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FRAREN 248 DFEAR BB 4. 8020 FA 1 b 8 ERE A,
20% FHAE MR AR RE A . XA S A8 b ok (0 A A8 Oy ik,
Kennard-Stone 75 fE 47 8 BE A b B35 T A HEAE i
2.3 MEBEIRM

TE % 925 v, ¥ 7 R 1R 22 (root mean square error,
RMSE) # FiI 1 2 035 £ FBE B E Al (14 18 4. 0L 41, RMSEC
FRbR A B 4Rk 2. RMSEP 2575 P 2t 45 i 51 0 3 2% .
RMSE 8 HEE R
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AAD Yy RBIML v R RAL o BFEAKH .
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SBC, PDS, CCACT, MSC Fl TCR 5. % i i 47 % b 52 86
% F SBC, PDS, CCACT F1 MSC 2 3: 3 5% il PLS & 4E K
FAORF AR OGS B d L £ oo bR R S &
ZRIAL, T X A B B AR A BEAT SN SE g A5 R E W
WEWAFS . (1D MCT Fxt by % 19 RMSEC Fil RMSEP
L #5s (2) MCT R b 77 i 10 45 2R i 1805 8 s B AL
MCT 1 H Ay R 2 AT #8 J7 125 19 0 2 18 2 R 0 a5 22

BRRIER 1 FIZR 2
FARBARPE LR AT
XA AF MPS B #F M5 (145 5€ 4. MCT ) RM-

SEP /hF TCR il MSC X W Fh AR fERE A B i 5, [l B

/NF SBC, PDS fil CCACT X = f 4 #5 k£ () RMSEP, Jf H.

MCT ff) RMSEC W fik +H b 1 A0 5 Oy v . Xt F {3 MP6

FLE M5 (4R €T % . H1 SBC, PDS. CCACT, TCR A

MSC 345 ) 5l RMSEP 43812 0. 36, 0. 40, 0.41, 0. 47

192, 32 1 gl d i 45 S5 A % B MCT BA5 H HoAth AL Fp

95 B E L B RMSEP fl RMSEC, %fF M MP6 %] MP5 () k5

ETH, MCT #— ik 3] T /MY RMSEP #il RMSEC,
NIRRT S R A AT
XFFALEE AL B A2 WIER . AR RSB 35, 25

35 ff, SBC, PDS #1 CCACT 4> 5 B & & /ME . M 32 2 P fg

5 {7k MCT #y RMSEC il RMSEP #5/) F HoAth 1 Fh 5

DRSS R A A2 B A3 TR . bR fERE R EChH

35 ft, SBC, PDS il CCACT B3 /M . B EF I MCT

) RMSEP #5 /8 F H A 7 fh ik XFF40E A3 3 A2 [3iF

. MCT B — %% T 5/ RMSEP f RMSEC,
XN AL G T LUG . MCT A5 70 78 58 % 1% 0L T fg

i AR AL UM RO, B A G ik
2— 4 FE 5, Bl 6 4 BoR T TE R OR AR AN AR

b SRR R Y bR T 5 Tk 0 T 0 O R AL

OO e B AN o B IR F 2 L S AR A S

b P A ARMEREAR AR B TR O . 1B OIS M A B A

A KA T b, DU SE 5T 43 B R L i MCT B8 BUS R

B R PUNPERE . 3R 3 JE NPT RS U5 5 B BN (E 55 D0 Ak fE A £k
PAEREL.

%1 SBC, PDS, TCR, CCACT, MSC #1 MCT 7 #iE # 7 i% 7 E K 48 & T # RMSEC, RMSEP
Table 1 RMSEC and RMSEP of corn datasets with SBC, PDS, TCR, CCACT, MSC and MCT
FOREE & Ok 41 m5 EALEE-mp5 ML m5 FALEF-mp6 AL AR mp5 FAXA-mp6 AL 2%
Tk N RMSEC RMSEP RMSEC RMSEP RMSEC RMSEP
15 0.33 0.32 0. 34 0. 44 0.21 0.23
SBC 25 0. 35 0.25 0. 37 0. 39 0.19 0.23
35 0.32 0.27 0.37 0. 36 0.19 0. 24
15 0. 32 0.26(15%) 0. 54 0. 43(7%) 0. 24 0. 35(15%)
PDS 25 0. 34 0.24(15%) 0. 60 0.47(9%) 0.22 0.39(15%)
35 0.32 0.24(15%) 0. 50 0.40(5) 0.23 0.35(15%)
15 0.42 0. 24 0.71 0.55 0.43 0. 25
CCACT 25 0. 39 0.26 0. 60 0.42 0.41 0.25
35 0. 36 0.27 0.54 0.41 0.37 0.25
TCR 0 1. 10 0.43(6") 1. 30 0.47(4%) 0. 83 0.36(10")
MSC 0 1.63 1.79 1.87 1.92 0.92 0. 90
MCT 0 0. 24 0. 20 0.27 0.19 0.16 0.14

T N: HEAREREARR TR B, WA E : a: PDS M6 11K/ b TCR ot i B9 e i 7 23 18 B9 46 1, R )

Note: N: the numbers of standard samples required by the transfer method; a: the optimal window size in PDS; b: the dimension of correspond-

ing optimal subspaces in TCR; the same below
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Table 2 RMSEC and RMSEP of wheat datasets with SBC, PDS, TCR, CCACT, MSC and MCT

AN AR (R D A2 FEALL-AL IALZR A3 FAUE-A2 WAL A2 FEALL-A3 X AR
TRk N RMSEC RMSEP RMSEC RMSEP RMSEC RMSEP
15 0. 64 0. 59 8. 74 8. 66 0. 44 0.48
SBC 25 0. 58 0. 56 8. 26 7.08 0. 54 0. 48
35 0.52 0. 55 7.73 6. 00 0. 54 0.48
15 2.20 2.68(5%) 4.19 3.59(15%) 1. 81 1.52(7%)
PDS 25 1. 81 2.11(15%) 3.19 2.23(3%) 1.58 1.41(15%)
35 2.23 2.39(15%) 2.42 2.07(3%) 1. 67 1.35(15%)
15 2.67 2. 36 2.70 2.25 3.26 2.03
CCACT 25 2.54 2.04 2. 84 2.25 2.94 2.07
35 2.53 1. 20 2. 46 2.06 2.75 1. 90
TCR 0 4. 33 2.42(18") 4.16 2.12(10") 4. 15 1.92(18")
MSC 0 1. 63 1. 39 3. 80 1. 25 1. 43 1. 22
MCT 0 0. 38 0.53 2.45 0.63 0.42 0. 30
11.0
11.0
10.5
9 10.0 2105
s s
Z 95 2 10.0
5 9.0 i e .
B 85 g 95 % T
~ > SBC u ™ =¥ L] - ®  » SBC
8.0{ * PDS u 9.01 * PDS
® TCR e TCR
7.51 W MSC m MSC
® MCT [ ] 8.54 [ ] e MCT
98 100 102 104 106 108 98 10.0 102 104 106 108
Measured value Measured value
B 2 SBC, PDS, CCACT, TCR, MSC 1 MCT 7 1 75 i£ 7E X E 4 SBC, PDS, CCACT, TCR, MSC 1 MCT 7 1 75 3£ 7£ X
g M5 f{LEF MP5 2 BB & R = E g MP5 F1{Y 3§ MP6 I8 L il 45 3R H9 8 =
Fig. 2 Scatter plots for prediction between instruments M5 and Fig. 4 Scatter plots for prediction between instruments MP5
MPS in SBC, PDS, CCACT, TCR, MSC and MCT and MP6 in SBC, PDS, CCACT, TCR, MSC and
MCT
11.01
10.5 A
2100 18
T 95 16
B 9.0{ 2 14
= — test - :;
E 8517 ccacr - ~ - = 3 =
8.01 % Pos - ", 510
TCR
751 @ wsc E
7.0 ® MCT ]
98 10.0 102 104 106 108
Measured value 41
3 SBC, PDS, CCACT, TCR, MSC #1 MCT 7<# /72N 10 12 14 16 18
2 M5 f{LEF MP6 Z 8 Bl 45 R A B = B Ll bkt
Fig. 3 Scatter plots for prediction between instruments M5 and B 5 SBC, PDS, CCACT, TCR, MSC #1 MCT 75 # 77 3£ £
MP6 in SBC, PDS, CCACT, TCR, MSC and MCT B=A2FMNE Al 2 EMNERNESE
Fig. 5 Scatter plots for prediction between instruments A2 and
STFEXREEEE, B 2—FE 4 BR MCT J ¥ W Al in SBC, PDS, CCACT, TCR, MSC and MCT
S5 R A0 FC AR R AP T RS 1 B A p T o AR SR 3
B L AT E B MCT AH b oAt sk B i B4k . i b XFNERAEE, B S—B 7 KREIHYALESE.

BRI AT RIS 202598 MCT RE 45 78 T ok 4 fr A A5 8 v MCT MIREAS s BN 20 B 2k A b HG Ml 0 Rb O 1, OB WS
SE A LAY T AR RE L ) I AT SR A R AL RE T BRI AR BN AOCR o dad B e T RUAR 2 B 75 B 25
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Fig. 6  Scatter plots of prediction results between instruments A3
and A2 by SBC, PDS, CCACT, TCR, MSC and MCT
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2F A2 TR A3 Z BT R E A E
Fig. 7 Scatter plots of prediction results between instruments A2
and A3 by SBC, PDS, CCACT, TCR, MSC and MCT
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% 3 SBC, PDS, TCR, CCACT, MSC # MCT i &%
T & R B ERT LR
Table 3  Slope comparison of predicted results of SBC, PDS,
TCR, CCACT, MSC and MCT

Tk slope

J7% m5-mp5 m5-mp6 mp5-mp6 A2-Al  A3-A2 A2-A3
SBC 0.58  0.55 0.68 1.11 1. 65 1.12
PDS 1.66 —1.84  2.30 1.62  0.56 1.72
CCACT  1.82 —2.69  3.84 22.55 164.78 163.26
TCR 0.01 —0.01 0.15  0.91 2.22 1.03
MSC —0.10 —0.24 —0.01  0.67  0.64  0.69
MCT 1.06  0.74 .02  0.93 .02 0.99
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NIR Calibration Transfer Method Based on Minimizing Mean
Distribution Discrepancy

ZHAO Yu-hui, LU Peng-cheng, LUO Yu-bo, SHAN Peng
Northeastern University Qinhuangdao Campus, Qinhuangdao 066000, China

Abstract With the advantages of high efficiency, non-destructive and environmental protection, NIR is widely used in many
fields to rapidly analyse substances. However, it is still faced with the problems of the short life cycle of spectral calibration
model and difficulty obtaining and preserving standard samples for instrument calibration transfer method. In the stoichiometric
literature, transfer methods usually correct the spectral differences between master and slave instruments. Most methods need to
measure a set of transfer standard samples under the same conditions of two instruments. Although the number of samples does
not need to be too much, generally speaking, it must be well selected to ensure a successful transfer. The Kennard-Stone
algorithm is the main algorithm for selecting representative sample subset in the master-slave instrument. In determining the
standard sample, it is assumed that the master instrument has found the standard sample, and the selected sample set needs to be
measured in the slave instrument. It is only possible when the transferred sample is sufficiently stable, but this cannot be
guaranteed in the near-infrared spectroscopy technology. If it is assumed that the sample of the slave instrument is used as the
standard sample, the master instrument is replaced by the slave instrument in consideration of the change of the spectrum light
source in the new industrial application, so it is no longer available. Based on these problems, this paper proposes a method of
minimizing mean distribution discrepancy calibration transfer for NIR (MCT), without considering the standard sample
(standard-free) of the slave instrument, due to the multicollinearity of NIR spectroscopy data, this method first assumes that
there is a subspace of the partial least squares of the master-slave instrument, and then the spectral data of the master-slave
instrument are projected to the common subspace respectively; then, the mean distribution discrepancy minimization algorithm is
introduced, that is, the mean distribution (center point) representation function of the master-slave spectral data in the subspace
is given Function to minimize the discrepancy between the mean distribution (center point) of the two spectra, and maximize the
covariance of the main instrument spectrum after projection to derive the optimal subspace; finally, the main spectrum samples
and the secondary spectrum prediction samples are projected into the partial least squares subspace respectively, and the
regression model is obtained by using the main spectral data, and the modified model can be used to predict the secondary
spectral concentration. Through the test and research on the corn data set and the wheat data set, it is proved that the prediction
effect of this method is improved compared with SBC, PDS, CCACT, TCR and MSC. The experiment shows that MCT can

achieve a lower prediction value.

Keywords Near infrared spectroscopy; Calibration transfer; Mean distribution discrepancy; Standard-free; Partial least square

regression
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