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Fig. 1 Multi-wavelength transmission spectra and normalized images of S. aureus at different concentrations
(a): Spectra of S. aureus at different concentrations; (b): Normalized spectra of different concentrations;
(¢): Normalized spectra at high concentrations; (d): Normalized spectra at low concentrations
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Table 1 Cosine similarity between different microbial spectra of bacteria
1 E.coli 2 K. pneumoniae 3 S.aureus 4 S.typhi 5 P.aeruginosa
A original B normalized
1-2 1-3 1-4 1-5 2-4 2-5 3-4 3-5 4-5
A 0.999 4 0.964 0 0.997 9 0.988 2 0.967 0 0.997 2 0.985 2 0.946 5 0.915 2 0.995 0
B 0.999 4 0.964 0 0.997 9 0.988 2 0.967 0 0.997 2 0.985 2 0.946 5 0.915 2 0.995 0
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Fig. 2 Normalized trend graphs of multi-wavelength transmis-

sion spectra of five low bacteria concentration samples
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Fig. 3 Variance analysis diagram of multi-wavelength
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Table 2 The difference of normalized graph of multi-wavelength transmission spectra of five kinds of bacteria

Bacteria Optical density/a. u. Slope 1 Slope 2 Slope 3
(200 nm) (200~245 mm) (250~275 mm) (280~300 mm)

K. Pneumoniae 0. 006 5 .45 —15.48 —29.96

S. Aureus 0.005 1 .94 —14.82 —24.62

S. Typhi 0.007 4 .30 —20.91 —33.71

E. Coli 0.007 5 .67 —13.92 —36. 09

P. Aeruginosa 0. 008 5 —103. 49 —26.21 —30. 88

R 2 AT LU TR AN T 22 1K 7 S OGS AE 200 nm 4b
W ' BE (B K 200~ 245, 250~275 FlIl 280~ 300 nm % B 11
REREA 2 0, AN TE 200 nm AR ¥ W6 B AH 23 5 A
0.006 5, 0.005 1, 0.007 4, 0. 007 5 F1 0. 008 5, 7£ 200~ 245
nm P Bt b 1 B RAH K —62. 45, —35.94, —81.30, —82.67
F—103.49, 250 ~ 275 nm i B 4b B A AH g — 15. 48,
—14.82, —20.91., —13.92 F1—26.21, 280~ 300 nm % Bt
S B A A K — 29.96, — 24.62, — 33.71, — 36.09
—30. 88,

2.4 BEARTHN

PEMCTCRNANTE 96 DAEA, —ABAME RN ZREE (49) . —T
IR (A7) RN TR I bR 2 o 0 2 1. 2, 3, 4 Fl 5,
X RE AR HEAT H — A WAL HL, 43 5] P B 200 nm 4 1 W O
PEAEAVE NS —$RAE(E . 200~245 nm JE B, 250~275 nm i
BORT 280~300 nm P B M RHRAEVE RS — . 5 = 5 UFHE

x3 ZEHEENNEMAREIRAE
Table 3 The recognition rates of five kinds

of bacteria by libsvm

Train Predict recognition

Bacteria

set set rate/ %

K. Pneumoniae 9 9 100. 0

S. Aureus 8 7 100. 0

S. Typhi 10 10 100. 0

E. Coli 13 13 100. 0

P. Aeruginosa 9 8 100. 0

- 49 47 100. 0
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Study on Multi-Wavelength Transmission Spectral Feature Extraction
Combined With Support Vector Machine for Bacteria Identification
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Abstract The realization of rapid identification of pathogenic bacteria has important practical significance for preventing large-
scale disease outbreaks caused by microbial pollution in water bodies. Conventional bacterial detection methods such as
biochemical identification and nucleic acid detection have the characteristics of time-consuming and precise experimental
equipment, which are insufficient for the rapid and real-time online monitoring of bacteria. Since the multi-wavelength
transmission spectrum of bacteria contains abundant characteristic information, and this spectral detection technology has the
advantages of fast, simple, non-contact, and non-polluting, it has become a hot spot in bacterial detection research in recent
years. This article takes Klebsiella pneumoniae, Staphylococcus aureus, Salmonella typhimurium, Pseudomonas aeruginosa and
Escherichia coli as research objects. The characteristic wavelength range with the most significant spectral change is obtained by
normalization and the analysis of variance method, and the characteristic spectral values such as the absorbance value at 200nm
and the slope value of the short waveband are extracted from this range, and the support vector machine is used to predict
different types of bacteria. The results show that the normalization of the multi-wavelength transmission spectrum can effectively
eliminate the concentration effect and retain the complete original spectral information. The characteristic wavelength range of
200~300 nm is obtained by analysis of variance. The characteristic values of the normalized spectral trend graphs of the five
bacteria extracted in this interval are: The absorbance values at 200 nm are 0. 006 5, 0. 005 1, 0.007 5, 0.007 5, and 0. 008 5.
The slope values at the 200~245 nm band are —62. 45, —35. 94, —81.30, —82. 67, and —103. 49, and the slope values at the
250~275 nm band are —15.48, —14.82, —20.91, —13.92 and — 26. 21, the slope values at the 280~ 300 nm band are
—29.96, —24.62, —33.71, —36.09 and —30. 88, respectively. Feature values were extracted from the samples and randomly
divided into a training sets and test sets. The penalty factor model and the linear kernel function were selected for SVM, the best
penalty factor parameter ¢ and kernel function parameter g were determined through the optimization algorithm. The prediction
accuracy rates of the five species of bacteria all reach 100.0%. In summary, theobvious spectral characteristic values of the
multi-wavelength transmission spectrum of bacteriacan be extracted through proper data preprocessing. The spectral feature
value combined with the support vector machine can be effectively used for the identification of different bacterial species. This

method provides important technical support for rapid identification and real-time online monitoring of water bacteria.

Keywords Multiwavelength transmission spectrum; Bacterias; Feature extraction; Support vector machine; Classification and

identification
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