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Current Status of Hyperspectral Remote Sensing: Principle,
Data Processing Techniques, and Applications

Sun-Hwa Kim, Kyu-Sung Leet, Jung-Rim Ma, and Min-Jung Kook

Department of Geoinformatic Engineering, Inha University

Abstract : Hyperspectral images have emerged as a new and promising remote sensing data that can
overcome the limitations of existing optical image data. This study was designed to provide a comprehensive
review on definition, data processing methods, and applications of hyperspectral data. Various types of
airborne, spaceborne, and field hyperspectral image sensors were surveyed from the available literatures and
internet search. To understand the current status of hyperspectral remote sensing technology and research
development, we collected several hundreds research papers from international journals (IEEE Transactions
on Geoscience and Remote Sensing, International Journal of Remote Sensing, Remote Sensing of
Environment and AVIRIS Workshop Proceedings), and categorized them by sensor types, data processing
techniques, and applications. Although several hyperspectral sensors have been developing, AVIRIS has
been a primary data source that the most hyperspectral remote sensing researches were relied on. Since
hyperspectral data have very large data volume with many spectral bands, several data processing techniques
that are particularly oriented to hyperspectral data have been developed. Although atmospheric correction,
spectral mixture analysis, and speciral feature extraction are among those processing techniques, they are still
in experimental stage and need further refinement until the fully operational adaptation. Geology and mineral
exploration were major application in early stage of hyperspectral sensing because of the distinct spectral
features of rock and minerals that could be easily observed with hyperspectral data. The applications of
hyperspectral sensing have been expanding to vegetation, water resources, and military areas where the
multispectral sensing was not very effective to extract necessary information.

Key Words : hyperspectral sensing, imaging spectroscopy, spectral library, spectral mixture analysis,
feature extraction, application.
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Fig. 1. Image spectra derived from AVIRIS hyperspectral data
as compared to Landsat ETM+ multispectral data over
the same agricultural cropland.
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Table 1. Primary airbone hyperspectral scanners.

Sensor AVIRIS Hymap HYDICE CASI2 AISA
Operated by USA JPL Australia USANRL Canada Specim(USA)
Scan type Across Across Across Across Along
Number of bands 224 126 210 288 244
Bandwidth (nm) 10 10-20 7616 19 29
Wavelength range (nm) 400-2500 450-2500 400-2500 400-1000 400-970
SNR 500:1 > 500:1 217/107/40 480:1 1.41-1.02m
Spatial resolution 20m/3m 3-10m 0.75-3m 0.5-10m 39.7°,29.9°
FOV 30° 30-65° 8.94° 31.8° 39.5°
Table 2. Categorization of papers presented during recent AVIRIS Workshops (2000~2003).
Category/Year 2000 200t 2002 2003 Total
Radiometric correction 8 5 2 1 16
Atmospheric correction 7 5 6 6 24
Data compression 3 1 1 5
Image processing Spectral mixture analysis 5 5 3 1 14
Feature extraction 10 2 3 1 16
Spectral feature fitting 2 1 1 4
Spectral classification 4 11 8 4 27
Sub-total 39 30 24 13 106
Geology, mineral 4 6 8 4 22
Vegetation 12 10 7 4 33
Water quali 3 3 8 5 19
Application Chloroc:)hylty 1 4 2 7
Atmosphere 1 4 1 2 8
Others 3 1 3 3 10
Sub-total 23 25 31 20 99
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Table 3. Spacebome hyperspectral sensors.

Sensors Hyperion CHRIS FTHSI
Satellite EO-1 PROBA MightySAT(Sindri)
Operation US NASA ESA USDoD
Scan type Along Along/Across -
Launch 2000. 11.21 2001. 10. 22 2000.07. 19
Altitude 705km 600km 575km
Number of bands 242 5 selectable modes(upto 62 bands) 256
Bandwidth(nm) 10 6-33 -
Wavelength range(nm) 400-2500 410-1050 450-1050
SNR 100:1(VNIR) 200:1 -
Spatial resolution 30m 17-34m 0.5m-1km
Swath 7.5%100km 14km 145km
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Fig. 2. Portable hyperspectral camera (SOC-700), which can
obtain 120 spectral band images from the wavelength
region of 400 to 900 nm.
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Table 4. Number of hypersepctral remote sensing papers (obtained from three intemational joumals) categorized by sensor, data
processing, and applications.

Journals
Category Total
RSE(106) | ITGRS(103) | DRS(39%)
AVIRIS 55 49 16 120
Hyperion 3 23 1 27
Sensor type HyMap 11 5 5 21
HYDICE 1 18 1 20
others 45 23 16 84
Sub-total 115 118 39 272
Radiometric/atmospheric correction 11 17 7 35
Data compression and display 1 16 0 17
Spectral mixture analysis 10 15 5 30
Data processing Spectral matching 14 3 4 21
Feature selection/extraction 8 17 4 29
Classification 4 23 7 34
Others 47 19 9 75
Sub-total 95 110 36 241
Geology 22 2 12 36
Vegetation 48 17 11 6
Urban 1 2 1 4
Applicati
pplication Hydrology 7 1 4 12
Atmosphere 2 3 0 5
Others 7 6 3 16
Sub-total 87 31 31 149
AHE 7T BEE AT B 7129 UFEYY 5. XAt xa] 7]
A Ejet s 2EFGY IR A7 sig
Sl PSS 28 02T otk 58] RWANOE  gEERgu 9o 2RSS 2l A Med
HE SAT EHARTALS A7) AT EARRAY 2 o 8 2ol GAtoA RS PSa= o] th
7|29 =o| & HFS AABIL glod, EEd 5 £ 9oug 7|29 thEEggAld H4HE X
H4(spectral mixture analysis)Z £ 3544 E 71H3} o Fejo) Az elHA o) aEc 2 7
(spectral matching) 71'00] ol AFHL UL Meo) 2BHGRIN 2 Bh Q) EYSHE 2
5ot} 2EHYA)Y] &8 T A7 e 2E Z317] YalAlE di7|EAT 2R A o] o
o] 7] AR 19009 ook 22 sk, 2 as] £YRAL olgstol 54 95
A g FEFAL Rt 75 o|F oL, £ dFelA & FEHAY YL ERdke 71N EF oE 2ol
At =eae Alde *‘*é* o] Zgol 50%01Y  aTH B FelAE 2EBYA] AGHT gl 5
2 AT Y=z Bgol F7h5kn mq ol Wil R e EEel ot AgEe Avlst kg B
EE AVIRIS Workshopol A 22#E =255 HE A A7AkE Qokstu) stk
g Aol vt Hge HolFa Mﬂk

1) X2 ={data compression)
AzFo] AtF oz I BTG of| 7]20] A
AY7gE T2 Agster] o 7k EA]

~347-



Korean Journal of Remote Sensing, Vol.21, No.4, 2005

g 5 9l7] gEe] 2EIYARE Y B 457
o] g aslthKaewpijit 5, 2003). 2EFGA 0] 3
L5 AR 457IHES A ARFE S0 AT
A27HT B HRE FE317]9i5te] Amsaty
S ¥tk AE7IM e R s & YthTable 5). HA
ZEFGY AA AEFE 2o)7] AT dETIHES
7|& Al 9 Aol AREYYE gE7IHsS |
g3t AR & gl 4EYngEY e A=
Fe SolHA 22394 FEA

—r°1 7fetEl o= 7|22 DPCM(differential pulse
code modulation)o] = d, o] WL Ul G4
o] HLE= JPEGH Hl%d WACR ASEE
o AR o] &ado] A9 QlT QY W= ATATL =
& 2EZGAoA o) w2 AFAILE U
tHAiazzi 5 2001) Hhdof Ao s Ard
$8H= k2 71¥ 2 2 VQ(vector quantization)©
o=, o] e G550l 7P won Wyo
z_YP"}(Van der Meer and Kato, 2002; Zarco—Tejada

5. 2003). VQ 71 2EFGA oA 2 e S
%k"] YRS sl EH‘?_ Tol FejQl Wy EH

30 H

o K
M Kod

.

13

Tl e

3] Auds %5\—55’—7\} _}% AZ7]H ol =
LA dohs B4 AR FE80A} /fEE
AEHTRS o835 gE7Ho] i, o] 7HEL R
B A3k orthogonal function)e §3+ WV |HE
2, AR EvhE o oket 22390 e ol

grote TAH 7Iygeltt 44824 (Principle
Component Analysis—PCA)2 QAEA}L G4 543194 =S
71%E de ARgEe] & HE7H | shtz W
Zo|AU FATZ 710 HEEo] o) ‘3}171%
W= 2 23k5te] wo|Zr) Alst 2Bad Aol QF7H
o2 AHA| Yok A ItHGreen 5, 1988). PCA
Hek 7y TS Bag dEVIH s MNF
(maximum noise fraction) B¥F 70| =4, o=
NAPC(noise adjusted principal components) 7]}
2t % StHGreen &, 1988). o] HH2 WMEY wo|=
9] ExHvariance)Z 74]’* % ol5 7|22 3l 5‘—01
I AAR HEE 159 BARE: isste W3
2 HgE 28 o] Y% wo|2o B4} Tt J%k
F4ol ol2lgo] glom, ojdl HPL Hadte M2
& JAsy o] A/ETL QlthChang and Du,
1999). 1 dofl wavelet H3 7|HE S5t Y&571H A
FHEFEALMAE o83 MEE dF7IHEC] Al
%17 9ltiKaewpijit 5, 2003; Chang and Du,1999).

V

A

2) EAIEX(radiometric correction)

G4 AL Hriehe ARR AT -3 (signal-
to—noise ratio — SNR)+= ti$- 523 71&o] Ak, 2
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Table 5. Selected studies related to hyperspectral data compression.

Compression methods Data Authors
Empirical Orthogonal functions(EOF) and Transform encoding AVIRIS Hoffman and Johnson (1994)
Vector Quantization(VQ) AVIRIS Ryan and Arnold (1997)
Differential Pulse Code Modulation(DPCM) AVIRIS Alazzi 5-(2001)
Linear Mixture Analysis(LMA) AVIRIS, HYDICE Du and Chang (2004)
Wavelet AVIRIS Kaewpijit 5(2003)
Trellis Coded Quantization(TCQ) AVIRIS Abousleman 5 (1995)
Interference and noise adjusted PCA(INAPCA) HYDICE Chang and Du (1999)
3-D fuzzy prediction AVIRIS Aiazzi 5(1999)
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Table 6. Selected studies related to radiometric calibration of hyperspectral data.

 Method | Dua Authors
Noise filtering : VIFIS Gu 5(1999)
Nugget Variance AVIRIS Atkinson(1997)
Geostatistic method(Notch filtering & semivariagram) AVIRIS Curran and Dungan(1989)
Empirical Orthogonal Function(EOF) ~ AVIRIS Hoffman and Johnson(1994)
MNF Hyperion Datt 5-(2003)
Smile correction Hyperion Goodenough 5-(2003)
RBVC(Reflectance based vicarious calibration) Probe, CASI Secker 5-(2001)
Quality assurance and stability reference(QUASAR) [ AVIRIS,CASI | Teillet 5(2001)
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Table 7. Selected studies related to atmospheric correction of hyperspectral data.

Method Data used Authors
MODTRAN HyMap, DAIS Richter and Schlapfer(2002)
MODTRAN and ATREM AVIRIS, Hyperion Goetz 5-(2003)
MODTRAN and Correlated K gaseous absorption model AVIRIS Gu 5(1999)
using Field spectrum data Hyperion Biggar 5-(2003)
Autonomous Atmospheric Compensation(AAC) SEBASS Gu 5(2000)
Surface Prior Information Reflectance Estimation(SPIRE) HYDICE Viggh and Staelin(2003)
Multiple scattering76 calculation & k distribution Hyperion Cairns 5-(2003)
PROSPECT, GeoSAIL, MODTRAN4 HyMap Verhoef and Bach(2003)
Empirical Line(EL) on HATCH correction AVIRIS Ben Dor 5-(2004)
AtmosPheﬁc Pre Corrected Pifferential absorption(APDA), HYDICE Sanders (2001)
Non Linear Least Squares Fit(NLLSSF)
Spectrum matched technique AVIRIS, Hyperion Gao 5 (2004)

4) B2 S8 EM(spectral mixture analysis)
7] BA F2 9 BA 2 e Y E
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Az A M= g Y=Y FAelAE e
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(1) Spectral Distance Similarity (SDS) 7I%

A AHERT 7]E AUEYTY] A AdE
SAH AR ARSI, A7t 7RSS fARIT
e ul= o off A AEEo] A
AlEe dukd oz 2472 (euclidean distance)

7 ApgEct

(2) Spectral Correlation Similarity(SCS) 7%
i AfEFT 7|E AUERS 247 HE R 7MY
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Table 8. Selected studies related to spectal mixture analysis.

Method Data used Authors
Auto MCU AVIRIS Asner and Heidebrecht(2002)
Linear Spectral Mixture Analysis (LSMA) - Lu 5-(2004)
Bundle unmixing AVIRIS Bateson 5(2000)
Generalized likelihood ration test and LMM HYDICE Manolakis 5-(2001)
Independe'm Componen.t Analysis (ICA) based Linear Spectral AVIRIS Chang =(2002)
random mixture Analysis
Wavelet HYDICE Bruce 5-(2001)
Gibbs based algorithm HYDICE Rand and Keenan(2001)
Multiple Endmember Spectral Mixture Analysis AVIRIS Roberts 5(1993)
AutoMCU ™ Asner 5-(2003)
Mixture Tuned Matched Filtering(MTMF) AVIRIS Williams and Hunt(2002)
Matched filtering AVIRIS, HyMap Chabrillat 5-(2002)
Constrained Energy Minimization(CEM) HYDICE Resmini 5(1997)
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(3) Spectral Angle Similarity (SAM)
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L5 /\
Yoz -r3£51°1 Fabet, oloh 22

; o] 83l o2 TR AZAFY(USGS) o)A %7192 W= A¥(band selection) 3-& £% A
Tetracorderehe Z2 T3S 2Ratel BAo] AL (feature selection)t g7 AME-Ht g o2 Al
- HE S A 5 9l ho) B Wl 5 B e
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Table 9. Selected studies related to spectral matching of hyperspectral data.
Method Data used Primary target Authors
Cross Correlogram Spectral Matching(CCSM) AVIRIS | Rock type Van der Meer(2000)
SAM MAIS Rock(Ni-Cu) Van der Meer 5-(1997)
Tectracorder Hyperion | Mineral discrimination | Hubbard £(2003)
Continuum removal and least squares fitting method AVIRIS | Vegetation type Kokaly 5(2003)
Non-linear & linear least squares spectrum matching techniques | AVIRIS | Vegetation moisture Gao and Goetz(1995)
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Table 10. Selected studies related to feature/band selection of hyperspectral data.

Method Data used Application Authors
Binary string AVIRIS Algorithm development Serpico and Bruzzone(2001)
Spatial Autocorrelation Ratio AVIRIS Compan’son of feature Warner 5-(1999)

selection methods

Bhattacharyya Distance AVIRIS Urban cover classification | Herold 5(2004)
Backpropagation neural network(BNN) HyMap Grass condition Mutanga and Skidmore(2004)
Spatial autocorrelation analysis AVIRIS Algorithm development Warner and Shank(1997)
Endmember Average Root Mean Square error(EAR) | AVIRIS Tree species classification | Dennison and Roberts(2003)
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Table 11. Selected studies related to feature extraction of hyperspectral data.

Method Data used Authors
Decision Boundary Feature Extraction AVIRIS Benediktsson 5-(1995)
Top-down algorithm & Bottom-up algorithm AVIRIS Kumar 5-(2001)

Spectral Shape Analysis(SSA)

AVIRIS, HyMap |Launeau 5(2004)

Continuum removal method

AVIRIS Galvao S(2003)

PCA

AVIRIS Chabritlat 5-(2000)

Posteriori Least Squared Orthogonal Subspace Projection(LSOSP)

Feld spectrometer data| Tu 5-(1997)

Noise Subspace Projection(NSP) ) AVIRIS Tu 5(1998)

Leave-One-Out Covariance Estimator(LOOC) and Bayesian LOOC(BLOOC) - Kuo and Langrebe(2002)

Genetic Algorithm based Selective PCA(GA-SPCA) RDACS/A 3 Yao and Tian(2003)

Projection Pursuit(PP) AVIRIS Jimenez and Landgrebe(1999)

Convex Cone Analysis(CCA) HYDICE Ifarraguerri and Chang(1999)
ot &, A4} BE delg Hald SIOB BE 2009, o)t BE dnel g ALY dye
(classification)ah= 9u|&nt ofel E4 diAtET> 2 =RoAs Eno] g2 AERich g4
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2 3 7 shao] iz s o R %@0 &
thShaw and Manolakis, 2002). 1]
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Table 12. Selected studies related to the classification of hyperspectral data.
Method Data used Target ’ Authors
Cluster-Space Classification(CSC) AVIRIS Vegetation type Jia and Richard (2002)
Neural Network AVIRIS Rock type Benediktsson 5-(1995)
MTMF CASI Urban cover type Ben-Dor 5-(2001)
Co Occurrence Segmentation(COS) AISA Forest and non-forest Pekkarinen(2002)
Back-propagation Neural Network(BPN) & SAM | AVIRIS Mineral Yang 5-(1999)
Supervised Maximumlikelihood AVIRIS Vegetation type Ustin and Xiao (2001)
Hybrid Decision Tree Classifier : - Algorithm development | Kim and Landgrebe (1991)
Causal RX detector-Linearly Constrained AVIRIS, , . )
Algorithm devel t | Ch d Chi 2002
Maximum Variance(LCMV) HYDICE | 'reontm deveiopmen ang and Chiang (2002)
Quadratic Mixture Classifier . - Algorithm development Kuo and Landgrebe(2002)
AVIRIS '
_ , i )
Filter-vectors method ICE Algorithm development | Chang(2002)
Adaptive Re ling Strategy for Error-Pr
Exgi;:rs (esam;;élI%E) ategy for Lrror-trone Probe2 Algorithm development | Bachmann(2003)
. i HyMap, . =
Smoothed Estimated Reliability Measure(SERM) Probel Algorithm development Bachmann -5-(2003)
Linear Discriminant Analysis(LDA) HYDICE | Algorithm development Chang and Ren (2000)
Progressive two class decision classifier(pTCDC) AVIRIS Algorithm development Jia and Richards (1998)
Stepwise Discriminate Analysis (SDA) AVIRIS Soil type Palacios-Orueta and Ustin(1996)
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Table 13. Primary spectral libraries of the earth surface materials.

Targets measured
Library Institute No. of spectra Spectrometer used mineral| rock | plant artificial water
material
USGS Digital Beckman, ASD
Spectral library USGS 496 9] 274 0 0 ° ° °
THU John Hopkins 617 GER, FTIR ol o] o olo
Spectral library Univ.
JPL Spectral libraty NASAJPL 160 Beckman (0] X X X X
ASTER Beckman, ASD
Spectral library NASA JPL 2,000 o) 37 0 0] (0] 0 0]
IGCP-264 Beckman, GER
Spectral library 1GCP - 10 9} 27} ° X 0 X X
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Table 14. Selected hyperspectral studies related to the geology and mineral exploitation.

Contents Study area Data used Methods Authors
Rock type USA, Cuprite AVIRIS Afuzzy geological 1y, 4o Meer(2003)
estimation model outcrop model
Rock type . PIMA I field Van der Meer and
classification Spain, Los Santos spectrometer BAA, WPA, ADAC Kato(2002)
Rock type . spectral feature -
classification Italia, Madagascar AVIRIS, MIVIS matching Longhi 5-(2001)
AVIRIS vs. Hyperion USA, Cuprite AVIRIS, Hyperion AIG Kruse 5-(2003)
o Cary SE Soil Moisture Gaussian Lo
Soil Moisture ) Spectraphotometer Model(SMGM) Whiting -5-(2004)
S ) spectral mixture Metternicht and
Soil salination HyMap, DAIS analysis Zinck(2003)
Hydrothermal alteration | 5\ cjifomia Bodie AVIRIS SAM, Tricorder | oy ) =(1998)
mineral mapping spectral matching
Rock type classification | USA, Mormon Mesa SEBASS thermal sensing Kirkland 5-(2002)
Sand types USA, Mojave Desert AVIRIS - Okin and Painter(2004)
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Table 15. Selected hyperspectral studies related to the vegetation.

Contents Study area | Data used Methods Authors

tree species classification Canada Hyperion, Maximum likelihood classification | Goodenough £-(2003)
ALIL ETM+

crown closure USA  [AVIRIS, CASI SMA Gong 5(1994)
forest gap mapping UK CASI PCA, GIS Blackburn and Milton(1997)
forest biomass France DAIS 7915 | relationship with field measurement | Jong 5-(2003)
forest LAI Argentina AVIRIS | relationship with field measurement | Pu 5(2003)
leaf water contents Canada AVIRIS Grow Index Niemann 5-(2002)
Crop disease(Orange rust) Australia Hyperion Disease-Water Stress Indes Apan 5(2004)
Coniferous nutrient estimation USA S;ﬁg&ggﬁer relationship with field measurement | Gong -5-(2002)
Savanna annual change USA AVIRIS LSMA(Linear Spectral Mixture Analysis) | Garcia and Ustin(2001)
forest nitrogen USA I/-?;;];Ici; relationship with field measurement | Smith 5(2003)
fuel moisture Usa gy\;gfﬁ SMA, vegetation index Roberts £(2003)
forest chlorophyll Canada CASI Red-edge Zarco Tejada 5-(2001)
subarctic lichens Sweden GER-3700 | relationship with field measurement | Rees 5(2004)
Salt marsh vegetation Italia GIE/III{VII SSOO relationship with field measurement | Silvestri 5-(2002)
forest clearcut Brazil ™ texture analysis, AutoMCU Asner 5-(2003)
biophysical parameter of forest | UK, France | AVIRIS PROSPECT+SAIL Model Jacquemoud 5-(1995)
forest fire USA AVIRIS Composite Burn Index(CBI) Wagtendonk 5-(2004)
forest fire monitoring USA AVIRIS Spectral Mixture Analysis Riano 5(2002)

Table 16. Selected hyperspectral studies related to the atmosphere.

Contents Study area Data used Methods Authors
cloud detection Central America| AVIRIS, TIMS Cross Correlation Feind and Welch(1995)
cloud reflectance - AVIRIS, MODIS - Gao 5(2002)
L . Joint Reflectance and Gas . =
gas estimation USA, Cuprite AVIRIS Estimation Marion R. 5(2004)
atmospheric moisture USA, Santa Band Ratio(CIBR), .
content Babara AVIRIS Differential Absorption(APDA) Gelpi C. G.(2000)
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Table 17. Selected hyperspectral studies related to the water.

Contents Study area Data used Methods Authors

chlorophyll-a detection Finland AISA reflectance of red & NIR Kallio 5-(2003)
. Australia, . Atmospheric & Hydro-optical
coastal water quality Moreton bay Hyperion RTM Brando and Dekker(2003)
. USA, Baja Field Quasi Analytical Algorithm
plankton absorption spectra California Spectrometer (QAA) Lee and Carder(2004)
Secchi depth, turbidity, Finland AISA relationship with In-situ Koponen £(2002)
chlorophyll-a measurement
German, . N . .
water quality Mecklenburg CASI, HyMap relationship with In-situ Thiemann and Kaufmann
. measurement (2002)
Lake
Chlorophyll a and Lo =
Pheaophytin(CHL) Netherlands AVIRIS Biooptical model Hoogenboom -5-(1998)
classification of coral, . Hochberg and Atkinson
algac, and sand - AVIRIS, AAHIS | speciro-radiometer measurements (2003)
Table 18. Selected hyperspectral studies related to the urban area.

Contents Study area Data used Methods Authors

Utban cover types USA, Santa AVIRIS spectral matching with field Herold S(2003)
Barbara measurments
?eiiﬁias] library of urban Israel, Tel Aviv CASI MTMF with field measurments Ben Dor 5-(2001)
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