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Abstract

Three-dimensional GIS modeling is growing rapidly with the evolving new
technologies. It supports various applications and keeps these moving to a new
direction for the geospatial community. Three-dimensional modeling is a real
simulation of reality, especially if it is relatively accurate. On the other hand, the
use of three-dimensional modeling in the GIS environment provides a flexible
Interactive system to provide the best visual interpretation processes, plannings and
decision-makings. Modeling using the third dimension is one of the most important
technologies and is most effective for the management of spatial data
infrastructures and analysis.

The aim of this work is to show, how to create the required projects to build or
restructure modern cities, using 3D geographic information systems integrating
digital photogrammetry techniques, and other spatial technologies. For our studies
we have chosen the Al-Mogran Area as a Testbed, which is located in the State of
Khartoum, being a meeting place for the White and Blue of Nile, and reflecting the
importance of cultural life and tourism. Nevertheless, it is independent of any
optimal ratio of geographical, economic and cultural locations. Therefore, this
study aims at geographic analyses using modern techniques and reflecting the
importance of three-dimensional modeling for buildings, such as housing, hotels,
offices, being used by commercial markets, companies, leisure or health facilities.
In addition, the infrastructures of modern municipal service providers are to be
considered, to name here the distribution of electricity, gas, sanitary water and
sewage pipes, which should be excellent.

The experience of this research is the basis to enable the State and the decision-
makers and investors to have a clear vision for the future of this region. On display
Is the best-case scenario they can benefit from. This reverses the importance of
three-dimensional modeling and its role in the development of cities. Hopefully,
this experiment can be expanded to the entire state of Khartoum and the country as
a whole.
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Acronyms

Acronym Meaning
GIS Geographic Information System
GPS Global Positioning System
2D 2 Dimensional
3D 3 Dimensional
3D modeling | three-dimensional modeling
RGB Red Green Blue color model
TIN Triangulated Irregular Network
GRID Mesh or regular pattern in the x,y-plane
LOD Level of Detail
DTM Digital Terrain Model
DSM Digital Surface Model
nDSM Normalized Digital Surface Model
GSD Ground Sampling Distance
DIM Dense Image Imaging
DMS Degrees Minutes Seconds
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Chapter (1)

Introduction

1.1 Overview

There is an increasing demand for 3D visualization of urban
areas, for planning, architecture, engineering and GIS. By using reality-
based 3D city models the urban environment is presented to any user in a
way, they are familiar with, to see the world in 3 dimensions instead of
a synthesized 2D map. The fundamental challenge for the development,
implementation and designing of geo-visualizations is to avoid
complexity, as well as too detailed and too dense visualizations.

The integration of visualization in scientific computing, cartography,
image analysis, information access, exploratory data analysis and GIS
Is very important, because all fields provide theory, methods and tools for
visual exploration, analysis, synthesis and presentation of spatial
data.Thus, 3D geo-visualization can be applied at different phases, with
distinct levels of detail (LOD), according to the user requirements and
applications. 2D will give the geographical location of a feature in x and y
co-ordinates. 3D data are represented along the x, y and z axis. Moreover,
it gives a clear perspective of the area. This realistic 3D view gives an
idea to planners and decision makers, to get a clear view of how the city
or urban area would look like. By changing the looking angle, the
view and the feel can also be changed. This is an added advantage
of 3D, which is not possible in 2D. One can further take the 3D model
by applying some special effects, textures and also by using 3D
symbols for a more realistic feel. 3D visualization models have a
variety of applications in geography and urban studies. Accurate
cartographic feature extraction, map updating, and 3D city models in
urban areas are essential for many applications, such as military
operations, disaster management, mapping of buildings and their
heights, simulation of new buildings, updating and keeping cadastral
databases current, change detection and virtual reality. While they
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are generally used to simply visualize the built environment, there are
early signs of them being used as 3D interfaces to more sophisticated
simulation models.

3D city models are derived in different level-of-details (LODs) with
different types of facade textures from various input data like stereo aerial
imagery (standard or oblique), laser scanner data, photogrammetry and
2D building footprints.

Other commercial softwares can be used to generate 3D models.
Models generated using COLLADA (.dae), Open Flight 15.8 (.flt),
SketchUp 6.0(.skp), 3ds max (.3ds), or VRML 2.0 models (.wrl), or
Billboards (PNG, JPG, BMP,TIF, GIF, etc.) can be imported into ArcGIS
after generating shape files. These files can also be created by digitizing
spatial data from Google Earth, also to be imported into ArcGIS. The
shape file can be extruded using the height as attributes. The attribute
can either be the height information or the floor details.

3D models can be used as a user-friendly interface for querying the
urban environment as a Geographic Information Systems (GIS), for
hyper-linking Web-based information, for visualizing model results,
and for accessing functional simulation models. A  general
classification of 3D city models, based on their operational purposes,
might be organized around four main types of 3D CAD (computer aided
design) models of cities. These types are: (1) static 3D GIS (geographic
information systems) models of cities, (2) Navigable 3D GIS models of
cities, (3) 3D urban simulation models, and (4) 3D models to be
generated for any proposed project, even before the project is started.
This helps the planners or engineers to get an idea of how the project
would look like after it has been completed. If anything has to be
changed, they can visualize that and it can be implemented in the
final project. Accurate 3D city models are used to perform GIS analysis
like line-of-sight (LOS) views and view sheds, flood modeling, solar
panel optimization and volumetric calculation etc.. Furthermore, they can
be linked to further building information coming from 2D maps. For
example, first responses within emergency management centres (e.g. fire,
police, rescue teams) can evaluate the location of incidents faster and



more accurate, which results in a detailed situation awareness to safe
and rescue more lives.

Virtual 3D city models and real-time visualization allow the user to
freely navigate through an urban environment and to calculate secure
paths using line-of-sight analysis or to use augmented reality by
draping live video streams of surveillance cameras onto the virtual 3D
model, they reduce the level of abstraction and move closer to reality. In
general, 3D models provide intutive representaion for the environment
that can be easily understood by human.

Textured 3D city models and highly detailed 3D landmarks increase
the visual recognition of the wurban surrounding within a car
navigation system. Web-based visualization of large 3D terrain and city
model datasets combined with tourism-relevant data (e.g. hotel and
restaurant information, shops etc.) help the potential visitors in their
decision process and increases the occupancy within the tourist region.

1.2 Research Background

3D GIS are systems being able to represent, manage, analyze and
manipulate 3D spatial data. Furthermore, information links with other 3D
phenomena can be provided. The 3D GIS data model is the key to develop
and establish a 3D GIS, and is a big topic in the five major research fields
of 3D GIS: WebGIS, data presentation, spatial analysis, data model and
data collection. The selected data model to represent 3D objects of a 3D
GIS for a specific application will determine methods to store, access,
manage, and handle the display and the data constraints.

1.3 Problem Statement

The key of success of the aforementioned applications is there for the
3D GIS data model. This conceptual study focuses on the presentation of
3D GIS data models helping to change the face of the Testbed Al-Mogran
Area, that is located in Khartoum city. Here, we are investigating the
change in spatial data management, from an old infrastructure to new
models of infrastructure, to demonstrate the efficiency of modern
infrastructure data handling.



1.4

1.5

1.6

Aims and Objectives

The aim of this project is to transform the 2D map of the urban area
using various sources in 3D, with associated 3D visualizations. in particular
To create a digital database for the study area from various sources, we
develop a 3D urban city model.

Research Methodology

The primary data collection (field survey) provides attributes of
buildings (height, number of floors, owner, etc.) The secondary data
collection integrates household data, vector map creations, linking of
attribute data, and some versions of 2D features to 3D features, with the aim
to generatea 3D city model.

Research Questions
We will try to answer the follwing questions: How can we restructure
the Al-Mogran area and then improve its structure and take advantage of its
geographic location using 3D GIS technology?

1.7 Research Motivation

Take full advantage of the unique geographical location of the Al-
Mogran area, which is the White Nile associated with the Blue Nile, to
being the River Nile, which is considered one of the most beautiful rivers in
the world, So encourages the competitive environment of investment and
tourism of the area and thus transforming it into a urban area full of
residential towers, corporate buildings, hotels and parks,..etc.
This research attempts to benefit from the technology of the three-
dimensional geographic information systems in the reconstruction and
construction of the area of Al-Mugrin.



1.8 Research Scope

The scope of this study is focussing on the City of Khartoum. In near
future it will have a vibrant downtown with the Al-Mogran Area, which
will serve as Testbed for our research.

AlMogran is also known for its effective communication. It is seen as
a town that functions as “one”, where elected officials, city staff and their
citizens come together to plan the future, solve past problems, and preserve
a truly unique community.
The focus in this presentation is on medium scale models (LOD1, LOD2,
and LOD3).

1.9 Expected Results :

A three-dimensional map of Al-Mugarn area showing part of the
existing buildings of the area, and part of the buildings proposed for future
development in the region to benefit from the geographical location,
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Chapter 2
Literature Review And Related Work

2.1 Literature Review

2.1.1 Data Representation

GIS data represents real objects (such as roads, land use, elevation,
trees, waterways, etc.) with digital data determining the mix. Real objects can
be divided into two abstractions: discrete objects (e.g., a house) and
continuous fields (such as rainfall amount, or elevations). Traditionally, there
are two broad methods used to store data in a GIS for both kinds of
abstractions mapping references: raster images and vector. Points, lines, and
polygons are the results of mapped location attribute references. A new hybrid
method of storing interactive mapping, and raster data is that of identifying
point clouds, which combine three-dimensional points with RGB information
at each point, returning a 3D color image".

2.1.2 3D Model

In 3D computer graphics, 3D modeling (or three-dimensional
modeling) is the process of developing a mathematical representation of
any three-dimensional surface of an object (either inanimate or living)
via specialized software. The product is called a 3D model. It can be
displayed as a two-dimensional image through a process called 3D
rendering or used in acomputer simulation of physical phenomena. The
model can also be physically created using 3D printing devices.

Models may be created automatically or manually. The manual modeling
process of preparing geometric data for 3D computer graphics is similar

to plastic arts such as sculpting.
3D modeling software is a class of 3D computer graphics software used to

produce 3D models. Individual programs of this class are called modeling
applications or modelers.
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2.1.3 3D City Model

3D city models are digital models of urban areas that represent terrain
surfaces, sites, buildings, vegetation, infrastructure and landscape elements as
well as related objects (e.g., city furniture) belonging to urban areas. Their
components are described and represented by corresponding two-dimensional
and three-dimensional spatial data and geo-referenced data. 3D city models
support presentation, exploration, analysis, and management tasks in a large
number of different application domains. In particular, 3D city models allow
“for visually integrating heterogeneous geoinformation within a single
framework and, therefore, create and manage complex urban information
spaces (see fig. 2.1).

[Re=mar Sat = -
TH PR i e - ——

PR 'Y [ wmsscal

P — Qs [ Sapmasen o | i = [Tt B T

Figure 2.1: Virtual 3D environment

2.1.4 Model Classification
= Small Scale Models

GIS based Terrain Modeling and Analysis
Models: Contours, TIN, GRID
Analysis: Slope, line of sight...

Fly-through



= Medium Scale Models
City level

City planning, emergency response...

= Large Scale Models
Building or room level

Simulations, games. ..

First of all, let us define some Levels of Details, which are used since the
beginning of the 1990s for 3D City modeling processes (see Fig. 2.2)

10



LOD definition for 3D City Models

| ;%* Regional 2.5D Digital
% . model Terrain Model

s

City/Site ,block model*
model w/o roof structure

City/Site textured, with
model roof structures

City/Site detailed archi-
model  tecture model

Interior ,walkable® archi-
model tecture model

[aus: Gréger, Kolbe et al.:  Das interoperable 3D-Stadtmodell der SIG 3D der GDI NRW*]

Figure 2.2: Definition of Level-of-Detail (LOD)

Moreover we will show several scaled models just to demonstrate the options for
representing 3D city models, indoors and outdoors (see Fig. 2.3-2.5).
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Small Scale Models

Figure 2.4: Demonstration of a medium scale model (3D)
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Large Scale Models

Figure 2.5: Indoors 3D models (LODA4)

2.2  Related Work

The digital 3D reconstruction of buildings, cities and landscapes is under
research since more than twodecades. Many disciplines are interested in rendered
and augmented 3D models of reality, to start fromarchaeology, and architecture
and to stop with photogrammetry and serious gaming. With the invention
ofairborne laser scanning (early 1990s), first attempts were made to reconstruct
roof landscapes automaticallyfrom the point clouds, using the food prints of the
buildings (Brenner&Haala, 1998). This was a milestone inthe fast and accurate
production of virtual city models. These methods have been further developed,
tointegrate 3D generalization into the modeling process, to differentiate between
important and non-importantdetails and structures (Kada, 2009). Many of these
developments are implemented in geo-processing softwareproviding 3D city
models of Level-of-Detail 2 (LOD2), which is the textured 3D silhouette of
buildings with anaccurate roof structure.
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With the invention of terrestrial laser scanning towards the end of the 1980s
it took at least ten years to bringthis technology into daily operations. Today, laser
scanners are provided, which combine time-of-flight andcontinuous wave
sampling to deliver up to 1 Million points per second. Furthermore, RGB cameras
areembedded to collect high quality imagery for texturing the laserscan point
cloud. The data collection (laserscans and photo shootings) is highly automated —
so is also the registration process. As a well-known fact,laser scanning might
have some problems to get the right signal back, from mirroring or black
surfaces,windows and at corners.

Thus, a complemented data collection using additional still photographs
mayovercome these defects (Moussa et al, 2012, Moussa, 2014). With a set of
additional photos dense imagematching is used to provide a high density point
cloud, which is generated independently of the laser scanpoint cloud. Thus a
merger of two point clouds is the solution to overcome weaknesses in both
technologies— laser scanning and classical photogrammetry. In order to come to
virtual reality 3D models of buildingsand man-made objects the point clouds are
processed by well-suited software packages, often delivered byvendors of laser
scanning technologies. With the availability of virtual globes, such as Google
Earth,Microsoft Bing Maps 3D, etc. those models can easily be integrated and
revisited using these visualizationinterfaces.On the other hand, proposals were
made for modeling and rendering architectural scenes from sparse sets of
photographs (Debevec, 1996). This approach has led to rendered building models
of superb quality — thesame technologies are used today for 3D reconstructions of
the present and the past, to be seen inarchitectural planning, museums, movies,
and other media.lt is therefore interesting to look at the workflows and processing
pipelines of both strategies, the in-situdata collection with follow-up processing
and 3D reconstruction and the graphical methods leading to model and render
architectural 3D models. This study is necessary to bridge the gap between
thegeo-data community and the computer vision and computer graphics
community.

2.2.1 Urban MappingFrom Pretty Pictures to 3D GIS, An Esri White Paper,
December 2014, Case Study of Hawaiian Islands:
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The State of Hawaii, Office of Information Management and Technology, is now
offering3D GIS building models covering more than 25 square kilometers and
consisting 0f19,500 measured buildings of Honolulu as part of its Open Data
Program. These highlyaccuratebuilding models were created from stereo aerial
imagery by CyberCity 3D as part of the Hawaii Office of Planning's efforts to
gather,analyze, and provide information to the governor to assist in the overall
analysis andformulation of state policies and strategies. To help the state plan for
its futuresustainability, the 3D building models have been used to show the
potential for solarrenewable energy for buildings, with solar exposure values
calculated on actual roofareas and orientation of the roofs to the north.

2.2.2 Case Study of Portland City:

The City of Portland, Oregon, has developed 3D building models for its urban
map. Inaddition to typical visualization possibilities, city planners can now
perform analysis andobtain a variety of useful information. For example, by
displaying existing zoning lawswith the 3D buildings, it is easy to see which
buildings are in compliance.In addition, by changing an area's possible zoning, a
map can quickly be created showingdevelopment potential by building, providing
information that can be utilized to updateexisting zoning laws. A third application
enables planners to accurately calculate the shadowing impacts of aproposed new
building, which might negatively impact neighboring buildings as well as anearby
park (see fig. 2.6).
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3D modeling allows planners to visualize the impact of newurban
development in a realistic manner.
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Chapter 3

New Ideas and Methodology

Chapter (3)

New Ideas and Methodologies
3.1 Overview

As a follow-up of the previous chapters we found out, that it is possible to
do 3D city reconstructions. Main products required for this task are a Digital
Surface Model (DSM) and a Digital Terrain Model (DTM).Some methods use 2D
building floor plans in the shape file format, as additional input data. Based on this
data, building reconstructions may recognize approx. 80% of the building forms
correctly, and moreover, topologically valid 3D models, based on the floor plans.
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3.2 Proposed Ideas
3.2.1 Workflow to Create a Simple 3D City Model

For users who have access to GIS data such as 2D building footprints as well
as airborne LIDAR data of reasonable resolution (>1 point per square meter), the
following workflow will create simple 3D building models enabling numerous
applications to be performed afterwards (see fig. 3.1).Preparing the Data: First,
set-up a map document with a file database containing the 2Dbuilding footprints.
For the purpose of terrain modeling and the extraction of 3D building models,
three basic raster surfaces are required:

1. Digital Terrain Model (DTM): A raster representing the elevation of the
bare earth, with structures and vegetation removed. This surface is used as
the base elevation in the3D scenes (ArcGlobe, ArcScene, CityEngine). Only
the lidar points classified as ground return points are used.

2. Digital Surface Model (DSM): A raster representing the elevation of all
structures and natural features on the earth—the same kind of surface you
would get if you "shrink-wrapped" the landscape. The lidar points classified
as first return points are used.

3. Normalized Digital Surface Model (nDSM): This surface is used to model
the height above the ground surface of structures and vegetation. This is
derived by subtracting the DSM from the DTM (DSM — DTM = nDSM).

s Results (LoD2)
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Figure 3.1: Workflow to create LOD2 City Models

The DTM and DSM raster surfaces can be created from the lidar point cloud using
ArcGIS (see fig. 3.2). High-resolution imagery can also be added to the map, if
available.

DTM and DSM

DTM DSM

Figure 3.2: Differentiation of DTM and DSM

3.2.2 Determining the Elevation of the Buildings

After successfully creating the raster surfaces as described, the next step is to
determine the elevation of the buildings by generating a set of random sample
points for each building footprint. Elevation information from the nDSM raster
elevation surface can now be added to each sample point and stored in the building
feature class (see fig. 3.3).
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Figure 3.3: Allocating heights to the building footprints

3.2.3 Extruding 3D Building Models

Now that all the random points have an elevation, or z-value, the next step is
to get the average or mean elevation for each building, which is done using the
ArcGIS Summary Statistics tool. Now that the Building footprint layer has height
information, thereafter Esri ArcScene can be used to generate the 3D buildings (fig
3.4).
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Figure 3.4: Generation of simple 3D building 7mc.)del‘s with ArcScene

3.3 Applications and Tools
3.3.1 ArcGlIS for Desktop

For this thesis, we are using ArcGIS Desktop 10.2, although ArcGIS Desktop 10.4
is the latest version of the popular GIS software produced by Esri. ArcGIS for
Desktop allows to analyze any kind of spatial and non-spatial data and to author
geographic knowledge to examine relationships, test predictions, and ultimately
make better decisions.

ArcGIS Desktop is comprised of a set of integrated applications, which are

explained in the following:

» Arc Map is the main mapping application, which allows you to create maps,
query attributes, analyze spatial relationships, and layout final projects.

» Arc Catalog organizes spatial data contained on your computer and various
other locations and allows to search, preview, and add data to Arc Map as
well as manage metadata and set up address locator services (geocoding).

» Arc Toolbox is the third application of ArcGIS Desktop. Although it is not
accessible from the start menu, it is easily accessed and used within Arc Map
and Arc Catalog. Arc Toolbox contains tools for geoprocessing, data
conversion, coordinate systems, projections, and more. This workbook will
focus on Arc Map and Arc Catalog.
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With ArcGIS extensions, you can do the following:
* Analyze data in a realistic perspective.
* Conduct advanced spatial analysis to get specific answers from the
data.
* Use advanced statistical tools to investigate data.
* Perform complex routing, closest facility, and service area analysis.
* Reveal and analyze time-based patterns and trends.
* Represent and understand any network.

3.3.2Google Earth Pro

For this thesis, we are also using Google Earth Pro v.4.2.0205.5730. Google Earth
displays satellite images of varying resolution, with accuracies of about (2-5)m of
the Earth's surface, allowing users to see things like cities and houses, and looking
perpendicularly down or at an oblique angle (see also bird's eye view). The degree
of resolution available is based somewhat on the points of interest and popularity,
but most land (except for some islands) is covered in at least 15m of resolution

(GSD, Ground Sampling Distance). Google Earth allows users to search for

addresses for some countries, enter coordinates, or simply use the mouse to browse

to a location.

Google Earth is simply based on 3D maps, with the capability to show 3D

buildings and structures (such as bridges), which consist of users' submissions

using SketchUp, a 3D modeling program software. In prior versions of Google

Earth (before Version 4), 3D buildings were limited to a few cities, and had

poorer rendering with no textures. Many buildings and structures from around the

world now have detailed 3D structures. They have been produced by

photogrammetric Dense Image Matching (DIM) algorithms.

Google Earth may be used to perform some day-to-day tasks and for other

purposes. Some of them are mentioned in the following:

» Google Earth can be used to view areas subjected to widespread disasters.

> One can explore and place location bookmarks on extraterrestrial bodies, such
as Moon and Mars.

» One can get directions using Google Earth, using variables such as street
names, cities, and establishments.

» Google Earth can function as a hub of knowledge, pertaining the users
location. By enabling certain options, one can see the location of gas stations,
restaurants, museums, and other public establishments in their area.

» One can create custom image overlays for planning trips, hikes on handheld
GPS units.
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» Google Earth can be used to map homes and select a random sample for
research in developing countries and more.

3.3.3 Adobe Photoshop

Adobe Photoshop is araster graphics editor developed and published
by Adobe Systems for macOS and Windows.

Photoshop was created in 1988 by Thomas and John Knoll. Since then, it has
become the de facto industry standard in raster graphics editing, such that the word
"photoshop™ has become a verb as in "to Photoshop an image," "photoshopping”
and "photoshop contest”, though Adobe discourages such use. It can edit and
compose raster  images in  multiple  layers and  supports masks, alpha
compositing and  several color  models including RGB, CMYK, Lab  color
space, spot color and duotone. Photoshop has vast support for graphic file
formats, but also uses its own PSD and PSB file formats, which support all the
aforementioned features. In addition to raster graphics, it has limited abilities to
edit or render text, vector graphics (especially through clipping path), 3D
graphics and video. Photoshop's feature set can be expanded by Photoshop plug-
ins, programs developed and distributed independently of Photoshop, that can run
inside it and offer new or enhanced features.
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Chapter 4

The Testbed Al-Mogran Area

Chapter 4
The Testbed Al-Mogran
4.1 Study Area

Our study area is located in the middle of Khartoum, the capital of Sudan,
and was named Al-Mogran, because its joining place of the Blue and White Niles
to become the Nile River. There is no doubt, it is one of the most beautiful areas of
in the world — it is one of the rare tourist areas and most wonderful. However, it is
not yet fully developed, and therefore some research, commercial and tourist
projects did not succeed. To mention here is the huge Al-Mogran Commercial
development project, under taken by Al-Sunut Company, at a cost of over $4
billionin 2004 and planned for completion by 2014. This project covers an area of
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11,000,000 square meters, (1,000,000 m2) of office space, 1,100 villas, housing for
45,000 residents and visitors, and jobs for 60,000 Sudanese, but the project has not

succeeded so far.

Thus we can say, that Al-Mogran is one of the best choices for the treatment of
Migraines of decision makers and politicians. Fig. 4.1-4.3 show the location of the

test bed area.
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Figure 4.1: Showing the Al-Mogran Area in a whole of Sudan
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Figure 4.2: Color Map ofthe Al-Mogran Area in the Khartoum State
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Figure 4.3: Google Earth Map Showing the Al-Mogran Area
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4.2 Data Collection

A satellite perspective image map is used from theMicrosoft Bing Maps (see fig.
4.4)

Figure 4.4: Satellite image covering the Al-Mogran Area
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Chapter 5

Results and Simulations
5.1 Creating the Street Layer:

First, we downloaded a Raster Image after the identification of the testbed Al-
Mogran Area in the OpenStreetMap Site. Afterwards we defined this as a Street
Layer (see fig. 5.1).
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Figure 5.1: The Street Map of Al-Mogran Area at OSM

5.2 Creating the Reference Surface Layer

As described previously, we need a reference surface for the right location of
buildings in z direction. Therefore we downloaded a DEM map for the Testbed Al-
Mogran Area from the ASTER website. This DEM is added as the Reference
Layer (see fig. 5.2).
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Figure 5.2: The DEM reference layer as it appears at the ASTER website

5.3 Processing the Reference Surface Layer

Using the raster DEM as a reference surface we can do further processing and
refinements. At first we create a Contour Layer (see fig. 5.3), and then we derive a
3D TIN scene. For this processing the EsriArcScenesoftware package is used.
- ArcScene is an application, that allows for displaying and navigating data
in 3d.
- A new untitled scene opens and we can add our 2D layers onto it
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Figure5.3: Shows the topography layer of contours as a 3D view

Furthermore we create a TIN from the contours, as the 2.5D topography known as
TIN uses elevations data of the 2.5D topographic lines as input.

A TIN is a vector data model of contiguous non-overlapping triangles, whose
vertices are created from sample points carrying x,y and z values. It can be
displayed as a surface model.

The Esri3D Analyst creates a triangulated irregular network (TIN) from the
topography contour lines and add it as a new layer (see fig. 5.4).
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Figure 5.4: Showing the TIN layer derived from the Contour layer

5.4 Creating Building Block Features:

After having defined the reference surface layer we start with the digitization
process to obtain the Features layer from the raster image. For this process we are
using the Esri Arcinfo basic package. The results are given in fig. 5.5. For this
digitization the following parameter settings have been used:

- Number of control points.
- Type of 2D transformation.
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Figure 5.5: Showing theAl-Mogran

5.5 Create a Detailed Features Layer

For the detailed Features Layer we continue the digitization process, using
the Raster image as a background. The continue digitization has used the same
parameters as given in section 5.4.

5.6 Draping the Features Layer onto the TIN Layer (DEM
Layer)

In order to facilitate the mapping process with the existing layers we drape
the detailed features layer onto the TIN layer (see fig. 5.6). This demonstrates
already the skeleton for integrating the 3D buildings afterwards.
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Figure 5.6: Shows the features layer draped onto a TIN Layer

5.7 Create 3D buildings

As described previously we can extrude the building footprints using the height
info for every building. The resulting view are buildings with various heights, all
positioned onto the topography TIN reference surface (see fig. 5.7).Here we used
the Esri ArcScene software package.
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Figure 5.7: Shows buildings with Real heights
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Figure 5.8: Shows buildings with Real heights
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Figure 5.9: Shows 2d map without heights

Figure 5.10: Shows buildings with various heights
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Chapter 6

Conclusions and Recommendations

6.1 Conclusions:

In chapter one, we introduced a brief description of our research
background, motivation, methodology and objectives.
In chapter two we gave an overview of selected literature dealing with our
problem. We learned about the scientific background of the methodology
which was specified in the first chapter. Some studies have been discussed in
this chapter.

Chapter three presented details of the methodology, which was introduced in
chapter one. Here we described how the experiments to be performed will
deliver the results we were looking for.

In chapter 4 and 5 we described the results obtained after the analyses of
terrain parameters. Also, we gave a brief discussion about how our research
and GIS can support actual issues providing better of reconstructing of cities
by using 3d gis .

Now we can say , after the analysis and the results that there the technology
of the three-dimensional geographic information systems have an active role
in changing and reconstructing cities for the better by adding the third
dimension of the 2d map which is the height which helps to clear the
buildings in a good way to contribute to the planning of each area in the best
way.

The journey of going from a 2D to 3D urban map will take time.
There are numerous real-world challenges to overcome However, with
realistic requirements and proper planning, predictable results can be
obtained and the significant investment in the existing GIS leveraged and
maintained.
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We can say that the three-dimensional GIS technology will change the
face of the world in general and smart cities in particular because of its great
and major benefits.

6.2 Recommendations :
We Recommended that to complete the large scale of details to this

Study, that it consider the Interior Model of design.
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