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WE SERAEMEEIE Y& R (soluble solid content, SSC ) & 5 Wi 5 552 it i) 15 22 K 2, A FH AT 40 4l
(NTR)H AT LA SZ XS H2R SSC I TCHRGIN o SRy BRATAR A0 22 i A2 2R TC B A 38 TS B , AT 54 A A T
TR SR R I TR AHSE A X AL 1 (Red Fuji) (B R (Green apple) . # ITIl (Golden Delicious) £1 # 3
(Rose) AR I (Lokit) 5 54 A ISR SSC#F AT ICHURI o S5 AW, THHT IS AT AR R AT LS 54~ o
S SSC AY T KGR TN , LA TR0 T 0 25 75 MR % 22 (RMISEP) 247 0.698 %46 , Tl A 56 R AU (R,) 4 0.904 , T i 22
J90.074% ML HI1E 22 L (RPD) AT A 2.340, SR AR BOGTE (4 B 245 QI B, 30 R T 36 4 14 1 338 17 o A B
5 (CARS) ELEBEHL (SPA) MUGIR B AL R BRAE (UVE) 3 il Belifi i 77 ik AL . 252513, CARS
TR 5 R B A A8 e, AT AR TR X RS A Y TR e A I B 2l , RMSEP 2 0.587 %, R, 24 0.928,

ToUI i 22 9820 51 —0.052 % , RPD=2.684,
KA
Tl AR R R
FESES 06573  XEFRIREG A
nf M [ 4 & (soluble solid content, SSC)
SRS S S TR R B R AR R S 5T O
Hrighrtt . ITLLAMERE (near infrared spectrum, NIR )
R BARBE S IUXTSE SR (1 SSC TR A I, H 3% Tl
T B e o A A AR S R R R TE 4 R R AR A
BT AR AL SE, BT R B AR A R
JoT 5 AN TR K S ST R A SR L B
20 R, BT 2 R AR SSC i JE S it
TR 5 G T HE
AR T I N Sl AR B T ik 2 — o DAt
(Mangifera indica L.) W3 £1 5615 TCA5 A6 4 141]
HRBEHIEAAL A IF 2 B se s 4 M 4L
HIMER G ERPES 11205 5 VRS 28 (Prunus
salicina Lindl.) F1SE S 093 2040 G35k . Louw
LIRS FHH IS R (4 SRR AR TT LA S i 2
JoT £ 2 A0TSR Y 3E FH P S AT R D B Y
&5 1 P ZBC(R?) 2N 0.959, F 45 7 i 25
(root mean square error of prediction, RMSEP)
0.453% . Peirs %27 JFUIR 3 5 SSC B AR AL o ofim

ks H . 2021-11-01

SER s ITZLANEHE 5 JoI RGN 5 G AR 5 BRI TR s P BeUR E  FE N ENAN; SRR R

XEHS 1000-2421(2022)02-0237-08

AT R AARFEAFEG R G5 R R B, YA th g 7
T 22 (07 e SRS, ABE IR A o e ) S AR L AR A
RMSEP M 2.92% F& %] T 0.95% . #5885 AN AE
o7 7K R GG I A5 88K L 168 B T R R AR B
T AP ST LT AN GRS A5 AR B
e 1E 3 B3 o N A SRR AR BUSE B, £
TREARE B 2R G B s 5 8 A
AR AR FOB A AE TH B ARL , FH F R Lk i 1o . A2
TH B RS R , I R A A, BT
BLRHTRE S BCR B AN RE B E O, I, TR
T 55 A5% 10 0 37 BT 5 ) B AR AR AR B, AR s A
FEAR SRR

UL LL AR (750~2 500 nm) g1 Z2 k24 i o Y
A2 K AR A 2R B o 5] T Ko K SR A KRR 2 AT
W, o O—H N C—H 8 A58 =500 32 2 5638
Ml 750~950 nm A7 XM X E R A O—H
I C— H A3 X 35 LA 4 A 8 S K SR A
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075 6 H FH T i R S IS T 0, 5 3o i JBOCRRAIE 8 B i %
AR A ] o B SR AR TR ) A g | ST R T AR
(RIS e Ak B 2 A, T AT A D R 2
(A AR T BERE 5 vk, BT DX (] 9 07 0 RN T R A
AR 1 T X ) B4 07 e e 7 A2 e v 3 B EL T
DU B4 DX T 5 25 T o 30 4 %) 7 32 32 AR i 5 0 A
T CAan 5 K I 22 50 T 7 s SCHAY I ) 0 0 o
AR, YR R IELAE S, AR LA F
1 H R R T DX T] A9 28 & 0 18 5 vk o 7E NIR 3 #r
o R 7% R 0 328 O 1 A T A 1 A N A
5 3% (competitive adaptive reweighted sampling,
CARS) P! 4 2245 5 59 (successive projections al-
gorithm, SPA) %0 JE 78 & &% B 14 K (uninformative
variable elimination, UVE) "7 8 f£ % (genetic al-
gorithm, GA) 819 #5438 J (simulated annealing,
SA)IEE,

FH A% 498 28 57 22 b P 7R R T4 k3 FH A 75 1
R HPNGEREARZ , B 20 A1)
T3 IAS BT AR, L B 18 5 1 e 6% 7 T AR S AL 1Y
(7] Fsf 34 e S R ) R e 1 o PR b, A B SR K4l NIR 43
BT HC AR, SR PR AR T8 5 vk 5 i B e Bk 45
IR SE SRm , ST T 22 A RS R SSC IT i T A 7Y
5 (A AR 57 29 JEAR AR B TR T, S Sk
SR TGRS I 3 FH A A 4 A — o i SR
1 MBEFE

FEmEl &
ARTRIE 530X 5 A b AP SE R AT TR, 43 )
HF 2L E 1 (Red Fuji) . 3 H (Green apple) 8 G
(Golden Delicious) | 21 ¥ B (Rose) F1 5k ¥ (Lokit) .
Horp 208 17 T [ PevE 4 S22 g )1 B 3 240
AR FER T E A TR B 2

1.1

124 A~ FE b 5 3 0 0 7= F o 30 74 K T B
T, 3 124 4 i 5 TTZL B A R U8 7= T vl == 4
A Ry 1244 o FEIEATERHE SR SR FE R I BT
(20 £1) CH LI A 24~T72 he AR FR
AR MRS A/ R R R AR e T
AR AR
1.2 RifExR&E

ST I SR T IR T 2 Al s o I 0y A PR
O R R 04 R Ak T4 A 485 O s (75
C-life O1A, B4 DLP00 I £L 4ME1E AU B , i
BEE L - 900~1 700 nm, Y63 43 ¥ K Ky 3.50 nm, 3
228 NP ) o SETEAL PR e i B AT SRR VR
JENE LRI % Bl 18 R AR E R, DLt 5%
THEE I3 FEREARE S AR TE R A A8 4 A3 50 4y
A RARIC B AR B bR G AL IE XA 1. Faii F
o W e 11 HEAT 6 TS A5 5 R A B UOB IS R A A%
2 A BT I8 RIIE I A 3R 7T IR S O
YRR i 5 o BRI AS 4 00, PRI
VR EIEAE Tz b S 4 e 5 S . RGN
RS A S AR RSP S UE 40 DLP
NIRscan Nano AL A USB 1.1 AHLA % 7%
(HID) #4305 , SC 35 PC s 85 1% 5
1.3 SSCH&m

K32 T SSC A Ay T DU ASS 50 (49 JLAE, X A it i
TR LLAMEIERAE T, IS S 1 25 8 Ab bR i i) 4
AT AT T em JEEAYI R o (5 IR B A MR T
(H4%5 PAL-1; Atago Co., Tokyo, Japan) #E47ll % ,
T FHRH 8 B SO s i, HZR IR AR Itk 47
TRALIE . FRHBOER Y R R B i
e E AN 1T P e R AT AG I, AR 58 LAY 2%
TR I DRBE IR, FF 3 R i P H(EAE R SSCAE . K
YIS BTG FE 5 SSC e M an e 1 iR .

F1 EHERBARSSCHHEFR

Table 1 SSC distribution of each batch of samples %

£l it FEA KL fre/IME iC N1 HiE o o i 22
Batch Variety Sample number Minimum Maximum Mean Standard deviation

1 215 1 Red Fuji 124 8.00 16.80 13.34 1.53

2 215 1 Red Fuji 116 9.50 16.30 13.40 1.55

3 F R Green apple 124 8.10 16.10 12.86 1.86

4 # 00l Golden Delicious 124 10.40 17.50 14.06 1.45

5 ZLHH Rose 124 10.80 17.20 13.53 1.33

6 SR Lokit 124 11.50 18.00 14.37 1.46
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1.4 StikfsbiE

T OGS ASCR AR D5 Y o) 2 v 23 18 31 B
P RERL T 5 B0 R RO A2 15 ) T 3
FRLOV A% e L BSOS R, S #E T RRE M B
AL 75 B AR IS AT AL B d5 R PR R b i R T
K TARAF S, DA BR B0 55 AR B A R By 5200 Jf
PEREWR L . AH 5T SR F 22 70 U B IE (multiplica-
tive scatter correction, MSC) 5375 X SR 48 21| (1) 18 i 5
JCIEAE S AL B, 32 202 A H A8 B i 7 140 1
XA G B ) R M A IR G RO AR 5 AT IE R,
AT/ FH SRS 7K P A — B0 R 1063 22 5= 152
W), 5 TG AR 5 5 EE ] B9 AR DSR2 — i 2
JE R Y
1.5 WEREIT5EN

ABIF5E 32 2R FH A Bz /)N —3Fe 8] 9 (partial least
squares regression, PLSR) J5 i & 37 3 5 SSC il Il #6
A, PLSRJ&—Fh & SO 70 A 5 12 ik 3 78040
HF (principal component analysis , PCA ) Xt 5 /£ 47 %
4k, FHE R AR T 2250 % F B34 %X (principal com-
ponents, PCs) , iz 28 EE N7 ] by I ERPERIRL . 1fi] PCs i
JIN Uk T CHIE 2 () A A BTG, i R A R R T G
Kt , PCs IR AT A BRI PPN S8 2 — .

[T, Sy i e 455 0 X6 AN ] ot A S 2R 1 000 P g
SR RS T Ty ik o AR T R R B Uk ) — S
at ISR A O S IH AL UORE S R v, O F1 o A
AT S5 BEXT THASE AL (4 SR . A 20 b it 124 4
i VE R B TAHEUC, RO THAS Y A I 2R 45, F8l 4% 116 421
AR 2 R Al A DR B B IR AR s TS
(75 3221 BT 21 BO AR Al AU o o
3VER A S SRNGE 6 HE YR, IR YU Y BT 1Y
FEA N IH AR v RO 3% 384 3k A= iR e
(sample set partitioning based on joint X-Y distance al-
gorithm, SPXY ) 535 BT HE U325 43 31 328 B
5.10. 15 F1 20 MEAAE B BT RO AEAS , S S
/D IFEABOR BB RE R B 1Y

FE R I RE #4177 #5825 (root mean square er-
ror of calibration, RMSEC ) 4% 1F #H 3¢ £ %% (correla-
tion coefficient of calibration, R.) BEHT SSC 561 %L
s Z 8] /12 1E 7 #2 R RMSEP | 3l A OC & %X
(correlation coefficient of prediction, R,) . T #l] fi 2%
(prediction bias) LA J 3 Fil 1% 22 X (ratio of perfor-
mance to standard deviate, RPD) PT- i #5  fit 43 #r 1
fig. Hr, RPD 2PN B 43 HERE 01 1 2T 2

$0, RPD (B A 158 W A5 388 ] 5 , Chang %1% LT
3R DL AR AL A A R - AR S BL A, RPD >
2.05 W] FE B RPD Jy 1.4~2.05 A AT 5 A5 AY
RPD<1.4,
1.6 BUES WG

ARG R B Ak B el R o A A R & Mat-
lab R2014b ( The Mathwork, USA) F1 The Unscram-
ber 9.7 (Camo Analytics, Norway) , 3 & H] Origin
2018C (OriginLab, USA) #E /T 1ER

2 FHRE5HMH

2.1 REAFES T

L1 Sk 54 b Pl S 1 D i 18 2 S 2 R MISC T
AEFRE BETE R . 7 900~1 700 nm (G TE G BN
XK T O—HMN—H _fF3ifEE,0—H,
C—H A N—H =555 8 L & C—H PuA5 5 i 5
BT SSC k2 45 b 1 Bl 2 ph sk e fh iR A A,
PRI, 1) BT 2T 40 6 5% R 1 R I SE SR A SSC.
JE 46 63 F B AE 1050, 1 275 nm Bt iR A 2 4 F 14
(I 1A), 1 050 nm BT (9 9 0 32 2% N—H =A%
B C—H 5 AR A 45 AR a8 B Sh B B, 1 1 275
nm AT A9 98 06 U] 80T C — HL (%) = A3 45 ) (e 46 3R 50
— 215+ Red Fuji
— M Green apple

#ICIM Golden Delicious

21 B Rose
— R Lokit

“"‘"’”\

=
18 52 5t 2%
Diffuse reflectance

1200 1350 1500 1650

% K/nm Wavelength

0.0 s
900 1050

0.6
¢ 0.5F N
ﬁ g 04f
B %
=E oo,
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_i:! 0.2k — HYH Green apple
A ' # LN Golden Delicious _
0.1k 21 U3 Rose \vf
1 — R Lokit
0.0 . 1 -+ 1 1
900 1050 1200 1350 1500 1650

T —
A BRI YETE AT # Reflectance of original spectral; B: MSC 4b #
J BYGIE S % Spectral reflectance after MSC.
Bl SA@MBERERSELIEE

Fig.1 Diffuse reflectance spectra of five apple varieties
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AXKo FIHMSC ik iab BUs 3 i b 7 i T
SR B KT AN TR R 9 063 22 5, DT 4 5
ik 5 HE 2 (B A S (B 1B) .
2.2 {RE/PDSEMEIAS M

Pl 2 Ry oA 2 47 AR 8 35 56 RTBSE 7R BT 19 PLSR il
DR, B 2A TR T 8 BUR ] 32 % 2 B X SSC
U0 AR Y 55 I A AR A T 22 SR . AR ST L e B
T 204~ 32 o3 51 A s 0 SSC, AR 5 B 2A BE £ 7
22 B /NI BT XTI 1) 3 85350, BV Ay i 2 ST A 3 B

LS VA
w

P =]

() SSC AR A 4 Pl 2B-F ffoi , A LA Y, B %A
FHER TR Y 21 6 - 8 7 A A58 S [ A S S 11 7
P BE 5% - (RMSEP=0.682% ; RPD=2.273) , X}
556 4t Y By 4R I (RMSEP=1.007% , RPD=1.769)
5 54k (RMSEP=0.844% , RPD=1.592) f¥j £I.
TIOR3 SR I AR LU, AR 3 IR G T 3SR A
4 ALV B T b ST R R o B AR BTN B
AAEEPE(RPD<<1.4) , X RWZES 1Lk 20 & -+
N 2 R AS R L 4 N B LAt S R Y 3
R

(Y 3 43 B8, LG R ASE AU 500 P R Fe 4 o A A AP PR
A B C
x aTF ji g N al é/\ % /¢
< / :%I%i E?Seiu:ﬂ)ple 18 NZRSECE 1) 18 U’{“Irz:i%(gl'f;%tr%)batch)
¥\ ——#5EI Golden Delicious Train(The first batch) o MR EECGE3HEK)
15 —o— ZLH(B Rose Lop o MR HEC24HL 1) W 16[ = Tes((The third batch)
_a 59K Lokit Test(The second g = o, D
> 14} batch) : o o, i

FH{E/ % Predicted value

o &
PCs=12;RPD=2.273

S~

—
[\
s

FHi{E/ % Predicted value

R A7 #/% Residual variance

" Bedeonbie o 193% S
206559 RMSEC=1.413%
M, . RO ep? 002%: e BMSEP=1 760%:
v R,=0.898: 529388
0 8 8 =0
5 10 15 20 %10 12 14 16 8 10 12 14 16
F ¥ 1% PCs W2/ % Measured value ) &{E/% Measured value
D E F
AUIZREECGEIRK) I ZREECGRIR)
o 18 AUII?E%%%I‘TW}U 18 Train(The flrsi’batch) o 18 ATrain('lghe first batch) o
= Train(The first batch) g lallASECGE IR s E Wik 6L TR o °" 4,
g T E T = | | Test(The fifth batch)  *o o o)
> 16l o MR s 16| Test(Thefifthbatch) = “2 € 16} Test(The sixth batch) oss sz
= Test(The fourth batch) _; ° 0 o ol ° o0 @ g
2 14 23 3520 LolRes g2 o ¢ g 14 s® 214 o o =
E ol 76 3 o 15RPD=1 502 © '.:
A~ =1.104 =4 2 PCs=15; =1.5 . %=0- =
< 12 Prediction bias=—0.160%; & 12 Prediction bias=0.334%:; Q; 12 godt n prcesdigfi%};%iag?gls%;
= RMSEC=1.498%:; < RMSEC=0.3725%: 8 Rdpdon baszh:
o 10 RMSEP=1.461%; =10 RMSEP=0.844%: i 10 RMSEP=1.007%;
= R=0.207; oo, R=0.970; £ =095
X g R,=0.424; E 4 R,=0.778; = E _R,z0.8257
% 10 12 14 16 = % 10 12 14 16 B % 10 12 14 16

Il 218/ % Measured value

W& 8/% Measured value

Wl &:AE/% Measured value

A F 435 M Principal component analysis; B: 21 & =+ SSC Wil %] Red Fuji’s SSC prediction model; C: 75 34 SSC T AL A Green
apple’s SSC prediction model; D: # 76l SSC WMl % Golden Delicious”s SSC prediction model; E: £L B SSC FAE A Rose’s SSC pre-

diction model; F : SRt SSC H A Lokit's SSC prediction model.

2 ERBENILPLSRER
Fig.2 PLSR modelling on complete spectra

2.3 EWEEH

SR T B VR TR TR X S A S SR 0 T i L 4K
YOKHEE 350 4 56 5 FIES 6 LR B REAR A A5 1 4IE K
RERY | B ok RO N3 2 TR o RO i
H, PLSR AT A RE EVARAS 81 T4 o 128 34tk
EHTRE AN AR IR, 7E 20 AN REAS il 45 R B A
0T AR AT 1 i i -, BT B PSR AY
R, % 3 B, A 0.397 34 Jin %] 0.918, RMSEP M
1.760% 98 /021 0.727 %, T4 22 A 0.525 %6 93 /b 2|
0.128% . TEANNER 4 HLHE AL A BT, 55 AR A KR
154 A, HRIAERAS T B4 i AR RO - Ry A
0.424 3 fin #] 0.898, RMSEP M 1.461% i /> £
0.752% o AN SHEHFAE A, B A 2R 20

I A5 78 00 P BB A A, AR R IR 0.778 3 i ]
0.898, RMSEP M 0.844 % ik /1> 51 0.697 %6 , Tt f 22
M 0.334% 18 /0E]0.155% o TEGN AR 6 LB, o
HREAS Sy 5 B RO AE Y 1 BE e A, LA R, ML 0.825 34
hn %] 0.904, RMSEP M 1.007 % 18/ 51 0.698 %4 , T il
i 2= M 0.215% W /0 5] 0.074% . DL 45 F 0], 78
PRAIE 2 BB e IS o /D (4 A4 T A5 R B Oy vk R
AT DL A5 X B b SSC R TR 1 RE , W] INF A
AL LA B R IH 5 Rl SSC RS TN fE ), & BN T
54 b A3 S G 0 R D Gl A5 A ( RMSEC=

0.624% ; R~0.924; RMSEP=0.698%; R,—
0.904) , H i 45 78 RPD=2.340, 156 B 1% 15 7 H A5

B 1) 5 BERETT o
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Table 2 Predicted results of updated PLSR model
e S R A K SR 0
5 7 0.756 0.878 1.097 0.811 1.709 0.234
10 17 0.455 0.958 0.881 0.884 2.139 0.265
’ 15 17 0.465 0.956 0.784 0.909 2.400 0.174
20 17 0.472 0.956 0.727 0.918 2.522 0.128
5 11 0.615 0.926 0.810 0.880 2.105 0.143
4 10 11 0.624 0.924 0.773 0.892 2.212 0.183
15 11 0.628 0.923 0.752 0.898 2.273 0.165
20 10 0.683 0.910 0.732 0.901 2.305 0.250
5 12 0.613 0.927 0.729 0.836 2.157 0.196
B 10 12 0.615 0.927 0.715 0.891 2.203 0.188
’ 15 12 0.615 0.927 0.718 0.890 2.193 0.186
20 12 0.619 0.925 0.697 0.898 2.273 0.155
5 12 0.624 0.924 0.698 0.904 2.340 0.074
6 10 12 0.632 0.924 0.695 0.903 2.328 0.117
15 12 0.633 0.924 0.694 0.902 2.316 0.137
20 12 0.642 0.922 0.694 0.901 2.305 0.137
24 EERMEWL I B X6 7 0 A8 RO 68 A4S . AR L 2 0, RFEIR
1) CARS 78 # ff & . &l 3A /R 19 )2 % H %&iﬁﬂ%ﬁl:;%ﬁ%ﬂ;QWE&%&%'JI‘%,RMSECV

CARS Jrik A i A2 ik o 45 0 R S8R R
& RAE DTV U EACRAE I WU YR AE 1Y RM-
SECV A , B 2 #03 fe /N8 LI IR J5 AR 152 2 (root
mean square error of cross-validation, RMSECV ) {H
e F 07 14 Fre AR A ot [T 3A AT, 25 52 YR
BT 6, 55 (19 745 5 F 4 1) RMSECV fie/ hy 0.602%

Bl 2 34 ] 3B T A X Ui B 114 5 1 AR 1

F RS> 53 BT, 10 52 PCs o~ 12 B X B2 19 7 22 e/ I’SI
3C JB7R 1 I I AR AR T 45 2R RMSEC=0.564%0 5
R~=0.952; RMSEP=0.587% ; R,—0.928, - H #}
it RPD=2.684 Ik ] i% #% & J2& — A~ {55 (19 1 I
FLAL

o
5 3.00 B £ 1gl pes=12:RPD=2.684
5 250 ':G Predlclmn blas——O 052%;
=~ = 2.0r =
5 = = 14f
£ 1.5F o
z = £ 12
¥ 1.0f e
I~ < = L ST e ;
'ud 0.5 @ 10 A 4R4E Train
6f j o = 8t o Yl 4E Test
1 1 1 J )_/' .0 1 1 1 1 J "/ 1 1 1 1 1 1
0 50 100 150 200 4 8 12 16 20 & 8 10 12 14 16 18
SRR RIS SRR F W AHPCs I 51K/ % Measured value

Monte Carlo sampling times

A:CARSIETT45H: CARS running result; B: 434341 Principal component analysis ; C : H{5 &l Scatter diagram.

B3 CARSTHEZE

JEH PLSR %2

Fig.3 PLSR model after CARS screening variables

2)SPA A ik . SPA 7% 5 75 16 M i 455 1) 72
WK 4. E4A BT LI EE 3] SPA 5 £ 2
RMSEP (A8 {0, ZE AR 1 20 > 2Z 1 Hh 42 T B
G, F B b SSC i A% & 0 1% 2 /D $F 20 4
DA Az i UG Tl s A% 26 A8 i DL i 4]

W28 A W G0% 3, RMSEP JC I .28 4k, Ik,
SPA 2 BT 26 MM B, IEE RMSEP=0.808 %
P AR 1 AT T L3 434, B8 B PCs Ja AR 45

SANE AC FR , BB B RMSEC=0.767 % ,RM-
SEP=0.800% , R ~0.908, R,=0.862,, Hi #X i $5 7



242

LS N AN S o ¢

S

090 g 22 458 /0N, (R Y %) 000 o A RE R 3 R BE
(RPD=1.973) ¥ A 11 CARS ¥ Bt () 25 5 i e s 781 |

RMSEP/%

X B SPA BT BT HIER T 2 MAUEES
.

C
_PCs=17;RPD=1.973

M {E/% Predicted value

TR )T 22/% Residual variance

1 O' A2 4E Train
3 il ol i 4E Test
1 1 1 1 i 1 5| 1 1 1 ) 3 1 L 1 1 J
10 20 30 40 50 60 0- 4 12 16 20 8§ 10 12 14 16 18
A5 Variable number FEW B PCs 5 18/% Measured value

A:SPAIZFT455 SPA running result; B: 74T Principal component analysis ; C : Bl Scatter diagram.
El4 SPAffiEEE/FA PLSRER
Fig.4 PLSR model after SPA screening variables

3)UVEZE & ik . UVE 1B B iy 3= 5 B A8
SRR B 2 B (coefficient of variation, CV)/E N 728 &
VPR A Ak L a2 T4 & SA BTk . HiA, 200
A Bl AILAE f2 99 A% BOHE 3 A 58 OB UE #E ST
PLSR A, 15 348 5 R BUHEE . BEPLAE =1 CV
A3AT AR 5 R G R R A T 7R |, T BE AL AE 2 ) o
K CVH (16.223) 1E H BIAE , B K] 5A 7KK 8
2 o UGG AR RN A CV B T 16.223 i, TS &

A

— J6if A i Spectral variable

AR A AR R 110N B B, 2
G353 M7 ST PLSRA AL G| 5C iR , RMSEC=
0.563% , RMSEP=0.635%, R=0.952, R,=0.915,
M4 RPD=2.479 n] A, ELA B4 (%) 0 14 i , Tt
5 A5 CARS MBS AT, (H T UVE i i
AR Gt 2 AR TUAR A i, TR 207 YR IR AN iE
Tz A

C

AR 8 Variable number

E — BfiHLAE £ Radom variable ® v g PCs=13;RPD=2479 .
= = P Prediction bias=0.014%;
= 80 K s RMgEC:gAgg3%;
= c I RMSEP=0.635%;
g 60 2 g 16 R=0952 oa
il = = 4l reo0ois:
Z 20H(4 3 ) = E
5 0 2 S 2
x < 2

& -20 . ol i 1 35, 16k & YIZ4E Train
W —40F 2; = o JUHAEE Test

_ ' L L L < L L ' L y 4 C " L L L )
gf{ 600 100 200 300 400 fos! 4 8 12 16 20 a 83 10 12 14 16 18

F B PCs I {E/ % Measured valve

A:UVE 174558 UVE running result; B: {4343 #7 Principal component analysis ; C : {5 [€] Scatter diagram.
E5 UVEffiEZE/FH PLSRIRE

Fig.5

3 iF it

FF NIR $ A #5732 5 SSC A T AsE A 23 51
i TR 8 P AR 22— AR E SR T
RERV T 5 15, 05 124 205 HREAAE Jy JEL R gk
P o FERIRYTERAT , AR AR X Ay 4 S SR T
PEREIANBRAR 5 X 5 S AN E# T b 2 4> R L
P TN RE T, X R T E LS E R T
PSS O 2R B e 25 SRR . TR SRR B
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PLSR model after UVE screening variables
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General near-infrared model of soluble solids content
in multi-variety apples
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Nanchang 330013, China;
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Abstract China is a big country of apple producers and exporters , so it is essential to control the qual-
ity of exported apples. The soluble solids content (SSC) in apples is an essential factor affecting the quality
of apples. Non-destructive inspection of SSC in apples can be realized by near-infrared spectroscopy
(NIR). The model update method combined with the variable screening method was used to perform non-
destructive inspection on the SSC in five apple varieties including Red Fuji, Green apple, Golden Delicious,
Rose and Lokit to obtain a general robust multi-variety apple model. The results showed that the updated
new model achieved high-precision prediction of the SSC in five varieties of apples. At this time, the root
mean square error of prediction (RMSEP) of the model was 0.698% , the correlation coefficient of predic-
tion (R,) was 0.904, the prediction deviation was 0.074% , and the ratio of performance to standard deviate
(RPD) reached 2.340. The model was optimized with three waveband selection methods including competi-
tive adaptive reweighted sampling (CARS) , successive projections algorithm (SPA) and uninformative
variable elimination (UVE) to identify and extract important information bands of the spectrum. The re-
sults showed that CARS selected effective wavebands more effectively. The established model significantly
improved the analytical performance in new apple varieties , with RMSEP of 0.587% , R, of 0.928, and pre-
diction bias reduced to —0.052% , with RPD of 2.684. Therefore, the strategy of combining model updating
with waveband selection has great application potential in studying and developing the general model of por-
table near-infrared detector for multi-variety fruits.

Keywords apple; near infrared spectroscopy ; nondestructive testing ; general model ; model update ;
waveband selection ; competitive adaptive reweighted sampling ; successive projections algorithm ; uninforma-
tive variable elimination
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