duly analyzed with a view to obtain mapping grade physical, 

cultural and thematic information for remote area terrain assessment and 3D visualization for strategic 

applications.The research also identifies the feasible scale of mapping achievable with open source 

data and comparison between classical mapping layers/themes requirement as published in digital 

vector data standards of Survey of India (SOI) and those obtainable in open domain. The Model 

Builder environment in ArcGIS has been employed in this research  to develop robust model for 

automating strategic terrain analysis from GIS and DEM data. 

 

Keywords: open domain, DGPS, XML, geospatial web services, visualization, model builder, 

automation, remote, inaccessible area mapping, digital vector data. 
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Chapter 1: Background 

1.1 Introduction 

The remote sensing technology today gives us an opportunity to remotely obtain data of inaccessible 

areas. The definition of inaccessible areas can be many; it could be inaccessible because of its typical 

geographic layout or it happens to be in hostile areas within or outside the country. The detailed 

planning, visualization and analysis required for operating in such areas for developmental, peaceful 

or corrective engagements necessitate an approach primarily dependent upon remote means of 

obtaining information. 

A topographic map is a comprehensive document with detailed information on the topography of the 

area. These maps also known as topomaps, and are generally representing the landform of the area in 

a detailed manner. The landforms include contours and hill shading, streams and water features and 

man-made physical features like transportation, network of roads, tracks, or even ocean routes. These 

maps can also have detailed cultural information viz. boundaries, feature names, place names, for a 

non-local to operate effectively in the designated area, particularly during man-made or natural 

disasters.  

The topographic maps were initially prepared for revenue or military purposes only, so they were part 

of a series of maps with detailed referencing schemes. The referencing schemes were designed to 

refer a map sheet and a portion of map with letters and grid co-ordinates. The topographic maps used 

by Indian defence forces were designed by the British with polyconic projection on Everest datum 

and a military grid in Lambert Conic Conformal projection. The accuracy requirement of such maps 

necessitated a network of robust ground control points (GCPs).  

The Great Trigonometric Survey (GTS) conducted by the British in India was for creating the 

topographic map series which is in use till today. The new Defence Series Maps (DSM) based on 

LCC projection on WGS84 datum have been formulated and are being disseminated in the defence 

forces. The Open Series Maps (OSM) is another variation of the Survey of India (SOI) maps for 

general public. These maps are in UTM projection and the map sheet naming system follows the 

international map sheet numbering pattern. The primary difference between DSM and OSM is the 

projection system and military grid, the other difference being deletion of vital details generally 

known as the vital areas (VAs) and vital points (VPs).  

The topographic maps present the terrain in hardcopy format and the user derives information by 

interpretation of the symbolized presentation of the map data. Thus the quantity and quality of 

information derived from the map is solely dependent on the capability and training of the interpreter. 

The advent of vector or computer data gives us the opportunity of standardized and objective 

visualization of such data even in 3D. The use of 3D  has been in vogue for presentation and analysis 

since ancient times however the modern technology provides objectification of these otherwise 

random user dependent analysis. Though visualization through intelligence gathering is part and 

parcel of human progress from pre-historic era to the modern scientific methods. The use of human 

collected intelligence data for visualization and planning of raids was prevalent even during Roman 

empire. In this regard, G. Goldie had very appropriately commented, "War has been one of the 

greatest geographers" (Goldie, 1907). 
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The need for updated information on geography of a territory especially in adversary nations and its 

visual presentation becomes highly relevant during conflicts. The visualization of topography and 

other demographic information of an area including 3D models were effectively utilized during 

World War II by the Americans in air raids across Japanese cities (Fedman & Karacas, 2012). With 

the advancement of information technology (IT), availability of 3D visualization techniques to 

simulate diverse data, today planners are utilizing it in multi-variate analysis of a wide variety of tasks 

from the mundane to highly specialist ones like space exploration. It is thus pertinent that such 

technologies are best suited for visualization, assessment and analysis of remote inaccessible areas. 

Spatial data, as the name suggests, refers to a data which has spatial component linked to it or in other 

words, it possesses a spatial relevance. Accurately geo-referenced spatial data is an important 

requirement for scientific visualization in Geographical Information Systems (GIS).  On the other 

hand, non spatial data is that data which cannot be appropriated or linked to a specific location, say 

the world population etc. but can be attached as an attribute to the spatial data.  

Any local topographic mapping job would necessitate highly accurate GCPs. The trigonometric 

surveys of the past and Differential GPS (DGPS) techniques of today have been developed for 

generating highly accurate control information. These are then utilized for registration or satellite 

triangulation of the image products to produce accurate DEM and orthoimages suitable for 

cartographic mapping and visualization. But a remote and inaccessible location poses the first 

challenge in obtaining accurate GCPs. Thus, either the requirements of GCPs need to be 

circumvented or alternate means of obtaining the GCPs need to be explored.  

1.2 Research Identification  

The plethora of geo-spatial open resources on the web, like Geonames utilizing RDF technology for 

contextual search, OSM (Open Street Maps), Google Earth, IGS / CORS (Continuously Operating 

Reference Stations) providing RINEX data services, Google with XML based geo-services and other 

mapping websites/portals provide us the opportunity of obtaining varied geographic information of 

almost any place on the planet earth. These resources can provide contextual, images, GIS data and 

even precise GNSS information. However the accuracy standards and completeness of the obtained 

information from such sources is not known or documented. Also the information in the open domain 

is available in varied formats despite being  governed by open standards, thus necessitating due 

conversion or processing to obtain actionable information.  

The open information obtained from such channels is peculiarly non-uniform both in content and 

context. If we analyze Google, Yahoo, Bing and OSM data; Western nations have a comprehensive 

coverage even in uninhabited areas but many of the developing nations have sparse coverage even for 

town and cities. The coverage of major cities generally is much better than that of the rural areas. The 

majority of open domain mapping sources have image tile based access to them. In that they do not 

offer feature services in the open domain, thus restricting their direct utilization in GIS based 

mapping product creation.  

One open domain resource which has gained a lot of popularity is the OSM (Open Street Maps), 

available via the URL www.openstreetmaps.org. This resource offers Web Feature Service (WFS), 

Web Map Service (WMS) and other web based utility through which GIS data can be downloaded in 
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a modified XML format or the OSM XML format, thus giving us an opportunity to utilize it in 

mapping of remote areas. 

Now the question arises, whether the geographic  information available in the open source domain 

accurate and sufficient for producing topographic maps of remote inaccessible areas? If not, then 

what all information gap exists which needs to be bridged? In the absence of accurate field obtained 

geographic information, can we utilize these resources to triangulate indigenous satellite images, 

obtain topographic information and generate photogrammetric, cartographic and 3D visualization 

products of remote inaccessible areas? If yes, then what is the accuracy and completeness level of 

these products? Do they conform to the accuracy requirements and if not what best scale products can 

be developed using such geographic controls? 

In this project,  the feasibility of using open resources is assessed; first, in obtaining ground control 

information which are then used for generating photogrammetric and visualization products and 

second to obtain GIS data which is then utilized to make mapping products. Primary focus of the 

project is to ascertain accuracy standards achievable with open source information. The hierarchy, 

completeness and currency of  such data has also been analyzed for cartographic presentation 

requirements as enunciated by the SOI . It is noteworthy that in the case of remote, inaccessible areas 

whatever information can be obtained from open domain adds to the repository and facilitates 

drawing the bigger picture for strategic planning and analysis. 

1.3 Research Objective 

The objective of the project is to use Open Source data in topographic mapping and 3D visualization 

of remote inaccessible areas. 

1.3.1 Sub Objectives  

 

 DGPS Point Processing through open domain services. 

 Derive GCPs from open source (Google Earth), verify elevation format (orthometric / 

ellipsoidal) and check its accuracy. 

 DEM, orthoimage generation with indigenous data using the above GCPs and accuracy 

assessment and validation. 

 Determination of open domain GIS resources for generation of cartographic products. 

 3D visualization  and terrain analysis for strategic planning.  

1.3.2 Research Questions 
 

 How to utilize open domain DGPS services without uploading own dual frequency GNSS 

data? 

 What is the height format (ellipsoidal / orthometric) and positioning accuracy of open 

source Google Earth (GE) and GCPs obtained from it?  

 What accuracies are achievable in DEM and orthoimage generation by using GE GCPs?

  

 What are the GIS resources available in open domain to facilitate in mapping a remote 

area? 

 What is the feasibility of 3D visualization and terrain analysis applications for strategic 

planning with open domain products? 
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1.4 Outline of Thesis 

This thesis has been subdivided in various chapters as given below:- 

Chapter 1: Background. It covers the introduction to the definition of remote / inaccessible areas, 

availability of open domain geo-spatial data and its utilization in mapping of remote areas. The 

chapter delineates the research identification, the objective of the research, sub-objectives and 

research questions. 

Chapter 2 : Literature Review and Theoretical Concepts. This chapter covers the review of some of 

the relevant research taken up in this field in the recent past and few important theoretical concepts 

which have been utilized in this research. 

Chapter 3: Study Area, Datasets, Software and Hardware. As the heading of this chapter summarizes, 

it deals with the study area of the research, datasets and software / hardware utilized in this research. 

Chapter 4 : Methodology. This chapter deals with the details of researched methodology adopted for 

meeting the objectives of this research.  

Chapter 5 : Results and Discussion. This chapter has the detailed results obtained from the study and 

discussion on the inference obtained. 

Chapter 6 : Conclusion and Recommendations. This chapter delineates the conclusion of the research 

in brief and  few recommendations.  
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2 : Literature Review and Theoretical Concepts 

 

2.1 Literature Review  

 

Initially rigorous ground surveys were used in the making of maps, then came the aerial photography 

and today practically all mapping is performed with aerial photos and satellite images (Ghosh, 1987). 

The field of geo-rectification/geo-positioning is as old as aerial photography. The early 

photogrammetry utilized the descriptive camera models and the same continued with satellite 

imagery. This  changed with IKONOS adopting for the first time Rational Polynomial Camera Model 

(RPC) (Grodecki, 2001). However the RPCs alone were not sufficient for obtaining accuracy in 

creation of subsequent products like DEM, orthoimages and cartographic maps. Thus field surveyed 

Ground Control Points (GCPs) were  used to generate accurate products, an accuracy of 22 to 25m 

(achieved by RPC only) could be improved to around to 2 to 3m in IKONOS products (Grodecki et 

al., 2005).  

However do we always need field collected, differential GPS processed GCPs for triangulating 

satellite images, not really (Clavet et al., 1993). ASTER DEMs which are now available for the whole 

of earth at 1" or 30 m resolution were processed by LPDAAC through GCPs obtained from 

topographic maps. The compendium on the methodology of its processing very interestingly notes 

that "Topographic maps are the most available control data for most of the land areas of the world, 

but their utility depends on scale, source, and format (paper, raster scanned, digital vector). 

Topographic maps at 1:25,000 scale, as well as inexpensive handheld GPS receivers provide 5–10 m 

accurate GCPs; 6–8 GCPs are usually a sufficient amount to process a DEM. At 1:50,000 scale, 

GCPs are 10–15 m accurate; 10–12 GCPs are enough. Finally, 1:100,000 scale maps yield 15–30 m 

accurate GCPs; 15–20 such GCPs are deemed adequate" (Toutin, 2010). The LPDAAC processed the 

ASTER DEMs in the early 21st century when topographic maps were the only source available for 

collecting GCPs in an inexpensive manner. Today a plethora of mapping and imagery related 

websites provide us with almost limitless freely available GCPs even in remote inaccessible areas.  

 

The problem of remote areas where field measurements of GCPs is not always possible has been 

taken up by other researchers too. An interesting study on location of islands far away from mainland 

China (Liu et al., 2009) is a pointer in the direction. Then comes the accuracy of products derived by 

satellite triangulation through these GCPs,  ortho-photos (Aguilar et al., 2013), DEMs (Cheng, 2011) 

and maps, which again  depend upon various factors. These factors have been researched time and 

again for various satellite imagery or aerial photo products (Tan et al., 2011); be it distribution of 

GCPs on the ground (Yang & Jiao, 2011) or positional accuracy improvement (Tong et al., 2011) or 

comparison of planimetric and thematic accuracy of different satellite products (Yanalak et al., 2011) 

or effect of rectification mode on positioning accuracy in hilly areas (Shi et al., 2011) or image 

geometric correction methods in mountainous areas (Wang & Wu, 2010). The reason that research 

continues in accuracy assessment of derived products can be many but its relevance becomes much 

more important when the GCPs are obtained from an open internet source rather than those from the 

field through DGPS. 
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The subject of 3D visualization finds its genesis in the 19th century Maxwell's thermodynamic 

surface, which was sculpted in clay in the year 1874 by James Clerk Maxwell (Maxwell & Harman, 

2002). Here I like to quote Michael Friendly, who begins his well researched compilation of the 

history of cartography and visualization with very apt musing, "The graphic portrayal of quantitative 

information has deep roots. These roots reach into histories of thematic cartography, statistical 

graphics, and data visualization, which are intertwined with each other. They also connect with the 

rise of statistical thinking up through the 19th century, and developments in technology into the 20th 

century. From above ground, we can see the current fruit; we must look below to see its pedigree and 

germination. There certainly have been many new things in the world of visualization; but unless you 

know its history, everything might seem novel" (Friendly, 2009). 

This compilation which is freely available on the net, gives a chronological history of the subject. It is 

interesting to note that the relevance of visualization was very early recognized for military 

campaigns; the earliest example of  it is the two-dimensional flow map of Napoleon’s March on 

Moscow produced by Charles Joseph Minard in 1869. Though Minard produced this after the event 

was over but it described pictorially the losses suffered by Napoleon’s forces at various stages of the 

march to Moscow and back. It also showed the temperature on a varying scale along the route, thus 

combining the weather information with military intelligence.  

The realm of intelligence is highly relevant to visualization of complete picture of any geographic or 

earth event and especially so in case of a military campaign. The present day intelligence collection 

emanates from varied sources. The major intelligence categories are HUMINT (human intelligence), 

GEOINT (geographic intelligence), SIGINT (signal intelligence), MASINT (measurement 

intelligence), TECHINT (technical intelligence), CYBINT (cyber intelligence), FININT (financial 

intelligence) and also OSINT (open source intelligence) (US Army, 2010). 

We have very defined channels for each of these intelligence categories however OSINT has no 

boundaries and no restrictions, primarily because it is open source. The importance of harnessing 

GEOINT with OSINT for scientific visualization can be a force multiplier both during peace and 

disaster relief. The fusion of all these information sources can be at observation, feature and/or 

decision level (Percivall, 2013). The standards governing the open source information make use of 

such datasets more amenable to data mining in a structured and definable manner. The genesis of data 

fusion again has its roots in the military (White, 1991). 

 

The research on visualization of earth features, associated statistical data and other scientific data and 

its scope has penetrated many disciplines, from fundamental computer science to mathematical and 

statistical analysis. It is thus highly relevant that analysis of inaccessible and remote area visualization 

be attempted through the means of remote sensing and data obtained from open domain. It is to be 

noted that very high geometric accuracy products are available off the shelf from foreign operators 

and vendors. However continuous availability of these products is not guaranteed as the control of 

these organizations is vested with foreign Governments. Thus it is imperative to use indigenous 

products along with open source information, to generate visualizations within acceptable accuracy 

standards.  
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2.2 Theoretical Concepts. 
 

In this section various theoretical concepts used in this paper have been discussed briefly. 

2.2.1 IGS and CORS Stations 

IGS or International GNSS Service which was earlier known as the International GPS Service is a 

voluntary association of hundreds of geo-spatial organizations worldwide which are continually 

providing dual frequency GNSS data on a real time basis for more than 350 stations located 

worldwide. The details of IGS stations and various specifications is available on the web at the link 

http://igs.org/network/netindex.html.  

CORS or Continuously Operating Reference Stations system is an extension of IGS, which was 

initially planned and executed by the National Oceanic and Atmospheric Administration  (NOAA) of 

the USA. The primary aim was to define, maintain and provide access to the US National Spatial 

Reference System. NOAA still maintains data from more than two thousand CORS stations primarily 

located in the USA, Iraq and few other nations. The site can be accessed from the link 

http://www.ngs.noaa.gov/CORS/. 

UNAVCO, a non-profit university-governed consortium, which facilitates geosciences research and 

education using geodesy maintains CORS data availability from more than 3000 GNSS stations 

located all over the world. The website interface to download the CORS data is user friendly and also 

gives details on the availability of the archived data. The website can be accessed via the link 

http://www.unavco.org and the download interface can be accessed by the link 

http://facility.unavco.org/data/dai2/app/dai2.html. 

Scripps Orbit  and Permanent Array Center (SOPAC) is an International GPS Service (IGS) Global 

Data and Global Analysis Center primarily engaged in archival of high-precision GPS data, 

particularly for the study of earthquake hazards, tectonic plate motion, crustal deformation, and 

meteorology.  As per the website "SOPAC archives 24-hour RINEX data from about 800 continuous 

GPS sites from more than 20 scientific networks around the world". The data has been organized with 

reference to various participating organizations and can be accessed from http://sopac.ucsd.edu/cgi-

bin/dbShowArraySitesMap.cgi 

Most of the data in the IGS and CORS websites is available in daily 30 sec RINEX Hatanaka format, 

which is a compressed RINEX format designed by Yuki Hatanaka. Prior to use in any system these 

files need to be uncompressed which has been dealt separately in this write up. The ECEF (Earth 

Centered, Earth Fixed) co-ordinates of approximately 3000 stations can be downloaded from 

ftp://garner.ucsd.edu/pub/gamit/setup/itrf2008.apr. In this research this file has been utilized to 

programmatically compare the elevation obtained from Google Earth of these station positions with 

VBA access of Google Elevation Service in XML format. This file has also been converted into 

Google KMZ file to conveniently visualize the CORS stations available in the vicinity of field 

observations for obtaining accurate positioning with DGPS technique described later in this 

document. 
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2.2.2 DGPS (Differential GPS) 

The concept of differential GPS or should we now start terming it as differential GNSS, in the context 

of the present research has been primarily utilized as post processing of observed static GNSS data. 

The research also underlines the utility of open domain DGPS processing resources. In this research a 

comprehensive methodology has been developed to post process field GNSS data using IGS data of 

three or more stations closest to the field observations and forming well-conditioned triangles.  

There are various online utilities to find closest IGS stations to the field observed points. During the 

course of research, one online utility which can be effectively utilized to download daily RINEX files 

within a certain radius from the point of observation can be accessed via the link 

http://sopac.ucsd.edu/scripts/NearbyData.cgi. The process to utilize the IGS data in Trimble Business 

Centre has been researched and described in detail in the methodology section of this document. 

2.2.3 RINEX Formats 

The RINEX or Receiver Independent Exchange Format is an ASCII format for obtaining 

interoperability of different proprietary GNSS systems and raw GNSS data. Most of the GNSS 

systems provide a facility to export the raw data in RINEX format. The most common version of 

RINEX is version 2 (Gurtner & Mader, 1990), however version 3 (Gurtner & Estey, 2006) is also 

available but it is not in common use because of some whitespace issues.  

The raw GNSS files get converted into various RINEX files and the naming convention as 

recommended by Jet Propulsion Laboratory (JPL), NASA and full format information for the latest 

RINEX 3.02 can be accessed at ftp://igs.org/pub/data/format/rinex302.pdf. The documentation for 

previous version RINEX 2.0 can also be accessed at 

ftp://igscb.jpl.nasa.gov/pub/data/format/rinex2.txt. The earlier versions had just three types of RINEX 

files, e.g. navigation message file, metrological and observation data files for the GPS satellite 

vehicles. These have now included GLONASS, Galileo and SBAS files and their specifications.  

The IGS and CORS data is generally available in RINEX Hatanaka format, which is a compressed 

ASCII format designed by Yuki Hatanaka (Hatanaka, 2008). He also wrote two software utilities to 

compress and decompress this format viz. RNX2CRX and CRX2RNX which can be downloaded 

from http://terras.gsi.go.jp/ja/crx2rnx.html. These are small executable files and can be downloaded 

for specific Operating system like Windows, Linux, Sun Solaris or Mac. The Windows version works 

only in command window mode, thus a little knowledge of DOS commands is essential to work with 

these utilities. CRX2RNX has been discussed elsewhere in this research. 

2.2.4 TEQC Software Utility 

It is a small utility software for Translation, Editing, and Quality Check of GNSS data, thus the name 

TEQC has been coined by the first letters of the four words. It can translate almost all the GNSS 

proprietary raw data, from Trimble, Leica etc. (Estey & Meertens, 1999) to the ASCII RINEX file 

format described earlier. During this research it was tried however Trimble Business Centre failed to 

read the antenna height from the resulting RINEX file. Though on close inspection of the ASCII 

RINEX file, the antenna height was duly recorded, but the type of measurement say "bottom of 

notch" or "bottom of antenna mount" etc. was not recorded. This resulted in an error approximately 

equal to the antenna height.  
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This utility can also be used to splice daily RINEX data files to create full epoch data files to be used 

in post processing of GNSS data. As mentioned earlier IGS data is available as daily 30sec RINEX 

files. If the observations are taken over more than one day period then this utility is handy in 

appending daily RINEX files to create the full epoch single file. For the IGS based DGPS post 

processing of field observed data TEQC was used for appending the daily IGS files. The utility can be 

downloaded from the web address http://facility.unavco.org/software/teqc/. 

The software utility has been provided with exhaustive documentation which can be downloaded as a 

pdf or can be accessed as a live html help from the UNAVCO website link 

http://facility.unavco.org/software/teqc/tutorial.html. 

2.2.5 Geo-spatial Web Services 

The development of map server was the genesis of geospatial web services which allows access to 

maps and geospatial data on the servers. The geo-spatial domain of the web services have many 

services today, but the more popular of these are the Web Map Service (WMS) and Web Feature 

Service (WFS). Both these services can be used to generate variety of web mapping products. 

The geospatial web services are standardized by the OGC (Open Geo-spatial Consortium Inc.) and 

accessible through XML (Extendible Markup Language) or JSON (JavaScript Notation). The web 

services architecture is robust and powerful to provide many other services and apart from the 

standard geo-spatial web services, Google, Bing, Yahoo and other geo-spatial portals also provide 

some non-standard services like the geo-coding, reverse geo-coding, elevation, geoidal separation and 

host of other services. These non-OGC services can also be easily accessed in XML or JSON format 

by the browser to carry out interactive sessions with the user to display information or panning of the 

map area or other engaging web based usage. 

In this research, some of the non-OGC services have been utilized to obtain elevation, address and 

geoidal separation information using Visual Basic for Application within Macro Enabled Excel 

spreadsheets. This approach of utilizing VBA within Excel to invoke web services allows the user to 

carry out tasks in a few minutes which would otherwise have taken tens of hours of manually looking 

up the information and then keying it in the spreadsheet. In this research the services have been used 

with built in VBA objects to handle XML web request, parsing and suitable manipulation for display. 

This approach can be extensively utilized in many remote sensing projects for variety of automated 

verification and validation aspects. 

2.2.6  Ellipsoid and Geoid 

Elevation value at any point on the surface of earth is affected by the reference surface from which it 

is measured. The two most common surfaces are the Ellipsoid and Geoid as shown in Figure 2.1. The 

mean sea level (MSL) does not coincide with geoid as it is not an equi-potential surface. 

Geoid is the equi-potential surface of gravity and ellipsoid a mathematical surface defined for best fit, 

e.g. WGS84, NAD87 etc. The global geoid models available are EGM96 and EGM2008, there are 

other local models however for the purpose of this study these two models have only been considered. 
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The surface of earth is highly irregular and under  constant change because of natural and man-made 

processes. So topographic models are developed to show the physical surface irregularity, whereas 

gravity models and geoids are essential to define the level or water flow surface of the earth and to 

effectively utilize the GNSS data for accurate elevation measurements. 

2.2.7 Ellipsoidal and Orthometric Heights 
 

 

Figure 2.2 : Ellipsoidal and Orthometric Heights 

H : Orthometric Height, h: Ellipsoidal Height, N : Geoidal Separation. 

(Source: http://webapp.geod.nrcan.gc.ca/geod/hmod/hmod.php) 
 

Ellipsoidal or Geodetic height (h) : It is defined as the elevation or height of a point above the 

reference ellipsoid, please refer Figure 2.2. The distance is measured along the ellipsoidal normal. 

The GPS / GNSS heights are ellipsoidal heights. The ellipsoid is a best fit mathematical surface 

 

Figure 2.1: Ellipsoid and Geoid (Source: 

http://www.altimetry.info/html/alti/dataflow/processing/ref_surf/reference_ellipsoid_en.html) 
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which may or may not agree with the physical surface of the region. These heights thus generally do 

not agree with surveyed heights which are observed from the local mean sea level. 

Orthometric height (H) : It is defined as the elevation of a point above the geoid. It is measured 

along the plumb line, which is perpendicular to the equi-potential surface of the geoid. The value N as 

shown in the Figure 2.2 is known as the geoidal separation and needs to be subtracted to obtain 

orthometric height of the point. The surveyed height from MSL and orthometric heights agree to a 

certain degree of accuracy depending upon the accuracy of Geoid in the region. 

Dynamic height : It is defined as the potential difference between two equi-potential surfaces along a 

plumb line scaled by a constant gravity value. For USA and Canada, the constant value is the average 

gravity value on the reference ellipsoid at 45° latitude. Dynamic heights have no geometric meanings. 

They are primarily used for the management of large water basins spanning across large latitudinal 

intervals (e.g., Great Lakes of USA/Canada). The surface of a lake is an equi-potential surface thus 

has a constant dynamic height. The equi-potential surfaces normally converge towards the poles, the 

surface of the lake near to a pole will have lower orthometric height than the one further away from 

the pole.  

2.2.8 The Geodetic and ECEF Co-ordinate Systems. 

The Geodetic Co-ordinate System. The Geodetic co-ordinate system uses two angles latitude and 

longitude for defining a point on the surface of earth or in space or below the surface of earth; height 

is defined as taken from a reference surface, be it ellipsoid, geoid or mean sea level (MSL) as defined 

above.  

 

Figure 2.3 : ECEF and Geodetic Co-ordinate Systems 

where φ is latitude, λ is longitude, h is the height above ellipsoid and Oe the origin of the ellipsoid. 
 

Latitude φ of any point, is the angle measured from the equatorial plane to the vertical direction of a 

line normal to the reference ellipsoid. Longitude λ of any point is the angle measured between the 
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reference plane and a plane passing through the point, both planes being normal to the equatorial 

plane. Height or elevation h at any point is the distance from the reference ellipsoid to the point in a 

direction normal to the ellipsoid, Figure 2.3. (Clynch, 2006). 

The ECEF Co-ordinate System. Earth Centered, Earth Fixed Cartesian coordinate or ECEF system 

is the most common to define three-dimensional positions with GNSS systems. This system utilizes 

the center of mass of the reference ellipsoid as the origin of the co-ordinate system as shown in the 

Figure 2.3 by Oe, the origin of the ECEF system. The various axes in this system are defined as X-

axis is defined by the intersection of the plane of the Prime Meridian, and the equatorial plane, the Z-

axis points toward the North Pole and the Y-axis completes the right-handed orthogonal system by a 

plane 90 degree East of the X-axis and its intersection with the equatorial plane. 

2.2.9 ECEF Co-ordinates and Conversion to Geodetic Co-ordinates  

The conversion from 𝝋 (Latitude), 𝝀 (Longitude) and h (Ellipsoidal Height) to ECEF (in meters) is 

straight forward calculation as given by the Eq 2.3, Eq 2.4 and Eq 2.5, refer Figure 2.4 for the 

geometric explanation (Clynch, 2006). 

 

Figure 2.4 : Geodetic to ECEF 

Where 𝝋 = 𝐥𝐚𝐭𝐢𝐭𝐮𝐝𝐞, 𝝀 = 𝐥𝐨𝐧𝐠𝐢𝐭𝐮𝐝𝐞, 𝒉 = 𝐞𝐥𝐥𝐢𝐩𝐬𝐨𝐢𝐝𝐚𝐥 𝐡𝐞𝐢𝐠𝐡𝐭 (𝐦), 

𝑁 = 𝑎

√1−𝑒2𝑠𝑖𝑛2𝜑
            (2.1) 

where 𝑎 (𝑚𝑎𝑗𝑜𝑟 𝑎𝑥𝑖𝑠), 𝑏 (𝑚𝑖𝑛𝑜𝑟 𝑎𝑥𝑖𝑠) = 𝑎(1 − 𝑓), 𝑓 =  Inverse flattening  and     

𝑒 =  √
𝑎2− 𝑏2

𝑏2            (2.2) 

 

 

𝑋 = (𝑁 + ℎ) cos 𝜑 cos 𝜆        (2.3) 

𝑌 = (𝑁 + ℎ) cos 𝜑 sin 𝜆        (2.4) 

𝑍 = (
𝑏2

𝑎2 𝑁 + ℎ) sin 𝜑         (2.5) 
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The reverse transformation from ECEF to geodetic coordinates is simple only for longitude  λ  where 

in the value of 𝐭𝐚𝐧 𝝀 in Eq 2.6 below can be easily calculated by division of the two equations 2.4 and 

2.3 above.  

λ = tan−1(Y/X)         (2.6) 

Now it is assumed that the point lies on a spherical earth wherein the centre of mass and the centre of 

sphere coincide. Such an assumption allows us to accurately calculate the latitude of the point by 

computing the physical radius of the point and the radius in the x-y plane. This latitude becomes the 

value for first iteration in the iteration loop. 

R = √X2 + Y2 + Z2          (2.7) 

p = √X2 + Y2          (2.8) 

𝜑𝑖𝑛𝑖 = tan−1(p/R)         (2.9) 

The 𝜑𝑖𝑛𝑖  from 2.7 is used as the initial value to estimate the h and then start the iteration to calculate 

the value which agrees with the previous value within a certain range, say 0.000001". 

𝜑𝑛𝑜𝑤 =  𝜑𝑖𝑛𝑖,  this latitude is used to calculate N(𝝋𝒏𝒐𝒘 ) using Eq 2.1 above. 

 

Figure 2.5 : ECEF to Geodetic 

The formulas for iterative calculation of elevation h (Eq 2.10) and latitude φ (Eq 2.11) are based on 

Figure 2.5. 

ℎ = (
𝑝

cos 𝜑
𝑛𝑜𝑤 

) − 𝑁(𝜑𝑛𝑜𝑤 )                      (2.10) 

𝜑𝑛𝑒𝑥𝑡 = tan−1 [
𝑍
p

(1 − 𝑒2 𝑁
N+h

)]       (2.11) 
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Check the value of 𝜑𝑛𝑒𝑥𝑡 − 𝜑𝑛𝑜𝑤 , if it agrees to a low value say 0.00000000001 stop the iteration, 

else proceed to next iteration, calculating new N with 𝜑𝑛𝑒𝑥𝑡  and so on.  

This formula converges to cm level accuracy within few iterations, generally around four. This value 

of latitude is correct for all elevations values wherein the ratio of ellipsoidal height h and N is low. 

Thus elevations up to ten kms are accurate up to cms levels. Then the final value of latitude φ  is used 

to calculate the ellipsoidal height h using Eq 2.12. 

ℎ = (
𝑝

cos 𝜑
 

) − 𝑁         (2.12) 

This equation may result in erroneous results near poles when the value of cos 𝜑
 
 is approaching 

zero value. Then any of the Eq  2.13 can be used to calculate the h:- 

ℎ = (
𝐿

sin 𝜑
 

) − 𝑁 or ℎ = √𝐿2 + 𝑍2 − 𝑁 where 𝐿 = 𝑍 + 𝑒2N sin 𝜑
 
        (2.13) 

In this research, VBA has been utilized for writing a routine for an iterative solution in the Excel 

spreadsheet to achieve semi automated or macro enabled calculations. The code is available at 

Appendix 1. 

2.2.10 Earth Gravitational Models 
 

EGM 96 or Earth Gravitational Model 1996 is a geo-potential model of the earth built at 15 minute 

grid interval. The model owes its name to the year it was published by National Imagery and 

Mapping Agency (NIMA) of USA. It was a collaborative effort of NIMA, NASA and Ohio State 

University. Gravity data from many sources was taken into account to build this model. The model 

gives the geoidal separation from WGS84 ellipsoid and utilised worldwide for converting ellipsoidal 

elevation values to orthometric heights. The height obtained from GNSS data is ellipsoidal and for its 

use in mapping etc. needs its conversion to orthometric as stated elsewhere in this document. 

EGM2008 : The availability of GRACE (Gravity Recovery and Climate Experiment) gravity data 

gave the scientists an opportunity to further enhance the EGM96 gravity model. The new model has 

been analyzed by many researchers. RMS accuracy of EGM2008 with more than 12000 leveling 

height comparison have been in the range of 13cms (plus or minus)  whereas the EGM96 was in the 

range of 30cms (Pavlis et al., 2012). The EGM96 had one point on a grid of 15' by 15' or each 

1:50,000 map sheet had just one value. Whereas EGM2008 has been made available at 1' by 1' grid, 

thereby increasing the accuracy of interpolation for any point. 

Computing Geoidal Difference : The EGM2008 (1' by 1') model can be invoked by a small 

utility interp_1min.exe for calculating the geoidal difference for a list of latitude and longitude 

values. The utility is available on the National Geospatial Agency (NGA) website link http://earth-

info.nga.mil/GandG/wgs84/gravitymod/egm2008/interp_1min.exe. The details of its use to compute 

geoidal difference can be seen at the website link http://earth-

info.nga.mil/GandG/wgs84/gravitymod/egm2008/egm08_wgs84.html.  



Use of Open Source Data in Topographic Mapping and 3D Visualization of Remote Inaccessible Areas 

 

 

- 15 - 
 

However the information on this page can be confusing with lots of details about the source code and 

use of grid file in small-endian and big-endian architecture. It may be noted that standard Windows 

machine has a little-endian architecture. Thus the geoidal separation is computed from the little-

endian 900mb compressed 1min by 1min  grid data file 

Und_min1x1_egm2008_isw=82_WGS84_TideFree_SE which can be downloaded from http://earth-

info.nga.mil/GandG/wgs84/gravitymod/egm2008/Small_Endian/Und_min1x1_egm2008_isw=82_ 

WGS84_TideFree_SE.gz. It may be noted that the results will be computed for WGS84 ellipsoid. 

The howtouse.txt file, also available on the website gives details on how to format the input.dat file 

with latitude / longitude pairs. It also recommends its use on not more than 50 odd values in one file. 

However during the course of this research, interp_1min.exe was tried with more than 3000 

latitude/longitude pairs on an Intel I7, 8GB machine and results were obtained within a few seconds. 

The NGA has also developed another utility which uses 2.5 min grid for small scale mapping 

applications or where lesser accuracy suffices. This utility with the name gridget_2p5min.exe and its 

grid data file which is around 15mb can also be downloaded from the NGA webpage referred above, 

care must be taken to download the little-endian product for Windows / Intel systems. 

The EGM models have also been incorporated into many online utilities accessible through web for 

calculating the geoidal separation by entering the latitude and longitude of the point. However these 

online EGM calculators provide values for one latitude/longitude pair at one time, thereby calculation 

for a large number of points will be tedious and monotonous task. In this research there was a 

requirement to obtain geoidal separation for thousands of points, thus the need for automating access 

of geoidal separation was essential. 

The automated solution was then built around Microsoft Bing Services, which has incorporated 

EGM2008 in their elevation service from Jan, 2013. In this service Geoidal separation accurate to 

meter level can be obtained in XML or JSON format by sending a request  to 

http://dev.virtualearth.net/REST/v1/Elevation/SeaLevel?point=latitude, longitude &key=Bing Maps 

Key. The Bing Maps Key can be obtained from the link http://www.microsoft.com/maps/create-a-

bing-maps-key.aspx, the basic version of the key has certain restrictions, however it is free for 

educational use.  In this research this service has been utilized to programmatically obtain the geoidal 

separation in Excel sheet with VBA routines. The code for the same is available at Appendix 2.  

2.2.11 Visual Basic for Applications (VBA) 

Visual Basic for Applications (VBA) is the Microsoft Office's integrated development environment to 

develop event driven programs and macros. The language in VBA is similar to Microsoft Visual 

Basic, which is an easy to learn language. It is a very effective tool for automating processes by 

building user-defined functions (UDFs) and Macros. The VBA can also be termed an extension of 

Visual Basic, the Microsoft's event driven programming language. 

The VBA is a full-featured developmental language however with one condition that it can only run 

within the host application, say Microsoft Excel, Office etc. It cannot be used to develop standalone 

applications but can be used to implement Microsoft's OLE (Object Linking and Embedding) 

Automation to control other office suit products. 

In this research VBA has been used to automate access of XML open domain geo-spatial services and 

perform iterative calculations in spreadsheet format. This approach has been utilized for verification 
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and validation of field data through automated access of open data. The macros and UDFs in Excel 

give the advantage of in-situ calculations in the spreadsheet itself, rather than taking the data to 

different programs like Matlab or Java and then importing the results.  
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Chapter 3: Study Area, Datasets, Software and Hardware      

3.1 Study Area 

The field observations were taken to the extent of the Cartosat-I scene which is primarily 

encompassing South West part of Dehradun city and surrounding areas as shown in the Figure 3.1. 

However Pléiades Tristereo images for Melbourne, Australia were also used in the study as a 

validation of Google Earth GCPs for use in remote inaccessible areas. Apart from this open source 

data including IGS and CORS stations' a-priori position for more than 3000 GNSS antennas located 

the world over has also been considered in the project. The IGS Station MOBS located in Melbourne 

Observatory, Melbourne, Australia was used for validation of DEM generated with Pléiades Tristereo 

images. 

 
Figure 3.1 Field Based Study Area of the Project 

3.2 Satellite Datasets 

The study has utilized Cartosat-I and Pléiades Tristereo Images. 

3.2.1 Cartosat-I Stereo Images. 

Cartosat-I or IRS-P5 placed in a sun-synchronous orbit is a stereoscopic Earth observation satellite. 

The satellite Weighing around 1560 kg was built, launched and maintained by the Indian Space 

Research Organization (ISRO).  Primarily designed for cartography applications the satellite covers 

the entire globe in 126 days cycle with 1867 orbits. Two state-of-the-art panchromatic (PAN) cameras 

with 2.5m spatial resolution acquire forward and aft look images simultaneously in the visible region 

of the electromagnetic spectrum. The forward image at +26 degree and aft image at -5 degrees 

generate a stereo pair with a swath of 30kms every 52 seconds. The Cartosat-I image scene details are 
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given in Table 3.1. 

Table 3.1 : Scene Description of Cartosat-I Stereo Pair 

Product Data Details 

Product ID 65121300101 65121300101 

Date 05 Feb 2006 05 Feb 2006 

Time 05:34:44:1560 05:35:36:2857 

Orbit Number 4091 4091 

Stereo Position FORE AFT 

Path/Row 0526/0258 0526/0258 

Sun Azimuth 152.504915 152.504915 

Sun Elevation 39.1191407 39.1191407 

Incidence Angle 29.052708 29.052708 

Scene Center Latitude 30.35142241 30.35141408 

Scene Center Longitude 77.91655232 77.91245328 
 

 

The fore and aft scenes screenshots have been shown in Figure 3.2. 
 

  

(a) Fore Image (b) Aft Image 

Figure 3.2 : Cartosat-I Stereo Pair of the Study Area. 

3.2.2 Pléiades Tristereo Images. 

Pléiades 1A and 1B are the latest high resolution satellites operating in the visible spectrum. The twin 

satellites operate as a constellation in the same orbit with 180° phase difference. Pléiades 1A and 1B 

were launched from Sinnamary, French Guiana on December 17, 2011 and on December 2, 2012 

respectively. These satellites are highly versatile for military surveillance with five modes of  

acquisition e.g. Target, Strip Mapping, Tristereo, Corridor and Persistent Surveillance.  

The major specifications and products of Pléiades are given in Table 3.2. 
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Table 3.2 : Specifications and Products of Pléiades 
 

Spectral Range Panchromatic  480-830 nm 

Multispectral 

430–550 nm 

490–610 nm 

510–580 nm 

600–720 nm 

750–-950nm 

Products 50cm (merge), 50cm Pan, 2m Multispectral 

Accuracy 
4.5m – 10m CE 90 (exclusive of terrain displacement) with 

refined altitude data without Ground Control Points (GCPs) 

Swath Width 20km (single pass mosaics up to 100 km x 100 km) 

Dynamic Range 12-bits per pixel 

Revisit Rate Daily 

Altitude 694 km 

Orbit Sun-synchronous 

Stereo Tristereo  

In this project tristereo mode acquired images of Melbourne, Australia have been utilized. The images 

were downloaded from the Astrium website http://www.astrium-geo.com/en/23-sample-imagery with 

the details as given in Table 3.3. 

Table 3.3 : Scene Details of Melbourne Pléiades Tristereo 
 

Item Scene Details 

Product ID 
DS_PHR1A_201202250
024589_FR1_PX_E144

S38_1205_01084 

DS_PHR1A_201202250
025259_FR1_PX_E144

S38_1205_01119 

DS_PHR1A_201202250
025536_FR1_PX_E144

S38_1205_01120 

Date 25 Feb 2012 25 Feb 2012 25 Feb 2012 

Time 00:25:32.9 00:25:59.9 00:26:27.7 

No of bands 1 (PAN) 1 (PAN) 1 (PAN) 

Orientation 180.0101161 180.0457704 180.0288825 

Sun Azimuth 53.9881044 53.69120361 53.69254606 

Sun Elevation 49.58683363 49.74237598 49.74305888 

Along Track 

Incidence 
-15.95895003 -0.283494888 15.83402521 

Image 

Dimensions 
23641/41372 24442/41426 24467/41148 

Image Quick 
Look 
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As can be seen from the image time details in Table 3.3, the three images were acquired 

approximately 28 seconds apart and the angle along the track changes from approximately -16 for the 

first image to almost zero for the second and +16 for the third image.  

3.2.3 Google, Bing (Microsoft) and Other Geo-spatial Services. 

 Google Elevation Service. (Parsed XML service derived elevation) 

 Google Address Service. (Parsed XML service derived address) 
 Bing Elevation Service. (Parsed XML service derived elevation) 

 Bing EGM96 Geoid Separation. (Parsed XML derived) 

 Natural Resources Canada PPP (Precise Point Positioning) Service available via http link 
webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php 

 Google Earth. 

3.2.4 Free / Open Domain Geo-spatial data from Internet. 

 SRTM, ASTER and BHUVAN/CartoDEM. 

 SOPAC  (Scripps Orbits and Permanent Array Center) Apriori positioning of more than 
3000 CORS GPS Stations (updated weekly): ITRF2008.apr. 

 SOPAC Apriori positioning of 273 of the IGS stations: ITRF2005.core.apr. 

 UNAVCO.org IGS daily 30 second RINEX data for selected IGS stations.  
 Open domain geo-spatial data e.g. Open Street Maps (http://www.openstreetmap.org), 

Natural Earth Data (http://www.naturalearthdata.com/), Diva GIS (http://www.diva-

gis.org/Data. 

3.2.5  Field Data :  DGPS surveyed GCPs at study site in Dehradun. 

 

3.3 Software Used 

The following software have been utilized in this research. 

3.3.1 TEQC  

This is the software for analyzing, manipulating RINEX files and has already been described in detail 

in section 2.2.4. Here it is specifically mentioned for one particular command which has been 

extensively utilized in this research for splicing or appending daily IGS RINEX files for the full 

epoch. The utility appends the files by the command teqc file1.14o file2.14o file3.14o > 

comb_file.14o wherein file1, file2 etc are full paths and names of the daily RINEX files and 

comb_file is the spliced file name and path for the full duration file. The only care that needs to be 

taken in this operation is to maintain the temporal hierarchy of  the daily files e.g. the file of 14 Mar 

2014 will appear before 15 Mar 2014. If the temporal hierarchy is faulty then the splice operation will 

only continue up to the first error point and TEQC will also generate a warning at the end of the 

splice operation. 

3.3.2 CRX2RNX  

The IGS and CORS GNSS data stored over number of years can be voluminous. Thus all online 

resources use some form of compression to save the RINEX files on their servers. The IGS and 

CORS GNSS data is compressed with the most common Hatanaka compressed RINEX format. All 

the GNSS processing software like LGO, TBC or SKI-Pro use simple uncompressed ASCII RINEX 

format for processing. Thus it is essential to convert the compressed Hatanaka RINEX format to 
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simple RINEX format for utilizing the IGS data in post processing. A small command based utility 

with the name CRX2RNX is used for uncompressing the Hatanaka RINEX files. It can be 

downloaded from http://terras.gsi.go.jp/ja/crx2rnx.html. 

3.3.3 Interp_1min  

It is a small software utility to calculate EGM2008 offset from WGS84 ellipsoid. As the name 

suggests it calculates the Geoidal separation using a 1min by 1min grid. The grid file is a 900 mb  

binary data file Und_min1x1_egm2008_isw=82_WGS84_TideFree_SE.  These files can be 

downloaded from the web site of National Geospatial Agency http://earth-

info.nga.mil/GandG/wgs84/gravitymod/egm2008/egm08_wgs84.html. The NGA has a 2.5min utility 

too for coarser requirements. Detailed information on the file types and their use has already been 

discussed in the section 2.2.10 of this document. 

3.3.4 Standard Software Applications  

The standard COTS software which have been utilized in this research are Trimble Business Centre 

(TBC), Leica Geo Office (LGO), ERDAS Imagine Suite with LPS (Version 9 and latest upgrade 

Version 13), ArcGIS (Version 10), QGIS, Global Mapper and Microsoft Office Suite with VBA 

(Visual Basic for Applications). Almost all these software are licensed to the IIRS except LGO and 

Global Mapper which have been available with my parent organization. 

 

3.4 Hardware Used 

This research with its emphasis on open domain also focused on developing methodology for 

utilizing multi-vendor equipment for post processed DGPS Survey.  The following hardware has been 

utilized for this research. 

3.4.1 Trimble R7 GNSS Receiver with Zephyr Geodetic antenna 

The Trimble R7 is a comprehensive dual frequency GNSS receiver in a rugged, modular design that 

uses an external GNSS antenna. For the purpose of this research Zephyr Geodetic antenna was used. 

3.4.2 Leica 1200 GPS with AT503 Choke Ring antenna 

Leica 1200 GPS, dual frequency GNSS receiver is highly advanced and robust for rugged use. The 

AT503 Choke Ring antenna allows it to be used in urban areas or such areas where reflected 

multipath signals can cause erroneous solutions.  The mix of equipments, the Trimble R7 and Leica 

necessitated use of open exchange RINEX format in post processed DGPS solutions. 

3.4.3 MapMyIndia GPS  

The MapMyIndia GPS is a low priced GPS with built-in maps for India. The use of this equipment 

was necessitated because of non-familiarity of the study area. The points of interest once identified in 

Google Earth and Cartosat-I Images can be stored in the MapMyIndia GPS for turn-by-turn guidance. 

Such an arrangement saves time in navigating unknown areas. However the latest update of the maps 

should be loaded in the device prior to such an endeavour. 

3.4.4 Workstations and laptops 

This research work has been carried out on Windows platform workstations and laptops. 
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Chapter 4: Research Methodology 

4.1 Research Methodology 

The research has been divided in three distinct phases:- 

 Phase I  :  Precision DGPS Point Processing through open domain services. 

 Phase II : Ascertaining Google Earth Elevation; Orthometric or Ellipsoidal. 
 

 (a) Determine locally with field observations. 

 (b) Determine globally through open data mining and analysis. 

 Phase III  :  Satellite triangulation, product generation, strategic analysis and 

 validation. 
 

4.2 Precision DGPS Point Processing. 

Differential GPS technique for post processing GNSS data is used to obtain corrected solution with 

respect to a known point or more than one known points or Bench Marks (BM) for obtaining 

redundant adjusted solution. Such a technique requires more number of GNSS equipment to occupy 

stations concurrently, thereby increasing manpower and equipment requirement. This technique also 

mandates availability of BMs in the vicinity of the site for obtaining a differential solution. 

 

Mapping projects may need varying degree of DGPS solutions depending upon the scale of mapping 

and accuracy standards required for the project. Many universities and national geospatial agencies 

have built open domain online Precise Point Positioning (PPP) services available through the internet 

which accurately post process GNSS dual frequency phase data through IGS stations. These services 

require uploading of the observed dual frequency GNSS data to the online PPP websites.  

 

Figure 4.1 IGS Based DGPS Processing Workflow 
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However uploading the observed dual frequency GNSS data on these websites may not be in 

conformity with rules / regulations governing precise GNSS data. Thus a work flow as shown in 

Figure 4.1 has been evolved to utilize the online PPP services without upload of own GNSS data. In 

this workflow the 30second daily observation data for the full epoch of the project is downloaded and 

spliced with TEQC to generate continuous single RINEX files for the full duration of the project for 

each of the stations taken around the area of interest. These individual zipped RINEX files are then 

uploaded to CSRS PPP service http://webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php to obtain 

precise co-ordinates for each IGS stations which then can be used in TBC or any post processing 

DGPS software. 

This workflow with a little amendment can also be utilized with precise co-ordinates of IGS stations 

as obtained from the IGS site through the link http://itrf.ign.fr/select.php. The precise position of each 

IGS station is calculated on a daily basis for various ITRF realizations e.g. ITRF2000, ITRF2005 or 

ITRF2008 and many more. For this project ITRF2008 co-ordinates of the IGS Stations have been 

used for DGPS processing. It may be noted that this site provides daily solutions, thus for a project 

carried out over several days, an average value for the epoch may be used.  

It is also important to note that the precise co-ordinates of the IGS Stations thus obtained are in ECEF 

format. So it is needed to convert them to latitude and longitude for further processing. After 

obtaining the DGPS corrected co-ordinates of all observations, Interp_1min.exe program is used to 

get the geoidal separation and orthometric heights obtained for the observations. The ITRF website 

provides relevant help in navigating through the web interface for obtaining the precision co-ordinates 

of the stations.  

4.3 Ascertaining Google Earth (GE) Elevation format 

It may be noted that ellipsoidal heights do not have any meaning in mapping where height from mean 

sea level or orthometric heights are primarily used. And in military use the ellipsoidal heights cannot 

be utilised for flying a drone or for firing a missile or planning a tunnel etc. Thus it becomes 

imperative that prior to using any open domain resource in determining the co-ordinates of any point 

on earth, we must know with certainty the format or specifications of that resource. As given earlier 

in this document this phase is taken up locally with field measurements and globally with open 

domain data analysis. 

4.3.1   Determine GE elevation format at local level with field observations. 

The most logical method to verify Google heights format would be to check it against SOI Bench 

Marks (BMs). These BMs are measured from the MSL thus can be safely assumed to be orthometric 

heights for mapping projects. Two BMs were selected in the area of interest (AOI) and base GNSS 

stations were established on them forming a small baseline of approx 4 to 10 kms. Then sharp rover 

points which were easily identifiable in Google Earth and as well as on ground were  selected and 

GPS reading taken for approximately one hour on each rover stations.  

All these rover points were chosen to form well conditioned triangles with the permanent stations 

established on the BMs. The post processing with BM co-ordinates in MSL heights would provide the 
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Figure 4.2 Ascertaining Google Height Format at Local Level 

MSL height on each rover point, which can easily be compared with Google heights obtained through 

Google Elevation Service. The workflow is shown in the Figure 4.2. 

 4.3.2    Determine GE elevation format globally through open data mining and analysis. The 

local solution with field measurements is suitable for a small area. However to use Google Earth co-

ordinates for mapping projects globally without physical ground observation, the height format needs 

to be ascertained over larger areas, say the Asian continental region or may be the whole world. In the 

G

O

O

G

L

E

H

T

F

O

R

M

A

T

Identify Sharp 

Points in Google  

Earth

Get  Google Height for 

Each Point from Google 

Elevation Service

Locate SOI 

Bench Marks 

in AOI

Setup DGPS Svy 

with Two 

Permanent Stns

Compare Both 

Heights

Obtain Height of Sharp 

Points through DGPS 

Post Processing

Result : 

Orthometric / 

Ellipsoidal

 

Figure 4.3 : ITRF2008.apr with ECEF Co-ordinates of CORS Stations around the World 
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endeavour to verify Google Earth height format all over the world, the open domain data utilized was 

the CORS data for around 3000 stations located in more than 160 countries.  

The ASCII file can be downloaded from the web link 

ftp://garner.ucsd.edu/pub/gamit/setup/itrf2008.apr. The same file is also available at 

http://sopac.ucsd.edu/input/processing/gamit/setup/itrf2008.apr. This file as per the information on 

the SOPAC website is updated weekly. The file has ECEF co-ordinates, velocities and precision 

information for the CORS GNSS stations worldwide, the screenshot is shown in Figure 4.3. This 

presented a challenge as to how to interpret this file in more familiar terms of latitude, longitude and 

height. 

There are many software and online utilities which can convert ECEF to geodetic co-ordinates but it 

needs to be done by manually entering the three co-ordinates for each point. Thereby converting more 

than 3000 ECEF co-ordinates  manually would have taken a lot of time and also been highly error 

prone. Thus an automated solution was essential and this was achieved with a VBA program written 

for iterative calculation of latitude, longitude and height as discussed in the literature review section 

of this document at 2.2.9. 

 

Figure 4.4 : Google Height Format Through CORS Stations Analysis 
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For obtaining the geoidal separation, the Bing Elevation Service was tried in a VBA routine which 

again accepts just latitude and longitude as input for the point. The Bing Service XML return has a 

least count of one meter, so the EGM2008 calculator of NGA was used for higher precision. Many of 

the antennas are located on top of buildings and the building height is not known. This was taken up 

on case to case basis and few results especially in China were analysed with the help of Google Earth 

and Google Photos. The analysis and comparison of CORS station height with Google Height was 

achieved with the work flow shown in Figure 4.4.   

4.4 Satellite triangulation, product generation, strategic analysis and validation. 

 

Figure 4.5 : Workflow for Satellite Triangulation and Validation 
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The Phase II of research tells us the Google Earth height format : orthometric or ellipsoidal. Now the 

question, can Google Earth co-ordinates be used as GCPs for satellite triangulation of stereo images; 

which shall be analysed in this phase with the workflow given in Figure 4.5.  

4.4.1 Satellite Triangulation, Product Generation and Validation.  

This phase of research has two primary elements. First is the use of Google Earth derived GCPs in 

photogrammetry product generation, analysis & validation with DGPS GCPs (please refer IGS Based 

DGPS GCPs in Figure 4.1). The second is the use of these products in strategic terrain analysis of the 

study area. It also includes web based research to identify open domain GIS resources and their 

potential for utlization in mapping of remote areas. The workflow for obtaining GCPs from Google 

Earth is given in Get Google GCPs, Figure 4.6. Here Google Elevation XML service is utlized to 

obtain the elevation/height of the point with a VBA routine in Microsoft Excel with a custom function 

ElevationFromGoogle(latitude, Longitude) (please refer Appendix 2 for code). Then satellite 

triangulation, product generation and validation is achieved through comparison of DGPS field based 

results with that of Google GCPs generated products, as shown in Figure 4.5. 

 

Figure 4.6 : Workflow for Obtaining GCPs from Google Earth 
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 Similarly secure positions can be located with aspect ratio offering areas under constant shadow and 

concealment from direct daylight observation. The generic workflow in Figure 4.7 was implemented 

in Model Builder of ArcGIS for identifying suitable camp areas with pre-defined criteria parameters. 

The Model thus created is shown in Figure 4.8. (A landscape and more legible version of the same is 

attached at Appendix 3). 

 

Figure 4.7 : Strategic Analysis for Area Locations Conforming to a Set of Criteria 

 

Figure 4.8 : ArcGIS Model for Camp Area Locations 
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Chapter 5. Results and Discussion. 

5.1 Phase I  :  Precision DGPS Point Processing utilising open domain services. 

The DGPS point processing was carried out for an established base station in the IIRS Campus. For 

this Phase of research three IGS stations were chosen which form well conditioned triangles with the 

IIRS base. The IGS stations chosen were KIT3 (Kitab, Ujbekistan), LHAZ (Lhasa, Tibet) and HYDE 

(Hyderabad, India). Continuous observation at IIRS was taken for more than 96 hours for post 

processed solution. The data for same epoch was downloaded for each IGS Station and appended 

with TEQC software utility to generate single RINEX files for the full epoch. The post processed 

results are compared for two cases as given below:- 

 Case I : Processing base with apriori co-ordinates of the three IGS stations 

 Case II: Processing base with proposed methodology. 

5.1.1 Processing base with apriori co-ordinates of the three IGS stations. 
 

The spliced files of the three IGS stations and own observed data at IIRS were post processed in TBC 

with apriori co-ordinates of the IGS stations as available in the RINEX files. The result is shown in 

Figure 5.1. As can be observed in the figure, all six baselines have been red flagged signifying that 

the solution does not satisfy the default tolerances of TBC. 

 

Figure 5.1 Processing Base with Apriori Co-ordinates of IGS Stations. 
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5.1.2 Processing base with proposed methodology. 

As per the proposed methodology the full epoch RINEX files of the three IGS stations e.g. KIT3, 

LHAZ and HYDE were uploaded to the Canadian Government website CSRS 

http://webapp.geod.nrcan.gc.ca/geod/tools-outils/ppp.php for online precise post processed point 

solution. The precise positioning thus obtained was compared with the IGS station solution provided 

at the website http://itrf.ensg.ign.fr/ as given in the Table 5.1 below:- 

Table 5.1 : Comparison of Online PPP Service with IGS Calculated Solutions 
 

DATA SET EXPRESSED IN ITRF2008 FRAME 

STATION POSITIONS AT EPOCH 2014/01/03(YYYY/MM/DD)  

DOMES 

NB SITE NAME ID SOLN X (Meter) Y (Meter) Z (Meter) 

22307M001 HYDERABAD HYDE 1 1208444.207 5966805.974 1897077.184 

From CSRS PPP Service 1208444.202 5966806.002 1897077.17 

Difference 0.005 -0.028 0.014 

12334M001 KITAB KIT3 1 1944944.892 4556652.306 4004326.039 

From CSRS PPP Service 1944944.907 4556652.314 4004326.035 

Difference -0.015 -0.008 0.004 

21613M002 LHASA LHAZ 1 -106941.853 5549269.813 3139215.133 

From CSRS PPP Service -106941.861 5549269.825 3139215.134 

Difference -0.008 -0.012 -0.001 
 

As can be seen from Table 5.1 the maximum variation in the result is not more than 0.028m, thereby 

providing decimeter level accuracy which is satisfactory for most remote sensing applications and in 

line with CSRS PPP claims of decimeter level accuracy for its post processed solutions. 

The CSRS PPP co-ordinates of individual IGS Stations are then used as three fixed base stations with 

the IIRS station to compute its position. The solution has redundancy which can then be utilised to 

automatically adjust the post processed solution as available in the TBC. The resulting adjusted 

solution screen shot can be seen in the Figure 5.2.  
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The TBC solution as can be seen in the figure above has no red flags after using the CSRS PPP co-

ordinates of the IGS bases and all the baselines duly generate a well adjusted solution. It may be 

noted that the baselines connecting the three IGS stations are fixed and the three connecting to the 

base station (base.col.new) are adjusted for a solution. 

5.1.3 Comparison of Proposed Methodology with Apriori Co-ordinate Processing. 

The comparison of processed and adjusted co-ordinates of the Base station with the two 

methodologies is as follows:- 

(a) The latitude variation found was in decimeter terms or the 2nd decimal place  of the 

second value, in that  the values were N30°20'26.49608" (Apriori) and N30°20'26.40400" 

(Proposed Methodology). 

(b) The longitude variation was in cm terms or the 3rd decimal place of the  second value, in 

that the values were E78°02'39.32521" (Apriori) and E78°02'39.32716" (Proposed Methodology). 

(c) However the height variation in the two methods was found to be in terms of  meters, in 

that the values were 670.482m (Apriori) and 664.255m (Proposed Methodology). The result from the 

proposed methodology agreed with that of actual height of the base station within cm level accuracy. 

(d) These two methodologies were then tested with more observations in Phase II  and found 

to be varying to decimeter level in X (longitude) and Y (latitude) however Z (height) variation was in 

terms of  meters.  

 

Figure 5.2 Processing Base with Proposed Methodology. 
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5.2 Phase II  :  Ascertaining Google Earth Elevation Format : Orthometric or 

Ellipsoidal with Field Observations.  

As discussed in the methodology section 4.3, the Phase II of the research was done in two sub-phases. 

The field method of verification was adopted for local accessible area and open domain semi-

automated methodology was adopted for remote/inaccessible areas. To determine the GE elevation 

format through DGPS observations, two sets of field observations were conducted. The first set with a 

small baseline of approximately 4kms and the second with larger baselines, each has been discussed 

below.  

5.2.1   Field No. 1 : Small Baseline Field Observations.  

This set of field observations were taken by establishing two bases on known bench marks (BMs) 

with a small baseline of 4kms as shown in Figure 5.3. The height of these two BMs has been 

established by leveling from SOI BMs. The latitude and longitude of the BMs are in WGS84 datum. 

Then sharp features around the baseline were selected in the Google Earth which are also easily and 

accurately identifiable on ground. Rover readings of approximately two hours at each of the identified 

points were taken with Leica 1200 GPS with Choke Ring Antenna to reduce multipath effect. The 

points observed in the first field are shown in Figure 5.4. 

 

Figure 5.3 : Field No. 1 Small Baseline of 4 Kms 
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Figure 5.4 : Points Observed in Field No. 1 

The GPS observation data was then post processed in Leica Geo Office with the two known BMs to 

obtain the co-ordinates of each point observation. The post processed MSL height  of these points was 

then compared with Google Earth height and result is given in Table 5.2. 

Table 5.2 : Comparison of MSL Heights and GE Heights of Same Point Features 
 

Station MSL Height GE Height Difference (dZ) 

Awas Vikas 776.612 777.757 -1.145 

Gangora 709.775 713.265 -3.490 

Jila Khel 674.967 676.870 -1.903 

Kandoli 725.478 726.215 -0.737 

RIMC 681.64 681.899 -0.259 

Chal Gaon 917.417 914.889 2.528 

Devlok 606.033 605.244 0.789 

FRI 654.379 655.112 -0.733 

Herbal Garden 707.118 710.091 -2.973 

Sauda Siroli 620.161 621.543 -1.382 

The Table 5.2 shows the variation of Google Height from MSL heights of the points vary from 0.259 

to a maximum of 3.5 meters. Thereby the GE heights agree with MSL heights with an RMS error of 

1.97m. 
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5.2.2   Field No. 2 : Larger Baseline Field Observations. Second field was undertaken with 

larger baselines and instead of two base stations four base stations were established. The four bases 

were established to obtain redundancy and better network adjusted solution in TBC during post 

processing. The four bases were established on the points named as West End, East End, 501 GTS 

and IIRS as shown in Figure 5.5. The three base stations West End, East End and 501 GTS had Leica 

1200 GPS and one at IIRS had Trimble G7 GNSS operating continuously for more than 72 hours so 

that IGS based DGPS technique as discussed in Phase I could be applied for obtaining post processed 

solutions for each of the base stations. Co-ordinates of these bases were used for post processing the 

rover stations 

Table 5.3 : Comparison of DGPS Co-ordinates and Google Earth Co-ordinates of Same Point Features 
 

Station dX (m) dY (m) dZ(m) Station dX (m) dY (m) dZ(m) 

IIRS 0.020 -0.090 -0.299 Pt 12 -0.019 -0.001 -2.435 

Pt 01 -0.165 2.661 -1.464 Pt 13 -1.689 0.825 -3.562 

Pt 02 0.180 1.350 -2.434 Pt 14 -0.125 2.451 3.404 

Pt 03 -0.648 0.628 -0.641 Pt 15 -0.391 -0.013 -5.293 

Pt 04 0.012 -0.010 -0.022 Pt 16 1.394 -0.977 -2.435 

Pt 05 0.003 -0.009 1.087 Pt 17 -0.083 1.655 -0.649 

Pt 06 2.038 -0.592 -0.088 Pt 18 -1.708 -1.001 -2.944 

Pt 07 2.626 0.753 0.718 Pt 19 1.462 -0.280 -1.096 

Pt 08 0.261 0.625 -1.478 Pt 20 -0.639 -2.502 1.525 

Pt 09 0.430 -2.447 7.455 Pt 21 1.800 2.243 -3.618 

Pt 10 -0.157 3.334 0.006 Pt 22 -0.467 0.908 -0.943 

Pt 11 -0.851 -1.175 0.608 Pt 23 2.265 -0.428 -3.109 
 

GPS observations obtained through the fieldwork. Total of 25 rover stations were observed in the area 

of interest, out of which ambiguity could be resolved for 23 stations. The ellipsoidal height obtained 

from GNSS post processing was converted to orthometric height with EGM2008 model using 

Interp_1min  utility already discussed at Section 3.3.3 in this document. The DGPS post processed 

 

Figure 5.5 Large Baseline Verification of Google Earth Height 
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co-ordinates with orthometric heights on comparison with Google co-ordinates gave the result as 

shown in Table 5.3. 

5.2.3    Discussion and Analysis.  

The analysis of the results show that in the plane areas the GE heights and DGPS heights agree better 

than those in the rugged terrain; as can be seen from point id Pt09 which was observed in the hilly 

terrain of Mussorie. However in plains barring one case of point id Pt15 wherein the height variation 

was found to be above 5m, the rest agree within 1 to 3 meters. 

The Google height values thus agreed with orthometric heights obtained through DGPS survey in the 

study area to an RMS error of 2.75m and to approximately 2m if the two outliers Pt09 and Pt15 are 

removed. Thus it can be concluded that Google Heights are conforming better to orthometric heights 

observed in the study area. The RMS error of 2.75m in Google Heights from DGPS orthometric 

heights would make it suitable for satellite triangulation of Cartosat-I or lower resolution stereo 

products.  

The Easting (X) and Northing (Y) errors yield RMS of 1.218m and 1.491m which again would be 

highly suitable for Cartosat-I or lower resolution products.   

In the Field No.1 GE heights agreed with MSL heights with an RMS error of 1.97m. Also in the Field 

No.2 with more observations and removing the outliers, GE heights agreed with orthometric heights 

with 2m of RMS error. The geoidal separation of WGS84 ellipsoid in the the study area is 

approximately -40m, thus it can be concluded that the format of GE heights agree with MSL or 

orthometric heights in the study area with an RMS error of 2m. However to use GE heights for 

triangulation of remote areas, its format and accuracy needs to be ascertained all over earth, the same 

has been attempted in Section 5.4 of this document. 

5.3 Validation of IGS based DGPS Methodology with Field 2. 

The IGS based DGPS Methodology has been discussed with only one observation in IIRS at Section 

5.1.3. Now the Field No. 2 rover observations with multiple bases has been utilised here in validating 

IGS based DGPS Methodology. The two bases of 501GTS and the IIRS were individually utilised for 

computing rover stations through DGPS post processing in TBC. In that 20 rover points were 

computed individually with reference to each of the bases eg. IIRS base and 501GTS base stations. 

Three rover points could not be computed individually with the two bases because of small offset in 

the starting and closing of the 501GTS and IIRS bases which resulted in these three points being 

available only in the IIRS Base epoch of observation. Two sets of computations were done, first with 

each base stations being fixed with apriori co-ordinates and the second with  base stations computed 

through the proposed IGS based DGPS methodology. The resulting rover stations co-ordinates were 

then compared to find out the difference in the results obtained. The various comparisons corroborate 

the finding given in section 5.1.3 above. 

5.3.1    Difference between 501GTS Base (Apriori) Processed and IIRS Base (Apriori) 

Processed Rover Stations Co-ordinates.   The rover stations co-ordinates were differentially 

processed individually with 501GTS base station and with IIRS base station in TBC with the apriori 

co-ordinates of the base stations as available in the GNSS observation records. The difference 
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between the two co-ordinates of the same point differentially processed first by 501GTS base and 

then by the IIRS base station is shown in Table 5.4. 

Table 5.4 Difference between Rover DGPS Co-ordinates Processed Individually with 501GTS (Apriori) and 

IIRS (Apriori) Bases 
 

Station dX (m) dY (m) dZ(m) Station dX (m) dY (m) dZ(m) 

Pt 02 -0.124 -0.302 1.979 Pt 12 -0.129 -0.305 1.981 

Pt 03 -0.126 -0.282 1.991 Pt 13 -0.137 -0.293 1.971 

Pt 04 -0.123 -0.301 2.004 Pt 14 -0.126 -0.301 1.990 

Pt 05 -0.376 -0.266 2.101 Pt 15 -0.127 -0.303 1.979 

Pt 06 -0.104 -0.314 1.936 Pt 16 -0.125 -0.314 2.023 

Pt 07 -0.122 -0.303 1.979 Pt 17 -0.127 -0.3 1.978 

Pt 08 -0.121 -0.306 1.992 Pt 18 -0.126 -0.298 1.991 

Pt 09 -0.129 -0.298 1.987 Pt 19 -0.126 -0.287 1.977 

Pt 10 -0.146 -0.314 2.105 Pt 21 -0.128 -0.308 1.979 

Pt 11 -0.128 -0.297 1.987 Pt 22 -0.128 -0.307 1.980 

 

5.3.2    Difference between 501GTS Base (IGS DGPS) Processed and IIRS Base (IGS DGPS) 

Processed Rover Stations Co-ordinates.   

Now the base stations eg. the 501GTS and IIRS bases were processed with IGS stations by the 

suggested IGS based DGPS methodology to obtain post processed co-ordinates. Then the rovers 

stations observations were processed individually with 501GTS base (post processed) and with IIRS 

base (post processed) in TBC to obtain the DGPS co-ordinates of each rover station. The difference 

between the two processed co-ordinates is given in Table 5.5.  

Table 5.5 Difference between Rover DGPS Co-ordinates Processed Individually with 501GTS (IGS DGPS) 

and IIRS (IGS DGPS) Bases 

 

Station dX (m) dY (m) dZ(m) Station dX (m) dY (m) dZ(m) 

Pt 02 0.011 0.002 0.03 Pt 12 0.008 -0.003 0.037 

Pt 03 0.008 0.023 0.055 Pt 13 0.01 0.001 0.034 

Pt 04 0.015 0.003 0.061 Pt 14 0.011 0.002 0.046 

Pt 05 -0.246 0.036 0.157 
 

Pt 15 0.010 0.000 0.035 

Pt 06 0.009 -0.004 0.040 Pt 16 0.011 -0.011 0.078 

Pt 07 0.015 0.003 0.036 Pt 17 0.009 0.002 0.034 

Pt 08 0.006 0.005 0.054 Pt 18 0.010 0.005 0.062 

Pt 09 0.008 0.004 0.042 Pt 19 0.011 0.014 0.021 

Pt 10 -0.009 -0.012 0.160 Pt 21 0.009 -0.005 0.034 

Pt 11 0.008 0.004 0.042 Pt 22 0.009 -0.005 0.036 
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5.3.3 Discussion and Analysis.  
 

From Table 5.3, the RMS dX, dY and dZ are 0.150, 0.300 and 1.996 respectively, which 

substantiates the earlier result that using apriori co-ordinates of the base station results in decimeter 

level error in Easting (X) and Northing (Y) whereas height (Z) error can be in meters. 

From Table 5.4, the RMS dX, dY and dZ are 0.057, 0.011 and 0.067 respectively if the outlier Station 

id "Pt05" is included. However the RMS dX, dY and dZ comes to 0.010, 0.008 and 0.058 respectively 

if the outlier values of the station are excluded. Thereby achieving centimeter level accuracy in 

Easting (X), Northing (Y) and decimeter level accuracy in height measurement. Thus the IGS Based 

DGPS Post Processing methodology is suitable for mapping projects. 

5.4 Phase II  :  Ascertaining Google Earth Elevation; Orthometric or Ellipsoidal 

with Open Data Mining and Analysis. 

The CORS station data is spanning 160 countries with maximum 2159 CORS (d.o.a. 03 Jan 2014) 

located in the just one country USA. Other nations have varied availability ranging from 1 to 73 

(Canada), the pie chart depicts the distribution in Figure 5.6. For the pie chart to be better 

representative, USA has been excluded from it. Thereby the maximum number of CORS stations (73) 

for Canada being represented in the figure by the blue slice in the north east of the pie chart. The 

location of the CORS station as stated earlier was calculated with the help of Google Address service. 

Some of the stations where Google Address service could not get an address, eg. stations located in 

disputed areas like Golan Heights or remote Islands are represented as Zero Results in the Pie Chart.  

 

Figure 5.6 : CORS Stations Distribution Country Wise (Except USA) 
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The full data of more than 3000 CORS stations agreed with Google Earth elevation with errors 

ranging from less than a meter to around 100m. On further analysis of high error stations, it was 

found that they were located on top of buildings and the height of the buildings were not known.  Few 

stations located in higher latitudes were also found to be having large errors. The photograph of IGS 

Station XIAN (China) Figure 5.7 shows the GNSS antenna fixed on top of a four or five story 

building. This station's orthometric  elevation as calculated from ECEF co-ordinates and EGM2008 

computes to be 12m more than that shown by the Google Earth.   

Similarly the photo of IGS Station CUSV (Bangkok) is shown in Figure 5.8 and it can be clearly seen 

that this GNSS antenna is fixed on top a skyscraper. The computed orthometric height of CUSV is 

found to be 90m  more than that shown on Google Earth. The error can be attributed to the height of 

the skyscraper. 

On the other hand International Polar Year (IPY), a scientific organisation for the Polar Regions has 

number of CORS stations in the Greenland, neighboring polar regions of Canada and Antarctica. 

Some of these stations like the Station KUAQ (Greenland) shows an error of 87m from Google Earth 

whereas the station SENU in the same country is accurate to a meter. The photos in Figure 5.9 and 

Figure 5.10 show these two GNSS antennas. These two antennas though located in the same country 

have a difference of 7° in latitude. KUAQ with error of 87m is located at 68°N whereas SENU at 

61°N, which could be the reason for GE giving erroneous height. But another IPY CORS station with 

the name MSVG though located at 72° shows an error of approximately 4m. Thus the Google Earth 

elevation agreed and sometime varied with the orthometric height of various CORS GNSS receivers.  

  

 

Figure 5.7. XIAN IGS in China. Google Earth 

Elevation 12m less than Orthometric  Height of 

GNSS Dome Mounted on a Five Story Building 

Figure 5.8. CUSV IGS in Bangkok.  Google Earth 

Elevation 90m less than Orthometric  Height of 

GNSS Dome Mounted on a Skyscraper 

 



Use of Open Source Data in Topographic Mapping and 3D Visualization of Remote Inaccessible Areas 

 

 

- 39 - 
 

5.4.1 Discussion and Analysis 

The histogram of GE error for all the CORS stations computed orthometric height has been shown in 

Figure 5.11. It can be seen from the histogram in Figure 5.11 that the error variability is less in the 

negative direction and more in positive direction, thereby confirming that the varying height of the 

GNSS domes from ground is adding to the variability in the positive direction. This figure also shows 

the uni-modal behaviour of error histogram.  

The stratified sampling technique also yields similar results with RMS errors being 11.1m for 0 to 

500m height, 10.8m for 500 to 1500m, 5.8m for 1500m to 2500m and 7.7m for above 2500m with the 

  

Figure 5.9. KUAQ IPY GNSS in Greenland.  

Google Earth Elevation 87m less than Orthometric  

Height of GNSS Dome Mounted on Rocky Outcrop. 

Figure 5.10. SENU IPY GNSS in Greenland.  GE 

Elevation 0.88m less than Orthometric  Height of 

GNSS Dome Mounted on a Rocky Outcrop. 

 

Figure 5.11 : Histogram of GE Elevation Error From Computed Orthometric Height of CORS Stations  
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highest station UTUR in Bolivia at the height of 5141m reporting an error of 4m with Google Earth. 

However the interesting find is below 0m orthometric height, wherein the RMS is 2.3m and for one 

CORS station located in Dead Sea (Israel) the orthometric height found is -377.5m and Google Earth 

reports the height -380.3m. 

Now to find if the GE elevations are conforming more to orthometric or ellipsoidal heights, a second 

histogram is made with the Ellipsoidal Error or GE elevation subtracted from Ellipsoidal height of 

CORS stations as shown in Figure 5.12. The histogram in this figure shows a multi-modal character 

and large variations from -33 to 56 which does not confirm a single trend as can be seen in Figure 

5.11. Thereby it can be deduced that Google Earth elevations all over the earth conform more to 

Orthometric heights than ellipsoidal heights. 

5.5 Open Source GIS Resource Identification. 

This part of research is purely internet based with various open domain GIS resources identified, 

analyzed for availability of various layers and suitability of its data for various mapping scales.  The 

resources identified are Global Map (http://www.iscgm.org/), Global Administrative Areas or GADM 

(www.gadm.org/ and also www.diva-gis.org/Data), CIA : World Fact Book 

(www.cia.gov/library/publications/the-world-factbook/), Natural Earth Data 

(www.naturalearthdata.com/), GeoNET Names Server (http://earth-info.nga.mil/gns/html/index.html), 

Open Street Maps or OSM (www.openstreetmap.org/), and various National / Provincial GIS 

Repositories. 

These resources have various scales and formats of GIS data. Some offer direct download of GIS file 

formats like the ArcGIS shape file format whereas some offer own format like the OSM (an extension 

of XML format) and also allow the WMS/WFS services. The OSM which is a large GIS repository 

created by voluntary contributions from its members offers good quality data for almost whole of the 

world. OSM does not allow bulk download but has a restriction of 50000 nodes from its website. It 

has sister sites eg. http://download.geofabrik.de/ and http://metro.teczno.com/ which allow bulk 

downloads in native OSM or shp file format.  

 

Figure 5.12 : Histogram of GE Elevation Error From Computed Ellipsoidal Height of CORS Stations  
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The details of available layers, mapping scales possible for all these resources are tabulated below in 

Table 5.6:- 

Table. 5.6 Open Domain GIS Resources Details 

Item No. 
Global 

Map 
GADM 

Natural 

Earth  

GeoNET 

Names 

Open 

Street Map 

Geoscience 

Australia 

GeoBase 

Canada 
TIGERLINE 

Ordnance 

OpenData 

Data 

Available 

GIS / 

Vector 

Boundary 

GIS / 

Raster 

GIS / 

Vector/ 

Census 

Point 

Data 

ASCII 

GIS / 

Vector 

GIS / Vector 

/ Raster 

GIS / 

Vector / 

Raster 

GIS / Vector/ 

Census Data 

GIS/Vector

/Raster 

Data Reach World World World World World Australia Canada USA GB 

Mapping 

Scale 

Feasible 

1: 

1,000,000 

1: 

1,000,000 

1: 

10million 

1: 

100,000 

1:25,000 

1:10,000 
1:250,000 1:10,000 

1:10,000 or 

better 

1:10,000 or 

better 

Layered Yes Yes Yes No Yes Yes Yes Yes Yes 

 
Layer Details 

Country Yes Yes Yes 
 

Yes Yes Yes Yes Yes 

Provinces Yes Yes Yes 
 

Yes Yes Yes Yes Yes 

IIIrd Tier Yes Yes Yes 
   

Yes Yes Yes 

IVth Tier 
 

Yes 
     

Yes Yes 

Places Yes 
 

Yes Yes Yes Yes Yes Yes Yes 

Names  
   

Yes Yes 
    

Roads Yes Yes Yes 
 

Yes Yes Yes Yes Yes 

Railroads Yes 
 

Yes 
 

Yes Yes Yes Yes Yes 

Elevation  Yes Yes 
      

Yes 

Land cover Yes 
        

Land use Yes 
        

Vegetation Yes 
        

Airports 
  

Yes 
 

Yes Yes Yes 
 

Yes 

Ports 
  

Yes 
 

Yes Yes Yes 
 

Yes 

Urban Area 
  

Yes 
 

Yes Yes Yes Yes Yes 

Parks etc Yes 
 

Yes 
 

Yes Yes Yes Yes Yes 

Coastline Yes 
 

Yes 
 

Yes Yes 
  

Yes 

Land Yes 
 

Yes 
 

Yes Yes Yes 
 

Yes 

Islands 
  

Yes 
 

Yes Yes 
   

Reefs 
  

Yes 
 

Yes Yes 
   

Ocean 
  

Yes 
 

Yes 
    

Rivers + 

lake 

centerlines 

Yes Yes Yes 
 

Yes Yes Yes Yes Yes 

Lakes + 

Reservoirs 
Yes Yes Yes 

 
Yes Yes Yes Yes Yes 

Playas 
  

Yes 
      

Antarctic 

Ice Shelves   
Yes 

      

Glaciated 

Areas   
Yes 

      

Contours 
     

Yes 
  

Yes 

Bathymetry 
  

Yes 
      

Web Link 
www.iscg

m.org 

www.gad

m.org/ 

www.natu

ralearthda

ta.com 

earth-

info.nga

.mil/ 

www.openst

reetmap.org 

www.ga.go

v.au/ 

www.geobas

e.ca/ 

www.census.go

v/geo/maps-

data/data/tiger.h

tml 

www.ord

nancesurv

ey.co.uk/o

pendata  

  

 

 

http://www.ordnancesurvey.co.uk/opendata/
http://www.ordnancesurvey.co.uk/opendata/
http://www.ordnancesurvey.co.uk/opendata/
http://www.ordnancesurvey.co.uk/opendata/
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5.6 Phase III  :  Satellite triangulation, product generation, strategic analysis and 

validation. 

5.6.1 Satellite triangulation with DGPS GCPs and Google GCPs. 

 As discussed in the methodology section 4.4, the satellite triangulation of Cartosat-I stereo images of 

Dehradun area (please refer section 3.2.1 for path/row of images used) was done in two separate 

instances. First with field obtained DGPS GCPs in the study area and second with Google GCPs, 

wherein Google Earth was utilised in obtaining the GCPs for satellite triangulation.  

For the field work based DGPS GCPs for the study area, the GCPs already obtained in Field No. 2 

with large baselines as discussed in the section 5.2.2 above have been used for the satellite 

triangulation of images in Leica 

Photo Suite (LPS). Out of total 

23 points, 10 sharp points were 

used as control points with six 

being horizontal controls and 

four full controls. Five points 

were selected as check points. 

The resulting bundle block 

adjustment RMSE of 0.6804 

pixel, as shown in the screen 

capture in Figure 5.13. also 

shows the number of control 

and check points.  

Then GCPs were obtained with 

Google Earth with the proposed 

methodology as discussed in section 4.4.1 above. The Google Earth GCPs were then used for another 

instance of satellite triangulation of the stereo pair of the study area.  

 Since it is relatively easier to find 

ground control points in Google 

Earth, so more number of GCPs 

were utilised. In total 21 horizontal 

and 12 full controls were used. One 

point was selected as check point. 

The bundle block adjustment 

RMSE of 0.6899 pixel as can be 

seen in Figure 5.14. This RMSE is 

comparable to the RMSE achieved 

with field obtained DGPS GCPs. 

 

Figure 5.13 : Bundle Block Adjustment RMSE of Cartosat - I 

Stereo Pair with DGPS GCPs 

 

Figure 5.14 : Bundle Block Adjustment RMSE of Cartosat - I 

Stereo Pair with Google Earth GCPs 
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5.6.2 DEM Generation and Comparison. 

 Now with the two sets of satellite triangulations, eg. the DGPS GCPs and Google Earth GCPs, two 

DEMs were generated. The DEMs thus generated with the two sets of GCPs were compared with 

each other and also with Bhuvan DEM, SRTM  and ASTER DEM for comparative visual and 

statistical accuracy assessment.  

The satellite triangulation of Cartosat -I stereo pair can also be done by the provided RPCs without 

any GCPs. This was also tried and the resulting DEM is presented and discussed subsequently in this 

section itself. 

After the satellite triangulation of stereo images, the processing of DEM in LPS can be done in two 

modes; first using Adaptive ATE (automatic terrain extraction) with default global DEM and the 

second without it. The LPS uses the global DEM for adaptive ATE and also gives an option to use 

other DEMs. During this research SRTM and ASTER DEMs were also tried for adaptive ATE, the 

results are discussed later in the section.  

First the 15m DEMs created with DGPS GCPs and Google Earth GCPs with default Adaptive RTE 

are compared visually in Figure 5.15 and Figure 5.16. It can be seen from the two images that there is 

 

Figure 5.15 : DEM 15m with DGPS GCPs 
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hardly any visual difference in the two DEMs, though the maximum elevation reported in the two 

DEMs changes, in that the DGPS GCPs generated DEM reports  

a maximum elevation of 2235m and that with Google GCPs 2229m as can be seen on the elevation 

legend in the left of each screen capture in Figures 5.15 and 5.16. Now for comparison of the two 

DEMs, 56 points were randomly selected as shown in Figure 5.17.  

 

Figure 5.17 : Random 56 Points for DEM Comparison 

 

Figure 5.16 : DEM 15m with Google GCPs 
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The elevations on these  points were computed for the two DEMs, i.e. in the Figure 5.15 and Figure 

5.16. The two values and the difference between them is tabulated in Table 5.7. Now it can be seen 

that the maximum difference between the two DEMs is 6.67m and the RMS error between the two 

DEM values is approximately 4.6m. 

Table. 5.7 : Difference between Heights on 56 Points Observed in 15m Resolution DEMs Created with DGPS 

GCPs and Google GCPs  

Pt 

ID 

Ht 15m 

DGPS 

DEM 

Ht 15m 

Google 

DEM 

dH 
Pt 

ID 

Ht 15m 

DGPS 

DEM 

Ht 15m 

Google 

DEM 

dH 
Pt 

ID 

Ht 15m 

DGPS 

DEM 

Ht 15m 

Google 

DEM 

dH 

1 496.163 490.691 5.47

2 

20 630.745 625.999 4.74

6 

39 650.062 644.337 5.72

5 2 501.596 496.833 4.76

3 

21 615.705 610.983 4.72

2 

40 604.984 601.383 3.60

1 3 505.169 498.502 6.66

7 

22 704.652 699.169 5.48

3 

41 597.576 592.731 4.84

5 4 944.906 940.008 4.89

8 

23 594.395 589.592 4.80

3 

42 619.647 614.341 5.30

6 5 630.584 626.603 3.98

1 

24 537.627 532.71 4.91

7 

43 610.369 605.486 4.88

3 6 550.9 544.768 6.13

2 

25 635.922 631.201 4.72

1 

44 631.169 626.258 4.91

1 7 632.516 627.225 5.29

1 

26 565.834 560.743 5.09

1 

45 581.008 579.077 1.93

1 8 525.153 520.205 4.94

8 

27 594.529 590.125 4.40

4 

46 650.745 645.61 5.13

5 9 529.673 524.947 4.72

6 

28 497.571 494.187 3.38

4 

47 698.563 696.321 2.24

2 10 542.244 537.292 4.95

2 

29 577.421 572.749 4.67

2 

48 716.693 713.273 3.42 

11 487.479 483.167 4.31

2 

30 596.41 591.565 4.84

5 

49 794.91 789.611 5.29

9 12 519.461 514.532 4.92

9 

31 729.025 724.481 4.54

4 

50 891.899 888.896 3.00

3 13 489.891 488.95 0.94

1 

32 661.547 657.13 4.41

7 

51 1073.866 1070.43

9 

3.42

7 14 538.14 533.359 4.78

1 

33 1080.337 1075.09

6 

5.24

1 

52 1954.909 1951.57

5 

3.33

4 15 538.778 534.013 4.76

5 

34 1185.719 1180.57

3 

5.14

6 

53 1923.579 1918.80

4 

4.77

5 16 510.816 504.675 6.14

1 

35 623.52 618.617 4.90

3 

54 1662.518 1657.26

5 

5.25

3 17 830.109 826.49 3.61

9 

36 779.077 774.28 4.79

7 

55 1027.279 1023.59

1 

3.68

8 18 649.029 643.713 5.31

6 

37 602.946 598.038 4.90

8 

56 2032.268 2026.54 5.72

8 19 709.509 706.239 3.27 38 691.386 688.925 2.46

1     

 

Std Dev 1.061 

  

RMS 

Error 
4.666 

  

Max 

error 

6.667 

 

 
Mean 4.546 

    
Min error 0.941 

 
 

 

The 15m DEM generated by DGPS GCPs was also compared with other DEMs eg. SRTM, ASTER, 

Bhuvan DEM, and no GCPs. To have consistency in the comparison, same 56 points were used in 

each comparison. The statistical results of the difference in heights with each of the four DEMs on the 

56 points are given in Table 5.8. The complete tables of 56 points for each DEM comparison are 

available in Appendix 4. 

Table. 5.8 : Statistical Parametrical Difference in Height on 56 Points between DEM Created with DGPS GCPs 

and Open Domain DEMs or DEM Created without GCPs Using the RPCs Only. 

DEM\Parameter Std Dev Mean 
RMS 

Error 

Min 

error 

Max 

error 

SRTM 13.156 2.206 13.223 -37.709 30.148 

ASTER 7.562 8.681 11.468 -12.542 24.782 

Bhuvan DEM 58.298 50.623 76.816 9.951 458.669 

No GCPs DEM 119.958 27.905 122.113 -449.103 266.186 
 

 



Use of Open Source Data in Topographic Mapping and 3D Visualization of Remote Inaccessible Areas 

 

 

- 46 - 
 

5.6.3 DEM Analysis and Validation. 

From the Table 5.8, it can be observed that in the category of open domain DEMs, ASTER DEM 

agrees with DGPS GCPs obtained DEM with an RMS error of 11m, the SRTM error of 13m is also 

comparable to ASTER. However the minimum and maximum errors in ASTER has a smaller range in 

comparison to the SRTM DEM.  

The Bhuvan DEM (also known as CartoDEM) and the DEM generated by satellite triangulation with 

just RPCs (no GCPs) on the other hand have very large errors of 77m  and 122m RMS. These two 

DEMs also have the range of error which runs into hundreds of meters. The RMS error of 122m may 

look comparable with that of Bhuvan DEM error of 77m. But the Cartosat-I stereo images without 

GCPs generate a DEM which fails to represents the actual terrain truthfully as can be seen in the 

Figure 5.18. 

Thus the DEM produced 

by Google Earth GCPs 

with RMS error of 4.6m 

and minimum and 

maximum errors of 0.94 

and 6.67m respectively 

as given in Table 5.7 is 

comparatively the best 

match to the DGPS 

GCPs based DEM in the 

study area. 

 The DEM generation in 

LPS was also tried with 

different seed DEMs 

instead of the default 

Global DEM in the 

"Adaptive ATE" 

module. Here SRTM 

and ASTER DEMs were 

tried as seed DEMs with DGPS GCPs satellite triangulation. And DEM was also generated without 

the adaptive ATE module or without any seed DEM to observe changes in the DEM accuracy or 

structure.  

The default global DEM in "Adaptive ATE" was changed to SRTM, ASTER and "no DEM" for 

 

Figure 5.18 : DEM 15m No GCPs (Satellite Triangulation of Cartosat -I 

Stereo Images with RPCs only) 

Table. 5.9 : Statistical Parametrical Difference in Height on 56 Points between DEMs Created with DGPS 

GCPs with default ATE and User Selected Seed DEM in Adaptive ATE Module 

Seed DEM 

\Parameter 
Std Dev Mean 

RMS 

Error 

Min 

error 

Max 

error 

SRTM Seed 0.473 0.003 0.469 -2.170 1.952 

ASTER Seed 0.472 0.006 0.468 -2.170 1.951 

No Seed DEM 2.619 -0.124 2.598 -8.323 6.612 
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generating three instances of DEMs of the study area. The statistical parametrical differences in 

height on 56 points between three instances of DEMs from default DEM created with DGPS GCPs 

has been tabulated in Table. 5.9. The height variation by using  SRTM or ASTER DEM as seed was 

found to be very small, RMS of 0.47m only, though maximum and minimum absolute variation was 

around 2m. 

But not using any seed DEM or not invoking the Adaptive ATE mode did result in RMS error of 

2.5m with a similar value for standard deviation. The maximum and minimum error was found to be 

in a higher range of 6.6m to -8.3m. The structure of DEM was also affected as can be seen in the NW 

corner in Figure 5.19. wherein the terrain appears to be botchy and drainage features are smudged. 

Also the general sharpness of features has been degraded by disabling the "Adaptive ATE" module. A 

zoomed comparison of the NW portion of the two DEMs is shown in Figure 5.20 and Figure 5.21 

which clearly demonstrate the feature details getting smudged when the Adaptive ATE is disabled. 

The DEM generated with Adaptive ATE is better suited for realistic drainage analysis and even 

cartographic applications wherein contours generated will be more representative of the existing 

terrain. 

 

Figure 5.19 : 15m with DGPS GCPs with Adaptive ATE Disabled 
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ENVI Based Analysis and Validation.  

Now most of the analysis 

on DEMs as given in this 

section was carried out 

through ERDAS Imagine 

with elevation observed at 

56 random points. 

However during the latter 

part of research, it was 

found that another image 

manipulation software 

ENVI offers comparison of 

two DEMs with band 

math. And this was 

attempted for two subsets 

of the DEMs; first in hilly 

terrain and the second in 

plains of the study area. 

Here the default DEMs 

created with DGPS GCPs 

and Google GCPs were 

used. The hilly region 

subsets of DEMs gave the 

histogram as given in 

Figure 5.22. The statistics show that approximately 11m error gives the confidence level of 95%. 

Thereby it can be inferred that in hilly region of the study area, DEMs generated by satellite 

  

  

Figure 5.20. NorthWest Zoomed Screenshot 

of DEM with Adaptive ATE Disabled 

Figure 5.21. Same Area Zoomed Screenshot of 

DEM with Adaptive ATE Enabled 

  

 

Figure 5.22. Histogram of Difference of Subset DEMs 

(DGPS GCPs and Google GCPs) in Hilly Terrain 
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triangulation of Cartosat-I images though DGPS survey GCPs and through Google derived GCPs 

agreed with an error of approximately 11m as shown in the Figure 5.22, the screen capture of the 

statistics generated by ENVI. 

Similarly the subsets in plains were subtracted in ENVI and the resulting statistics with histogram are 

shown in Figure 5.23. It can be seen that in plains the agreement between the two DEMs goes to 97 

percent confidence level at 5m and more than 75% of values falling within 4m as can be seen in the 

statistics. The random points also generate a similar figure, however for hilly terrain the random 

points do not bring out the 11m difference between the two DEMs. However the statistics also show 

that the points having 

a difference of 11m 

are just a little above 

one percent from the 

total points. 

Now this error of 11m 

when viewed in 

cartographic 

perspective yield an 

important inference 

that these DEMs are 

suitable for 1:50,000 

scale maps which 

have an inherent error 

potential of 12.5m 

because of 

cartographic plotting 

error. This aspect will 

be further examined 

later in the section 

dealing with 3D 

analysis wherein 

contour generation 

and their comparative 

accuracy shall be assessed. 

5.6.4 Orthoimage Generation, Analysis and Validation. 

The orthoimage generation is a simple one click step after satellite triangulation in LPS. However the 

two instances of satellite triangulation eg. with DGPS GCPs and Google GCPs would thus necessitate 

generation of separate orthoimages. These two then need to be compared both on geometric 

registration and image quality aspects.  

The geometric registration can be effectively validated with the DGPS GCPs on both the images 

individually. For this the location of each GCP was plotted by detailed visual inspection on both of 

the orthoimages. The GCP points were then exported as shp files and the Easting and Northing values 

 

Figure 5.23. Histogram of Difference of Subset DEMs 

(DGPS GCPs and Google GCPs) in Plains 
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for each was added in ArcGIS by "Calculate Geometry" tool. The difference from the Easting and 

Northing values of the GCPs then gives individually the shifts in the geometric registration.  

 The Table 5.10 lists the shift observed on GCPs with the two orthoimages. It can be seen that 

Orthoimage generated with DGPS GCPs has an RMS error of approximately 2.5m in X and Y or 

about one pixel of Cartosat-I.  

The shift increases to an RMS of 3.6m when Google Earth GCPs are used for satellite triangulation of 

images in the study area. Thus the Google derived GCPs generate orthoimage in the study area which 

has an accuracy of one and half pixel approximately in Easting and Northing or a total translation 

RMS error of approximately 5m. In cartographic terms the translation error of 5m in orthoimage can 

be equated to the plotting error in mapping, thereby mapping of 1:25000 scale can be effectively done 

with orthoimages obtained with satellite triangulation using Google GCPs in the study area. 

The orthoimage quality was compared visually for sharpness of features and orthoimage generated 

with Google GCPs was found to be sharper than that generated with DGPS GCPs, The reason for 

sharpness of the features in Google GCPs generated orthoimage can be attributed to more number of 

GCPs which can be easily collected in Google Earth than in a DGPS ground survey. Another 

contributing factor is the quality of GCPs which can be collected in Google Earth like the sharp 

corners in road crossings or the bridges or corners of swimming pools and all such sharp time 

invariant features which are generally not accessible for DGPS survey because of their location in 

private or government restricted areas.  

Table. 5.10 : Comparison of Geometric Registration of Orthoimages vis-a-vis DGPS GCPs 

Point Name 

DGPS GCPs 

Minus DGPS 

Orthoimage 

DGPS GCPs 

Minus Google 

Orthoimage 

 

Point 

Name 

DGPS GCPs 

Minus DGPS 

Orthoimage 

DGPS GCPs 

Minus Google 

Orthoimage 

dX dY dX dY dX dY dX dY 

Pt 01 -0.385 -1.156 0.719 0.991 Pt 12 -0.519 -0.516 1.691 1.324 

Pt 02 3.135 -2.107 4.783 -0.579 Pt 13 -1.346 2.610 0.583 2.638 

Pt 03 -0.559 2.079 1.482 4.540 Pt 14 -2.014 1.006 0.478 0.955 

Pt 04 -3.475 3.490 -1.051 5.168 Pt 15 1.899 -0.073 3.623 0.231 

Pt 05 1.854 -2.782 4.202 -1.939 Pt 16 1.142 1.257 3.529 3.173 

Pt 06 6.856 3.747 8.711 5.707 Pt 17 -4.938 0.094 -3.340 1.927 

Pt 07 -2.004 -0.770 1.418 1.063 Pt 18 1.798 3.083 4.274 5.443 

Pt 08 -5.617 -1.549 -3.911 -1.784 Pt 19 0.063 5.653 1.709 8.226 

Pt 09 -1.133 4.828 0.511 6.392 Pt 20 1.795 2.394 4.174 4.763 

Pt 10 0.129 1.972 2.878 2.466 Pt 21 1.944 1.521 4.269 2.260 

Pt 11 4.152 1.715 6.626 1.656 Pt 22 -0.729 1.326 2.312 2.184 

Computed 

Statistics 
dX dY dX dY 

--- 

Std Dev 2.869 2.217 2.929 2.633 

Mean 0.090 1.260 2.258 2.582 

RMS Error 2.805 2.506 3.643 3.645 

Min error -5.617 -2.782 -3.911 -1.939 

Max error 6.856 5.653 8.711 8.226 
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 The images of one building is shown in the Figure 5.24 below. The 5.24(a) is taken from the 

orthoimage generated with DGPS GCPs and the 5.24(b) from orthoimage generated with Google 

GCPs. It can be seen here that the 5.24(b) has better definition and agrees with the Google Image 

5.24(c). The left image 5.24(a) has more grey tones, and the definition of the building is not precise 

thereby making the building look wider than it actually is. 

5.6.5  3D Analysis : Contour Generation, Comparison and Validation. 

The DEM of any area facilitates in its 3D terrain analysis for various operations; both peaceful and 

military. Also the primary aim of this research is cartography related; making maps of remote and 

inaccessible areas with open domain resources. Thus it is imperative that contour generation through 

various open domain DEMs and through satellite photogrammetry be compared.  

For the purpose of comparison all contours are generated with 40m contour interval. The base for 

comparison are the 40m contours generated from DEM made with DGPS GCPs. The contours have 

been compared individually for different sources in rugged hilly and plainer regions of the study area 

for cartographic similarity. The comparative screen shots for hilly region have been given in the 

Figure 5.25 and for plainer terrain in Figure 5.26. 

  
 

The DGPS GCPs Generated 

OrthoImage (a) 

The Google GCPs Generated 

OrthoImage (b) 

The Building as Seen in Google 

Earth (c) 

Figure 5.24. The Outline of Same Building in Two Orthoimages 
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The hilly rugged region contour comparison in the study area as seen in Figure 5.25, top left, clearly 

brings out that DGPS DEM generated contours match with Google Earth DEM contours. The second 

best match can be seen with the ASTER contours. The SRTM and Bhuvan or CartoDEM contours 

can be placed at being the third best. 

However in the plain areas as can be seen in Figure 5.26(c), the SRTM contours produce the second 

best match to DGPS GCPs generated DEM contours. The ASTER DEM is known for large number 

of artifacts eg. pits and bumps which generate very small round contours which look cartographically 

messy. Such contours also require a lot of manual cleaning thereby affecting map production time.  

Bhuvan or CartoDEM generated contours in the plain areas, are cartographically better than ASTER, 

however the shift in the contours can be seen to be high. The minimum shift in contours generated 

with Google GCPs DEM as can be seen in Figure 5.26 (a). 

  

(a)  DGPS vs. Google (b) DGPS vs. ASTER 

  

(c)  DGPS vs. SRTM  (d) DGPS vs. Bhuvan DEM 

Figure 5.25 : Contours Hilly Terrain 
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5.6.6  Cartographic Map Database : Details Availability and Analysis. 

 A topographic map database is a comprehensive document containing details of any area for 

  

(a)  DGPS vs. Google (b) DGPS vs. ASTER 

  

(c)  DGPS vs. SRTM  (d) DGPS vs. Bhuvan DEM 

Figure 5.26 : Contours Plain Terrain 

 

Figure 5.27 : Layers of a Map Database (Figure Source :  Conceptual Data Model, 2007) 
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effective local operations. Figure 5.27 adopted from Conceptual Data Model for 1:50,000 

Topographic Data (Conceptual Data Model, 2007),shows all the essential layers/themes of 

information needed for a topographic map database.  

 A topographic map can be effectively prepared  if all these layers/details are available. Now in this 

research various resources both open domain and proprietary / indigenous have been analyzed and the 

results for obtaining information concerning these layers/themes are tabulated in Table 5.11. Thus 

preparation of 1:50,000 scale map thorough open resources with indigenous Cartosat-I stereo images 

for remote inaccessible areas can be  a viable alternative with errors within one cartographic dot on 

the 1:50,000 map or approximately 12.5m error as observed in the study area. 

5.6.7  Strategic Terrain Analysis and 3D Visualization. 

The 3D visualization has expanded multifold with built-in tools and utilities. The DEM can be 

utilised for multifarious tasks for strategic terrain analysis and 3D visualization. The routine and 

mundane tasks like path profile, line of sight visibility analysis, terrain flight etc. are just a click of 

button. Thus all such analysis though done with the DEMs of the study area, have not been presented 

in this write up. 

Table. 5.11 : Availability of Layer/Theme for Cartographic Database Generation from Open Source 

Layer/Theme Availability Analysis 

Item No. Availability Resource Remarks 

Communication Yes 
Open Street Maps 

(OSM) 
Availability region based 

Hypsography Yes 
DEM Generated 

Contours 

Cartosat-I Stereo Satellite 

Triangulation with Google GCPs 

Hydrography Yes 
DEM Generated and 

OSM 
-do- 

Vital Installation Yes 
OSM, GeoNet Names, 

Intelligence 

Important Military and Civilian 

Installations 

Habitation Yes 
OSM, GeoNet Names, 

Intelligence 
Hut, Buildings, Major Buildings  

Land Cover Yes GADM, OSM, Landsat 
Limited vegetation and land use 

type 

Utility Yes 
Open Street Maps 

(OSM) 
Good availability in Cities/towns 

Boundary Yes 
Global Map and 

GADM 
Small scale/low accuracy 

Map Frame and Text No Can be Generated   

Network Feature Limited / No 
OSM with Cleaning 

and Geoprocessing 

Network primarily for roads in 

Communication layer 

Meta Data No Can be Generated   
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However the strategic terrain analysis done with the help of ArcGIS Model (please refer section 4.4.2 

above) for delineating possible Camp areas has been depicted in Figure 5.28, wherein areas in red 

color depict suitable places for establishing camp locations in the high hill areas. 

 

Figure 5.28 : Suitable Areas for Establishing Camp Locations 

The 3D printing technology which is now finding inroads can also be utilised for strategic analysis 

especially for sand model discussions with actual 3D models created for any area of interest. During 

this research a small versatile software AccuTrans 3D, available from the link 

http://www.micromouse.ca/ was tried for generating a 3D STL (Stereo Lithography) file which can be 

printed by any 3D printer. The STL file was created with SRTM DEM of the study area and can be 

 

Figure 5.29 : DEM Converted to Stereo Lithography File for 3D Printing. 
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seen in Figure 5.29. The reason for using SRTM DEM was because  higher resolution DEMs tend to 

create a very heavy STL file. Through interaction with a 3D printing company it was found out that 

STL files heavier than 15mb are not printable with standard 3D printers. Thus coarse SRTM DEM 

was used.  

5.6.8  Melbourne Pléiades Tristereo Satellite Triangulation, Product Generation, Analysis and 

Validation. 

The Pléiades Tristereo data was downloaded from the Astrium Website http://www.astrium-

geo.com/en/23-sample-imagery and then processed in LPS in two modes as done for Cartosat-I data. 

The satellite triangulation of the three images was done first with just the RPCs and processed to 

generate stereo products, eg. DEM and orthoimage.  

 

Figure 5.30 : 5m DEM of Melbourne Generated without GCPs 

 

Figure 5.31 : 5m DEM of Melbourne Generated with Google Earth GCPs 
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Then Google Earth GCPs were generated and satellite triangulation performed with these GCPs to 

obtain second set of products, DEM and orthoimage. The two sets of DEMs and Orthoimages thus 

generated were similarly compared as done for Cartosat-I products. Figure 5.30 shows the 5m DEM 

created with Pléiades Tristereo data using RPCs only and Figure 5.31 shows the 5m DEM after using 

Google Earth GCPs. 

Table. 5.12 : Comparison of DSM Heights from RPCs Only DEM and Google Earth GCPs Triangulated DSM 

Melbourne 5m DEM Comparison 

PointID  X  Y  

Z from 

Google 

Earth 

(GE)  

Ortho Ht 

(GE GCP 

DEM)  

Z (RPC 

only 

DEM)  

EGM 2008 

Difference  

Ortho-Ht 

RPCs 

Only 

DEM (F-

G)  

GE 

GCPS 

DEM 

dH 

(E-D)  

RPCs 

Only 

DEM 

dH  

(H-D)  

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) 

GCP1 144.9148 -37.837 4.997 6.788 17.19 4.453 12.737 1.791 7.740 

GCP2 144.8605 -37.7785 41.709 40.771 51.861 4.605 47.256 -0.938 5.547 

GCP3 145.0636 -37.7704 62.697 62.861 73.666 4.97 68.696 0.164 5.999 

GCP4 145.0706 -37.8703 39.667 41.024 52.393 4.648 47.745 1.357 8.078 

Pt 5 144.8586 -37.7793 41.521 43.485 54.058 4.599 49.459 1.964 7.938 

Pt 6 144.8821 -37.7774 42.320 43.492 54.252 4.64 49.612 1.172 7.292 

Pt 7 144.9826 -37.77 43.632 46.602 57.363 4.822 52.541 2.970 8.909 

Pt 8 144.8926 -37.7852 35.811 39.11 48.97 4.624 44.346 3.299 8.535 

Pt 9 144.9326 -37.7819 33.463 39.006 48.594 4.698 43.896 5.543 10.433 

Pt 10 145.0623 -37.7837 21.348 24.92 34.89 4.925 29.965 3.572 8.617 

Pt 11 144.8879 -37.7987 26.498 26.269 38.325 4.562 33.763 -0.229 7.265 

Pt 12 144.9806 -37.7978 31.426 32.178 42.555 4.718 37.837 0.752 6.411 

Pt 13 145.0246 -37.7904 33.996 41.655 52.634 4.826 47.808 7.659 13.812 

Pt 14 145.0391 -37.7983 40.060 42.291 52.322 4.828 47.494 2.231 7.434 

Pt 15 144.9325 -37.8035 5.696 12.68 18.621 4.614 14.007 6.984 8.311 

Pt 16 144.8883 -37.814 21.367 20.407 32.265 4.5 27.765 -0.960 6.398 

Pt 17 145.031 -37.8117 49.556 51.314 61.516 4.765 56.751 1.758 7.195 

Pt 18 144.8823 -37.8214 10.967 15.123 25.318 4.46 20.858 4.156 9.891 

Pt 20 144.9316 -37.8229 5.994 14.394 24.026 4.538 19.488 8.400 13.494 

Pt 22 144.9814 -37.8235 14.296 18.967 25.106 4.625 20.481 4.671 6.185 

Pt 23 144.8771 -37.8373 21.858 24.863 36.063 4.386 31.677 3.005 9.819 

Pt 24 145.0208 -37.8372 50.862 51.782 64.046 4.654 59.392 0.920 8.530 

Pt 25 144.9115 -37.8444 5.691 7.918 18.973 4.418 14.555 2.227 8.864 

Pt 26 144.9468 -37.8445 7.093 13.274 21.853 4.482 17.371 6.181 10.278 

Pt 27 144.9789 -37.844 21.785 35.482 46.448 4.545 41.903 13.697 20.118 

Pt 28 145.055 -37.8459 41.886 42.174 54.538 4.698 49.84 0.288 7.954 

Pt 29 144.8835 -37.8517 12.050 14.719 24.991 4.338 20.653 2.669 8.603 

Pt 30 144.8841 -37.8543 13.508 21.38 33.242 4.328 28.914 7.872 15.406 

Pt 31 144.9683 -37.8583 7.163 9.182 19.581 4.471 15.11 2.019 7.947 

Pt 32 145.0635 -37.855 35.151 38.656 49.036 4.685 44.351 3.505 9.200 

Pt 33 144.9866 -37.8685 12.029 15.842 25.232 4.469 20.763 3.813 8.734 
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As can be seen from the legend in the two figures, by using Google Earth GCPs the range has 

increased in the negative as well as positive values by approximately 20m, thereby increasing 

variability of the data.  

 Further comparison was done with the four Google GCPs and some random points for height 

comparison. Since satellite triangulation done with just RPCs results in DEM with ellipsoidal heights, 

whereas with Google Earth GCPs the DEM is generated in orthometric heights, thus point wise 

comparison can be done after adjusting for geoidal separation.  The comparison has been given in the 

Table 5.12 above. 

It can be seen from Table 5.12, Column (E-D) that the error with Google Earth obtained heights when 

compared to the Google Earth GCPs generated DEM heights is 1-2m for the GCPs  and few other 

point features which are at ground level. Whereas the error increases to 13.6m for point number 27, 

which is located on top of a building. More analysis confirms another important fact that Google 

Earth heights are bare earth heights. 

 The Table 5.12, Column (H-D) gives the difference between RPCs generated DEM height and that 

given by Google Earth 

which is roughly 6 to 7m 

more than the DEM 

generated with Google 

Earth GCPs. The 

difference DEM 

generated histogram in 

Figure 5.32 gives 12m to 

be approximately the 95 

percent confidence level. 

But it must be noted here 

that geoidal separation 

has not been subtracted 

from RPCs DEM which 

is in ellipsoidal heights, 

whereas the Google Earth 

GCPs derived DEM is in 

orthometric heights. In 

this area of Melbourne, 

the EGM2008 geoidal 

separation works to be 

approximately 5m. So 

subtracting 5m from 12m 

gives us the same value 

of 7m as obtained in the 

Table 5.12 with 30 odd points (please refer Section 2.2.7 and Figure 2.2). 

Since no ground surveyed GCPs are available in Melbourne area, absolute verification of height was 

not possible. However on analysis of the CORS stations data, it was found that the Pléiades scene 

 

Figure 5.32 : Histogram of Surface Difference (RCPs Only DEM Minus 

Google Earth GCPs Triangulated DEM) 
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contained one IGS Station "MOBS" or Melbourne Observatory IGS. The geodetic co-ordinates of the 

MOBS antenna calculated from its ECEF co-ordinates gave its EGM2008 orthometric  height as 

36.021m. After plotting the latitude longitude of the MOBS antenna on the GE GCPs generated 5m 

DEM, the height obtained was 36.291m, a difference of 0.27m from that reported by the MOBS IGS 

Station. Whereas the same point reported a height of 31m on Google Earth, which would be the bare 

earth height of the point. This verifies the suitability of using GE GCPs for satellite triangulation of 

images in remote inaccessible areas and also corroborates that the height reported by Google Earth is 

bare earth height of that point. The antenna location of MOBS IGS station, Lat/Lon: 37° 49' 

45.8885"S, 144° 58' 31.2118"E is shown in Figure 5.33, both in the Google Earth and also on the 

Orthoimage generated with Pléiades Tristereo sample data of Melbourne. 

 

 

 

Figure 5.33 : Location of MOBS IGS Station on Top of a Building in Melbourne Observatory, 

in Google Earth (Top Image) and  Pléiades Tristereo Orthoimage (Bottom Image) 
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Chapter 6. Conclusion and Recommendations. 

 

6.1 Conclusion. 

This chapter is the summary of the objectives achieved in this thesis work with recommendations for 

future work. The work carried out involves use of open domain or free to use geospatial data for 

mapping of remote and inaccessible areas. As it is known, map making requires the knowledge of 

geodesy, photogrammetry, GIS and visualization, the same has been attempted in this research albeit 

with open domain datasets. 

 The web based open domain IGS based DGPS processing service was implemented and found to 

be accurate to cms levels in Easting and Northing and decimeter level in height. The DGPS 

processing of rover stations with apriori co-ordinates of the base station was found to be varying 

in decimeter levels in Easting and Northing, however height variation of up to two meters were 

observed with different base stations. The DGPS processing of same rover stations with IGS 

corrected base station co-ordinates resulted in cm level variation in Easting and Northing whereas 

the height variation reduced to decimeter level with different base stations. These accuracies have 

been achieved without uploading own GNSS data to the online DGPS services. 

 VBA was found suitable for automating access to open domain geospatial XML services for 

obtaining address, height, geoidal separation in MS Excel. VBA was also found to be suitable for 

complex calculation of ECEF to Geodetic conversion directly in MS Excel without conversions 

or interfaces to other software modules. 

 The Google Earth height was found to be in agreement with MSL / orthometric heights to an 

RMS variation of about 2m with the GCPs in the study area. Google Earth heights were also  

checked with more than 3000 CORS stations data all over the world and was found to be in 

agreement with orthometric height with an RMS error of approximately 10m. The stratified 

sampling also yielded similar results with RMS error of 11.1m for 0 to 500m height, 10.8m for 

500 to 1500m, 5.8m for 1500m to 2500m and 7.7m for above 2500m. The reason for RMS error 

being the maximum for plain areas of less than 500m height could be attributed to antenna domes 

mounted on top of buildings whose height is not available for corrections.  

 The Google Earth positional accuracy was verified with DGPS GCPs in the study area and found 

to be accurate with an RMSE of 1.2m in Easting and RMSE of 1.5m in Northing. The RMS error 

is approximately half a pixel width of Cartosat-I image, thereby within acceptable limits for the 

satellite triangulation of the Cartosat-I stereo data. 

 The products, eg. DEM, orthoimages and contours produced after satellite triangulation of 

Cartosat-I stereo images with DGPS GCPs and with Google GCPs were compared in the study 

area. The DEM generated from Google Earth GCPs has an RMS error of approximately 5m 

which is in plotting error range of 1:25,000 map. The satellite triangulation of Pléiades Tristereo 

images of remote area of Melbourne was done with Google Earth GCPs. The generated 5m DEM 

of Melbourne  area agreed with the EGM2008 orthometric height of MOBS IGS station to sub-

meter level of accuracy, thereby validating the accuracy of Google Earth GCPs for use in remote 

inaccessible areas. 
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 The open domain GIS resources were analysed for their contents and found to be useful at 

varying mapping scales. However layer/thematic content and mapping scale requirement of 

1:50,000 can be met at global level by combining various open domain data sources. 

 The strategic terrain analysis was implemented in ArcGIS Model Builder to locate camp areas 

conforming to a set of criteria.  

 In the end 3D printing technology requirements were studied and a 3D Stereo Lithography (STL) 

file was created with open domain SRTM data of the study area which is found suitable for 

visualisation of terrain. 

6.2 Recommendations. 

 The research on open domain geospatial data can be expanded to include analysis of non- 

geospatial resources available on the internet, eg. how even an non-geotagged photo can 

contribute to geo-spatial intelligence. 

 The open domain resources have varied format and content, a data-mining application can be 

built to obtain relevant data for specific applications or use. 

 If the antenna height of CORS stations from ground can be obtained, then corrections can be 

applied for a more realistic comparison with Google Earth heights. 

 The developed ArcGIS Model,  by varying the criteria, can also be used for identifying other 

strategic sites like landing zones, helipads, water points or even potential locations for airstrips. 
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Appendices 

Appendix 1: VBA Code for ECEF Co-ordintes to Geodetic Co-ordinates. 

Option Explicit 

Function ECEF_to_Lat(X, Y, Z) As Variant 

'Convert ECEF to Latitude (lat) in Dec Degrees. 

'The "Iterate_ECEF_to_Lat" function is essential for this function to run 

 

Dim a, b As Double  'a and b are the two axis of WGS84 spheroid, change them for different spheroid 

Dim XYRootSqur, eSquare, lat1, lat, Pi As Double 
 

    a = 6378137# 

    b = 6356752.3141 

    XYRootSqur = Sqr((X ^ 2) + (Y ^ 2)) 

    eSquare = ((a ^ 2) - (b ^ 2)) / (a ^ 2) 

    lat1 = Atn(Z / (XYRootSqur * (1 - eSquare))) 

    Pi = 3.14159265358979 

     

lat = Iterate_ECEF_to_Lat(a, eSquare, lat1, Z, XYRootSqur) 

 XYZ_to_Lat = lat * (180 / Pi) 

 

End Function 
 

Function Iterate_ECEF_to_Lat(a, eSquare, lat1, Z, XYRootSqur) As Double 

 'Iteratively computes Latitude (lat). Input: -  ellipsoid semi major axis (a) in meters; _ 

  'eta squared (eSquare);  estimated value for latitude (lat1) in radians;  Z coordinate in meters; _ 

 'XYRootSqur is computed from X & Y in meters.  

 

Dim V, lat2, Pi As Double 

    V = a / (Sqr(1 - (eSquare * ((Sin(lat1)) ^ 2)))) 

    lat2 = Atn((Z + (eSquare * V * (Sin(lat1)))) / XYRootSqur) 

     

    Do While Abs(lat1 - lat2) > 0.00000001  'This value can be more precise for final accuracy of solution. 
        lat1 = lat2 

        V = a / (Sqr(1 - (eSquare * ((Sin(lat1)) ^ 2)))) 

        lat2 = Atn((Z + (eSquare * V * (Sin(lat1)))) / XYRootSqur) 

    Loop 

    Iterate_ECEF_to_Lat = lat2 

 

End Function 

 

Function ECEF_to_Lng(X, Y, Z) As Variant 

 

'Convert XYZ to Longitude (Lon) in Dec Degrees. X,Y in meters. Z is not needed but added for symmetry of 

'two functions, the ECEF_to_Lng and ECEF_to_Lat 
Dim Pi As Double 

    Pi = 3.14159265358979 

    ECEF_to_Lng = (Atn(Y / X)) * (180 / Pi) 

  

If (X < 0 And Y < 0) Then ECEF_to_Lng = ECEF_to_Lng - 180 

If (X < 0 And Y > 0) Then ECEF_to_Lng = ECEF_to_Lng + 180 

 

End Function 

Function ECEF_to_Ht(X, Y, Z) As Variant 
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'Convert XYZ to Ellipsoidal Height. Input: -  XYZ coords and ellipsoid axes a & b, all in meters. 

 

Dim a, b As Double  'a and b are the two axis of WGS84 spheroid, change them for different spheroid 

Dim XYRootSqur, eSquare, V, H, Lat_in_Radian, lat, Pi As Double 
 

    a = 6378137# 

    b = 6356752.3141 

'Compute lat (Dec Degrees) first 

    lat = ECEF_to_Lat(X, Y, Z) 

 

'Convert lat radians 

    Pi = 3.14159265358979 

    Lat_in_Radian = lat * (Pi / 180) 

     

'Compute H 

    XYRootSqur = Sqr((X ^ 2) + (Y ^ 2)) 
    eSquare = ((a ^ 2) - (b ^ 2)) / (a ^ 2) 

    V = a / (Sqr(1 - (eSquare * ((Sin(Lat_in_Radian)) ^ 2)))) 

    H = (XYRootSqur / Cos(Lat_in_Radian)) - V 

     

    ECEF_to_Ht = H 

     

End Function 
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Appendix 2: VBA Code for Accessing XML Geospatial Services. 

Option Explicit 

Function ElevationFromGoogle(lat As Double, lon As Double) As Variant 

     

    Dim XMLRequest         As New XMLHTTP 

    Dim XMLResults         As New DOMDocument 

    Dim XMLStatNode        As IXMLDOMNode 
    Dim XMLElevNode        As IXMLDOMNode 

     

    'Checking for validity of lat, long values..... 

    If lat < -90 Or lat > 90 Then 

       ElevationFromGoogle = "Latitude is -90 to 90" 

       Exit Function 

    End If 

     

    If lon < -180 Or lon > 180 Then 

        ElevationFromGoogle = "Longitude is -180 to 180" 

        Exit Function 
    End If 

         

    On Error GoTo errorHandler 

     'Generate xml query for Google 

    

XMLRequest.Open "GET", "http://maps.googleapis.com/maps/api/elevation/xml?" & "&locations=" & lat & 

"," & lon & "&sensor=false", False 

  

   'Through internet, send the request to Google, ensure net is connected.. 

    XMLRequest.send 

    

  'Load the results of the query to the declared variables.... 
    XMLResults.LoadXML XMLRequest.responseText 

 

     'Get the status from the query response. 

    Set XMLStatNode = XMLResults.SelectSingleNode("/ElevationResponse/status") 

 

     'Based on the status, process the output or error.... 

    Select Case XMLStatNode.Text 

        Case "OK"   'API request Success so parse to get the value of elevation node in the xml. 

            Set XMLElevNode = XMLResults.SelectSingleNode("/ElevationResponse/result/elevation") 

            ElevationFromGoogle = CDbl(XMLElevNode.Text) 

        Case Else   'If status is not OK then some error, display it.... 
            ElevationFromGoogle = XMLStatNode.Text 

   End Select 

 

errorHandler: 

    Set XMLResults = Nothing 

    Set XMLRequest = Nothing 

    Set XMLStatNode = Nothing 

    Set XMLElevNode = Nothing 

 

End Function 
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Function AddressFromGoogle(lat As Double, lon As Double) As Variant 

     

    Dim XMLRequest         As New XMLHTTP 

    Dim XMLResults         As New DOMDocument 
    Dim XMLStatNode        As IXMLDOMNode 

    Dim XMLAddressNode     As IXMLDOMNode 

     

    'Checking for validity of lat, long values..... 

    If lat < -90 Or lat > 90 Then 

       AddressFromGoogle = "Latitude is -90 to 90" 

       Exit Function 

    End If 

     

    If lon < -180 Or lon > 180 Then 

        AddressFromGoogle = "Longitude is -180 to 180" 

        Exit Function 
    End If 

         

    On Error GoTo errorHandler 

     

    'Generate xml query for Google 

    XMLRequest.Open "GET", "http://maps.googleapis.com/maps/api/geocode/xml?" & "address=" & lat & "," 

& lon & "&sensor=false", False 

                     

    'Through internet, send the request to Google, ensure net is connected.. 

    XMLRequest.send 

     
    'Load the results of the query to the declared variables.... 

    XMLResults.LoadXML XMLRequest.responseText 

     

    'Get the status from the query response. 

    Set XMLStatNode = XMLResults.SelectSingleNode("//status") 

     

    'Based on the status, process the output or error.... 

    Select Case XMLStatNode.Text 

             

        Case "OK"   'API request Success so parse to get the value of elevation node in the xml. 

            Set XMLAddressNode = XMLResults.SelectSingleNode("//formatted_address") 

            AddressFromGoogle = XMLAddressNode.Text 
             

        Case Else   'If status is not OK then some error, display it.... 

            AddressFromGoogle = XMLStatNode.Text 

         

    End Select 

         

      

errorHandler: 

    Set XMLResults = Nothing 

    Set XMLRequest = Nothing 

    Set XMLStatNode = Nothing 
    Set XMLAddressNode = Nothing 

     

     

End Function 
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Function ElevationFromBing(lat As Double, lon As Double) As Variant 

     

    Dim XMLRequest         As New XMLHTTP 

    Dim XMLResults         As New DOMDocument 
    Dim XMLStatNode        As IXMLDOMNode 

    Dim XMLElevNode        As IXMLDOMNode 

     

    'Checking for validity of lat, long values..... 

    If lat < -90 Or lat > 90 Then 

       ElevationFromBing = "Latitude is -90 to 90" 

       Exit Function 

    End If 

     

    If lon < -180 Or lon > 180 Then 

        ElevationFromBing = "Longitude is -180 to 180" 

        Exit Function 
    End If 

         

    On Error GoTo errorHandler 

     

    'Generate xml query for Bing server 

    XMLRequest.Open "GET", "http://dev.virtualearth.net/REST/v1/Elevation/List?points=" & lat & "," & lon _ 

    & "&o=xml&key=AoTOy_-DI52OVq8IpB2v_xxUSyppq2dIJ_xNOlP18f7GLTQ3w4KRBTFGeiPcH-e9", 

False 

    

    'Through internet, send the request to Bing server, ensure net is connected.. 

    XMLRequest.send 
     

    'Load the results of the query to the declared variables.... 

    XMLResults.LoadXML XMLRequest.responseText 

     

    'Get the status from the query response. 

    Set XMLStatNode = XMLResults.SelectSingleNode("//StatusDescription") 

     

    'Based on the status, process the output or error.... 

    Select Case XMLStatNode.Text 

             

        Case "OK"   'API request Success so parse to get the value of elevation node in the xml. 

            Set XMLElevNode = XMLResults.SelectSingleNode("//Elevations") 
            ElevationFromBing = CDbl(XMLElevNode.Text) 

             

        Case Else   'If status is not OK then some error, display it.... 

            ElevationFromBing = XMLStatNode.Text 

         

    End Select 

errorHandler: 

    Set XMLResults = Nothing 

    Set XMLRequest = Nothing 

    Set XMLStatNode = Nothing 

    Set XMLElevNode = Nothing 
     

     

End Function 
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Function EGMoffsetBing(lat As Double, lon As Double) As Variant 

     

    Dim XMLRequest         As New XMLHTTP 

    Dim XMLResults         As New DOMDocument 
    Dim XMLStatNode        As IXMLDOMNode 

    Dim XMLEGMOffsetNode   As IXMLDOMNode 

     

'Checking for validity of lat, long values..... 

    If lat < -90 Or lat > 90 Then 

       EGMoffsetBing = "Latitude is -90 to 90" 

       Exit Function 

    End If 

     

    If lon < -180 Or lon > 180 Then 

        EGMoffsetBing = "Longitude is -180 to 180" 

        Exit Function 
    End If 

         

    On Error GoTo errorHandler 

     

    'Generate xml query for Bing server to get the EGM Offset 

  XMLRequest.Open "GET", "http://dev.virtualearth.net/REST/v1/Elevation/SeaLevel?points=" & lat & "," & 

lon & "&o=xml&key=AoTOy_-DI52OVq8IpB2v_xxUSyppq2dIJ_xNOlP18f7GLTQ3w4KRBTFGeiPcH-e9", 

False 

    

    'Through internet, send the request to Bing server, ensure net is connected.. 

    XMLRequest.send 
     

    'Load the results of the query to the declared variables.... 

    XMLResults.LoadXML XMLRequest.responseText 

     

    'Get the status from the query response. 

    Set XMLStatNode = XMLResults.SelectSingleNode("//StatusDescription") 

     

    'Based on the status, process the output or error.... 

    Select Case XMLStatNode.Text 

             

        Case "OK"   'API request Success so parse to get the value of elevation node in the xml. 

            Set XMLEGMOffsetNode = XMLResults.SelectSingleNode("//Offsets") 
            EGMoffsetBing = CDbl(XMLEGMOffsetNode.Text) 

             

        Case Else   'If status is not OK then some error, display it.... 

            EGMoffsetBing = XMLStatNode.Text 

         

    End Select 

errorHandler: 

    Set XMLResults = Nothing 

    Set XMLRequest = Nothing 

    Set XMLStatNode = Nothing 

    Set XMLEGMOffsetNode = Nothing 
 

End Function 
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Appendix 3: ArcGIS Model for Camp Areas. 
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Appendix 4: 56 Points DEM Difference Tables for SRTM, ASTER and CartoDEM 

 

 

 

  

Table. A1: Difference between Heights on 56 Points Observed in 15m Resolution DEM Created with DGPS 

GCPs and SRTM DEM  

Pt 

ID 

Ht 15m 

DGPS 

DEM 

Ht 

SRTM 
dH 

Pt 

ID 

Ht 15m 

DGPS 

DEM 

Ht 

SRTM 
dH 

Pt 

ID 

Ht 15m 

DGPS 

DEM 

Ht 

SRTM 
dH 

1 
496.163 481.832 14.331 

20 
630.745 614.147 16.598 

39 
650.062 658.052 -7.99 

2 
501.596 484.108 17.488 

21 
615.705 603.734 11.971 

40 
604.984 600.201 4.783 

3 
505.169 487.342 17.827 

22 
704.652 693.59 11.062 

41 
597.576 592.727 4.849 

4 
944.906 943.232 1.674 

23 
594.395 582.288 12.107 

42 
619.647 618.342 1.305 

5 
630.584 635.033 -4.449 

24 
537.627 523.32 14.307 

43 
610.369 606.638 3.731 

6 
550.9 542.349 8.551 

25 
635.922 637.739 -1.817 

44 
631.169 630.002 1.167 

7 
632.516 632.997 -0.481 

26 
565.834 554.061 11.773 

45 
581.008 578.872 2.136 

8 
525.153 514.848 10.305 

27 
594.529 591.277 3.252 

46 
650.745 653.151 -2.406 

9 
529.673 512.311 17.362 

28 
497.571 491.806 5.765 

47 
698.563 702.204 -3.641 

10 
542.244 526.896 15.348 

29 
577.421 571.9 5.521 

48 
716.693 738.976 -22.28 

11 
487.479 477.302 10.177 

30 
596.41 585.221 11.189 

49 
794.91 791.76 3.15 

12 
519.461 509.873 9.588 

31 
729.025 727.037 1.988 

50 
891.899 898.377 -6.478 

13 
489.891 479.49 10.401 

32 
661.547 674.033 -12.49 

51 
1073.866 1111.575 -37.71 

14 
538.14 526.899 11.241 

33 
1080.34 1050.19 30.148 

52 
1954.909 1945.523 9.386 

15 
538.778 525.802 12.976 

34 
1185.72 1210.44 -24.72 

53 
1923.579 1946.52 -22.94 

16 
510.816 494.133 16.683 

35 
623.52 628.134 -4.614 

54 
1662.518 1683.804 -21.29 

17 
830.109 822.04 8.069 

36 
779.077 774.744 4.333 

55 
1027.279 1033.655 -6.376 

18 
649.029 649.517 -0.488 

37 
602.946 605.063 -2.117 

56 
2032.268 2059.688 -27.42 

19 
709.509 727.995 -18.49 

38 
691.386 692.166 -0.78 

    

 
Std Dev 13.156 

  
RMS 
Error 

13.223 
  

Max 
error 30.148 

 

 
Mean 2.206 

    

Min 

error -37.709 
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Table. A2: Difference between Heights on 56 Points Observed in 15m Resolution DEM Created with DGPS 

GCPs and 30m ASTER DEM  

PtI

D 

Ht 15m 

DGPS 

DEM 

Ht 

ASTER 
dH PtI

D 

Ht 15m 

DGPS 

DEM 

Ht 

ASTER 
dH PtI

D 

Ht 15m 

DGPS 

DEM 

Ht 

ASTER 
dH 

1 496.163 485.791 10.372 20 630.745 616.634 14.11 39 650.062 651.393 -1.331 

2 501.596 480.928 20.668 21 615.705 596.002 19.7 40 604.984 593 11.984 

3 505.169 485.218 19.951 22 704.652 691.112 13.54 41 597.576 585.962 11.614 

4 944.906 932.539 12.367 23 594.395 584.347 10.05 42 619.647 611.472 8.175 

5 630.584 623.085 7.499 24 537.627 527.213 10.41 43 610.369 602.282 8.087 

6 550.9 538.678 12.222 25 635.922 631.904 4.018 44 631.169 623.523 7.646 

7 632.516 622.377 10.139 26 565.834 554.396 11.44 45 581.008 572.511 8.497 

8 525.153 507.458 17.695 27 594.529 582.997 11.53 46 650.745 651.64 -0.895 

9 529.673 504.891 24.782 28 497.571 490.326 7.245 47 698.563 688.69 9.873 

10 542.244 518.39 23.854 29 577.421 560.298 17.12 48 716.693 723.425 -6.732 

11 487.479 468.473 19.006 30 596.41 590.806 5.604 49 794.91 788.585 6.325 

12 519.461 512.251 7.21 31 729.025 722.78 6.245 50 891.899 892.09 -0.191 

13 489.891 484.505 5.386 32 661.547 655.971 5.576 51 1073.866 1077.35 -3.487 

14 538.14 523.725 14.415 33 1080.337 1070.48 9.853 52 1954.909 1950.32 4.588 

15 538.778 523.409 15.369 34 1185.719 1185.93 -0.207 53 1923.579 1925.57 -1.988 

16 510.816 491.024 19.792 35 623.52 615.688 7.832 54 1662.518 1675.06 -12.54 

17 830.109 828.032 2.077 36 779.077 773.853 5.224 55 1027.279 1026.8 0.476 

18 649.029 639.86 9.169 37 602.946 595.449 7.497 56 2032.268 2035.19 -2.925 

19 709.509 699.318 10.191 38 691.386 692.971 -1.585 

    

 

Std Dev 7.562 

  

RMS 

Error 
11.468 

  

Max 

error 
24.782 

 

 

Mean 8.681 

    

Min error -12.541 
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Table. A3: Difference between Heights on 56 Points Observed in 15m Resolution DEM Created with DGPS 

GCPs and 30m Bhuvan DEM (CartoDEM) 

PtI

D 

Ht 15m 

DGPS 

DEM 

Ht 

Bhuvan 
dH PtI

D 

Ht 15m 

DGPS 

DEM 

Ht 

Bhuvan 
dH PtI

D 

Ht 15m 

DGPS 

DEM 

Ht 

Bhuvan 
dH 

1 496.163 444.461 51.702 20 630.745 579.862 50.88 39 650.062 627.024 23.038 

2 501.596 445.697 55.899 21 615.705 562.21 53.5 40 604.984 559.004 45.98 

3 505.169 443.936 61.233 22 704.652 665.274 39.38 41 597.576 549.581 47.995 

4 944.906 908.479 36.427 23 594.395 542.048 52.35 42 619.647 571.249 48.398 

5 630.584 588.985 41.599 24 537.627 485.916 51.71 43 610.369 584.006 26.363 

6 550.9 495.915 54.985 25 635.922 576.987 58.94 44 631.169 606.512 24.657 

7 632.516 581.298 51.218 26 565.834 516 49.83 45 581.008 555.001 26.007 

8 525.153 475.073 50.08 27 594.529 539.758 54.77 46 650.745 627.313 23.432 

9 529.673 473.717 55.956 28 497.571 440.503 57.07 47 698.563 671.164 27.399 

10 542.244 487 55.244 29 577.421 528.349 49.07 48 716.693 706.742 9.951 

11 487.479 427.769 59.71 30 596.41 544.649 51.76 49 794.91 766.852 28.058 

12 519.461 476.64 42.821 31 729.025 691.058 37.97 50 891.899 871 20.899 

13 489.891 435.306 54.585 32 661.547 623.555 37.99 51 1073.866 1039.77 34.093 

14 538.14 487.383 50.757 33 1080.337 1045.01 35.33 52 1954.909 1496.24 458.67 

15 538.778 486.105 52.673 34 1185.719 1147.85 37.87 53 1923.579 1796.46 127.12 

16 510.816 450.861 59.955 35 623.52 577.609 45.91 54 1662.518 1648.21 14.307 

17 830.109 790.562 39.547 36 779.077 744.068 35.01 55 1027.279 1004.99 22.29 

18 649.029 623.928 25.101 37 602.946 553.249 49.7 56 2032.268 2018 14.268 

19 709.509 691.67 17.839 38 691.386 645.775 45.61 

    

 

Std Dev 58.2987 

  

RMS 

Error 
76.816 

  

Max 

error 
458.669 

 

 

Mean 50.6231 

    

Min 

error 
9.951 
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Table. A4 : Difference between Heights on 56 Points Observed in 15m Resolution DEM Created with DGPS 

GCPs and No GCPs DEM (satellite triangulation done with RPCs only) 

PtI

D 

Ht 15m 

DGPS 

DEM 

Ht No 

GCP 

DEM 

dH 
PtI

D 

Ht 15m 

DGPS 

DEM 

Ht No 

GCP 

DEM 

dH 
PtI

D 

Ht 15m 

DGPS 

DEM 

Ht No 

GCP 

DEM 

dH 

1 
496.163 448.687 47.476 

20 
630.745 610.375 20.37 

39 
650.062 578.884 71.178 

2 501.596 426.115 75.481 21 615.705 538.748 76.96 40 604.984 629.615 -24.63 

3 
505.169 413.173 91.996 

22 
704.652 638.306 66.35 

41 
597.576 529.418 68.158 

4 
944.906 862.635 82.271 

23 
594.395 552.185 42.21 

42 
619.647 541.313 78.334 

5 
630.584 458.919 171.67 

24 
537.627 430.395 107.2 

43 
610.369 632.766 -22.4 

6 
550.9 450.247 100.65 

25 
635.922 661.523 -25.6 

44 
631.169 525.746 105.42 

7 632.516 594.908 37.608 26 565.834 462.008 103.8 45 581.008 572.902 8.106 

8 
525.153 428.106 97.047 

27 
594.529 446.302 148.2 

46 
650.745 700.561 -49.82 

9 529.673 446.031 83.642 28 497.571 474.609 22.96 47 698.563 708.931 -10.37 

10 
542.244 463.204 79.04 

29 
577.421 486.672 90.75 

48 
716.693 881.592 -164.9 

11 487.479 428.919 58.56 30 596.41 699.188 -102.8 49 794.91 878.105 -83.2 

12 
519.461 446.9 72.561 

31 
729.025 756.713 -27.69 

50 
891.899 1182.45 -290.6 

13 489.891 379.257 110.63 32 661.547 757.861 -96.31 51 1073.866 1169.96 -96.1 

14 
538.14 512.243 25.897 

33 
1080.337 1127.36 -47.02 

52 
1954.909 1688.72 266.19 

15 538.778 487.692 51.086 34 1185.719 1231.49 -45.77 53 1923.579 1800.29 123.29 

16 
510.816 300.283 210.53 

35 
623.52 607.422 16.1 

54 
1662.518 1852.04 -189.5 

17 
830.109 721.982 108.13 

36 
779.077 865.952 -86.88 

55 
1027.279 1476.38 -449.1 

18 
649.029 532.428 116.6 

37 
602.946 649.916 -46.97 

56 
2032.268 1803.71 228.56 

19 
709.509 687.884 21.625 

38 
691.386 555.788 135.6 

    

 

Std Dev 119.958 

  

RMS 

Error 
122.113 

  

Max 

error 
266.186 

 

 

Mean 27.9055 

    

Min error -449.1 
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Thank you. 


