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Abstract: Interactive navigation of very large-scale terrain environment involves many difficulties because of its
out-of-core geometric data and texture, which can not be wholly loaded into the internal memory. This paper puts
forward a high performance technique for real-time walkthrough of the large-scale terrain environments. It performs
geometric simplification within each terrain chunk during preprocessing and then generates a view-dependent
continuous LOD of the whole scene with geomorphing at runtime. Both silhouette preserving and shading
preserving criteria are satisfied by applying a new error metric-constrained normal cone to view-independent
simplification. The generated models for rendering is more suitable to human’s perception than those by traditional
geometric simplification criterion. Furthermore, the pre-extracted potential silhouette of each chunk can be used to
construct the incremental horizon dynamically. This can prevent the ineffectual data from loading into the main
memory and reduce the out-of-core paging and the number of triangles feeding to the renderer, thus lead to
significant saving in interactive rendering. This paper also makes use of the advantage of GPU to generate lighting
and shadow for large-scale outdoor environment, and balances the tradeoff between GPU, CPU and 1/0O through
multi-thread.
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Table1l Terrain modelsfor experiments of navigation
1
Dimension Filesize(M) Real triangles Deg. triangles  Tree depth
Crater |Lake 513 2.0 283135 153 541 4
South bay 1025 10.0 1460 374 795 744 5
Puget sound 8193 563.8 71842336 38301 810 8
Wenatchee 8193 257.9 32667 175 17 498 037 7
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Table2 Statistics on geometric data exchange while navigating Wenatchee and Puget Sound
2 Wenatchee,Puget Sound

Puget Sound Wenatchee
IH on IH off IH on IH off
Blocks uploaded 12944 14 996 2538 2807
Blocks unloaded 12 487 14 416 2211 2399
Data uploaded (M) 398.9 455.6 71.2 82.9
Data unloaded (M) 381.8 421.8 58.0 66.5
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Table3 Statistics on frame rates and rendering complexity while navigating

3
Our approach Ulrich Lloyd Our approach Ulrich
Approach (Course) (Course) (Course) (Interactive) (Interactive)
Frame Triangles Frame Triangles | Frame | Triangles | Frame | Triangles | Frame | Triangles
rate (fps) per frame rate (fps) per frame| rate | perframe| rate |perframe| rate | perframe

Models (Kpf) (Kpf) | (fps) | (Kpf) | (fps) | (Kpf) | (fps) | (Kpf)

Puget Sound 80.7 479.5 313 1559.0 52.8 770.2 70.9 449.3 284 1702.7

Wenatchee 169.6 1215 73.1 845.7 116.0 277.8 102.8 2355 49.3 1134.2

South Bay x X X X x X 243.5 119.0 221.3 193.5
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