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Research on a high-precision non-destructive identification
method for corn seed varieties based on the fusion of
white light imaging and YOLOvS8 model
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Abstract: Seed purity is a critical factor determining farmers’ harvests and income, and rapid, accurate
variety identification technology is the core to ensuring purity. This study proposes a non-destructive
detection method for maize seeds based on the fusion of LED white light imaging and the YOLOvS8
model. Experiments confirm that this method combines the advantages of speed, efficiency, high
accuracy, and non-destructiveness. By constructing an optimized LED white light reflection imaging
system, we completed image acquisition and annotation for a total of 12, 008 seeds from four maize
varieties. Comparative experiments show that the YOLOv8m model significantly outperforms the
lightweight YOLOvSs in various core metrics, effectively addressing the issue of insufficient identification
accuracy for morphologically similar varieties. The model achieved an average precision (AP), recall rate
(AR), and F1 score of 99. 8% for the four varieties, with an average mAP@O0. 5 value as high as 99.4%.
In real-time performance tests, the YOLOv8m model took 68. 6 milliseconds to process a single image,
fully meeting the low-latency requirements of seed sorting systems. The research also reveals the impact
pattern of dataset scale on model performance, confirming that YOLOv8m maintains excellent stability
across datasets of different scales. This study provides a precise and practical technical solution for the
field of seed variety identification.

Key words: maize seeds; variety Identification; deep learning; YOLOVS8

B ) b R AL, 45 Aol B A Ok 7 2 0
R < AR R Y AT BE DA LR A% 5 i 4l il s i

mn\«

1 3l

ERA N R EREEAREAEY  E R B2
Tl ks Gy Ses s o BEE ALl k&
J& TR B AR G F2 MR S 0T e B ARDRHIN T
AP RE TR | TE A A OREAE 22 AU Sy 3 A [R] A
R PRI T 3K, B AL KA A AR
EOK AR SR, 3K L8 il B 7R Bl S0 I CAnTEAR

FEAE BN Y 5 S BOR ARG A AIER R LS
JERR T B AR BT A R AR R X S LA
R £, EHRALFL A BT W, TR
RCHE B 1 it o 22 78 R B AE LT

e 8 b 1 4l B2 R I B R E AR A X
E T 8] Fft A 48 58 Ak oA 28 8 R K BOR 25 T



HKFIAS , 25 - JE T FOC RS YOLOVS BERY fl 45 (Y T K b1t b s R B2 JC 50 R B D7 ik 5T 3

L HT Ry ik AR AR OO (E A L A I JE )
K MR AT B AR L R SRR
Jei T o 7 32 B 4 TR AR T o R, T B IR AR
AR I 3% il Ak 27350, BB 5 R b 15 22 08 FH S RT RE
WM Y R R R L EOGIE R E A
PRI D' 13 R PG 2285 00 R P B i o, i
F AR BB TR BORD P9 TC 5 3K BUSORL R T 1 G SRR
i A 4 M S B R G I OF 24 S T Gk
85% LA B . gy Wor™, E i A 400~
1 000 nm 3% % Bt 5 R S0 RRAE , iC & fe /b —
e S F5 1 ML (LS-SVM) 48 2888, 5K 5 Al 1)
HER RO AR T2 88.89% . R FHIRFE & B 48 K
2% (DCNN) 3B = IR 3L X 6 i 4R il 4 4~ &
K il Rl 2 2 ME T R IR ) 93. 390, XML G O 4R
T2 m R R R T BEIE S AT A R
P 7 dh B (EAT A7 A 3 22 5 PR « 5 00 5 B AR A
Pl e ok AR B SR S AR B T K, H i G i 4L
i e B A vmn e UEAT A2 2% 00 RRAE B A A B L
Gb T A RS B BT, FLX SR = R A
B ZESR XS R — o R R BRI TR
U

TR AL SE 5 TR B 2 20 HR i Pk & e oy
VEY i R AT S T8 B R AR S G
A4 A% O A B HLRLBE B R SR BOE 20 0 &
KPP R AERAE . BB 4 W 45 (CNN) £
B o 0 R AR 4 BRURE 7, 7R R 4y R AT S5 vh R
Jekrge T AR B R T R K A Rl Ay AT
% . Javanmardi A A" FF & B9 CNN-ANN R &
RN O A it ol 1) 3 S B 36 = 1K 98. 1%, Ab B
2250 N REAR FERF 26.8 F . Li%e Ak B Ay
ResNet-50 HE JL 7% 6 4~ f B 43 F b F 3 K5 B 6
RPN 1% . FRES T EA 2,
Bi A1 BN 2% F 2k i B Swin Transformer #5 BY i;
Dy Z2 A4~ Tk Sl Rl R 3K 96. 53% , UESE T
Transformer 22 ¥4 78 4 Ml 1% 32 51 /9 v, FH 8 91 o
SRMT , 4 5 56 W0 5 T 5 1) R B2 2 > Dy A% T
PR R K, — 2 Ak T SR R LA A R 3 S s A T
T 2R, R TR A R ARL R Y DX R B AR R
TR o X B B R R B9 ] £ 25 0% A — A kR R
S

R i P 1 AR ) R, A BIE 50K S AR AR 5

YOLOvS B ARIAR S A, $& ) —Fh Pl TEHt L &

FLSRE BE AR DU 3, IR TF R T w8 s50KS E 1) oK
PRI & gt o 38 o 75 @ LED FOG RS EOT
G R ESEUE CRET 44 MR E 12 008
L E KD 1 189 sk B v IR . g ik E T A4
AN TR R B B L RS T YOLOVSs Al
YOLOv8m M AL R PE e 22 55 . WFsR K30,
S8 YOLOv8m A i) 2 4 FH B i B & T %
B9 YOLOvSs A5 80 {0 A ) Ak B 3 $2 Tt .
YOLOv8m £ Al iy 4% .0 8 A R AL 57 - 1 494 i
(AP) . [0 (AR) F1 F1 43 % ¥ 15 #) 99. 8%,
mAP@O. 58 3k 99. 4% . R A8 AU T YO-
LOv8s 57 i #k 1 [F] 246 0y vk i M B . 7E
SEEFE 5 1, YOLOvVSm Bl &1 4% 4b B AE S 68. 6
2R, YOLOvVSs Jy 63. 7 ZFb, Wi & I Re il e Fh 1
O3 FR G SN VR EEOR o 1 07 B U i TR T AR
RLTE 25 it ol D00 310K 6K 0 A, S B T K Rl
FR R TG A8 e A ARG, kg AR A Al A 0 B AR
KRR T — b 0 i U T

2 FEREIELHF X

2.1 XBMEES5RGRE
2.1.1 ZBEE

N A O R =R QT [ TR IS 5 N e 11
BFRGE, FH T R B o i B 5 B DL S 45 5l ok
WEIT 2K o &R G0k T R MV -CE100-30GC
Tk % 3 16 B AR ML (3 840X 2 748 14 &) , 3 1t
GigE #2171 52 30 BRS04 4 o AHBIL 28 JLAAT b
Jri 3 TR T RE S B OE B, B AR R 1R 0 AR H.
T DT R R R R I SR L C A AR ]
¥ LED H GG TR (7 000~8 000 K 3, 24W Iy
R, AT AL A W R, AT A0RE G 0 5ERAN B X
FEAE & IR T4 o S5 56 0 HT 04 DU A K il el
T LR AL B 103 A7 BR 28 Jl 42, 46 LR
257 AR 392.YDS8O7 AL 358 MU A i Fh i &
B/ N e U8 g T O S N 1 S A N 5 2
Folr B L 1E B2 3 000 REAE A AT AR o X FEAS
BT T IR B 2% ) W 2% I 255 oK, ff (R A 7Y g
i 30 43 24 > S FPRRAE o B R G0 AE BRIE AR R
0 [ B, S TR A A S T L R
Jei 52 1 b Rl 43 20 9 B T A



S‘EiLﬂl
(a) R

(a) Schematic diagram

(b) 524y 151
(b) Physical diagram

1 EXREBRERS

Fig.1 Maize seed image acquisition system
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Fig.2 Maize seed example images
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Tab.1 Division of the 4 maize variety datasets

51 LEE R3S R S B

JSH257 2190 630 305 3125
YQ392 2183 608 311 3102
YD807 2043 610 271 2924
YQ358 1991 577 289 2 857

®2 FABBEENEGYNS
Tab. 2 Specific division of the Group 11

51 IS S -4 S ST

JSH257 2002 588 305 2895
YQ392 1993 563 311 2867
YD807 1799 488 271 2558
YQ358 1823 514 289 2626

®3 F-HBEENEENS
Tab.3 Specific division of the Group III

gl UES SR 3 SR F587)

JSH257 1808 569 247 2624
YQ392 1836 521 248 2605
YD807 1670 488 271 2429
YQ358 1637 455 232 2324

x4 FNABESEHEEXS
Tab.4 Specific division of the Group IV

Bl LEE R3S R S It

JSH257 1600 478 247 2325
YQ392 1652 475 248 2375
YD807 1401 488 235 2124
YQ358 1423 394 232 2049

x5 FERAHEENEENS
Tab.5 Specific division of the Group V

E3l] e Bursgk g B
JSH257 1483 436 247 2175
YQ392 1461 439 248 2133
YD807 1300 361 140 1815
YQ358 1324 394 174 1896

2.2 YOLOvVS #8443

YOLOvS8 /& Ultralytics 2 &l 4 H 59 B drz il
HE B, 70 A 203 v 58 A0 by TP 1o 1 38 3
8 SE K o 9 YOLO &9 kR A, &
FEZE T £ LAY You Only Look Once "H [ B A6 I
PR AUH AT 1] 1% 176 8 BE o8 s 2 B AR A,
A0 Eb Faster R-CNN &5 W5 [ Bt 7 15 H A B I 1)
B, ZERIYE YOLOVS 28 My Bl k4T T
AT 90, B 52 B 2 T i HE ARSI AL I X
— B R M R T T AR AR R A A B AR
L) 28 G5 46 R TR B Ak B 1, 40 & FRAE 4R I 3 T
M 2% (Backbone) . 2 RUBE 45 AiF fil 5 515 B 4
(Neck) 14 M 3k (Head) = 4% 0 2 4, ik 20
T 157 35 A (L 4) o 33X e Ak A YOLOvS 1%
h 2T E ARG I SRR £ 1 RE G S AR A T R
PRI R By R e e 0 RV A 2 A AR
Fe 8 VI IR 78 4 B RE A A DR T SE I AT A B N
TR AT REME o AR R R RS B 5 A P (]
HAg Py, e B R AW HIF AR HIEKR
(19 42 3K I ¢ 35 4 DRI 4 it K IE 4 R S2HF, 58 35 1Y)
2 T LA U] R Ak S g A R, O S 2 Tl Ak
N BE E LA . BE T I S A 5 A A Sk, AT
PEHEYOLOVSAE N %0 HARK I A5 A
2.2.1 £FR%

YE R A I R AE S P K, YOLOV8 1y £ 1
I 24 >R FH 5 B B 43 2 422 (CSP) iy i fk i i, 3
et C20 15 Y 5 e 3 25 ] 43 7 35 Ak (SPPF)
B A o C20RE HU A3 = 2L W FRAE Al & 5 85 B
B i, Dh e s RRIE RIS R ), e BRI 1T 5
A% i SPPF A HUH i IF A7 & K b #4F
AR T IBOAS [] R 9 R AIE 2 T ABE 8 5% AN ) IR
S EBR R ERTRE . SR E , YOLOV £ T W
4% 55 ¥ B0 R AR, RE AR TR TE) PN AR R R R R AR
B, ok J Sk AT 55 4 it 1 S S i
2.2.2 BIFM&%

YOLOVS I #7845 44 5% H 5 i AR Ak 2 7 3%
o] £ 55 L [ 4 AIF kA5 B2 3T, 8 ok 1 B B RRAIE A% 3
iz RO ml G R AG, 15w B bRk il v ag o A0
R B, 5 55 W B 0 o0 % R A5 4, AU T B T A
14 [7) B 5 | A8 38 3 2 T WL, A 288 T O SRR A
PEULRE T o IR VT AE DR IE S A A L Rl |, B
PR TR IDORG B, UG R TN H AR AR AROR



6 A BTN

2.2.3 #m sk
Y OLOvE R AR 2R I Sk 3 11, K 42 Al
VAR 55 3 5 LA > T4 . HOG R HE AL ) 42 Tt H
B g RS FZEG, AL TR AR . it sh AR
283 T SR W AR A0 T AE DG i B 58 BB A i IE AR, 42
R IRG BE . 455 2 RO TR  ZE R [R) )= 90rE
AR A A A R SIS R R B B AT
2.2.4 YOLOvVS8s5 YOLOvSm #4942 % £ F
AWFFE R YOLOVSs #l YOLOvSm # 7 iF

I
Bottleneck
shortcut=Fal se¢

AT Kol 7 it B L) TR A TR g R [ R AR A
Sl o YOLOvSs (1 1% 4 ¥ B F1 58 12 2 5053 0 ok
0.33F10.50, B4 11. 2M 24 1 28. 6GFLOPs
PF s B B/ 5 1 YOLOvSm ) 50 h
0.67 F 0.75, & % & ik 25.9M, it & i
78. 9GFLOPs, fig #& BCH &2 2% (1 F# AF , 37 3% 4 iR
FITE A AL A R 3k R RIS 25 5 R PR RE X L
g sk B AL T B BRI Rl Ry T R A
BB R

Details

Conv

BatchNorn2d

Bbox.

Bbox,
Loss

Backbone

Neck

> Detect

Detect

Head

B4 YOLOVS [y % 4 45 4 [4]
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Tab.6 Detailed hyperparameters of experiment
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Fig. 5 Performance values during the training process of the model
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Fig. 6 Confusion matrix of the model
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