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f49 300 i EASHY 6 R 2 ) 5 i, o 45 B 7 R MSC 258 —Bir- S 280% (First - derivative, FD )X}
HETE R T UL FE A2 SRR T #E ST PLSR BUR BBV RE Ol 09558, Dykes 2513 5 SEAFALEY B
B« AR BRI 3- MR AR TE A AR IR TR b 4 A T R Bl PLSR SRR Ry AR 0.81
Zhang 2LVl 2 4 R Bz AN o 0 B A T T, 3 B {6k ] MSC 254 S Hp il R WL Savitzky-Golay
- Mt (Savitzky-golay smoothing, SG -4 ) 454 PLS 8 57 J J FAh 1A B SRS AL | RS 3 91 K
0.8960 #10.9243,

WL A2 [P (Gaussian process regression, GPR) &2—FAESE Ge i@ AR vk , B T it 72
(Gaussian process, GP) [IHEE , B Eds S0 A BEHLAS & |, IR E s SR M Z 0 IER 341, 38 20 6 2 UL
BN A ECE s AT AR AT LTI A ORI 3] 0 B s R, DA T EORBA 2 1 | 3 Pl A R 3 A% PR R
VT 07 A [ 21 28 (%) 50 0 )t ) DA 4 e R AL A TN PE i . GPR X 4R . /NREA I B8 HA 05 1)
RRFRfE ST I AT RS S WS RO S E I RS GPR R VR S bR ) 1 3 B
o, N THLEEF T . Go e i TR 4R . 20046 R T — M LT GPR U4 A0 AL/
Bk AR TR AR R SRR R PR S T Ak GPR 4 e AR S AT TN, 4%
U] AR NRE B vy, s S R, JUHAEA B MEA DT T E B, LA EAFSER ], 55T GPR 575
S BT A A B AT

BT LLAM G S3 Hr BRI B B F PR G I A R B RIS R {H 5 S 1 A8 7 e A X B
—, 2R A PLS ST 1 BORITE SN AR b ROPEREAN AT ST nT BE .y 1 Sy v S B T A PRSI A Y AR
PR RN LM E AR R AR i SO , 2R WU 75 7% | b DG i A e (5 B . ZE TISE 0 Ay i
il | 3% Jo A5 B AR & TH FR: (Elimination of uninformative variables, UVE )B4 FIE I K, $2BOGIE H Y
ARUFE . TEICEAZ R GRS GPR [IJAPTIMAAY  Jf-55 PLSR ISR EEALIT A (Support vector
machine regression, SVR)%*%@X# . ﬁﬁﬂ‘%‘r*ﬁﬂE/‘Jy%%/%ﬁ(COBfﬁcient of determination, Rz) By
FR1%2Z (Root mean square error, RMSE ) FIFHX] 73#711% 22 (Relative percent deviation, RPD) | Ve PRI %,
T R SR BT e 1 R M RE TR | Ay Ry S rh B T A PR A U A TR AR SR

1 SEIGERS

1.1 XFE5RF

TANGO FT-NIR ¥T£LAMEREL (75 Bruker A7) 5 UV-1800 284M0] WLAMEEEEH (AOE #9124 %% I
MEABRAT ) ; WH-71 BEE R T4 (R R RHMUES A IR AR ) 5 DM-50g ¥y ARl (FE 3 AR B RHE
IERA BT s BUAS 11224BC LT R C BT BURIINALER ) 5 MK-60 fIGEE 5 202 O pL (9IRS
5 RSN ES A PR ) ;. VM-210 fiei Pk 7 25 (REL A GRS ITA R AR ) ;. HI-1 #EIHEHERS (4
IRIX VEICH B AS ) o S /K W ZE K

HUT TR AR IR R B (b4l A R R AL 2H R A PR A FD ) 5 8.0 of L &AW (A4l , LAGARHE SR
AT 75% I B (S Fral, h EA AR .

2 o/ L U TRIEW : FRER 0.2 ¢ BT TRVE TR K A E 100 mL; 3.5 o/L AP B R R EL . FREX
0.35 g FPEERERER R T 28 1R/K T, 25 % 100 mL.
1.2 HmEESLE

A5 T8 U 2 SRR ARy 2022 AF BRI VTN — R B K2 AR 2= B SOk 1 5 3, 1 8 65 i Fp, it
305 MEEA . FIH TANGO FTNIR IE£TAMGRE RIS B4 = SR AR SE PR G R f K HA e, 3k
40 H i (LA 0.425 mm) , SRAIFP Rk L S oy
1.3 BFEENE

2 FEAR (GBT 15686—2008 ) J7 i S B St b ATIN A2 o FRHUIES 12k 86 SRS A RO REAR | SR P — P
R T BT TR B B R S BT e B0 i, IO 0% LT, e — ok . M R T RN A, T — 1y
SUIMZK RV W (A R e i Vs WO B SR BEUK ) b B, LAOK R 2 kT R R 40 Y6 0 B 1
525 nm AW SCREAE , R BB T BRBRUE S 2 AR M 2k
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BT SR (X) AT R BT IR B 0580 (%) e 15 (1) 15

X= 3 " To0=m M
Hrr ) € S AFRifE e sz B iR S O rh B T IR VR JEE (/L) 5 MONIRFEI BT (g) 3 H AIRFERYK
7 (%) .
1.4 KoMzE

5 FEFR GB 5009.3—20161 " e i) B2 T4 I 2 K 43 Bk, 38 3o TR AR S 4B 15 K 4 1Y
i, KorEEiR(2) iR
_M-M,

M,
Horr, H K 55 (%) s My F My 43 51 AR 45 =R T (2) o
1.5 HiER&E

K TANGO FT-NIR SLLLAMERHMSCR 42 305 £ m SAFRIAE 11542~3940 om ™ {EF ML LA 3%, I
T 2 S RGBS, S BER R 8 em ™. FH 32 RIS
1.6 #ELE

BAEAL A4 The Unscrambler X(10.4 i) . Matlab(R2021a i) #1 Microsoft Office Excel.
1.7 EERBWHE

DL 3R ) BT AR R BT 8 b, 0 R F 25 a3 (Detrending, Det) . #rifE1E A28 (Standard normal
variate transformation, SNV) . Z &3 A FRUEIES WA A A SC XIS E R 21 T kb 2
i FHZ2 F5 R 1838 LKHIF ¥ (Monte Carlo cross-validation, MCCV )54 GPR EAF G UG G187 5 H BEAR
M. FHIBEHLEE (Random selection, RS)FHE 812 4 HU BPRF AEASE Rl o3y AR RN BINAE . SR UVE
VERRRFIE K . T FE T GP A 3 Hp B 5 B TR AY | I 55 dse /N —Ff€32: (Partial least squares, PLS)
A H L (Support vector machine, SVM) (Bl SRR HEFT%F He oA o 38 3 X FEASTRIASERY () R* . RMSE
1 RPD PRI A PERE .
1.8 #EEHE

GPRAEN—FAES R [ H Ty ik, F T AR o AicHie i i 22 R EIOC & 38 T PR 4Rk . /IVREAR
FEAEZME S5 22 R 7 25 5 FEASGTE R 70 A (AT EE T, GPR T4 W 0l A A% v 3R B T (L 1 4
Aii o AR5 AT BRI B IR B Sy GPR AL TINS5 2R . BB BT y S s 0T 4041 pRER f(x) , I3
{60 m(x) . WIIT 220 k(x, x") B TR AR 34, W (3) s «

H

x 100 (2)

y =f )~ GPm(x), k(x,x] 3)

b B PR m (o) M7 22 Rk (e ") 78 SCANTR
m(x) = E[f (x)] 4
k(x,x') = cov[f (x),f (x")] )

GPR [ B R e L — A% pR L, T AN [R5 i 2 T AR R o A% pR B B 1 15 T AR 4 1) A 1Y)
TR AT VR R R pRECE TR B pR B . ST FR B R . A R SR BRI matern A% PRER
AEE1200 S A R BT A LI B s 2 I P 22 S I, 1T A 0 T 45 SR G S AN 0 25 | 7R TS
B IRERE b ASHIFSE R A% BRECH matern32 4%, H matern B BB S8 v=3/2 15312 | v R/ NI B
By TE , matern52 % v=5/2 153, matern32 & RREUA WL (6)
Bla=x) [ ABrx H]
+
(4} (e}

i

1

k(x,x") = 0}

exp

(6)

Horpr, x B xR AE S of SRS 2280 T HRGUR AR LR ;o JERFEK B RS,
TV AAE T2 IR 5 1 — xR AR it 22 B Y R EC R B
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1.9 EELEMIERR
1.9.1 RERHE

R JE— 7l T AR o UL RS P00 A A B A , 38 T LR RIS R (M B . R (A, A5
RIVERE BT | AR FITINAE A4 R* Y FLAE R 5 HIE 0.9~1.1 Z 18], /NTF 0.9 F AR A FAE KA, KT 1.1
FIABRITE e LA 2 2 RP=1.0 i, e MHBERY S SE b 0 T %t . 7 [l o0 Mot fe e, R Wl PRAG A5
TR TN GE A1, - AR Xt PR AR BEAGSEIAARE . RE A AT

n 2
. (yi,actual _yi, redicted)
R2=1- 2 = (7)

Y Wiactuat = Frerual)
HA Yiserwal T Vi predictea 730 R 5 § MEA R L SAEFFAE, Yo HESHEREIIHE, n IFEAZL
1.9.2 HARRE
RMSE 275 TUE A1 52 bR I8 22 (] 4 2508, I A 80 A9 T0DRS B2 . RMSE /)N AT ARG B ik
151, 2 B U 5 SEBR UL = [a] iR 22 Sk /N . A UL (8) -

2
z j: 10’1‘, actual — Vi, predicted)
] (8)

RMSE=/J

1.9.3 HExtHHIRE

RPD I FIFAG BRI A T GE /) . RPD {ELBOKR , BRI TN BE 1 B GF | 24 RPD<2.0 I SR AN B
A5 20 2.0<RPD<3.0 I, AR ELA R w5 (9 T Sk, T T REERE S e TAE ;4 RPD>3.0 I, AU g
S HETRI BT 405 12, nl TR oA 2 AR R (9)
1

RPD= (1 —Rz)

)

2 H#ER5VWR

21 BRUFEONEER

REEA BT (T3 ) A RUK A A RS HRAE L ZE 1. ARBIFIE 30T A BT 0.47% BT
3.21% , AT LLIA K 5 380 5 A B AN AT — AR e . 05 5 15 SR 25 1075 09 20 B 4
(0.24%~4.76% )i —FE M2 5% BT AE S RS . N A RIIRCRE S 22 ST 05,

Kl B R T HK T R GUHRHIE

Table 1  Statistical characteristics of tannin and water content in sorghum

EfH2) Fea AL FHIMH C N /MH PrifEzE
Index Number of sample Mean/% Max/% Min/% Standard deviation/%
$T 305 1.75 3.21 0.47 0.40
Tannin
K4
kﬁ 305 6.79 8.81 5.06 0.78
Moisture

2.2 SRAVEOIMEIEE

1R S ST AT AT LT AME RIS E 1 BT, #E 10075, 8316, 6821, 5766, 5186, 4700, 4321
14008 cm™" Ab BRI . Hodr, 10075 em™ AR R A O—H ) G4 ; 8316 cm ™ BRHUT A9
Wi is 5 F LAY Y S A C—H A9 A0 565 6821 em ™ BRHIT AY TR S04 S s b S S  O—H Y
— YIRS s 5766 cm ™ Ak B MSCIAE Sk 15 55 AR 7 A FR 3 C—H A% SO X BRI X Ak AV 4 B ol — A5 031 )
Wi s 5186 em ™' AL N FIEE R O—H AY-AHRA C=0 Ay —ZAEAR A LA AR I 3 4700 em ™ AR
Wl R 5548 C—C AP4aHRBN AT C—H M4a iR sh AL A s ;s 4321 em™ AR HISE . BRI & C—H
LA AR 5 4050 em ™' b ZR3R C—H A4 3R sh AN 25 il 4R 3l A 240 A A YAc 0



1032

oy B A 2

52 %

2.3 FRIEFEHIERE

ek R T A PG BAN B B R
T FITC AR B, CERT TS 0 SRl I AT
SR 2P At 37 604E Det, SNV, &
A B AR E IE S A e (Det+SNV ) DL Fe a4
A SG V1 (Det+SG ) 43 HIXTHEIEHATHALFE . Det
F B T bR G (0 SL LR RS i R R
T R 2T A — Aot ek e i T &
KL 5 SG VU FH T B AS R0 ) Bt AL e
A I A G 7 R /INVR 22 T K o
TERCYE VEAT 1 AL B ARWF SRR 0 K/
21, 2B 25 SNV T T4 ke A ik K
AN RIAEGE L B R AR AL SR LTSGR 1)
S 3 o BN RE AR T AT T e 2 18 1E G 1)
ARAL20T T I AR T 1 R Lk RS R ) B
Wi KF Det 5 SNV F1 SG 454,135 SNV | Det.

Absorbance

0.2
4000

8000 10000

Wavenumber/cm™

6000 12000

K1
Fig.1

of sorghum

o S BT LL AN RS

Near infrared diffuse reflectance spectra

Det+SNV il Det+SG 4 MGG fiab FRLE S (] 2) o 2 A B0 6% R L IR Ui s 2 30 v 4 s e
S AP, Det+SG (& 2D) 42 Det (&l 2B ) Ay M B i /b, 7000~7500 em™ 1 5000~5500 em™ Ak

JCTEME A BB O, B R A

Absorbance
— [\

S
T

-1

R ) 1 L 1
4000 6000 8000 10000 12000
Wavenumber/cm™
C 4
3t

Absorbance
b [\

(=]

=,

V.

=9 1 1 1
4000 6000 8000 10000 12000
Wavenumber/cm™!
2

SNV; (D) Det+Savitzky-Golay (SG ) -1

Absorbance

D

Absorbance

-0.2
4000

6000 8000 10000 12000

Wavenumber/cm™

0.3

0.2

0.1

00 7§

—0.1F

-0.2

4000 6000 8000 10000 12000

Wavenumber/cm!

KA FTT B BS BT ZEAMDEE R . (A) FRMEIEZREH (SNV )5 (B) ¥ (Det); (C) Det+

Fig.2 Near-infrared spectra after preprocessed by different methods: (A) Standard normal variation (SNV);
(B) Detrending (Det); (C) Det+SNV; (D) Det and Savitzky-Golay (SG) smoothing
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2.4 REEMHIER

Ry T RS AE SIS A R R 5 2 0 B D e R B T A I 45 R R OGRS e
PATIALHRS A G A A MCCV 454 GPR MERUHRR St 75 (E A% , 76 2B 1000 K5 , 15 3115%
2507 2-PEE (B 3) o ARWFFEBUER 22 BB AT 25 B R Y 15% BIREAS 1 5% 25 Y9 i P 3B RN 5% 25 22 1
YA B, WA 3R 22 I ik 2 07 26 KT B AR AS TR Ry S AR AR

A 0.10 B 025
*245
0.08 | 42 *245 0.20 |
51 51 2246
5 g
= 0.06 | = 0.15F
< <
> >
< 0.04 | S 0.10 |
3 5]
~ =1 e
0.02 | e 0.05 | *19 -63
*63 20 ‘18
: *30
o %1 3 E:l
0 < ).17|° 231 L 0 *4 a Q1 1
0 02 0.4 0.6 0.8 0 0.1 0.2 03 04 0.5
Residual mean Residual mean
¢ 015 T D 0.20 TS
0.15
3 3
g 0.10 45 g 245
- 19 E
i Z 010}
< <
| 3
= = 19
7 Qeir 18 & 0.05
S i °18
*63°61
0 01 02 03 04 05 06 07 0 0.1 0.2 0.3 04 0.5 0.6
Residual mean Residual mean
E 0.25
*245
0.20 | 0246
54
g
= 0.15 F
<
>
E 19
2010}
é .18
0.05 |
«63
Ghemete e
0 0.1 02 03 04 0.5

Residual mean

K3 (A) JCTitibB, (B) SNV Hil4bH, (C) Det FAEE, (D) Det+SG -1 FilZbHLAN(E) Det+SNV F5k
2277 2E-HfHIA

Fig.3 Residual variance-mean plot of (A) no preprocessing, (B) SNV preprocessing, (C) Det preprocessing,
(D) Pet+SG smoothing preprocessing, and (E) Det-SNV preprocessing
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2.5 4HERAKIESE

LM GBI A R S, B S AR RIURGEE . BRRTHH TRMERERE , o] LI U5 B, AR 4E
B U 2 B A SR ZRIsF (R] DA B 4 b R FH S 2 A G 5t 204 7 20 B R Tl

UVE 01 1 Centner 27 4R P (0] )9 280 7 19 K AR Ve 0k s 1l R B Ree
PEEAE R AR o T BRI e b o B S i Sl v i AR s R MEE A T A, SR JE AR TR A
P AR M (1 7 22) IR X AL G STk A AR i . M T B AR I K BB PR, UVE RBRS
U Hb A B AE S (BRI RS B | P2 R e E e R IR PE R TR o 120 AR T AR I G 43 A
i, 3 PEsR  JF B B R S

UVE #2577 7R H PLS [B1IH, PLS B8 Y 2 s A 450 B 15, BI(E R 0.995, 2R I B8 —4: 38 LRIE
4 MR R RA REGE A, W S Z s AR B AR B e M, 20 (S W B 75 |, 21 €K7
MR Ayl oL B 0.995 BEH I FHE , 4 X HE R F I AE R B R Ir i . B 5 4 UVE IRtk
(25 Det-SG MG T H A GRS ) , IEBER T 662 MFAEM K, 5 B KA 35.88%. AT #A
FREEEIIE R TE 4 NI (6821, 5766, 4700 F14321 em )G WERAE  Hirh, 6821 em™ BT AL I
s S rp S A T O—H YA MRAE DG | 5766 em™ 4b k5 75 FRE % (4 F 35 C—H 1 SR BR RN ik i
AR B — PR G ; 4700 em™ A AIRICIEE A 35 95 C—C MZE R 3 A C—H i i sl ) 40 A 45k
Wl s 4321 em ™ AR 3E I HEIERIFT IS C—H 2 A AR IR

|
100 I
C\ |
Il | \ ‘:
50k I | ‘ \ﬁ \ I
]‘ ﬂ’:‘%l},.ﬁw LT T TRy A T e
:2 = W}‘ W"‘H\“ # ‘ “'\ “/‘\ \‘ n
J““‘ ‘} \‘l~ | ‘\\‘ W‘ H Lk | ‘
of dil ﬂ;
i ' ‘ \i
~100 | |

0 500 1000 1500 2000 2500 3000 3500

Real value-index-random noise

e A A BB (UVE) 3 25 B R T
Fig.4 Statistical analysis of regression coefficients for various variables in elimination of uninformative

variables (UVE)

2.6 1RBVESL

BAIETALBE | IBR S5 FEAFIRRE B K 2E #8538 57. GPR B 4% pR AN matern32 4%, 542 AR
1000 WHCFIME , DMRIEPFA Fa AR TR M , B4 R AN 3% 2 R .

&2 W GPR LAY RPD (HI KT 3, P AL T FF 30 7 5 . Ho, Det-SG il Det-SNV
75, It B AN RS F1 RPD {14305 . Det-SG HYPRE R %X RY W45 T Det-SNV , {H RPD B fIL T
Det-SNV, iX % Det-SG AHXTF Det-SNV B nfe e , AL R 1) sh# /N, AE 2 PR R, Det-
SG Lt Det-SNV H e , REUSHR ML TE — By SIS B2 | SO T 7E Det-SG FlAbHA UVE #EATRAIE I %
FEA5 R GPR N Ee iy A AR sz 280 (RE) A1 R 43010 0.9979 F10.9529 , #EAAE N FTINIAE R )
FUIE R 1.05 , A LA FURELE, RPD {H°0 4.8453, K 3, U BRI AT LUK A S o7 35 1

Xif AR 2 AT, R LR ?ﬁwié’ﬁiﬂﬁ B LA IS IR, 65 T P AE I . 3R AR A
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1.2

Ll P —— Original spectrum

0 Selected wavelength
1.0

09 \g

0.8

0.7 |

Absorbance

0.6 -
0.5

\
04} L9
03| N 7
1 1 1

02 1 1 1 1
4000 5000 6000 7000 8000 9000 10000 1100 12000

Wavenumber/cm™!

5 UVE T kA
Fig.5 Selected wavelength of UVE

F22 EnE AR R (GPR) L,

Table 2 Gaussian process regression (GPR) modeling results

ik BT HREEJUERE RSN HRRE  TINERERE TUONENTRIRE  MEXTRE
Preprocessing method R} RMSEC R} RMSEP RPD
JC Without 0.9643 0.0694 0.8817 0.1221 3.0042
SNV 0.9985 0.0138 0.9471 0.0823 4.6057
Det 0.9993 0.0092 0.9472 0.0811 47165
Det+SG 0.9979 0.0164 0.9529 0.0779 4.8453
Det+SNV 0.9992 0.0090 0.9516 0.0776 4.8895

# (Note) R(z;, AR PLE R B (Model set determination coefficient) ; RMSEC, HAR A iR 2 (Root mean square error of modeling set) ; Rl2>, bl
MAE P 2280 (Prediction set determination coefficient) ; RMSEP, Fiil 82 57 #5%2% (Root mean square error of prediction set); RPD, XTI
2% (Relative percent deviation) o

BES I WAL S BRI RPD KT 4, IR A U4 I 03 . S 7 M AP b B v b
AR P BE 5 B — T AL B 7 Al b BOSSIEIA LL , PERE (U AT BT 20 4 FROAS IR FoUAL B 5 vk o o 5
FHMAS ARG AR A, SCHR[ 11 S7 (9 35 T8 SRR 1Y) B A B TSR MSC-MCUVE-PLSR ) Ry M
0.8841 , M AHFFE 137 f) Det-SG-UVE-GPR BRI RY 4 0.9529 % T8k w5 3 BT B T E e AT I 8 42
T, AT ARG Y b 00 A 1 S v ) BT i

2.7 GPREBSHEHRAKILE

PLS Akt 2 M7 ik FEIR LD A F iz B P02 A, IE4F Sk, SVM 7RI
LTAMICIE AT TS TR BRCR  T 36T GPR BB 3 A BIFSE B R S 40 A MG FL
e ) BT R Z 0 PLS A1 SVM &7 [MIEAAEY 35 GPR ALAIEA XS L, o, PLSR HIiH
T RMSECV 9 e/ IME B 2 8880, 04 T A0 5 SV R ARSI FH A 1) oA e 8K, 3 3k A5 -
ik SRS EL, AT AT | 47 A5 200 YRIBCT-II(H, SR LS 503 3,

Xf 2% 2 Fi132 3 A, PLSR &7 RPD {H 7 2.40~2.75 Z 0], ¥I/NT 3, 54k PLSR B R2 Fl
RPD 537124 0.8595 Fi1 2.7493 , Xof T Yl iy S 5. 7 5 W b 258 . SVR ALAU [ BB 4TI T PLSR A5 |
It BRI GPR AR (3 3), TRALHE T LB B4R TR BUNORS e WilAb S, SVM A RPD {8
1 3.31~3.41 Z ] ¥ RT3, ROt , fE ST e TAL FEIEAS F A% SVM B a] F 9 i 3R P & B . 76 SVM
BERMEBE 2 B0 T, 7F 4 O [E Y TRAL B 7 2 vF | Det-SG IS B AE 3, H RE A1 RPD 43514 0.9022 #il
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R3 RIE AL BT T R/ 3R 1A (PLSR) 1SRRI AL (SVR)BERIZE R
Table 3 Results of partial least squares regression (PLSR) and support vector machine regression (SVR) models under different

preprocessing methods

TRk BT 1 AR AR E R AR T IRIR2: BN UE RE TR TR 2 AR TR 2
Preprocessing methods Modeling methods R? RMSEC R} RMSEP RPD

& Without PLSR 0.8930 0.1207 0.8177 0.1501 24078
SNV PLSR 0.9067 0.1141 0.8225 0.1524 2.4503
Det PLSR 0.9190 0.1058 0.8300 0.1494 2.5016
Det+SG PLSR 0.9221 0.1037 0.8595 0.1364 2.7493
Det+SNV PLSR 0.9140 0.1084 0.8352 0.1436 2.5458
& Without SVR 0.9145 0.1059 0.8237 0.1492 2.5172
SNV SVR 0.9520 0.0815 0.9001 0.1139 3.3181
Det SVR 0.9540 0.0801 0.9001 0.1128 3.3486
Det+SG SVR 0.9487 0.0839 0.9022 0.1130 3.3746
Det+SNV SVR 0.9526 0.0808 0.8930 0.1132 3.2016

3.3746 , {H H S BEAT T GPR 51, A AR ARz K T GPR 557

ZEAFE 2 0% 3 R ZE AR R OGS AL B 0 R, 3 RS LM A M = BIMIRIK A GPR>SVR>PLSR,
X 53CHR[ 16-17 | BIBFFRE G SR, T AR IR AL B 757 (Det-SG ) ) GPR #4741 f RPD Lt PLSR FERI4E T
T 76.24%, b SVR ARHIHRTE T 43.58% X Fh UM =R E B9 AN [R) o] BE S F T i SR AL LD /MG 32 2 22 i K]
R (B A iy kI ES | (UEVRIERELAE) IR | 3k 2 K R 2 SBOGIEBAE IAE R Ay R
SRR RN B 5 A, T GPR AR b PRAR L 4 5 28 A 24500 437 T o ELA 34, SR I R K
T B B AR LR IE AR R T4 e B8 . AT PLSR A SVR, GPR BHY AT LUFR X T Al AS
e AL, AT A AR FRAR AR SC A Kl , SR R TNPERE . AHELZ R, PLSR BERAERE 1 Z BR T HAR e
W TR R EEIRE A BR . SVR BRI TR/ IVEEAS | JEZR M i A 45dhe 2 (R SR 1) 4
(R, {EGE S 04 20 A FVRAAE A BRURR B A R , A SR BIE 1 o A ANAF & LBO s B AR IE AN B35, T RE 2 s i
HBERE . i PLSR BERIE) RPD /8T 3, JF HZ R A B AR 2E A K, B T L, Ak B8 vkt
T AT 1y PLSR BiRIVERESL T A B %5 GPR 1 SVR PEREXI A ARSI X PR EW] T PLSR #
RIGERIRE A BR

3 #ig

KT LTI G 25 A2 Py ik AT T 3T S S SOk PR 1 BT (1) GPR FMIASEAY | Xof
PLSR I SVR PR H HIEAG 7 vk | ABFST 57 A9 GPR 25 S B 1 PO AS R v fe i e g | At SR A 8 540
. H RPD {H# PLSR I SVR 3R T T 76.24%1 43.58% , BRI PERE KRR T, 7T FH T S 2 7 & Ay
PRSI o AH LG ARG T30 5k A S 30 2 Al 5 vk, AR T ek I Jr (o R LA, B2 B8 47t
Sk v S v B R A T AR AR S
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Rapid Detection of Sorghum Tannin Content Based on
Near-Infrared Spectroscopy and Gaussian Process

ZHAO Jin-Yi', CHEN Zheng-Guang ', YI Shu-Juan®
'(College of Information and Electrical Engineering, Heilongjiang Bayi Agricultural University.,
Daging 163000, China)
*(Engineering College, Heilongjiang Bayi Agricultural University, Daging 163000, China)

Abstract The tannin content of sorghum seeds had a significant impact on the wine’s quality during the brewing
process. Additionally, when used as a feed ingredient, the tannin content had a major impact on feed consumption.
Thus the tannin content of sorghum has a substantial impact on its quality and application. To quickly and
nondestructively determine the tannin content of sorghum, near-infrared spectroscopy was combined with
chemometrics in this study, which eliminated the need for time-consuming and costly conventional approaches.
Following the spectra’s preprocessing, anomalous samples were removed by using a combination of Gaussian
process regression (GPR) and Monte Carlo cross-validation (MCCV). The sample set was then randomly divided
into a modeling set and a prediction set, with feature wavelength selection carried out using the elimination of
uninformative variables (UVE) method. Subsequently, a GPR model was developed, and its performance was
compared with partial least squares regression (PLSR) and support vector machine regression (SVR) models. The
results indicated that the GPR model outperformed the PLSR and SVR models in all aspects. The optimized GPR
model, generated following pre-processing process such as Detrending and Savitzky-Golay smoothing, elimination
of anomalous samples, and selection of feature wavelengths, demonstrated superior performance, with model set
determination coefficient (R?), prediction set determination coefficient (R), and relative percent deviation (RPD)
values of 0.9979, 0.9529, and 4.8453, respectively. These findings validated the effectiveness of the GPR
regression model, which integrated near-infrared spectroscopy with chemometrics, for the rapid and non-
destructive detection of sorghum tannins.
Keywords Near-infrared spectroscopy; Chemometrics; Sorghum tannin; Gaussian process; Rapid non-destructive
testing
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