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Abstract; In response to the characteristics of small targets, overlap, and occlusion of litchi in large natural environ-
ments, a lightweight litchi detection model FEB-YOLO is proposed. Based on YOLOvS8, partial convolution (PConv) is in-
troduced in the module C2f to replace some conventional convolutions to achieve lightweight improvement, and efficient multi-
scale attention (EMA) attention mechanism is integrated to improve the feature extraction capability of the algorithm. The
neck network is replaced by bidirectional feature pyramid network (BiFPN) with P2 feature layer to enhance the cross-scale
feature fusion of different sizes. Normalized weighted distance (NWD) measurement is introduced into the regression loss
function to improve the learning ability of the model for litchi small targets and reduce the missed detection rate. Experimen-
tal results show that compared with the original model, the P, R and mAP of the FEB-YOLO model are increased by 1. 4% ,
1.6% and 1. 7% . respectively, and its Params and FLOPs are reduced by 47. 3% and 27. 1%, respectively. The improved
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model has less computing resources, and can improve the recognition accuracy under complex conditions. In order to estimate

litchi yield in real-time in orchard scenarios, an efficient dynamic recognition and counting method for litchi {ruit is proposed.

By using the FEB-YOLO model as the target detector of the BoT-SORT tracker and the recognition output of the FEB-YOLO

model as the input of the BoT-SORT tracker, the dynamic video sequence tracking and counting is realized. Finally, the ef-

fectiveness and feasibility of the proposed method are verified through examples. The improved model has the features of

good robustness, small size, and embedding in edge equipment, which can not only be used for real-time estimation of litchi

yield, but also for planning picking and storage, providing reliable support for orchard resource allocation.

Keywords: litchi fruit; multi-target tracking; yield forecast; lightweight; object detection
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Frxs b, A5l 335 gk A B U iy AR T BE 47 1056

IRk 2 i,
22 STV RN 7 R ARG I 2% SR X L

AP
! P/%|R/% ”;y Params | FLOPs |F,/%

0
Faster RCNN | 47. 6 | 54.8 | 49.7 |1.37X10° | 3. 70X 10" | 50.9
SSD 80.2]32.8] 45.3 [2.63X107| 6.27X10" | 46.5
YOLOvSs | 86.3 | 84.1 89.5 |7.01X10° | 1.58X10" | 85.2
YOLOv7-tiny | 87.7 | 84.3 | 91.0 |6.01x10° | 1. 30X 10" | 86.0
YOLOv8m | 89.3|84.7| 91.7 |2.58 X107 | 7.87X10" | 86.9
FEB-YOLO |89.3|85.3| 91.9 |5.86X10° | 2.07X 10" | 87.3

(b) YOLOv8s+C2f-Faster—EMA

MF 2 i, X T ECR S H AR 5, — &
I 35 TR 22 W 4% Faster R-CNN. SSD {4 # I 3k 5% 45 2% .
AT YOLOV8m #5781, gl i J (9 155 0 44 [ml e 4 7 1
0.6 4/ 43 mis [6) i H 2 B0 i Aok 58 & 2 0 R AR T
77.3% M 73.7% ., 5 YOLOv5s, YOLOv7-tiny #% 1k
BERVMIFG . H9R FEB-YOLO B8 (9 11 5 & m &, (H 2
KB /N, B, gRR, FSESES KT
X R AR A, PP BRI FE YOLOVSs,
YOLOv7-tiny 43 3 @5 2. 4% . 0.9% ., [d) B 455 50 2 %%
AT YOLOvVSs, YOLOv7-tiny 43518/ 7 16. 4% .
2.5% ., 4R FI NS FEB-YOLO A8 [ T HoAth 32 7%
W 25 A B WY e A . FE R SR W FL (Y R,
WA T Wit E RS, HENNERERD,
T 7% B A T AR s i 7 A A S8 H AR A DU
15 .
2.5 HNBRATRMN
2.5.1 FASEREAN 5

A I M A B 3 5K Bk X YOLOWSs,
YOLOv8s+ C2f-FasterrEMA., YOLOv8s+NWD, FEB-
YOLO ByiR 5 8% 5, DA UF oe B 3 09 stk . X e

SERE 10 Pros . BB LA BT R R .

(d) FEB-YOLO

. (ch0v8s+NWD
B 10 F A PR S5 R T Ak
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%33 %

HE 10 frs . M B8R ERE 3 iE R, 7R
LB R R, REBIAHETELL., X LILE 10 51,
2. 347 1%, B YOLOvS8s, YOLOvS8s + C2f-Faster-
EMA. YOLOv8s+NWD pyz il &5 R ] %15] A NWD 5
R £ TH S HUTE 7 B H AR B/ B0 BRI S8R . X
YOLOv8s + NWD., YOLOv8s + C2{-FasterrEMA i
FEB-YOLO B (¥ kz  45 L AT 50, @A EMA {3 & 14
il 42 TR X A B AR IE R O T, BRIR T b R 2
FORE ARG SR ) R R . U B Rt i TR HL AT B 4T
RIRGIRE S, REA A ERAN S, FiEH T EiE
PhL s DL RN HER T B3 BRG]

2.5.2 3F FEB-YOLO+ BoT-SORT [ 2 2 0 55 i1 %)
T4k

i T Bk FEB-YOLO 7E 55 Br 7 kR Bl 3 5 b i 4
A R, R S 22 FEB-YOLO 0] L& B 5 £ 19 1
5, %4 HE M FEB-YOLO 5 BoT-SORT 4 4,
SRR S B AR BB, el FEB-YOLO
X G NALTE 7 B T b R 42 0 sl 28 AT A I B S
4 H bR A5 20 1 75 B S E BAE B BoT-SORT [ %
Ao BRERER GV B rpoi o — TD I A T B
EEAE R, BER SR R A R, HAR LS DIT
mavic3 classic T AWEIEEWIHE 1~2 m B E . HREF
AHLIE W R . BLZ 0,15 m/s (15 B 3 48 5 b —
JAHEAT F0 B AT E S 30 /b, TR GG A BE RN
1080 P, H.265 %4if%, & 11 B/x T BoT-SORT 7£ 4 4
Wit b R ER G SR 20 b A RO AR 2R B AR IS I 45 B
R 1D,

A 1T Hfra] DL 3 4 PR R B TR L. 5 —
FRIERTEEC 14 1D Sy 221 F1 263 #9755 AR SEAE 121
~129 g Ao 72 TP AR RE B IR B SR vER A B, ID oy 325
B 7% B AR SEAE 121 MRS BN . BEIR BB BN 3 124 WA Bk
R RRF R R T ID, (HAE 129 Wi i SR ER & 557 OC B K
FORG R F — AR S, BRI T [ — A4 ID 5, 55 2K
115 500 B2 T8 BN 1D S 229 W35 A R SEAE 121 n
BFBEAIA . (AR sl ) 124 MR, o F 5 S5 R0 R AL AY A
P, FEID K 229 MRLER, WG, A 129 WA,
J 5 1D Sy 229 1 2 52 P Bk I 20, fH Hy T 9 2k T
TR A R] R R, SRR FL U S R s A 2R 5L
ID $ % 28 Jy 405, Wi B4 T ID YIS, FEIXR
S E R TR LT 5 B R S ID Y 4
JCR W] BE R # R AE AN s B B AE R S, 1 R R AR
T, S ID YR, J4h, HRERLETT 68 P OCH A 1
] — 75 BRI N J& 2 AR TR 35 B, 1D i AIGAE & ,
AR BT RO . B = RE LR R g A
11Cd) Ced (D H B P 19 7 A AR 5, |l F 00 B g RO 8%
JIN o HERE A TR R U B 5 A B, A N R R R AT

AR BRI B R 52 I R AT BR BE . 2R DU 2SI O 2 A R I
B, BIanAE 552 WiRF. 1D A 1 222 B 75 4 S SE WA
ID g 1 211 A1 1 212 #E P A 15 A AH 20 745 A5 S S5 0 48 1R b
PR — AR, BEJE, 7E 556 WiRY, ID Sk 1222 (2R
I, KRR 5 R 1D O 1 211 SR SR
R —A R, 3AESRILFAET ID A1 211 fYRE
HE ., MTH A RS AR EE IO, e TIRESR
H I U T B T, Y IR ER AR A 1 2 AN T
B A B AR IR — AT, S EGE R, S
FHCA T A AT ECE ARG T SE R .

(e) 5561 () 56011}
[ I O B B T 5 s B N |

AN fie S — WU B 1 75 A% e K ID Dy 1450, JE
N TR0 3 WHCE 35, WU b 7 BB A 2y o 1 7144,
F it FEB-YOLO + BoT-SORT % i1 %1 i % K B b
84. 6% . i 4G 1 YOLOv8s+ BoT-SORT #1711
BB, Bk ID J& 1203, R BIFEORS B R 70.2% .
FHI M) FEB-YOLO 5 BoT-SORT 454 HA 0 & 1
PUNTHBORT B2, B 3E T R 3 5 I B8 S el 35 A 1) 52 b
oz 4%

3 iTFig

PN I N i NS S S AR [ e S o
YOLOv8s gy FEB-YOLO #5# A T @i P. R &
mAP , XEbgE Rk 3 i,

#3 SLIEREN L

TR P/% R/ % mAP/ %
YOLOv3-tiny"* 87. 4 78.9 74. 6
YOLOv5s™! 84. 4 75. 2 72.5
YOLOv5s™ 88.8 81.1 87.1
FEB-YOLO 89.3 85. 3 91.9
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%2 R, 45 R EE FEB-YOLO #8835 85 5 52 3l 250U T 807 % © 237 -

Hi3% 3l A, AHESCEk (2] 2ilf i YOLOv3-tiny
M #, FEB-YOLO 7 P. R. mAP L4 & 1.9,
6.4, 17.3 A~ F 4 & M HLSC#k (3] 4T
YOLOvVSs % B BRI 75 A 32 25 R 4% A iR B k. FEB-
YOLO 7€ P, R, mAP J51fi ¥ HA 46 % A Hb Sk
(47 o # ¥ YOLOvSs M %4, FEB-YOLO 1) P. R.
mAP $JEAG R B A, AR FEB-YO-
LO A 035 15 430 85T 1 75 A0

FEHEO E. Sk (18] JE g el ik YOLOv3 52
T Fm S RGN IRE. A hFESEBRE
P 7 A 11 Jey 0 L A7 AR RN . JC I S BN 7 6 7 o A Al
The scmk (190 FIF JE A ML 85 5 W ) ) 1 1400F 3%+
SIFT [ {4 VT Fic # 58 4 i SR 600 4 5t |, il 0
YOLOX X & 2047 R0 S5 BOR W 7= &, %5 M
FE 11 2 T 4 S RIAEE T P RS B . ek (200 PR
A i BT ER BEAT GE . SEEE T XN HE ARG 1 T A T
BB, IO XA 0 A B AR ) B AR, A A
G TR, AT B T — AT B R K T K
Jii, Gl I AMUREE B B 25 A AT 3D Ak, R
SEOUATRCHE . SR G A B b G 00 g 2 X W03 50 2R AT 7
RO d S B IR 0 75 A SR LA AR Dy IR R AR 1
Ao SEIGE BRI BT B . % ik RE A R D 7 A I P
PRI 0 s AT e T G B T AR T4
4 HRIE

AHIEFE BT X K ) 5% 7 Bk W A7 AE /N B AR B AL 43
i HH SR P A AL, P2 T LT YOLOVS stk iy
BRa A HARK IR, 5] A PConv £t C2f b
B ER o 1 A R T 2 e A el i . WIS Bl A EMA 1132
FI R 3 = B R 75 R RRAE 0 R KRl E P2 RRAE 2
By BiFPN % # 5 45 % v 15 PANet, X[ fil & A 7] ) 4%
EZ BB R AEAE B, B R A A B RRAE AL A RR s BB K
NWD I [5] 53458 % ok %, A6 AS 38 S 8 11 38 52 % B 1Y
[T, 2% B AR IR /N A Y 4 o R U A IR) A

ik J5 1 FEB-YOLO £ &I £ 9 i % B /) P. R,
mAP 4y %k 89.3% . 85.5%. 91.9%, Lk YOLOvSs
BRI AR E T 1.4% ., 1.6% ., 1.7%. R, &%
HE G BB RY (Y 280 R 43 5 Ol 5. 86 X 10° 2. 07
X10", 5 JEEEAUA Ay BIRRAR T A7, 300 27. 1%, %
AT 9 45 L 1% DA ASE TR K 8 B vy, [ A B A
FERAG; #2489 FEB-YOLO #2835 3=y H Ar A 0 ) 2%
Faster RRCNN, SSD. YOLOv8m i H., H A — & 1k
W, mAP B B ORE IR T 46.6%. 5 2 Bk fEom
YOLOv5s, YOLOv7-tiny # It,, FEB-YOLO R4 #& /)
BZEE . [ P R, mAP ¥R T X W Fh 4% 5 4k A
I DO A TN i R B A SR e o 5 &/
A ABEFEHE A FEB-YOLO #57 G8 78 &2 2% 30 85 /&

BN FE AR S, AR B SRR S

RSB B AR A B BT T AR S i e s A, Bt
TN A FEB-YOLO #5511 77 A% 5 52 8l 28 31U
ok, W44 FEB-YOLO HARK M M 4 5 BoT-
SORT £ H f5 BRI #5 XF JE 0 1 19 75 B 2k 47 A6 0 R R 25
SEPLIE T 3D AT B G SRS TR, R A5 )G T R
MU K R 25 o 15.4%, R R 9 YOLOvV8s + BoT-
SORT BEAR T 14. 4%, BEfE 5545 &5 Hh 52 3 7% A 3 51
THEC. ASBEFE 4R 1 3l A U 8O ¥ A URE B J1 R ok
S e B O, 3 AT TR S A A R e
SEOR A TG 2, by ST R R A B I AT S
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