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Fig.3 Network architecture of the detector
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PR AR L R GERE NS ICAC T R AE B O
PREF A MG RO B o BRI S IR ER 81 e R
T30 28 0 A e & H br R EREOUE SR 54T T IFAR .
45 BB o8 MOTA=984%, MOTP=81.5%,
IDSW=0, MOTA 5] T 98.4% Ay ks & , HJs A
SN A S AR Z (AN 2 A 4, ELAH A — B
11732 80 N 211 38 By, 3 FE 5 R e 3 3k e T A
X 52 1D 1 % 4, ml L IDSW 2 0 B 3 — A5 .

MOTP 1% 8] 7 81.5% M m K &, AT LLE & T
Transformer (4 7N A5 7 2005 5 4, 000 59 (B AT LA
ELSEARBUR K S L (TOU) o B4 5 i MOTA
FMMOTP £z R G HA RAFHITERE .

WA 10 PR gt 8 R 21 00 J5 HE 33l R
N.SL Al MD B R G 07 B . 7 HELE LA BUF 3=
7 AH AR DA HE A B I I R S A 2 AT
PRI 7 () ATt ) B, 7 T A B RN R 45



166 LRI I NI <3 4

941 %

A LU H R AR G0 T L — B — R X 42
RIS 4219 ID S AL L AT s . flinp 10+ 45
FE A7 , 64~66 WL 43 4G DU 2 HLAR 45 11, (A #E 113~
115 ot 52 B0 0 &% 1T, -t B A0 W HE R AR Sy Bl g A
1, B2 bR A 2T A | R 2 DR A ARG Ay 1E 5 A
MibRic M ER EHE .

CliEw N [J#REm% SL [C]HU# MD

1530

" Vo Plai
2021

2041
E 10 GREAMMIFIERERSE R
Fig.10 Defect detection and tracking results
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A CNN-Transformer-based method for sorting
citrus with visual defects

AN Xiaosong', SONG Zhuping', LIANG Qianyue', DU Xuan', LI Shanjun'**

1.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
2.National R&D Center for Citrus Preservation, Wuhan 430070, China;
3.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural
Equipment in Mid-Lower Yangtze River, Wuhan 430070, China

Abstract Manual sorting of citrus fruit with visual defects on the production line is time-consuming
and cost-expensive. This article proposes a sorting solution based on machine vision and CNN-Transformer.
The system can be directly implemented on various citrus processing lines for online sorting.For the citrus
fruits randomly rotating on the conveyor, a detection algorithm Mobile-citrus based on convolutional neural
network (CNN) was developed to detect and temporarily classify the defective one. A tracking algorithm
Tracker-citrus was used to record the classification information along the path.The real category of the fruit
was identified using the historical information, with tracking accuracy of 98.4% and classification accuracy
of 92.8%.In addition, a trajectory prediction algorithm based on Transformer was used to predict the future
path of fruit with the average prediction error of 2.98 pixels, which can be used to guide the robot arm to
sort defective citrus in real time. The results showed that the method proposed can be applied to citrus pro-
duction lines for online sorting.

Keywords citrus; defect detection; machine vision; deep learning; convolutional neural network

online citrus sorting ; trajectory prediction; Transformer
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