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We analyzed the intrinsic wavelengths of two phytoplankton, Cochlodinium polykrikoides and Karenia mikimotoi,
under specific external wavelengths. Spectral analysis showed that C. polykrikoides had a maximum radiance of 148,
an effective range of 104—183, and an effective width of 69, with a narrow, tall cylindrical spectral shape. K. mikimo-
toi showed a maximum radiance of 147, an effective radiance range of 101-199, and an effective width of 84, with
a narrow, steeply sloped conical spectral shape. Although both exhibited similar maximum brightness values, their
spectral widths and shapes differed. An image deep learning experiment for red tide identification was conducted.
The recognition rate for C. polykrikoides ranged from 52% to 93%, with an average of 82% and a standard deviation
of 6.58%. For K. mikimotoi, the recognition rate ranged from 50% to 91%, with an average of 81% and a standard
deviation of 7.23%. Validation experiments using a red tide sensor developed with 520 nm green and 620 nm red
wavelengths confirmed its high potential for foreign substance detection at green wavelengths. The red tide detection
sensor demonstrated maritime operational stability. Further experiments could enable the development of an artificial
intelligence-based classification model to enhance the measurement accuracy.
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Fig. 1. Configuring the spectrum recognition method.
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Table 1. Red tide organism measurement standard (based on 20
liters)

Preliminary warning  Warning Alert

Red tide organism (cellimL) (celiml) (cellimL)

Cochlodinium

polykrikoides 10 100 300 1,000

Karenia mikimotoi 500 1,000 2,000 3,000
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Fig. 2. Conceptual diagram of a red tide detection sensor consisting of a unique wavelength generator and an image storage unit.
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Table 2. Specifications of detection sensor for red tide
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Specification

Red tide sensor
- Weight: 1.1 kg

- Size: Length 12.8 cmxDiameter 8.3 cm

- Operating power: 24 V (DC) external power supply used

- Maximum depth: 300 m

- Viewing angle: 150, (underwater)
- Communication Interface: ONVIF IP camera video transmission
- Signal transmission method: Ethernet

Lighting device

- Specifications: Green (174.8 lumens: 520 nm)

- Controller: Power supply and operation

Connectors and Cables
- Cable length: 20 m

- Specification: Impulse MCBH male BulkHead connector
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Table 3. Comparison analysis spectrum details for each volume of Cochlodinium polykrikoides

o Maximum spectral brightness Spectral brightness level ) )
Distribution (cell/mL) — - — - Effective spectral level width
Minimum Maximum Minimum Maximum
10 143 147 107 182 71
50 139 142 108 176 65
300 149 150 104 182 71

1,000 154 160 104 183 69
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Table 4. Comparison analysis spectrum details for each volume of Karenia mikimotoi

Maximum spectral brightness

Spectral brightness level

Distribution (cell/mL)

Effective spectral level width

Minimum Maximum Minimum Maximum
500 140 146 104 198 84
1,000 141 152 100 196 84
2,000 145 155 101 199 89
3,000 144 160 110 196 81
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Table 5. Differences in the spectra of Cochlodinium polykrikoides and Karenia mikimotoi

Average maximum

Red tide organisms spectral brightness Range Maximum effective width Shape
C. polykrikoides 148 104-183 69 Narrow and high cylindrical
K. mikimotoi 147 101-199 84 Cone shape with narrow width and large slope
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