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Fig. 1 Flow chart of Improved FastICA algorithm
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o, A KOH KRR B 1 g« L IAE A 15
)3 B PR A 1 4 0.1 mL M AR P A 10 mL 1)
AR R AEKE A, T B DY 10 mg « L B9 P
VAR AW 25 (D43 R IUPI I A 25 WK 2 4% 0. 1 mL F
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Table 1 Real concentration of samples (pg * L™")

sample 1-naphthol 2-naphthol sample 1-naphthol 2-naphthol

1 0. 50 2.00 11 10. 00 8. 00
2 1. 50 2.00 12 1. 00 1. 50
3 2.00 1. 00 13 2.50 2.50
4 3.00 4. 00 14 3.50 3.50
6 6. 00 7.00 16 5. 00 4.50
7 7.00 5. 00 17 5. 50 5. 00
8 8.50 10. 00 18 6.50 4.50
9 9.00 8.50 19 7.50 2.00
10 9.50 7.50 20 8. 00 6. 00

Before correction

TR ER, EATIRINZ AW . Hod AR 1~11 B
IEFEAS, 12~20 S HUINAL A, F FLS920 % 6ot i Al 2 45
B A REA Y = 4586960, 450 W1 Xe900 AT i & 5%
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Fig. 2 Fluorescence Spectra of sample 1 before and after eliminating scattering
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Fig. 3 Emission spectrum spreading along the emission wavelength of 1-naphthol(a) and 2-naphthol (b)
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Fig. 4 Emission spectrum spreading along the emission wavelength of sample 1(a). 3(¢). 8(c), 15(d)
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Table 2 Running time comparison of two algorithms

Running time/s
Algorithm 8 A.verage
1 2 3 4 5 time/s
FastICA 13.21  20.46 21.33 16.49 17.42 17.78

Improved FastICA 3. 22 3. 14 3.39 2.99 3.35 3.22

M 2 AT LU O B FastICA B35 X966 15 A e
X BEAT 53 fife 06 FOT A I ) 1 S A0 RO B B L T L 2 sk
6o fi I [ 30 3 LA/ s PO R B BIR AR E . T T A B T
B LL A RN FastICA S35 A ik AU A s A7 itk RE 8
SISO B O v A R A B A R
TR
2.3 SVRIREEFRRN

A ICA KRG 155 X 20 i 45 51 4% 52 8 o3 B IR 5 48
B A, M4 ICA BRI AT AR SR A S EAIEAC . HE
T A 5% 2 AT BE R AR LR, SCfp 1 AL AT LA S BRAR 4k 1
[0 FU o SR FHY S A T Ak [0 01 AL o B 0 A% o 0 2 ik kAT
B, BAEE L (genetic Algorithm, GA) LA 9y 9t 4k Jy JEU
SR B AR A W A LR 2 e R i B ML 42 R 18 R A AL
Tk, Bk, R BRERGERRNE. BARY

WS . TR > B R e AR SCOR AT RBF R
B, R GA X SVR WIS H ¢ Ml g EATHRAL . BE B g Bk
ML =100, FRERE =20, 13 %] SVR RILS4E .
SR ) SR 1) J [ VS MILOGE F5000 A AR Hp Ll 9 5 1 9k B AT
DNRE . Mo F A S S0E KB RE L% 3. Ho RMSEP Jy il
MIBIFARRZE , r AR R

®3 SVRHMSHERNIERE

Table 3 Parameter values and prediction performance of SVR

Parameter value Performance index

Component

c g RMSEP/ (g » L~1) -
1-naphthol 86. 4 0.025 0.119 0.998 6
2-naphthol 93.9 0.011 0. 100 0.998 6

3 HRHIHE

FI S E ) FastICA-SVR Bk 1-281 . 2-Z8 0 ik & 11
TN EE R AN 4 From . I FRE & [mDIlSCR 0 100 2 5 AR iR 22
(RMSEP)ME g M g8 b5 o X SRR #EAT WA . WP 4 BT
T e B 5 Se PR BE AU M 2R DL IR 7, Hor 1-ZE M LG A

R4 BMEANTUER

Table 4 Prediction results for test sample

1-naphthol 2-naphthol
sample Actual Predicted Recovery Actual Predicted Recovery
/Cpg+ L7H /(g + L7H) Rate/ % /Cug s LD /(pg+ L7H Rate/ %
13 2.50 2.57 102. 8 2.50 2.42 96. 8
14 3. 50 3. 48 99. 4 3. 50 3. 61 103. 1
15 4. 00 3.87 96. 6 2.00 2.11 105. 5
16 5. 00 5.21 104. 2 4. 50 4.38 97.3
17 5.50 5. 60 101. 8 5. 00 5.02 100. 4
18 6. 50 6. 45 99. 2 4.50 4.62 102.7
19 7.50 7.37 98. 3 2.00 1. 94 97.0
20 8. 00 7.87 98. 4 6. 00 6.09 101. 5
REMSP/(pg« L") 0.119 0. 100
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Fig. 7 Fitting curve between actual concentration and predicted concentration of 1-naphthol and 2-naphthol

% 5 PARAFAC X¥ HUU # < o) 7L U 45 SR
Table 5 Prediction results for test samples by PARAFAC

1-naphthol

2-naphthol

sample Actual Predicted Recovery Actual Predicted Recovery

/(pg s L7H /(pg s LD Rate/ % /(g s L7D /(pg s LD Rate/ %
13 2.50 2. 60 104. 0 2.50 2.44 97.6
14 3. 50 3. 46 98.9 3. 50 3.62 103. 4
15 4. 00 3.83 95. 8 2.00 2.14 107. 0
16 5.00 4.73 96. 6 4.50 4.33 96. 2
17 5.50 5. 97 101. 3 5. 00 5.11 102. 2
18 6. 50 6. 39 98. 3 4. 50 4.47 99. 3
19 7.50 7.64 101. 9 2.00 1.92 96. 0
20 8. 00 7.76 97.0 6. 00 6.03 100. 5

REMSP/ (pg + L) 0.161 0. 104

R 6 FMEEMREER

Table 6 Performance indicators of two algorithms

Algorithm Composition LOD/(pg = L™H Running Time/s
1-naphthol 0.996 7 0.071
ARAFAC-S 2.74
PARAFACSVR 2-naphthol 0.997 2 0. 046 iz
. A 1-naphthol 0.998 6 0.053
FastlCA-SVR 2-naphthol 0.998 8 0. 044 5.22

XPHER 4, 5 ISR 6 0] LI M PR AT RE XRS5
WRE S R AT I TN . A SCHR Y B IR 4F T PARAFAC,
i H. PARAFAC J3 i it JH B i [8] Oy 42. 74 s, gk ) Fastl-
CA BIE T BTl 3. 22 s, GEBI A SO i i se SE IR
G PR AT R KRR T TR,

4 45 ®

5 F T (5 5B A B0 ICA 303k i I ENR &4 = 4
I H AR Lo A AT B FastICA B8 345 80tk

ZEOPEACE L AU AR b oK R R R, B8 B AT O S I ) Sy
3.22 s, HLJEORIFIAI D 1 14. 56 s, S8 E MY it () Fastl-
CASTEARMR D T3 504, b 7R . B2 i 1
WS op R T A S 9Ot 1A . ICA BEARRINIR &
W 5 e B A P AR G . ) SVR X F00 R A g 3k 8 R AT 00
GABEXT SVR BRI 247 2 . 1-Z5 B A RE A IR Ry
96.6% ~ 104.2%, 2-Z% By 09 BE &6 [ U R O 96.8% ~
105. 590 . 9251k WY A< SCH ) 1 ek ) FastICA-SVR $ 4 fig
S Aoy ZHE VGG E M W AT . HLREAS B R
B RCR
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Determination of 1-Naphthol and 2-Naphthol Based on Fluorescence
Spectrometry Combined with Improved FastICA-SVR

WANG Yu-tian', LIU Ling-fei'” , ZHANG Li-juan'?, ZHANG Zheng-shuai' , LIU Ting-ting' » WANG Shu-tao' ,

SHANG Feng-kai'

1. Measurement Technology and Instrument Key Lab of Hebei Province, Yanshan University, Qinhuangdao 066004, China
2. Hebei University of Environmental Engineering, Qinhuangdao 066102, China

Abstract As the source of life, water is closely related to the survival of human beings. In recent years, there have been more
and more reports on water pollution. Water pollution has become a serious problem, which can not be ignored. Two isomers of
naphtol, 1-naphthol and 2-naphthol, were used as the research object in the experiment, and a new algorithm, which was used
for qualitative and quantitative analysis of naphthol in water by analyzing the three-dimensional fluorescence spectrum of the mix-
ture, was proposed. Using FS920 steady-state fluorescence spectrometer to scan the mixed solution and get the required experi-
mental data. Then, a series of preprocessing steps for data are needed to remove the effects of Raman scattering and Rayleigh
scattering. Independent component analysis (ICA) which is always used to solve the problem of blind source separation (BSS)
will be applied to solve the problem in quantitative and qualitative analysis of fluorescence spectrum. BBS is an algorithm that u-
ses the measured mixed signals as the processing objects to realize the decomposion of the source signals in the unknown system,
as well as, to get the mixed matrix. The problem in identification and measurement of a single substance in a mixture is similar
to the problem in blind source separation. The fast independent component analysis (FastICA) algorithm based on the maximum
negative entropy is used to decompose the experimental data. The three-dimensional fluorescence data of all samples need to be
expanded into a vector along the direction of the emission wavelength, and a matrix whose size is N>X M can be obtained (N is
the number of samples and M is the number of wavelength). This matrix is used as the input of fast independent component
analysis to extract independent component, and the output is the expansion fluorescence spectrum of the single component mate-
rial and a mixed matrix. The key to the fast independent component analysis algorithm is using Newton iterative algorithm to ob-
tain the solution matrix, but the complex derivation of iteration process makes this algorithm have some problems, such as large
computation and slow iteration. In order to overcome the shortcomings of fast independent component analysis, the differential

method, also called double point chord cut method, is proposed to replace the complex derivation problem in the iterative
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process. In order to verify the feasibility of the algorithm, five times independent component extraction experiments were carried
out on the spectral data with the improved algorithm and five times independent component extraction experiments were carried
out on the spectral data with the original algorithm. The average running time of original FastICA algorithm is 17. 78 seconds,
and improved FastICA algorithm is 3. 22 seconds, which is 14. 56 seconds lower than original algorithm. The experiment result
proves that differential method instead of the complex derivation problem in the iterative process can effectively reduce the
amount of calculation and improve the speed of the iteration of the fast independent component analysis algorithm and the conver-
gence is more stable. It can be seen from the experiment result that the fluorescence spectrum which was obtained by the decom-
position are closer to the real spectrum. The mixture matrix obtained by FastICA is related to concentration matrix, which is the
basis for quantitative analysis of materials. But the relationship between the mixture matrix and the concentration matrix may be
nonlinear. Therefore, it is necessary to take the nonlinear fitting method to realize the fitting between the two. Support vector
regression (SVR) machine can realize nonlinear regression, so SVR will be used to obtain predicted concentration. The mixed
matrix decomposed and the actual concentration matrix are as the input and output of support vector regression machine respec-
tively. The parameters of SVR are crucial to the prediction. Genetic algorithm (GA) is used to optimize the parameters and ra-
dial basis function (RBF function) is selected as the kernel function of SVR. Then the regression model is established by using
the algorithm to realize quantitative analysis of the fluorescence spectrum. The fitting correlation coefficient () of 1-naphthol is
0. 998 6 and 2-naphthol is 0. 998 8; the recovery rate of 1-naphthol is 96. 6 % ~104. 2% and 2-naphthol is 96. 8% ~105. 5% ; the
prediction of root mean square error (RMSEP) of 1-naphthol is 0. 119 g « L™" and 2-naphthol is 0. 100 g« L™'. The results of
the prediction are satisfactory and meet the requirements of the prediction. The experiment proved that the improved fast inde-
pendent component analysis algorithm based on negative entropy combined with support vector regression algorithm can accu-
rately identify and measure 1-naphthol and 2-naphthol in mixture, and this algorithm can also increase the speed of analysis for

the hybrid system.
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