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Fig. 1 Simulated realistic scence of

broadleaf tree at pixel scale

Fig. 2 Simulated simplified scence of

broadleaf tree at pixel scale

@ (b) (©

Fig. 3 Realistic structure and the ellipsoidal structure

(a): Realistic structure; (b): Simplified structure;

(c): Divided structure
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Fig. 4 Simulation of the sunlit crown
1: Sunlit side; 2: Shadow side
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Fig. 5 Simplified simulation scene at larger scale

Table 1 Optical characteristics of realistic scene

% Bt /nm 556. 1 867.1
+ 4 R S 0.113 07 0.220 2
&R 0.000 0 0.000 0
- J R 0.119 0 0.483 0
i i 0.074 0 0. 445 0
AL R IES 0.110 0 0.368 0
prpu 0.000 O 0.000 0

Table 2 Optical characteristics of ellipsoid scene

W B /nm 556. 1 867.1
it FRIES 0.119 0 0.483 0
B R 0.074 0 0.445 0
WAL R ES 0.110 0 0.368 0
Bt R 0. 000 0 0. 000 0
ot e - 15 RS 0.107 8 0.220 2
% 3 2 0. 000 0 0.000 0
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Fig. 6 Canopy BRF distribution with view zenith angles at visi-

ble and NIR in the principal plane at pixel scale
1: Visible; 2. NIR
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Table 3 Structure parameters and optical
characteristics of GOMS model

Structure parameters Lambda 0.08
Brratio 3
Hbratio 2.6
Htdif 0.01
Optical parameters Visible NIR
Rg 0.12 0.15
RC 0. 09 0. 46
RZ 0.015 0. 05
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Fig. 7 Camparing the results of BRF distribution with
view zenith angles between computer simulation
and GOMS in visble and NIR regions in the prin-

cipal plane

1. Computer simulation; 2. COMS model
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Fig. 9 TM classification image containing Tai Shan mountain
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Fig. 10 Simplified simulation scenes ranging 30 mX 30 m in three conditions
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Fig. 11 Comparison of simulated BRF and MISR BRF

in blue, green, red and NIR regions
(a): Blue(447.0 nm); (b): Green(556.1 nm);
(c): Red(671.1 nm); (d): NIR(867.1 nm)
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Table 4 Characteristics of components

I B /nm 447.0 556. 1 671.2 867. 1
- Y% 0.0392  0.1552  0.0452  0.6006
B 0.0196  0.0337  0.0209  0.226 6

SR 4F%E 0.0638  0.1078  0.1408  0.220 2
k% 0.0000  0.0000  0.0000  0.0000

A YA 0.0479  0.1376  0.0594  0.507 5
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The Research on Bidirectional Reflectance Computer Simulation of
Forest Canopy at Pixel Scale

SONG Jin-ling' » WANG Jin-di* , SHUAI Yan-min' ?, XIAO Zhi-qiang®
1. State Key Laboratory of Remote Sensing Science, Jointly Sponsored by Beijing Normal University and the Institute of Remote
Sensing Applications of Chinese Academy of Sciences, Beijing 100875, China

2. Geography and Environment Dept. of Boston University, Center for Remote Sensing Boston, MA 02215, USA
Abstract Computer simulation is based on computer graphics to generate the realistic 3D structure scene of vegetation, and to
simulate the canopy regime using radiosity method. In the present paper, the authors expand the computer simulation model to
simulate forest canopy bidirectional reflectance at pixel scale. But usually, the trees are complex structures, which are tall and
have many branches. So there is almost a need for hundreds of thousands or even millions of facets to built up the realistic struc-
ture scene for the forest. It is difficult for the radiosity method to compute so many facets. In order to make the radiosity method
to simulate the forest scene at pixel scale, in the authors’ research, the authors proposed one idea to simplify the structure of
forest crowns, and abstract the crowns to ellipsoids. And based on the optical characteristics of the tree component and the char-

acteristics of the internal energy transmission of photon in real crown, the authors valued the optical characteristics of ellipsoid
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surface facets. In the computer simulation of the forest, with the idea of geometrical optics model, the gap model is considered to
get the forest canopy bidirectional reflectance at pixel scale. Comparing the computer simulation results with the GOMS model,
and Multi-angle Imaging SpectroRadiometer (MISR) multi-angle remote sensing data, the simulation results are in agreement
with the GOMS simulation result and MISR BRF. But there are also some problems to be solved. So the authors can conclude
that the study has important value for the application of multi-angle remote sensing and the inversion of vegetation canopy struc-

ture parameters.

Keywords Computer simulation model; Radiosity; Gap; Bi-directional reflectance
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