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Spectroscopy and Spectral Analysis

A9 i
9 H

HIERBRERARERERGEUNARPHIZARNRSRE

= =]

s &

NN

)% ’ %’J\H]%ﬁlv /}’/J‘ 3.{2

s AR, A &L, A
1 WA AR LA TR 2 Be , WiVL AMl 311300
2. WiTLAAR R B0 5 EHLR 4 Be . Will Hil 311300

 OE OREENOK. B R, TR SRS S R Y Sl 2 AR R B R L R AR, AT
WRCRE . nF . PR BN . W, AR RD ST ARS ., KO, BE. FOFENER
Pt . REEBGRIHRE R BB, AN I RS AT, AR RE & B 9 HE R . B A SUBALY |, &
LU S AR T ST A A sk e A R ST 3 R O A R ER AR X B b i B R
U, REREBRGAAN k2R 2R, Hh A TR E AW A, HEZER GRS, 55
T B R U 0 IR o i L TGk S I PR IR BT LA R B IR AR R . AR R . BE A T LR PRk
JRE RO 22 1) JE BRI e R BTz N TR A, b i S R R 2 R O R SR BOR . Rk IR
AR F LA BRI JGRE 0T ALt 207k . St or i 55 B IR0 09 R0 AR IE 0 SR 8 1) L A
T2 IR, B TR PR AR A BE AR DR N TS UG I A ) EL A A A (] . 7R 3 AR
T8 MG KRR B GELLAMGHE L i 6k . YOG mOLS G . & MU A . R . X ST
TG AR A L6 S B 4005 o 00 A Fo T T T R SR L EE R ) D S R A RS AR AT T A R AE B
A9 K 00 75 T A R PR D0 I R B R R R R R B, DU R SR A% T IR M AR S 5 5%

KRB TP SBREER s BURE AR B
RESES: TS207.7 XEkARIRES: R DOI: 10. 3964/j. issn. 1000-0593(2022)09-2657-09

Vol 42,No. 9,pp2657-2665
September, 2022

5l

hnfl3

REMEEL ., §& NELTREER., T, =Y
it B AB AT 4+ 2 AT AR 3 O T Bl 1 R A R R B R
TR . I B X ARG T AR, AT EE R LA B
MW 3K B i BT R, A BTEE AR BT, PRt SR A N R
W 30k A5 P F) A 55+ SO A 00 A (R T g B, DA A H A 0
KO 8 oK SCEAE AN A T S 5 4 b R 45 B8R v 8 1)
RET. REM R R R E W BEANTEEL L™, K
AR REE, AF, B, BESERT . ERELRE .
RGO Z A RIS B R R B RS, BRI 2
it 8 A A0 P T DT i A () R 8 F) BB 4, 5 B8
B TR R SRR L BRILZ AN RN SR Y 2 A
R T AR R AP P A A B A R TR
BOEm . B0 KD L B DA . AR R N AR A Y 2

KB
E£mA:
EEEN:

2021-05-14, {EITHHA: 2021-12-15
E R H SRR A4 H (32001414) ¥F B

* SR e-mail: 20180047 @ zafu. edu. cn

JAE . 1997 4R4E . WITLRMOC LU TR Be il L A 52

WEARR B 0 0+ O B 26 5 3807 i 1 9 A (L 2T TRl ks
T Z W 5 5 T R B e R g sk & O
SR HC A A RS2 S BOB AR L A . . R
B2 7 bl BB RGN AN R BT B R

SRR G R AR R R A TR HE RS
EAGUREIS . 305 5 I BRI A0 4 B 4 . SR O DR 4R A
WEARMADE . P AL B S5 A R FEA B 308 A
MR A I XS G A S PR Y BT R . X R B 0 A 9 AR
SREATARBOR PR 047 . EHT . MR 8 22 (0 503 A AR AR
PN TR BB A T . BAGITLLA O0E  Hr 8 O, 9t
Tl OGRS . A MR R . R R X SRR
IR . 1 BAE AT B O6 AR A 1Y I Bk
TELE 20 B9 2 1 3R e AR PO (Y E A J H 7 HLAE 2R 5 4
A 0 4TI B 5 SR O F e R T I Y Uk R R SR R e
.

e-mail: zhoutt@ stu. zafu. edu. cn



2658 T 5% 4 A 542 %
F1 TERERBGHEARERTERG NI R ER
Table 1 Comparison of the characteristics of different spectroscopy and imaging
techniques for bruising detection of fruits and vegetables
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1.1 SEL5 RS

LA IR A 0T WG A P 2T AR o 22 8] 1 v R I .
JLE N 780~2 526 nm, T 414 %% (near-infrared spectros-
copy s NIRS) 43 #1452 AR F| F i 41 40 S 1% Xy 4 &% 19 43+ 2% ]
FEAA G HAE L R i S I M B A i . L R
ZPLE H IR LA £, Bln O H, N H 1 C— H %
[ A, 3 — B4 R B R M A 6 T, I =0 4§, th
Fix s SL A A R EZ A K, Nt NIRS £ AR 0] LAy #r
T3 5 0k 6 A O I RE i A B 3L AL b L AR
8 R0 X AN [ 3 1 O B A S TR B R A B A X e
NIRS A6 0 2 5 A] DL 52 5 85 b S5 19 G R

NIRS 7 AR T A6 I AR B 42 48 o 8 s % & 4541
B A . T8 R A T O SR A R O AR AR R B B R S
Pl T AT YR A 43 2 o S S0 ATl J8 i A5 A Ak it
AFTRBH B, S T IT R 22 R W) A5 B i & M 45 Cerror
back propagation neural network, BPNN) 5 #5 /N — ¢ 37 £ 1]
H L (least square support vector machine, LSSVM) = Fl 31 51|
WAL, GG R T 206 uk s B, 2k M F M 43 43 #r (principal
component analysis, PCA) 4 BUAE & Fl % 22 #% 52 B 1 (succes-
sive projection algorithm, SPA) {f; % 435 fiF I 1< 8 45 19 21
A SPA-LSSVM BER i R 50 Pk B 5 4 B IE B 1R 51 5 24
98. 2%, BRAEH Y SEMGE T 9 ST AL B X AL AR B s
PN B S AR T S, T I £0 80 (780 ~1 100 nm) i fi
JIN 3 £k 1 H 5 43 B (partial least squares-line discriminant
analysis, PLS-LDA) #% %, 1F #f§ 12 5 % 3k 5] 96.7% LA F,
Pholpho 4% 7 1] WLt BE (400~ 700 nm) i 23 566 B 1 3k
15 e IR AR S B AR AT S 9 AT IO 6 . A 32 R4 A AT A
JN 3 H) B 4y B (partial least squares discriminant analysis,
PLS-DA) Fi#5 2 4t 57 %85 = 1= (soft independent modeling of
class analogy, SIMCA) . X A 45 115 1 5 15 14 e W SR 5 HE 47 53
% S5 R R PLS-DA BRI 43 Bl 8 =i T SIMCA, 1E
Fh 10000, NIRS AR ARG 4072, Rkt
5 Y R RE AT LA, TR L FR AT R TT aepAeCe

SEIRETAEZRIR G . M RAIER . BEREN, RS M2
BEBG. BENRESFECIEEAREY., B, 71
SN I R 2 BRIl RE R AR T Xia SFTHHEEE T T NIR
TERER PR F KN BB F-&, WA T R AR
(random forest, RF) Fl#kt 5 4 (decision tree, DT) % £ fij 43
PR, Sy RE ik 98,300,

NIRS H AR AL BE 9 16 I 32 100 48 005 L ¥ 3 45 S B 42 433
TE A TR 05 5 T A RS AL Y RGO L SRR K O R E A TR
22 (19 B VR 5 o ) 286 180 4 ) D S0 20 40 18 7 S5t O 135 ) 31
HE AL, 45 2% B B /)N .3 (partial least squares, PLS)
AR (7Y 0 S0 O A R e, PRLO AL IE SR PR IR F) 10096, Sun
SEUEURY RO RS AL N A 28 IE B Rk B 98. 3%, BN
X T g S AR MRS BEAT I 0 43 26, TERRRIAE 10000, 1
RWFFEULI AT LT A0 G E SRR PN T R 2 T R ) 4 G b B
AARTE g R 37 5 03 B T AR A A, 18 %
SR T LA XS 2R T B K 2 T A 5 HEAT A R S . R AR X
PUNRE R | G35 T Ab #1005« f AR U B 4 TR 3R 0 5 Wi o B A
A AR I 3 G B L AR R, R ) AW A T
ELLAMGIE & MRS S AL Ny 7E— R AT DARRAIR
AR 1Y) AR e B AR D S R R TE O W) A A B JE A IR
ML AR AT R A TE S BOR Z A £ W 85 . BELE
BEAR A ] L
1.2 fiSkik

L2 1% (Raman spectroscopy. RS) J& — Fl 8L 41 5% % 4
BrEeAR, B FRA RS 4 Bk 4 F s
Tl AT E IR S A 2R B A AR B BE R M (5 BT . 2 ik T &=
BEAD G X RL R 0 B L SRR AR A E R AR 0 4T
F PR fn 2O A A R S B OGS, ARE R A R 2
545 OGS 1 F A& 3 CAn R 75 ) wh 43 4 M ok IR B E i 2
FEREAF 5 R A B R

Guzman 457 57 FR 43 B 520 2 S 3% 00 SORE b n i
MBI EAT 4> 2, 45 & SIMCA, PLS-DA, K-NN 4277
. RTUR M5 R 0K IR HEAT AN, IE B 3 5] 1002
97. 0% . RS 78R B3 16 00 o (9 B2 FAAS AR T 450 R AE
43T RE A 1) B A HE AR D . (H R T RS B HE SURME
ST LK B TG I 1 )43 % s CRER 2 HA 8 b 2D BRI AR 1T 5L
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Fig. 1 Schematic diagram of fluorescence imaging system-**!
FS 3 a] LA AL B R M 455 R 2 96 iR
(fluorescence imaging, FD) ., iZ 4% A& M K F 11 56 5% K 4% 42
WG . O, PR B SR B AT AL ORI LAy BT, A5
MER LR Chiu 9 IR R T — B YO R R g RN
HEWE PR R 470 nm K 8 LED 1F 8 56Kk
o N THARZEOE, T T 650 nm w3l JEOL B K 1 XY
AABLHEAT 26 L3 R A I, 25 2R R % R ST RE S X 60
SRR IR 5 S5 B0 100 6 1 U A, 36 I LR HL A TR
IR AR A B IR B R b . R R R R RO IR IR
il Hrks G B AR OLH. R 22 06 T AR T R R v R Ak
BEST L BRI 3A IR R R A B L 2 R A T AR D
TR )z s (AR SRR IR A Y SR £ (L R SRBEAY
W] T O i B R TR SR 5 00 R I 07 T A — KR
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B BLAS L3 BRI IR R % R, G fI B =@
MG, A RIRGESE . RN AR SO AT A bR
BB A RE D AEURS A L A et A 2 HL At AN W
o 4534 SRR (e e AR B2 B [ ) TR RS0 B % 4 i L0 A

R AME LRE BRI, R AN RR TN TR . Rt
TR — i B Bl e B A I R 4 ok BORG N L A  2  4 3 U) A
MBI . TS HLLSE (computer vision, CV) & — I 454 12 .
HeAFALES AL % BT AR R AL R R G TR
Ao 1B BB O B A PR L L) KT B LA 4 L B
P155 J5 TR SRt #E R . TR T 5 OGRS G it AL R 4
F ELX L B e B AT A ORI 5 43 2. R SOK 4 A 4
2 2 BUG BN B 7 53 e A S B A 40 A I 43 1 F 5
.
2.1 ERIERK

G TE 4% Chyper-spectral imaging, HIS) 0] 35 B & #%
W B AR 78 B SO MG, BRI R TR R S Y O
EHERGER . Gk PR B ARG, 4, HSILEME B
FREBE A TSR, AR X 5 % > T KE 6 5
FifEE, RS R E LR G . e

HIS R44H = A A 0 R34 SR, K a s
P T PRI g o YR AT DU TE P B A S g RINOGAT . R
6 AR BOEOLES o PR EBOoT R B B B T AT S RN Y AL
16T A B W] PR B G AR A AL . AN R B D K o S
AN TR 1 AR SR B T R AR O o RGOS AU T f I 4= M
LRI UEO A T T X . L fa B T 1 (charge coupled
device, CCD) 203 BAR 19 3 A I 2%, 1 CMOSCHE M 42 )8
S T RO 7E SC I IR R B 51 D 0T BBk B2
/U

IEAEk, HSIHAR G & 038 HAR 40 6 1 xR B0 1
PRI BT A F] . HST 5 NIRS £ RZ5 G B8 . Li FH]
F NIRS-HSIH A 43 7K 0 43 50 57 36 6 e B0 L HEAEE .
SRS R R AT A O B 4 2 A 2R 3 48 ) ik B
96.6% . 100% 1 99 % ; Li 259 2 J5 X4 Lt 1T HIS Fl ik i
LLAh . KRUPGELLANE B O, 45 R R U] 5 Pk 20 4D 3 38 4k
R R0 4328, FRES G UOH I o3 K08 43 B T vk s A& K
ERZEEF] 96. 5%, Fan 25090 F) Fi NIRS-HST 4 A K 0 B AR
)5 30 min~12 h &g AR5 58 0 B L R H#EAT 43
XK. GIRFRWERAEM LS 30 min, 2 h, 6 h fl 12 h B9 432K
HER R 90 77.5%, 83.8% ., 92.5% 1 95.0% ; Yu M1
%t W A 3R AT 3 AR LA 5 455 I T . Lee 5570 I FH NIRS-HSI
BOARXS Tt/ B2 AT R, W T JC RSB 1 &
it LDA F1 SVM B 43 25 1E i 2 43 5 Ol 94. 6% F1 96. 4%,
Wang-Hee Lee ZEM7E 950~1 650 nm [ 9% 1% 38 B P9 4% I AL
KN, B2 JE R I 21 A0 R ot B R b B R AR SR
i Bl A AR AR 5 L (R X B L R R A T
SRR IHEAT T, R R BRI LUE B AL 0 3R R
R D rR O B 500 1 55 5 AR AR AR R, R B O BRI
JURIZARIE RIE 0 . R T RKCR BB LR AR By 52 e, X
BB AE 1 074 nm A2 47 B9 B G35 W( F 47 7 18 —fe Ak
PR IR e T IR I D B b 0 40 R N o A %y 92. 0%

HIS 76 R g5 ¥ %5 J7 i R IF 58 Wl NIRS BERBE iz,
KRELORGFEX R FBGRBUR, RIG AT 12 CHHR
BT A AAShR D& W HBCEERE 0~5 CWIRET;
Ao SR BR ¥ U T AR SRR AT B . R
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AR S Lu I Criminisi 895 S8 #7616 18 4
SR 5 A PR ) 31 23 B (line discriminant analysis, LDA) %t
Z A FE R AT M =402, RS E A Bk F)
98. 3901 93. 3% . Cen S0 X} 52 AN [f] v % 2 JE ) 9N 3 15
TR, R 4 ik #1002 H1 91.3% . Sun SED
KN T4 2 W 28 5 R Cartifificial neural networks, ANN) X}
Me F AT oy 2. =402, WA 2E, RS R E] 99.3%,
96. 1260 85. 4% . FBE M43 AT 22T THFIT 5 8, (HZE AR
TEASE R 3 00T Sk ) R 0 B 2 2 ST 5T Y B R M L 2 A R

105 ORI B T RHEE 1T 0 Lk R B B i 2R
B2 f 2 10 HILF A2 R B Tl 2 R0 4 Rl 28 A R BR T
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Fig. 2

(a) Hyper-spectral images of pear before and after normalization at 1 200 nm;

(b) Average spectra of pear at 950~1 650 nm"*-
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25 [A] 475 388 ¥, 1% (spatial-frequency domain imaging, SFDI)
HOARIE — B 66 UG EOAR . HR Do 5 TE 528 A iy
SEAR O R SR AR AR SR T Y R T B 45 G R R R
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FIHE I (direct current, DO ER , 5% 50 144 57 IUEAE L .
2 AR O T S A O IR A S0 AN TR R R B Y AE R R
0T, e B ZE T, A m AR B AR B T Pl &
JB L eGP AR B T A T

Lu %0 JF % 7 — % SFDI R 48 R LR & B 40 | 3 fr
R TR R Ry AR BESE R, M T DC
1%, AC EME A R TG AL DN . 5% 23 8] 45 480 A 15 250408 b
B RE A AR A 1) B, L SR04 T M A Ao R B i 9
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Fig. 3 Schematic diagram of spatial-frequency
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PEAh, VAR AT H ST T ANN AR R P S 3 Ok 24
SR TR BN BRI . ORAR TR A R R R
Rz, 19T SFDI £ AR AELR W T vl Re . Z5 1T ak
SEDI HEATE A 5 B B2 T B A 52495 07 T B A Al R B 1 g
BT LGN 20 min W) H] PYIE R0 HT S B0 . AR, %
6 SR BE Y RS2 0 B R B AT E TS R B Y R R
RPN SE AR L R N DO R s 7 N & i e Kol
BV R LAY OB B Y
2.3 HHEERK

h 4R B 1% (magnetic resonance imaging, MRD) 3 F #
T S S NS Ak T S W 3 R R RE SRt n A [ £ S K ol felE
Al F AR, . BRASHELMERAARMYES, X
BESRME i, K, =R EL S, 5
BA[E] Y B R SR 5 BEAT A0 AT, ARG B YRR B AL
EELS: DN R i DN (61 el 1 UL = Sl i 5 e N
fHE.

Mazhar 2 B 58 2 W F 8L 4R 1R H-MRD A] |
T A D0 i LA B S U 0 A8 £, H-MIRT B A8 iR TR 5
1 T 25 B A0 2R B 4L LI 05 . Razavi 2600 38 5 5 56 75 5]
B35 MBS B AR e U R[] s ][] B 4 o R
Sz PN B AR5 AR AR B A . MIRT 78 58 55 5% 405 46 0 1 4% B 1 0
A%, HRUIIRE A A R, HARBEG O B RAE, X)
PR GLBESR o 52 IR b A 7E 2 A AT T I 3/ 22 1R 3k
2.4 X HZ&HK

X5y I ARAT 22 D S 0 R R ARE T R 4 T
A BKAE 0.001~10 nm Z H] . BARRAFENE, X L
W LA 437 I 7 27 2 K R P S RN T X 2R
BACR (Xoray imaging., XRD 2058 9 5T 4 ¥ 4y PLES 44 1) B
BJ5 k. BN X LRGBS R 0 A R A B L 58
T AR A X5 W e RE T AN [ o 52 B SR TG I o A
J5 W AT R BB BB RS AR A, XOR B R 5 IR A
LR L BB, SR 3 77 e AR HME BB AL I o ok o MR ATT AN
ZA ) BEATAR R, 3 26 R AT DUSE o B S ok I oA —

AW = 4R, XA ITIEBERR S X A L S L2 A Al
(computed tomography, CT)!, 5 MRI#f k., CT A &
e [ 725 ) 23 Bk R R A 1 G R ZE IR, PR G B 2 T
Ml 458 4 5L B P9 A A . Kenias 25016 38 A 4R
ATk FE R R A 38 R A2 =K, CT fg B2l A BROUL )2 T
PA T e 7 A S SR X 0 SR . Arendse ZEUO BF SR E AR UEM T
CT R — R e IR M S AR A BE Iy 7T LA 5 8 nd) 45 455 {4
BUR LA BO0PAl 5 G Elien 4557 A Al B8 45 36 SR 1 955 45
PR o ELRE SR SR 05 B AN B i B LA AR Y
PR AR BURE T g 4 Ik o B 0 25 S . XIRT 2 K ) SR 38 oA 35 dgl
B A 1) T H, CT i T, BATELR )y, 3 H
CT e Ko W S 558 A7 A 2ok 2 v A 335 L 19 3l 25 0 1w B A A0 34
SR CT th T & 5t AL i K i Bt A, R E & &
B A o [F A, A A XRT BEAT B fh BT A A I A, BV
By 1k 8 7 B e T 8
2.5 AR

P& (thermal imaging, T J& 5E T 7 A 44 BHER & 4F £1
AN I, T & 2 R R Y Z0 A0 R A T
U I8 OEAR ) S N (€ 1 VT AU IPUR N S R )

RBE A GU I R B8 A AR A SR R B g
TR WA ERGFES RO A, TS EOE 5 A5

5 4 4] 7 A — s I TR 2 T

Kim 4571 5% F TE 5% $4 A8 0 80 14, ) A e 2 0B 1 o
LLAMIAG AN A5 I AL A R SHE B X L8 405 /N R 45
VHESEIL T 5 BER . Kuzy %7 {1 LDA, SVM, RF, K-
NN FiI logistic [8] 5 43245 g %) filt B i 25 400405 3 45 BE4T 43 26
W R AT 89. 5% . R WRsE M, A TT B A Kk 1
Bt R T AT, EEPR AL T 04 38 5 5 B BB (i 15 5 T
I AV B O T B3 0 AP AR A B, 7 3 — 2B 4R

AR S B AR 5 AR A SR A0 40 A 0 4R 1 A 0 % 5
WRGER B IR KENE . PREEE . AEHESE . AL T
T A R OK SRR EE SR . LR R AR L3k 2 pioR.

K2 RBERBGEARERGERG &N T H AR

Table 2  Application status of spectroscopy and imaging techniques for bruising detections of fruits and vegetables

A6 0 £ A o 0 Xof 52 ik B b 3 A%/ % SCHik
- #Ai PLS-DA 94.0~96. 0 [20]

R wE ANN, SVM 98.3 [22]

TEHB 3R Jig A PLS 100 [25]

PR PLS 100 [23]

mi% BN} PLS 98.3 [24]

LA B il 4% PLS-LDA 96. 7 [14]
Je R il 155 PLS-DA 100 [15]

BB ilf 473 SPA-LSSVM 98. 2 [13]

s filf 13 PLS 100 [16]

P Bk Tl 155 LSSVM 93.3 [18]

il ilf 4% LSSVM 98. 4 [17]

EVR=D A e RV A SIMCA, PLS-DA, K-NN 100, 97.0 [27]




2662 it 2 56 b %42 5
g 2
2 R # i PCA — [31]
RIS + B PCA — [31]
. .5 h: 86.
PO i it M-value IR r32]
i vE PLS-DA 84.0 [56]
il 5 iPLS-DA 92.4, 94.0 [51]
” WA WS 99.5 [52]
R 301 SVM 97.5 [53]
ill 473 SVM 97.3 [54]
15 PCA, WS 96. 6 [36]
.\ 96. 5 i )
B PCA, WS 07 5l o ) [39]
[
99. 3( =44
®wE SVM, ANN 96. 1( =432 [59]
85. 4(JH4r3%)
i iR LDA, SVM 94. 6, 96. 4 [42]
) b3t CARS-LSSVM 12hJ5: 95.0 18
FERL WA " 94w%%%) -
bivy J4. YN ZkR
A% SVM 0. 0G4 ) [41]
| 83. 3(A L)
[ BE BPNN 0.1, 6 ik HE ) [49]
. s . 100CYI1ZR4)
A LR £ PCA, WS 98. 6 (MM iRk 4E) [37]
Bl A F-value 92.0 [44]
A MR PLS-DA 94. 0 [55]
i+ wE SVM 100 [50]
- o 98. 3( 442 /
i Rk LDA 93. 3(=4p2%) [44]
100C =432 -
# R wiE SVM 90 5= 433%) [45]
il 53 TPD 70~100 [60]
25 AR A% PR B A5 SPT - [61]
il 155 Otsu >85. 8 [62]
fi AL A - - [65]
Tl AL AR A% A B 1R AR DL — [66]
IR IO — 100 [75]
PN 8 AR - — [69]
R s _ _
X Gk 8 oA S e AR [71]
oy PR 5 1 — — [70]
ok . Tilf 153 A photothermal model — [72]
W 45 LDA. SVM, RF, K-NN % 89.5 [73]

i iIPLS-DA A B i/ 3 5143 H1) » KENNCK-54835) » CARSGE 4 & B B A . TPDC= M) . SPTUREEM 2 ) . DL

% 2)), WS4k G 435

Note: iPLS-DAC(interval partial least squares discrimination analysis), K-NN(K-nearest neighbor), CARS(competitive adaptive reweighted

sampling) , TPD(three-phase demodulation), SPT (spiral phase transform), DL(deep learning) , WS(watershed segmentation)
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Current Status and Future Perspective of Spectroscopy and Imaging
Technique Applications in Bruise Detection of Fruits and Vegetables:.
A Review

ZHOU Tong-tong' , SUN Xiao-lin' , SUN Zhi-zhong® , PENG He-huan', SUN Tong', HU Dong'"

1. College of Optical, Mechanical and Electrical Engineering, Zhejiang Agricultural and Forestry University, Hangzhou
311300, China

2. College of Mathematics and Computer Science, Zhejiang Agricultural and Forestry University, Hangzhou 311300, China

Abstract  Fruits and vegetables are subjected to different degrees of squeezing, collision or friction during harvesting,
transportation, storage, sorting, packaging and marketing, resulting in external bruising like crushing, cracking and abrasions,
as well as internal bruising like black core, water core, browning rot, mildly heart disease. The initial characteristics of bruising
in fruits and vegetables are not obvious, and the appearance is the same as that of normal fruit. However, the bruised tissue
deteriorates and spreads with time, which will eventually cause others and the whole box of fruits and vegetables to rot and
deteriorate, leading to huge economic losses in the fruits and vegetables industry. There are diverse methods for postharvest
bruising detection of fruits and vegetables. Among them, manual detection is the simplest and most commonly used. However,
this method is not only time-consuming, labor-intensive and wrong mistakes, but also can not realize the bruising beneath the
peel or internal bruising detection that is invisible to the naked eye. With the rapid development of computing technology, more
and more non-destructive inspecting techniques have been widely used for bruising detection of fruits and vegetables. Among
them, spectroscopy and imaging techniques are the most popular. Spectral imaging techniques usually achieve the goal of
bruising detection by using the signal difference (i. e., spectroscopy or image) of the bruised and non-bruised fruits and
vegetables with the procedure of image processing, spectral analysis, chemometrics, statistical analysis and other methods.
These techniques are non-destructive and fast and can overcome the shortcoming of manual detection (i. e., time-consuming,
labor-intensive and low accuracy). This review mainly summarizes the research progress of eight kinds of spectroscopy and
imaging techniques (near-infrared spectroscopy, Raman spectroscopy, fluorescence spectroscopy, hyper-spectral imaging,
spatial-frequency domain imaging, nuclear magnetic imaging, X-ray imaging and thermal imaging) in bruising detection of fruits
and vegetables. Working principles and main technical features of these techniques were described, followed by their applications
in detecting bruising of fruits and vegetables. Finally, a discussion on the future perspectives was given. We hope to provide

references for non-destructive detection of bruising in fruits and vegetables.
Keywords Fruits and Vegetables; Nondestructive Detection; Spectroscopy; Imaging; Bruise
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