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Table 1 Calculation result and measurement data on ellipsoidal samples

0, ai(v) EBRDF Es €60 & T, T eas
0 0.905 0.9905 0.0159 0.0435 1.0341 319.251 318.740
4 0.904 0.9905 0.0161 0.0433 1.0338 319.221 318.740
8 0.899 0.9903 0.0167 0.0424 1.0326 319.124 318.680
12 0.891 0.9891 0.0176 0.0409 1.0300 318.947 318.590
16 0.881 0.9879 0.0189 0.0391 1.0270 318.726 318.430
20 0.869 0.9856 0.0204 0.0367 1.0223 318.431 318.230
24 0.855 0.9831 0.0222 0.0341 1.0171 318.094 317.950
28 0.839 0.9795 0.0242 0.0310 1.0105 317.691 317.690
32 0.821 0.9743 0.0264 0.0275 1.0018 317.207 317.290
36 0.801 0.9687 0.0289 0.0236 0.9923 316.669 316.940
40 0.779 0.9612 0.0316 0.0193 0.9805 316.034 316.400
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Fig-1  Model prediction and measurement data on cotton tree samples
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Table 2 Calculation result and measurement data on spherical samples

6, ai(v) EgROF s €60 €0 T, Toreas
0 0.672 0.9902 0.0175 0.0276 1.0177 315.572 315.220
4 0.672 0.9901 0.0175 0.0275 1.0176 315.561 315.220
8 0.670 0.9898 0.0176 0.0271 1.0170 315.520 315.180
12 0.666 0.9888 0.0176 0.0265 1.0153 315.436 315.110
16 0.662 0.9877 0.0176 0.0257 1.0134 315.327 315.010
20 0.655 0.9857 0.0177 0.0246 1.0102 315.166 314.860
24 0.647 0.9834 0.0178 0.0232 1.0066 314.970 314.660
28 0.638 0.9802 0.0179 0.0214 1.0017 314.719 314.470
32 0.626 0.9758 0.0180 0.0192 0.9951 314.397 314.210
36 0.612 0.9709 0.0181 0.0167 0.9876 314.022 313.870
40 0.595 0.9646 0.0182 0.0136 0.9782 313.559 313.490
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Fig-2 Model prediction and measurement data on spherical samples
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An Analytical Thermal Emission Model on the Effect of Multiple Scattering for
3-D Structural Pixel and the Model Validation

WANG Jindi' s LI Xiao-wen'"*,SU Hongbo"s JIAO Ziti'
(1. Research Center for Remote Sensing and GIS, Department of Geography, Beijing Normal University, Beijing 100875, China: 2. Center for Remote
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Abstract: For a remote sensing pixel with 3D surface the directionality of thermal emission depends on the component
parameters of the pixel, such as component temperatures, component emissivities and structural parameters- The contri~
bution of the multiple scattering between components to the directional thermal emission is mainly affected by the 3D
structure of pixel- In this paper, we present an analytical model to describe the multiple scattering between components
and its contribution to the pixel ‘s emission- The modeling work is based on the conceptual geometric-optical thermal e~
mission model - For the non-isothermal pixel with random distributed components: at the pixel s scale: the openness co-
efficient and viewing factor is defined, the effect of multiple scattering between components is modeled with the principle
of multiple bouncing- Then the directional thermal emission of pixel is derived based on the areal weighted emission of
components by taking the ambient radiation into account -

The model is validated using measurement data indoor- The two experimental data sets are on different observing ob-
ject (samples of pingpong spheres and simulated trees made of cotton) - Each set of measurement data includes directional
thermal emission of pixel . the emission of components; the ambient thermal radiance, and the structural parameters of the
pixel - These measured data of components are as input of the model. the brightness temperature of the pixel is calculat-
ed- The model predicted brightness temperatures and their comparison with the measured brightness temperature in pixel
scale are presented in the paper- The directionality of the effect of multiple scattering is also discussed. The result
demonstrates that in pixel scale the analytical model prediction fits the measurement well - Note that in the multiple scat-
tering effect model, when the samples on the background are very close to each other and the viewing facrot VF2—2 can
not be ignored: our modeling methodology can still apply - But the results formula will then be very complicated - In such
cases a two layer multiple bouncing model would be more appropriate -

Key words: non-isothermal pixel; directional thermal emission; geometric-optics model ;multiple scattering



