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Abstract 

In an existing process, Rapid 3D Mapping datasets are automatically generated and converted 

to a format suitable for simulators and mission support systems. However, this high level 

automation does not allow manual error fixes and the addition of important features to the 

map data. The aim of this thesis is to create a process that allows the editing of a number of 

R3DM tiles with an existing 3D modeling tool and, after editing, to propagate the changes to 

the lower levels of detail in the data. Two solutions for the propagation, a standard solution 

and an alternative, are presented in this thesis. The motivation behind the alternative solution 

is to keep the original geometry of the R3DM data to retain the good rendering performance 

which those data sets permit. To achieve this the new model will be added to the R3DM data 

at only the highest level of detail, and this model is then simplified before propagation to the 

lower levels of detail. The resulting procedure to fix errors and add new important features is 

very effective, and reduces the time required for users to edit the many levels of the R3DM 

data. 
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1 Introduction 

The thesis project was executed under the supervision of the Department of Geodata and 

Visualization, at Saab AB in Linköping. The Department of Geodata and Visualization is 

responsible for supplying the Gripen, and its support systems, with geographical databases. 

One important mission is to develop the large real-time 3D-environments for use in various 

training and mission simulators. Rapid 3D Mapping is the name used for the data that is used 

in the simulators. Rapid 3D Mapping is an advanced 3-dimensional map technology which 

has been developed by the Swedish Defense and Security Company, Saab. The system 

generates three-dimensional maps by capturing terrain images from aircraft, helicopters and 

UAVs. 

Rapid 3D Mapping (R3DM) is a three dimensional map which can be generated from the 

data collected by an aircraft and for which the accuracy of data depends on the sensors fitted 

to the aircraft. The generated 3D map has an accuracy of 0.3 meters, an accuracy sufficient 

for many military missions. For instance, it can support reconnaissance mission planning in 

the actual terrain, and air base security mission planning. Furthermore, many Swedish 

organizations have used R3DM to support their missions. In 2010, the Swedish Defense 

Material Administration selected this technology to generate 3D-models for the Swedish 

Gripen fighter jet simulator. 

Since the quality of R3DM depends on the sensors available on the aircraft, the 3D map 

image will look best when rendered with low level of detail. However, the distortion is 

visible when users zoom in to high level of detail. Because of this problem, SAAB is 

demanding a new 3D model which has higher resolution than the provided 3D model in 

R3DM. Therefore, this thesis will present a process for manually editing and fixing R3DM 

data to deal with the problems and limitations of R3DM described in the next section. 

 

1.1 Problem description and objectives 

Rapid 3D Mapping datasets are automatically generated and converted to a format suitable 

for the visual display system of the simulators and support systems by using the „Grape‟ 

image generator software. The user notices that the 3D models are distorted when they zoom 

into the higher levels of detail because the 3D model coordinates are generated from the main 

coordinates of the model which are obtained from the aerial photography and the accuracy of 

aerial photography depends on the sensors mounted on the airplane, Unmanned Aerial 

Vehicle (UAV) or other. In addition, the texture images are also generated incorrectly in the 

same way as the model. Therefore, new 3D models are necessary to replace distorted 

landmark models which are important to interpreting the map data. In particular, the high 

level of automation does not allow for manual fixing of errors or addition of special 

important features  

To address this problem, the objectives of this thesis include the following. The primary 

objective is to create a process that allows for manual editing of the number of R3DM tiles in 

the existing 3D modeling tool (Remo3D). The secondary objective is to keep the original 
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scene graph structure of R3DM after replacing the modified data in R3DM, because the 

original scene graph structure of R3DM is the most suitable for rendering. 

 

1.2 Scope and delimitation 

The implementation of a system which can achieve the objectives of the thesis requires 

knowledge of the Rapid 3D Mapping dataset, methods for scripting of the existing 3D 

modeling tool (Remo3D), and skills in programming with OpenSceneGraph. Saab‟s 

requirements description defined that the system should allow the selected R3DM tiles at the 

highest level of detail to be merged together for editing in an existing 3D modeling tool. 

Then, the merged tile sets will be split to the original R3DM structure on disk after editing. In 

addition, the edited R3DM must be propagated to all lower levels of detail. 

This thesis work has been conducted within the company‟s development process, which 

means the user‟s satisfaction will not be evaluated. However, the implementation of the 

process should be in accordance with the working behavior and knowledge of the users in 

order to be applicable in real situations. Another limitation is that R3DM data sets are a 

company's confidential information. Therefore, our access has been limited to certain areas, 

and highly confidential data cannot be revealed to us. We have only been working on 

preliminary data, which was obtained from the company. 
 

 

1.3 Structure 

The structure of this thesis report is as follows: 

Chapter 1. Introduction: Describes the introduction, problem, objective, scope and 

delimitation of this thesis. 

Chapter 2. Background: Explains the Rapid 3D Mapping information and theories which 

have been used for the implementation work in this thesis. 

Chapter 3. Implementation: Describes the implementation of a process for manually editing 

Rapid 3D Mapping data using Saab‟s solution and the proposed solution. 

Chapter 4. Result: The resultant images from the implementation are presented and 

performance comparisons for each method and solution are drawn and discussed. 

Chapter 5. Conclusions: Explains and discusses the conclusions and possible future work 

for Saab‟s solution and other possible solutions. 
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2 Background 

This chapter introduces a complete description of the 3D tools and techniques which have 

been used for the implementation of a process for manually editing Rapid 3D Mapping data 

sets. Firstly, we describe an overview of Rapid 3D Mapping. Next, the R3DM database 

format specification and 3D tools are described. After that, we describe the computer 

graphics techniques which are implemented in this thesis. 

 

2.1 Rapid 3D Mapping (R3DM) 

This section explains the background and specification of Rapid 3D Mapping (R3DM) [1]. 

R3DM is used as an image base map for Saab‟s flight simulators and mission support 

systems. R3DM dataset is generated from the Grape image generator software [2]. The 

advantages of Saab„s Rapid 3D Mapping are the fast generation of highly detailed, three-

dimensional maps of the actual terrain. Furthermore, R3DM has been developed with specific 

purposes for other Swedish‟s organizations, for example Special Police Forces, Rescue 

Services and Fire Brigades. For R3DM generation, the aerial image is captured using various 

sensors which are carried by an airplane, a helicopter or UAV. Flying at an altitude of 500 

meters above the terrain the model resolution is typically 10 cm, and the geo-referenced 

accuracy is better than 0.3 m. The accuracy of the aerial image will depend on the sensor‟s 

performance. The aerial image usually contains both spectroscopic information and spatial 

information. Due to the large amount of data involved, a normal 3D map generation process 

will take a long time. In the case of R3DM, the processing time to generate a 3D map can be 

from just a few minutes up to a few hours after the raw data has been received from the 

aircraft. The Grape image generator software is used to generate the 3D map through an 

automatic process. The next section describes the R3DM specifications. 

 

2.1.1 R3DM database format 

The production of the R3DM database uses information from digital photogrammetry and 

geometry, and is geo-referenced to produce the final database [3]. R3DM databases are 

presented to the world in three dimensions and have the capability to describe complex 

terrain structure. The database includes a combination of orthorectified color and height 

images. The surface meshes are represented using a triangulated irregular network, TIN, 

described in section 2.3.The TIN format used in R3DM is the 3DS format [4].The images of 

actual terrain are used as the texture surface images. The R3DM database is a hierarchical 

data structure which organizes the data into a quad-tree structure as described in section 2.2. 

Each level of hierarchy is divided into quadratic areas. The quadratic area is also called a tile. 

The tile size is 64 by 64 meters. Figure 2.1 shows an example of a tile.    
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  Figure 2.1 Example of a tile (courtesy of Saab Dynamic AB). 

Figure 2.2 illustrates an example hierarchy in the R3DM database. Since, R3DM databases 

are organized with a quad-tree data structure, the lowest level of detail tile is called the root 

tile. The root tile covers the entire area of the higher level of detail tiles. The root tile is 

divided into four tiles and each of these is then recursively divided into four tiles until the 

highest level of detail in the database is reached. The tiles of highest level of detail are called 

the leaf tiles. The leaf tile represents the highest resolution available in the database. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Illustration of the hierarchy tiles (courtesy of Saab Dynamic AB). 
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The R3DM databases support to export to xml file format. The xml file is used to represents 

the attributes of R3DM data structure in textual data format. The xml file of R3DM contains 

all elements of R3DM database attributes, for examples, models link, Meta data and geo- 

reference system. Figure 2.3 represents the xml file of R3DM.  

 <?xml version="1.0" encoding="ISO-8859-1"> 

<s3d version="0.91"> 

<model link="map_14_6435_8123.3ds"> 

 <meta> 

 <version>trunk@7708</version> 

      <date>2010-10-15T07:50:00</date> 

  <cs> 

  <hcs>RT90</hcs> 

  <vcs>RH70</vcs> 

  </cs> 

  </meta> 

  <translate>6476046.000000 1491266.250000 -39.801323</translate> 

  <rotate>0.000000 0.000000 0.000000</rotate> 

  <bbox>-64.562508 65.062500 -64.8122500 64.812500 -25.769241 -4.507478</bbox> 

  <resolution>0.250000</resolution> 

  <lod> 

      <level> 

        <translate>6476078.000000 1491234.375000 -39.801323</translate> 

        <rotate>0.000000 0.000000 0.000000</rotate> 

        <bbox>-32.812504 33.062496 -32.937500 32.937500 -25.769241 -5.000000</bbox> 

        <resolution>0.125000</resolution> 

      <link>../../15/12871/map_15_12871_16246.zip</link> 

      </level> 

      <level> 

        <translate>6476078.000000 1491298.125000 -39.308800</translate> 

        <rotate>-0.000000 0.000000 0.000000</rotate> 

        <bbox>-32.812504 33.062496 -32.937500 32.937500 -12.537640 -5.000001</bbox> 

        <resolution>0.125000</resolution> 

        <link>../../15/12871/map_15_12871_16247.zip</link> 

     </level> 

     <level> 

        <translate>6476014.500000 1491234.375000 -41.310226</translate> 

        <rotate>-0.000000 0.000000 0.000000</rotate> 

        <bbox>-33.062508 32.812496 -32.937500 32.937500 -24.273279 -5.021574</bbox> 

        <resolution>0.125000</resolution> 

                     <link>../../15/12870/map_15_12871_16246.zip</link> 

     </level> 

      <level> 

         <translate>6476014.500000 1491234.375000 -40.870193</translate> 

         <rotate>-0.000000 0.000000 0.000000</rotate> 

         <bbox>-33.062504 32.812496 -32.937500 32.937500 -24.615002 -5.000002</bbox> 

         <resolution>0.125000</resolution> 

         <link>../../15/12870/map_15_12871_16247.zip</link> 

       </level> 

  </lod> 

      </model> 

</s3d> 

 

 

 

 

 

Figure 2.3 Example XML file of R3DM (courtesy of Saab Dynamic AB). 
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2.1.2 Ortho-rectified images 

R3DM provides Ortho-rectified images which contain geo-reference in GeoTIFF[6] format. 

For colour information, 8-bit RGB format is used for storing pixel data while the height 

information is stored in 32-bit floating point format. The image resolution is up to 8192x8192 

pixels. Normally, the image detail of 8 pixels per meter is used. 

 

2.2 Quad-tree data structure 

A quad-tree is a spatial data structure which divides data into four quadrants. The algorithm 

stores and finds data by recursively dividing into four quadrants. This data structure was 

created by Raphael Finkel and J.L. Bentley in 1974[7]. 

The quad-tree data structure is a suitable data structure commonly used for organizing images 

in computer graphics. The quad tree structure is a hierarchical with a root node which 

represents the complete picture child nodes which represents the tessellated picture segments, 

right down to the leaf nodes which represent the highest level of detail in the data. R3DM 

uses this data structure to organize the image database. 

Figure 2.4 shows an example of the quad tree data structure. The left image illustrates the 2-

dimensional image which is expressed in the quad tree representation. The root node is the 

8x8 pixel image and is sub-divided into four 8x8 pixel images at the next level. Each of the 

divided images is then recursively further divided into four sub-sub-images until the highest 

level of detail is reached. The right image represents the pixel value, black means 1 and white 

means 0. The pixel value is occupied into the quad tree corresponding to the pixel region on 

image. 

 

 

 

 

  

 

 

2.3 Triangulated irregular network 

A triangulated irregular network (TIN) is a digital data structure representing a surface 

[8]. The TIN can be acquired from the regular raster data of a digital elevation model (DEM) 

as used in geographic information systems (GIS). The TIN is the vector data which represent 

geographical features using, for instance, polygons, lines and points. Each polygon consists 

of three vertices and three edges which describe elevation, slope and direction of the surface. 

Figure 2.4 ( left) Image represents Quadtree(right)  Quadtree  data hierarchy 

(courtesy of http://en.wikipedia.org). 
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Vertices in the TIN model are connected by lines to form the triangle surface. The TIN 

algorithm determines the points which are most significant to create the most realistic terrain 

representation. The TIN surface is then presented as polygons using a triangle mesh to ensure 

that the TIN surface fits with the neighboring surfaces without overlapping any neighboring 

surface. The stored data in the TIN model are flexible, and have fewer points than in the 

raster-based DEM. However, the TIN, unlike DEM, is not appropriate for analyzing models 

with surface slope and aspect because TIN points are just the sampled data from DEM. 

The TIN surfaces are made from a set of points, called mass points, which are associated with 

coordinates in three dimensions, and connected edges to form a triangular tessellation. Mass 

points should be assigned at those parts of the surface which exhibit a substantial change in 

the outline of the surface. Typically TINs are derived through Delaunay triangulation, a 

method which creates triangles by drawing circles through the three vertex nodes [9]. 

However, the limitation of Delaunay triangle lies in the selection of input data points. 

Alternatively, TIN models can be derived from the contours of the digital elevation data. The 

mass points are then created from all vertices of the contour lines. The data can be stored in 

the TIN by two methods. The first method is to store the attributes representing the topology 

of triangulation, for instance the connected edge list. The second method is to use a special 

type of planar sub-division which can decrease the storage required compared with the first 

method. Figure 2.5 shows the nodes and edges of a TIN (left) and the nodes, edges, and faces 

of a TIN (right). 

 

  

 

 

 

 

 

2.4 Open Scene Graph 

OpenSceneGraph (OSG) is an open source library for 3D graphic application [10] and is 

commonly used by application developers in fields such as visual simulation, virtual reality 

and modeling. OSG is written in C++ and uses OpenGL for low-level rendering. It can run on 

a variety of operating systems such as Windows, OSX, GNU/Linux, IRIX, Solaris, HP-UX, 

AIX and FreeBSD. OSG is designed to be a rendering middleware application and is based 

on the scene graph concept. A scene graph is a general data structure that represented as a 

hierarchical graph. The scene graph defines the spatial and logical relationships of a graphical 

scene for scene management and graphics rendering. R3DM is typically represented as a 

hierarchical graph, which contains a collection of graphics nodes including a top-level root 

Figure 2.5 Example of triangulated irregular network (TIN) surface                                              

(Courtesy of http://webhelp.esri.com). 
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node, and a number of group node each of which can have any number of child nodes and set 

of leaf nodes. Such a hierarchical structure maps well onto the scene graph concept and, 

consequently, OSG is used to visualize the R3DM data scene. For this thesis, 

OpenSceneGraph is used to implement the steps for selecting R3DM tiles, repairing R3DM 

scene graph structure and propagating the edited data from highest level of detail to lower 

levels of detail. Figure 2.6 illustrates a typical OSG application stack which represents the 

level of OSG in the 3D application stack. 

 

 

 

 

 

   Figure 2.6 The 3D application stack(Courtesy of OpenSceneGraph Quick guide). 

 

2.5 Remo3D 

Remo3D is a 3D modeling tool which can be used to create and modify 3D models which are 

suitable for real-time visualization. Remo3D has a full control capability over the scene graph 

of the model, and the ability to modify features of the scene graph such as degree-of-freedom 

nodes, level-of-detail nodes, switch nodes, etc. Furthermore, this software allows the user to 

access the individual polygons and vertices. The Openflight format is the primary data format 

used in Remo3D. The output files can be exported into various formats, for example 

OpenSceneGraph 2.8.2 ASCII (.osg) and OpenSceneGraph 2.8.2 binary (.ive), etc. Since the 

structure of the R3DM dataset is a hierarchy Remo3D is suitable as a tool for editing and 

modifying the scene graph and geometry which the R3DM data set represents. Figure 2.7 

shows a screenshot of Remo3D, running on Windows XP, analyzing and editing a model of 

an armored personnel carrier. 

 

 

 

 

 

 

Figure 2.7 Screen shot Remo3D version 2.0.1 running on Windows XP                                                                             

(Courtesy of Remo3D user’s guide). 
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2.5.1 REMO3D script 

Remo3D provides the ability to write Lua scripts, the high performance script language used 

to extend programs, for creating and editing 3D models with built-in scripting functions [11]. 

Developers can use the provided functions such as general script, file script and clipboard 

script for customizing the specific purpose. The script can be written in any general text 

editor, such as notepad. It can then be executed, either from within the Remo3D program or 

from the command line. The following represents the preliminary arguments for executing 

from the command line: 

remo3d<script filename><arguments> 

An example command could then be: remo3dscript.lua a b 

which, internally, yields the arguments: 

arg[-1] = “remo3d” 

arg[0] = “script.lua” 

arg[1] = “a” 

arg[2] = “b”  

A Remo3D script can therefore be run from command-line and the first parameter specifies 

the name of the application (remo3d), the second parameter is the filename of the script. The 

remaining parameters are parameters to the script, allowing the behavior of the script to be 

modified by the parameters specified. This thesis uses Remo3D scripts for merging the 

source files to the temporary file, splitting the temporary file to the original source files and 

for creating the macros used for editing R3DM. 

 

2.6 Nearest neighbor search 

Nearest Neighbor Search (NNS) is a data mining algorithm for finding the closest point in a 

space. The problem is concerned with finding the closest point as described in equation (1), s, 

of a given set of points in the metric space,𝑀, and a query point,  𝑞 ∈ 𝑀,[12]. The distance is 

measured using Euclidean distance. The Euclidean distance is the distance between two 

points as given by the Pythagorean formula described in equation (2). NNS can be used to 

find the solution for many applications such as pattern recognition, statistical classification, 

database searches and so on. Figure 2.8 illustrates a simple example of an NNS problem with 

M = 15, query point (𝑞) and nearest point (𝑠).The right side represents the closest point (𝑠) 

to the query point (𝑞). 
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  Figure 2.8 A simple of NNS problem and solution. 

Problem: Given a data set   𝑃 ⊂ 𝑋 of size N in a metric space (𝑀, 𝑑) and a query  𝑞 ∈ 𝑋, find 

a point 𝑝 ∈ 𝑃 such that. 

     𝑑 𝑝, 𝑞 =  min𝑟∈𝑃 𝑑(𝑟, 𝑞)                 (1) 

  Euclidean distance     𝐷 =    (𝑥𝑖 − 𝑦𝑖)2𝑘
𝑖=1     (2) 

In this section, we will describe several methods for NNS which have been used for its 

implementation in this work. 

 

2.6.1 Linear search  

Linear search is the simplest solution to the NNS problem. The solution of this method is to 

compute the distance from the query point in the database. The closest distance is determined 

from the query point and every point in the database. The distance is measured using the 

Euclidean distance. Although, it is easy to implement, it requires O(n) computations for each 

query so the problem expands when searching a larger database, both in terms of time and 

memory consumption. Algorithm 1 shows the linear search algorithm.  

Algorithm 1:  Linear search algorithm 
1: Set of 𝒏 points, a query points, 𝒒 and initial minimum computed distance,    

  𝐦𝐢𝐧 𝒅(𝒑, 𝒒)  = ∞ 
2:       for  each point 𝑛𝑖 , i = 0,1,…𝑛 − 1  do 

3:               Compute the distance between points 𝑞 and 𝑛𝑖  = 𝑑𝑖  
4:              If  the compute distance, 𝑑𝑖  <    𝐦𝐢𝐧 𝒅(𝒑, 𝒒)  then 

5:                   Set     𝐦𝐢𝐧 𝒅(𝒑, 𝒒)  = 𝑑𝑖  
6:       end for 
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2.6.2 Kd-tree 

The Kd-tree is a binary tree for partitioning space. The Kd-tree iteratively divides the search 

space into two regions and traverses to divide the search space until it reaches the data being 

searched. The Kd-tree hierarchically decomposes data space into cells with relatively small 

regions, such that each cell contains few data points [13]. 

The Kd-tree is constructed by splitting the set of points into two subsets. The median value is 

a root node value. One subset is the left node containing those points smaller or equal to the 

threshold value. The other subset is the right node, containing those points larger than the 

threshold value. Each node is recursively split into sub-tree of either left/right or up/down. 

Figure 2.9 left side shows the original data in the data space. The right side shows the same 

data space after it has been recursively split into the Kd-tree. Figure 2.10 shows the points in 

the Kd-Tree structure. This section introduces two primary algorithms which are important 

for this work. The first is the construction algorithm which describes the procedure to 

construct the Kd-tree. The second is a searching algorithm which describes the procedure to 

search for specific data in the Kd-tree. In this thesis the Kd-Tree is implemented to improve 

the efficiency in propagating the edited data to the lower levels of detail. The result will be 

compared with the result from the linear search method. 

 

 

 

 

 

                 

Figure2.9 Data space before and after dividing the data into a Kd-tree data structure. 

 

 

 

 

 

 

 

      Figure 2.10 Data in Kd-tree structure. 
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This section describes the algorithm used to construct the Kd-tree which can be constructed 

in many ways. The canonical method is used to construct Kd-tree. The construction algorithm 

requires two parameters which are the set of points and the depth of the sub-tree. Initially, the 

depth is set to be zero. Algorithm 2 explains the procedure to construct Kd-tree. 

  Algorithm 2:  Constructing Kd-tree algorithm 
1: Input point list and dept for splitting plane 
2:       If Point list empty then     
3:            Return a leaf storing this point 
4:      else   
5:              Choose axis based on depth and spilt point list 

6:              Sort point list and choose median as pivot element 
7:              Create node and construct subtree 
8:       end if 

  
This section described the details of the searching algorithm. This algorithm is used to search 

for a specific data point in the tree which is the nearest to the query point. This algorithm 

requires two parameters which are the root of the sub-tree and the maximum distance 

allowing for the search, R. Algorithm 3 explains the procedure to search for a point in the 

Kd-tree. 

    Algorithm 3:  Searching Kd-tree algorithm 
1: Input root of Kd-tree and range R 
2: if v is leaf then 
3:     report the point stored in v if it lies within R 
4:     else if region on left is fully contained in R 
5:                 then return  the child stored at left 
6:                   else if region left child intersects R 

7:                   then search child sub-tree on left 
8:        if region on right is fully contained in R 
9:                   then return  the child stored at right 

10:                   else if region right child intersect R 

11:                   then search child sub-tree on right  
12: Endif 

 

 

2.7 Render to Texture 

The rendering to textures technique is used to create texture maps using the rendered scene 

[14]. These textures are then used for mapping onto the objects in the scene to be displayed. 

This technique can be used for advanced rendering algorithms such as multi-pass rendering 

for creating high-quality special effects. There are generally three steps in the render to 

texture technique: 

1. Render an image from the rendered scene. 

2. Create texture from that image. 

3. Use the texture as developers want. 
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The following description shows an example of using the render to texture technique for 

multi-pass rendering. The objective of this example is to blur an image from the rendered 

scene. To complete this task, a sphere in the scene is rendered to texture in the first pass as 

shown in figure 2.11. This texture will then be rendered back to a buffer to compute the blur 

effect by using a kernel, as shown in figure 2.12. The result after finishing the second pass 

rendering is a blurred image as shown in figure 2.13. The render to textures technique is also 

used in our work to decompress R3DM textures. 

                

 

 

 

 

2.8 Texture atlas 

A Texture atlas is a technique to group many smaller images into a larger image [15]. To 

initialize a Texture Atlas, it is set as an empty texture which can contain any size of images. 

In order to avoid overlaps, free space in the texture is managed by the atlas to ensure each 

image is placed at a suitable location within the texture. Since a Texture Atlas can run out of 

space for new images, applications have to know the size of the texture for allocating space, 

and may need to be able to handle many atlases. 

To use a texture atlas a suitable set of textures in the same format must first be selected and 

broken into „batches‟. This set of textures is then grouped into one or more texture atlases. 

After that, the texture coordinates of all objects must be modified for mapping to the correct 

texture tile in the atlas as described in figure 2.14. For example, texture coordinate (1, 0) of 

texture1 is modified to (0.5,0) in the texture atlas. For rendering the texture atlas, all 

Figure 2.11 First pass rendering. Figure 2.12 Kernel for blurring. 

Figure 2.13 Blurred image. 
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commands for referencing textures are grouped to one command to decrease the number of 

state changes. Therefore, referencing a texture atlas can be faster than referencing many 

smaller textures. 

 

          Figure 2.14 Combining two textures into an atlas. 

This technique is often efficient because the decreased number of state changes can speed up 

rendering. Moreover, the texture atlas is implemented directly in the OSG libraries. For this 

thesis, texture atlases are used for keeping optimal textures of R3DM database by merging 

four textures in higher level of detail to one texture in lower level of detail. The figure 2.15 

illustrates the texture atlas image from which the 3D object is then generated. 

 

Figure 2.15 Illustration of a texture atlas (courtesy of www.scriptspot.com). 

 

2.9 Edge Collapse 

One of many ways to reduce the waste of resources in rendering is to create 3D models at 

many levels of detail. Thus, a simplification operator is required for adjusting the level of 

detail present in the models. Edge Collapse [16] is one of a large set of available 
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simplification operators. This operator merges two vertices of an edge to become a single 

vertex. This edge and its incident triangles are then deleted as shown in figure 2.16. 

The Edge Collapse algorithm starts by selecting the order of edges to be collapsed. 

Subsequently, the selected edge is replaced by the optimal vertex. Normally, these criteria 

can be created by defining an error metric which is related to the position of the substitute 

vertex. The order in which the edges are collapsed normally is performed from the minimum 

to the maximum cost, with the error metric also defining the optimal replacement vertex at 

each stage. However, there are many factors affecting these processes, such as geometry 

constraints, topological constraints and handling of degenerate cases. The following describes 

the example of the use of the Edge Collapse operator. 

The algorithm starts by selecting the edge u,v which has lowest value for the error metric. 

One of the two vertices (u) of the selected edge is collapsed onto the other (v). The following 

steps explain the implementation of this operation: 

1. Remove all triangles which contain both vertices (u and v). 

2. Update the all triangles that use vertex u to use v instead. 

3. Remove vertex u.  

The whole algorithm is repeated until reaching the required result, which is often a specific 

number of triangles. For each loop of the Edge Collapse algorithm, one vertex, two faces and 

three edges are deleted as shown in Figure 2.16. In this work, Edge Collapse has been used 

for reducing the number of triangles present in the Rapid 3D Mapping before propagating the 

edited data to all lower levels of detail. The Edge collapse algorithm is implemented in 

osgUtil::Simplifier which can be used in the propagation process. 

 

 

 

 

 

 

       Figure 2.16 Edge Collapse. 
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3. Implementation 

This chapter presents the implementation of a process for manually editing Rapid 3D 

Mapping datasets for two kinds of edited R3DM datasets such as data with edited height, and 

data with added features. Two solutions are presented: the normal solution and an alternative 

solution. The normal solution is the standard solution from SAAB which requires that all 

steps in this solution need to be completed. The process of this solution consist of 6 main 

steps as shown in Figure 3.1 namely selecting tiles, merging tiles to a temporary file, editing 

R3DM datasets, splitting the temporary file back to the original tiles, repairing the scene 

graph structure, and propagating to lower levels of detail. For the propagation step, there is a 

difference between the data with edited height and the data with added features which will be 

explained in detail later. Each step of Saab‟s solution is described in sections 3.1 to 3.6. The 

alternative solution, which will be described in section 3.7, is an optional solution that has 

been proposed by us for testing with data with added features. There are three steps in this 

process: generating a configuration file, transforming the models to highest level of detail and 

propagating the simplified model to lower levels of detail. For both solutions 

OpenSceneGraph, C++ and Remo3D have been used as the implementation tools for creating 

the process for manually editing R3DM.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Overview of the implementation process. 
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3.1 Selecting tiles 

The first step in the implementation of Saab‟s solution is to create a tile selection application. 

Box selection is used for this application. Box selection is a method for selecting objects 

within a rectangular region in the scene. The rectangular region can be created by clicking 

and dragging the mouse. The goal of box selection for this thesis is to select the 

corresponding files of Rapid 3D Mapping for processing in later steps such as merging to 

temporary file, repairing scene graph structure of R3DM and propagating the modified data 

to the lower level of details. The selection process can be implemented using OSG which is 

also used for rendering R3DM. 

R3DM supports many levels of detail, of which the highest level of detail consists of four 

matrix transform nodes, each matrix transform node then having only one geode child node. 

Each lower level of detail then has one PageLOD node and one matrix transform node with 

one geode child node. The PageLOD node is used to dynamically load and unload R3DM 

files at higher level of detail. The overview of the scene graph of R3DM is described in figure 

3.2. The following explanation will describe how to implement the box selection application.   

 

 

 

 

     

 

 

 

 

 

Figure 3.2 Scene graph of Rapid 3D Mapping. 
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3.1.1Box intersection test 

The box intersection test determines which part of the scene graph that is under the 

rectangular region defined by the user. This can be done using the intersection tools provided 

by the osgUtil library. For box selection, the osgUtil::PolytopeIntersector is recommended. 

The coordinate frame and four screen points are passed as arguments to this function which 

returns a list of intersections. Figure 3.3 illustrates an example of box selection. 

 

 

 

 

 

                                            

 

 

 

      Figure 3.3 Example of box selection.  

 

3.1.2 Collecting filenames of Rapid 3D Mapping 

After performing the box selection in the scene, the pageLOD nodes of Rapid 3D Mapping 

(described in figure 3.2) under the box selection are recorded because each node contains the 

file names of the corresponding R3DM data. All filenames of the pageLOD nodes are 

collected and saved to a text file on disk. Figure 3.4 illustrates an example of the text file 

created after performing the box selection. 

14/6401/map_14_6401_8077_PagedLOD.ive  13/3200/map_13_3200_4038_PagedLOD.ive…  8/100/map_8_100_126_PagedLOD.ive              
14/6401/map_14_6401_8076_PagedLOD.ive  13/3200/map_13_3200_4038_PagedLOD.ive… 8/100/map_8_100_126_PagedLOD.ive 

     

The first element of each line in the text file is the filename of the highest level of detail. 

Other elements are the filenames of the lower levels of detail down to the lowest level of 

detail. The number of lines is the number of files which will be merged to a temporary file in 

the next step. 

 

 

 

Figure 3.4 Example of text file. 
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3.2 Merging files to temporary files 

This merging step combines many R3DM files in OpenSceneGraph „ive‟ format to one file in 

OpenFlight format. Each R3DM file at the highest level has four tiles (four matrix transform 

nodes). Each tile has only one geode child node. To merge the files, a temporary file must be 

created as a container for the selected files. After creating a temporary file, the root node of 

each original file is copied as a group node under the root of the temporary file. Each group 

node name under the root must be defined by the name of the original file in order to indicate 

which file each node came from.  

The text file from the tile selection step is used as an argument to the merging script for this 

step. The merging script needs to merge only the highest level of detail. The highest level of 

detail is the first element in each line of the text file. Therefore the merging script only 

focuses on that first element. The merging script is implemented using Lua script in Remo3D. 

Figure 3.5 shows an example of the R3DM scene graph structures before performing the 

merge script. 

 

 

 

    

 

 

 

Figure 3.5 Scene graph structure before merging. 

 

3.2.1 Merging algorithm 

The merging script starts by creating the new file in OpenFlight format. The root node in the 

scene graph of R3DM is copied and pasted to be a new group node under the root of the new 

file. The name of a new group node is set by using the filenames in the first element of the 

text file since the name of the new group node will be used for splitting the temporary file to 

the original files in the splitting step. The names of the matrix transform nodes have also to 

be kept as in the original scene graph structure. Algorithm 4 describes the merging algorithm. 

Figure 3.6 shows the scene graph structure of R3DM after performing the merging script. 
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Algorithm 4 Merging algorithm 

1 :  Read the first element in text file to array Filenames. 
2 :    For i=1 to Filenames.lenght do 
3 :  Open Filenames[i] which is the name of Rapid 3D Mapping file. 
4 :   Select the top of group node in the opened file.   
5 : Traverse scene graph under the selected group in opened file  

for collecting MatrixTransform node name and store in array  OriginalMTNodeName. 
6 :  Copy the selected group. 
7 :  if i=1 then 
8 :    Create new file in OpenFlight format that is the merge file. 
9 : else 
10:    Open merge file. 
11:  end if 
12: Paste the selected group to be the new group in merge file. 
13: Selecte new group node in merge file. 
14: Set the name of new group node in merge file by Filenames[i]. 
15: Traverse scene graph under the selected group in merge file  
 for collecting MatrixTransform node name and store in array newMTNodeName. 
16:  for j=1 to newMTNodeName.length do 
17:  select MatrixTransform node by using newMTNodeName[j] 
18:  Apply the name of MatrixTransform node by OriginalMTNodeName[j] 
19: end for 
20: save merge file. 
21: close Filenames[i] 
22:     end for 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3.6 Result after merging the two files shown in figure 3.5. 
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3.3 Macros for editing Rapid 3D Mapping 

Macros can be used to make a script more user-friendly. Lua script in Remo3D can be used 

for implementing macros.  To implement macros for editing data has been a low priority goal 

for this thesis work. We have, therefore, implemented just four macros for testing the 

methodology: macros for increasing and decreasing the height of terrain, making flat areas 

and for transforming the model to R3DM coordinates, which are general functions for 

working with terrain data. Linear transformation in computer graphics is the basic technique 

which has been used for implementing these functions. Linear transformations are used to 

change a position in space to a new position using a transformation matrix such that the new 

position is found by multiplication of the old position by the transformation matrix.  Figure 

3.7 shows the form of the 3D transformation matrices for translation, rotation around the x-

axis and for scaling, respectively.  

 
 

3.3.1 Increasing the height 

To increase the terrain height, the z value of selected vertices is translated in the positive z 

direction. The transformed vertices are found by multiplying the selected vertices by the 

translation matrix. Algorithm 5 is the algorithm for increasing the height of terrain. 

Algorithm 5  Increasing the height algorithm 

1 :  Select vertices and store them in array Vertices 
2 :  Transform selected vertices to local coordinate 
3 :  Define translation matrix m(0,0,Height) 
4 :  For each vertex in Vertices do 
5 :   vertex = vertex*m 
6 :  End for 

  

 

 

 

 

 

Figure 3.7 Matrix representations of some example 3D transformations. 

 



22 
 

3.3.2 Decreasing the height 

To decrease the height of the terrain the process is the opposite of increasing the height. The z 

value of selected vertices is translated in the negative direction. Algorithm 5 can be used, 

with a suitable translation matrix, for decreasing the height of terrain. 

 

3.3.3 Making flat areas 

To make flat areas is slightly different from changing the height. To make a flat area, a 

referenced point is needed when decreasing the z value of selected vertices. The difference 

between the z value of the specified reference point and the z value of each selected vertex is 

then used to change the z value of that selected vertex. Algorithm 6 describes an algorithm 

for making a flat area.  

Algorithm 6  Making flat area algorithm 
1 :  Select vertices and store them in array Vertices. 
2 :     For each vertex in Vertices do 
3 :  If vertex[2] < zMin then 
4 :        zMin = vertex[2] 
5 :  End if 
6 :    End for 
7 :     For each vertex in Vertices do 
8 :  diffZ = zMin - vertex[2] 
9 :  Matrix m = (0,0,diffZ) 
10:  vertex = vertex[2]*m 
11:  End for 

 

 

3.3.4 Transforming model to R3DM coordinate 

In order to add new models, such as buildings, to R3DM data the models need to be 

transformed to R3DM coordinates before copied to the matrix transform node of the 

appropriate R3DM data set. Generally, the model is multiplied by at least two transformation 

matrices, such as rotation and translation, to match the original geometry in the R3DM data 

as shown in figure 3.8. However, the root in figure 3.8 cannot be copied to be a child of the 

matrix transform node of the R3DM data set since this would cause an incorrect scene graph 

structure to be created. Therefore, all vertices of the model need to be transformed using its 

transformation matrix, as described in algorithm 7. In addition, the vertex normal also needs 

to be transformed. The result show in figure 3.9 is the model after transformation into R3DM 

coordinates which can then be copied into the new R3DM data.  

For implementation of this function, Remo3D and OpenSceneGraph have been used together. 

Remo3D is used to send two parameters: the input model and output model, and 

OpenSceneGraph is used for the transformation of the model vertices. 
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   Figure 3.8 Transform model with matrices.       Figure 3.9 Model after transformation. 

 
  

Algorithm 7   transformation model algorithm 
 
1 : Compute transformation matrix as transformMatrix using NodePath  
2 :  Compute rotation matrix as rotateMatrix using NodePath 
3:     Read all vertices of model and save to array Vertices 
4: Read all normals of model and save to array Normals 
5: For each Vertex in Vertices 
6:  Vertex = Vertex*transformMatrix 
7:          End for 
8 :   For each Normal in Normals  
9 :   Normal = Normal*rotateMatrix  
10:     End for  

 

 

3.4 Splitting temporary file to original files 

The splitting step is to separate the temporary file which comprises the modified, merged 

files in OpenFlight format, into the original file set in OpenSceneGraph.ive format. The 

temporary file is processed in this step immediately after finishing the editing processes. The 

main mechanism used in splitting the temporary file is to use the group node name under the 

root of the temporary file, which were set during the merge step. The group node name 

indicates the name of the file from which this node originally came and so the name of the 

file to which it should be returned. Thus, the new file is created to contain each edited group 

node and it‟s children, which are copied from the temporary file. The splitting script is 

implemented using Lua script interpreted by Remo3D.   
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3.4.1 Splitting Algorithm 

The splitting algorithm starts by selecting all group nodes under the root in the temporary, 

merged file. The names of these nodes are then extracted to be used as the names of original 

files. The splitting script then creates new files in OpenFlight format for each selected group 

node. Each selected group node is then copied to its new file. In addition, the names of the 

matrix transform nodes under the selected group nodes have to be retained. Finally, the new 

file overwrites the original .ive format file and the name of the .ive format output file is set 

according to the name of the selected group node. After finishing the splitting step, the data in 

the original files is replaced by the edited data. Algorithm 8 is the complete splitting 

algorithm and figure 3.10 shows the scene graph structure after splitting. 

Algorithm 8 Splitting algorithm 

1  :  Extract the name of all group node under root in merged file to array groupNames. 
2  :  For each groupname in groupNames do 
3  :  Select group node by using groupname. 
4  : Traverse scene graph under the selected group  
 for collecting MatrixTransform node name and store in array OriginalMTNodeName. 
5  : Copy the selected group node. 
6  :  Create new file in OpenFight format and set it's name by groupname. 
7  :  Paste the selected group to be the new group in the created file. 
8  :  Select the pasted group in the created file. 
9  :  Traverse scene graph under the selected group  
 for collecting MatrixTransform node name and store in array newMTNodeName. 
10:  for j=1 to newMTNodeName.length do 
11:  select MatrixTransform node by using newMTNodeName[j] 
12:  Apply the name of MatrixTransform node by OriginalMTNodeName[j] 
13: end for 
14: Export the created file to ive format by using groupname. 
15:  Close created file . 
16:   End for 

 

 

 

 

 

 

 

 

                        

      Figure 3.10 Scene graph structure after splitting. 
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The scene graph structure of Rapid 3D Mapping is, however, changed after the splitting 

procedure as shown in figure 3.10 since the plug-in that Remo3D uses to convert from 

OpenFlight format to ive format automatically generates the unnecessary group nodes either 

between group node and group node or between group node and matrix transform node. 

Additionally, the geometry under each geode node is converted to a geode node. For 

example, if a geode node has three geometries, these geometries will be changed to be three 

separate geode nodes. Problems will occur with some applications already used in SAAB if 

this scene graph structure is used without being repaired. Therefore, the repairing of the scene 

graph structure step is required to fix the scene graph structure that will be described in a later 

section. 

 

3.5 Repairing Scene Graph structure 

The repair scene graph step is required to fix this erroneous structure as described in the 

splitting step. The process of repairing the scene graph structure is done by automatically 

editing the incorrect structure to suit the original structure of the R3DM datasets. To achieve 

this all nodes of the scene graph are traversed for verification. If the scene graph structure is 

found to be incorrect then all matrix transform nodes of the scene graph are copied to a new 

temporary file under a root node. Each matrix transform node is then examined and if it has 

more than one geode child node these geode child nodes will be merged into one. Finally, the 

temporary files again overwrite the original R3DM. OpenSceneGraph is used for this step. 

The repair algorithm is explained in more detail in the following section. 

 

3.5.1 Repairing Scene Graph structure algorithm 

The repairing step uses the same text file as is created in the merging step. This text file is 

used for indexing the files that will have their scene graph structure repaired. This step uses 

only the first element of each line in text file since the scene graph structure is changed only 

at the highest level of detail. 

The first step is to verify the scene graph structure. If the scene graph structure is defected, it 

will be repaired. If it is correctly, the repairing step can be skipped. The purpose of 

verification is to prevent the scene graph from repairing more than one time. The verification 

step can be done by traversing and verifying all nodes in scene graph. If it is not correspond 

to the scene graph in figure 3.11, that mean the scene graph is wrong. 
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Figure 3.11 Correct scene graph structure. 

For repairing incorrect scene graph structure, a temporary group node is created as the root of 

the correct scene graph structure. Then, all nodes in the erroneous scene graph structure are 

traversed. If a matrix transform node is found, it will be copied to the temporary node. In 

addition, if the matrix transform node has more than one geode child node, all these geode 

nodes will be merged into one node. Finally, the temporary group node and its all child nodes 

will be restored to the original file. The resulting scene graph will be similar to figure 3.11. 

Algorithm 9 describes the full algorithm of repairing scene graph structure. 

Algorithm 9   Repairing scene graph structure algorithm 
 
1 :   Create temporary group node Root 
2 :   For each child node in the incorrect scene graph structure 
3 :   If node is MatrixTransform then 
4 : Create newMatrixTransform 
5 : Set the matrix of newMatrixTransform by the matrix of node 
6 : Add newMatrixTransform to be the child of Root 
7 :  If the number of geode children under node is more than one then 
8 :   Create newGeode for merging geodes to one. 
9 :   For i=1 to the number of geode of node do 
10:    For j=1 to the number of drawable in goede do 
11:    Add drawable of geode to newGeode 
12:    Set stateset of added drawable by stateset of geode  
13:   End for 
14:  End for 
15: End if 
16: Add newGeode to be the child of newMatrixTransform 
17:   End if 
18:  End for 
19:   Save Root to original file. 
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3.6 Propagating edited data to the lower level of details 

R3DM data supports multiple levels of detail and the tiles of R3DM are organized in a quad-

tree data structure to accommodate this. Since the edits have been made at only the highest 

level of detail these changes must be propagated to all lower levels of detail so that they will 

remain consistent. The propagation process is implemented using OpenSceneGraph. 

The propagation process uses the same text file as produced in the merging and repairing 

steps. There are two purposes to this text file for the propagation process. Firstly, this text file 

is used to identify the R3DM data files at all lower levels of detail to which the changes must 

be propagated. The second purpose is to use for manipulating filenames in order to find the 

name of the matrix transform node at the lower levels of detail. The matrix transform node 

gives the transformation matrix which is used for transforming all vertices from the higher 

levels of detail to the lower levels of detail. 

For the edited data, there are two kinds of edits present at the highest level of detail: the data 

with edited terrain heights and data with added features such as models, textures and others. 

Therefore, the propagation process is implemented in different ways depending on the 

different kinds of edits present in the data. 

 

3.6.1 Propagating the height of edited data 

If only the heights of some of the terrain vertices have been changed then only the new height 

information need to be propagated to all lower levels of detail. Each vertex of lower level 

needs to be transformed in the z direction using the z value of a vertex at the higher level with 

the closest corresponding x,y vertex values. Two methods have been implemented in this 

work to achieve this: nearest point, and line intersection. 

The nearest point method simply calculates the closest point at the higher level for each 

vertex at the lower level and uses that vertex to modify the z coordinate of the lower level 

vertex.  The linear neighbor search is used for solving the closest point. However, the 

execution time for the linear neighbor search is too slow for large data and so the Kd-Tree 

was implemented to improve the execution time, as described previously. Figure 3.12 shows 

the propagation process using nearest neighbor search. 

 

 

 

 

 

Figure 3.12 Propagating process using nearest neighbor search. 
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For line intersection, the x, y coordinate of the lower level vertex can be used as the starting 

position of a ray which is shot into the higher level R3DM geometry and finding its 

intersection point. The z value of the intersection point is then used to translate the vertex in 

the lower level of detail. Additionally, the geometry at the higher level of detail is built using 

a Kd-Tree data structure to, again, simplify the search and so improve the execution time. 

Figure 3.13 shows the propagation process using line intersection. The line intersection 

algorithm should result in smoother transitions between the levels of detail.  

 

   

 

 

 

 

                       Figure 3.13 Propagating process using line intersection. 

 

3.6.2 Propagating the added features data 

Rapid 3D Mapping data has errors because the accuracy is dependent on the sensors carried 

by the airplane, helicopter, UAV or other devices. When the errors relate to height, the 

propagation process in section 3.6.1 can be used to resolve these problems. When the Rapid 

3D Mapping has a more substantial error, such as substantial distortion, this problem has to 

be fixed by replacing new features such as textures, models and etc. Because not only the 

height was changed in the replaced data, the propagation process in section 3.6.1 cannot be 

used. In such cases a propagation process for this kind of edited data has to be implemented. 

Three main techniques are used for this propagation process. The first is the Texture Atlas 

technique discussed previously. Since R3DM data is stored using a quad-tree data structure 

each tile at a certain level of detail corresponds to four tiles at the next higher level of detail. 

Therefore, it can be used for merging four textures at a higher level to one texture for the 

lower level. In particular, the Texture Atlas can be used for decreasing the number of state 

changes. Therefore, binding the single Texture Atlas can be faster than binding many smaller 

textures. 

The second technique is Render to Texture. Since textures in R3DM are compressed images 

they cannot, directly, be used with the texture atlas. R3DM textures need to be decompressed 

before being loaded into the Texture Atlas. There are many techniques which can be used for 

decompressing textures. In this work the render to texture technique has been used for this 

process since it has low cost and is easy to implement. 



29 
 

The last important technique is to decrease the number of triangles mesh of 3D models in 

order to reduce the resource cost. Thus, the R3DM data is created at many levels of detail 

with the edited R3DM data being simplified before propagation to the next lower level of 

detail. The osgUtil::Simplifier class, described previously, can be used to reduce the 

complexity of the triangle mesh through the Edge Collapse technique. However, the 

OpenSceneGraph simplifier does not remove the vertices at boundary of the R3DM tiles. 

Therefore, the simplified result will have more triangles than the original same level of the 

R3DM before modification. 

The R3DM tiles in higher level are needed to be merged and simplified before propagating to 

lower level of R3DM. The process starts by reading text file which contains R3DM filenames 

of all levels for identifying the R3DM data files. For each level, the R3DM data are 

transformed to local coordinate of the lower level using the transformation matrix of current 

level and the inverse transformation matrix of lower level respectively. Then, all geodes and 

geometries in higher level are merged to simplify the scene graph and to improve rendering 

performance. Also, the textures in higher level are decompressed and combined into Texture 

Atlas. After that, the R3DM data is simplified and saved to replace the original R3DM data at 

the lower level.  The algorithm 10 explains all steps of implementing the propagating process 

for the data with added new features. 

Algorithm 10 Propagating Process algorithm 

1: For each FileName in FileNames                                                                                               
2:                 Open model using FileName as originalModel                                                                 
3:                 Transform all vertices of originalModel to world coordinate using matrix  

                transform of the current LOD 
4:                 Create new group node as newGroup and add its child by using all geodes 

                of originalModel. 
5:                 Open lower level as lodModel which originalModel  belong to  
6:                  Find the MatrixTransform node as lodMatrix which originalModel   

                 belongs to using filenames manipulation 
7:                 Transform all vertices in newGroup to local coordinate using lodMatrix 
8:                 Merge all geodes under newGroup to one geode to simplify the scene 

                 Graph 
9:                  Decompress texture in newGroup for texture atlas  

10:                  Traverse the scene graph under newGroup to collect textures into 
                 texture atlas       

11:                  Merge  textures into texture atlas under newGroup 

12:                   Merge all geometries under Geode of newGroup to one to simplify scene 
                  graph and improve rendering performance 

13:                   Simplify newGroup to reduce the triangle mesh  
14:                  Delete all child of lodMatrix 
15:                  Add a Geode of newGroup as a child of lodMatrix 
16:                  Save and replace lodModel to original model  
17:  End for 
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After finishing propagation of the edited data to all levels of detail, the scene graph of each 

file in the edited data is traversed again to compress the textures as described in algorithm 11. 

To compress the textures, the libraries of OpenSceneGraph such as osg::Texture, osg::Image, 

osg::State and osg:: GraphicsContext are used. 

Algorithm 11 Compressing Texture algorithm 

1: For each FileName in FileNames   
2:              Open model using FileName as Model 
3:               Traverse Model for finding Texture   

4:                 If found Texture then                                                                                                             
5:                             If Texture is not compressed then   
6:                           Compress Texture 

7:                           End if  
8:                 End if 
9: End for  

 

 

3.7 Alternative solution for manually editing R3DM 

Since the result from standard solution has more triangles and vertices than the original 

R3DM before modification, the optional solution is proposed for solving this problem. An 

optional solution has been developed during this project to test the data with newly added 

features. The idea behind this solution is to simplify the process by keeping the original 

geometry of the R3DM data as much as possible because the original geometry and the scene 

graph structure of R3DM are the most suitable for rendering. To complete this task the new, 

edited model should be added at the highest level of detail and then only the simplified, 

added model should be propagated to all lower levels of detail. The steps of the proposed 

solution are then as shown in figure 3.14.   

 

 

 

 

               Figure 3.14 Propagating the edited to LOD in alternative solution. 

The configuration file must contain the exact transformation matrices for transforming the 

model to R3DM coordinates, the matrix transform node name of the R3DM data for copying 

the model to the highest level and the filename of the R3DM data at each level of detail for 

propagation of the simplified model to all lower levels. The exact transformation matrices 

need to be manually checked by a user. To identify the matrix transform node names and the 

filenames for all levels of detail, the box selection application described in section 3.1 is used. 

Once all the information is identified the configuration file can be manually created as a text 

file as shown in figure 3.15. 
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                                     Figure 3.15 Example of configuration file. 

In this configuration file the model needs to be inverted using the rotation matrix in the first 

line because the original R3DM is inverted. The second line is the position used for 

translating the model to it‟s correct location in the scene. The third line is used for rotating 

the model to fit with the original geometry. The fourth line is the name of the matrix 

transform node that the model has to be copied to. The fifth line is the filename of the highest 

level of detail data. After the fifth line are the filenames of the lower levels of detail which 

can be used for propagating the model to each lower level of detail.  

 

3.7.1 Algorithm of alternative solution 

The algorithm starts by reading information for the new model from the text file into a set of 

variables. Then, the new model is transformed into R3DM coordinates at the highest level of 

detail using the three first lines of the configuration file. After that, the new model is added to 

the matrix transform node at the highest level of the R3DM data using the fourth line of the 

configuration file. Finally, the simplified model is propagated to all lower levels of detail. 

Algorithm 12 describes the proposed solution in full detail. 

Algorithm 12  Alternative solution algorithm 

1:             Read rotation matrix as rotateMatrix1 from configuration file 
2:             Read translation matrix as translateMatrix from configuration file 
3:             Read rotation matrix as rotateMatrix2 from configuration file 

4:             Read MatrixTransform node name of the highest level as lodNodeName from 
             configuration file  

5:             Read filenames of all levels of detail from configuration file and save in            

             array FileNames 

6:             Load new model as newModel 

7:             For each Vertex of newModel in Vertices 
8:                                  Vertex = Vertex*rotateMatrix1*translateMatrix*rotateMatrix2  
9:                      End for 

10:                  For each Normal of newModel in Normals 
11:                                  Normal = Normal*rotateMatrix  

12:                   End for 
13:                   For each FileName in FileNames 
14:                              If FileName is highest level then 
15:                                Load R3DM model using FileName as RMmodel 
16:                                Find MatrixTransform node in RMmodel as mt using lodNodeName  
17:                                Add geode of newModel to be the child of mt 
18:                                 Merge all geode under mt to one geode 
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19:                                Set highLevelMatrix using the matrix of mt 
20:                                Save RMmodel to original file 
21:                   Else 
22:                      Load R3DM model using FileName as RMmodel 
23:                      Find MatrixTransform node in RMmodel as mt using lodNodeName 
24:                      Transform newModel to world coordinate using highLevelMatrix 
25:                      Transform newModel to local coordinate using the matrix of mt 
26:                      Simplify newModel 
27:                      Add geode of newModel to be the child of mt 
28:                      Merge all geode under mt to one geode 
29:                      Set highLevelMatrix using the matrix of mt 
30:                      Save RMmodel to original file 
31:              End If 
32:              Set lodNodeName point to MatrixTransform node in lower level  

              by manipulating the filename in current level 
33: End for 

 

The proposed solution can produce good results and high-quality rendering because the idea 

of this solution is to keep the geometry and scene graph structure of R3DM as the original but 

this solution has a problem with the step of creating the configuration files which cannot be 

created automatically because suitable transformation matrices in the first three lines need to 

be checked manually, more than once, by the user. In addition, the matrix transform node 

name and filenames of all levels of detail are needed by the application and must be found 

using either box selection or line intersection in order to generate the information about the 

R3DM data. These reasons lead to this solution being a complicated process. 

The product of this implementation is a process for manually editing R3DM data for both 

kinds of edits on the data: namely data with edited heights, and data with added features.  The 

process from Saab‟s solution can support propagation of both kinds of edited R3DM data to 

lower levels of detail whereas the process from our alternative solution is only presented for 

data with added features. For propagating the data with edited height, the quality of the 

results depends on the selected methods within the general solution, such as choosing 

between linear neighbor search, Kd-Tree, or line intersection. The processes created by 

Saab‟s solution and our proposed solution for propagating the data with added new features 

both produce similar images but the number of triangles and vertices is different. Thus, both 

solutions have different advantages and disadvantages. The results produced after performing 

the processes using both solutions are shown and discussed in next chapter. 
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4. Result 

This chapter presents and compares the results of Rapid 3D Mapping data before and after 

performing the processes described in this thesis. The results of propagation of edits in the 

data to three levels of detail are shown: the highest level of detail (level 14), level 13 and 

level 12. In addition, there are two main results according to the two kinds of edited data. 

 

4.1 The data with edited terrain heights 

Three methods for propagating this kind of data to lower levels of detail have been described: 

linear neighbor search, Kd-Tree and line intersection. As an example case, R3DM was 

created ten years ago. Today, the mountain in red circle in figure 4.1 does not exist. This area 

should be flattened by the edit as shown in figure 4.2. Figure 4.3 shows the result of 

propagating data to the lower levels of detail using linear neighbor search, figure 4.4 shows 

the result using Kd-Tree and figure 4.5 shows the result using line intersection. The area 

inside the red circle shows the edited area. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Original data. 
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Figure 4.2 Edited data in the highest level of detail. 

 

Figure 4.3 Result of propagated data at lower level of detail using linear neighbor search. 
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Figure 4.4 Result of propagating data to lower levels of detail using Kd-Tree. 

 

Figure 4.5 Result of propagating data to lower levels of detail using line intersection. 
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Figures 4.3, 4.4 and 4.5 show the results of propagating the edited data at level 14, to level 13 

using the linear neighbor search, Kd-tree and line intersection methods respectively. The best 

method is the line intersection method which can give results with the smallest error and also 

takes less time to execute since the geometry of higher levels of detail is constructed using a 

Kd-tree structure which shortens the line intersection procedure. For nearest neighbor search 

using Kd-tree or linear search, the results are identical but do produce some artifacts. The Kd-

tree method is faster than linear neighbor search because the geometry of this method is 

constructed in Kd-tree data structure which shortens the search procedure since it is not 

necessary to compare all vertices in the higher level of detail. 

 

4.2 The data with added features 

The following images are the result of Rapid 3D Mapping before and after performing a 

process, using both Saab‟s solution and our proposed solution, to add features such as 

buildings. Figure 4.6 shows the original R3DM data which has been edited by replacing a 

building in the data with a new model (shown in figure 4.7). Figures 4.8, 4.9 and 4.10 are the 

results of propagating data to level 12, 13 and14, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Figure 4.6 Original data before adding new features showing the distorted building geometry. 
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Figure 4.7 New building model. 

Figure 4.8 Results of propagating data to level 12. 
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As seen in figure 4.6, the distorted building which is the result of the scanning needs to be 

fixed by replacing it with the new building model in figure 4.7 that has been created using a 

3D modeling tool. The distorted building is flattened or removed from the terrain before 

replacing it with the new model. After performing this manual editing process (from either 

Figure 4.9 Results of propagating data to level 13. 

 

Figure 4.10 Results of propagating data to level 14. 
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solution) the new building model is added to replace the distorted building which results in 

the satisfactory result for the highest level of detail (level 14) shown in Figure 4.10. The 

result at the highest level of detail then needs to be propagated to lower levels of detail which 

are shown in figures 4.9 and 4.8 for levels 13 and 12 respectively. The modified building 

looks better at all levels of detail than the surrounding buildings which have not been fixed. 

The processes from both solutions produce similar images because each solution does not 

change the significance of shape in R3DM. However, although they produce similar images 

the number of triangles and vertices is not equal in the two solutions. Saab‟s solution results 

in a more complex geometry than our alternative solution because OSG‟s simplifier, which is 

used by Saab‟s solution, cannot decrease the number of triangles and vertices from the 

original. Therefore, the results of both solutions have different performance as presented in 

table 4.1. The time spent for each type of traversals in a scene graph was used as the 

performance measure. Four types of traversal are explained as the following description: 

 Event traversal: the event traversal is to process the events from mouse and keyboard. 

 Update traversal: The update traversal allows the application to modify the scene 

graph dynamically. 

 Cull traversal: the cull traversal collects the nodes in view into the rendering list. 

 Draw traversal: the draw traversal calls low-level OpenGL to render the nodes in the 

rendering list. 

 
 

Original R3DM 
 

Saab’s  Solution 
 

Alternative Solution 

Frame rate 60.0 fps 60.0 fps 60.0 fps 

Event 0.03 ms 0.03 ms 0.03 ms 

Update  0.04 ms 0.04 ms 0.04 ms 

Cull  0.42 ms 0.52 ms 0.43 ms 

Draw  1.05 ms 1.37 ms 1.05 ms 

CPU 4.25 ms 4.52 ms 4.25 ms 

 

 

The statistics presented in table 4.1 show the performance of the output from each of the two 

editing process: Saab‟s solution and our alternative solution compared with the performance 

for the original, unedited R3DM. This table presents the frame rate and how much time is 

spent in the event, update, cull, and draw traversal in rendering each frame. In addition, the 

last row of table (CPU) shows how much time is required to process the rendering command. 

As seen in table 4.1, the original R3DM and R3DM after performing the editing process 

using the proposed solution are similar because this solution has kept the geometry of R3DM 

as in the original data. For the solution from Saab, the time spent in the event, update and 

frame rate are the same as the original R3DM whereas the time spent in culling, drawing and 

processing the rendering command are slightly increased when compared with the original 

R3DM.   

In conclusion, the performance of both solutions is very similar and the standard solution 

from SAAB can be acceptable to users. In contrast, although the proposed solution can give 

as good rendering performance as the original R3DM data, this alternative solution may not 

Table 4.1: Performance of edited data for each solution compared with original R3DM. 
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be acceptable because it has the problem that it requires the generation of the configuration 

file which cannot be created automatically since suitable transform matrices need to be 

manually checked by the users. Moreover, other information in the configuration file needs 

some application as box selection or line intersection for generating this information. These 

features lead this being a complicated process which may be unacceptable for a relatively 

small performance improvement. 
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5. Conclusion 

This report has presented the process for fixing errors and adding new important features in 

Rapid 3D Mapping. This process allows editing of a number of Rapid 3D Mapping tiles in 

the 3D Modeling Tool (Remo3D). Two solutions are presented for carrying out this process. 

The first is called Saab‟s solution and other one is called the alternative solution. 

 

5.1 Saab’s solution 

There are six steps for this process which starts by selecting the tiles using box selection. The 

selected tiles are then merged to a temporary file which will be edited by the 3D Modeling 

Tool, Remo3D. After editing the temporary file is then split apart again to replace the original 

tiles on the hard disk. In addition, the scene graph structure of the edited data is repaired in 

scene graph repair step. Finally, the propagation process is applied to propagate the edited 

data in the highest level of detail to all of the lower levels of detail.   

 

5.1.1 Saab’s solution advantage  

This solution has many steps but each step is not hard to implement. Basic knowledge in 

computer graphics can be used for doing this process. Moreover, this process can give a good 

quality result which looks better than the original R3DM and the performance is close to the 

original R3DM. 

 

5.1.2 Saab’s solution disadvantage 

This solution changes some geometry of R3DM when new model elements are added to the 

R3DM data. For example, the number of vertices and triangles will be increased after 

performing this solution because OSG‟s simplifier cannot decrease the number of vertices 

and triangles as has been done in the original R3DM. Therefore, this leads to a higher 

resource consumption than the original R3DM, with some reduction in performance. 

However, the frame rate of this solution is comparable with the frame rate of original R3DM.  

 

5.2 Alternative solution 

This solution tries to keep the geometry of R3DM as in the original data because this is the 

most suitable for rendering. Therefore, the new model should be added to the highest level of 

detail and then only the simplified added model should be propagated to all lower levels of 

detail. There are three main steps for this solution; create configuration file, transform model 

to highest level of detail and propagate the simplified model to lower level of details. 
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5.2.1 Alternative solution advantage 

This solution does not edit the geometry and scene graph structure of the R3DM, which is 

kept as in the original data. Therefore, only the model is changed before being added to the 

highest level of detail and then propagated to the lower levels. Keeping the original geometry 

and scene graph structure results in identical rendering performance and can produce results 

of comparable visual quality to the Saab solution. 

 

5.2.2 Alternative solution disadvantage 

The first step of this solution is to create a configuration file which cannot be created 

automatically. Thus, the users need to manually check for a suitable transformation matrix by 

rotating and translating the object into place. Moreover, the matrix transform node name and 

filenames of all levels of detail must be found through a box selection in order to generate 

information about the R3DM data which results in a complicated process. 

 

5.3 User acceptance 

Comparison of the advantages and disadvantages of both solutions shows that the process 

that is created using Saab‟s solution can be acceptable to users for two reasons. The first 

reason is that this solution is easy to understand and operate and that each step of the process 

can be done automatically. The second reason is that the rendering performance of the 

resultant data can still be very close to the performance of the original R3DM. Additionally, 

it can also give a visually pleasing result. On the other hand, although the proposed solution 

produces better rendering performance, the need to generate the configuration file manually 

leads to a complicated process that is difficult to handle in a real situation. 

 

5.4 Future work 

We have accomplished the objectives of this thesis by implementing with Saab‟s solution and 

the proposed alternative solutions. The implementation was developed in order to proof the 

concept. Hence, the missing functionalities and the commercial level software quality 

improvements are needed to be implemented before the application should be deployed in the 

actual system. Although the processes implemented using Saab‟s and the proposed alternative 

solutions are both complete processes. They still have problems depending on their various 

disadvantages. The future work described below could improve the process for manually 

editing R3DM by addressing these issues. 

 For Saab‟s solution, the process has a small problem with OSG‟s simplifier which uses 

the Edge-Collapse algorithm. A simplifier cannot decrease the number of triangles and 

vertices as in the original R3DM which reduces the rendering performance. Therefore, 

an alternative algorithm or simplifier will be needed that can work within this 

framework and perform a similar geometry reduction. 
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 For the alternative solution, the biggest problem is to generate the configuration file 

automatically. Currently this must be done manually which makes it an excessively lab 

our-intensive and complex procedure.  

 

 Concerning the user feasibility, the users at SAAB recommended that the application 

should have Graphic User Interface (GUI) mode. Since the current version can be 

executed by calling the batch file only, GUI is needed to be developed for more user-

friendly application in next step. In addition, the number of steps should be reduced by 

grouping steps together. For example, the splitting step and the repairing scene graph 

step can be merged to a single step. Furthermore, the necessary functionalities for 

working with R3DM should be provided for users. 
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