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Calibration Model Transfer between Visible/NIR Spectrometers in
Sugar Content On-line Detection of Crown Pears

XU Huirong'®> LI Qingging'
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2. Key Laboratory of On Site Processing Equipment for Agricultural Products, Ministry of Agriculture, Hangzhou 310058, China)

Abstract; With the development of social economy and growth of people’s living standand, the demond of
fruit quality is ever increasing. Quality detection and grading of postharvest fruit is an integral part of
commoditization processing, which is also an effective way to achieve high price with good quality.
Visible/NIR spectroscopy with the advantages of rapid, nondestructive and being on-line analyzing, has
been widely used in agriculture. In the actual application of visible/NIR spectroscopy for on-line
detection of fruit internal quality, multi-channels measurement often exists, in which the prediction model
is not universal among multi channels due to different spectrometers or their different manufacture
precisions. Calibration model transfer is a key problem in visible/NIR spectral quantitative analysis.
Comparative analysis of some calibration model transfer methods, such as direct standardization (DS)
piecewise direct standardization ( PDS ), slope/bias ( S/B) between two different visible/NIR
spectrometers ( master and slave spectrometers, model QE65000 and QE65Pro, Ocean Optics, Inc.
USA) in the sugar content on-line detection of crown pears was carried out at conveyor speed of 0. 5 m/s.
The results showed that the prediction values by DS algorithm and DS algorithm based on the mean
spectra subtraction correction ( MSSC — DS) were relatively good with low root mean square error of
prediction ( RMSEP) of less than 0.5° Brix, which can satisfy the industry application. And pre-
processing method of MSSC can improve the prediction accuracy of calibration model transfer by
eliminating and mitigating the differences between the spectra acquired on master and slave
spectrometers. However, the best prediction result on salve instrument after calibration model transfer
( RMSEP was 0. 453°Brix) was still inferior to that predicted by the model developed directly using slave
data (RMSEP was 0. 381°Brix). Thus, in the actual application, appropriate modeling selection should
be considered from the cost and the accuracy of classification.

Key words: crown pears; sugar content; on-line detection; visible/NIR spectroscopy; calibration

transfer

s H: 2017 -03-16 & H . 2017 -07 —02
E£WB: ERARBILES T RO H (31571562)
TEER N IRER(1973—) 55, 4048, WA S0, E 2 NTFA™ T 5 BB T 4 R 5 3 & W5, E-mail ; hrxu@ zju. edu. cn



%9 1) RO A BE AR R AT UL/ G0 A1 A0 O A 2R I A 2 % 55 B 5T 313

5l

CIRAVSTEAR) 5= 7 VI 5 0 NI 3 BP0 5 B - 0
PR B R B RS IO E A A R P A
O3 A 7R S s N TP AR AR A A 22 I A T i
H T 4SS AN [ BN A B AN [ 171 A7 7E 22 38 38 8] 45 )
AR TR S L I AT A TR A2 B A AX B R
HEAL , Bl e 2 i e Oy i B O ER 2
N o5 e U o e W = VA O vl o N £ 4 2
NASC G A 250 0 5 A e, DA T 9 /b i S A i
ORI T A ko AL i B L OSBORNE 45
P IR 1R/ i 22 F12: (Slope/bias,S/B ) , Jf: H
SHENK' " \WANG 45 ™" 14k $2 th 1 37 i 155 70 1%
Bk, B Shenk s B35 Al JF Bt H £ KOIE B
( Piecewise direct standardization,PDS) , 2 J5 , E N 4F
EH AR AL B R B AT T ORE MR Y
UTAER , A D SCHR 41 18 T 7K RO B2 T A5 A
MBI ST . B SO it S/B B vk R AL
1E ( Direct standardization , DS) 28 ¥ 52 ¥ T i 48 B0 b
B AE A [R] B S A A% E) A % k. SALGUERO-
CHAPARRO %' % ] S/B % ¥ \PDS 8 1 fl IF &
5 52 J H W R WIORE R D7 L U0 9 R LA B K R A
DAY A et A e AL 3 ) T LA A E
AR T DS SRR S BT S SR HE AR A A ] B
5 I 21 AMUAR 22 ) i % 32k

TE 7K S i BT A 2 S I A D 3 2 v, o oK SR b R
TG A5 G 0 A AR RS P 5 ) ) PR R G ok AR il AR DG A
ORI b Al FE MG R R AR SCHR A AE A AT
WL/ ET AP G FE AT BB JBE A 2 S I A 0 AN [ /)
RUGLF G AL 22 [A) 455 AU A% 338 1Y 7T 471k

1 #R57FE

L1 ##

S BT FHAEAS S il AE 44 v N 5L e AL, DB N 7K
R AT K, RN G RIEHIER RR,
XfHHEAT R G W IR fE 7R L = A (IR
2y 23°C XL 70% ) FRCE 1 d, i+ 4 Py 4b
T BE — B, SR 5 1R LR SE I R L AL AT UL/ dE 21 b i
SO IF I R

539 % 1 95 [ ¥ O 2% 28 W) A2 77 1) QE65 Pro
RUFT QE65000 7 fiff 7 ¥ £F 5 1% A3 R 4 /] — L 7K 2R
ST, PO 1 AR SR AR [F] 9 € 424 95 B2 CCD ip
MR, AT LAG IR R 2 AR R, KIE 4 = 5 M T
( >1000),QE65Pro BISEIEAYEL & HC — 1 RUSEHE I
OFLV — QE — 400 7Y y& 3 %, I K 5 [ 396. 8 ~
1174.0 nm, 3£ 1 044 4 2, F 24 100 wm 5k 4%

il

(ATTFLEE) . QE65000 I AL it ¥ HC — 1 #l ¥
AT OFLV — QE — 250 7% ik 4% , I < ¥ [l 247. 9 ~
1040.7 nm 3 1 044 QR KL EHEE (A DR R
FIGEF AR 1000 pwm)
1.2 X#F{F5FHE

BT S BAT BT A 7K S R il T AT DL/ 3k 21 4k
HIEAEL LIRS, B THET C+ +1HF
FTIF 5 B 65 B0 R 4800 S 3 o SR I 4 2% 47
WA 0.5 m/s S T /b I H IR KO VR B e ) AR
RS2, R B AR A OGS |, S5 R A2 W 60k (1D
T PG BE B 5 00 T R 4R W FL UMD LA B2 2 JE O3
(ZHRMEARN 75 mm { Teflon Bk) . /K H %%
RARI KRB TR B R R R b, ol k%
FHEIA IE PG IR (L AP SR — R
150 W i #8347 ) Z [6), 446 £ )8 HF 1 (B A% 35 mm)
S BB RS T (B A% 25 mm) W4 Rl i), O A%
SRR T B AT BT A I i RO G AT OGS
KA U B E Ry 100 ms, I B8R 406 4T 5 b R
FRIE IS SOR AT 21 19 4% 4 A KR 5 B 0O6is 5 5
ik USB U4 28 &% 25 7 H 5 ML, 2647 52 i Ak B 90
SEICTERE o i ic S i 3 2 1 BB R A Boxcar
V- CF- 1 s ECh 6) JEAT OGS - i Tl Ak 21,

(b) S

(a) R
B B G A 36 A9 K R P BT i 5T £ S R R B

Fig.1 Free tray based on-line detection system for fruit
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Fig.2 Raw and average spectra obtained by two spectrometers
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Tab.1 Morphological properties and sugar content detection results of crown pear in calibration and prediction sets
giss
JEik X FEA 4 FEA B i 28 —
F/ME IR RAH TEME o VEE Al 22
JRh/ g 222.00 420. 00 309. 98 44. 63
4%/ mm 74. 88 92.74 82.15 4. 14
S IE 132
BIEX 4%/ mm 65.30 90. 33 77.73 5.17
A /° Brix 9.50 13.40 11.24 0. 81
QEG65000 %
/g 230. 00 420. 00 310.25 42.06
W42 /mm 76. 04 91.68 82. 46 3.80
TR 67
iM% 4%/ mm 65. 74 89.02 77.00 4.92
A 22/ ° Brix 9. 80 13.30 11.32 0. 84
JRh/ g 225.00 420. 00 308. 09 44.33
E4E/mm 74. 88 92.74 81.93 4.08
BEIE4R 133 p
4/ mm 65.73 90. 33 77.62 4.87
i JEE /° Brix 10. 00 14. 00 11.26 0. 86
QE65Pro %I
JRE/ g 233.00 404. 00 309. 19 41.76
B 1% /mm 75. 61 90. 67 82.44 3.78
iRIIE S 67 .
Y\ 4% /mm 65.30 89.23 76. 74 5.41
A/ © Brix 9.50 13.40 11.28 0. 84

K2 FREMNENEZTHEE PLSRRBSHMER

Tab.2 Calibration and prediction results of two spectrometers using PLSR model for sugar content of crown pear
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