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Abstract: According to the specific image feature that the bird echo shows obvious ring shape on
the Weather | Radar reflectivity product, an improved algorithm based on a lightweight
convolutional neural network You Only Look Once Version5 (YOLOV5) and multi-object tracking
based on Deep learning based Simple Online and Realtime Tracking (DeepSort) is proposed to
identify ,the training and test datasets are constructed fromradar volumetric scanning echo intensit
y data obtained from the Yingkou Weather Radar from 2020 to 2023, track the bird echo
respectively. Firstly, Shuffle Attention (SA), a lightweight attention mechanism, is introduced into
YOLOV5 algorithm to improve the accuracy and effectiveness of the overall model detection.
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Secondly, in DeepSort algorithm, the original cross merge ratio Intersection over Union (10U)
matching mechanism is replaced by an improved the loss function of object detection
Distance-Intersection over Union (DIOU) matching mechanism. DloU introduces the distance
between the center points of the boundary box on the basis of calculating the overlap degree of the
boundary box, so as to provide more accurate positioning. The number of identification (ID)
error matching and ID switching caused by partial occlusion overlap is reduced. The experimental
results show that the optimized YOLOVS5 algorithm improves the accuracy by 2.6%, the recall rate
by 1%, and the average accuracy of threshold values greater than 0.5 by 1.2%. The improved
DeepSort algorithm reduces the number of ID switches by 2 times, multi target tracking accuracy
Multi-Object Tracking Accuracy (MOTA) increases by 4.5%, the improved lightweight of the
initial model, and the overall detection performance is significantly improved, meeting the actual
demand for bird echo recognition and tracking.
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Fig.1 Changes of reflectance factors of bird echoes (whitg circle) aear Fiaohe Wetland at 0.5°
elevation Angle of Yingkou weather radar on 15 'September 2019
(cite from Yao et al,2022)

5 R LR 9 2 P TR ) 0 PR, AT, 4
EIRIERE STEOR XA S IR R 6 P (PR AR, S BRI T 5 it
IS R, LSRR S S AT R g %

2 YOLOV5 5 DeepSort 549 54t

2.1 YOLOV5 &%

AHET YOLO/ZRA HPRY OLQVS X &K Bl AT IR A AIE ER , 1ZHEZE R A Fast R-CNN
SEPLHIE H RS IITA% /A0 B Tegetr) B A 5k, KR mit i, & —FRiH T B
ST I PR PRt S) vy FL TR 3R IR P 2 S R R R IR A 28 I 4%, B AT DL E B3 B B
FOHRAE, R A0 S TR A1 23 25, YOLOVS KR iy = AN B A0 B 4% . RHAE
G TG Y Franh TN 258 388 55 K FH R 22 #0122 X 2% (residual neural network, ResNet)ak[Z 44 %]
4 (Darknet) SEITUFRG A 20 I 26 22 A4) M B 6 UG R LR RARRAE o RRAIE 85 I e — A
% R R BRI, B DATEAS [F) RO bt i N BEAGEAT AL B, DAASEAS AN 5] K /N R AR T Pk
XFP b3 77 U813 YOLOVS RERSTE & Fiiz 5t FIRFRH (A RIMERE, o1& KL & /N Y
YT, HREAS BIVERAORS I ZE R . frE EEFE 0 RAR M B3, T F0 AN AR 1 2 1 A
PrE.

YOLOV5 7E AR i (4R W A 2 P [ IR 368 3k A X 28 68 ) R0 P B g 25 P - B9 7 9
SEFL T SR ARG IIE . YOLOVS 1§ if CSPDarknet53 /4y H 35 T/ 4%, CSPDarknet53
— MBI Y) Darknet B T-M4%, 235 T Darknet53 ZEH VR RS 2 ST, SR SE 4Rk R
(RRAE & FH5 A EE 2 2 RN RRIERL & 7738, HoAA S 2 E RSO 450, T3 e s e
REJIAIRGC RGBS, 53 E G241 . T Fast R-CNN, 7E[FZ5E44 R, YOLOVS fgfig
B YR 2 SRR A



2.2 YOLOV5 HE iUt

INER JIHLEZ YOLOVS Sk WA 7 Z 2 —, ] LA BUAE H Artaill (155
H T RE, RIS TNy T MG i B X, AT R I e

TEVHENULSE R FE A, 3 B AL 2 S T P b 32 R A . 2 [R) 3 = y A@ i = T
75 () T T B AR R O I SG R,  TIE Y 7 0 W) FH - Jl A 2 R] PR AR OK &R
P AR B MRCR, (ERad R RERIEAE. FIALIINBRERFET
Shuffle Attention B AR PLIX I o) i, 12 ARG B Fil - 17 2% (] 5 308 00 P Ay 2 2 ML
BORGERIWE 2 B, B9, RATSEVER NS, Kl ge fE an 8o 8 78 24> FRHE,
FE[A D MG X S8 FARAE BT I R AR B . AR)E, TR AN THHE, BTG5 N Shuffle
LG, 1Z R ICAMY BE AR 35 2 (M LB B 4E B L IR AE ST, IE WA AR T 4R (S B R A T 42
TETER T AR FARAERI A 2 )5, YU A FREAT T8, FFimid “I@iE Shuffle”
A, ST AR TFRHMERS B B SR E, 3 08T TR0 TRHIE B AR IA R
7o

Q) mrmsm (C) B o()=signoid( ) Fe() =W+ b @ﬁ@ﬁﬁ’:

» - AT
< ?

E wRIREE, h FoREE, ¢ FomiE e Ba T, N X BB R AR A g TR

FE— TR AT AN 0 3 1 VI 5 R AIE, 55— N T 2 i SO RE .
P 2/Shuffle Attention bk 45 7 &
Fig.2 Shuffle Attention module structure

£ YOLOV5 HiwA/Shuffle Attention E%jﬂﬂﬁ?ﬂ H bR R H OBARHIE S B, HI99IRE
TR 2R \E e 22 (Rl B AU 5 I T v = LR B R, D TR, TR
PRI A 5 A R
2.3 DeepSort BFRIREEH %
DeepSort /& — Mk T-IR B2 % 2] 1) H hRERIER S5, /2 7E SORT (simple online and realtime
tracking) SRR B RIS . B G NG ERUC T, 45 AR EE S I RFIE SR IR,
RENS T Hh A B S H FRAIR A B ARALIEARRE, $2 Sl e R v R E 12, DeepSort 4%
SEMINEZLE MNP 3 s, DeepSort 454 17 YOLOVS [ HARK AN B bR iRBIFEA,  feis
HRSTI AR ERASR R 2 A HAx, A BRI — A ME— 5 5 . ZEE A HER M
W26 34T H ARSI, SR 518 AR MR FF0 B bR AT R AE SR BN R 7R . DeepSort I8 KH 7~
IR B Y AN &) I R LR B ARBEAT OCIRANHE T, AT SEI 2 H bR ERER s @l R85 5 H A
FPRASFIAMIAE B, 7T DAL EE H AR IR L AP AS A0 AN 5 56 56 ], (R RFRCRRE I ERER R,
IR BT . B SR AT TSR, T HARERERAT S R AL T ORI M RE AN i
it #ER|H L DeepSort HIEEUF A, ASCKHEET YOLOVS ) 5.0 fRAHESE | [
F DeepSort SyxT & [l kAT PdkiE R



ﬂﬂ'lB%

DeepSortiES2  xmE®E.
=t
BRI &EEW — | o Bm ) g*@ﬂﬂﬂ‘h&ﬁ :_[ i {>E*Hj'lﬂj
\ wawr || e— ’ <& KHTIE
AR FRTE Rarria i S
‘ B
ERER || BREEE s
__B&_ o (ER)
Tt _i E'.EE%EE%E i
Cem | [(TREES T ’
CEE T momme I
()
\_E#ME )
K3 DeepSort /%45
Fig.3 DeepSort network structure diagram
231 FRF kK

RIRZ IR Z DeepSort HESR 1) FEM AL T 7 A S R SIS HEE N R 5
REFATAGTEFIT . R/R SIEPFIELE S T RGNS BRAN 22, wi il RIS TE
AN[FI ST 8] R 3 A REAT Al 11, SRERAT N R GRS IR B A Al T NJEE A AR 2 1l i B A A
T RGUIRAS AT IO, R 5 R FH I 250 ) 00 25 SR AT B 1E, LIRS RSk S A 11
flithe FEXT 5 [ IR A AR, ARSI sk R TR B RO R B — D TR 5] &
KNG, BN X L 5 2 AT RS, R/ BRI IR R 2 oG EE MR, Fal i i
D55 SERT A BT — W ) 5 [RL R AT T — ot (1) B4 (e B IR A, ) FH =4 BT 1R ) 1 1 1 [ g
M PR 0 B Sk BRI 0 o 5 A SR 8y A PN R B 5 BT B, FLAR B R 2 L (Kalman,
19600 , ASCAMBELN R
2.3.2 &) FA REH &

) F R — PR R LARUR I @ AL AT, B2 RO T B bRkl s, JUHR AR
% HArBER LS % HAR I 55 He 7R H DeepSort (X SAZ4E, 2024) X & Bl #4718 EF
or il Py R A PR K RN AR B [y AR AR A B S T — i £ [l 5 ) AR AR A7 B AH LT
FC, A R For U 21 (R — A 5 B AE T JS MUK IR 5 1D AN RAESE . SRR IR S804
F TR A S RS Z R BE 2R, &) 2 R DL G 592 2 il i 18 BIPRAS 5 AN ILRHIE X P AN TR
KL, THEsIARA 5 AN X 4 il it B P 5 A A % E S R K, d5efa R AN br
AT INBCR AN, TS 2 i 2 25 o 5 IREE B MR 9 T7 2008, & —Mflith SR R A
R AR FE v 5573, & FOE 5 A A VU BCFE BE . #E DeepSort 1,
T8 I PR AS LRI BIR S 2 [A) ) 15 PR S R BE S A B ia 2R A [R]IN e i 5 IR 2y
RVHREER R H AR B PUNAE 55 B R H bR BAS DU AE 2 18] ) B AR ZE 8, SR TRU ER ERRAS B AN € 1
FEMBEEM ARSI (Wojke etal, 2017) , A SCAMHELRIGIA
2.4 DeepSort EA AL

7£ DeepSort HiEH, 10U Cintersection over union) 2 F T 3&F 1R 52 14 5 (a1 H ARk
321 FAAE 2 18] () B S R P () B LR bR (XI55, 2024) o HARSkE, fEASCH 10U #EH T
TS 1 R I S 2R B AR ) S [ECRHAE R AT 5 [l E AR OGIRG, RPAE RS2 il 2 8] ORI
FHIE S [0 BAR, B OREEAS 5 [0l B AR 2 4k H IR . 7£ DeepSort [1F5EELH,
IOU sk 8 5 4 i it r 1) 5 [l R A UAE 5 b — o ) £ [l 5 BRBERAE 2 1] 1) B2 B AR B SR e



R 1 [ e ASE U AEE B - [ — AN S5 [l H b, AT HE i BRERRE B, /D R ARRE (&5,
2024) , X (1) Fios.

|4nB|
|AUB|

LHA N BRSHAN N THEE ST, A U BRI FHE R H A

W SWE —NOUBIME, MM/ U FHERIOUME K T XA BAER, X PMHER A A2
[F]—AN 5 [al% B Ax . & 4 TOUBIE ¥ & AT LA R S i b 1) S [ml ik B Ax, 42 mERER
5 [0 388 PR RS 52 A AT SE 1

SR 10U VUHC R 25 8 1 PN FAE (1) B B AR AR AR, 56 TP HE A oot AR
HE A EAEN, 2RI 21 S [R5 H bR ANURRAE R ANUCHED  [R]B FR0AE S5 A I HETC &
[ARKS, [F— 5813 B ARE REID 9 5/ K AT PRtk, J: T b8, 430 DeepSort
SR ITOUUT FEATL 1) 5 e 9 1 e 52 I LBk ) DIOU DTECAHLH], PATREM Bk k[,

DIOU (distance intersection over union) & —Ff gt ¥ FHE 25 2 Il Sy V2%, HWE fif ik
10U — 264N 2 2 Ak . DIOUFE THERL FHEEE & FE R RE Al b, 1N 173 FUAERE O i -] SR 5
{EETE BN 4 A HERS (Zheng etal, 2020) . Wi (2) Fiw.

p?(b,p9")
LDIOU= 1_IIOU+C—2 (2)

IoU = D

B, T F R AL S5 o PIHE ) 25 2 X055 AR DX HUARL ;s Do RS TRINHE 55
ETUAE 2 17 PR RE B A2 R LU s bFORTAE (¥ o0 s DI RRAGIRE (K o s p AR,
FHEDSbITHA UMBRICHE S (U 4 d s 5 ek BBl T AE AR AR
BRI DR AR (s B BT e Pl KD .

.
\;»
%
\\i.\ '-,
B
\\‘
L
{ :-\-;
.
e o D N
N
\\
N
\\
REpIEE o FBEED G
2 g b B SERE L
O HERAHAIK d 1 bo bR &2 W1

s PHHCM SR R IS

Kl 4 DIoURE & 52 f ton =
Fig.4 Schematic diagram of DIoU distance interaction ratio
I GO U S IR, DIOURE S8 AR b S P 15 N3 FRAE AR A B, AEAS I H
WA R EESHEO T, WAERAEE R ME PR . 2L FHE R T EESE AN IE A 2R
— g YU A ARG, AHEGFIOUT &, DIOUF=AE [ REma AR /N, Ak DIOURE B e H
P FAERIAI AN . R, 7255 [R5 H AR ER BRI AL S5 1, DIOUMEE 4555 & E &
FEAA B, fe ERE M HEER AR SRHT H AR, S R AR AHERA 1 -



3 BUE AL R AR A

3.1 BEUKIR AR EB AL IR R ARk
311 XBHKBEE

ARSI HHE LA 20202023 4 8—10 HE B RAHEBEHAA L BIBRHE R EEEE A
MRAR, 18I 2] 5 Bl S5 28 DR - B R = il SO i E HY 1035 sk B AT B I 1 2 R 7 A
SR B R BAESE, RS A k.
3.1.2 % EMAE

RIS 5 F N AE SO AT L, RIS AT Bt e R IS TR L, Gi—d ik iz
SRR Sy PR By 875X 656, AR ik I R R ANIE M 5 [Rl AN I S ) B 46
W07 28 5 () BE S HAR G AR EOR, XTI AT 90 BERTieRE,  LAROKST A B A E 17
B, UIF BAREREA, Mk B SR (12 A e AR . FE Labellmg Aric A+
Xof AbHE 5 FIBARSE AT S R B ARKERR I, AR T 5 AR 2K YQLO Hikg 5X.
313 A LA

YOLOV5 FEMY [ 3= 45 R4 A\ Clnput) « B T-/4% (Backbone W #ii# ( Neek)
PLE TR (Prediction) PUANESr. B N AbERH N S, & RO ARAL AL TS, B T 45 471
TURFAESREL . S0 302013 P BR AR T & I 2% (PANet) B siF iy [ 13EHE, B e A Al
FAZRCER o SRR 3 0] 47 B A A &5 5K, 046 43 A0 e AR o

FRAS R THT, YOLOVS SR T /B 4512 FHAE [A] =451 2% § SRR LL S Ar BLAS FE B 2k 1
Z Ao D FHRERNAE K B TR B AROL B, ERIBURB R E 60 H AR5, HAsEE
FEAT R WVP AL ARSI 21 1) H AR AEAE I B SRR . X Be iR sk AL RIVEH, DR Y 7
% H bk AT 55 H iR B AR 14 e
3.1.4 A2 A1) 2

AAE tensorflow-gpu2.10 FRASHIREE 7 S HEZE TN K FH YOLOVS [ 28 S 5% [ml g5 Aar il
FINGREERERIN R e i fm, PRl A R i RO 8RB R A AN B, 28—
B B st B IE UKL 28 B B A RS A Bl 1 (0 BB SO i SR AT 2R, FE
SR )E HEIVR RBX AR 0w, 15 BN 2B E A

B A U 2R E R T, B v 2 5 [B] 20 4 T, YOLOVS 71 & [al ke # s 4 bt
BV ZRIN A K L7 P12 /N, 3t 1500 A B B AR W] 5 s, FEFEARIEA 900 IR e A4
Wi KAE, TEIEAGEBAL 2000 VO L LA IS, TESCBRIIR AR, A& mil
SRR R BEIA BRI IR B RR,  PIERE A SR IR BUEBEAE 1000 IREBCH A3

(a) dEM% (b) HE%
1.0 1.0
0.8 0.8
0.6 o 0.6
2 W
== e
0.4 0.4
0.2 0.2
:
0.0 0.0
0 500 1000 0 500 1000
ISR T8y RV N I ZR5e it/ ik

5 e 5



Fig.5 Precision and Recall
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Fig.6 Identification of bird echoes.by-Yingkou weather radar on 13 September 2023
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