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Fig. 1 Schematic diagram of NIRS system Fig. 2 Schematic diagram of HSI system
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Table 1 Summary of differences and connections for NIRS and HSI
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Fig. 3 Flow chart of spectral information analysis
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JETEE B AR HT B R R X R A G E BT Bl
L% OGRS AR B WAL 38 07 w0 2 A S H (smoothing) ,
W45 3 F 35 1 (moving average, MA) Fl 4 B ¥ (savitzky-
golay, SG)%Z | 544 IE (derivative correction) , fF§— &

¥ (first-order derivative, 1°°D) Fl — fjr 5 % (second-order de-
rivative, 2™D) . 4 —4k (normalization, NOR) . #5 #f IF 2 45
# (standard normal variable transformation, SNV). £ JC
B8 IE (multiplicative scattering correction, MSC) . /[N 7
(wavelet transform, WT) %, HAEHABMERWNE 2 iR,
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Table 2 Spectrum pre-treatment methods and its effect
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Table 3 Characteristics of variable selection methods
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sion, PLSR). 3 #% [a] & #L (support vector machine, SVM) ,
/N3 % 5 1) 5 #L (least square support vector machine,
LS-SVM) %, HEF sk 4 i,
2.5 REERRBETH

FERE A0 8 A ) TR0 AR T R ST S, i N R E 4T O
Y H U AR IR T 00V A PP O A AT S B AR MR R
% (correlation coefficient of prediction set, Rp). 1 1IF£E 0%
Z i (correlation coefficient of calibration set, R¢) . PE R %
(coefficient of determination, R*) . il il & i 22 (root mean

square error of prediction, RMSEP) . # 1E #r # I 2= (root
mean square error of calibration, RMSEC) ., | 4% Tl M s 2=
(residual predictive deviation, RPD) 4§, Jfi & %5 i i 4 £ .
B M Res Res R® A1 RPD, B AK H % 0 #:38 ) RMSEP
M RMSEC

R4 BEAZTHER
Table 4 Characteristics of modeling methods
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Table 5 Applications of NIRS for non-destructive detection of internal quality in watermelon and muskmelon

it LORIIEER A I It T A 7Y ﬁgﬂ B 1 RETE B
MC-UVE-GA-PLS Rp=0. 845, RMSEP=0. 574 [17]
SPA-PLSR Rp=0.828, RMSEP=0. 611 [18]
SSC/ (°Brix)
PLSR Rp=0.823, RMSEP=0. 652 [19]
MC-UVE-SMLR N Rp=0.70, RMSEP=0. 33 [20]
Lycopene/(mg + 100 g 'FW) Rp=0.751, RMSEP=0. 439, RPD=1. 13
SSC/ (°Brix) PLS Rp=0.862, RMSEP=0. 717, RPD=1. 83 [21]
751K Moisture/ % Rp=0.939, RMSEP=0. 276, RPD=2.79
SSC/ (°Brix) CARS-PLS RE Rp=0.905, RMSEP=0. 629 [22]
Lycopene/(mg « kg™ ') R?=0.877, RMSECV=15. 68
B-Carotene/(mg « kg™ ") PLS L2318 R?=0. 822, RMSECV=0. 81 [23]
TSS/ % R?=0.836, RMSECV=0. 8

Maturity/ %
v CRPP

SSC/ (°Brix)
DI . GA-PLS
FM/(kgf « em 2)

UVE-SPA-PLS

W 5 T SSC/ (*Brix)
g e CARS SPA-LSSVM

R Calibration set: CCR=90. 2% C24]
Prediction set; CCR=88.1%

2=0.938, RMSEP=0. 83, RPD~3. 0
R?=0.741, RMSEP=0. 35
Rp=0.9143, RMSEP=0. 835 9
Rp=0.9134, RMSEP=0. 895 8

[25]
[26]

Note: “MC” is Monte Carlo; “FW” is {resh weight; “RMSECV” is root mean square error of cross validation; “SMLR” is stepwise multiple

linear regression; “C-RPP” is corrected-ratio of peaks method; “CCR” is correct classification rate
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SMLR FI PCR) %} 4 %% JI SSC F1 FM 5 I 452 %1 1y 5% 1), 485
R, 17D F SNV 454 PLS 57 19 15 % JN FM 10 458 78 1)
T 2 SR A (Re Ry 0..873, Ry Sy 0. 646, RMSEC # 4. 18,
RMSEP Jy 6. 4) . &5 % 55 0 3k B 6 3% 5 2 00 % B 8%
Ko 55000 20 43 TG 56 A5 S S5 0 55 R TR Y SRIORS . PRt
TE A B FH O 2 A5 UM I T A R DR sl S T AR AR 2 -y b
Y. Sun Z 4300 H g T3 O W) A8 O 0k 7 s (SPA,
CARS 1 GA) &5 4 PLS # 57 [ %5 % JK SSC, FM #1 TAC Wi
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SSC(Rp 2/ 0.960 6, RMSEP 24 0.381 6, RDP & 3.598),
FM(Ry 7 0.867 1, RMSEP 4 20.05, RPD & 1.996) #l
TAC(Rp 24 0.912 5, RMSEP 3} 0.026 3, RPD } 2. 445) )
AR B . Sun P FIH PLSR, PCA, SVM Ml A T 4
2& (artificial neural network, ANN) 435 2 7 T &t JR SSC
FM B AR, oA PLSR AR Y i) T 00 M R o (. ik — 20

VL SRR B L SR TS I U R Rk O 7 U 45 4 PLSR
TS T AR SSC A M BB . 45 B &L 2 b
5 # 57 B Ef I SSC A (R* S/ 0.775 5, RMSEP iy
1.187 1) F1 FM A1 (R* & 0. 355 5, RMSEP iy 525. 293 2)
B TR 1 B 5 T B

R 6 BT TN ED &R RS A B R R

Table 6 Applications of HSI for non-destructive detection of internal quality in watermelon and muskmelon

dn a0 46 AR o A1 T 0 A 7Y A 0 457 RV BE E AN SCilk
R¢=0.873, Rp=0. 646
FM/N PLS [28]
RMSEC=4. 18, RMSEP=6. 40
SSC/(°Brix) Rp=0.9404, RMSEP=0. 4027, RPD=2. 941
MSC-CARS-SPA-SVM :
FM/(g+ cm %) Rp=0.8253, RMSEP=35. 22, RPD=1.771 [29]

Maturity/ % CARS-PCA-SVM

FM/(g+ cm™ %) CARS-PLS
SSC/(°Brix)

TAC/(g kg 1)

SNV-CARS-PLS

SSC/ (°Brix)
EipIN ) PLSR
FM/(g+ cm ?)

i Calibration set; Accuracy=95%
Prediction set: Accuracy=94%

Rp=0.867 1, RMSEP=20. 05, RPD=1. 996
Rp=0.960 6, RMSEP=0. 381 6, RPD=3.598  [7]
Rp=0.912 5. RMSEP=0. 026 3. RPD=2. 445

R?>=0.775 5, RMSEP=1.187 1

BA 30
e R?=0. 355 5, RMSEP=525. 293 2 [s0]
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Recent Advances in Spectral Analysis Techniques for Non-Destructive
Detection of Internal Quality in Watermelon and Muskmelon ;
A Review

MA Ben-xue'** , YU Guo-wei'?, WANG Wen-xia'*, LUO Xiu-zhi'?, LI Yu-jie'**, LI Xiao-zhan''*, LEI Sheng-yuan'**
1. College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China
2. Key Laboratory of Northwest Agricultural Equipment, Ministry of Agriculture, Shihezi 832003, China

Abstract Watermelon and muskmelon are sweet, juicy and rich in nutrients. There is great significance in manufacture and
circulation for its internal quality detection. The traditional detection methods for internal quality of watermelon and muskmelon
are inefficient, long time, high cost and destructive, which can not meet the needs of modern production. With the rapid
development of spectral analysis techniques, near-infrared spectroscopy (NIRS) and hyperspectral imaging (HSID) for the internal
quality non-destructive detectionof watermelon and muskmelon has become a research hotspot. In order to track national and
international progress of research, this paper presents the technical characteristics and system composition of NIRS and HIS.
The spectral information analysis methods are concluded, including spectral information preprocessing. variable selection, model
establishment and evaluation. Afterwards, the recent progress of NIRS and HSI in the non-destructive detection for the internal

quality (soluble solids content, firmness, total acid content, maturity and moisture, etc. ) of watermelon and muskmelon is



57 Sl o 5615 M 2041

summarized. Finally, the future trends of spectral analysis techniques in the internal qualitynon-destructive detection of
watermelon and muskmelon are discussed from the technical difficulties and practical applications. This review indicates thatthe
following aspects are identified as the direction of future research, using deep learning methods to analyze spectral information,
establishing comprehensive evaluation model of multi-feature information fusion, and developing the rapid non-destructive detec-

tion system based on the deep integration of artificial intelligence and mobile terminal.

Keywords Watermelon and muskmelon; Internal quality; Near-infrared spectroscopy; Hyperspectral imaging; Non-destructive

detection; Review
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