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Yak Tracking Based on Improved YOLOYVS and Bytetrack
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Abstract: At present, the yak breeding method in the Qinghai-Tibet Plateau regioh of China is mainly based on traditional
manual grazing. To solve the problem that human breeding methods‘cannot quickly track and count the number of yaks,
an improved YOLOVS and Bytetrack yak tracking method is proposed in this study to achieve the fast detection and
tracking of yaks under video input. The YOLOVS5 object detection network based on deep learning, combined with
optimization methods such'as coordinate attention, cross-scale feature fusion, and atrous spatial pyramid pooling pyramid,
is adopted to reduce, the difﬁculty of detection and misdetection caused by occlusion in yak detection, so as to accurately
detect yak targets in videos. The Bytetrack tracker is used to implement the inter-frame object association through Kalman
filtering and Hungarian algorithm, and the IDs are matched to the targets. The model is trained by using part of the yak
data in ImageNet Dataset and yak sample images collected from the Yushu region of Qinghai. The experimental results
show that the average detection accuracy of the improved model proposed in this study is 98.7%, which is 1.1, 1.89, 8.33,
and 0.4 percentage points higher than the original YOLOVSs, SSD, YOLOX, and Faster RCNN models, respectively. It

can converge quickly and has the best detection performance. The improved YOLOvVSs and Bytetrack tracking results are

O HEEWH : HEA R (2020-QY-218); EFKIURA = W FE AL R (CARS-37); FilEE <R EHEA Him I H e A4
WA N ] 2023-04-28; A& BN [A]: 2023-05-29; K AR [A]: 2023-06-28; csa 7E£8 Hi RIS [A]: 2023-09-19
CNKI [ %% & K I []: 2023-10-07

48 %it+ZfiR Special Issue

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/9306.html
http://www.c-s-a.org.cn/1003-3254/9306.html

20234F 55324 111

http://www.c-s-a.org.cn

i H AR SN A

the best, with MOTA increased by 7.164 6%. The improved model developed in this study can detect and track yaks more

quickly and accurately, providing technical support for the intelligent development of animal husbandry in the Qinghai

region.

Key words: yak; object detection; attention mechanism; Swin Transformer; multi-object tracking; Bytetrack
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FRELRIBE J1, ASCEIN “BhFER JIHLEPT, 201U 1)
o0 AR R R I HE R A BAS B mfd BMEE T &,
TE B, AR F AR AR 7 B AN Dy AR ) T 3

% BT, T A58 D 245 T LA 5694 k9 BBy A e %

HE B AT % 55 I R, SR Sk K o R
L HAEUN RO R CA RIS /T
By AT LA RO S MO, R ik B
. DR, A9 T B0 40 T S R 0 2 S O,
U R 1 CAVERE PR 4 R KM A2 B 44 P2
AL SO CA-M R 45 I 10 fios. Joks
N BOREAE S R — SR, 3 BUVEAE x 0y 75
0 5 R AT 4 5 KT B 336 7 A 3 — A
81 7 1T AR RO R I RN, 9048 53— A7 i
B 1R Ak, B 0 A o BIE

Z'(h) = max x.(h,i)
o<i<W

©)
[FIEE, G2 w AbHISH ¢ S i N

"

zg(w) = Jnax, xXc(jow) 4)
SR JE L Concat #/ER & x 7 M y J5 1A A

] attention map, {fI8IE & N, #:3& (G Conv2d
AR 2 P 6 A e, 4 B £ M B ) 4 1 1
x Ly 77 T o DA, 445 ST U — M b I 440
fEWE x Ay J7mar 3], Bt 4758 Conv2d
Sigmoid I, )5 4T Re-weight FHMAL, £ 15 )
— AT I R TR

SR, CAM 75 1 e A

yeli, ) = xe(i, ) % 1) X €2 () 3)

583 31N CA-MUE RS 77, 1994 7 (3K UL 7 e
HHSERE, 5B E T AL E A B F, CA-M 53R
AR 25 4 77 o O R 0 R, AU —
S R v, DT 5 9 20 8 0 T B R LA
S5, 0B T e, 8 T 7 PR 4 ) T 2
TERHE 1) YOLOVSs 50t B RESHHERL & 9200 T
R S RG22 38 2 8 0 (22 T2, (RO Al 7
FRAL NG5 R . 35T i — BB, 308 CA-M
VR INE 5 RIS G 2 B 2 U SR IE W, B4
CA-M FERE 7T LA BT R (R 0 4 i, FLS
I BT

Input
Residual CxHXW

CxHXx] | X Adaptive Max Pool " YAdapti;e Max Pool |CxIxW
| Concat+Conv2d | C/rxIx(W+H)
| BatchNorm+Non-liner | ClrxIx(W+H)
¥ spilt v
CxHx1 | Conv2d Conv2d CxIxWw
¥ v
CxHx1 | Sigmoid | | Sigmoid CxIxWw
w/

Re-weight | CxHxW
Output

10 CA-MER N4E/HE

3 Bytetrack
3.1 BRGEHIRIRIE

Bytetrack FRERSS 520 0 28 B4 vl SEBAE A B
SR 5 NI 2 H bR SERT BRER AT Bytetrack 72
—Fh3EF Tracking-By-Detection i1 2 H brIRER 5
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%, W SIS, AT LA HARER B AR P AT H AR
{1 EE BT A I AT S, AT SE AN AE R B ER 5 F 4. Bytetrack
SERRR R 11 fos. 5%, R —AS B skl 2
FESS 1 WiEHR R A . SR SRIBURFE, gt . &
R SUBEEE. FE TR MM, A A R 7R 2 A K
iR AE BB 1ia3), FHRORAEA H AR ALE. 28
JE FE O Ja 1AL L L, A8 PR 0 2 ST AR U R A
b, JESRECE TR ROAFAE. FLk, #EAT H ARUL R, {3 &9
SF RG0SR Jm RO 5 A — W i B ARt 4T DL A
R E AT K H AR5 AT i B AR SO R A
H bR, DLBC ™4 3 Ahah 2R 1) ULRC R, FRER H A5 41
HEFFHEHUIRA; 2) ARVLEC SR IAE, g — A BRER
Bk 3) ULAC IR, MRS, DG HRC 2R A B BRI 2

FREE 30 i AE A 2k, a0 RAE 30 i DL F T UL IE H b

PR, T L 1); AR 30 W0 AT VOS] H R,
TR 325, 33 R B SR o, SRR
HFRERE. g

Bytetrack IR 5 505 10 IX 76 T, B ANALAR
R ARG SR, R TS A, i 25 R 15
HE TR 015 503 8, 425000 HH SR £ AR GBS L BERIAS TR
S BB ), WA 410G 3 42 72 9L £ B k. AT
Bytetrack S K FH AN RFAEVCAC, DA 0 PR ER 25 1
I AR KRR P b e T R 2 e . SR 0 53 4
HE AT, BB RCR 2TRAT; 0 A T RS £, o 7 T
BRSSP RS DRI, 7E S BRRFT b, B I
R R BRER 38, LA3A B BE U (1 B R

TERGR S 547, Bytetrack FLASE FH - AR G 9Bk
TR 24 B0 TP ISR — I 3 . A i TR

AN PR AGTIAE (¥ ToU R 559 R UL S AR ULEE, I Fi |

) 2 I HC 35 58 AL . ﬁ?ﬁ?‘%ﬂ%ﬁ‘]ﬂﬁiﬁ%’ém?.

(1) MR HE R MIAEST 73, 045 551 A & S RE AIS 23 HiE,
I3 AT AL B ‘ y

(2) PR 5 5 HERL T 4 B S SEAT UL,

(3) AR HERIZL BR (2) 55 v 20 HE DL E 2 TG ) BRI
I AT ULAC.

(4) XA VCHES 52 HAS 3 & i ar MAE, Sy HoBrge —
A BRERBIE. S5 A U FC 2046 DU AE (1) BR R 508, 4 H AR B
30 M A= fir £2.
3.2 BREBRBHESML

Bytetrack By A% F JE R KA #0181 (non-maximum
suppression, NMS) 2B TUAR IR IIHE, {R B8 A nl Be
(1) HARHE. NMS 3545 70 fi i IR IAE. (B0 4), 1

56 T iteLEik Special Issue

A 5 R BARHER) ToU 18, 24 ToU {rEE B {H i 1
AT, BRE HASHERS 2> BEE DN 0. A% )m, fER T
(IR P 4 58 AT 20 de v 1, PRI 5 3L ToU el I
BB AR A, B2 AR 5 BT A A DIAE . SR T, %5
2 BT A BCE BAE, TR E RN 2 R i i A
HFRHE R AE R 1, 7T RE 2 S BORKE. AN, MIHIKT 3
B H PR HE R 7 0 T+ 8, g 1 S AT R AR
P PO A IR N BUS IR H Aw. BRI, W] RASGE S
PR EFZ IR AL H .

ERET R
Object detection

F AR AESEIR

Feature extraction

!
ERFUAH
IoU match

I

¥
R UL AC 2R AE

Unmatched detections

¥
VG RC i L
Matched tracks

Y _
INGPRTY

Unmatched tracks

¥
L

New track

¥
HARERER
Object track

+
UiNER7/8o
Delete track

v
FAR RS ST
Object status update

PRERHILE
Track

K 11 Bytetrack ﬁ?ﬁﬁﬁ@
4 ToU Eﬁz?\j‘DloUﬂéiﬂ?ﬁ%é‘iﬁﬁﬁﬂﬁ%ﬂﬁf’ﬁ, P
AJ DA3BE S ToUNiTofii 77k T 3 S (1135 40, It H A 7E A
HEFHUEL L 7, DIoU RERS T 53085 TUARKER (R B,

2(A,B
p (C2 ) ©)

HHr, d=p*(A,B) & A HEL B HEF O 5 AL R 1 BR PR
B, o A HARHER S5/ N T RE RN F 26K FE. DIoU
1 HARAEAS EZ BT, A7 0] il FHESE LR 30 7 ). % T
£ P ANMELE /K B BT 1A, DIoU R N R[] )3 38
B, HLAREE NMS BIEANAR I, AT LS 2 5w RS 1
ISR

DIoU =

4 SEES 5 R
4.1 SCIGINE

ASZIGAFEH PyTorch 1.13.1 IRE2:SIHESE . Python
3.7.12 385, #:4E 248N Linux 5.4, CPU B! 5 Jy |4
/R Core(TM) i5-3470. 8 GB W17, f#i |l GeForce GTX
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i H AR SN A

1080Ti K2 AL ¥R 45 (graphics processing unit, GPU).
CUDA 11.5 1 CUDNN 7.6.5 JlIi.
ENGEEPEHSE - BSHEE. AR R X
/N3 640%640, T LSS 300 4> epoch, P fE
PR 2061548 100 4™ epoch, batch size A 64. K Adam
(adaptive moment estimation, H &M AfE 1) fLib#%, ¥
BA62E ST Z N 0.001. FFERFY BeAE A warmup Tl#A2: 3]
K, P BEET 3 A epoch SR — 4 28 14 i {1 8 2
>1E, WA BB R 10 0.8, BEJE 18 AR %R K
SRR TR ) 2
4.2 VHNIEHRR
42.1  HARI P HE bR
N T BT SRR A I 5
L, A FH 2 S H A BEAN 4 B0,
F1 7340 (F1-score): ?Eﬂ%ﬁﬁ%*ﬂ?ﬂ (] g T8 A1~
B "

ErtEReR

1 ¥
2 X Precision X Recall
F1- = 7
score Precision + Recall )

K6 W KE B B (Precision): 48 B A DU AR 28 F000 HY
() L I A 2R
TP

Precision = ———— )
TP+FP

HIEI% (Recall): §61E BRI 9 TE ) L #5620
b 2 TE B it o 75 205 TE 1 ) He 1,
TP
TP+FN ©)

Hodr, n RN AL, TPRIREIEH], FPRINEIES,
FNZRRBUZ.

Recall =

P 25KE A B 2B (mean average precision, mAP):

iﬁaﬁﬁﬁ* JAPHIIE. mAPK/NTE F [041] DX [, i K jik

HorAt mAP@0.5 37~ BAE B & ToU>0.5 fImAP,
mAP@O.5.0.95 FORIEAE ToU BIE (M 0.5 £ 0.95,
K4 0.05) LHIFmAP.

(10)

422 HErEREZVFOMER

ARSI R 2 B bR PR AERY P i Fe bR
e A R ER FOE R PR RE, b L aE T B R RECL T 2
H A5 FRER AL I FE PR MOT A (multiple object tracking
accuracy). WHIDF143%] (identification F1-score)+
bl % Recall . SEFR HREEGT | ﬂ% o P E AR i&FN
AN FPS.

-

Z (FN, + FP, + IDSW,)
MOTA=1-" (11)
o
t
2IDTP
IDF, = (12)
2IDTP +IDFP+IDFN
IDTP
IDR= ——— (13)
IDTP+ IDFN

Hoh, oI RG], FPARE SR, IDSW RN B b
T P VA I B, BRI % A ARk, g SRR A
—KIDSW . IDTP. IDFP. IDFN %} 3R & B IEID%.
TRIEID E A S ID %L
43 LWHERSHH
43.1 Hbskrm

ARICSEYGTE YOLOvSs 45 [ 364t I, i B
4 AT R R Sy oA SR 2 A 5 )
PRI A DO 4% P R 4 3K = 8 T R EE AL,
TG ro P DU FEE . 4 i S0 48 SR 0 8 1 s,
HSCA 28 H i CA B B e 350 R 304 C3 AR
“CA-M” 2488 F A SCEUHE 1) CA VR 1B 35 1
oy C3 Bk« RERFIERL A 2 Fa 8 P A SO s R
FE R T Rl A A e SRR R P 4% “STB R 4R TE B
TR AN A J& Swin Transformer #EH; “D-STB” /& 18
TEH T P45 R i\ B3 H Swin Transformer FRER,

R SRS RN

Model Fl-score (%) Precision (%) Recall (%) mAP@0.5 (%) mAP@0.5:0.95 (%) Z4& (M) 14 K/ (MB)
YOLOV5s 90 90.4 90.5 93.8 70.8 7.02 14.3
YOLOv5s+CA 92 90.8 92.8 95 772 7.15 14.8
YOLOv5s+CA-M 92 93.3 91.2 95.7 82.2 7.12 14.7
YOLOv5s+STB 90 89.4 90.4 92.6 68.1 7.28 15.0
YOLOv5s+D-STB 91 90.1 91.7 93.3 81.2 7.25 15.0
YOLOv5s+D-STB+CA-M 92 93.5 91.3 96.2 84.1 7.40 15.4
YOLOVS5s+D-STB+CA-M-+#5 )R EERHE Rl 93 93.3 93.3 96.5 83.1 12.84 26.4
A 94 94.7 93.4 96.9 83.2 21.08 42.9
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H7 1 A1, YOLOVSs MIZE A 250N 7.02M.
BEAL K /N A 14.3 MB, YOLOVSs+CA R [ S 808Ny
7.15M. ALK /NN 14.8 MB. {REFS 3R AR AN
FERINE Bl N ARALISE, YOLOVSs+CA AU AH L YOLOvSs
PRGBS T T 0.4%, H R Z$EF 2.3%, B CA VER
JINLHI AT DU 8B FHEEZF BRI BE. % YOLOvSs+
CA-M Fl YOLOvSs+CA R a1, 7£ CA ¥ EE J1H#
2R P AL 2 B o A R i KA 2 IS, T LR 4F
b5 B8l 0 28 1 R 2 1) 5 SRR AAE SR IR A FE R T
2.5%. YOLOv5s+STB #25! Lt YOLOVSs [kl 1 BEAR,
AN STB TER 3 53 JZ R B 2R 4T 4x AT 8x R
FEI 6 RUZ RS2 BT AR /1N, 28 T VRS IR 85 2 1 42 )R
RRIEAE B, HERBUZEBBYID R @ mE &,
RHIERIE B —, SRS HIE N R, (EXF L YOLOVSs+
STB F1 YOLOvS5s+D-STB #:84 AJ 411, 4 /il A DropBlock
F2 R, 2 (0 MR L TR 0.79%, 0y DropBlock 2
BEAILAS R R AT P B AR X8, M3 T B 132 4k
PERE, HINA DropBlock 25, /0 THA S 4,
T BEAR T A R 225K . YOLOVSs+D-STB+CA-M
b YOLOvVSs+D-STB #5352 T 3.4%, ~F3504
RS FE mAP@O0.5 $27F 2.9%. YOLOVSs+D-STB+CA-M+
5 R AR Rl A B R M B YOLOvSs B G fy 52 41
Tt 2.9%, A ERIET; 2.8%. AR YOLOVSs 1]
FEHEESR T 4.3%, A BIZSETF 2.9%, PG mAP@

0.5 ¥+ 3.1%, ‘& B % Swin Transformer 5% K F4FE$2
HURE F7; %8I % ) 3 AL 4 45 2 Ho o 4R B R £
FFSCE R, BARE RSP, B R R A
H AR A K D-STB {41 12 BRI J2 11038 U4
10E, 65190 2% 55 52 10 550 0 A TS J2 1 A A P o
780 03 A5 s CA-M ¥ 2 A AL (5] e 5 3 7k
A 5% A 24 1) 0 125 L %A e 40 9 X 26
TSR ORI (1 2 B VE, R FHAIR) (0 K2 .

{HAFER M2, YOLOVSs+CA-M. YOLOvSs+D-
STB-+CA-M HERUA Ho A SCHET ZEap-35) K RS 5L
S IBRAE T 1.4% FL1 2%, 25 BT J8 A A S5 A 160 ik
25 %4445 2 A BRI L R, 5 B0 46 1 2%
3R R % S AR TR e R R 2 A
B JRRRAE R 2 ) LB (3 5L, S T 2 6 N P (R R, 4
9 7 A P T S R, TR T AU R

M A SRR A A, AR SO BB YOLOWSs
YOLOX™ PA VGG A f THFEHREUN 2% i) — B BL A
AR SSDPY FI LA ResNet101 J9 8 TF-4EAFHE B 2% 1]
TR B A B Faster RCNN #4757 Eb. N3 2 AT LA
B i, ASCRAERE R R T S AR . A
SRS SRS 10 25 2OAR T HCAB RS AT He SSD B, A
S R 7 2 4 0 R AR T T R
AH L Faster RCNN LAY K/, AR H A 42.9 MB,
A RIS 7 R 7 S P 47 3 P M 1 R

2  BBIPEREVEAL IR R . ' -
Model Fl-score (%)  Precision (%)  Recall (%)  mAP@0.5 (%) mAP@0.5:0.95(%)  Z¥E M)  HEK/N (MB)
YOLOVS5s 94 922 95.2 97.6. | 87.2 7.02 14.4
SSD 94 92.48 95.06 - * 4 — 26.29 90.5
YOLOX 92 93 91.02 L 90.37 86.22 8.94 68.5
Faster RCNN 85.25 90.1 80.9 98.3 75.5 60.11 460.23
AR SRR 95 95.7 | 94.6 98.7 88.8 21.08 42.9

]

7E: SSDIVZE it T mAPES 5L, mAP=96.81%
Fi

9T S UL MR SR R f A 5 A e
AT JE 88 MR AR S0 UE 46 BT A I, 45 SR a0l 12(a).
XFEE AT R YOLOVSs B B A7 7E 3 A s A R 175 400,
Bl 12(a)(D). 94498 T-BEE £48, YOLOvSs+CA #EA!
22K B bR, YOLOvS5s+D-STB R I 44 4E 52 A7 A
FEHE, WP 12(a)(I1D). Mt 2 F, YOLOvS5s+D-STB+
CA-M-+E% LS RFAE R A5 A5E 28 A SRS AR (A 28 SR
4. HAN D-STB k5, #& 7 7 ALA /N B A5 A
AR SR AR U A ] P B, A SRS f A ) B A
& H YOLOVSs+D-STB+CA-M-+H% B3 fib 25 s 78

58 TiteZEik Special Issue

I, K PE BE SR 4, 40 12(a)(IT). SSD. YOLOX Al
Faster RCNN #5784 7 56 1iF £ _F (A I 45 S an ] 12(a)
R (IV)S (V) B (VD), 7] &AM Rk 1 e
PR A, (EUE A 3 A LA/ IS PR RS 0 280 SR i 3 AR S
BEAY. H FR o AT R, AR SORRE RS AT DU A5 e 2 A
N P 4 7 3 SSOR WU R R AR TR AR 1 ) R, AR
FEIMR A B RS 25 SR A0 ] 12(b) B
432 % HARIREE

Bytetrack HRE7 4% IR 25 %6 R FH YOLOvSs FliA
SC AR TR g PR O B S . SR A AR SO B0
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HERTJG 1 Bytetrack SEVAAMO0T LESZEG. JEHL 3 AN PEAL AL
AP PR R Ay PR RE, BLFE 12 B0 FE AR B & 41z

)
i iEbPS o)

A

brid R

()
R H ARAd il

YOLOVSs+D-STB+CA-M-+
It RUBERR AR it A A

(D) BANRR &
R IHEAHE T

B e

-
. (a)jﬁﬂﬂmﬁs@%mu%%

s " (b) 7 B A7 M R

K12

YOLOvSs+CA  YOLOv5s+D-STB zt:)tﬂ&w;%?é
A

H videoOl. 177 video02 FI1FT 42 video03, SZ46 45 J- 4
% 3 fiow.

av) SSD B (V) YOLOX KU (VI) Faster RCNN
eSS LRIl EE RS I 45

LR SRIIETES

*3 HAREERSE RATH

Bytetrack det_model Video sequence GT IDF| (%) Recall (%) FN MOTA (%) FPS
VideoO1 1185 858931 752743 293 75.2743 29
video02 743 81.4815 68.75 185 68.75 33
YOLOvS3s video03 766 84.862 74282 197 73.4987 47
i N mean 898 84.0789 727688 225 \ \g5‘5077 36
i Bytetrack &l - — *
videoO1 1185  90.3793 _ 824473 208 82.4473 27
- video02 743 85.4737 \ 746324 169 74.6324 2
XAR video03 766 85.6719 ) L 75@4 189 74.8042 19
mean 898 87.1750 77.4687 189 772946 23
videoOl 1185 = 96.732 93.6709 75 93.6709 20
Video02 743 92.0635 852941 140 852941 2
. .
B BytetrackJs AR \ videg03 766 853731 746736 194 74.4125 20
. .4  mea 898 91.3895 84.5462 136 84.4592 21
N : >
" $

1% 3 T, By thtrack BREREUR i Ko 38 A
AR EE I YOLOvSs, f#f MOTA #7+ 1.786 9%,
IDF| $2 7} 3.096 1%, At HArEl FN FE 2 189, ¥4
PRERHERG R T . 1K 3 — 20 U W AR SO B 7R 4 24
R AT S5 2RI R 4, SR HE PR FEAH EER A YOLOVSs
R PRI AR T 13 f/s. B A SO AL i) D-STB
F ASPP G35 (1T H HFEIHRC K. 7R HH PRI 2 fs
I, Bt Bytetrack 5% J5 ) MOTA 271 7.164 6%,
IDF, &7t 4.2145%, A 1% Recall $#2T+ 7.077 5%, BRER
BPERERIUE LT, RN MG DIoU TE4E - B RS ik

DA AE B A I, 22286 % 18 H FRAE I O s R 5 A1 R
BGOL, THE G SHIHE) ToU BIME, I3RS 5
K IDF, F143 8] 3R, 35 Bytetrack & A& 43 HE VL AL =
3 RE 2 TC A 328 (1) R Dy 6.

T SN WL SRR AR ST SO AR Y A K, A
FH o403t /T J5 1 Bytetrack 158 78 7 BRER DA £i4 42 1
TR A A b SR A 36 A 2 11 PR I G R, o O B AL A
HEAT AR, 43 7 4R 45 17 2 videoO1 FN13T 22 video02,
SERWE 13 . AR IR RS AR 1 B
30 ik v, S8 5 B A 1, 31, -+, 301 # g B . X
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EL B 13(0) e 2 BRI 3 AP DL R I 1310 R ES 1 B
A 4 B0 25 S 0T H, Bodk J5 (1) Bytetrack FRERAR AL,
FE = 7Aoo A DA ) B2 2R, DT v A A R

BRI AERA A RN, S5 R e B2 SEI gE vk 2 ET
PRERFEE H AR I BCRTF 8o, 1k 2 P ke 5t i 4
ARCE R H .

B B2 HI3 54w 558 6 7R B8 BoF 10 7
(I) JE2nz B
(1) 4E2F3T4E video02 \ | B -
K13 ’ﬁafFEEﬁr %\ﬁtl:
- -
5 5w W ST E T, 2021, (23): 54-55.

(1) YOLO & H HUF“E%T”/ZE’JHR*"@ 1‘%1—1 AL

i B YOLOYS's H%ﬁ’]%?l‘]éﬁqﬂﬁbuaﬁzﬁﬁﬁ
Swin Transformer *ﬁﬁ%%ﬂ ST S [EE AL & T EE,
Z R 5 e B EE B UE B ﬁﬂ&i&%ﬂé%%?ﬁ
) Neck M 2%, $& 15 1 RFIERIAM 2 FE0E, IR B i ek
HE CA VE R JIHLH LR O YE B 2 AL BLAS B A
SRR T SEEIL T I BRS8N B RREE AR IS
D, 50T DAYRR A TR A FRAS A% T R R A . &5 SRR I AL
R PRSP K G A 1 B mAP@0.5 4 98.7%, Aol fi
1 F B YOLOv5s. SSD Fll Faster RCNN 2557

(2) Bytetrack R it #5 R FH 5 B e R A B8 K, 47 B
TSRS (4L 2 HARERER. Bytetrack BRER#R H K
FHIE S, FERT I 28 PE e B LT, %/J\x/)ﬁ&
40 FOUI 74 A 12 E 5 4K RelD *ﬁﬂlﬁﬁkﬁﬂﬁ}ﬁ R
Bytetrack FfI I #5156 Z!KjCi‘%ij?Dr%YOLOVSS AT
S5, %%i@%m%l*ﬁiﬂ’] MOTA 5 77.294 6%,
B A B Y OLOv S s MU BB 28 it
Bytetrack [I##IFR#E A DIoU, MOTA -7+ 7 7.1646%.
Uit 5 1 Bytetrack $2& 15 1 MG 23 A U HE H =587 42 40
HHEA B b AP DU EC RS D0 1 L A3, AT R AL D A
P15 2 H AR PR ER IR FE, 5] I S B pROd A I 4t T A
AR, WA RSN LR R B ECR. AR
DT R e Jor b DX A W A R R AR AL T BRI

SEH
AR FIE AR T3 57 L 7 M e A
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2 AV, BRAK, . — R T AU e O
2 HIE, 107330403B. 2020-11-17.

3 Gabriel M, Cha S, Al-Nakash NYB, et a/. Wildlife detection
and recognition in digital images using YOLOv3: Extended
abstract. Proceedings of the 2020 IEEE Cloud Summit.
Harrisburg: IEEE, 2020. 170-171.

4 f FE. BETURBE 2 ST I BT AR S R Re A AR [ AL
RIS 1. I TRIIAEE, 2019. [doi: 10.27321/d.cnki.gszdu.
2019.000334]

5 GKEFUE, VR, RFID BORTE SNV BRIER E BE o i)
M. HFlEEHEERE, 2012, 42(3)‘6

6 EH7), RUAF %ﬂ:ﬁ%%j#hkﬁﬁb%l’élf% RO 7 1.
TRV ‘20*8 38(-57 1304-1308, 1326.

7%51% Fie, T0E, S WF TSI % R ERHE
m%%tm@%ma%u%mz. B Ol (FFYESL), 2022, 4(2):
77-85.

o0

Bertinetto L, Valmadre J, Henriques JF, et al. Fully-

convolutional Siamese networks for object tracking.

Proceedings of the 2016 European Conference on Computer

Vision. Amsterdam: Springer, 2016. 850-865.

9 Li B, Yan JJ, Wu W, et al. High performance visual tracking
with Siamese region proposal network. Proceedings of the
2018 IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Salt Lake City: IEEE, 2018. 8971-8980.

10 S2H0 A, AR, SRR, 5. 45 & KRB MR o7 0 B
LESh Y B AR, TEELS, 2022, 42(4): 1284-1291.

11 SRS B TR 27 o BB AR s UG Rl DT VBT 7T [ it
LR ST ). M PEARIEYE K5, 2021, [doi: 10.27410/
d.cnki.gxbfu.2021.001828]

12 Deng J, Dong W, Socher R, et al. ImageNet: A large-scale
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