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Spectroscopy and Spectral Analysis
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200~1 100 nm, U 2 048 4> s K B & G2 an el 1 BF
Ne AT BRSO R LI BRI SOR R A, HA St
B IR 858 I i 56 152 & S A TR) . R T AE TR) B9 06 U (S 2l Ocean
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0.4~ 3.1 Z [a], I Br 7€ 280 nm Fff 35 & 2 (b) N i ¥
Maya2000ProJt; i {3 i il S i Bl 7E 20~800 mg « L'l I 9
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Fig. 1 UV-Visible spectrum water quality

detection system block diagram
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(a) Hamamatsu C10082CAH spectrometer;
(b): Ocean Maya 200Pro spectrometer;
(c): Optosky ATP2000 spectrometer
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F 7K B S T RO - B 3 ()X 20 mg o LTI REAR IR, B 3
(W)X J 40 mg « L' AgREA T W - & 3(c) % 60 mg » L~
IIREAR TR, B 3CDXIRL 120 mg « LM IFEARB IR, & 3(e)
SFRE 160 mg « L™ REAS W, 8 3(D X R 200 mg « L™y
FEAVE WL . B 3(2) X NiAL 7 48 S ik COD 400 mg « L' #E
AW B 3 X 800 mg « L™ A HEA IR WL

AR PR E, ST 8 HEEARE R, =FBiEX
DA 18 JE 46 Y WS BB 7E 210~ 300 nm 31 [ 9 WO B LU
HAE B Y R AR S I . X TR 160 mg « L' K&
FLUUF RBEAR I mT 0 P A W P9 SRR AE W . % BEAE 250
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PR I S BE (A 22 . E R % T ) — R AR U TR O B
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Fig. 3 Water quality spectral data of 8 groups of potassium hydrogen phthalate solution
(a); COD20mg+L '; (b): COD40 mg+ L '; (¢): COD60mg+L '; (d: CODI20 mg=+ L !;
(e): COD 160 mg+ L' (D); COD 200 mg + L™'; (g): COD 400 mg + L '; (h); COD 801 mg + L!
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SO T A o LB 7 5 09 08 W LA 4 = 27 A,

Sy AL I A5 £ Do s 00 () B — 5 I 35 0 o 7 11 g B L. A
R TR AL A5 A HCH0E v A Ak B S B — A 0 VA X I Y 9 B A

A g B BRI B v AL S A L AH Al:;f,‘, A HARHL

075 1 S e 00 585 — R AE kg ek 4 O B AR, A o B AR
HLI A5 149 B8 B 1 1k A 30 IS 55 — R AE W 4 B 19 i BE (B . Po
F AL R B VR RS . A Po=0, AFEIBSHT L.
TS A AR VAR Y TR) B R A SR T BRI R TF 0,
MNZ Sk © B P= A s . RDARMEALRUR B 25

FER AR E 4 iR, LEETRE I ImER 1, £ 2
M 3 R, HopE 4 Ca) X R4 1. M4 52,
C10082CAH FiEAX KA, Maya2000Pro J&35AX Ky H AR HL 5
B Ah)XF R 2. B2l S2 8, C10082CAH YEi AL Ky JE AL .
ATP2000 G35 N HARML: B 4O X R4 3. B se s,
Maya2000Pro J& A A JEHL, ATP2000 Y6i%4% K H A5,

KT EEMBERLESITLER, BRI, 2, 32 HRE
5. N 1, 2, 3ATLUA . 3 GLAAR X B A /\ 20 B A 25 V1
SR AT T W s S 3 R B v AL A8 AR PR AR P, BREE L rh 20
mg « L' MR REURFFAASN, £ 2, 3 3 W/ 20~
800 mg « L', FRifEAb B 1 AH 56 2 BRI IR B0 19 A1 06 &
R, B 5Ca) i nl WA Y ARk S A0 1 T A o
A Z A AR, B TRT 26 A R OG R BOER v B3RO A o AL i
TR AR LB R 5 s T 248 AR K F , W B Ar A ML 20 ~
800 mg « L', 8 4IFEAR I 7K B4R » b oAb )5 B hn o1k
H 7 22 KUEFEAR . W S(b) spal BB A, WK B AR e
A A5 V9 1 £ 0y 2 0l o D TR ot 2 X N 9 B3 HCHE Dk 8 v
N, BB HE RO R AT 5 DA IR 0 I BB R R A AT . 8 A RE AR I
WAE =A% F ST g6 p s B m RS 2 1, MR 5 (o) T
WRAN. WXTHER 1P, 51 ZEMRIEL 0. 002 8%~
0.073 6%, X4l 2, 5 1 Z [ MR 2 7E 0.000 5% ~
0.054%, HXT4l 3, 5 1 Z M MiRZEFE 0.004% ~0.045% ,
RN UL AL R AR AT Ml e e SR AE

MR AE . 2315, RFE T EWMA-PCA 9 1— 4L 55 4R
WAL 5. A 3E R BR] ok # 99.576 5%, 5 2 Al ik
0.082 3%, WIEMMAL & A AL 0.000 5%, DL F =A%
P16 W% 8 1 7 C10082CAH Y 1% Y 5 Maya2000Pro ¥ i
. C10082CAH F 3% 5 ATP2000 ¥ {% . Maya2000Pro
JEREAL 5 ATP2000 SN = 2R &5 B 504 A o 1k 2o 72 52
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Three sets of comparison experiments to determine the

Fig. 4
normalized data of water absorption spectra of each
concentration

(a): Comparison 1; (b): Comparison 2; (c¢): Comparison 3
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Table 1 Standardized evaluation of water absorption spectrum data measured by C10082CAH and Maya2000Pro spectrometer

Concentration Correlation Coefficient Variance
N Peak offset/ %
/(mg e+ L™H Original Standardized Original Standardized
20 0.994 229 0. 994 229 0.098 594 0.001 016 0.010 8
40 0.990 752 0. 990 766 0.131 140 0.001 903 0.035 4
60 0.986 116 0.986 128 0.161 782 0.003 592 0.002 8
120 0.989 171 0.989 173 0.239 228 0.004 028 0.097 7
160 0.991 622 0.991 623 0.252 841 0. 003 540 0.006 6
200 0.991 255 0. 991 256 0. 256 969 0.003 659 0.073 6
400 0.985 524 0. 985 524 0.286 155 0.005 789 0. 009 5
800 0.982 170 0.982 170 0.305 703 0.006 357 0.070 9

%2 CL0082CAH i {5 ATP2000 S 3 745 7k T W% e S 5 5504 4% o 4L 3 4
Table 2 Standardized evaluation of water absorption spectrum data measured by C10082CAH spectrometer and ATP 2000 spectrometer

Concentration ' Forrclauon Coefficient , _ Variance ' Peak offset/ %
/(mg+ L") Original Standardized Original Standardized
20 0.991 321 0.991 437 0.107 919 0.001 462 0.010 6
40 0.992 446 0. 992 460 0.145 516 0.001 786 0.0317
60 0. 989 650 0.989 674 0.162 702 0.003 006 0.011 4
120 0. 989 949 0. 990 001 0.210 102 0.004 373 0.054 0
160 0.993 332 0.993 381 0.210 997 0.003 653 0.029 0
200 0.994 065 0. 994 107 0. 205 069 0.003 262 0.029 0
400 0.992 017 0.992 058 0.209 195 0.003 576 0.032 3
800 0.990 767 0. 990 820 0.198 635 0.003 291 0. 000 5

& 3 Maya2000Pro 3£i% {5 ATP2000 ¢ i {8 il 45 7k J5T IR 45 S o 8048 4% A L AR 4R
Table 3 Standardized evaluation of water absorption spectrum data measured by Maya2000Pro and ATP2000 spectrometer

C trati Correlation Coefficient Variance
oncentra 1]0n _ : _ y Peak offset/ %
/(mg+ L~ Original Standardized Original Standardized
20 0. 995 236 0. 995 267 0.001 574 0. 000 841 0.0215
40 0. 995 680 0. 995 707 0.003 461 0. 000 823 0.003 7
60 0.995 278 0. 995 304 0.004 107 0.001 005 0.014 2
120 0.995 401 0.995 418 0. 006 540 0.001 301 0.043 7
160 0.995 752 0. 995 765 0.007 556 0.001 338 0.022 4
200 0. 995 540 0. 995 550 0.009 044 0.001 494 0.044 6
400 0.994 192 0.994 200 0.013 650 0.002 087 0.022 8
800 0.991 849 0.991 857 0.022 398 0.003 049 0.003 7
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Application Research of Normalization Algorithm Based on EWMA-PCA
in Standardization of Water Quality Spectral Data
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2. Chongqing Key Laboratory of Optical Fiber Sensing and Photoelectric Detection, Chongqing University of Technology,
Chongqing 400054, China
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400044, China

Abstract Model transfer is important for solving the inconsistency of measurement signals due to differences in sample and
instrument response functions, and an effective method for solving model transfer is the instrument or data standardization. For
the existing spectral standardization methods, there are few applied research on UV-visible absorption spectrum, and the
UV-visible spectroscopy water quality multi-parameter detection spectrum detection unit has inconsistent resolution, accuracy,
and response range, which is difficult to perform between different instruments. The problem of the comparison of test data and
the fitting of multi-parameter data, this paper proposes to use the EWMA-PCA normalization algorithm to achieve the model
transfer of UV-visible water quality spectra on different instruments’ ( Exponentially Weighted Moving-Average) is an
exponentially weighted average moving algorithm for finding phylogenetic trees with a high probability of generating UV-Visible
water spectral data and recovering theoretical UV-visible water quality spectral data with maximum probability. The UV-Vis
spectral characteristics are not lost or offset, reducing the impact of data processing on the UV-visible water spectral data. In
this experiment, different concentrations of potassium hydrogen phthalate solution were used to compare and test the Japanese
Hamamatsu C10082CAH spectrometer, the US Ocean Optics Maya2000Pro spectrometer and the Xiamen Optosky ATP2000
spectrometer, In the comparison group 1, the source machine Hamamatsu C10082CAH spectrometer and the target machine
ocean Maya2000Pro spectrometer were selected, the comparison group 2 selected the source machine Hamamatsu C10082CAH
spectrometer and the target machine Optosky ATP2000 spectrometer, and the comparison group 3 selected the source machine
marine Maya2000Pro spectrometer and the target machine Optosky ATP2000 spectrometer. The experimental results of three
sets of experiments show that the algorithm can be applied to different ratiometric spectrometers. After the EWMA-PCA
normalization algorithm is used to standardize the water absorption spectrum data. the correlation coefficient reaches
99.576 5%, and the variance reaches 0. 082 3%, and the peak offset can be reduced to 0. 000 5%. Based on the EWMA-PCA
normalized spectral normalization algorithm, it has wide adaptability. less need to transfer samples, and high transmission preci-
sion. The research results are widely used in spectroscopy water quality testing instruments. It has important theoretical guiding

significance and reference value for engineering application.
Keywords Ultraviolet water spectroscopy; EWMA-PCA; Standardization; Normalization; Model transfer
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