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Application of micro near infrared spectrometer
in measuring sugar content of apple

XU Yonghao, SONG Biao, CHEN Xiaofan, HUANG Meizhen
( Department of Instrument Science and Engineering, School of Electronic Information and Electrical Engineering, Shanghai Jiao
Tong University, Shanghai 200240, China)

Abstract: In order to evaluate the feasibility of miniature near infrared spectroscopy ( NIRS) in detecting sugar content of
fruits in situ, non-destructive, high-precision and fast detection method of apple sugar content was established by combining
particle swarm optimization with back propagation (BP) neural network. The spectral data obtained by NIRscan ( micro-NIRS)
using single wavelength measurement mode and Hadamard transform measurement mode were studied. A variety of different data
preprocessing methods and multiple linear regression, partial least squares, particle swarm optimization ( PSO), BP neural
network and other algorithms were used to establish the analysis model. The results show that the spectral data obtained by the
working mode of Hadamard transform are better. First derivative combined with Savizky-Golay smoothing algorithm is used for
data preprocessing. The prediction model of apple sugar content based on PSO and BP neural network has higher prediction
accuracy. Predictive correlation coefficient and root mean square error are 0.9911 and 0. 1502, respectively. NIRscan ( micro-
NIRS) is feasible for rapid and high-precision non-destructive testing of apple sugar content in the field.

Key words: spectroscopy; apple sugar content; near infrared spectroscopy; digital micro-mirror device; miniature near

infrared spectrometer; Hadamard transform; particle swarm optimization; back propagation neural network
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Fe (partial least squares, PLS) ZE37 A% IEARAY , T AH &
FH(correlation of prediction, CP)R, =0. 9387, il
F AR 12 (root mean square error of prediction, RMSEP)
o, =0.5054; LIU 25 A" LA Nexus FT-IR Y634 g
EW%‘%,@LTJZ%?H%TME/J PLS %1, R, =0.906,0, =
0.272; WANG 25 A Sk 32 SR M 2 57 1 A% - d5 /)N
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1%,R, =0.954 ¢, =0.797 ;ZHANG % \ '™ ffi Fi] Nexus
670 FT-IR JEEA N T 5 MY PLS B8 R =
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FT-TR S ASg v7 1 3 Rl i 1) 3t 4% - DX (8] i e N — e
B ¥ (genetic algorithm-interval partial least squares,
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Fig. 1 Schematic illustration of DMD near-infrared spectrometer
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a—normal single wavelength mode b—Hadamard transform mode
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Fig.3 Flow chart of PSO-BP algorithm
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Table 1  Distribution of sugar content in apple samples
number . . standard
data set minimum maximum mean ..
of sample deviation
calibration set 48 11.2 15.2 13.46 1.04
validation set 15 11 15 12.75 1.20

SER BT R 13,46 ARt 1. 04 Bl 45 i °F- 3
{E M 12,75 brtfEZE R 1.2,
3.2 AMMEXTERIELIINEG RS HIE
RARUE S S 45 J 0 HERR P, SR AR S 1 AR TEAE AR
[ AR 236 25 1 #EA T, 16 4a hy 63 AR SR R
FREAL AR T PSR RE E] 1] 4b A [FIHEAE S AEAH F)
S5 S A AP I8 AR AR R B SE R GRS R . X H
BRI T B3 SR 1 B R AR AR o 20
T ] 5 A T SR A B D3 L o I B e T 1Y
ik I R T
1.8
1.6f

1.4+
1.2¢

a

absorbance

1200 1400 1600

wavelength/nm

absorbance

1200 1400 1600

wavelength/nm
Fig.4 a—apple spectra obtained by normal mode b—apple spectra ob-

tained by Hadamard mode
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S, DRI 5 S A A I X O T 5 R A 7 T4k 3k T B
THAE BRI, FEATIE 20 B A ) T3 A
ARG RE MRS E o AR S P i ] T Savizky-Golay ( S-
G) V- 1 Bk T i IE 72 8 46 ((standard normal
variate transformation, SNV) DA & 22 JC S 1E ( multi-
plicative scatter correction, MSC ) 25 b JH 5 9% | % Hi
BESUR AT T IO, e k4% 1 Bk 48 G S-G il
AL TT ¥, S-G IR B S,
3.4 HIFEVEERESITIR

FEFEST 3 )2 BP 2 S E, Ry T kMg B AR
IBRRCR R E O oAt 6T Bs 2R AT R 4E AL L,
BN ERGTECR 7 i, H R ST 99. 83% , BE
R AR IR DE TS 5 B, B M e B TR AR Y
B 7 AN FERVE R BP M5 (1 A, RV A JZ 1 #i 28
TCMECR 7o B 2P 4 04 B2 P 26 I 2
10, B 3 2P 20 HOh 1, Ba & 2 M 2 10 4% 34
PREL A3 tansig F1 purelin J 5 pREL, P 2% Y11 255
R TR T B, 2 ) R 0. 05, YR H ARk
0.001 , F R IEAC AL 1000, F i 25 9 4% B R4 ]
B LR A 4E 8 0 O 1, BURE 4 R oRE 1 1 S B
30, LAY ZRI J5 AR ZEAE AL A4 385 7 B DA R K
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BT 407 22 50/ A5 L B (g A Re AR R o I

Table 2 Modeling results obtained by single wavelength mode and Hadamard transform mode

calibration set

validation set

pretreatment R, T, R, a,
method - - - -
single Hadamard single Hadamard single Hadamard single Hadamard
wavelength transform wavelength transform wavelength transform wavelength transform
none 0.8790 0.9401 0.7045 0.4177 0.7944 0.8732 0.9601 0.7290
S-G smoothing 0.9035 0.9522 0.6634 0.3675 0.8382 0.9098 0. 8664 0.6652
SNV 0.8377 0.8612 0.8672 0.7523 0.7845 0.8325 0.9914 0.8631
MSC 0. 8406 0.8809 0.8043 0.9588 0.7867 0.8451 0.9856 0.7935
the 1st derivative + S-G smoothing 0.9684 0.9983 0.3051 0.0956 0.9566 0.9911 0.3589 0. 1502
the 1st derivative + SNV 0.8534 0.9214 0.7852 0.5412 0.8123 0.8813 0.8927 0.9057
the 1st derivative + MSC 0.8631 0.9352 0.7512 0.4906 0.8265 0.8925 0.8716 0.8541
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PSO-BP R F50IN A4 R d5c -, e B 8 ) AH OC R B0
0.9911 , /L IE¥ iR 224 0. 1502,

3 FI T PSO-BP A HY 5 H B BRI L A4
W 52502k )3 (multiple linear regression, MLR) |
fidne/ N3tk (PLS) AH HL, f0 Ak 11 o 22 I 45 455 R0 8 K
PERE T4, UK BE 25 1R 22 /08 5 X T BRI BP ft 22 4
ZRARRY A T B B AH 5 R BRI 5 iR R 22 AR AT, SR
X F 95 UEAR M TSR B 2% , i B S i A G B
FIRESE HI T BP PZ8 LRI i 7 v b AR i d5e pI 1 it
s PSO-BP BRIk, T HES L O OCAL T, UG R 4F Y
ToOIN AR, AR YRR E Ve 2 ALRE T iR, B S
PSO-BP A5 (14 500 M B2 R 52 o 10 1 1 R G 3R 2K
K.

Table 3 Comparison of results using a PSO-BP model and other models

calibration set validation set

models % . % .
¢ ¢ p P
MLR 0.8722 0.7589 0.8031 0.9547
PLS 0.9523 0.3612 0.9012 0.6718
BP 0.9845 0.1877 0.7313 1.2514
PSO-BP 0.9983 0.0956 0.9911 0. 1502

\|

R=0.9911
14 6,=0.1502

the predicted value/°Brix
oy

11 12 13 14 15
the measured value/°Brix
Fig.5 The measured value by LH-T32 portable Brix meter vs. the predic-

ted values by our procedure
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