202343 A &k LAk 2= i o554 % 453

ETF YOLO v5 - OBB 5 CT g0i2f ERAEFL R 506

. WL 1,2 NN ) e 1,2 1,2 YN 1,2
KK B A 4K 2 X b
(L. PR ARBHE KW S 7 TR 22 B, BRPIAm % 712100
2. Al ART A By e W TR SE G =, PR AR 712100)

FEE : AR K A 7 o G R R R, o 3R o R 2R 0 Y s AR T 2 T R R S L B A A R A Y B
Al R0 R ARG B S — MR IR FL R BOR AT I L H Sh AR I R B R = R e, T CT H
AL fE YOLO vSn #6300 B 4% A 225 1, #6317 YOLO v5 — OBB JiE#% H dx A& i’ 45, Hovh OBB Sy 1a) H A5 1 HE , 1% K
4 fo R 7 200 T ME A B0 3 58 R AIE , 72 Backbone 343 A7 5 78 2 F1 B H (CA) | 5] At R R0 Ak Al A oK 490 4 53¢
¥ (Skew — NMS) g AT A A (1 90 74 45 20 B 8 FOMAE , DA B SE B 5 LK O i) — 9 BRI SL 4 80k . 20 300
YRR MR ZE R E LIRS IR P Ry 94.2% , B A% R S 81. 7% ,F- K5 i (AP) Jy 88.2% , B AL N 47 5
o4 4,21 MB, B0 (8144 ¥4 I 1] 2 0. 01 s, 5 SASM S®A — Net Hl ReDet i 5% H ARAG T ¥ 4% K1 H , AP 43342 5
15.0.16.9 7.0 A~ E 43 a5, R A% 57 359 K6 D B 1) 43 5310 9 /0 0. 19 ,0. 22 0. 46 s, [ i YOLO v5 — OBB £ %Y Py 77 (5 H
43k SASM \S*A — Net Ml ReDet BB (1 1.50% .1.43% F1 1. 73% , 5 % B /K SE 45 % HE #7119 YOLO v5 X 4% 4
Lo, AP 385 0.6 AN 43 A0, BT /NN 0. 19 MB, BRI [&] 45 7 3 460 I B i) A A%, W 3 0 0. 01 s, 4 YOLO v5 —
OBB [ £ 3k I 2 80 H AR AE AL AR 7 25 15 B 19 8K B 5 78 DragonflyEZ 4 v 753 B 1) RS0 BLSC K BE A LL, P54
X224 0. 04 mm A XTI 2R 0. 93% o XA CT BB 434 15 B0 T T 2K VR 2L 24 SOK I 25 50 2 B, 3% B TR0 %6 458 /8 IR
BEBRRIKE GRA K 3 R E R R FL A SRR P 430 g 100% . 100% .93.3% , R 43 3]y 100% 82. 4% i
79.8% ,AP 43545 99. 5% \91. 2% H1 86. 8% . 5 R FB, Frix i1 455 AL e A A5 50 B K K IR FL 2L S0 A T, [R] Bof 4S5
B, AE 5 RN, TR EOR R A B FL S0 B B W R I 2%

KR EAREFLRL; YOLO v5; CT 145 Bede BAnia il ; HLas Lo

thE 422 TP391. 4 SCERFRIRAD: A XEHE: 1000-1298 (2023 )03-0394-08 OSID

Endosperm Crack Detection Method for Seed Dipping Maize
Based on YOLO v5 — OBB and CT Technology

SONG Huaibo'?  JIAO Yitao'> HUA Zhixin'?> LI Rong'* XU Xingshi'?
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. Key Laboratory of Agricultural Internet of Things, Ministry of Agriculture and Rural Affairs, Yangling, Shaanxi 712100, China)

Abstract; Seed immersion is an important pre-sowing seed enhancement technology in maize production,
and efficient detection of cracks during seed immersion is the basis for analyzing the change pattern of
endosperm cracks during seed immersion, which is one of the keys to the selection and breeding of good
varieties of traits, and there are still difficulties such as internal endosperm cracks are not visible and the
degree of automation is not high. Based on CT scanning technology, a rotating target detection network
named YOLO v5 — OBB was designed based on YOLO v5n detection network, where OBB used rotating
rectangular box instead of normal rectangular box and added CA model in the Backbone part. The
network used a rotating rectangular box instead of a normal rectangular box, and added CA model in the
Backbone part, and also used Skew — NMS for non-maximal suppression to obtain the final prediction
box, so as to achieve the detection of corn endosperm cracks with relatively large length and width and
different directions. After 300 iterations of training, the model had a precision of 94.2% , a recall of
81.7% , and an average precision of 88.2% on the test set, with model size of 4.21 MB and average

WoHi H . 2022 -06 — 18 &l H . 2022 -07 -25
E£WMAB: HEHEMAPLIREA (2019YFD1002401 )
TEE R RIFPE(1980—) , 55, #04% , Wi+ A4 S0, £ 22 AT R A0 3 RTSE =0 3 BEIE BF 5T, E-mail ; songyangfeifei@ 163. com



%3 1

RMPE 55 HET YOLO v5 - OBB 5 CT [ Fh £ K R 3L 24 S0k i)

395

detection time of 0. 01 s for a single image, which improved the AP value by 15.0, 16.9, and 7.0
percentage points compared with the SASM, S*A — Net, and ReDet models, respectively, and the
average detection time of single image was reduced by 0. 19 s, 0.22 s, and 0. 46 s, respectively, while
the YOLO v5 — OBB model size was 1.50% , 1.43% , and 1. 73% of the SASM, S°A — Net, and ReDet
models, respectively, with an increase in AP value of 0. 6 percentage points, a decrease in model size of
0. 19 MB and an unchanged average detection time of 0. 01 s for a single image compared with that of the
YOLO v5 network with horizontal rectangular box labeling. Comparing the crack length information
obtained from the YOLO v5 — OBB network after obtaining the crack target frame coordinate information
with the real length of the crack obtained in DragonflyEZ software, the absolute error of both was
0. 04 mm and the relative error was 0. 93% . The results on the detection of corn endosperm cracks with
different CT gray value distributions showed that the model had P values of 100% , 100% , and 93.3% ,
R values of 100% , 82.4% , and 79.8% , and AP values of 99.5% , 91.2% , and 86. 8% for the three
types of corn endosperm crack images with smaller gray values, larger gray values, and mixed gray
values, respectively. The results showed that the designed model can effectively achieve the detection of
corn endosperm cracks, and at the same time, the model was highly robust and took up little storage,
which can provide necessary technical support for the automatic monitoring of corn endosperm cracks
during seed dipping.

Key words: corn endosperm cracking; YOLO v5; CT scanning; rotating target detection; machine
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