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Abstract

The processing of green tea mainly includes spreading, fixation, rolling, drying and other processing
technology. The moisture content is an important basis for setting the process flow and process parameters
and controlling the physical state change and chemical reaction process of raw materials. However, at
present, most tea companies mainly rely on empirical methods and moisture analyzers to determine the
moisture content in the green tea processing process, and cannot achieve rapid, non-destructive and
accurate detection of moisture content, resulting in inconsistent tea quality. In order to realize the accurate
measurement of moisture content in the green tea processing, it is necessary to rely on the oven drying
method, but this method takes a long time, obviously cannot meet the needs of rapid perception, and is
difficult to apply in actual production. Therefore, a rapid and accurate nondestructive testing method is
urgently needed to detect the moisture content in the process of green tea processing. In this thesis, tea
samples of different varieties were selected as the experimental objects, and the near-infrared spectroscopy
technology, combined with machine vision technology and chemometric methods, was used to establish the
moisture content prediction and discrimination model of green tea under different processing techniques, in
order to improve the quality of finished green tea, Promote the standardization and intelligent development
of green tea processing to provide a theoretical basis. The main research contents of this thesis are as
follows:

(1) Research on the moisture content of green tea in the green tea spreading process based on near-
infrared spectroscopy

Moisture content is an important indicator in the process of green tea spreading. In order to realize the
rapid and effective detection of the moisture content during the spreading process, this thesis collected 200
near-infrared spectral data during the spreading process. In order to eliminate the noise information in the
spectrum, five different preprocessing methods were adopted, and the PLSR prediction model was
established to optimize the best preprocessing method. In order to reduce the redundant information in the
spectrum and improve the prediction accuracy and speed of the model, the characteristic wavelengths in the
spectrum were extracted based on the best preprocessing method, and the partial least squares regression
(PLSR) and support vector regression (SVR) prediction models were established, and the effects of the
models established based on different characteristic wavelength screening methods were analyzed, and
determined VCPA-GA+SVR as the final prediction model of moisture content in green tea spreading
process. The Rc and Rp of the model are both higher than 95%, and the RPD is greater than 2, indicating
that the model has good prediction performance and can accurately predict the moisture content in the

process of green tea spreading.



(2) Establishment of a prediction model for the moisture content of green tea fixation leaves based on
multi-source information fusion

In order to realize the rapid detection of moisture content in the green tea fixation process, a
quantitative prediction model of moisture content change in the process of green tea fixation was
constructed by using machine vision and near infrared spectroscopy. By collecting the spectrum and image
information in the fixation process, and then fused the data information from the two sensors, using
competitive adaptive reweighted sampling (CARS), variable combination population analysis (VCPA),
variable combination population analysis and the iterative retained information variable algorithm (VCPA-
IRIV) and random frog (RF) algorithm to extract the characteristic wavelengths in the spectrum and
combined the 15 colors and texture features in the image, the prediction models of partial least squares
regression (PLSR) and support vector regression (SVR) were established. The results show that the model
based on fusion data can effectively improve the prediction accuracy. Among them, the spectral feature
wavelength extracted based on the CARS algorithm was combined with 15 color features of the image, the
established SVR model had the best effect, in which the correlation coefficient of the calibration set (Rc)
was 0.9742, prediction set correlation coefficient (Rp) value was 0.9719, and relative percent deviation
(RPD) value was 4.1546, indicating the model had excellent predictive performance. In conclusion, this
study proves the feasibility of integrating spectrum and image technology to predict the moisture content in
the process of green tea fixation , overcomed the problem of low prediction accuracy of a single sensor, and
laid a theoretical foundation for realizing the rapid nondestructive detection of the moisture content of
green tea fixation leaves and accurately controlling the fixation quality.

(3) The establishment of a green tea drying degree discrimination model based on near-infrared
spectroscopy.

Taking the green tea products in different drying stages as the research object, a discriminant model of
green tea drying degree was established. According to the moisture content of dried samples, they were
divided into three categories (under-drying, moderate drying, over-drying). By extracting the spectral
absorbance values of tea samples with different drying degrees, combined with four spectral pretreatment
methods, a partial least squares discrimination analysis (PLS-DA) model was established, and it was
concluded that the discrimination model based on mean center (MC) pretreatment method has the best
effect. Then, the competitive adaptive reweighted sampling (CARS), variables combination population
analysis (VCPA), variables combination population analysis combined with iterative retained information
variable algorithm (VCPA-IRIV) and variables combination population analysis combined with genetic
algorithm (VCPA-GA) were used to screen the optimal characteristic wavelength related to moisture
content. Then, combined with principal component analysis (PCA), k-nearest neighbor (KNN) and extreme

learning machines (ELM) discrimination models were established. By analyzing the discrimination effects



of different models, it is determined that MC+VCPA-IRIV+PCA+ELM has the best discrimination effect,
and the discrimination effects of correction set and prediction set both reached 100%, which can realize the
accurate discrimination of green tea drying degree. It lays a theoretical foundation for the development of
online discrimination equipment for the drying degree of green tea.

(4) Research on online detection method of moisture content of finished green tea based on multi-
source information fusion

In the process of green tea processing, in order to make the prediction model more accurate and
comprehensive to predict the moisture information of green tea in different processing stages, taking
zhuyeqi tea as the research object, collect the near-infrared spectral data and image information in different
processing stages (spreading, fixation, first-drying, carding, and secondary-drying). By fusing the data
information of the two sensors, the CARS was used to extract the characteristic wavelength in the spectrum,
and combined with 9 color features and 6 texture features of the image, a nonlinear SVR prediction model
was established. The results show that the SVR model based on data fusion has the good effect, the Rc
value was 0.9804, the Rp value was 0.977, and the relative percent deviation (RPD) was 4.5002. It is
shown that the data fusion based on machine vision and near-infrared spectroscopy technology can
effectively predict the moisture content of green tea during the whole processing process from fresh leaves
to dry finished product, and compared with the results of the moisture content prediction model for each
processing stage of Gaogiao Yinfeng tea.
Key words: green tea moisture content; near-infrared spectroscopy; machine vision; judgement;

quantitative prediction
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L oA A R R B K g B B, R HIT LA (800-2781 nm) KA 135 0 T


https://scholar.cnki.net/home/search?sw=6&sw-input=Duthen%20Simon

£1 5 % BAFAEREEMRY
W RS o O T D B e, R — e I HLVH PR IR IR, Ay
AR TR, —Mr SR I SECR R bRk E AR AR i A AR R —
B 5 5 AR 4 R T AL B 7 200 SR AR e T AT TRAL BRARAE, N T BRAREIR 4R, X Ab
H G BE S B R A F 8T (PCA)Y , FEEEE M/ TR mIAS L, & kK
S RIS, HH Raw+PCA+PLSR 315 T S A B T 2R, R2{E N 0.93,
RMSEP 164 0.18%, RPD{EA 3.9, RPD %, HUL/KpEEMTH ZA FEEMNA-
Bing Lu Z&PP n] 0] 5 BTN AR B, 38 HIT 2040 v A bR R4 mT m 67 268 I (1 I 5
JeuE, R T ERIE T 120 MARK BRI N T S RIS
FG I B XGRS I (R 520, R Savitzky-Golay (S-G) “Fig. bk IE&A B4
(SNV) | ZIGHUHKRIE (MSC) MIFH LG S-G Figr ik Hdm i 17 B, AT
WO TRMITTREE, MR, KA SPA, UVE Al Si-PLS — /5 ik ik 5K 5
FIRHRE R, Wi BRI, 3T S-G TiB45 & SPA RFE I K 07 1% 77 9% FT 2 57 1)
MLR K75 7 s R R, Hodh Re {8 0.9976, Rp 14 0.9963, RPD 1Ey 11.28.
SERRW, SRAELAMERES AR AT LLSZEI Al ] 528 5 K o5 2 RS AR

TEZEWE K > Er s fr il 7 T, BRI SE 2310 7 PR gOR I TR 20 2% 1 g b b B K 23 B
B, BRI TN AR, RET R 6 I TIRITFE F I 226 L G
BN %, b EAE B (SNVT) AL 73k, fmf/h —3iE (PLS)
S X Al 5 /N —3fi (Si-PLS) AR J 25 4 57 T 9% I ik 7% o R 7K 4 5 2 TN A
M, SRR, BT SNVT AR &Ik 7V A g r i) Si-PLS BEAUIRAT 1 e I T 82k
HIRMAER D RE (Rp) 4 0.9593, ML FHRiIRZE (RMSEP) 4 0.0395, K
B WA T R, AT DA TR 4T A4S g R oK 4 B B RO HE . 7EZRAR N
FIRRIT SRR T LA GRS, SRR EU Y 42 AN TH B A F A H A IR 40400
HEAE R, RIEE AR RN E KA SIS KE, KA (smoothing) . T
(derivative) - PrifEIEARZEAH (SNV) AL IoHURIE (MSC) PUFp ik ¥ 77 1%
AR ARG P e B E S, ARSI i /N — 3 (PLS) /K4S &M A . 458K
B, RIEEMAXRE (Re) FMRIEE HRiIEZE (RMSEC) {H43728 0.9266 F1 0.6439,
I UFSEAR S R (Rp) HANIRIEEES AR 1% Z (RMSEP) fH T AH 5% & 4043 5l A
0.9050 F1 0.6786, AL AL AT DL L iF 1 H 4 7K 73 & B8 B I E SR, B BT
TR . L BB R, IR LLA RS 2 A Ak T B A TR AL 5 S B, T DASKE
IS e K Ay B B A 2R

1.3. 4 ITLTSMEIERE A WL RS UL SRR 2R B S0 A 75 T A 5T AR

LA G TE A LA AL BEBEA oA P S Y 22 (R0 AR 7 i it o RS 70 oA i g 2%

[&)]



£1 5 g BAFAEMESFMRT
T AR TAE B, S IR R — A R AR TS FE A [ 1] J, IR LA A S LR
PR3 B ARAE £ it PR it 5t S o0 T daen il 75 45 2 1 BEONTTIZ KN H . ETG SRR
T RS A AN 2T A 45 ARSI e B o A T AT M, USRI K ERE O EIUE,
PEECEUE I 18 N IEE/E BB AN, 57 GA-SVM 73 ALY, R iR A
SATTEHESATERHE, AREMNRKERZEN 100 %, AEHHRER]&H
HEITLLAMEHE 7. MSCHCARS+SVM BER X 7 ML B B 5 ik i i, pIL o B4 14001
HH 96.49 %, KHEIRMEN 94.12 %. Yan Song 25" HE tH—FEEA 6 F T 204N 61
FEARFATHEHLAR L 2 G0 oAk 28 1 SRR S0 5T & PSR 40 7325, {4 A Bruker-MPA {#
B AR T 2L AN IS ACE SR S G, A TSI R G 7 AN AS A SRR ) S
FEMCRERIG, SRR, ITAAMDEIREM CVS BFHERE &, BoE. IR UEATIR 4 U
itk AN 99.29%. 96.67%F1 98.57%4% w1 £ 100.00%. 99.29%411 100.00%. Yujie Wang %%
R T RS 2B LAR AN TR B R BRI, TR 4T AN e A B 2L
MRS, REFRTERE. B, REMTEC RO SR, kB AL e
S BEAT R4, 437 R F CARS Al PCA MG IS A (1 48 & i ke B A0 &, R
PLS #EAT @B, S5 RERW], TIP3 77 % 2 20 7 08 0.66 + 0.12 F1 1.06 + 0.11
g/100 g, A TR Z 53 5~ 5.41 £0.99 Al 4.03£0.38. 2RI, ElEUTLANGIERIPLAS
M ARTE LR AN T F2E oK 43 & & 10 8 & W07 AR R Fi i b, B iR K2 48
T E YR b, R PSR LA L 3 5 3 £ A AT B Rk G IO 2R 2%
T S 7K e B TR AR AT AT 1

1.4 HRANE

2 TR R B AT N A A W RT R T AT A ' 1 R S B AR i L R R AN N
B BOK 438 B O SERS AE RGN, DI 2L A6 1 A 3 A I 23 45 0 T R e 28 7K o 2 &
KRB NLELEFIR TR RS R, AR M LERETREETZSH, AR
ML LESEAG— LR AR P My e vk b EALAE P2 R R, X s S 25 i 1
EARETSE A A EENE . AP EEPRHANET:

(1) BTG PET L AR Hh 7K o & B AR 2R A AR 7Y

FIFHIE AN GRS (900-1700 nm) SREANFFEF I 7 AL BTT LM G1EE S,
AT B AR R TR B, YE R A R R, XSS B SR 2 R AL EE
v, BT, Rk R EETACTE TR N T IR, A A A
M, KA R AR &5k 7 1Rk H 57K 00 & AR G iR E S K, 25 PLSR



£1 8 &8 AAFRFMEFMIL
A1 SVR € B AR, X LA RIPERE, Ui 7 R oK o 5 B de s B T A T,
LUJE S8 5 L 13EAT BUE T FU kAL

(2) LT OO R AT BB it . SOURFAE R T /K 70 SR I 7Y

AL ZLANETEA S AN N A AL DR AR R S8, R R I RE A I e A i AT
JCIE R ERAE B, IR R E R ROGIEE BRI R . QUi
K G EZIEHIHRK R FERERDCIEE SMEBRE BT &, WKL)
DG R A AL 3L 5 BEAS SEIL 2R o8 A T IR oK 70 & ERS vE TG A T AT %, @A
A Rl s 7 M RGeS, IR R ALK 7 & E WA A .

(3) FESLANF T HRAE L A 7K 75 B P A

AL ZLANETEA B R A R T RAE L T IRCE S, JFRIE S ik 0 & ks
ZRRTIRIEE N 33 CTRAE. TRIER . TRIEE o ot P AFRTAE T,
R IR i 0 V2 AT A RS TR o) 453 T JER A 2 S ) R R 2

(4) LTI LL AU MLER AL BE A ) 5t 55 7K SR A A

PSS — o b R AN [F) D 1 SR RE b ORI FERT B, 3B 5 i AL £0 A e i A
PLERALGE R ST, SEHLAEE - 2R dt o5 (7K o0 & BN Y, B0k 2 Hiodle i 15 07 2
ZRIR N RE K 5 S ) R AT

1.5 KRB/

RESG TOFE FMPT IR, A T I BRI A& DL Tt R oK
I3 BRI 7 CAFAE R e L, 3 2o o T AL AP T R S ATL A A RS P 5 K R
FRIFR S SCHR AT FE MRS, ARAIE 1 I 2L AN G BOR A 2L A 6T b 5 AL A8 AL 3 A KT
R IR B B SRR . e BRI A AT e IR T R I T TR K g3 e A E Y
)R, SR TASCHIAT RN EE, DAASEDIN L LR T RoGiE M B AE BAE IR R
SEELEAS T 25 SRR, D9 228 I Ik S5 AR 3 s AR v A S i A 77 B 1 B
WA
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£ 28 ETIRAINGENERMEIRET KT ERNREZT

21 5] 5

MF R v e N DR M ETE Ly, R AHER J7 AT DL e bt 2
AR ST, 3 AT LS P ) e DR S I (R, X i 8200 L L A & R . SRR
HUAEO GRS, bR, s Ak, UK, R RS, WK
HEKREESE (70 £2) %NIER. Ky SRV ERRMENEZ N RS, Y
R EARR R R IR AL, XN DR E LIPS
KR, RULSCISRR MR TRE T, K S EISERy . M. B, T
FERIZ & /KB BFERIK L PRAE M A2 7 B B R

2.2 MRIERE

2.2.1 REEM R}

AT 5T I 2 AR R TR A KD T s R, R S RO S R A
BEM RN R . —2F R — 2 i, Ho DL — R — 2 e 3, SR
(B4 2020 4 5 F 25 H

EMFRIE S, PR TR A KT AR K 2N RS, 2R SRR T
1957 0], HAMNE R RSP S Gl AMEE B, GRS, T
ABEW . RIGTE S BEREEEE . MR S W R O, S T HRIES SR, /T

LA,
2.2.2 g E
(1) PEH &

AT FEHT 2 R T WA N KD R RER S A PR A mI ], 2 M T
A AR 2B WL R SHESRAEH, AR W T 7 B AL AR AR,



28 ETIRMNEENEFEMBERET K SERUREEST AAFARFMEFMILX
e A RE T, ATPLEERMAR PRI CAZRX. BRXD B s
W, FIRF, s ERAF AT L o T R R R, IREMEIRE, R
FRE BT U2 B FEAE SRR JER AR o SR I E AR X, DA RIS,

SEIAES IO ZhRE, WA E W 2-1 B
A ARRIR - g ; ff'-

< memy
s mmmE 230 €

et

2-1 FMHPEERE
Fig.2-1 The tea spreading equipment

(2) LA REE W

AW TR TAS-3100 S ZLAMGIEAC (BRI RH A R AT X NP
RS EEAT E RS EOR AR . AR B VEE DY 900~1700 nm, JEREREE N+] nm, K
FEJT RO N B R, BRI RS A E AR 12.5em. RN R AL 20 ANEESL, REANRE
fhELZ) 80 g BT FEM A, e BPE-HREET 3 YOLEREE, W3 YOLIEHEEN
AR RIS R, T 10 4/DF, 3R15 200 20615 (E S, L AMETE XA an ]
2-2 o

2-2 IELTHNSETE(L B

Fig.2-2 Near-infrared spectrometer



28 EFRAENEEME TR KS S BRNERET BAFAEREFMARY

(3) KA Rl e 2%

AHIF 5T K 28 2 A K 20 M 2 4 (MA35M-000230V1, Sartorious) I 52 4 25 i
HEBER K EE, HTAERBEATERAE, 8RNk B4 317K 5 2%
#H, K MEM N BETFRERS, FREEKMES R BIRCRETILIE
HHE S5 B3 5 A5 R N B K 23 0 AR D B K B, 18 SRR IR TS () I £
B, ZIFRES K, BB E 25 R B SSEAE e 2 RS K A
&2 AWK o3I E A ] 2-3 Fios .

2-3 7K MIEL

Fig.2-3 The moisture analyzer

2.2.3 RIGHE

AT T LA GRS S AT AN B, AU RO SR S, B R B — 2t
M—ZF i #EFSREAEMTI LT, REFREE BENIREN20°CAE S, FHXHE
FER60% it PEF RS, BERE—/NTEL—IRFE S, B REURE 7 92040, B2
R =V HIE, L= UCREE DG SR 1P AR A Z A RS . B
N 221 SR 56 6 0 H 3 S5 1R 255 A il 5 R K 0 D G B I 2 R IROK e &, 1zt
FEE = UK, HUREES 21 = R0 52 17K 2 8 & 00 P B AE it Z0 K {8 . #7107
N E, FEHKI076.52%F4% 2265.05%, FLIRAF 10T [A] 5 50T (1200560035 £ds . A&
AR TR0 T E2-4 P

10
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2-4 BREEL
Fig.2-4 Echnology roadmap

2.2.4 FiEMAIE S L

TEREII LA ANEIER, 22U IRLER . R FEARRMAYS) . G4 E
. BENLME S . OGHUR S ] B RAE R FE OIS aE T B HER,
BT AUIR . 9 TIEBR T, e A ) TN R R AR, AR AT R K
b HEIEAA & (standard normal variables, SNV) , {7 rt (mean centering ,
MC) , & K#&H/MH— 4 (max-min normalization , Max-Min) , X # (De-
trending, DT) , &/ I FIFIEW (Savitzky-Golay filtering, SG FIR) 5 FfAS[H] 1
WEFETT

(1) Fp#EIEDA L (standard normal variables, SNV) , & H T X 25 4 i K
B T 51 AR R ZE AT IR, %7 X B 551G H AT PRy AL AL BE28T, ARt IR AR AL
S A TRAL B S AL TH R T 20, 3 DO AE T v A 2 o6) BT 3R A5 IR 1 D 1 2k
PEFEREBEAT P A EE, TSNV I 32 6 s 3% 50408 e B i AT AT AL BE 28T, SNV 5 2 20
IE

X —X
mk (2_1)

xmk - 'xm

k=

n-—1

A ox KRG IESNVHATRE FEm (m=1, 2..., n) PIIEFEAEF L

mk, SNV

11



# 28 ETIRANHENEFMTTIEP KRS FERMERE T BRFREMLTFMILL
(k=1,2...0) DPECFAERDCIEE: xRS Em AN S BB R AL
T ; x:W\U%%%mﬁ\ﬁlﬁ%@#i‘E@ﬁ%i%ﬁ%%ﬁn/l\?ﬂii&ﬁﬁﬁ'ﬁ%ﬁﬁEl/‘ﬂzi/ﬂfﬁo

(2) HEH 04 (mean centering, MC) J&F85EAN A HE i 1 6 1 BOHE ik 25 1%
FE S P50 5, DA BROG TS I 4t WO BEAE o R FH 248 PG A T Ak 22 7 AN AT
DA 5 't 1% 2504 2 () B 22 e, T L AT DL G s e A AR A0 5 40 M 2% K 70 25 B
Z A AR AR ORI, R Gl AR AL AREAE, DRI v A A X T A R 2T, AE X R
FE i () BRAR B 53 34T 58 B AE PR Hr iy, il o i v E . MCHYTHE A 50
UUE

x'=x —x (2-2)
o, X FT nox m AR RE B R A G A R 2 X, RN SRR R

i DG T 48
(3) & KE/MA—4 (max-min normalization, Max-Min) tHFRN & BURHELL,
ST SR ARG e R P 2R PR AR 4, A 1S T s o5 RS B [0,1) 2 18], B pR B -

X— xmin

x*= (2-3)

X . —X

Hdr, xR EEARJRAR G EE B OB, xR RS LG D' ol B 1) e/
(R

(4) %% (De-trending, DT) J7ikFEH THEBOGIEH I ELETER, RHZ
T 2t /N 3 T v e O T RO FE AR 5 KR AT 0L B AT 3 B D' 15 2504 ()
LA, WEAERAT LB WA BT E e AT SNV AL EE, HAT LS

(5) H/D IR IES (Savitzky-Golay filtering, SG FIR) #& Y61 73 #r H  H
(R EHE BN 732, 17 VRAE DRUE IR 46 6 15 B s JS AN 5 T 015 L VH B o' 1 v 1) g
5B o IRBEVRNS R MR i SR AR DG TS B R PR — B AT AR, P RUR BE S R U
& AN E T A AE R, (HR Z TR Corder) SUNT& % (framelen) S,
At framelen A 2N ZF 40, Ui order=framelen-1, NIJE 2 A IEAT I o

2.2.5 $HERKTFIR A

RS OGRS T 755 MREAL B, BUR4EERGE, BRI,
B AR Z SRR ME IR S ETLRIEE, R OK PR TS 2 i A
B2, RARAE AR A 5 . Rl 75 2 K & 161 AR & HE B /K 5018 B AR EAH
IRFAEDR K, AR RO R ESIR 55 (SPA) « M H&E N IR E (CARS)
ERREEEZE (IRIV)  BEHAGER L (VCPA) LR & AL FILK

12



F 28 EFIROINEGENGEEME T EZh/KR NS ERNERET BRAFREMETFMNILT
Dl EERE L (VCPA-GA) 2577 VA SREEBUFIE IR, 1A 3 ey A A TR g v A 1Y
Wk R

bR H .

2.2.6 EE=FUNFRRIZENT

AR R e/ — 3Bl H (PLSR) AMISCHFFE [EIH (SVR) HEE 7€ & i
BERY, PLSR AR AYE H T e [ V3 1) e )iz A FH 2R MR Sk 2 —, B oy 70 i
AR SRR A B0 0, B B AR B CRRIINRE S 6 A0 AR AR s (R
TERAC RS ) R SR A IR 250 72 A5 B o R g [al A48, PLSR 7R X
AR it N 5T BRAL 40 R RE BTN T HAS 2 12 R SVR AL —FhEE T SVM iR
PR 2 PR B A B 7 3%, S AR AR e I 7 v 4 S () AT R IR, AT SE L R
BOBUT . Z7 i 5] NAELR MRS R B R B0 7 2, K TR U 2 ) o 31 v 4
RRAEZS (8]0 DR, R4 2 18w AR Al 2 1 1) T UG A Sy vy o 2 R) HR (R 2 P il i, 7R IX
AN, WIE T RRPRSS BT, SRS R ST T R A S ] A

2.2.7 HEBM BTN HEHT

AR IEEM KR (Re)  FEMARRE (Rp) « I TR
®Z (RMSECV) . Flll¥ A Ri%%E (RMSEP) LKA hrifEfiZ (RPD) 1E N4k
e o R oK A B B TS A ) PP AN FE AR . o Re 5 Rp A K RMSEC 5
RMSEP /)N JUI B2 [ T A0z A VE ek 4728, 24 RPD KT 1.4 B, i BHASE AL T
MR, TIEAF BN 4 RPD {ETE 1.4~1.8 Z[0], FWIEIA A Fe br
—ERITMGE /T 24 RPD 7E 1.8~2 Z[H], RABIRHAGELFH &R, v LT
T A R E BTN 24 RPD>2 B, 3R BH B g N7 IS AR B B R TO e 79 B0,
AR (1) ~ (5) Fiowis 32, RS A s A3 5 45 R B/ Matlab R2019a %1
AT .

_Jal - )
J ot - )
L - )

:\/ (- )2

= /—=l( - ) (2-6)

(2-4)

(2-5)
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:LiL;L (2-7)

= (2-8)

A FORFERI T I TG AT 5 ¢ AR b (1 T A
¢ RONERI P IR IE SR TS 5 4 AN i A S B
2 Ron RURERFERR B A TRINEERE bt S Bn DN EAE 1T
RTINS AR HEZ

2.3 HERG1HL

2.3.1 HFmENXIDRKTEESH

200 MK K-S (Kennard-Stone) SHIEFHATRIESEMIMEL KR 7, LR
IEEAFMEEDY 3:1 P EEHIPRE 150 M FE s A uRLIESE, 50 DMRER IR N TN AR . i8
7K TN RE ASCIN A5 ) o R I AR AR e B RE s DA RGOS IR RN £ (1 7K 7345 JE
R 2-1 foe ROy & EEMEF IR L OIS, VAT I &K R R, N 76.52%,
BEAE T IR B S, B /KR IBHFEAG, 255 10 NN SRR FER AL 8 65.05%.

#*2-1 WA AKS & ERERHLEGITER
Table 2-1 Statistical results of standard physical and chemical contents of water content

in experimental sample

Sample set division Moisture Moisture Mo.i sture Number of samples
range/% mean/% variance/%
All sample 76.52—65.05 71.09 3.23 200
Calibration set 76.52—65.05 71.41 3.16 150
Prediction set 76.52-65.05 70.12 3.24 50

14



28 ETIRMNEENEFEMBERET K SERUREEST BAFRFHMEFMIL

2.3.2 RSN FERTIAC IR L

F 1656 nm - 1700 nm i [ P g 5 s B 2, (5 e LU ARG, (R, AR FiAX
1% FH900-1655 nmit Bl N FDGIEAE T — 22401 . Bl 2-5 (a) AR PE i b & AN
FRROERE 2L, W& 2-5 (a) AJA0, 7£960 nm. 1180 F11440 nmAb A7 1E B ik 14,
XA REA BT B oK Sy 7 O-HE H I 4a IR 20 S B2 1« D63l Hh 2671369 - 1440 nm
YOI 2R T, IX AT BRI BT A R R B B R s b

T RIS R AE B R, LI AR BB T v, AW T R UG
Vi B AN T AL T S ) 6 B 2 ST PLSR RN AR Y, HAR A A ANk 2-2 o, T
AbERJE OB RE I E2-5 (b) L KEI2-5 (o) . E2-5 (d) . E2-5 (e FIE2-5 (H) fi
TN o o I T R 46 6 B By 2 ST PLSR AR 2 H Re AT Rp {EL 43 731 ©90.9366 £10.9382,
RMSECVAIRMSEPZ} 7 250.0111410.0113, RPD42.6511. X bt T3 T JF 46 1% pr it
SLHJPLSRALUVERE, ZANFE AL T7 i PRI AR AR 1, Re. RpMIRPDIEINH
Frddm, UGS mkE, BAMGEE T — PRI, HH, EFSGFIR
Tk PR S5 BT £ S M PLSRAR B U R fe 8, R HRpAE 43 714 0.9558 F1 0.9507, RPD
9 3.2810. RIb A %SG FIRME NS A M AL 771, FF3T N — S HEEE 54T,
HHSG FIRH 2 Wiz Up #0003, HEACEEL L,

14

-y
- N

=2
o

Absorbance/a.u.
Absorbance/a.u.

2
o
R

04 E

0.2 3 : : ! E -
900 1000 1100 1200 1300 1400 1500 1600 1700

B j j j j i i i
Wavelengthinm 900 1000 1100 1200 1300 1400 1500 1600 1700

Wavelength/nm

(a) (b)
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0.6

081

o
[=3]
T

Absorbance/a.u.
o
P

Absorbance/a.u.

o
L%
T

900 1000 1100 1200 1300 1400 1500 1600 1700

0.4 s . . . . . ‘
900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength/nm
Wavelength/nm
(c) (d)
0.4
=] =l
@ ©
) ko
o o
= =
@ @©
£ 2
o o
o0 w0
=] o
< <
0.3 i i i ‘ j i i 0.2 s . . . . s .
900 1000 1100 1200 1300 1400 1500 1600 1700 900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength/nm Wavelength/nm
(e) )

2-5 IRLIOMNRIASEIE R FRALIR R Y S i E
Fig.2-5 NIR raw spectra and various preprocessed spectra
22 FEITAEF A TR PLSR K3 2 EFUNLER

Table 2-2 Prediction results of PLS moisture content of different pretreatment methods

Calibration set Prediction set
Pretreatment
Methods PCs Re RMSECV ~ Rp  RMSEP RPD
Raw 10 0.9366 0.0111 0.9382 0.0113 2.6511
SNV 9 0.9575 0.0094 0.9491  0.0102 3.0590
MC 7 0.9503 0.0099 0.9421 0.0112 2.9875

16
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Max-Min 7 0.9575 0.0094 0.9491  0.0102 3.0590
Detrend 6 0.9543 0.0097 0.9451 0.0102 3.1143
SG FIR 6 0.9558 0.0093 0.9507  0.0093 3.2810

2.3.3 FHERIKMIE

1. 2&T SPA Ji kIR HURHIE P K

SPA J& — P 0% 5 7% [A] JL 2 1t d /AN IR i 1) AR B R 3 0030, R I AR SR M ) —
FRRFEPR A IR 7775, AN AT DUA Rt b 18 %, 1 H T LVE BR B 22 & 1) SR 4k
A R I LA R ] 2-5 (a) AR EIHIRRZE (RMSE) {HPFE SPA ik HF 4 &
BENARAL K, AR KN A 15 J5, RMSE B IEA R AR, 42 IR I Kk b
FIREZ % 7 HEF: 946, 1296+ 904. 1592, 972. 1617. 1470, 1513, 1419. 1142,
1533, 1463, 1620, 1441, 1481nm, AAPEN 1.99%. FFAEHE KIS R & 2-6
(b) Fimme

2. T CARS J7iE iR BURFIE R &

CARS sl i ARG~ 2 B R SCIL, %7 75RHE PLS A &% (RCs) M4
SHER VP &R R EEN, £ o JCRFETEP AT n MR T4, JFHEEA
HSUE )T ik H RMSECV &K F4, MiA T R EEHER). ERRIE
R FEFEHE LR UANESSE IR (1) B SR P A ar PLSR TR, (2)
18 o e 8 20s R 2 (exponentially decreasing function, EPD) JH [ RCs {E A%/
AR g, (3) fEsE A Nl B & SONBh A I IE L & (4) R4 HR /N RMSECV i
T BB TP AW B B R IRECN 50 Ik, PKAZE R 10 97 PLS 28 X3 1F
AL, EHL RMSECV S/ — OB RFE S, RFEIRECH 29 IRISF RMSECYV /),
fifide HH RRE S K 41 S (64 74 8. 47. 48. 61. 62. 80. 95. 97. 216. 225. 260.
334, 335. 336. 357. 359. 399. 447. 491. 519. 520. 521. 522. 532. 544. 564.
570. 571. 609. 617. 618. 619. 649. 650. 666. 682. 693. 717. 744) 54 ELH)
5.43%. FREHE KL K 2-6 (¢) Fin.

3. BT IRIV FiESEURHIE B K

IRTV 577% 52 B Yun ZE0B7E H 19— it - = 3k i) 0 B AR He € % 2% (binary matrix
shuffling filter, BMSF) [ EIEFE T L. ZFEERABEA SR (model population

17
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analysis, MPA) # PGB (s B2 R, HEEEE. HEEEEN LR,
%u%ﬁﬁﬁfwﬁhwﬁiﬁ$%ﬁi,mF M I 1)V B 5 A8 B AR N RRAIE AR
O KBS E 5 9 A8 IR E B R o BT 20 10 52 PLS B, DL

RMSECV 1E NN 88, MITE B B E. T R g, KAH R T
TREAR S, Sl S TERES IR AR . @i 10 Bk A S Ik HARFIE R 58
A (7. 81, 82, 95, 96. 103, 114, 115. 132, 133, 155, 166. 167. 169. 170.
259, 260 261. 304. 305. 306. 307. 334. 335, 336. 337. 356. 358. 359. 442.
443, 444, 445, 446. 447. 489. 490. 529. 530. 531. 532. 544. 571. 585. 602.
603. 618. 619. 620. 639, 640. 664. 665. 670, 681. 690. 691. 717) 5P B
7.68%. FEAEPEKAFIELE RUIE 2-6 (d) Fimn.

4. BT VCPA J7 B BURHIE R A

VCPA j& — 3t T ERHE M (model population analysis, MPA) 848 )R 1IE I
KIFIETTV5, 127 AR 3 FE PR A% (binary matrix sampling , BMS) ffifg /M8
A FEEPOR T RIS, R A A $E B R £ (exponentially decreasing function,
EDF) EACHATRHE I AT, 4/ RS E . A SCEE BMS RS T8I ECY 1000,
W E EDF 2174008 50, J@it VCPA SikHLiiik h R iE AR & 12 /4> (7. 49, 51, 61,
335, 359. 446. 531. 532. 618. 691. 717) HAPBIH 1.59%. Ik 45
WK 2-6 (&) FizRe

5. 3T VCPA-GA J7 i BURFE I K

VCPA-GA B2 72 HH Yun S5EB7HE H  — Mo A8 S £ 200G, o2 2k T b i
H SR FEFEAL AL . VCPA ] LU I AN Wk A2 573 (B MR B/ N RIS &, AR5 TH
GA AT — AP A SCER BB Bk £ (EDF) JiEARIRETN 50, mAFR
%%ﬁﬁum,%%%ﬁﬂ%wWﬁM%@mm@ﬁmﬁﬁmm,%%ﬁs%ii%
UER) 7 kAT R B B B . 38 VCPA-GA Sk IL % ik LA & 54 > (619,
691, 334. 6. 82. 532, 717. 81. 608. 690. 7. 633. 45. 400. 531. 609. 533.
617. 8. 83. 618. 46. 331. 519. 639. 95. 361. 445. 681. 337. 359. 63. 442.
542, 682, 44. 64. 80. 544. 716. 160. 166. 303. 336. 446. 462. 491. 520. 529.
571, 603, 629. 692. 718) HAPELH 5.15%. FSAEMRKIHkss RunE 2-6 (f) .
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AAFARFMEFMILX

Final number of selected variables: 15 (RMSE = 0.0097834)

0.035 - — - T T
—First calibration object
12| O Selected variables
0.03 |
1.1
0.025 - 5 1
R Ry
] 5}
§ 0.02f 809
©
¥ 2
5 0.8
0.015 - a
<07
0.01 0.6
0.5
0.005 , \ \ \ \
0 10 20 30 40 50 04 I . . . . . .
Number of variables included in the model 900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength/nm
(a) (b)
8
8 . :
'§ 500 - ! ' First calibrativon object
[] Selected variables
5 12
e 0 -
2 0 10 20 30 40 50 11
§ Number of sampling runs :
= a.Number of variables S 1t
5 0.02 T %
3-’) 0.015 q o 09r
c
= 0.01 4 ] ©
“ﬁ Lost
0 10 20 30 40 50 o
2 Number of sampling runs § 07l
2 b.RMSECV :
=
§ 10 0.6
c or
2 10 : : ‘ ‘ ) ‘ . ‘ 0.5
? -
o 0 5 10 15 20 25 30 35 40 45 50
é’ Number of sampling runs 0.4 - - . : : .
¢.Regression cofficients 900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength/nm
(c) (d)
First calibration object First calibration object
12| [ Selected variables | 40| [0 Selectedvariables
1A 4 1.1
. [ | 3 1 F
S5 1 s
2 3
8o9 i 809
g 8
£o8 ] 508
5 2
2o7 ] = 0.0
0.6
06 1
0.5
0.5 1
0.4 . . . . . . .
: : - * * * 900 1000 1100 1200 1300 1400 1500 1600 1700

04 *
900 1000 1100 1200 1300 1400 1500 1600 1700

Wavelength/nm
Wavelength/nm

(e) ®

& 2-6 F| A A B A FHIE R K ik BUA IR BRAVFFAE SR B

Fig.2-6 Feature bands extracted utilizing different characteristic wavelength screening algorithms: (a,b)
Successive projections algorithm; (c) competitive adaptive reweighted sampling; (d) iterative retained

information variables; (e) Variable combination population analysis; (f) variable combination population

analysis combined with genetic algorithm
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2.3.4 kP ZEMEXHNEENN

Bl 2-7 AN [EIARFAE B A Tiie 77 R I B IR R AR AR B A A I B TS i B 2 A 1 e AN
3G A LA, 950 (10530cm™) . 1430nm (6993cm™) A1 1600nm (6250cm™) FffifT ik
PR AE B K BN, X2 R KA T H OH 2 B 46 4k 30 28 — 5 40 7E 1430nm
(6993cm™) PHIT, 55 “fEAAE 950nm  (10530cm™) PIT. I HER 45 W i AR
Bk, K ERRAEBNR, W R ERAHALA LAY, NH 82 A L
S TR EES N, FAETRERMEB Y. AREEFEES, BT EEKERS M
3EhN, SEETR KA, REE AT VE M E B U B 2 AR I S 2 N . NH ZE [
[R5 — AR IR 62 T 1500 (6666em-1) B, [KAE 1500 nm 57535 H — LLHRRAE
Ko ESRFRMELES, CHulReE— &g, H CH#K—M 408 1600 nm-
1800 nm (6250 cm!-5556 cm!) , IS4 A 1150 nm-1250 nm (8696 cm™-8000 cm
), =SSN 890 nm-940 n (11236 ecm'-10638 cm!) . K, FE 1150nm F
1600nm P i H — Le R R K

Selected variables
VCPA-GA

<
[o]
0
=

p—ae s=acs - o © -0

IRIV

CARS

Variable selection methods

SPA ©

900 1000 1100 1200 1300 1400 1500 1600 1700
Wavelength/nm

2-7 RPN EHHER KiFiE 77 RS R FHER KT S

Fig.2-7 Characteristic wavelength variables selected by different variable screening methods

2.3.5 RBIIEN S5IE

AT 2L AR R AL AR 32 BICER A S AN ER A BE T30, A7 AE — LR 4 MY
RIZR, DR AE EE ST 4 M PLSR A ) [ I 75 22 S ST AR 2R e OB, DL SR 1 A
ROR . SVR A LU R fiff e — L i s A7 AR B AR 2Rtk 1) . T B S0 4 IR
WAL TT VR, ETRRRER KI5, BRAEBRKAE )y SVR TR ffm A,
SEERRPET KRB AL AL, IR 5 BT L PLSR AR LA, 19 A upiR, &5
BN 2-3 fi7R
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*®2-3 BT AEZEETFIEFEDKEAPLSRAISVRIZ RTINS R

Fig.3 Prediction results of moisture content PLSR and SVR models based on different variable

screening methods

Variable selection Calibration set Prediction set
Model Numbers RPD
Methods Rc RMSECV Rp RMSEP
A 755 0.9558 0.0093 0.9507 0.0093 3.2810
SPA 15 0.9622 0.0086 0.9544  0.0098 3.1227
CARS 41 0.9760 0.0069 0.9615  0.0090 3.5030
PLSR
IRIV 58 0.9714 0.0075 0.9622  0.0090 3.4806
VCPA 12 0.9658 0.0082 0.9532  0.0099 3.0578
VCPA-GA 54 0.9716 0.0075 0.9601 0.0093 3.3546
oy’ 755 0.9711 0.0078 0.9598 0.0095 3.0293
SPA 15 0.9652 0.0085 0.9575  0.0099 2.8415
CARS 41 0.9735 0.0076 0.9627  0.0093 3.0690
SVR
IRIV 58 0.9792 0.0067 0.9623  0.0091 3.2017
VCPA 12 0.9720 0.0076 0.9619  0.0093 3.0696
VCPA-GA 54 0.9785 0.0067 0.9658  0.0089 3.6787

ZEIR IR, XFH PLSR BRI AT A, B4k fr i S PLSR B 45 L, Re

fE A0 Rp 18 73 54 0.9558. 0.9507, RMSECV F1 RMSEP % 0.0093, RPD A 3.2810
(>2) Ut BT B O P BRI AT o B I AN [F) AR AE A 7 7%, BB MR s R A —
SE AR, BT SPA F VCPA FFAIE I KA U7 V2 B g 57 1) PLSR RS AU PEBEAH LE T
CARS, IRIV Al VCPA-GA M AE%AK, 1H SPA. VCPA [¥] Rc 185354 0.9622 1 0.9658,
Rp {7519 0.9544. 0.9563. 0.9532, ¥ T 2T 4k B AT a2 S (B R 4 B8 Re {E A0
Rpfi, H RPD¥JKT 3, UtEAMAYMERRECEF . Horh SPA M VCPA A2 & R 45 %43 il N
98.01%H1 98.41%, W REAEViILAL B HIFx | —LG I, T2 SPA FI VCPA 414
REfIKT CARS, IRIV fl VCPA-GA. FHH 5T IRIV AT &7 (1) PLSR B PERE I, Rp
M 0.9507 $2 = F) 0.9622, ¥ 5m T HANRFAE P K & 7L BT 3k15 8) Rp f, H RPD N
3.4806 (>2) , REABTUN KRN LT . 25 @B ZHN 755 Ak 58 4>, X
AR B 7.68%, BE T DAYECRAE A Y B FT 4 T, SOn] DABE G (1) 4 i A 28 1 Ja )
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28 EFRAENEEME TR KS S BRNERET
REATo TR SR WK 2-8 (a) Pl

XL SVR PR B8 R vl 1, B T S BT 3L SVR B4, Re {E AN Rp H 50 7
7909711, 0.9598, RMSEC #1 RMSEP 73724 0.0078 1 0.0095, RPD 24y 3.0293, KH
R TN R i - 23 M SPA-SVR, CARS-SVR, IRIV-SVR, VCPA-SVR #l VCPA-
GA-SVR FLAP AR AL Bl 41, Horp VCPA-GA-SVR #5 RS (R R fe i, Forp Re {E AN
Rp 18 7> 5} 0.9785 F1 0.9658, RMSEC £ RMSEP 43 5| & 0.0067 #1 0.0089, RPD Jy
3.2293, Ui BRI T CRAR L . Hodh SVR B AE Matlab -4 T LIBSVM T. &
FEBIEEI, EHL RBF /E A NZ R, DA [FARFAE I Kk 3 07 16 B U R DG il AR 2 Ao
BN, DK MEE B R, SR AE XIGUE BR X tunelsssvm X 15 511 1 ¢ Al
S g it TS H 1k, VCPA-GA-SVR IS AR 45 BN 2-8 (b) AT

BAFRFHMEFMIL

BB 2-8 (¢) PR

0.76

Prediction values
o o o
@ ° N =
@™ ~ ~N -

o
@
@

0.64

* Rp=09622. RMSEP=0.0090. RPD=34806

Re=0.9714. RMSECV=00075

arti ]

o e
it
T

H

SVR parameter selection resuits graph (3D){GridSearchMethod]
Best c=256 g=0.25 CVmse=0.031369

~

0.62
062 064 066 068 07 072 074 076 078
Calibation values

(a) (®) (©)
¥ 2-8 £F PLSR 1 SVR fUREME1L:  (a) PLSR #RENIZIEES FUNNE;
(b) SVRIRBSHKIL (¢) SVRIEERMKIEESTNME
Fig.2-8 Model optimization based on PLSR and SVR: (a) Corrected values versus predicted values of

log2g " log2c

PLSR models; (b) SVR model parameters optimization; (c¢) corrected values versus predicted values of

SVR models

2.4 KEING

AHEFER A NIR F2 AR SR #5210 & /K ek AT 7 A ill, JET 5 Fhfiiib
HEJ7VEAN T AP KRR TV, A R L 2k 1 PLSR FIFEZR 1 SVR & & AR 1Y,
DRI NIR B SEILZR AP T i AR S /KR e e gt 7 2%, 450

(D AT EAERRS, 455 KH T SNV, Center, Max-Min, Detrend, SG FIR
SNCIE AL EE T, ARG, PLSR A5, JE X b A3k A5 1 PLSR AR TRl &6 1, 15
) SG FIR N HALFE 532z, F Re fE M 0.9366 #2755 0.9558, Rp fE M 0.9382 #5
F]0.9507, RPDE M 2.6511 #2515 3.2810, R BHGTE v] LA R B o B 7R F T
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I8/ g A

(2) R T BIR R AREE, Jk & 3, 43R A T SPA. CARS. IRIV.
VCPA. VCPA-GA FHAA A FIRFE B AS TR I F ik . S5 RRIH: BB IE A AUA &L
B RE R TR AR, Rk — DB B TR B, A g A7 %) PLSR AR AL
IRTV R AL I R RFAE I K 0 8 730, #2070 SVR BB Ff VCPA-GA AR IR AE I K
fifiik 777% . IRIV-PLSR fil VCPA-GA-PLSR [#] Rc 437>~ 0.9714 1 0.9785, Rp {474
0.9622 1 0.9658.

(3) XJEb R ) PLSR 455 78 AT 28 1 (1) SVR A5 7Y 1 T A 255 B, AE 2R 1 (1)
SVR 7Y M e AR ZLAL T 28 PR PLSR 5%, A frid 7. (1) SG FIR+VCPA-GA-SVR #
T RE AR, Rp 4 0.9658, RPD A 3.6787, K UARIA B HIRIFMITMMERE, LA sMt
TR AR AT DL S SR A T I i o 2 K e ) R A
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BIFETZREEMENERZBTHKS S EMNEEREST

3.1 51 5

AT AL N TR RE A B TR, /K& B RN 75 I B AS A4 27 S DL
BERE, X et o ) et BT BRCR A BB AR A o AR ST SR K 3 A R T AR
%, ZINENEASERGS, EAAEREN A BB A, ek 2 % Il LR i A 2k
PREM AR A TR LR KB, ZARYER T T EEAA A T2 1 il
FIWr AR TR S BB AR FTIEE, WEERRTHORERS, TR, 1%
AEME. NLaBRFRET LRI N, % IBUERM A ELD . EHECRAZERER, &
Jol it AN RE AR T JORE ARV 9% o DRI R AS IR 7E LA 28 JE 2ot B s A ZE = BN A, (]
A RAERF LR PSR EEEGEER, REUKBRIEE., BRI LR A
o R R Rl 75 3 AP R RS, T A B A SRS TR B AN
R L, N5 e ELL . B AL AE T SR P R TR L X R Gk, RAER KSR
GEACT PR

3.2 MRFNTTIE

3.2.1 tFamble

ASEEST 2020 4F 4 H 7 HAEWI M A KD T F R pe 2L & A PR A B SLfte,  Z5m
NEATERIE SRS, W N — 2 — A — 2 i B RS (0 e SRR R T R L
W, PR N 5-6 om, PREFE N ASSIRELE 20 °)CEAT, FHXHEELE 60 %4, 1R
IR E AR B R 10 h 245, FEK > & BT 65.05 %kt, W4
W, BERIHEAT R FH . REML 6CS-60 R FRNAHFNHNEAT, BARXIHIREN
270+250+230 °C  (Hi B i+ B i+ /5 B i), R E A 22 v/min, RF AN
6 7, IKITE RN 54.24 %.

3.2.2 {MENFRANBIERE

Il 3-1 fros, AT TR BRI R 98 3 2 th =8 k. IEZLAMGIE R . HLgs
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235 AT BEEMANGEREKY S BTMERIEST BAFAEREFARY
MRy KA REFM 5 o AT LA IS A58 F TAS-3100 SRAGIGEds, WIAE 77 X
N RIS s BEKVEREAY 900-1700 nm;  JEEEASFENEL nm, RN 4 em!; HLEE
RUBEER o 6 EUG AR K ES . Ll T ARRL. U eiR. BERS . THEAUR GUI #pF b 3
RGHN, T TAVAHHLA S N FI-S200C-G, Hd 8k 4 nm KAk, (LIRS A
1/2.8CMOS EIMGAL R8s, 03N (1080%1080) , RGN A4 0.09ms; ¢ i %
DOME H 2l (a6, 58J% 8 100 5wl (x) , BN bmp #630;  FHLEE
LAY ] 5 AE AR TS, AR AR 438 A P AR B 52 o /KRR B A = G /K 43
1 (MA35M-000230V1, Sartorious) X 7% A i & /KR HAT R, HEFR N 352, K
HARGHKEA Img.

N SERRTI R  E AR K AR, SRR — 2 B IR A, BRI 15 A
Fedl, B EZ) 80g, WAIFRIAE RS NDT0 mmx10 mm KA SR IR A, &4
ZURE R AE 3 OISR, K 3 YORIS R BCEIE, EoNIZAE R DREE R,
IR 105 A RTFLFE R OLEE B . B R TSGR R S ECE T AL
MIALET H, SRERFE W EBUERAS B, 073345 105 5K G T Eds 1 20 b R 2 (1) 4
3o FEREETEIE R EMGAS BIEES I EK &8, KAOEWE 3-1 fin.

iR HEH KR

b

f
B
e ,
! |

|
X
[ﬁﬁf’k&'lk?ﬁf‘k&!ﬂﬁ*}] :

it I

P 10 2 PR 53 67 4K 41 T el

3-1 HiER S RIZE
Fig.3-1 Flowchart of the data fusion used in this study

R 3-1 BERBFEARKIDHIER

Table 3-1 Information of samples in the green tea fixation process

T FKEIL R/ % EIK R T BIE /% TIKET %= Fed g H
FE 1 65.01~64.07 64.84 0.07978 15
R 2 63.21~62.06 62.41 0.14011 15

25



B 38 ETZRESMANERFAFTHKN SEFNREET BAFRFHREFMIL

A3 61.85~60.98 61.35 0.14881 15
AT 4 60.73~59.13 60.23 0.30934 15
TS 58.96~58.41 58.75 0.04916 15
AT 6 56.94~55.73 56.24 0.16356 15
AET 54.82~53.46 54.24 0.22599 15

3.3 FFEIRERAEIERLE

3.3.1 JELISNEIEALIE

FERT OB REM SRS, B TR AR, AikE ER S 2 EHOE.
M 75 ZE K R T4, WU 2 0 U AR 1IE (Multiplicative scatter correction, MSC) . 1
B0k (Mean Centering, MC)  #rifEZIH—4 (Z-Score). HZ)H—4k (R-score)
A—Fr 7> (first derivative, FD) T 7 200 FRAG GG BEAT TUAL PR, DAYSD 6 o o e 75
BEREB, N T HBREIEERLRNICRE LR, A5 % 8 & Mm%

(competitive adaptive reweighted sampling, CARS) , &= GERE ik (variables

combination population analysis, VCPA) . i GERESIEASGERMREEELE
7% (variables combination population analysis and iterative retained information variable
algorithm, VCPA-IRIV) FIFEHLEEREY: (random frog, RF) PUFhAR & i ik 5k 4=
W AR EURRE S B . BT AR B OO MC Pl BRI N4, A IR MSC. Z-
Score. R-score fll Derive FlALFE /775

MSC & H i f 9 H I —FOG i WAL 353k, &5 T 2 BB HEAN @ A 1 4L
FAPESINE, W U AU B ISR AOGEUN BT A e, FERSR T A S E
FHOGHETE RS B e DU 9 BRI B

IHEOPIEE: == (3-1)
—Je R =+ (3-2)
Z LU RS IE : ( )= (=) (3-3)

Z-Score N EF-IEMTE, L HE DGR BIRIEAZE, EERN 1. Bk
P o AR B «
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X—X

x* (3-4)

(o}

Hodr, X ORBEIOREEAR M, o HEI MR (R

R-Score 45 MGG EAEAE (0,1) Z I8, Hda oA Empgids, HHEK—Jrim
N T PR IR — 2% A i 22 ORI DG 15 Bl < 1) (R 22 S, 9/ BT AS (] o8 Pt i
) 72 53 5 B AOG B SN Z R P AR I RE IR, D Ja B R A M S it T FE I
T RN VB NI TURE S, IR (U SR, AT $R
e AR R R R AR I A T Y, AR A — T B A R

).Cij _ Xij— MI1N X (3-5)

max x;— min x;

Her, i=12..n, n AKIEEMAEGE; j=12...m,m NEKHE.

—r iy (FDO W DR R ZLAMEE 5K 70 & AR TR A O, T PR
A E G P RO KB . S/ ME S R E AL E . AT

p(ﬂiﬂ)_p(ﬂ’ILI) (3_6)
2AA

p'(4)=

X, p' () RACIEREB A AR — B a4 R BB MR EE, AL

Rk A B4 .

3.3.2 [ERHHE

BAE R G AR EAR R &5 (1728,1152) vy, RA AT R0 EH
10001000 {5 & X 48, FEHEHOZ X 38 N [ L M SUCERFIER) . J@ ik RGB il HSV 2 (7]
MR e e, T K345 T R BEIRER 9 ANEFEFAE DL, 6 ANSUREAFAE . 9 ANy
fE B EEEE (R « FXEEWE (@) « EEEENE (B « BAlE
(H) « WAIEESME () « ZEBME () . 8BS H(Q2G-R-B). AaBiEHE 550
T TE S5 E ) LB (R/G) FI B £ (hab™*); 6 NECERRHE 730 09 ~FRIRFEAE (m) « FrifE
Z (O CFEE ) . = o v B (O L e, AR 15 NMEE
RRIESI,
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3.3.3 HiEmE

Bl & AT A A=A AFEMER: B RrL gk S 16, £8 Hi 2 fal
ST, BRI AHLE AL R St PR S 1 A il R R v e St
RFIE 20 500 fil K R B AN RS R 2 8] R A AR AT Bt il s AR R RS
AR, WA BRI E S R B AR R, R ARSI, SRR &
PR AL . PRI, PSR S R AR I BUE A B T 5, R B R AN [ AR I
e Z A A A O, W RS SHREFERK. Kk, AWk £ 40E 4
AVRFAIE 2% fil 2B 47 H0dfE AR B o Dy 17 9 Bk e 10 DR/ i B A SR IR, R s )
— AR R A A AT AL B

3.4 ZEXEBWESINFGE

3.4.1 XMoot

F 4534t (Principal component analysis, PCA) {EN4FIEFRIA) —F 7, 1E
TRUEDG IS A MR T A EA B R IIE LT, FRACER EI4E 8, B 2 i >
BRI TR o ATl R AR AR B R — H ks> (PCs) IZ It ANAH
IR HHT AR BRI S s, R AR DT IR SR s A N ) 3 R AR RR SR A6 AR = K RE 11T, ACHE
FEHEE 10 A~ PCs 19 RMSECV R, HAT 10 A PCs 19 Bt TTHRZFEEF] 1 99% LA
b PUARHE SR A AT PCs A7 8 & TR B4

3.4.2 EETMEIRSE

FEEE AR 2 /7, 8 Kennard-Stone (K-S) HyE506 il H4ig 42 38 474 IE£E Al
MR R 5y, HARIEEFEARECH 7941, TMEFEARECN 26 />, BIELE S T4t
Bk 3:1481, ARG K /> 3 m 9 (PLSR) ML HFm&E R (SVR) @455
H R K B B AR

3.4.3 RENFMNIERR

AT T K F IR R PEAY Fe b S VEM AR E S 28 R Fr— 3, KR AR IEEM
KEZH (Re) « ZHIGUEY HHRIEZE (RMSECV) T KA RE (Rp) « Tl
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BioiiiRzE (RMSEP) 43 AE N TN B AL (RPN T bR o ASHIE F0 T A 1R 25048 Ak B0 A7 3
7 Origin2018 Al Matlab 2019a 1 5€ ..

3.5 HERE5PH

3.5.1 JIEFFERFAL IR 1%

Kl 3-2 (a) AGEATRBFEARIPELLA IR, 123 T 900-1650nm P FEA 1)
et 2, 5 R SR I 1651-1700nm 35 BB P9 161 E R, S [R5} I A AR A
GG th AP R . R I ER AL T 960nm. 1225nm A1 1440nm 4k, HH,
960nm Ab [T IR LU 32 B2 5 7K 43T O-H ZE A I A5 H0E %5 1220nm A8 [ IR IR & 327K
53 F O-H B[ 1A A ey DL & C-H 8 i) se i, Hed C-H gk A4 H T
FEdr, LEM R AR S, 51 ARG BRI s 1440nm A RTINS 52 K 43
H OH 2 (A 75T £ 40 X A 45§ 3 — S R A 5 491

T RERIE D AMNRIE IS h a5 T e E R 2 A Hah g A5 S, RISk S
FRAS[R] (6 1 AR HE 5 VAR IR R (5 B, R IEJE e il 2(b)-2() Fis. BT 4G
JEREFOTIAL S (6 HHs 4 57 PLSR WA AL, AT iR L HR,  DUR & S A 1 T
WERTTVE, SERUNER 3-2 in. HHFR 3-2 IAL, T IR UGG vk B E 3 A TR A 2R A SR A
72, RPD<1.8, RuJLARTERF AT I AR oK o 7 5 S ORI (0 0000 s Ao FH ik B4 5 P
LTS Y 1 e AH LU R A6 Y6 1S BT @ L AR T RO B B AR AR, HoH MC AR R TR AL
5k, Hob Re {4 0.9385, RpfE N 0.9071, RPD Jy2.1804, AJ AR 4EZE 4T L
HK o3 B S I v Y T

R 32 BT ARFAIRS HK S & EFNER

Table 3-2 Result of moisture content prediction model for different pretreatment methods

. e KIE4E SIMES
T A T 7 95 BN Wi
RPD
Re RMSECV Rp RMSEP

JE s S i 10 0.9286 0.0106 0.8699 0.0133 1.5591
MSC 9 0.94249  0.0116 0.8864 0.0143 2.0678
MC 8 0.9385 0.0119 0.9071 0.0143 2.1804
Z-score 8 0.9447 0.0111 0.8920 0.0141 2.1128
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R-score 9 0.9428 0.0112 0.8740 0.0141 1.8187
FD 8 0.88947 0.0149 0.8748 0.0123 1.8252
1.1
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Fig.3-2 NIR and various preprocessed spectrum
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3.5.2 EREa4FET 1L

T S BRI TR I AR Ry B AR AR, AR AT S AR e AR A g
AT 50 0. BENLIASEA [F R F I A B B, RS I [RBF 1 AR5 32 B EHE 1)
S B, g5 R AN 3-3(A)F 3-3B) s, ATHEB AR, BEWAAE—ERNZER.
N T BRI T X 43S AN L (A AR Tl 22 e e, ARERF i RGB BG4k HSV
P TR AR 5 BT 8, g5 SR 3-3(C) A1 3-3(D) . MEIH AT LE Y, ESESR
AHHEE, T AESERRGH, SR hmE e T RIRSE. s, RIER
A FE B RFAE S B, IO A 2 SR B T B I AR A A, &5 SR AN ] 3-4(a)~3-4(0)
Fi7m . Hod RGB {HFE LA A B FR T B2 K, S EUE T 4% 048 s &t 4,
X O E miR A 7 R R IEYE, 2Ok T &SRR R s, RN SRR SE.
Lk E a G SRR b MBI R T Ak, BEr SR g et R a SIS aNHSE b
LI R 22 2:1, @B ARELZ, WEER a WREZ, FN 25%A4H, HEED
IBEIR D, EREH L 50%~60%, HIAT K, REFZATREEMH R a b3k
ORI b RAZ %, REZE, MMHGERbEHERE a2, HFHen
FH 5 23 (0 A8 SR g 2 050-521 %) T HSV Bt ¥ (i), fEAFSREH H M VAEA RS T
HOZR WA, SEAERT R IZEH G K, X n] DU B 3-3 dritie 1) B 1s LLIERH
Hop, grE AR T A — SO R K2 Ah, HAh SRR AR B
I 328 5 A AL s 3

3-3 RELRETHBLILE

Fig.3-3 Color change diagram during the fixation process
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3.5.3 FiE4FERICTHIE

N7k B R A RTINS K R AR L LA TS B s S S AL B
4y 5{#E Fl CARS. VCPA. VCPA-IRIV Fl RF Y FhFAE i K 0 08 77 SR BURF A K .
Hr, K CARS Sk IEAIR S 5245 R B R AR 4T IR0y 79 9 1000 F1 506571,
Kl CARS Bk IL ik tH 20 MR, TRikgi R 3-5 (ad | 3-5 (b) ik
IZ1T VCPA HiEwl, mAETEHE G AN 0.1, Z#HH KA (binary matrix sampling,
BMS)IZ 4T IR E A 1000, 8% 68 £ EDF) 1247 IR E 5 50, FIRAZEEH W
9 14831, R VCPA Rk ik h 9 MR, Tk s Rkl 3-5 (¢) Fron;
VCPA-IRIV ByEE SR A VCPA Bk AR & 2 [Pl 4 /N, FF¥ AR R 2R
NN; ARG PRI IRIV B0 96 o 748 5 2 ] o A N A8 B AT B Bt PR AL, AT 3k B
R EAR B T AEDS), KR i &k ) 33 A5 AE I K, ks B 3-5 (d) i,
RF B2 2 T ATl Bk R 5 /R AT R BE 52 5F R % (reversible jump Markov Chain Monte
Carlo, RIMCMC) MHEZEREAT TAERY, KA RF SLEBHATRAAE B TRILIT, oy 7 8b
AL ERIATAE T, MoK R SR P SRR IRE, AR RO E SR R PR IR
10000 7%, FLORiE H 25 NMFIETE, TRk R 3-5 (e) fim. Bl 3-5 (O AN
Tl A 5 7 0 T7 VA R MU RRAE S K o A B, v DUE HRHE S K AE 960nm . 1220nm
1440nm 1 1620nm Ffix, XA OH 2[4 NH 2 CH 2 H i 45 9= 3 K
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Fig.3-5 Characteristic wavelength variables selected by different variable screening methods

3.5.4 BT B —{ERERITFUNRE

NIREU AR R LS R R R B LK S0 &N, 3T 5 At H
AT R IR K 07 3%k, SRJG 454 PCA #57 SVR BB METRI AL AL, IF 52k M1
PLSR #EARUAH LA . 38 3 B 1 56 T4 41 40 ol vk Hai A0 0 €6 R ik 5040 YO 4 5 % 5 o
FE K 7 & B B A RE R A

X B 28 1 1) PLSR 7 25 vl 4, 463 -PLSR #E AU [ Re {H M 0.9385, Rp &
790.9071, RPD {H}y 2.1804, 2 B AY [ #2581 Ui 228t PR SRR AAE < Pl
JaE ST () R A 0 S B R R T A U B R L R MR AR, R R A R I R AR R A i R
B TR Z LRI RME B RE, HA i+ VCPA-IRIV 5% BT & 3 B8 U1
fit, Rc{E N 0.9550, RMSECV {84 0.0102, Rp 1E N 0.9422, RMSEP {4 0.0103,
RPD B4 2.7956, I HAFFE I 750 M2 33 4, BEE4E RN 95.6%, BEHtm T
B TR RS B, M BRAR 7 T 1 JE S TR) o 366 1 €0 3 R0 SO iy S 7 ) A T A A
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T EE T IR AN E SR fr A R, Hod Re {8 0.9326, Rp {E4 0.9018,
RPD {4 2.1365
XTEEARZR 1 1 SVR A AL &5 B mT Jil, 42 obik-SVR &L IE4E Re fH°N 0.9423, Rp{EA
0.9212, RPD{E A 2.3535, MBI AN ME BREL 461G -PLSR BB e A i =i . A
kb % CARS-SVR. VCPA-SVR. VCPA-IRIV-SVR. RF-SVR JYF{igi il 45 B 4, JEF
VCPA-IRIV FE T @ S B R AR i, H Re {E 25 0.9727, RMSECV {H 4 0.0087,
Rp fE°4 0.9545, RMSEP {54 0.0098, RPD {H} 2.9506. T BUFFEFTEE 1) SVR
RIS AT B 2 1) PLSR BRI, (L AH Lh T 6 1S Hi b BT 2 3 () B 2 2k R
W72, Hr SVR HiEZFET Matlab “F- & T (1) Li-SVMLAB T EAH#ATOIER, ZTH
Fai% FH RBF /ENIZ R EL, L PCA BIGRET 10 4 PCs /E NN, R IHFE S K 5>
SRIERE, WMTESEFRREM KD EEINER ., FHETNET (¢) f RBF 34
(g) MR FA B, PRI R 28 IR R 28 tunelsssvm #E4T S 80K BY.
BT T 20 61 E b B g N A T A A b AR B ST B T SR AR TS B, R
HHE S Refd. RpEM RPDE, LLLKEARH RMSECV 1 RMSEP fH. S3X—45 %
[ J5 R ] B A2 AT 2 A 5 ] DL B SR B A G BB B, HR X & — Fh e 2 1l &,
HY A AR ek, ML N, EAsMEiEs OH & F]. NH & HA CH % 4] A
ARG B R, AT DR B B4 SR Sk 2 o A% o 1 Rl AR5
% 33 BT AEMESS SRR SRR

Table 3-3 Model performance based on spectrum and image information

HERER SUMIIES
A% RE Lk /E%ﬂli PCs Re RMSECV Rp RMSEP D
otk 750 10 0.9385 0.0119 0.9071 0.0143 2.1804
CARS 20 8 09486 0.0109 09315 0.0111 2.5376
VCPA 11 10 0.9405 0.0121 0.9024 0.0139 2.2406

PLsSR VCPA-IRIV 33 8 09550 0.0102 0.9422 0.0103 2.7956

RF 25 9 09653 0.0101 0.9208 0.0112 2.4035

e Ebini 750 9 0.9423  0.01002 09212 0.0132 2.3535
EE

CARS 20 7 09523 0.0096  0.9437 0.0103 2.7428
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VCPA 11 7 09446  0.0115 0.9401 0.0107 2.6629

VCPA-IRIV 33 6 09727  0.0087 0.9545 0.0098 2.9506

RF 25 8 0.9770 0.0074 0.9382 0.0107 2.3863
PLSR 8 0.9326 0.0126 0.9018 0.0147 2.1365
S
fj)\/é Normalize
HFAE +PCA 5
SVR 7 0.9593 0.0069 0.9374 0.0106 2.4902

3.5.5 ETHIERSFNAEE

K 3-4 TR 1A% Rl G R A B R R E R 2R AT SRR R T AR oK 4 B B TR
AR TR A R o 6 B 2 B A B 82 52 %) PLSR ORI SVR MR R A3 T B A L 2%
5, HoAprEsLry SVR BAUKE EER mE, H Re fH M 0.9550, Rp fE°4 0.9026, RPD {H
9 1.8573 0 SR IX A FHIN RCR —A TR ), O AE F B A% I3 2% 3R A5 (0 B AL B4R
TS RO B . 5 2k TR AR Al A P i S PLSR A SVR BRI AU L, JE
Tl 1 BdE ) B i ST B R Y B B Re fE . Rp {8 LA RPD {H . X b4t K0,
AN G B B Bl A IR AN R AR = TORS T . AHEE 2R, BT RRAE 2% B HE il 5 P
ST PLSR AT SVR BERUSRAT | B 4F M WUNKS [, FA % &% Re. Rp M1 RPD {H LA
S A RMSECV #il RMSEP fi . H rp & T CARS BEE IR RHE S KAt & 15 4
B0 R AR B 8 L () SVR B AR B L, H Re {H 4 0.9742, Rp {8 0.9719,
RMSEP {55 0.0079, RPD {E°N 4.1546, e A0 SEIAE 1) 5% R a0 & 3-6 fras.
AR K20 W 5 SIS 2R T 3 K 0 B0 1% M=%, BEAYATIRTS 1) RMSEP 43 i 7
0.7%~1.2%, 1l RMSEP {H A & w245 1% 258, DR b ABE 20 S0 25 536 f2 7K 2330 e A3
EER . BT, WA auE LR ) E A &, ST R ks n it
FEHK & AR TN, SHRRA . P, FRNS R RPN T F B .

%34 BT HEME BRI IER

Table 3-4 Model performance indicators based on data fusion

RIS URIIES

7 Hlr R Bl A AR B s 3 =y
BAL HdERE BREEIE PCs pe RMSECV Rp  RMSEp RPD

PLSR  #¥iZkmh4  Normalize + PCA 10 0.9483 0.0110 0.8732  0.0119 1.6598
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BAFRFMEFMIL

CARS 9 009715 0.0081 0.9634  0.0084 3.8056
VCPA 9  0.9709 0.0082 0.9636  0.0084 3.8139
I 4% i A
RFAE 25 VCPA-IRIV 10 09716 0.0081 0.9583  0.0090 3.5492
RF 9  0.9656 0.0083 0.9568  0.0100 3.4798
HIEJmh4  Normalize + PCA 9 0.9550 0.0104 0.9026 0.0112 1.8573
CARS 7 0.9742 0.0075 0.9719  0.0079  4.1546
SVR VCPA 7 0.9734 0.0080 0.9707  0.0081  4.0237
FHE & VCPA-IRIV 8  0.9773 0.0073 0.9661  0.0083 3.8210
RF 8  0.9725 0.0081 0.9660  0.0079 3.6713
SVRZ: ¥kt 45 R E(3D ¥ ) [GridSearchMethod] O Re=0.9742 RMSECV=0.0075 " 0%
Best ¢c=256 g=0.011049 CVmse=0.027201 BT % Rp=0.9719, RMSEP=0.0079
RPD=4.1546
62 (@)
;
N * *
T 60 % b5 8
" i
g 0.5 \ ;j; 58
1 -
56
(@)
0 ¢ (@)
5 ‘\\J_\ 541 *
. . ‘ ‘ ‘ ‘ .
54 56 58 60 62 64
log29 BEIE(f 4k 1%
(a) (b)
& 3-6 ET SVR BUtEEIMf 1L
Fig.3-6 Model optimization based on SVR
3.6 ANE/EE
AW FCAE B T @A 3 21 206 1 AR AL 28 A0 8 B R SR T 2 5% R B I R K &
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S RAATYE, I8 IR O e R AE g B A B R S 1 D7 2, IR SZ 4 M PLSR A
JELPE SVR & BT AT X L . A SRR, BT 5 — A5 RS 28 P 7 i A A
RS LT 0 Je B s & P i L R AR, R TR R B Rl G IR A RE AR AR
R T R . AHEE 2R, B TR AR 2% B8040 Rl & B ST I B A S A I AR T B — A%
JEES AR GBI Rl & BT g S AR B R . FL A 2 T CARS BE 2 B 15 47 AiF 315 1 il
A EME I 15 MEEEAE, SR )5 K FH Normalize 1 PCA 43 K7 BT 2 57 fF) SVR 48 7 2 R
AL, o Re{H N 09742, Rp {EN 09719, RPD {H N 4.1546, H RMSEC Al
RMSEP Z{HAX N 0.004. [Fith, AW IR T 66 Mg R g e 45m Lt #2
HoK oy S T EE /1, Sa R 1B — AR AR T e AN A2 ) ]
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B 48 ETIRAMCENRFTIREEFAEEET

4.1 5|5

TEAF ARG M TR R e —E L, HEEHRE—D LRI K
gy, AERGH R A K RIS BIARAEE R . b 2R K 70 & Bl e, AR RO AR, B
B AR R IR, A SRR K 7 R 12% 0, RIAEAE# B 201 R 2R
PR A AL S i n] AR EEEAT, (ERRMIK IR, 7 5 iE s Rl T TR S i
DI ARG R A P R, S K R B HILE 7 % AT, T 48 I RS ] 110 7 it 2% W 5 7K
BEHIAE 4%-7%Z 18] o R 2R 7% T AR FEE PR FEE A 30 X 28 i ot ) B2 1 JE O L

4.2 MR A

4. 2.1 i85+ %l

SEIG M RLE MR AR IR A, BN — 2 T, SR S T R A K
YT MR AR B [R] D 2020 4 4 H 7 H.

4.2 2 NI EZERTZRE

1. 5. RERSYRHE SR =R NME IR TS . EME )G
RIS 7K 7 B 8N 65.05%, AR IR A K> N 54.24%.

2. B LINTT LA

AT 7RG BIZ DS 1.5 /N RN 6CR-55 B (Kybi=E R RE2E & A PR A =D
GEARHLAN, 2 2R I8 U 5T B AR MLE 37 8 R 4 | 35 W AE R A8 2 v P 52 1R 1
JE KON, Bt B a4 10min—5 3 10min—T#E 10min—%4E Smin, &1t 35min.
BASEE G, W R, Bk, RGN, RIRE SR, Rt
FSRFRAE 80% LA |, 485 RS /KFE N 50.15%.

3. A N TZ

TFHRSEIRIE 6CHZ-9 B RUENL AT, i TRt 5 sk o & sl i v,
DAL i AR R 0L . SRR T 2. MR 5 A R RN &
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6CHZ-9 BUMERE HLHEAT HIHE, Mt IR E % B N 100°C, B [E A 45mim, Ko & &N
12.87%; FIHELE A5 B A RE S S Lh J5 AT 0, SRR 90°C, HET A A
60min, K7 EMER 6.02%; HHEHGMEAT 60min 4T ML, EHLR A BN 80°C,
HEFIFA] A 60min, K73 EFEE 4% LT,

4.2. 3 JIERE

K 5T K ] TAS-3100 3T 21 40 Y6 1A 38 6 £ 2% ik 2 Hh K 2 B B AT 645 B R
&, KRNI NS5 R =R IR R LR, YIHK S S E
R 12.87% 0k f b, BERE 15 08P — P R, BRI 10 HHEAT OG5 (5 BoR AR
K S BIEE 6.02%MFEd, g 10min F2— XA, SRR 10 HBH TGS
BEoREE: BRI EREZE 4% L RS, B 10 2B EC— KR &, BRIRE 10
AT TS EoREE, BRI 120 20uilk B, HAoka & &K T 7% EdE
H 60 %%, KO &AL 4% 7% BFDGIREER R 30 2, KOS EIKT 4%0)000E 2
N30 %, H, KAGEERT 7%0CEEE AT RA IR, 1 4%- 7% B KAT
PRIE R, KT 4% T I B K

4.2. 4 BIESEE

1. G 2o AL BE 5 3 43 7 A

TEIRLLAM IS R AW FE R, T 5 37 0L AR 45 A R ot R T A P 2
IR R ERIERE « G H S e {8 45 IR 4 el oh L B T 15 B3 B RRG B PRI
N7 PR RIRE B, BTG R, ARECRAMGHEIES L H (SNV) | &
Ki/MA—4 (Max-Min) « Z{EH 0L (MC) ML ICHEESIIE (MSC) kXt R UG
AT T . TR A B A Z, FTRFERERIIRER, BT
TEXCIG B BT RAESE L, DOR B AY, SEm AU BER H 1. E R iriE
(PCA) & —Fhi F I A BRI AR, AT DA CRAIE 61 = B IE A R LR,
PRAREIR SR IO AR, s UG E R Ao /b B 8 B AE (1 7 7

2. FREPE K IEFE

I, REMEFITOIMCERIRE 750 Mg, SRR ERIERE K,
FAERKERNTUARER, B TBAIRRSERE . KN T 080 JE A6 61 S T i B U 4
IR TERAT D, $& B B TINS5 A SO RS, AR R FHBENLEE BBV (RE) , 3%
GeVE FIERIIALZE (CARS) , EAREEEALE (RIV) MEAERMARREEE LR
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A HEERE DML (VCPA-IRIV) 4 MELERBURFER R, Ik H f I B4 A AR B 0
WM J7 i

3. FEAY g ST AN R VA

AHE FFI A Kennard-Stone (K-S) BVEXT 126 ML KA YR Lt A7 R 4y, H
HRLIESE 84 AN, TNAE 42, RLIESEAITRIMAE LEBI Dy 2:1. 3 0 K A 5 /N #0500 23
7% (Partial least squares discrimination analysis, PLS-DA) . k-4F i (K-Nearest
Neighbor, KNN) 7B VEFL IR ) Hl (Extreme Learning Machines) %32 & 37 ¢
RANFE TR R A . Horp A IEAE R 7 #E (Calibration set Identification rate) Al
M EE IR ) 2 (Prediction set Identification rate) A [KPENFa4r, K IEEE IR TR
AT A VR0 2wy, AR R ) SR Bk

PLS-DA j&—Fi2&+ PLS [l A L8150 0 Hr 77k . PLS-DA HIRAERFALH U
FEHSRIUFEAR M 20 KB B, JHE AR R R 2 W@ FAEER . SR 5 30
SRS 7 M R E AR &, ST Sl 1 73 A0 R 1561,

KINN 72— Fifr DUAR 2GR Sl (18 35 A AR 8 - [R] SIS A A A 34 ) A L 5 3 - D9 AR 308 1 7
RKEVE, R EES, ARERERNE, HZ0 BRI A FRHE
fH 2 [ BE B HEAT 70 28 0 AR B dls () — A B2 AR A B 28000 SR 1 58 AN BT I
I2E007 . KNN & — Mg b g5, W plae s 2 i B siL e —.

ELM 52 — 7 B 555 22 iy o B 8 W 2% 2 D) B0y, AT v R4 B AR 2 1 s 1] )
)RR A 2, SO T — M I S PR, B AR A R e

4.3 H/hSIE

4. 3.1 SOEFHESTIERL

ARSI RAE () /2 900-1700nm i3 [ P4 800 AN B (ML 4T 4h 6 itk 5t , BT /s
ity A I TR R RO 2 B v e R B R 4, SR 900-1650nm 2 [B] G BE #E AT
o, RGN 4-1 Cad P, MBI AT BUE = B4 5] 7 R oRE BE 1 S PR A
s H BN N R Z R, 3HARTREERSREAD A 1. 2. 3. KR
FE AN TR] - 6 2 P8 1100 2% 1 e ol 5090 o0 Sl gk A7 ~F 38 b 3, B 4-1 (b)) SHEREU — A
(CFIEAR . FEEE., FREE FHailis. Eid-Faigig&n A,
M TRA K & Bk i, 6 EEAEAE B B B R A S R4S, fE 980nm .
1095nm. 1200nm A1 1450nm Ab W USRI S A 8 o8 R R, X 57K 7o O-H 2 [4]
AR AE IR BN A % 4K & RIKT 7%0, 7] LA HAE 900-1150nm &b (7615 il 28 1%
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WV 2%, OISR IR S AR BT R, IR R EEZ KA TR O-H B FE W 2% (1) 50
T REGEE S EE T RAEMA G Z AT FERE, T A 28306 b
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Fig.4-1 Effects of different pretreatment methods on spectra
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4.3.2 ERS O

PN [F) T 15 R A R4 e 3 43 73 3547 SNV. Max-Min. MC fl MSC Filib 2, [t
JE AT F RO A, B 4-2 Xt JELAE 6T A R AR BR S 34T A 4 BT A B AT 3 AN
B P B . 6 SNV AL BR S OGS B i AT F sy i, K —F s (PCD
TR RN 93.19%, PC2 TTHRE 5.17%, PC3 THERE N 1.21%, #i =/ ER5 Ritoimk
RN 99.57%, XA 0.43%H1E Bk, RUFHT =T B AT DRI R 48063 i 48 K
SMER, ZHERATEWE 42 (a) fin. X Max-Min FACHL 5 006 0 B0 3E4T 32 o
a3Hr, HoAd PC1 DMk 3N 89.45%, PC2 TTk#N 7.10%, PC3 TiHRZE N 2.26%, Wi
=AFER Bt TiERFE N 98.81%, =4EEie EKIWE 4-2 (b) Fran. X MC b B
OGS B E BT A i, Horb PC1DTERZE N 97.19%, PC2 TTHR%E 2.06%, PC3 o1
BREN 0.57%, B =TT RUFTTRRE N 99.82%, — i EWE 4-2 (¢) FiR.
XF MSC AL B I IO 1% #E AT F Rlcsr 20 M, Hed PCL 5Tk 2 93.33%, PC2 TTlkE N
5.11%, PC3 Ti#kZE N 1.20%, HI =AFERS RTFTTHRE A 99.64%, — 4% K a0 &
4-2 (d) iR

*
x
x
-
5%

PC3
o
*
ey

(a)

PC3

(o) ' (d)
& 42 FREFAIEFRI= N ERS 3D HTHHE

Fig.4-2 Load graphs for the top three principal component scores of different preprocessing methods
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4.3.3 BT AEFAIEFERZMF 5]

K 4 FhAS 5] T AL B 00 0 1% K HE A 9 PLS-DA BRI N, @ SR TN [E) R
FEJE I ZRZRAE it A A A A, RN SR AR 4-1 o BT AL, 2T IR AR i
S S P A AR A AR ) LS BRI (1 ], FL AR IR SRR R TN 86.67%., T A IR i
N 83.33%, WHIRBHMET 90%, RABRAE. SEIEEEAMLL, g it E s
[ PLS-DA 7 (1) 4 0 1 GE S A Fr g o, e, JF MC AR B2 )5 A D6 3% TR 2R 24
Kb, ARV LR 94.44%, TR A 93.33%, RLIEEAE R ZH AT

MR ST 90%, KLk MC J7iEAE N & a2 7k .
< 4-1 /1 PLS-DA B AT BRI H R 9 ihLE R
Table 4-1 Discriminant results of PLS-DA models

12 1R 45 3 ) 45 TN £ 1) 1) 25
b T8 7 fi2 — —
BULSRDE TR NC s e g, NP 3 e,
1 45 38 0 0 15 11 0 0
2 20 0 20 0 0 0 10 0
RAW 86.67 83.33
3 25 0 0 24 5 0 0 4
1 0 36 0 0 20 18 0 0
2 26 0 25 0 4 0 4 0
SNV 93.33 90
3 20 0 23 6 0 0 5
1 39 35 0 0 200 19 0 0
. 2 25 0 24 0 5 0 4 0
Max-Min 92.22 86.67
3 26 0 0 24 4 0 0 3
1 47 44 0 0 3 12 0 0
2 2 0 2 0 8 0 8§ 0
MC 94.44 93.33
3 2000 0 19 9 0 0 8
! 0 37 0 0 20 18 0 0
2 26 0 25 0 4 0 4 0
MSC 93.33 90
3 240 0 22 6 0 0 5
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4.3. 4 FHERK TRk

4.3.4.1 EF CARS F5ERBUHER K

CARS $&HUH 5 KR 75 i SR P A8 IR TE R 8, SREFFIRER BN 50 1K, 18
ITURELBEE N 50 IR, FTiE kK AR SR A 10 4T PLS A2 XIS TE B, T CARS i
ERFAE S K FE U 4-3 BT, 3EEL RMSECV /N — RN RFE S, 4R
RHCR 29 BF RMSECV se/hy, RIFEGIE H 25 MR, FRIEEK N 913, 932,
951 . 964. 965. 970, 971. 972, 1001. 1002. 1007. 1009. 1010. 1165. 1361.
1427. 1430, 1467. 1499. 1504. 1505. 1533, 1578. 1587. 1590.

K2

£ 500 +

R B B
o

o
-
o
N
o
w
o
N
o
a
o

S
N

RMSECV
o 2
S

# AR [ 9 R

IBATIREL
4-3 HF CARS B AR ET Mk

Fig.4-3 Optimization of characteristic variables based on CARS algorithm

4.3.4.2 EF VCPA F5EIZEEHERE

VCPA 2 — f g M AR & i ik 5 ik, Bk T2 TR AL 0 A Cmodel
population analysis, MPA) JEA8, KA =it K Hi% (binary matrix sampling,
BMS) , Juili AR B AR R TR LE, PR ECERE S (EDF) i€ &
KPR WA, Hi/NARREAE, THE R RAE A AT BE4 & 1 RMSECV {H,
ik B /N RMSECV B2 & H & AF N AW @ HEdE . ATk BMS B 1T K IKE
BN 1000, fAETHE AN 0.1, EDF 247 BIRE 50, FIRZREH BN 10,
£ EDF 12171 &, RMSECV &b an &l 5-1 (a) Fiizm, mZ&IEHL 10 MRS -
933. 938. 963. 964. 1002. 1008. 1108. 1429. 14999. 1556, ZE L4 F N
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98.67%, FFIEVKKImiLL Rk 4-4.

T 0.4 T
0085 First calibration object
<> Selected variables
0.08 1 03}
0.075 |
0.2r
& 0.07 N
b} i
7] R 011
2 0.065 =
0.06 | or
0.055 | -01 1
0.05 ' ‘ ' ‘ 0.2 L L L L L
0 10 s ,4/4%,{5,0 %0 & '900 1000 1100 1200 1300 1400 1500 1600 1700
EDFigf7 k% W ke/nm

4-4 BF VCPA BEAR4FIET EMIE

Fig.4-4 Optimization of characteristic variables based on VCPA algorithm

4.3.4.3 ETF VCPA-IRIV 752 BUHE R K

VCPA-IRIV 15—l BURFAE S K 07 e 50, o] DLVEAA b 0 08 tH ARe AR G, ok
DITUAAE R . B bR AE PR RES: (BMS) SRAEIRECN 1000 Yk, 45 %% ik o5 £k
(EDF) #HE AN 50, HMTFHRAKEEIN 10%, B&G ikl 29 MEEL R, FHE
K 9932, 938, 951. 952. 964. 965. 970. 1003. 1008. 1026. 1027. 1056.
1073, 1139, 1140, 1165. 1311, 1338, 1412. 1415. 1428. 1429. 1434, 1451,

1458, 1498. 1531. 1555. 1607, #fidkss HuE 4-5 .
04 - : ;

—— First calibration object
[0 Selected variables

03+

02}

01

S

01

-0.2

0 100 200 300 400 500 600 700 800
HE/nm
& 4-5 £F VCPA-IRIV &4 T SiE

Fig.4-5 Optimization of characteristic variables based on VCPA- IRIV algorithm
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4.3.4. 4 ETF VCPA-GA 53EIRBUHIE R K

AHE TR B ) B SRR (BMS) SREEIREUN 1000 %, 15 5 T ik ok %
(exponentially decreasing function, EDF) ¥ & A 100, &AL ELHEIA 10%,
EDF i )5 — BT M AR EAECN 100, fRZ0mik i 33 MRER K, FHER K N:
1499. 1531, 964. 1067. 1165. 1556, 1532, 962. 1003. 1008. 963. 1498.
1504, 1001, 970. 1072. 1428. 1429, 965. 1505. 1512. 1002. 1157. 951,
1135, 1422, 1513, 1555, 915. 931, 936. 966. 1361, fiiks Ll 4-6 Ain.

4
o First calibration object
[ | Selected variahles
03¢+
0.2
i)
R 0.1
D_
-0.1
i e g Y
0.2 =y ' : z
900 1000 1100 1200 1300 1400 1500 1600 1700

e /nm
4-6 BT VCPA-GA B ERHFET E1E

Fig.4-6 Optimization of characteristic variables based on VCPA-GA algorithm

4.3.5 ETARETETHER KNN FHiEHE

BT AR RFAE A BT i 32 KININ AR ) 1) 23 i 285 SR AN 36 4-2 . AR 4-2 AT
E IS AN [ AR A 5 K 0 308 B0 9 485 6 =8 23 43 BT BT A S 1 KONIND SH4 3 A5 28 200 SR AH L T
TA e B g A A AR R B R AR, KR BT VCPA-IRIV BE45 & PCA 43
BT FIT R S7 0 KININ ) A5 28 ) SR 8 R B B, AR IE AR RN R 95.56 %4 151 22 98.89%,
AR R A3 93.33% 3 5 2 100%, - BAREANEN 750 b 2 29 4, &R
AL 96.13%, WSS R WK 4-7 Fros. Wik H VCPA BIEHEBURFE 3 K BT g o
) KNN AR5 R0 B 25, ELR RS IE AR AN FI A IR 50 R0 R AR = T 90%, {H 2
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PR AR L T 2060 3k AF B R A R, 3 X — &5 SR 10 IR R P e 2 VCPA B
AR R R ik 98.66%, AXNPREE 10 MRFIEAR &, BIFR T MR E, &K
FI% R B, TET CARS Al VCPA-GA S35 BT £ 37 B9 KINN ) 5 88 0 25 A 0 T 2 T
A BT ALK PLS-DA ) ) 51 8 2 SR A% T 48 1R 0l Z A FLI AR R 0 R 5 T 95%,

WU RO BS

*® 42 € H k EBEFTEEBRF A LS

Table 4-2 Results of discriminant analyses performed utilizing the k-nearest neighbors model

A3 17
I 750
CARS 25
vera 10

VCPA-IRIV 20
VCPA-GA 13

BEA TR

NC

47

22

21

47
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21
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22

21

47

22

21

44

REIESE A 3 45 R

23 AR
/%

30

21 0 95.56

0 21
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22 0  98.88

0 21

30

22 0 9556

0 20
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22 21 98.89

0 21

20

22 0 96.67

0 20
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T A 0 5l 5 R

1 2 3 HEZ
1%

11 2 0

0 8 0 9333

0 0 9
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— 1
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& 4-7 7~[E] K {E#0 PCs 3R KNN &) E R R~EE

Fig.4-7 The result of KNN model at the different K value and principal component

4.3.6 ETAREZEHERN ELM FFIHEE

T AN [ R AIE 30 K 075 3% 7 9% B 8 ST 1) ELML RS R I ORI 4-3 s, M 4-
3HEE R AN, T RRAR IR P R S B R A A A - ELM SR K R A BT iR
Hrr kT VCPA-IRIV T ESRBURHIE R K 45A PCA 70 B 8321 ELM 453 24 ) 1) R B
T, W IE AR VR T A 2 AP A R ) IR 2R IR 2 T 100%, RS R 4-7 s
KH VCPA F1 CARS HH& HURFAE 3 K U ROR B 22, (RS TR R 1) 1 fff 28 A0 Tt 4
P IR 2R 3578 21 95% L F.

* 43 ELM ESARTBEAIFI B ST E R

Table 4-3 Results of discriminant analyses performed utilizing the ELM model

‘ , 2 1E 45 ) 5l 45 TN 2 31 53] 45 B
BRIk AEH TEHEWME NC NP
= 1 2 30 HPE 1 2 3 R
/% /%
1 47 44 3 0 13 12 1 0
Sl 750 2 220 22 0 9444 8 0 8 0 9333
3 200 0 2 19 9 0 0 9
1 47 45 2 0 13 13 0 0
2 23 0 23 0 7 0 7 0
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CARS 25 3 20 0 0 20 9777 10 0 0 10 100
1 46 44 2 0 14 13 1 0
VCPA 10 2 24 1 23 0 96.66 6 0 6 0 9667
3 20 0 0 20 100 0 0 10
1 46 46 0 0 14 14 0 0
VCPA-IRIV 29 2 220 22 0 100 8§ 0 8 0 100
3 2 0 0 22 8 0 0 8
1 46 46 0 0 14 14 0 0
VCPA-GA 33 2 24 0 24 0 100 6 1 5 0 9666
3 20 0 0 20 10 0 0 10

8 a5

& (%)

L
T

o 90

i

i
"1

&

85

BO

[&] 4-8 N[5 PCs #1 N 3t B9 ELM R B ¥ Hl 45 R

Fig.4-8 Discriminant results of ELM model corresponding to different PCs and N

4.3.7PLS-DA. KNN 1 ELM #ERIFLLER

LRGN HEEE T A B B AL ) PLS-DA AEAY, BT AR A AT 32 5 23 A 7 VA B
S KNN AT ELM B8R, PLS-DA #5284 () 40 0 80K d 22, ELM B RS 50 551) 250 5 f
Tf. {EESLH) PLS-DA #2843 T MC Ak 22 J5 20 0 ROR S, 15 AR IR AR IR0 1
B AN T AE R AR A R B 5T 90%, R BIRCR B AF, KB MC A f e AL B
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T ke FETASFRRE P K 07 1% 77 1 45 & PCA Fr & 5L i KNN B8 A, ) 51 g SR AR
T PLS-DA, 3T VCPA-IRIV R fE K il 77 V4 prge ST R R e, A2k
VU 98.89, FRIMAL U IR A 100%, HARFEAZE M 750 440 % 29
A, BEEAEFRIELF] 96.13% . &R &L IEESL A ELM B, k&
TE A VR Tt R0 TR0 A R IR 2R T 95%, T VCPA-IRIV RHAE 3 K i
IR T AR RO B L, R I B TR0 TR A 2R AN FI0 6 R ) IR 2R 3 9 100%
He ELM HUS B AL B R 1T RE 2 RO ELM J& T JE 28 1 51 B3 2 A 15 1 28 X 2% (Single-
hidden layer feedforward neural network, SLFN)ZZ>JIlZRpify, #wliGi =500, %
INZREER, EREEATLERNBRSTESH, M T M EMS 8L I
o A ] B BE R AT 4 I A A O HLIZ AL RE 75

4.4 KREING

A TR A 2L A0 615 73 A HoR SR 2R TR AR B, B T AN R P AL 28 07 7%
% M R O 3 5 VR RN A2 A A AT SR ST A B R T A A e R R, AR
FH I 2T A1 ' 1l AR 21 25 v AU 3 0 40 A0 i o A il SR 22 . E BRI

1) AT BRARGE M AE  BE A gE 2, 404 T SNV. Max-Min. MC. MSC
DU Feh AS [ B0l 3 B e 7 9%, @3 2 57 PLS-DA REALPEREXT EL /S Y, 45t MC Fiib
771 R ST A 0 B Y 1 R R, AR IR A S ) TR A RN SR R K ) OE 1 2R 4y il
94.44%H1 93.33%, KL MC AL B 5 A AL 30 ) O e g, ] DALY 35 42 v A 2
(RORG B, FLAB i e i I AL B 7 7

2) it T8 CARS. VCPA. VCPA-IRIV 1 VCPA-GA F5 1y K i ik 5 2 45
4 PCA 730 #r, #5701 KNN Al ELM BRI MERE, AKILIE T VCPA-IRIV FFAE 3% K 5 ik
I PCA JE#7H ELM BRI MR AL, A% IE AR TR AR AN T 4 1R 5 R 3518 2] T 100%,
HHBREEHEFER T 96.13%, WK TIRE 7 EMARE,

51



%58 ETHHRURFILLINSEGENRBERKD S ETNREET BAFRFMEFMIL

%55 A THSEMARTMIELLINCIER R mERRK T B EFNREE T

i

51 5|5

AKWTFEE 2, 3, 4 BIIE | SRRIEN L L ZKD S8R ATE, KETHE
MEEFBA I TRk, DAHFEIR I T L2 4EMEREs, UAFETE?2, 3, 4
B[R ity b S 8 LR S 2 M AN I L R oK o B B AT SR T AT

5.2 MRIFFEE

5.2.1 tmbl&

AT 2021 4F 4 H 22 HAEWI B KD R e & B A BR A ml Skt A i J5UR)
RET WG EAT LR, M ARS8, W — 23— A — 2 i

e R (BKEN 76.75%) ESRMETAEZE TG F, Wt RN 3-4em, EN
B IR B AR ERLE 20°C A7, MIXHEEE AN 60-65%, N TR As /K ikt s), Gikg—
AN RE— IR, ERMEE Sh 2 G, RAKIE S E 7Ky & & GlE
ZICEFEMED . BKEN 66.90%;: RFAE 6CS-60 MR EARFINELT, FKFR
JE N 2704250+230°C, TR HFEHCN 22r/min, ARFIEN 540 30 2, K3 B 54.21%;
AT 1NN EEHTHREE, BT 10min—# 4 10min—>H$ 10min—32 47
Smin, &7t 35min, FKEFER 49.23%; FKFE K LIFHLE 6CHZ-9 B I HERE L
WHEAT, BRI 110°C, PEHEREE 2~3cm, BFAIY 15min, & /KEEES] 32.43%:;
HZNUEE N 100°C, PEZHS AN 25min, /KorBEE] 19.36%; & HEE N 90°C, 24t
A 30min, 7K 6.02%. 1 Tid R 5-1 Fiox.

5.2.2 FERIBEHFEEMESKTESENE

K H TAS-3100 Y i%4% (Intelligent Analysis Service Co. LTD) X} &g 4500 i #2 A 1)
MH RTE B BEFMEKFERETEERE . KR 900-1700nm;  Hik A
JEN+Inm, JrHFFy 4om™. WEHT, N 7 IRIEREOGIE RS WAEHE, B R
HPETEACTIH 30min, M IT4ERECIEACAS N R AW E, (ARG R E, S
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HATHK, BEMSRBITREIER, MEHTIELIDGEEIENRE . A ZIH 14
A, AR ) 100g 5] FAHAE RS AP 70mmx 10mm H) A JEE5FR Mg, &
ANZRM I T AR FEREAT 3 YOGS R AR, B 3 YJCREEIGIE s 1P S5 A iz vt %1
FEm PGS E S . B RE P oRA M 50 26003 . 2 O RE R RAE K 42 0l EidE,
L 253 OB EE T & K 3w E TR R ST,

FERFAN I P R oRE TG 5, A H 3g A i A 7K 4 I E A (MA35M-
000230V 1,Sartorious) il & Z IS ZIFE S K HME, ZILFEM 3 IRER, B3 IREE L,
R IEAE I 2 R L SK 3 B &

5-1 $tAHRZF ML =4

Fig.5-1 Processing of needle green tea automatic production line

5.2.3 HBURRGRFEZEFCIE. BERRE

HEAT T, T RIHLESA S RS GUI b R4 5 5 =28 KB
FE I3 R B TV AL (FI-S200C-G) , H 8k N 4nm R85k, (LI&K2E A
1/2.8CMOS EIGAL K 2%, » ¥y (1080%1080) , BEYEH (A1 ¥4 A 0.09ms; Y5 K
DOME &4l (UG8, S8R 100 Bi5e i (1x) 5 EHURHIZEEUN bmp %30, AHAL
Bk Wl [ e FERE R TS, DA CRIATR A B AN EE e e . TERBCRERTT, N T IRFRRE A
HOGIRIIRSE, $EHT 30 20 B 4T FF9IOUR GIR, K4 A R A 78 6 1 Hdis 0 R i i B T AE AL
IRRET H, SRAERE S MG, 2 AL 3Lk 253 gk B A T 2 16 o0 A R 2R g 4 ST
6 E i 1 R AN AR R SR EL G ] 5-2 s

53



%58 ETHHRURFILLINSEGENRBERKD S ETNREET BAFRFMEFMIL

\pnﬂ um callection Variahle screening
,—H
| -

|7 ¥. CARS:
1J | N
| | -——

I u sl

! avel

Miee i
besr i
alroriilim

5-2 HERL A RAZE

Fig.5-2 Flowchart of the data fusion used in this study

5.2.4 NIR BT IBS BG4 FELREY

AN REL TR, BT ARS. MM, RieEhasT
FLLRIEAL . JEHU FIBENLIE ST e E B . IR R R, b T S BT
BT B 52, ARWF TR A 4 R AL B 7 R BCE TR IGE (5 B, BFiaE EASAR
B (SNV) . s (DT .« B0 (MC) FdsiEZ)T—1k (Z-Score).

T Matlab GUI BH I & B BRI CIRIFZAERLS . 2014SR149549) LLEIR
G (1728,1152) ALy, HBEIH 10001000 15 5 XI5, FEEUZ MR IX 5
R SCRE . ARHE Dong IR FH A 0K RGB Bt 7 (Al 54 # 0y HSV A, )5,
ST TRE EIRER 9 ANEIESFAE DL K 6 ANSUHRFIE R 4r i@l (R « SFIEIE
Bl (G . BWEmENE (B) « fA¥E (B « WMAESE (S « ZEHHE
(V) BEREH (2G-R-B) . At@iEYESSFAEENENILE (G MEiH
Chab*) 5 6 NOUHFFESSMN: TFHIKEE (m) | FrfEE (&)  FIEE () . =
Brie (uw « —EUE (U B (e s

5.2.5 NIR $HER K it S45ERR EY

AT TR GIE R BN 900-1700 nm, HF 800 M i, JRIGEUIE &R K. fF17E
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KEMIUR. EHEE, E B 85 5 BB RS B, R R i K
BEPATRE, WA IR ECR A R G5 U2, AT i v o ek R A 2
TMREFE . A TR FBENLERE (RF) |« 524 HiE N EIBCRFE (CARS) DA ZE A
A S T AT B B 5 B AT (VCPA-IRIV) 3 FhEVEHE HURFIE I K

A 8 S B R ARE AU IR A2 0t T 4 5 AT B R R 45, 50 Bk 5 R K B T SR A5
B, BRI RR, EAFME, AR IE 7V R LA G S A i ik A AR R
MO, T AR AR B B i 2 B e Bl () v e SR A B s AT S A, R AR EUHT B4R AE 11
N DA E AT I A I AR B I T R R AT R AR SR B, I S R BT R A R AE
AT A . ASHIE UK FH IR AE SR U Vo0 32 A ik (PCAD , FEARIE G 32 B
WARIEANE LG R, FRACKRIREMLEE, K R IR N /D T BRSO,

5.2. 6 XESEBFHEEEHIEME

Ky R B 2E R 1A AR B e N B R SR 2 A SR IR P IR AR, DASE
IS A RS F 0T R SR DG TR AE R . 9 DMEERFAEM 6 4> SUHLRHE AR A F)
Pl e 34T~ — A, USRI AE IR B %, BRIR mis A RS 2 th vy LR
Y AR E o et Rl Ty SOM 38 = B il 5 07 U OR R — B

5.2.7 ¥REIFE A gETRME

ASHF 5T K F Kennard-Stone (K-S) 5y 6] 45 4% I ik e G RD 6 1 5048 1547 %114,
AR IE4E 5 AR Ee g Ay 3:1001, AR IEFEA 190 AN Al G 5, A4S
63 AN BRI AL KA . 4 IR FH ' s A0 B 5 AF (5 B 82 57 PLSR. SVR /K 4r & &
AR, KT, B RE PR fe b A PEM AR v 5 28 B AN SE = F AR

F—%. KFEWTHIAENEE D54 # Y Origin 2018 1 Matlab 2019a (the
MathWorks Inc., Massachusetts, USA) #{F 347,

5.3 ZERFTHL

5.3.1 FIBFAEFNTRALIELE R

FTE FEA I IR UGG . AT DL ARSI T R P e an B 5-3 Fime 3
JE1E ARl DL T AR T E IR EAL T 960 nm (10530 cm™). 1440 nm (6944 cm™)
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A11220 nm (8197 em ). RUNFERET FIRTE KIS AR K& E8Gm, 1 OH 72 /K4
FEIREMEH], 960 nm (10530 e ')Ak W I 3= 22 57K 731 b OH ] — 5l
5%, 1440 nm (6944 cm )b (MR IS UG A B 7K 73 OH JE 1 — - {5 454E 1440 nm (6944 cm™)
gER3N 51 A2, 1220 nm (8197 em )AL AW IS I & B T B 1 5 CH 25 (41 1) — 2% 35 43 A
JoK 5y F OH BIE AR sy B sl R . Bk BRAEAE KK & ERAK, MBS
PLA H W el = A7 F 1220 nm (8197 em ) A1 1440 nm (6944 cm™) &b, 7E 960 nm 4t (1)
WSO UEEZR T 2, XA R 7K 4 OH B 54 TH 2%, LA CH S 4a iR 3) 51
o Bk BEHE KA 1620 nm A6 SR 28 B 8 s T35 AR T OGSO 2,
X5 CH £ 7E 1600-1800 nm Ak [ — R A5 HA % .

BT JRUB 61 AT AL B S (0K YE 23 57 PLSR B AL, DR I AL PR LS 3, 45
BANFE 5-1 Fion. T JRIG60E AT 2 37 1 PLSR AR RS IESEAH % R % Re 1H M 0.9678,
RMSEC ¥ 0.0523, Tl 5 41 5% & %t Rp {8 v 0.9542, RMSEP & 0.0564, RPD fH
3.0977. SEMGIERL, TAE G B ORI A Bt e, H&nt Z-score AL
FIT 2 37 () PLSR A2 A1 (1) Tl RO R e i, B IESEAHOC RN 09715, TRMIERAH C RECH
0.9602, RPD{E A 3.4836, KU Z-score AJ LA AKX MR TAIHUN, (AR e 5] e 1) e ik i
7%, W UE MR ARG E . RIULIE S Z-score 1E NI &M TALEE Tk, DLHT /G
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Fig.5-3 NIR raw spectrum. various preprocessed spectrum and average spectra in different processes
R 5-1 FNEIFMAE G AR KETNRRLER

Table 5-1 Result of moisture content prediction model for different pretreatment methods

Calibration set Prediction set
Pretreatment
PCs RPD
methods
Rc RMSEC Rp RMSEP

RWA 8 0.9678 0.0523 0.9542 0.0564 3.0977
SNV 6 0.9712 0.0510 0.9586 0.0586 3.2620
Detrend 8 0.9657 0.0512 0.9610 0.0581 3.2525
MC 6 0.9688 0.0511 0.9600 0.0578 3.2635
Z-score 6 0.9715 0.0510 0.9602 0.0561 3.4836

5.3.2 IR dEhE e L EN N

N T AP F AR I T R v B AR R A TR R A A AR A
177 00 RN TIGF AP B, SRR SR ICEHR R A8t . 25 R 5-3(A)M 5-
3B N T HEE X AN TR B & Z T, X a7 TR 4 i1 14
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AT, SR WE 5-4 (O Fin. EARMMN LSRG, Bitsf —EER,
N TP Ay 2 S, H5R T BURRIMAI R . 2 5, 70K RGB BURF N
HSV By, SR E G- Fgit. &R uE 5-4 (D) f5-4 (BE) Fim.

g b, BRI TG KA T BRI DA S % 2 21 35 i
MBS . KRR, REFMME T BEEATE AR IRGEH K ISP RFFAE, X
ﬁmmm&%ﬁﬁﬂ%ﬁ@ﬁ%LﬁLL@@mﬂﬁ&ﬁﬁgwoKH%@EEIE,
.35 RGB 1 HSV DL R SUHRHEE ARG AR I K] 5-5 (a) ~5-5 (o) Piwe

o M B R B B RN SO AR A A AR B, MR B 8 T e e 8, A
a2 MBSO, R 0 B XHZ ATV — 46 (Z-score) TALEE, LLIHRREL
Y YEHAS [F] GRS B AR e PRSI . A, BN R 2 A SRAFAE — 5 M b,
KRPENBELZEFAETIRES, GRTEREEZEME BN, W2 s
R WEMG . Kk, fEfE e ENEA 2 fr, ROHTE4EE . EH PCA H
PR RIS i, @ A IR R

Fresh la Spreaded Teave Figalinn Teav dried leaves Carded leaves  Secan

==

5-4 (A) FZMIAMRGB Ef%R; (B) RGBERMFEEE; (C) 3% RGB PR BEITE;
(D) FHRARMITZTH HSV Elfg; (B) HSV ERHIFHEE

Fig.5-4 (A) RGB images of green tea processing; (B) Average color of RGB images; (C) Strengthened

RGB average color images; (D) HSV images of green tea processing; (B) Average color of HSV images
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Fig.5-5 Image color and texture characteristics; (a—i) box plots of color variables:(a) R;(b) G; (¢) B; (d) H;
(e) S; (f) V; (g) 2G-R-B; (h) R/G; (i) hab*; and(j-0) box plots of texture (j) m; (k) 3; (1) r; (m) p;

mU;(o)e
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Fig.5-6 Characteristic wavelength variables selected by different variable screening methods:(a) Random

frog; (b) Competitive adaptive reweighted sampling; (c) Variable combination population analysis
combined with genetic algorithm; (d) Selection of characteristic wavelength variables by different

variable selection methods
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5.3. 4 ET B MERSEHIRATNRE

BTG R AR R B BT AL 1 PLSR Al SVR M7 F 45 B tn 3% 5-2 fros. %o bb ekt
f¥) PLSR TRMIAE A 45 S AT %0, KA VCPA-IRIVAPCA v2: F 8 37 ) TR ASE 2 250 B e A
H RcfEM 0.9715 #£5E=E 0.9725, Rp HEHM 0.9602 #2752 0.9689, RPD M 3.4836 ==
4.0035, I HFFEPR KM 750 @2 37, B8RS %E 51 95.07%. KH CARS 456
PCA Jir 8 ST AR TR 5 SR AH L AL 2 AT RUR Be 22, AT g CARS FE S BURFAE 3 K1Y
AR ARSI B T — L E B AR K, IR E L) PLSR BEAY R Rp fH AUk B AY
FEBERRAR . N 7RI Y DA SEE % 255 0 T B b /K40 & B 00 e 2 1, @ r 4tk
PLSR #& Y (] [AJI, @57 SVR R TR R AT bh . ANEE 2 FmT %0, AHEL T PLSR
BRI GG, BT AR AR S 00 77 VR0 32 40 43 A i AL 1) SVR LAY 25 BL35 g
Forp 57 1 VCPA-IRIVAPCA+SVR LRI R0 A A, Re {H M 0.9745 #2522 0.9796,
Rp fi M 0.9689 #275 £ 0.9736, RPD {i M 4.0035 125 & 4.4154, 00T H AR SR,
ZALF NG FE UL R AR AT SR ) o% R A 5-7 (a) A1 5-7 (b) FivR.

B BG5S RS AE T 22 57 () PLSR AT SVR B vh, 8045 o (8 e A S FRARFAE
H RS s P A — A AR 3 P ST AR T R A, Rp H ST Refl, R &AL
BZFAERZHIIRE R, BEAMIEEIIR . AL T EBUR R IR d S AR R
L et R B AR R U A b B . AER 52 HRRTRLE ) BB N SO AR
RS B B0 0 4 VA — Ak A B S BT ST ) PLSR A SVR 5 # of Re {843 5l 3 7 0.9581
A10.9743, Rp fE 43514 0.9505 F1 0.9669, RPD 18435l 4 3.5388 11 4.08553, & HfAY
HAREF e, Hod prid S SVR B8 230 T84 3R DA A T B A0 S A 1 5%
R 5-7 (¢) A15-7 (d) Fiom. (HARAM LTI 2 /86 Ay, 561 K% A
LU R AE i 2 57 AR AL B SR Re AT Rp {1 DL A% 5 & i) RMSEC #1 RMSRP TR o
FHOX — 25 W R R AT RE AL 2SI AT DL E R R R B R, (i —
[ REH &, ALt AR e aalizh, M, I stign OH 2. NH A A
CH P A REF AR, AT DAR L 3R 2 o0 Tk A2 o i) 9 5 Lo o

= 5-2 FIANIEMEGIFEBURFAEIIA PLSR #1 SVR S5 M Tid itk 9 & EFn4ER
Table 5-2 Performance of PLSR and SVR models for moisture content prediction during green tea

processing by using single spectral and image feature data.

Calibration set Prediction set

Prediction Models Data dimensionality =~ PCs Rc RMSEC Rp RMSEP

method reduction
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RF+PCA 8 09734 00510 09679 0.0505 3.9175
PLSR CARS+PCA 9 09740  0.0508 09556  0.0585  3.3921
VCPA-IRIV+PCA 8 09745  0.0508 09689  0.0504  4.0035
Near-infrared RF+PCA+PCA 5 09791  0.0454 09680  0.0513  3.9798
spectroscopy SVR CARS+PCA 6 09831 0.0412 09566 0.0608  3.4202
VCPA-IRIV+PCA 5 09796  0.0443 09736  0.0460  4.4154
PLSR 10 09576  0.0623 09702  0.0575  4.0211
SVR PCA 8 09722  0.0564 09760  0.0507  3.9958
PLSR 10 09581  0.0610  0.9505  0.0656  3.5388

Machine vision
SVR Z-score + PCA 709743 0.0481 09669  0.0512  4.0855

5.3.5 ETHIBEMERFUNRE

F 5-3 Wi G A R IE B kG 2R AT s 0 T AR Hh K 5 N (0 A Y
PEfig. TR F R RS BT SL ) PLSR AR 2 TR IF TR, H Re (8N
0.9736, Rp1EH N 0.9756, RPD {H A 4.1740, {HZXF MK &A% 0, R
EE T B AL AR P A L IR R AR R A S, T BT R Rp fEAK T Re 8, &
ARG B A ERZRITURE R . SIREEHERG Ard L PLSR BUAHLE,
THRHERRA ) PLSR BEAI3RA5 7 B AF M FMIRG B2, RN AERRAE 20 il & ()3 2 Hh S
TIRZ EHIDGIBEE, (A RENERRER BN BUR R I AT Bt & . Horp ik
T+ VCPA-IRIV Sk i ) vl RF A I Bl & PG 0 P N SRR AR T e 57 (RS A T 280 R o
i, H: Refti N 0.9785, RpfE A 0.9742, RPD{H N 4.5678, L[ PLSR A S RAR
TR T EML AR O P S AR

XTECEE ST SVR ARG AL, e T-H04 s b & Pir s L B A4S 21 IR IR,
Rc fH M 0.9783, RpfE N 0.9756, RPD{H N 4.0764, {H&AH LT3 T 6k fir gt S 45 7Y
BRI 2, R FP ARt R AT F Ao T REAE 0 500 fk & T 788 577 SVR A2 200 1
BT HARE AL S, Hh T CARS BIERBUGHE AR IR G fl & BUR (3 FI S0
REAE T S R B SR B AL, Rew Rp LA RPD {E 437104 0.9804. 0.9777 1 4.5002,
M SRS FCL R T AE A SEE ok R 5-7 () F 5-7 (D) Piws
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=52 M AHIERL A& BABATE LAY PLSR 0 SVR 7k 95 & = Fm 4 &Y

Table 5-3 Performance of PLS and SVR models for moisture content prediction during green

tea processing by using fused data.

Calibration set

Prediction set

Model Fused data Variable
Compression PCs RPD
Rc RMSEC Rp RMSEP
Low-level Z-srore+ PCA 9 0.9736 0.0491 0.9756  0.0499 4.1740
RF+PCA 9 0.9779 0.0479 0.9747  0.0479 4.5051
PLSR
Middle-level CARS+PCA 7 09761  0.0491 09737 0.0497 43161
VCPA-IRIV 8 0.9785 0.0484 0.9742 0.0478 4.5678
Low-level Z-srore+PCA 7 0.9783 0.0453 0.9756 0.0514 4.0764
RF+PCA 6 0.9794 0.0437 0.9773 0.0499 4.2040
SVR .
Middle-level CARS+PCA 6 09804  0.0425 09777 0.0490  4.5002
VCPA-IRIV+PCA 6 0.9795 0.0433  0.9775 0.0505 4.2156
SVR parameter selection graph(3D)[GridSearchMethod]
Best c=16 g=0.17678 CVmse=0.019866 08 M Re=09796, RMSEC=0.0443
07 % Rp=0.9736, RMSEP=0.0460
RPD=4.4154
T 06 %
0.8 § 05+
w Ti o.4 " é
g 0.4 \ :g“% O
0.2 E 0371
0 02 " z
0.1
o ‘ . ‘ ‘ ‘ ‘ .
0 01 02 03 04 05 06 07 08

(@)ZE T IT LA it (AR R 24 Ak
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SVR parameter selection graph(3D)[GridSearchMethed]
Best ¢=16 g=0.17678 CVmse=0.023213
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SVR parameter selection graph (3D) [GridSearchMethod]
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Fig.5-7 Model optimization based on SVR
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5.4 KEING

AHEFEUE I 1A% T £ A1 D' 1 235 S A1 A0 o 5 AROG SR i o A oK g3 B B AT
SE BTN B ATATME o 3 ) SR FH B — A% IR 38 R4 (R B0 DA S R T A R 8 2 T8] () 508
HATK A B E E . 255K .

(WFEFIELLAN A, 7 LLA St 2 hn Tid oK & E kAT i,
BT Z-score GG AL TR, VCPA-IRIV FRAESE A TI% 7715 B @ L 1) SVR BRI i i
H Rc{E N 0.9796, RMSEC }y 0.0443, Rp fE} 0.9736, RMSEP &y 0.0460, RPD A
4.4154.

(2) FETHBREA, Fre r AR B T 25 T 6 i 40 pr & 3 R A 2%
Fo Frp XTI 9 MEUERFIE 6 N SUHFAE B 45 B ) 2008 Fo R v A VA — A A B
SRR, ReHEALT Rpfl, FERZIIRINER, BEAIEATH: & Z-
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score TRALEEAN PCA 5 I UG (5 B A @ 3L i Y SR 1 AR B I il 25 R, e g S i
SVR A B R fe iF, Re {4 0.9743, RMSEC A 0.0481, Rp fH A 0.9669, RMSEP A
0.0512, RPD A 4.0855.

(3) T WA AT LT AR 638 F52 A ) B 98 e B0 il 5 9T AN e A R S s AR 2%
B, XEKNANFEBRZHTUAGEESEN . BT CARS RRAE K 5% 5 1257 1% H 1)
20 YU RFAE 3 B fl A AR ) 15 AN EF R SRR BT 2257 SVR 7K & & T A 2 3R 15
T RICR, AT 8 — A I AR DL S B s G e il & P A OB AR, . Hodh Re
fH 4 0.9804, Rp{E_A~ 0.9777, RPDE A 4.5002, F AL HE4LE &1L LLAMG 1S AEE 2
PRER I Tk FE K 73 & B 08 PN, G 242 ey BRI A S 2 TR AN A2 1) i)
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CARS FEFEHUEERAIE P K m A R 0 15 ANMEUEERRIE, 985 KA Normalize Al
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