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ABSTRACT: Indonesia produces the majority the world’s pallnazcounting for approximately 44%. Since 2006
Indonesia is the biggest crude palm oil (CPO) etgvan the world (Sukamto, 2008). Oil palm is auadlle sector to
support Indonesian economics but it also causasogmmental impacts. Sustainable oil palm developn@®OPD) is

a key important to improve quality of oil palm déygment. Remote sensing technology then can beedilto
support SOPD. This study has tried to classify dgngwstages of oil palms using high spatial resohuti
FORMOSAT-2 satellite image. FOMOSAT-2 data has 4tispectral bands (8 m) and 1 panchromatic band).(2m
Because oil palms in plantation has triangular talgpattern where a space between oil palm tieabout 9 meter,
the 2 m panchromatic band can be used to recoginiz@lanting pattern by texture calculation. Tegtextraction
using image matching by correlation and superviseje classification using maximum likelihood cléies have
been used in this study. In detail, image clas#ifin attempted to use only multispectral datathedcombination of
multispectral data plus texture information. Batkults then were compared. The study area was @nmgulil palm
plantation in West Java province, Indonesia. Tlselteshows that the overall accuracy (OA) of 66i4%chieved
from the image classification that used only muatipal bands. The OA of 76.8% is achieved from ithage
classification that used multi spectral plus tegtunformation. By adding texture information to tigpectral bands
in classification, the OA is improving 10.4%.

1. BACKGROUND

Indonesia produces the majority the world’s palmasicounting for approximately 44% and since 2D@bnesia is
the biggest crude palm oil (CPO) exporter in theldv¢Sukamto, 2008). There have been environmeéntphcts
such as deforestation and social impacts (Colchesteal., 2006). Hence the need for sustainablepaiims
development (SOPD) that deals with economic devetay whilst also caring for environment. Sophiggdaand
reliable technologies such as Geographic Informa8gstems (GIS) and remote sensing (RS) can beegtito
support implementation of SOPD.

GIS and RS have been used to study oil palm. Lukehah (1996) successfully used satellites imaging diaten f
Landsat Thematic Mapper and SPOT to identify olirpgrowing areas and to map differences in palmaigsrly
stages of growth. Wahiet al. (2005) used multispectral Landsat 7 ETM (Enhantbeeimatic Mapper) images and
GIS to develop a rapid procedure of producing tB® D00 scale oil palm land use in Malaysia. Th@aim land use
was discriminated by supervised classificationsgidiearest Neighbour (NNB). The composite of TMds4, 5
and 3 gave the best discrimination of oil palm frother land cover types. Although there are previBiS and RS
studies about oil palm, but none of them used FORMD-2 data or specifically used texture information

Texture in daily life refers to something that ¢entouched and it felt rough, silky, and bumpyinhage, texture can
be defined through its digital number (DN). A mayiwindow (kernel) then is used to probe all of DiNile the
image to characterize the textural features nurallyiby the algorithms. The incorporation of sphtiariation
(image texture) in image classification procedusean increasingly important aspect of high spatablutions
remotely sensed data analysis. Overall improverimealassification accuracy indicates that the addiof image
texture improves image classification (Jensen, 2005

In this study with 2 m spatial resolution of FORM®2 panchromatic image, triangular oil palm paitean be
well recognized through our eyes and has poteotiaé extracted by texture analysis algorithm. &foge, this study
has tried to utilize RS technology especially m#ition of texture information in image classificatito support
SOPD. Furthermore, this study has following objexgi (1) To classify growing stages of oil palm@gsonly



multispectral bands and combination multispectaalds plus texture information of FORMOSAT-2 dag3,T(o test
the accuracy of both classification results, andrsupport sustainable palm development by pingidhore often
updated oil palm land use map.

2. STUDY AREA AND DATA COLLECTION
2.1 Study Area

The study area was Cimulang oil palm plantatiorBogor District, West Java Province, Indonesia. Gang
plantation has total area 1,004.33 hectare. Thexe \88 planting blocks where 2 blocks (5.53 %) hbeen
planted oil palm in 2002, 13 blocks (31.08 %) péahin 2003, 13 blocks (36.75 %) planted in 2004, &b blocks
(26.64 %) planted in 2005.

2.2 Data Collection
2.2.1 FORMOSAT-2 Satellite Data

Image data that used in this study was captureB@RMOSAT-2 satellite on April 1, 2009. FORMOSAT<La
Taiwanese high resolution satellite launched on K&y 2004. Its imagery has spatial resolution ah8n four
spectral bands (0.45-0.52um (Blue), 0.52—-0.60ured®r 0.63-0.69um (Red), and 0.76—0.90um (Neaaridi))
and 2 m in one panchromatic band (0.45-0.90um) avibene coverage 24 km x 24 km. For purposetily she
scene was cropped to the study area. Level 2A peepsing product of FORMOSAT-2 was used, it hanaeltric
corrections identical to Level 1A with geometria@xtions to frame the image in a given map praectdefault
projection is UTM WGS 84).

2.2.2 Ground Truth

Ground truth is important in the initial supervisedssification of an image. In this study groundath data was
collected a combination of field survey, high region image, and thematic map. Field survey wasdom10-11
August, 2009. High resolution DigitalGlobe’s satellimage was captured from Google Earth has da®¥ 2and
2009. The thematic map was sourced from year pigntiap of oil palms. This map was made by the aitib®

PTPN VIl in 2008. This map describes when and wlmkpalms were planted based on planting bloekslly, by

combining those data the ground truth map formeshasvn in Figure 1.

3. METHODS
3.1 Multispectral image classification

The objective of image classification is to assadinof pixels in the image to particular classedl@mes (water,
forest, barren land, etc.) and to generate a themmaip (Weng, 2010). The basic strategy in supedvidassification
is to sample areas of known cover types to determépresentative spectral values of each cover (ypebyla,
1995). These sample areas namely training fietdthi$ study, base on ground truth data the trgifigids have been
established. The training fields were delineateduga of oil palms that planted in 2002, plante@003, planted
2004 planted 2005, immature oil palms mixed withsgt grass, and non-vegetation cover types. Afaydraining
field of each land cover types was determined, therimage was classified using Maximum Likelihaaksifier. It
was chosen because this classifier is simple alhdrs¢ of the most widely used in many studiesteAsupervised
maximum likelihood classification was done thersslfied-image created, it still needs some procesito be done
to achieve final image classification result. Thpegcesses were regrouping classes and smoothiregentges.

3.2 Image Classification with Texture Infor mation

This part describes how image classification wasdooted with utilizing not only multispectral band$
FORMOSAT-2 data but also added it with texture infation. Texture information was derived from pachatic
band of FORMOSAT-2 data. Panchromatic band hasspatial resolution. With this spatial resolutiofarging
pattern of oil palms can be recognized visuallyhy eyes on screen computer.

Remember, oil palms in plantation have unique pignpattern (triangular) where the space (distabeéyeen trees
is about 9 meter apart (Figure 2). Therefore wddccsae oil palms in the plantation through panchatiecnmage
through their unique texture. Different ages of mallms and different direction of planting patterngdifferent
planting blocks also can be differentiated by thieixtures. These textures have potentially to beaeted
automatically by texture analysis algorithm in cartgw. Since texture information was generated thesas added



to multispectral bands to enrich the spectral digneainformation for image classification. FiguresBows some
textures of oil palm planting patterns in differgliection in panchromatic band of FORMOSAT-2 data.
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Figure 1 Ground truth map

Supervised classification method that employed e also using maximum likelihood classifier. Tirag fields
that have been used for this classification alsostime with that were used to classify multispebaads, both the
total number of training fields and their locatioie only different here was texture informatiapdrs that added to
multispectral bands so the spectral signaturesici eover types were different with spectral sigrest that were
used to classify only multispectral bands. Beferdure analysis was run, the panchromatic bandb&MOSAT-2
was filtered by high-pass filter. A high pass filietains the high frequency information within iamage while
reducing the low frequency information.
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Figure 3 Cropped FORMOSAT-2 panchromatic images which depidtire of(a) oil palms 2002, (b) ¢
palms 2003, (c) oil palms 2004, and (d) oil palra82

After panchromatic image was filtered, then thegmanatching by correlation method was applied. fitethod was
chosen because oil palm planting pattern that la®dgic texture can be recognized easily in panciate
FORMOSAT-2 image by our eyes, and it has potettdiake extracted by image matching by correlatidre GLCM
(grey level co-occurrence matrix) with its statiatimeasure methods such as Homogeneity, Coriiasimilarity,
Entropy, Second Moment, and Correlation that knas/simple texture descriptor (Coburn and Robe@@4phave
been tried to extract oil palm planting patternt the results were not too clear to express thealin planting
texture.

Applying image matching by correlation it neederehce image and test image. In formula, the catiogl between
reference image/(X, y) of sized X K within the test imagéd (X, Y) of sizeM X N where it assumed thdt< M
written as follows (Gonzales and Woods, 2002).

SN [f(st) - f(st)] [w(x+s, y+t) -w]
y(xy)= = i (1)

{zz () -TsOE T Y [w(x+s,y+t>—vv12}2

where X = 01,2....M -1, y=012,...,N —ZLVV is the average value pixels W (computed only once),

f is the average value of in the region coincident with the current locat@nWw , the summation are taken over
the coordinates common to both and W. The correlation coefficieny (X, Y) is scaled -1 to 1, independent of
scale changes in the amplitude &fand W .



3.3 Accuracy assessment

In according to know how accurate the classifigatieas, accuracy assessment through error matbledted.
From this matrix the Overall Accuracy, User Accyra®roducer Accuracy and Kappa (KHAT) value were
calculated.

4. RESULTSAND DISCUSSION
4.1 Results of M ultispectral I mages Classification

Supervised classification was performed with athditispectral bands of FORMOSAT-2 data. At the begig the
classification used 44 training fields which regm®d 7 land cover types, they were: oil palmstpldum 2002, oil
palms 2003, oil palms 2004, oil palms 2005, grassjature oil palm mixed with grass, and non-vegetatUsing
these training fields, the multispectral image wiassified. These classes were then grouped te thdsnd cover
types. Although it already grouped to 7 classesiesolasses were still not well separated, mainlgragrdifferent
planting ages of oil palms. This is because thetsplesignatures and separability of these covpe tslasses are
relatively close each other. Hence in the finassified image, those 7 classes were then grouped iclasses. The
classes of oil palm that were planted in 2002, 2688 2004 were grouped into a new class namelyidatl palms
(MA), the oil palms 2005 class were grouped to Irtureoil palms (IM), the immature oil palms clasixed with
class grass and the class of grass were group@chss (GR), then the non-vegetation class stilaieed the same
name Non-vegetation class (NV). The result of ficlaksified image is depicted through Figure 4rantstatistic
calculation of final classification result, it info that the 35.23% of area is covered by maturgealiin, 41.94% is
covered by young oil palm, 18.01% is covered bygsgrand 4.82% is covered by non-vegetation.

When looking at Figure 4-a, grass (blue color)pgeading in some places with the largest one cdreted in the
north east of the plantation. By checking the y#anting map of oil palm there is exactly no lander type for grass
or in other words the plantation is divisible offty oil palm cover types not for others. But intfdloe grasses are
there. It is because rodents’ attacks have occuimabese areas grass is dominant, the oil paeststill can be seen
but the density is quite low and they were mixethwrass. The red color indicates the non-vegetatimss, which is
concentrated in eastern part of plantation wheeeetlis barren soil, in southern part are the hoa$&sTPN VIII
employees and in other parts are access roadsy(roekis). The yellow strips among the green cotler the
misclassified, actually these are access roads.

Table 1 Error matrix of final classification map of multisptral FORMOSAT-2 bands.

Ground Truth User Accuracy
Predicted Cover Type MA IM GR NV Row Totals (%)
MA 18911 3171 572i 367 5671¢ 33.3
IM 463: 6265! 46€ 13C 6788( 92.3
GR 3461 257¢ 2272¢ 247 2901¢ 78.3
NV 139¢ 255¢ 96¢ 276¢ 769z 36.0
Column totals 2840t 99497 29891 351: 16130¢
Producer Accuracy (%) 66.6 63.0 76.0 78.8
Overall Accuracy (%) 66.4 KHAT 0.48

MA = Mature oil palm, IM = Immature oil palm, GRGrass, NV = Non vegetation

According to the accuracy test, error matrix wasated. This error matrix is shown in Table 1. Ftom table, the
lowest user accuracy is achieved by mature oil p@s3 %) while the highest user accuracy is aadeby
immature oil palm (92.3%). The lowest producer aacy 63% is achieved by immature oil palm while tighest
producer accuracy is achieved by non-vegetatiorBBR Meanwhile an overall accuracy of 66.4 % arichppa
value (KHAT) of 0.48 were achieved.

4.2 Results of M ultispectral and Texture Infor mation I mages Classification

In according to get texture information from theame, texture extraction using image matching byetation
method was applied to panchromatic FORMOSAT-2 im&gfore it was applied, the panchromatic image was
already filtered by high pass filter. Using 5 reiece images (each reference image has size 1pixélg), where
each reference image represented one texture qfabih planting pattern on image, then the 5 textayers



information were generated. Those five texturernmiation layers are the best texture layers that leen resulted.
Actually the process has been tried many times.|&\dttempting to get texture information if the ukkgexture
information from a reference image was not good tive reference image was changed (shifted or mdeetew
locations then the process rerun again until textaesult is good enough. Good here means the otagture
information has more bright color and it shouldcbacentrated not dispersed.
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Figure4 (a) The final classification image of multispectral gbjl The find classificatior
image of multispectral bands plus texture infororatbf FORMOSAT-2 data.

It was easier while attempting to get good texinfermation results from mature oil palms areasitflam immature

oil palms areas or even from young oil palms atieasmixed with grass (the area that has beenkaitidzy rodents).

The 5 texture information layers that resulted fitbhmprocess then were stacked together with 4spalttral images.
In this process 2 meter spatial resolution of gagture layer then was resized to 8 m spatial utiesl. Now a new

bundle image with 8 m spatial resolution that hdey@rs inside was ready to classify.

Using the same 44 area of interests (the areahtha been used to classify multispectral bandsy, spectral
signatures have been created then supervised fidagen was applied to a new bundle image. Thegena
classification result then was created like whatds done to get final classification image whiehieked from only
multispectral bands of FORMOSAT-2 data. The fifaksification image that derived from multispectvahds plus
texture information is shown in Figure 4-b. Thisdi classified image also has 4 land cover typssels, they are:
mature oil palm, immature oil palm, grass, and megetation. From the calculation of its statistiasa, 22.38% area
is covered by mature oil palm, 56.73% area covbyadhmature oil palm, 18.08% area covered by grasd,2.81%
area covered by non-vegetation.

Table 2 Error matrix of final classification image of mudiectral FORMOSAT-2 data plus texture information

Ground Truth User Accuracy
Predicted Cover Type ~ ya M GR NV __Row Totals (%)
MA 1670¢ 1531; 3887 233 3614t 46.2
IM 841¢ 8107 1942 37¢ 9181« 88.3
GR 2631 2507 2373t 31C 2918: 81.3
NV 631 952 302  258¢ 447 57.9
Columntotals 2838t 9985: 2986¢ 3511 16161t
Producer Accuracy (%) 58.9 81.2 79.5 73.7
Overall Accuracy (%) 76.8 KHAT 0.60

MA = Mature oil palm, IM = Immature oil palm, GRGrass, NV = Non vegetation

In according to test the result image, accuracgssseent was done through error matrix that showiale 2. This
matrix shows that the overall accuracy of 76.8% twedkappa value (KHAT) of 0.60 are achieved. Tdwelst user
accuracy of 46.2% is achieved by mature oil palwmecdype (MA) while the highest user accuracy of388 is
achieved by immature oil palm (IM). The lowest puodr accuracy of 58.9% is achieved by mature dihgA)
while the highest producer accuracy of 81.2% iseaed by immature oil palm (IM).



4.3 Comparison

The purpose this section as it title name is trygngompare between the final classification imtmge derived from
only multispectral bands with final classificatiamage that derived from multispectral bands plus tixture
information. From Table 1 and Table 2 we can satdbcuracy of image classification result thatduseltispectral
bands plus texture information (overall accuracg kappa value are 76.8% and 0.60 respectivelygtiebthan it
only used multispectral bands (overall accuracy kagpa value are 66.4% and 0.48 respectively). Guezall
accuracy different is 10.4 % better and the kagpaevdifferent is 0.12 better.

Texture information has given a good effect to ioyerthe user accuracy of mature oil palms class)(&At written
in both error matrix tables from 33.3% to 46.2%sWélly it can been through Figure 4-b, in thisynietthe mature oil
palm that represented by green color looks moreosimo (blocky) compare to the Figure 4-a. Miscliszsiion
because of noises that effected by too many acoesis in this area were reduced by texture infaomaBut for
immature oil palm (IM) cover type by adding thettex information to multispectral bands the useruaacy is
decreasing from 92.3% to 88.3%. In the picturait be seen clearly especially in south part o§thdy area, yellow
color that representing the immature oil palm loaltistle bit more noise in the Figure 4-b comparé&igure 4-a. To
get good texture information in this area is no¢@sy as in mature oil palm area. Uniquely happéntite grass class
(GR), the grass class that originally consistsrakg and sparsely young oil palm mixed with grasstetter user
accuracy, it's increasing from 78.3% to 81.3% bglind texture information to multispectral bands aatually the
case is to get good texture information was noy eashis area because no strong regular patteriveaecognized
in this area.

5. CONCLUSION

Oil palm is important for Indonesia. Sustainablepaim development (SOPD) is a key important to tneeenomic
purposes and to reduce environmental impacts.dording to utilize remote sensing to support SOfRI3,study has
successfully used high spatial resolution FORMOSASatellite image (8 m for 4 multispectral bandd am for 1
panchromatic band) to classify growing stages bpaims at Cimulang plantation, West Java, Indanelshage
classification using maximum likelihood classifieas done by utilizing multispectral bands and thmlgination
multispectral bands plus texture information.

Oil palms has common triangular planting patteresgithe space between trees is separated 9 mBipiarplanting
pattern has slightly different in direction (orietibn) depends on slope and aspect of the terra@menthe oil palms
are planted its above. This pattern can be seemliysin 2 m spatial resolution of panchromatic ROBSAT-2
image. According on these conditions, automaticpalm pattern recognition (texture extraction) gsimage
matching by correlation method was applied to pemmiatic FORMOSAT-2 image. This method has succégsfu
extracted texture information from different oillpeplanting pattern at Cimulang plantation. In thiisdy the overall
accuracy of image classification result that detiealy from multispectral bands is 66.37% and thpga value is
0.48. Whereas the overall accuracy of 76.8% ang&aplue 0.66 are achieved in the final image iflaaton result
of multispectral bands plus texture informationdesy Comparing both classification results, by agdiexture
information to multispectral bands, the overall@ecy and kappa value increase 10.4 % and 0.12ctgply.
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