
Large and Realistic Terrains: Mesh Optimization tool 
 
1. Introduction to problem 
 
The generation of a terrain is fundamental to many games today. The more 

realistic a terrain looks, the better the game play experience. This is especially 

true for the racing and simulation game genres, where users interact in vast, 

open worlds. 

 

Figure 1: The comparison of Regular Grid and Triangulated Irregular Network 

 

Terrain meshes can be broadly classified into two representations: Regular Grid 

(RG) and Triangulated Irregular Network (TIN). A regular grid is a structure that 

specifies height values at a regular square tessellation of the domain. Each 

vertex in the RG typically represents a pixel in the elevation map (or heightmap), 

and although the mesh approximation is most accurate, too many triangles are 

required to store even a reasonably sized map. For example, a 4096x4096 

elevation map would require 16 million vertices. If each vertex occupies 14 bytes 

(4 bytes each for x, y, z values, and 2 bytes for the texture), the mesh alone 

would consume 224 MB of memory, which is large even by today’s standard. 

 

On the other hand, a TIN can very well represent a 15000x15000 feet in 

sufficient detail, with just a 2048x2048 heightmap. And graphic card renders 

much less triangle number on TIN. 

2. Implementation on the system 
 



The system for terrain generation and optimization algorithms is implemented as 

3dsMax plugins as it is commonly used for 3D modeling, especially in the game 

design, shown below: 

 

 
Figure 2: user interfaces of the system 

 
2.a Terrain Generation 

The inputs for the system are: 

1. Heightmap, to store the elevation data for the terrain 

2. Control Map, to indicate the areas in the terrain for which more details need to 

be added 

3. User constraints, the set of parameters: terrain size, maximum height, 

minimum area, minimum and maximum error value, minimum angle, and 

accuracy of the algorithm 

 
The output of the system is the terrain mesh, as shown in the picture below 
 



 
Figure 3: input and output of the system 

 
 
There are several method to generate the terrain using Delaunay Triangulation 

[1-3], including Flip algorithms, incremental, divide and conquer, and sweepline 

[2]. And we proposed a new variation of Chew’s second algorithm[4] to reduce 

the number of Steiner points[5] inserted to a greater degree. The improvement 

that we make in the new algorithm: 

1. Retriangulation and update are performed for all segments encroached by 

bad triangle 

2. We remove all unlocked Steiner points inside the diametral circle in the 

process 

 



 

 Figure 4: Flowchart of the terrain generation algorithm 

 
2.b Terrain Optimization 

We proposed a Constrained Data Dependent Triangulation algorithm to eliminate 

the rendering artifacts due to extremely skinny triangles. It takes in a minimum 

angle constraint and performs more robust edge swapping using the Look Ahead 

algorithm[6] with our new cost functions. A quick summary of the algorithm: 

1. For each edge, check if it swappable based on two criteria: it lies inside a 

convex quadrilateral, and all 6 angles of both adjacent triangles are 

greater than minAngle (the minimum angle constraint) after a swap. 

2. If it is swappable, perform the normal edge swap check as per Lawson’s 

criteria. If it succeeds, swap it. But if it fails, do not immediately reject it. 

Instead, try to swap it in conjunction with any of its 4 neighboring edges. If 

the combination of two swaps results in lowered error, accept it; else, 

reject the edge. 

3. Future Plans 
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We are planning to improve our algorithm such that it supports terrain 

modification, since artists or developers may need to modify it to overlay patches, 

tracks, etc. There are three methods for such modifications: Stenciling, Stitching, 

and Track overlaying. 
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