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Fig. 1

Contour spectra of 3 phytoplankton

(a): Aureococcus anophagefferens; (b): Chlorella vulgaris; (¢): Synechococcus elongatus
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Fig. 2 Excitation spectra of 3 phytoplankton before smooth denoising

(a): Aureococcus anophagefferens; (b): Chlorella vulgaris; (¢): Synechococcus elongatus
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Fig. 3 Excitation spectra of 3 phytoplankton after smooth denoising

(a): Aureococcus anophagefferens; (b): Chlorella vulgaris; (¢): Synechococcus elongatus
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Fig. 4 Mahalanobis distance distribution of 3 phytoplankton
(a): Aureococcus anophagefferens; (b): Chlorella vulgaris; (¢): Synechococcus elongatus
x107 x107 3 x107
= (a) _ 41 _ (c)
& &
= = =1
22 . Normal sample 2 2 . Normal sample
E . Abnormal sample E 3) * . :_-3 2 . Abnormal sample
..
g Threshold g k. o 9%, g Threshold
S 1 8 - ~—— S .
2 2o Hof e NS 5!
‘:‘E) . e > g = et --w.*,..', . ee £ . . ‘.
PY — - 15} d 4 > —* = v
] o ® - LA I T': 2 S| Normal sample i.; . -' ® P T
5 . . 5|, . e Abnormal sample 8 e .
@ -1 . . &2 . . Threshold | o
0 20 40 60 80 0 20 40 80 0 20 40 60 80
Serial number of sample Serial number of sample Serial number of sample
ES5 ZEMRERESTE
(a): IME Bk (). /NBREE; (o). ARIRBRE

Fig. 5 Concentration residual distribution of 3 phytoplankton
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Fig. 7 Initial candidate feature region

(a): Aureococcus anophagefferens; (b): Chlorella vulgaris; (¢): Synechococcus elongatus
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Fig. 8 Statistics of convex points under the initial candidate feature region

(a): Aureococcus anophagefferens; (b) . Chlorella vulgaris; (¢): Synechococcus elongatus
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Abstract The frequent occurrence of algal bloom seriously affects the Marine environment and human production activities, so it
is very important to monitor the phytoplankton in water. 3D fluorescence spectroscopy has been widely used in the analysis of
algae community composition and the quantitative analysis of algae concentration in water phytoplankton. However, the
information redundancy in 3D fluorescence spectrum data has significantly impacted the qualitative and quantitative analysis of
algae. In order to solve the problem of spectral information redundancy, a new wavelength selection method of 3D fluorescence
spectrum based on the combination of feature region and convex point extraction is proposed. Taking Aureococcus
anophagefferens, Chlorella Vulgaris, and Synechococcus elongatus as the research object, the Savitzky-Golay convolution
smoothing method was used to preprocess the 3D fluorescence spectrum to solve the problem of spectral noise caused by external
factors. The Mahalanobis distance method was used to eliminate the abnormal spectral samples in the 3D fluorescence spectrum
data set. The residual concentration method was used to eliminate the abnormal concentration value samples in the 3D
fluorescence spectrum data set. Then the reliability of the convex points under different characteristic regions was measured by
the root mean square error of cross-validation (RMSECV) of the PLS regression model, and the wavelength variable was
selected. In order to verify the effectiveness of the wavelength selection method, the PLS regression model was established for
the three algae species, and the determination coefficient (R*) and root mean square error of cross-validation (RMSECV) were
used as the evaluation indexes of the model. Compared with the regression model established with the full spectrum data, the

wavelength variables of Aureococcus anophagefferens, Chlorella Vulgaris, and Synechococcus elongatus respectively decreased
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from 1 071 to 77, 75 and 67, and R* respectively increased by 0. 016 4, 0. 002 and 0. 032 4, RMSECV was respectively reduced
by 1.8 X 10°, 2.0 X 10° and 2.6 X 10°. Compared with the UVE method, the wavelength variables of Aureococcus
anophagefferens, Chlorella Vulgaris, and Synechococcus elongatus were respectively reduced by 599, 357 and 317, and R* was
respectively increased by 0. 014 5, 0. 000 4 and 0. 012 3, RMSECV was respectively decreased by 1. 6 X10°, 7. 0X 10" and 1. 6 X
10°. After the selection of wavelength variables by the method of feature region combined with convex point extraction, the

redundant information is reduced, and the model’s prediction ability is improved.

Keywords Phytoplankton; 3D fluorescence spectroscopy; Feature region; Convex point extraction; Wavelength selection

(Received Aug. 9, 2021; accepted Oct. 22, 2021)

% Corresponding author

(LE# 3023)
BXHERZEGHYR

1. EEAEOLHE M | (http://www. sinospectroscopy. org. en) JHE S AN, TN RS C &R EINEDGR. FH TS
it 2 S 4 1 0

2. MM SR E . BRCE 22 RAaE S T A RS E 2022 0 ).
3. Ml S UUEEATE OU T 1 2 BOP AT i 18 b g R .

4 FAJH P & AR B b, 7EDUM T B R R IR AL

5. MR R SRR AE

WERRX

SR PR WA ARSI AR s S UORER AT 1Sk 47 A i R R PR 7 AT S R S . TR IR 1Sk A T e A
e HIRR AR . NG ENNEIMETHZ SN LHE, 8 RETES VM, $2232° 0k 40573 il 1
BUE . TS B U A B 2S5 2RSSR AE 3 AW VOB QR SE BN 0 75 AR 18 SRR L 75 iR 7, SRR
ST BESR TS N A TR L AR L T A O S AR5 7 A BE 47 s R0 45 3R 52 A0 38 A0 0 75 48 SCRIE B A2 4 o [ I
2V BT [ NS4 e 5 3 G A 0% A ARSI T AR TR A 2 i A A0 AR

FEEMREELLH

Lo REBIEME . B E NN L 523 5 OB T 20 H O 1 9 52 AR 78 484 S0 J5 57 0 9 3 e

2. FEHBEM A AR VO LIS H A MBS SUR, TFRZ AL B IE , BRI N4 L ZAER s 18

.
3. M3k . S SERE. 4B SHFE TN ERE ANk,
4. HEBEMRE: ML BEHRAETFELR TG, PR FHHFEL TR,
5. BRI  AENAR SN EBERRABRIE R . S 0E— 2 HERS M ], A 24 3 e o 2 AL PE A
E i iE

TS WEM RS 202245 H 10 H

WICERE H . 202246 H 30 H

5 RS WGE . 2022 4E 5 A

S =AW 2022 4F 10 H

SWHETF: 20224811 H 11 H—14 A

SULA BN 3% K g o7 =X BAE A A 48 BT s T S5 {5 B AE 2022 4R 5 I WITE S F T R R AT . iE & H W
WOERER S ET . T S SI BARZEHE, WAk http://www. sinospectroscopy. org. cn

(% 3067 T1)



