Forest Extent M apping Using Fusion of Multi Spectral and PAN Data,
Comparison of ETM+ and IRS-PAN I magery

Mohammad Rashid Amini*, Shaban Shataee™
"Research Centre of Agriculture and Natural Resaukamanshah Province, Iran
Tel.: +98-0831-8358128, Fax: +98-0831-8351022 Emashidamini@gmail.com
" Faculty of forestry, University of agriculture sei@ and natural resources, Gorgan, Iran
Email: shataee@yahoo.com

KEY WORDS: Forest mapping, ETM+, IRS-1C, Data Fusion, Zagovsdts

ABSTRACT

Using of satellite imagery and its potentials aesvrtools in order to managing and mapping
forest-covered area. This research compares tlenfeds of multi spectral and panchromatic
imagery of Landsat ETM+ and IRS-1C panchromaticgemg for forest extent mapping and
estimation of forest area in the northern Zagraedts, Iran. Also this research is seeking to
determine which fusion of multi sensoral and msfiectral data can be improve the results of
forest extent mapping. In this research some adtlimbands such as suitable Rationing
transformations, vegetation index, tasseled capstoamation, and principal components
analysis were used to classification processeadttition, the panchromatic images of ETM+
and IRS-1C with multi spectral bands were fusedngisiHS and automatic statistical
PANSHARP techniques. After selecting some pixelstrasning area, the best band for
classification were chosen using separability ingexd the images were classified with
supervised classification to forest and non-foreBhen they were classified to forest,
agriculture, garden, rock land, and Settlement.arba results of classifications were assessed
trough sample ground truth points gathered usin@ G&se on a random systematic network.
The results showed that ETM+ bands could bettessdlad forest and non-forest areas than
other images by maximum likelihood with 81.3% oWeaacuracy and 0.64 Kappa coefficient.
This study explored that automatic PANSHARP techaigompare with IHS method could
better classify the forest area. This study distisiged the spectral capabilities of ETM+ data is
more qualified for forest extent classification nhgpatial capabilities of ETM+ and IRS-IC
panchromatic imagery

1. INTRODUCTION

Remote Sensing (RS) and geographic informationeryst(GIS) are useful tools for many
forestry related applications (Ghayyas ahmad, 20Bajellite remote sensing is a widely used
technique to produce land use and land cover magdastudy vegetation cover (Fung and
Chan, 1994). Multi spectral (Hyyppa et al., 1998y anyper spectral remote sensing (Pu &
Gong, 2004) have been used to map structural reedticnoderate resolution and broad scales.
Land cover mapping with Landsat data for the entire world has not yet been achieved,
although there are impressive efforts underwayciomplish this massive task in the future
(Tomppo et al., 2002). However, this issue has bastomplished in the local scale; for
example, forest map of Noor area, Iran was produssdg TM images (Shataee, 1996). The
principal interest of merging multi resolution ineaglata is to create composite images of
enhanced interpretability (Kaczynski et al., 199&)age fusion is a technique used to integrate
the geometric detail of a high-resolution panchrtien@an) image and the color information of
a low-resolution multi spectral (MS) image to produa high-resolution MS image.
(Konstantinos G. Nikolakopoulos, 2005) In this st images with better spectral and spatial
resolution (Panchromatic and Multispectral) wersefl for forest extent maping. Another
objective was comparing the results obtained byinfusmages using different merging
techniques. Image merging techniqgues combinespéetral and spatial information from two
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different sensors into one image, which has bo#ttsal and spatial resolution. When exactly
three MS bands are concerned, the most straighafonfusion method is to resort to an HIS
transformation (W. Carper et al., 1990& P. S. Chagtal., 1991) also a new method of image
fusion — a statistics based fusion, currently immated in the PClI Geomatica software as
special module, PANSHARP — shows significant prengis an automated technique.

2. MATERIAL AND METHODS

2.1 Study area

The studied area is located in Kurdistan provineestern Iran, between 45°'4D6" to 45° 54

3" Longitude and 35° 457’ to 35° 57 44" Latitude. The studied area called Armerdeh, with
about 19964 ha is a mountain area with elevatewéen 1120 and 2200 meter above sea level
and located in north of Zagros chain (Figure 1).
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Figure 1. Location of the study area (Armardah,twésran), showing false color composite
using ETM+ bands 5, 4, 3

2.2 Data and software

Landsat ETM (Enhanced Thematic Mapper Plus) and panchromatid b&IRS-1C images of
August 2001 with a general resolution of about 2828 14.25 meters for multi spectral and
panchromatic Landsat image respectively and 6 nietéRS-1C panchromatic band, were used
to generate the forest extent map. The path/rokTd¥+ and IRS-1C images is 168/35 and
64/45 respectively. Thermal band (E¥8) were not used in this research. Also topographic
maps sheets in 1:50,000 scale were used. PCl Gean®at was used for image processing like
supervised multi spectral classification. In aduditiArcGIS 9.1 and IDRISI Kilimanjaro were
used to analyze the classification results andracguassessment.

2.3 Geometric correction

Remote sensing data, directly acquired from thellgas may contain errors such as instrument
error, noise, and geometric distortion. In a prepssing stage, it is necessary to correct the
image mostly if we need the same coordinates amjegifon on the based maps (Kamal, 1999).
The Landsat ETM images had ortho rectification correction used his tresearch. The
panchromatic band of IRS-1C geo referenced witkk@itrol points and digital elevation model
by polynomial method, nearest neighbor Resampliggrithm and the RMSe was less than one
pixel. The coordinate system assigned to the gewverece had UTM projection, correspond to
zone 38; the datum is the Provisional WGS 1984aAran and International ellipsoid.



2.4 mage processing

In order to meet the objectives of this researéhgumentioned software. Thirty-seven ground
control points (GCPs) extracted from a 1:50000 tdigtopographic map were used for
geocoding the image data. Then corrected images amnanced using contrast enhancement,
False Color Composite (FCC), Principal Componentalpsis (PCA), Tasseled cap
transformation and vegetation indices. Image prangsand fusion techniques are shown in
flowchart below (Figure 2).
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Figure 2. Flowchart of image processing

2.5 Image enhancement

In order to improve information extracted from 4@t Image and suitable spectral
transformations such as rationing, principal congmas analysis (PCA), and Tasseled Cap
transformation and several vegetation indices weréormed on the ETM+ data plus the main
spectral bands. Mathematical formulae for calcntaivegetation index and ratios used in this
research are given below (equations 1 to 6).

novi = MR =R gqu1) gy =(MR-RMIFL) (gquz)  AVI =NIR-R  (Equ3)

NIR + R NIR+R+L
. ETM +b4 . ETM + b5
_ R Equ.4 ratiol=————— (Equ.5) ratio2=——— (Equ.6)
R = oo (Faud) EtM+b2 04 ETM +b2

NIR= near infra red band, R=red band, ETM=B4&nd 4 of landsat7 ETM+ data

The availability of the simultaneous panchromatiads with the multi spectral bands gives the
best opportunity to generate effective multi sp@ctvands with higher spatial resolution
(Darvishsefat and et al., 2000). In addition, theghromatic images of ETM+ and IRS-1C with
multi spectral bands were fused using IHS and aationstatistical PANSHARP techniques.
The IHS fusion converts a color image from the RE&®d, Green, Blue) space into the IHS
(Intensity, Hue, Saturation) color space. Becahedrtensity (I) band resembles a PAN image,



it was replaced by a high-resolution Pan imagehenftision. A reverse IHS transform is then
performed on the PAN together with the Hue (H) &aduration (S) bands, resulting in an IHS
fused image (Yun Zhang, 2004). Four compounds mddat ms bands including 4,3,2; 5,3,2;
5,4,3 and 7,4,2 were fused with panchromatic imageETM+ and IRS-1C in HIS method.
Also all the main bands of ETM+ were fused with gaomatic image at one time in the
PANSHARP techniques. Then images were enhanced aeintrast stretching and several color
composites for better image interpretation andsothi§erentiation.

2.6 Fieldwork design

To determine the training samples points we apgietple random sampling. A grid over the
study area was designed to devote each area topméich After the field observations, the
coordinates of sample points were introduced toGR& to recognize and locate points in the
field. To define the land cover category, each pofrarea with tree cover >10% was supposed
as forest, therefore the other areas were suppasedbn-forest. The non-forest areas were
defined five land use classes including rangelagdgculture, garden, rock land and man-made
installation. Also a 550*550m grid based on systiétn@ndom sampling was used to produce
ground control map of study area.

2.7 Channel selection

The best band set for image classification to toeel non-forest classes in first stage and
rangeland, agriculture, garden, rock land and natufed installation in second stage were
chosen using statistic characteristics of mentioriadses Spectral Signatures. Therefore, two
set bands selected including seven bands for mettiolassification in two stages.

2.8 Classification

Training samples were used to determine the landroclasses on the ground and then train a
supervised classification of the satellite imagéeAselecting some pixels as training area for
forest and non-forest area in first time and ofeatures such as rangeland, agriculture, garden,
rock land and man-made installation in second tifilie, images including image fusion and the
best set bands were classified with superviseditization to forest, non-forest by maximum
likelihood, parallelepiped and minimum distanceoalpms. In addition, the mentioned images
were classified by forest, rangeland, agricultugarden, rock land, and manufactured
installation in second time. Then the non-foreasseés of the all maps that were classified to 6
classes were merged into one class. Finally, 66snudpforest and non-forest cover were
produced. The Majority Filter was applied for smong the classification result. The classified
maps were assessed with sample ground truth amdedra confusion matrix. The classified
cover map was evaluated using overall accuracy; asd producer accuracies, and Kappa
coefficient.

3. RESULTS AND CONCLUSION

The best set bands for images classification testoand non-forest classes in first time and
rangeland, agriculture, garden, rock land and mademinstallation classes was chosen in
second time according to table 1.

The result of this band selection showed that imdeaired band (ETM4) and red visible band
(ETM+3) are chosen for each selection set bands. ktates that using of two mentioned bands
is very effective for produce forest map using liggedata. In this research, two classes include
forest and non-forest separated in first step ardcksses include rangeland, agriculture,
garden, rock land and manufactured installationewssparated in second step from satellite
images. Also separation between applied classesdeasified by means of the Bhattacharyya
and transformation divergence index. The Bhattgsf@aand transformation divergence index
for forest and non-forest classes were 1.45 ar@l re§pectively.
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Table 1. the chosen set bands for image classdicéd 2 and 6 classes

Input bands | Chosen bandsfor 2 classes | Chosen bandsfor 6 classes
ETM+, ETM+,; ETM+;
ETM+, ETM+, ETM+,
ETM+; ETM+; Ratio 4/2
ETM+, ETM+, AVI
ETM+s RVI RVI
ETM+, Ratio 4/2 Greenness

RVI NDVI PCA
AVI
Ratio 4/2
Ratio 5/2
Brightness
Greenness
NDVI
SAVI
PCA,
PCA,

In addition, results showed that there is littlecpal interference between forest and garden
classes in some area. This subject was true foirsopen forests too. Therefore, this subject
was caused results of accuracy assessment to lar. I@ixty six maps of forest area were
obtained from supervised classification of selecetibands and fused images. To assess the
capability of mentioned images to discriminate §brarea, the results of the classification were
compared pixel by pixel to the ground truth. Theref confusion matrix was produced; then
overall accuracy, user and producer accuraciesttenlappa coefficient were derived from the

confusion matrix. Some results of classified imag#h their accuracy assessment are shown in
the table 2.

Table 2. Subset of images classified that had begnaccuracy

Bands combination lassification algorithm overall appa forest P.A no-forest P.A forest U.Aon-forest U.A
type classifier Accuracy coefficient

Selected 7 bands set 2 classes ML 81.3 0.64 86.95 78.95 83.45 76.34
Pansharp IRS-PAN with ETM+-ms 2 classes ML 80.53 0.59 80.5 80.50 87.43 71.46
Pansharp ETM+-PAN with ETM+-ms 2 classes ML 79.75 0.57 81.03 77.59 85.90 70.83
Pansharp ETM+-PAN with ETM+-ms 6 classes ML 79.13 0.56 79.06 79.25 86.52 69.20
Pansharp IRS-PAN with ETM+-ms 2 classes PPD 78.83 0.52 216 56.57 74.21 67.32
Selected 7 bands set 2 classes PPD 78.52 0.49 81.85 76.21 83.96 68.54
Pansharp IRS-PAN with ETM+-ms 6 classes PPD 78.36 0.55 47.3 80.08 86.74 67.72
Pansharp IRS-PAN with ETM+-ms 6 classes ML 77.59 0.53 7.3 79.67 86.35 66.66
IHS ETM+-PAN with ETM+4,3,2 2 classes ML 77.59 0.52 80.5 72.61 83.20 68.89
IHS ETM+-PAN with ETM+4,3,2 6 classes ML 73.42 0.46 .1 77.17 84.01 61.39
IHS ETM+-PAN with ETM+4,3,2 6 classes PPD 73.26 0.45 B.9 77.18 83.96 61.18
Pansharp IRS-PAN with ETM+-ms 2 classes MD 71.21 0.35 ™5 7647 79.36 54.98
IHS ETM+-PAN with ETM+4,3,2 6 classes MD 70.79 0.40 .9 7054 80.22 59.02
IHS IRS-PAN with ETM+5,3,2 2classes MD 69.86 0.39 7.83 73.44 81.12 57.4
Selected 7 bands set 2 classes MD 63.83 0.29 57.64 74.27 79.05 50.06

The accuracy of the classified maps was measuredgh confusion matrices. As shown in the
table 2 the results of accuracy assessment indibateusing of the best selected ETM+ bands
could better classified forest and non-forest atbas other images by maximum likelihood

algorithm with 81.3% overall accuracy and 0.64 Kampefficient. The produced mentioned

map is shown in figure 3.
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Figure 3. Produced forest and non-forest map ob#st selected ETM+ bands

The main purpose of this study is estimate of thteqtial of the Landsat7- ETMdata and IRS-
1C panchromatic band for forest area mapping irr@afprests of Iran. Results from this study
demonstrate the feasibility of using multi spectt@indsat7 ETM data to extend forest
mapping. Also the results of image fused accurasgssment showed fusion of ETM+ multi
spectral bands with IRS-1C panchromatic band hadawed the classification results compared
with ETM-pan. This study determined that automd@&NSHARP technique could better
classify the forest and non-forest area compariitfhy WHS method because of using of all
ETM+ multi spectral bands for image fusion. Also fusainrms bans 4, 3 and 2 and pan images
had a high capability to classify the forest andh-farest area, comparing with other band
compounds. The produced forest extent map shoveedtidied area has about 12690 ha forest.
Also the results of this investigation demonstratesg of maximum likelihood algorithm for
image classification improved the classificatiorsulées compared with parallelepiped and
minimum distance classification algorithms. Simitanclusion was reported by shataee (2003)
and Yuan and et al (2005).
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