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The Removal of Noisy Bands for Hyperion Data using Extrema

Han, Dong Yeob, Kim, Dae Sung, and Kim, Yong nt

School of Civil, Urban & Geo-System Engineering, Seoul National University

Abstract : The noise sources of a Hyperion image are mainly due to the atmospheric effects, the
sensor’s instrumental errors, and A/D conversion, Though uncalibrated, overlapping, and all deep water
absorption bands generally are removed, there still exist noisy bands. The visual inspection for selecting
clean and stable processing bands is a simple practice, but is a manual, inefficient, and subjective
process. In this paper, we propose that the extrema ratio be used for noise estimation and unsupervised
band selection. The extrema ratio was compared with existing SNR and entropy measures. First,
Gaussian, salt and pepper, and Speckle noises were added to ALI (Advanced Land Imager) images with
relatively low noises, and the relation of noise level and those measures was explored. Second, the
unsupervised band selection was performed through the EM (Expectation-Maximization) algorithm of
the measures which were extracted from a Hyperion images. The Hyperion data were classified into 5
categories according to the image quality by visual inspection, and used as the reference data. The
experimental result showed that the extrema ratio could be used effectively for band selection of
Hyperion images.
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Fig. 1. Flow chart for Test | and Test Il.
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Fig. 3. Hypenon images for Test il (from left, Data |, Data II, Data Ill).
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Fig. 4. The cases of noise in Hyperion data.
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Fig. 6. 500x SNR, 3 x Entropy and Extrema Ratio of panchromatic ALI image with noise added.
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Fig. 7. 500 x SNR, 3 x Entropy and Extrema Ratio of multispectral ALI images with noise added.

Table 1. Correlation coefficient of SNR-Entropy, SNR-Extrema and Entropy-Extrema.

W = He4 kgt Gaussian =0]= salt & pepper o= Speckle ko=
ST @&y [FWY| SE | SX | EX | SE | X | EX | SE | X | E-X
A7gM A4 1409 | 32767 | 0.94 0.93 0.82 0.99 0.99 0.99 0.99 0.92 0.94
TRy uis 1| 1434 5762 | 0.58 0.85 0.09 0.99 0.99 0.99 0.97 0.7 0.82
R s 9 | 1343 8268 | 0.44 0.87 0.01 0.99 0.99 0.99 | 098 0.75 0.85
e e 3 1 7650 | 0.26 0.9 0.16 0.99 0.99 0.99 0.99 0.85 0.9
oG Wi=E 4 1435 | 32767 0.13 0.89 0.31 0.99 0.99 0.99 0.99 0.95 0.92
Rt Wi= 5| 2004 | 32767 | 0.66 0.89 0.31 0.99 0.99 0.99 0.94 0.99 0.92
TR ul= 6 | 1879 | 32767 0.67 0.89 0.35 0.99 0.99 0.99 0.93 0.99 0.92
S s 7 888 | 32767 0.19 0.89 0.25 0.99 0.99 0.99 0.98 0.96 0.93
tEEg W= 8 | 1069 | 32767 0.13 0.88 0.29 0.99 0.99 0.99 0.94 0.99 0.95
EEFHEg 882 | 32767 | 0.18 0.89 0.29 0.99 0.99 0.99 0.96 0.99 0.96
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T g Uk ZAS MM ER 31 U I4) Fig. 9. Results of applying the EM algorithm to Extrema Ratio
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(from left, Data f, I, {if).
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. ~ - R e e Exlrema(‘%f;)
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Fig. 8. SNR, Entropy and Extrema Ratio of each band (top-Data |, middle-Data II, bottom-Data Ill).

-282-




The Removal of Noisy Bands for Hyperion Data using Extrema

Table 2. Thresholds extracted with EM algorithm.

SNR Entropy Srtslay]
Datal Data I Data Il Datal Datall Data Il Datal Datal Data Il
7 SHAIZk 4,633 3.222 1.429 8.903 8.781 9.220 17.555 17.845 15.543

O_L..

Table 3. Effective bands selected with EM algorithm.

AMg Data | AHE- ¢a18]E | VNIR(-484 W) SWIR (481961 ¥l =) Z 7
SNR 1-48 49-92, 100-137, 153-156, 158-194 171
Data I Entropy 1-48 49-69, 73-90, 107-132 13
ata S SENY 3-48 49-92, 101-137, 153-156, 159-193 166
T 5-48 57-69, 73-91, 106-136, 159-161, 163-189 137
SNR 1-48 49-92, 100-137, 153-193 171
Data I Entropy 1-48 49-69, 71-91, 107-133 117
ata RN 3-48 49-92, 102-137, 153-156, 159-193 165
oFEHiE 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
atar | Entropy 1-48 49-91, 106-132 18
ata ks A) 5-48 49, 53-92, 102-137, 153-156, 159-189 156
I 5-48 57-92, 102-136, 155, 156, 159-161, 163189 147
F 5 5-48 57-69, 7391, 107-136, 155-156, 159-161, 163-189 133

Table 4. Accuracy assessment of band selection.

A g = SNR Entropy el
Datal | Datall | Datalll | Datal | Datall | Datalll | Datal | Datal | Datalll
A= 82.563 | 82.563 | 89.796 | 75.510 | 75.510 | 72.959 | 85.204 | 85.714 | 95408
AER | gEdis 100 100 100 | 73.723 | 75.182 | 72.109 100 100 100
AZE | wolZWi= | 42373 | 42373 | 59.184 | 79.661 | 76.271 | 75.510 | 50.847 | 52.542 | 81.633
AR | FEEE 80,117 | 80.117 | 88.024 | 89.381 | 88.034 | 89.831 | 82.530 | 83.030 | 94.231

AE | o|ZWE 100 100 100 | 56,627 | 56.962 | 47.436 100 100 100
Zio] Ao g A% FAARE AGHoR F sl FY A7) & A 92l Data I Data 11
F5st AEE sUAY 4 HRles TEt WS £ BAEk BAIglel A2 FYg Wi o] o]Fo
HEQITE; ol 3 8, B kol HE ko]Z AA EA 299 o2 A7t gL EATEE e
W2 (Fig. 4 ). o] F W9 42, ¥T, 2o = ATE Ui, o)A 949 29 A7|7t getA
TS F5t0] AE Auel vjwstyltt, FRA A ¥ 0|2 e e Papiitis AL HojErt
T B7t= 231 P error matrix)S o183kt Azt
A PrhE F3 23 235 Gl Hsty 4 21}
£ Yol Hejste AH L= g Hrlsich FUska 4, 4 =
8]2] A He=7} SNRoY EZ gjo H]a] A 1t :
Efton] AJZAQI Hto] o3 S5t WHEof FAISH Hyperion Hlof&2] f-& HE AdS Y3t A2
ZAIE HAHTable 4 #a1), mebA] 7]&9) 7|24 QI Hetof gESHAL, FFHES AL Heg 4
BAES Bl Tl o] 29| kg 2 AollA A A0 2 ANl o] UntAolgiet B oA A
Qteli Sl SHStan| 2 AR = gls Ao g ZHA ks AL, H gt ool 2rt A2 Wi=E g
o}, £33, S9EkanE 7|2 71 Ha A gF oz Had ¢ ol st 7S 234 319
EN AFolE e Ado] oj20d 4= 93-S ERIT t}, o] 9Jste] SH3AEE ARSI oH, ALL 94
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of ko|2E Frfste] paE AyelA Foialin|zt
7)&0) AMEEAY SNRT RABH Lo|2 £3E& ¢
Yo 5 92S U3t Hyperion F3oIA &
%l SNR, JE=Zm Jddstinjef dxdist 71HE
Zgato Ao g MRS AAsiglt 1 dx 3d
s}4|o) WA Jshert 7|29 SNR <8, JEZHR
o =A Uebsth, wheba 12FE 9] e A uho
2 Ikl E o] g3t Wie Mg Who] ARgE 4= 9l
& ACR dthdnt % Zh s §8 eI A
Z317] $131 o] = B9} S8 BhAo] i ot
A7} o) RoiAof 311, Hyperion Hlo|8 B4 A}
£8 Y AP HEE=R S 44T Bart gl

e

e

—

yre

AAE ol mHdE, S, 2005, 2 4AY
Aol EA AZ7)Y 9 &8 d8 Korean
Journal of Remote Sensing, 21(4): 341-
369.

ol A, oA, 2003, FEEHEA 7ol AT AT
& HHo| EAQ B4 Korean Journal of
Remote Sensing, 19(6): 411-419.

Breen, E. and R. Jones, 1996. Attribute openings,
thinnings, and granulometries. Computer
Vision and Image Understanding, 64(3): 377-
389.

Christophe, E., Léger, D., and C. Mailhes, 2005.
Comparison and Evaluation of Quality Criteria
for Hyperspectral Imagery, Proceedings of
SPIE, 5668: 204-213.

Datt, B. McVicar, T. R, Van Niel, T. G, Jupp, D. L.
B., and J. S. Pearlman, 2003. Preprocessing
EO-1 Hyperion hyperspectral data to
support the application of agricultural

indexes, IEEE Transactions on Geoscience

and Remote Sensing, 41(6): 1246-1259.

David A. L., 2003. Signal Theory Methods in
Multispectral Remote Sensing, Wiley-
Interscience: 68-73.

Dempster, A. P., Laird, N. M., and D. B. Rubin,
1977. Maximum Likelihood from Incomplete
Data via the EM Algorithm, Journal of the
Royal Statistical Society Series(B), 39(1): 1-38.

Folkman, M. A, Lee, P., Jarecke, P. J., Carman, S. L.,
and ]. Pearlman, 2000. EO-1/Hyperion
hyperspectral imager design, development,
characterization, and calibration, Proceeding
SPIE, Vol. 4151, Oct.: 9-12.

Freek D. Van Der Meer, and Steven M. Dejong,
2001. Imaging Specirometry - Basic Principles
and Prospective Applications, Kluwer
Academic Publishers, Dordrecht: XXI-XXIII.

Gretchen, M. S., 2005. Application of Phenology to
Assist in Hyperspectral Species Classification
of a Northern Hardwood Forest, Master
thesis, Rochester Institute of Technology.

Groves P. and P. Bajcsy, 2004. Methodology for
Hyperspectral Band and Classification Model
Selection, IEEE Workshop on Advances in
Techniques for Analysis of Remotely Sensed
Data, Washington DC, October 27: 120-128.

Hubbard, B. E. and J. K. Crowley, 2005. Mineral
mapping on the Chilean-Bolivian Altiplano
using co-orbital ALI, ASTER and Hyperion
imagery: Data dimensionality issues and
solutions, Remote Sensing of Environment,
99(1-2): 173-186.

Pramoid K. V. and K. A. Manoj, 2004. Advanced
Image Processing Techniques for Remotely
Sensed Hyperspectral Data, Springer: 30-40.

~284-



