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Abstract— In the coming decade, barriers are dissolved. With  

the advent of technology the geographic locations have become 

more accessible. Using computing technology, however, 

knowledge about reality can be directly transferred into a 3D 

digital model by a process known as 3D GIS modelling. This 
paper proposes an innovative solution to handle spatial data 
efficiently. 
Key words: GIS (Geographic Information System), VP (vector 

points). 

I. INTRODUCTION 

 

Geographic information systems (GIS) or geospatial 

information systems is a set of tools that captures, stores, 

analyzes, manages, and presents data that are linked to 

location(s).  In the simplest terms GIS includes statistical 

analysis, and database technology. GIS systems are used 

in cartography, remote sensing, land surveying, public 

utility management, natural resource management, aerial 

video and studying Maps. Therefore, in a general sense, the 

term describes any information system that integrates, stores, 

edits, analyzes, shares, and displays geographic information 

for informing decision making. GIS applications are tools that 

allow users to create interactive queries (user-created 

searches), analyze spatial information, edit data, maps, and 

present the results of all these operations.[7] 

We live in a three dimensional (3D) world. Earth scientists 

and engineers have long sought graphic expressions of their 

understanding about 3D spatial aspects of reality in the form 

of sketches and drawings. Using computing technology, 

however, knowledge about reality can be directly transferred 

into a 3D digital model by a process known as 3D modelling. 

3D GIS is for managing 3D spatial data.[2] Some of the 

three dimensional application  areas in GIS, including: 

• ecological studies 

• environmental monitoring 

• geological analysis 

• civil engineering 

• mining exploration 

• oceanography 

• architecture 
• automatic vehicle navigation 

• archaeology 
 

 

Geographic Information System is used to display and map 

both surface & subsurface data. 

The main methods of creating surface models are by 

interpolation and triangulation. None of the contouring 

can work with randomly control-point datasets; the 

datasets must always be given first. The most widely used 

data structures consists of  vector data because of their 

ease of computer implementation and computational 

efficiency. The flexibility of assigning Z-values from 

various sources makes 3D representation even more a 

powerful tool for anyone who needs to show the 

quantitative variations in three dimensional data. 

II. EXISTING SYSTEM. 

 Point: 

A point is a 0-dimensional object and has only the 

property of location (x,y).Points can be used to Model 

features such as a well, building, power, pole, sample 

location. Other name for a point are vertex, node, 0-cell. 

 

Line: 

A line is a one-dimensional object that has the property of 

length. Lines can be used to represent road, streams, 

faults, dikes, maker beds, boundary, contacts .Lines are 

also called an edge, link, chain, arc,1-cell. 

 

Polygon: 

A polygon is a two-dimensional object with properties of 

area and perimeter. A polygon can represent a city, 

geologic formation like lake and river. Other name for 

polygons face is zone 2-cell. 

 

 

Raster Model: 

Raster surfaces are in Grid or pixels format. Grids 

identified by row & column. Grid cells are usually square 

in shape. Raster is the most widely used. Fitting plane is 

generated to estimate grid cell by regression or projection. 

The advantage of raster is that complex surface model 

algorithms are better suited for continuous array of evenly 

spaced data.[7] 
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 Vector Model: 

Vector or contour based methods consists of digitized 

contour lines and are stored as digital line graphs (DLGs) 

in the form of x, y. Vector model can be used to subdivide 

an area into irregular polygons bounded by adjacent 

contour lines and adjacent streamlines. Vector model is 

used in all administrative boundaries, roads, pipelines, 

power lines, flight paths and transportation routes.[3] 

 

 

 

 

 

 

 

 

 

 

III.PROPOSED SYSTEM. 

Raster requires evenly spaced data. This makes it unusable. 

Storage is a huge problem with vector lined graphs due to 

contour and direction management. 

Delaunay Triangulation 

A technique for creating a mesh of contiguous, 

nonoverlapping  triangles from a dataset of points. Each 

triangle's circumscribing circle contains no points from the 

dataset in its interior. [1] 

Below is the actual principle of triangulation. 

 

  
 

Triangulated Irregular Network (TIN): 

Triangular Irregular Networks (TIN) have been used by the 

GIS community for many years and are a digital means to 

represent surface morphology. TINs are a form of vector 

based digital geographic data and are constructed by 

triangulating a set of vertices (points). The vertices are 

connected with a series of edges to form a network of 

triangles. There are different methods of interpolation to form 

these triangles, such as Delaunay triangulation or distance 

ordering. The interface supports the Delaunay triangulation 

method. [4] 

The resulting triangulation satisfies the Delaunay 

triangle criterion, which ensures that no vertex lies within the 

interior of any of the circumcircles of the triangles in the 

network. If the Delaunay criterion is satisfied everywhere on 

the TIN, the minimum interior angle of all triangles is 

maximized.[1] The result is that long, thin triangles are 

avoided as much as possible. The edges of TINs form 

contiguous, non overlapping triangular facets and can be used 

to capture the position of linear features that play an important 

role in a surface, such as ridgelines or stream courses. The 

figure below show the nodes and edges of a TIN (left) and the 

nodes, edges, and faces of a TIN (right).[7] 

 

 

                      
 

      Nodes and Edges of a TIN 

 

   

                      
       

      Faces of a TIN 

 

Because nodes can be placed irregularly over a surface, TINs 

can have a higher resolution in areas where a surface is highly 

variable or where more detail is desired and a lower resolution 

in areas that are less variable [6].The input features used to 

create a TIN remain in the same position as the nodes or edges 

in the TIN. This allows a TIN to preserve all the precision of 

the input data while simultaneously modeling the values 

between known points. You can include precisely located 

features on a surface—such as mountain peaks, roads, and  

Raster Model 

 

 

 

Vector Model 
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streams—by using them as input features to the TIN nodes. 

 

TIN models are less widely available than raster surface 

models and tend to be more expensive to build and process. 

The cost of obtaining good source data can be high, and 

processing TINs tends to be less efficient than processing 

raster data because of the complex data structure. 

TINs are typically used for high-precision modeling of smaller 

areas, such as in engineering applications, where they are 

useful because they allow calculations of planimetric area, 

surface area, and volume. 

Models are available but none of them has explored the full 

utility for GIS. Delaunay algorithm has no control mechanism 

on point selection which highlights the drawback for TIN 

model. 

Eight point neighbour algorithm enables only connectivity of 

areas but not topographical mapping. 

1. We use the eight point neighbourhood algorithm in    

Delaunay principle to get triangular meshes. 

2. The eight point neighbourhood selects the points for the 

Delaunay principle passes it for TIN model realization to give 

us the 3D version of the area. 

 

A TIN data model is composed of nodes, edges, triangles, hull 

polygons, and topology.  

Nodes 

    Nodes are the fundamental building blocks of a TIN. The 

nodes originate from the points and line vertices contained in 

the input data sources. Every node is incorporated in the TIN 

triangulation. Every node in the TIN surface model must have 

a z-value.  

 

                                

 

 Node 

Edges 

     Every node is joined with its nearest neighbors by edges to 

form triangles, which satisfy the Delaunay criterion. Each 

edge has two nodes, but a node may have two or more edges. 

Because edges have a node with a z-value at each end, it is 

possible to calculate a slope along the edge from one node to 

the other. 

 

  

 Edges 

 

Each feature in the input data sources used to build 

the TIN is processed in accordance with its surface feature 

type. Breakline features are always maintained as edges in the 

TIN triangulation. These breakline TIN edges are flagged 

internally as either hard or soft edges.[7] 

Triangles 

Each triangular facet describes the behavior of a portion of the 

TIN's surface. The x, y, and z coordinate values of a triangle's 

three nodes can be used to derive information about the facet, 

such as slope, aspect, surface area, and surface length. 

Considering the entire set of triangles as a whole, it is possible 

to derive additional information about the surface, including 

volume, surface profiles, and visibility analysis. 

 

  

Triangle 

Because each facet summarizes a certain surface behavior, it 

is important to ensure that the sample points are selected 

adaptively to give the best possible surface fit. A TIN surface 

model can yield poor results if important regions of the 

surface are sampled inadequately.  

Hull 

    The hull of a TIN is formed by one or more polygons 

containing the entire set of data points used to construct the 

TIN. The hull polygons define the zone of interpolation of the 

TIN. Inside or on the edge of the hull polygons, it is possible 

to interpolate surface z-values, perform analysis, and generate 

surface displays. Outside the hull polygons, it is not possible 

to derive information about the surface. The hull of a TIN can 

be formed by one or more polygons, which can be non 

convex.  

 

A non convex hull must be user-defined by including Clip and 

Erase exclusion features during the construction of the TIN. 

These features explicitly define the edge of the surface. When 

no exclusion features are used to define the hull, the TIN 

generator creates a convex hull to define the bounding edges 

of the TIN. A convex hull is a polygon with the property that 
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any line connecting any two points of the TIN must itself lie 

inside or define the edge of the convex hull. The definition of 

a nonconvex hull is essential to prevent the generation of 

erroneous information in regions of the TIN outside the actual 

dataset but inside the convex hull. Consider the diagram 

below. 

                        

 

                                        Hull 

 

    Without the use of clip features, incorrect values may be 

interpolated in the shaded regions.  

Topology 

    The topological structure of a TIN is defined by 

maintaining information defining each triangle's nodes, edge 

numbers, type, and adjacency to other triangles. For each 

triangle, a TIN records: 

• The triangle number 

• The numbers of each adjacent triangle 

• The three nodes defining the triangle 

• The x,y coordinates of each node 

• The surface z-value of each node 

• The edge type of each triangle edge (hard or soft) 

 

In addition, the TIN maintains a list of all the edges that form 

the TIN's hull and information defining the TIN's projection 

and units of measure. 

 

BreakLines 

    Breaklines define and control surface behavior in terms of 

smoothness and continuity. As their name implies, breaklines 

are linear features. They have a significant effect in terms of 

describing surface behavior when incorporated in a surface 

model. Breaklines can describe and enforce a change in the 

behavior of the surface[7]. Z-values along a breakline can be 

constant or can vary throughout its length. Three types of 

breaklines can be employed to describe surface behavior: soft 

breaklines, hard breaklines, and faults.  

 

Soft breaklines  

    Soft breaklines are used to ensure that known z-values 

along a linear feature are maintained in a TIN. Soft breaklines 

can also be used to ensure that linear features and polygon 

edges are maintained in a TIN surface model by enforcing the 

breakline as TIN edges. However, soft breaklines do not 

define interruptions in surface smoothness.  

 

 Here is an example of how the inclusion of a soft breakline 

can enforce a different surface behavior. Note how the TIN 

builder has added extra vertices along the breakline to ensure 

that the line is maintained in the TIN. The z-values for these 

new nodes have been derived by linear interpolation along the 

breakline. 

 

The input data to build a TIN includes four points and one line 

with two nodes. 

       

                          

The TIN that results when the points and nodes are processed 

as mass points. 

 

                   

 

When the line is enforced as a breakline, the line is maintained 

in the TIN. Note the z-values of the introduced nodes. 

 

 

                             

 

As with all breaklines, soft breaklines can have constant or 

varying z-values. For example, a section of with a constant 

elevation can be defined as a soft breakline. In contrast, a 

highway with fluctuating elevation can be incorporated into a 

TIN surface model as a soft breakline.  

 

 

Hard breaklines  

    Hard breaklines define interruptions in surface smoothness. 

They are probably the most common and easily understood 

type of a breakline. Hard breaklines are typically used to 

define streams, ridges, shorelines, building footprints, dams, 

and other locations of abrupt surface change.[7]  



  

Here, a smooth surface is interrupted as it encounters a 

lakeshore. The bold breakline is included in the surface model 

to define the boundary between two distinct types of surface 

behavior. The shoreline denotes the sharp transition between 

the planar surface behavior of the lake surface and the smooth 

surface of the surrounding terrain. 

 

Creation of  TINs 

   Creating a TIN model requires many choices: 

1. How to pick sample points  since in many cases these must 

be selected from some existing, dense DEM or digitized 

contours 

2. How to connect points into triangles 

3. How to model the surface within each triangle. 

 

TIN components are built from input vector data. 

 

Building a TIN 

    You can create a TIN all at once from one or more kinds of 

input data, you can create it in stages, or you can add data to 

refine an existing TIN. TINs are made from mass points, 

breaklines, and polygons. Mass points are point height 

measurements; they become nodes in the network. Mass 

points are the primary input into a TIN; they determine the 

overall shape of the surface. 

TINs allow you to model heterogeneous surfaces efficiently 

by including more mass points in areas where the surface is 

highly variable and fewer in places where the surface is less 

variable. The example below shows mass points categorized 

by the height attribute[7]. 

 

 
  

       Mass Points cateogrised by z- attribute 

 

 

Having selected a set of TIN points, these will become the 

vertices of the triangle network since there are several ways to 

connect vertices into triangles."Flat" triangles with angles 

close to 60 degrees are preferred since this ensures that any 

point on the surface is as close as possible to a vertex[7]. This 

is important because the surface representation is likely most 

accurate at the vertices consider the following two methods 

for building the triangles in practice almost all systems use the 

second. 

 

Distance Ordering 

Procedure 

1. Compute the distance between all pairs of points, and sort 

from lowest to highest 

2. Connect the closest pair of points 

3. Connect the next closest pair if the resulting line does not 

cross earlier lines 

4. Repeat until no further lines can be selected 

5. The points will now be connected with triangles 

 

 

Delaunay Triangulation. 

Procedure 

1. Since the convex hull will always be part of the Delaunay 

network. Later start with these edges and work inwards until 

the network is complete[4]. 

2. Connect the closest pair which by definition must be a 

Delaunay edge[1]. Then search for a third point such that no 

other point falls in the circle through them continue working 

outward from these edges for the next closest point. 

 

 

IV.CONCLUSION 

 

   Any model should be able to describe relationships 

between data in such away that information can be generated 

from them. Models are available but none of them has 

explored the full utility for GIS. 

Eight point neighbour  algorithm enables only connectivity of 

areas but not topographical mapping. 

1. We use the eight point neighbourhood algorithm in    

Delaunay principle to get triangular meshes. 

2. The eight point neighbourhood selects the points for the 

Delaunay principle passes it for TIN model realization to give 

us the 3D version of the area. 

Finally, with the help of this proposed solution a stable 

integration of working TIN model and innovative point 

selection  based on an efficient Delaunay Triangulation can be 

achieved. 
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