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Abstract: 

The present day scenario involves mostly all the applications requiring three-dimensional data; fields like town p lanning and 

disaster management need 3D data, for v isualization as well as carrying out some analysis tasks. This research -Creation, 

Visualizat ion and analysis of a three dimensional model using GIS on an open source platform, aimed to build urban and 

suburban 3D models that can be visualized and analysed upon in an open source software. Buildings have been digitized using 

ArcScene 10.1 upon the WorldView2 images of two study areas, modelled and textured using City Engine version 2012. After the 

model creat ion is complete, Visualizat ion and Analysis are carried out using open source software. Visualizat ion is to build an 

open source viewer, or a plug-in fo r web browser, which allows clients to visualize, exp lore & analyse the 3D model.  
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I INTRODUCTION  

Natural d isasters have been wreaking havoc to mankind and 

the infrastructure they are housing. The requirement for 

three-dimensional features has gone up considerably in many 

computer related fields like GIS, games, GPS navigation. 

The z-dimension is the altitude or the height of the models. 

The three dimensions help better understand the immediate 

location of the user, or to analyse a situation or model 

thereby cementing itself as a vital cog in advanced 

geographical information systems. 3D modelling has become 

significant to house information in fields like urban planning, 

disaster management and navigation [2].  

 

A.Objectives 

The objectives for the completion of the research were as 

follows: 

a. Geo-database generation. 

b. Creat ion of 3-D models 

c. Integrating the models in open source 

environment. 

d. Integration of a flood map. 

B. Open Source platform 

Among many 3D visualizat ion software, open source 3D 

software have been analysed on a trial-and-error basis. The 

main objective was to finalize a platform that would be 

downright feasible and compatib le with respect to the final 

expected output.Some of the examined software are listed 

below: 

1. NASA World Wind (worldwind.arc.nasa.gov/java)  

2. Ossimplanet 

(http://trac.osgeo.org/ossim/wiki/OssimPlanet) 

3. Cesium (http://cesiumjs.org) 

Since one of the main aspects of this research is to make the 

end product available to a wider audience hence the decision 

was taken to integrate the created models in an open source 

platform for further analysis and visualizat ion. 

NASA World Wind is an open-source virtual globe first 

developed by NASA in 2003 for use on personal 

computers and then further developed in concert with 

the open source community since 2004. The original version 

relied on .NET Framework, which ran only on Microsoft 

Windows. The more recent Java version, World Wind Java, 

is cross platform, a software development kit  (SDK) aimed 

at developers and, unlike the old .NET version.  

OSSIM planet is an accurate 3D global geo-spatial viewer 

that is built on top of the OSSIM, Open Scene Graph 

and Qt open source software lib raries. It provides native geo-

spatial access to a wide range of commercial and government 

data formats with high performance visualization and 

collaboration capabilit ies. Ossim Planet is one of the key 

components of the Large Data Joint Capabilit ies and 

Technology Development project.  

Cesium is a JavaScript library for creating 3D globes and 2D 

maps in a web browser without a plug-in. It uses WebGL for 

hardware-accelerated graphics, and is cross-platform, cross-

browser, and tuned for dynamic-data visualization. Cesium is 

open source under the Apache 2.0 license. It is free for 

commercial and non-commercial use. 

 

Cesium 

Upon testing the different v isualization platforms, Cesium 

was found out to be the most feasible open source 

visualizat ion software. It is more result-oriented and has an 

active community of developers. Cesium is built with care; 

code is publicly peer-reviewed, unit tested with over 90% 

code coverage, statically analyzed, documented, and 

developed by an experienced team. 

Some of the mention-worthy features of cesium are:  

1. Create data-driven time-dynamic scenes 

using CZML.  

2. Visualize high - resolution worldwide Terrain. 

3. Layer imagery from mult iple sources, including 

WMS, TMS, WMTS, OpenStreetMap, Bing Maps, 
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ArcGIS MapServer, Google Earth Enterprise, and 

standard image files. 

4. Each layer can be alpha-blended with the layers 

below it, and its brightness, contrast, gamma, hue, 

and saturation can be dynamically changed. 

5. It can draw GeoJSON and TopoJSON. 

6. It can also draw 3D models using COLLADA and 

glTF with animations and skins. 

7. It also draws and styles a wide range of geometries: 

polylines, billboards, labels. 

8. It draws and extrudes polygons, polygons with 

holes, rectangles, circles.  

9. It also renders support for drawing the atmosphere, 

sun, sun lighting, moon, stars, and water. 

Besides the above listed set of features, Cesium supports 

three different views of a 3D globe, 2D map, and a Columbus 

View (2.5D). To put in short, cesium is a feature-rich 

package with an active and an able set of developers who 

provide robust support to the problems of the users. Google 

earth developers have mostly migrated to the cesium 
platform after the plug-in was discontinued. 

II STUDY AREA 

There are two study areas in consideration in this research.  

The study area 1 is the G.S. Road in Guwahati city. 

Guwahati is the largest city of Assam and one of the fastest 

developing cities of India. It lies between the banks of the 

Brahmaputra River and the foothills of the Sh illong plateau, 

with LGB International Airport to the west and the town of 

Narengi to the east. It is gradually being expanded as North 

Guwahati to the northern bank of the Brahmaputra. The 

Guwahati Municipal Corporation, the city's local 

government, administers an area of 216 square kilometres 

(83 sq mi), while the Guwahati Metropolitan Development 

Authority, the planning and development body administers 

an area of 254 square kilometres (98 sq mi). The average 

rainfall of the area is about 172.2 cm annually. The co-

ordinates ofthe study area 1 is26.18°N and 91.76°E [8][9].  

The study area 2 is the Imphal City, Manipur. Imphalis the 

capital of the Indian state of Manipur. The ruins of the Pa lace 

of Kangla, the royal seat of the erstwhile Kingdom of 

Manipur, are in the city centre, surrounded by a moat. Imphal 

city is situated at an elevation of 786 metres and has an 

average rainfall of 138.7 cm annually. The co-ordinates of 

the study area 2 area are24° 49' 0" North, 93° 57' 0" East. 

 

III DATABAS E US ED  

A. Satellite Imagery Data  

System, offering incredib le accuracy, ag ility, capacity and 

spectral diversity, allows DigitalGlobe to substantially 

expand its imagery product offerings to both commercial and 

government customers [1]. 

 

B. Shape file Geo database 

The shape file format is a popular geospatial vector data 

format fo r geographic in formation system (GIS) software. It 

is developed and regulated by Esri as an open specification 

for data interoperability among Esri and other GIS software 

products. The shape file format can spatially describe vector 

features: points, lines, and polygons, representing, for 

example, water wells, rivers, and lakes. The shapefile is a 

common standard for representing geospatial vector data. 

Developed and regulated by Esri as a (mostly) open 

specification, the shapefile format spatially describes 

geometries as either 'points', 'polylines', or 'polygons'.The 

shapefile is in fact a grouping of several files formatted to 

represent different aspects of geodata: 

a. .shp — shape format; the feature geometry itself.  

b. .shx — shape index format; a positional index of the 

feature geometry to allow seeking forwards and 

backwards quickly. 

c. .dbf — attribute format; columnar attributes  for 

each shape, in dBase IV format.  

IV METHODOLOGY 

A.GIS AND DATA BUILDING 

Dig itization Dig itizing is the process of converting analog 

informat ion into a digital representation. In regards to spatial 

informat ion one application of this is the process of creating 

a vector digital database by creating point, line and polygon 

objects. Scanning a map can also be considered digitizing by 

turning color shades on the map into digital values. 

Som basic issues related to digitizing: 

 

1) Digit izing point features is  simply the process of creating 

a single point feature with an x,y coordinate 

 

2) Digit izing lines involves creating a line feature that 

consists of a node and a series of vertices which indicate a 

change of direction along that line.  

 

3) Digitizing Polygons involves creating a set of connected 

lines. Edit ing tools simplify the process of closing polygon 

features 

 

4) It is often the case that you want to attach or snap new 

features to existing features in a dataset or existing features 

in another dataset. 

The imagery used as the base for digit ization and geo-

referencing the two study areas is WorldView-2. 

WorldView-2, launched October 2009, is the first high-

resolution 8-band multispectral commercial satellite. 

Operating at an alt itude of 770 kilometers, WorldView-2 

provides 46 cm panchromat ic resolution and 1.85 meter 

multispectral resolution. WorldView-2 has an average 

revisit ime of 1.1 days and is capable of collecting up to 1 

million square kilometers of 8-band imagery per day, 

greatly enhancing the DigitalGlobe mult ispectral collection  

capacity for more rapid and reliable collect ion. The 

WorldView-25) Dig itizing involves creating features from a 

specific scale. Small scale maps generalize features, large 

scale maps represent features more accurately with less 

generalization. A key is that the digitized dataset you create 

is only as good as your source data.  With respect to this 

research, there are two study areas upon which the model 

has been created. In both the study areas the initial step is 

the digitizat ion of data into vector datasets comprising of 

lines, points and polygons. The satellite imagery being used 

is the WorldView2 of both the study areas. ArcScene of 

ArcGIS 10.1 was used for the digitization purpose. The 

basic vector shapes viz. points, lines and polygons are used 

to represent the different real world features.  

  -Buildings,WaterBodies  

-RoadNetworks- Trees, Landmarks. 

Fig 1: Vector Dataset key 

The representations in Fig. 1 suggest the use of the vector 

datasets to represent the real world features. ArcScene has 
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http://cesiumjs.org/Cesium/Apps/Sandcastle/index.html?src=Labels.html
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its own format namely ‘Shapefile’, with the .shp extension, 

in which the vector datasets will be embedded. Hence, for 

each type of vector data, a separate shape file has to be 

created. The basic procedure of digitization is to carefully & 

precisely draw the shapes along the lines of the real world  

feature as possible. During the digitization process of the 

buildings, a ‘Height’ or ‘Floors’ attribute is added for each 

building, roughly determined by the shadow size of each  

building. This newly added attribute be extensively used 

during the model creation.  Another aspect of digitization is 

the creation of the categories of different vector data like the 

categorization of the type of road network into highway,  

lane and/or flyover. Similarly, the categorization of the 

vegetation was made into shrubs and trees. This is done with 

the creation of an attribute column and updating it  

accordingly after the different symbols have been assigned 

for different attribute types. Once the digitization of the 

study areas is completed, the shapefiles are ready to be 

exported for the model creation and texturing.  

 

3-DModelling 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: 3D modelling procedure 

 

After the digization of the study areas 1 & 2, the next  

procedure is the three-dimensional modelling of the study 

areas 1 and 2 respectively.The digitized data was exported 

as shapefiles from ArcMap, which was then imported into 

the City Engine viewport. The footprints of the digitzed  

structures were then extruded using a rule file and based on 

the height information stored for each footprint. The 

extrusion was done using a rule file, height.cga. 

nCityEngine, build ing models are described through CGA 

Rules. A CGA ru le file consists of several rules that define 

how the actual building geometry is created. 

 

V VIS UALIZATION AND ANALYS IS OF THE 

MODELS  

The modelling was performed in City Engine 2012 version 

and the completed models were exported in itially in  

COLLADA( an  interchange file format for interactive 3D 

applications) format. The COLLADA files with .dae 

extensions were then converted to glTF (a runtime asset 

format for WebGL) format using an online converter 

provided as a free service in the cesium website. The 

converter runs mostly without any glitches, one hindrance 

during the conversion would be the total size of the 

COLLADA file. The maximum file size limit is of 12 Mega 

Bytes.Cesium(as of now) supports the visualizat ion of 3D 

models in glTF format only. The converted models are 

clubbed along with its COLLADA counterpart and texture 

files, which then is placed inside the cesium library. The 

cesium library is housed inside a local server like Apache or 

Three.js and can be accessed when a browser is fired up.  

 

One convenient method is to use the Sandcastle module of 

cesium, which is more -or-less a rendition of IDE’s 

supporting the concept of live coding. The beauty of this 

section is that the user need not worry about periphery 

details of the application and purely focus on the JavaScript 

code. Cesium’s dynamic lib rary is home to variety of 

powerful functions which can come in handy during the 

visualizat ion and later during the analysis. The url of the 

location where the glTF and COLLADA models are housed 

inside the local server is passed on as a parameter with the 

‘createmodel’ function. Geo-referencing the models are 

performed using the modelmatrix variable, where the co-

ordinates of the models are passed as parameters. The 

imagery and terrain layer providers are purely  online based 

as of now thereby hampering the offline usability. There are 

twelve imagery providers and two terrain providers that  can 

be consumed over an active internet connection.  The 

analysis part involves integrating a flood map over the 

whole stretch of both the study areas, then turn on the terrain 

and imagery layers to increase the accuracy and relevance of 

the analysis. A basic polygon which covers the stretch of the 

study areas, after appropriate texturing, serves as a basic 

flood map. The flood map is assigned varying values of 

height so as to simulate real-world flooding. The height 

attribute is passed as a parameter along with the url of the 

models. 

 

VI RES ULTS AND DISCUSS IONS 

 

The models are run on the browser using a local server like 

Apache. With the help of an active internet connection, the 

different imagery and terrain layers are made available for 

use with cesium. The presented models are evaluated at a  

test scenario in Guwahati and Imphal. Various results were 

generated for three different levels of the flood map based 

on which the percentage of the city flooded can be derived.  

 

 
 

Fig 2: 3-D Model of G.S. Road, Guwahati 
 

 
 

Fig 3: 3-D Model of Imphal City  

Fig 1: 3-D Modelling Procedure 
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Fig 6: Flood Map in Imphal City – level 2 

 

 

 

VII CONCLUS ION  

The work presented in the paper depicts the progress and 

advancement Open source platforms have been making, in  

the field of Remote Sensing and especially 3D GIS which  

can be harnessed in numerous ways, with disaster 

management being one field. The models of both the study 

areas have been geo-referenced to their real world co-

ordinates and sit perfectly over the different imagery  and the 

terrain layers. Analysis of the models is done using a flood 

map and analysing the impact of it based on the terrain data 

as well as the different water levels of the flood map. The 

research is still a work-in -progress but has a great relevance 

value and can be a very handy tool to simulate the impact  

and aftermath of d isasters like flood.  
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