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! Spectral Mixture Analysis
2 Abundance map
% Endmembers
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* Stable Zone Unmixing (SZU)
® Sigular Value Decomposition (SVD)
® InStability Index (1S1)
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(i) Endmember reference dataset collection
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l (ii) InStability Index (ISI) calculation

(iv) Spectral mixture analysis (iii) Optimal spectral subset selection
.

percentage soil  percentage vegetation

Hyperspectral image
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" Principal Component Analysis (PCA)
# Minimum Noise Fraction (MNF)
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% Divergence

19 Transformed Divergence

1 Mutual Information

12 Minimum misclassification canonical analysis (MMCA)

f



wilSo Silelbl (59l uwaigo Lo sl asS ¢pgl Vit

Gh
19F olo 53 Mo g 9 &

e il ol b el glac] S gals -Y-Y
S Az Al S92y bl polal (aeb gilulaz 3 0 )lgen alldsac Wz b g g0 (e b (Ko
Ly sl ails g B g lo Kivon (ol 20l5" allie cnl Slaal 51,500 (S0 canlaid 575155 azgi o )50
50 =2k lacal Jlaias WIS G alize slaaiss pled Canl S o IS 51 (S 0wl olil a5 jshailas
5 ysbome lawils o el slael i (18, (Stly ieb (5 pdy s Sl alS (6l laaily ancaglgl anl )b
5 bl i L 4 b it by o 50050 L (SIS b a0 gpign 30 ool oot 428 5 Jla
aS codl cows Lacl ool gl (i sladasin 4 ()l oo 35,ls poliee ;L8 LT jo Lallslac] acgame
et glodgaze ;0 a5 ol Col asie ¥ SE 5l aS disSiles cains co lid 093 3l (6 Sily
S 5000 L el (1S 5 odgazme et ] g ogdle g axiws wledlbl S5g38l slls wsls 1,8 oo

O L} - .u‘o

5000 T T T T T T

4000

3000

2000

1000

—
L e et .
120 140 160

y9bxo il Ho YU (SKcuson 1410 rosgumo g W gac aw b S Y JSCo
Sl sladSey ol S siund 55 2 d)S 9 liins Sle 2 by bash o (Staly arulxe sl
-&La.c‘ M u“.ml_f 9 wl)_.o u,w).’LA Curog Sgafe RV Mbui )‘ Lol . nloais JLQM...) s i
Slaegame o] L8, SKiwon 3l 5 lime lgie & laail yole 4l 5l eolatul I ol jo il oo atusly IS
ol 5 ol sl S o IV oy 5 LS55 b 5 7 e sl sl 50 o 55 ool sl
nslel §l ool oy 6lid ¥ St 0,8 olulid 1) i i3, (sllo 5 isly (slaail ol g L o] 5o lanil
S (6,6 b gl i el ;b5 51 a8 lasily S5 (o 0,8 e imles 1, ¥ USE alls

Sloads (gadiws

/
4500 !
)
4000 ,’
3500 ! ’ii; A
J [
3000 ! ®
i/
!
2500 i r — — — Diagonal
/ -
2000 f / 115
1 +  18-30
1500 % / s 4252
!
1000 EA I * 6373
/ 82-91
500 / 493110
0 f’ 119-136
1 +  140-156
4000 ’
3000 J
2000 ! 4000
1000 00 200
0 1000
0

A gac aw | Jols casay glasd v JSCo



; ? 229ba3 b (6 jlwl 32 (6 jlwodugs SLiwl 3 3L Dl

o>l j,lizo (53g0 ‘ag_j ulag dlgosoz0 (5 lag sawl

T b a5l 4 aleosgamme (> g 009 Suo5 SuuSs 4 baaih (ol plee agly Conl (i a5 jshailes
zhenl b iy ol an aiib e o2 40 SO0 5 sbloy slylo wijle SLSG saubs JLd ) Js aisins oo jgloxe
55 S0, a5mge Ll slael b ol 0 il Siras g o il o (sbls;

SO kediny vy 5ol -Y-¥

Dy oo g S paite jeb 4y golpidny ool iSu (pl o

LM alsls g 6;13)'9,01 slrosls oS 4y alizes sl WS (6 b SSE 0 pgas slaail gaucaglyl )
L
Q={B,}.

. where B >B,>--B, b orit Sl et

Q, ={B,} i Caglsl 5l wib ol Sl Y

89 00 iy ya5 bl o 5l 8 eion e oLl slaash ples 1 ol oSl anly ;51 -F
80,5 oo B ol ail g Q =€ | & jganl e 0 O :Qi—1U{Bi}

i lol —F

—oad &l golprin p 6 b, sl AVIRIS o pls ovimiw pgas 5l oolazwl b @L@&Lﬁ)’] Ceond il o
6310, 5 NS £ o () ¥ USs Bebo ] (e ConnBly 4t g o0 331 (55,5LaS (ladlate 5 prga ol
Ol il e s VIV 1 ey JaSio o5lail g il VF 2 il g sladil Bis 5l s ol gl Ceslonds
Sl gl 5ty slogtabasl wilion nlb eej 5 485 (dome oz (S8 4z T W) S ol a5
P ol i geas ohb palls slacl o (Sied g (diub (5 poss S 2al5 bl j0 ange lawly

Ao o s b gilulas s

6000 T r

5000 [

4000

3000 [

2000

1000 -

- I

AL las! diub o (0 o] o) Conrdly aidis g AVIRIS s guas (Gl P S
ool wl b cabs (6 pdy posts S 1alS 0,05, b calizes sl WS S5 6l 1) pgad sloasl coaS ol jo
o deglio 151 (a3 5 ol oy slonily b 1y gl 5 03,5 iy Wy _5jg0] (sloosls KaS 4y 9 IM alols
i (gl CasloaiS poal |y allbglasl bl s (55 p oad CLl Glaail Joe O S 08

Ohgy 2l adgl Wb £ eB g s a4 T 5l Gpe il (anasi b s 5 4 IM 5 IST a3l sl laails 4,
~sbacl YL (6 i s cde a4 SO0 50,8 g0l 00gume )3 05 o alaxde 4 jghailes Lailoaliosls isled

.o)\._\j Sg2g 03l (:l;u‘ 6"\““’““9"9‘ 5 6L ) ua.“>



& - - 2e 1e
S0 wielbl (5gls (uwdigo Lo usl jaiS ¢palgl Vi

I

1#9F olo 53 Mo g 19 &

|l
"l

IM g ISI (a3l 93 slio 32 50,8 3 s 4 2 31 00 ol Jol Wil £ gy o glgl b JSoo

oty o ye slaasil ot Gl ) pallslasl le 09250 (Siod 1S oo S jlone 99 ST & s
ey a5 Ll glal oy ile Lot sas 3l oslical b-) o) Conl &jlie JLne 95 cyal oadd )3 Lhomios 5,50
Ly sas & S ol slael iy S G silo 5| laugie (Soad Ko 45 -Y T o sy )1 5 it jyolie
S IST (s lss (ol o0 o ye slaaily olaw Lial33l L 1y gl s yile (SVD) 5000 pyolie 4326 51 ol
15 e 595 151 s b cols, L5 IM alols 5l ooliul 55 o alimdlo 45 aisKilan s oo iales IM alols
o inlas 4y 055 51 IST (aslis & o (64 S O dily o ol 4 el clael a5 lagjiles]

3,188

7000 )
— 18l
6000 L

5000

4000

ition number

3000

Cond

2000

1000 -

40 45 50 55 60

oo gy St gl (sl aI381 b (A sLas! o Lo 1 ool byt s # Y

o ggdge (g oad Blod il o (Sien 0 4S50 2l o jshailen laail amcoslsl an b o
wloas Sl SKuSs & jgloxe jo (goasie lawil 948 oo oudlive a7 jshilan ¢ Conl Lasine O S5 51 b,
Lo 5 )y boasily (Sig38l ol ol azli G)ln ool LG 3Ty alls sliel degacns (L8, 45T 5550 )0
AdS (Sl ) Sl o g S0 50 (clie @l @ (g o0 3o (AL 03500 1o 50 i L]
Olgmie an a0 ¥ angly 5l Gelesl ol o Dgds o o3laiwl oaygay slad jo ksl agl; 5l laasl UL COWOON SN S VO
9 ISI sla as i (guncaglsl boads Ol slaail Jowo ¥V JSs cslonss oolwl lawily Swoan aibnlos>
Gy 00 5 po Sl agly Jlasl 5l a5 sl bshs S; Sin bglas .l 00psS pgai 4y 1, IM

lodwe]



1n
ééﬁﬁi?

J29bali Ghab (5 jlwlso (5 jlwedugs sliwl o b ool

-&%9-

6000 —

4000

2000

o>l j,lizo (53g0 ‘ag_j ulag dlgosoz0 (5 lag sawl

6000 —

4000 —

2000

D[ﬁlﬂlﬂﬂmﬂﬂﬂmﬂmﬂ |

JM

o]

ooy (50 g3l (Sl 1 Ky s Jlas! 31 oy (25T (sl Y S

oL ol 5l a5 ite slawly il b g laal S L Lalls sliel _Siaen A UKD o aslons oolic

Yo Ly

8l s Al glacl )l Jad LB Sien 4 lg o b VEe 51 AL

—Isl
—JM
- - —full bands

Correlation Mean

eiio laail Gl 331 A sl il (Stamrod (Silan A S

JM ODL_M) @L..;)\A_kagba_;bbo.x_w ‘59}240 ‘SLJQ}:‘ f}@@,bd)u\» )‘ J..ab CJLu dslol o

A 0als Ginled 5 ol pled b il (5lolas bt cuslio gl Cusloads a3l 4 JSs 50 sl sy



S0 wielbl (5gls (uwdigo Lo usl jaiS ¢palgl

1#9F olo 5> o g P9

d

WL 15 b (& e Wil YA L (WIAVIRIS i ol ygai dub jlulos gubs A JSi

-0
Alsslasl b 5pd 0 S mals gl basl ganca gyl I JSKite uuas Wb ol Jig, dlde opl jo
sle 4 IM asbls 5l el aucagsl gl p canlons 4]l lassl oyles asgly 51 eslaul b Lol oo uals g

6 25p S5 551 L IM ol s ooliil il 1 53 Lo dS 6 ity S5 g gm0 151 s
B s ggge (nl adl ol S plo 51 W S 6 pdy SIS azilin g o)l ol bl 6,13, b IS
Bi> gl 5yl 5l i s Bl il (o (Kied Lol oo glyl anl b jo ams e 1,8 506 e |

A eolaul oasay glad o Ll aygl; 5l el Sig5l

1 o UL el iy Ll elawil 5| Jols s slael i jlo Stand (aSilio § by o0 sy b
4_».]5‘ ‘SLDMl) o )0 A )| )_».05 o\.bLo.le Lgl.&s..bl.: slass a5 09.....:‘54 u‘.\.& 99 G:LA) Ui g.,u.o.tbl 9 ..\.wl;u’_n 6)5)‘“"

b

&=y
[1] J. M. Bioucas-Dias, A. Plaza, N. Dobigeon, M. Parente, Q. Du, P. Gader, et al., "Hyperspectral

unmixing overview: Geometrical, statistical, and sparse regression-based approaches," Selected Topics in
Applied Earth Observations and Remote Sensing, IEEE Journal of, vol. 5, pp. 354-379, 2012.

[2] B. Somers, G. P. Asner, L. Tits, and P. Coppin, "Endmember variability in spectral mixture
analysis: A review," Remote Sensing of Environment, vol. 115, pp. 1603-1616, 2011.

[3] F. D. Van der Meer and X. Jia, "Collinearity and orthogonality of endmembers in linear spectral
unmixing," International Journal of Applied Earth Observation and Geoinformation, vol. 18, pp. 491-503,
2012.

[4] B. Somers, S. Delalieux, W. Verstraeten, J. Van Aardt, G. Albrigo, and P. Coppin, "An
automated waveband selection technique for optimized hyperspectral mixture analysis,” International
Journal of Remote Sensing, vol. 31, pp. 5549-5568, 2010.

[5] G. P. Asner and D. B. Lobell, "A biogeophysical approach for automated SWIR unmixing of
soils and vegetation,”" Remote sensing of environment, vol. 74, pp. 99-112, 2000.

ﬂ



Sty 329bal Ghub 6Ll 3o 5 jlusdiugy il y 4> 3oL Gl

o5l lizo (53g0 ‘agj ulag dlgode=0 (5 lac suol

[6] C.-l. Chang, Q. Du, T.-L. Sun, and M. L. Althouse, "A joint band prioritization and band-
decorrelation approach to band selection for hyperspectral image classification,”" Geoscience and Remote
Sensing, IEEE Transactions on, vol. 37, pp. 2631-2641, 1999.

[7] B. Mojaradi, H. Abrishami-Moghaddam, M. J. V. Zoej, and R. P. W. Duin, "Dimensionality
reduction of hyperspectral data via spectral feature extraction,” Geoscience and Remote Sensing, IEEE

Transactions on, vol. 47, pp. 2091-2105, 2009



S0 wielbl (5gls (uwdigo Lo usl jaiS ¢palgl

1#9F olo 5> o g P9

A band selection technique for optimized hyperspectral unmixing
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Abstract

Linear spectral mixture analysis (SMA) has been used extensively in remote sensing studies to estimate
the sub pixel composition of spectral mixtures. Mathematically the solution to the mixing problem is
resolving a set of linear equations using least squares approaches. The lack of ability to account for
temporal and spatial variability between and among endmembers has been acknowledged as a major
shortcoming of conventional SMA approaches using a linear mixture model with fixed endmembers.
Also, if endmembers are highly correlated, the matrix becomes non-orthogonal, the inversion unstable
and the inverse or estimated fractions highly sensitive to random error (e.g., noise). In this paper, we
present a new band selection method that comprises a band prioritization and a band de-correlation. The
band prioritization prioritizes all bands according to the reduced spectral variability of endmembers to be
used for unmixing. Bands are then selected on the basis of their associated priorities. Since the band
prioritization does note consider the spectral correlation, a band de-correlation using the angles between
bands are used to de-correlate prioritized bands. It is shown that the proposed band selection method
effectively eliminates a great number of insignificant bands. Surprisingly, the experiments show that with
a proper band selection less than 0.2 of the total number of bands can achieve comparable performance

using the number of full bands.
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