bl polal s e b gilwlas b sig) 19! p (5590
(ST 99O

Y*sg.}i.wl RV TRVE D ",a..x.ii.o.x.,,..im.? sob
o Mg grino oSN - yame pwdigee 0aSLilS - o BLISST cwdige (525D (g9 o
hj_moghadam@sut.ac.ir

)—’)-u T = o) olisls - O gwdiges uSisls )L.t-‘i‘-;bv
mohammady@sut.ac.ir

OTAA i g o, O FAA Catigs,| Sl o & ,b)

RV

O g 2150 5l e slaaddi as g (olulid (hiS (sl arellys 5l Gl (eblS 590 5l Groni 5l esliial cojg ol
Lo ,lows 599 51 homis 5 S5 sl «(55yslaS ey damme (ialy egme s o 4 )3 (G5SUSS slao )5 555108 nl e
005 (oo 2gmine oslo cpl LT yo (LBl Jolie ot 51 (o Dlgrn (Gheblp nslas (gilula anlb im cnl 0 05l
al » silelaz Glagss, cal gl sl slos s arals o3t Gl )3 095 (oo i) wly s d g oS LS Jas g5 bl
O T 4 bgrye Sl ol 5 el sliel (austs (dim al b (ol s ol bl 45 o 0old Ly (s LS o
Slacaadse ol 3 (oot 232 Wlgon (e LIS Sl 3529 dlgs (5 3 45 Cond 00elgy (oS 2 Sl (nl b3S (o0
Clezl Gl Gl (285 0auoli 5 90,5 gmie g 3 Slrdaze (LS Slaiig wlge oS LS szmen (Hly Lo
S 5 S oy g Gilelir anl o (sl gladas g by, » e lie ol 5l Bas a0 cul AL
lolr sle gy 9 Sosd (e la g5 095 90 4 Ol (oo | silelaz sla g el dbisly e 0 aBbioe Fogee
LUl p glodae ((daaiz (s sladas glsl 4 ol oo b s § SIS (0 ot 51 Ll 50 45 3905 ponais 1o 00l
25 o)Ll Shlng 5 g 6Tk laghy) 5 (srae Sl ()5 Slaghy) in Sl Al p Glagty) (I L (SIS
Hladlo cnl (b )3 (orae GlaaSd g (ago sladas &5 00 (o Ol (o0 b gy 0l €l 2 gl (s S L om 2] 0
lodgy 510,95 5 0392 (al O Kbgls (50 (6 fuien g § Coreal

Sl (B eorae 4 (aFaiy (s g (s ik (il (x50 s gelS GBS

Ja.g‘) OM}\ *



b oles o dope nl plnil 5l B3 (aado0 olas
slaws S18 slal Slolis cslico sbopay ;631 51 oolasul
2 ogdle 8 e (o) ok 351 alesl sl
oot aislis 5 5 ol slael 45l 4 aiey ool
Syzry ablhie o Lacl 5| (L8 il ke b 5 wil,
5 Gl it g0 a4 gilule anld sl ail
e 5 el slasl glzed T 0 a8) )l e

L8103 ,5 (o0 o (3,55 o0 O30 lojon Sl 2

ot o
el stas! 5!

Silalszr i plodl Jol e -V 52

ws Sl s b LW Joas gg g0 Ygers
Sk lagin o5 0pdboe B (S Jae j0 35d s
oSyl g S S G o il sbhoasyy jleads
osle G L s bl andl 5 wilailas oo b poiiies
izt oduws, (550 Wl Cpl 0wyl Bl
el el oy 2l 5L slac) Sl (eSS
Jol> odimin 4 odpn) slagiy S pe Jae o
[N el oz ol 3L Joo IS5k 5 sy
Olyee a5 08l o sl Gloy s LMW Jow
LYl Jao jo cnl 55%wg,Ske g9 5l 9 o5 bS]
b S5 S e phae ) b e
A sl b bl o slcad 1 sogame olaxs
Siyhgn 45,5 185 55 el slael e o g
S9zg0 slizl Slgl 5l (@l S) culpl oS0 L &S
ol g JT ol Gl b .ais 5 o o9 (ddbate 4o
a2y Lo S Soley pd culps woly plp oo 5 o9
I, b bl Jow SOl b a5 oY) S o
ol (5,5 o3l bl wes o lis Sleds &g
50 S50 dlae 3l oads ools 5 Jawgie (S G o

A ol oo Juusy

doddo —)

slgis, 6 Ssew 9 2L eyl
el ol oo g SlwnsS 3blae )0 ofigr (2eim 90
moh9y 5l S Ol ($551aiSS (pl 084S el oas
ERAY 6‘)‘.‘ M‘y LS)‘)'-." Ga...‘a‘)s 59 )’l e LSL‘“
gl lge g lmoasay 5l gorie sloasss ags g olulis
slrools azg5 LB slasuiailys 0529 L o > opl b
bog boaioins by G SGS&5 oles oy (bl
(IFOV) sladazd 30 lawe ;0 sasie dlge jgax> da
B walg> asle iz 5l LuS 5 a5 S eslail (b
e calie 5 il o ts; x5 (nlnle
el a IS a0 a5 bbMis! 680] poe S
Sygpo S oo 0ol b (gilulas b SnSs]
N
Iy ki glo JuSy aS ol g, b (g5lolos
o A 78] Slelyd s @l slacl b ansin 4
5l sibld gilulos ol oym; IS > o S
5 olul Jrals (0 Y Slusal pbxl (@ sy a
JSas ilegsly 5 ples! slasl olulis 25w (2
ools las (V) UKo 0 ael> jokay Jolie ol 05 oo

[A]lons
7 Olooad 7 @olal als emd
Q;' s | ’ L
. ) £
- 4 s L |

|

itz l 3l ol J| Sl slasl pails H 8 ol i ‘
(i slalaad

!

[N il 3ol (sl Jole ) S5

Ao 1y anlp Lol s (JS5 4 4z b ol el

a5 wedge S5 53leg)ls 5 ol slasl lulis
o e g cenlie BB oo o 65580 p3line
Felr Ojga 1y wnlp ol a> e (V) JSE) il

Y Unmixing

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie



‘5..&9)) AJLL'J‘ \\Mﬂq oLe)j_‘\‘)Q(i: s\ o)Lo.‘i) ‘rv.b.) a)jd ‘6)1.3)44.‘.&05*35{:51:‘501:44}.“

sl gas o 50 JuSy So Pl jea> 58 Wl
[A]ogs cole,

A oSy a2 p e slaghsy (et
(PPN S ools a3ld poyefl & Olgsios
6T 00,6 VY] N-FINDR o ,61 ([V+,)V]
sleaalse 5 JGT 50,65 VY] (IEA) onigis,)|,S5 sllas
Sole ws, Jb o @, V] (VCA)
asly Sl ame by oyl [10] (SGA)
> Sl yiSlas o0, V] (SMACC) Jlswe
a5l Sl o oS VY] (AVMAX) gl
oo ezl oyl VY] (SVMAX) Jlse
ALl @ dalwly gbealadl> Jow 9 [VA] o5 Lie
SISAL slapn ol g oo b Solw e J8los
g9 5 (Y] MVES o, [YY] MVSA 4 [YV]
MVC-NMF 2,651 [Y8] RMVES |1 4l oS
5 [YV] (ICE)owiss )| )5 oles! slac! o 651 V7]
56T w5551 [YA] (SPICE) ] aidl guens <>
O r:l.i |) [Y‘\] (CCA) [T .bj).?bo

sy, Vb b b x> 4k
30 S b oy pae cdn 1) s b e
(_g)l.,oT sl g, u-")-’l-‘-’ 3,10 ol e 4 Solw 0s>g
Al g gl Ny, b dnlie o 6 VL (lwle
Olgimy bl gilulas alins SO do g, ol cod
6T ogd e silwdoe (sylel gl aliee S
by, ol il 5l (ICA) Jawe  sleadlse
&5.3 )l [\ﬁ;—\ﬂ’]w‘ 0l @)M ).u LQJ] )| ‘_g‘c\.dl.v
9 DECA (2,680l 4y (g oo (50 (slasbg, jiacd piicy
DECA 0,631 5l somess ylgiey DECAGIbDDS i,
L5 -YV]oges o,Lil 50

aieils s sl Jas 5l colaiul ojlsen ol
el (gll (23 95 )18 0

AR Fy asSwg Sl wlde o Wl LS a8 ()

So s S 51 (B0 BU 4 o) o5 g5 (F

bl oole

[A] o L3l oo Y S

S 5 Oz Gl e 1y s LS Jae (nlpls
slcusgame Jlesl b oo ol o b jlocyse o
Wbyl gy D ygear (swsS g5 S99 g ol o)Ll

R
Y = z arpMmp + ny,

r=1

a, =0 Vp,vr )

R
Z a,=1 Vp
r=1

L ,o oad 05 ojlail ks oy ERY T 1o a8
My peas o pol> Sll slael slass R (il ail
el Sl rp e olel gae uall il (slalal
3 29790 (o5 pg Ol Mp 9 P Sy 5o o3be
TAlogs (oo 8,5 Jai )0 pgas

@Blge 3 kg 3k LS (e &5 ()90 50 J>
ol o5 el el el oole L5ls Ldis a5
Joae SOl eolatul ey 1) ails poee b o
SV )y JBL o asS o0 oy &j9p0 (o e
S0 bt £ 3l LM sl 4y yorie a5 LS
A sl ouls ools ylid cogus

o \Y s ¥
|
(e pd

[A] s e LY 51 Y —F S

slagbgy 09,5 90 50 (o gla by, yidu (IS gk

by S oo 518 Ll p i lagtg, g (owain
sxa al p sbais; 0s,F n) 90 @ i ewie gl
Solo > Pl p e oty 5 A oSy
2 e Gty @8ly)d Wi oo SIS 0l sl
Blaz e Gty 532 5 A JuSen jpa>



6[:60‘1:9) P Lo Sass )‘l S5 s gus RS
Sl ool Wl gegel 4 U sl gslulas
Ol «0) IS 50 Lot ;68 (pl 5l ceslie gzl
90 4 by g, IS by (IS Gub ccwol oals ools
ASLQOJ‘\))).‘).) @.H.a 6&;5...&»5 ;SJ).J)J LEH'"A 03;
g oo ol (e (S 5ed Sles B 4 5l ol o
58,5 oo (B yrme SIS s sla iy jo o

ails S8 n 598 28 90l 3l (o &S (Syge y0
SIpl oSy g wils pome o Y ol
IVaT 0929 (29,5 55 950 9y 2 b ne
sl S ..\3‘0..\.3...4) AlD U"‘ a ‘4..3; Sygo
OBl GI acgorme S sl (SlolS Slo S (eSS
W&ﬁél.?@c&g)y)o FUWIRIRWESRN P PICN N
L9V, V] 058 colail oz Jow 5l Jas 8

Sadd oAt | | e
. Jee el o 2,855
Wiy AR
g FOTENE b g g U s
P85
Cals Ly,
> gl sl WU il St B fos
S REE TS LT e . J
A0 9% by
v s ey
SilAasani b 5 2
. . | st
b *  Radiosity ' P Jue
«Hapke
v Wosts,d Ly * Ray tracing
" g Ry p| s g

" A B

GV L e

Tl T g g oy,
b gt solad Al
Wakola gofoly

Sy W S

(b Gilis (slo g, gl lasls -0 S

A

>~
Lr
P, A

5

[F1, P ] Siles &g sy Joo G 3l glos -8 S

S Sygar ) Jae olgee sl o

Sy (ke bYsl glhjas alis)  (Sassly,

b oY Glacusgame b ol jen ailfus  (Sausly,
EAAR AN

X = a161 + azez + a1261 O 62
{a120a220a1220 D)
a, +a2 +a12 =1

Sopd cadle o S b bgy Y
(Jgl e9,5)

90 s Jow glgil -)-Y

sl gledae o (e Joo (nfesla

Jolai b gl bl S 5 ) eolind wilay
oals lis «(F) U o Sleds jahay a5 sl as g
bk G ol Gl edle S0 &l conl ous
Gl 5o ol 3gzg s e (B L Bua &bl 4l
5 S er ger ksl pas g0 jpa> 58 L I
@ ale o) s)lble Cpo 5l ksl sacgs ol
T8V, FY] el ca s BB 55 p,8 @ (o sle yo a1 )0

X=e0e, o vne{l,..,d},

_ M
Xn = €1p-€29

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie



‘5‘..&)5).) AJLL'J‘ \\""\‘\ oLe)j_‘\‘).e(i: s\ o)Lo.‘i) ‘MJ o)jd ‘6)‘“’)‘4“'-‘“«.)9-‘39#5'&‘5"1‘“’)*“

b e 2R Ly LS ee aleilpas g0 Sl
[F]as 5 )las o 0
Slol slopS Fs g Fj &5 5y50 0 2l o
b slobsl ps(A) 0 (4) 55 ] ksl slas!
Fipj(A)Fsps(A;) ;956 aisl S ¢ j alesl slacl
@] gl 51 Qb5L 5l am oS ol (55 S oaims )Lt
Joe Galnbe deyoo SBU 4 g 5 9,55 2 S s

[F0ge Olo p) g Gl oo 1y O

() = D Fip(A)

J=1
m

+ Z FiFspj(A)ps(4;)
f5=1
j<s
+e(4)
o 55 95 Jan s pipcillani 5 J S olie
2 g 0ol e 1) B Jow ) Ken g T ed> (Y0
O Galis 5 Jao S laig, 5 ;500 allie aiz
Sed s ek Woged (Bpxe ) 500 slaoe b
Gl 0,8 aslal b b Jaw qgolpiin Joe opl
A ol ol vgasee ST ey Slal g Jeeoe
Roedle ol 5o AT 08 ol ) O e
b sy 5eSde yil)l eoguse « L8 slacysgase

[0Y-0-]cé 5 L

R R-1 R
Y, = Z a,m, + Z Z VijaamOm; +n
r=1

*)

i=1 j=i+1 2
0<y,;<1,vie{l,.,R—-1},vj
€{i+1,..,R}

@ ool yij =05 (Sipe 0 (Jae 4 ey L
Om I e b Rl (S e SO
Joe oK1 Yij =1 31 g o)l 0s2g okl gaces
S sliges NUSS 5o 09doe (B Jae 4 oS
chFes Jae 93 ln lilpas 4w gl Sols
ysar (LMM) s Jos 5 (GBM) aisl geess
IOV,0Y] el o0y osls yLas Sslos

¥ Halimi

oo Jdu pleslpas 5o 5l YL Sl g OIS
S8 5l g 52l lade Wl oo S5k aw 5l A
o opl yo 1Al asl asly Lol Obsl SO a4 cas
Sy s 455, L, VL il sl Je
3 logas YL ilye Caenl Loy o3l sla Jlo o
Eon o hgs sl Jaw S sleo S sl aileads &)
-5 4 sk el oS b 59, p S 3l g olS
5 8999 b Wb oul o LIl &S ong Ol
Ay g Wl s (5,L3, olS ol slacl Sl )8
Seslatnl o (V) alal, 5nS L aiis S g4 o
S b g sla Jaws glgl Slol g i sla il b
At F¥EW

5 gliaml Lawgs Yoo Jlo o asgs Jowo sl
Y Sl oad S5 s el (s i Ko sl 3k
Lol yo a8 Wb as S a0 S gg, p olS 8,0
sloosls oLyl jshier ilulaz (S ass g, G
5o adl ol 0000 3 eolatul ouls (giluad 5 (A3l
LRV FA el Hle BB 55 & year (NM) giannl

R R-1 R
X=Zarer+z Z pijeiOe+n "
r=1

i=1 j=i+1

232 99 O JFI S liee By B8 akal) o

» )...: )J) Lngwosm ‘w‘)) oay& el (@Le,ub.a.c)
LFV,FAL00 5 oo Jlesl Jow 59,

a->0 r=12...n

i=12....R—1
Bij>0 {j=i.....R+1

R R-1 R ()}
PXEDIPI IS
r=1 i=1 j=i+1

o RS 3 pae glienul Jue had abals

Sogar Jao S5 Jo g poe s Ol Jae bl
5 1ol s plen sl o waz (e 4 0g b
S wyalol Ojpa 1) (bl gl ol e

Y Nascimento & Dias
Y Fan



TGy A S gy (il 2D g g 5l plis a5
2053 wisl (Sb A peimres 2l Koo e
43,8 S 58 olnl 5o o Damle slaesls o,
b9y A e Uy (nl Some gl g e 5l olas
[OF,00] 5,05 |, pgesye 5 b cslo

mogee (S Al 9y b s (et s Jue
Slr pobas s bl gilule slodse
S8bee (Jy ol oo a8 S a5 )3 (SuiSTy pg il
Clay 9750 (e g gileliz glaghy, oeluly o
Oz palal (plad (Stwea 35 Sl 0 e
w4zl o (oolin 2L crizmen G i 2uld,
A Ry iogzmen SaSly g (S5 5l A6 R b
S ol ol 51 o806 slas g 0350 Sla Sy o
A3 1) (owsS 5 S gl LS g e oo i S9>
o (Jae TN Jlo 50 uz ees 4 05 (o
Sl HolB &S 0,8 3,50 (RGBM) (593 GBM lsie
5 S5 (A R g5 pg 2 odle plajen sl
071055 dnslons 551, SiST,,

slapm o8l (g sladae gyl 5l 6% g
e 51 iy Bllasl gpass 45 il oo PPNMM
Pl do sl LT 5L ll 5w o Jaibisl o>
[OV,0M] 0 soliciasl (BSS) aolio 55 oS

Joe @U‘}S adyls e oSl ol oS e S
2k ol a8 ol il (ot o Jilas 335 (05
5 Sl g o Ken 5 T el lawgs YT Jlo o
Wl (Byre heblp polai (ot e lulax jslaies
¥ =1 yi]T b Loly oo ool (85 2l o
IO b s SO lsn bobie Sy G
{04 conl 2l (owsS g5 ol yon & s LIS

R
Vo =g<z armr>+n=g(Ma)+n )

r=1

Sl o cl b é ab S g e ol o
-41.0.>.\..:> u_b.>,..c (':3‘95 ML’GA Cool Sl (j ol
“ Sy 9 Slasie o o 5l S5 L g aSeeSw
a Wlaals o] joge ailie LS Gos o |, ol sl
e S o e R N
O] oolaiw! 55 o2 pgd 4 o lalezais

Y Altmann

s o
"
o
e
e
"
o * ) ,,
o " ] ot
. o 02 o ° ° . 2 » ™

(a) LMM. (b) GBM.
5 sb> Joe 50 slp olslsac aw b oo ool Solw -V IS
[6),07] Jbss

Slagisy 3l 8 Jae Jstaee layllly (eess o
a5l S cwl sals olaal i
0= jolie ey mis oo Gl Gl 50 b,
< T

5 Jo 00,5 oo dulne £(Bly) &9 (a', ¥, 0%)
Sz Sday oadolnl G @98 ol Gees
m eSS amed Jaexe sla )T asd 5l oolatl b ala
Sl b g (MMSE) Uas Sle e ke JBlas> 5
3asa 5 s pdy G (MAP) iy 5 e
Sl 0y )5 Zige silwand slahy,
28 b bl o gledises ol sl (MCMC)
S by, (S o piged (hg)) ab eolitul H555a
s 41y 0l Slebrs b 5 Sy 55 MCMC
sy, b Saomn ol pmels Goa Loy aals
ol Gag Lol slais) s (gluoang
[0Y,0V]wsus

My 28,8 ka0 pae (GBM Juw olee
S99y X J.:LM: ua.ﬂ.: U"‘ | QLAASJ ools 99y Og> 9w
©3ylge 5o g ils 18,56 ol Jlyes 5 Blo polans
4, MGBM r"*“")?ﬂl azS o sl Al 6)—5‘“‘:’
SIE Gl ,0 a8 oS &8, |, e ol Y2 Jle
[ov]as bl (LS oole 90 oy (JSl50s>

(_g‘)g ool.b.’;.wlo)y <_§L°w3:{)sf-l‘ )...ﬂ )..:>| sl Jls o
@ Cambes VU Sllxe [b (o GBM Jos >
hebl pslai b agzlse o k2L 5 cnjlel b
e o' J Sl gz ped 4 aszils 1) YU olel b
Cot By s dige Lol o oS 51T VS L o
ot S e i ,oxl ais S solaiul (550 lacasgase
LS’b))‘ (5‘3‘9 9 LSCM (_gl_moolo S9y » BPOGM u‘g...c

\ Chang Li

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie



‘5‘..&)5).) AJLL'J‘ \\""\‘\ oLe)j_‘\‘).e(i: s\ o)Lo.‘i) ‘MJ o)jd ‘6)‘“’)‘4“'-‘“«.)9-‘39#5'&‘5"1‘“’)*“

eid Slasine @b 5l ol Kes 5 "L 5
Sz o8 pshie 5 s gl gyl
Con y il 2ot slasl b i 5 Sl
L Golbpe b e silalazr (o9, Sy TS oo
yazio Gt e l) So byl 5o g (B
308 o0 Silre 2l slasl aen (30l 5% 4
L3s glael b paktins sy lol glasl wdls oyl
NGBS e 9 W35 (o0 paal (Lo

shigs Jloy LWS Jas 5 WFVA Sl e
SialS cg> PPNMM Jao 4 4> L (BNMM)
ssbier Jly @ies Joe Ko gl osliiul g (as s
Ot bl ol Al el slasl 6 pdy pess 208
1) UM 69")15 Coge f""")?ﬂ‘ 5 03 g ‘J..\.a
S s a5 wls anwg giluloas ol plel 1y
o, 8dos 3l las Jlas polad 5 oiae sosls (g5, p
iyl 4 o (goleiiay e sNl (2,5 el
plo OB 5 uzmes Clly SIS gilulas sl
SRt 5 009 b 25U )l po e,
[Frlos a8 3 las 1o ylo s yghay

G s e 4 cod a5 o e sl Jus
Ely 039> (nl OLREng5 azgisyge 5 S Sl
"oz sladde 4 plgi oo Subls (63,90 aniz Byo 5w
Slgm g Yook Jlo o o Joe oges olil Tl
it e Sl oyl s0y9e aallle S,
asdllas ol o al Bixe il 5 oS (S im0
oolainl b (g3lulas 5JUT yog b mé g s> o Slee
Gk Sl oad a9 4 jaxie gleesly 65
oy ol Cyae; 09y Ak Sy o a5 S b osSes
ke sl bt e WS Joe 5 wo S (ow)n wp
(Ps Lol Pg olS Py S Proc0) olslpas
syzge il oy aSn) Cuenlpl 4S5 0 iy 0
L s o 0 5 Jae o 53 el cslsel
PSRV JJLM.» 9 o oalo ua.anm.‘ )Jg.o L.a.c‘).wl...o 9 09:>
[PV]wslons M)f ool wf Sl Sl

Y Yang

Y Collinearity
¥ Chen

¢ Meganem

gv:[0,1]% - R"

ﬂ
X - [X; + bX?, .., X, + bX2]" @

seals S ar Joe 4 Jow D=0 > o
Cools G0 sl Jus 4 Cons Joe (pl S o lag
30 9 &S oo Al | (LSS oolegs ) (S l5ogs
)0 0gzg b (See polie (55, (Sudgae g
o 85 Sl oad ail] Joe > jslates 53 e, (uix
[08151 00 1y g5t 20,50 il ot mie 31 ol

b x5y i b o lsan oo ool s iy
"0 A S S9bos S (39 (b e Sl Glem
Sozge ey (e bl 1) (599 (o é (liee Ol
Sl ol 4o 050 s (g5kel slagygesl 5l eolaiul b
0,90,0 § 5 el Sl Wlg o olgzds aibivlas S
Gl s Joe b ons sl JuSy LT aSy
5+ To olictal o das 1 Joo b L s )ls (s e

" 59y 2 Sl slasl gl slaghs, 5]
in sy, J ol bl 4SS s le
3 b e Y gl ailed po (gog0> U gl el
3979 pae SgaeS 5| 5 laghy) cnl (Jy digh 415 L
ogbile (red 4 e @) pgal 5o palE JuSoy
o Joo 69y 2 Sl (rm sl o)l
5 oedl Lug YV Jls s PPNMM  _lasgs
wtael plojen ol goleiin oy, ad @)l ol en
Sl g Wiee oS ) SR sle S s 2l
ol 50 0l eads sdalive pgal o allt Sy el
WDgd d,90p Wb aS el yiall ol ol cday >
@ (CHMC)uie pgilos o5 Cige pi)s8l o
Sl 5 Sy5ln Sl S Mo dsed 02ysS sl
[PV 8 yae Lrdiges

Oboyed (e jskaier (6,500 oz 5l S
51 oslizal b LT b ladye sl gl 5 mlesil sl
(BIPSO) o uiiags &lyd alessl (g3l dingy (sloSss
Gleslaiwl b wcdls cpl o 000 5 &l) B Jow wlal s
Jlel a3l opstenir iluange b,
Slo,gS B 5l 625 Sz & Fodezm slacusgae
FSe Hpa> 4 5l 50 i esdl e e >
slacl polie i o8l lyzl anld b 5 o)l alls
abaxd o 50 KouSs w4z b (Sl 2 sle S 5 Sl
[PYlsgdor (Sloyion



heslitul g YL Gl by (atan slaos
,5 4 PPNMM Jse j0 5V az 0 slaglalozais
Sbml el Conl (Sae (6 5VL lhe (i g i3S
Ll ot 9 0BL 2l g SO 5l iSaeS JUSew polis
S oy il lioSle H e S S5
Sl polie 5 QUL (pain cralol> Al sl
Sl iz b (Blae J> oop odle aien oL
2 el jo (Jgclongy JSia 5 gl adien YL
ey DLW rr Gare slo)l5 Gzen (69,150
JB 5 il el U o 1) eulal (i s o
IV Jasls ol
bl pglad Syee 0 s Coeal Pl a5
0 & cwlpl ik ey edgaze iue0
b Codgaze ul 5 WS LB [01]% o5b ,s sl
b Wl e o 45 aigd Ll L3Sl sla Jas ;o
Joe Su &S Shge 5o o Jle Oy e S8 )55
S b ops 32y Ge 5 D=1 Ll L PPNMM
AL Slhe Gl ejlgen ol a8 T A s (U o

p D
+ Z Z aia]-akei@eerk + -

i=1 j=1 k=1

y=2liae 45,90 o aS

x=y+ Oy + GOYOY) + - = Zyi o
i=1

o3gaze ;oY lizl den a5 90 jo > ol o
polie o gwiie delay i35 b o L oLasb [0,1]
B 22 42 @ Olien U5k

Yo yd-y" ¥ X ae

= = (\Y)
1-y  1-y 1-3 ae

S opg OFee Jolb> dal, o cds WS L
5 05 yS ood 51,8 [0,1] eogame ;0 sdel Cewas slaclisl
Iy s28ls gls LW 5YL Sl gl a0 sloJow
bz e S iz Greddy LS el S
A (Byre sl (LB (sla Jse azily b8 oS MLM

3 abe Slogzg al p 5 @le Jao (b oul
Ol 5o A sk el oald (65,0l Gam aw oSl
LMt Jow oplcwl pal Glisl g o3Y (6,0l s e
Log oS &l ol Kes 5 oo Lawgs YoIF Jlo o
Joe Gl ol ol (s tn (5,55l (s 0 slo Lae
ol il gye8 b Sopd SYolee L DS
(6,55l SYolee sk 5l Bly )5 9 9l e £9y0
4 W5 oo ilodnd eh sl gl oloae
STy Sl e Al Gl el Lelse o 5o
GOl 5 (Nolos alisgy 0ad able (A6 sl
[PAligds oo a8 S 123 o ailS o

G nds 3925 L ool oLl b9 sl o
o Maol S oSl bl a0 jlgen anil jo ol cwlS
olie b el sy Jlas b s hsys
o3lail pl a5 ols vezg Kl pl el Sl eSS
o ol il s lelyde Jaia | 5SS
el g culpo b adlegs Ol opl a5 ole Jow
aled 09l oo WAL Wi olyen Sl XSS
[FV]os a5 Lo 0 GBM Juw ;0 a5 ole il il

GBM (jszen g Joo cpaiz o (opl pogdle
> yo a5 caol ool (Byme ol jalyly g0k oloss
Joe sl (Koo g b iali8l gloaslss jolay as 2
J sl andlwsS oy G Bl i S S
sso b e oll slacl slass pals 5 i ()
Ol 5o 98,5 eolaiwl Lael (o slas bls | G5l ol
Jle g ore Glp (Slaen o olel glacl ks
S5l g e il ol jo aigd a3 L o Sl
slael (0,5 oy jskaies EVLMM (ggminz o2 555!
5,7 0505 oolanl (o8l olessl

hi iz b Ju glgil —Y-¥

LJ""’ J.‘>|..\.: ‘_gl).’ 0l g_g)“ 6‘4?5\) ‘_QLQJ..\.A
ol 698 Oygar (Jy aileslaiul JB - Slekl gacss
Sy bogacgs 5l s 3w 6l p aslei po b Joe

) Overfitting

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie



‘5‘..&)5).) AJLL'J‘ \\""\‘\ oLe)j_‘\‘).e(i: s\ o)Lo.‘i) ‘MJ o)jd ‘6)‘“’)‘4“'-‘“«.)9-‘39#5'&‘5"1‘“’)*“

STOrge: I PSS B PR N COW-S SN U3 S L R VPR
ey ololp 658 OIS Geogi g 458 (U e
st dmoloms jslatay olai anlp (6,55 o SIS
lp oad a8 Fla0 s lagyjy et 5 seew S SIS
sledae glgl Gl 1) ool (S5 Jae s 2
bz (hrgs (> ipgzmen 99290 g
Sl ogdle aisged (cmagish 0)lgs 5 121 (MLM)
e 5 Sl MLM oo 4l e o5 s02 Jow
WS L s pgar o ale Sl T 0 a5 w8
IV VY ]as

b ed Joe aBl preni 0 hFair o S
Jlo 5o ead Plal g Jow glege e GBM
Uigy 5l eolial b lanl s ol o ad il Yo A
S B 0 b e 5 e (el sLael SID
Lacl Jlgls NMF o2 o801 5l eslind 5 a5 Jow
OO bt el liee calol jo a0y (pes
Ot g Ceesd Sl eolaul b golpiian Joe sl
5 Slogles &y azg b MBM (solgriny Jao 5 oS
IVFlas b a5z g0 Sl i

bog ol @l (Ko Jaras sbus )
O 5 Gele (b P e &l e ol Stmg%
5 b o a3l sl (oS wses o)lal )
adgl Jae YA Jlo o ol 428l e o] chnds blis
oo 0 MG glaas Ul a5 s P
odlitwl b g (yb cblo |y (o98ug Sle g (295w S
kel slasl g (s e ol,5 POD 4525 )
oS Cunl o oly QU (b a3 ey 05 S Je
ol 39 008 (o il b (b3 s G o
Slass l pla sy Shgar ouze SU (b S 2l
LL5,T bbb s 9 00,5 (o0 iy 25 La3 o5 alie
Olgise «Slilie @lss 3l oolitul b b (L o, 99 0
et QU sy 4k (sl (s SVolee & jm 1]
g P22 6ly solpriiinn Jow ccdl ol o 0l

VOV 5 (b 5 e84 el
R P R R
= Z anm; + Z{Z Z [ﬂiklﬂ + ﬁ/klﬁ]k
=1 k=2 i=1kﬁi %
£ [amam ] ©[g6um] ™)
§k=1

) Heylen

g 850 )8 e ) (elB el )l S LS 555 Jue
309 55 $n sln Slol P Jlosl ooy ]
oS LSy 2 6l MLM Jae o] 3 odle
Jobs Joe (nl S (o0 (e 55 ) 002 b e >
Saped Vol S g ool slael 3w Sla s ann
c\.l.u.uy DMJ.J?.' @L)L: le.(b)‘o).g 9 b)l.) o‘).o.éd ‘) LS“"L“"‘
hrg S5 Sl amTE 8 5 s b Jae
5 S oo L3 [01] eogae jo arwnS B85S L
b Jas yo 5l am asl (0,8 b hdoaiz da,) ax
Sl oM GLls Pl b L5 gy wooke
25 Dz s g0 Z8ly0 LU g laiies 5y

[Ve]oo S oo ol

X
P
= (1 — P)Z a;w;
i=1
P P
+ (1 - P)PZZ aiajina)j
i=1 =1
P P P
+ (1 - P)Pz Z Z Z aiajaka)iOijwk
i=1j=1k=1 o
=1 -P)y+@1—-P)Py*+(1-P)P%y3 ..
=1-P)y

+Py©[(1 - P)y
+(1—-P)Py?..]
=1—-P)y+PyOx - x
_(A-P)y

T 1-Py

_@a-=pP Yiiaiw;
C1-PY qw;

5P <1 Jloist gl ool ol walal, 3.l
Joe 3L P =045 550 45 5 855 o0 53 [0,1] o5b
[Vl oo ol s Jow o
Sz slats, 5 st LS (sl Joa 551
sl e 50 (SuSTn a7 myejsla ool &)
009 bt lel (S5 jsk g wiiS 0 558 (LSS
3550 0l Gsmme JoeSiy) wblioe Sy Gobol e Wil 50
G5 sl LY 5 conl ol o adly slacosdye b
O JEI Ol (Jle Gloin cCul zge Jobo 4 anly

et il Ll e ailate & S (55
Joe 5l sladl puess Jow o3l Gl Jle o g

wb‘jJ}Ww‘L)‘)odSw‘oM@)M MLM

IV ol oo el w55l



Sl g Soisle Lawgs Fu e 08 mhae (65) 2 (S
IM-YAas 5 3,se

5 GSP Jae bl esd olles Jue oS
colpo g Slglyd polie o jo a5 (NPLA) 8,5 8,e
Ol G Ol L Gl b el giludley (a8
Codgiime Ko sl b s ol ol ials Joa
@ oo s (bS8 culps s Sl S sl Lo gy
TAY]90 5 oz (g5ludinge altue S5

slge PHMM 5 DLMM  claae 4z 5]
3l Q) & |y (hebld glal 5l e silesl
 Lael (Gl la s s ok sl ood (Jy
e s L5155 o5 sl 15T osble 055 o)
Elakin il waSy & (MLM) _bsui> LSS
SV ile 5 GBM 5 PPNMM _lasgs Jaeso
Vsl olas, byl abls ojlsen g Sl
5 Clls 1) peal olie e o s e Ol
. LS Jaw glyge con Jae Lly s
oS b e YA Jlo ,o (MHPNMM) _Sigelo
sy 8 5wl o MLM oo 3 il 208 s
s PLMM MLM slo Jao sblze lojon sk oS
IAY]o o5 a5 o |, pHMM

SB1s ) 15 LY gl Jue ~F-Y

Ol 5l bl o A3 L 15 slabdlus! IS sk
BMas! 5 ,S0Ss b o5 wlos o a5 axten baasls
5 awle j3 39250 LSS Ol w5l sanann I
el Jlie bl b b (ygedgal 1o Symge ok L S
colhe Olasin Wisd oo Cgume WS g45 ol 5
Oyer 50k oyl 4 plabdisl iz sl
Sy O3 o3lail m 595 s3> 5o 3l (g S 50,3 IS olaws
Qa5 s drsgie alols daails cgz o S5 o3> 50
oSl g @b (SaSly s Qdr Slogas
[f\]w‘ wlﬁ (BRDF) oole SR G..Q}so
iz Jsemeysha s oty LS Sy s ojlsen
AU & o 5 S gl oaims S5 Sl L L
3 Sl (San 5398 0,3 L0 )93 2 )0 5 WS (00 3,55
3 S (L5 yeka gl 0aiSTy b Cdo Solal Cpm S
5 & Sl 0,5 Sy Laug oud 0asST (60959 slags0

Olgse 1y 08 ol dbowsy 485 13 )*’l’ Cod slaygigh

ogdle mf = [mgcn]n=1,...,N 9 Vk =k —§ aSol>

&)l ez e S5 9 (it Sivgr slocasS o0l
09° JoSy ol 59y & leslyas Geel sl oad
B9 bl aw ojlgen g aits JBI ag,e ek
3L @ alaly 10 35,5 o 1,8 [0,1]° slas J3ls
5 b e ymalS dases Juw SO 4 Jaw P2 ols
1) 388 Jow g3l ool g pusie i 5l oolawl b canlol

VFIoges b 2 &) Oloi oo

Zarlmr i i J Q1)

i b BLS ) 3 Blig =g R+ 1)l s a5
2 S letgsgaze ol 5o a5 cul lpf'kl eiia
OlF 50 5 DR son 6100005 Jlesl il 5
LVF] (0505 anzlye uisd 4
a2 0,B7q =0
Za” + Zﬁrkz 0
=Tl , Vre{l ..R}, ke{2.....P}

ooog> |y (e il Sl ces 5550 s,
Slp oskite Crrends 035 (B3l e oy 9wl
Sl wlolp S0l by, SO e (ol &8,
lal o P ogy s e e (ANN) a0 omac
[YY]eid 5 aloil (g5lulas 00l 8 s g ued

YU Lo bt e Cole caogi ;0 wuls 358 Jow
Omeddy 03,5 ISie oo g Glewloee )b il 38l clday
oz ol Sl el Sigele Jae SG s
I Ssgle (S5 g (B Slatiie (pl deog
bl MG e gy olen! glael b
IVAYTa,5 s 25 &5

R
= z a, (cosmr + Sinmr)
=1 A
P R
ZZ rkl(cosmr
k=2r=1
sin

m

(P — HMM) Siige,la P LS Jow ol J> sl

Y

plo @b (b wim wlalpy wgiew Ghyy S
3 6om)lS wszle S ily edle b il SIPOD

LgL:nsSLf LssLu.:L».w Sy GQLQ’M )hfb u.s‘).c LchbJ.\,a

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie



‘5‘.&51) AJLL'J‘ \\qu oLe)j_‘\‘)e(i: s\ o)Lo.‘i) ‘MJ o)jd ‘6)1.3);4@05.\35[@51:‘5&1:44)‘“

03l zgo Job SO jo WSl (> pl jo cpnlplo
oy boolgmde &l el c.la...; 5 5! A) oo
TEVATTS S Ol s Copar lgion 1) o2 4 S35

w Uy

x(phs) ho, §) = it {[1+B(@)]P(9)

+ H(w, po)H(w, ps) — 1}

AOA)

(SSA) s,iie FuiSTys csod] Lawsgio W o 4 a5
13 5B Al awsie P(Q) o licsl ey &b B(Q) oo
&b L albon Sasly &b H(w,ps) 5 H(w, o)
30 Sl pg = €0s(Bs) 9 Lo = €0S(Bg) 5 ,Lewl il
Sl 45 wms s @) | gladsles @Sp o adly
Ll e SO0y L ald boole S5l a8 bbgs
[FV AT ans oo Bl 5555 5 (2308 sl sial
Eogh Gl g b )i 6o (bl (g Al
690 3l hain Sled B Cod i g ol nge Ly 45
awl, el jo e 8 gileesls (W8S Oyee
5 Sl los lacusdse lp a5 aSi oad ool
AT AO] el lo BB 55 &g Conl S8

x(.usv.Uva) = R(wz‘)
B 14+ 2p/1 —w)(1 + 2ppV1 — w)

sladae 5l ot Joe pair s

5 1o DS il o jsliiey 45 Jae b oo
b Jos ol @S58 s cwl sals By LS
ol Y | ‘5":&"9 Clacaadsn 10 e di)
b allbo g gl dawgy YV Jlo o oluS s

QRY!

Sl Gl sl e 90 by, SOl ol e &S
[AF]os oo oolaiwl Sl slalbdisl ool 8
Sy 555 il (sl 5 L K-FOLS o2 550 o5,
RBF( o> LS &b F o anslie G g 0o )3 &)
odle 85 O jso (golpiinn sl f)S g slabezoiz
slosls (55, p Cuddge b by, onl ol
9 oy axslld LS’LQ“"‘ (_gLAC‘ Lé‘j o a5 g_;“li“‘-'l'“)"

Y Broadwater

JHI s 0el (SSA) s jaie  SaiST, sgolT Ml
O @l ez bLi)l G S LM S o alfus
oS Mzl ol Qbsl e g cums S &l )3 SSA
S A S o)l 992y S oo (65 ol bl S
S0 Sl alBais bl ol Soled 7 )b

[ ]aws o plas |y b ol

® O
0 ©00C s00@

13 laails o 4 wlain ulSal sdimuilis Sl b A UK
JJ)L> ‘_,,_AIL 69&..‘.”‘ laails (G Coms RO (0 t) Lt g_i)
oS sl s W s m o LSSy i el

5 e 8 5 Gl ams oo a1 @l 5 (sl sudT 5l (sl
[FV]0,00 0925 wi> Jlozl aslo b 5,95

LM i Ghos jskiar sl gl us
e oyel 4 b SLlS Con o logas L3l 5 15
Cabdsl (SIS in 4 aSule b sl ons
5 Oeee 5l (S 0o bl i QLB
Ly a5 o)l b aSn Jow da o ol oyionlS
sdel 5 Suzgs Wl 5595 olulp S Joe

6,15 Lasgs ouds oyl (RT) il JEs! omy 4o ool
b S a5 Jyg0 50wl 00,5 oy drwgs) Jbrul il
Sl Q) UK 5o il Ul Joe s ol Seilads
A Comd U550 blgy (S 0 az g b il oals oolo
9 Ng oo 0anal (FiS1y 90,95 2 sblgs N ey Jloy

Sun =4 € Sensor
ot &
( T)- g 8 ‘&
/ 2
~2 / '
% A :
Do 1
N H - ;
Ne'dl /AN | Surface /
"[’ ) IFOV |
v ~ ph i
/i : 90.-4
y : ¥

[AY] s JWasl oo G 5 Silods )b -4 JSCo

) Chandrasekhar



5 aSn Joe 93 oS5 5l s by, o T
Ol o aS oad eolatul gilwlas wul,d gl @l Sl
-0 plxl Glals e dns dg pn SO0 LiolS oS l‘,ﬁJUT
Ol 5l aSer Joe hnd bl 5l el 4 a4z b oS
Wilge SSA (eend 6l 688 sl 357y 4 Joe
xy S (lp (55 ol (nl Glads e )
ol S o 3gamme |y SSA (gl Elowloa da IS ;]
slacul wnls Jsl al>pe jo golering Joo bl
P o 9 Aelee W1SeD Jae 5l eslitul b5,
2 sly bz 5 Sasly glagadl gan al> sy
o gl )Blsiley Yol )bl ollpas
Jsoz o sl b b Gl e Byl g 08
ololr @llpas o Slold 5 Sl G g
13V, 3R 095 oo 425Ls S Joko

Silwanms by gla g, -F-Y

G el bl b el oy S gl
L sy 5 90 o) SVl plgis ond 4l
3 g andly sa,tm.uj Als i &S @S e
259 e 0 L5 Fn e 9 Gl SIS
o L8 eolailsyge (siluand syl gl g gile
slad SO 8 Gt Glp Ll e 0 yS
sl T colauly ge pjlel ahdi S (gl
oy @olae pl el Ky jai; dolre (6 ,5gumelS
A S S 0 bl G Gl (g5 jg8 o 00liS
Sl 0 piiie 5 (Sl (63959 558 Fn Egee Oy
e o Sy BRDF 5 )b 5l 15 slaygly sla Sl
oy &S &S g0 o8 Sy, dolee >l o
[ el Ol BB 25 &g 5 9290 pgal (oo
B(X, w)

=EX,w) =

+f p(X,w,w)BX', w")G(X,X")dA

s

abd W zge Jsb 0 498 ¢ B(X, W) ‘QT 4 aS

3 0l o5 E(X, @) W Sy o C.Ia...; S gy, X

Jsb « P(X, 0, @) hoyé 5,5 gl slp g W g

1 Ray tracing & Radiosity

550 5 silesl 5o Nqaeile (Aly aibld glaosls
5 ool slael slass s ol 3 8,5 E
Jo ol by s Jptome U5 51 il 8
TARAY] sl ol yags |, oike glis 550

5 s LS| e bl TilS YY Jle e
Joe Olpe cou (o g 090 pmyp ) G
|, Sy o e ol 5,5 3l MMP _bdizslais
Sy el lael S s Sle LEST 5
35 (irgs Sl 555 ol ) (35 S LS
Gl anld o gl 05 06 5 285 oo Sl
L LYl gg 5o 5o 5l ol LSa5 bl gl
bt elyl 51 (L3 (1o 4 5ls e g e sk
13,315 aeso

Jae 55 51 0 & MMP wlie Jow 3 sla Lo o
Wigdoo oS5 pal (b bS5 (b gla
sl b dslie 15 (6 g gulis 45 0 il s Lawgs
5 7S ik lh) ols olis se> I MMP 5 (o>
ppss By j5Sde gy (5 e SliS calrs
b b oo 58,5 15 o Ll LYS] S gl 45 MMP
§ ot a5 Oy S b a5 s
9923 xS Iy MMP Jaw g oo 13 slalodis]
Slp b LMl lpie ov 550 Joo ez (e
[ ]as0,5 e (LIM) L51s Ldkes |

e Joe pogdle Jlo cnl )3 55 6,500 Glas,9%
2 oS enl Joe & Olgicee Ll 5l a8 il onss (e
55 5 108 o o TeSimi 02Tl
s o ae ol 0,8 o,Lsl 1298 Lo 4 sl So
Sy50 50 1y 0,5 03Il g Slsl g 5l (o 5 380 (eSS
o ogy opl &8ly ;o .aums &) ailg o 0al 09 Zalaw
sshier Gy glaces 5 elBalel glayls
b ooyd o ol il b Sl walys gl sl
iy Js cditen LIS 5 50 1) B D o Como
L oMb 5 laosls & L 5 ez Sy il

.[ﬂ?—‘\\“]\.\.;)‘o)?}).g ‘_g).';of Cngeiro )‘l ‘lal.?d‘ ‘5\).3

Y HyMap

Y Close

Y Isograin

¢ Mishchenko
© Shkuratov

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie



‘5‘..&)5).) AJLL'J‘ \\""\‘\ oLe)j_‘\‘).e(i: s\ o)Lo.‘i) ‘MJ o)jd ‘6)‘“’)‘4“'-‘“«.)9-‘39#5'&‘5"1‘“’)*“

g, cpl 45 gl oo ploul Lad ol o blas ciax aen
b3 oo 5o g Wgdioe ounali 'S Wiy M|
Joo S 4 bias B a5 ol s, s
[FV]ogs s e

b (e sly wgme Ghyy S LSy
1 Olgie a5 ol S0 (s wopsfl Sy 0 0
Fhb (S s spal IS ewl g ululy
S o 5l ol e as S slad o e ,6S!
S LS ab Sl eslatnl (6,58 g 08,5 oolal
Sy slad o ahai 9o o J3 0o caiS sy
Elgil 5hosd a5 ks ys aladios (nl 5l (ol Olym
s ol b)S iz b plxil 4 )08 a5 olap )55l
(55 Sl SYM T gy S & Olgiee )
3 b Al (Al (Siwes PCA
IV]0,5 o,lel sl olo il

S S S b e, ) S
Lwg oS il o ond (gjloli,S JolS aghe Slayye
W5 g o )l ilize 55 cmaiz lp g Sy
A e by, 5leg S cnl )o asilss ge g 0l o Lal
[AA-AV]ai .5

Jopmpas b (OSP) aiysS)l OA9F Lo o
b sbolael e sl JUsSe5yel sLad g
{OSP) .0y0,5 Byre Slaal sonaab 5 5SSy
ol o LS Jaa by o 2,80
i sl AW il Fan )i 4 o6
1 heb claladl as e LS| amgd 40 o
ovgy ol o e (auseis Wlg ced 1) (28ly slaosls
30 logas sazmy laosls iloy gl (B o3l &
Syge 53 hgy Gl e pdy Sllasl bl 3 gl
S oy ool o ooy b slosan 4kl
o ol ol 500035 o0 SeaSD lars S ally asdls
o ol b Lad G ol jo xly saesls fas
Gloosls comslin Ll pud )5y 4t Sy alasgs VU
Sl Sy slad cnl yo (S jska ol (5)loy ands
s Sy Ly ety il S BB YL

Olye o j9Sde piyesl 1 B el (S s

\ Kernel Trick
Y Kernel perceptron

s X UX 5l by Xl ahi 5l pead (o wo bl
[V el o 98 (s (gwii ,eSB G (X, XT)
L 15T ol se o8 ol aals 50 b 4 aloles
oesl  Jasl cgemes oleyesh oS aslsl
P @by by &5 J o ol il g il sls
SO il ddoan Lol )ls ol pogy |, 2Bl il el
g Wil pgai 5l patie Sli b pwiis oy
o5 sm Ll a0l alonn Sl piie 55 5 o
Gilwools Ldos sla g, 5 (g0 SlaSaSs L 14l
mo Bl Bls B (S 1 eslainl b cgy cplil Logel
5] Gy ool slags b 5l a8s sla > ol olss
Sls,d SaSa Sy, dolee wdl> ol o aS
O 5 sl wssdgn silesle e ST,
@S 28 el mrojshy |) punin eSL lg oe
mgly dolre lgie Coxd (g5l ool ol 5l ol
el iy BB 5 Oy
B(X)

=E(X)+P(X)f B(X’)—COS(GX)COS(GX')dA' an
S

r?

95 &5 695 aes Jli B(X) ] o &8

PX) w55 i 51 oytize (s EQX) X il

agly Ox, Oxr X X' oo Jop Job I' X jo LulSal

el Sy lp b S ey 5l aladiges

50 59500 SYolee 3l eolawl bouls (giluas bl
s 00 43‘)‘ [\ M f—qﬂ] L;lbu,u.bs).w

HS g, -0-Y

ST i, 5 S S sleis,
$aE (pforie &5 Wigd oo Come olulid slagSl
2 (SVM) planiy oy cpile Glsices 1) 09,5 0!
anlllas 5 28l 5T Lobs, cnl (IS sk 28,5 L
(EARAS, sduade> igezen) by, I IS gl
Losls )3 (g gamaieb 5§ (Swron o Lol slaadlse
NG 0 g
ol 45 55 o 55 i S5 slosis gl
5 00,5 o0 5,106k S o Sy olul yo 5 0B
Olate dwlre 4 5L (o0 atie glad S o
polal ool J3ls ©po aile aliwgy o Wools



o Jlgls polie lo 1, oleml slael odzmn S
clie B8 oy (Ggew Sy At Sy Lawgs 58
il &ly )2 00,5 (o0 et S92 90 latusgaze Lo
B pleln oS i So sl o oly G,
Olge Gt [9Sde ni el Lol po Slpion 1) sl
2ol s lise wys,5 8 yme K-Hype LMus! Jos
WS )3 g bl g s DB o ol pae
oo SK-Hype Joe cosgame (nl Copae jelaie
potie & o8 Joo 4l oraxd (lyie 4 a5 oS
Ol 5 opdle g eog dily wlfuiz LS 550k
"o S 58 |y b e g b me Selegsjelas
Ol 4 a5k 0,5 Iy dngs aslol jo SSS cpl 0900
@lad (Shwgn St johiier ol sl 5 S
Wolgs Ho IVl 5 adlal 55 Jlol,d sloasss
1 SUM bs e S b o] e a5 bl
DYAIN] o ingh @ ol oo 5o oal aid)§ las
B bl sl gy sy S 5 3 05 ol
VR b s hs e LIS Gla Joe S sl

DYV-1YA T oads 8 jmo

(pgd 09,5) Wosls pl v (S o o9, -Y

SV 9 omas &Sl sl gy V-

ey So dANN)  egian orae sbaass
~lene 5l (g 03g95me S g Loy Sl (sled S
Ssess d psbier 5 by elln 1) bJae 5 b
St o F i 2ol o8l i gmes Pl
b Sbli) pFol g sanadys (JS
S ek aims o JSid ooy dcgass j0 ol
9y bl Cux SIS O jgar oras gloasl
5 o9y (6mSs g didlioo (ygy98 oaims (yLis S
O ool oS s (55 slead 5 g
Awgy 5o A0S 2ligy Wd (o0 Grogt Wlwd g,
DIYY]00,5 o0 Ol 0588 2 sl 3l Jlad (s
(MLP) cras oSl dasylone (n ogame 5l (S
alp alox Sl psai Silogn s (Slsl8 05 4
Js 50 (MLP) a6 adyl jbisle o)l gilulas
GY golaws (99,5 Y S 5l aS wead eols las (V)
Shay e cwl adl JSis (o5 4Y oy ol

5 S ) Bar o aliis J> jslaies (KOSP)
Ol 3l s Gl Sy g w5 (Brme bbb psla
LYoo=V Y]us &Y o7 o jo 0,65
S5y sl bl JS So VeV Lo o
Vreye ByS Lag oads dloml (S sladys | b
asl gyl ol ojlil 0,50 S glapiy 6
el slacl uw b 5l L3 Jisls 4wl o)lgen o
g e Joe G VY e s aes
Olee v (JyS wlely (NMF) o oS
XS slecsls gilulas slaie, (KSCNMF)
6lad o 0 5 RSl Gl s S (B e
3 olas! jehia g LS ab 5l eolaiwl Lok
V)00 )5 oo gl YL ol b olad o Sooe
iyl glgl 5l alise sla gy el sl e jo
Ol oo a5 sl oals &3l oals (g5l 5,5 (NMF) slo
Silwaing 5l a5 o, oL 1) (KDNMF) o ,6301 LT 5
‘_gLM;\.lesm S u;)"5 slas O ) Sas (v:.»l.':'
Losls gwaid JLole SaS 4 pdy SIS ¢ hin
mia,95dl G5 (CKNMF) o 16351 008 o oolain!
g Sl (Gl a0 SO o5 (S et Gkl (ilulax
ass 3,k 5l bly ool et e lsle o o
&2 9 S plxl BS 5l dels (b s)loyp
Sy (nl o o)l (et e Joe g5l 4 o g 4 3L
Ole g Sl pa Codgasme 50 0, Sles Sgugy Holates
I W el 0ss 48,8 a5, 5 b lgl,3 dlo
bl oS sl ,esd (38 S)lge n ogdle
50 5l aleas (B [VVO-VNVY] 0 (6,50 (NMF)
0F s)lS @ plgee BS wlaly ilulax slagss,
LS jidu g0 5l LW S¥olae o] ,0 45 wges oLl
b blad 4 anuly e ollug 5 o>
oy sl Al el o wlansl LS
S onle glad S olleg ) eans
3edlgls cpl gl e s (RKHS) cuiadsssh
dlee CbB g By, (S Gt Lo as

Y Mercer

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie



‘5‘..&)5).) AJLL'J‘ \\""\‘\ oLe)j_‘\‘).e(i: s\ o)Lo.‘i) ‘MJ o)jd ‘6)‘“’)‘4“'-‘“«.)9-‘39#5'&‘5"1‘“’)*“

laaSids oS5 5l (S5 by, o olp epdle
5 13O gy Yoo F Jlo 0 505 MLP 5 aliayls e
3 sras Al (6 eSe il 0dd (Byme oS
YO Jl e as . PCA Lululy el ool sl
FESHIIIC RSV (UPS I AR 7SR 2 AR S
lasls lpie Cov ac slaasid )l axilogas
R eje cnl Ol Ramg £ g 5 gaose Fros oras
[Vof-1fa]cal a5

ol ) JHlkims s by, -V-Y
(S399y 9 Mehw S0l (s s

iz 08 Oledl; 5o ojlatie nd glacd i 5l (S
Siboe Silng w4 pawye £305e slul Gp o,
Shas Jl oS el wsin Lt ol I Sl
o2 a Syl o a8 bl ol e a5l (Lo
p Jre il oo 4 S5 e i BT wes
s jlome S b (5055 o)k (g (S 9 505

sblad (il o adllas oy Lol L
ool Wb osed b 4 Wedio oulyr Suiday
Bl 5l 5,8 e s JIKS & eo 4 |, laliss
Glels b ate olbacgene dalad opl 2oL,
porie L OGl &5 (Sl A pamse SLOI
ol oo Seislns slad 9o wiyslse @al 8 1) (Siuse
S8 65N 4 (Sl wws Hsb @ g o e wiis
LS ol mdy a4 atsy b a4 s

Aol Wk (sidny Wshie 5l col> g5
Gl il y2y0 asaie 4 SGo3i Lo ,85 a5 o ylo b pdy
Slodsiie slp wain 6,55 o L Ll &y o
SRS Sl s S ) pdy el
B dyfeilins s ol 9y o8 el glsiie
B il ol Jdlyays Ol 31 oolaiwl b g wileay s
5 Sladie plyedliis Gidnys e (>
G5y Blo 5 py kil S L aiejls 45 okl
[FV]0,5 oo S5 jo 1) sl 00l iy o3 Woaiie SO

S N pdydeilis Wodiie S ) alads o
G N a8l glad S adly jo ol il slas
el abadi S e g 1 (IBE sl el

9555 (ol Boybo 5l oY a5 onds a5 (43,98 (g0lass
&S Gag A e S Wb Joy o2 4
3 098 (579> ol g Sl (69559 Glrosls I adgeSns

[0S 0 355 (0355 S alowssy |y gom Y

[FV]MLP e a5t S5 (6 lone 5 sl -+ JSs

(79557 699)9 bl )| dlewsy wlsi oo (MLP) oS
slosls ()l 5,50k iz sl b byl
7o bl o el sgzge aSid o sl
s ool 85 53 n drmlone s LS 5 5 e
Ol B 35800 Slayian LSl sloojs 4 axg b
1] als )

1y csmas sloaSeds b giluliz anld sl ss, Gl
acgerme ,0 o laibisl (MLP) ol 51 eolaul (lgs oo
b a1 6068 LoV A7 Jlu jo oS s 2 slaosls
ool adbogs WY 5l oladiged delsl jo aS w0y el |,
DYVl ool (Byme (ilolo ol 3 sly b,
leasis 5l (6,50 gy 3l asline Oladsd (o e
5 oolitl ot & 3lolaz sl 505 (ART) plty o
DE ] o delin o0 slacSiss b

iz Cgx 5 (RBFNN) iae aSii
Ooygel o sjael dsgaze 9o 3l eolatul b aS wb )b
acgozmo g (LMM) Jowo b odel cawads dcgeme il o
as oy ylid HeS e ST A SVolre b ot Ceway
4 Comd 558 ikl gl g e SlylE nolie
LYEYNEY]o s oz e sboosls (59,5 s Jow

) el slael gl ey Koo stagy o
Gyt ol & (SOM) ws A
s oslial ayls ) YU olal b leools Wi
byl as 4D (93955 Ol 4D (nl (29>
ools Shigel aisag)s ol 4 azgi b lo Jlild 5 0l
LY Fflosus

) Hopfield



5 Slalp el lad o T pais S axms
S oo (28 9 Wbl (cwlio Jooly Wil o il (sl
I Solo 5l iy Jisle S )l pacds ol o
DOV]asS o Lais

rSsay SIS LSes 5 ol dboly fen o
sl 5 eslaiul by By | (KNN)  (Slion
Silolaz (o e slul als bg; oloin Towg !
N-FINDR i ,sSll b 1, bl oles ot .2
[Yoo]wssls ploil SawdS

039 9 Jare (o)liie (Sluod (p xS0y SIS (0l
ool 6‘)—.’ aa)fu_a ‘_g)’L.;o.)L:.& osls S92 IRWIRIE)
9 99 oolawl sl i K col Gl o 81,5 >
093 K (Soluor 0 58035 b sk slad jo alaiip
bls )l jo (o)l Gl g (pwadldl alols oy 2S5 L)
Aol 5 cend T Bl oo i 4 52 5 050
035 B3I Ol )0 e (el Glgin alaki gy
TS wiysS b LT s e 45 sl osd ool
5 avais SIS sle a5 Lol 5l oges b
Jsb 0 a5 ol e 0,5 sy jo0 1) ool Woaie
I, Watin St Mg o GrSojlal alols
B35 oo Jolo oy (550955 alald g wiS o Jloo
JSS 50 gpegy alold aly 5. SIS 5 Jle
L),100] el 00 ool Lt (1Y)

A 8 <

P S

P ,V_’v R ; ' .\
A S Anosls Wginie (6l o S5 SLF 5 Ja 1Y S5
Aol e L5 5 ool alols pp Lo o doosls yinie
C St lyinie 53, 1 ol S B S il e 5395
[F1,100],55 de G5 (sanrgs 3 ebace o

I35 JeeSS 5o TN Lo s gl 5 (Lo

1y NFINDR 2,580 bl 3 s (sl slaie,

dgo b o)lgs (wiid NFINDR) wain Jolss o
[oV]ws,s

Solo Jloppgal @iyl S 3 sl o

aS o ,5 Sy bt b LYisl U gl SPU

) Projection
Y ISOMAP
¥ Dijkstra

Mgdiie danlsiie (59, blgj 9 Jolsd 6 S0jlul jolaies
BT E PR PN UV 7 SR W] FR PN Jwe] FY
Sloty odlsiin (o @ a5 Sl Jodl s avia
e oS Cewl galstin ((Sleyy Weaie SO ojley o
PG 0o S G wilhioe Slayy oy SO
2 CS1eSs jsb 4y oS Wghie abals o eles glas
[FV]cw! s J>

5 Jelins awain (bl polar ilon
6o )5 (gl cudbge b Wsbin 550l GlaSisS
2 08 ol 5L dised a5 wileads eoy G Al
3 el aibige bl ol (s pé ganail
iyl olml e Waiite xS0l ey, on
VN Ve Jlo o o8 (Sillaine (s pd gjlalax
ooy oolaiwl oS Al LSee 4 e g
[VOV-100] ol

oy BV a5y lesl el i 5]
Vooro b slad o b oSy (SwiSly add wus
i opl (@Bly SO e Sole e 4 S
il DS dpzse Supd @ ataly oSSy
O Nlgi oo g 009y colaiwl 5)50 Joo b oleasl slacl
A o (V) IS8 adl poe b il slocandse
Iy =y ooy 3l eise VF Wil g Ve Wil gl (SasTy,
ools Weae )50 S a4 azgh b amo o olid
Ellss sains Gl 4 syl el ey IS
[V OV] sl oosls )5 sz o i

c;10 nrov;.
b d Aato b ol)5 o 5l ity (SasSTy asdi VY JSo
[YoV]kesls 5

degerme 4 glegere jl (Slold calpo &5 Sl

JoSn b &5 35 (53 Dl o i Aty S0
gy 2l b b gl s 150 Ll b e e
3 S i SO abls e ST ol b
50 3 0 7y b glgl 3 dcgame jo ould cvalin b

\id

9 shebld psla (o pd b glelazr sle (i) el oy n - segh allie


https://fa.wikipedia.org/wiki/%D9%87%D9%86%D8%AF%D8%B3%D9%87_%D8%AF%DB%8C%D9%81%D8%B1%D8%A7%D9%86%D8%B3%DB%8C%D9%84
https://fa.wikipedia.org/wiki/%D8%AE%D9%85%DB%8C%D9%86%D9%87
https://fa.wikipedia.org/w/index.php?title=%D9%85%D8%AA%D8%B1%DB%8C%DA%A9_%D8%B1%DB%8C%D9%85%D8%A7%D9%86%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D8%B6%D8%B1%D8%A8_%D8%AF%D8%A7%D8%AE%D9%84%DB%8C
https://fa.wikipedia.org/w/index.php?title=%D9%81%D8%B6%D8%A7%DB%8C_%D9%85%D9%85%D8%A7%D8%B3&action=edit&redlink=1

‘5‘..&)5).) AJLL'J‘ \\""\‘\ oLe)j_‘\‘).e(i: s\ o)Lo.‘i) ‘MJ o)jd ‘6)‘“’)‘4“'-‘“«.)9-‘39#5'&‘5"1‘“’)*“

Sl Slas bl g5lulaz o oy S slp (ole]
Colls T a8 > s (DMaxD) Jlgie asleie alols
) (smaelil alols glny ilie slacsy e 5o ool

DVSFASV]Ab yme o Kan g yled Lamwgs il

S azmus - F

Ol ol 1y heb ilulazr wnld (U5 sk

A RPN ERPUSRU I SN P R VON SR U IPS O | I ¥
sgbas yo aslial g lanbl olad 5 ab slelisle
Gl glats, 5 eael cusay o0 5l i bl
3 e b b Jas (b L)S sl Jow ool
Jb g andS sleans o il polay LMl ol
laJlo onl (b 5o (Gl ot g digh oo wgmns
Ll 0l e o1 (ol glgil slas )l g (>l )b aie jo
Syry oS wSS gl & SLAIL 2 LIl s (Jl
5 bocusdye ST o (st il LM ol
Elgl 5l eolatwl 5 cosl LS Galide slas )l
@ FJed BB mls ol (Bl (b slagss,
aey opl 50 slooinS sl g bl atily of oo
arogs b Ly ons ail) SVl olaws g 42,8 g
ol a8 Cesl Gl 0 5, @ 5, et
Lol & sse 5l Glomis s> ol Stmgsy abdle oaims
slogbsy A1 n o ol dlie o aile) o
nobas Aley e esliiuleyge (b pe (gilulae
s, ol 5l iz sboganains ab  orw,ee
(S LMl g Jaras (s sl o glal Joli
Wb p ST 5 S g e 4SS lags,
s 4y 455 b w35 atd Sl 5 bools Wadiie
5 e claas glgl 45 CiS g ead 4l
N5 R S S 5l (oras 4SS lahs)
cin s 5l 0l Sl a8 el S5 bl aiten
518 o,Lils yge (gamaiws l plaS ma o 0ul &) slo
Ol Wlgi oo 358 G SIS (ed 4 0505
Ol aesn 3959 sl ladgl (B g alaml SO
e 905 wgwime ae cnl 4 90 3l e 0je>
sy 1y Symgn dorlea U5 5 olSel Capnale

V-NY

L oobld glaools gl gilulas slil SUles
cday ojls 1 il g5, » o9zge Slacusgame e,
sy, 5l leslatwl e joSde sl jo Sl
3,8l 05 o Dyge Gilwdg b gileaSTas
Gilwlaz slacasdge jo g atily oYL L Slaslxe
“o ol 093 Gl Fsed BB el (ly ab
S Lo 51 eolatn) oSS SaS 4 [YOA]aRo
6[..49‘ C‘)Ml 4.1.‘>J.n x» bs)LC ‘wm L p.».‘)}i”
ssbier 5 SrdimeSae U al e o (lgiee s
w5l s 3905 oolil T 51 58 Lo sl o3l
Olsims (SPU) Sl )b pypsai gilulas 5l weSae
wwin alol o gilulas ool j was eSS
4 odd 03) i (50985 ol by (omasiil ojbso
o9y 2L 5l el e [V03] (DSPU)us 5,518
Sl oo SLI[VE NVPV] SYLae o 50 598

650 Fhe piyss S 55500 o )sNl Sgne S 4
aS Wi &l (VSPU) jiixe Solw Yo ppgas lgie Co
ol 95 g (i sliel Caz (Bl > o S, ol 5
S At J> a5 68,050 ;0 g g5l alaii SO )
DEV]cwl ool aid 5 las o s S L]

0Py w55l g o)l Shey S ecnl noogdle
35 (GBM) s g3 Jae o by (g5o555 Jolsh
9 kel S dwiin Sl (oo 85 (659935 4 (o) Hoates
sl @ s sl ool oolawl goae sla g,
Rl oy, 5l A5l p i Al e Glyim Gl By
lee 4 ol a4 oals coliiwl MDS sz, (g0l
[YEY]cwl ansls L3 sla g, 4 Cos (550
ol @ axg b (Slawe (0 pSKoy Jolgd 4 o
ple oDes 5 Gl bawgs YO Jlo po Vb o,
obeor o iSGo Lo abld S5 slel ess
55 ne Sl Wb wimes 8,5 3,me (HIDENN)
il ol 00,8 WLl L oy 0y (s,
[PENP0]esl sl (DHIDENN) a4 o 6!

aplp S oplnl ol 5l S oezle S
ool padd dl el alold awais wlulp gilwlos
Yo s Jlo jo slalas jo Jlglyd cpeds d> o b a8 5
slasl zl sl 1 ,eS S Y10 Jlo jo ol &l 58



ANN Artificial Neural Network MLP Multilayer Perceptron
ART Adaptive Resonance Theory MMP Multimixture Pixel Model
AVMAX Alternating Volume Maximization MMSE Minimun Mean Square Error
BiPSO Bilinear Particle Swarm Optimization MNF Minimum Noise Fraction
BNMM Bilinear Normal Mixing Model MVC- Minimum Volume Transform-
NMF Nonnegative Matrix Factorization
BPOGM Bound Projected Optimal Gradient Method | MVES Minimum Volume Enclosing Simplex
BRDF Bidirectional reflectance distribution MVSA Minimum Volume Simplex Analysis
function
BSS Blind Source Seperation NM Nascimento Model
CCA Convex Cone Analysis NPLA Normalized P-Linear Algorithm
CHMC Constrained Hamiltonian Markov Chain OSP Orthogonal Subspace Projection
CKNMF Constrained Kernel NMF PCA Principal Component Analysis
DHIDENN Denoised HIDENN PHMM P-harmonic mixing model
DMaxD Distance-geometry Maximal Distance POD POlytope Decomposition
DSPU Distance SPU PPI Pixel Purity Index
EMLM Extended MLM PPNMM  Polynomial Post Nonlinear Mixing
Model
EVLMM Endmember Variable LMM RBF Radial Basis Function
GBM Generalized Bilinear Model RBFNN  Radial Basis Function Neural Network
HIDENN Hyperspectral Intrinsic Dimensionality RE Reconstruction Error
Estimation with Nearest-Neighbor
ICA Independent Component Analysis RGBM Robust GBM
ICE Iterated Constrained Endmembers RKHS Reproducting Kernel Hilbert Space
algorithm
IEA Iterative Error Analysis RT Radiative transfer
IFOV Instantaneous Field of View SGA Simplex Growing Algorithm
KDNMF Kernel Discriminant NMF SID Spectral Information Divergence
K-Hype Kernel-based Hyperspectral mixture model | SiPOD Sinusoidal POD
KOSP Kernel - OSP SISAL Simplex Identification via variable
Splitting Augmented Lagrangian
KSCNMF  Kernel Spatial Complexity based Non- SK-Hype Super K-Hype
negative Matrix Factorization
LAM Lattice Associative Memories SNR Signal to Noise Ratio
LIM Linear mixture of Intimate Mixture SMACC  Sequential Maximum Angle Convex
Cone
LMM Linear Mixture Model SOM Self-Organizing Map
LSE Least Square Error SPICE Sparsity — Promoting ICE
MAP Maximum A Posteriori SPU Simplex Projection Umixing
MBM Modified Bilinear Model SSA Single scattering albedo
MCMC Markov Chain Monte Carlo SVMAX  Successive Volume Maximization
MDS Multidimensional Scaling SVM Support Victor Machine
MGBM Modified GBM SVR Support Victor Regression
MHPNM Multiharmonic Postnonlinear Mixing VCA Vertex Component Analysis
M Model
MICA Multidimension ICA VSPU Validated SPU
MLM Multilinear Mixing Model
&l
[1] M. E. Schaepman, S. L. Ustin, A. J. Plaza, T. H. Painter, J. Verrelst, and S. Liang, "Earth system science
related imaging spectroscopy—An assessment,” Remote Sensing of Environment, vol. 113, pp. S123-
S137, 20009.
[2] F. A. Kruse, J. W. Boardman, and J. F. Huntington, "Comparison of airborne hyperspectral data and EO-

1 Hyperion for mineral mapping," IEEE transactions on Geoscience and Remote Sensing, vol. 41, pp.
1388-1400, 2003.

90 bl B pglal (bl b il Gl by, Elgl (o - (Segl Allie



(3]

(4]

(5]

(6]

(7]

(8]

E)

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

I. Lau, G. Heinson, P. James, and A. Mauger, "Hyperspectral mapping of regolith materials and
landforms for mineral exploration, Olary Domain, South Australia,” IEEE International Geoscience and
Remote Sensing Symposium., pp. 3329-3331, 2003.

T. Yajima, K. Ohkawa, and S. Huzikawa, "Hyperspectral alteration mineral mapping using the POSAM
method," IEEE International Geoscience and Remote Sensing Symposium, 2004, pp. 1491-1493, 2004.

M. Bochow, K. Segl, and H. Kaufman, "Comparison of multi-and hyperspectral remote sensing data for
use in comprehensive urban biotope mapping,” IEEE International Geoscience and Remote Sensing
Symposium, pp. V-5-V-8, 2008.

E. Adam, O. Mutanga, and D. Rugege, "Multispectral and hyperspectral remote sensing for identification
and mapping of wetland vegetation: a review," Wetlands Ecology and Management, vol. 18, pp. 281-296,
2010.

N. Dobigeon, Y. Altmann, N. Brun, and S. Moussaoui, "Linear and nonlinear unmixing in hyperspectral
imaging,” Data Handling in Science and Technology: Resolving Spectral Mixtures, p. 41, 2016.

J. M. Bioucas-Dias, A. Plaza, N. Dobigeon, M. Parente, Q. Du, P. Gader, "Hyperspectral Unmixing
Overview: Geometrical, Statistical, and Sparse Regression-Based Approaches," IEEE Journal of
Selected Topics in Applied Earth Observations and Remote Sensing, vol. 5, pp. 354-379, 2012.

R. Heylen, D. Burazerovic, and P. Scheunders, "Fully constrained least squares spectral unmixing by
simplex projection,” IEEE Transactions on Geoscience and Remote Sensing, vol. 49, pp. 4112-4122,
2011.

J. Boardman, “Automating spectral unmixing of AVIRIS data using convex geometry concepts,” in Proc.
Ann. JPL AirborneGeosci.Work-shop, vol. 1, pp. 11-14, 1993.

J. W. Boardman, F. A. Kruse, and R. O. Green, “Mapping target signatures via partial unmixing of
AVIRIS data,” in Proc. JPL Airborne Earth Sci. Workshop, pp. 23-26, 1995.

M. E. Winter, “N-FINDR: An algorithm for fast autonomous spectral endmember determination in
hyperspectral data,” in Proc. SPIE Image Spectrometry V, vol. 3753, pp. 266-277, 1999.

R. A. Neville, K. Staenz, T. Szeredi, J. Lefebvre, and P. Hauff, “Automatic endmember extraction from
hyperspectral data formineral exploration,” in Proc. Canadian Symp. Remote Sens., pp. 21-24, 1999.

J. M. P. Nascimento and J. M. Bioucas-Dias, “Vertex component analysis: A fast algorithm to unmix
hyperspectral data,” IEEE Trans. Geosci. Remote Sens., vol. 43, no. 4, pp. 898-910, 2005.

C.-I Chang, C.-C. Wu, W. Liu, and Y.-C. Ouyang, “A new growing method for simplex-based endmember
extraction algorithm,” IEEE Trans. Geosci. Remote Sens., vol. 44, no. 10, pp. 2804-2819, 2006.

J. Gruninger, A. Ratkowski, and M. Hoke, “The sequential maximum angle convex cone (SMACC)
endmember model,” in Proc. SPIE, vol. 5425, pp. 1-14, 2004.

T.-H. Chan, W.-K. Ma, A. Ambikapathi, and C.-Y. Chi, “A simplex volume maximization framework for
hyperspectral endmember extraction,” IEEE Trans. Geosci. Remote Sens., vol. 49, no. 11, 2011.

M. Moller, E. Esser, S. Osher, G. Sapiro, and J. Xin, “A Convex Model for Matrix Factorization and
Dimensionality Reduction on Physical Space and its Application to Blind Hyperspectral Unmixing,”
UCLA, CAM Report 02-07, 2010.

G. X. Ritter, G. Urcid, and M. S. Schmalz, “Autonomous single-pass endmember approximation using
lattice auto-associative memories,” Neurocomputing, vol. 72, no. 10-12, pp. 2101-2110, 2009.

G. X. Ritter and G. Urcid, “A lattice matrix method for hyperspectral image unmixing,” Inf. Sci., vol. 181,
no. 10, pp. 1787-1803, 2011.

M. Grana, |. Villaverde, J. O. Maldonado, and C. Hernandez, “Two lattice computing approaches for the
unsupervised segmentation of hyperspectral images,” Neurocomputing, vol. 72, pp. 2111-2120, 2009.

J. M. Bioucas-Dias, “A variable splitting augmented lagragian approach to linear spectral unmixing,” in
Proc. IEEE GRSS Workshop Hyperspectral Image Signal Process, pp. 1-4, 2009.

J. Li and J. Bioucas-Dias, “Minimum volume simplex analysis: A fast algorithm to unmix hyperspectral
data,” in Proc. IEEE Int. Conf. Geosci. Remote Sens. (IGARSS), vol. 3, pp. 250-253, 2008.

T. Chan, C. Chi, Y. Huang, and W. Ma, “Convex analysis based minimum-volume enclosing simplex
algorithm for hyperspectral unmixing,” IEEE Trans. Signal Process, vol. 57, no. 11, pp. 4418-4432, 2009.

A. Ambikapathi, T.-H. Chan, W.-K. Ma, and C.-Y. Chi, “Chance-constrained robust minimum-volume
enclosing simplex algorithm for hyperspectral unmixing,” IEEE Trans. Geosci. Remote Sens., vol. 49, no.
11, pp. 4194-4209, 2011.



(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

(44]

[45]

[46]

[47]

(48]

(49]

L. Miao and H. Qi, “Endmember extraction from highly mixed data using minimum volume constrained
nonnegative matrix factorization,” IEEE Trans. Geosci. Remote Sens., vol. 45, no. 3, pp. 765-777, 2007.

M. Berman, H. Kiiveri, R. Lagerstrom, A. Ernst, R. Dunne, and J. F. Huntington, “ICE: A statistical
approach to identifying endmembers in hyperspectral images,” IEEE Trans. Geosci. Remote Sens., vol.
42, no. 10, pp. 2085-2095, 2004.

A. Zare and P. Gader, “Sparsity promoting iterated constrained endmember detection for hyperspectral
imagery,” IEEE Geosci. Remote Sens., vol. 4, no. 3, pp. 446—450, 2007.

A. Ifarraguerri and C.-I Chang, “Multispectral and hyperspectral image analysis with convex cones,” IEEE
Trans. Geosci. Remote Sens., vol. 37, no. 2, pp. 756-770, 1999.

P. Common, “Independent component analysis: A new concept,” Signal Process., vol. 36, pp. 287-314,
1994.

J. Bayliss, J. A. Gualtieri, and R. Cromp, “Analysing hyperspectral data with independent component
analysis,” in Proc. SPIE, vol. 3240, pp. 133-143, 1997.

C. Chen and X. Zhang, “Independent component analysis for remote sensing study,” in Proc. SPIE
Image and Signal Processing and Remote Sensing V, vol. 3871, pp. 150-158, 1999.

T. M. Tu, “Unsupervised signature extraction and separation in hyperspectral images: A noise-adjusted
fast independent component analysis approach,” Opt. Eng., vol. 39, no. 4, pp. 897-906, 2000.

J. Nascimento and J. Bioucas-Dias, “Does independent component analysis play a role in unmixing
hyperspectral data?,” IEEE Trans. Geosci. Remote Sens., vol. 43, no. 1, pp. 175-187, 2005.

M. M. Oskouei and R. Poormirzaee, "Application of non-negative ICA for unmixing of Hyperion data,"
Journal of Hyperspectral Remote Sensing, vol. 4, pp. 121-128, 2014.

S. Babakan, and M.M.Oskouei, Improvement of Dependent Component Analysis Methods in
Hyperspectral Data Unmixing Aiming Mineral Detection in Lahroud, Ph. D. dissertation, Sahand
University of Technology, Faculty of Mining Engineering ,2016 (Persian).

J. M. P. Nascimento and J. M. Bioucas-Dias, “Hyperspectral unmixing algorithm via dependent
component analysis,” in Proc. IEEE Int. Conf. Geosci. Remote Sens., vol. 1, pp. 4033—-4036, 2007.

J. M. Bioucas-Dias and J. Nascimento, “Hyperspectral unmixing based on mixtures of Dirichlet
components,” IEEE Trans. Geosci. Remote Sens., vol. 50, no. 3, pp. 863—-878, 2012.

G. Vikneswaran, “Techniques of Parallelization in Markov Chain Monte Carlo Methods,” Ph.D.
dissertation, Univ. Florida, Gainesville, George Casella, adviser, 2011.

S. Babakan and M. M. Oskouei, "Application of Gibbs sampling in efficient hyperspectral unmixing based
on the mixtures of Dirichlet components," Journal of Applied Remote Sensing, vol. 9, p. 095045, 2015.

R. Heylen, M. Parente, and P. Gader, "A review of nonlinear hyperspectral unmixing methods," IEEE
Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 7, pp. 1844-1868,
2014.

J. F. Mustard and J. M. Sunshine, "Spectral analysis for earth science: investigations using remote sensing
data," Remote sensing for the earth sciences: Manual of remote sensing, vol. 3, pp. 251-307, 1999.

R. B. Singer and T. B. McCord, “Mars: Large scale mixing of bright and dark surface materials and
implications for analysis of spectral reflectance,” in Proc. 10th Lunar Planet. Sci., pp. 1835-1848, 1979.

A. Huete, R. Jackson, and D. Post, "Spectral response of a plant canopy with different soil backgrounds,"
Remote sensing of environment, vol. 17, pp. 37-53, 1985.

T. W. Ray and B. C. Murray, "Nonlinear spectral mixing in desert vegetation,” Remote sensing of
environment, vol. 55, pp. 59-64, 1996.

L. Zhang, D. Li, Q. Tong, and L. Zheng, “Study of the spectral mixture model of soil and vegetation in
PoYang Lake area, China,” Int. J. Remote Sens., vol. 19, no. 11, pp. 2077-2084, 1998.

J. M. Nascimento and J. M. Bioucas-Dias, "Nonlinear mixture model for hyperspectral unmixing," Proc.
SPIE Image and Signal Processing for Remote Sensing XV, vol. 7477, p. 74770I, 2009.

S. Chakravortty and E. Shah, "Application of non-linear spectral unmixing on hyperspectral data for
species level classification of mangroves,” in Communications and Signal Processing (ICCSP),
International Conference on, pp. 1123-1127, 2013.

W. Fan, B. Hu, J. Miller, and M. Li, "Comparative study between a new nonlinear model and common
linear model for analysing laboratory simulated-forest hyperspectral data,” International Journal of
Remote Sensing, vol. 30, pp. 2951-2962, 2009.

90 bl B pglal (bl b il Gl by, Elgl (o - (Segl Allie



(50]

(51]

[52]

(53]

(54]

[55]

[56]

[57]

(58]

[59]

(60]

(61]

(62]

(63]

(64]

(65]

[66]

[67]

(68]

(69]

[70]

AR

Y. Altmann, N. Dobigeon, and J.-Y. Tourneret, "Bilinear models for nonlinear unmixing of hyperspectral
images," in Hyperspectral Image and Signal Processing: Evolution in Remote Sensing, pp. 1-4, 2011.

A. Halimi, Y. Altmann, N. Dobigeon, and J.-Y. Tourneret, "Nonlinear unmixing of hyperspectral images
using a generalized bilinear model," IEEE Transactions on Geoscience and Remote Sensing, vol. 49, pp.
4153-4162, 2011.

A. Halimi, Y. Altmann, N. Dobigeon, and J.-Y. Tourneret, "Unmixing hyperspectral images using the
generalized bilinear model," in Geoscience and Remote Sensing Symposium, pp. 1886-1889, 2011.

C. Liu and H. Ren, Multiple reflection effects in nonlinear mixture model for hyperspectral image analysis.
International Archives of the Photogrammetry, Remote Sensing & Spatial Information Sciences, 41,
2016.

C. Li, Y. Ma, J. Huang, X. Mei, C. Liu, and J. Ma, "GBM-based unmixing of hyperspectral data using
bound projected optimal gradient method," IEEE Geoscience and Remote Sensing Letters, vol. 13, pp.
952-956, 2016.

M. Ebrahimi and M.M. Oskouei, Unmixig of the Hyperion data using the bilinear method and
comparing to common linear methods in Khoy area, M. Sc. Thesis, Sahand University of Technology,
Faculty of Mining Engineering ,2019 (Persian).

X. Mei, Y. Ma, C. Li, F. Fan, J. Huang, and J. Ma, "Robust GBM hyperspectral image unmixing with
superpixel segmentation based low rank and sparse representation,” Neurocomputing, vol. 275, pp.
2783-2797, 2018.

M. Babaie-Zadeh, C. Jutten, and K. Nayebi, "Blind separating convolutive post-nonlinear mixtures," in
ICA, pp. 138-143, 2001.

C. Jutten and J. Karhunen, "Advances in nonlinear blind source separation,” in Proc. of the 4th Int.
Symp. on Independent Component Analysis and Blind Signal Separation , pp. 245-256, 2003.

Y. Altmann, A. Halimi, N. Dobigeon, and J.-Y. Tourneret, "Supervised nonlinear spectral unmixing using
a postnonlinear mixing model for hyperspectral imagery," IEEE Transactions on Image Processing, vol.
21, pp. 3017-3025, 2012.

Y. Altmann, N. Dobigeon, and J.-Y. Tourneret, "Nonlinearity detection in hyperspectral images using a
polynomial post-nonlinear mixing model,” IEEE Transactions on Image Processing, vol. 22, pp. 1267-
1276, 2013.

Y. Altmann, N. Dobigeon, and J.-Y. Tourneret, "Unsupervised post-nonlinear unmixing of hyperspectral
images using a Hamiltonian Monte Carlo algorithm," IEEE Transactions on Image Processing, vol. 23,
pp. 2663-2675, 2014.

W. Luo, L. Gao, A. Plaza, A. Marinoni, B. Yang, L. Zhong, et al., "A New Algorithm for Bilinear Spectral
Unmixing of Hyperspectral Images Using Particle Swarm Optimization,” IEEE Journal of Selected Topics
in Applied Earth Observations and Remote Sensing, vol. 9, pp. 5776-5790, 2016.

B. Yang, B. Wang, Z. Wu, and Q. Lu, "Abundance estimation for hyperspectral images based on bilinear
mixture models," IEEE International Geoscience and Remote Sensing Symposium, pp. 644-647, 2017.

B. Yang, B. Wang, and Z. Wu, "Nonlinear hyperspectral unmixing based on geometric characteristics of
bilinear mixture models," IEEE Transactions on Geoscience and Remote Sensing, vol. 56, pp. 694-714,
2018.

B. Yang, B. Wang, and Z. Wu, "Unsupervised Nonlinear Hyperspectral Unmixing Based on Bilinear
Mixture Models via Geometric Projection and Constrained Nonnegative Matrix Factorization,” Remote
Sensing, vol. 10, p. 801, 2018.

W. Luo, L. Gao, R. Zhang, A. Marinoni, and B. Zhang, "Bilinear normal mixing model for spectral
unmixing," IET Image Processing, 2018.

X. Chen and L. Vierling, "Spectral mixture analyses of hyperspectral data acquired using a tethered
balloon," Remote Sensing of Environment, vol. 103, pp. 338-350, 2006.

I. Meganem, P. Deliot, X. Briottet, Y. Deville, and S. Hosseini, "Linear—quadratic mixing model for
reflectances in urban environments," IEEE Transactions on Geoscience and Remote Sensing, vol. 52,
pp. 544-558, 2014.

N. Raksuntorn and Q. Du, "Nonlinear spectral mixture analysis for hyperspectral imagery in an unknown
environment," IEEE Geoscience and Remote Sensing Letters, vol. 7, pp. 836-840, 2010.

R. Heylen and P. Scheunders, "A multilinear mixing model for nonlinear spectral unmixing," IEEE
Transactions on Geoscience and Remote Sensing, vol. 54, pp. 240-251, 2016.



(71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

(90]

(91]

(92]

(93]

B. Yang and B. Wang, "Band-Wise Nonlinear Unmixing for Hyperspectral Imagery Using an Extended
Multilinear Mixing Model," IEEE Transactions on Geoscience and Remote Sensing, pp. 1-16, 2018.

R. Heylen, V. Andrejchenko, Z. Zahiri, M. Parente, and P. Scheunders, "Nonlinear Hyperspectral
Unmixing With Graphical Models," IEEE Transactions on Geoscience and Remote Sensing, 2019.

L. Drumetz, J. Chanussot, and C. Jutten, Spectral unmixing: A derivation of the extended linear mixing
model from the Hapke model. IEEE Geoscience and Remote Sensing Letters, 2019.

K. Niranjani and K. Vani, "Unsupervised Nonlinear Spectral Unmixing of Satellite Images Using the
Modified Bilinear Model," Journal of the Indian Society of Remote Sensing, p. 1-12, 2018.

A. Marinoni and P. Gamba, "Non-linear hyperspectral unmixing by polytope decomposition," 6th
Workshop on Hyperspectral Image and Signal Processing: Evolution in Remote Sensing, pp. 1-4, 2014.

A. Marinoni and P. Gamba, "A novel approach for efficient p-linear hyperspectral unmixing," IEEE
Journal of Selected Topics in Signal Processing, vol. 9, pp. 1156-1168, 2015.

A. Marinoni, J. Plaza, A. Plaza, and P. Gamba, "Nonlinear hyperspectral unmixing using nonlinearity
order estimation and polytope decomposition,” IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, vol. 8, pp. 2644-2654, 2015.

A. Marinoni and P. Gamba, "Order-~ nonlinear hyperspectral unmixing by sinusoidal polytope
decomposition," 7th Workshop on Hyperspectral Image and Signal Processing: Evolution in Remote
Sensing, pp. 1-4, 2015.

A. Marinoni, A. Plaza, and P. Gamba, "Harmonic mixture modeling for efficient nonlinear hyperspectral
unmixing," IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 9,
pp. 4247-4256, 2016.

A. Marinoni and H. Clenet, "ldentification of mafic minerals on Mars by nonlinear hyperspectral
unmixing," 8th Workshop on Hyperspectral Image and Signal Processing: Evolution in Remote Sensing,
pp. 1-4, 2016.

A. Marinoni and H. Clenet, "Higher order nonlinear hyperspectral unmixing for mineralogical analysis
over extraterrestrial bodies," IEEE Journal of Selected Topics in Applied Earth Observations and Remote
Sensing, vol. 10, pp. 3722-3733, 2017.

M. Tang, L. Gao, A. Marinoni, and B. Zhang, "Nonlinear hyperspectral unmixing based on normalized P-
linear algorithm," IEEE International Geoscience and Remote Sensing Symposium, pp. 1145-1148,
2017.

M. Tang, B. Zhang, A. Marinoni, L. Gao, and P. Gamba, "Multiharmonic Postnonlinear Mixing Model for
Hyperspectral Nonlinear Unmixing," IEEE Geoscience and Remote Sensing Letters, pp. 1-5, 2018.

B. Hapke, Bidirectional reflectance spectroscopy: 1. Theory, Journal of Geophysical Research: Solid
Earth, 86(B4): p. 3039-3054, 1981.

J. F. Mustard and C. M. Pieters, "Abundance and distribution of ultramafic microbreccia in Moses Rock
dike: Quantitative application of mapping spectroscopy,” Journal of Geophysical Research: Solid Earth,
vol. 92, pp. 10376-10390, 1987.

J. M. Nascimento and J. M. Bioucas-Dias, "Unmixing hyperspectral intimate mixtures," in Image and
Signal Processing for Remote Sensing XVI, p. 78300C, 2010.

J. Broadwater and A. Banerjee, "A comparison of kernel functions for intimate mixture models," in
Hyperspectral Image and Signal Processing: Evolution in Remote Sensing, pp.1-4, 2009.

J. Broadwater and A. Banerjee, "A generalized kernel for areal and intimate mixtures," in Hyperspectral
Image and Signal Processing: Evolution in Remote Sensing, pp. 1-4, 2010.

J. Broadwater and A. Banerjee, "Mapping intimate mixtures using an adaptive kernel-based technique,"
in Hyperspectral Image and Signal Processing: Evolution in Remote Sensing, pp. 1-4, 2011.

R. Close, P. Gader, J. Wilson, and A. Zare, "Using physics-based macroscopic and microscopic mixture
models for hyperspectral pixel unmixing," in Proc. SPIE, p. 83901L, 2012.

R. Close, P. Gader, A. Zare, J. Wilson, and D. Dranishnikov, "Endmember extraction using the physics-
based multi-mixture pixel model," in SPIE, pp. 85150L-85150L-14, 2012.

R. Heylen and P. Gader, "Nonlinear spectral unmixing with a linear mixture of intimate mixtures model,"
IEEE Geoscience and Remote Sensing Letters, vol. 11, pp. 1195-1199, 2014.

S. Asadzadeh and C. R. de Souza Filho, "A review on spectral processing methods for geological remote
sensing," International Journal of Applied Earth Observation and Geoinformation, vol. 47, pp. 69-90,
2016.

Y

90 bl B pglal (bl b il Gl by, Elgl (o - (Segl Allie



(94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

Yy

T. Hiroi and C. M. Pieters, "Effects of grain size and shape in modeling reflectance spectra of mineral
mixtures," in Lunar and Planetary Science Conference Proceedings, pp. 313-325, 1992.

M. I. Mishchenko, J. M. Dlugach, E. G. Yanovitskij, and N. T. Zakharova, "Bidirectional reflectance of flat,
optically thick particulate layers: an efficient radiative transfer solution and applications to snow and soil
surfaces," Journal of Quantitative Spectroscopy and Radiative Transfer, vol. 63, pp. 409-432, 1999.

Y. Shkuratov, L. Starukhina, H. Hoffmann, and G. Arnold, "A model of spectral albedo of particulate
surfaces: Implications for optical properties of the Moon," Icarus, vol. 137, pp. 235-246, 1999.

F. Poulet and S. Erard, "Nonlinear spectral mixing: Quantitative analysis of laboratory mineral mixtures,"
Journal of Geophysical Research: Planets, vol. 109, 2004.

X. Zhang, H. Lin, Y. Cen, L. Zhang, and H. Yang, "A nonlinear spectral unmixing method for Abundance
retrieval of mineral mixtures," in Remotely Sensed Data Compression, Xll, p. 98740Z, 2016.

W. Grundy, S. Douté, and B. Schmitt, "A Monte Carlo ray-tracing model for scattering and polarization by
large particles with complex shapes," Journal of Geophysical Research, vol. 105,pp. 29291-29314, 2000.

M. Gilabert, F. Garcia-Haro, and J. Melia, "A mixture modeling approach to estimate vegetation
parameters for heterogeneous canopies in remote sensing," Remote Sensing of Environment, vol. 72,
pp. 328-345, 2000.

E. J. lentilucci and S. D. Brown, "Advances in wide-area hyperspectral image simulation," in Targets and
Backgrounds IX: Characterization and Representation, pp. 110-122, 2003.

J. Stuckens, B. Somers, S. Delalieux, W. Verstraeten, and P. Coppin, "The impact of common
assumptions on canopy radiative transfer simulations: A case study in Citrus orchards,” Journal of
Quantitative Spectroscopy and Radiative Transfer, vol. 110, pp. 1-21, 2009.

Y. Shkuratov, V. Kaydash, V. Korokhin, Y. Velikodsky, D. Petrov, E. Zubko, et al., "A critical assessment
of the Hapke photometric model," Journal of Quantitative Spectroscopy and Radiative Transfer, vol. 113,
pp. 2431-2456, 2012.

L. Tits, W. Delabastita, B. Somers, J. Farifteh, and P. Coppin, "First results of quantifying nonlinear
mixing effects in heterogeneous forests: A modeling approach,” IEEE International Geoscience and
Remote Sensing Symposium, pp. 7185-7188, 2012.

H. Kwon and N. M. Nasrabadi, "Kernel orthogonal subspace projection for hyperspectral signal
classification,” IEEE Transactions on Geoscience and Remote Sensing, vol. 43, pp. 2952-2962, 2005.

J. C. Harsanyi and C.-l. Chang, "Hyperspectral image classification and dimensionality reduction: an
orthogonal subspace projection approach," IEEE Transactions on geoscience and remote sensing, vol.
32, pp. 779-785, 1994.

B. Wu, L. Zhang, P. Li, and J. Zhang, "Nonlinear estimation of hyperspectral mixture pixel proportion
based on kernel orthogonal subspace projection,” in International Symposium on Neural Networks, pp.
1070-1075, 2006.

L. Zhang, B. Wu, B. Huang, and P. Li, "Nonlinear estimation of subpixel proportion via kernel least
square regression," International Journal of Remote Sensing, vol. 28, pp. 4157-4172, 2007.

X. Wu, X. Li, and L. Zhao, "A kernel spatial complexity-based nonlinear unmixing method of
hyperspectral imagery," in Life System Modeling and Intelligent Computing, pp. 451-458, 2010.

Z. Liang, Y. Li, and T. Zhao, "Projected gradient method for kernel discriminant nonnegative matrix
factorization and the applications," Signal Processing, vol. 90, pp. 2150-2163, 2010.

X. Li, J. Cui, and L. Zhao, "Blind nonlinear hyperspectral unmixing based on constrained kernel
nonnegative matrix factorization," Signal, Image and Video Processing, vol. 8, pp. 1555-1567, 2014.

F. Zhu, P. Honeine, and M. Kallas, "Kernel nonnegative matrix factorization without the pre-image
problem," in Machine Learning for Signal Processing , IEEE International Workshop on, 2014, pp. 1-6.

J. Cui, X. Li, and L. Zhao, "Nonlinear hyperspectral unmixing based on constrained multiple kernel NMF,"
in Satellite Data Compression, Communications, and Processing X, p. 91240N, 2014.

F. Zhu and P. Honeine, "Online nonnegative matrix factorization based on kernel machines," in Signal
Processing Conference, 23rd European, pp. 2381-2385, 2015.

W. Wang and Y. Qian, "Kernel based sparse NMF algorithm for hyperspectral unmixing," in Geoscience
and Remote Sensing Symposium, IEEE International, pp. 6970-6973, 2016.

J. Chen, C. Richard, and P. Honeine, "A novel kernel-based nonlinear unmixing scheme of hyperspectral
images," Conference Record of the Forty Fifth Asilomar, pp. 1898-1902, 2011.



[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]
[133]

[134]

[135]

[136]

[137]

[138]

[139]

J. Chen, C. Richard, and P. Honeine, "Nonlinear unmixing of hyperspectral images based on multi-kernel
learning," in Hyperspectral Image and Signal Processing ,4th Workshop on, pp. 1-4, 2012.

J. Chen, C. Richard, and P. Honeine, "Nonlinear unmixing of hyperspectral data based on a linear-
mixture/nonlinear-fluctuation model," IEEE Transactions on Signal Processing, vol. 61, pp. 480-492,
2013.

A. Jibreen, N. Algahtani, and O. Bchir, "Performance Evaluation of Various Hyperspectral Nonlinear
Unmixing Algorithms," American Journal of Signal Processing, vol. 8, pp. 1-8, 2018.

J. Chen, C. Richard, and P. Honeine, "Nonlinear Estimation of Material Abundances in Hyperspectral
Images With L1-Norm Spatial Regularization," IEEE Transactions on Geoscience and Remote Sensing,
vol. 52, pp. 2654-2665, 2014.

P.-X. Li, B. Wu, and L. Zhang, "Abundance estimation from hyperspectral image based on probabilistic
outputs of multi-class support vector machines," in Geoscience and Remote Sensing Symposium, IEEE
International, pp. 4315-4318, 2005.

L. Wang and X. Jia, "Integration of soft and hard classifications using extended support vector
machines," IEEE Geoscience and Remote Sensing Letters, vol. 6, pp. 543-547, 2009.

C.-l. Chang and B. Ji, "Weighted abundance-constrained linear spectral mixture analysis," IEEE
Transactions on Geoscience and Remote Sensing, vol. 44, pp. 378-388, 2006.

X. Jia, C. Dey, D. Fraser, L. Lymburner, and A. Lewis, "Controlled spectral unmixing using extended
support vector machines," in Hyperspectral Image and Signal Processing: Evolution in Remote Sensing,
2nd Workshop on, pp. 1-4, 2010.

X. Li, L. Wang, and X. Jia, "Spectral unmixing based on improved extended support vector machines," in
Geoscience and Remote Sensing Symposium , IEEE International, pp. 4118-4121, 2012.

F. A. Mianji and Y. Zhang, "SVM-based unmixing-to-classification conversion for hyperspectral
abundance quantification," IEEE Transactions on Geoscience and Remote Sensing, vol. 49, pp. 4318-
4327, 2011.

X. Li, X. Jia, L. Wang, and K. Zhao, "On spectral unmixing resolution using extended support vector
machines," IEEE Transactions on Geoscience and Remote Sensing, vol. 53, pp. 4985-4996, 2015.

X. Li, X. Jia, L. Wang, and K. Zhao, "Reduction of Spectral Unmixing Uncertainty Using Minimum-Class-
Variance Support Vector Machines," IEEE Geoscience and Remote Sensing Letters, vol. 13, pp. 1335-
1339, 2016.

R.A. Borsoi, T. Imbiriba, C. M. Bermudez, and C. Richard, "A blind multiscale spatial regularization
framework for kernel-based spectral unmixing," arXiv preprint arXiv: 1908.06925, 2019.

K.T. Shahid, and I.D. Schizas, "Unsupervised Kernelized Correlation-Based Hyperspectral Unmixing With
Missing Pixels," IEEE Transactions on Geoscience and Remote Sensing, 2019. 57(7): p. 4509-4520.

H. Xiao, "Supervised Kernel Based Nonlinear Unmixing of Hyperspectral Data,” in Journal of Physics:
Conference Series. 2019. IOP Publishing.

S. S. Haykin, Neural Networksand Learning Machines.EnglewoodCliffs, NJ, USA: Prentice-Hall, 2009.

G. M. Foody, "Relating the land-cover composition of mixed pixels to artificial neural network
classification output,” Photogrammetric Engineering and Remote Sensing, vol. 62, pp. 491-498, 1996.

A. Baraldi, E. Binaghi, P. Blonda, P. A. Brivio, and A. Rampini, "Comparison of the multilayer perceptron
with neuro-fuzzy techniques in the estimation of cover class mixture in remotely sensed data," IEEE
Transactions on Geoscience and Remote Sensing, vol. 39, pp. 994-1005, 2001.

R. Pu, B. Xu, and P. Gong, "Oakwood crown closure estimation by unmixing Landsat TM data,"
International Journal of Remote Sensing, vol. 24, pp. 4422-4445, 2003.

J. Plaza, A. Plaza, R. Pérez, and P. Martinez, "Joint linear/nonlinear spectral unmixing of hyperspectral
image data," IEEE International Geoscience and Remote Sensing Symposium, pp. 4037-4040, 2007.

R. Pu, P. Gong, R. Michishita, and T. Sasagawa, "Spectral mixture analysis for mapping abundance of
urban surface components from the Terra/ASTER data," Remote Sensing of Environment, vol. 112, pp.
939-954, 2008.

M. Karkee, B. L. Steward, L. Tang, and S. A. Aziz, "Quantifying sub-pixel signature of paddy rice field
using an artificial neural network," computers and electronics in agriculture, vol. 65, pp. 65-76, 2009.

J. Plaza, A. Plaza, R. Perez, and P. Martinez, "On the use of small training sets for neural network-based
characterization of mixed pixels in remotely sensed hyperspectral images," Pattern Recognition, vol. 42,
pp. 3032-3045, 2009.

vf

90 bl B pglal (bl b il Gl by, Elgl (o - (Segl Allie



[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

Yo

W. Liu, K. C. Seto, E. Y. Wu, S. Gopal, and C. E. Woodcock, "ART-MMAP: A neural network approach to
subpixel classification," IEEE transactions on geoscience and remote sensing, vol. 42, pp. 1976-1983, 2004.

W. Liu and E. Y. Wu, "Comparison of non-linear mixture models: sub-pixel classification," Remote
Sensing of environment, vol. 94, pp. 145-154, 2005.

K. J. Guilfoyle, M. L. Althouse, and C.-I. Chang, "A quantitative and comparative analysis of linear and
nonlinear spectral mixture models using radial basis function neural networks," IEEE Transactions on
Geoscience and Remote Sensing, vol. 39, pp. 2314-2318, 2001.

Y. Altmann, N. Dobigeon, J.-Y. Tourneret, and S. McLaughlin, "Nonlinear unmixing of hyperspectral
images using radial basis functions and orthogonal least squares," IEEE International Geoscience and
Remote Sensing Symposium, pp. 1151-1154, 2011.

M. Cantero, R. Perez, P. J. Martinez, P. Aguilar, J. Plaza, and A. Plaza, "Analysis of the behavior of a
neural network model in the identification and quantification of hyperspectral signatures applied to the
determination of water quality,” in Chemical and Biological Standoff Detection II, pp. 174-186, 2004.

J. Plaza, P. J. Martinez, R. M. Perez, A. Plaza, and C. Cantero, "Nonlinear neural-network-based mixture
model for estimating the concentration of nitrogen salts in turbid inland waters using hyperspectral
imagery," in Chemical and Biological Standoff Detection Il, pp. 165-174, 2004.

J. Plaza, P. Martinez, R. Pérez, and A. Plaza, "Nonlinear neural network mixture models for fractional
abundance estimation in AVIRIS hyperspectral images," in Airborne Earth Science, p. 201, 2004.

G. A. Licciardi and F. Del Frate, "Pixel unmixing in hyperspectral data by means of neural networks,"
IEEE transactions on Geoscience and remote sensing, vol. 49, pp. 4163-4172, 2011.

G. Licciardi, X. Ceamanos, S. Douté, and J. Chanussot, "Unsupervised nonlinear spectral unmixing by
means of NLPCA applied to hyperspectral imagery," |IEEE International Geoscience and Remote
Sensing Symposium, pp. 1369-1372, 2012.

F. I. Alam, J. Zhou, L. Tong, A. W.-C. Liew, and Y. Gao, "Combining Unmixing and Deep Feature
Learning for Hyperspectral Image Classification," International Conference on Digital Image Computing:
Techniques and Applications, pp. 1-8, 2017.

B. Palsson, J. Sigurdsson, J. R. Sveinsson, and M. O. Ulfarsson, "Hyperspectral unmixing using a neural
network autoencoder,” IEEE Access, vol. 6, pp. 25646-25656, 2018.

S. Ozkan and G. B. Akar, "Improved Deep Spectral Convolution Network for Hyperspectral Unmixing
with Multinomial Mixture Kernel and Endmember Uncertainty," arXiv preprint arXiv: 1808.01104, 2018.

X. Xu, Z. Shi, and B. Pan, "A supervised abundance estimation method for hyperspectral unmixing,"
Remote sensing letters, vol. 9, pp. 383-392, 2018.

Y. Su, J. Li, A. Plaza, A. Marinoni, P. Gamba, and S. Chakravortty, "DAEN: Deep Autoencoder Networks
for Hyperspectral Unmixing," IEEE Transactions on Geoscience and Remote Sensing, 2019.

F. Khajehrayeni, and H. Ghassemian, "Hyperspectral Unmixing Using Deep Convolutional
Autoencoders in a Supervised Scenario,” IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2020.

R. Heylen, D. Burazerovi¢, and P. Scheunders, "A graph-based method for non-linear unmixing of
hyperspectral imagery," in Geoscience and Remote Sensing Symposium, pp. 197-200, 2010.

R. Heylen and P. Scheunders, "Nonlinear barycentric dimensionality reduction,” IEEE International
Conference on Image Processing, pp. 1341-1344, 2010.

R. Heylen, D. Burazerovic, and P. Scheunders, "Non-linear spectral unmixing by geodesic simplex
volume maximization," IEEE Journal of Selected Topics in Signal Processing, vol. 5, pp. 534-542, 2011.

R. Heylen, D. Burazerovic, and P. Scheunders, "Fully constrained least squares spectral unmixing by
simplex projection," IEEE Transactions on Geoscience and Remote Sensing, vol. 49, pp. 4112-4122, 2011.

R. Heylen and P. Scheunders, "Spectral unmixing using distance geometry," in Hyperspectral Image and
Signal Processing: Evolution in Remote Sensing, 3rd Workshop on, 2011, pp. 1-4.

R. Heylen and P. Scheunders, "Non-linear fully-constrained spectral unmixing," in Geoscience and
Remote Sensing Symposium, IEEE International, pp. 1295-1298, 2011.

D. Burazerovi¢, R. Heylen, and P. Scheunders, "Towards streaming hyperspectral endmember
extraction,"IEEE International Geoscience and Remote Sensing Symposium, pp. 2519-2522, 2011.

R. Heylen and P. Scheunders, "A fast geometric algorithm for solving the inversion problem in spectral
unmixing,"Workshop on Hyperspectral Image and Signal Processing: Evolution in Remote Sensing,
pp.1-4, 2012.



[163]

[164]

[165]

[166]

[167]

R. Heylen and P. Scheunders, "Calculation of geodesic distances in nonlinear mixing models:
Application to the generalized bilinear model," IEEE Geoscience and Remote Sensing Letters, vol. 9, pp.
644-648, 2012.

R. Heylen and P. Scheunders, "Estimating the number of endmembers in hyperspectral imagery with
nearest neighbor distances," in Geoscience and Remote Sensing Symposium, pp. 1377-1380, 2012.

R. Heylen and P. Scheunders, "Hyperspectral intrinsic dimensionality estimation with nearest-neighbor
distance ratios," IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing,
vol. 6, pp. 570-579, 2013.

R. Heylen and P. Scheunders, "A distance geometric framework for nonlinear hyperspectral unmixing,"
IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, vol. 7, pp. 1879-
1888, 2014.

R. Heylen, P. Scheunders, A. Rangarajan, and P. Gader, "Nonlinear unmixing by using different metrics
in a linear unmixing chain," IEEE Journal of Selected Topics in Applied Earth Observations and Remote
Sensing, vol. 8, pp. 2655-2664, 2015.

\td

90 bl B pglal (bl b il Gl by, Elgl (o - (Segl Allie





