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This research presents a method to detect the rice field region in images
by using digital image processing techniques and artificial neural network. The
proposed method was applied to terrestrial images taken in Thailand. In the
algorithm, each image was divided into segments. The features of each segment
were extracted and fed to the artificial neural network. The features include
texture, color, and position. Artificial neural network was then used to classify each
segment to determine whether a segment was a region of a rice field or not. A
heuristic function was then applied to the classified segments of the image to
determine a heuristic value that represented how much these segments were
connected. 600 images were processed to find the heuristic values. An appropriate
threshold was then determined from heuristic value. Other 9,158 images were
tested with the proposed method. The result showed an average of 96.19%
accuracy for rice detection and an average of 96.58% accuracy for non-rice

detection.
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35U 2.4 pmundmilussezavunvseiuies

AIUNeTINTEEEAN 9 udd T199edeglusendng 110-120 u dwsutnluliuas
wazUseanad 120-140 Judmiudnalinas

lunuidelavarunsansiaduuntifeglugissseznisuanna(Tiller Stage) audi
szezgnuivsauiea(Harvest Maturity Stage)

2.2 WUUYNA8498 RGB

5ULUUA RGB (Red Green Blue) JUWUU# RGB Huszuudvesuasiiinannissinumg
vouasduTINIIuIUTTL vl AnuauAsa (Spectrum) Bafl 7 & Tdur siae A iy
B2 wides uan uns lnsanmsdnfundanusuuuunilsteegludiafimausueadiuld
uaziflefnuninadllagnuindamainainmsuauvesdndn 3 3 Ao Auns Ale uagd
[ fagud 2.5



MIXTURES OF LIGHT
(Additive primarias)

YELLOW

UM 2.5 wuudnaesd RGB [6]
2.3 nrsudasnnaiduninszaumi

svuud RGB wiseanilu 3 dau Ao Auns (Red) A1Te7 (Green) uardtniiu (Blue)
LA8LsaEATDININERNIINNITHANAUTENIN 3 d1u FrensinelinuiduvesvausiagaIy
Ay azdsnaliiadaislauinune drdinndainunlalunisyinnuazyilimiansesuiunis
fgapndudiou Tnausznanauu uazeravilinmsvihanuianaiald Wevilvinszuiuns
yhauaznisUszanadeunaiuesiieiu Ssfesinndsunmdldduninsgdy
wndiflsziuanumegsEning 0 - 255 Tng 0 Aeriifinnuiduvesuasinan 255 Aol
ANULULYBILENGIER

1n3UT 2.6 AnfiuinesdusenoutesdradiuasiuduiigaEuduorniginkieaiy
TneAtiussdanfindunuuunveauny B Adomaniulumuuuirenny G way Fuasen
it ILIvenY R Ssn1sudasning RGB Tuidunmssdumiie mimm’mf\;mim
melugnuiaiadlufsainfuunuitainaings origin Tuggaiiiurngeanuesiauunugud
2.6

| (0,0, 1)

Blue Cyan

Magenta

,-| White

Black |- Gray scale (0,1.0)
-7 Green

(1,0,0) .~

/Rcd Yellow
R

U7t 2.6 Tassadrsgnuiadvesuuud RGB [6]

33190 UaduUN NI LFUMITUALNLAIN NATIUVDIAIVDIANULTUVDILARE
29AUTENOUA @wne Weruwazd1¥u) AuAUNINTNYEY AIUNINTFIUYDY Rec.601(ITU-R



Recommendation BT.601) wiladatdutlasidudazlagding 30 % #1387 59 % warduiu
11% gnIn1smuaRaunIs 2.1

Gray Level = 0.3R+0.59G+0.11B (2.1)
\laen RG,B A A1vesluusiazasrusenauvasyanmitaulalussuud RGB
2.4 A15WIANASIVUAULRYY (Greenness Index)

nMImassrnANTethunlgusylevdnnlunisiendiu (Segmentation) d@auiidu

adgivasiivlugunmifgiiunisinumsinens nedfiauensnnsssiiaudeigueuy
#199A3il
A1 Excess green (ExG) l@ualng Woebbecke [7] fegunisi 2.2

ExG=2¢—r—b (2.2)

Color index of vegetation extraction (CIVE) fiauslng Kataoka (8] Faaunsi 2.3

CIVE = 0.441r —0.811¢+ 0.385b + 18.78745 (2.3)

Vegetative (Vegetative) fauslng Hague [9] Faaun1si 2.4

a, (1—a)

VEG=g¢/r'b ",a=0.667 (2.9)

Tnedn

r, g, b Aig AANULTNTIgNUaNealaduataAUsENaUARAY T8 Lavt1RUAINEIRUAIENNTS
2.5
s, ! b,
g = NE= B b - (25)
gn-l-rn-l-bn gﬂ-l—rﬂ-l—bﬂ gn-l-rn-l-bn

& | 1% 3 = a PN o v a Y A
rn gﬂ bn A9 ANAANULYNYDIDIAUTLNDUALAY LU LaZUINY ANUAINUNUITAIYADAIAINL

NgIngegnAsaung 2.6

n

G R
g =—,r=—,b =— (2.6)
G R

~
W19
R_G_B_ feof1mnuduaianasanved R G uay B mua1au dellAuviriiu 255

R G wag B fin ANANULILUDI99AUSENDUALAY L1087 LaztI&U AUATeU

Tusuddedazldan Excess Green Mauslng Woebbecke [7] 1iasanaunsalalan
TaeldfieulvrasmnuaInweIwandIunNeIT0



2.5 WNSNGYBINISNATINTZAUINN (Grey Level Co-occurrence Matrix)

Gray-Level Co-occurrence (GLCM) 1Ju3Sn1smsadanildfuagesndrseanslunis
a‘hLLumﬁuﬂ'JImamﬁ'wé’ﬂmmé’uﬁuﬁ‘maqmiLﬂ?iammaaizﬁuﬁmsuaaﬁﬂLsaaﬁ'aq'amﬁuiu
amusgnaviuduiuia Ssaunsodnamldlaserdeunindlasnsduswaugaanin
(k,Dwaz(m,n) ﬁasﬂiﬁmhé’ﬁu(Neighboring pixel) Aflszozvnesyninatuwingu d wazyinyuiuy
widu O Imﬂiuﬁﬁasauﬁlﬁ]ﬁmﬁgm 0, 45, 90, 135 89A" LAYLANTLELTITLNINAUMNAY 1
finwa (d=1) Fagui 2.7

<[]

;:;U‘ﬁ' 2.7 @mﬂwwﬁauiﬂuﬁﬂmﬂ(e) 0, 45, 90, 135 891 lnadlsyeyying d windu 1

N13A1U3 GLCM 3glgmsnauansdnuinuaseiinuvesnisiasunlasseniig
3001w lagldrnisidsunuassgaudiin (Gray Level) MiAnlun1nuiuaninalunisng
U 1 1 = U a U U ‘NI
FIDEINLYU UATNITZAVALNT 4 S8AUMITUN 2.8

0 0 1 1

JUT 2.8 NAIAUSEAUITTSEIUIM 4 /i

WIDIINAINAIDYIAIAULTEA UM NALY 4 AN AU N5aUIU (Framework) U84
GLCM Mululdvisviun dxd = 16 ANRIUR 2.9
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001]01]02]03

1,011,142 13

2012112223

30(131(32]33

UM 2.9 n30U9UYeY GLCM NflAsaumaseau

Waldnsauadundn Aazyiin1stiuiinauaveIn1siUasuwlaATEAULNIANNAINGT
by a4 a a ) Ay v L | v &
fu Tuntuananisiasukdasiuieanig 0 a9 naduiinaslunsaunlaasisduuinountni

'
a

éﬁgﬂw 2.10

0 1 2 3
0 0 1 1 (i) 0 2 2 1 0
0 0 1 1 " 1 0 2 0 0
0 2 2 2 |:> 2 0 0 3 1
2 2 3 3 3 0 0 0 1

5UN 2.10 msedufinaanvesnisiianisiudeundassssumninluniavie (d=1, =0)

31NM1T19ANURVRINSIANISIUABULUAITEAUWNT AzRevinlideyasglugUuuy
NIAIFIU (Normallza’uon) ImmsmﬂmmavammﬂmammumaamsLUaauLLansvﬂuL‘m
RauaTiAngy wwldAveinuinanduiiAnty miﬂw 2.11

0 1 2 3 0 1 2 3
0 2 2 1 0 0 [0.167 | 0.167 | 0.083 0
1 0 2 0 0 1 0 0.167 0 0
1/12 =
2 0 0 3 1 2 0 0 0.25 | 0.083
3 0 0 0 1 3 0 0 0 0.083

d' V=3 1 I a d' [ c{' a dy 5
UM 2.11 M139UUNNAMNUNAZLIUUYINITNANITUAE ULUATE AU NLAATUYIIILA

msndanvineflaazisandn Gray-Level Co-occurrence Matrix (GLCM) %39 p(i, j) F9Rar)
Tu GLCM 7isiunis (1) lwvisndfladazinummauautfanzasgnisatfnely
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2.6 N15MINLRBINI9ENH (Statistical Features)

Walavinn1sm Grey-Level Co-occurrence Matrix waa TunauselUfotiuningd
1Y LI8N9@DR (Statistical Features) @9 Haralick [10] lata@usiliaasneaninlineme Uil

]
v

ATALUATUAUNED9Y893 (Angular Second Moment, ASM)

ﬁiﬂmmuéé’uﬁuﬁaawamu (Angular Second Moment, ASM) %38 f; 1uanfiuwans
eI ddewerludauiinvenurSng uaneaunsi 2.7 Seniamnsavenlad
Snwarnsdsulnudlusuimadietuveanin (Homogeneity) Inamnainusenousie
wnmiTnudmioutuuds ashilinanhasduiifiingdusmsiiudes ¢,j) Tu GLem

i = a 1

MliiAn pGi, j) JAmin dawalidl ASM Saunaiuluiguiu deduiasenat ASM 1aan
9819NUIIIAINGNU (Energy)

f=2.21{pG D} (2.7)

A1AURA19(Contrast)

A1AUA1(Contrast) w38 f, LuAITLanIAIUANTEAUATDIgAN N LNARBI LA
Tunn Inenguainiifianudisvesszauduinfazyiliainusedunnusiig n1smian
ANFN LAAIAIANNITN 2.8

Ng—1 Ng Ng

E=2.n"4>.2p6) (2.8)

n=0 =1 j=1
n = [i-]
Ng A9 MUIUVDITLAUNININAUA

AanaNNUS (Correlation)

I [ v 6 | = < a L4 d’{ J [ a 1% .

A1anduius (Correlation) %38 f; LlUUNITIATILINSTURDAULUULTWEU(Linear
Dependency) ¥833¢AUdINTENINganindiagsfiag Tunim lneamiusenaunieding
\wgae Mllegintuuaidnasilmanduiusaeluingaindtlunsdlndingnegfiniu wanasa

aunsi 2.9
Ng—1Ng—1
D2 ph ) —H 1,
f3 — i=1 j=1 (29)
c.C
x Ty
I Ao Awedeves pd,j) Mogluwan i
H Ao Aadeves p(,)) fegluneduil |
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0, Ao ATeaUUNINTEINYEY p(, ) Neglunad i

2 oAl = v &,
Gy AB ANLUEILUUNINTZIUVDY p(i, j) V]a%iu@@allu ]

Ng D F1UIUYBITLAUNYINUA

Aaulnsy (Entropy)

AeuUlNsU (Entropy) 138 f; A9 ANTALTIUTUIUAIINYTVTEYBINURY (Texture
Complexity) mnawiiiuiaivguszanniaglineulnsdas uansdsaunisi 2.10
Ng Ng
f, = =22 p(i, )log(p(i, j) (2.10)
i=1 j=1
Ng A9 1UIUVBITLAUNIYINUA
AuanTRveIiuRBug NwdesslUlasduaunsndunenunanaueaudailanariun
URSIRET
AAMULUTUTIU (Variance)

NATINAAIEB9UBIANANURUSUSIU 1138 fs (Variance) Lanandadunsy 2.11

f, :fio—wzp(i,p (2.11)
——
Tned
Ng @9 SIUTBITEIUWT VL
i i Auadeves p(, j)
ARunduvaINan19lamuA (Inverse Difference Moment)

ATRUNAUDINAANLULLUA (Inverse Difference Moment) %38 fs WaARIAIANN1SH
2.12
Ng Ng 1
. — ZZﬁ(I’J) (212)
=1 =1 1+ (i —))
1aeh
Ng A9 MUIUVBITLAUWINIANA
ANATULREAY (Sum Average)

ANATIRAY (Sum Average) 138 f; LAAIAIANAITN 2.13

2Ng

£=>ip,,0 (2.13)
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e

Ng A9 I1UIUVBITZAUNYINNA

Ng Ng
Py, (=D D.plij)k=2,3,..,2Ng

=1, =1
ANNATINVBIAIAULUIUSIU (Sum Variance)

ANATINVBIAIAMULUTUTIU (Sum Variance) %30 fy LaRIRIdunIsh 2.14

2Ng

£=2.0=)p,,0 (2.14)

Tnen

Ng A9 I1UIUVBITLAUNYINNA

Ng ~ Ng

P, (=D D .pli,j)k=23,..,2Ng

=1, j=1
ANATINYDUBULNTU (Sum Entropy)

AMNATINVDLOUINTU (Sum Entropy) %39 fo WAAIAIEALNITN 2.15

2Ng

fy = —me(i)log{pm(i)} (2.15)
Towil

Ng A9 MUIUVBITLAUWINIANA
Ng Ng
Py, (=D D.plii)k =2,3,..,2Ng
=1, =1
NasiN9v29AULUSUSIU (Difference Variance)
NaRN9Y89ANULUSUSIU (Difference Variance) %38 fio hAAIAIANNIST 2.16

fm = Variance of P.—, (2.16)

1nen

Ng AD IUIUTDITEAUNINIRUA

Ng  Ng

p_, k)= 2 2 plij)k=01.,Ng—1

izl\"l\ =k =
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naf19va9ulnsy (Difference Entropy)

NaR19989eUlNTU (Difference Entropy) %39 fy; LEPASANNITH 2.17

Ng—1

f==2 px_y(iﬂog{px_y(i)} (2.17)

e

Ng A9 F1UIUVBITLAUNYINUA
Ng  Neg
p_, (K= > pli,j)k=0,1,.Ng—1
izl\m\:k =1
NSINFUNAVDIENTUNUS (Information Measures of Correlation)

NS TIAAUMATDIANFUNUS (Information Measures of Correlation) %38 i haufis
U dl
LEAAIPNANNIN 2.18 ag 2.19

HXY — HXY1

=7 T s A (2.18)
max { HX,HY }

f. =(1—exp[—2.0(HXY2 —HXY))"* (2.19)

Togil
HX =Entropy of p,

HY =Entropy of p,

HXY =—> > p(i, ) log(pli, )
HXY1 = —ZZp(i,j)log{px(i)py(j)}
HXY2 = —Zpr(i)py(j)log{px(i)py(j)}

p, (I} Ao ArAuhezluvesmnmsalitdwaldanwasinves p(, j) Tunnaodud
VDI |
p,()) Aedrmnuninvziluvennamsaifidinnnldnnuasiuves pd, ) luynunl

VDIMDAUY
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2.7 9n89ulszamiisy

Poaulszamiisudunisdiasinisinauuisdiuvesanssuywd Mduad
Uszamidenlestiunats wad elwadlasudygaliiiied wadfezgnnseduuazds
Fuaaluduaadoun SzhEmmbsm‘mLﬁwlﬁﬁwammsﬁwmmmﬁImﬁiumﬁtﬂu%@n@t&ﬁq
(Input Node) Tuneou (Hidden Node) LLaqumﬁLﬂusﬁagaaaﬂ (Output Node) dnuazves
PeNULARIFIFUT 2.12

g % o y z 0
FUTLUN FUIDU Fuioen

JUN 2.12 fregrvedlassainaingaulssamiiiey

Peudegui 2.12 asdsznouludeduinddadudeyaidn dudeu wasduiioen
Tnefidudeuannazihinnnd 1 4ufld dudeufiufisasdousofudutusg

mMsiFeuiuuudounduliuitnmavilsvesesnulssamidion danszuiunsiSeus
wazUFuUsaudlvasfululasnlulfi Sreaulidneuiiin Aniwdnfaggnuiuaunie
mnuAananazanas vioegluinamifivensuld ainlassairsvestnenuiieiu ieteny
#sudeyatudfasdunndniminanluadoyadlugusasiunvestutou uazduin
thminanluslududeulusdunfidunadng dosuaduwaiduaiduduiheenudfioy
Ienadns imsiSeuiisunadwsilatuaateagldrmanuieseninmadng wdtenuaz
neneaUiumaTianannutheeniazunideunduludiudeunasduindnsely

lunsusuAnmesilminlagduneuisuuunisiseuidoundu (Backpropogation)

P4 AN15ULIWARANAIANISHN I E(W) aI9NNUUITUIAINADTUINUNNLAAIRA WA
Aan TeUARANAIAAENNISA 2.20

1 2
EW) = —> > (t,—o,) (2.20)

2 dep kEoutputs
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gl outputs Ao lwnveslunttoantutieay
t, fio Amaansidnung
0, Ao Awaansiilanngney
D Ao PMUIUAIDYN

& as o o = = 12 o Y a
%u@@u’lﬁaqﬁiUsU']ENqu‘UigaqmW]?JllLL‘U‘Uﬂ']ﬁLﬁEJ‘UEEJ@‘Uﬂa'U [11] LLa@QﬂQE‘U‘Vl 2.13

For each training example, Do

1. Input the training example to the network and compute the network

outputs
2. For each output unit k
O, ¢—o,(1—o Xt —o,)
3. For each hidden unit h
Sh <o, (1—0o,) Z vvhkak

kEoutputs
4. Update each network weight w;;

W, (—Wij -I-AWiJ

where

AWM_ = T]ijw.

o
Y

JUN 2.13 Tupeuisveinsiseuidoundu
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2.8 MUIYMNYIUD4

awv o A Yaa vy v 1
\‘1']‘14'3%EJQTL!'JU@J’]ﬂIUW@']EJ'U‘V]NWUNWIm%UﬁUi%NUﬁN@ﬂWWT@EJGLGUEU@Qaﬂ']WQ’WEJ‘U’mﬂ'ﬁ

[

Sudseerlna (Remote Sensing) Lt Strozzi waraAny [12] loawenisnsraninisldusylev

' v
a e~

fiiu waziuiUrlunivglsulaeld ERS SAR Interferometry uidudayanindlaann
andien Tnenndildeednisataivesosnun 4 eg1efe An1suszanaveansionlasiu
(Estimation Of Coherence), ATA11URUILUUNITNTEIANTEI18NAYU (Backscattering
Intensity), ANATNLUTUTIUTI VYD IAUAUILLUNNTNTEIANTEENEU (Temporal
Variability Of The Backscattering Intensity), LA A NUAITEIAIUNUILUUNTITATE TR
nNT2A18naU (Texture of The Backscattering Intensity) ntunUesUszannnslduselevy
ﬁﬁuﬁw%‘%msﬁmﬂ oA n15leiaauus (The Threshold Scheme) , NMsdansIANYUNAY
.Uugegn (The Maximum-likelihood Classification) uag n1sdanquuuumauiade (Fuzzy
Clustering Segmentation) %amu%’aﬁiﬁuﬂwizmwummﬂ%’ﬂiﬂmﬁﬁauﬁgﬂﬁm 75 %
foun Sarkar wazansy [13] Wldn1m Mutispectral Image Jadunndnsarnanfioulagld
wraefudandnufiainuenindu (Wave Length) wansafiy Faazfifiuia (Texture) #
st nduthieesiunniafuinudsssanmsliussloviiiaudonndoyaduuuuan
A3l (Markov Random Field) uananniifiinislivsslestiannnmeiensiuisseglnaogis
13199219 LU Jia wazanz[14] Tdaanargainnissuiszeglnalunisnsiamlsdnilng
Xiaohe wagAy [15] i%mwmamﬂmi%’uiizanLﬂa‘Lumimwmﬁ/uﬁmamwm Judu

Ay Ay v = aa o < Y
NnuITenldalulagnisuszultananinfdvauldlunisinuens Allnasldegng
N119279L%U Woebbecke wagpuz [7llalaueisnsanndiionvesienisanin Excess Green
fldguuuud RGB wlaadunmsziumieaunis ExG = 2g-r-b laeil r feesduszneudung
a 13 a A a % A Y a v v aad v & A
¢ fip 99AUTENOUAITYY warb Ao asrUsEnaUEUIRUY Fsnsaiameiddazlulanen niiines
wnu3auatiosnld Hemming uagRath [16] lauedsnisszydinduiviivluguanlagly
aa . wa = = s A ° oA
78115 morphological kagAnaudansdlunismiliaes weldlunisiuunsenitaisuas
Yo Philipp tag Rath [17] ladlaszianuuanaisuesiilagly Color space wuusnge)fiu
oA HIS HSV LAB wag i1i2i3 geasuiniliziz agldlunisinsgvinnuunnssvesilannan
Sogaard uag Olsen [18] t@uaisnisniwaivesiivnugniluuailaeainadidnaniy
(Excess Green) WV veai¥nIen1smanaudvasusaliuais(Centres of Gravity)uadus
azund Lee wazay [19] laldviugudlunisaivnuiviivlunuasziewme Ingviuguiaziin
o v w A = & o [ 1 & ay 1 Ao v
nsmdnTiskasNvvuiaanilalyuziewmanulaenisuendiu(Segment) ¥93n WA lg
Lpaniniuy HSI senguesudlunisasne Color Lookup Table 3ntiuaniniltaosoani
@aleun Length Ratio, Compactness, Elongation Way Ratio Of Length To Perimeter a2
1unTuunUseanaie Baysian Classifier #oun Burks wagamdy [20] lalauenisdauunvila
w83y NYlagly Color Co-Occurrence tBLENAUANITENINTIYNYNTVUIALALFUI19VDS
lunuansnsiulagldamdsuuuy HSI lun15iiasen Meyer uazamy [21] lalauadsng
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Suuniiy fuAu wardruindovesglnmiagldiBnsassuinisaquieiovesd (Fuzzy color
index) uazmsdangu(Clustering ) Fafiunisisouslaglsifinisaou dwsunisBeuilasing
dou Guerrero Wagany [22] lolaueignsuwenanuuanaiesesniniviuivivainainluls
Tlnalaglddunainianmosuundu (Support Vector Machines) Gee wagamig [23] 1a
laueIBNsuenAILANssEM IS RN mnsnees Tnenwwesiimdufiviugn
wuulunel waziinuaudfauuins In1sléinaianisudasdn (Hough Transform) lunism
umvesfiniiugnluutas Tuddnun Bossu uazany [24] 1alHUsuussisasnanlagldnng
wasiamlian (Wavelet transform) isndaeifionsnensuandislduiugdeia

Tu1u3dedaglgisn1snIAIAssTUAINULTYY (Greenness Index) Tun1sdaLen
(Segmentation) MwiipanA RN IENUNATg vy 3ntuILiN1sannilaes (Feature
Extraction) @9lawniiaa5:09d #WaosiT9d WiaasiTariwnue wasilaasidanui duninly
Y189UUTEAMASULND LY NAMULANANNTE I AU DLt Avdun il uudn wazld
a a a & o & [ 1 [~ ¥ & 1 e v I~ v 1 dy a
F3afniendulududunininduninuntvseld Ineawilgasuldnmaienianufv



UNN 3
LUIAALLAZIT AU

mAfeildiaueiEnismnamuinuundnanamieneiuiulussmelne Ty
T¥narmaneann Google Street View [2] A18n1514 Google Street View API [25] Tun1sas
sUamLuvguandmindisinissienmainsadiaudilulszmalnelagldrmsfines
1nsgIuddleun A Field of View iU 90 wag @1 Pitch Wiy 0 nwdtlsagidunwans
ALAzLEYR 640x600 pixels fagu#l 3.1 Tnn1ma1891n Google Street View A1

muAuUTIawaduntsdedua Tunuidediddlaiismsdanisiferfukaadiun
\eades

U7l 3.1 egnanmitlsain Google Street View

mieigasngeuinmiidunimndrindeld Simsaueiarhiaunsonsam
winluszesdundld fa3uil 3.2 (n) iflesaniBnsfiaueasldfiugruvesnismaiunesd
Feauasdvdowetiiv deluszordunddilufinsasydulnludiuveddufivnofiuddsl
wnwedtagshansansranild mmundniiannsonsanldtuaredlusrogsineg 1éun
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FEETLANNe AIFUN 3.2 (1) s2eziasqAulanieniunsauiusAsgu 3.2 (A) wazszaziiu
Wigd fagui 3.2 (3)

(n) ()

) @)

JUN 3.2 dreganmildluanide

(n) - (1) MwuItusEEEaeg () - @) nnldlaud
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3.1 NISYINNUVBITSUU
TunauIsTuN151529m USRI TULIT1I9IN A WA AANUR LA SO WER T LA G

mugﬂﬁ 3.3

Training Process Testing Process

Training Testing

Images Images

Pre-Processing

Pre-Processing

! !

Segmentation

Segmentation

(Excess Green) (Excess Green)

} }

Feature Extraction

Feature Extraction

(Texture,Color,Position) (Texture,Color,Position)

} |

/
\

Classification

Classification / Neural Network
Model

(Artificial Neural Network)

|

Rice Field Image

(Artificial Neural Network)

Verification

(Heuristic Function)

!

Rice or Non-Rice

Field Image

d' v gj ad aq =
E‘U‘Vl 3.3 WINULEAITUADUITUBIITNITNLEUD

3.2 ﬂﬁiLﬁ%ﬂ&l%@Hﬁﬁ@UﬂﬂiﬂiZ&naNa

Tudunsuilazdrinmasdunnuaduleniuud(Segment) Wisfiazldlutunaudue
dalu lnswnuuatufsdivuiaiuungay lddvundnuselugauiull dramddlauinves
wnudlng Auludazun 3.4 (n) AegvilineasiBenvesenuudtulszneusienaleing
Tugnuudtug Jeilrgadenuinauls (win) ldwauuin wiidownuudivuiadn

a I3 o § v c Y o a & a A o ::4' &
uAulufgyhiisnuudtuiineasideavesiuisliiisanedaui 3.4 (v) NMsidenauie

YDUYNUUANLINZALzna NI UUNT 4
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(n) ()

JUN 3.4 fregensudegunmmevuaiuans1aiy

(n) nmadwnwudvualngiuly (@) Mwdliwnmudauadniiull
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v ° U A 6 1 A = v a s a o o ¢ a
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Energy
Correlation
Sum of Variances

Sum Average
Sum Entropy
um Variance

Contrast
Dference Ertropy
anEG

Y Index
X lndex

Inverse Difference Moment

Difference Variance

Al Bement to
Specfic Class

0.440582
20411450.248118
37665.825659
0.855113

1

1.577094
149526 679348
0.00:

6.126316

Lk Difeerce
Variances

Moment

Name Energy Cormelation

Entropy

Delete Row
HXY1

Exportto CSV

€aN

Y

U 3.6 drufnraiualduradlusknsunltdnsuiusiagslunisin



24

3.4.1 A15anaNLaasiYed

msatafinesiBdavmldainanaisvesandnaniu lulwniuuitug Jeandazus
vonlanluwniuudtuilanudsiuinnsetssiiesdla Inen1suiAadgvaAdnwanIu
LEAASFIANNITN 3.3

m—1 n—1 L.
Zizo j=0 EXG(I’J)

MeanExG = (3.3)
mn
o)
=l 1 < a 1
ExG Aa ABNwaNIUY TulsazganIn
MeanExG Ao AadsvsALEnaEnTY Tulmniue
m A9 ANUYNIVDILYNLLUR
n A9 AUNINIVDILYNLUUA

3.4.2 A1SENANLADSLTIALAUY

nsafiafinedfidsarldmumimessnsuflusndauiuiiaes itelfduivendndn
oguinala szdumnisiilunddnlvgareguinuussanunalan e
wAnunuTe A MYeILLAN fegsiiaefiluiumisiiuundndisuil 3.7 asey
5¥MIN4 15-19

\SOORIC

JUT 3.7 AWMU RaniuuAre a1 UM UAS

Y
A A

3.43  N15ENANLSLTINUR

nsafafiaesideiuing luusagiwniuudazgninumMuInmileesiganuls 3ans

i

L TNURN IS Maualaeuae Haralick [10] Fatduni15vAiaasidanuRIvanIn
PHeulgiuegnanINevInaUsEnaumy 13 Maos N5AUIUTLA85919 13 Jhanesan1san 3.1



M15°99 3.1 M suansenuaudikazaun1slunI I Nae SIS NURIIUA

25

AANUR

dung

Angular Second Moment

f ZZZ{p(i,j)}z

Contrast
e 2 & & .. ..
f, = zﬂ ZZp(I,J) ; [i5l=n
n=0 =1 j=1
C t t Ng—1 Ng—1
orrelation z Z (p(, ) — L1,
=1 j=1
=
G,C,
Variance S, 2
=2 (—WpdG,))
i=1 j=1
Inverse Difference Moment e 1 o
f=22———p))
=1 =1 1+ 0{—j)
Sum Average S ,
g f6 - Zl p><+y(|)
i=2
2Ng

Sum Variance

£ = —fg)sz+y(i)

i=2

Sum Entropy

2Ng

Entropy

Ng  Ng

£ ==>.>"p(i,)logp(, )

i=1 j=1

Difference Variance

f . =Variance of P,

Difference Entropy

Ng—1

) o, Moglp,_, ()}

Information Measures of Correlation 1

HXY —HXY1

12

- max {HX,HY }

Information Measures of Correlation 2

1/2

f, = (1 —exp[—2.0(HXY2 —HXY)])
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Sum of Inverse ~ Delete Row
Energy Comelation T Difference Entropy HXY1 HXY2
Moment

(v TR vsrsonasties [assanzesrs | 0508316 1250774 0678164 0.872874
0142285 47532532 119634 | 31470899854 | 0.87187D 2186176 0806057 0573888
0154752 52121722.102784 |32750057639 | 0.940445 2114307 0913944 0985633 ErEm e
0273089 26560450.570106 | 36759004679 | 0.757430 2096736 0571436 0508811
e e 34673618.600267 | 34911257457 | 0.844246 2.103997 0685444 0.544549
0.03837 S0109615.314598 | 38388505769 | 0.719768 3120057 0623662 0570186
D.093324 90519094.070878 |50211782638 | 0.739489 2746754 0676767 0.570515
0163906 51062878.422580 | 44067667283 | 0.847023 2.157698 0704284 0351371

7 n 72R972G WANRTIATR FITIRT | 26241 RINTAD N 7RITGR 1GR11R N RNAGTT N an7rRa? = ©

o 1
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3.7 Msnagdauzunw
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o Testing.

| OupwPah | [Drex

Total of Images: 1
Rice Field Images (Human): 1
Not Rice Field Images (Human): 0

Start Testing

Rice Field Images (Comp.): 1
Comect: 1
Wrong: 0

Not Rice Field Images {Comp): 0 Processed Time(lmage/sec): 00:00:53.7552411
Cormrect: 0 Processed Time(Segment/sec): 00:00:00.0525456
Wrong: 0

JUT 3.11 Megrsdiuindenugldnuvedusinsuilddmiunaaaugunn
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422  «@NALIT
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Microsoft Visual Studio C# 2013
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faesits 15 vowsazenunsfidonuldidusosilunsiinaggnifulilugudesa
vaslusunsy Weadslidilflunsiinlutssmuszamioudely fegrvesinduuana
Csv Mfuogneiamuauansdezuil 4.7 Ssazuansiiiaofvosuraziagisionun niouss
nsszyihegsduduenuuivosundrinelsl

Hd ©- - TrainShuffle.csv - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW LOAD TEST TEAM
B X Cur : . dp w == o. = . L'_—| J Fim T [ ZAutes
P B Copy - Calibri 1 A A & ¢ Wrap Text General ) rj-- ‘F,;'d E‘ FEI D;)\ F@ Tea-
i= 5= v <o o
s romatpume BT U E e O A 35 Evagencon - oo 0 G Codlonl Fomatas ol et Dete Fomat
Clipboard E] Font E] Alignment n Number n Styles Cells
Al - fe MName
A B C D E F G H | J K L M N [¢] P Q

1 |Name Energy Correlatio Sum of Va Inverse DiEntropy  HXY1 HXY2 Sum Aver: Sum Entrc Sum Varia Difference Contrast  DifferenceMean ExG Y Index  Class

2 |Ayutthaya00 0.055429 57314928 26455.63 0.628825 3.324564 -0.5474 0.958993 324.8184 2.860529 103898.5 0.001523 21.97105 1.427328 161.6075 20 1
3 |Angthong0l4 0.47151 8562.23 17.48412 0.966885 0.940949 -0.81318 0.857097 6.105263 0.940949 56.74327 0.003597 0.821053 0.182935 2.025 5 2
4 Chonburi0l0 0.011607 31134544 5458.84 0.334185 4.857264 -0.49882 0.980798 142.6053 4.185382 20271.76 0.000513 67.08421 2477776 70.7425 18 2
5 Ayutthaya0l 0.016981 1.93E+08 21435.54 0.559553 4.651749 -0.76894 0.998563 234.8105 4.354388 83158.1 0.001238 36.22632 1.69859 116.45 16 2
6 Uthaithani0l 0.171537 32316036 26362.08 0.857974 2.314707 -0.76822 0.572273 323.3783 2.253841 103439.7 0.002862 11.7 0.57357 160.6775 18 1
7 Ayutthaya0l 1 257 0.9999639 1 0 0 o 2 0 4 0.003876 0 o 0 27 2
& |Chachoengs: 0.97382 276.9538 1.084179 0.993684 0.083935 -0.35198 0.200703 2.036842 0.07391 3.947931 0.003815 0.031579 0.046036 0.02 23 2
4 |Angthong00( 0.084986 840440.3 462.0574 0.49435 3.716183% -0.50551 0.959784 32.32368 3.295302 1626.55 0.000962 38.33634 1.937057 14.6025 27 2
10 Angthong00l 0.009294 82525812 6074.624 0.358253 5.100529 -0.73461 0.998711 135.5868 4.642513 22853.58 0.000489 53.93421 2.461501 66.81 18 2
11 Uthaithani0l 0.006925 19939809 2613.486 0.166158 5.18248 -0.50559 0.985272 85.76842 4.370577 9195.708 0.000336 184.1947 2.695111 42.4175 24 2
2 Pathumthani 0.06097 290395 160.7629 0.49215 3.664531 -0.34937 0.888019 20.09211 3.045655 515.9125 0.000967 21.81316 1.779427 9.2025 20 2
13 Ayutthaya00 0.225997 29571.7 36.59459 0.825359 1.788095 -0.59167 0.885448 9.565789 1.710936 119.6549 0.00258 6.039474 0.744079 3.965 6 2
14 Uthaithani0g 1 237 0.999963 1 o 0 o 2 0 4 0.003876 o o 0 2 2
5 |Angthong0l: 0.030166 22571155 5720.685 0.470565 4.180199 -0.60643 0.988023 149.5105 3.844714 21964.86 0.000882 39.01579 2.056125 72.8425 22 2
6 |Nakhonpath: 0.058296 24508014 11297.96 0.543699 3.360541 -0.5941 0.972227 207.8026 3.100816 43148.99 0.001255 62.61842 1.707161 103.285 17 2
7 |Ayutthaya00 0.278587 35020.68 43.54197 0.876924 1.714735 -0.73674 0.930068 9.171053 1.714735 155.1122 0.002925 2.718421 0.574319 3.6975 12 2
18 Angthong00¢ 0.116593 8893821 5531.314 0.730322 2.724068 -0.71768 0.976686 146.9947 2431721 21527.32 0.002354 21.25263 0.954246 72.5125 16 1
9 |Ayutthaya0l 0.149183 19998462 14125.53 0.870735 2.338658 -0.77711 0.975134 236.7658 2.28908 55533.25 0.002898 7.776316 0.648307 117.435 20 2
20 Pathumthani 1 257 0.999969 1 o 0 o 2 0 4 0.003876 o o 0 25 2
21 Angthong0lf 0.032119 5479445 1561.786 0.594014 3.858311 -0.61453 0.983861 77.38421 3.576369 5844.608 0.001215 12.63158 1.65098 37.6975 25 2
22 |Chachoengs: 0.042673 17105197 4910.162 0.568054 4.000156 -0.65782 0.590111 100.6921 3.672473 18893.04 0.001226 22.55526 1.705377 439.2925 14 2
23 |Uthaithani00 0.095526 15152927 9081.516 0.66598 2.797325 -0.60644 0.855443 189.0632 2560195 35417.58 0.001779 21.63684 1.172544 93.3025 22 2
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4.5.1 ﬁqimuuﬁé'ué’uﬁaawawu (Angular Second Moment, ASM) #3@
Energy
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Rice Field Segments
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4.5.2 AVERFUNUS (Correlation)
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453 @a1pUUsUsIe (Variance)
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NAUVDINARNAULUUA (Inverse Difference Moment)

ArunduveassluudveswnuuAiiiuuidn edulvgazey

Uszanas 0.7 89 0.9 dauedunduvesnamsuuudvasgnuuanlidlyuidnavediidrgegn

fo 1 1Wudulng)

Number of Segments

Number of Segments

U7l 4.11

Rice Field Segments

0 01 02 03 04 05 06 07 08 0.9 1
Inverse Difference Moment Value

x 10° Non-Rice Field Segments
2 T T T T T T T T T

0 0.1 0.2 03 04 05 06 0.7 0.8 0.9 1
Inverse Difference Moment Value

Falaunsutanssruuenuusniduutaz luiduuidng

YDIAHUNFUVDINARN UL UA NLANANG Y



39

455 @anaulnsd (Entropy)
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4.5.6 AINITINEUNAVBIENFUNUS 1 (Information Measures of Correlation
1: HXY1)
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4.5.7 AINITINFUNAVRIENFUNUS 2 (Information Measures of Correlation
2: HXY2)
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458 @AMasLaGY (Sum Average)
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459 AMasINVRUaUINSU (Sum Entropy)
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4.5.10 ANASINVBIAIANLUIUSIU (Sum Variance)
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4.5.11 Nas19929AULUIUSIU (Difference Variance)
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4.5.12 a1nus9(Contrast)
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4.5.13 awan19vaaulnsy (Difference Entropy)
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4.5.14 adnwanduade (Mean ExG)
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4.5.15 ANAILAUIIILUILNUAIVBININ (Y Index)
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4.6 NM1INARBINTSITBUTVBIBUUTTA MY

FreteiiazldlunsiingrsulszamifiouasUsznausig 15 fiees wasnadns
Whusnevesusafedsielivdeliliuidn (vde 1 Lilvde 2) faiu Tassadrswestnonu
Usvamiitodluaniddeiozusenoudie 15 Tuadudn uas 1 Tunthesn dusiuiuvesiun
fauazmldannisaasssollil

foe13 (Sample) azldlunsilndresulszamifloniivoms 134,311 fegrs 9
Usznaudsundna 14,311 dredne warlildundnn 120,000 Freehe tisegeiamani
LLﬁQLﬁuﬁﬁaaﬂaﬁm%’umiﬂﬂ (Training) 94,017 §i19814 feg 198 mSuNIsAgeULlanI5M
Mean Square Error (Mean Square Error Testing) 20,147 A19814 LagA10819d1mTuNT
as19a0U (Validation) 20,147 fa0g1s anntunisegnwimunuinlugienulssamidion
melugatienuszamifisnvedlsungy MATLAB fensldduiulundeudiunnsnaiy
Sulungeufimuzanliasisauinvietesiiuld Tnemluudivziaregsening
snnulusidniulumiesn sulunsmeassisznnaaddluamind daus 7 auis 13 Tua
Tngazuaninuduiussznnsdnuseulun1siln (Epoch) Aumianuiianainainnisinly
uAarseu (Mean Squared Error) Imaﬁ’lmmﬁmwamﬁlﬁa’mmiﬂﬂﬁmmzauﬁqmﬁaﬁhﬁm
eesildlunsiiniiddanuanaiaildainnisiinanas udyasegedililunsnsaaey
fearufiananaiildannisiindiutu SsasianisSeudunnifuly (Overfitting) vilvideyadi

o = o = [ v 1 &
UNIMAFDUNAINUANIALADUEN Fananisnaasadunssalull

=

AAuEanaInann1sinlasldlundeudiuiy 7 lua aglddarimanzaunanfe
0.027467 lagldn1siln 121 souragu? 4.23

B Neural Network Training Performance (plotperform), Epoch 127, .. — =
Best Validation Performance is 0.027467 at epoch 121
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B Neural Network Training Performance (plotperform), Epoch 96, V.. — =

Best Validation Performance is 0.033002 at epoch 90
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B Neural Network Training Performance (plotperform), Epoch 93, V.. — =

Best Validation Performance is 0.028918 at epoch 87
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B Neural Network Training Performance (plotperform), Epoch 128, .. — =

Best Validation Performance is 0.026292 at epoch 122
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B Neural Network Training Performance (plotperform), Epoch 180, .. — =
Best Validation Performance is 0.027265 at epoch 174
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B Neural Network Training Performance (plotperform), Epoch 138, .. — =

Best Validation Performance is 0.02825 at epoch 132
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B Neural Network Training Performance (plotperform), Epoch 127, .. — =

Best Validation Performance is 0.028426 at epoch 121
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4.7 NSNNABINIATISAANTNUNZEY
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< Mhoino20721 |0 211400 F1EQAREE NRTIEN | 38198 189914 n aR2041 13847220 o mnmn) v

JUT v-6 drwvealisunsuiiiuandiegsiiagldlunisiiniisun

6. WIBlAFMBE19TNIABINTITATULED AoIN1SAsUNNERlUMSadaunaulunwAaunin
Uanunsadenty AguR 9-7 Baasuanstolnatdaguimasdenagsie

Chainat00387415.1253694100.13142341 jpg

Fal
o
S
W

JUN -7 duvedUsunsuildlunsdensuinluvsensunin

7. oliAI98 199 MY NULALULABYATNATUYINATNLEY TuRaUanTINELTUN151
Joyasen (Export) Wisldidudoyadegeilddwniuiinlulusunsudmiunageugunwsely
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Tagdoniidu Export e tufindayatulwduinana CSV (Comma-Separated Values)
fegslnatayasiaganldlunsinilauansissun 2-8

d - = TrainShuffle.csv - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW WVIEW LOAD TEST TEAM
E?(’C”t Calibri -l - A A - EFWrap Tet General - L:_'J ’;5 %ﬂ EX E é““tm
ER) Copy ~ Fill -
Poe o B T U He DA 45 Elvegelcote - - % 5 o g Condiond Formatas Col - nsent Dkt Format
Clipboard & Font 1) Alignment rl MNumber n Styles Cells
Al - k3 Name
A B C D E F G H | J K L M N o] P Q
1 |Name IEnergy Correlatio Sum of VaInverse DiEntropy  HXY1 HXY2 Sum Averi Sum Entre Sum Varia Differenct Contrast DifferenceMean ExG Y Index  Class
2 |Ayutthaya00 0.055429 57314928 26455.63 0.628825 3.324564 -0.5474 (.958993 324.8184 2.860529 103898.5 0.001523 21.97105 1.427328 161.6075 20 1
3 |Angthong014 0.47151 8562.23 17.48412 0.966885 0.940949 -0.81318 0.857097 6.105263 0.540949 56.74327 0.003597 0.821053 0.182935 2.025 5 2
4 |Chonburi0l0 0.011607 31134544 5458.84 0.334185 4.857264 -0.49882 0.980798 142.6053 4.185382 2027176 0.000513 67.08421 2.477776 70.7425 18 2
5 |Ayutthaya0l 0.016981 1.93E+08 21435.54 0.559553 4.651749 -0.76894 0.998563 234.8105 4.354388 83158.1 0.001238 36.22632 1.69859 116.45 16 2
6 |Uthaithaniol 0.171537 32316036 26362.08 0.857974 2.314707 -0.76822 0.972273 323.3789 2.253841 103499.7 0.002862 11.7 0.57357 160.6775 18 1
7 |Ayutthaya0l 1 257 0.999969 1 o o 0 2 o 4 0.003876 0 o o 27 2
& |Chachoengs: 0.97332 276.9538 1.084179 0.993684 0.083935 -0.35198 0.200703 2.036842 0.07831 3.947931 0.003815 0.031579 0.046086 0.02 23 2
¢ |Angthong00( 0.084986 840440.3 462.0574 0.49435 3.716189 -0.50551 0.959784 32.32368 3.295302 1626.55 0.000962 38.38684 1.987057 14.6025 27 2
10 |Angthong007 0.009294 82525812 6074.624 0.358253 5.100529 -0.73461 0.998711 135.5868 4.642513 22853.58 0.000489 53.93421 2.461501 66.81 18 2
11 |Uthaithani0l 0.006925 19939809 2613.436 0.166158 5.18248 -0.50559 0.985272 B85.76842 4.370577 9195.708 0.000336 184.1947 2.695111 42.4175 24 2
12 |Pathumthani  0.06037 290395 160.7629 0.49215 3.664531 -0.34937 0.888019 20.09211 3.045655 515.9125 0.000967 21.81316 1.773427 9.2025 20 2
13 |Ayutthaya00 0.225937 29571.7 36.59459 0.825359 1.738095 -0.59167 0.885448 9.565789 1.710936 119.6549 0.00258 6.039474 0.744079 3.965 6 2
14 |Uthaithaniog 1 257 0.999969 1 0 0 0 2 0 4 0.003876 0 0 0 2 2
15 |Angthong0l: 0.030166 22571155 5720.685 0.470565 4.180199 -0.60643 0.588023 149.5105 3.844714 21964.86 0.000882 39.01579 2.056125 72.8425 22 2
16 |Nakhonpath: 0.058296 24508014 11297.96 0.548699 3.360541 -0.5941 0.972227 207.8026 3.100816 43148.99 0.001255 62.61842 1.707161 103.295 17 2
17 |Ayutthaya00 0.278587 35020.68 43.54197 0.876924 1.714735 -0.73674 0.930068 9.171053 1.714735 155.1122 0.002925 2.718421 0.574319 3.6975 12 2
18 |Angthong00¢ 0.116593 8893821 5531.914 0.780322 2.724068 -0.71768 0.976686 146.9947 2.491721 21527.32 0.002354 21.25263 0.954246 72.5125 16 1
19 |Ayutthaya0l 0.149183 19998462 14125.53 0.870735 2.338658 -0.77711 0.975134 236.7658 2.28908 55533.25 0.002898 7.776316 0.648307 117.435 20 2
20 |Pathumthani 1 257 0.999969 1 o o 0 2 o 4 0.003876 o o o 25 2
21 |Angthong0l€ 0.032113 5479445 1561.786 0.554014 3.858311 -0.61453 0.983861 77.38421 3.576369 5844.608 0.001215 12.63158 1.65098 37.6975 25 2
22 |Chachoengs: 0.042673 17105197 4910.162 0.568054 4.000156 -0.65782 0.950111 100.6921 3.672473 18899.04 0.001226 22.55526 1.705977 49.2925 14 2
23 |Uthaithani00 0.095526 15152527 9081.516 0.66598 2.797325 -0.60644 0.955443 189.0632 2.560155 35417.58 0.001779 21.63684 1.172544 93.3023 22 2

TrainShuffle

L]

JUT %-8 frpgnsvadlig (CSV) vastoyanagldlunisiin
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dieldteyadiagneiiagldlunisilinuds Tumeusielasdunsihdeyanlnluineauy
Usvarnmiiey lagldlusunsunimundudmsuiindrsnulssamiisunagldnaasusunim

drudadenisidnuiudliuansiaguin -1

S o EN

B Testing
Import Training Data |I:\Data\TrainingData\test 12_55_Images20x20.csv
Start Training
| Testingimage Path | [D:\ex
Output Path | [Divex
Total of Images: I
Rice Field Images (Human): 1
Not Rice Field Images (Human): 0
Start Testing
Rice Field Images (Comp.): 1
Comect: 1
Wrong: 0
Not Rice Field Images (Comp): 0
Comect: 0
Wrong: 0

Processed Time(Image/sec): 00:00:53.7552411
Processed Time(Segment/sec): 00:00:00.0525456

JUN A-1 dwdnsiegldanuradusunsy

NYaLRuANISITIULERIRIsa UL

1. dnthdeyaiiegnesenuuanagldlunisiln (e .csv) mnlusunsalunianuan

v lneidoniiva Import Training Data wdaidentndfiiuiegavesdoyatun1sindssun a-2

ol Open

T . ¢« Thesis_Data » TrainingData

Organize » New folder
i Desktop A Name :
 Documents
£ Train.csv
& Downloads

TrainNonRice.csv

lT; Eﬂue# (teb-pe) TrainRice.csv
usic o o
] Tralance’D].cw
lF Peerajak (tcb-pc) TrainRicel2.csv
=| Pictures

TrainRicel3.csv
TrainShuffle.csv
TrainShuffleForh.csv
TrainShuffleForM2.csv
TrainShuffleForMOutput.csy
TrainShuffleForMSample.csv

[® tcb_lab (tch)

|F Thananop (tch-p
g Videos

i Local Disk (C)

a Local Disk (D:)

—a Local Disk (E:)

L 4

W

¢

Search TrainingData p

Date modified

27/2/2557 .21

27/2/2557 T:08

26/2/2557 22:56
25/2/2557 16:16
26/2/2557 11:48
26/2/2357 14:43
27/2/2557 T:36

27/2/2557 10:10
27/2/2557 10:12
27/2/235710:24
27/2/2557 10:21

Be=

- O @
Type

Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...
Microsoft Excel C...

File name: |

v| |Training Data (.c) (*.csv) v|

[ open

| Cancel |

U7 A-2 lpezdeniiAulng (Csv) dmsulinlutsnulszamidion

2. BuAuNsRNeulsEamiisulaedendy Start Training 31ntiuliselusunsy
unsznaUsunsuyihnisinauasaaztuniisauansinuiuseulunslindsgun a-3
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[teration = 32 Training was completed.

OK

U7 A-3 wiheaudafoudioriflngise

3. Weldvhnsininenulssamiisnsds Tunswsiellazidunmsvegeusunm lay
Aosvinisszylainneivesniniifesnisvageu uazszylaisnvevatenisiiasiiunin
e uiilavinNIsUsEaNALT AU A-4

| Testing Image Path | |E:\Thesis_Data\SelededImages\ﬂng’fhong

| Output Path | | E\Thesis_Data“Finallmages

Start Testing

JUT A-4 druvadlisunsuildszyladnnesfumsazUatemevasnmiidesnisnageu

4. PumauanyneAenIssNaaauIUN Nlagidenyivy Start Testing laglusunsuay
WEPININTIMAIUTELIARALUUISEAINY LAZWARITIAZIBEANITIMUNANAIFUT A-5

Total of Images: 1
Rice Field Images (Human): 1
Not Rice Field Images (Human): 0

Rice Field Images {Comp.):
Comect:

Wrong:-

1
1
0
Not Rice Field Images (Comp): 0 Processed Time(Image/sec): 00:00:53.7552411
Correct: 0 Processed Time(Segment/sec): 00:00:00.0525456
Wrong: 0

JUN A-5 druvedUsunsuiikanan e seaiana
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wseailofldlunsuszuianausenaumigduvesnteyanInyddl (Input Images)
YA (Software) havdiuvea1$aIs (Hardware) lngsivazidenvaaniosilonldlunis
UszananavzianinasiolUll

A lglun1suszulana

-l ma18271n50d1929984 Google Street View 1agld Google Street View AP
Wuaseadlalunismanineanunly

- AMNATLDYAVBININ 640x600 NNLYA

- sUnuuveslidnmAe JPEG wazilunmadnianudn 24 Jn (RGB)

YaNAWIS

- Microsoft Windows 8.1 Professional

- Microsoft Visual Studio C# 2013

- EmguCV (Image processing library for .NET)

- Google Street View API (Tool for accessing an image from Google Street View)
F13AU2S

- meUszanana Intel Core i5-450M / 2.4 GHz ( Dual-Core )

- M8AUIN 4.0 GB

nsUssinanalagldnimmageuinuiu 600 A lagldanmuwindeuniudienulunig
Usznranann aussauslunisusvinanauanslanagui o1 Anadelunsussainanadzegi
Uszan 52 Juniisie 1 am

Processed time of proposed method

_ 80000
8 70000

< 60000

g 50000 Astuaie -

9 40000

£ 30000

= 5 20000

= 0 10000

wg 0

.g'_ NO M ST 0 AT AN TSNNSO OO o< T N O O
— g dnaddenunddnNNNNONQT N AN
o AN TSNNSO A NI NO N WINNOOONS 0 - N W
Q NYeadFTeanonundnn ddooNT NN NN
& NN 00 O0WOOoOOWOOOOdd AN AN AN MMM MMmO O o
O ™ A A H AN AN AN AN AN AN NN NN

o .

g Time (hh:mm:ss)

JUT +-1 nevluanaianlunisussanana
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= I3 =~ < v Ao a a > o ~

Wesnnmsiiugunmagiimainuteyaiidn (aefiyn aesdgn) Wy AU 2-1 1ny
amludregneniuanaziinistuiindeyaludelvdvesnin Uszneudie Jodanin nuneiay
AN ANAEFATN ULATaRIIN AUAIBLATOIVNNY & FBE Y

W Favorites
B Desktop
& Downloads
& Google las?l
%] Recent places
3 Dropbox

& SkyDrive

 SkyDrive

1% This PC
I Desktop Ayutthaya000776:14.2928448:100.7130581.jpg Ayutthaya001048:14.4249388100.4295718&1 jpg

¥ Documents

18 Downloads
U Music

£l Pictures

& Videos

&, Local Disk (C:)
a Local Disk (D:)
s Local Disk (E:)

€ Network

Ayutthaya001438:14.2720128:100.327432&1.jpg Ayutthaya001448:14.2117238100.42057181.jpg

JUT 2-1 segnaldnmdivannioussyiuvisiiin

Fefudlothsunmlulssinanadeisnmsiiauoudagldadnsinamildunimu
1wl aunsathdeyamdriuldvsslovdlunsszyiitanisliusslomidaulunisyiun
$13l¢ Tushognstlagldyadayaniniiiiunisussananawdniunssyiidalaoivlug Uuoy
Idunuana Csv MAvAmnsimeifsg e miiiuuidn Useneuse Jenw azfiga
004390 uazAFIIaRnvesn Nty dedremadinduana csv Aldlunisssyfisanisld
Usglovalitmulunisiundndgui a-2

D Eé;;;}, i Calibri v|11 A A T ==
pEvStE ¥ Format Painter B I U~|m-~ &'Av === =
Clipboard [F] Font [F] Al
L10 - fe
A B C [} E F
1 |Angthong00114 14.6494 100.4005 10.42857
2 |Angthong01503 14.69851 100.3346 10.5
3 |Angthong00053 14.53724 100.4627 11.6
4 |Angthong00941 14.69504 100.3345 12.4
5 |Angthong00190 14,73594 100.2461 14.6
& |Angthong00005 14.62666 100.3037 15.14286
7 |Angthong00327 14.65258 100.4313 15.33333
8 |Angthong00894 14.70299 100.2913 16.2
9 |Angthong01496 14.64641 100.4206 16.25
10] Angthong00674 14.70619 100.2599 16.66667
11 |Angthong00524 14.59364 100.31 16.71428
12 |Angthong01214 14.68131 100.3398 18.28572

JUT 9-2 fogalna Ui unisvesn nivssaIanauda

L% v 61 [ v
waglimaansanduninundn
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2014 International Workshop on Advanced Image Technology

Rice Field Detection from Terrestrial Images

Chaya Wanlor
Department of Computer Engineering
Chulalongkorn University
Pathumwan, Bangkok 10330, Thailand
Chaya. Wi@student.chula.ac.th

Abstraci— This paper presents a method to detect the rice
field region in images by using digital image processing
technigues and artificial neural network. The proposed method
was applied to terresirial images taken in Thailand. In the
method, each image was divided into segments. The features of
each segment were extracted and fed to the artificial neural
network. The features include texture, color, and position,
Artificial neural network was then used to classify each segment
to determine whether a segment was a region of a rice field or
not. A heuristic function was then applied to the classified
segments of the image to determine a value that represented how
much these segments were connected. Two hundred images were
processed to find the heuristic values, an appropriate threshold
was then determined, Other six hundred images were tested with
the proposed method. The result showed about 99% accuracy for
rice detection and about 96% accuracy for non-rice detection.

Keywords— Land use; Rice Field; Antificial Newral Network;
Digital Image Processing.

1. INTRODUCTION

Rice is one of most important economic crops in Thailand.
There are about 9.6 million hectares of rice fields in Thailand.
There are two methods which are normally applied to the land
use survey. The first method is Remote Sensing. In this
method, images were taken from satellites or airplanes. Then,
the land-use mapping is done by digital image processing.
Images from this method may not be acquired frequently due
to the high cost of survey. This method is suitable for the non-
frequent survey. The second method is human visual
inspection. This method required inspectors to go to the fields
and can take a longer survey time.

Nowadays, many organization use survey vehicles to
collect images and other data. The images were taken
automatically from cameras installed on a vehicle roof. This
paper will use image data from this survey method to detect
rice field in Thailand

Many of field crop land use detection techniques have
been proposed. Most methods were applied to satellite or
aerial images. Sarkar et al. [1] used Markov Random Field
(MRF) to classify tonal and textural features by extracting
them from multispectral images. Jia et al. [2] applied mixed-
pixel decomposition model to classify the EOS-MODIS NDV1
time series data from satellite images. Xiaohe et al. [3] applied
multiple linear regressions to predict model of organic matter
in HI-1A HSI image. There are methods that used terrestrial

Suebskul Phiphobmongkol
Diepartment of Computer Engineering
Chulalongkom University
Pathumwan, Bangkok 10330, Thailand
Suebskul pichula.ac.th

images as inputs. Guerrero et al. [4] proposed a method based
on greenness identification to extract features and used
Suppert Vector Machines to classify masked and unmasked
plants. Gée et al. [5] proposed a method that detected crop
rows in images using double Hough transform (DHT). The
method could discriminate between crops and weeds by a
region-based segmentation method wsing a blob coloring
analysis.

This paper proposed a method for rice field detection
which was applied to terrestrial images of 640x600 resolution.
In the method, each image was divided into small segments.
The features of each segment, which include texture, color,
and position, were classified by Artificial Neural Network
(ANN). Rice fields can be in many stages. Figure 1 shows

varipus stages of rice fields.
-

(a) Location 14.669373,100.50293  (b) Location 14670453, 100.502071

5 -
i -

(c) Location 14.668958,100.502758 (d) Location 1430681 5,100 78436

() Location 1464961 100361309 (f) Locaton 141669114 100.297108
Fig. | Terrestrial images of rice ficlds [6]
(a) Scedling Stage (b) Tiller Stage
{c) Reproductive Growth Stage (d) Harvest Matunty Siage
(e), (f) Non-Rice Field Image
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II.  OBIECTIVE

The objective of this research is to develop an automatic
rice field detection method to be applied to terrestrial images
taken in Thailand.

III.  THE PROPOSED METHOD

The proposed method consists of five phases. The first
phase is the pre-processing phase which is used to divide an
image into segments. The second phase is the green crop
segmentation. The third phase is the feature extraction. The
fourth phase is classification. The last phase is rice field image
verification. The process of proposed method is shown in
Figure 2.

( = )
¥
| — |

¥

Gireen Crop Segmentation
O Excess Green
¥
Feature Extrachon
O Texture
O Colee
O Position

¥

‘ Classafication |

O Artificzl Neural Nemwork

¥

‘ Rice Field Image Verification |

O Heurstic function

¥

( )

Fig. 2 Flow chart of the proposed method

A. Pre-Processing Phase

In this phase, images were divided into small segments. A
larger segment contains too much information while a smaller
segment contains fewer information of the nice field. In the
latter case, ambiguity occurs between rice field segments and
other green plants segment. Figure 3 shows segmented images
of two different sizes, 80x80 and 20x20, respectively. In this
paper, a segment size of 20x20 were used due to its good
result and can divide 640x600 evenly.

{a) Location 14133413, 100.461559 (b) Location 14.133413, 100461559
Fig. 3 Examples of two segment sizes [6]
{a) R0xB0 pixels (b) 20x20 pixels

B. Green Crop Segmentation Phase
In this phase, Excess Green index (ExG) of Woebbecke et
al. [7] was used. This technique is suitable for images captured
under different lighting conditions. The equations are shown
below. In equation (1), g. r, and b represent green, red, and
blue intensity of a pixel, respectively.
ExG=2g—r—bk (0
Each Ex(G is quantized to 256 gray levels as follows.
e EnG— ExG
GrayLevel =255x 7&(}"-‘ “EG. (2)
A sample RGB image is shown in Figure 4(a). The image after
applying excess green index and quantized to 256 gray levels
is shown in Figure 4(b)

{a) Location 14160046, 10037487 {b) Location [4.160046, 100.37487
Fig. 4 RGB images with Green Crop Segmentation [6]
{a) Original RGB image (b) Green Crop Segmentation image

C. Feature Extraction Phase

In this phase, there are three main features: Color, Texture,
and Position

#  Color Feature

Color feature has only one feature, f,, whose value is
an average of the excess green values in a segment.

f, : Mean of Excess Green
#  Textural Feature

Textural feature has 13 features, fi=fy. To calculate
these features, Gray Level Co-occurrence Matrix [8] must
be used. Gray Level Co-occurrence Matrix is one of the
simplest approaches for describing texture. It uses
statistical moments of the intensity histogram of an image
or region. In 1973, Haralick [9] introduced statistical
features which are generated by calculating from co-
cccurrence  matrices. The process used a  direction
parameter and a distance parameter. In this paper, direction
parameter value is set to 07 and the distance parameter
value is set to 1. These features are listed as follows,

fz: Angular Second Moment
f,: Contrast

fy: Correlation

fs: Sum of Squares or Varnance
fs . Inverse Difference Moment

f;: Sum Average
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fz : Sum Variance

f;: Sum Entropy

fio - Entropy

), - Difference Variance

fi2 - Difference Entropy

fi3 : Information Measures of Correlation |

f14 : Information Measures of Correlation 2
#  Position Feature

The Position feature has only one feature, fis. This
feature is the vertical index of a segment in an image. For
example, in Figure 5, the vertical index varies from 0 to 6.

fi5: Vertical segment index

Location 14.133413, 100461559
Fig. 5 Vertical index [6]

D. Classifieation Phase

In this phase, all 15 features were fed to ANN. And
ANMN model was constructed by 3 layers including 15 input
nodes, 10 hidden nodes, and 1 output node. The Binary
Classification of the ANN is shown in Figure 6

Fig. 6. The Binary Classification of the ANN

The training algorithm that was used is Back-propagation
algorithm. Figure 7 shows the result after the classification
process with 55 training images, including vanous rice ficlds
and non-rice field images. A non-rice field image result is
shown in Figure 7(a), and a rice field image result shown in
Figure 7{b)

(2) Location 14151245, 100.50010 (b) Location 14.24153, 100.7850%
Fig. 7 Resulting Image after Classification Process [6]
(a) Non-Rice Field Image

(b} Rice Field Image

E. Rice Field Image Verification Phase

In this phase, a heunstic function was applied to the
classified segments of an image to determine a value that
represented how much these segments were connected. The
heuristic function is defined as follows

Heuristic Vaiue = > (3)
c

where

& : The total number of labeled segments (segments
classified as rice).

C 1 The total number of connected labeled segments.

Figure & shows examples of two images after classification
process. In Figure 8 (a), labeled segments are scattered while
in Figure 8 (b), labeled segments are connected. The heuristic
value in Figure B (a) is 1.33 while the heuristic value in Figure
& (b) is BO.

(a) (h)

Fig. & Example of a Connected Labeled Segment in an [mage
() Scattered Scgments (b) Connected Segments

IV. EXPERIMENTAL RESULTS

Applying the proposed method to testing images with 20
training images. The testing images contain tiller stage and
reproductive growth stage. The experiment was not tried with
the harvest maturity stage due to the lack of images at the time

- 199 -

98



2014 International Workshop on Advanced Image Technology

of the experiment. The seedling stage was not tried because
the proposed method does not suit the seedling stage due to
small portion of green leaves in an image. The result images
are shown in Figure 9.

(a) Location 142703, 100.743003 (b) Location 14233104, 100.776215

{c) Location 14.416223_ 100743782 (d) Location 14.403957, 100730833

{c) Location 14.241756, 100785141 (f) Location 14.235324, 100776518
Fig. 9 Result of Processed Images [6]
(a}, (c). (e) Rice Ficld Image
(b, (d). (f) Non-Rice field Image

Two hundred images were processed to find heuristic
values. An appropriate threshold was then determined from
the heuristic values. The threshold was used for deciding
which image is a rice field image or not. In this paper
threshold value 1s 11.00. The classification results of other six
hundred images were shown in Table 1.

TABLE L. RESULT 0N TESTING IMAGES
Total True False
MNon-Race Field 393 13
40
Images Ph.E% 3.2%
Rice Field 193 1
194
Images 9 5% 0.5%

V.  DISCUSSION AND CONCLUSION

For the 194 rice field images, there was only one image
that the program detected as non-rice. In this case, the rice had
light brown dry-like color. The stalk fell down to the ground.
This situation make the features more like dry grass. For the
406 non-rice field images, there were 13 images that the
program detected as rice. Actually, the plants in all 13 images
were lawn grass in front of buildings.

In summary, this research applied rice field detection
methed by using terrestrial images taken from various places
and time from Google Street View [6]. The result showed
about 99% accuracy for rice detection of tiller stage to
reproductive growth stage and about 96% accuracy for non-
rice detection. The proposed method does not suit the seedling
stage due to small portion of green leaves in an image. The
method was not tested with the harvest maturity stage due to
the lack of images at the time of the experiment. It is planned
to be tested in the near future.
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