e 2 & Crops 2026 (4) : 8-16

DOI: 10.16035/.issn.1001-7283.2026.04.002

= = ]

MR HIE R G RAREEZ R FRELN PN

EEY X

%2 FWES

B T3R5 B TR, 430065, WIAEEDG 2Rl RS T40E, 430070, 6
gl R PR AR 2B, 430070, WAALEDO

H B MAIAFHESIEKEHEARRGORE, BAMTRAEANGTELEFL AR EAMGEL, @
ARG R EARE T — bt . LRELZH AN F B KA THENE L ERBE RO R AL
KB, BT AT EZRRGHTRELMNAAL, PATTHEERSHER, A, RTEEHR, BLER
ML B K FAR I BAYFE AW Ty @ e A B, BT T LB AR HAIT LS E R P AR FAL, A
ZHRARERE ZEEHPE®RS, MERBEEME, HHEEEA T RUAZLMNZATASF T GREL T ZHAE
IR FRELRR R PR REAY, ABAEHZEARABRATARN 65 ARESE,

KEIR 2R MBWEAESBEAR; T RELN; LEALY

TR 5 — AR EAIEY, Rk E R
BEENFEIED, B4 5 EERE L~ EN
40%M. RFPREE L R S A AL R, P
ANErRl, R S O A . BEE R
FEHAR BHET R ORI PR R B T2 LA, R
FREAT LI — R AT SR, B R R
ey $RFFHPEESCEE, KL, nsakhT 2R
X T FAR TR RS« 3 B AR R R DL S B T
WAz e A EER L. 2021 FEEFKIED
P S ARERUEAT 5, 738 00 1) B 15 o ol & 22
SRR ERIBIE=93.0%, 2R =97.0%, Ko
bR E 4 — N 13.0%, #EERN 99.0%. £K
FrfAEA =N ik frr, wlae il T4 FH el FHSF
JiR DRI e fh T A AS R . A JI R BE, BiE
FHUAR G SRR A . TR A AR S R A
SR EZBIE . Kk, #FR AT KR
FRHTIR RS T . TR o G2 R oK = 72 1)
HER RS,

Fh 7 DA DU ) FE A AR AR . VR
REFRE, GKEMMTIE%. AT RER
WM EA N TRE S e BEET
iy B ATIE Ry A RN, SR, T
BEEFMANTRE S EETERR. BIERY
KHGZMNEREW, FERMAEAS,
DUGRIEAS U 45 SR e s AR AL 0 ATt &

KA PR DRSS M e 1 B v, (LA 0 ) 401
K, WTEEMHZEH SN MGl ES . thsh, B
o3 i Al oy A 2 7 ik AR ERA FE Ry, R
XTERAE N G2 Bl B e ok B e, 2 K,
HAHSGAT I ¥ %% Bt 0 B e DRI, JRR —Fh ik
WL OEA. FRE . To HERR R ) KRR
BRI T A EE BRI SR X AE YD, B
H LA B FOGIE BRI AW i 2, EAI1HE
T KTl T e Y S ) i R S G2 2 B T
ZRTEROY . ARDCLRIR T HLAS L T AR AR 1
JREE . AE FOKFh 7 TS A I A ) R BUIR . AR AE
() 10) e DA R K R 5, B AEHEBIZ BORAE R KA
TREARN P E ) Z N, PR oK R
Tz A .
1 HBEMEAEREEARELR

PLES L 61 R AR (machine vision-based
spectral imaging technology ) & — F ML #3458 5
TG HTARGE G SEEROR,, Az O Tl e 2
RO R B bR OGS S, IR B G AR K
b HAR A N AT AL PR B TE 5, 0 R 2 HARRR
TEAR B EAT BB 3 A 9 LR Sl A BT o AL 28 A0
FE1E AR B AR A T ks N AR SR
R ZENL JtigsE. A, SR AN T
BREERARI A HLLE G101,

H A R, TR2AERFRLENE = A BELEH R, E-mail: 979220853@qq.com
KRB HE X HHLHRELRETELAR (HBZY2023B002)
HA% B #: 2025-02-09; 141 H #: 2025-05-02; M4k B #: 2026-02-02


https://view.paperpass.com/report/67a5aed115a22c25x/htmls/sentence_detail.html
https://view.paperpass.com/report/67a5aed115a22c25x/htmls/sentence_detail.html
https://view.paperpass.com/report/67a5aed115a22c25x/htmls/sentence_detail.html
https://view.paperpass.com/report/67a5aed115a22c25x/htmls/sentence_detail.html
https://view.paperpass.com/report/67a5aed115a22c25x/htmls/sentence_detail.html

S 233 11

JEREEE . HLASALSE I TSR B AR TR 5 AR I v 8 9

FEGNL AL H A 32 B T RGB BUE ELK
FEEUG, @it B AR RfIgAR . B s i E Bk
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Fig.1 System components and general process of machine vision-based spectral imaging technology for seed quality detection
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R (AR o2,

FHAE 9T 2 R F A% G0 UG AL B 7 15 3047 R AIE
PR 5432, Valiente-Gonzalez S5 P2 ML 400 4
REFERS M (PCA) FFALE &, FT ik
B KL, I E RGBS 4% 18] (0 3 B Ak
R, 7ESEI0 S F AT Nl 92% M 2%, (H
ZIT S IR AU (T EHITE 500£50 1x)
BAGE T R S A7 5 . IRt 152
Frr sl (SVM IRAREALD 7EREAE $2 By T B
HILRAE, A TR AR D B Ak B AL R 20 5
IR ER A, B Otsu B0k Bh A & K B ) E
(RZE<0.5%) , BRI 16 EERE (F
TR R 80 550 R R S5 BB 4R AR ), 1B S
XA N AlIA R 95%KEE , (HHAFIE SR EUFERS &
120 ms/H, A DU 2 F=2e S F ok . 21 4 Dok,
[ A 40 B v EE ML A% PR O 6 1 R AR AT i =
TE LRSI K FH () SI2 B 3l A5 A0 A At 91241, 4 25 25)
BEUE 7 — i 2 T AL 38 4000 11 R K P ORE SIZ B R 348 2
B, RHA3IAMBAERE: (D @mEEERA
FHIE PR (20 FETAR MR RN E  FI T Oy
RS 98.7%) 5 (3) ZAFMERLA > KEE, A%
BRI AS T /N Uil R A5 A B A A B e
KL, AN TR IR BN 98%. 136 E
L E] 96% IR IR 2R, (H LB T4 G Lk B Y
ZAREIIE R, AR A B SRV, i
W3R FFE A 23%. Wang S5POE R 1R FE 22 2 Rl
B OHEAR, AT TPl KRR 1 &
B, SEHL T SIS SERRE I, 1% 0F 7R F BCK-
YOLOv7 #5284 1 2 B 11 A i) B bR X 354 1)
BRI AR, R R 45 F N\ 8 SR AT AR
WP R ST R, R 5 NS 3h & D EAR R4 I
FHATMUI R A 25 5, T T R R KL BN 5 2
12 B AR R R . R A I AR TE B 22 Mi/s
(FPS) , AJjili /& T KA A A5 26 S i AR ) 1) 23R
HEM S EIL 367M, FHEELH GPU (I
NVIDIA Jetson AGX Xavier) 7 &Szl 22 FPS 5L
RSN

AR, FAVZSR OGS RSB,
TERALL. BEARRN Ul SN SE BRI o PRuide A
R T TS TR 2 . BRSNS 2
P52 RO RRAE B A HER M T T 75 95 mk. HR T
LIRS (JRIE>0.50 mm ) S8k 1 K44

W, B BB (W1 Wiener JEJR) [ 4b 3 4E
380 40%. b4, Hid sk fe (i BLAE<<0.20 mm)
EHUALC CPEIBERE 0.05 mm) [ R RFE A
DUAEASREL, RN R A5 AR AR T Tk 75 Ak
S5a0%. HaTE p o EZE PR IE S S AR
WS b, W) 2Bl Tk AR R S AL
o I Ko G T A R 2 4 S5 T KA 58 38 R A
55 BRI R
22 ERMFETREM

TEVOGR A AF L R, FOKF 725 5 52 2 ith
B AR SRR R, R AE SR
R, R EHES FEMTFHE,
T 50 - ) B R RS RN, IR T3
Bl oV IE 5 R PN, B AT R B AR
W EAE R AHEE U N (PCR) I S 32 W Ff
SRR AR IR e T v HAT 1 v R AE R PR R R A
B, (BBAEEREABIR . FERT KA A 5 [
BB, XA AR A PR AR E ).

21 LR LISk, JT LA ML 5L 1 e s A 2 RAE
T K- R AR I B B 2 W E U THIE W AR
B HRN, FORMF 2R MR GG, SRAEDHE
M2 (Al WOEIX 400~700 nm) & A5 5 8 7 BE
fift GIEZEAMX 900~1700 nm) LA K 55 R G RENE CRF
TEWR B SHRHE AR, B S EOEE Rk S
SRETHIAAL, 2T RS R RE 84S I 27 A b Y 32
SEHR IR o 24 BT 7T 5 2 R SRR K B A 4y
KA 2 DNYEREFETT . (EAREDR KAR B T,
7838 £ XA A B bR IF R T 2 5 A0 I R AE O
5N . Kandpal Z5BOI7E 1100~1700 nm %58
B, SRR AR e B, T e/ —
Fe A 5r M (PLS-DAD #5251, %I & Bl 124
(1) T K P 14T b, FHRE FEIE F1] 96.9% .
Yang S50 IR T AR s S B TER PERRAE 1350~
1450 nm F=AERRFERIL, SR B A H AR T %
HO12 MRHERK, SECREN (SVMD) I,
TR R (RBF) BB (y=0.5,
C=10) LAZR1F 96.28% 1) 73 KA . 44T AFBI
29 JERFE,  Yao ZEPALAL T 365 nm UK Y54
B (120 mW/em?) FIFLS-E[E] (500 ms) , dlid
JEJG 5% e Y6 18 7E 100 pg/kg BIME T SLHL 94.4%0H)
R HE R 256, ELIZ 26 AR A B 1) B SR A
Mo TERVEBAA T T, AR BRI A TR
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Wang 552918 i &b g HoR 45 & PCA Al
BB HH AT (FDA) #E7 7 TINELR, Reasis
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WG I 88.0%, (HAERIXTFEAR E/KEHUK. da
Conceigao ZFB33IF H I 4L 4h e i 44 (HSI-NIR)
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WA, (R R YE IR BT 30 CCIRESF M RS
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PEHL G N R R BT (SSA) ik BP #iE4%,
I B E PR 50, KB LB 20% M U I {E
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MpepiRzE, AHGEEME. A, Fr2=@yem
FREMERZE, AR A0S BAAEE
S, PR SR B0 R AS 5] 55 1 0 R OK 7 i R4
REAESZ I (A 78 0 B, R B TR 5 S s 1 5
TR, B 2 RO A 5 AN R B B R AR
v A
23 EXRSBMEESHERN

R RIGR . TR ST, F Rk
FIR PR, AMUCFECR G, AFRE
A, SRR PIE A TR, FL, B
U5 ) 5 0 PR ARG W S R OK b R R ) ) AT 5%
2o TR, BB FAZHEARM)Z N, Y
PR BCRRFEEIG K, AN ) b ol 2 1 () A AL 2 8 fm B
B, SFEUX - ME AN, [FIRT, A A RV 2
PG H 25 7™ PO, Fh A S v —Fh e
Pl SR B, AR Tl S A0 A
U0 T, DRI R 2R ey ARSI B TR B7381, H i
T TR T v L LRI DR IV 55 2 s 1 1)
ORI v, ARRR R AR R A AR A
R, HARNE RS FIRRK B a0 ie g
FRAEIR, 38 OOE T 5080 s i, ik, st
A ARG | oA 4 S5 P A WIS A R

FAATT 7 90 e A HAT B s (0,

AT R FE (P AL 28 A0 6 B AR AR A R gk
TGN TFB )RR, 184 7 e Sk BAR L
AT R B sh P R Ry 4, Ak
BUAR T 3 A5 T BB AR TRl

— R FRAE TR, TR H s Ry
o AREE-TSEWE T BUR AT EAR, M 142 Ty 4G
FEAE A 7 368 t 27 DA e PR 4R s, WREE RE . LA
FRY . SRS K B DU KL RHESR T, R 7
ZOr T S RENUARMR T, i 7 — A TR
ZYEFETEAKAREE, AT SEE 91.2% 0 it M Sl R A
2R, AHIZ I FRTH S 2% 1 K ol i
B (R TR 79.5%) . Feng 2541 Flik 40
A 1S AR RN 22 70 R J3 A 0 i DR R OKOFE R
AT, KM 5E4 B IE M E INBCRFE (CARS)
AP B Ik 54 MFIERR K (EEEPTE
980~1100 nm JEMFFAEB LX) , f SVM BRI
AR PEFEAR 62.0% I [FII PREFE 99.0% LA F (1 #EHf 22,
TR K I B R 15 K R (> 15% T RFAE S
FeHIk 8.7%)

CRZIFHERR S, RS KN . Wang
LG I O RE R (550 nm Ab RO FE 2
FiK 0.32) S5KESLASERRSCRIE OO LB AH
RYEFIRE R HATRHER AL S, Wi AR R
/N I ERAEANL (LS-SVM) [ 1E 4L 2 %
(C=2.8, v=0.03) , 3 HEMEIEI 2 88.89%,
RABE 2R 06 5 A ST Al M UK (A B R I ER A
73.4%) .

SORURPE S SR BRI, B R A 2Rk
K, Zhang ST @60 AR B AR BT IR E G
TR 28 K F ok 22 T2 258 (ResNet-34 Bdb Ay
£ 450~979 nm ¥ By Bl N i 3x3 B RAZ S R
A SCIERFE, FC4S Dropout (0.5) A1 L2 IENI{k
(1=0.001) AR A, (F50UEE R E
93.3%, HIEMSHEIL 2.7 M, X LIHE £/ 5h&
Uij o Yang SEHOISE G T 41 1 1 Ab B A AR RIVR FE 2
IR, R T AR T 2% (LeNet-5)
(R K AR B AY, 7F LeNet-5 288+ 5] At &
H—MZ, B REE N 0.001 (Adam LE),
Fic A v (b CoE BN 10) 3 3R THSE R SGE
B, AE 6 NS PR 450 AR B SEEL 99.2% 1R 5
HEME, PN 0.35 s, (ERERLXS Bl fh AR
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&AL (i 300 HERIR % 21.0%) .

DR GIPNE L S IR reint 304 Esw N
TR AR SZEL T 95% A L AIHERG R, KRR
AWt s FERFRAESREUTTH, AR R4
HTE 2SR AIE 5 €0 1) 32 B Jee B 21 11 Foh 5 74 50
IIRFIE YIS B, SEBL T Rl 8 SMRFAE (1 25
AW, FRTFEAE RS, TR, HikE
FIRE AR AW R R, JUHR YA SR & N 2%
EMIBRE S I, e T A %) 5 Al G
MR TE . 2 H AT 007 E BUEAS BRI A2
HRE AR ] A A AN R T DR ABE A A A U Y A R AN 1y
ST, AR SRR T G R A p R L PR
VPRI A« R o ROAR I 2 4% TR F R DA SRS v 5
AT b 2 S S S T A
24 EXRMFERKER

TERDF IO, 7K 23 Fr Bk v 2 A P A
FAME5R, JHREE TR, Bl RS, WM&
JIBEAR, g & Hie, Kk, FrSKER
D2 Fh 7 o SR I ) B EERAYT, X 8 A IE WOk
I [i) S P~ 0, 25 fih T T e 41 e P e 3R 35 A EE
B, ARG R T K R e 7V B 7R
ML AR SRR, SR, X ey vh
PRSI, FEI K HON Rl HA BRI, E DL 2 3
ARAhF N T2 St PSRN i AT R A I )
kK,

b OIS AR BRI KR, TR R
FrKEATI H H 25 52 B E AR, A A2 SEEL S
KA E MoK Rl i B B F B el g 4
AE I T A AR AR S S K R TG, 24w
AT 3N EMM BB AR R .. — U B
B AL . Tian FBOR HIES R HIE (SPA) M
1000~2500 nm 3 3T 204 R 8 E 3 AN REAE I
BX (1450, 1930 F12100 nm) , 4 %™ O-H 4#
iRz 5 U K 25 S K RS, R () PLS BEAY A
8%~22% ¥ K Z U P T % 2 (RMSEP=1.15%)
BEMT W BEAEA (RMSEP=1.82%) , {HiZMH
RGBS KT (<6%) WMk GREHME
3.4%) o e XIBFESE LSRR . Zhang SFBiE
XF FE R L5 0 X 5 30 2 X i AR e P OO [X A5 e
EL3E Tt 23 dB) , HEILZL 4N 914~1661 nm N Al
KX E], KA TE B EEHR (UVE) Bikiik
H 21 OB (FELEALE 970 F1 1450 nm 7K

S FHRFEWCH ), 454 PLSR BRI R I AR &
BO(Lv=7) MEAERE R (LV<5Kf R>F
B 0.17) , AH AR5 Fot 3 0 1101 o DX g (M1
FEAYRFE > 0.2 mm B FUI0 2208 1.8%) o =& EA
BEAHT . 2R VLU S 2 44 48 ) 2 A5 28 o 5 N D
-3 IE AL 9% (A= 0.004) , FFas 27 S 30k
BHN 8 (@I k-fold A2 X iE# &) , T 491
870 nm XU B & @ SL A R2 14 0.98, (HAEA!
WFER K IA 47 min/ FHEA, HIA4EEHET 6
i B LA ) . Wang Z515317E LS-SVM A e
K RBF ¥ % (6=0.85) Jiz Ak 7 REEENAL
IEMME S (C=2.3) , fHREAITE 12%~18% 7% /K%
X a] O PR AEAH 5% R0 (R, T2 0.9325, {HEZ
BRIAL PRI A7 AE B3 R PR —— 2 T s iR B (a=
3) FEREEKE (>20%) 5 FRIWEM (R, £
15015 .

XLEHF TR, il UG R S A S i
Jiik, RERS R HAER S I R KR, AR
JREPE R SR TR R T B H OGS E 1 i)
FRLAY V7 AR 55 1) A AR A s R M K&
(10 SE BT 250 785 A I 4 R B 8 R A A I 2R B0 0 A A
Ak, 2T 5 N IS RN
2.5 EXRMFIFEHEN

B3 7072 VEAS B KA o7 B 1) B R bR, %
W TR B EER L, IR T IR RS H
IR ST MFRRIPLIE . A KA =B B, &
K A P ok I VA T B E 2R T BOM T
RIEA . 1SR, slohn T s 2 b R 4 1
FHIA Y B A S S O T2 A R RE TR
B A5 () RSS), DRI, OR35S AR 2 KT
JRERI I EE N, BSRNE. DRk getaik,
2 AR I Kb i R ZF IR B0 vk A A B 3 A 1)
W7V, ARIXET VAR PR R BT, PR 9%
1~ WA HABAAREACSE (] 3, X DAY 2 IAM
R VA v AR U ) 75 3K

AR, PLELSE 5 H R & Fh 7
TR IR TR . AR ORI T s
Tk B AR A BT ol P S A A2y ) A TR A3 A
456 BUR SO R R AL P Je e BV, b i 2 22
Y% J1 VP AL AL RYO), A AR FOK BT IE R
MR T8 7748 52 R . B, Ambrose 57K H
400~2500 nm = 760 S5 3R E AR IR IR i 4E AL
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REIE, J83d PLS-DA ByLSEHL 95.6% 17> FAEFE
Feng S 18U F T 21 4 i 6 ik UG B AR SEBL T % AN
F 2 AR B AP I 5 . Cui ZE0OVR) A &l i
(400~1000 nm) A &5 A R ZF 5 % e # B oK Fp
TS FI RPN R 2R B TR, FER TG S
S VR o I B HA Ak B v S A R A B T T A TR
Kitfg. FIHMFHEIRSEA (4 SVM H1 RF) K
W THFAEHREL, G Wakholi Z5603% Ff SVM I,

T R AE T B (RFE)D ik 5 F 7 H AR i
BB R AR 532 A1 680 nm FFAEP B, I
85.0% LA FIHERN 2, (HARRIE TREFER H 5 Bk
AL HAS R, BEEBRMEMLEE (CNND R E,
10 I ity 3 3 27 2] H ShHEBURFE, R T HUR IS
., Zhao 6K —4E (1IDCNN) AbBEEi: 1)
i, BB SRR 7 DU 3R R B 1 i 3 1 A5
7, BE & MEEAR (rectified linear unit, ReLU)
TGP BN R AR LR R IERE ST . 1T Ma 25025 1T 4k
(2DCNN) B}, Beil — == 6 {5 B E M A E

BUE, KH 3x3 BIZIEBUR TSORRHE, 1
IAE A 75 KR 1IDCNN 400 30% LA F, X AN [A)3E
JIH B KR FHAT 2, HERIE 90%. X4 RTiET
=Y B D B A A () — 6 U KR AR A @ = 4
(3DCNN) A58 /] fg 4 T K16 TIPS P21 —
AN | SRRV R S A 107 22 . Wongchaisuwat
LRI T IR AL = v R A, R T A
CNN ##, {155 IDCNN. 2DCNN F1 3DCNN X
Pl 3G 21500 R R BRI 4 i E s 42 1)
3DCNN MR B 4, 1% 05 1R it =0 S %
(WI4E 0.001, B 10 5N FE 50%) S fifboh 5 1
1B, HwEMER—ZRD NI E WS, &
S 99.89% I RE M . A, AT B i R AR
HBCE AL B SRS . Xu Z5I% HE SG-2 AT SNV 45
TRALER 7y R B, i (DE) AbEEREA 80H
B b 22 10 it 2 5] B B BUR T, BCE UVE H
B TU AR B, ANN BRI RS A 2 S BN
128 TRALZ 64, BEYEFET 95.24% M HERN R LMK
T 37.00%HFFSAS . IE4FSK, Mask R-CNN (3
FIX A B R W 4 ) AR [ L% A 5 AR A
TR F R RN BER TNH. R
REFKMTFRELE S WG, FHRETR
Xt RO BT AR, IIZER T E A AL DL E B
WA R RZEIRES . B 2R SR BURTR 8 R

ik, ZHARRE AR RFER. REH. F
KAMRK TR AR, AP A F 50 1) B 3010 P4
7 HARSH,

IREFFRE, HLARE LIS BB T R
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Application of Spectral Imaging Technology Based on
Machine Vision in Maize Seed Quality Detection

Zhan Hui', Wu Qing?, Li Lijun?®

("Department of Information Engineering, Wuchang Institute of Technology, Wuhan 430065, Hubei, China;
2College of Engineering, Huazhong Agricultural University, Wuhan 430070, Hubei, China;

3College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, Hubei, China)
Abstract  With the development of maize dense planting and single-seed precision sowing technologies,
traditional seed quality detection methods cannot meet the requirements for high efficiency and accuracy, while
machine vision spectral imaging technology provides a rapid, non-destructive, and efficient means of detection.
This paper introduces the principles and development of machine vision spectral imaging technology,
summarizes the seed quality detection workflow based on this technology, and analyzes the research progress in
maize variety identification, purity analysis, imperfect grain identification, moldy grain detection, moisture
content detection, and seed vigor detection. The existing problems in the research and application of machine
vision spectral imaging technology are analyzed. The development trends of this technology in maize seed
quality detection are prospected from the aspects of multi-technology integration and multimodal data fusion,
construction of standard databases, new algorithm models, and research and development of intelligent online
detection systems, aiming to provide a reference for promoting the application of this technology in maize seed
detection.
Key words Maize; Machine vision-based spectral imaging technology; Seed quality detection; Development

trends
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