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Abstract

Among 242 Hyperion bands, there are 46 bands that contain completely no im’ormatioh and some other bands
with various kinds of noise. It is mainly due to the atmospheric absorption and the low signal-to-noise ratio.
The visual inspection for selecting clean and stable bands is a simple practice, but is a manual, inefficient, and
subjective process. Though uncalibrated, overlapping, and all deep water absorptidn bands are removed, there
still exist noisy bands. In this paper, we propose that the extrema ratio be measured for noise estimation and
the unsupervised band selection be performed using the Expectation-Maximization algorithm. The Hyperion data
were classified into 5 categories according to the image quality by visual inspection, and used as the reference
data. The accuracy of the proposed method was compared with signal-to-noise ranking and entropy ranking.
As a result, the proposed method was effective as preprocessing step for band selection.

1. M 2

sto] B AHE Y YA A hyperspectral remote sensing)® A4S AHE 10~20nme] FAFEo &
el 9 e M= dole g HEd 1 EAstes Eokolth(Freek, 2001). HE4H sloly e
He 7129 oF &% dolE (multispectral data)Bt}h & 233314 S (spectral resolution) @ HFAF&) A

E(radiometric resolution)® <laf Aol B HABE FFddn o] HZ Z2FE 94 (target
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detection), & &/ (classification), 408 £A] (spectral mixture analysis)™ 2-&
7t @ol o]fA 1 . AR, EL B L A AR HolEl Al 3§ 4
= FET Ao Vg FAHeE Fojun, bdFEEF dolgHd 1A EHA BE
2 MLC(Maximum Likelihood Classifier)$} zZ-& =z 2
AH ME 22 JoBARZ A8 do] Fr7} s
Stk (Groves 5, 2004). wWEld HEHE W g
S7HA7IER AA doly BN Fed w=Esure Hdsie
Ay AL ofudold v15 g T ARz HAsAY AaBASE o
3t Aol IrAHoltHENVI tutorial, 1999). A &g o] &3} 1
= TR ZaH, £ e =g F24E =3
S 23te dio] S olgd TAE MHAFI Y v
E AAsteE 7IYS Atstax goh, £33 7)o H o 3H(Expectation -Maximization)
dolelo] AFstd FER=E Adsidn ol 2o We Hdue W=z Ao
oo Ao dolg Ay HAFAA 7t VBN FA volEE FrtE oA
]= M= £=9%(band ranking) 7}¥ ol thGroves 5, 2004).
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2.1 Hi= £2| 7|Y (Band Ranking Method)

Gate] EAtE o2 E AAGE WEE A A HAZ UE 4 A (Gretchen, 2005). AA, g4
dojeje] W3ko] o) A" ZEFgeol 7MF 2 SAdE dAHSd Fo M=gE Addysie WHoe=
PCA(Principal Component Analysis), MNF(Minimum Noise Fraction), ICA(Independent Component
Analysis) 5°] t. A, ZEHA 7IYS AL&L ¢ Jded, AFAE AILES 4@ ZEH(median
filter)'} B3 ¥ E(mean filter)Z /\P%EP‘:} AA o)z EAste MEE AAJG ol FBHo

3 HE Wyely xolze EA AR E Auste 71Ed ol ABEE dr1E 5 glvks dAel 3l
th olE E&etr] 93 diolE e FA% l"i:ére— T FEE Bol X3 de £LE HolHE A
id st dA3 A gk(threshold) g A &3] wo]=2 MEE AASE W= &9 7IRo] F2 ALEH
A Ao

SNR(signal-to-noise ratio)t 94< ST o dAs= 71AAQA olz9 ¢& st Ao o

2 ojt}, Hyperion®] SNRE =& o] whe} 190~40dB A =2 <elx A T(http://eol gsfc.nasa.gov), AE
B gAol sl SNRES FAH37Ie 4A &oh F5T F4o tist SNR AAA L o 7HR]7F A A
Ho] glov} gate] HEaE E4g o] &3 Wo] Unkd o]t (Emmanuel 5, 2005).

MSE=—2— Y (lz,y,\)— Lz,y,0)?
nz yn)\ .42
o5 2
SNRdB: 10 « loglo ]‘JSE (—| 1)

A7\, I= Lo T

’

rle

Wstd G, oy s 949 ¥, €, Mg ou| i

A E 2 9] (information entropy)& 1 Aol st FAA HEE gto g TS RozZ Fito #
2314 =3 A 20k o] THRF £ ¢dHGroves &, 2004). dERI I L& s 22 AHE X
sl MEE ou] 3

Ry
i

H(),) Zp ¢inp (o) (2 2)

-

714, AE e plgl)E dage] 7HxE B8 me 34 /4 £E Bin o)tk

ol9jef W=t {FAIEE e MTJr‘:(corlrelation measure)2t FAE EA 9 (principal

component analysis ranking) 7| 5o] A5 3 (Groves =, 2004).

.J

2.2 IHstAH|

Hyperion 940l UEhUE wolZ2E ZEY(strip) o=, 7F¢A19 x=o] 2 ‘salt & pepper’ =o]=
29 Z(speckle) =°]Z7} St} Hyperion G7dolA ~E{ xol== destriping €18 Fo2 4 AA
slojo} dtx, 1 9] »o]ZE TE Yoy PCA X MNF 9& 79el o) AA=R ek 7F-Alet
S e glaE o]z =AY wE FEdtA g Ueld £ Q1) 'salt & pepper’ =
ety 233 w025 o2 Ao wal Fostiz UEd £ gt waby
& e FuHoR AMEvEsich FUH L ZE2A A4S ol &t ¥

=
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2.3 7|c} =|chst 2ne|E (Expectation-Maximization Algorithm)

Iz 719 e B4 A2 HEHQ dae T BE UE 59 AT, A AL
HEE)E 2%t Wyoltt (Dempster &, 1977). ©o] ¢nYFL A 73 AAEY 7|zgs
Astste 71dst A (E-step) AWFEE 7HXe A2 FAHFES ANsE Fd3 I (M-step) >

ol A dAlY] FART N2 FHIY Aolrl A9 ¢ W wE AMe BEA Hi, 7zt
HE 7t 7HAE FEol TUE AFe] ARl Boh FEH AU FEANEY wolzwi=E
AEor FEE F Utk AL A 39 23 AN L & AAd

(U,,*J?)T:E+2(u,,a - 10 ”)T+;¢Ca,,—,u7,a + 207 UQIn[Zi—P((’l—Uu;;—;]=O (2 3)

2.4 AP upy

QuYEFe A HE37) 98 AHEE HolEl: Hyperion 94Tl Ale @R ol xde Y
g 20023 49 393 49 999 AAA GAre] @rige] 02 WMSE M A AsY 19679 WHE=EES
Zzatgn, 94 o 94 78R ALS AA s 350x200 Z7)e] 37 dlojEE FAATH o]2 o] &3
o 5 7bA B, 2 Ahe g Azt #93% dolE g} trE A9 2 Azte] #93 HolHE
Bl ste], Alzkoju} X ol s AEZI 9 SNR o509, S92 S A2t A=z 7o o3
dudEFe AHEste] A5sE WE Age sAddozH BPE §7 Wes Mdsedn 23t Ht
Z Y% #x AzE NGHoZ BU wolze HLo wi SFL FERIAT
3. ¢g|E =g U AUy

3.1 AIZ0I0]E]

Hyperion<> pushbroom #2402 #Js™ 30m FNAE, 242719 =g T4 9t VNIR I
3 SWIR shgo] dgd £ 7fel A2 750 2o oF 850nm*E 1050nm Abel o] shel A 333
ME7E E2A g, 242709 e 3 RAHR @ 1:(1 7, 58-76, 225-242%1 W= 447) wW=)eb w A
Hou sigo] FHEE ME(56-57, 77-78H W= ;}Llrw)% 13- 02 AAste] 19670¢] W=
AAstanh 28 1o JEhd 2E ololE oA, Data [(SHFANI (A S B3)= 2002 49 39
4ol™, Data (A& FH)S 49 199 FAito)th.

o

08 Nlﬂl r lO

21 1 AME Blo]EY (32516 Datn I Deta 1L Deta I

Hyperion Hlo]E]9] xo]ZE 3}Azho] 09 B“‘:(Zero Band), 8 xo]Z & el(random noise), T3
x=o] Z(streaking noise) 522 uEtdrl Ald xolzE F4 %A (absorption band) 2 2 7 A o)A
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Jeue d@4oz 49 FAE dold £ e A 28A 23 wErt EAT 7 wol2eE 5
A 3Ag @g3se @A 988 3x £ o @AY= pushbroom A NA FZ ST
@ 2% Hyperion HoJHo| &A3te ko]29 HFHE HAFU FAXCRE AAN7] Hstd AFH
destriping 7] o] &5 A tH(Datt, 2003). ¥ukH o2 175709 WM =(8-56, 78-120, 129-166, 179-223%
o)E HY3 ALY £ dE dlolE(maximally useable data)® A3, 155709 w=(8-57, 81-97,
101-119, 134-164, 182-221¥ W =)E <k 2] d|o]E{(stable data)Z FHE371= FTHUS Report, 2002).
gy o] W £ MEE AZHog AP EA AR WS dF o=t EA%} TY Al
ol &g G B¢ Aol d2detE w029 FEHTE FASEAIRE, G AITEo] B2 dHolH 9 F
Solle FYXGolg} sttt wol= FErl 4F WEd ti3 o FFe2 Yehdrh

3.2 ¢tz

o

g U 2

Al 7hel dolElel sl AEZIG SNR &9 71, SE3an
SAHZY 3 F31). SNR &4 714, Sdgavle Z23go] =

02 wolz7t B W=dL onmgch

2
JEZT g FeFE 3

20 ._.’"m »r_..% - ;m—\-.\"(‘_ "‘N’ﬂw’m{mﬂ.,.' R ‘;’"_.,c . Extrema(%)
10} T L e T e T T - Entropy(bits)
] P L D - SNR(dB)

40 60 80 100 120 140 160 180 200 220 240
Wavelength (10 nm)

20} T T Exiremach)
10 SRR A e e - Entropy(bits)
0 [owmtet i 1 " 1 - 1 1 :. | ; . *‘:WMMI”M"M'.I i SNR(dB)

40 60 80 100 120 140 160 180 200 220 240

Wavelength (10 nm)

20 S e e e - Extrema(%)
e - Entropy(bits)
P — . R — - SNR(dB)

1 1 1 1 i |
40 60 80 100 120 140 160 180 200 220 240
Wavelength (10 nm)

%Y 3. W=x SNR, dE=ZT, Zo3liH]; (4) Data I, (5) Data II, (3}) Data III

AdEe FAZ 7IqAs S ES ALt xol= WMEE
38 4F Sdstavld JdHAE dugEFE HET AAE BT
xR [¢)

Histogram of IR's with 40 bins selected

i

05

\ . : - 0 By »
10 12 14 16 18 x 2 012 13 14 15 13 17 18 19 2 2 2 12 13 14 15 16 17 18 19 X 21
Interest Rates Interest Rates Interest Rates

a4 S9sav e ZidFgs 71y HE o) 225 Data [, 11, 1T
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# 1 EM ¢x2gez 58 4G (B FE2& A9l dARS o0

SNR Entropy S sty
Data I | Data Il | Data III | Data I | Data II { Data Ill | Data I | Data I | Data III
H o 4.633 3.222- 1.429 12.061 | 12670 | 13.286 | 24.742 | 24210 | 15543
Ha -6.587 | -2.677 0.798 8.903 8.781 9.220 17555 | 17845 | 11.536

£ 271303 71He S8 Addd 782 0=

VNIR (1-48¥ WhZ) SWIR (48-196% W= Z NE
SNR 1-48 49-92, 100-137, 153-156, 158-194 171
Data I Entropy 1-48 49-69, 73-90, 107-132 113
FsAy] 3-48 49-92, 101-137, 153-156, 159-193 166
LA 5-48 57-69, 73-91, 106-136, 159-161, 163-189 137
SNR 1-48 49-92, 100-137, 153-193 171
Data II Entropy 1-48 49-69, 71-91, 107-133 117
gt 4y] 3-48 49-92, 102-137, 153-156, 159-193 165
Foul= 5-48 57-69, 73-91, 106-136, 159-161, 163-189 137
SNR 1-48 49-92, 100~137, 153-156, 159-191 167
Data Il Entropy 1-48 49-91, 106-132 118
F k4] 5-48 49, 53-92, 102-137, 153-156, 159-189 156
FIwi= 5-48 57-92, 102-136, 155, 156, 159-161, 163-189 147
T% 5-48 57-69, 73-91, 107-136, 155-156, 159-161, 163-189 133
Ao A HILE A% FuARE AZAHoR 4o M=g ARG SPAY J4 siHe
2 FReo] wEsdch S 45, ¥ B5Y, xo= Mg, wolx BE o F BEY WES Y
Wl GBS Y WSV FES 4Y Adsh vungnh 4FHA ABE Prhe o 9
(error matrix)& ©]-&3tdch AAH HrME 3 FE£ AA(E o st HE ZE Ao Hy
dol Ad FEES Porsgo Fusiavel @A AREr) SNRelt dE=ZHH ulal A Uehio
o, A1 ZFAQ] el o &S =9 FAS ARE HAUHE 3 F3). g 71E9 71EAH] F
AZE T3 Fdetd woj2o <GS £ AFdA AYstE v FHSABZ gAY # g A=
dddtt SdstanE Hdrids dndEFd ATz Assid e deo] o]Fojd £ I
2 BAY & AU
£34%E 97 (4 2ge 4 dold 48 4% 3 Y 2 FYES )
SNR Entropy =R e ]|
Data I | Data I | Data Il | Data I | Data Il | Data IlIl | Data I | Data I | Data III
HAA I 82563 | 82563 | 89.796 | 75510 | 75510 | 72959 | 85204 | 85714 | 95.408
e | FEWE 100 100 100 73.723 | 75.182 72.109 100 100 100
sty | xo]RWiE | 42373 | 42373 | 59.184 | 79661 | 76.271 75510 | 50.847 | 52542 | 81.633
PR Fzu= | 80117 | 80.117 | 88024 | 89.381 | 88.034 | 89.831 | 82530 | 83.030 | 94.231
Sy | RolzWE 100 100 100 56627 | 56.962 | 47.436 100 100 100
4. U
Hyperion HolE 9] & M= S 93t A|ZFAR] fchol] &ALV, FPUEE A9 =S
Ao g AlRsE Aol dAnkdo|ith 2 Aol A ZEA wtebg WA sk, HUlg wol=27F A2
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