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Hyperspectral imaging is a promising technology utilized in various fields, including physics, chemistry, and astrophysics. It
can be categorized into point, line, and spectral scanning techniques based on the principle of obtaining hyperspectral
cubes. Recently, snapshot hyperspectral imaging techniques have been developed to reduce acquisition time. This review
introduces various types of hyperspectral imaging techniques, along with their basic principles and applications. Additionally,
it discusses the advantages and disadvantages highlighted in recent research on hyperspectral imaging. This review aims
to provide insight into the development of hyperspectral imaging techniques and their appropriate applications.
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Fig. 1 Various data acquisition methods of hyperspectral imaging
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Fig. 2 Whisk-broom imaging system. (a) Overview of the system

developed in this study and (b) Blue arrows illustrate the whisk-

broom raster scanning for forming an image. The red arrow

illustrates the extra single-column scan conducted in proposed
method [24] (Adapted from Ref. 24 on the basis of OA)
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Fig. 3 Imaging principle of airborne wide swath and high-resolution
hyperspectral imaging system [30] (Adapted from Ref. 30 on
the basis of OA)
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Fig. 4 Galvometer-based (galvo) mirror scanning hyperspectral
imaging platform, where the mirror is placed at the very
front-end of the platform [31] (Adapted from Ref. 31 on the
basis of OA)
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Fig. 5 Configuration of a filter wheel based-hyperspectral imaging
system
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Fig. 6 Configuration of a LCTF based-hyperspectral imaging system
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permission)
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Fig. 9 The system layout for a computed tomography imaging
spectrometer (CTIS) [59]
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5.3 Multi-aperture Filtered Camera (MAFC)
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Fig. 11 The system layout for the tunable echelle imager (TEI). The
box numbers in the raw data simulation shown here indicate
wavelengths of subimages in nm; the dashed boxes indicate
a replicate order of the Fabry-Pérot etalon [59] (Adapted
from Ref. 59 on the basis of OA)
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Fig. 12 The IMS system layout [59] (Adapted from Ref. 59 on the
basis of OA)
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Table 1 Comparison of measured roughness data
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resolution resolution efficiency
CTIS Moderate-high High High
MAFC Low High Low
TEI Moderate Low Low
IMS High High High
MSI Moderate Moderate Moderate

e vugt 23S Yepdnh CTISe 4E719] s o
)

Az} Balol| wet 37t Byl AUEY B
MAFC:= wel 9y} &l

Aek. e vekEEe] AT A 2 7HA

-2l Al et 3 i

o] FaAlal HE | tfFof wet AFEY Fafso

b Eellsol AEAL, wHe- w2 A 9 Echelle 3
AN

3l
ool 2 W} 5EE welrh xR, 5
Ao AME AsEAT B Balsa AvEd Hai
A kU

mlm
)
fr
=
.q
&
(¢}

2
>
T
o
T
[
12
Pt
ol
i

L CUE R0

AT ATSS A5 2}2}e]
AT Aol 7144 A @ 28 ofuld 74 et
Bebge A AAA 48 AL molRelrh A A
Ao 28 ojuld FolAi 71 FAF AzkE He 85
A7) Hoke sdsly] $18) tiAg utolAmule) x|} vy
A A S AT £ UF A 716e e, 2
WstE S A WY WHoR 54 JUES AR
o A FAb Ale] 2B ojulg Al&olME thE AlAE
B89 e BE QoS Fusielon], Autd 9T} 7AE
Jze wAsti, Aulg AIHe Aststel AAH S8
S STk AEEY S WA 28 ojuly 7%
s Thereh shg 7hA Al2E1e o] g3te] ANHEQ] RGB 7}
Hr} 5o AuEY Bos e 7120, AR el 4
ol vt g3 Bo} Jhu WHR 2B oy AL
FAste] 71 AEEY AL YA RS AUEY Rols)



a

YUSSEX| K423 M8E

August 2025/ 645

B2 811 BES /1SS T, 295k WAle) 28 ofu)y
|

ZlsollAs 71 & AlA 71k A

= hE 1/ >
22K o) ARl vefsE 7HE BEE S8l ARl FERE
Ao, AT of Fen|et AHEY HelsS PRI

Ajzze A7 el AlkElelt.

i zb ojug 7149) 20 ol Aus % AU,
1000AE o]4bo] Zxba ojn)g 7|4 A, T3 Helde
= vjAlelyd 7]uke] AAIZE HlolE] B4 7] Ape] 2
w9t o|gdt 7]4 A Qe 25 o]y A|AHO] 28
WeIS 8 mUE, o= A%, Avke WEe] vAnd 5 ok

H

d

ek A HO]EE 2gstar ok el 7|8k 28y FEo] 4
ARE 24 ZlEE A FelH, ols 7]HF°i 3 25 Ao
Al gl Zﬂzﬂ HAHA 7|eRe] &8 7HsAS AYsha
ek 283 ou 7)o W= g?—fﬂ-ﬂ then 7o 8t
AFE] o3| £Ash, o1& s dsy] gt 7+ A7t 2
aste A MAR, 45 AAS B3l vloles St 5 1t
o] Exfsin, Helo] hesiA| %E% A5 A doj £4do]
S 4 Qlek. of2igt SIS 55 Sl B darelEd
st 1 BA 7| o] sl £ AR, 7
el 2 Ashe 7] ot aabe W o oo SRS QI
71EH AE 7, 2 i H]* P2 Y 282 Q3
FLTE WSS AT otk A7 Qe olE siEsh]
ols HAY BA duEn Y2 Tt 42} AfEre] T}

o Al A, A28 el AK o] BePaRo R Qs ofulx]
shto] WSt xS 5713 W glole] A 7)ol 5% Y
37 wsof Sitk. mhaato g, 2 i tipeo) 1A
dlolel=, AAIZE A2l 9 BAjo] ojele A Stk el
5 BA1efd el el dele A ghacliol s,
shEglol 71458 714 Bt B4 A ThEo] aE,

WA, 287 ofulg 712 B BUE, A3
z 24 Be), volo 9 9z g
98 Hoollq Fad BT A2 AL ok e

A7

s
7} A1 glot i) sdsiol

H XA
=4,

o}

e}
[¢]
Ho]-tl-l

p==
o

2k
i
©
i
K
TE
=)
3

2 ol 22 o|u 7149 We
B oS S+ 9S Ao AgErt. 5 o
sk B Bye) At W wh il By ol e
Yo 22} A, 14 AL dlolE 14| 7|%e] B B F
Ho= QA Aolck. olefdt ko] A&Hrky 2K ofu)y

7148 chopst 419 9 TobY S8l B FaT TS 3

2 Aol

o

REFERENCES

1. Ojaghi, A., Fay, M. E., Lam, W. A., Robles, F. E., (2018), Ultraviolet
hyperspectral interferometric microscopy, Scientific Reports, 8(1),
9913.

10.

11.

12.

13.

14.

15.

. Wang, Q., He, H,, Li, B., Lin, H., Zhang, Y., Zhang, J., Wang,

Z., (2017), UV-Vis and ATR—FTIR spectroscopic investigations
of postmortem interval based on the changes in rabbit plasma,
PloS One, 12(7), e0182161.

. Fuchs, S., Rodel, C., Blinne, A., Zastrau, U., Wiinsche, M., Hilbert, V.,

Glaser, L., Viethaus, J., Frumker, E., Corkum, P, (2016), Nanometer
resolution optical coherence tomography using broad bandwidth
xuv and soft x-ray radiation, Scientific Reports, 6(1), 20658.

. Shen, Z., D'Agui, H., Walden, L., Zhang, M., Yiu, T. M., Dixon, K.,

Nevill, P, Cross, A., Matangulu, M., Hu, Y., (2022), Miniaturised
visible and near-infrared spectrometers for assessing soil health
indicators in mine site rehabilitation, Soil, 8(2), 467-486.

. Lu, G, Fei, B., (2014), Medical hyperspectral imaging: a review,

Journal of Biomedical Optics, 19(1), 010901.

. Bonanno, A. S., Griffiths, P. R., (1993), Short-wave near infrared

spectra of organic liquids, Journal of Near Infrared Spectroscopy,
1(1), 13-23.

. Siedliska, A., Baranowski, P., Zubik, M., Mazurek, W., Sosnowska,

B., (2018), Detection of fungal infections in strawberry fruit by
VNIR/SWIR hyperspectral imaging, Postharvest Biology and
Technology, 139, 115-126.

. Okada, K., Segawa, K., Hayashi, 1., (1993), Removal of the

vegetation effect from LANDSAT TM and GER imaging
spectroradiometer data, ISPRS Journal of Photogrammetry and
Remote Sensing, 48(6), 16-27.

. Rogalski, A., Chrzanowski, K., (2014), Infrared devices and

techniques (revision), Metrology and Measurement Systems,
21(4), 565-618.

Deutsch, E. R., Kotidis, P, Zhu, N., Goyal, A. K., Ye, J.,
Mazurenko, A., Norman, M., Zafiriou, K., Baier, M., Connors, R.,
(2014), Active and passive infrared spectroscopy for the detection of
environmental threats, Advanced Environmental, Chemical, and
Biological Sensing Technologies XI, 20-29.

Felton, M., Gurton, K. P., Pezzaniti, J. L., Chenault, D. B., Roth,
L. E., (2010), Measured comparison of the crossover periods for
mid-and long-wave IR (MWIR and LWIR) polarimetric and
conventional thermal imagery, Optics express, 18(15), 15704-15713.

Sun, X., Shu, P, (2011), An airborne thematic thermal infrared
and electro-optical imaging system, Proceedings of the International
Symposium on Photoelectronic Detection and Imaging 2011:
Advances in Infrared Imaging and Applications, 1281-1287.

Tseng, Y.-P., Bouzy, P., Stone, N., Pedersen, C., Tidemand-
Lichtenberg, P., (2018), Long wavelength identification of
microcalcifications in breast cancer tissue using a quantum
cascade laser and upconversion detection, Biomedical Vibrational
Spectroscopy 2018: Advances in Research and Industry, 29-35.

Bacon, C. M., (2006), Development of long wave infrared detectors
for space astronomy, University of Rochester.

Lee, M., Kim, K., Min, G, Son, D., Kim, J., Kim, S., (2019), Recent
trends of hyperspectral imaging technology, Electronics and



646 / August 2025

ra

HUSSEX| M 42H HM8E

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Telecommunications Trends, 34(1), 86-97.

Krauz, L., (2023), Hyperspectral imaging in VIS-IR, Doctoral Thesis,
Czech Technical University.

Kalina Capdevila, A., (2019), Study of a preliminary value-cost
model of earth observation (EO) satellites operating in very and
low earth orbit (VLEO/LEO) for the detection of methane emission,
Bachelor's Thesis, Universitat Politécnica de Catalunya.

Yokoya, N., Miyamura, N., and Iwasaki, A., (2010),
Preprocessing of hyperspectral imagery with consideration of
smile and keystone properties, In Multispectral, Hyperspectral,
and Ultraspectral Remote Sensing Technology, Techniques, and

Applications III, 73-81.

Bakker, W., van der Werff, H., and van der Meer, F., (2019),
Determining smile and keystone of lab hyperspectral line cameras,
Proceedings of the 10th Workshop on Hyperspectral Imaging and
Signal Processing: Evolution in Remote Sensing, 1-5.

Gao, L., Smith, R. T., (2015), Optical hyperspectral imaging in
microscopy and spectroscopy-a review of data acquisition, Journal
of Biophotonics, 8(6), 441-456.

Uto, K., Seki, H., Saito, G, Kosugi, Y., Komatsu, T., (2016),
Development of a low-cost hyperspectral whiskbroom imager
using an optical fiber bundle, a swing mirror, and compact
spectrometers, IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 9(9), 3909-3925.

Fowler, J. E., (2014), Compressive pushbroom and whiskbroom
sensing for hyperspectral remote-sensing imaging, Proceedings of
the IEEE International Conference on Image Processing, 684-688.

Wendel, A., and Underwood, J., (2017)., lllumination compensation
in ground based hyperspectral imaging., ISPRS Journal of
Photogrammetry and Remote Sensing, 129, 162-178.

Funatomi, T., Ogawa, T., Tanaka, K., Kubo, H., Caron, G, Mouaddib,
E. M., Matsushita, Y., Mukaigawa, Y., (2022), Eliminating temporal
illumination variations in whisk-broom hyperspectral imaging,
International Journal of Computer Vision, 130(5), 1310-1324.

Minhe, J. 1., Jensen, J. R., (2000), Continuous piecewise geometric
rectification for airborne multispectral scanner imagery,
Photogrammetric Engineering & Remote Sensing, 66(2), 163-171.

Breuer, M., and Albertz, J., (2000), Geometric correction of airborne
whiskbroom scanner imagery using hybrid auxiliary data,
International Archives of Photogrammetry and Remote Sensing,
33, 93-100.

Pope, P., Scarpace, F. L., (2000), Initial testing of a method to
geographically register airborne scanner imagery through parametric
modeling with image-to-image matching, International Archives
of Photogrammetry And Remote Sensing, 33, 732-739.

Breuer, M., Albertz, J., (1996), Geometric correction of airborne
line-scanner imagery, International Archives of Photogrammetry
and Remote Sensing, 31, 19-23.

Lee, C., Bethel, J., (2001), Georegistration of airborne hyperspectral

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

image data, IEEE Transactions on Geoscience and Remote Sensing,
39(7), 1347-1351.

Li, J.,, Ma, L., Fan, Y., Wang, N., Duan, K., Han, Q., Zhang, X.,
Su, G, Li, C., Tang, L., (2021), An image stitching method for
airborne wide-swath hyperspectral imaging system equipped with
multiple imagers, Remote Sensing, 13(5), 1001.

Al-Hourani, A., Balendhran, S., Walia, S., Hourani, T., (2023),
Line scan hyperspectral imaging framework for open source low-
cost platforms, Remote Sensing, 15(11), 2787.

Qin, J., Kim, M. S., Chao, K., Chan, D. E., Delwiche, S. R,
Cho, B. K., (2017), Line-scan hyperspectral imaging techniques
for food safety and quality applications, Applied Sciences, 7(2),
125.

Kim, M. S., Chen, Y. R., Cho, B. K., Chao, K., Yang, C. C.,
Lefcourt, A. M., Chan, D., (2007), Hyperspectral reflectance and
fluorescence line-scan imaging for online defect and fecal
contamination inspection of apples, Sensing and Instrumentation
for Food Quality and Safety, 1, 151-159.

Hsu, Y. J., Chen, C. C,, Huang, C. H., Yeh, C. H,, Liu, L. Y., Chen,
S. Y., (2017), Line-scanning hyperspectral imaging based on
structured illumination optical sectioning, Biomedical Optics
Express, 8(6), 3005-3016.

Miljkovi¢, V., Gajski, D., (2016), Adaptation of industrial
hyperspectral line scanner for archaeological applications, The
International Archives of the Photogrammetry, Remote Sensing
and Spatial Information Sciences, 41, 343-345.

Lee, H., Kim, M. S., Chao, K., Kang, S., Cho, B. K., (2017), Raman
hyperspectral imaging for detection of watermelon seeds infected
with Acidovorax Citrulli, Sensors, 17(10), 2188.

Vasefi, F., MacKinnon, N., Farkas, D. L., (2016), Hyperspectral and
multispectral imaging in dermatology, In: Imaging in Dermatology,
Elsevier, 187-201.

Manolakis, D., Rossacci, M., O'Donnell, E., D'Amico, F. M., (2006),
Signal processing algorithms for staring single pixel hyperspectral
sensors, Imaging Spectrometry XI, 266-277.

Favreau, P. F., Hernandez, C., Heaster, T., Alvarez, D. F., Rich, T. C.,
Prabhat, P, Leavesley, S. J., (2014), Excitation-scanning hyperspectral
imaging microscope, Journal of Biomedical Optics, 19(4), 046010-
046010.

Gat, N., (2000), Imaging spectroscopy using tunable filters: a
review, Wavelet Applications VII, 4056, 50-64.

Ravikanth, L., Jayas, D. S., White, N. D., Fields, P. G, Sun, D. W.,
(2017), Extraction of spectral information from hyperspectral
data and application of hyperspectral imaging for food and
agricultural products, Food and Bioprocess Technology, 10, 1-33.

Zhang, C., Rosenberger, M., Breitbarth, A., Notni, G, (2016), A novel
3D multispectral vision system based on filter wheel cameras,
Proceedings of the 2016 IEEE International Conference on
Imaging Systems and Techniques, 267-272.



a

YUSSEX| K423 M8E

August 2025/ 647

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.
54.

55.

56.

57.

58.

59.

Brauers, J., Schulte, N., Aach, T., (2008), Multispectral filter-wheel
cameras: geometric distortion model and compensation algorithms,
IEEE Transactions on Image Processing, 17(12), 2368-2380.

Gunn, M., Langstaff, D. P., Barnes, D., (2011), Developments
towards a filter wheel hyperspectral camera for planetary exploration,
EPSC-DPS Joint Meeting, 397.

Yu, J., Zhao, J., Zhu, J., Cui, G,, (2022), High spectral resolution
imaging based on dual-camera system with filter wheel, IEEE
Access, 10, 40119-40129.

Ohman, Y., (1938), A new monochromator, Nature, 141(3563),
291.

Leroy, J. L., (1980), Solc elements in Lyot-Ohman filters, Journal
of Optics, 11(5), 293.

Stevenson, B. P, Kendall, W. B., Stellman, C. M., Olchowski, F. M.,
(2003), Phirst light: A liquid crystal tunable filter hyperspectral
sensor, Algorithms and Technologies for Multispectral, Hyperspectral,
and Ultraspectral Imagery IX, 104-113.

Hegyi, A., Martini, J., (2015), Hyperspectral imaging with a liquid
crystal polarization interferometer, Optics Express, 23(22), 28742-
28754.

Wang, X., Zhang, Y., Ma, X., Xu, T.,, Arce, G R., (2018),
Compressive spectral imaging system based on liquid crystal
tunable filter, Optics express, 26(19), 25226-25243.

Chang, 1., (1976), Tunable acousto-optic filters: An overview,
Acousto-Optics: Device Development/Instrumentation/Applications,
90, 12-22.

Voloshinov, V. B., (1992), Close to collinear acousto-optical
interaction in teo2 single crystal, Acousto-optics and Applications,
162-176.

Sharma, B. D., (1996), Mercurous halides, Struct Chem, 7, 167-169.

Krauz, L., Pata, P,, Bednat, J., Klima, M., (2021), Quasi-collinear IR
AOTF based on mercurous halide single crystals for spatio-spectral
hyperspectral imaging, Optics Express, 29(9), 12813-12832.

Krauz, L., Pata, P, Bednat, J., Klima, M., Janout, P.,, (2022),
Broadband Wollaston prism with a large output beam separation
based on mercurous halides, Optics Express, 30(26), 47388-47403.

Bowen, I. S., (1938), The image-slicer a device for reducing loss of
light at slit of stellar spectrograph, Astrophysical Journal, 88, 113.

Weitzel, L., Krabbe, A., Kroker, H., Thatte, N., Tacconi-Garman,
L. E., Cameron, M., Genzel, R., (1996), 3D: the next generation
near-infrared imaging spectrometer, Astronomy and Astrophysics
Supplement Series, 119(3), 531-546.

Vives, S., Prieto, E., Salaun, Y., Godefroy, P., (2008), New
technological developments in integral field spectroscopy, Advanced
Optical and Mechanical
Instrumentation, 959-968.

Technologies in Telescopes and

Hagen, N., Kudenov, M. W., (2013), Review of snapshot spectral
imaging technologies, Optical Engineering, 52(9), 090901.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Okamoto, T., Yamaguchi, 1., (1991), Simultaneous acquisition of
spectral image information, Optics Letters, 16(16), 1277-1279.

Johnson, W. R., Wilson, D. W., Fink, W., Humayun, M., Bearman,
G, (2007), Snapshot hyperspectral imaging in ophthalmology,
Journal of Biomedical Optics, 12(1), 014036.

Shogenji, R., Kitamura, Y., Yamada, K., Miyatake, S., Tanida, J.,
(2004), Multispectral imaging using compact compound optics,
Optics Express, 12(8), 1643-1655.

McClung, A., Samudrala, S., Torfeh, M., Mansouree, M., Arbabi,
A., (2020), Snapshot spectral imaging with parallel metasystems,
Science Advances, 6(38), eabc7646.

Barnard, T. W., Crockett, M. 1., Ivaldi, J. C., Lundberg, P. L.,
(1993), Design and evaluation of an echelle grating optical
system for ICP-OES, Analytical Chemistry, 65(9), 1225-1230.

Baldry, I. K., Bland-Hawthorn, J., (2000), A tunable echelle imager,
Publications of the Astronomical Society of the Pacific, 112(774),
1112.

Gao, L., Kester, R. T., Tkaczyk, T. S., (2009), Compact image
slicing spectrometer (ISS) for hyperspectral fluorescence microscopy,
Optics Express, 17(15), 12293-12308.

Bedard, N., Hagen, N., Gao, L., Tkaczyk, T. S., (2012), Image
mapping spectrometry: calibration and characterization, Optical
Engineering, 51(11), 111711.

Culshaw, B., (2005), The optical fibre Sagnac interferometer: an
overview of its principles and applications, Measurement Science
and Technology, 17(1), R1-R16.

Palmer, C., Loewen, E. G, (2005), Diffraction grating handbook,
Newport Corporation.

Kudenov, M. W., Jungwirth, M. E., Dereniak, E. L., Gerhart, G. R.,
(2010), White-light Sagnac interferometer for snapshot multispectral
imaging, Applied Optics, 49(21), 4067-4076.



648 / August 2025

Seon Ile Seo

M. S. student in the 3D optical metrology
laboratory of the Department of Photonic Engi-
neering at Chosun University. His research
areas are optical dimensional metrology,
interferometry and ellipsometry. His current
research focuses on the development of a
Mueller matrix spectroscopic ellipsometer
system for critical dimension measurements.
E-mail: ouj7379@naver.com

Seongwook Jang

M. S. student in the 3D optical metrology
laboratory of the Department of Photonic
Engineering at Chosun University. His research
areas are optical dimensional metrology,
interferometry and microscopy. His current
research is lateral shearing interferometry
for measuring surface figures of large optics.
E-mail: 991125tjd@naver.com

Jisoo Oh

M. S. student in the 3D optical metrology
laboratory of the Department of Photonic
Engineering at Chosun University. Her research
areas are optical dimensional metrology,
interferometry and chromatic confocal micros-
copy. Her current research focuses on the
development of a point-based chromatic
confocal system that enhances the difference
between the focal lengths for each wavelength.
E-mail: 0js5364@naver.com

Ki-Nam Joo

Professor at Chosun University and his research
areas are optical dimensional metrology,
interferometry, microscopy and femtosec-
ond pulse applications. He achieved Ph.D. at
KAIST with the absolute distance measure-
ment by using a femtosecond pulse laser and
experienced industrial applications of optical
dimensional metrology from TUDelft and
Mitutoyo RCE.

E-mail: knjoo@chosun.ac.kr



	Recent Progress in Hyperspectral Imaging Technology
	1. 서론
	2. 점 주사 방식의 초분광 이미징 기술
	3. 선 주사 방식의 초분광 이미징 기술
	4. 스펙트럼 주사 방식의 초분광 이미징 기술
	5. 스냅샷 방식의 초분광 이미징 기술
	6. 논의 및 결론
	REFERENCES


