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Abstract : Seaweeds are widely distributed along national coastlines around the world, and the biomass derived from them is an
important marine biological organism. Seaweed is a crucial component of a healthy marine ecosystem. However, changes in marine
environments have led to the occurrence of urchin barrens, and the damage caused by this phenomenon is steadily increasing. As
a result, investigations into the distribution and spread of urchin barrens in the coastal areas of South Korea are being conducted
regularly so efficient detection technologies are essential. One of the technologies that can swiftly and accurately analyze extensive
areas is detection technology based on hyperspectral image information systems. This study aims to present the latest hyperspectral
imaging technology for investigating the current status of urchin barrens and the methods for classifying this technology, including
principles, preprocessing techniques, and correction methods. This study also proposes a classification technique for urchin barrens
along the coast of Jeju Island that uses hyperspectral images and categorizes the urchin barrens into initial, intermediate, and
advanced stages. The results showed that approximately 17.5% of the experimental areas were in the advanced stage. Based on this,
various management and restoration methods tailored to different categories of urchin barren can be proposed.
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Figure 1. Concept of hyperspectral imaging[6].
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Table 1. Differences in spectral resolution for each image
Panchromatic image Multispectral imaging Hyperspectral imaging
Number of bands 1 <10 > 100
Band width About 600 nm About 100 ~ 200 nm About 1 ~ 10 nm
Band continuity - Discontinuity Continuity
Spatial resolution cm grade 10 ~ 1,000 m grade 1 ~ 100 m grade
Flagship sensor IKONOS Landsat ETM+, Worldview-2 AVIRIS, Hyperion
gamma ray ultraviolet infrared radio
X-ray visible microwave
mT
shorter wavelength longer wavelength
higher frequency g e lOWeRY frequency
higher energy lower energy

TN VAVAVANTZERN

Figure 2. Classification of electromagnetic energy according to wavelength[8].
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Figure 5. Optical absorption characteristics of seawater[10].
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Table 2. Spectral raw image and geometrically corrected image

Raw image
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image
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Table 3. Summary of target detection and classification algorithms[17-20]

Type Algorithm Formula
N
Euclidean Distance (ED) Z| th—r| [14]
n=1
. < —
Spectral Tchebyshev Distance (TD) max, <n < {lt,—nl|} [15]
distance N
measure Zt“ 'n
Spectral Angle Mapper cos”! % [16]
(SAM) N \7/N 5
2 2
2 (3)
n=1 n=1
Mahalanobis Distance (MD) (t—r)' T (t—r) [17]
(1= 1) " T (r = pz)
Matched Filter (MF) o = 18]
(r =) T (r= 1)
. T -1
Adaptive Matched tI'cr 19
2nd order Filter (AMF) T 1
foti rr
statistics-based
measure ined B TR
(Stochastic I\CA‘,’“.S“?““‘? i — [20]
measure) inimization (CEM) Ry
1 _
Likelihood Ratio (LR) —%mger |5 - N e=r)| 21]
Adaptive Coherence (VTF 7lf)2 2]
Estimator (ACE) G AR IO aly))
Binary Encoding @ If #(n) > T then h(n) = 1 else h(n) = 0 23]
(BE) @ Ratio of matched code A(n) > threshold
Spectral (D Continuum removal
featu.re Spectral Feature ® Rela.tive absorption band width and depth from
matching Fitting (SFF) continuum [24]
& (3 Calculation of matching ratio and RMSE by least
square fitting for @

where, #, : reflectance of text pixels at band n
r, : reflectance of reference spectrum at band n
N : number of bands, t : test pixel spectrum
r : reference spectrum
X, - mean spectrum of background or image
I’ : covariance matrix, R : correlation matrix
h(n) : spectrum pattern (binary code)
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Figure 16. Spectroscopic library.
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Figure 17. Extraction of urchin barren.

Table 4. Urchin barren area (Jeju Island)

Division Rock | Normal | Progress | Deepening
Area
. 2 100.4 354 28.9
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