I RS
2026 4F 2 A

B RE AL Al 2 F < i O 98 30)

Journal of Intelligent Agricultural Mechanization

Vol. 7 No. 1
February, 2026

DOI: 10.12398/}.issn.2096-7217.2026.01.008

ETHEHBSTCD BEiZMMFid Ao EXTEHAR

A& Fla&', RAZR', XA, kx>

(1. b B A RFHLas A=, b 3T, 1000205 2. b HifE BR S TR & A 0K 2 , L 5THAT, 100020)

T E - R i DAL G2 B 0 0 R ok T NS R AR 0 ) B R T — Rl OB TOBRE R R (ST CD RV i 2 3 45 A
AHZE A (0 FD T35 77 TCUG I O i A 8 T PG R A — 4 A Ak B — A0 5 — 3y 0 e " — IR AR AR I R R gt . SR A
632. 8 nm He-Ne #ot#% . CCD AHMLIE HE AR R G5, IR KAl 7 RO R, 200 R AL 2 6 B A oK P X B4
B SR, 5 SR F i/ e 7 e R AT OB PR A% 22 0, 22 5 R ST CD #E AT GBI 3 6 STCD 5 RG22 43 Bl sk 4 s 1% )3
BltAr B T KR T IO HOBE PR 00 R A B0 R, AR 4 WU AT ¥ o 22 i, 51 A 35X 3 413Uy 3 22 In ACHL 1 5 i
BT a=0. 7 g BB B R A5 1 600 5K 22 43 G, 16 Bl 1 5 6 16 Fl 745 800 3K , 4% 7:2: 1 R /- Bdin 46 . AEAd )y
17, % JH MobileNetV3 ™ 4%, #) @ 5218 b Faster R-CNN B P88 280, oAb 1 45 g 2 08 E s R 52 E . Ja i
I DLV AT T AT R b~ BCBE 16145 E AR A I R AIE $5 B TR B 27 2 Jie 2 58 SR~ 43 28 [l U3, 552 90 0] 45 g 0 8 ke
R . &5 R AR B Rl O O RR 4 STCD Ab 3 )5 RRAE 15 B B, 25 70 R (5 W L B 5 ik 35. 8 dB, & il e it Ak
Faster R-CNN BRI L5 J5 , 16 B F 43 2 i 283k 92. 2590 2 16 P 43 28 i 1 6 35 93. 25% BB ROC &t AUCHH
98% ,F1/43 %0 92. 63% AR BHPE2R A 4. 750 , Fak G IR B ] Dy 0. 031 5 s, L JASE 7Y B sk ) Bof ] 406 1 1 0. 049 3 s, K
S 3 L DA AR 2 5 2. 54 W SR Bk 25, B BRASE AL s/ — 21 DL b IR o I B O 1 T LA S RN 73 g 1 e g

A

AR OGO s B S H A 2243 s Faster R-CNN; #1106 77 5 o401 46 )

RE4SYES  TN247 X ERARIRAD A

X ERHS:2096-7217 (2026) 01-0075-11

FIFR, ZEVEEE, KA S, NI, RUKK . T ROGEEE STCD Bk i Fh 116 7143 2807 Ik FE LT ). 3 BE Ak Al 4 45 24 i (o

W), 2026, 7(1): 75—85

MEN Sen, LI Xiaoxin, ZHANG Junhao, LIU Yue, LIU Bingbing. Research on seed viability classification method based on
laser speckle STCD algorithm [J]. Journal of Intelligent Agricultural Mechanization, 2026, 7(1): 75—85

0 35l

Fe AR S Aolk oK [ Fioll T 5 MU i 1500 12
TG o A AKS HR 2025 4F f5e B B diE s B AR AE Y A
EREH A A A HORE 9500, A It A Ao A R O
RS WEAE Y R R R AR 2R 7 R AR A L
Fo FFIE AR AT R AR AR — , ELAE R
SE TRl T BT G IR DR R T A T Y R R
AL o ARG T3 R T AT N AR R
Fo TTC Y 2512, 3 28 77 B X A A B %l 225K
g, G ST, L2 X 7 3 AN AT A

UG SE RN 28 0 TR LR S BT Ve 12 8 AL
i T o AT e Dl i TR 9 5 S SR F Y
il 745 AE P B, SR AR T Ol AR O 3% BOR BIE 5

il

Wi B . 2025-11-10 1l H . 2025-12-29

TR AR AR e kL SCEY SR T RGN B
FAEWF A0 7O 15 B, 4% B AR DG B ST g
HORBETE TP 58 70 A B2 L RTHOE CREAG D
FR A2 AU I, TR B 27 ) B AL 7R B
N G35 5 b g L e AL HIF LB v T
DA HE K S50 B R O BICBE B AR B 2 2D AR 45 1Y
ARBARG T7 12 AT S0 258 A5 B B TR A T e g
SRR IR 5 S 0O kA AR B R S OR R T,
TR JEE 27 > B RO BUREB A e AP Wk 4G I s B
(AEPNIbY 338

{ENENCIROISRR 5 25 SOR S U APt S TP s R
iz Bl B PR AR Bk /D SC3E JE , ELATE 58 6 35 5 AR A7 12 XS
A TR I AR R A RS A AN T 0 [ A
W, AR SCLL KBl R WE TR 4, 48 R O O A

FEATH ER A RRESE A (31770769) b5 T B0 Z2 5L 2 FHIF 1R H (KM201911417008)
B—VEE TIRR, B 1989 4R 4 BB e VT A PRIT N VR 1 s fF 58 5 m A F LA e =005 . E-mail: mensen1989@163.com
A AF VR RNVKVK, £, 1985 4R A8 5 MRALRE A, il 3082 , s R 92 07 ) M ALE A F AR MLES 361U . E-mail: lynnbit@126.com



76 B RE AL AR L2 A 2 4l (R IS0

2026 4

itk Faster R-CNN AR AH 25 45 BT R0 16 10 5¢
BT AT 7 AR AR PR O AR

1 MREFE

1.1 #Rbles5KeEE

DLKR PR 958 K Sk B 58 X 4, SR FH ™ % 119 4 A 1
e 5 73 20 45 1) R ek K a0 R AR R 1 e 308 IRUURL 1
W RN — TEHLBA A5 S B A2 1 KRR RL 1 600 K
W FEA B AL 53 S W5 41, U 800 i A Ay 1% A 741, ol A%
800 L 3 4oF oL PRI T TR A HE AT R TR AL 3 M Sy R
R o Sbrilk IR A TR R kK R T
99 % AR & ZF B0 S R A& 1R .

U

(d) 9K

(c) 6K
1 REEZFXEIERE
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Figure 3 Example diagram of sample comparison among

different groups
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Figure 4 Schematic diagram of comparison of different
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denoising methods and effect diagram of region extraction
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Figure 5 Spatiotemporal coupled difference result image

of seed speckle
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Figure 8 Curves of loss values and accuracy changes of deep learning models established based on different image processing methods
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Table 3 Impact of optimized generalized difference method parameters on model performance
S Wik = BT a {5tk SNR/dB IR HER R/ % B R A/ % R B PEA/ %%
2 0.5 28.50 89.00 10.00 12.00
2 0.7 30.20 91.25 7.50 10.00
2 0.9 29.80 90.63 8.75 10.00
4 0.5 33.50 92.44 8.12 7.00
4 0.7 35.80 95.31 4.37 5.00
4 0.9 34.20 93.44 5.00 8.12
6 0.5 32.80 91.86 7.50 8.75
6 0.7 34.50 94.06 5.62 6.25
6 0.9 33.20 91.81 9.37 7.00
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Table 4 Classification performance metrics of different models
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Research on seed viability classification method based

on laser speckle STCD algorithm

MEN Sen', LI Xiaoxin', ZHANG Junhao', LIU Yue', LIU Bingbing' *

(1. Robotics College, Beijing Union University, Beijing 100020, China; 2. Beijing Key Laboratory of Information

Service Engineering , Beijing 100020, China)

Abstract: To overcome the challenges of slow speed, prolonged time consumption, and high costs in traditional seed vigor

detection methods, we propose a non-destructive seed vigor detection approach that integrates laser speckle technology, a

STCD algorithm, and a deep learning model, which facilitate the construction of a comprehensive seed vigor detection
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system encompassing “image acquisition, feature processing, model training, and vigor determination. ” An imaging system
was developed by utilizing a 632. 8 nm He-Ne laser and a CCD camera to capture laser speckle images of pea seeds. After
image preprocessing, the individual pea seed area was extracted. Then, two-dimensional wavelet transform was applied to
denoise the speckle images. Subsequently, the STCD method was utilized for image data processing. The STCD method is
deeply integrated with the image difference improvement strategy to highlight the feature information of the pea seed laser spot
image. The weighted average of the first 4 frames is taken as the reference frame. The 3} 3 neighborhood local variance
weighting mechanism and the forgetting factor =0. 7 are introduced to construct the cumulative difference map. Finally, 1 600
difference images are obtained, with 800 viable seeds and 800 non-viable seeds. Divide the dataset in a ratio of 7:2:1. In
terms of the model, MobileNetV3 was adopted as the backbone network to construct the lightweight Faster R-CNN model.
The parameters were adjusted and the training strategy was optimized until the Accuracy of the validation set was stable.
Subsequently, the optimally trained model was employed for target detection, feature extraction, and deep learning on the
speckle images of maize seeds. Ultimately, seed classification and regression were accomplished, enabling efficient and
accurate detection of seed viability. The results indicate that the laser speckle images of seeds processed by STCD exhibit
distinct feature information, with a maximum signal-to-noise ratio of 35. 8 dB for the differential images. After training with
the lightweight Faster R-CNN model, the classification accuracy for viable seeds is 92.25% and the accuracy for non-viable
seeds is 93.25%. The model achieves an AUC value of 98% in the ROC curve, an F1-score of 92.63%, a false positive
rate (FPR) of 4.75%. The recognition time for a single image is 0. 031 5 seconds, which is 0. 049 3 seconds shorter than
that of the original model. The detection speed is 2. 5 times faster than the original model, and the convergence epoch is 25,
reduced by more than half compared to the original model, demonstrating high training efficiency. These findings confirm that
the proposed method enables rapid and non-destructive detection of seed viability.
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