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ABSTRACT. The interaction of microwaves with rough burnt coal seam is analysed. Analysis medium is
composed by three media; i.e. free space (air), burnt coal seam, and perfectly conductor. Polarised and depolarised
scattered fields were derived in order to calculate the relationship between burnt coal seam thickness and
backscattering coefficient. The result was confirmed by comparing it with results of previous developed method.
The result shows different between proposed and previous results. It suspects to be influenced by the roughness of
burnt coal seam surface. This relationship was used to estimate burnt coal seam thickness in central Borneo using
Japanese Earth Resources Satellite (JERS-1) SAR data. Estimation results and ground data were similar. It shows
that the fires penetrated 0.33m under peatland.

1. INTRODUCTION

A simple analysisto solve scattering waves from burnt coal seam using transmission line method was devel oped
(Tetuko et al. 2001), where the roughness of targeted surface was ignored. This paper discusses more complicated
scattered wave analysis from rough burnt coal seam. Figure 1 shows distribution of coal seam thicknessin the study
area. one million hectares peatland project district A (PLG-A) at central Borneo, Indonesia. Ground data was
collected from 1995 to 1997 (figure 2). Ground data shows that coal seam surface in the study area has standard
deviation d of heightsis 1.5m. It meansd islarger than wavelength of Japanese Earth Resources Satellite (JERS-
1) synthetic aperture radar (SAR) operating frequency (1.275 GHz). Thus, in this research, additional simplifying
assumption using the stationary -phase approximation is needed to obtain analytical solutions (Ulaby et al. 1986). In
section 2, the analysis of scattered waves from rough burnt coal seam will be discussed. The confirmation of the
analysis results by comparing its with results of previous simple analysisis discussed in section 3. Section 4 shows
the application of the proposed analysis results to monitor thickness of burnt coal seam in the study area using
JERS 1 SAR data. Finally, conclusions are shown in section 5.

2.ANALYSIS

The Kirchhoff or Physical Optics formulation is applicable to surfaces with gentle undulations where average
horizontal dimension is large compared with the incident wave (Ulaby et al. 1989). The vector formulation of the
Kirchhoff method is based upon the vector second Green’s theorem, which states that the scattered field at any
point within a source-free region bounded by a closed surface can be expressed in terms of the tangential fields on
the surface (Fung et al. 1992). Figure 3 shows geometry of the analysis, the mathematical statement of this fact
formulated by Stratton and Chu (Stratton 1941) and modified for the far zone scattered fields is obtained by Silver
(Silver 1947). Hence the scattered field in medium 1 (air) is shown as
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where K, =- jk; e<p(- jklR)/(4pR) and R is range from the centre of the illuminated area to the point of

observation. ﬁx is unit vector. The approximation relations are obtained from the phase of (1), and by solving the
approximated equation, the scattered and depolarised fields are given respectively by
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Figure 1. The study area: One Million Hectares Peatland Project (PLG-A) at central Borneo, Indonesia




Figure 2. Photographs of field survey expeditions 1995-1997. A and B show main vegetation; tengkawang
(Dipterocarpus spp), pule tree and purun grass, respectively. G burnt forest and coal seam. D staff
measuring thickness of coal seam.
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Figure 3. Geometry of the scattering problem.

polarization respectively. R, is reflectivity. In the similar way to scattered fields in the medium 1, the scattered
fieldsin medium 2 will be obtained asfollows
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Where T, is transmittivity. To solving the problem of scattering from a perfectly conducting random surface (@,
@, ®,...), the determination of the surface current is considered by a simple surface current estimate
J(r)= ﬁ3¢' H' (Gotoh et a. 1993). The scattered fields for horizontal and vertical polarization and cross
polarization are obtained as
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where C = (jk,/4pR¢ )exp(- jKRY) and Epy, is the field amplitudes at surface of medium 3 that are derived
from the scattered fields in medium 2. Then the scattered fieldsin medium 2 (®, ®, @, ...) are obtained
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Figure 4. The relationship between burnt coal seam thickness and backscattering coefficient
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Finally, thetotal scattered field is defined by
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Mathematically, the total scattermg coeff|C| enT:I?I medium 1 can be written as
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3. RESULTS

Here backscattering coefficient for scattered field with horizontal-horizontal (HH) polarisation and frequency
(1.275 GHz) was calculated. Because the result will be applied to measure burnt coal seam thickness of forest fire
scars at central Borneo using JERS-1 SAR data. By substituting each component to each equation of analysis, the
correlation between backscattering coefficient and burnt coal seam thickness is obtained as illustrated in figure 4.
This figure shows that increment in the thickness of burnt coal seam was directly proportional to reduction in
backscattering coefficient. It means that the burnt coal seam absorbed wave energy. Additionally, result of the
proposed method is different with the previous results about —2dB. It is suspected occurring by the influenced of
roughness in calculation of the analysis. In the next section, the results are applied to estimate the thickness of burnt
coal seam in the study area

4. APPLICATION
4.1 Study area



Study area is located 114°23¢-114°45¢E, 223¢-2°47¢S or at district of south Barito and Kapuas, central Borneo,
Indonesia. The altitude of this area is ranging from 9m to 14m above sea level. The Barito river and the Kapuas
river encircles this area, and vegetation type of this areaistropical forest. This areais mainly covered by peatland
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Figure 5. A SPOT-HRV data and supervised classification results of JERS 1 SAR data (29 July 1997).

Table 1. Burnt coal seam thicknessin the study area

classes backscattering coefficient S ° [dB] burnt coal seam thicknessx [m]
burnt coal seam 1 -7.0 0.23
burnt coal seam 2 -6.5 0.27
burnt coal seam 3 -5.8 0.29
burnt coal seam 4 -5.0 0.33

and peat swamp. The climate on Borneo is wet al through the year with an average annual rainfall of around
3500mm to 4500mm, while the relative humidity varies between 70% and 90%. Ground survey was collected

during the period 1995 to 1997 in ‘one million hectare peatland project’. The measurement results were mapped
(CSAR 1997) (figure 1).

4.2 Data processing

JERS-1 SAR image (path 95, row 305) that was acquired on 29 July 1997 (dry season and during fire events)
was used to estimate the thickness of forest fire scars (burnt coal seam) in the study area. Thisimage was processed
at level 2.1 or standard geocoded image and was modified into Universal Transverse Mercator (UTM) projection by
the Earth Observation Research Centre (EORC) of Japan National Space Development Agency (NASDA). First, a
3x3 median filter was employed and the second process used a 5x5 average filter to reduce inherent speckle noise
(Sunar et al 1998). At the same time, the image was also referenced to the UTM co-ordinate system, through a



polynomial rectification using 30 ground control points collected from aerial (Bakosurtanal 1990) and topographic
maps (Bakosurtanal 1991) of scale 1:50 000. This procedure yielded a geometric accuracy of 0.1lpixels. Then the
spatial resolution of SAR image was resampled to 12.5m.

A supervised classification was performed to classify the image. The study area was classified into six classes
based on aerial and topographic maps and ground data as reference to collect six classes of the training sets. The
classes were paddy field, bush swamp, forest, bush land, burnt coal seam, and settlement. The statistic value
(average) of each class was obtained and the backscattering coefficient were calculated using the equation

s °=20log| - 68.2dB (NASDA calibrated equation) (Shimada 1998). Where | is pixel intensity of JERS-1

SAR data. By comparing the results with graph (JERS-1 SAR) in figure 4, burnt coal seam thickness of each class
was acquired (table 1) that it was between 0.23m and 0.33m. Thisresult was confirmed by field survey data (figure
1), where area A and B in figure 5 had coal seam thickness of 0~0.50m and 0.51~1m, respectively. It can be said
that the analysis results matched well with field survey data.

5. CONCLUSIONS

Numerical analysiswas conducted to analyse the relationship between the backscattering coefficients and burnt
coal seam thickness x. This analysis result was confirmed by comparing it with result of previous developed
method. It was about —2dB different result, because influence of the surface roughness. This result was applied
successfully in estimating the burnt coal seam thickness in central Borneo, Indonesia. SPOT HRV images were
used to ascertain the fire spotsin the study area.

This result was confirmed by the ground data that was collected by ground survey done in 1995 to 1997, and it
shows that fires could reach 0.33 m deep. Thiswas in good agreement with ground data. Further, application of this
result can be used to estimate fire scars thickness, which is very important to extinguish forest fire effectively and
accurately.
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