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Abstract

Buildings are the most important objects in urban areas. Thus,
building detection using photogrammetry and remote sensing
data as well as 3D models of buildings are very useful for many
applications such as mobile navigation, tourism, and disaster
management.Three dimensional (3D) sensing; the design of
objects has become an important area of research in several
disciplines.

The objective of this work is to elaborate on the demand and
usefulness of three-dimensional modeling, and also, to explore
the capabilities of current technologies via a pilot project. and The
objective of this research is to three dimensional design of
Khartoum Land Terminal and to provide information on all
resources within it to assist new passengers, who are suffering
for knowing places of offices, halls and how to reached those. In
particular we will assist people for not wasting their time in asking
how to reach a particular place inside the Khartoum Land Terminal
-as this could have a negative effect on the traveling time or the
completion of the registration procedure on time.

Therefore, this project is meant for assisting the Khartoum Land
Terminal administration development and the provision of
passengers. Starting off from this point, different ideas and
techniques grew up to make the geographic orientation easier for
passengers and guiding them to reach a particular place in due
time. For this reason, the need of applying three dimensional
visualizations is the true simulation of reality. This project aims to
take advantages of a GIS environment to offer a flexible
interactive system for providing the best visual interpretation,
planning and decision making processes for Khartoum Land
Terminal.
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Chapter One

Introduction



1.1 Overview

This is the era of computers. Today computers play an
indispensable role in sustaining the standard of living. Almost any
man-made product that surrounds us has at some point been
treated in digital form, whether it is during development,
production, marketing, or consumption. In development and
production, computers make assisting technologies such as
CAD/CAM available, and many products would be impossible to
design and manufacture without the help of computers. In
marketing computers are used for both creating and publishing
product advertisements. For some groups of consumer products,
e.g. electronic devices, it is even becoming the norm to order
directly from shops on the internet, without having seen the
product in real life. The information available online about
products is, in many cases, sufficient for the buyer to make a
considered decision as to which product to choose. 13!

3D modeling is used in various industries like films,
animation and gaming, interior designing and architecture. A wide
number of 3D software are also used in constructing digital
representation of mechanical models or parts before they are
actually manufactured. CAD/CAM related software are used in
such fields, and with these software, not only can you construct
the parts, but also assemble them, and observe their functionality.
3D modelling is also used in the field of Industrial Design, wherein
products are 3D modeled before representing them to the clients.
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In Media and Event industries, 3D modelling is used in Stage/Set
Design. 2°!

Three-dimensional designing technique can be regarded as
an electronic attempt to achieve the real-world perception model
of human vision, since the real-world environment is strictly
perceived in three dimensions by human beings. In this regard, a
3-D designer is capable of presenting any naturally occurring or
human-made object in its realistic format, which is the most
significant feature of 3-D design technique today. 1*®!

The 3D reconstruction of buildings has been an active
research topic in Computer Vision as well as in Digital
Photogrammetry in recent years. Three dimensional building
models are increasingly necessary for urban planning, tourism,
etc. %3

In the Khartoum Land Terminal, passengers are suffering
from difficulties of knowing places of halls (departure hall,
mosque, cafeteria, gates, administration offices, tickets sale
points) and how to reach it, especially the new passengers. They
are wasting their time in asking a way to reach a particular place
inside the Khartoum Land Terminal - this could have a negative
effect on the traveling time or the completion of the registration
procedure on time.

From this point of view, different ideas and techniques grew
up to make it easier for passengers and guiding them to reach a
particular place. In this dissertation three-dimensional

visualization is applied to make the true simulation of reality.
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Three-dimensional (3D) models represent a physical body
using a collection of points in 3D space, connected by various
geometric entities such as triangles, lines, curved surfaces, etc.
Being a collection of data (points and other information), 3D
models can be created by hand, algorithmically (procedural
modeling), or scanned. Their surfaces may be further defined with
texture mapping.
3D models are widely used anywhere in 3D graphics and CAD.
Their use predates the widespread use of 3D graphics on personal
computers. Many computer games used pre-rendered images of
3D models as sprites before computers could render them in
real-time. The designer can then see the model in various
directions and views, this can help the designer see if the object is
created as intended to compared to their original vision. Seeing
the design this way can help the designer/company figure out

changes or improvements needed to the product, ?°!

1.2 Problem Statement
This project will provide answers to the following questions
showing the research problem:
1. What are the scope of applying the system?
2. What are the obstacles and difficulties that hinder the
system  for working properly?
3. What are the goals and the importance of designing a
system or applications to represent the geographical areas in

three-dimensional models?
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1.3

4. What is the effect of designing a system or application
representing the geographical locations in a
three-dimensional representation for the buildings of
Khartoum Land Terminal?

5.What is the influence degree and contribution of applying
the system on the passengers in Khartoum Land Terminal?
6.What are the techniques to be wused in designing
three-dimensional systems?

7. What is the importance of using the selected technology
in the proposed system?

Research Hypotheses

In this research, the following research hypotheses are

formulated - it is an experiment to reach fast and accurate the 3D

models of buildings.

The Khartoum Land Terminal allows passengers to use their resources

such as lounges, offices, cafes and other resources. The system

facilitates access to and provides some information on these

resources, all offered by digital models.

1.4 Thesis Objectives

1. The main objective of a three-dimensional design is to build

suitable procedures for Khartoum Land Terminal buildings
and thus to serve as tools to make information accessible for

17



1.5

passengers and visitors, who can investigate remotely via
Internet the Khartoum Land Terminal without going to the

site.
It provides information about all resources inside the

Khartoum Land Terminal.
It explores the capabilities of current technology of

photogrammetry and software such as ArcGIS to link the
spatial information about the building features and utilities

which helps on making decisions.
It gives recommendations for restructuring the Khartoum

Land Terminal.

Research Significance

The three-dimensional visualization can be a useful tool in

guiding passengers and to reach places inside the Khartoum Land

Terminal.

The

benefits associated with 3D modeling and visualization

include the following:

1.

Helps the new passengers to maximize the effective time of

doing registration procedures by finding offices

rather than spending time in asking.

2.

lllustrating features of buildings (e. g. offices, mosques,

departure halls and cafeterias).

18



3. Providing visual support of Khartoum Land Terminal management
when they need to make some improvements by adding or

modernizing buildings.

1.6 Purpose of Research

The main purpose of this project is to understand the benefits
of utilizing interactive, three-dimensional (3D) visualization by
designing a 3D model for the Khartoum Land Terminal to assist
the passengers, the Khartoum Land Terminal administration, when
they need to reach any place inside this important traffic
infrastructure.

In addition, the proposed system will be accessible from
desktops and smartphones to take advantage of the virtual
visualization, at any place and any time. The importance of land
Terminals planning focuses on offering 3D real world
visualizations, and here the Khartoum Land Terminal main
buildings with all semantic information's may serve as best

practice.

1.7 Scope

This project is implemented for Khartoum Land Terminal. For
the project most of the photos will be collected by smart phone
cameras.

The project offers 3D visualization for buildings as well and

provides information using a computer.
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1.8 Organization of the thesis

The structure of this research is divided into seven chapters as

shown below:

Chapter One:
This chapter is presenting an introduction containing an
Overview, Problem Statements, Research Hypotheses,
Research Objectives, and Research Significance.

Chapter Two:
This chapter is about Related Work and Literature Review. In
detail it covers the Theoretical Framework and Literature
Review System Description.

Chapter Three:
This chapter is about Methodology and Research Planning - it
also reflects the Research Community and Methodology
Research Planning.

Chapter Four:
This chapter is about System Design: System Requirements,
System Analysis.

Chapter Five:
Here Experiments and Results are given, especially to mention
Testbed Description, Methods Used, Algorithms Implemented,
and Results.

Chapter Six:
This chapter is about Conclusions, Outlook and Strength of the
Thesis, Weakness of the Thesis, Opportunities of the Thesis,

and Threats of the Thesis, References.
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Chapter Two

Related Works and Literature

Review



2.1.1
2.1.2

2.1.3

2.1 Theoretical Framework
As is so often the case with emerging technologies, several
different techniques have been developed and deployed to create

and represent an urban landscape in three dimensions.

Geographic Information Systems (GIS)
The History of GIS Data

The primary source of the majority of vector data found in
today's GIS databases is imagery, which was used primarily as a
backdrop for digitizing. Whether captured from aerial photography
or possibly scenes taken from satellites, layers such as building
footprints, roads, and terrain were extracted and the imagery
often discarded. The result has been a 2D flat representation of
geospatial objects, which, although providing a wealth of
information, falls short of the rich 3D perspective, which is more
closely matching reality. However, recent technological advances
have greatly improved the capability to efficiently extract 3D data
from imagery, providing a new source for constructing building
models or accurately determining the terrain. These
improvements, often referred to as 3D intelligent images, are
propelling advances in 3D GIS mapping and driving significant
changes throughout the industry. [

GIS Definition

A Geographic Information System (GIS) is a computer system
for collecting, storing, querying, analyzing, and displaying

22



2.1.4

2.1.5

geospatial data, Geospatial data describe both the location and
the attributes of spatial features. For example, to describe a road,
its location (i.e., where it is) and its attributes (e.g., length, name,
speed limit, and direction) are referred to. A GIS allows the user to
manage road data and many other geospatial data, thus
distinguishing it from business management systems that deal
with no spatial data. ™!

Geospatial data

By definition, geospatial data cover the location of spatial
features. To locate spatial features on the Earth’s surface, either a
geographic or a projected coordinate system can be used. ™

Elements of GIS

GIS operations wusually involve data acquisition, data
management, data queries, vector data analysis, raster data
analysis, and data display. These operations do not have to be
sequential; for example, data display may be conducted for
exploring data at the beginning of a project and for presenting

results at the end of the project. ™
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2.1.6

Data source Data layers
Street data

S >
v

Buildings data

7 *“ > < —
v

Vegetation data

— -
v

Integrated data

Figure
(2.1): GIS Data Layers 2%

GIS Applications

Since its inception, GIS has been important in resource
management, land-use planning, natural hazards assessment,
wildlife habitat analysis, riparian zone monitoring, and timber
management. GIS has also been used for emergency planning,
crime analysis, public health, land records management,
transportation applications, precision farming, and military
operations. Four specific examples of GIS applications are
discussed here. ™
1-Riparian Management
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Riparian buffers are strips of land along stream banks that
can filter polluted runoff and provide a transition zone between
water and human land use. Riparian buffers are typically defined
using the buffering tool for vector data. Zimmerman, Vondracek,
and Westra (2003) incorporated riparian buffers of 30 m and 100
m in their simulation study of agricultural land-use effects on
suspended sediment concentrations in two watersheds. They
reported decreases in sediment concentrations with the presence
of riparian buffers, especially the 100 m buffer. 1!

2- Site Selection

Site selection of a ski resort, a supermarket, or a landfill
must consider a large number of factors. It presents an ideal
scenario for applying map overlay, a tool that can combine the
locations and attributes from two or more layers in either vector
or raster format. In their study of emergency evacuation shelters,
Kar and Hodgson (2008) considered the following nine factors:
flood zone; proximity to highways and evacuation routes, hazard
sites, and health-care facilities; and total population, total
children, total elders, total minority, and total low-income in the
neighborhood. They chose a raster-based model because it was
more efficient than a vector-based model. ™

3- Response Time to Fires

Many countries have established guidelines for responding to
disasters and emergencies such as fires. The response time to
fires is the time it takes for the arrival of the fire brigades at a fire
scene. Shortest path analysis is the toolfor calculating the

25



response time. A study by Murray and Tong (2009) in
Massachusetts (USA) reported that 25% of fires exceeded the
response standard of four-minute travel time and, to be able to
respond within four minutes to at least 90% of the fires, it would
need 180 additional fire stations in Massachusetts: ™

4- Visual Impact of “Greenhouse Parks”

A “greenhouse park” refers to the clustering of large-scale
greenhouses on a single site. Although this clustering can reduce
production costs by sharing infrastructure, such as energy, water,
and gas facilities, it can impact the aesthetics of the surrounding
landscape. Rogge, Nevens, and Gulinck (2008) applied viewshed
analysis to a study of the visual impact of a greenhouse park in
Belgium and found that it was visible in 39% of the area within a
1200-meter radius of the greenhouse park. They then examined
different scenarios in which viewsheds could be reduced through

the planting of trees and hedgerows. ™

2.1.7 Computer Graphics

3D modeling

3D modeling (or three-dimensional modeling) is the process
of developing a mathematical representation of any surface of an
object (either inanimate or living) in three dimensions via
specialized software. The product is called a 3D model. Someone
who works with 3D models may be referred to as a 3D artist. It
can be displayed as a two-dimensional image through a process
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called 3D rendering or used in a computer 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 Design

The term "3-D design" is a widely used abbreviation for
three-dimensional design, incorporated commonly in design
procedures associated with computers and other electronic
drawing systems. In 3-D design techniques, a designer uses all
three axes (x, y and z) to interpret and develop a realistic figure of
the desired object.
Three-dimensional designs are usually developed on electronic
interfaces, such as computers or other image/video processing
machines, using some specially developed common software
applications like Photoshop, AutoCAD, Flash, 3-D Studio Max and
Maya. Upon development, these designs can be viewed
electronically or in the form of printed 3-D objects. ¢
Definition of computer graphics

The term “computer graphics” refers to anything involved in
the creation or manipulation of images on computers, including
animated images. It is a very broad field, and one in which
changes and advances seem to come at a dizzying pace. ™!
Other Definition
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Computer graphics is an art of drawing pictures on computer
screens with the help of programming. It involves computations,
creation, and manipulation of data. In other words, we can say
that computer graphics is a rendering tool for the generation and
manipulation of images.

Figure (2.2): A scene from the city Dubrovnik, Croatia is reconstructed from
4,619 images yielding 3,485,717 points.
(a) Original image.

(b) Reconstructed point cloud seen from the same viewpoint. 3!
2.1.7 3D Reconstruction

The proposed methods to reconstruct buildings is
implemented separately for each building. Some reconstructed
buildings are presented in Figures ((2.3)-(2.6)).14
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(d)

&

Figure (2.3): The reconstructed building.
(a) Detected parcel.
(b) Ridge line with boundary.
(c) Separated planes of roof.
(d) The roof corners.
(e) 3D model.
(f) Reconstructed 3D model on range image of LiDAR. 4
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Figure (2.4): The reconstructed building.
(a) Detected parcel.
(b) Ridge line with boundary.
(c) Separated planes of roof.
(d) The roof corners.
(e) 3D model.

(f) Reconstructed 3D model on range image of LiDAR. 4

e)

Figure (2.5): The reconstructed building.
(a) Detected parcel.
(b) Ridge line with boundary.
(c) Separated planes of roof.
(d) The roof corners.
(e) 3D model.
(f) Reconstructed 3D model on range image of LiDAR. 4
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2.1.8

Figure (2.6): The reconstructed building.
(a) Detected parcel.
(b) Ridge line with boundary.
(c) Separated planes of roof.
(d) The roof corners.
(e) 3D model.

(f) Reconstructed 3D model on range image of LiDAR. 14
Building Reconstruction

In order to separate buildings from the terrain surface and
represent them by true 3D CAD models, ground plans are used
in addition to the DSM data. For the reconstruction first
appropriate building models have to be defined, which are fit to

the observed data in the second step. [*%
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2.1.9 Building Models

Object recognition or reconstruction, in general, presumes
knowledge about the perceived objects by some kind of object
model.

A model used for building reconstruction should be able to
describe buildings of different complexity and it should permit the
representation of geometric constraints during the reconstruction.
Object models can be treated as abstractions of real world
objects. The most important role played in model definition is the
proper balance between the correctness and tractability, i.e. the
results given by the model must be adequate both in terms of the
solution attained and the cost to attain the solution.

In order to deal with the large architectural variations of
building shapes, the utilized model should be as general as
possible. In our approach a building is represented by a general
polyhedron, i.e. it has to be bounded by a set of planar surfaces
and straight lines. Generally, the interpretation of real world data
presumes much a priori knowledge or in other words constraints.
This can be achieved by applying a very rigid building model, i.e.
a model with only a few parameters. Nevertheless, this limits the
number of possible building types which can be represented by a
single model. We provide the required constraints by the
assumption that the coordinates of the given ground plan are
correct and the borders of the roof are exactly defined by this

ground plan. This supplies sufficient restrictions to enable the
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reconstruction of buildings without loosing the possibility to deal
with very complex buildings.

Two approaches to represent the reconstructed buildings are
feasible, boundary representation and constructive solid
geometry. The boundary representation (BRep) is probably the
most widespread type of 3D representation and already many
algorithms are available for computing physical properties from
that representation. Spatial objects are defined by their bounding
elements, e.qg... Planar faces; nodes and edges are defined by
intersection of the bounding planes. The topology is additionally
captured by a set of relations that indicate how the faces, edges
and vertices are connected to each other. In constructive solid
geometry (CSG) simple primitives are combined by means of
regularized Boolean set operators. ACSG representation always
results in valid 3D objects, i.e. in contrast to a BRep no topological
check has to be performed in order to guarantee that the object
surface is closed. CSG also enables a very compact object
representation. Since a CSG can be transformed into a BRep,
there are no complete solutions available in the opposite
direction. This motivated us to use CSG as primary representation
and to generate a BRep on demand e.g. for visualization
purposes. Thus the advantages of both representations can be

combined. [*?

33



<>

Sl e Sl

hip roof flat roof

gable roof desk roof
Figure (2.7): Building primitives used for reconstruction. *?!

Similar to (Englert and Gulch, 1996) we utilize a CSG
representation which describes each building by a combination of
one or more basic primitives. The set of four basic building
primitives used for that purpose is shown in Figure (2.7) Each
building primitive consists of a cuboid element with different roof
types flat roof, pent roof, gable roof and hip roof. 2!

2.1.10 Creating Models
Before deciding how to construct the building models for the

3D urban map, several questions need to be answered to ensure
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the resultant map will be capable of serving the desired functions.

The following should be considered:

Geographic area? Does your urban map encompass a
relatively small or large area, and approximately how many
buildings are contained within this area? What is possible,
desirable, and feasible for a small area might quickly
become unrealistic or impossible for a larger, more densely

constructed area.
Map scale? The answer to this question will impact the level

of detail necessary for the building models, where in the past
a global or landscape scale was adequate, modern

requirements demand city or campus scales.
Required accuracies? What is important regarding the

accuracy of building locations, size, and appearance? More

does not always translate into better.
How will the 3D map be used? Is visualization the primary

application, or will spatial analysis be required? Knowing the
answer to this question before you begin any construction
will likely guide many of your decisions throughout the
build-out process and likely influence if a photo-realistic or

cartographic approach might make the most sense.
Future growth plans? Ideally, any project to construct a 3D

urban map should consider growth and maintainability—
growth and change within the city itself and increased
requirements and applications that may not be required or

feasible today.
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Figure (2.8): There are different levels of 3D visualization that can be
used by any type of mapmaking. "

Once you have determined the key requirements of an urban
map, we will need to evaluate the various options for the actual
creation of the building models. Numerous trade-offs need to be
considered that impact the approach, time, and costs to construct
the models. Does the methodology for creating building models
need to be scalable, or can each model be handcrafted? Are there
regions within the area of coverage where the level of detail (LOD)
needs to be significantly greater than the majority of the map,
such as the city center or a university campusor airport? Another
decision to consider is whether it is desired for the facades of the
buildings to be constructed from actual imagery to most
accurately represent reality and if it is expected to eliminate
foreground objects, such as parked cars, trees, or pedestrians, or
if a representative facade obtained from a library and applied to
numerous buildings is adequate for the map. If the latter is the
case, considerable time and expense can be saved creating the
building models. Also, keep in mind that it is not uncommon for
several different approaches to be used to create the building

models in an urban map.
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The next consideration is whether the sponsoring
organization has the expertise and resources to build its own 3D
urban map and building models using available products or if
outsourcing the project to a service provider might be desirable.
Depending on the size of the project's geographic area and/or the
number of buildings to be modeled and their required LOD,

various options exist- ]

2.1.11 Photogrammetry

The name “photogrammetry" is derived from the three
Greek words phos or phot which means light, gramma which
means letter or something drawn, and metrein, the noun of
measure, 2!

Photogrammetry is the science of obtaining reliable information
about the properties of surfaces and objects without physical
contact with the objects, and of measuring and interpreting this
information. 2!

In order to simplify the understanding of an abstract definition
and to get a quick grasp at the complex field of photogrammetry,
we adopt a systems approach. Fig. (2.9) illustrates the idea. In the
first place, photogrammetry is considered a black box. The input
is characterized by obtaining reliable information through
processes of recording patterns of electromagnetic radiant
energy, predominantly in the form of photographic images. The
output, on the other hand, comprises photogrammetric products
generated within the black box™!. A realistic view of this definition
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comes to an “old-fashioned” portrait - modern photogrammetry is

much more versatile, as commented below.

| data acquisition | | photogrammetric products |

photographic products
enlargements/reductions
rectifications

orthophotos

camera ---> photographs points
DEMs, profiles, surfaces
scanner
maps
topographic maps
special maps

sensor ---> digital imagery

Figure (2.9): Photogrammetry portrayed as systems approach. The input is
usually referred to as data acquisition, the “black box" involves
photogrammetric procedures and instruments; the output comprises

photogrammetric products. &
2.1.12 Types of Photogrammetry

Photogrammetry can be classified in a number of ways but
one standard method is to split the field based on camera location
during photography. On this basis we have Space
Photogrammetry, Aerial Photogrammetry, Close-Range
Photogrammetry and Mobile Photogrammetry. In Space
Photogrammetry photos from satellites in an orbit higher than
600km are taken, providing nowadays Ground Sampling Distances
(GSDs) of 0.3m (example: WorldView-3).
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In Aerial Photogrammetry the camera is mounted in an aircraft, a
helicopter or an Unmanned Aerial Vehicle (UAV) (also called
Remotely Piloted Aircraft System, RPAS) and is usually pointed
vertically towards the ground. Multiple overlapping photos of the
ground are taken as the aircraft flies along a flight path. These
photos are processed in a stereo-processing software pipeline
(bundle block adjustment or structure-from-motion and Dense
Image Matching algortihms) to provide very dense point clouds
and thereafter Digital Elevation Models (DEM).

In Close-range Photogrammetry the camera is close to the subject
and is typically hand-held or on a tripod (but can be on a vehicle
too, which is then called Mobile Photogrammetry). Usually this
type of photogrammetry is non-topographic - that is, the output is
not topographic products like terrain models or topographic maps,
but instead drawings, 3D models, measurements and point
clouds. Everyday cameras are used to collect photos for modeling
and measuring buildings, engineering structures, forensic and
accident scenes, mines, earth-works, stock-piles, archaeological
artifacts, film sets, etc. This type of photogrammetry (CRP for
short) is also sometimes called Image-Based Modeling. %!

2.1.13 Photogrammetric Camera

In the beginning we introduced the term sensing device as a
generic name for sensing and recording radiometric energy.
Figure (2.10) shows a classification of the different types of
sensing devices.
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An example of an active sensing device is radar. An operational
system sometimes used for photogrammetric applications is the
side looking airborne radar (SAR). Its main advantage is the fact
that radar waves penetrate cloud and haze.

Passive systems fall into two categories: image forming
systems and spectral data systems. We are mainly interested in
image forming systems which are further subdivided into
formatting systems and scanning systems. Image forming
systems acquire all data at one instant in time. Scanning systems
obtain the same information sequentially for example by
collecting scanline by scanline. Image forming systems record
radiant energy at different portion of the spectrum. The spatial
position of the recorded radiation refers to a specific location on
the ground. The image process establishes a geometric and
radiometric relationship between spatial positions of the object
and image space.

Amongst all of the sensing devices used to record data for
photogrammetric applications, the photographic systems with
metric properties are the most frequently employed. They are
grouped into aerial cameras and terrestrial cameras. Arial
cameras are also called cartographic cameras. Panoramic
cameras are examples of non-metric aerial cameras. Figure (2.11)
depicts an old aerial film-based camera. ™. It should be
mentioned here, that nowadays all aerial photos are collected
using digital camera systems, based on CCD and CMOS
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technologies, but CMOS is the winner considering the progress in

digital imaging technologies.

Sensing devices

active systems passive systems
image forming systems spectral data systems
framing systems scanning systems
N\
photographic systems CCD array systems  multispectral electron imagers
scanners
N
aerial cameras terrestrial cameras

Figure (2.10): Classification of sensing devices. %

41



Figure (2.11): (A) aerial cameras Aviophoto RC20 from Leica. %

Figure (2.11): (B) Airborne photogrammetry. 211
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2.1.14

2.1.15

3D Scanning

To reduce the amount of manual measurements that must
be taken, 3D scanning techniques may be employed. This also
allows taking advantage of wuser assisted or automatic
reconstruction methods, and therefore might save time compared
to manual reconstruction. Not all 3D scanning techniques are
suitable for scanning buildings, however. triangulation laser
scanners and structured light techniques only have limited range,
and thus are not suited for larger objects such as buildings. This
leaves time-of-flight laser scanning as an option, but such
equipment is very expensive. Several scans of the building are
necessary, and each scan takes time and may need on-site
calibration. Therefore3D scanning is considered an intrusive
method in the workflow of a real estate agents. 3, But with the
new developments on terrestrial laser scanning this techn ology is
directly competing with photogrammetry, as the devices, such as

the Leica BLK 360 are not expensive anymore.

Photogrammetry

An alternative to 3D scanning which also reduces the
amount of manual measurements necessary is using
photogrammetry. 3D model reconstruction using photogrammetry
may also take advantage of user assisted or automatic methods,
and therefore is an attractive alternative to manual
reconstruction. Image data may be collected using photography
or video captures, and the range is not limited to objects of a
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2.1.16

specific size. As a real estate agent already brings a camera for
collecting photographs of the building, using this camera for data
acquisition is a simple, cost-neutral solution. Still, reconstruction
using photogrammetry requires several overlapping images of the
building, so the workload of the real estate agent will increase.

Based on the above discussion it is assessed, that collecting
photographs for 3D model reconstruction using photogrammetry
is the simplest, and most effective method for data acquisition.
Although several photographs are needed in addition to the
typical marketing photographs, this data acquisition method does
not change the workflow of the real estate agent significantly.
Moreover this solution is cost-neutral as opposed to investing in
expensive 3D scanning equipment, and little or no on-site
calibration is required. An additional advantage of using
photogrammetry is that textures for the reconstructed model are
available in the captured images, whereas additional photographs
would be needed for manual reconstruction or 3D scanning.!*?!

Techniques for 3D Mapping

3D Mapping is used for:
1. Robots operate in the three-dimensional world
2. Three-dimensional maps, which support
* Object recognition.
* More accurate path planning
* More reliable localization and data association.
* Navigation on uneven terrain.
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2.1.17

2.1.18

3D Computer Graphics

3D computer graphics are works of graphics that were
created with the aid of digital computers and specialized 3d
software. In general, the term may also refer to the process of
creating such graphics, or the field of study of 3d computer
graphic techniques and its related technology. !
Today, efficient software packages are available to reconstruct the
pose of the camera in an image and then doing an interactive 3D
reconstruction of buildings and objects using vanishing line

geometries.

Images and 3D Reconstruction

Generally, research about the usage of images is nothing
new and takes place in relation to their usage in various contexts,
such as engineering, design, architecture or for scientific and
research context. Regarding the quality of images as visual signs
there are many possible dimensions, such as similarities to a
depicted object, visual styles, or creation processes. The use of
images in a research related context would not only include
functions such as memorization, documentation or
communication within projects or of results. Such images would
also be important for a solution finding process and related
purposes such as information sorting and solution negotiation.
Particularly the humanities, and especially archaeology, history of
arts, and history of architecture, deal with historic images as
sources of reconstruction. Types of sources and their relevance for
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3D reconstruction are a prominent topic in scientific literature. But
these are not new phenomena: Especially for the reconstruction
of architecture, as the most prominent type of objects
reconstructed by such projects, a communication via images has
had a long tradition since early modern times. ®!

Results of 3D reconstruction are mostly static images, animations,
or even interactive visualizations like computer games. An
approach to classify is delivered in the Engagement taxonomy by
Grissom et al., which differentiates six degrees of interactivity for
such visual output. Closely related are questions for information
transported by such visualization. Such aspects are theorized by
several approaches as, for example, communication theories or
visual learning theories.

Especially for 3D modeling and visualization there have been
many technological developments during the last years. Generally
these inventions are speedily adopted for reconstruction
purposes, too. In publications there is a huge bandwidth of
technologies described which are used or sometimes “abused” for
such purposes, i.e. CAVE-like environments for visualization. In
addition, modern technological trends like smartphones or web
2.0 are quickly adopted, as well as current socio-technological
trends such as crowdsourcing or mobile computing.

Another trend is to move on from a presentation of static objects
to complex and lively impressions of history, involving
enhancement of visualization with dynamic elements like crowded

places. Other trends are concerned with a presentation of
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content. This includes an increasing use of interactive Web
presentation environments like Google Earth or Augmented
Reality technologies as well as a materialization of virtual 3D
models via rapid prototyping methods or multi sensual
presentation possibilities. 8!

2.1.19 The 3D Mapping Landscape

As is so often the case with emerging technologies, several
different techniques have been developed and deployed to create
and represent an urban landscape in three dimensions. Some
methods can quickly construct photo-realistic buildings but have
limited use due to their lack of spatial accuracy or detail. Other
approaches rely on accurately constructing each building model
individually, which can often make sense when representing a
city's important, but this methodology becomes nearly impossible
to implement if the goal is to build out a city of 20,000 or more
structures. A third alternative often relies on high-resolution
remote-sensing data, such as imagery, to define each building's
height, volume, and location and often some automation to make
the creation of large cities realistic and possible.

To better understand the similarities and differences between the
various approaches to 3D urban mapping, it is helpful to review
some of the differences between an aerial photograph and a
traditional 2D cartographic map. While the aerial photograph is a
true picture and may be quite beautiful and realistic looking, it is
only possible for the photograph to convey a limited amount of
information. The cartographic map, on the other hand, which
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although somewhat cartoonish looking and not necessarily
realistic in many aspects, can be designed to communicate a
considerable amount of useful information such as road names,
zoning, or cultural boundaries such as city limits. "

By Google Translate | B trapp_matthias.pdf | B dlbl waclll s anini | & 3d model in gis - Goo | B an overview of the 30 | B 403 Forbidden @8 3d-urban-mappir X | +
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Figure (2.12): Example of Aerial Photography and a Cartographic Map. !

Similar challenges exist today in the world of 3D urban
mapping. Some building models in 3D urban maps are no more
than pictures overlaid onto a mesh frame, and although they can
be quite remarkable to view, applications for these types of 3D
buildings tend to be limited to simple visualization and human
interpretation. Another approach to 3D urban maps is to use
procedural building models, which are a cartographic product and
function more like traditional maps and may even be cartoonish in
appearance. However, they are created with the goal of
communicating information and have the significant advantage of

not only providing clean visualization, but they also enable query
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and analysis allowing the use of all building-specific GIS data(see
figure (2.14) ). "

Bk Google Translate ‘ B trapo_matthias. pef ‘ B dlol el gl dakai | G 3d model in gis - Goo ‘ B an overview of the 3D ‘ B 403 Forbidden @& 3d-urban-mappir X |+
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& > O ‘[9] esri.com/library/whitepapers/pdfs/3d-urban-mapping.pd 1}‘ = @ @
e
they are created with the goal of communicating information and have the significant
advantage of not only providing clean visualization, but they also enable query and
anatysis allowing the use of all building-specific GIS data

Data Sources for 3D
Urban Mapping

The digitel terrain model (DTM). sometimes referred to as the bare earth, is an important
element of any 3D urban map as i is this dataset that provides information on the map's
topography and is the base layer oa which all other objects, such as roads or building

Exri White Paper
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Figure (2.13): this graph shows picturesque 3D building versus cartographic

3building model. !}

2.1.20 3D Modeling Software

The 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, 3D models
represent a 3D object using a collection of points in 3D space,
connected by various geometric entities such as triangles, lines,
curved surfaces, etc. Being a collection of data (points and other
information), 3D models can be created by hand, algorithmically
(procedural modeling), or by scanning.
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2.1.21

Modeling Process

The modeling process contains three types of modeling:

1. Polygonal modeling - Points in 3D space, called
vertices, are connected by line segments to form a polygonal
mesh. The vast majority of 3D models today are built as textured
polygonal models, because they are flexible and because
computers can render them so quickly. However, polygons are
planar and can only approximate curved surfaces using many
polygons.

2. Curve modeling - Surfaces are defined by curves, which
are influenced by weighted control points. The curve follows (but
does not necessarily interpolate) the points. Increasing the weight
for a point will pull the curve closer to that point. Curve types
include non-uniform rational B-spline (NURBS), splines, patches
and geometric primitives

3. Digital sculpting - There are currently 3 types of digital
sculpting: Displacement, which is the most widely used among

applications at this moment, volumetric and dynamic

tessellation.

2.2 Literature Review:

Extensive research developments have been carried out in the

last years. Here a brief excerpt is cited in more details.
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Review of Prior Studies:

2.2.1 Workflows and the role of images for virtual 3D
Reconstruction of no longer existant historical objects

This is study proposed by S. Munster, Media Centre, Dresden
University of Technology, D-1062 Dresden, Germany, and deals
with 3D reconstruction of historical objects. Generally, research
about the usage of images is nothing new and takes place in
relation to their usage in various contexts, such as engineering,
design, architecture or for scientific and research context. &

For the Methodology and Project Planning the author
performed three stages of analysis using widely established
methods from social sciences: the first stage was a qualitative
content analysis for publications to examine current usage
scenarios. The investigation included a sample of 452 journal
articles and conference proceedings dealing with 3D
reconstruction of historic items. A second stage performs a
qualitative content analysis with a sample of another 26
international publications dealing with a reconstruction of no
longer existant objects, and a third stage includes four case
studies exploring 3D reconstruction projects of historic buildings
over time to examine aspects of visual communication and their
evolution during a project creation process. ®
While most investigations focus on certain aspects or theoretical
issues of images as sources or as results, there has been no
systematic research specifically on roles and functions of images
within the 3D reconstruction process and based on empirical
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findings until now. his main objective was to sketch a current
state based on an empirical analysis of recent publications. What
are research questions? On the one hand, his research interest
was for phenomena visible within such projects. This includes the
qguestion for workflows, constellation and media produced. On the
other hand, his investigated the role of depictions during the
creation process, either as sources or as tools for collaboration or
as results.

The results of this study perform a qualitative, explorative
research using methods from social sciences. That indicates a
possibly subjective decision taking. Moreover, the sample is, in
relation to similar investigations, relatively small and based
mostly on ex post material and should be further increased.
Figure (2.15) demonstrates the workflow until the final

visualization. &
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Figure (2.14): Classification Schema: Sources, Modeling, Visualization. &

2.2.2 GIS Applications for Building 3D Campus, Utilities
and Implementation Mapping Aspects for University
Planning Purposes

This is study was proposed by A. Al-Rawabdeh, N. Al-Ansari,
H.Attyal and S.Knutsson, The paper discusses the concept of 3D
GIS modeling techniques using a simple procedure to generate a
university campus model (real 3D GIS model) which will show the
effectiveness of this approach. The 3D GIS model provides access
to mapping data to support planning, design and data
management. The primary objective is to improve data
management (e.g., maps, plans, usage of facilities and services)
and to develop methods using 3D spatial analysis for specific
applications at the university. !

For the Methodology and Project planning the following steps are
implemented to build a real world visualization of Al Bayat
University: data acquisition, generation of a 3D model,
visualization of the 3D model. Detailed information on these
works is presented in the following.

» Existing GIS layers: Layers are groups of features organized into
an object called a Shape file. In this study, different vector layers
were available from the Department of Maintenance and
Engineering inside the |. These layers are: buildings layer, road

networks layer and utility layers.
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 AutoCAD files (CAD format data) made available from the
scanned maps of the area and construction drawings. Raster
imagery such as Google earth image for the area of interest;

o Attribute database and documentations related to the park’s
information.

The results of 3D GIS provide urban designers and planners with a
useful tool for modeling and analysis. The 3D GIS application was
developed in order to evaluate urban space efficiently and to
provide information about urban planning to local communities.
The application enables users to visualize complicated urban
planning information in the 3D way, to evaluate the allowable
capacity of the block and to simulate building plans, as illustrated
in Figure (2.16). ™

(A): Green space 3D modelswith color texture using 2D vector layer in the ArcScene environment.
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el : : o N
(B): 3D visudization: scenario prototype of

main campus.  (C): Idelntify tcl:oi' inthe 3D view and 3D campus model
with roads networks layer.

Figure (2.15): (A, B, C) Prototype models of 3D visualization. ']

2.2.3 Texture Mapping and Implementation Aspects
for3D GIS Applications:

This study is proposed by Nedal Al-Hanbali, The objective of
this research work is to examine the current off-the-shelf software
technology to build texture for 3D GIS models using several
techniques for various applications. The importance of such trend
in city planning is a focus of this work in order to illustrate the
effective use of 3D modeling and visualization techniques in the
decision-making process to communicate ideas very quickly,
which help take better decisions.

And delivers a solution for some applications such as 3D
Cadastral mapping, and tourism. [1°

The Methodology and Project Planning In the following are
the implementation steps applied to build a true reality 3D GIS
model with texture mapping that is implemented for KiOng
Hussein Park.

- Data Modeling.
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« Data Measurements, Processing and Preparation
« Build 3D model.
- Build a 3D GIS model with all relational spatial data

base.
« Texture Mapping. 1%

The results was as follows: first the exploration to effectively
use a 3D GIS, second modeling in various applications, and third
virtual city modeling to build three dimensional GIS models, that
allow for 3D spatial analysis for various applications. The
approach used in this work presents a simple strategy that is
suitable for required spatial applications, and provides more
realistic views and virtual reality environments. Moreover, two
new procedures to add texture mapping to the 3D objects are
discussed and compared. 1%

2.3 System Description of this Thesis

The Khartoum Land Terminal consists of a number of offices
and halls, and the presidential offices, halls, and the departures
hall. The current project relies on labeling and signs with names of
departments and the names of the halls and offices of every
building. For passengers during traveling time or arriving time,
the Khartoum Land Terminal offers some banners greeting for
each building and some information about the departments, halls
with pictures.

The main objective of 3D modeling and is to build suitable
procedures for Khartoum Land Terminal buildings and thus to
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serve as tools to make information accessible for passengers and
visitors, who can investigate the Khartoum Land Terminal without
going to the site.

In addition, the proposed system will be accessible from
desktops and smartphones to take advantage of the virtual
visualization anytime. The importance of land Terminals planning
focuses on offering 3D real world visualization for Khartoum Land
Terminal main buildings with its semantic information.

This project is implemented for Khartoum Land Terminal. For
the project set-up and implementation a phone camera will collect
most of the photos.

The project offers 3D visualization for buildings as well and

provides information using a computer.
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Chapter Three

Methodology and Research
Planning



Overview

This chapter contains headlines, about the community of
research (Study Area Khartoum State), and the Methodology and
Research Planning. The latter one contains also the selected
methodology and techniques.

3.1 Research Community and Study Area

First of all we will discuss the Study Area of Khartoum:
3.1.1 Study Area Khartoum State

Khartoum is the capital and largest city of Sudan and
represents the state of Khartoum. It is located at the confluence
of the White Nile, flowing north from Lake Victoria, and the Blue
Nile, flowing west from Ethiopia. The location where the two Niles
meet is known as "al-Mogran" (the confluence). The main Nile
continues to flow north towards Egypt and the Mediterranean Sea.

Divided by the two Rivers Nile, Khartoum is a tripartite
metropolis with an estimated overall population of over five
million people, consisting of Khartoum proper, and linked by
bridges to Khartoum North (al-Khartoum Bari) and Omdurman
(Umm Durman) to the west. 22!

Location

Khartoum is located in northeast Africa, near the center of
Sudan, Its neighbors are Chad and the Central African Republic to
the west, Egypt and Libya to the north, the Red Sea to the
northeast, Ethiopia and Eritrea to the east, and South Sudan, to
the south. The Red Sea washes about 500 miles (800 km) of its
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northeast coast, and it is traversed from south to north by the
Nile, all of whose great tributaries are partly or entirely within its
borders.

Khartoum is located in the middle of the populated areas in
Sudan, at almost the northeast center of the country between 15
and 16 degrees latitude north, and between 31 and 32 degrees
longitude east. Khartoum marks the convergence of the White
Nile and the Blue Nile, where they join to form the bottom of the
leaning-S shape of the main Nile as it zigzags through northern
Sudan into Egypt at Lake Nasser. 22

The Khartoum Land Terminal includes several buildings
management offices, departure halls, access hall, local hall,
buses, mosques and others. So, how can we help travelers for the
first time to guide them and how they can be supported using

modern tools.

3.2 Methodology and Research Planning

The research methodology and project planning can be done
well following the selected steps by using ARCGIS applications:
Data acquisition, generation of a 3D model, and visualization of
the 3D model. In the following the implementation steps required
to design a true reality 3D GIS model of Khartoum Land Terminal are

explained in more detail.

3.2. 1 Data Modeling
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Data Collection is the first task in the pipeline, that means to
look for all data of available geospatial databases and attribute
data, no matter it is

* Images captured by scanning buildings for dense image
matching.
* Point cloud files (Las data format).
* Files available from point clouds for the 3D model construction.
» Attribute database and documentations related to the
Khartoum Land Terminal information.
GIS Data Modeling: This is an important step to define all
required geospatial databases including vector and raster classes
and their relationship classes based on the defined objectives of
the project. This will draft what is required and also missing to
build the desired GIS data model. 1
3.2.2 Data Measurements, Processing and Preparation to
build the required 3D GIS.

Data Measurements and Capturing Photos is the process to
get in-situ information's about the objects. This means we have to
collect

» Stereo images of objects to build 3D models,
» Photos with good colored texture to be used as cover layer
later on to build fully textured 3D models - also called
Virtual Reality 3D.
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Data Processing and Preparations In this process the
following steps have to be carried out:
 Build point clouds for the area of interest (here AgiSoft

PhotoScan is used).
e Build 3D view of the point clouds (Autodesk 3DMAX and

Trimble SketchUp are used).
» Edit captured photos and add texture (MS Paint is used).

* According to the GIS data-model, build 2D layers and also add
their attribute data (Esri ArcMap is used).
 Build relational databases within the GIS data model layers
(Esri ArcMap  and Esri ArcEditor are used). 1%
3.2.3 Build 3D Model

Based on required details and available spatial data and also
according to the GIS data model design all the needed features
are selected. In the following are the important implemented
cases:

Case I: Simple 3D shape geometry. In this case the 2D layer
was built and the height dimension was determined either by
direct survey measurements or taken from CAD drawings. The 3D
model can be built directly in the 3D GIS software environment.
The shape appears like 3D block shapes (Esri ArcScene software is
used).

Case II: 3D CAD Model is available. In this case, the
dimensions have to be verified by scaling it with the built 2D layer
and also via survey measurements. The final 3D model is then
verified and georeferenced to its exact position on a map
(Autodesk AutoCAD and Trimble SketchUp software’s are used).
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Case llI: Only 2D layer is available. In this case close range
photogrammetry is used to build a 3D wire mesh of the required
object(s) using the captured stereo imagery during the data
capturing step (AgiSoft PhotoScan and Photomodeler software’s
are used).

Case IV: Some parts are available in 2D and others in 3D.
Combination of case Il and Ill is used, but it is very important to
use a consistent reference system to merge all 3D objects into
one object (Trimble SketchUp software works well in this case). *°
3.2.4 Build a 3D GIS model with all relational spatial data

bases

That corresponds to the 3D model. There are several
techniques to insert the built-up 3D models from step 3 within the
3D GIS environment as follows:

The 3D GIS environment in our case is the ArcScene
environment of the ArcGIS software. The datum for providing a
reference base-height for any inserted point, 2D or 3D objects are
chosen.

Case I: Simple 3D shape geometry. In this case ArcScene build
the 3D model directly using the 2D vector layer with the added
height information as part of the layer attribute for each feature
in the layer, or added directly as a constant height for all features
in the layer. A DTM is also specified as the base-height for all
layers.

Case Il: 3D CAD Model is available. In this case, if the CAD
software has the capability to export the 3D model file into 3D

63



shape file, it then can be inserted directly into the ArcScene
environment. Quite often the file can be imported into SketchUp
software, where it will be exported into the proper format for
ArcScene. It is important to note that complex 3D models should
be split as much as possible to smaller objects in order to be able
to export it easily into the environment using the geodatabase
format. Our practice found, that the best scenario is to use
SketchUp software. You can better control your splitted objects
since the export formats are geodatabase standards. Also, it is
important to georeference the model to its exact position in
ArcScene before exporting it.
Case IlI: Only 2D layer is available. In this case close range
photogrammetry such as PhotoModeler orother photogrammetry
software such as SOCET SET or Z/I can export the 3D model to 3D
CAD model or shape file. Our recommendation is to convert the
models to CAD format and then exporting them to SketchUp
software and repeat the same as described above.
Case IV: Some parts are available in 2D and others in 3D. A
Combination of case Il and Il is used, but it is very important to
use a consistent reference system to merge all 3D into one object
(SketchUp software works well in this case).*?
3.2.5 The Methodology and Techniques
The applications and tools used for this thesis are:
1. AgiSoft PhotoScan (Version 1.2.5): Agisoft PhotoScan s
an advanced image-based 3D modeling solution aimed at

creating professional quality 3D content from still images.
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Based on the latest multi-view 3D reconstruction technology, it
operates with arbitrary images and is efficient in both controlled
and uncontrolled conditions. Photos can be taken from any
position, providing that the object to be reconstructed is visible
on at least two photos. Both image alignment and 3D model

reconstruction are fully automated.
. SketchUp Make (Version 16.0.19912 64-bit): SketchUp is a

3D modeling software from Trimble Navigation Limited that is
used by both amateurs and professionals to design and model
buildings, furniture, and other geometric structures. The
software has a number of classroom applications - including
connections to geometry, math, architecture, art, and
geography - and can be used for structured assignments or
open-ended exploration. Unlike many Computer Aided Design
(CAD) tools, SketchUp’s interface is simple enough that new
users can begin building their own models the day they start
using it.

The Massachusetts Department of Elementary and Secondary
Education has partnered with Trimble Navigation to offer school
districts a free SketchUp Pro license, giving classroom access to
the expanded version of the software and the chance to use the
same design tools as professionals. With this license, educators
across the state are already working with students on projects
that combine rigorous engineering with creative inspiration.
While the software is powerful, its interface is relatively simple:
teachers find that they can learn it independently, and students

65



derive a sense of pride from the models they have to make
quickly. e

. Esri’s ArcGIS (Version 10.4): ArcGIS Desktop is comprised of
a set of integrated applications, which are accessible from the
Start menu of your computer: ArcMap, ArcScene and
ArcCatalog. ArcMap is the main mapping application which
allows you to create maps, query attributes, analyze spatial
relationships, and layout final projects. ArcCatalog organizes
spatial data contained on your computer and various other
locations and allows for searching, previewing, and adding data
to ArcMap as well as manage metadata and set up address
locator services (geocoding). ArcToolbox is the third application
of ArcGIS Desktop. Although it is not accessible from the Start
menu, it is easily accessed and used within ArcMap and
ArcCatalog. ArcToolbox contains tools for geoprocessing, data
conversion, coordinate systems, projections, and more, [
ArcMap will be used to build 2D GIS layers and data models, in

addition to ArcScene that provides suitable 3D environments.
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Chapter Four

System Analysis and Design



Overview

This chapter describes system requirements, which are
subdivided into functional requirements and non-functional

requirements, and system analysis with design.

4.1 System Requirements
The system requirements are subdivided into functional
requirements and non-functional requirements.

4.1.1 Functional Requirements

This system illustrates the locations of the halls (departure
halls) and buildings, it also supports a virtual visualization over
desktop platforms to be accessible anytime. Moreover, also the
locations of cafeterias are presented, and other facilities. Even
locations of mosques and other places of prayer in the Khartoum
Land Terminal are identified by defining restrooms and private
sections for males and females.

The system aims to provide comprehensive information
about all the Khartoum Land Terminal buildings, and above all, the
system provides 3D design for the whole place.

It also aims to represent all resources within the Khartoum
Land Terminal in a hologram, that means, the system offers real
world visualization, helps passengers and administrators viewing
the resources inside the Khartoum Land Terminal and
administration buildings, It also illustrates locations of landmarks,
gates and buildings.
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4.1.2 Non-functional Requirements

The system must meet the following requirements, so that we
get the best typical visualizations:
Performance
The most important requirement is the performance of the
system which includes the following:
 Query and Reporting time: the response time between the
mouse action and retrieving object information.
* Response time: also the time of loading the model, which is
subject to the screen refresh times or orientations.
Maintainability
The model also has to be updated due to the ongoing
renewal of Khartoum Land Terminal buildings.
Availability
The system needs to be available all the time, for every
passenger over desktop and smartphone platforms.

4.1.3 Technical Requirements

The following technical system requirements are minimum
requirements:

Minimal Configuration

* Windows XP or later (32 or 64 bit), Mac OS X Snow Leopard
or later, Debian / Ubuntu (64 bit)

* Intel Core 2 Duo processors or equivalent

» 2GB of RAM

Recommended Configuration
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 Windows XP or later (64 bit), Mac OS X Snow Leopard or
later, Debian / Ubuntu (64 bit)

* Intel Core i7 processors

* 12GB of RAM

The number of photos that can be processed by
Agisoft’s PhotoScan depends on the available RAM and
reconstruction parameters used. Assuming that a single
photo resolution is of the order of 10 MPx, 2GBRAM s
sufficient to make a model based on 20 to 30 photos. 12GB
RAM will allow to process up t0200-300 photographs.

4.2 System Analysis and Design

This section contains two topics - the first is a about
Database Design and the second is about Database Transactions.
Shapefiles: A shapefile is an Esri vector data storage format for
storing the location, shape, and attributes of geographic features.
It is stored as a set of related files and contains one feature class.
Shapefiles often contain large features with a lot of associated
data and historically have been used in GIS desktop applications

such as ArcMap.

4.2.1 Database Design

GIS layers are groups of features organized objectwise and
are stored in a Shapefile format. In this project, two-dimensional
and three-dimensional layers are used - the software in place for
this work is Esri's ArcScene. The model comprises
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two-dimensional GIS layers, which contain the geospatial data
of the objects. In particular these layers are the buildings of
Khartoum Land Terminal layers.
4.2.2 Database Transactions

At present we have learned that information retrieval is
essentially required, when the users inquire about a particular
object by getting a popup message. Thus the data must be well
organized. The three-dimensional design of the Khartoum Land
Terminal will be visible for each passengers and visitors online for
better view and access over desktops and smartphones allowing
them to orient the model or retrieve geodata in response of a
mouse click. This makes the inquiry process very easy.
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Chapter Five

Simulations and Results



Introduction

This chapter contains a full documentation of the main
interfaces of the system, which has been ordered according to the

implementation using 3D modeling software sequentially.

5.1 Photogrammetry

Photogrammetry is the science of making measurements
from photographs, especially for recovering the exact 3D
positions of surface points.

In the following a 3D model of the main Khartoum Land
Terminal is created. An excerpt of an aerial photo from Google
Maps has been taken illustrating the region and location of
Khartoum Land Terminal (see Figure 5.1).

After taking many photos the next step of the study was
getting the point clouds of the buildings from a collection of
overlapping images using Dense Image Matching. To build the
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required 2D and 3D GIS information system, some data

measurements and processing were applied.

-

[————————

Figure (5.2): The features and buildings in the Khartoum Land Terminal. 2
A set of overlapping images have been captured
panoramically using a mobile phone camera as illustrated in
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figure (5.3). The basic concept of photogrammetry is the 3D
reconstruction by moving the camera positions. This is called
in  Computer Vision “Structure-from-Motion (SfM)” or
“Structure-and-Motion (SaM)”. The point features in
overlapping parts are searched automatically by a SfM
software and used for a spare 3D point determination in
object space. The next step is using the poses of all photos
and start the Dense Image Matching process. Here every
overlapping - also called homologous pixel - is used for the
determination of the disparity image. The disparity image
contains the parallaxes along the moving direction to be
used for a 3D forward intersection.

20171022 132609 20171022 132637 20171022 132649

20171022 132700 20171022 132713 20171022 132731 20171022 132746

Figure (5.3): (A) a first set of overlapping photos
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20171022 135006 20171022 135041

20171022_135053 20171022_135104 20171022_135114 20171022 135126

Fi

gure (5.3): (B) a second set of overlapping photos

It is important to note that the overlaps along the movement and

perpendicular to it should be in a range of 80%. The higher the

overlap ratio the better is the reconstruction of 3D point clouds.
; . |

S L]

20171022 135053

20171022 135139 20171022_135151 20171022 135214 20171022 135225

Figure (5.3): (C) A Third set of overlapping photos
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5.1.1 AgiSoftPhotoScan(Version 1.2.5)

First we will give a tutorial to detail the workflow for
processing photos into 3D models using Agisoft’s PhotoScanPro
software. PhotoScan is a widely used application that has made
the complex algorithms necessary for processing photos into 3D
models accessible through a fairly simple to use graphical

interface. (see Figure (5.4).

[ o
B+ A > o e s @OES

Figure (5.4): The Agisoft PhotoScan Main Window

5.1.2 The AgiSoft PhotoScan Workflow

PhotoScan makes the order of operations easy to follow via
its Workflow menu. Basic operations can be accomplished by
stepping through the menu and performing each of the following

tasks in turn.
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@® Add Photos (or Add Folder containing all photos from shoot):
This first step loads all of your raw images into the software’s
interface.

@® Align Photos: The first processing step compares the pixels in
your photos to find matches and estimate camera locations and a
sparse 3D geometry from them.

® Build Dense Cloud: Once satisfied with the alignment, the
sparse point cloud (a mere fraction of the total data) is processed
into a dense cloud in which each matchable pixel will get its own
X, Y, Z location in 3D space.

@® Build Mesh: This step connects each set of three adjacent
points into a triangular face, which combine seamlessly to
produce a continuous mesh over the surface of model

@® Build Texture: In the final step, the original images are
combined into a texture map and wrapped around the mesh,

resulting in a photorealistic model of original object.

In order to improve results there are various options and other

tools in the software beyond these basic steps.
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Figure (5.5): (B) Align photos and start with the sparse point processing
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Figure (5.5): (D)Build a Mesh
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Figure (5.5): (E) Build Textual Point Cloud

5.2 3D Model Design

After getting the clored point cloud containg all the details
the design of a vectorized 3D model of Khartoum Land Terminal
using Trimble’s SketchUp pro software and Esri’'s ArcGIS is the

logical follow-up process.
5.2.1 SketchUp (Version 2016)

SketchUp is a 3D modeling program that can be used to
create 3D objects in a 2D environment. Whether you plan to
model for 3D printing or for other purposes, Sketchup offers all
the tools needed to produce professional and quality results even
for a beginner.
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The SketchUp software works well for texture mapping and
allows to customize and duplication of any shape or repeated
pattern that can be fitted to various facets, such as windows,
doors and openings or special decorations on the surface/sides of
a building.

The Undet Extension package was used for importing the
point cloud (in las format) files and adjusting objects. This works
well with SketchUp (2015/2016 version) as an extension for
importing numerous point cloud files, resulting from airborne
LiDAR, Mobile Mapping Systems, Terrestrial Scanners, Handheld
Scanners or Photogrammetry. The 2nd step was adding texture
for the model to be built by customized point clouds. SketchUp’'s
synthetic textures and image textures were used to guarantee
better visualization and true virtual reality. This is demonstrated
in Figure (5.6).
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Figure (5.6): (A) 3D Model with Synthetic Texture
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Figure (5.6): (B) a more detailed view of the VR Model with Synthetic
Textures.
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Figure (5.6): (C) a further view
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Figure (5.6): (D) a further view
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Figure (5.6): (E) a further view
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Figure (5.6): (F) a further view
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Figure (5.6): (G) a further view
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Figure (5.6): (H) a further view
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Figure (5.6): (1) a further view

In Figures (5.6):(A, B, C, D, E, F, G, H, I) the Final SketchUp results for
Khartoum Land Terminal 3D Model are visualized, seen from different views.
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Figure (5.7): (B)
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The Figures (5.7): (A, B, C, D, E, F, G) are representing the final SketchUp

results for the Departure hall 3D Model, also seen from different views.

A 3D model has been extracted from this phase as a final textured
model as shown in Figure (5.6) - (5.7) - the output from this step
is a 3D file in *.dae format.

5.2.2 ArcGIS (Arcscene) (Version 10.4)

ArcScene is a 3D visualization application that allows to view
GIS data in three dimensions. ArcScene allows you to overlay
many layers of data in a 3D environment. Features are placed in
3D by providing height information from feature geometry,
feature attributes, layer properties, or a defined 3D surface, and
every layer in the 3D view can be handled differently. Data with
different spatial references will be projected to a common
projection, or data can be displayed using relative coordinates
only. ArcScene is also fully integrated with the geoprocessing
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environment, providing access to many analysis tools and
functions.

ArcGIS is one of (COTS) software’s, that allow for emitting
reality and building 3D geometric, vector and raster layers, and to
provide geo-referencing. Analyses help in decision making.

This step is concerned with extruding 3D buildings for 2D
building vector layers -The results are 3D models, 3D buildings
and the Colleges layer, as shown in Fig (5.8). Here a suitable
coordinate system has to be chosen (vertical and horizontal), for
which we selected the World Geodetic System WGS 1984 UTM
Zone 53N, covering Sudan. Finally the layers had to be converted
to shapefiles as illustrated in Figure (5.8),(5.9)(5.10)(5.11)(5.8)
(5.12).

b Rl T -~ - s mesV. eV . mes’ wes¥ mesV anst e N

ODBEas ¢+ EH[EFEB D o, 30t 3z [oom I - ae AMQOIE-0IROEIMR LTS,
Graphics~ | K| ¢ M A|®2 » 2+ O A~ [ n2 B3 5 e .
Animation ™ taa | D - > Fil
File Edit View Bookmarks Selection Geoprocessing Customize Windows Help
“able of Content: 7 D
Ho & =
Z Scene layers |2
5
=@ =
| =
|o
@
-4
|
2
-
=

joreag I [Gojee & | [ se.

= \\%MMM

- umﬂ mwmmwmmmwm

Figure (5.8): Khartoum Land Terminal 3D model, from different views
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All these shapefile Figures are given from different views of
Khartoum Land Terminal using ArcGIS (Arcscene) (Version 10.4).

The last Figure contains the definition of the Coordinate System.
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Chapter Six

Conclusions and Outlook



6.1 Conclusions

Recent advances in three-dimensional displays, real-time
texturing and computer graphics hardware as well as the
increasing availability of rendering and animation software tools
have resulted in an increased demand for photo realistic 3D
virtual reality city models.

This project describes a method to design of 3D urban
environments - the Khartoum Land Terminal.

This work is the result of a research that explores the
effective use of 3D modeling in different applications. The thesis
demonstrates the feasibility of using a photogrammetry
Out-of-the-box software and 3D modeling GIS.

Virtual reality modeling is used for the design of a
three-dimensional model of the Khartoum Land Terminal with
texture that allows the visualization of virtual reality, and
navigations and orientations throughout the Khartoum Land
Terminal with geographical data and databases. The approach
used in this work offers a simple strategy suitable for the
development of realistic views of buildings and introduces an
accurate hypothetical reality of the environment. This thesis is
mainly intended to use GIS technology to guide travelers in the
land Khartoum Land Terminal without wasting effort and time.

3D GIS is considered a powerful tool to solve various issues
which modern cities confront.
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Further analyses on visual aspects are restricted by the data
sources available for this study, for example, to manage large 3D
urban databases as well as the automatic database generation. In
order to produce good quality and readable output, proper
hardware, software and design criteria are required. The design of
3D building model has been an active research topic in recent
years. Most approaches have been focused on the design of
specific building models: rectilinear shapes and flat roofs. The
automation of extraction of buildings from various data sources is
a very desirable and challenging yet equally difficult task because
of the great number of possible building forms and shapes.

6.2 Recommendations
For more efficient and real views the following suggestions are
recommended:

« Take advantages of GPS properties for user positioning.
« Connecting the Land Terminal 3D model directly with the

web site to be accessed anytime.
« Utilize GIS modeling for showing high level of building details

and features.

6.3 Strength of the Thesis

In the Khartoum Land Terminal project we provide a 3D
design of all building elements, including the mosque, the
cafeteria, the departure halls, the bathrooms, as well as the
entrance and exit gates. Thus it provides information about all
resources inside the Khartoum Land Terminal.
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6.4 Weakness of the Thesis

The weaknesses of this thesis, Because of the lack of
professional training of open source GIS, this thesis could only
make a contribution for the 3D outside design of the Land
Terminal, The pictures taken from the building were taken by the
phone's camera and this is not as high-quality as cameras

dedicated to photography.

6.5 Opportunities of the Thesis

Facilitating 3D modeling of an urban environment recent
developments have demonstrated that it is possible to represent
the urban environment by 3D models. The implementation of the
Khartoum Land Terminal in the geospatial environment will help in
evaluation of the design proposals both, from employees and
passengers.

6.6 Threat of the Thesis

Among the threats in this project is the difficulty of collecting
data from public places (images and a map) such as: universities,
hospitals and markets, especially pictures because there are a
number of people in place, as well as security places, and the

government places.
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