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Abstract  Real-time 3D visualization of terrain data is one of the important issues in GIS(Geographic 

Information System) field. We present a real-time terrain rendering engine that can use several types of 

GIS data source such as DEM(Digital Elevation Map), DTED(Digital Terrain Elevation Data) and 

LIDAR(Light Detection And Ranging). Our rendering engine is a quadtree-based terrain rendering 

framework with several acceleration modules. This can generate an ocular and binocular image. Also it 

can be applied to the flight simulation, walk-through simulation and a variety of GIS applications.
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1. Introduction

  Terrain visualization is essential to present real en-

vironment in GIS, flight simulation[1] and 3D com-

puter game. It is necessary to generate a more real-

istic scene in traditional application field such as vir-

tual reality. In order to visualize a massive spatial 

data, we need a terrain rendering engine including 

massive data processing and rendering module with 

high-performance. The engine has to provide in-

tegrated I/O processing function since the spatial data 

might be presented as various types. And it has to 

become an integrated system with flexible interface 

which can cooperate with the spatial database, vari-

ous devices and applications.

  We present a real-time terrain rendering engine 

that guarantees a real-time visualization and be ap-

plied to a variety of applications. It is composed of a 

modeler, a renderer, a acceleration module and appli-

cation interface. Firstly, the modeler takes charge of 

input and transformation of regular dataset as well as 

irregular dataset. It performs a compression and 

modification of data for acceleration. Second, the ren-

derer is equipped with a quadtree-based terrain ren-

dering core[2, 3, 4]. It is extended to GPU-based 

rendering from conventional CPU-based quadtree 

rendering method and is designed to perform a load 

balance between CPU and GPU. The acceleration 

module includes a uniform grid based propagation of 

quadtree with geometry reconstruction on GPU. Base 

on this feature, it can perform CLOD(Continuous 

Level of Detail) and block-based view-frustum cull-

ing using ef-buffer[5, 6]. Finally, the interface module 

is composed of sub-functions to support various dis-

play devices[7]. It has modules to present a terrain 

image on stereo display device[8, 9, 10, 11] and 

hemisphere display device[12].

  In Sect. 2, we explain the real terrain visualization 

engine framework in detail. In Sect. 3, we show sev-

eral applications using our framework. Lastly, we 

conclude our work.

2. Terrain Rendering Engine

  The proposed integrated framework is designed to 

render a real terrain, which is composed of several 

functions shown in figure 1. The renderer contains an 

essential algorithm to visualize a terrain data and is 

designed to offer usability to an applications. The 

modeler is designed to allow rapid access to an input 

data source. Also, the acceleration module has a vari-

ety of acceleration techniques for terrain visualization. 
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Lastly, the application interface includes several mod-

ules that enable to cooperate with a variety display 

devices.

Fig. 1. Block Diagram of Our Terrain 

Visualization Engine

2.1 Modeler

  There are two typical data sources in terrain mod-

eling; regular sample data (DEM and DTED) and ir-

regular sample data (LIDAR). We can achieve re-

al-time rendering of regular sample data by using the 

spatial data structure such as quadtree and 

ROAM(Real-time Optimally Adaptive Meshes)[13, 

14]. LIDAR scanner mounted on an airplane or a 

helicopter can produce a high-definition height field 

data[15, 16, 17]. There are several methods to gen-

erate original geometry from scattered point set such 

as the Delaunay triangulation[18, 19, 20, 21]. Even 

though it shows the surface detail with high reso-

lution, it takes a long time to reconstruct geometric 

information from irregular samples. It is hard to ap-

ply the dataset to real-time application even in the 

case of exploiting highly optimized method. So, we 

design the modeler that can manipulate both a regu-

lar and irregular dataset.

  In order to build up the integrated modeler for ar-

bitrary input data, we convert an irregular data into a 

regular data using pseudo-grid[22, 23] in figure 2. 

Followings are converting process. Firstly, we elimi-

nate a noise from input dataset since they do not 

contribute to the final results. We perform inter-

polation and noise removal of resampled data to gen-

erate a set of uniform grids containing height 

information. Finally, the modeler transmits a result 

dataset to renderer. Since resampling rate leads up 

the number of vertices and control points a rendering 

performance, we set the value as user-define 

parameter. If the rendering engine requires fast ren-

dering, we set the resampling rate as a small value. 

Also, when requiring high quality rendering image, 

we set it as a large value. However, the coarser re-

samling may produce holes in generated grid because 

of a specific character of irregular data. We can solve 

this problem using real-time bilinear interpolation.

Fig. 2. An Example of a Pseudo-grid in z-axis 

for an Irregular Dataset

2.2 Renderer

  We apply an acceleration technique to our engine 

using advantages of GPU. We present a quad-

tree-based terrain visualization method working on 

the GPU with specially designed data structure; the 

error buffer and flag buffer named ef-buffers. Figure 

3 shows a diagram of our terrain visualization 

pipeline. In pre-processing step, error metrics are 

computed in world space and they are stored into the 

error buffer. In rendering step, LOD selection and 

view-frustum culling are performed by evaluating the 

error metrics. The result is stored into the flag 

buffer. Also, to remove cracks, the flag buffer should 

be refined. To generate the terrain mesh, we traverse 

the refined flag buffer hierarchically using the 

block-based method. However, since the updated flag 

buffer was generated without relationship of neigh-

boring nodes, cracks might occur in a result of 

triangulation. So it is not suitable for a fine terrain 

mesh. To solve this problem, we refine the flag buf-

fer to make a restricted quadtree by two criteria. 

First, flag of  node is enabling when a least on edge 

is enabled among the four adjacent edges to the 

node. Second, flag of the edge is enabling when at 

least on node is enabled among the two adjacent no-

des to edge of upper level. And we generate a tri-

angle-fan for each node according to visibilities of 
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vertices in the flag buffer. Figure 4 is a resulting im-

age of terrain using our method.

Fig. 3. A Procedure of Our Terrain Visualization 

Method using Quadtree

Fig. 4. Result Image using ef-buffer

  In general, terrain rendering engine requires a sim-

plification method since the visualization of real ter-

rain uses a huge amount of dataset. Therefore, we 

exploit a quadtree-based CLOD method. Firstly, we 

calculate error metric recursively for all leaf nodes 

while traversing height field data. Secondly, we prop-

agate the computed error metric of leaf nodes to their 

parent nodes. Then, we determine whether current 

node can have child nodes or not by applying accu-

racy level determination function to each node using 

a set of error metric calculated in previous step. We 

generate triangle mesh while recursively traversing 

the quadtree made from height field. Finally, we gen-

erate the triangle mesh to display. Determining 

whether subdivision is required in leaf nodes, we 

have to consider the distance from viewer to a spe-

cific point on a terrain. As show in figure 5, node 

size(d) should be enlarged as the distance(l) 

increases. We can control the size of node with re-

gard to the distance to satisfy l/d<C. The C is a 

minimal desired resolution of image. The number of 

triangles is determined by the value of C. When we 

set a large value, more number of triangles will be 

produced from quadtree since it should be subdivided 

to smaller node. With second criterion we want to 

increase the resolution for regions of high surface 

roughness. When dropping one level of the hierarchy, 

new error is introduced at exactly adjacent surround-

ing points. In here, the adjacent points are a center 

point of the quadtree node and four midpoints of its 

edges. An upper bound to the approximation error 

can be given by tasking the maximum of the abso-

lute values of the elevation difference. The error can 

now be computed by pre-calculating the maximum of 

absolute values of these elevation differences, which 

is called d2. Base on these, we make an equation for 

LOD selection of terrain as equation 1.

           [equation 1]

  In equation, c-value is a pre-defined global reso-

lution and d2-value is an error that is computed by 

pre-calculating the maximum of the absolute values 

of these elevation differences. If the f-value is smaller 

than 1, we subdivide a node. 

Fig. 5. Global Resolution Criterion: Distance(l) 

versus Size of Quadtree Nodes(d)

2.3 Acceleration Module

2.3.1 ef-Buffer Module

  We apply an acceleration technique to our engine. 

In conventional quadtree-based terrain rendering 

method, most process is performed on the CPU. 

However, the ef-buffer is a method working most 

operation on the GPU. The ef-buffer is composed of 

an error buffer and a flag buffer. The error buffer is 

stored geometry error value for each block used in 

previous quadtree method on CPU. The ef-buffer is 

textures that have the equal to the size of input 

height field data. The flag buffer is a texture that 
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stores an error value of viewing condition. The error 

value is computed by projection of the image space 

with the value which is stored into error buffer. At 

first, the error buffer stores error values for nodes 

and edges of entire level on quadtree. The 

view-frustum culling is performed by refining flag 

buffer. We can implement as parallelized process in 

vertex shader since the flag buffer is not a hier-

archical data structure. Finally, the flag buffer calcu-

lated by above criterion is used as height field data 

to generate a terrain mesh.

2.4 Application Interface

2.4.1 Stereoscopic Rendering Module

  Even though general 3D terrain rendering offers 

depth cue of an object, it cannot provide immersive 

three-dimensional effect to user. So, recently devel-

oped simulators often use a stereoscopic binocular 

disparity[24]. For the visualization of stereoscopic 

terrain, we apply an on-axis based side-by-side 

stereoscopy method. However, the stereoscopy is dif-

ficult to guarantee a real-time rendering since it gen-

erates a pair of images for binocular of human in a 

frame. In order to solve this problem, we use an ac-

celeration technique using merged view-frustum cull-

ing and merged LOD selection. It is possible to ren-

der a stereo terrain scene in real-time.

2.4.1 Hemisphere Display Module

  We implement the warping algorithm for terrain 

image using quadtree-based engine for hemisphere 

display device. This device is widely used in 

FPS(First Person Shooting) game or virtual experi-

ence simulation. This generates images with mathe-

matical model such as fisheye mapping and sphere 

mapping[25]. This model is designed to fit a hemi-

sphere display devices. However, in warping process-

ing, the complexity of computation and reconstruction 

of mesh cause performance degradation. To solve this 

problem, we implement modules that are possible to 

deal with warping operation for each vertex as paral-

lelization using vertex shader in real-time. In addi-

tional, we can control a curvature which is calculated 

to fit an arbitrary display device.

3. Results

  All applications are performed on a PC equipped 

with Intel Core2Duo 6400 2.13GHz CPU and 2GB 

main memory and NVIDIA Geforce
™
 8800Ultra. The 

viewport size is 1024×768 for single image and 

2048×768 for stereo image. We use the Puget Sound 

and the Grand Canyon dataset of which the reso-

lution is 512×512 as regular dataset, as well as the 

LIDAR dataset of Inha University with 3,408,187 

points.    

  Figure 6 illustrates the result image using stereo 

module of our engine. Average rendering speed is 

78fps while applying acceleration technique.

Fig. 6. Stereoscopic Terrain Visualization 

(Grand Canyon data - 78fps)

  Figure 7 shows a result image of irregular spatial 

dataset. We use the LIDAR dataset of Inha 

University and each building is generated by the 

modeling of real data. This application can be vi-

sualized as walk-through simulation and is guaran-

teed speed of 60fps.

Fig. 7. Result Image of Representation using 

Spatial Data(Inha University data - 60fps)

  Figure 8 is a flight simulation using our terrain 

engine. A cockpit is generated by GUI(Graphic User 

Interface) module in engine. This application is used 

of a control interface for simulation such as  Logitech
™ WingMan Force3 joystick. Average rendering speed 

of simulation is over 100fps.
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Fig. 8. Flight Simulation 

(Grand Canyon -100fps)

  Figure 9 shows a warped image of terrain for 

hemisphere display. Interface of this module is de-

signed for hemisphere screen device with diameter of 

1.5m and quarter reflecting mirror with radius of 

30cm. For real-time fisheye mapping, we use a ver-

tex transformation by vertex shader on GPU. 

Average rendering speed of this application is 45fps.

Fig. 9. Terrain Visualization for Hemisphere 

Display Device(Puget Sound data - 45fps)

4. Conclusion

  Recently, the real terrain representation is im-

portant factor in the GIS applications. The most im-

portant issue is to produce realistic and high reso-

lution image in real-time. To render various terrain 

dataset such as LIDAR, DTED and DEM in re-

al-time, we propose the terrain rendering framework. 

It is an integrated terrain visualization engine that is 

included in the modeler, renderer, acceleration and 

application interface module. This engine can be per-

formed the flight simulation and walk-through simu-

lation with real-time correlation of spatial DB, inter-

face to hemisphere display device by image warping 

and real-time visualization of stereo image through 

the acceleration module. The rendering core in engine 

guarantees real-time processing for GIS applications 

through the acceleration module and load balancing 

both CPU and GPU. Experimental results show that 

our engine can be accomplished a flexible interface 

with various applications.
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