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Detection of Urchin Barren Using Airborne Hyperspectral Imagery
and SAM Technique — Focusing on the West Sea Island Areas

Yong-Suk Kim®
Department of Landscape Architecture, Dong-A University, Busan 49315, Korea

Abstract

The coastal urchin barren phenomenon in our country began to spread and expand from the 1980s, centering on the southern
coast and Jeju Island, and by the 1990s, it appeared along the east coast and nationwide. The urchin barren phenomenon is
mainly conducted through field surveys by diving, but recently, various surveying techniques have been applied. In this study,
a spectral library for terrestrial and marine areas was established for the identification of urchin barrens using airborne
hyperspectral imagery, and the distribution area was analyzed through the SAM (spectral angle mapper) algorithm. An
analysis of the urchin barren phenomenon in the five islands of the West Sea revealed that it occurrs in most areas, with the
combined severity of the urchin barren phenomenon in Sapsido and Oeyeondo being approximately 19.9%. Hyperspectral
imagery is expected to be highly useful not only for detecting the urchin barren phenomenon but also for managing and
monitoring marine fishery resources through the classification of seaweeds.
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Fig. 1. Status map of the study area.
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Rock Classification
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Fig. 2. Classification process of urchin barren.
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Table 1. The spec of spectroscopic reflectometer (PSR-1100f)

Spectral range 320 ~ 1100 nm o
Sampling interval 1.5 nm . -
Spectral resolution 3.2 nm i -
Detectors 512 channel % :E
Typical data Collection rate 10 spectra/second -
FOV(angle) Fixed 10° field of view s et omy

-
-
-
-
-
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Tar get Radiance

feflectance = Panel Radiance X Panel Re flectance

Reflectance image calculation

Radiance spectral information Reflectance spectral information Noise removal (smoothing)

Fig. 7. Create reflectivity (X : Wavelength, Y : Reflectance).

Endmember Collection Spectra

Value

Wavelength

Fig. 8. Marine spectral library.
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Fig. 9. Reference spectral reflectance defined through the collection of training samples.

Endmember Collection Spectra

Fig. 10. Establishment of a spectral library for urchin barrens.
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After editing

Before editing

Fig. 12. Classification and correction of rock types through the fusion of hyperspectral imaging and bathymetric data.

Fig. 13. Extraction of urchin barrens in the west sea Island areas.
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Image Analysis: CPCe_NCRHI

— Coral Point Count with Excel extensions

Fig. 14. Image analysis process through CPCe Software.

Table 2. Barren ground diagnosis and criterion (FIRA, 2016)

Status Criteria Deepening/sustaining factors

* Seaweed intake of foraging animals : 30 g/m?*/day

Lst veriod * 40 ~ 60% coverage of uncut lime * Amount of animals for breakfast (sea urchin) : 5 ~ 12 animals/m?*
st perio

(carly) algae * Seaweed
* Seaweed coverage 60 ~ 80% - Reduction of large brown algae and perennial seaweed
- Increase in small red algae
+ Seaweed intake of forage animals : 40 ~ 60 g/m?*/day
2nd period * 60 ~ 80% coverage of uncut lime  * mount of animals for breakfast (sea urchin): 10 ~ 20 animals/m?>
] algae * Seaweed
(ongoing) » Algae coverage 20 ~ 40% - Signs of disappearance of large brown algae
- Small perennial red algae habitat
+ Seaweed intake of forage animals : 70 g/m?/day
. « More than 80% of uncut lime algae + Amount of animals for breakfast (sea urchin): 20 animals/m?
3rd period * Seaweed
(intensification) coverage - Loss of large brown algae

* Less than 20% al
ess than 0% algae coverdge - Small perennial red algae habitat

% Excluding commercial resource use factor




Table 3. Analysis results of overage and relative coverage
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Test point . Coverage Relative coverage(%)
. Species
(image) Point 1 Point 2 Ave. Point 1 Point 2 Ave.
Crustose 1.2 3.6 2.4 1.6 4.0 2.8
Sapsico Geniculate 7.6 493 485 529 518 52.4
Seaweed 41.1 40.8 40.9 45.5 44.2 44.9
Crustose 2.1 13.6 7.8 2.2 17.0 9.6
Hodo Geniculate 21.8 10.6 162 32.2 323 322
Island

Seaweed 59.0 12.4 35.7 65.6 50.8 58.2
Crustose 4.2 4.7 4.4 24.5 15.3 19.9
Eocile;?f do Geniculate 0.4 10.0 52 29 23.0 130
Seaweed 21.7 26.0 23.9 72.7 61.6 67.1
Crustose 3.5 6.9 5.2 5.0 9.4 7.2
Oeyeoncfo Island T clate 126 16.7 14.7 16.8 24.8 20.8
Seaweed 56.4 47.1 51.8 78.2 65.8 72.0
Crustose 3.5 0.4 2.0 8.9 3.0 5.9
Oeyeonczlo Island = culate 119 16.7 14.3 16.4 30.7 235
Seaweed 27.7 9.4 18.6 74.8 66.3 70.5
Crustose 6.6 9.8 8.2 24.7 12.3 18.5

Nokdo .
Island Geniculate 27.3 26.4 26.8 34.7 35.2 35.0
Seaweed 29.1 42.4 35.7 40.6 52.5 46.6
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Hodo Island

Eocheong do Island

Oeyeondo Island 2

Nokdo Island

Fig. 15. Extraction results of rock and urchin barrens in the west sea Island areas.
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Table 4. Detection results of urchin barrens in the experimental area

Investigation Area(km?) Ratio(%)
Region 9
rock(km”) Normal Progress Deepening Normal Progress Deepening
Sapsido Island 0.403 0.367 0.019 0.017 91.1 4.6 43
Hodo Island 0.264 0.252 0.007 0.005 95.4 2.6 2.0
Eocheong do Island 0.549 0.508 0.023 0.017 92.6 4.2 32
Oeyeondo Island 1 0.179 0.167 0.008 0.004 93.6 4.2 2.2
Oeyeondo Island 2 0.144 0.137 0.004 0.003 95.4 2.7 1.9
Nokdo Island 0.137 0.122 0.01 0.005 89.1 7.0 3.9
Sum 1.676 1.553 0.71 0.051 92.7 4.2 3.1
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