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Spectroscopy and Spectral Analysis
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Fig. 1 Flow chart of FCMWS algorithm
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Fig. 2 Flow chart for getting data of instrument differences
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Fig. 5 Comparison of wheat Spectra before and after processing

(a): Raw spectra; (b): Raw spectra processed by the first derivatives; (c): Spectra processed by SG smoothing; (d): Spectra processed by SG

smoothing and the first derivatives; (e): Spectra processed by FCMWS; (f) . Spectra processed by FCMWS and the first derivatives
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Table 1 Comparison of absorbance noise of wheat and to-
bacco samples before and after processing by dif-
ferent methods

R

3% RREDERE BRI RER2 RBERS BER4 BERS

JFOEiE 0.000 439 0.000 243 0.000 256 0.000 215 0.000 255
NE S G 0.000 374 0.000 179 0.000 159 0.000 150 0. 000 196
FCMWS  0.000 365 0.000 174 0.000 155 0.000 146 0.000 193
JFOEE 0.000 262 0.000 281 0.000 274 0.000 417 0.000 245

M S.G. - 0.000 192 0.000 234 0.000 231 0.000 369 0.000 166
FCMWS  0.000 197 0.000 226 0.000 231 0.000 360 0.000 166

M 5 Cay b) i LA A B G AR B o S A
R —3, H S. G. W FCMWS 75 3: 4 B 5 19— I S5 51
itk EUR B ARG T N IS M. R 1 SRR, MR
BE S G. WS /N2 R RO BE W ST YRR AR 26,5106 Ml
BERE 0 G M R ST 2 AR 20. 59 % . FCMWS J7 3 b 3L )5
MR IR . /INZE R O B M S T B R AIG 28, 2706 IR
Rf T S B R FE O B AR 21.21%, BRI EIE S. G Wik
S FCMWS Jy 2 1 n K i B R 7, 9 8 R 3 1 1% I L

2.3 REHELENEHERERSN

2T S450 BUAN &R DU AT 1 w2 BE O £ A0 O 1 B
fE2: SG V-1 . FCMWS Jy ik 4k FILS i1 g 8 25 21, 45 1R W
XN RE G AR R s S. G S5 FCMWS J7 3 X I
T Y 25 MR ROCR AR . AR A A M RE ORI $R s, T
T JE S B B P o — B A 0 £ A R

®2 SEEIEASENRAEBIR L
Table 2 Comparison between models of different

objects before and after processing

A B Cross-validation Prediction
i 3 : p
X4 R? SECV R? SEP
None 0. 50 1.37 0.73 1. 14
G 0.91 0.52 0.97 0.41
ME (=g, N=151) : -7 : :
EH
FOMWS 0.91 0.52 0.97 0.44
(K, =10, K;=21) : Y a :
None 0.74 2.79 0. 83 2.05
SG B
W s N—60D) 0.95 1. 20 0.92 1.38
FCMWS ,
(Ki=5, K, =61) 0.95 1.23 0.92 1.39
None 0.46 0.53 0.70 0.38
) SG
W s N—15D) 0.92 0.23 0. 90 0.17
T8
FCMWS .
0.92 0.22 0.89 0.17

(K1=10, K, =17)
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TE T2 Gy /ANFERE G BRI 52 A E R - RE S, AR 20
AME R SN KT RE . B S. G i (N=451) 5 FCM-
WS(K, =10, K, =2D 77k, fiabll S450 8 15, 2 51X
A DAY RO TE , 4% B 2 SRR R AT BT . 3% 3 AT
TECHE 5 5 228 {8 L R 10000 B 9 4 22 TH] R U8R G R 2R
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Table 3 Prediction deviation of models based on 3 % ‘Vy}
different instruments by SG and FCMWS
VICITES SG FCMWS 7 2 v 8 PR DA i SR Y ey R R B AR TSR 4
R*  STD RSD/)% R* STD RSD/% F BB A 0. 1 nm 1Y =5 85 BE AL L0800l . MUBR i oG 1% W 1
PI25T  0.97 042 286 0.97 0.44 2.9 O A6 o 5 A O A O 8 U T R
PELST 098059 260 097 0L BT e G R T O T T 8 i U 0 R

P1-2 5 P2-1 0.99  0.21 1. 43 0.99  0.27 1. 74

BIS. G. Vil FCMWS J5 i, JE X0 K S8t 47 1 i1k,

S5 25 SR W T 4R U Y 3 T R ik N o o R DT RO B

AR 3 BRI P 6 A (A T B B SR 1) AR e | ROMWS 7 A A K 5 i R 3 ek e 4

22/ 2.00% , /N FHEES A S5 S% HI W2, 7 5 TRk o R Y M 7, L o (4 A e 7 o B R T TR O

G 2 S G P FCMWS Jiik BURIRIG IR e gy ng b, (0038 OO0 ME B B0+ % AR X 18] 72 3 40 X
BB (R B0 PE R TE T 22 5 B PR 9 DR 20N e g g L BB L
SU50 BA B R R PR RE LT
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Study on Spectral Data Processing Methods of New Type High-Density
Grating Spectrometer Made in China
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Abstract In this paper, we used the S450 near-infrared high-density grating spectrometer with technology of high-speed acquisi-
tion developed by Shanghai LLengguang Technology Co. , Ltd. and China Agricultural University, took wheat and tobacco as the
experimental object, and aimed at the high-density spectra (wavelength range is 900~ 2500nm. interval of wavelength is 0.1
nm, contains 16 001 data points). By adapting processing methods such as S. G. (Savitzky-Golay) smooth, FCMWS (Fixed
window combine moved window smoothing) and the First Derivative, Partial Least Squares (PLS) was also used to model and
predict the content of crude protein in wheat, nicotine and total sugar in tobacco, evaluate performance of the spectrometer, and
optimize the parameters of processing methods. The results show that: (1) The performance of the models was greatly improved
after the high density spectrum was processed by S. G. and the first derivative. Optimizing the parameter M (fitting order) and
N(number of smoothing point) , if M is a fixed number, N can be selected from a wider range, and when M=2, N is in the in-
terval of 201~801, the performance of models is ideal and stable; (2) The FCMWS was designed for smoothing layers of two,
fixed window size of the first layer K, and second layer K, , and it was concluded that the performance of models is better and su-
perior when the multiplication of K, and K, is about 150~310, moreover the FCMWS algorithm is speedy in modeling. (3) In
order to analyze instrument differences, only took wheat as the object, which was measured by two S450 spectrometers, experi-
mentally, whether the spectrum is processed by S. G. or FCMWS, the relative deviation of the predicted data from different
models between instruments is less than 2. 00% , which is far lower than the relative deviation between the predicted and refer-
ence values. It indicates that the above two methods can reduce the instrument differences and models can transfer stably among
instruments. For wheat, tobacco and other agricultural products, the results of this study reflect that the domestic high-density
grating spectrometer S450 combined with de-noising methods, can meet the actual requirements of quality detection and model
transfer, and the grating instrument is relatively low-cost, which is significant for popularizing application of the rapid detection

technology of near infrared in the agricultural field.
Keywords Near infrared; Grating spectrometer; Smoothing de-noising; Model transfer
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