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Abstract: Sheep instance segmentation is an important prerequisite for sheep identification and tracking,
behavior analysis and management, and disease monitoring. Aiming at the problem of false detection and
missed detection of sheep instance detection caused by the occlusion of sheep individuals, dim light, and
the similarity of individual color and background in the complex breeding environment of large-scale sheep
farms, a sheep instance segmentation method based on improved YOLO v8n — seg was proposed. The
YOLO v8n — seg network was used as the basic model for the individual sheep segmentation task. Firstly,
the large separable kernel attention module was introduced to enhance the ability of the model to capture
important feature information of the instance, which improved the representativeness of the features and
the robustness of the model. Secondly, the bottleneck module in C2f was replaced by the expansion-wise
residual module in DWR — Seg, a hyperreal-time semantic segmentation model, to optimize the ability of
the model to extract high-level network features, expanding the receptive field of the model, and
enhanced the relationship between context semantics. Generate new feature maps with rich feature
information. Finally, the dilated reparam block module was used to further improve C2f, and the feature

information extracted from the high level of the network was fused several times to enhance the
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understanding ability of the model. The experimental results showed that the average segmentation
accuracy of the improved YOLO v8n — LDD —seg for sheep cases reached 92. 08% at mAP,, and 66. 54%
at mAP,; ,,. Compared with YOLO v8n — seg, mAP,, and mAP,, ,. were improved by 3. 06 percentage

points and 3. 96 percentage points, respectively. YOLO v8n — LDD — seg effectively improved the

detection accuracy of individual sheep, improved the segmentation effect of sheep instances, and provided

technical support for the detection and segmentation of sheep instances in complex breeding

environments.

Key words: sheep; individual detection; instance segmentation; improved YOLO v8n — LDD — seg
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Fig.1 Key frame extraction of sheep image
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Fig.2 Comparison of images before and after enhancement
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Fig.3 Number of images with the same number of sheep instances

F )2 (Segment) 41 i, iy A JZ 32 R 0T 43
) 1 R RE A, Ry 180 ) I 2 42 13 b 75 i s 2T I
2% B DA R b 4 O i RO R 2 ) ) S 01
IE 5 UL A 32 M 48 4549 42 &% Darknet ,ResNet 45, i
T B IR ) o BRI A )2 32 )2 R Ak T R TR R AT
FUH D 4% 0 A I AE T8 6 321 I 24 Jr 2 381 1) SRR AR
R, B iR R R G R A A B 5 43 2 T2 2 i o b
A5 SRR 22 (] 0 R L G306 >R 5 18 288 ol 19000 R AR 3R G
(18 S 4] 43 B AEAE A AT 55 o B R 0 R0 A LR i A 2]
YOLO v8n — seg #5271 | A5 ALK P AT H s Kz ) F1 55 41
SrEN 2 ANBr B o AE B bRk I B B, BE AR 4 5k
B R i & A B bR S I AR E S Y
I FRE DL R bR 2 o T S8 3 B B, A X A
B R R MR R ST 2 R R
3], YOLO v8n — seg [d] B S 1 H A A6 i 11 52 1)
A3 B T BB B bR S RS R

2.2 YOLO v8n — seg 1 &I {£ 1¢

2.2.1 3F LSKA iy SPPF — LSKA #iHk

S 43 FVRCE SR A S B AL L L R
S AT B A AN R IR R S o R MR AT A
TEBES G B DL K A HOSIE ) 5 8 S5 v B AR AL A% ) A
FECB AR AE Y Groaod B2 b, B B A9 R AE B = AR SR
FNX A3, b i 52 i #5700 e ey P Rz AL RE 1. M T
i ke b SR )R B e R R ok 2 s o) L A e
TEAS B S IUBE ), 78 SPPF 8 Herp 5| A K #8 W] 43
B K% 1 & 71 ( Large separable kernel attention,
LSKA) Vg . ¥ Hifr 4 & SPPF — LSKA , SPPF —
LSKA Fl LSKA Z5#) i & 4 fiR .

MRHIE B iE A SPPF — LSKA #58 J5 | 38 o h 1k
JEXE AN R RS (B R AE AR AT R 40 R 4 44 |kt B
BWEZMBEMIURE BN AP KRR Z Y, 25
SIBUIBEEE - = L = P S O SR (1 | R o LA
LSKA e, LSKA R A% 43 fift (K IR B B2 1
2D BB A ff R KRR B 1D B R ) M B B

Conyv

CBS 1x(2d-1)

k1,81,p0,C512

Conv

(2d-1)x1

Maxpool 2d

K5 = Conv
=l 1xk/d

Conv

Maxpool 2d kldx1
k5,s1,p2

Conyv

1x1

Maxpool 2d CBS

k5,s1,p2 k1,51,p0,C512 Concat

(a) SPPF-LSKA (b) LSKA
Bl 4 ik SPPF — LSKA F1 LSKA 544
Fig.4 Improved SPPF — LSKA and LSKA structures
ANk L R e S I R R R TR Ep S 1o L )
R R B AU AE A AR AE , B2 AR X S H S 4] 4]
B RE S o b A0

Zi = Z W?Z({—l)xl * ( Z fo(zd—l) *Flr) (1)
£ :

Zi= Y W (X Wies 2zt (2)
AC:WIXI*Z; (3)
FC=A‘QF! (4)
A+ @——HBM Ik HEIFM
d—Y5kFE AR

F i ——li ARSI P

Zy TR PE6 BUR T, H A ARRAE I FYORD
K/ RH1Ix(2d-1).(2d-1) x1 1Y
&5 2

. et g . a  k
Zi—R R EE B il Z) ARy — %

1Jx§%ﬂ%%ﬁ%ﬁ%ﬁ

AR EE 2] 51 x 1 NEER
GE



326 Vi

o BB R

2024 4

FC— 3 SR % AC FARAE 3 FT OB s
ik F 3 FR
2.2.2 5| AL FCHRERLA C2f—-DWR - DRB
2.2.2.1 JF DWR [y C2f— DWR ik
S Gy B EHE B A AN TR B AN [R] A RE T 4
BRI ERERGAG TR, Hh T REEE
FLF RN, OGN R, 3¢ H S AT R A, 5
AR Z A B R AR EZ b3 4 3 HSE 1) AR B
S0 T AR S A RIROR i S TR o

K5 BB B g s i o3 AR

Fig.5 Segmentation effect of imaging dim instance

T B R RN 1 S A A X 6 4 2 ATy
FRAE B9 £ HURE 77, o 4 52 i 1 X o 1L A DWR —
Seg H1 ) Dilation — wise residual( DWR) 192048 T 3%
C2f BBk H i Bottleneck #E8k, HI L 51 A ik 4 F1
ARV RIESZ B I #2352 B 5 SO B, 42 7+
TR R IEBE 1. DWR B H R FH 4% 22 O Qi
L E MR AR — A 3 x3 B, B8 B
AR RN X B 22 R AE , AR 5 0 AN [m] 23 31 2% 1
23 3l VR 3£ A B 3k S 4 AR X AN TR RUST ) DX IR AR
HEATIE A2 U8, Z 5k 1 x 1 38 s 5 TR AT 4
TERLG A ROR A T[] 9 25 2 2 8] 9 R AE AR S, BT Re
fEE ISR 7 B SCRAE IR R B — D
MURFIE 75 o B O SR C2f B Heqm 44 O C2f —
DWR, DWR #1 C2f - DWR I 5 40 1& 6 A7~ .
HAARRN

C,(x) =SiLU(BN(Conv(x))) (5)
C,(x,d) =D ,DConv(C,(x)) (6)
DWR(x) =PConv(BN(I,{C,(x,d)|)) +x (7)
A v——H A RFAE B
Conv () 3Ix3EHM
BN() Batch Normalization 2

SiLU () —— i R L
D,DConv () ——H A 25 % d 1y 257 R B Jr
) 3 x3 A4
PConv( ) —& S FH
I, —f d Rz E
DWR()——DWR #&th
2.2.2.2 H:T DRB f§ C2f— DWR — DRB ik
FRE AT PR A A, T B AR IR b A
e RSB P A IR o 4 R 2R 23 S 5 7 T
— 77 THI 2= A1 P IR T U0 B i A A RIS < BRI R A 2

CBS=Conv+BN+SiLU
3x3

CBS_D1 CBS_D3 CBS_D5

3x3 3%3 3%3

CBS_D1
Concat 1x1

C2f-DWR
6 C2f-DWR il DWR #He 25 #4 &

Fig.6 Structure diagram of C2f— DWR and DWR module
P4, 55— D7 TR AEHE A AR TR AR L, X
AP G Y S SO Y DXl ) R AR AR R B R A S 451
FRAEAN 58 4% , 1 052 ) 5 A8 7 1] 25 0 2 rhoxt 2 58
HRFAEAE B 00 B2 0, 5w AR AL 1 S 1 43 1 OCR ,
E3 I N

BT RRAEAS B 2k 43 R SCR B

Fig.7 Feature information missing segmentation effect

N R PRRRAE A L Bk 2R R BOE R SL) p FUA
SERE Y 0] L, % C2f FEAT e , 76 C2f — DWR 43
B EE b, iE 1 5] A Dilated reparam block ( DRB)
Bk E DWR BB, Jf 6 Ho iy 4 4 C2f — DWR —
DRB £k, it DWR — DRB 1 DRB 454 4 [l 8 fir
/R o DRB EHE S i A 09 7 AE 8138 o 2 4> 45 R
JEIEAT 22 )2 U AR 3 A e 8, A 4 A BUZ 27
IR Z R BVRFAE R 7, SR 5 8 i 224 1 HE 2 B ok
H A [F] 4 B2 0O 5 2 0 R AR B E AT 2 IRl
& 1 P AR 22 AP RN A, DT 3 S AR B X i A %
T ) gk e 7, HRE v ST AR X S 461 £ 43 R OR o
2.2.3  SCH Ay EIG R M 4% YOLO v8n — LDD — seg

£ YOLO v8n — seg 43 HI 0 2% () BE Ak -, Kf ol itk



ETBCE YOLO v8n — seg 14 5 H SE A5 43 1 Jr vk 327

CBS=Conv+BN+SiLU Input
3x3

Conv Conv Conv |-++| Conv

BN BN BN BN

DRB_D1 'DRB_D3 DRB_D5

Concat

Concat

CBS(1x1)
Concat

Concat Output
(a) i EDWR-DRB (b) DRB
B 8 ik DWR — DRB #il DRB 4514 [&
Fig.8 Structure diagram of improved DWR — DRB and DRB

SPPF — LASK #i4t fil C2f — DWR — DRB 4 He 3% 4 5|
RS o B — ol 4 7 A S 91 3 1 48 5 Y 4% YOLO
v8n —LDD —seg, EARMHFI 73 pi:OK T HRIX
SR LU E SRR R Pl e Sog EHS U3 - U0 Sy

Concat

SEAF ) B A Be 1 R A3 R ROR  AE SPPF A H 5] A
KAIA] o B M 8 = (LSKA) # e | 5 7 38 i A5 7Y
X S 461 B AR AR 1Y B HCRE T, A LT i3S N A
Yo QR 7B RIS 2 ff B OB OGBE R 2 1Y
SUS) o R, 5 R B S st i S o BB AL DWR —
Seg H1 ) DWR fbe 4 C2f #E 3k f ) Bottleneck #5
Yo, BTEY AT ALESZ B | 18 58 Rp AR 3R 7R RS ] ) 2%
J2 Z 8] B R AR I AR 88 JHG B A A0 b G 00 0 K e
BT 0 LS, 2R T $ i AR X Bl e Y o
(RS2 4 43 ) 5 B, ol g C2f — DWR RS, 5 8% DRB
A0 RRAE RS AL R i DWR iy & BB B, B 1
3 o ARG R AE A S RS R ), T HL B B PR A 4
EESIIUE SR S € Rl S W EUE SEPS Wi
e B Y S S B o BIROR . Bk B YOLO
v8n — LDD — seg W45/ Un K 9 Frzs
2.4 BYEE

B AR Y O A s AT SRR 1 R
MR 55 # kAT . R R RRL Z B AF TR 454 Y 2
S BESEOE B AR e BRI g At
YR 400 4% 5 0 1 eSS RL M B SO0 G,

R GrEIZE

Sequential

Upsample

CBS=Conv+BN+SiL.U Concat

Concat 21 N=] Sequential

Upsample

SPPF-LSKA Concat

C2f-DWR-DRB

C2f-DWR-DRB

Sequential

9 5 YOLO v8n — LDD — seg W £ &% #4 [€]

Fig.9  Structure diagram of improved YOLO v8n — LDD — seg




328 Kok Pl M ¥ R

2024 4

x1 REF[ELESETHE

Tab.1 Server configuration and operating environment

T A 4 fic & BT J A
BIER S Windows 10 Python  3.7.16
CPU Intel(R) Core(TM) i9 — 13900K PyTorch  1.13.0
GPU NVIDIA GeForce RTX 3090 CUDA 11.6

BT HLE Y SE R R HCh SO 4 5 IR A A LB
Ab PR PG B B e O 16 08 5 g A R 0 BE R
640 53R x 640 R K ; N ARG TEAEM I ACE, 21
GPU B & 7 17 88 BRI G5 s 7 B4l n 2 Bir B, o i &
KOs R A8 = R ik AT TAR R ER  8;
N T ARACKE B 2 BT /MR SR eR B, 1K i
B ZH R 0.937 (1 SGD Ak &% 5 1 AR IE i 56
AL E AR B B AL RR T O 0, AR T A B IR
iR
2.5 FMriER

ABEFER T 20 VA 48 A R A7 5 A () A5 28 %of
F H S 53 FIRRBOR 4245 mAPy, .mAP oo A
(Precision, P) .4 [\ % (Recall, R) L\ K F1 {8,

TERTAIPPAL 7 T, 150 8 P 1 00 B MER R 2

ok SRR A R DL R R A D AL A
BRI AR 3 LS AR 55 B PR RE o 1 25 0 1
ATEPEBE VTG Hh A OGB4 R, B R T A BE AR 1 X
B A 25 Ry JE R FIMER L . S 808 Ron B &
P, S R0H D T VR A AR L 25 R 3 . A A o
S AR TR Xt B B R A SR A ) R A B R AT BR 114
B b RAAE T T T g e D) A B
TR S PERE , BRIV AL RE 5 b B i PR UK, e ot
RN T EUE S BOCE B, I, 255 % &
A b 2 TR E BT R Y O B

3 EROM

3.1 HEBEXLE

ot k5 1 YOLO v8n — LDD — seg 43 5l 5
YOLO v8n — seg Al YOLO v9 — seg ik 47 5% U 43 1| &
BEXT LG, B0 43 HORE FEXF L AN 3% 2 FR . a3k 2
T LLE AT YOLO v9 —seg, YOLO v8n — seg Xif
= S 64 73 S B s AT BE AR, B X YOLO v8n —
seg MUER#E, YOLO v8n — LDD — seg 7E 45 i °% . 4 [
R mAP Hl mAP, FEbR EHRAS T

®2 RBESEBEILL

Tab.2 Comparison of model segmentation accuracy %
) LSKA DWR DRB P R mAPy, mAP o F1 {4
YOLO v9 — seg X X X 88.50 85. 15 91.30 64.91 86.79
YOLO v8n — seg X X X 88.38 83.32 89.02 62.58 85. 65
vV X X 88. 81 83.62 90. 20 65. 16 86. 31
YOLO v8n — LDD — seg vV Vv X 90. 50 83.99 91.15 65.48 86. 98
4 vV v 89.56 85. 14 92.08 66. 54 87.20

VE xR R, VT FR %, T

FE T YOLO v9 —seg, YOLO v8n — seg mAP., fll
mAP, o 43 B AR 2.28 233 A 43 5, T YOLO
v8n — LDD — seg M|/ B2 5 0. 78 . 1. 63 > H 4 &
FHELT YOLO v8n — seg, (il J5 (1) YOLO v8n — LDD —
seg BRI G| A LSKA {15828 mAP, $2 T+ 1. 18 4~ F
A3 R mAP o FRFE T 2,58 NEH AL R
Al LSKA + C2f — DWR Bt oF 77 %, K 0 R 2 7+ =
90.50% , 4 [n] H 42 7+ & 83.99% , mAP,, #& 7} 2. 13
A5, mAP AR T 2.90 NE A B R A
LSKA + C2f—DWR — DRB gk #f 77 &, 3 [0l AR T+ &=
85. 14% , (A i 28 W& 5 B IR &2 89. 56 % , it H )& ek
HE J5 AR T s AR O R AR AR T 2
B0 BE 8 L) AS W 5 4 B0 AE HOSE ) H AR, DT 42
FET B ER, BAE— S5 HT, hT RO A s
SRS R, P RE S 3 — SRR, DU B AIC T4 B
o BB mAP 2T 3.06 4~ H 43 s, mAP;, o
T+ 3.96 S EH SR

g Lk, i 5 B9 YOLO v8n — LDD — seg 7
oz RN Ay ) G RS AT S B R L, T
YOLO v8n — seg A & it & M PR gE4& T, I H 76 70 351
BOR ERAETF YOLO v9 — seg ALY,

3.2 HEESHITLE

ok ¥ J5 B YOLO v8n — LDD — seg 43 il 5
YOLO v8n — seg #1 YOLO v9 — seg 147 4% AU 2= % it
L BRSO L an 3R 3 R .

Wt R 3 AT, YOLO v9 — seg 47 e K1 S 4L
AR, BT YOLO v8n — LDD — seg, 73 il 2
524 104 640 F11.32 x 10" {H &5 S8 8 it &
PR EWRE TIFr 0 BIRCR o XT3 B8] 43 #)
145 ,YOLO v9 — seg 1) mAP;, .mAP, , % YOLO v8n —
LDD — seg 43 £ 0. 78 1. 63 M43 il LA KFE,
YOLO v8n — LDD — seg AUk LT YOLO v9 —
seg, M HZHE IR EMANA S HEOREAIE
i, HHAE T YOLO v8n — seg, 45 M it Jo #Y



%81 FARN 5 BTG YOLO v8n — seg Y3 H 524l 43 1 7 i 329
*3 WESHIL
Tab.3 Comparison of model parameters

R LSKA DWR  DRB mAPy /% mAPs /%  H¥ii o PIAE G PR /MB Mg %/ ([~ ")
YOLO v9 — seg x X x 91.30 64.91 27362899 1.44 x10" 53.06 121.95
YOLO v8n — seg x x x 89. 02 62.58 3258259 1.20x10" 6.49 303. 03
4 x x 90. 20 65. 16 3531155 1.22x10" 7.02 263. 16
YOLO v8n — LDD — seg 4 V x 91. 15 65. 48 3470099 1.21 x10" 6.92 277.78
v % vV 92.08 66. 54 3368979 1.19 x10'° 6.77 312.50

YOLO v8n — LDD — seg Z ¥ & FI N A7 5 A — €
FEPE 3G 0, AR FE 2 S B) o BUAT 55 b, HopE AR 2045
BT R ARA, BN E, &5 YOLO v8n —
LDD —seg f B 5| A LASK Hib )5 , B AR R S B i |
T AN AE A R BT, 4 i 3
272896, 2.0 x 10° 0. 53 MB, {HJZ# 7 mAP,, ,. 2T}
2.58 AN 3,k F W] LASK (1 i A fdi A5 50 75 B 25
LR 0 S o3 BRSBTS S R s B T
RUXEHT vy S5 ) 43 0 0K B9 G TR, C2f - DWR -
DRB 7E LSKA (56l b, #F — P42 I T8R4 Bk
B mAP,, Fl mAP,, 43 5] ik 5] 92. 08% Fil 66. 54% ,
H—EfE LR T B S 5 Ak &, R
DWR BB 1 81 S 8 0 R B2 B, B 9k 5 AR
TERF P2 )2 Al R ERAE , A Bh TR M4 5% B F
SCAE B RN RN R AR R T o 38 a3 F Oy 2, AU AT
DAFEANSE I 2 $0 i 91 B0 T 3015 1 F & R IE R
N, T/ 5 B2 ) i 2 4 . DRB A HOXT ) 2%
ST ERT A SRR 7, DL R S 808 R R
Fo 3 I S BT R R A S A ] 24
25 (], DTl 20 AN 0 B2 1) S EOT A R o, BRI
LN G N =

ZE AT R, R A YOLO v8n — LDD — seg
BEANTE 280 A i K (B R B AT
JFUR Y YOLO v8n — seg BRI ST 1A &L Pk, X A
U OR T R BAT S B S o FUAT 55 PR AR AR
) F P T . FEORRE R Y [R] B, 5 TR o B RN
P A A B T S P Ak, S BEE hy o A Y S H S
504G 0 4y
3.3 HERFERIL

£ %} YOLO v8n — seg 1E HUAR AL - 37 52 2% 325 B4
arp 6 SRR AR SR IUAR 7243, 5 300 BIRUCR AN AR
f 0] 5, 78 YOLO v8n — seg JLaifi b iF — b oeaft, ok
5B YOLO v8n — LDD — seg 51 # #& 45 A 7] 43 25
BB R B B LSKA (1 3 FRAE 15 UL H: DWR
FAE TR FL S AL H DRB, 5 78 3 o A R0 3 H S
BIRFAE A R 7, DU R X B i 58 SR L &
WP ST B2 H S Ay B BE i — 25 4 T 0 )
K BE o

Xtk YOLO v8n — seg FIeR #f 5 ) YOLO v8n —
LDD — seg B AU R [\ 3 50 F = H S 1 (4 43 %1 A0
i 5, an 18 10 fr s o 38 W AR IR AT DL &k B,
TE H LRI 0 43 F) o A v, 2k itk S ) YOLO v8n —
LDD — seg A%} T YOLO v8n — seg 32 T B 4 1 4%
FIROR

, YOLO v8n—seg b)EEE 41, YOLO v8n-LDD-seg

&2, YOLO v8n—seg  (d) fA B2, YOLO v8n—-LDD-seg

(e) TAMEE %, YOLO v8n—seg () fAMERE 4, YOLO v8n-LDD-seg

(2) 165037,

&l 10

YOLO v8n—seg

KA 5T YOLO v8n — LDD — seg Al
YOLO v8n — seg Z J: % [t

Fig. 10 Comparison of effects of YOLO v8n — LDD — seg

(h) {if2h) %%, YOLO v8n—LDD-seg

and YOLO v8n — seg in different scenarios

P 10b AHXS T & 10a, et i (4 R RE 4% 31 51
I3 0 PR 17 B B S, X R
WA Rt Je R T B R O B A AR e H bR e
i BT 4 b AT RS A . P 10d AT 10c,
e R Bt A 2 Bt 3 TR LA O 4 S B LS
1913k B8 2% R B 00 b, Ot I R R R R B TR i A
R S P RORG B 52, E % B 4 3t Ak 8 DR A7 20, 3kt 4 [
S P T S 2000 ) DX gl 2K 9 TR L, b b, Bt 4
7 E 00 5 U B 9 YOLO v8n — seg A&l A
— S AR R AR B T A RO R



330 Vi

o BB R

2024 4

RURE T ME O M X 53 F b Ao 18 22 S A IR A
WAy B — S S 50 . D 10f A X F I 10e, 2 il I
RS TR AN AR ) b 4 00 1 PR 300 b i o5
R SE B SR H S i LA AR SR S Y H AR
BEAE R g3 i 2 B, X 3R B el e A R T
AR AR T AR S YRR AR R S A5 B, AT AE
Gy BT 55 rp 2 90 B R A AT R RN B ) 4 1 AR
Fo B 10h AHXS T 10g, BAR Bk A 6 A8
PUENE Rl T ARAE AR 3 RS AR % YOLO v8n — seg
TE A M3 B R o B S AR R T S Y SR HOR
WY A RS BT 4y 1) B bR S 4r BIROR i —
TIE T SR A A B i g s R S L S4B T T 1
GEWARE IR/

2 LT, ok J5 19 YOLO v8n — LDD — seg 5
RIE AL E H IR AN R 3 50 T, 3F K S2 i iy ks
W5 43 H4T 45 1 0 00 35 00 T R AR A AR % A A
AR T T AEE S5 T A S R A FRACR A
7 SR R 75 v S B i RS At ek A e o

200 200
ES VR BESAMER U
(e) B UEI FAESI R E (f) B UE S FI KA

3.4 REBEM

it — R RS R AS A, ] 11 7R T YOLO
v8n — LDD — seg #8731 3 Sl I i 72 v 4% 4>
R RO 2o T SRR AR O o AR SR T 00 5
HE L SR TEAE =22 1) ) 22 5 5 0 1 40 2% pR BIU R AR
2R ) AR I £ 2 ) 44 M S 3 S 2 ]
(22 5 5 20 S % pR RBP4~ F AR W A2
0] PO A A 5 B 3 A O e A A R T )
B EER R MR WE 1T AT LE I,
ToAe I Grik JE B E , 25 A48 2% R KA AL it 26 4 R
T B TP RS o 1 A 10 SAE 0 2R 728 1l il 2k 3%
WAL TR A 5 A7 = 2 S 491 £1% ¢ B S owS ), 300 B AE
7 B AR 5 LS O S 5 s 1 9 23 4 R
{72 1 o 24 2 7 5 TR 3 408 T 9 it 47l 402 o IR 249 o
A TR X3 i SCAR R, BT 23 31 3 O AR A g
3 5 S T Y 23 2451 A 72 A il 2 R B 3 45 2k A2 Ak
£ 73 531 5 WA R 0F AN ) 28 5 R 1) 23227 T Al
AL B TN B A AR

4

P

BES
(h) FHIE

B Y2 R4 2k ok 5028 1 ith 22

Fig. 11

Li L BTIR - U A 45 % R A 1k il 2k 3 W AR R g
Uizl 2 I aT S e b i R N ETR 7B ol N SR R 17 B
A7 R RGN A 23 Sz e TR R A AT A S
FE 55 I AR E M, LA RO T 2 5 H R B 5 5
R 3 I () B R S TR B AT S 2 A e
TE TR B Y i RE S R B 4

Change curves of each loss function during training

4 g

(1) BEXE MR AL 3 3 S 2% FR B ER BT T, #1421
(0 2 L SE B G A2 6 IR FA AR B AN IR SR A R
Gy LA R = FUELAR 45 25 TR 3852 ), 3 A R X o
B3 KT BEAR AN 23 B ROR AN AR TR RS, AR SCHR T



FEARMT 45 2T YOLO v8n — seg B US4l 4331 Uy ik 331

— PPt YOLO v8n — seg fY 3 HUSE A5 73 1 75 1 o

(2) LSKA % FH A% 43 i A1 R 16k 3652 B 1) SR s, fefi 45
BRI REEfE 2 G RZZ MfE R B AR, e
THT Ml 3L A PRI T 285 4, 3 — 20 384 o AR AU 17 45 e
PR ; DWR S B o $12 B 4% 11 J2 1 R AR 15 2,
W FL R B 2 BB PR AE B 38 58 T SCRFAE 22 18] 11
B R B — AT 5 R AE % DRB A5 e i
b 22 2 U AR AT B TRORT LA, g e A R X H 8 1
B N T = R DO E SN S Sl SN ae=
N

(3) k#3519 YOLO v8n — LDD — seg £ °F H 5C
Bl 7 35 4y FKG B 3k B 92.08% , mAP, ,, ik F
66.54% ., % T YOLO v8n — seg, mAP Fl mAP,, .

3§ Tt 3. 06 3. 96 N op . BRI AR
TES 40 LA BT, {502 25 18 3 A Y X 552 497] 7 1
R JEE 14 S 25 R T 3 8 2 M F 3 IR A A 1 ()
T R R B o R R BOR

(4) Hy T 1B W 4 o7 8 e ) = RS {91 7 M 4
] i P S B A AN 9 SN LR AL 3 /)
FUbs 3 RS 245 BRI o 76 X i dfs 4 1 5 ik
1303 ARSI i A v, B RN AUAF A2 2 A/ H AR
SR A A 2 — A~ S A1 B, T HL A AE R 4 /N H
3 S Bl DR B A O, /N H AR AR RS
1 2 FIROR A o R R AT 58 7T DL R G 4R T
BRI F AR A RS 50 BRICR B 5, DLk — 28
B v A TR A RS JEE P R B

& % x Wt

LELIVELD L M C, PROVOLO G. A review of welfare indicators of indoor-housed dairy cow as a basis for integrated automatic
welfare assessment systems[ J]. Animals, 2020, 10(8): 1430 - 1447.

Transactions of the Chinese Society for Agricultural Machinery, 2023 ,54(3) .

[2] KANG J, ULLAH Z, GWAK J. MRI-based brain tumor classification using ensemble of deep features and machine learning
classifiers[ J]. Sensors, 2021, 21(6) ; 2222 —2242.

[3] skEW Mg, BFF, 5. IC2 5 3 MABAT o I 0 5 A BRI S r ik OF s 253k [T ] AL 41 ,2023,54(3) : 1 -21.
ZHANG Hongming, SUN Yang, ZHAO Chunping, et al. Review on typical behavior monitoring and physiological condition
identification methods for ruminant livestock[ J].

1 -21. (in Chinese)
[4] ALBUQUERQUE P L F, GARCIA V, JUNIOR A S O, et al. Automatic live fingerlings counting using computer vision[ J].
Computers and Electronics in Agriculture, 2019, 167 105015.
[5] AWALLUDIN E A, MUHAMMAD W N A W, ARSAD T N T, et al. Fish larvae counting system using image processing
techniques[ C ] // Journal of Physics: Conference Series. IOP Publishing, 2020, 1529(5) ;: 052040.
[6] YEH CT, LIND M S. Portable device for ornamental shrimp counting using unsupervised machine learning[ J]. Sensors &
Materials, 2021, 33(9) . 3027 -3036.
[7] NGOTN, WUKC, YANG E C, et al. A real-time imaging system for multiple honey bee tracking and activity monitoring[ J ].
Computers and Electronics in Agriculture, 2019, 163, 104841.
[8] WANG Y, CHU M, KANG X, et al. A deep learning approach combining DeepLabV3 + and improved YOLOVS to detect dairy
cow mastitis[ J]. Computers and Electronics in Agriculture, 2024, 216 108507.
[9] ZHENG Z, L1J, QIN L. YOLO —BYTE: an efficient multi-object tracking algorithm for automatic monitoring of dairy cows[J].
Computers and Electronics in Agriculture, 2023, 209 107857.
[10] MA S, ZHANG Q, LI T, et al. Basic motion behavior recognition of single dairy cow based on improved Rexnet 3D network
[J]. Computers and Electronics in Agriculture, 2022, 194 . 106772.

[11] YUZ, LIUY, YU S, et al. Teat detection of dairy cows based on deep learning neural network FS — YOLOv4 model [ J].
Computers and Electronics in Agriculture, 2022, 200, 107224.

[12] WANG D, TANG J L, ZHU W, et al. Dairy goat detection based on Faster R — CNN from surveillance video[ J]. Computers
and Electronics in Agriculture, 2018, 154 . 443 —449.
[13] S, B, JERN, 5. TR MW ESE LRI gR [T]. HEIRES5HRE, 2021, 15(1): 1 -26.
JING Zhuangwei, GUAN Haiyan, ZANG Yufu, et al. Survey of point cloud semantic segmentation based on deep learning[ J].
Journal of Frontiers of Computer Science and Technology, 2021, 15(1): 1 —26. (in Chinese)

[14] QIAO Y, CAPPELLE C, RUICHEK Y, et al. ConvNet and LSH-based visual localization using localized sequence matching
[J]. Sensors, 2019, 19(11) : 2439.

[15] KUMAR S, PANDEY A, SATWIK K S R, et al. Deep learning framework for recognition of cattle using muzzle point image
pattern| J|. Measurement, 2018, 116 1 —17.

[16] QIAO Y, TRUMAN M, SUKKARIEH S. Cattle segmentation and contour extraction based on Mask R — CNN for precision
livestock farming[ J]. Computers and Electronics in Agriculture, 2019, 165 104958.

[17] XIAO]J, LIU G, WANG K, et al. Cow identification in free-stall barns based on an improved Mask R — CNN and an SVM[]J].
Computers and Electronics in Agriculture, 2022, 194, 106738.

[18]

CHU M, LI Q, WANG Y, et al. Fusion of udder temperature and size features for the automatic detection of dairy cow mastitis



332 PO A S S 20244
using deep learning[ J]. Computers and Electronics in Agriculture, 2023, 212 108131.

[19] HU H, DAI B, SHEN W, et al. Cow identification based on fusion of deep parts features[ J]. Biosystems Engineering, 2020,
192, 245 -256.

[20] #Fa, BT, M, 5. T YOLO v8n — seg Rl Strongsort 12 H bR/ RERELITIA[T]. AUz, 2024,
55(2): 295 -305, 345.

LIANG Xiuying, JIA Xuezhen, HE Lei, et al. Multi-object mice tracking based on YOLO v8n — seg and improved Strongsort
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(2) : 295 — 305, 345. (in Chinese)

(20 BefE, xVJer, PRoTeEs, S5, e S 40 5009 1158 RS 4R BT i A0 07 2: [ T]. A MLA 24, 2021, 52(4) : 266 -275.
CHEN Jia, LIU Longshen, SHEN Mingxia, et al. Breeding white feather broiler weight estimation method based on instance
segmentation| J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(4) : 266 —275. (iin Chinese)

[22] 5MS, #2628, 2B, S BT i 2 0 ML AT AR 08 45 A X HER 92 ) 4 RIR BT . Aol MU = i, 2021,
52(4) . 257 -265.

FANG Peng, HAO Hongyun, LI Tengfei, et al. Instance segmentation of broiler image based on attention mechanism and
deformable convolution[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52 (4): 257 - 265. (in
Chinese)

[23] k¥R, ZEMEL, BmWRAR, 5. BT Rz o808 R RO & 7 i s [T ARl B4, 2023, 54(7) : 332 -
338, 380.

GENG Yanli, JI Yankai, YUE Xiaodong, et al. Pigs body size measurement based on point cloud semantic segmentation[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(7): 332 - 338, 380. (in Chinese)

[24]  SRUkEE, VF26nd, XPUENS, %, HTF YOLO v8n — seg — FCA — BiFPN [ W4 B ik o R Jr ik [T]. A ML % 4, 2024,
55(3) . 282 -289, 391.

ZHANG Shujin, XU Xingshi, DENG Hongxing, et al. Segmentation model of cow body parts based on YOLO v8n — seg — FCA —
BiFPN[J]. Transsactions of the Chinese Society for Agricultural Machinery, 2024, 55(3) : 282 -289, 391. (in Chinese)

[25] ERA, AT, Bk, & EFREMOMEQETRES S S FEIT] R, 2022, 53(7) : 387 -394,
WANG Shucai, BAI Yu, ZHAO Shida, et al. Point cloud segmentation of sheep carcass based on surface convexity[J].
Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(7) : 387 —394. (in Chinese)

[26] bR, WM, REL, & BT BRI MGG R a2 UG/ R [T]. RAUAEHE, 2023, 54(1) : 280 - 286.
QIN Xuebiao, HUANG Dongmei, SONG Wei, et al. Fish image segmentation method based on object detection and edge
support[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54 (1) : 280 —286. (iin Chinese)

[27] XU B, WANG W, FALZON G, et al. Automated cattle counting using Mask R — CNN in quadcopter vision system[ J].
Computers and Electronics in Agriculture, 2020, 171 105300.

[28] HUANG E, MAO A, GAN H, et al. Center clustering network improves piglet counting under occlusion[ J]. Computers and
Electronics in Agriculture, 2021, 189 106417.

[29] CAO Y, CHEN J, ZHANG Z. A sheep dynamic counting scheme based on the fusion between an improved-sparrow-search
YOLOv5x — ECA model and few-shot deepsort algorithm[ J]. Computers and Electronics in Agriculture, 2023, 206: 107696.

[30] RUSSELL B C, TORRALBA A, MURPHY K P, et al. LabelMe: a database and web-based tool for image annotation[ J].
International Journal of Computer Vision, 2008, 77. 157 - 173.

[31] LAUK W, POL M, REHMAN Y A U. Large separable kernel attention: rethinking the large kernel attention design in CNN
[J]. Expert Systems with Applications, 2024, 236, 121352.

[32] WEI H, LIU X, XU S, et al. DWRSeg: dilation — wise residual network for real-time semantic segmentation[]J]. arXiv

Preprint, arXiv:2212.01173, 2022.



