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Abstract: Apple is one of the most important fruit trees in the world. The external quality of apples, in-
cluding color, size, peel damage, defects, etc., is the most direct feature that affects whether consumers
buy or not, and the internal quality including soluble solids, titratable acid, hardness, etc., is essential to
affect the nutritional value and sensory experience. Therefore, both internal and external qualities affect
the market value of apples. It is very important to detect and evaluate the internal and external quality
of apples after harvest. Traditional quality detection methods rely mainly on manual and instrumental
methods, including mass spectrometry, high performance liquid chromatography, refractometry, and di-
rect observation method. However, although these methods are highly precise, they have the disadvan-
tages of being time-consuming, destructive, and difficult in detection on a large scale, especially detec-
tion of external quality with the naked eye would be affected by subjectivity. Therefore, in order to re-

duce the limitations of traditional methods in fruit quality detection, developing an accurate, rapid and
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non- destructive fruit quality analysis method for quality detection and grading is essential. In recent
years, non-destructive detecting has been widely used in fruit quality detection. At present, the common-
ly used non-destructive detecting technologies include near-infrared detection technology, fluorescence
imaging detection technology, hyperspectral imaging technology, etc. Compared with the first two meth-
ods, hyperspectral imaging technology not only combines imaging technology with spectral technology,
but can also obtain two-dimensional spatial information and one-dimensional spectral data at the same
time, which consequently enables obtaining multiple dimension information with higher resolution. The
image information obtained by hyperspectral imaging technology can be used to detect and evaluate the
external quality, while the spectral information can be used to detect the internal quality. Therefore, hy-
perspectral imaging technology is expected to achieve non-destructive and accurate measurement and
evaluation of the internal and external quality of apples. So far, various studies have been reported on
the application of hyperspectral imaging technology to the quality detection of apples, and the feasibili-
ty of this technology in the non-destructive detecting technology of apple quality has been preliminarily
confirmed. In order to deeply explore the research progress of hyperspectral imaging technology in ap-
ple quality detection and make hyperspectral imaging technology more widely used, this paper first in-
troduced the basic components of hyperspectral system, imaging principles, and common methods of
data processing in research. Secondly, the application progress of hyperspectral imaging technology in
assessing apple internal and external quality was reviewed. Finally, the current challenges in the field of
hyperspectral imaging were discussed, and the future direction of the more extensive and integrated ap-
plication of this technology in the future was proposed. The research progress in the application of hy-
perspectral imaging technology in the internal and external quality of apples includes: (1) For internal
quality, the technology can accurately quantify the soluble solids, firmness, and moisture content, which
are essential for assessing flavor and ripeness. However, there are few studies on the prediction of titrat-
able acids using hyperspectral imaging, which may be due to their lower levels in apple fruits. There-
fore, future work can consider combining multiple technologies for further research. (2) In terms of ex-
ternal quality, the hyperspectral imaging can detect the shape, size, color, surface defects, contaminants,
pest and disease infestations, and pesticide residues of apples by analyzing two-dimensional spatial in-
formation or combining image and spectral data, which is essential for post-harvest evaluation and grad-
ing. In addition, some studies have shown that hyperspectral imaging can distinguish internal pests and
diseases in transmission patterns, which is important to ensure consumer safety and satisfaction. Al-
though many studies have confirmed the application prospects of the hyperspectral imaging in apple
quality detection, there are still some challenges in the application of this technology, such as the differ-
ent data processing methods used in different origins and varieties, the low robustness of the model, the
high cost of the instrument, and the transition from laboratory to actual field use. Therefore, future work
can improve the accuracy of the model through the combination of multiple technologies and the devel-
opment of more refined algorithms, so as to provide a better reference for non-destructive detecting of
apple quality.

Key words: Apple quality; Hyperspectral imaging techniques; Non-destructive detecting
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Table 1 Application of hyperspectral imaging technology in the internal quality detection of apple

IR S KL ki LB Bz B30k
Test subject Detection applications Wavelength range/nm Modeling methods Precision References
W Apple SsC 386~1028 MLR 0.8810 [22]

W4 Apple SsC 500~900 PLSR 0.9010 [23]

W Apple SSC 400~1000 SVR 0.943 6 [24]

W4 Apple SSC 500~1000 BP 0.790 0.0.640 0 [25]

W4 Apple fiff fi Hardness 500~900 PLSR 0.783 0 [23]

5L Apple fiff Ji Hardness 390~1030 BP 0.728 0 [35]

W4 Apple fiff Ji Hardness 400~1000 BP 0.793 8 [13]

4L Apple 7iff & Hardness 408~1117 PLS.SVR 0.680 8 [36]

S5 Apple 7K 43 Moisture content 400~1100 SVR 0.875 4 [37]

W Apple 7K 43 Moisture content 400~1000 PLSR 0.990 0 [38]

S5 Apple 7K 43 Moisture content 400~1010 PLSR 0.940 0 [39]
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(RIS BN BB [X 439 A A gk JE 2H 23, % T A TR IR
FE£ (98453 A B A R TR 2% 2% o Zhang "2 H T
— T f /NI 7S ) B AR 4 (MINFD 135 R 42 4%
PRI 7 ¥ o %731 el 32 LAY 43 B (PCAD
IR 7 23 B AR i (MINE) X6 50 /35 B RE S 1E 5 F1
AN [ 453 475 Bk 1) P A P 450 AT A8 e, SOFH 1-RE-
LIEF SR HE L T S AMRRAE DA , Bt i 388 3 xof L i Fof
& 14 A% #5145 £ 1-RELIEF 5032:5%F 80 /N 1F 5 A5
13 R R A HER R AT R EG . 45 SRR, B R
A IE 1 2R IE 97.1% , UE W 1% 75 25 AT LA A5 %%
R SE R B R R AR . T FEET L1200 E
SESR NI TN G, R = e 1 AR AR I T i
ARG 024 h 135 FFEATLE 400~1000 nm 3
B3 Bl P 1) v e v G, G o 1 AL B K R Ik
AR B T IR M BN AN B (821
940 nm) , £z 35 % HE B RRAE 3 K U HEAT 32 ooy
3T, SRR X 2 B A0 R0 R X 38 A RS i
Je A R EME AT 1 B A R A 22 A B .
Feah R R W, R B Z 5 1556 AN [ B2 A 49 e 1] 1) S

RGN VT R TE 94.4% . 4 55 ] O
R RGURE T AN BB EE WG E
123 JRAE 400~1000 nm % B 4 (1 G, 480 Jk
G DX 35S 340 5 T PR it /N 7 0 B i G Y
PRI A 1 DX Al I8 1 R v R S A U B R
PCA.MNF. EESA #& 21 , s HL 1 3% 5482 401 47 K
Mo g5 R, EESA A5 (148 I v A 20 de v » 1RUA
HER 2215 31 90.07%

DL EWF LR B, o i A8 5 R 7R 3 3 R A
UL SR B AN ARSI YR A 1 DA S R T TR R I B
KT, R RZHAR M) 2 NS A BT A
LIRS R RGP KRR, BRI LA, 2735 R
FEETIA RS S HRIEZ B A UL E &
dr AR AR FERE G, 6T A R SR SR AR, HL
Z WU TR BH , AN [R] 3 5L B 2 TR A2 AE 3 3 P 1)
AEERTTVE . DR, O T R RS AR B AR T AT
12 H N T AS TR AR ) SE B AR B 5T R
EEIE A = A
223 SMAMERFE i HUEE R S S A N R e A
(1% B B b o 2 — , 52 R T S ) 3 A A A A
LRI BE L REE L HU SRR G , T R S R A
MR . DRI, T3 A2 9 8 0 S SR A e B | R
S NGRS VY E R o TR L KRR CIWAN
BRI FH e e it R 15 i AR o] 7 SR 2 T e P 3R 47 K e
Fo

FRX TR S5 IR F 'l 4 AR S R A LR AT
Har i, 7] B 55 B 32 B2 23 B A i B B SRR AE R G i
BIE b  F R . BRI 45 SR B, Rl ik
X 3 3R TH B B (1) 43 2% HE 1R 2 N 81.25%
93.75%. it PRI [FIAE A8 FH U B LU AR B2 ST 13
BRI S TE R XA IR0, 3E—PE S T o L
BEAR T I B L2 R S R T SR AS I 5
WU o XA AT A e i AR AR S S IR
JELPR 75 S50 « B B R e 5 0 P SR kAT T B
T, AR AR R AR E B E S R K
HER I BE B J7 ik B 3 AN RRIE U K (700765
904 nm) , 44 3 NI KT AR 0 SO BT A
AL BP AR M AR, 45 R AH , 700 1904 nm Ay
HAEA G 0 BRI R IE 96.25% . HE BN IR A
PR G AR B A XS AN [ e o 1) 1) 3 SR o S o i3 AT
WF AT, AL X b 25 ol Ak T AR 0 98 G e 380 R [ A
BT e 445 e L R ) B Y 9 UVE-RAW-LS-
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RIS R R F MR R, RAERER, A
0 & 77 ) 1 Re & 6 Bt L AH SGE A 646 nm Al
824 nm I K 1) 61 A5 B RS 5 0) 9 FhSE SR 34T R
)RR B U F

P B gE 4 AR, w0 ol AR AR G S

T R A 3 RS A R S R a3 AT e IR SR 2 ET AT
(1o AHEE 22 A 90 S8R T A 08 55 s B ) 7 UL A o
b KT HUE BB TR, AT R R R R R U
T HES A, T I it S5 s e 50N e DU i S R
RIFATX )
224 RHKREG R TR RF IR AR, R
/b B ORI 0 SR R AR B, A2 AR 7 b AR AR A AL
LGV TR EVIBT IR YR S BTG 4 Ak
i HERABGZ M . (BFESERRAE S b, S R
FEAE S ) T3 FH A8 A 22 B iR . 1077 LK
PR H AR  AH 25 5 18 AR 255 B, f6 350 2 (g
ez, Bl fgis ge R3O R K. [, 2 —
bR L TE 51 RS P 7 0 0 G 3 A 24 ) S R AT
iRl

KA S i 152 B A ) R A6 A 3, R IR
THI PG AR 24 S AN AR 245 (1) v e ot K P P48 2 Te) K
JEAA 5> A 7E 1~100 Z [0 PR =N U715 2 57, WG
[ R AR 24 (N [RL R P b HE 27 (AP 2 5. iR
Sh IR B, BT e nk G BRI g R VAL AR
AR S5 . TrRCMEH O SRR S S
T B SRR AR AT T, @S T BT e
AE G- T SRR R 2R BB . 58
S5 R RIR PR T VR U PRI O, i
B ERARMIER I R . Jiang 255D 4 FpAS [E] A&
2 b PR I 1) 3 SRR RS SR R IR 23l SR AR Ol
T UL, 3 ROT X 38 I HR L v 0T 1 e s v I 25
REER, T BRI A B 25 SR, M2k
epoch £ Ay 10 B, WG SEAS U HER 2 99.09% , HLI%
B2 RS IIER R N 95.35%.

IR TS SRR, e AR AR S — it
B CHR AR, OSSR G AR 2k R AR ) s
RO (K 2) o BeAb, Bt 5 H A AR an 7 &
(4G ]k — D HR R R 2

3 AAERIH LS K S

3.1 FEREIER
R % T 7T R B, e R B AR N T

R 2 EOLERUGRORTESERIMB &R BRI o Y R A
Table 2 The application of hyperspectral imaging technology in the external quality detection of apples

PRI F LRI BTG H BRIk i =BT
Test subject Detection applications Wavelength range/nm  Modeling methods Precision References
SEE Apple JEAR (Bt . K/)s Shape, Color, Size  400~1000 BP 0.977 0 [41]

EH Apple JEAR (B . K /)N Shape, Color, Size  400~1000 DA 0.895 0 [42]

4L Apple TEAR B K /)N Shape, Color, Size  900~1700 PLS-DA 0.958 3 [43]

35 Apple KT B0 Surface damage 900~2500 PLS 0.980 0 [44]

S Apple FTHI154% Surface damage 400~2500 LDA.SVM.MISCA 0.950 0,0.920 0.0.670 0 [45]

S Apple F 1 Surface damage 400~1000 - 0.9625 [46]

3L Apple F I P15 Surface damage 400~1000 PCA 0.944 0 [47]

5 Apple FMHI545 Surface damage 400~1000nm EESA.MNF.PCA 0.900 7.0.870 7.0.833 3  [48]

FEH Apple AL Cosmetic defects 400~1100 PCA.BR 0.8125.0.9375 [49]

SR Apple AL Cosmetic defects 400~1000 Band Math 0.9533 [50]

SR Apple AL Cosmetic defects 373~1033 BP 0.962 5 [51]

SR Apple AL Cosmetic defects 400~1000 LS-SVM 0.958 0 [52]

SR Apple AL Cosmetic defects 400~1100 BP 1.000 0 [53]

SR Apple A< 2 5% B Pesticide residues - - - [54]

S Apple A< 2 5% B Pesticide residues 380~1038 PSO-SVM 0.983 3 [55]

SR Apple A< 2 5% B Pesticide residues 865.11~1 711.71 CNN 0.990 9 [56]

T+ “FRIR SR R 57

“_»

Note: “=” indicates that this method is not used in the literature.
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