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? Deep neural networks (DNNs)
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I"'Hyperspectral image (HSI)

2 K-nearest neighbor (KNN)

3 Logistic regression (LR)

4 Support Vector machine (SVM)

’ Neural networks (NN)

6 Multilayer perceptron (MLP)

7 Restricted Boltzmann machine (RBM)
8 Radial basis function (RBF)
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! Deep belief networks (DBNSs)
2 Stacked Autoencoder (SAE)
3 Convolutional neural networks (CNNs)
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' Principal component analysis
2 Factor analysis

3 bag of visual words

4 Morphological Profiles (MP)
3 Local binary patterns



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

gl 5k g hamn (e slaaSl (S
BTk e B 0 dgd oo aSby b Shy
2 Debge ol zyh goleidy by 5 G
i b pl 03ls g (Bpme Sl G p)ler eend
5 ol oals &l e glwosly bl wolaiul )90
Oype 2l Gabge> g s pSamt s BT Cens
°r5u>-"

G 5,15 (Gl =¥

s basls oy p a4l cweld ol
loigy aolal 1o 5wl oo o] sloaY 5 (ciary
S 5o o ) S (S gl

S mas gbash -)-Y

Sl A s Bes oras sleast CNNs

S5 Jols g oS oo ool Tglr 4y (3550
CNNS oies faio SlS g plesl ¢ p5)5ilS slaayy
Glaod b JuSy S Sledbl 5l oolawl cde o
sl Sy gl 2Uls ab sla Sy »ogdle
cel b Shg ol a5 s s 55 1) Gree Sl
Sy Sl Sy gl sl padsls Y
blels Y gl S e eolitul e S
doad wile Gl mhe slShy W Jsiee
oY olaws il L cel 5 lge S8 g Lol S Cgs
55 9 e sla Shs b olers (igdslS o
S Yoo Sglels Y ham [V ]osd oo L850
iz 2o, plesl Y 8,5 o 13 elesl 4y
Vgoro &5 ali o )b 51 1) Hdlgils a (g9
S oo plesl oo b 0gd co colaiv] peyiSle AU )
FB et Gl i wJy el lagyg,s8 (g5 pleo]
Gadl gl calie Sla Shg oS Joxe 5l s
os ools Lt (1) Sy omae (gloaSiss e

3 Feed forward

Lo Fius 2D-CNN SaS & Lozl (Y+13) ol (Ko
b Sis crl o 5 Ssbee gl Gres S
a3 b 5 00 3D-CNN o)1y b sla S5 LS o
23 oo olis 15 32855 (nl s wsdoe plonl g
CNN (639,5 ,o Guos S5 o T5g 5l colarul a5
o byl pglal unaib cds s el
[f]%*’

Sl e ol 4 lg oo ey Ol 550 ]
C83 g 5o S sla T 5 i e b
chw gloShs o bl 5l op o ondil
aril e S s5LsS oSl glls calize (sl
SloFis b oy ool ool & supioe 155
"SR WP e Beee (oras slaaSd o b
i yo 900l 5l 05 o0 (RSl Bres mhaw lo
@amaib 6l 3D-CNN s jlsls S ol
6 myn Gl &S ead (B bl polas
et 45 ONN s 55 il s SIS sl g
- 5 3 A (8999 50 Cawl 0055 ool 9550 3
S 355890 hlgn sl G5UsS S sla
- oolitul b gla Shy LS 0 LBP 5 0l
oS ool Coenl LS Cuz ol ) alies ol g
S sheb o Shy ag 2Uly oolering 4l
C8s pohw 4 ganadl o a5 cwl b 1) de
3 & E9ege opl (o0 A (YL) vy o oYL
Bolo 3 all jlasl o Swil Loeel ool a5 Sl
Sl ooleiiiny A (g ilens )3 (rizmen e
2l L] ol ot B wiile gl iy slo

5 [YY] "(RELU) ouiS ol as ol jlo Jles
390 55 o &5 [F0] (BN) T glazws (g3l ey
g oo oolaiwl wilazs 5 113 colarul

£90 Cramd (0 &S Cowl Ojgo ol 4y i LS

@ ol )0 A dpd e il y Giod 6l Gl @

! Rectifier Linear Unit
2 Batch Normalization



S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

i Sals ¥
aléal 4y
3 T L)
I " A
[t i '
[ ro I
o [ P
. l V i \
Pooling §ize ; \ i \
! 1 i \
' i ' | | |
oS | | hy | By | hy | By | hg
/A
Jr.r'r r ,_,-/ ‘f.r'r‘r
S 4 ! '
L) 51 ‘.,.'.'...M w r h /
r I /
If ;.r S/
i i’ d 4

wramaY [y e |

vy Vg Vg

b s gladt

LY Tt o Sols ¥ 5 pléot oo gl gils claag¥ 31 JSeiio 45 CNN Jgloio (g yloo 1) JSCib

Jdo aed 4 058 o oolanwl 1 isel slp
039 ll 69y wilb e sy 5l (SO S
B8 o g0l b
e 98 ilidl el ONN s (35 STzl ¥
Dedso 3l p Gl S o 9 &S0l 5y
el glzn] (g S alidl> 4 CNN (gl,21 gl ¥
Al olep 9> CNN L sodad anlyd o
a9k B9l laaigas lal el (oS 5 nobsj
Jold 09,5 50 9 Nigd oo ol dluss diz 4 S0l
2 ln 23l o (B9l sladised 5 s pln sl
FLURPY &}5&1 Sl bdiges 5l atws S lakd ||SS
5 oS s Sllae sl 5l g Wb ga oaliw)3
Ot 5l gl e pdd (g5 jlade oY
L Joyp obols (Bolai g, b (o295 o
@5).41 M).Qb &va )‘ oolaw! 9 \(Sgdm) ULH..:
ples a5 oS 0gd o o0ld gl aSil Tablite

3)ly 50l ladigal jloads 0y SzsS glaeg,S

I Stochastic gradient descent with momentum
T Cross Entropy

30 05 Shal (V0 dowe oYl (O
2 Sop & haidd (Aglgls Y ;s lagys,s CNN
S8 blLi )l glls oS aiiis fate gam Y

e

o oo b ledld @l (69559 ke uy il

Poden drale W3 50 (Jome SsS (6999

Shol 4y (50559 slas IS ;0 W55 e

Slis (UKE o o5 jshilen s se 425158

339 N G K5y a4 bglas il oall oolo

059 STl 51 eolaiwl slacs jo .l LSS Ll

-] 5l Wl Le CNN o

olaws 59 STell cou jl colatw! SaS 4 )
S ool 2alS 4 (jsel BB sl el
390l Sln G eS (igel diged ol 4y gy
Lol Floml asis

sloyuhl goz <l cpl o (MJSS 4 gl Y
-0 ool 650k sl 89555 iz S 0
Cou cde @ &S W el gl e S
he (s 5 slajlaie s 53 (59 SThxsl

Ve gVe Vo Vo959 5l 5l o)l i D gh



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

sly g oS gl ) b sla Shy Sl
e 2l 05 Sl sla Sy gl
S Cledbl luly hid sondal Bos oS
69955 sloasl sluss saes )lis a7 pgas day wil
o olinal 5,50 555 Sae gl Ko 2ilgo
goanail e g cwl gam 90 B
S se bl gomy aw 5551 Sl
s o 3 oI S Bllas s (1) IS

Sl 00 oslo QL...».) GO 4w

anlyms GBgie sy SOl olaws iSlas 4y a5 Sk
Dgdca o)y CNN slaas¥ jLs-lo aslsl o 0
g gils Ay —V-)-Y

sloyld 5l (Shy gl Glp sl aY
oolatwl Ky X kp X dolal b s igsils
dy 2ld o0 Ky ks Jsbk,, o s
©395 ryas Sl ol plp a5 2ld elas)
ks VXA o3lasl b piglels gla i, ol

I

S 93 Gl WS (o

V Sl

Y S reass

SR A gl gilS S5 55 (A

L¥Y] sl ¥ b 00gumxe 30 gl il 5,5 0310l . (gursdus g Garsgd cpiiglgils 5,5 o ySilas o9z Y JSis

(-1 Yy Shy sbands sloxs Msog,5 pgas
Sig aii & bgyye (P,0,1) Sasdse (35 Wi
el pll Y 5l Sty 4t Lol by el m
099 T e Viiym 5 sleJld =6g(x)
039 el iz slaceadse o (1)) 4 slo
loools a5 4 oS wites eyl la kS

igdise (loyiort 554!

Ky—1ky—1 d

g+ Y 3> wpg o)

p=0 g=0 r=0

Dy oo dml (S addi S B e Jlesl 5l ey
EHUSE o &S gaman S 5l ez dlie ol o
Geb a0 0ed g oolatll ouls eoly lus
ly pll (S asds jo pll Y 49,58 Jlade (V)ak,
o)lads a4y bgie Y 9 X A5 (KY,2) Coxdee b LSy
Syge Wb oaims plis 7 g JuSy e 9 sl
() abaly o IVYIT o v @ il oo oolinal

slasil ol 0l o Ky ald sk K,

(V) akal,



plod wigd Jate JolS' job 4 Jlgte Y g0
Y o lagg,e pled 4 Wb (L3 Y o lagyg)e
Jaie SlS Y (75 e igd Jate som
ol oobl g 039 polie 5leslanul L)

:[VT]&; %wbu (Y)‘d@.‘)

o) _ (O<k—~>)T W 4 p®) () alad,

oA spgys olasi CNN L sandil con 5o
-0 2l b WS sl ojlusl 4 Jate SlST 40Y
Jas SasS ey 2Slas &l 5l colaiul b g wigd
Glexl (g, S [V Jogh o danlne () alai,
el e 4 wiges Gl Jleixs! oS asie S
Bl S 4 Wigel 0gd e g Sl L OIS

Al ansls |y Jlasl o iy a8 o ls

eWJ,\xL"'bL,\
\ .
y=f7—— : () akal,
T
ZeWL,K XL +bk eWLT,M X +b
K=\

Sz SHle g oIS Slaws M (Y)akal, 5o

M T
&b by sl hﬁzeWL'KXL+bL'K
K=\

.Cwl SOftmax

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

pleol Yy -Y-)-Y

el Y Sy Ygona p3dsils 4Y 5 axy CNNs o
o) 00 (She cleanss sloxi 4 gm0 4y s 35>
So 5l plesh ¥ e il plp p0gIlS Y L Y
P, e{Y,¥, 5,0} Ygoro a5 PXQplo b LS
oYl Goe .[\‘?]oy';':@ oolauwl (igd oo bl
Gl sl 5l 9,50 (Slewlre ©)a8 Lol plial
aY ool s odle sl slayl zalS o,k 5l Laosls
WY L9 ez (e @l coS 5 ade a plil
blie )3 &5 258 o0 2o Shg g Sl (PAgglS
S o Syl s ol Casdes sk g oye0
Cas s Nigs oo AL I Gl Sy oylgie c
g sl el 5 ool Gl |, S5 4l San
[V ]0ss o aSs

0,5 oolaiul alizes ailgs 51 olg5 g0 plesl Y o
e Sl g mouSTle bap)] (3o )l 5y oS
30 8999 o3ld g9, » &y ol o, Sles 0gu
ools ylid wlaas .l ool oolo ylas (V) IS
Sl (Sle & 51 650 @l peSLe b &5
&b 5l Lges pleol Y jo LJo es 4 (S oo
[Y \]09‘”&5" oolazul M;Lo

3 0 257y Sijsel sl el pleol Y o
ezl cls 0 a5 sl ol 0l dgg 45 (e
oolainl s S Le i 5l as sleol a4Y jo e 4y g,
S b r Gop 4 ) b b o

JOMPE TR E
Lo Sols 4y —F—\-¥

SelS slaa¥ plesl 5 agdils @Y izl an
5 b sl SRy Y Gl WS e IR Jate
&l wiloss zlyml L5 slawyY 4o a5 |, JlSe
WS eSS el 609y edls ganainl
Sl sl el pslae ¥ Gl ol 5l as jslailes

/' Dominant



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

2|1

3lo
61|12
4|12(0]1 B
g geampls

2111511

1{0|2]|0

.1 1 iﬂ
]! St

! gl

[¥F] il pleol g gor—pleal o ,Slos oga :¥ S

s g5 o gl yiinsd PCAT Lol claailge Iz
ool S pglas o5 baddse 5 Sope s,
ol dlize slople L) a5 5L sleygl !
olyen 4 ol adlse o 1S oo Jlosl s b5l
¢ a9l Mg 5L Lelel NGl dols gl
FBgy 1y ol 4 wios oo JoSid gan YN+ g)ls 5
o dmle (F) abaly 59 slie 5999%,90
Irvlogs
(Fakal,
MP(x)=[CR, (X), ..., 1(x), ..., O, (x)]
w5 4 CR(Y s OR(Y(f) akl,
Sl Mg X oSy jo i 5 5k Sslnl blg
ol 51 Sosm Gl 4 a5 5L slayglnl 1SS
Gl flgy  (gdcgeme il glle e
FbByy (Lol sloadlge ann 5l Jol> (s55l98,50
g aesge JoSas 1) Toad 00,58 (55909390
Ir¥]ogs oo anlom (0) aba,

B)akl,

EMP(x) = {MP., (X), ..., MPye (%)}

~She 3l Soe Silediee blgn (MP I sl
oslail 350 g LSl Ll 4 ainly (65999850

3 Principal component (PC)
4 Expanded Morphological Profiles

S (SR wdg sy, -V-Y

ghe S slaShy Sy sln GiS ol
5,98 2 (shglediee Jlon he) 4w Sl omb
4 ol ;o aS 0ad go colaiwl o olgs 56Nl

o pse Ghg) dw (nl (o)
S38l99r90 s L gy VY-V

ST sl (s e (ilo SiSS S (3968590
Ll gl lr lnl s bdheSin o S5 Ll
Gl polas gl bl o (gigledyse sl ool
Olrye bopglal 0j90 )0 e g D iy S
Wi byl o (K5 palal Grizes 5 S
5 hale 3858590 0 al sl l [VE] o5 Iay
e a sl esly el Iy Viaas Telusl
Oombe a5 b o S o adlol peal o p)lee
slawi S 0 B> Bhlee 50 5l ) ol Sy
5 e @ (S wdd @lol | Gl gls LS
peal o3le o ead eolaiul g tale Lol IS
Iy e g9 5b Leilnl g0 iole ¢ gludl oS5 o)l
Ll b a5 ol Liglo S5 5 el S e oy
Sy b a8 el gLl Sy iy 53l g 550 JLis

g oo JLis Gale
SO nolal 4 Sislsdr0e Sloyglnl arwgs jolaied
Flon el ol &) (Gigdgnie uair bl

09y 2l o &S wbb e o, onl 3 (S 65998,90

I Erosion
2 Dilation



Aoz 5 05 ERNSSE Cwols s a4 )0l8
s Sy gl Gl o83 5 (e 09> o
m.\;‘ Q)jsa )l)ﬁ oolaiul Sy90 f}L@ )‘ uﬁl.u
Sz b glabsbe gl il )0l la il
&ly o 4ol mls Ivalew o SO o s
SF e R Sy @ &5 Sl S 1l lea
Gy Se el SlaSrge cunl il Jlasl (UV)
g oo aFle jole jild S 5l as wes o sls
e () dhaly Ojge ) pole ild ul STl
G So odss sl pobe ls cul 5l dYAL G 1K
sz 5 boubie (o hsa(Xy) s sl sls

AN) 5 (V)alkal)) Sl g0 oolazw! calises

\ vxT oyt
expy—— —Y+y—Y +YmjUpx
X7y v Oy Uy

p(x.y)=

Yno, o

heg (X, Y)=a"p(X,Y)

A EAE)

A3 S e g S0 9e Sl g Blas 635 e sl

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

L 51 e sl canl o By ys ol sll 6l y
Glzle Gl lee a4 > g o JuSa NG
5o b Gl sle Wil s Gladl ol gl ool
ooliil (ganail s akagi 5l oS L |, cga o]
(Sasion) aslrass lole oW S )
ol 50 Jdo e 4 0SS (o0 09 (5 iy Sl
ol & a5 (S gilisle Sl 5l Gaass

B9 oo oolaiwl Cunl ail>ann (g Ll

JT R AR/

S pgad G3lon alie gladie; jo ;08 (sl il
Sibls IvAlstoass solitul polas (o, NSaS 5 el

() akal,

(V) abasl,

A) 4k,

Q) abasl,

(V+) akal,

(1) abs,

AY) alal,

de{d...Ng} sse{y...NJ YL sleakl, o



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

o 0ol UL..MJ ulS-“ 039> O Ty )Le‘> 9 u.uL..a.n

—
—

Ng oolio 5l ks 6550 (od Jites sl 5o @7
== L;l)g odls ool )ylf L;Laz,):.l,,.‘e ) I 50 el

=n

ZUNNNE
= ZVIIINNS
— N
=ZZ0IINNS

~
~

—

—

== /ZTITINNSSS

[YAl s coid g wliio gy gl oo slml y gl ol yild o i

@ a8 Cel wiedyad e 5 Sl (S
Vb (60 Sy 3,08 5 Slaslxs [0 Sole ade
&5 5 9,50, ol o Ivelewd asg 5,90 Sl
Sy o o aleen sl Sy oS olie
S wxd,S 18 655 e JeSy 5l slopls cogase
oo Slyts Jlie ;0 a5 098 o0 druloe yelil
Ohes blie y0 a5 eSl 5l cob dcgame S ol
oSl pl asis LB LBP [g5l,0 5 s ol

I¥ ]ogs oo sloml 88 pgas jo 1,
a0 lde b JuSy G LBP gl ) acile gl
5 Glaed b Sy dlaws Wb ) (ge g s
I8 ol 6oy 2 aleen Gla oSy a5 lopls glad
LR 5P sl g0 Gt 5l amy 05l ol 05,5 o
S Sy Glp () Slaise 285 L e
O Y)ak, Gub 3 laon sl fuse ;550 Slaize
S 658 09 (B) S 0 09l o S
oo odls Hlas ke el slp wluws o

(—R sin(an/P), R cos(mp/P)) O Y)akl,

Slp il S ppal S5, 2,08 sle kS Jles
Lul 5l aiSoo 0l (Shy NgxNg sy o
31 Ygere wunl Lalizes o pild ol >9 5 polas oS
Sl il g oedle 09 o ooliiuwl Ll 55 lade
Gl azmi 50 g S gy ulbjly RelS
T e e o R N e

.[YA]o,.;LGa Jhel Sy 3 polie

xo oligo oS- Y-Y-¥
| Q"‘ J.:jl..aa )‘ u&l) C‘)M‘ )é ol Jiw uS.»
AL Gl (Bly slis o oszse slacdl a5
2 S elie o YV ol csles,
R e Eon S g plal eo,e blae
Slhbre Sawmn Glme n! 2 odle [TV ]l
bl ool Slpiiey il slagls, 51k
9 Mgl lawg 8l zlul Gl &5 LBP s,
gl g, SO owd e (VooY) o )Sea

! Magnitude



S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

3

(P=4,R=1.0)

(P=8.R=1.0)

(P=12.R=1.5)

(P=16,R=2.0)

[¥.] PR) calizo Ldls Gl LBP (sigy 30 4 lwod b JuSoy (535 51538 09 10 JSCi

9 ).u..o > g g_i: od.a] Cewd A d)L.}‘ u.uL..u‘): 9
ad )3 ki o alees sbo LSy 5l plaS e 6l S

S olde Jlie o a5 LBP gl 59 o
¥ Jog oo iy yms (VE)alyly &0 45 i 2

Py
LBPs g = > S(gp —9c )¥°
-—

. 0. *
a

- . *

. . .

LI *
a

. * *

. o .

LI [
a

. a .

. . .

2, 0 o

* o

[P=’24,.R=3.D}

oloul ol p luer lo oSy CoxBoe yusd 5l o
Slade (g s ubiae Jlie o il uss S

aluos slo S

& fuS >

s3bs0 o8 55 ye S 31 Gy (P =,

. a * a .
« 5 o ® /5 o o 7
* 0 o 5 0 I
a a o
. -] * . *
. . . o ®
. . . 0. LI
o a o
. * * a *
. o . . .
T g @ R s
[} a o
- a . o .
o . 0 o a
., 0 . .00 0 g

o o

o 2

o o o
o

L] L]

L =]

o . L]
o

L] L]

=] L=

L] o L
o

L] o

Q a

Cp ®

a0

, P—y)

(1 F)aka,

(10)aks,

"0 S g Yo y1 0B LIS i s w9 ol (g0 210 (159 il 0 AL i oSN TP PSS
e locst
oo oS 1) pglas )3 39290 L (alagSIl ws)s
Jol Sl ,o a5 ol slagStl ol ¥ lases
6La>5§J| L)‘?’“c Cot Aleals esls QL..MJ ) s

S So 5 Oles Blae jo il Gl
- oo oslaiul wiloads ools las (F) UKo 50 a5 LSl
Ve 5l G gl cpl aS ools las Slaslie 09l



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

Sz Bl U jaae Ko cdl VY 0 Ll el
Ao ColgSs slagSIladl 5o (soles b a8 L]

g oo 4385
23Ut Glhed 9 ol Jlie 0 &S LBP gl
Ivelogs oy (V)akl, ©jge a4 wib
eIl 5y, 5l eoliiwl 4 bgie MUY gVl
Ohgd Blae ;0 (pdlymss obnl lp cSesy

P—

LBPPrfLéY _ ;S(gp_gc) U(LBPP,R)SV

P +\y Otherwise

U( LBPsg ) =] s(gp-, —~0c) - 5(0. —gc)|+§‘ 5(9p ~9¢ )~ 5(9p-~9c )|

G Gl sL PCA slaaily ples 5l S8 (S
20k el (SUSie 5 09d o0 Lol Slass w
o 5l S e 4 g aSd (el (o
S sl Shs glpesl sl PCA sl adlse
O smly Gl (MUSS 0 05 oo ool
03ld 95 (sl oud glytul (Sa g ark o Sy
yohilen IS cpl jo el ouls ool plas saubs
Sosgass 5l z)l> sblse slp 990 oo cnnlice a5
So S SRy o (Fhly Gliee &5 0d et
Olme ddee olad 1) 6,508 slaghy, b b,
5 b sl Sy e 50 Sl o5 Jlews (Sl
oz sl Ll ol o platio pa 5l odd 0y IS
Sodly Qi a4 a5 0l el edgacme
PCA slaigy 5l oad wdgs b Shy 995 O
O S wedee ol 1) LBP 5 508 «(s59l9d )9
oS bxil 5l cal Vb (Seasly (50 LBP (sla S5
LBP sl Sy 9, » PCA (Shy 2ol (o)
J5 5l Gadod 0 ol gomddds cds elS el

S il an 1y ol (Byme (prhiinn) <15
S JEl e b csleSy gl Ll
Slossll Siie (Shy ol plulp [7elaies
8 el ot by U G315 e S 25153,
Sty oSal 5 S 4 o 51 S sla JUil slas
oo dwlme (VF) alal) 5l sael cans a4 slagSl
gl " oSl g gl Sl olere 4 [ lus
e pizmed Cewl Hao plp U jlade "VIVINVIY
Voot b S gl w500 S s 612 U

(V#) akayl,

(V) aba,

Sudicn gy — ¥

odls oals Las (V) Ko o guiss S &gl
w20 o0 plAS 2 sl 4y dslol jo aST

slasy G U lewsl ol b el polas o
~digel Cudgaze Cde 4y a4 o Gl Jg S
@bl glayally ojsl s mals 5 5556l sl
SIS e 4 S e oy elS ganail cdo
nobas am el Gl (Shy gl s,
iy, Sy a5 PCA ogh oo oolaiwl  ab
b o 3 5 onesle 5l (S adlyoe eutio s
Al cnl )0 el Sy gl Glaghy, o Fete
odds oolaiwl PCA 5l ol slo Sy !zl sl p
oS Jol aage N 51 PCA Los Jleel 51 o .l
sl Sy olee 4 s il ly as,0 938 Syl
adg lp dlie cpl jo sl oud coliul Ak
(S350 Sy a5l ol gl S b S
aw opl adg a5 Ll 5l ogd e soliiwl LBP 4 458



e o2 il alble jsas eléol jlo e ailed e
ks 4 b Gl Thg iluosly oo al> e o
L Ceond pl @bl g Wil oo 3D-CNN asily o)y

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

5 e o oolitl ganaib gl LBP (sla 555
SlaS i 0 b Shy ) (S sl Shy Wy
SR PCA o 5l g5t sla S ,LS (s5LsS
oy o aigd oo 3D-CNN 4 o)ly § 05,5 o
o2 S sla Shy 5l Soye a5 cul sae ol &

el gl 2 g
(HSI)
ailye ;-.dm Joid Jf b s
(PCA) Lol PCA /
R gl S Ra g A o 73 gl A
amlE ialedsee bildy LBP
1 Y k4
e sl g e slasT s e 5la T3
gross Sisladias LBP
! | i
| |
! v
: » alall == mm e
k4 Y
| 3D-CNN | | 3D-CNN \

.

by b3l g Al

G4 SIS @5l Y U

ookl (V) S [0 oads oolo ylis jbzle 51l )b
dw sl solaiul 5)50 Al () USKS 3ol oS o0
ReLU Lo Jld ali 5 g5l Jloys Y o helsils” 4Y

o MalS Y 5 g aeu Sle Ko b sleol 4 g0
9 £ 9
il e

ras el Sl oolital 3 mee gpige S
Siloxe (b o el solaiul 550 S (5 loxe
Al Ges (A
50 oolaiul ojge hglgils slaa¥ olaxi jslaie
'S cbaci olaw (Vb s (g)lexe

Sl Wl e el 4w CNN

585 pl )0 (69,9 03ld ojlusl (Y yaglgils Y

dw U"‘ 6‘)" 03 ﬁl?u‘ LgLCbquc ‘ L 4>9.5Ls

! Feature maps



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

-

lrosguzmo .ol ol (© Lol ollils (Wl :gly ol gl 5wl (SlKe g (Aub la SHhg o (Sumly ooliae 1A JS
el LBP 3,955 (539099590 PCA (sla Shg 4 bgryo w5 4y ouds (asilio

A M
Ve Vo FM B¢ D ™M
! Softmax

r 7. Max Conv. +

Conv. EN+ Max Conv. BN Pn:]?ngnm BN
Pooling Eelu = Eelu+
el ) Dropout

HSI o

FC Classification
Map

gudi ol 50 ooliiwl 0580 CNN L Lo A i

el sasmolis as stride «((VA) alal, ,o[FV]oss
A Sl Caz g0 e 0 Wil JS (S5
Y Gl oslinul oy90 J)S plaQypuad adS
-0 pleol Y 4y (65g,9 ools ojlail pa N gM (sleol
S Sy asi sl FM (Vo) Ss o el
aw 5l as adl o plglgilS Y aliwg 4y oo oS
cloasd olaws lgie a4 (60g,9 sloail olaws ol
ool oad colaul lelgls slaaY o S
e Sl Y )3 5790 slacyg,e8 ot uimen

o )8 ka0 b WIS olaws 1

X N ool gl)ls aSlils a5 (659,5 00l (g lasa oyl jo
- 89955 poya slaaill slas N as el A x4
sbay ol o colatwl 5y S olul ol
Slp igdeils Y jo . Cwl VXY plesl ¢ (piglgils
Padding ScSO 31 bead 28, cawo 5l (6,5 8l>
OFw 9 paw G S ST pl o ol eolatl
g e ds oolaiul 050 J,S o3Il b cnliie yao
Padding oSS 5l pléal slaas¥ jo Lol g oo 48l
3 om e sleeols ple ami jo as solanl
sso Al (VA)akaly sl slésl Y LS Jlacl



Stride Stride

( (m- p+Yx Padding) +\j*[ (n—q+YxPadding)

oW wile L WS Sy ol g oedle el o5
DS By 50 5 08 Sl Sy slass Tazy
el b Sl b JuSoo slass Lgas sla oS ausile
ool pl ganail al S5 a5 SIS @ azg b
e g Sl 039 5 p e adoen j90 5l o
Ly e B R T
S Sl 00l pl gonaids s golidl o CNN
oS ools (pl (S L Al 5 QI () oS S
ags g0 olKails jeo )l Lioww ofisle;l lawgs

sl 00l o3y Hlas (Vo) S 50 Cowl 00l
5 WLl Jlats 51 ROSIS 3 saiomiss lawgs pg pguas
ouds Al JuSo £V e X YF. slal o Lol olKiils
BRI 2RV P I FARP B SRS SN Vp= IR CE SRR
VY Bio 5l ey sl iogil AF B OFY osgamme
G pl 0 eaile 8L Wb VY 5l shed Wb
WY peal ol G SIS o Canl oalds oolasul
Wl «law! asle Sledbl WIS A sl 5 e
G pgal (ol Ganaidb albie 0pd g oS S
SFPF P19 5 S D oz Sl 352y e
I () S F b gl el S0l S
oxonlis aS ools opl pwey cads als
ools las (V) UKo jo can oS SuusTy,

Sl 00

I Alfalfa

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

+\J AOA) “JG-.")

g e b -F
ol e eolaiul 0,50 gosls ol cwond pl o
&l gilwooly zuls aslsl jo g ouls By Bubod
ol @l amlie & 5 GLl Ghow 0 09l
"o Wby Al g wua G W b Geded

Dgl

ooliiwl 0,90 (slRooIS —V-F

A3 peal iegh cpl jo colaiwl 5 50 (gosls (4]l
ailio 51 AVIRIS splse gosimw lawg odds
YL o Bhaw) dalaie oy Jlods )0 el ooy
ol el YAAY (8e5 VY Al o 1S5 ] saste

VEO X ol glyls i Vo SKe S8 o by geas

YO U +/F oogass jo o &L VYT 5 LSOV YD
Pogd dga> el ylagll Ve il Gligg b yheg Soe
5 Sz 1) ol pomeSs 5 (65 ,5lS Gblie | pga ol
P pgal (pl 0 Geizen a8 S, 0 oLS
slosl> g Y 50 Lol 90 9 i, k> (Slsle
JRINH IR & G K g LI s C UL
oaile b b Yoo ahy 5l Ol Ly o> sleesgame
Ol el ol eolatwl umgh opl slagule o
Wyd s SlE 1 oS eopls Jels ddlaie
SLLsS poal (pl )3 Sl 0l g puS iile bigw
e 4 Koo b sloladl L alS il
) gamail )15 a5 518 0925 b 5 &5 SlapdS
o Sl (L5 sk 4 el ul a8 e S
S gy B o jidg S alold g ol



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

— Stone-Steel-Towers

t 1{Buildings-Grass-Trees-Drives

1» 1Woods

S

t 1Soybean-clean
Soybean-mintill
Soybean-notill
Oats
Hay-windrowed
Grass-pasture-mowed
Grass-rees
Grass-pasture
Com
Corn-mintill
Comn-notill
Alfalfa
Unlabeled

ol R ads] 0018 (S ) Sl Al 9 LA () pguai e OB

— Shadows

{Self-Blocking Bricks :

Bitumen

Bare Soil

. HPainted metal sheets ,
Trees
Gravel
Meadows

Asphalt

Unlabeled

Lgly ol 0010 (L) Cdidio dldls 9 QOIS (S35 yguai p guai 1Y) S

10 5 LY il paal Glp ey Cadads /) - S iwooly Wl -Y-¥
a Solal job 4 bgly neal Sy o (Sue) i
Sl 5w OBl (S e (Jbjgel diges lgie
G Sodiged lgie 4 dow) Cids gl Sy
59 5l aiad Sl ganaib cds ol o)l ¢ln

20180 Lo Sl33le 5 30 allie pl sbagilwosly ads
INEI® 5 o oo Slasie b 555eld gl 5
Gt sly b plal CoUSS A g, 5 Core™ i5
Deep-learning .Sl 5 04250 sloas ;I CNN
ladigesd olass 50 cde 4 .l oaids oolaiwl e

5 0 allie ol o s sloaSis @l ;5 b5l



Lol olKisls osls sl g aluad JuSo coin 9 SO
D9 oo ol Gluad JuSy oz 9 SO glad 5l 5
L LBP g, 5l oads ! S sla Shg olsl
WY Guizly eaial o0l (512 PCA. gl il 4o sl

=W ).JbT -Y-¥

Sl o) o dlie ol 5l Bae ol o Ll a5 jglailen
5 G;Ja).gl polal gunail o oad olgis CNN
ol ghw S8 Gla Sy b oy p Grizen
2 S8 Sy Mg by rvz 5l el gl
shie ran 4 bl sad olgiiy ONN gl
slaSig gl 5 aSd loms G 5l o
Sy oS Aike SloS 5 0 b Shy onl (S
Moy s wyS e )L PCA Lo 5l zy5s b
5 Jols b 55 00 ONN 5l Jolo lSe sislo
30 Ll olBidls g b sl ools (glp (gunadls

el 00 salo UL"”” ) 9 Q) Jj“-\’

S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

5148 K) LK oo 5 OA) ' IS cds s bl il
S:es 23l ln Wsdee gl plead e Sle
ol sy oy p sekaie ) Cusl ool eolatul aSll
(Y0 Jar 055 g5 bais,

syloy CONN oSl (09,9 allie cpl 0
Sl s ol gl el o sl S ik
5 se ool 5 sl el 5l Sl g (aeb

4 od pleie St o5 pliles il sla Sy ()
polal yo SBlal g aten slasil 09>y o
s oolil slal 2alS 61y PCA o 51 o aebo
bty wops 398 Jols a5 o] ol aidse N
Sl i e Sy olse 4 oy e
b SRy ol el panl peal o el
“oe 33l V0 Lsl oKzl gt s 5 Wl $4 PCA
Lok

250 bbby n o sl 153909390 sla Ly (¥
b o 5 0055 5k S3el98)0e sl Kles 5l osls o
Glojlul b S Sy g ksl Gladl (g5lusl
» polie ol ogd e sslinal r=[v,7,9,.., 7]
S Sig olaws .Conl oo i Uas g ayyo0 ol
55 2 PCA Jol 8l 4w (sl gy ool ) 00l oo
Lawl B £Y oolo

098 Sl Sy g ekt 40l Gla Shy (¥
Ny =¥ 51 V] ;0 oo plosl Glidos 4 azg5 b
D¢ oo oolitwl Ug= ¢ 2V g Un= -4 (N, =7
Jol wib aw lp oals adsi jelS sla S5y olows
el KL VY wols g0 2 PCA

S Sy gl (e, 5o LBP sla Shy (F
sy 50 oS e odliial ey el 5l L LBP
bl 50 alean gla Sy slass g gles LBP
s g wps elulp boully cnl sl mee
e 5l maslools gl wlaol ol o aS W (s

I Overall accuracy (OA)
2 Kappa coefficient



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

b opassl oold (gl (guisaib cds Y Jgua

osls 89,9 Sl S5 SVM KNN CNN
5] OA K 0A K 0A K
LDA YYaa o sy YY£0 £9,f- Qf 5y vy
PCA YY)y SqAY SVA8 e ares  AY YA
PCA 4+ MP BT ANy JERE) AY,00 W YA M
PCA + Gabor YYYY  SAAY SVA8 e ¥ .94 AT
70 PCA + LBP YEFY V- A¥ £, f A LY AV a6,5¥
PCA + MP + Gabor LV Y4 S V) { A% AY,00 9F YA 4v,04
PCA + MP + LBP BT WY A3+ 4 AY 00 LY A L VXY
PCA + Gabor + LBP YEFY V- A¥ £, % A a5 ¥ 8,A8
PCA + MP + Gabor BT WY A3+ 4 AY 00 95,A4 YA
+ LBP
LDA YY V- FAY YEVE Yo AY AATY  aAND
PCA YYAL Ve f #VA8 e A Yy A ee
PCA + MP A0 AV YA v - avov A5 Ay
PCA + Gabor A-SY YVAY £5,00 FAYA avas  avss
7y PCA + LBP AYA A+ 0 Al £1F0 AAFE QALY
PCA + MP + Gabor A0 AYYA ara- v ov AABA  AA YA
PCA + MP + LBP LD AVYA avo- ay,ov AAAY  AAVA
PCA + Gabor + LBP AYA A+ 0 Al £,£0 AAAd  AAA-
PCA + MP + Gabor A F av,va ar - av oy 9394 LLIY
+ LBP
bgly ols 00ld (sl guiatib 301 ¥ Jguar
oslo 899,59 5o T SVM KNN CNN
55! 0OA K 0A K 0A K
LDA ABAY A+ 30 A¥00 YAAY vy AJ,FA
PCA AYY ASND vare YA ¥ B,0A AT
PCA + MP WNE a5 AE Y Ay fo aves arA)
PCA + Gabor AYY ASND vare YA ¥ LA LU 2% 4
73 PCA + LBP -8 AV YA £y Y oY b)Y q¥5.
PCA + MP + Gabor av Ye  ag e f Y AR \Ads Y ANy
PCA+ MP + LBP AVYE s A ¥y Ay fo AVAY  avTA
PCA + Gabor + LBP -5 AV YA £y A¥Ss LYNL 4 v sy
PCA + MP + Gabor LA TR Qe Yy ay fo AN av,FA
+ LBP
LDA ASYE  SRAY VAL AYA¥ SA VA 44
PCA v, A.8f AY VY YY) 99,.4 A
PCA + MP ANOY  AAFY LYRY ay ¢ 44,55 99,00
PCA + Gabor v, A.8f AY VY YY) 49 ¥ 99,y




S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

aY,0Y AYAY YVAR 43,0V 44FY
AN Y AAA L AvER @Y Ay
AT AAA L AvER QA0 A4
aY,0Y AYAY YVAR @FA 49,04
AT AAA L AvER “¥A 9P

7.0 PCA + LBP afra
PCA + MP + Gabor Aoy
PCA+ MP + LBP Y
PCA + Gabor + LBP af¥a
PCA + MP + Gabor ALY
+ LBP

PCA ol Sy L5 Gl oloSy 0
oo alg slacds 5l & ekilen b esliul
S b goiie ol 5 Al Sl oy
Ol gl S Gl Sy 09938 b einse
CNN L oaid IS5 cds (ol sla Shy @
50 S oo o sty BB g oul olpiiny
Z o)l jl 9050 (nl ft s Slp e
-0 U9y 99 O ik s awlie glp a8

iy yas blie &yg0 4 Z ojlel ol solatul wib

I ‘Zij=(n-j—nji)/(nij+nji)‘/Y 9 oo
285 wilor b sladiges oy adal) oyl
oLl jo (Jy wileads (gandinl cesyo s,
Zij > S1Z Ll jo  WSals 5 wloods ganailb
3y Sl el ganaalb mbs L0
FB hgy 99 Gm BN [Z] > VA8 o5 S
Glp ool aulre polie [FYlosl o amg
adge 3JGT 4 PCA b (Shg 90 HmZ o Ll
U5 5 e ab ol L Y(LDA) L
Sg g0 oslaiwl ool zlZul S sle S
5148 jphlen enl o ol L5 (V) Jgiz 5o
> 50 5o 50 paimee 00l aiwle polie
@onaieh @l e S| Sjsel aigel
@l LONN () 5l ond araloee S ol
3 PCA _isb sla S35 sl ONN (sonainls

! Significant
2 Linear Discriminant Analysis

(V) 5 (V) Jolaz ;0 sdwl caws 4 slacds 4 axg5 b

O Glg s Lgl oRiils g cply panl ools g5 (5l y

Wy ) gl

0sds ol Y cbcds 4 by yo £5590 oulgl )
sgddtd 90 A Cawd ol olgaics CNN
psyl 4 aile KNN 5 SUM pguspe oaisS
rolal ganailb o 1) by nl 5l eslan
slcds 5l a5 jshiles aas oo lis ab )l
CNN weisrsn (1) 5 (1) Jsaz 5o 0ad s
5 b ol s o colaisl 5,4
odd e (295 b lacds 4 Sk b
5l as s 5o KNN g SUM g, g0 Lol cu
5 Sewl oad eolatul (g3gls8) 00 S (Shs
-8 woads dlgris CNN @ cons el aiy
Wlos S adgs (6 5 imly sl o

Sdiges slaws 130 cwyp 4 bgrye S0 S5 Y
b cosl ONN gundinl gl 5 od59al
Goliie Lijgel diged Sl g0 (sl ol odg
Ubsy 30 ailes CNN g, a5 amse olis
9] ladige slaxs 4y azusly KNN 5 SVM
sk a4 hjgel ladiges slaws il L g ol
DS e o iali8l T s g LB

Sype BeioS nl yo &5 (ol SBlegdge 5l (oY
S8 DleMb! 5l eolatul 36 <8 S 13wy
o Slp o (b Sledbl LS 50 (gSLeS
ol gl S sl SRy ol grdee
LBP 5,55 «s35158 )90 (b9, w3l ot gl

Po



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

Sy s Lo @l 500 e 550 Sy O
S5998)90 (SR 95 4 Syl (S 5l e
- Sy ady con jo a5 jshiles .l LBP
20l e Sy s sl as o)lal S sla
o pld cplas 0gd o ool jole pld S
real JS p Sglate ulide g Sz Sy L
Ol 50 S5z e sla,lisle Wilgh o g oad Jles!
o0 5l s Sledbl g aiS Laas 1) e
3D 0 sr S e g g 5 bl
wdbios oo b Lo JuSly o (S Ly, CNN
138 (Sl Jols ol mls xS o
S S 4 LBP g (g5sl98,50 bs, 50 4 S
WS oo gl g den o 1) Sl

Lol s

ps3) Exo9e ! 5 2ilioe azg8 LB Lww LDA
S50 oml whae S sla S 5l ool
s e S [ONN s s il S35
a5 el ul (V) 9 (V) Jslos mls jo Ko a5 F
oals ;o gLBP JlSe (S5g ol cpassl ools o
"6 S 9 Si9 e S (S Lol okl
CNN ;1 oolaiwl b osls ¢l gomasl gl o3
ol Lol e 5l (S as ol ais
ools olul CNN  (gudalds o sl lo
ol 3 odlinal L 5 e ablse $os
2 ople PCA i (Shy LS p0 la Sy
oy BB mls 4 Al gl pSede als
S e sl Sy ples 5 a5 L
oy 9 00latwl PCA b slo S5

a5 Gl b cdl> LLDA gPCA ab sl SS9 6lx CNN 31 Jeols gusvaib gl (m Z o)lol dwlno i Jgur

S o0 ooliiw! S gl S S 5l

sala sala Z-Statistics
Subl | el [ LDA PCA
ol oyl T AAR) T
AT B AEE
AL A ¥ TYAY
Ll T T VRO

Sl 4 LBP 5 ;05 «(siglsd 00 slobiligy
Gk glass PCA Los jl z5cis ol
a5 ardl oo (Ko 4 o (§ 065 poi slylo ol
ool polai (gandads ;o Gm.la Lgl.mdfjﬁg BUREY:L

Dl

o o ganaid | ol glais (V7)o 4
SIS 5o il pl ools g8 58 (ol 1S (Lbjgal diges
yohailan el oal ooly lis ) Cainds yglal

0098l b Conl Sgpie 00l ganaiil glaands 5l &S

o9y 4w 3l oad Zlgisl ol s S8 Sledlb

Pl



S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

(ol (19)) (S0l W S319 b (aiaainb (©) — (Fuw)j Clindes pgal (W) — (uly sl edls - -1V o
SS9 b guvaib (&) — (Suwe) Sl paal () — Ll oKiils — b s Shg b guvaib (@) —
shab b S b guiaiib (7) — (goleriny (h9y) (S hub

Wi b ol 5o osdes Jlesl BB S
ool g Sy o oS euls yald oYl

¥ Jogb oo sl Jlais! iSTas
sl Shy gl sy Gbg, onl R-VCANet
R-cwl oot 2l byl polai 5l Gree
gools [l slaSid Lo l)ls VCANet
097 9 Mobise Bres lagly, SRS 4 S
4 VCA 5,k 5l Gadsls B)S slaylly

2 Vertex component analysis

4

Py

A0 sl gy b awslio —F-F

(Bahos (nl 5o eoleiiny by, ol et 6l

S Bree 650k gy Wiz Lot Jolb> mls

)l \-\-"U)LA—C Lmu,us) L)"‘ sl 00 MLM

S 4 giabpl poss Wl g, al o JEPF ()
conaih SVM aile ousS canaib
GILo.&‘ (_g..\...:dﬁ.hla LngM AT O
aile ail> lass Ko il SO ol Cawd @

I Edge-preserving filters



oo L]l oslaiwl Lo —ub pl jugload (ga—u odib

Ol)Bo g hy b Sue

oy b sla Shg g JeSo ledbl b 9SS
O el glp Koo e el SO all (50459
a wdbee 3loy 2l ploy (gunail sla b,
Goand slil gl ool (g boy Jle laae
ety B9y 9 (oBigel Wges L0 b cpanl ool
Iy Ngbios L2l (558 loy 0 by, 99 (nl 4
WV Glogime olad o)l 0gmg aS e ST
Oy b oolein ) gmaib S8y gus)o
el oS Cwo EPF s, b cao,s YiAS 5 RPNet
il adl gdn ploen (solidn by S9die
hol e 51 (S a8 098 0,La1 55 iS5 cnl 4 il
S Sy sl oleriey by, 3 oley A
SRy LS 0 4 Gidediee Sy il s panl
C80 3l e g sy WY IS Cds 4 b
Oley g 0,5 eolatul il o RPNet s EPF (sla g,

ol rals a sl YEV 4 |y Ssls

P

S reS (j90] diges olaxd 4 o anl oo Cws

.[YV].\JJ\Q e u:’)'%"] &y

L9 sl S5 lonl 'GFDN 39, ;o GFDN (¥

cstl s 005 sl PCA sl ailgo ans (s

5 485 )18 b sla Sy LS 5o b Sy

SAE os aSed o)y Jol> Sl ol Jloy

.[\‘A]eyi:sn

5ol aam bg, Sy RPNet s, RPNet (f

ool slaaSs s cpl o 45 il e Gros

@ sl R Oak g neal 5l ead Sl

Sigh n 485 L5 4 pagglS sloJs,S olyie

23l S35 2 Sy el slr b S cnl s

[¥a] s oo Jlos!

2D-CNN .S ;5 5IHybridSN &, :HybridSN (&
as 1ol by, ol S oo eslizul 3D-CNN L
sl S5s 2D-CNN (oS
S50 o Shg ol e 9 Wighioe gl
“ail g oas 3D-CNN oyls ik slo Sis
[F]ogs oo plol o

20 oliian Ry, 9 Sl (pl Gl dnlie s

aS cails axgi b .ol 0o sols iules () Jogoo

ene S

R- sy aw sl Jooz cnl jo ond (5155 il
zlpel YU oYe 5l HybridSN 4 GFDN .VCANet
ol 5o &S wsbee cle ol 4 JIB slals 5 wloas
o5 byl Wlie 5o (anail 8o diges olass
OYlie 4y axgi LRPNet gEPF (g, oo Lol ol

Aload (g jlwosls by o
oloiinn pi,08 mls a5 was e olis (F) g
cnl e ol ge lahg; o0 4 S 55 il
as S Sl e wax Ghleme cde @ Wlg 0 sy
S o Ty plesl (izmen 9 CNN (sl o

I Gabor filtering and deep network



S0 Slelbl (5,9lad |Lawdigo — ole by ks

1 oo liuuli @ pgs o lasis @ gy Jlw

by slriay b g3y (pl )0 eolaiwl 5)g0 Jig) s lio 1F Jguor

oald oold Gumaib Lo
byl s jgel EPF R-VCANet GFDN RPNet HybridSN | Proposed
1.0 AOYY 0,4A — 0,$5 — a5,AQ
ol o
AR ) ¥Y VAR — av,vs A Y 99,94
olEils A D6 Y% Ay Yy 1H,¥a — AN
Lok 10 aA - Af V- AAAA — 49,4+

$99;9 45 wvd o Gt g ol (g >
e mls azg BB g el Sl b
3048 Wb o Sl 4 Connd 00l slpaiy CNN
Oeimed 9D ool (el (S 5l Ll (5099
L anainl <80 (al Bl 5o oleriny by, o,5lee
@l a5 ad alie oo ganaib by, (puiz
“Ohe) RS A S oleiday ) 5 5l ol
D9y ey g bl e il gla
a5 o5 Sl o RPNet () lesoe | ooleiin
S G e e oleitin by L gunaiib &8s
LS FP | ATV S CO O SUREN I IRV g7
5 S5 ek sla Shy gl Kos lat,
lacds 4 uemw) jshe 4| ba Sy ol oS 5
SaSd 92 ol pegdle il Hlaiae CNN o 5V
sl G o (s BBy S o e sl
Slidiod ol oo bl oo (bl pglad (o
3y S sby, Sl asle Gz o)lge yo (glos S
3yl50 5 Soilroie S5t o S (B39l Comy o

e plovl Calie

[1] G. Foody, M. Giles, and A. Mathur, “ A
relative evaluation of multiclass image
classification by support vector machines
”, IEEE Transactions on geoscience and
remote sensing 42, 2004.

[2] F. Melgani and L. Bruzzone,
“Classification of hyperspectral remote
sensing images with support vector

P

Ololeiioy 9 (5 5 4t -0

Sy oo alomil Lo tglogT ay amgily allie ol o
i omac sleasls 5l wis Gamaw 5 lers
aS Cowloas sl el ol pelar ganasl gl
Mals Y Sy g plesl 4 55 pslsils Y an Lol
99 Goadib ;o (goleiiny (g, 5l il Jats
s> L 5)las adlaie 5 (S (g aebpl poas
G e Sy 5l 6,500 5 bawgie GlSe S5
00ls 90 1yl (gl ooy slgiig CNN 5l ool s
753 4 S ONN (59, 6 5 0 51 Gt (b
2,l0 SVM g KNN a_ile pgus yo (saainls sl g,
Lo Sy L (o) lp Gaid K i 50
60959 5% saadnb @l 0 (b mhw S
5 il L S5 s odle s gty CNN
9y A jlead gl il GLSe sl S
Sl ot oolatial 55 LBP 5 555 23 «(s59d58,50
L b slasog)g 3l ol cwws a4 ol as o
A ooliiwl Z olel 5 Sl b ggite slas3gyg
&l»

machines”, IEEE  Transactions on

geoscience and remote sensing 42, 2004.

[31 JA. Gualtieri and S. Chettri, “ Support
vector machines for classification of
hyperspectral data”, InIGARSS 2000.
IEEE 2000 International Geoscience and
Remote Sensing Symposium, vol. 2, pp.
813-815. IEEE, 2000.



st jleslaiwl Lo o—aub il juglaad sa—u 6dib

Ol)Bo g hy b Sue

PM. Atkinson and ARL.Tatnall,
“Introduction neural networks in remote
sensing ”, International Journal of remote
sensing 18, pp. 699-709, 1997.

[4]

[5] L. Bruzzone, and DF. Prieto, “A technique
for the selection of kernel-function
parameters in RBF neural networks for
classification of remote-sensing
images”, IEEE transactions on geoscience
and remote sensing 37, pp. 1179-1184,

1999.

[6] G. Cybenko, “Approximation by
superpositions of a sigmoidal
function”’, Mathematics of control, signals
and systems 2, pp. 303-314, 1989.

[7] K. Hornik, “Approximation capabilities of
multilayer feedforward networks”, Neural

networks 4, pp. 251-257, 1991.

[8] MD. Richard, and RP. Lippmann, “Neural
network classifiers estimate Bayesiana
posterioriprobabilities ”, Neural

computation 3, pp. 461-483, 1991.

[9] D.Michie, D.J.Spiegelhalter, and C.C.
Taylor, “ Machine Learning, Neural, and
Statistical Classification” London,

U.K.:Ellis Horwood, 1994.

[10]GE. Hinton and RR. Salakhutdinov,
“Reducing the dimensionality of data with
neural networks ” science 313, pp. 504-507,
2006.

[11]G. E. Hinton and R. R. Salakhutdinov,
“Reducing the dimensionality of data with
neural networks,” Science, vol. 313, no.
5786, pp. 504-507, 2006.

[12]NL. Roux, and Y. Bengio, “Deep belief
networks are compact universal
approximators”, Neural ~ computation 22,
pp. 2192-2207, 2010.

[13]R. Salakhutdinov, Ruslan, and G. Hinton,
“Deep boltzmann machines”, In Artificial
intelligence and statistics, pp. 448-455,
2009.

[14]Y. Chen, L. Zhouhan, X. Zhao, G. Wang, Y.
Gu, “Deep learning-based classification of

A

hyperspectral data”, IEEE Journal of
Selected topics in  applied earth
observations and remote sensing 7, pp.
2094-2107, 2014,

[15]A. Krizhevsky, 1. Sutskever, and GE.
Hinton, “Imagenet classification with deep
convolutional neural networks ”,
In Advances in  neural information
processing systems, pp. 1097-1105, 2012.

[16]X. Liang, X. Chunyan, X. Shen, J. Yang, S.
Liu, J. Tang, L. Lin, and S. Yan, “Human
parsing with contextualized convolutional
neural network”, In Proceedings of the
IEEE International  Conference  on
Computer Vision, pp. 1386-1394, 2015.

[17]C. Xu, C. Lu, X. Liang, J. Gao, W. Zheng,
T. Wang, and S. Yan, “Multi-loss
regularized deep neural network”, IEEE
Transactions on Circuits and Systems for
Video Technology 26, pp. 2273-2283, 2015.

[18]C. Gan, N. Wang, Y. Yang, DY. Yeung, and
AG. Hauptmann, “Devnet: A deep event
network for multimedia event detection and
evidence recounting”, In Proceedings of
the IEEE Conference on Computer Vision
and Pattern Recognition, pp. 2568-2577,
2015.

[19]JA. Benediktsson, JA. Palmason, and JR.
Sveinsson, “Classification of hyperspectral
data from urban areas based on extended
morphological profiles”, IEEE
Transactions on Geoscience and Remote
Sensing 43, pp. 480-491, 2005.

[20]W. Hu, Y. Huang, L. Wei, F. Zhang, and H.
Li, “Deep convolutional neural networks
for hyperspectral image
classification ”, Journal of Sensors , 2015.

[21]Y. Chen, H. Jiang, C. Li, X. Jia, and P.
Ghamisi, “Deep feature extraction and
classification of hyperspectral images
based on convolutional neural
networks”, IEEE Transactions on
Geoscience and Remote Sensing 54, pp.
6232-6251, 2016.



[22]S. Yu, S. Jia, and C. Xu, “Convolutional
neural networks for hyperspectral image
classification ”, Neurocomputing 219,pp.
88-98, 2017,

[23]E. Aptoula, MC. Ozdemir, and B.
Yanikoglu, “Deep learning with attribute
profiles  for hyperspectral image
classification“, IEEE ~ Geoscience  and
Remote Sensing Lettersl3, pp. 1970-1974,
2016.

[24]1B. Kumar, and O. Dikshit, “Texture based
hyperspectral image
classification ”, International Archives of
the Photogrammetry, Remote Sensing and
Spatial Information Sciences 8, 2014.

[25]M. Zortea, and A. Plaza, “Spatial
preprocessing for endmember
extraction”, IEEE Transactions on
Geoscience and Remote Sensing 47, pp.

2679-2693, 2009.

[26]J. Nagi, F. Ducatelle, GA. Di Caro, D.
Ciresan, U. Meier, A. Giusti, F. Nagi, J.
Schmidhuber, and LM. Gambardella,
“Max-pooling convolutional neural
networks for vision-based hand gesture
recognition”, In 2011 IEEE International
Conference  on Signal and Image
Processing Applications (ICSIPA), pp. 342-
347. IEEE, 2011.

[271F. Mirzapour, and H. Ghassemian, ““Using
GLCM and Gabor filters for classification
of PAN images”, In2013 21st Iranian
Conference on Electrical Engineering
(Icee), pp. 1-6. IEEE, 2013.

[28]F. Mirzapour, and H. Ghassemian,
“Improving hyperspectral image
classification by combining spectral,

texture, and shape features”, International
Journal of Remote Sensing 36, pp. 1070-
1096, 2015.

[29]RJ. Ferrari, RM. Rangayyan, JL.
Desautels, and AF. Frere, “Analysis of
asymmetry in mammograms via directional
filtering with Gabor wavelets”, IEEE
Transactions on Medical Imaging 20, pp.
953-964, 2001.

%

S0 wielbl (gglas (Suwigo — (ole o b

1Foo glivli @ pgs 0 losls @ gy Jlw

[30]T. Ojala, M. Pietikdinen, and T. Mé&enpaa,
“Multiresolution gray-scale and rotation
invariant texture classification with local
binary patterns”, IEEE Transactions on
Pattern Analysis & Machine Intelligence 7,
pp. 971-987, 2002.

[31]Z. Zuo, B. Shuai, G. Wang, X. Liu, X.
Wang, B. Wang, and Y. Chen, “Learning
contextual dependence with convolutional
hierarchical recurrent neural
networks”, IEEE Transactions on Image
Processing 25, pp. 2983-2996, 2016.

[32]N. Srivastava, G. Hinton, A. Krizhevsky, I.
Sutskever, and R. Salakhutdinov,
“Dropout: a simple way to prevent neural
networks from overfitting”, The journal of
machine learning research 15, pp. 1929-
1958, 2014.

[33IM. Fauvel, “Spectral and spatial methods
for the classification of urban remote
sensing data”, PhD diss., 2007.

[34]X. Liu, Q. Sun, B. Liu, B. Huang, and M.
Fu, “Hyperspectral image classification
based on convolutional neural network and
dimension reduction”, In 2017 Chinese
Automation Congress (CAC), pp. 1686-
1690. IEEE, 2017.

[351BA. Beirami, and M. Mokhtarzade, “SVM
classification of hyperspectral images using
the combination of spectral bands and
Moran's | features” In 2017 10th Iranian
Conference on Machine Vision and Image
Processing (MVIP), pp. 139-144. IEEE,
2017.

[36]X. Kang, S. Li, and JA. Benediktsson,
“Spectral-spatial  hyperspectral image
classification with edge-preserving
filtering 7, IEEE transactions on geoscience
and remote sensing 52, pp. 2666-2677,
2013.

[371B. Pan, Z. Shi, and X. Xu, “R-VCANet: A
new deep-learning-based hyperspectral
image classification method ”, IEEE
Journal of selected topics in applied earth
observations and remote sensing 10, pp.
1975-1986, 2017.



st jleslaiwl Lo o—aub il juglaad sa—u 6dib

Ol)Bo g hy b Sue

[38]X. Kang, C. Li, S.Li, and H. Lin,
“Classification of hyperspectral images by
Gabor filtering based deep network”, IEEE
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing 11, pp.
1166-1178, 2017.

[39]Y. Xu, B. Du, F. Zhang, and L. Zhang,
“Hyperspectral image classification via a
random patches network”, ISPRS journal
of photogrammetry and remote
sensing 142, pp. 344-357, 2018.

[40]A. Santara, K. Mani, P. Hatwar, A. Singh,
A. Garg, K. Padia, and P. Mitra, “BASS
net: Band-adaptive spectral-spatial feature
learning neural network for hyperspectral
image classification”, IEEE Transactions

on Geoscience and Remote Sensing,
pp.5293-5301,2017.
[41]F.Palsson, J.R.Sveinsson, and

M.O.UlIfarsson, “Multispectral and
hyperspectral image fusion using a 3-D-
convolutional  neural  network”, IEEE
Geoscience and Remote Sensing Letters,
pp.639-643, (2017).

[42]S.K. Roy, G. Krishna, S.R. Dubey, and B.B.
Chaudhuri, “HybridSN: Exploring 3D-2D
CNN Feature Hierarchy for Hyperspectral
Image Classification”, Published In IEEE
Geoscience And Remote Sensing Letters,
2019.

[43]F. Mirzapour, and H. Ghassemian,
“Moment-based feature extraction from
high spatial resolution hyperspectral
images”, International Journal of Remote
Sensing, pp.1349-1361, 2016.

[44]N. Srivastava, G. Hinton, A. Krizhevsky, I.
Sutskever, and R.Salakhutdinov, “Dropout:
a simple way to prevent neural networks
from overfitting ”, The journal of machine
learning research, pp.1929-1958, 2014.

PV

[45]S. loffe, and C. Szegedy, “Batch
normalization: Accelerating deep network
training by reducing internal covariate
shift”, 2015.

[46]M. Thoma, “Analysis and optimization of
convolutional neural network
architectures”, Master Thesis, Department
of Computer Science Institute for
Anthropomatics and FZI Research Center
for Information Technology, 2017.

[47]N. Singhal, N. Singhal, and V.
Kalaichelvi, “Image classification using
bag of visual words model with FAST and
FREAK”, In2017 Second International
Conference on Electrical, Computer and
Communication Technologies
(ICECCT) IEEE, 2017.



Journal of Geospatial Information Technology
Vol.9 No.2, Summer 2021

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Classification of hyperspectral images by fusion of spectral
and spatial features in convolutional neural networks

Obeid Sharifii*", Behnam Asghari Beirami?, Mahdi Mokhtarzadeh?

1- Ms.c student of remote sensing in Department of Geomatics, College of Engineering, K.N.Toosi University of Technology
2- Ph.D. student of remote sensing in Department of Geomatics, College of Engineering, K.N.Toosi University of Technology
3- Associate Professor in Department of Geomatics, College of Engineering, K.N.Toosi University of Technology

Abstract

Hyperspectral images are useful in monitoring the Earth surface phenomena due to the acquisition of large
number of spectral bands. Hyperspectral image classification is the most important field of the hyperspectral
data processing, and so far, there have been many attempts to increase its accuracy. Convolutional neural
networks (CNNs) and spatial features have had a great role in improving the accuracy of the hyperspectral
image classification in recent years. In the previous researches not much attention has been paid to the
simultaneous use of the capabilities of the low spatial feature deriving methods in convolutional neural networks.
For this reason, in the present paper, a new architecture of convolutional neural networks is introduced for the
classification of hyperspectral images that uses the different combinations of spectral features and spatial
features which are derived from morphological profiles, Gabor filter and local binary pattern (LBP) as input
vectors to the proposed CNN. The experiments which are conducted on two real hyperspectral images from
agricultural and urban areas, show the superiority of the proposed method (about 2.5%) in comparison to some
recent spatial-spectral classification methods.

Key words: Hyperspectral image classification, convolutional neural networks, morphological profiles, Gabor

filter, local binary pattern.

Correspondence Address : Geomatics Engineerig Faculty. K.N. Toosi University of Technology. ValiAsr Street, Mirdamad cross.
Tel : +98 87 35186331
Email: O.sharifi@kntu.ac.ir



	1.pdf (p.1-27)
	1-En.pdf (p.28)

