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Spectroscopy and Spectral Analysis
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TSR AR . BEE B EBE N 0. 8.

1.2 ETRALEEREENARERREERRE

e Ol 2 2 e AE RO . — 1 o A T R el A 4
VAL o 4 BE L A ML B AR AR . BB X=X, -
X, T RCHM R S g E . Q=g s g ] S X
[vi 4 £ ph ARG 20 98 7 7 i T O R 4 . LLR Bk 00 B 4K
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2 SRS

SRR A S 5 [ 8 BOR M 37 R 2 s b s i 4 R T 209238
vl B b $2 £ 59 Golden Delicious (GD), Jonagold (JG) 1 Red
Delicious(RD) ZA> i A AYER , SRUKT 2009 41 2010 4 %
LEPIA Y AR AS 9 563 Bt i R Vis-SWNIR S35 X
(8400, Ocean Optics, Dunedin, FL) %, Vis-SWNIR St %
AT S [ S 460~1 100 nm, JG1E4r HEAh 1 nm, 4
TEREREARA 641 DAL G, ARG BHE 2 )5 . 8 BT i 43 B
X (RS TA. XT2i, Stable Micro Systems, Inc., Surrey,
UK) F1 %0 $7 51 A% (B 2 PR-101, Atago Co., Tokyo, Ja-
pan) 7 % 1% {0 & B A7 N3P R 6 B2 RN AT P R
(soluble solid content, SSC)#EF7 I & . 5256 % 25 FIEC I 7Y 5
HAE B S 3em9].

F1 AWM T ERFEAAR SSC AR B G BuE % thak 1
A LU . SSC FIAE BE B 23 A Y8 B AR . AT LSS 23 36 i AL Y
MIvERE . [ 2 A IR SR 0y o A IR R 2 SRR AR 1 S8 24064

Fig. 1 Flow chart of spectral detecting method based on
v =1 1B I B L S 7 A 2 s
HAC-LLR training samples selecting strategy MBI AT LA s AN VARG o AN [F) o 28 06 392 2R 3% 7 15 3 e
RES, MELUH — A0 — BEAL SR AT A, 55 2% A [ 4E £
TR 2 1 3 R A i 2 AR
x1 ERBEANRRSBRITER
Table 1 Statistics of quality reference for apple samples
N SSC/ % W EE /N
WORRAEGY R MR A — — A — ——
¥ ES R/ME RORME ¥l LE= /M e KA
GD 1070 14. 814 1. 484 9. 700 18. 800 55. 549 14. 800 30. 431 98. 893
2009 G 874 12.719 1. 059 9. 400 16. 400 62.951 22.173 29. 319 110. 187
RD 1078 11. 558 1. 160 8. 100 15. 400 58.911 15. 099 29.497 89. 980
GD 1131 13.232 1. 270 9. 600 17.500 63. 280 16. 698 29. 434 100. 994
2010 G 1087 12. 545 1.532 8. 700 17. 300 63. 405 19.015 27.700 105. 340
RD 1035 12. 252 1. 454 8. 800 15. 500 69. 068 16. 654 29.978 107. 428
2.51
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Fig. 2 The average spectra of three cultivars apple samples harvestee from two years
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3.1 EFHACLIRIGHAEFRRBOERBRQNE

RMEL

B F 0B 32 B 2 2] S B — S O AR AR F ST
SESR R A AR R, A T4 IR UL TG MR B R W
KRS PERE . XA BR L . B REALEE IR 100 SR AR DK
ARAERFMAE , HRRARICFEARE A LR . 5T %k
ARk B b, 43 9 R BB ML R B (RS) . Kennard-Stone 8 3%
(KS), Joils-21 1k (A 4t A BF 5 53 1 (SPXY) Al A 3C 4 1
HAC-LLR FEAS 3 £ 5 W, 3t — 7 Bl0d 19 B A5 1 9 )N 45
f. FF I PLSR LAY . A A W00 42 34 5 A iR 25 (RMSE) |
& R BU(R,) F A% 88 T A 22 (residual prediction deviation,
RPD) P4l fe 2 i A5 B ME BE . Sy 17 0ok 20> 79100 4 % A o AL 32 TR
Xof S £ SR AR AR RSB R RE YL A 5 UK, 5 IR BE L
SCHG YT I MEAE IR A SR . RPN GG A 641 A
G, TSR A AR SE G B IS N I ACR B
31 (competitive adaptive reweighted sampling, CARS) %}
JEU U R AE AT 0% 2k, b, 105, 120, 82, 94, 131, 106,
125, 90, 96, 112, 103 F1 120 MRS & 43 9 4E Jy GD2009,
GD2010, JG2009, JG2010, RD2009 Hl RD2010 f§ SSC i1 fifi

GD2009_SSC
0.95 -
(2)
Y RS
0.0+, . —mm KS
N\ —-- SPXY

GD2009_SSC

Bf PLSR BRI ()% A . PLSR BERY (%85 4 oo Bt ia ik 10 47
2 B UER E o

PLSR @45 1 't 1% 504 2 7 4% #F 23 0 & PLS T H 44
(Eigenvector Research, Inc., Wenatchee, WA, USA)
MATLAB R2014a ( The MathWorks, Inc., Natick, MA,
USA),
3.2 BETAAHAEBREZINERLERILE

PR E, HREHWE L1, 2: 1, 3: 1A
4+ 1AL BRI 4y, DU RR SRR 43 5l 2E B 100, 200, 300 FI 400
MREARVENINZR4E . FFsr PLSR BERL, & 3 44 T A
BT PLSR AR BIMEE K. I 3 Pl LIFE L, W&
WIS A AR Bt A 3G T, W e e A 3 B 3k At ) A T 4 g
AT P4 s (RMSE B B % . R, Fl RPD {35 m) . A EL T
fls =Fp L, AR SR I A T B E e Bk R T Ak
RO TR . R B AR R R D MR LR .
R AR LI AS TR REAS 18 553 10k 1 1 A9 A A S A
K BRI TR E . F 32 o J7 12 19 00 et 2 38 W s o5
(7] — it el AN [ 2 3 %9 39 SR A i %o o7 A B B PR BB R I ey
—EZE R B WUE T W XN R ARG . A [R] S S AR
e 2 BB B AR . S b, DUFP Gk 43 e 200 S FEAR
B sr BB W PE AR AN SR 2. 3% 3 BiR, B F HACG-LLR
) SSC BRI XF F 2 F RS, KS Fil SPXY #y SSC #8271 15 ] 45
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Fig. 3 PLSR mdoel prediction results of SSC (a) and firmness (b) based on different

sample selection algorithms under different datsets

1 RMSE {870 AR T 2. 0% ~8. 6%, 3.6% ~7.9%
2.8%~13.2% , XF T 5 FE A5 2, RMSE {i AH [ 3 43 5] B AR
T 2.6%~7.2%, L.20%5~T7.2%/ 2.6%~15.7%,

RT HEARREEERN G E X, A~ H A
22 CHk[11]5E Xl £ F i F (area under curve, AUC)
NEEG PR BAE PR X AL RMSE, R, il RPD #4773 #r
(B 4 R o AU RS Fpk g AUC (BN HoAth = 350 vk

rtndEd . ik RS HEM AUCHIRZ 1, X T RMSE
ME. B/ AUC R EREmME R MR, X T R, {60
RPDHTE » e i AUC R RSB TIERE. WA 4
WLLE S, T A SR A HAC-LLR Y1450 45 358 15 58 ug By
N B T T ARIC AR A i) AUC-RMSE fH K, AUC-
R, {H#1 AUC-RPD 1 ¥ & .
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®2 WFEES AL 200 4 2009 FR AR ET PLSR BB TR
Table 2 The prediction results of PLSR models based on 200 samples
from 2009 selected by four algorithms respectively
RIES
L B i AR SSC i i
RMSE R, RPD Dif. /% RMSE R, RPD Dif. /%
RS 0. 824 0. 873 2.00 5.9 9. 057 0. 825 1. 765 3.3
GD 2009 KS 0. 811 0.872 2.037 4.4 8. 883 0. 828 1. 812 1.4
SPXY 0. 842 0. 873 1.971 8. 9.399 0. 822 1. 719 6.8
HAC-LLR 0.775 0. 882 2.122 8. 760 0. 835 1. 831
RS 0. 683 0.799 1. 649 2.0 8.601 0.924 2.588 5.1
) KS 0.726 0. 764 1. 556 7.9 8.353 0.928 2.672 2.3
16 2009 SPXY 0.731 0. 785 1. 550 8.5 8. 746 0.921 2.552 6.7
HAC-LLR 0. 669 0. 808 1. 692 8. 164 0. 931 2.732
RS 0. 802 0.776 1. 505 .5 9.257 0. 814 1. 702 4.3
RD 2009 KS 0. 768 0.776 1.572 4.4 9. 043 0. 818 1. 745 2.1
SPXY 0.795 0. 781 1.513 7.7 9. 097 0. 817 1. 732 2.6
HAC-LLR 0.734 0. 800 1. 650 8. 856 0. 827 1.778
Dif. /% : 3&F HAC-LLR Fk Y PLSR BRI FIFE F HAb =Fh 51k 19 PLSR BERL Y RMSE {5 4 lL 2% 5 .
®3 MFEESAE D 200 4 2010 FR AR ET PLSR HEEFMl4 R
Table 3 The prediction results of PLSR models based on 200 samples
from 2010 selected by four algorithms respectively
FURIIUES
T U AN Ssc T i
RMSE R, RPD Dif. /% RMSE R, RPD Dif. /%
RS 0. 649 0. 881 2.110 8.6 8.214 0. 874 2. 050 2.6
GD 2010 S 0.632 0. 887 2.177 6.2 8.096 0. 882 2.076 1.2
SPXY 0.642 0. 886 2.133 7.6 8. 349 0. 874 2.013 4.2
HAC-LLR 0.593 0. 900 2.315 8. 000 0. 882 2.101
RS 0.759 0. 887 2.165 5.0 11. 083 0. 828 1. 764 4.2
. KS 0.758 0. 890 2.166 4.9 11.433 0. 817 1. 707 7.2
16 2010 SPXY 0.742 0. 901 2.211 2.8 11. 194 0. 829 1. 743 5.2
HAC-LLR 0.721 0. 899 2.279 10. 615 0. 837 1. 845
RS 0. 748 0.872 2.011 8.0 9.524 0. 849 1. 850 7.2
KS 0.714 0. 880 2.104 3.6 9.229 0. 850 1.917 4.2
RD 2010
SPXY 0.793 0. 858 1.902 13.2 10. 486 0. 824 1. 691 15.7
HAC-LLR 0. 688 0. 890 2.184 8. 837 0. 865 1. 991

Dif. /% : 3T HAC-LLR 531y PLSR #8 BFISE T Hofh = Fh 50 3% 19 PLSR #5111y RMSE ' 43 HL 2 57

RS Bk 2 1 14 B AR LA S50 10 A AL 1 AR L A 455 78
REA AR P AN B e PR . KS Bk Z BB TR A G355 B K
FCHE RS, M TRk 5o i s g v, BRI BE B AN B AR 4 b R AF
A [ F) B S 0 S AR BT ), HAR R PERE AL T RS Bk
I SPXY 53k, SPXY Bk + KS Bk, AR T X i
s () R B 1 25 1, RIS S0 B A AR B AL AR A 1E )R
TH VB R A B B vE . (H R X s A 1R 9 L T
AN ESLAREM2ZE, HIggEfe L Ra REBms, &
EIEMREZEIEE LR I KS B k. A SCH 0 T B £ 30
FATEHTLEAEFIR T AN ZHEMAEE, HibkH
T AR ZRA NI IEAR DL R IR A R, BIE T A
SCHE 0 TE MBS 3 Bl S O R A B

44’

L — AR ) HL B A BRI A B Ty Y Tl A T
BERERFRRIC U G R . SR, 7R AR A 45 T AR v
SR AR G T B R A B 5 Y R REAC I B SR I A
SE BRI  ) BORA WO TE R . WM i 2 SR i P Rk
FEAF AT CAREA 65 8+ A5 FE T[] V11 25 42 i A58 20 Y ok
REMIZZ R0 . 82 T —Fh e 5 A7 A 1 B R AR AT R A i
FEARIC Ty > A i AR IO AR A e 57 3 4 ) [ U R Y . AR 3¢
P T R R ST Tk RN BT E TR 2R
AR T o 2 30 A o, 7 3 8 T A SR B = A i S SR
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Fig. 4 Normalized AUCs of the RMSE (a), the R, (b) and the RPD (c¢) on different datasets
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A Model Construction Method of Spectral Nondestructive Detection for
Apple Quality Based on Unsupervised Active Learning

ZHAO Xiao-kang, ZHAO Xin, ZHU Qi-bing* , HUANG Min
Key Laboratory of Advanced Process Control for Light Industry (Ministry of Education), Jiangnan University, Wuxi 214122,
China

Abstract The essence of using near-infrared spectroscopy to realize non-destructive detection of agricultural products and food
quality is to establish a machine learning model between sample spectral information and sample quality parameters. In order to
obtain a machine learning model with good generalization performance, a large number of labeled samples are usually required.
However, it is relatively easy to obtain spectral information of samples, but labeling samples quality parameters often involves a
large amount of time and economic costs and is destructive. Active learning is a method to reduce the number of labeled samples
in training set by selecting the most valuable samples for labeling instead of random selection. Therefore, active learning can
control which samples are added to the training set, and the model no longer passively accepts samples for modeling. There have
been many active learning algorithms in classification tasks. There are relatively few researches in regression tasks. Moreover,
most of the existing active learning algorithms for regression tasks are supervised. That is, a small number of labeled samples
are needed to train the initial model. In this paper, a training sample selection strategy based on unsupervised active learning is
proposed. Firstly, the method divides the diversity of unlabeled (standard value) spectral datasets through hierarchical
agglomerative clustering to obtain different clustering clusters. Then, the locally linear reconstruction method selects the most
representative samples in each clustering cluster to form a training sample set and establish the partial least squares regression
model based on the training set to predict the unlabeled samples. In this paper, partial least squares prediction models for soluble

solids content and firmness prediction were constructed to evaluate the proposed method’s performance, using the near infrared
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spectrum data of three varieties of apples from two years. The experimental results show that the method proposed in this paper
is superior to the existing sample selection strategy, which can effectively improve the model accuracy and reduce destructive
physical and chemical experiments in model training. Meanwhile, compared with random sampling (RS) ., traditional Kennard-
Stone (KS) and joint x-y distances (SPXY), the proposed method achieved the optimal performance. The root mean square error
of the soluble solid content prediction models based on the unsupervised active learning algorithm proposed in this paper. which
selects 200 samples as the training set, is reduced by 2. 0% ~13. 2% compared with the other three algorithms, and the root

means square error of the firmness prediction models is reduced by 1. 2% ~15.7%.

Keywords Spectroscopy; Quality detection; Active learning; Training sample selection
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