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Abstract 
 This study aims to visualized 3D GIS vector data and build system operate through creating a 
new tool added to ArcMap Geographic Information System (GIS). This new tool automatically 
visualizes 3D GIS vector layer of an agricultural lands extracted from integrating GIS databases 
resources without needed to raster layer or any 3D drivers such as DirectX or OpenGL Dll libraries.  
This paper introduce a new usage for the surface flattening method that by applying it on GIS vector 
layer and it database. surface flattening used fast marching and classical MSD techniques to find 
texture coordinates. The scene is rendered using ray casting rendering. Moreover, barycentric 
coordinates is used as an interpolation method in texture mapping process. Some techniques like 
lighting, rotation and anti-aliasing, are  applied to accomplish the proposed system task. The 3D scene 
resulted from the texture mapping method in proposed system are have minimum distortion for the 
textured surface compared with the scene resulted from ArcScene software and obtained a fine look. 
The system is developed using Visual Studio. Net C# which linked with ArcMap GIS to allowing for 
the system application to access to the GIS database resources. 

  الخلاصة
تهــدف هــذه الدراســة إلــى بنــاء نظــام یعــرض رؤیــا ثلاثیــة الأبعــاد أوتوماتیكیــا للبیانــات المتجهــة لــنظم المعلومــات الجغرافیــة مــن   

تــستخلص البیانــات التــي یعمــل علیهــا النظــام مــن تكامــل مــصادر نظــم المعلومــات ) . ArcMap(خــلال إضــافة أداة جدیــدة إلــى التطبیــق 

 الـصناعیة للمنطقـة المدروسـة الأقمـاریحتـاج إلـى صـورة  هـذا النظـام لا.  تمثل مجموعة صور النسیجإضافیةیانات الجغرافیة ومن قاعدة ب

تـستخدم طریقــة تــسقیط الأشــعة لتطبیـق الرســم الثلاثــي والتــي تتبنــى ) . DirectX, OpenGL(مثــل  الأبعـادیحتـاج إلــى محــرك ثلاثــي  ولا

كما وتستخدم تقنیة تسطیح الـسطح طریقـة الزحـف الـسریع لإیجـاد البعـد . مشهد ثلاثي الأبعادإظهار معلومات نظام المعلومات الجغرافیة ك

وطریقــة التقیــیس المتعــدد الأبعــاد لتقلــیص أبعــاد هــذه المــصفوفة لتــشیر إلــى إحــداثیات الجیودیــسي بــین كــل زوج مــن النقــاط علــى الــسطح 

المـشهد ثلاثـي البعـاد النـاتج هـو أكثـر تـصورا واقـل تـشوها . مـة صـورةتحفظ طریقة تسطیح السطح الخواص الوضعیة والعا. النسیج للسطح

یـستخدم النظـام .  ولـنفس المنطقـة الزراعیـةArcSceneمقارنة بطریقـة مطابقـة النـسیج الموجـودة فـي برنـامج نظـم المعلومـات الجغرافیـة الــ 

  . لمقارنة نتائج النظامSNRمقاییس ذاتیة و موضوعیة كمقیاس الـ 

1. Introduction  
 Geographic Information System (GIS) can be defined as  an incorporated 
system of computer hardware and software with procedures and a human analyst that 
collectively maintain the capture, management, manipulation, analysis, modeling, and 
display of spatial referenced data [David99]. GIS stores two types of data that are 
found on a map definitions of earth surface features and the attributes or qualities of 
these features. These types are vector and raster [J.Ronald94][ Drew02]. 
 Visualization is one of the most important functionality of GIS and have a 
major role in realistic the 3D scene and increase their visibility [Niro11]. 3D 
Visualization GIS is a emerging advanced study fields in recent years. Application of 
3D GIS is increasingly widespread, covering the battlefield simulation, digital city, 
resource management, environmental assessment, regional planning, public facilities 
management and many other fields. Compared with the 2D GIS, 3D GIS can analysis 
and display objects from the perspective of spatial, and can achieve visual look and 
various analysis of virtual 3D space [Q.Zhiy11]. One additional data model that used 
in 3D GIS is the Triangulated Irregular Network (TIN) patches as drawing primitives 
in place of triangles [B.Tony10]. TIN can represent the surface by set of contiguous, 
non-overlapped triangles and can be created in GIS using 3D Analyst tool [ESRI02].  
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 Rendering is method for display and visualize a realistic looking 3D object as 
real as possible on a 2D output screen [Salomon11]. Rendering process have sequence 
of techniques to accomplished its task including transformation ,lighting, viewing, 
projection, clipping, culling, and texture mapping. There are many rendering 
methods such as z-buffer , radiosity , ray tracing and ray casting methods [K.Frank08, 
D.Hearn98, Max05]. 
  Texture mapping is a popular tool in the computer graphics and rendering 
system  because it is an easy way to achieve a high degree of realism in computer-
generated imagery with very little effort. A simplest classes of texture mapping are 
linear ( affine ), bilinear and perspective (projective) texture mapping 
[P.S.Hechbert89, Paul86]. Surface flattening is one method to find texture coordinates 
by mapping the 3D surface to the 2D planar [C.Zhon07]. It’s a simple and general 
structure preserving texture mapping approach that introduced a minimum distortion 
compared with linear and projected methods. Moreover, in this method its 
unnecessary to apply fixed boundary conditions [K.Dong03, Patel10].
 Barycentric coordinates are used in computer graphics applications  to 
generalize a set of given data values. Barycentric coordinates are used in a wide range 
of applications from shading, interpolation, and parameterization. In particular, all 
real barycentric coordinates reproduce linear transformations. Therefore, its used in 
texture mapping process by interpolate each  pixel in texture image to a point in 3D 
triangular surface [W.Ofir09]. 
 In this paper, the works that related to the proposed system's idea are 
introduced in section (2). Ray casting that used in this system as a method of 
rendering the 3D scene is described in section (3). Texture mapping process described 
in section (4). Surface flattening using fast marching and classical multidimensional 
scaling methods are defined in section (5) and barycentric coordinate interpolation in 
section (6). The proposed system is described in section (7). Finally, the results of this 
work are illustrated in section (8), as well as the conclusions and future works section 
(9).  

2. Related Works 
 Q. Zhiyuan et al. 2011 [Q.Zhiy11]: They introduced visualization method of 
GIS vector data on 3D terrain using geometry-based method. Including the 
organization of 3D vector data based on a quad-tree structure and adopts the idea of 
levels of detail (LOD)  geometry. Also, they described a way to spatial 2D vector data 
with terrain matching and methods to improve 3D rendering for a large amount of 
vector  objects in a 3D scene and supporting spatial analysis. Their system focus on 
the visualization of polyline vector data. Vector objects are cached and managed by 
an object pool to realize rapid visualization. To verify the effectiveness of 
visualization method, C# and the DirectX API are used in a test environment.  
 B. Tony et al. (2010) [B.Tony10]: present an interactive, real-time mapping 
system for digital elevation maps (DEMs) to visualizes the surface of the Earth as a 
3D surface generated from a DEM, with a color texture generated from a registered 
multispectral image and vector-based mapping elements draped over it. The system 
use a quad-tree based multi-resolution and adopt the combination of interactive 
rendering and interactive mapping directly onto the 3D surface, with the ability to 
navigate the terrain and to change viewpoints arbitrarily during mapping. The vertex 
positions and texture coordinates are generated by creating a planar regular grid where 
(x, y) points are elevated using the appropriate pixel value of the height quad. Vertex 
texture coordinates are calculated by linearly mapping (x, y) coordinates into the 
associated texture quad’s texture rectangle, which is identical for each texture node. 
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This system compared with available mapping software and improves mapping 
accuracy and efficiency, and also enables different observations that are not possible 
to make with existing systems. 
 J. Hailiang  et al. 2009 [J.Hail09], introduce visualization and analysis 3D GIS 
terrain using remote sensing image and digital elevation model (DEM) through virtual 
reality technology, multimedia technology and 3D graphics technology, with OpenGL 
as the underlying graphics driver and VC ++ 6.0 as development tool. The raw data of 
the system is vector contour data. System uses Kriging plane interpolation method to 
rasterized vector and obtains grid DEM data, then executes 3D terrain visualization 
using DEM data. The system uses pick up and feedback mechanism of OpenGL to 
achieve rendering different types ground objects of the scene. 

3. Ray Casting Rendering 
 Ray casting considered as a basic idea of ray tracing. It is a fundamental task 
that is the core of a large number of algorithms. Other applications use this approach 
for example to simulate propagation of radio waves, neutron transport, and diffusion 
[W.Ingo01]. Instead of ray tracing, ray casting used as rendering process to 
visualization and illumination the earth surface database such as the terrain and GIS 
information, because in these fields the secondary rays for reflection and/or refraction 
are not generally spawned [R.Stefan02, M.W.Frederick97]. Figure (1) illustrated ray 
casting rendering process.  

 
Figure (1) ray casting rendering 

 In ray casting, ray is formed and intersected with the objects in a specific 
triangle and have the two following steps: 
1. Finding the intersection point [K.Frank08, A.Edw09, H.Jiri08]: The parametric 
equation R(t) of such a ray is: 

tVtR )( ………………….(1) 

Where α is a vector denoted the distance from the viewer V to pixel P  ( VP   ), 
and t can computed as: 










N

N
t …...………………...….    (2) 

Where N is the normal vector of the current surface triangle, and ß is the distance 
vector between V and any point on the current triangle. For each triangle the 
intersection is found, and the value of t is compared with the previous t value and save 
smallest t with it's IntPoint. The smallest value of t is used to select the nearest 
triangle. 
2. Decide whether the intersection point lies inside the edges of current triangle using 
barycentric coordinate's properties. Finally, compute the intensity color of the 
intersection point by applying lighting, texture mapping shadowing and other 
rendering processes for the current pixel [Salomon11, M.Tomas97]. 
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4. Texture Mapping 
 Texture Mapping is of the necessary step in rendering process where it add 
realism to the 3D scene and increases it's visualization without more complex or 
change on the geometry of it's primitives [K.Dong03] . Basically, texture mapping is 
the process of mapping the image (texture ) on the object in the 3D scene by modified 
color of each pixel in that object with the corresponding color from the image  and 
sum it with the light and shadow value for that pixel [Salomon11, H.Paul93]. Texture 
mapping is performed by map texture on the object, this done by assignment a texture 
coordinates for all the points on the object's geometry. Texture coordinate should be 
given to all point on the geometry. In this paper, a method for assignment texture 
coordinates for the object vertices called surface flattening using multidimensional 
scaling method is used (section (5)). One method of  interpolation  adopted to finding 
the texture coordinate for the interior points in the triangle that called barycentric 
coordinate interpolation method (section (6)).  

5. Surface Flattening 
 Surface flattening is the method of mapping a surface in 3D space into 2D 
space such that the distance between each pair of points in 2D space is as close as 
possible to the corresponding geodesic distance between the points on the 3D space. 
Namely, first flattening the 3D surface for the case of triangulated surfaces onto 2D 
plane. Then mapping the 2D texture image onto the flattening surface and assigned 
texture coordinate for the triangulated surface's vertices, and followed by mapping 
back the textured flattened surface onto the surface in 3D space [H.Steven99, 
G.Ruth02]. Figure (2) illustrated flattening process. 

 
Figure (2) Surface Flattening process 

 
 This paper uses a flattening method based on area preserving mapping and 
free boundary that introduced in [Gil02]. Figure (3) illustrated some examples of 3D 
surfaces and its 2D flattened map [S.Olga02, Gil02]. This method of flattening 
minimized  distortions by preserving the local and global structure of the texture  by 
preserve the distance between close points and between the distant points on the 
surface. This method have  two steps: First, fact marching method and second 
classical multidimensional scaling method. Fast marching used to find the geodesic 
distances between each point and other points on the surface. This method is first 
introduced by Kimmel and Sethian [J.A.Sethian00] . Whereas, the triangulated 
surface is consist of number of vertices N, the output of this procedure is N×N matrix. 
This method is one type of the classical Dijkstra graph search method that used to find 
the shortest path on the graph.  
 Multidimensional Scaling (MDS) is a set of mathematical techniques widely 
used as standard dimensionality reduction method for flattening a general distance 
matrix into a low dimensional distance space [Arvind10]. Classical MDS is scalable 
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dimensionality reduction algorithm used to create 2D map of 3D objects that is used 
in texture mapping process. The input to the MDS is N×N symmetric matrix that 
resulted from fast marching method. MDS methods are based on reducing the input 
matrix with N×N dimension to matrix with k dimension. The interesting here will be 
with k is 2, that mean the resulted  matrix X will be N×2 represent 2D texture 
coordinates and defines square Euclidean distances between surface points [S.Vin04]. 
Classical MDS described in [Patel10]: 

 
 

 
 
 
 
 
 
 
 

Figure (3) examples of 3D surfaces and 2D flattened map 
  

6. Barycentric Coordinate Interpolation  
 The term of barycentric coordinates provide a powerful tool of analyzing 
problems in plane geometry. Also, there are considered as a fundamental tool for 
dealing with triangles [Paul00]. Barycentric coordinate used to test if the point in 
triangle and in linear interpolation over a triangle such as color, light , and color from 
texture image (texture mapping process) [Max05]. A triangle is given by three points, 
p1, p2, p3, refer to values in it's vertices. This values can be 2D or 3D coordinates, 
colors, texture coordinates of the vertices [H.Dianne07]: if p1, p2, p3 denote the texture 
coordinates (2D plan) of three vertices of triangle, then the texture coordinate of point 
p in triangle can be find using:     px = u p1x + v p2x + w p3x, py = u p1y + v p2y + w 
p3y…………(3) 
           where  u + v + w = 1......…(4) 
Thus, u , v , w can be defined as the barycentric coordinates of the point p.  
 If there is a triangle ∆ ( p1, p2, p3 ) and sub triangles ∆1= p, p2, p3, ∆2= p1, p, 
p3, ∆3= p1, p2, p within main triangle, then barycentric coordinates u , v , w can 
defined as [H.Dianne07]:       
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 where N, N1, N2, N3 are the normals vector of ∆, ∆1, ∆2, ∆3 respectively and 
(•) is denoted dot product process. In texture mapping process, if there is a triangle in 
3D space with known vertices a, b, c and its corresponding triangle in 2D texture 
image space with known vertices ta, tb, tc, then the point p in 3D triangle have 
corresponding with a point p' in 2D texture image triangle with the same barycentric 
coordinates. Therefore, there is possible to use the barycentric coordinate of p to find 
the coordinate of p' although the two points are in a different space [Max05]. 
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7. The proposed System 
In Geographic Information System (GIS ), it is very useful to build 3D map for 

regions as a layer for 2D vector layer, that will provided a visualization for more 
realistic scene. Users can build 3D maps manually by using ArcScene which is 
ArcGIS Desktop package, that can be done by applying attendant tools to build the 3D 
model with its triangulated mesh. Then apply texture mapping process manually by 
choosing the appropriate texture image and applying it on model by calling 
FillPictureSimple instruction. Most recently work applied a combined display of 
vector data and raster data to find new 3D visualized scene using different techniques. 
 The proposed visualization system Built a 3D vector layer in Geographic 
Information System (GIS ) by integrating three parts of data: vector data that 
represented by more than one type of geometry vector layer, GIS database represented 
by an additive information about these geometries and the third is the external  

database represent selected texture images that will be used on mapping on 3D 
model.  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4) Block Diagram of The Proposed System 
This system will be useful when we don’t have the original remote sensing 

imagery or the raster layer. The proposed system will be approximated visual and 
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realism 3D scene for agricultural regions. The block diagram in figure (4) illustrates 
the proposed system. 

 
7.1 Prepared the GIS Database and Import it to the Proposed 
System's Environment  

The proposed system choose case study represent a specific regions of 
agricultural land has been chosen from Al-Hilla city. Each region in these agricultural 
land is named object and it's information have entered by using ArcMap GIS software 
as a vector layer. Drawing the agricultural regions (objects) will be as obtained from 
users paper maps in directorate of agricultural in Babylon conservative. The proposed 
system is in needed to add new fields to attribute table of object layer file described 
the objects and the most important types of vegetations such as the area of it. In the 
case study, three fields represented the vegetated area of three types for vegetations  
which are corn, wheat and barley are added to attribute table of object layer.  Fourth 
field represent area of unused lands in each object. The fifth field represent texture 
image that will selected and mapped onto object's region. We need to define number 
of points that distributed on agricultural land which represent the elevation of these 
points over surface sea level. These points will spread around the objects and inside 
them and represent the vertices of triangles which formed the triangulated mesh. The 
X,Y coordinates of vertices will be the coordinates of GIS system, and Z coordinate 
will be entered as the elevation of surface. To build a triangulated mesh for these 
points, 3D Analyst tools should be used from Arctoolbox in ArcScene GIS software. 
This done by create Triangulated Irregular Network  (TIN ) layer  from vertices layer. 
Figure (5) illustrates overlaying the three layers object layer, vertices layer and 
triangular mesh layer with each other represented in ArcMap software. A table of 
images is represent additional database inputs of the proposed system. These Images 
refer to type of vegetations in the case study. The table have three fields: ID, 
Vegetation type and the bath name of images storing location. Building this table will 
be done manually by the user and can increase the number of vegetations as needed. 
In ArcGIS 10 there is a new Add-ins model that makes it easier to customize and 
develop the ArcGIS Desktop applications. Add-ins model used to create elements of 
custom user interface (UI) that can be configured within ArcGIS Desktop packages.  

 
Figure (5) overlaying of the three layers object, vertices and triangular mesh layers  

  The proposed system select one texture image for each object in agricultural 
land. Selection mechanism of the vegetation's texture depends on the vegetation that 
has the largest area in the object attribute table. After that, update the Texture_image 
field in object attribute table with the path name of the selected vegetation's texture 
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image. In this case study, there are four type of vegetations in the agricultural land's 
case study.  
 After preparing all inputs of the proposed system in GIS layers. The proposed 
system import all these information from ArcDesktop GIS environment to the Visual 
studio C#.Net environment . Figure (6)  illustrated this stage.  
 

 
figure (6) Block diagram of importing the object information from GIS 

7.2 Finding Texture Coordinate by Using Surface Flattening 
Technique 
 For each object there is one texture image will be fit on it. One of the 
important challenges of texture mapping process is how can we spreading texture 
image on 3D surface and divided within triangles with preserved minimum distortion. 
For that, each vertex in object must have 2D texture coordinate determine which a 
right pace of texture image will mapped on it's triangles. The texture coordinates of 
each vertex is pair of float numbers (x, y) ranged between (0-1). For that these 
coordinates must be multiplied by image's width and height to be the truth part of that 
image. These texture coordinates will be one of the inputs of texture mapping 
procedure. This task adopted by surface flattening technique described in section (5). 
This technique mainly based on two steps: 
 First: fact marching method which used to calculate the geodesic distances 
between vertices of the object and processes for each object in our case study as 
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alone. The input of this procedure is the imported GIS database. The output will be 
N×N symmetric matrix M, where N is number of vertices in object. The Mij element in 
matrix M is squared geodesic distance between points i and j. Second: classical MDS 
method that used for embedding a general distance matrix into a low dimensional 
Euclidean space. This used the output of previous method (N×N symmetric matrix of 
geodesic distances) as an input and calculate the N×2 texture coordinates of vertices 
as output that represents the flattening map of the curved surface. Since, the resulted 
N×2 matrix represented the texture coordinates, its must ranged between 0 and 1 
using normalization method. Figure (7) illustrated the flattening surface process in our 
proposed system.  
 

    
Figure (7) Block Diagram of Surface Flattening Approach 

7.3 Rendering and Texture Mapping process 
 To visualize a 3D scene on the screen, a simple ray casting approach is used as 
a rendering process in order to implement texture mapping process. Ray casting is 
have the following steps as applied in proposed system: 
1. Finding the normal vector of triangle.  
2. Cast the ray from the user eyes (camera location ) to each pixel in the screen.  
3. Convert pixel coordinate from screen space to it's corresponding part in the virtual 
3D scene that determined by the virtual size of  3D scene using normalization 
equation. 
4. Find the closest intersection point for the ray with the surfaces in 3D scene by 
finding the minimum distance between the ray and all the triangles that faced the ray 
through current pixel. 
6. Test if the intersection point in triangle by some barycentric coordinates' properties. 
7. Applying Texture mapping using barycentric coordinate interpolation to find the 
corresponding texture color for intersection point using the barycentric coordinate that 
find in previous step. These coordinates are applied on 2D texture triangle that 
selected for 3D triangle using surface flattening approach. 
8. Applying lighting process for the light source and anti-aliasing filtering to 
minimum the distortion caused by texture mapping process. 
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9. Finally, display the final color for the intersection point on the screen in the current 
pixel. Figure (8) illustrated the rendering and texture mapping process. 
 

 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure (8) The rendering and texture mapping process 

8. Results 
 The main aim of this paper is 3D visualization of GIS vector data depending 
on GIS database represented in vector layer and additional related database and 
depending on Texture image database. Also, this paper include using for surface 
flattening on GIS information. 3D resulted visualization scene will compared with the 
results of mapping texture image on 3D model manually using ArcScene. To explain 
the comparison between the two resulted 3D scene, small sample of the GIS data will 
treated as alone. One object with three triangles, this object taken from the case study 
and scaled to be clear for the reader the deference between the proposed system and 
ArcScene GIS texture mapping results. Figure (9) have 3D sample explain the 
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comparison between the proposed system result and ArcScene result. In ArcScene 
GIS software, there is a different in distribution of the texture map image on the 
surface. That because the difference in height of the elevation points. Since, the 
ArcScene applied the texture from the top of 3D surface, a small sub images 
parameterized to triangle with a wide area. Therefore, the scene appeared stretched in 
some regions (triangles). Whereas, the proposed system prevent or decrease this type 
of distortion by applying surface flattening that attempted to distributed the texture 
image in a right way, and preserving the local and the global feature of the texture on 
the surface as well as adopt free boundaries of the texture that minimized the 
distortion. The proposed system used root-mean-square signal-to-noise-ratio SNRrms 
objective distortion measure to compare the sample results in figure (9.a) and (9.b) 
when applied ArcScene software and the proposed system respectively. The SNRrms 
between the original texture image and the proposed system's result is 2.445 and with 
ArcScene software result SNRrms is 2.407.  Since the larger number of SNR metric 
implies a better image, the result of the proposed system is less distortion than the 
ArcScene result. The results of the proposed system for 3D scene for the case study 
from different view illustrated in figure (10). 
 
 
 
 
 
 
 
 
 
 
 

Figure (9) comparison between the proposed system result with ArcScene (a) Sample from case study as 
resulted in ArcScene, explained the different in distribution of texture on the three triangles (b) Sample 

from case study as display in the proposed system, explained accessible distribution for texture on the three 
triangles 

 

9. Conclusions and Future Works 
 The proposed system introduce new implementation for texture mapping using 
surface flattening when it applied on terrains data represented in ArcMap GIS 
software. Texture mapping using surface flattening can be sufficiently visualized 3D 
GIS vector layer compared with ArcScene, because this method preserve the local and 
global area and, consequently, minimized the distortion caused by mapping, specially, 
with   a higher lands while ArcScene GIS software use traditional projection in 
parameterization process. The system Added a new tool in ArcMap GIS software 
adopted approximate 3D visualization of GIS vector layer depend on  using multiple 
sources of data such as vector layer, GIS database and additional texture images 
database, instead of, depending on only vector and/or raster GIS layers  and solve the 
practical problem of automatic 3D visualization, instead of manually method using 
more than one software such as ArcMap with ArcScene. To improve the ability of 
proposed system, and raising the efficiency of the visualization system, we can 
suggest to importing the images that used as textures from any image classification 
methods. Moreover, developing the system to draw 3D maps to visualized 
information for the lands such as population information or the elevation of the lands, 
rather than use images. For texture mapping, researchers can applied another approach 
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for texture mapping such as bump mapping to represent trees in more realism, as well 
as, using texture mapping build in 3D hardware drivers such as DirectX or OpenGL 
Dll libraries. Also, researchers can applying another method of rendering such as z-
buffer approach and compared with proposed system results. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (10) The results of 3D scene for the case study from different view. 
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