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(Dynamic Culling Scheme Based on Altitude for Real-Time
Rendering System)

O M &4 & &I &
(Chungjae Lee, Seokyoon Kang, Ki Il Kim)

Abstract : Dynamic culling scheme is usually implemented to handle overhead caused by
rendering the massive large—scale terrain data in flight simulator. However, existing culling
scheme without considering altitude is not suitable for flight simulator due to additional
computational overhead. To solve this problem, in this paper, we propose hybrid approach by
applying two dynamic culling schemes depending on altitude. In addition, we remove unnessary
computational overhead by creating different z—map resolution when aircraft changes its altitude.
The proposed scheme is implemented with open graphic library and tested with real terrain data.
Through the experimental results, we can recognize the improved rendering speed about 8 to 73
percents as compared to existing scheme.
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Table 1. Fuzzy Membership based on Altitude

. . Pitch .
Altitude | Membership Membership
Rate
4000ft 1.0 30 0
4010ft 0.996 29 0.017
5000ft 0.600
5010ft 0.597 .
1 0.493
6000ft 0.300 0 0.5
6010ft 0.298 -1 0.507
7000ft 0.1
7010ft 0.099
7990ft 0.001 -29 0.983
8000ft 0.0 -30 1.0
1.0
a
6
2
£ o4
@
=
0.2
Altitude

(a) L=o WE 7o
(a) Fuzzy Membership Based on Altitude
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(b) Fuzzy Membership Function Based on
Pitch Rate
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Fig. 1 Fuzzy membership function for culling

method function
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Table 2. Z-Map size based on Fuzzy Membership

Membership Depth-Map Size
2.0 ~ 1.5 800 = 600
1.5 ~ 1.0 640 = 480
1.0 ~ 0.5 400 = 300
0.5 ~ 0.1 320 = 240

Proposed Algorithm

Require : terrainNode

Require : zBuffer

Require : zMapSize

Require : zMapCameraNode

Require : aircraft_position {from host }

Require : triangles { the amount of terrain vertices }
function aircrafi_position (receive from hosr)
function Read _zBuf fer (aircrafi_position)
function base (terrain_vertices, altitude, pitch)
if base = 1 then

culling method is dynmic culling

function zMapS ize (fuzzy_membership)
endif
for i = 0 to zMapSizeX do

for j = 0to zMapS ize¥ do

inpur zBuf fer(i, j} « pos

endfor
. endfor
. function CreatezMap (zBuf fer, zMapS$ ize)
: zMap send to GPU
1 if occludee_Depth > occluder_Depth then
depth « oceludee_Depth
if depth = 1 then

traingle is visibile

else

continue
endif
1 else
triangle culling
: endif

a8 2. A AR A" g

az
Fig. 2 Visibility Set and Culling Algorithm
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(a) A3 s
(a) Rendering Image

(b) Zo] 9
(b) Depth Map
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Fig. 3 Z-Map and Rendering image
of low-altitude state
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Table 3. Comparison of Altitude based culling
(a) 2" 71 A& A

(a) Case without Culling

ALTITUDE TRIANGLE VERTICES
2,000ft 11,079 204,100
4,000ft 11,079 204,100
6,000ft 11,079 204,100
8,000ft 11,079 204,100

(b) A7t AFA A9
(b) Case for View Frustum Culling

ALTITUDE TRIANGLE VERTICES
2,000ft 2,560 106,126
4,000ft 2,634 107,310
6,000ft 2,724 108,750
8,000ft 2,854 110,980

(o) Agrst= A 719

(c) Case for Proposed Culling

ALTITUDE TRIANGLE VERTICES
2,0001t 2,176 99,982
4,000ft 2,304 102,030
6,000ft 2,412 103,758
8,000ft 2,526 105,732

(@) (b) ()

O 4. FY vase] AAZE A shd v
Fig. 4 Real-time rendering Image comparison
of Culling
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a9 5 A9 Wase] AN g % v
Fig. 5 Real-time rendering FPS comparison
of Culling
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Table. 4 Real-time rendering FPS comparison
of Culling method

Case for
Case . Case for
. View
without Proposed
. Frustum .
Culling . Culling
Culling
2,000ft | 16.65 fps 60 fps 60 fps
4,000ft | 16.63 fps 58.12 fps 60 fps
6,000ft | 16.58 fps 55.37 fps 60 fps
8,000ft | 16.66 fps 50.72 fps 60 fps
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