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A Study of Sub-Pixel Detection for Hyperspectral Image Using Linear
Spectral Unmixing Algorithm

294" Dae-Sung Kim - 292" Young-Wook Cho -+ #%%?, Dong-Yeob Han - 24%9% Yong-1I Kim

VAgUE AT ATBFNLATER A

Y Aegsta FHGE ATBHAA 2D TR A TR

Vg IR AFAARANALTHE Fas

School of Civil, Urban & Geosystem Engineering, Seoul National University

SYNOPSIS @ Hyperspectral imagery have high spectral resolution and provide the potential for more
accurate and detailed information extraction than any other type of remotely sensed data. In this
paper, the “Linear Spectral Unmixing” model which is one solution to overcome the limit of spatial
resolution for remote sensing data was introduced and we applied the algorithm to hyperspectral
image. The result was not good because of some problems such as image calibration and used
endmebers. Therfore, we analyzed the cause and had a search for a solution.
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1.M B

1.1 Sl0|HABESE Z{EfAH(Hyperspectral Remote Sensing)

sto]lpladEd AAYAE 10~20nm & 7MAE F4 A H=EE d&3oz FHESE AOBA
“Imaging Spectrometry”, “Imaging Spectroscopy” &3 Z2 &o]ZE A =
EY JAL =9 7t Ba(e 200 = We)), o] Fou, 2HEY Y Yol &AL W
HA e 540 e, olgd F4S A5 dEAYA AAMZe= AVIRIS(Airborne Visible/Infrared
Imaging  Spectrometer), HYDICE(Hyperspectral  Digital  Imagery  Collection  Experiment),
HyMap(Hyperspectral Mapping System), Hyperion(EO-1 94) & d& & 4 Qv

slo]HAHEY JAE o] &3 BF JHoRy, EFFGdAA wE el 24g o|&3tE SAM(Spectral
Angle Mapping, Kruse et al, 1990)3 22 AR %L d¢3lstry] s JAGS ol &sle 2 J2 &
A9 P2 vrEo] EFEZ dlE Binary Encoding(Goetz et al, 1985) 71¥lo] glowv <43 E47}
M e 29EY HolrelgdE o] &3t A73E A8 (Continuum Remova)d F 713 A S8l
2 AA3E Spectral Feature Fitting(Crowley et al, 1989; Clark et al, 1990) 5] it}

a8 18 3tye stae dqigt ARES U S HERZ UdEhD lE SolH2HMER AAFAY
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Each pixel has an W
associated, continuous
spectrum that can be
used to identify the
surface matenals
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a9 1. slolsl ¥ EY A G} Nd =(Freek, 2001)

1.2 A7 Wy % 55

LAGAL Gl AolA A4 (Detection) S 33 - &
o A& 4 YrHChein-1 Chang et al, 2000). &3F3)
EAE stHe A7) olg AXEA HEEZ EFe #
FZ3d & AATL, A2 EA7L st a3 olFd A
B, —E% HPAEE o] &3l Sub-Pixel Detection 7182 °1%'}°4°¥

dt YL FFo F50] MNP oz L FUHATE /MR 94 dolHE 44 &4
3 0131?'{ FAAGEY SAE dAE dFEo] olFojxa glory °§"J 7}A o) w9 :7to
2 Abgo] AGFHoI F 7tA o)A HiolH FHEFo] Lol ARt AHEE £ s @™o U

2 d7dAE e & EFHYEE 7HH stue stolfAHEY HolE & 0|83ty
FAE AZN Red 2 o] o olEHF sIYez M Wol ATt olFoixn
Spectral Unmixing” E2d] tisjA golrz AA slo|HAHEH Ao L) Bo2x 1 AH4S
n@slnat e},
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T 2%, Chein-1(1995) S| 3o|HAdEY g4 BEFE +P3to] Had
2% 7|y 9 AFE #3331, Sub-Pixel Detection 718l Linear
& AFdN e, Gregory P. Asner(1997) 5& NOAA AVHRR <4t
Spectral Unmixing 718 2 €3l Sub-Pixel Landcover £FE& $3& %t 2ol Linear Spectral
Unmixing E2d] tigt B2 AdFE°] o]FAA 3 lev)(Chein-1 et al, 2000; Martin Brown et al
2000; Dimitris Manolakis et al, 2001 %), Derivative 4 71%¥ (F. Tsal et al, 1998)c|v} $joj&H
(Wavelet) 71®¥ (Lori Mann Bruce et al, 2001)-& ©]&3 A} Z& Sub-Pixel Detection & Fol ofdt
ATEE o]FoAXz U

il
HEE UrE}LH%:* LLASR=2

2. Linear Spectral Unmixing Model

“Linear Spectral Unmixing” 299} 7@ ‘Shtel w7 gL o8 718 «543 5Z 9 7] go) &
gxol vdetdoe 7B/ A Al

g 2YolAM, @ doo FAZFqRE 7t G A dutel FAholA &4 EA(Endmember) A7}
25%, BE 25%, C7t 50% & gt & o, shve] st4E o] fA =He 74 EAS @ /tsAs
A7} 025, B7} 025, 18]il CE 052 H9sHA =3, 2t Endmembere] 87| 3ol 715x& 38 #HF
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HA WrIgel dud sagter 71EE ¢ ok s WA 4 sy ErIge Addd
Endmember®] B71#%ES] o2 FAATL 7HQste BrForite 238 4oz UEiE,

M
xzzskak+w=3a+w,ak20 (n
k=1

M
;ak =1 (2

A7IA, xE 7 B=d g2 g7 & s, sy, .., sy AEHE &5 A9 HEE %] gH(Endmember
Spectra), ai, as, .., au 5 £ %(Abundance). 24 7}F X 7ld, we
Zk =l olg gt M2 AlgE &5 EA $£& Y o4& Algd EE W= disiy 83
2log2 EASHHE
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714, N& M=oy, #&ux e &2 ABZY a;, ay .., au ©132, LATF 7F¢AL EEE RE
o 7tAsHd, HaAEY J&ol Medng,

A = (§7s)'sTx (4)
2 47 Aol sz, 73 dtE Endmemberd] 7ge AMEEHE gA W= xR Hojol(M

< N)@ 29 29 %2 @ sxd T EAC XFH e ¥ % 7tR g Fleln
Aol A 473 % Linear Spectral Unmixing 7§'d€ WEbd R ojth

g
spectrnm!er a single pixel with three

miaterials: A B and C

ingident

solsr insdiance aterial racti
B 0.25
.2
{FOV of pixel c 858
s V]
each
endmember
masoumiagee 8 | V]
spectrum =
C

the mixed spectrum is just

i a weighted average
heterogencous IFOV

for 3 single pixet mix=0.25*A+0.25"B+0.5*C

2% 2. Linear Spectral Unmixing(Freek, 2001)

3. 4 ¥ HE
3.1 AZ GjolE

Ao AEF dHiolEHE EO-1 Ao @A® Hyperion AMz #H® G4toltt. EO-1 42
Landsat $143 4% AEE 1% oy AgA 2o 3 JYe 44224 Hyperion A+
ALI(Advanced Land Imager), LAC(LEISA Atmospheric Corrector) MM E w@xslxz Ut} o)F
Hyperion A4 %942 Pushbroom &< %249 sto]f 2w E" MM (Hyperspectral Sensor)24 30m<]
FIUNAPESE 7HAR 1, Y #F FL& & 7.7kmeo|th

FAES 20023 10989 HEH AL Z 256pixels x 3129pixels x 242 == o]FojHon oF Uiy
200pixels x 250pixelsE& A7 diFA oz AL&3HT.
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F 242709 W= F Ao Bg o] 09 MEE B ARELS /AT A FE ;4\0; 7+
ste] AR, EF AAH A ZANE B2 wo)=F 7}
EE T /25000 AF A 1639 AA7EHE SHeA 13
& HAI5H 2", Nearest Neighbor 7IHoZ A& AuiIdstA .

ofefo] 1H& Ao AFEE Hyperion AA 9443 Hyperion A& @§A3 EO-1 ¢4dolth

¥ EY go]H 8] 2)(Spectral Library)E # %7 (Image Spectrometer)E 3] &AHE &438 &£4
o] % ¥AEE 7)ESte Z4 A dWE dr)ge ved Aoew USGS(US. Geologlcal Survey),
JPL(NASA Jet Propulsion Laboratory), JHU(Johns Hopkins University) SolA] & 9 e EH
Eo Ui ~dEd 3}015313]‘:" Asgot. B dFodAE JHUNAM AFTde AMED golBz g
Atgstd e, FEF A4, B EY 9F FERE, & 52 FEsY o 50078 A% Endmembero
3 ARE AT 9&‘4.

15378 9] wWl= o] Zo} X Hyperion 94 dlolEe] HE3}r] 93 AdEH golae]ae 7 £
EA g 7L FPsAed, JHU 2HEH gojed g9 o 500719 Endmember 5 #E 37}
Mg ZW FES AT golBE# a9 Endmember 5078 thafiAl 2] =2 (Resampling) 34 <&
At 19 45 4749 gAEYHE gojEyyE veEhd.

L rsL'

Spectrol Library Plots
—r | B T T \ v T T e ™

2% 4. Spectral Library(507) Endmember)

3.3 Linear Spectral Unmixing 7|4 &
3.3.1 Hyperion &3} AAMN JISXE F0{3t daf Qi

shube] gide] BE F¥U2Eol YelyE EF(Classification) 9= @] Linear Spectral Unmixing<]
HAales AHgE 29 e golH 89 Endmember vttt 2z} 34 9] X &5= Endmember?l Abundance
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el zol& YeldlE Gray Level Fej2 dA4to] AAd)

F44 A7 L4542 4 B4 9 P(Abundance, a)o] Bol EAFE UEIUY, dAddE gt 19
#e Z3, AL AduE 09 g vehde, dAAdge o Alold g st =3 BUbHog
A ARANA A7]= Endmemberst AAl 2A7Y RMSE Aol AAFHFEH, wxAY B
Endmember?e] ARE& AAGEH 28 F)

ox

M
(D3 @A, 0132 A AFolME Y a,= 19 a, 2 09 2HL BHHA D, AA F4l
k=1

M
Ae a%x && A4$st 2AR Do}, AR G4 AP AY AF go) Y ap = lo)AY ¢ = 0
k=1
of Yentd, AFAE RoldtA ¥g o 7 27 FEAANE 422 IAA Hed, o)A HFA
2 Relstel Ya, =19 a, 2 09 2oz FAZ TISA B FAT, RY F ol AFA

7b g Aol 7k 7hEX o) B¥ 22 Endmember?] 23 333 RMSE 942 4% 9422
UetA S22 A 2Ae AL 42 XA s Fojok gt

(m) (8) (~) (o)
a8 5. A% gz ozRE 7153 19 (1) Grass, (W) RMSE, 7}5A 3% (v) Grass,
(2) RMSE, 7}5x 509 (o) Grass, (B) RMSE, 7}% 4 5002 (A) Grass, (0) RMSE)

A, AA Gl Hes & A a9 59 (MAY JEAT 19 B RE IACA 09 #E
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3.3.2 #3 Y

ST Bk Py dE ABHY 2AE ANAAE REoY AW 94 20X X L
I 99e ohdsh ol B & Utk

M
AN, ALARAN z= Eskak+w= Sa+we 2o AE¥ wE Random ErrorZ 3o AL&®
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dlo]E 7t Level 1R ¥4°)71& dhv &A% Systematic Errorg AAT T B 4 Q7] dfEd o«
Systematic Error& AAE £ AAE Fdsopgt ot

A, AHE&¥ Hyperion 949 Z¢ ol B33 3oz F4H Ak d4A 92 EndmemberE 3
g3tA AR 23 dFHQ 50709 EndmemberE A ®3te] Al434 7] WEol A8¥ Endmember
o] ZEol AN Ao B F%E -Zr?si‘jrl 7@5]‘:}
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4. 48

2 ATE T fEHe 22 EF ANEE o83 sta 9 olste EAe did A gz EF
“Linear Spectral Unmixing” 2 9-& A7sta A GAbd F &8t 1 A0E #Hrstgoh,

AF#E T, £ 929 "X #AAFE T AFEE Fole ATt oAt dx;, A I
A= ot o] g o] "asiy, A7 x99 Endmemberdl] w3t ZAL7L =8 ojor g
84 E U3 Ht

£33 Linear Spectral Unmixing E¥2 % 7Hx @d¥E 77Xz ed, A4 3Hd44 7z
Endmembere] ¥7] gEo] A}&E22 Spectral Library ZE7} & FasltdE Holud, T3 AlgdE
29 EY golregle] Emdmembere] wel ©& ZAFE Holm, Al Endmemberits of &3l A
stz 5o Fgol wol aFdr.
getA, HZ olz|d gAHS A 9% didoeR AAHIT Y “Derivative Analysis” “SolE
A 7Y E ol & dnEES HALH B At d& Aot

&ags

1. Freek D. Van Der Meer, and Steven M. De Jong (2001), Imaging Spectrometry - Buasic
Principles and Prospective Applications, Kluwer Academic Publishers, Netherlands, pp. 47-55.

2. Chein-1 Chang, Shao-Shan Chiang, James A. Smith, and Irving W. Ginsberg (2002), Linear
Spectral Random Mixture Analysis for Hyperspectral Imagery, Tranactions on Geoscience and
Remote Sensing, IEEE, Vol. 40, No. 2, 375-392.

3. Dimitris Manolakis, Christina Siracusa, and Gary Shaw (2001), Hyperspectral Subpixel Target
Detection Using the Linear Mixing Model, Tranactions on Geoscience and Remote Sensing, IEEE,
Vol. 39, No. 7, pp. 1392-1409.

4. Lori Mann Bruce, Cliff Morgan, and Sara Larsen (2001), Automated Detection of Subpixel
Hyperspectral Targets with Continuous and Discrete Wavelet Transforms, Tranactions on
Geoscience and Remote Sensing, IEEE, Vol. 39, NO. 10, 2217-2226.

5. Martin Brown, Hugh G. Lewis, and Steve R. Guun (2000), Linear Spectral Mixture models and
Support Vector Machines for Remote Sensing, Tranactions on Geoscience and Remote Sensing,
IEEE, Vol. 38, No. 5, 2346-2360.

- 166 -



