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Resear ch Progress on Non-destructive Detection Techniques for Potatoes Quality
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(College of Mechanical and Electrical Engineering, Gansu Agricultural
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Abstract: Since the “14th Five-Year Plan”, with the continuous deepening of the “three rura work”, the
quality inspection and grading of potatoes have played a decisive role in the expansion of the potato industry
and the development of the processing industry. Aiming at the problems of traditional manual potato quality
classification, such as high labor intensity, low efficiency, easy to cause secondary damage, and inability to
judge internal quality, this article elaborated on the research progress of domestic and foreign hyperspectral
detection technology, near-infrared spectroscopy detection technology, machine vision detection technology,

s B : 2024-05-10
ELmMB: Hilfl KFEH AR LRI EH (GSAU-JSZR-2024-004 ); Hil A HF T =l L #iHW H (2024CYZC-32); Hfi4lk
KM AT E (701-0722045 )
Supported by: Gansu Agricultural University Technology Transfer Project (No. GSAU-JSZR-2024-004); Gansu Provincial Department of
Education Industry Support Program (No. 2024CY ZC-32); Gansu Agricultural University Self-listed Project (No. 701-0722045)

F—1EE: I, B, 1999 F A, R A, BF5E O I BN 515 BALRE, E-mail: 1721630071@qg.com
WEEE: 408, £, 19864 A, i, MW, FF5rmhRl <45 A3k, E-mail: 451462291@dqg.com




7 IHBsaTE
FEe P marmens

$£32%5 2024 F FE6H

and ultrasonic detection technology in the application of internal and external quality detection of potatoes.

Through research and analysis, the problems facing non-destructive detection technology for potato quality

were proposed, and prospects for the selection of imaging systems, multimodal detection technology,

agorithm optimization, and intelligent detection technology were discussed, which could provide a reference

for in-depth research and practical application of non-destructive detection technology for potato quality.

Key words. potato; non-destructive testing; hyperspectral technology; machine vision; near-infrared

technology; ultrasonic technology

Rt 8% S AR AL GRS A4, L 2023 4
9 A, 4 gk B AL i AUE 4.6x10° hm® 247 |
LR E SRR — ESRE T
MIHER, SRS i o 28 SR B N T R S AN
SRS, B3 R R ARG T AN T3k
e, TRuE 2% ) HICTkHI W A S NSRS B 45
I TR DU B AR X 44 B R A T ot SR i AN A ]
P O Z U AR SO o s BT R (R,
AL KRE AN,

TeA Iz B FAAE = Ak R AE
Yo BRI K BRI . N TR AR NI S
JrTE R T B Y A R G R
AT, SCEE A B S8 A 2B O 1) TR I AR X
B SEAT S BT R o A, 3R X i
GEBARIEAT IS G 430, X 24 i G 454G I 4 AR AE
A S ot SRS Y P S 5 2R A T AR A S R R B S AR
JEEE,

1 SHRERRMSHIERNEAR

1R T AR A e — Fh 22 25 Uik B AR B
R, R THY, BT B (FEAL
BOFENIRESESU AR, B R T4
G ARG AR LS & 0 AR &g
BEAREA ZW B FB . L) (200~
2500 nm) FIES A — 45 E P

T T AR A A T T4 B R I R
A JUn 238 A — e (5 B 245G, FEHTME
O3k FRALFERRIE | LR RS I R B iR
IS R G R 1R

B X EL 44 S A AN SR, Ahmed 40
K T RO 43 M i 5 A AN TR BB Th 4% 2 1 i 4
fik, Lh 540 nm Ay H.0> . 480 nm A1 600 nm /g k2=
ST BE IS IR ZE T, B AT

~ T - HEHL
FEh BYTEE

B> ]

H1 BRERERS
Fig.1 Hyperspectral imaging detection system
LRM . REE . RBZEEGT . MLBR . FLIR T3
PR N 96.65%. XS A 245 O 5 i 4 3 B 4 vk
FAAR R F Ak T 13 4~ F1 9 AR B
BT AN [F) 7 45 A T SRR D B ST S R )
BL AR | P oy 3 o T 000 42 1 ) 50 o i 23 34
“h 100% , =245 i) S AL )5S 78 Xof AR T 4 1 28 S
TEFR N 99.5%. Ji 7R FH K4y 5 A 8 o6 ] 452 T b B
Tk, FH GRS BN A5 3 RGOR B AR
W4, SR FH A% 48 22 1 Al AdaBoost-Fisher 57 54k
IR EESA R R 25, SR BRI
99.829%., 21t ot 451813 5 S 7. bop 28 9 4% R S
] 5 AL A, Fh T Y IR R Sl 77.78% N
87.23%. 1 A 5O 11 T Xception VR B UM 4
BEXT Th RS AMIR S BT AE LR 4y 9, 34T Xception
REBRME T T 5 R ETIN AT, F
FHIERS 2 20 15 31 Th % AN B G R SR Y 50
HETI Ay 96.04%. [l f1 R4 387~1 035 nm
e G FGORENAR . BEA . ATURCE 1 R0 T
ChER S g L T T A B o R v (R
AL E 5 s, K 439.9 nm P KAE M RFAEAR &, H
H i F Y LR+Light GBM ik 21 i & 1 1 A

162



325 2024F FE6H

iRl
4] (1]

REZ=

98.86%. Y amin 2R 4l e b S U f) T % 8
FREI, R A K-means 328 7 3k % G A5 4 51
ST T A 15 90%; i 3o 7 S ) R AL
BRI HEAT /32, W T AP R 0 S B 8 R
K H K-means R4 EG T8, HEE
PRI DX G AR AT,
ek 90%.

Lt S (1R PN S i SRR T T A R B A A
SE S PN S PRI, 3 e A 3 G il T A Y
PR A T2 sk g e oAk . Yang 25120 % T 4
TOCIG K5 454 oodk i) Y OLOvV3-minor #5581, 5
T DR RTEER A SR 502, &
YOLOv3-small P& H15] A Res2Net Fidk, J 'k £
SR (e o IO 24 RGBS TR, o T 4 S 22 2 Bl o 1Y
ST R IR B B 2 14 %) 90.26%., Wang 451
TE 4 B S N INBGERETE L BRI Sk
ST /N R IR B, B AR 0.9020, T
M RN 2.06, 1 brifE I A48 AR e 15
AL BR R ) A A T B R B . Gerrit UM%
ChEA SRR BRI T T 2B B M4, il
SRUT 0 45 R TR Sh B8 3 A AT TIE HL S
R VEAL A B, RS B B R A3 el 2R 4 i) e
0.78 F1 0.88., Gao 45 Vet %] BE T B2 F- i i Jofbi K
N e O 3 R B N 2 1 B Vv o .
B, 3 ] AR R R T B A, I
PR B ZC BUN R HERG 3l 89% . HhE A6l
Y HERR RN 92%. 2SI OIZE K 25 4% 354 SO
ORI SE et I R SIS A
ESG ST, BB E K 5Ok
Pod, BE 5 S s Sk i 5e et F S N AL
.k (CARS-SPA ) T e I Bl R e, Ik 4E
Bl RPp 427 0.050 1. RMSEP FF% 0.026 8.
CARS-SPA 454 TCAbUAS U4 A il £ 48 25 540 J5 b
SRR

BEXIAS T BRI S5 B N R B e A, 7k L
SN T ST A T IR B RN, AT
N ) J R S S L S, g ST B A
I I I O O T 2 v B e 8 I B e 1
ANTRI BT () TR0 25 58, 0 8 10 A O I 45 S 7 Oy
Model __3__3, fii4k75%] Model __0.0001 {8 51|50

A, HORARMERRS . RS . R BUE IR RS
%4 99.68%. 99.76%. 98.82%. 99.54%. ZEili
2847 T 44 B F RS i R 20 26, il
BT 430, SR P DL i 43 2 2 A B A T S TR 43
Br, IEH T iR s = 5 5124 100%. 97.6%
1 100%., BT Ha Vet Xof Th 4% 5 B 8 5 O TR 51
7 T T MSC ) LDA #5815 [CHE 25 -LDA
T T ) T A S IR R FON R R AU B AR, ACIE
4. BWIELRIERRFUNER 100%F1 93.33%. 3K/
AP T LA IR G 1 SIMCA SR BB
I 2 5530 BT 0 7 2 37 0 Xk R A7 X
R A T R %l 87.50%, Qi 2512 i 454
T T A 2 X 245 RN = G B B 4 I 2% 55 TR B B
VEVEE 1M %% ( PLB-2D-3D-A ) , $2H R HEHE
T P15 P TR B 2 2] 43 24 B f A W) 2 4% 8 e %
5 ; A 2D-CNN F1 3D-CNN 425U 3= & il as
[EJRAE, 152040k B kS Bl 73.9%, e il Bt
(A R 79.0%

SR, RO EEH T B4 E
AN T, P O B A R B A
AR FE . OGS R TARA E B 2 B
JETE AT HER T B4, TR AR R E RGN
WA SRR R, T S S BT I 1 B R
WFoE, (AH AR R . G5 A . WP ERBEZR ™
B, A AR 7 e R AR B R . MERERCR

2 DHEFJmBAELIMENE AR

ME LT AT LS B T A8 P | A b A
A2 IR ECHEARTE DB Z T B R,
Al DA — 20 st s MO, DASR e A 72 8508
|5l S AR il Eray OS2 35 ivalll I8
FEEW OE SR AR DU RSN S Ay 2E, T
SEBUXRE i 22 Fh R 14 7 R st A g 122

Zhao £ 1P3R SR B | BEALT Ik S vk
FIE AL S TH A SV A S B T, &5 SRR
FEREHLE SRk, R I A A28 0 R AR 25 AN T
FER IR %N 087 Fl 0.84, RMSEC Hl
RMSEP 43 %124 0.33 Fil 0.30%, £ #4 2 JE fy F51 I 45
RURAIE I 1 e A 5 B R BEL T RS . 47Dk
SR 30 ob RAL A B SOOI P PR, T 4%

163



REZ=

iRl
4] (1]

$£32%5 2024 F FE6H

EREMEPEOTR M AL, 8 A R 1AL B RRAE
WA BEPEIS , AR ] 3 R A ST R 8L ¢ P
FE g, @I T S HFmEEIH (SVR) 1Y
TR | 53 A Ak Y SV/R R o Aff 0 1 4%
MMRE SR, Sk BA . e
T FE AN [] ot 25 3 o PR 8 TG 40 1 A o 6
B, A R o3 HT I S AN R R 2 G B 1 e
S AU R 3 Tl e /N ek ST I LT AP E B )
BTRETR A L ASE T RS A 7R ) e o 2R 030
0.998 8 #i1 0.998 2. ¥R 2537k 0.385 Al
0.347. TMARXI 7 HriR2EH 14.3, G5REVILIT
WHA AT, @IRHREPRR DR E AN RN
J e f, GG ST AR B RRE S BRI IE
I E N % CVEDSE 5= N 275l S Pk
R, 23t Z2 U R IE AL B 1) i d AR i
U, MRS R BRI T iR 25 3900 0.969 3. 0.293 7
F10.9779, 0.3304, Z5HRFMFAEBE AT 20
B FIRAIE e BEARE ST ORI o A% DRPTVEE X v
S TSI | 3 a4 B O 0 4 FH B etk H S
NAINAEE 4530 R A 0.889 7., U4 Uy
HRIR 254 0.843 1; £ Xl B Ao AR 2 R FH 56 4Pk
F 38 AR, A5 3080 5 22 BORN 00 49y HR 1%
22435120 10917 9, 0.1509, 287k HoA nl 7.

ST AR BT E IR, Ainara Z2P¢ T 1
B S BRBENR , R FH AT LS T AR U 4T A g
GyIEE%, A /N F 0 53 Hr (PLS-DA ) %
FEU G 2 T LI £L /M Vis-NIR )FIAL i 21 4 SWIR )
EOGHE RGN T, B EDGIE GRS G
S RN e Rl e NN S
VisNIR #l SWIR mOGiE RS, £ R F s
4381 ( SIMCA-PCA ) il PLS-DA #ERI% ¢ T 5
RS R BTG, RURIE B0 2K Rk 94%),
SWIR I R BERT RO L, Z5RE M. T
AL RSl S [ Rk s s e VA (5 9 N .
FE TN, B TS PLS-DA BT AL GE
AR ORI % IE AR 1Y A DU GE B 3R 5 5l 97.74% F
98.33%, ML HIBIIERF N 97.89%, £ X hH4
BEJB R Pei-shin 2P 4E Sy i f5 /3 1 [ ) 45
R, A I 2T A R Y 43 28 AR 38 LIS IE
ST O7%MY XA o IR S SR BYRF 3E 44

Mk, #EH 990, 1026, 1109, 1226, 1285, 1464,
1 619 nm P FRAE P A FH T Eh 4% S AR R 1Y)
O3S, IERIUNRIAE] 71.25%, AR E LR,
FEE S B T Uk B L RE I SRR P A 32 AR
SR TIERRSS G, IERIRBIRIAS] 97.08%, Shin
AR Xk TR A, R L0 R
IRASE A S N T LS, X Th s 8 U 5 35
i IR IR % 94.7%., B AR A5 RE & T —
ol 2 S B 1) DR TP A I e A, 3 T
PLS-DA, Jf-#IH E 15 o oG I A 456 W 7 ik
TEPERFAE B A AR AR, 25 LR I 3T PLS-DA
T2 T ) A T TR I AR A PR R T A R
%1551 97.16%.

RFRI, E UL A DA R TGS
MEZHFSRESKE. Ehaa., BSY.
B TS RO DA R A S E O . B A
25 OGS RURE i KN R 2 R BOG IS 526 1Y 22
SERCMER, 7 A BN b 5T A g v A2 A A
ARWIRRE], G, DFIE B LN
J S AN A 2, AR T g DL SRR Y
N, UTLLAMIN Ay TR B i BT R B E T
AT LAl
3 SDEEMRPVSFIA KN E AR

BILAF AL A — R TSR B A5 15
PN BT G TR . R EAR, anl&l
2 U7 o BLARAL D H AR TR AR 77 it it Jo 000 5 45
07 7% 2 TN V1L SR /K A AN = =15 Loy | IR L RE B 8|
AR ELAT S (B AN ST A 5

LA [ A > Eﬁﬁﬁ R HE> @ggﬁ
A
R | ot sk
B 1% .
HE L

B2 #RAXRE
Fig.2 Machinevision systems
FET AL L0 R HU B 8 S T RN
Shen 25134 Hh S 5 [ LI HLAS ILSE 3 0, Jdad
XFH 4 Fp SRR LR B RCR , BRI T 2

164



325 2024F FE6H

> o
iRl

4] (1]
ClENRE Ao TECHNOLOGY o CeReALS, 15 o FooBs

REZ=

KA SVM (L FFI AU R ) T35 4 ) 1) Th 4%
BERIER , HER Ry 88.89%; L TR ALY SVM
Tl A DR KN, HERR R 87.41%, Su
2198l 5ot 35 3D % [l v 54 3 A A B A
(RS , ot P P50 A BB 1k o R B TR 1 &1 SO
HIFAT Y, WAME T SES 2D 1 3D ZS A g ER
TR RS T R s A o S5 A 10 P A1 0L B i 3 2%
AT 88%. AEAR 15 BT IR B o ik IX 4%
HAAEE R AN L 45 A K-Halr 4B 2K ik
PO SR, RGN i 238 3ok (B U8 B 45 6 T
PR RN DR SR B B0, SjE .
i . KZE . OIEE T R 0 o R 5 ok
89.7%. 90.4%. 96%. 96.8%. {2 v %o
PLES L SE 5 Y OL O B3k 45 G 114 T 4% 22 3 it o A
M7k it =5y K BERRRIEA TR,
SHJP IR IA ] 99.46%; JERL . K2 AL |
AR L FBERS I R R T 98%, T LA MRHAT
RIX A ThES B T B . Afshin 20025 S HLRS 0L
B RN T A0 28 90 2 5 0 U3 R X0 4% 3 v
A AR S RO T ARAE X > A R, SR
P 30143 BT TR L T b 25 190 2%y o B 4
J, THEY SRR AT HERG 0 73.3%.
93.3%. 73.3%. 40%. 73.3%. 66.7%. 80%. 40%
1 53.3%; RHMLEML ATk, A &R
ER4 2%k 100%, R FCR B3,

Tian O3 H 1] ) 4% 3 10 R 7 o 0k X
T A N oI | BTN T B = R D O E K B iy
Qb AN 53 A2 G AR I I BE (B AR LR, AT S
ITH R S BRI X i R g T 4R
FEPRG, i OTSU Bk (RoRZRRE L) A
Fil SVM Zp 2888 - AT HRAETR B, 3 id Web Service
5% e A U R G, REEAE MU
T E AR BR KT 92%, T 280258 FH 4 b [
JO7AGE T 285 4 /N U 78 46 1 SR AT 4 S P R R
BIGAR G, BU B E A R T 90%, 5K IR [
SR VISR L o T A% S AT SR AR T S bR 3 I AR
PitE o bl g2 iR, fii ekt Yolov4 Al
RRRL S BURFIE SR I, 56T FUM 26 I 2% 1) U 3 2
3] 7 AR 548 Open-CV R B4R 25 1 ThAe 41
BIKGRE, PR ARAE] 91.4%., X253

T AT WL LBE 1 4% AR AT 90 5 SR A D R
5i, R RGB HAIHEA T84 40T, LA BRI
T SE I B (B 5 A v 22 B AR g, SRR 50K/
F Th 4% 0 0 AT 5 e VR R . VPR MR
FEF R0 R P HLE LA I i, R H o
PG BRI B D R, 385 5 e
B AR A S 1) T AL K R, i Blob 43
Wi eS8 HbR X, 207 2 RE s i U3 4%
UG, SRR 95%.

IR FE, T UL AL 2 T O
R 25 5 S L B S ANER i B Ar 2, gk iz L AL
PRI . KL R RIRAE, HERRREE S
LB R R AR &, D EH S BRI 1
YRS SR . BRI T O 1) 8
TR it ARG I AR AR AR R SR, AR AR
HEA R0 KR

4 DRIMRVBEREEUEAR

FH T I ) A S ARG U A ) R U
TE 4 B LR e, 45 B A% B AU B b Ab
FeAR, X S84 2T AR S P (A A I A FA 0 B
AFB, WE 3 s, il H TR G2 EN A
I8 i SRR I 132
T S
e .
L—————-ﬁ%ﬁ%w

B ATHE

ayiEs
X Vs
HE BRHk

3 BEERURZ
Fig.3 Ultrasonic testing system

Beyaz 25U B LabVIEW - & IF 2 ) This
PR R R G, IR AR /NG 5
EOITTIE MR, F AR P AR AR I I
5 3l 25 R A AR ORI i 2 E] Y 1] 03 O
87.9%, Th % B 2R A R B RE I i e 2B P AR
AR R U =2 W ) [ 051 95.5%., Sutrisno 45147
A e A R AG I A A, FH SR 50 kHz
F P e A R A TR A R AR, AR Bk

165



2 IR SaTIE
FEe P marmens

$£32%5 2024 F FE6H

PEADIREARY BB R4 IX o e A 22 Y ) R
H SRR 35 85.71%. Adele USRS 3L T
PR RS X/ DR E M, R 1%
TR 0 2 J2 IR 22 S 2 A TR R, TR
T 17 MTE A BRRAE , R AR 25 N TP
WL R KRG IR 22 . IR BRGSO OC R
Bk B e M 4, A 4 Bl R 2
97.3%#1 97.6%. Konrad Ui I 7 7 i B A A
TGE 3 B, A DR A T B ANV 4 AL 22 g AR A
FETEMIRIE N 1%ZE 5% IRIARR 5 MR EE( 20,
25, 30, 35 140 °C) . HEAYAT UM 7 ) &t
PRS0 0 TR T 1) DR B M I AR B, X
FREMA (10 MHz) BUAHXTIR 258 0.15%, H2
0.09%J2: I % J& 5 123 1) fe Feiohe

R P Y X T T S T 01 TE ARG I )
T LB S XA A T, AR B S S i T
B . IR IC R SR R ARy 2
T A 75 90 T A8 8 T T v R AR AT
A H X PR AL A e AR BER IR B 1 B 2 B A
5 HBMERE
51 DHERRTHKNEA I 6 E

UEAESR, ORI AR K& J i il LS T &
R 25 O SOk BN B EIE R |
ULLTAMEAR | MLASOLSE . B8 PRI 4 A i
LR R A AR, 25 A E NS K R
PR, TCABUAS I AR A 8 2 ot SO A I v T I L
_FI‘EJ@:

(1) SFXH T B R A A Bk 7% ) S 4% k17
R o325, ARMESEA T HERA A 35 2 4 2 ) H Y
AR Wang 2505 | 2 AR B T = 4 2w
THE SRR | H RS R FLME B AR G v

(2) GRS /A A 2ot veg BOb) T PR A 22
SRPEHE PR AE SE R A ARl A e o R sz B
LLHME FHGIE AR KN TR S 806 2R
ZESERCMARE A, X A1 EB it B ARG 53-8 (A o i
AN MLESALGE X T B 48 A 5l I o R AR A
Sy SEBL, ARKEF P T S A A R . B
R 7% FLXE SR NG BR M 5 P e v T 2
st JEAGE I 2 A% S0 1) ARSI 3 2 R P 8 ) 55 40 R

PERE, PSR HOR TR BT KR L BRACR A

(13) AMPAE =X T HLAS 0 S PEAT ™ s Y
SR, SRR B S S8 B RGBT X
HI IR ML BOR | 3 55 e XL B4 L RE IS
I e PSR H B, ARl A 7= 2 18 2 BELAG

(4) JoAB G INEE A AE S B iy R D, iR
SRTCIR ARSI B AT, (R HE B et e 4%
18 HA 2N THAT#ME, ANGFER RE N1 1
2 (AT I Affy R AT
52 DHFMBEALHREMBALREIL

BEE B #% 5 TR SO B e, ORI £
AR ol A I U 2 78 A S 1] i LA R B e
o DU AP G I AR S J IR 45 5 HR B4
ST AL KT 78 BRSSO, B A T 44 3 TG
UK DN BIF 5 v 2% 1 LA 5 I

(1) PREMUR RS . DA% 00 dh SR I X
BRI TAT AL e AN ] A AR 7% 18 G DA I
ARBVEHE IO - AL BB 2 A HOsg 8 Bt
TESE PR AR 7 AR AR M L S FEZR ORI A5 5K, R
A R DU 2206 2 s SR, FEARSAR 1Y
7 A Tl 3% A ] e

(2) ZBETAHEIMEAR o Fh— A9 TR I
FoRAEAN A = R AP AEAN R BRI, 455 2 M
UKL A AT LA O RIS, U2 & B as ot
I LLANERE BT, fERUERGIE | FE |
YRS I PN T o i Y [] P — 20 2 g AR
BRI 3 2 RS A 1 L LR R TR RS PO T 5 T B
PTG ER PR R B s LA TAERLR, il b
B E TN R

(3) AL S (E R BB . B hlas ]
SRR N TGS R e A, R LR X
ST TR I BT R I o L R AR OR IR A R AL
T FaEOR, KICHUG I s b 5L 2 = imdt iy
SIRTALER, A AL A AT . S
L HLEFEOME, S8 ML i R A TE LR T

(4) KREEREATTHRMEA . MAATHE
REFRBAE AT B, 255 i A A LA A 552 31
X R Eh R AT | MERR AR A2 T
SO A ERM A, BRIt A,
BEFITRIRAE R, SRR DA IR R

166



325 2024F FE6H

E%mmwmﬁ“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

REZ=

PR K JEFNHE) W o

Sk -

(1

(2

(3]

(4

(9]

(6]

(8l

(9

SAINI R, KAUR S, AGGARWAL P, et a. Conventional and
emerging innovative processing technologies for quality
processing of potato and potato-based products. a review[J].
Food Control, 2023, 153.

SKRLLFR, R, R, . REEDEE R AT Y
W aOFFE 5 R[] O6il A 50 TE o M, 2023, 43(8):
2348-2353.

ZHANG H T, ZHAO X T, TAN L, et a. Research and progress
of microscopic hyperspectral imaging technology in biological
detection[J]. Spectroscopy and Spectral Analysis, 2023, 43(8):
2348-2353.

FRURTR, EARA, VP, 5. DR SRR G IR
Wi R R BFIE[]. L2 5otk o4, 2023, 43(1): 37-42.

HAN M J, WANG X Y, XU Y C, et a. Research on influencing
factors of nondestructive detection of potato near-infrared
spectroscopy[J]. Spectroscopy and Spectral, 2023, 43(1): 37-42.
REFRIE, AR, faith, 45, OIS R H ARTEAR ™ S JCH A
WA . Ml SR, 2023, 31(1): 109-122.

XIONG C H, SHE Y X, JAO X, et a. Application of
hyperspectral imaging technology in nondestructive testing of
agricultural products]J]. Science and Technology of Cereals, Oils
and Foods, 2023, 31(1): 109-122.

AHMED M R, YASMIN J, MO C'Y, et a. Outdoor applications
of hyperspectral imaging technology for monitoring agricultural
crops. a review[J]. Journal of Biosystems Engineering, 2016,
41(4): 396-407.

SHEAR, ELL%E, BLARAR, 4. T EGISEOR 1y B AN
TSN i 5P, 2016, 32(11): 122-125, 211,

DENG JM, WANG H J, LI Z Z, et al. External quality detection
of potato based on hyperspectra technology[J]. Food &
Machinery, 2016, 32(11): 122-125+211.

J Y M, SUN L J. Nondestructive classification of potatoes based
on HSI and clustering[A]. Proceedings of 2019 4th International
Conference on Measurement, Information and Control (ICMIC)
[Cl. IEEE. ZALbRll K, W/REICERBHE A R A,
2019: 5.

AU, FhLL, AR, BT EDLIE A D BB B A
Kem[d]. s3drilif==4k, 2020, 39(11): 1421-1426.

LI HQ, SUN H, LI M Z. Classification and detection of potato
microseed potatoes based on hyperspectral[J]. Journal of
Analysis and Testing, 2020, 39(11): 1421-1426.

WAk, S, skae, S TR BTN D AN R
FATCAR MR B dhRle, 2021, 42(10): 284-289.

YANG S, FENG Q, ZHANG J H, et al. Nondestructive grading
of potato external defects based on lightweight convolutional

(10]

[11]

(12]

(13]

[14]

[15]

(16]

(17]

(18]

(19]

network[J]. Food Science, 2021, 42(10): 284-289.

SR, BT 5 G E R Y SR A SN BT K % A
[D]. B#S: PNl K2, 2021.

WU X W. Detection of external quality and water content of
potato based on hyperspectral image[D]. Chengdu: Sichuan
Agricultural University, 2021.

JYM,SUNLJLIYS, etal. Non-destructive classification of
defective potatoes based on hyperspectral imaging and support
vector machine[J]. Infrared Physics and Technology, 2019,
71-79.

YANGY, LIU Z F, HUANG M Z, et a. Automatic detection of
multi-type defects on potatoes using multispectral imaging
combined with a deep learning model[J]. Journa of Food
Engineering, 2023, 336.

WANG F X, WANG C G SONG S Y, et a. Study on starch
content detection and visudlization of potato based on
hyperspectralimaging[J]. FoodScience&amp; Nutrition, 2021,
9(8): 4420-4430.

GERRIT B, PIETER M B, HENDRICK A C, et a. Potato virus Y
detection in seed potatoes using deep learning on hyperspectral
images[J]. Frontiersin Plant Science, 2019, 10209.

GAOW Q, XIAO Z Y, BAO T F. Detection and identification of
potato-typical diseases based on multidimensional fusion
atrous-CNN and hyperspectral datalJ]. Applied Sciences, 20-23,
13(8): 7-16.

L, R, TMIC, %, CARS-SPA BIA4G & RGN
LR S . ARl K2z, 2016, 47(2): 88-95.
JANG W, FANG JL, WANG S W, et a. CARS-SPA agorithm
combined with hyperspectral detection of potato reducing sugar
content[J]. Journal of Northeast Agricultural University, 2016,
47(2): 88-95.

I, BT, BRI, F mDGEEGRE S BRI ER T
TR BT T 95 V8 RN (3], B3 2 50 4 B, 2024,
44(2): 480-489.

ZHANG F, WANG W X, WANG C S, et a. Identification of
latent incubation period of potato dry rot based on hyperspectral
image combined with convolutional neural network[J]. Spectroscopy
and Spectral Analysis, 2024, 44(2): 480-489.

UG, ML, RRAE. BTSSR R S TR
S BN IR IE ). G 5O ST, 2022, 42(8):
2471-2476.

LI H Q, SUN H, LI M Z. Research on identification method of
potato dry rot and scab disease based on spectral structure
characteristics[J]. Spectroscopy and Spectral Analysis, 2022,
42(8): 2471-2476.

FRELH, XIS, R, 5 BT EOGERRH SR EIE
SRICHEIN. &5 RE, 2016, 37(12): 203-207.
GUOHY,LIUGS, WU L G et a. Nondestructive detection of
potato ring rot based on hyperspectral imaging[J]. Food Science,
2016, 37(12): 203-207.




E"E IHESETHE

=S s s
REZZE i A %323 2024F 65
[20] k/NEE, Bl R, EAER, & ELAMGIG Y DA IR R non-destructive on-line detection of potato black-heart disease

[21]

[22]

(23]

[24]

[29]

[26]

[27]

(28]

[29]

SIMCA #L XU [, S 2 5 563 4> #r, 2018, 38(8):
2379-2385.

ZHANG X Y, YANG B N, CAO Y F, et d. SIMCA pattern
recognition of potato ring rot by near-infrared spectroscopy[J].
Spectroscopy and Spectral Analysis, 2018, 38(8): 2379-2385.

Qi C, SANDRONI M, CAIRO W J, et a. In-field classification
of the asymptomatic biotrophic phase of potato late blight based
on deep learning and proxima hyperspectral imaging[J].
Computers and Electronicsin Agriculture, 2023, 205.

INEPe. IELLAMCREHE ARLEARE Tl PR . KRN
BH, 2017, 25(1): 58-60.

SUN Y X. Application of near-infrared spectroscopy technology
in grain industry[J]. Science and Technology of Cereals, Oils and
Foods, 2017, 25(1): 58-60.

ZHAO J X, PENG P P, WANG J P. Nondestructive detection of
potato starch content based on near-infrared hyperspectral
imaging technology[J]. Open Computer Science, 2023, 13(1):
881-896.

WitEe, 2538, SRMER, 4. BT Gik e B B S
R B BUR P B AR K[, MW SR 5 AL A, 2020,
26(3): 541-551.

YANG H B, LI F, ZHANG JK, et al. Sensitive band extraction
for estimating nitrogen concentration in potato plants based on
hyperspectral index[J]. Journa of Plant Nutrition and Fertilizer,
2020, 26(3): 541-551.

ZERTE, WR, EAVE, . BTIRLAMGIE XM AR E
M B g A AT T ERRR &, 2019, 44(10): 154-157+
160.

LI MY, ZHAI C, WANG S, et al. Qualitative identification
and quantitative analysis of starch species based on near-infrared
spectroscopy[J]. China Condiment, 2019, 44(10): 154-157+160.
W DRER, R, XIS, 4%, BTIRLAMGIEEAR I S
EME A BTSN £y, 2015, 40(3): 287-291.
MENG QY,HEJG LIU G S, et a. Nondestructive detection of
potato whole flour protein based on near-infrared spectroscopy
[J]. Food Science and Technology, 2015, 40(3): 287-291.
PREPR. ThAE S N AR SC B it B PR TE R Al 5 R e T &
[D]. HLM . HUHHL TR, 2023,

CHEN Z Q. Rapid nondestructive testing and system
development of key internal and external quality of potato[D].
Hangzhou:
AINARA L M, JANOS C K, MOHAMMAD G, et 4.
Non-destructive detection of blackspot in potatoes by Vis-NIR

Hangzhou Dianzi University, 2023.

and SWIR hyperspectra
70229-241.

TAkNI, BEARE, 20K R, & BT AR L0 AME S
(R B IS YNIED i s |1 22 e in oalll N Bl oe - o
Y 4r#T, 2020, 40(6): 1909-1915.
DING J G HAN D H, LI

imaging[J]. Food Control, 2016,

Y Y, e a. Simultaneous

(30]

(31]

(32]

(33]

(34]

(39]

(36]

(37]

and starch content based on visible/near infrared diffuse[J].
Spectroscopy and Spectral Analysis, 2020, 40(6): 1909-1915.
LIANG P S, HAFF R P HUA S S T, et a. Nondestructive
detection of zebra chip disease in potatoes using near-infrared
spectroscopy[J]. Biosystems Engineering, 2018, 166 161-1609.
RO, (THEE, RIS, S GELLAMED GRS EE AR D4
S A ol B G W b i N R[], & A S AL, 2013, 29(5):
127-133.

SUWH,HEJG LIUG S, eta. Application of near-infrared
hyperspectral
detection[J]. Food & Machinery, 2013, 29(5): 127-133.

SHIN M-Y, GONZALEZ V C, TONGSON E, et d. Early

detection of Verticillium wilt of potatoes using near-infrared

image technology in potato external defect

spectroscopy and machine learning modeling[J]. Computers and
Electronicsin Agriculture, 2023, 204.

HZF, BRRF, S0, 45 PLS-DA RACRIALNY A%
AT WA LLANE SR, StiE 5 ot% 4, 2021,
41(4): 1213-1219.

HAN Y F LV C X, YUAN Y W, et a. Visible near-infrared
transmission spectroscopy of potato black heart disease based on
PLS-DA optimization model[J]. Spectroscopy and Spectral
Analysis, 2021, 41(4): 1213-1219.

VEA, Z2/VbR, ETF, 4. Bl 90U T BRI TR R
TESRFIAEZ TSI, M SR, 2024, 32(2): 74-82.
PANG J, LI X L, WANG Q, et a. Research on flavor molecules
from the perspective of machine learning and its application in
jasmine tea[J]. Science and Technology Cereals, Oils and Foods,
2024, 32(2): 74-82.

SHEN D, ZHANG SF, MING W Y, et d. Development of anew
machine vision algorithm to estimate potato’'s shape and size
based on support vector machine[J]. Journal of Food Process
Engineering, 2022, 45(3): 145-162.

SU Q H, NAOSHI K, LI M N, et a. Potato quality grading based
on machine vision and 3D shape analysig[J]. Computers and
Electronicsin Agriculture, 2018, 152 261-268.

e ¥, AR, . JETIHEALILSE Y SRS el
FEASIAARA]. 2016 H AL HUBE 25 [ Pred R AFE 22—
2% 20 HURED il SR 7= i TR BB IR SCEE[C). Ik
A2 . Ol T2 s E AR AR 05T
Be, HEBL TR 4y, 2016 1.

XIONG J T, HE Z L, TANG L Y. Potato external quality
inspection technology based on computer vision[A]. 2016
International Academic Annual Conference of Chinese Society
of Agricultural Machinery——Session 2: Proceedings of
Modern Food and Agricultural Products Processing Technology
Innovation[C]. Chinese Society of Agricultural Machinery, Asian
Society of Agricultural Engineering, Chinese Academy of
Agricultura Mechanization Sciences, Chinese Mechanica
Engineering Society, 2016: 1.




325 2024F FE6H

E%mmwmﬁ“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

REZ=

(38]

(39]

[40]

[41]

(42

[43]

[44]

[45]

[46]

[47]

(48]

e, By, BT, & ETHENSES YOLO LI H
R TEEA L. HLA IS, 2021, 59(8): 82-87.

FU Y L, LIANG D, LIANG D T, et d. Potato surface defect
detection based on machine vision and YOLO algorithm[J].
Machinery Manufacturing, 2021, 59(8): 82-87.

AFSHIN A, ABBASPOUR-G, NOOSHYAR, et a. Identifying
potato varieties using machine vision and artificial neural
networks[J]. International Journal of Food Properties, 2016,
19(3): 618-635.

TIAN F, PENG Y K, WEI W S. Nondestructive and rapid
detection of potato black heart based on machine vision
technology[J]. China Agricultural Univ. (China); USDA
Agricultural Research Service(United States); Auburn Univ.
(United States), 2016, 9864 98640T-98640T-7.

XA, BERRDE, 2R, SET LA A DA R T U R
Hi[J. TLARELY, 2017, 45(2): 198-202.

ZHAO JM, XUE X B, LI Q. Potato disease recognition system
based on machine vision[J]. Jiangsu Agricultural Science, 2017,
45(2): 198-202.

25, BETHLARLE G BRI Eh B 2 N i e AR AU
[9. & 540, 2019, 35(9): 151-155.

WANG Y. Identification of internal pests and diseases in potatoes
based on machine vision image extraction[J]. Food and
Machinery, 2019, 35(9): 151-155.

IR, KIRAR, N, 55 SRHIEGHE Yolov4 FEZIRR NI
ZeABE T S]] ol TRE2#4R, 2021, 37(22): 170-178.
ZHANG Z G ZHANG Z D, LI JN, et a. Using an improved
YoloV4 model to detect potatoes in complex environments [J].
Journal of Agricultural Engineering, 2021, 37(22): 170-178.
XV, BUAESE, ZEORKE, & EET UL DA B 3R
SHFERI RSB RAULBTSE, 2022, 44(1): 73-78.

LIU H, HE F Q, LI R L, et a. Design of potato automatic
grading and defect detection system based on machine vision[J].
Agricultural Mechanization Research, 2022, 44(1): 73-78.
VR, BUREE, XK. BT I iR DA AL L
AR, AHUEIEFT, 2017, 39(10): 53-57+62.

XU W D, ZHAO Z G, LIU F. Machine vision detection of potato
mechanical damage based on high pass filtering[J]. Agriculturd
Mechanization Research, 2017, 39(10): 53-57+62.

BEYAZ A, GERDAN D. Potato classification by using ultrasonic
with LabVIEW[J]. Agricultural Science Digest-A
Research Journal, 2020, 40(4): 376-381.

SUTRISNO R M F. Determination of the internal damage of
purple sweet potatoes non-destructively using ultrasonic wave
characteristicqJ]. |OP Conference Series: Earth and Environmental
Science, 2018, 147(1): 012002-012002.

ADEL H, MOHAMMAD H, KOMARIZADE, et al. High speed
detection of potato and clod using an acoustic based intelligent
system[J]. Expert Systems With Applications, 2011, 38(10):
12101-12106.

sensor

[49]

(50]

(51]

(52]

(53]

(54]

[55]

(56]

KONRAD W, NOWAK, MAREK M. Evaluation of selected
properties of a gelatinized potato starch colloid by an ultrasonic
method[J]. Measurement, 2020, 158(prepublish): 107717-107717.
JEdRAE, skue, ERRIE, S5 SCHAIIE AR DhEY L Bk
M ABFFEHE R ARBLITSE, 2019, 41(7): 8-13.

TU Z H, ZHANG C L, WANG Y Y, et a. Research progress of
photoel ectric detection technology in potato quality detection [J].
Agricultural Mechanization Research, 2019, 41(7): 8-13.

RAE, BAK, LETF, F. DRE NI GNE AR
JR[J]. &5 5L, 2014, 30(3): 257-260+271.

WU J, TANG Q W, SHI C S, et a. Research progress on
non-destructive testing technology for potato quality[J]. Food
and Machinery, 2014, 30(3): 257-260+271.

B NG, TR, G SRR I BOR MBS R
[J. #deAb AR, 2012, 51(22): 4974-4977.

JN F, LI X Y, WANG C L, et a. Research progress on
non-destructive testing technology for potatoeqJ. Hubei
Agricultural Science, 2012, 51(22): 4974-4977.

WANG L Y, MIAO Y L, HAN Y X, et a. Extraction of 3D
distribution of potato plant CWSI based on therma infrared
image and binocular stereovision system[J]. Frontiers in Plant
Science, 2023, 131104390-1104390.

xR, BRI, BT, F FET A =40 LATRERY
IR EEIRRNI[). Aol TRE2A4R, 2018, 34(24): 158-164.
LI'Y H, LI TH,NIUZR, et a. Potato bud recognition based on
three-dimensional geometric features of color saturation[J].
Journal of Agricultural Engineering, 2018, 34(24): 158-16.

BIE, KK, WEE, 5F. RERERIN TN G
AT MRImE AL, 2021, 29(3): 91-97.

LOU Z, ZHU G F, XIE Q Z, et al. Investigation and research on
the monitoring and research of the mechanization level of grain
primary processing in China[J]. Science and Technology Cereals,
Oils and Foods, 2021, 29(3): 91-97.

wE, PMEIH, R26E, AE HEMOREE NI TR B T
[J. #mEsRHE, 2021, 29(2): 143-151.

GAO Q, SUN M Y, YUAN X L, et a. Research progress on
preservation, processing and utilization of sweet potato leavedJ].
Science and Technology Cereals, Oils and Foods, 2021, 29(2):
143-151. @




