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Technical roadmap of tracking and counting of rice panicle and extracting rice panicle length
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Fig.2 Schematic diagram of data acquisition
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Fig.3 Optical flow processing schematic diagram
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Sic Input feature
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Intermediate feature
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Note: Conv represents the convolutional operation, C2f represents local feature fusion, Concat represents cross-level feature fusion, SPPF represents an improved spatial
pyramid pool structure, Upsample represents upsampling, Segment represents instance segmentation, BottleNeck represents residual structure, Split represents
segmentation module, MaxPool represents the maximum pooling process, CBAM represents the convolutional block attention module, N represents the numble of

BottleNeck.
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Fig.5 Rice panicle length extraction diagram
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Filter effect image

TE: FLY AFEPILAFT, LYL NPLshFr, HHZ N G aFl, QYB ML MF.
Note: FLY is a variety of FengLiangyou, LYL is a variety of Liangyou, HHZ is a variety of HuangHuazhan, and QYB is a variety of QuanYou.

Be6 FiakgEIER
Fig.6  Optical flow processing effect
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3.2 BUHAY YOLOvS-seg BARH&MI4E R
KA [R] SR 40 KRG AR SE AR AR, X st i)
YOLOVS8-seg 158 FI 2 TAL B BUR BEAT VAN, 193058
FEEARRIEE R (R 1. Hr, Mudkr) YOLOvS-seg 154
5JR 4 YOLOvS-seg #AUAHLL, HMDSHHIZ H 79.1% $2T
% 82.3%; mAP@50 H172.4% #FE 81.1%, &7 8.7 4
F s Kollig =R i 35.6 Wis $RTHE] 41.8 /s, L5,
SO YOLOv8-seg AL D T iR FIG L, FEAR T IR AT
AetE, BB BOARRTIIRG BEAE T, RO PR TR AL .
=1 TEEERENER

Table 1 Rice panicle target detection results
[t iES FI{i  FPS/
Model types PI% RI% mAP@S0/% gy oo, (i-s™
YOLOv8-seg 79.172.5 72.4 75.6 35.6
S YOLOVS-seg 82.3 80.1 81.1 83.2 41.8
HIETAEHE+YOLOVS-seg  95.092.2  95.0 93.6 63.5
FRE AL B+ ) YOLOVS-s€g95.292.8  95.0 93.7 61.7

E: POARIDETNZE, R OAKIAFEZE, mAP@S0 N FYIEEIHE, FPSH
SRR TR,

Note: P represents detection accuracy, R represents detection recall,
mAP@50 represents mean of average accuracy, FPS represents frames detected per
second. The same below.

ML T 5, SR YOLOVS-seg 5 74 fé 46 il
RSB RN [0 R4y R TE A 95.2% 1 92.8%, #HELT R
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a. Before optical flow processing

ik YOLOVS-seg IR, mAP@50 27+ T 13.9 ME %
Mo SRFW, SLTETALEE & T IRA M HERTE, R
AT BERLTEAS (RIS U B R RE, S T A RACE .

ZE LATA, @ CBAM 32 /0 HRT YOLOvS-seg
AR AR I X 2 EAT 503k, REBEHETH I 25 1) H Bk i o A
B, RS ERNESR, H ek e Lt —2
P AR AT M
3.3 FEEBIRRITHER
33.1 ¥R

VL TRAC B (W FERE 2 H bR et s R wn &l 7 fr
TNe B, ARBEATGIIE AL B PR, LR oot
] YOLOvV8s-seg 1 StrongSORT AL TIBE M (] 7a):
FEALAI RS 300, 450 F1 600 Ml A5 B8 H AR 1D 18 7>
B 200, 230 1299, ¥y KT ESHME 15, UL
B0 1D BEARTE B, JEANHE S M B SERE R AR . AR
W FAATREAT YR E TRACEE, 5 b A% 1 T J5 7 O e e A
B, 7320985 MAUAHE, R S0k YOLOVSs-seg
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b. After optical flow processing

7 A% B AREIRR A

Fig.7 Multi-target tracking effect diagram of rice panicles

AT 72 2K FH AR [RD R A8 06 A [ 38 B VE AT VR AR,

7 13%] YOLOvS+ByteTrack B (#i% 1), YOLOVS-
seg+DeepSORT & 1 (5 74 2) . YOLOvS8-seg+Strong-
SORT A (FER 3) AHEE ik T Ab BE+240it ) YOLOVS-
seg+StrongSORT 1 1 (B 4) 1) £ H bril Fi 45 R
(£ 2). BAS 1 AR 2 ) ID BRAZ 505100 1 815 A1 986,
AR 3 4 ID BE45 A 891, H MOTA #1 HOTA ¥ & T
B | FOREAY 2, FBHA SR A B StrongSORT #5844 7F
a2 HbrB i L AW EMmA. ok, B 4 M+
PR 3, HOID BEAF B 891 FRAKE 275, FFIK T 69.2%;

MOTA ##7+ 1 11.83 NH 43 &l; HOTA #2717 9.53 M H
gy s, RAEMRET pEE AT, AR T
IDswitch ¥ #, KARHETH T IBEREE
332 HHERGIRENH

SoF AR AT RS AR R AT N T80, IS5 AR
RITHE S R AT A (B 8) . 4 RKH, BIAY
4 [PE ZBUR 4 0.969 6, FIILNT /0 EiRk%E (MAPE)
N 2.15%, ¥ITHRIRZE (RMSE) Jy 1.87. S 3,
A2 REAL 1L AT, AR SCHR A SR IR TG B
1 YOLOV8-seg+StrongSORT 15 A 71 & #2114 b J@ I th


http://www.tcsae.org

11

TN BT ORI TR HEA StrongSORT 17K R RS R S TH A0 L B S Y 153

TR R AERIE,  FLGI AL T 65 O 54
TR
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Table 2 Comparison of multi-target tracking algorithms

TR Fi ID MOTA/HOTA/
Model types switch % % Fi% Ri%
YOLOVS8+ByteTrack (&7 1) 1815 59.67 23.58 76.3963.40
YOLOVS-seg+DeepSORT (##4 2) 986  70.35 49.89 90.9076.64

YOLOV8-seg+StrongSORT (#5173 ) 891  73.75 54.53 92.6379.17
JCIRE AL PE+CHE ) YOLOVS-
seg+StrongSORT (57 4)
7E: ID switch 4 ID Bt 48, MOTA A% HFFIBEHEMEE, HOTA NE M
Y FEIBERRSFE
Note: ID switch represents the number of ID switch, MOTA represents the multi-
target tracking accuracy, HOTA represents the tracking accuracy in higher
dimensions.

275 8558 64.06 98.5195.44

16 ¢ 16 ¢
y=0.87x+1.67 1=0.93x+0.86
& 14r R>=0.906 8 O 14t R>=0.9360
? MAPE=5.82% T:!) MAPE=4.26%
5121 RMSE=4.58 121 RMSE=3.29
glof 10
& 24
m gl =
H6F2 = o6F
(o} ]
6 8 10 12 14 6 8 10 12 14
TH{E Predicted value/4> TH{E Predicted value//>
a. 15491 b. 12
a. Model 1 b. Model 2
161 1 0.94v+0.70 101 20.97¢+029
& l4t R*=0.943 7 14t R*=0.969 6
5] MAPE=3.55% 5} MAPE=2.15%
212F — 212t —
g RMSE=2.68 E RMSE=1.87
TI0H 10
&~ &~
o gL = gt
% &=
= 6f o6t
o
6 8 10 12 14 6 8 10 12 14
T Predicted value//> T Predicted value//}>
c. BiA13 d. #iA4
¢. Model 3 d. Model 4
W R ONVE REL, MAPE PS40 E /3 ELiR 2%, RMSE N IRiR % .

GE

Note: R? represents the coefficient of determination, MAPE represents the mean
absolute percentage error, and RMSE represents the root mean square error. The
same applies below.

B8 itEAE = a4t
Fig.8 Numerical regression analysis
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Note: The solid line represents the linear regression fit (y = 0.94x + 0.61), the
dashed line represents the ideal reference line (y = x).
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Fig.9 Rice panicle length regression analysis
4 2 it
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Rice panicle tracking and length extraction based on optical flow
pretreatment and StrongSORT
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(1. College of Engineering, Huazhong Agricultural University, Wuhan 430000, China; 2. National Key Laboratory of Crop Genetic
Improvement, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The panicle number and length are two of the most crucial indicators of rice yield. Accurate acquisition of the
panicle traits is of great significance to rice breeding and genetic research. However, the traditional measurements of panicle
traits cannot fully meet the large-scale production in recent years, due to the contact damage, subjective inefficiency, and low
repeatability. Therefore, it is very urgent to develop the observation and identification for the accurate and efficient
measurement of rice panicle traits. In this study, the rice panicle tracking and traits extraction were proposed using optical flow
preprocessing and the StrongSORT algorithm. Initially, a series of experiments was conducted to capture the 200 rotating rice
videos. The dataset was divided into the training and testing sets in a ratio of 8:2. Subsequently, the Gunnar Farneback optical
flow algorithm was employed to preprocess the videos in order to reduce the occlusion. The Convolutional Block Attention
Module (CBAM) attention mechanism was then integrated into the YOLOv8-seg network in order to enhance the target
detection and segmentation of rice panicles. Finally, the StrongSORT algorithm was utilized to realize the multi-target tracking
and the counting of rice panicles. The Zhang-Suen skeleton extraction was applied to determine the length of the rice panicle
with the largest panicle after detection. Moreover, a motion prior model was constructed with the movement trajectories and
velocities of the potted rice. The position of rice panicles was predicted in the next frame. The ID switches were reduced to
prevent the panicle tracking failures and duplicate counting caused by occlusion. The results demonstrated that high accuracy of
the tracking was achieved to detect the rice panicle. The mean average precision of the improved YOLOv8-seg model reached
81.1%, with an increase of 8.7 percentage points, compared with the original YOLOvVS-seg model. Furthermore, the mAP of the
YOLOvS-seg model was improved to 95.0% after optical flow preprocessing, indicating a substantial enhancement of 13.9
percentage points over the unprocessed model. In rice multi-target tracking, the combination of optical flow preprocessing, the
improved YOLOv8-seg, and StrongSORT was achieved in a multi-target tracking accuracy of 85.58% and a high-order
tracking accuracy of 64.06%, which were improved by 11.83 and 9.53 percentage points, respectively, compared with the
combination without optical flow preprocessing. The number of ID switches was significantly reduced from 891 to 275, W1th a
decrease of 69.2%. In terms of counting accuracy, the combination was achieved in a coefficient of determination (R ) of
0.9696, a mean absolute percentage error of 2.15%, and a root-mean-square error of 1.87, compared with the actual values. In
panicle length extraction, the R* value was 0.940 8, the MAPE was 4.07%, and the RMSE was 0.47. The combination of the
optical flow preprocessing, improved YOLOvS8-seg, and StrongSORT effectively reduced the interference among overlapping
panicles and the ID switch. The accuracy and multi-target tracking were enhanced after detection at the same time. The finding
can also provide the technical pathway for the rice panicles and length measurement in rice breeding.

Keywords: rice; target tracking and counting; optical flow method; StrongSORT; rice panicle length
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