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Abstract: We mvestigate the performance evaluation of
merzging (fusmg) capabilities of
clazsifiers for the land wse analvsiz. For the fusiom

the classification

approach, we salect the parametric and non-parametric
classifiers. The set used mecludes: Bayesian Network,
Multi-laver Perceptron (MLF), Support Vector Machines
(SVAI
selectad basaed on their good over-all performance for the

and Fandem Forest. These classifiers are

land use analysiz and in general for other classification
tazks. We evaluate the concept on both the high and low

classifiers such as: Support Vector Machome (SVA),
Bavesian Networks (BN), DMulti-layer Perceptron
(MLE), Mammum Likelihood (MLE) and Eandom
Forest. MLE := based on the stafistical theory and 1t uses
normal distibution for each elass to classify the imput
classifier which

patterm and thus 1t is 2 parametric

requires the prior probabilitiss befors classification of
the mput pixel. In [1]. the author has compared the
performance of ANWN and MLE on low mesolution

Landsat imagery and showed that AN can better locate

resolution mmultispectral  satellte  1magery.  The the various land using simple pixel based features. In [2-
performance of the approach 15 evaluated using F-zcore, 4], wvanous approache: have been wused for band
computation tme and accuwracy. Bazed on  the classification wsing the ANN. ANN was ongmally
experimental evaluatton, we advocate the use of developed for pattern  recogmition  task.,  ANN

classifier fnsion for the low resolution satellite 1magery.
While for high resolution satellite imagery, the fusion
shows slight improvement in performance.

L INTRODUCTION:

La:d cover classification plays an important role

the estimation of land wse m agriculiure, sattlements and
umigation. Today, due to the technelogical revelution 1t"s
possible to deal with such problam:. Kemote sansing and
machine laarmmg techmaues are now used to locate the
land clasters within the demain of satellite imagery. In
machine learning technique, the pixels (bands) from the
satellite imagery 15 extracted and on these pixel based
faatures, the classifisr iz trained to predict the unknown
pixel. Several ressarches have besn carred out o

mvestizate the performance of state-of-the-art supervized
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computations are different from the tradihonal stanistical
computations and hence it 15 a non-parametric classifier
[5]. The main advantage of newal network 1= parallel
computation which makes 1t more promuinent for pattern
recognition problem. Fecent studies have advecated the
use of AN compared to non-paramettic classifier such
as MLE [5-6]. In contrast to ANN, SVM 15 reported to
accurately  classify the input pattern  and
outperforms state-of-the-art such as MLE, ANN and

hence

Dacizion trees [7]. The advantage of SVM 15 1ts non-
linear kernels, and hence can medsl complex problems
[2]. Due to the several variants of SVM kemmels, it can
effectively differentiate between the spectral signatures
comparad to non-parametric classifiers [9]. Basad on the
spactral signatures of wvegetation, the non-parametric
classifiers such as the MLE fails to comvectly locate the
vegetation categories compared to SVM. Compared to
the parametric claszifiers such as MLE, the random
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Abstract: Land usage analvsis takes advantage of the
multi-band imagery for classification and recognition.
Multi-bands data contains raliable information comparad
to the raw image formats e g, BGE, HIS, HSV and other
color spaces. In this paper, we advocate the usage of
non-parametric machine leaming algorithms for land
usage analysis. From the non-parametric algorithms, we
propose a random forest appreach for land use analy=is.
Ohur analy=is 15 concerned with the classification of land
into seven classes. We have shown that non-parametric
claszifier the “Fandom Forest™ 13 well suited to the task
of moulti-band  land analvsis. In the
experimentation setup, we have comparad the random
forest with the state-of-the-art classifiers. Based on the
SPOT-5 imagary, we have shown that the random forest
outperforms the state-of-the-art classifiers includmg
Matve Bavesian, Muili-Laver Perceptron, Bayesian
Metwerk, 5V, Radial Basis Function Network (RBF)
and Ada-beoost. We further show that for the land nse
analysis, increasing the number of trees has no effect on
the performance of the randem forest and therefore the
runtime of the random forest can be reduced compare to
all the other classifiers. The best F-score 13 achieved
using 4 frees and 10 Fold Cross Validation.

usage

L INTRODUCTION

Femote sensing uses satellite imagery for land swrface
analysis. The common technique wused for remote
sensing is the pixel based image analysis. The pixeals
obtained from the Mult: bands imagery are modelsd
using the supervizsed machine leammg classifiers.
Supervised classifiers are further divided inte parametric
and non-Parametrie. The parametric classifisr requies
prior prebabilities of the pixel distnibution, such as
Matve Bayesian, Bavesian Network Support Vector
Machine (3VM) and Maxmimum Likelihood (MLC). Non

parametric classifiers nommally are ndependent of the
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pricr knowledge such as leamming algorithms based on
the decision trees. The non-parametnic zlgonthms are
zenerally not used for the land usage analysis.

From the parametic set of algorithms, the SVM shows
stronger detection parformance compared to the MLC,
Arnifictal Neural Wetwork (AN} and Decision treas [1].
SWVM heavily relv on 1ts classification parameters and
kemeals, hence various kemels are usad for classification
and land usage analv=is [2]. AWNH 15 widely known for
its strong detection prebability. Comparizon betwean the
AN and MLC shows that AN cuiperforms MLC for
low resclution  satellite analvsis  and
classification [3]. Classifisrs like AWM, SV and MLC
have alse been used for tropical zone amalysis. The
results show that SVM can efficiently differentiate
betwean different land clusters [4]. The supericrity of
SV for the land use analvsis and classification has also
been reported n [S1[61[T][3][?]. The parametic classier
Maive Bayesian assumes the probability independence of
the feature set and hence it 15 also usad for pixel based
land usage analv=izs. In [10], MNalve Bayesian based
approach 13 advocated for the satellite magery
classification mto shades, roads and building. From the
parametric set of classifiers, the Bayesian Wetwork has
also been used for the analysis of storm water meodeling
using Landsat imagery [11].

ImaEgery

In this paper. our chjective 1z twofold: Fustly, we
advocate the usage of the non-parametric classifisrs for
the task of land wsage analysis. The non-parametnc
classifisrs were generally not favored for the land use
anzlysis due to the pixel-lhike data as evident from the
state-of-the-art. Secondly, in the shape of the non-
parametric classifier, we propose the use of the random
for the SPOT-3 imagery.
expermmentation setup, using 10-fold cross validation,
we show that the random forest cutperforms the state-of-

forest classifier In an
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Abstract—C ompression performance of a video codec is very
important to enable it to encode high quality vides at low
hitrates. Significant progress has been made in the area of video
enomling. The latest state of the art video enooding standard,
High Efficiency Video Coding -~ HEVOTLIES doubles the videos
quality for the same bitrate compared to other osdecs. This
paper presents quality & performance comparison amongst
H.ZES, H.264 and, Motion JPECG using different vides encoding
libraries. Alongside the need for high mmpression efficiency, it is
also important to keep in the computational complexity of video
colecs. In this regands, although HEVC provides the best
compression efficiency, il does so @l the expense of signifcantly
mwre oom putational cost than FLI6E

The results of the conduded experiments show that HEVO
produced best quality video followed by FLI6A However Motion
JPEG encoding produced Gstest encoding fimes Tollowed by
HEVC. Videms encoded with Motion JPEG using Opend FEG
library produced the worst resulis in terms of quality. 268 was
the slowest among the vides codecs and often produced video
quality comparable o videss enomded with Kakadu Maotion
JPEG) This work is meant to provide insights regarding choice
ol the video encoding swuite & Niure devdopment of the codecs.

Index Terms—HEVCO/H 265; H.264; Kakadu; Open
JPEG MMM PENR: S5IM

L INTROGAICTION

Compuating power doubles every year according to
Moore's law & the devices get cheaper & efficient, however
the desire for squeering every cmee of performance out of the
hardwane is ever growing. Super computers of the past the
sman phones of oday & sman phones of oday will be the
wearsbles of tomorrow but the limitstion comes in terms of
power consumption. As the devices get smaller, the capacity
of the batery power redwces. The balance between
functionality & power consumplion can be maintained by
efficiently wtilizing the system rescurces [1]. Most of the
consumer devices are used as a mutimedia gadget, therefore
the nead for providing visually appealing moltimedia content
&t bowest bittate & power consumption i the top priority. In
this pursuwit, video codecs ane slways evolving, trying to create
the perfiect balance between quality & performance. Many
codecs have been released, however few of them managed i
scquire the attention of combent producers. From 1994 po 2013,
wideo compression technigues changed a lot The streaming
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videos improved by current HEVC in different aspects namely
lesser storage memory, lesser decoding time and lesser bitrates

[21.[3]

HEVC is abl W achieve twice the compression
performance relative i H264, whilst mainining the same
level of video quality. HEVC achieves this by relying wgron
enhanced intra prediction, decomelating wansforms, de-
blocking filiers, motion estimation & varisble length entropy
coding to produce good quality at high compression ratios [2],
[4]-

Work on developing a oodec which can  produce
subatantially good quality videos with high compression ratios
& respectable performance was started & early &5 2004, The
ITU-T WCEG (video coding expents goup) started the sudy
of various potential echniques that the scosssor of
H.280/AVC will maimilate. KTA a software code base,
supporied by Joint Model (IM) which was developed by
VOEG & MPEG Joint Video Team for H.264/AND was
established to evaluste such a joint Call for Proposak (CiF).
In 2000, it was Aandandized ine HEVC joint project with
MPEG. The first version of HEVC was completed &
published in 2013 [5].

With the need of achieving high compression ratios,
computational performance of the codec is also of grest
impontance considering the most common wage of these
oodecs & the targeted devices which have usually very low
reserves of battery power & suftain & maintain longer usage
of the device. Disinterment of the codec in kerms of high
compression  ratio, higher performance & low  power
consumplion is the main puarpose of this paper.

I VIDED Comecs & LIBRARIES

This section will briefly shed some light on the selected
oodecs and their respective software libraries used for video
encoding.

A HEVC (High Efficiency Video Codec)

HEVC & the suwccessor o H28GMPEG-4 ANV
{Advanced Video Codingd. Goals of HEVC inclode easiness
of iansport  system  integration, ooding  efficiency,
implementation using parallel processing archiectures and
data loss resilience. HEVC includes Inter Prediction, Inira
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Abgtracs—Rapid deforetation has been witnessad in Pakistan
nver the past Tew vesm. It s taking its toll on Pakistsn sconamy,
infrastructure, and environment in the form of frequent foods
In order i keep the numbers stesdy frequent surveys need to he
conducted. Identifving lush green forests through remote sensing
is quite effective when it comes to collecting ground truth reality
through extensive ground surveys. In the following study two
pizels  hased  supervised  clmsificstion  algorithms e
Farallelepiped and Mahalanobis Distance Classification
Algorithms are compared for classifying forests in Paldstan. For
that purpasse High Geometric Resolution Imagery of SPOT-5
{1.5m) is used = the bhase image According to our resulis
Parallelepiped Classification is proved to be the hetter ane of the
twao with overall sccumacy of #5.4% and kappa coefficient value
ol 0937, with reference to the Mahalanchis Distance classifier
with overall sccurscy of 85.57% and kappa ooefficient value
equal to Q8115 On the hasis of these Bndings Parallelepiped
Clmsifier is preferred to be used for the remwte sensing of
forestry in Pakistan.

Keywards—Nomalzed Differance Vegesstion fndex, Kappa
Cocffidens, Confimion Magric

L INTRODUCTEIN

Farestry i3 the sody of mamgemen of significant
componenis of foress, comerving the natorsl resoorces for
fulfilling the homen needs and keeping intsct the habitst of all
the life forms it supports. For preservation of the foress and i
inhabitants information shoot the area covered by the forests
and their types & dgnificant. Acquisition of sach infrmation
requires space based and serial beased remote seming
tecimiques. Among the two, space based mathod is widely mwed
due o its large coverape aness a3 in this case foresta 1)

Orverall forests in Pakistan ave limited, About less than 4%
of the land mas & covered by foress. Rich in terms of
bdodiversity they are, the mmber is very much lower than the
optimom valoe of 25% for 2 comtry. In Pakistan foress cover
& total ares of 501 hectares of land mass incloding both the
natoral and anificial plantstion. Having the deforeststion rate
of 27,06 hectares poryear it i ranked the highest smong Asia,
Rapid deforestation & taking its wll on Paokian's economic
atalm, it infrastrocione, snd envirommental conditions in the
shape of large scale floods for the past few years. Floods have
catasirophic effects particobrly in the developing countries
lacking the appropriste infrasirocione & connder abowe average
waber vk, Tt has heen slways believed that the native forest
cower redoces the risks and severity of catasirophic floods. Doe
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i lack of forests both people and environment are st risk. In
arder to keep the updated statistics of forests periodic surveys
are neceasary. However, doe to land mafia groond sarveys ane
hard to condoct. Bemote sensing thos can be med o identify
and delineate the forests and thelr types [2]. With incressed
apatial & apectral resolution it is nol only sccorste bot slso a bt
esiier than the groond surveys,

Forest  identification based on sobseqoent moli daie
imaging over a time period i3 proved to be beneficial over a
sngle date dsta. However for & selected region like forest,
employing mose fraining samples on sngle dsta images for
recognizing spectral signatore can be wsed to correcly identify
the forestry.

In this sidy, two smple and fast pizel-based algoritims
are compared in terma of scowracy on & high resolotion imeope
ovar & latge sody sres. These algorithms  inclode
Parallelepiped  clasmification  and Mabalinobis  Disance
Classification. Pixels are considered to be the smallest unit of
the imepe dats and are class fied on the hasis of their individosl
apeciral valoes [3] . The high resolotion image has been taken
by SPOT-5. It was a French satellite and offered gready
enhanced capabilities  providing cost  effective imaging
solutions [4].

The paper & strociored s follows. Section 1T highlights the
methodology and briefly describes the pre-processing of the
SPOT-5 imapge and divison of dataset into testing and training
pixels, section 1T highlights the pisal hased class fication and
covers the briel description of the two ¢ lsaification algosithms,
section TV gives an insight of accorscy ssessment of the two
algorithms in question, section V' discosaes the resals of the
twi clamaification algorithms and section VT hence concludes
ihe paper.

M. METHHMNLOGY

A Soudy Amea

Ehyber Palhionkhws, the province of Pakistan has slmoat
Al percent of the country’ s forest cover. It s embellished with
prolific and dense forests covering the major portions of
Hazara and Malakend division. Therefore, the location of om
dudy inclodes fores intensive aress of Abbotiabad districts,
Ehyber Pakhimbhwa, Pakisten, Approximately 4599 ko' ares
i slndied which is a subset of the scquired SPOTS imagery. It
includes densely populated orban = well 23 rval sress. The
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Abstract—In this paper we analyze the impact of upequal codes. Another approach is presenied in [5]. which uses

error protection (UEP) aver Data-Partitioned (DFPy H.264 video
transmission over Correlated Rayleigh fading channel using He-
cursive Systematic Comvolation Codes (RSC1L Mulii transmit and
receive antenna system with Differential Space Time Spreading
(DETH) is employed in combination with Sphere Packing (SP)
Modulation to demonstrate the overall BER reduction and PSNR
improvement of the meceived bitstream. Furthermore, Nerative
Soft Bit Seurce Decoding (SBSD along with Channel Decoding
mechanism is employed. which mesulls in mutnal information
exchange o cormect possible errors and results in the enhanoed
quality of the final deceded video, Similarly the performance
improvement dee to additional Exit-Optimized Over-complete
Mapping/OM) & alse presented. It is important to note that
the everall bitrate of all the consider coding schemes i kept
constant, while conducting the performance comparison. In UEP
important Partitions in H.264 video stream ame more error
protecied compare e kess important Partitions It is observed
that using DSTS along with SESD and Over<omplete Mapping
results in BER reduction and PSME improvement of the received
H.264 Coded hit-stream.

I. INTRODUCTION

The main goal of H 264 AVC standard is the design of high-
compression efficient and Metwork friendly video transmis-
sion gystem. The H.264 Video Coding Layer (WCL) consists
of different levels of elements like block, macro-block and
slice and is responsible for significant video compression
performance gain  [1]. H.264 video coding techniques like
multiple mference frames, deblocking filter, 14 pixel motion
compensation and integer transform resulted in an increase in
coding performance [2]. The Nepwork adaptation is achisved
through Metwork Abstraction Layer (MAL)L MAL provides
header information and represent ¥CL in a manner appropriate
for various wired and wireless networks. The H 264 resulis in
signific ant bit-rate reduction, compare to all previous standards
such as ISQY IEC ITC1 MPEG4 and ITU-T Rec. H 263 at the
sarne quality level [3] However due to compression efficiency
the generated bit-stream is more vulnerable o ronsmission
emors. Different emmor resilience mechanisms are incorporated
in H.264 to reduce this problem, but they are computationally
complex and also negatively cffcct compression performance.
Warious robust video communication mechanisms such as
layered video coding with unequal error proke ction are proved
to be beneficial for H.264 video stream transmission.

In recent work [4], the emor resilient coding schemes of
H.264 are cxploited and uncqual error protection is applicd
to adaptive macro-block classified slices using Reed Solomon

data-partitioning mode of H 2644 C. Unequal Emor Protec-
tion (UEF) is performed using Adaptive Hicrarchical (QAM.
Similarly data pertitioning approach is alse used in  [6].
Diata partitions were Unequal Emor Protected based on their
relative importance and was compared with non-scalable video
coding under similar applications and transmission constraints
over mobile chanpels. UEP to data partitioned H.264 video
stream is also performed in [7], using wrbo codes. Channel
Adaptive Toint Soume and Channel coding scheme is proposed
in [8], where UEF is applied to different relative important
partitions of H.264 using Rabe Compatible Punctured Turbo
Code (RCPT) In [9] a Joint Source and Channel Decoding
method based on Maximum a posteriori probability (MAF)
was proposed. The proposed method is applied o decode
Muotion Wectors in H.264 coded video stream Similary in [10]
a joint source channel decoding system is proposed. where
multidimensional intra-frame comelation is exploited by the
receiver for error correction. An application of Tierative Source
Channel Decoding for distibuted video coding by modeling
the video signal with Iterative Horizontal-%ertical Scanline
Model (THVEM) relying on o first-order Markoy process is
presented in [11].

In this paper we have performed Slice Emor Sensitivity
of data partitioned H.264 bit-streame Using this knowledge
UEF is performed on the video stream encoded using by
employing Recursive Systematic Convolution codes. The -
sultant bit-stezam is modulated using Sphere Packing (5F)
modulation and is finally transmitted using Differential Space -
Time Spreading (DSTS) The corresponding performance
improvement is imvestigaed. The performance improvement
gained through SESD and Over-complete Mapping is also
demonstrated.

II. DATA PARTITIONING (DP) EMPLOYED BY H.264

Apart from compression efficiency and network friendline ss.
H. 264 video codec has also considered its support for ad-
vanced features resilience to ermor. In DP H 264, video stream
is partitioned into 3 different types of Metwork Abstraction
Layer Units (MALL"s) [1].

A Type A NALLU:
It consists of header information of the slice. types of the
MB. Quantization parameter and motion vectors, It's the most

ST E-1-5020-0245-61 543100 ©2015 |IEEE
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Absfraci—In this paper froe edge based data hiding technigue
it proposed fo tale advantaze of less sensitivity of humsn viswal
system o changes in complex regions of the image. This method
utilize: edge detection and Stezanography technigues. The Canny
edze detection techmique is wied to ientify true edge pizels and
JL5B Stezanography technique is nsed to hide a secret message
in the 4 least sigmificant bits of edge pizels i the cover image. By
hiding data in edges improve the gquality of stego-image
sgmificantly. The results obtained show that the proposed
fechnigue hides large amount secret information im the cover
image with better visual image qualsty than other techniques. The
experimental results demonsirate the average hiding capacity of
4%y, smd the PENE and MEE are 4548 and 1.60 respectively.

Keywords—Erepanagraphy;
Lieganagraphy; Steganalysis

L INTROTUMCTION

Drara bidivg, also czlled Stegapnoeraphy, is a techoique of
concezling sacret infonmation within other infommation, therely
hiding the message secedy. o the era of modsm
commumicaton and development of wery fast processing
systems, Swezanography medwds have become very inpomant
i several applicaticns. For example, copyiighe, dats inbegmity
and awhentication are few well-known spplicadons of
Sreganograply.  Many digital fmazes, aadie and vidso now
comiprise 3 distincove yet fovistble watermark thar belp in
prevearing neswthorized copying of these matertals [1, 2]. The
digital media, ez image, sudio and video can be wsed a5 3
cover, but the madiz with higher rechmdancy is considered to
be the mest suitable cover for data hidinz. As digital images
have high redumdancy that’s why the images are mostly
adopted for data hiding and lots of research bas besn camead
out in the field of image Steganography.

Several dam biding methods have baen reported both in the
spatial domaim and transfornmn domszin Honsinger et al.’s and
Fridrich at 21's proposed Stezavosraphy methods in spatal
downain by kidieg secrer infonuetion directly in image pixels
[3. 4]. VL=B Stezanoeraphy was introduced by Sahib et a2l and
they also proposed some algoritus (e MDT and DDDEA).
for mplementanon of VISE Stegapography [3, 6] In
mansforn dorozin DCT cosfficlents are subjected o dats
hiding msread of pixels. Macg et 2l nuplemented his method
by data hiding nsing waesforn donain [7]. De Viesschouwer
et al. and Guljan et al. zlso developed invertible data hiding
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techrigques, bt the dats kiding efficiency was very low for the
acceptable mmage quality and  the quality of a stego-dmege
dropped severely when the capacity was increased [8, 9], Szhib
et 2l proposed 2 varable datz biding roethod in DCT deoanain
[10]. Fwan et al’s method, acheeved 2 quite large hiding
efficiency by hiding dasa in cover media wsing wavelst
mansform [11]; bowewver, the image guality was affectad
sizmificantly.

The main zim of Stezavoeraphy is to hide more data in the
cover nnage i mch manner thar the chanze mads in the cover
15 nnperceivable to man visnal systems (HVS) As a HVS s
mare sansitive to varations mothe smooth area of cover image
than the complex area. Dme o this characteristic of the HVE
different amoant of messzze data is hidden in smooth and
complex regions of cover image. The complex region s
subjected to more drtz hiding than smooth areas of the cover
imaze As a result the qualiy nfmemﬂumge mcreases and
the security of kidden mformation alse increases. A lov of
rechmiques, mcludme LSE methods, VD methods, and side-
match methods have been proposed o bide dara in complax
araas of images [12-13]. However, some of thess techmiques
provided 3 small hidnz efficiency [12, 18], and doesn't
comply completely with the mule thar de edzes can tolerate
mare changas than smooth region [16 17]. To incresss dats
biding capacity Juwg e al. [19] pressoted & pew technigue dhar
hides dafa in smooth arezs slong with edzes requltng in roers
diztortion.

In the proposed technique of dats hiding canmy edge
desection is applisd on a cover image to detect true edze pinels
and the four lesst sigwificant bits of each edge pouel are
substinatad with secrer dats nsing SL5B Stezanosraply.

IO PROPOASED METHOD

The pravious methods hide data in the conplex regon of
cover image, but they al:o hide dam in those pixels that doesn’t
belonz to edzes. Thesa methods kide data in 2 notsy or wery
weak and discomnected edze pinels which ars not considered as
the edzes by most of the nowadavs edze detection rechnigue,
gz Cammy err. In this paper 3 spatial domain dam hiding
roethod is proposed o bide secret information in e edzes by
substitution of 4 least significant bits of the cover mage The
hiding of 3 secret messaze in mue edges only, decreases the
hiding capacity a bit, bue the hiding of data m the oue edge



A.Ahmed, Nasru Minallah., "Comparing pixel-based classifiers for detecting tobacco crops in north-west
Pakistan," 2015 7th International Conference on Recent Advances in Space Technologies (RAST),
Istanbul, 2015, pp. 211-216.

Comparing Pixel-based Classifiers for Detecting
Tobacco Crops in North-West Pakistan

Az Ahmed Muhammad Muaz, Manzoor Al Mubammad Yamr, Nazm BMmallah SadigUllah, Shehbaz Khan

Dreparmuent of Teleconmumication

FIneEring

University of Engineering & Techmology, Peshawar, Mardan Campus, Pakistan
Shabibaz khan@netpeshawar edo pk

Abstraci— Paldstan faces heavy revenne losses in terms of ane
of ity major ¢ash crop ie. Tobacco, due to the uwnavailability of
accarate statistics of the total tobacco production. During the
cropping zeason, there are mamy competing crops along with
tobacco in the neighboring fields — malking tebacco identification
a challenzing fack. This shady considers a pillot region of interest
that spans over §45844 hectares, in the north-western Faldsfan,
covered through SPOTS (15m) satellite imagery, acquired on
Jume, 28 2013, Two supervized pizel based classifiers: (1)
minimum distance (MDY and (2) Speciral Angle Mapper (SAM)
are compared and their overall accuracy discussed. The resulis
show that there is mo sigmificant difference in fhe overall
clazsification accuracy of MD apd SAM However, SAM

Crop idemtification based oo subsequent imult-dats
mnazery within 2 growing season is proved to have bepafits
over that on single date imagery [7, 10, 11]. However, far a
specific targsted crop, emploving moTe raming szmples on
sinzle date i.mag&'}' after recogmizing ifs proper cIopping
czlendsr and optimuom discrinveston dme can be used to
accurately categorize that crop[12, 13]

In this smdy two supervised pixel based classifiers: (1)
minitorn distance (WD) and (3) Specmal Angle Mapper
(AN are compared for 2 pilot region in the porth-western
Pakistan. The pilot reglon spans ovar 64844 hecrarss, coverad
throwgh SPOTS (2.5m) sarellite imagary, a-:qu‘edan]'u:l.e 28,

performs better than MD with overall accuracy and Eappa 2013, The BS da:a acguisinion time (of June) is ideal for
coefficient of TE.56% and [Il.'.'[lll]_ﬂ' respectively. For the specific tobacco estimarion The smdy also examines key pre- and
case of Tobacoo crop, MDD classifier has producer’s accuracy of post-classification steps that arp eszential for a:':l;e-ring Terer

81.7% while SAM has that of T0.44%. The study also finds that
Euclidean distance (In caze of MD) and angle difference (in case
of SAM) has oo significant difference in classifving land cover
types. It 13 also learnt that if area estimation is the objective, both
of the classifiers will under-esimate tobacco covered area.

Keywords—EPOTS; Crap Monivering; Speciral Angle Magper;
Mmimum Distance Classifier;

I INTRODUCTION

Informizton sbour land covers has significant applicstons
m environmental, developmenral, and resource plapning. Land
cover information and changes in the Earth's surfacs is also an
mnportant  consideration  for businesses  and  scieanfic
conmumites. Imege processing snd paterm recoguition on
medinm to high spatiz] resoludons’ sawellite imagery have
been wurlized for delinesting and estimafing area under
different crops - including images from SPOT [1, 2], Landsat
[3-5], and IRS [, 7] satellite sources. The idea behind
separafing one crop Gom another i the distmgnishable
appearance of different species based on their manmify,
greenness, and planing dates when they are seen from
different 5]:eL|IaJ eyes. Difficnliies m usng satellite mnagery
for crop idennfication are associzted with feld-to-feld
moonsistency in raflectance of same crop types, simular
reflectance propermes of differswt crops, amd specmal and
spatial vanabilicy within fields [8, 9] With the increase in
spatial and specmal resclunicn of satellite images more
accurate crop identification 1s moressingly becoming possible.

The authors woald liks to ecknowledgs the Matonal ICT F&D Fund,
Paldstan for fonding the ressarch Ihm..i'hwc wot CEGNG S (mam Ne.
ICRDE TR& 101215,

07E-1-4790-T807-3/15/531.00 2015 IEEE

classification and arez-estimanon results.

The paper 15 orgsmized as follows: section II boafly
explams the pilot ragion in temms of land propertes, secnon I1I
15 albyout the methodology for acquinug the mainmg and restng
puiels, secton IV zrves the theorstical backzround of the two
classifiers used in this smdy. Fesuls of the study are -:I::ct.:.ed.
m saction V and the -_L-dan=- are conchided in sect

Il SToDY AFEA

The locxdon of our study ares includes tobacco intensive
ares in Mardan swd Charsadda  districts of Hhyber
Pukbtunklowa provincs, Pakistmn Approsdmstely 1064 koo™
area is stodied which is a subsst of the acqured SPOTS
muazery. This area has wide amable lspds apd covers
approxmately one-fourth tobacce producton of Pakistan It
mcludes depsely populatad urban as well as rural arsas.

II. METHODOLOGY

A. Pre-processing

The fosed rooltspecorzl apd  penchromanc, High
CGeometric Resoluion (HRG) SPOT-5 imagery of 2.5m spamnal
resplufion 1= acguired from Pakistan Space and Upper
-‘c.u:uusp].ere Fasearch Conenizsion (SUPARCO). The image
15 CCD nomualized for compensating radiomemic variztions
and geometrically comected to compensate for panchromatic
distortion, differemces i satellie arbital altimdes, snd the
Earth's rotarion Afterwards, the fmsge is geomemcally



