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1- Imaging spectrometry
2- Hyperspectral data

3- Spectral resolution

4- Multispectral data

5- High dimensional

6- Data mining

7- Classification
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1- Mineral mapping

2- Lithological anomaly

3- Supervised classification
4- Labeled data

5- Training samples

6- Curse of dimensionality
7- Hughes phenomenon

8- Pattern rules

9- Features
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2- Avrtificial Neural Networks (ANNSs)
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6- Support Vector Machine (SVM)
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8- Asadzadeh and De Souza Filho
9- Priori reference data

10- Knowledge-based approaches
11- Data driven approaches
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1- Kwiatkowska and Fargion

2- MERIS

3- Mineral mapping prospectivity
4- Ore-rock classification
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1- Iranzad

2- Self -Organizing Machine
3- Cuprite

4- Baffin Island

5- Adaptive Cellular Automata
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3- Multiple-Kernel Learning
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1- Interclass spectral differences
2- Single kernel
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1- Carlin- type

2- Visible Near-Infrared

3- Short-Wave Infrared

4- Cudahy and Barry

5- Mixed Tuned Match Filtering
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1- Automatic Subspace Partition
2- Beiranvand Pour and Hashim
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1- Spectral Angle Mapper
2- Hosseinjani Zadeh
3- Liu
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1- Dai

2- Digital Airborne Imaging Spectrometer

3- Airborne Visible/Infrared Imaging Spectrometer
4- Sun and Gao

5- Fuzzy set theory

6- Local and global

7- Mutual information

8- Fitness function

9- Li
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1- Maximal margin method
2- Support lines
3- Margin
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1- Linear hard margin SVM
2- Linear soft margin SVM
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1- Generalization ability
2- Slack variable
3- Penalty parameter
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1- Kernel functions
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1- Linear

2- Quadratic

3- Polynomial kernel

4- Radial Basis Function (RBF)
5- Multi-Layer Perceptron (MLP)

v



Ay b slalaz aiz @l e gamo sue Sy plyie 4 0 (28 b islalezr wiz J5S )
Sgd o0 iy 5 (VF-Y)
K(x,x) = ((x- x) +1)° (F-1)
ol py 84 o e ULRBE L) &b alal, RBF 557 -Y
K(x, x") = exp(— || X = X" | /2 (0¥
g (Vo=Y~A-Y) (V-Y~£-Y) Ly, B9 Bl &l J> glp a5 el S5 @ 'a)'Y okl o
bt g b piills (b plilae glacdl 0 SVM a4 by o ol 5 a0 a5 (1 W-Y~11-Y)

g oo oslaw!l ' (QP) £9d a0 (s, delip g $I5Y (ol o, Wil oo

polio ylaciy 410w puilo —F-) —)-Y
39,5 5o "ol pas b (ploosls agi ay ymie o yeggy (S 5o T Bolai el g ol glan ]
lools dcgazme el jo mls £adge il Cuslad a5 sk (Trafalis and Gilbert, 2006)
3ol 0g a4 cudls aosls 1o 3sz g0 e 3l U Glgs oo |y osls (6l Combad il o
50 oold 10 g5 0929 5 (Al Cuxdad pl A S50 j0 bl co Wools (6,503l jo Uas 54>
Corbd g9050 5 dalss ganail gl (Rl cage 01K 8 Azl 000 anail wnl )b
Pant et al, 2011) 3,5 o5 ;1,5 a>s 5,50 TsolSools sla iy, Lwgs Ygeme Wrosls (5l
Oeizme 3 POl Jlis o a5 gglSedls 5 il (6550l n e Glaby, anwss nlnle
Sl g, pl drwg 3l Bas bl co (59,0 il pylas Wosly go5 (pl Al Coshad Coals

Trafalis ) ail co (639,9 sools 0 34250 g5 3l (5 Al f.,l.’ WS Lo hem b gunaalb

1- Quadratic Programming
2- Random and non-random
3- Uncertainity

4- Data mining

5- perturbations
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.(and Gilbert, 2006
az S1.allb oo g5 00ls o coguw o g, 9 00l ool gunadl Pluw 5l (5 b ;0 SVM
pos 352 b s ol il iz slrosls amaib gl aolio U o, oy acil> L SVM
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oygel 0ols acgame slayiel )b b o F5g a5 ol e (pl p 2,8 o il SVM s (2011
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(o —F-Y) UKo L bl a5 ol Lol ilonys ,F SuSi ,5508 5 Wb 8o LYool 5 ascios
SSE a4 0B et el @b il SO 59,5 slad jo ey 4 slee badiges (S
30,5 (b gz 0uiS gunail gy (el (nlpli ol ged JR00Sy 51 S 90 sladiges
s 1y ol oo )kl 5 (6 S 05lil slallas gyl a5 slaosls dcgemme 385 (ol Uiy oS
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1- Misclassification
2- Fixed examples
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Tkl pae Jilio 50" pglite (udyainb - Al
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4 ools jladie a5 el jlgiul (28 (nl g 55 alaily ol yyad T = {(X]_,YJ_),“',(XI Yl )}
o ol b o5 ol i €RM =L+ | Loy algs o 1) cailonds g Sl 3 SelS™ & 00
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¥ 59,5 ! 5 g Elgil Jie g o eoliiwl alisee JSCol 5l lolas b coakad poe b ol o
2o b Caahd pac Jole g ol Casas Xj 3l aS XieRn,iZJ.,- ol ools acgaze gz £95 40

(Deng etal., 2013) 50,5 co <y o5 (VF-Y) alayl) lasgd 020 co Lindigy o |,

Xi = POl il ] =1

‘i :([Zi]l’“"[zi]n)T, 17 1| £ ©

\#7-Y)

5l aiie Oole 399 alal) 0 b s

?ub.:.:.;.’ Zi s})&.; Lj J)La}‘ ‘;)}J Q s‘ﬁ‘ i OO‘Q aw‘ )‘Q.CLO Xi

n
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1- Robust classification
2- Uncertainty

3- Polyhedron

4- Supersphere

5- Nominal

6- Variation

7- Perturbation
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(Deng etal., 2013) cl pl T aigas o S| S5 Mg pllools canl jlase Xj alal,
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sanib dlas o Sols 53 Y=Y S Gl or ladige 20n conzp 09 OleSs @ 4255 b
X ERMaS, jokas 0ga5 i o5 ol o |y VAT alal, 501 00ls acgazmo b pglio audlS g0
X 2 a8 s ol as o Ll Y=l (X, Yj) ool cam 5o cdl> nl ,o (i1, 1) 5Yje{-11}
& laio Xj asgomme )3 X o (s Yj=—Tlalin sl 5 ol Cotie (WS & (3late Xj acgocne )
wlgty 4ok 4l o RN olad o g(X) e aob S 028l ol s sl ite LIS

Deng etal., ) wled couin p) paead U L 1) (69959 Olsie 40 s X 2 4 Gl Y jlade

(2013
f (x)=sgn(g(x)) (\a-Y)
e $99,9 sleodls g 65,5l 2,8 L pglae Lty Hlop adle aslol jo daeade pl b

)

1- Robust binary classification problem
T



b pglie lustdy )10 p wble —0
o8b sl I el (ogyie (VA-Y) alal, ijgel ools acgamme b b piilis allue SO

1) & slwdingo Al O e Al o 280 A elews Baa (W*-X)+b*=O Ay doio

«(Deng et al., 2013) o5 5 o

min w2 (¥--Y)
wb 2
s.t. i ((w(xj+nruj))+b)>1,  V|uj||<l, i=L,---1 (YV-Y)

25 2l oo Sl (sla it o953l b 55 Ly, o s e o 4y 558 s nss 51,

4
|

min - SwP+C Y & (YY-Y)

wb,& 2 i=1

sty ((w-(xj+nruj))+b)=1-&, V|uj||I<l, i=l,... (YY-Y)

555 allics 5 o0y onliil (Y-¥) 5 (V=) (sblad 5l 358 (g5luargy dlue Jo j0 Cdggus Cug
Sebige oo g 4z (g e Allas S 0

. . * * x
s Slgz 31 L5 g 81 cadl (VEY~YY-Y) dlas lp s> (W D, E ) - aas

:(Deng et al., 2013) wisl ) pgo 4z, g o

I
& (YO-Y)

min 1(u—v)+C
2 i=1

w,b,&,u,v t

1- Second Order Cone Programming (SOCP)
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st Yi((w-xj)+b)—nt>1-& i=l,... (Y#-Y)
&>0, i=l--I (YV-Y)
u+v=L (YA-Y)
u
t eL3 (Ya-Y)
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o ~ 2 el b el s 2o 2e
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- *
Sl Slsz 5 Laly, ool b olST ¢ E(0,C) 4 pshay il ails 925 @ 5l spie S
(Deng et al., 2013) wal walys covay (¥ -Y~YA-Y) alis
* I

* v X v
W= > 2 00 YiXi (F5-Y)
(r —Xjqhai)i=l

b =y, Y

I * *
i~ w2 A i (i)Y jry (FY-Y)
(y —Zi:]_riai )i=1

e a5y A 5l as e sg8 sbosls (sl polie oz laiy jlop redle Culed 5o
13,5 A 135 0,08l L g o 1) 09l co colaiul cols oy ST ks las
O-Y abal ) T o590l o0ls degammo il ys -
(C>0) cnlis dmy 2 sial ly ol Y
digy slagealy (58,51 Cowas (sl (FO-F~YA-Y) ags ax 0 by s dllaws Jo 5 el Y
("7
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*
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F(X)=SgN(—————5 2 o Y (G X)+HD ) s 6 5L -0

(v -Xlnai)i=t

a5 b ol pgs 4z y0 by e (6 jlwdings dllics S (FO-F~TA-F) allis s o, L] a5 ghailess
Flas g9 ol J> ol Tolie Jl33le 5 j0 oal asd (giludinge Hlpl A 5 &S5l @
s oslitl 598 (o3l Al Jo (sl SEDUMIY l381a 5 51 Gdions ol ,o 5 |, (6 jlodings

o 9 pgd 420 (g P (o (luaige Sl iz glyl o (sl (omnlin S50 18I0 5 0l

1- MATLAB (MATrix LABoratory)
2- Self-Dual-Minimization
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.(Deng et al., 2013)

(SVR) lasdy 510 3 (ygumw )5, -V-1-Y

S5 go ool itte S e e g (yseesSy plnil sl SVM i, Jsol 5l eslical L SVR
) hamiopl 5038 oolil T )kl Sy (3,5 4S5 I SVM b aline 5 3, 0ol
axino pl a5 Solas opl L (G'omez-Chova et al., 2011; Okujeni et al., 2013) &S o iy 25
oyl Jg 035 0 SIS S0 i) calizes aiibo 9 4y 3late (slaaisel SVM Lawsgs oals iy a5
solainl Baa e SO Hlode peds glp g 00,5 Joe all & i 0 SVR gy sowl Cans
D9 50

SeSeIl Iy Ban juito 5 sl sladised et S3mpe o Sty St 2> 43 SVR
wlie Sl slp g ails 551, (s e Ll (est (U195 SVR (izmes 1835 00 (e 9 05903
G 5 SVR 5 SVM g, 55 5 53 (C) don 2 yial)ly az 5108 o wsliial 5,8 s 5ISVM L
ol aibsg a5 0 o oolatwl 55 £ ol a4 (6,500 e I SVR Lol sl colie (285 gl)ls 5 00l
sl ez ] 5 slre llaz e J 508

aeS g acil 50,5 anin o en 4 aje bl S lde 08,5 4neS SVR Gus IS sk
Ly, huy > o o Boe opl (Okujeni et al., 2013) coil ez gllas 0,5

* - e

Gl dog,z 5ol b C g ongy Shul sloiiie & 5 & byl 1o a5 50,5 o el (O)-Y~FA-Y)
5 B Colys by, 5l s ylwage i ool J> sl (G'omez-Chova et al., 2011)

39 o0 03Lal (QP) pgd a3 (552 4l

1- Semidefinite programming
2- Structural risk minimization
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. 1 - 2 n *
mln{EH W| +CY.  (5+& )} (FA-Y)
st Y; —VV.)?i—bég+§i Vi=1..,n (f4-Y)
W )?i+b—yI <e+&  Vi=l..n »--7)
E,E720 Vi=1..,n (OYV-Y)

0o slul gals’ oy gog, -Y-)-Y

OSoe 508 sloojex Sl (65l 9 Siloygdilan pgal (318 oS (plulid csolSesls ;3 0594l
- Sy olans Jilie 0 Jg o5 s aiges slaas Ll 1o a5 040 3,95 5 g0l s Pilue 40 ol
ST 5 51 5 Ao ¥y 5 Jas 5 (YUSIR, 2009) sl 85 o loigas S hosi (5l
S ry lad ojlul (ras 15 )5 cel Lagd aS s b ol g 45938l colal o (sbdools dcgoe
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ol b ablie gl g 9, 0! 5l (Gheyas and Leslie, 2010) 55,5 o a>lge JSie b (098 Soduzmn
onl ool ailazs 57 )18 60,8 pole 1 (gl a5 390 0ls lul ialS sla by, (S
A ye yo Gloj anie 5 Glowlxe (Souzmy 1ol (ganail Copw g S8 Ll cel b,
Srdy paons D08 Gl g ' (il i oo, Jlis] GralS waiS ganaiids by, (bgel
.(Yusta, 2009; Gheyas and Leslie, 2010; Wang and Wu, 2013) s o0 (gaisainls
s T Sy Dbl g T Sy gl laghy, 09,5 93 4y sols slal el sla g,

1- Over fitting

2- Feature extraction

3- Feature selection

4- Principal Component Analysis (PCA)
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(Gheyas and Leslie, 2010; Wang and Wu, 2013) ocizu sguo |y (95 00ls
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aiS e B | osile Bl o Sing 5k S50 Lyld sl sl Sy ol b cules 4o g 0l
08,5 115 99 Ay 095 dilwd (6,50l sl 6] 5l Jatuws a5 o bs, ow! .(Wang and Wu, 2013)
dnle b S5, g5 50 (Lazar et al, 2012) wgi oo punds Plad Sy ¢ "KL,
alol jo g bl janasd dib o4 Jis Olib ez p s B ShHy Gm Szse (SKes
00 S o oiie S Sy o 30 655,18 lulid axly slaibislas I e Glisl b le S
50 Lol el jalcaibon bgr el slo S5g olobs b akl) 0 KT, sla by, o Slas ax 31
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4 Opole Al e dw by aS wlaisl axwg Lad Fomins sl g, ISt ol Jo sl cl
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Wang and Wu, ) aee o5 5 giin 2050 51 LSS, glel b anslie o Lad S

(2013

1- Filter

2- Wrapper

3- Hybrid

4- Ranking

5- Space search
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.(Hui-Huang and Cheng-Wei, 2011) auil o
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1- Fuzzy Imperialist Competitive Algorithm
2- Incremental Wrapper Subset Selection with replacement
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2- K-fold cross-validation
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1- Error Matrix
2- Kappa Value
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5- User’s accuracy

N4



osls 9 La:u.;” ‘P g J..a.‘i

erdisel S 4 (Ages FO)A LIS ;0 o0l (gudids w0 slddigesd Cad O g0 4 30 oy
TAY ax 31 Sile 4 2l o ey 1OV d3e d(diges VVO) Wloads gl A WIS jo 4
9, aid o aS ole e VAV s Ll wlead gamaidl i )W A S 4 lee sladigad
oS Slgi C80 L )3 0 aislgS (WS (nla Blate Wigd oo GunALL A S ez L
Diloads (goaids A cawx 5 b 6oL sladiges dloss a5 Cal sael ey Ty 00 o cpl 4
IOV 5 o3 S oo ool g 5 4 5 a8 (6,18 SAY (VL B 4y ol s925 b ol by
ally Glaebl A ez b (29,3 addl (o ool ganaiab sla e Siw o 4 wilgd oo 090
.(Congalton and Green, 2009) oL
2l o0 (e liwbre yo 00S oolitl g 00 wlsi locds g )l L L oo
el a3l 5 43 gy ol i 5 03S a3 ) ol sunpeils S, b suneiids
VB ol e . Bolas SLlS somaid S b e s 5l 5l ool Gty B anglie sl
pd el 0aiiS gunail by, Soglhe 8 Sles 5l Sl bl S0P ) 4z e 500 piie

«(Lillesand et al., 1994) w1 oo Cavay 3 abal, 51 LIS

i)

r

2 _vr
NZ=20 oK X

_Zirzl(xi L X
)

+1

k =

gk g1 v o Oloslie sl 1 X
e o Slaslie S olows 0 X,
I ogiw 5o Slasline 5 olaws 1 X

Uz o yle yo Slaaliee JS olawi :N

1- Agreement with a random classifier
ov



'RMS slbs -Y-H-)-Y

Lalg, 51 oolital b gy o 50 00 03) cpwass polie las 5,5 2Lyl sl &5 RMS (sl
.(Congalton and Green, 2009) s4i oo dnlxo 15

RMSE :JZ? €)% /n (OA-Y)
e =e, —€,. (63-Y)

ol diges olaas 1N g TALE ;0 o0l 03] yuedS Hlade 1€ & pe diges lade i€ o] o 4T

kodlo -Y-Y

ool 03ld dcgazms 5 (y9s yml® i gal il 0al oolaiiwl ool dcgezms g0 I IS gkay ¢ Bl ol o
) slagict 0wy 4 a5 anaib @bs Glejl g eaiS ganaids (b, (higel sy o

loads L;)M (¥Y-Y-Y) 9 \-Y

O% e bl ools acgozxo —V-V-Y
TRW Space and o585 lawg eSS ainje g aidl Sgupe Slasin b e ,mle o plad oo
Chang, ) o axs-le (Lub) IS jol ooswie <YL (68,9lad losle b sols 1,8 e 4 Electronics
Yoor Jlo pslg 0T(EO-1) V= yun; sSoomlice o,lsnle Lawsi g1yl ooz Jlus,l L 2007

20,8 ool 8 Lad il s e b ol dsllas (oM

1- Root Mean Square Error (RMSE)
2- Reference value

3- Map value

4- Earth Observing-1 (EO-1)
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1- De-strip algorithm

2- ENvironment for Visualizing Images

3- Digital Number

4- Fast Line-of sight Atmospheric Analysis of Spectral Hypercubes

5- Signal to Noise Ratio
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Abstract

Hyperspectral sensors have more spectral bands than multispectral types, and thus are
capable of recording more accurate spectral information of ground surface. This
advantage can disturb process of hyperspectral data classification and reduces its
accuracy. In addition, Hyperion data as a kind of the hyperspectral images also suffers
from noise.

In this research, we try to minimize the effects of these problems by means of data mining
techniques. Because of the high efficiency of kernel-based methods for high dimensional
data classification, the Support Vector Machine (SVM) method was used to classify
Hyperion hyperspectral Data. The noise in the Hyperion data was also covered by the
implementation of the Robust-SVM — the noise resistant version of SVM. Another way
to overcome these problems is to use data reduction techniques.

The above mentioned methods and Hyperion image were used to identify alterations of
Sarcheshmeh and Darrehzar mines and Sereidun district. In the first step, the use of a
feature selection method led to the identification of approximately 11% (18 bands) of the
entire spectral bands of Hyperion (165 bands). The results revealed that the Robust-SVM
produces more accurate alteration maps than standard SVM. But the most accurate results
were obtained when the classification was performed using Robust-SVM and selected
bands introduced by the feature selection method. In this case, the Kappa coefficient of
classification was 0.61, which compared with the standard SVM using selected spectral
bands (0.53), the Robust-SVM with total spectral bands (0.49) and the standard SVM
with total spectral bands (0.41) is the most accurate.

Also, Support Vector Regression (SVR) was used to perform subpixel classification. It
was resulted that the sub-pixel map obtained by the SVR even with the entire spectral
bands (i.e. not with the selected spectral bands) and in the standard mode (i.e. not robust
SVR) is more precise than the pixel based maps of SVM and Robust-SVM.
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