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RESEARCH ON PEDESTRIAN DETECTION ALGORITHMS
IN UAV AERIAL IMAGERY BASED ON DEEP LEARNING

ABSTRACT

In recent years, deep learning-based object detection algorithms have
demonstrated significant application value in the field of UAV aerial pe-
destrian detection, particularly in public safety, crowd management, and
security surveillance. However, during UAV aerial imaging, variations in
flight altitude lead to substantial scale differences in pedestrian targets. In
crowded scenes, pedestrians are prone to occlusion, and small-scale pedes-
trian targets are easily confused with the background, increasing the difti-
culty of feature extraction and consequently affecting detection accuracy.
Additionally, due to the limited payload capacity of UAVs, the embedded
devices they carry typically have constrained computational capabilities.
High-precision algorithms often come with large model weights and high
computational demands, resulting in increased resource utilization and
greater deployment challenges on embedded devices.

This paper addresses the aforementioned issues by proposing two dis-
tinct methods. Firstly, to tackle the problems of low accuracy and missed
detections in general object detection algorithms caused by multi-scale var-
1ations, occlusions, and complex backgrounds in aerial images, a feature-
enhanced aerial pedestrian detection method is introduced. This method is
based on the YOLOvV7 algorithm, which is known for its superior detection
accuracy and speed in general object detection tasks. An additional detec-
tion layer for small objects, based on shallow feature maps, is incorporated

to enhance the capability of capturing detailed information of small targets.
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Moreover, the SPPCSPC (Spatial Pyramid Pooling Cross Stage Partial
Channel) module is restructured, and a feature enhancement module named
SPPFCSPCS7, based on the parameter-free attention mechanism SimAM
(Simple Attention Module), is proposed. This module focuses on pedes-
trian information in aerial images, further improving the feature represen-
tation capability of the algorithm. Additionally, the NWD (Normalized
Wasserstein Distance) loss function is utilized as a metric for bounding box
similarity, reducing the algorithm's sensitivity to localization deviations of
small targets and enhancing its detection capability for small pedestrian
objects.

Secondly, the detection accuracy of algorithms is often positively cor-
related with the size of model weights and computational complexity. To
address the issue of high resource utilization of high-precision algorithms
on embedded devices, which makes deployment on resource-constrained
embedded devices challenging, a lightweight aerial pedestrian detection
method is proposed. Specifically, depthwise separable convolution is com-
bined with an attention mechanism to design a lightweight module based
on the attention mechanism, aiming to reduce the computational complex-
ity of the model while maintaining feature extraction capabilities. Further-
more, by pruning redundant parts of the algorithm, the number of parame-
ters and computational load are reduced without compromising detection
accuracy. Based on the aforementioned lightweight module and pruning
techniques, the feature-enhanced aerial pedestrian detection method is fur-
ther optimized for lightweight deployment, making it more suitable for re-
source-constrained embedded devices.

Finally, this paper designs and implements an aerial pedestrian detec-
tion system based on PyQtS5, providing a visual analysis of the feature en-
hancement and lightweight methods. Furthermore, considering the payload

constraints of the drone, an NVIDIA Jetson Xavier NX embedded device

v
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was selected for onboard model deployment experiments.

Ju Hongyuan (Electronic Information)

Supervised by Professor Jiang Ming

KEY WORDS: deep learning, unmanned aerial vehicle, aerial pedestrian,

feature enhancement, lightweight
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IR B BRI AR S LA A H AR IS T ) YOLOVT SEM R,
B2 HH P b 75 V2R A e R M ] R

Btoxt 22 Kol H H AR R I S0 A BR AT NRFIE R A B8 AN R 1 )
ARSCHEH T — P L T RAAESG SR AU AT AR 5 . %SG T B TR R R
MEE BN BAsA I, RN BUR P 247 N BARIA TS S, N2 R
JEATIAESS . Hk, %) SPPCSPCUARSHEAT [ EM, R T —FE TR M
REAEH SR SPPFCSPCST,  AZ A5 B FHVE = 7 3R B8 v RO R X3 I T i
REE(S B Al G, 3T T X B4R HARRIATINGE /1, b T8 S5 BTt XT
P& I JE S AL FE, SR NWDWIE i T0U F &0 FHE 2 [l (AR, A #is
T 10U X7y H AwAr B i #% BUsE i v /1
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BEXHE R B RN SR R RO, 2 B0 LA & 21 BHIAT BRI R\ 5C
BRI, ASCHR T AR EANTRAT NS TTVA . B, ZITESIANT
P TE R AU R AR, B S SR T o B AR A [ L T8 TE
B, AR ER SRS EEAFER, RE I EBR T A H B
FIRFAESREAE 1o BEAh, BEXS IR A6 M 28 A AL AR B AT 55 R AFAE I U AR TR R, A
SO R H AR BYRFAE S B RFAE R 6 788 0 DL R T 0 SCdEAT 1 B, BBR 1 AL
LR 5, WIETRHERRESHR YOLOVT Sk TR E LT, MdE
BRI, PG T EABE RN R R

g, ACEIIFREL T T PyQtS BINTHAAT AR RS, XHRRIESG 3 Ty
AR AL TR AT AT . IR G, RERS BV SR PR T IR A
e BB R AR . JF B, ASSCERE it Ja 10 5324828 21 Jetson Xavier NX
IR & L, FFEERI ANIREAT AR AT A Seif el .

HEFURIE 2 2 (R TE AHLRTA AT NS S 7

I FAHEREOATA ' BHARRLE |
| Rl ; ; W7 !
! Hs/ vz : V| ETFEE AR |
: | ) | MBS |
| AR, ! i |
: | | e !
| NWD# 5 B 4 i I i

FLRAT AR R 5t

J

V5358 Jetson Xavier NXF&

J

TENHUHAAT A

K 1-3 WA N FAE R
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1.3.2 RILARALEH

AL EZI P NANADET, BAENEWT:

%1 BB 7R EBAT AR R BV XL, R IEA A Ax
R /N B ARSI R R AR I SR B SR R, IR I T ARSI RN A S
L ARG

% 2 BEEEEEN AN A BRI BOARAME ST 10, 51
TR BORIOUS B A Al ik DA R AR RAR G KR Ak s A AL 59k, A
I T ASCR BB AV SR b o

803 BARM T AT R SR AT AT AR, B AR SGEE M B AR
RS YOLOVT fENTIAT NS IR 55 HHoRs BEAR . Inier s 5 . FEREAT
NEHEER Bt AT T 2 A S, SRR A RR WIS A W AR T 1R R (e I s
JEo tbAh, dit TR AN AR R SE, i AR g e A o A AR A Y s
PRRLICR, D IeE TSR s .

o4 R T M N BRI R, B AESGE B b I SR R
ROBCEL R . 5 A 2% B A e i e DA E B8 90 52 PR AR RN 3 i v 28T 28 1) 1)
Al e, AR ANEESE BT 7 SRIRIRUE,  JRAENTIRAT NS & g it
17 7T AT . SRERAE RR ], BB e A AU B 1 AR RN AT
SAORIE, EHHEIE & AL IR IR A IR A e b

% 5 B [ BUEFIEE AT GRS . BT R ANEER 10T
e H Jetson Xavier NX AEGAE9MEAET-& ,  JFREMTHAAT NI SR 138 8 st 5,
FAEBRIANLREAT T L Prill ik

96 B EN P TAEREAT IS S A, R R SR B AR T R4 HAH S Y
PRI BEAE

D
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B 2 5 T ANAIAIT AT SR IS B At

FEER 1 B, ASCERGE TR/ B AR I ORI T 57 AT U SR B
RIWFFCBLIR, D9 JE SEFE Y T VA BE T sk i BRI SR AN SC AR Ak 0 o AR 20K 4
BN e SR BRI AT, T ANUTIAAT AASIN 00 ) L 5, R IR o
S SRR R

2.1 fdR1T AR A )@

211 FEEIRPITAR =

TN B &R B, AT NERG IS BRI, S8 Hol
F B ARG I SRR R IE RO RE . R SFBUT MR ER. 14N, Wil 2-1
Fios, T AR G AT N B AR s 2 REAAE . 4 DL 52 0 S5 4y

\\\\\

(c) (d) B
B 2-1 TN B

B as by o d B, EANUAEG T NEIONN AR, BT HERR
U, ARG EARXTA R, B @A B AR A AR . Ao 2-1
Fas b fron, BEAL TR R A AN, S EGTAT ANB AR S ER R
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FEAAL, XMREA — IR T B DL A F R AT N B bR AT S 17
BIFERL. W 2-1 9 by ¢ fon, ELXAINEEIRA T, T NMEELURSER A
ML, FoRKAEBERIG . W EED AW — AT NZH AR LS, —
R SE BT NI . XL Ol 2 W S I SRR B . ] 2-1
Fod fros, BN SR R2 M, BRESAES ST NEESG. fl,
I BRI S, AT NSRS R, AECAX 5y R R VRS
3 A SR T AU BB A 2 5t B RS AT R A )

2.1.2 iR T A MIES M=

M BB BE AT N B A el R, T8 H B ARSI 5%, AR
s N AT NI IR 1 2 Pk, 32 BEAREUAE 2 REEARAE . S5 1) DL R 7 5%
ERMESET I . DUR MR =AM i, PR 0 B e AT A FR) s s

(1) 2 RPEZARAG: ZORMINFE R SR 2 RERGE ST, REs FII A
BARIRE R, JCHESEEN /N B ARRF LR B A2 (1 1]

(2) 3B BRI H 4% B0 1 R B Rr AR B2 B RE 70 AN 1T SCHEEE RE
73, ReWIE I R WL ER > HHE I PO F AR A AE A o

(3) HRE M ZOREMSEIE R AR KIREX 671, REs A 0 BT
NBEFRSBEFTI, RN RIS SRk

BEAk, XTI ANUNHEAT NG INAE ST, SR I SE IV 52 258 8 26 1 A PR
e 8 7RI IIVERE, JE RN RE M H AR A R IR R IA RE T, H
AR SN AIBCE RN SR IR . AEBIRZ IRIVTEANL B B, 3
BLREST S A7 fil 2 (] 42 52 2 PR IR, 3K A8 49 DR UIEASL A P [R] I S B i 280
BRI AE .

gi b, AT EESRALIE . BEASERIG IR PR AT Ay
i A2 RUERHER G ERIIVURSEEOR, deit 77— AN T Re kg 5 10 47
AT NI 5 3%, R AU RAT NI B s S5 SR B Biih . R
MBI ROR, BEE 7 MR EAA RN ML, BT AL &) BE
PRI
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2.2 BFrENE LIS

H B AT 9 TH B SE R OS5 22—, B AE B R S € £ IR
BIHVEOGEB I B AR WK, BEEREZ I RERE, HsilSEs 7
WEBL, W ARZ R0 A S AR k. AR, MR 2 A
20, WA ARYE AR N 37 55 A SRAE S S @ RS, RO IIE 73 T e 14 < B )
Al ASOR B R LR R A AR YE R E A N S0, AT &3 1Y H b
ML T AN NS INHE T

2.2.1 WM BN E %

XUBY B H ARSI S0 H B R AT 55 2 AR A D B 1 S A i X 4k,
B 5 BAT ST e G FAE R E o IX RN I B 0 SRS ST T B b ke 0 PR A
AFE 1, SRR R S0 RE v A A E AR5 5. SR U B H Al v
i Faster R-CNN 1 Mask R-CNN. "~ SCHd it ebx A Ak g 41, [is
LB B B R S0k (1) B

(1) Faster R-CNN H7%

Faster R-CNN 57142 H B 7E 32T+ Fast R-CNN BLAL ) H br X075 0%
ZHIERH RPN B G RE FIE R T, H T A RIEIX . RPN g% R
TR R A P R, AR G AE 115 3 R B (] U 2 200 02k B e T
{5 1% B AR X8, AT N 5 2R 1) H AR 2 2R A0 AL BORS 1 o€ Ar SR SO RF . Faster R-
CNN SEEL T s Bt I 5, K XIOE R RRAE 2 A R A S5 R 50— 31)—
ANERBEE STRERL R BEAT G AR AL, 4RI T AR R RS R . BRI
R 2-2 fos. B, RApksill B R 5\ Faster R-CNN 7, i id 3L 52 57
22 I 2% (CNIN) SR RCRFAE &1, 1) P DX 3 A 14 1) 286 AARFAAE P o 2 A a2 X 35
B, ROI AL JZ X HFFAE B RPN AR B figeide X s AT i AL AL 2E, - i th [T 5E K
NRHIER . S5, I AR R 56 B H AR AL SRR . R Faster R-
CNN B A2 T 1Al B, ARAfAAE — 28R BR 1% H T Faster R-CNN FRIHAE R
PR, fEANEEZ RO B AR RIGHEAZ, SR B AR AR BOR 2%
ROI TE 3R H ARl FAERT P PEREA L, S T 2% ¥ 8 ARG FE
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v

SRIVIES

ROIIL)Z —  SEEE M

v

12 FHE A )

] 2-2 Faster R-CNN H Frar il 535 i

(2) Mask R-CNN &y

Mask R-CNN B! 25} Faster R-CNN HyLfE— S, 8808 51N
mask FERD5S3C, SEPL T HEORE AN 1 SE0 4 BN H AR . [FIEF, Mask R-CNN SR
H] ROI Align X ROI Pooling, LAJ/AFAESE BT E %, AT SREL SE RS A Ry
fERIR . BhAh, BERUEH 0 R R B Z AT S R iR, A ROHRR T A
RIS 2 A )56 4 K R . BOERAE WA 2-3 Fi7R, Mask R-CNN Hikisid 5]
NEHME mask HERD 5 SC W4, $ETH T H AR E SRS FE AR AR, AT —
AR TR AR R

HAnsr2
ROI Aign/Z > AERE ‘[

A FHER] )

2-3 Mask R-CNN H Akl 572 i F
2.2.2 B ER Bt E L

ST ALHAT NATIATE S5, 5 2 B 2 1 s ko Wl A0 75 2SI B e 5% ) 47 990, 4
Z, XMEEEEIATER, BB SRS AR ER, 1852 bR N H
R B G b R X A S TR R . 7R L B H ARSI VA, YOLO R4
SR Ao DN TR R AT B2 2 IR0 AR 1 P4, R4 02 R T G E be ks
M. YOLO #EARLHA RIGHISHELE, S Ui EE A7 A, iR
SRR B, Rk, ARSCER YOLO RAIHE AN UR B 7 1 A 3
fith, BFX AT MR RR R AT IR it

HAEl, YOLO R L CHA YOLOVS. YOLOvV7. YOLOVS 25 ZANA
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RCAETF SR TENATHAAT ARAF FERT, AR T8 YOLO Hi%, YOLOv7 %t
TN B PRI AT A A R . R, ASCBL YOLOVT SiidoNsbat, 4
WRIL T AU RPIFR 3 — B TRHE S s i a7 AR v, BRI B:
ST NIIRLINEE 77 R AR B R AT, DR R T A
WL b0 B B I SRR PR )l R b4, O T BOIE AR HE T R R T e, AL
TEJGEERI YOLO RANEIERARNS, WHHT THCSE, #—PW0iE T ey
FAEAFRES ERp@E M. T O IEIEXT YOLOVS F1 YOLOVT PR 2 25 14 (1)
XTHG, B3R YOLOVT fEf 04T N AT 55 A i) od A 1%

(1) YOLOV5

YOLOv5 2 fit 1 Y Fofr A ] R 5L B 9 2% A 7, 73 J3) 52 YOLOVSs.
YOLOv5m. YOLOVS! fll YOLOv5x. HH' YOLOvSs MM S E RN, HAR
=PI B A FL A b 3 I o X 2% 5 B RR L REAT IR, DA R A I ST
PERERR K. YOLOVSs M8 S5t Qi 2-4 Fius, 43 %N FRAESR UM 2% |
HRFAE Fal £ D) 24 AR i O 3 4 o

—————— e

N CSP2-1

|
|
|
|
|
|
|
|
i
Upsample CBL !
|
1
|
!

- 2x*CBL D =

Conv

-:II [GBL] — [Conv]

640*640*3
LN

Bl 2-4 YOLOVSs W 2% 45 K47 i
(a) HAd: YOLOVS RH Mosaic B #AR, F&E 7 BIEENZHE
P, SG0E TSR SRR
(b) FFAEFEEUM L : fEET M4, YOLOVS f#H Focus BHLE1T 4 F b
H, RS TR R IR R T RERERE ). F, Gl CSP(Cross Stage
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Partial)fll SPP #5&3Rt, i IR GABRAEMIR D REERMES B, SE5R 7B 10 K
Fipesy, W TEEER, IHRE T E R B AR Bk geR .

(c) FPfEfbE LS. FEFFAEREG M2 d, YOLOVS 5/ A T PAN(Path Aggre-
gation Network)4i#4), Al AN [F) 2 RFIE I, {3000 2% e 5 50 4 B A H A5 i1
NG BAESCA A . Ak, A RHE S TIEM Y, EA RS2 IR 2 A @
B, LI T )RR

(d) frilisi: YOLOVS KA GLoUMWEHi 2k 4, did v Tl i FHHE
S5 ESN FHEZ WSS IE L, Ptk B RSHERUCECRS B, AT He s 1 BAL
B,

(2) YOLOV7

YOLOv7 R A 5 3 8415 YOLOV7-Tiny. YOLOv7 FERfifiA. YOLOv7-
W6. YOLOV7-X. YOLOV7-E6. YOLOvV7-D6. i, YOLOV7 HRbfA, &
RYGER TG, FE30 BEFIURG B 2 (B AR T L 1R~ 47, 038 A T g AT Ak AT
55 . YOLOV7 Al A (s Y S5k tn ] 2-5 B .

[ ] [EAN]
[ [ [
| 1
EIET EIET
- CBL
3= | ka1
— CBL
5 = | s
640X640X3

WA

K] 2-5 YOLOV7 /X 2% 55 754 5 1 [
YOLOV7 &%:T YOLOVS Hit— Db iAY . YOLOVT 7ERI A 4 N« F
AEAREL N 2% . FRIE L& 4% . R s i 7 DLR etk
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(a) #yA\¥ii: YOLOv7 £ YOLOVS [ 5EAl Bk — 2040 7 8 1Y o 5 g,
SIN T EEBRIEMTTVE, $2TF TR /N B AR FI 4 37 5 1) 3d R g

(b) FHEFEHUMZE: YOLOVT 5l N T ELAN M %% (Efficient Layer Aggrega-
tion Network), 18 id 5 /& R0 FF4E 2R & WL $2 7F 7 RRAE S HURE 77 o Uk4t,
YOLOV7 %/ YOLOvS H1#] Focus B, B HEREBAT T REE, JHb
TIFHER R IFRTE TR E . YOLOVT FIET MR, ReasseiEF
BB SUEE, RIS 23 S RO I

(¢) HHERM &M% : YOLOVT /£ YOLOVS [3Ehl Edt— b4k 7 R Eml &
BAE, SINT EESIRE R A HLE], 3T T 2 REERHME R & 8O .

(d) Rz YOLOv7 I T &AMk, WR4E B br i REEFAEEE A
VAR N SR AT 5 AL, 2B TR B Ml 2R id 72 .

2.3 FHEIE B E IR

231 ZREYFEME

£ A bR sk, 2 REERMaG 4 — BRI TR, JUHZENA
PR IAESS H, BTN BAREEER TR ERER S HBAR, HAERE RO R T &
Gy ERFRBEMHER, Wi B0 PERE S . FR B ARSI Uy 3% 32 2]
LA7r AR =38

(a) FURFIE/Z . BRFAEJE HARKSIN 5 ik B AR A A SR B 2% B — 2
HRRFAE B BEAT R I Rl o R, BRFIE R DT IRAAAE MR I R RPE: 2 00R
RAFRAE SRR — R RFAE B 22 18] 70 R KB AR, T 25 2% A AR i 25 HIA5
2, JEHOR N B b B S F bR R RS B E

(b) 2 RUEHIAN . 2 RS A N R 1B 15 U B Oy AN R RUBE 920 ol i By
fit, BEfE A RRIXT H bR R RS, JCHEH T/ ERAKE RN, 58
1M, %07 1%/ B R B AT AR AL SR UM 2%, S0t SR A A7 o5 T
I, R A AR B 2 R B R B R SR, TSRS TR BT

(¢) ZREAFAL. 2 RUBERFALJ5 ki Or B JF 0 o 8] J2 10 22 ROBERPAIE
B, Befs A N H AR ROBE AR A 1] /R, R 3&E AT/ HARATER H bR A I . 48
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M, ARG AFE R & 2R EE SCEEH RS, B AL ;
R JZHFIE By e {10 S 855, /A RRE % .

(1) FPN %%

AT R IR =20 8, LINFSISE N T —Fp T 2 REERHER A A
B 2% S50 FPN, B FETRTE H AnRr il Bk 2 REE HFREiR o ae 1. Wil 2-6 fr
7R, FPN A% O AR 8 A SRR AE & S 454, B R B E R = 5 B S
R IZRHE B S BTG A, AN S8 S A R AN [R] RUBE H A A 0l 1
BEo SATM, FPN AUHEI R — B IREE UE BB 2R E, TR S EURERF
TiE (25 (85 BARRE 7R 20 IR EIER 2, AT PR T AR AE L& (78 7 1k

FFIEFEHR

2-6 FPN Mg 4514 1A
(2) PAN %%
NT RN FPN AR, Liu 8 AR I T —FPbr (U RHERL S 2% PAN, 1%
P 26 25 AL A P 2-7 BT

N
\

H 7 [ A g A%

1
|
|
|
|
|
|
|
|
I
/

A4 A £ #f 4

\
1
|
|
|
|
|
|
|
|
[}

RHEFEHL

\
1
|
|
|
|
|
|
|
|
|

/

2-7 PAN [ 2% 25 4 1]
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5 FPN 2581, PAN [FIFER A &7 M RHER IS . 5 FPN A E ),
£ FPN FJJERE 8N T — 208 ERAR, SR ZRE R AR08, IR 2
REAIE ) A A 3, AEASHRRAE ZE AN [ J2 U0 2 R BB % kAT BE 70 20 1028 LRI, 30—
IR TR AN [ R B ARIE R o IR AT BAk D FE AR Al A R R E
g, [EIIE AT AR B S 2 AN E S, A HE m A &

2.3.2 3 FEILH

TR I B IR B OME T A B SUAR H, HA O T 5 SRR TG
SEARFAE . BEAE ZALH ) o BN S R IE A, HAE Bkl 35 S0 B
WAL S RIS 2 IS AN . Biltn, Vaswani 2 A#HE T Transformer 1
B, ZMORLE B R U SE I T O e AR, B ) TR AL
WA R, HARESIAES PN EIERE. BEEFRIRN, 2K
AR AL BB e, T LR T B . AR E 5 AL BLAE 2 A4
te A FBENFULT ZFER 1N

(1) JEIEE R SIHUE] o 2B TR AE I a3 4 B R, X AN [
BT AR BRI 22 A0 B R, i S R 4 SR S SRR R A R ). X Fd
T 24 B2 1) AR AIE UG 956 SR I BB AT R FHASE B 0T 22 a8 S AR IR 8%, T Ak
P2 PERE o IZ AL I 2 o] AN T AR 8 AT 55 T ) R MR, I 4%
[ 385 S 1 189 00 S B3 0 R S IA RIS S A B I, AT B G A
BAE P X MR AE . LR IEVE R /1A CA & J7(Coordinate Atten-
tion)81,  H S BRAE ML PR AP N IEATIN 3, — AN AT A R, 5
— N SO A AR B A S0 3 (00 38 T A G AN [F I TE P REAE EIAL, e
T 5 A TR 4 B e A B RRAE o X PO VE T LS| N B Re 7y, 4% e g
T AN R E (B, AT B S R R A R

(2) ZERFER NS e —ME T EE BRI T 5. I8 gE
B APEBOGII XIF , 23 AE R ML R A 0 AR A 6 B R RFIE R
PRHLRE 77, JUHRIEE A oM/ B AR T %S R IR . #1401 RetinaNet!*]
R FRHIE & T AR R G S, Sem /N AR IR, A4 e ke 4

ou
He o
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(3) JEIE 7S [AER L] S8 Al G s TE e A A AL B R R, %
IO R ) E R R S G 0R, AT B i R AR R K RSOR A HERA . i
B2 7F 2 /1 (Residual Attention)POa 48 1 S Bl Al 18 F1 25 (B VE = N AR, fERRZE
HEEAZIE, ATHBFHRRER, J5RITAEX A4 5] N4 55k
(Global Average Pooling)% N %, Ao FIHAR ETFXUER, BEamBaxns 4 RkE
RIS RE /T . SUAY I TE 23 A VE R I M 254 BAMPY, CBAMP?, DA-Net

.
=

2.4 BENWEEMR

TR B 27 2] HARA MR B R S5 R 2% . S 8B e R Sk S s, s BA
TEBHIRZ IR e 4% bmRugdr. ik, SRS BCNEEM AT . R
I RGN 2 B2 IR TR SRR GBI N S RO B A TV, RTH R
AR E A TR AN N s B A 10 EE . BN, s> 6 AR R R e
A N RU R S S5 7 AR AR T SR 2 BB, R B (R e A TV 5
FURALREFE T . BRSO H AR R IE R VEREARRE IUATHR T, did Fe
RIFEERES SR, RABRMENSITRREHE R, 25, SRR
WITEEEI NELF =28

(1) BRI

BEUW KR ERE B R & LR I T AR EERER,
41 Chang 55 NPERABREE A7) B EAUGE 1 2 REERHMER B RN 454, FM
2% G5 R )l SR B ORI R E RS HENITEE. HEE
B AR ] 2-8 frs . R 73 BRI R A ] 2-9 s, 5l G AN
[ A2 VR P AT o3 B 5 AR ] 43 N IR EIE B (Depthwise Convolution, DWC) FliE
MR (Pointwise Convolution, PWC) FiANTFE.

Bl G BAR ] 2 B BRI S R 0 2-1), @-2)Fr, K(E2-3)%

AR ENNSHUE L.

il

P=HxWxKxKxC1xC2 (2-1)

PQ:(H ><W><K><K><C1)+(H xW ><l><1><C1><C2) (2-2)
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b 1 1
1, 2-3

R C, K )

HH. W. CUVMANSMEE S, %, BEH. K NEFRZKRTK

Mo C2m A R EIES . EHFEL T, C2. KM KT 1, Bk, &
FE] 7 EERN S HET D T E G .

RN BN K N/ BESE
HxWxC1 HxWxC2

K] 2-8 M IEE
BEEER Owo BEER(DSC)
Y 1X1

At HARFAT

HXWXC1 HXWXC2

2-9 WRIET] 73 AR

(2) FRAIETRL

AL B ) HR SERAE F A Z N G R AR S EUU RIS, B4
SHOIEAIERE ST, R (E RSO i s ma i s, $8 28] 2205
WL IR BRIX L TUR SR, BB AL Be 8 AE ORI I e A RS E AT IR T
RIS ), TS L BE ISR s A A 2 Deeng 45 A POV gk %of oY 2% o AN 1
TLEEPATEIR, MORHED TS HE . Ah, Cui S APHEH T —F
BRA R R AE 7 , RE G5BT S B AR AR AR TR, TECRFFISE AN & (1
[Fil B S BT A P 4 R

(3) FiR 20
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FIRZRTEA T ot — FPIER2 52 3], e 5= 2% 10 v 1k e AR B AR O M4 2 1)
2, N A8 1) f] SR BURR N s AR AR R I 6 o <R DT Aot 228 oA 3% v ik B
AT B E RIS 2, 1780 it A UM A 22 0 2 b 30 Y A4 1A B 3
AR, B, Zhou S8 APPIH T —Fhdt R AWK B R AL/ H s
R g, BT IMA SN R Z8 1 AR, YOLOVS BEREAT AIIRZE T, %07k
FeTHS HARRCIS BERI RN, GRER TR (R AR

i A B iR =R R AR A T, AT DR GE BA RA TH
SR FEAR AR BE 2 TR B R B o 2R 2-1 RTEE T EATTZ I A ik £

2 2-1 VisDrone2019 a4 %2R0 58 =

Tl P R
BB FRRMSACE, BT RN S A FI G 5 B
PRRIBY AL MERTLRSE, BEARME T E BRSNS (130 F 1 22

FIRZME BRI, KRR #Umm e BE S RAREEZUT M 2% P RE

2.5 BIRE SN IEHR

25.1 #iRgE

AR AT 256 5% IO BE S5 2 R IR T VisDrone20195%, % ¥5¥s 42 i il /F /&
Hi AISKYEYE BIBAf 57, FerfEdi et 288 MIA BL. 261908 MiiAl 10209
TREAS EUR . BUREP A B EARREE ST RALAN S, e
TR E RIARZE SR, P CASCRETE AN B AR ORI 7E, B0 5 10 & Kb
FEHEWRE 2-2 .
# 2-2 VisDrone2019 #4548 % Kb %45 &

% At
17 N (pedestrian) 79055
A (People) 26962
947 % (bicycle) 10389
Y2 (car) 144620
154 (van) 24899
K % (truck) 12875
—# % (tricycle) 4812
HERH = %2 % (awning-tricycle) 3245
NI (bus) 5917
FEFE 4 (motor) 29618
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MR 2-2 FAJULEH, ZEIREM S pedestriany people BN, HERZE
Honr LA 2 T ANLIUEAT N B AR BT a6, 5E VisDrone2019 HiyfE 4R LAt |
T R ANNUHEAT NGB 4R . M@z 2-10 Fros, B30 Npiid
. HYG, LT VisDrone2019 HHEHE T EEIT A NWE A 5% B
Ja, MIBRARZE A b 53 A NI, IRIAT AP SAREE T 9 TR — 201

VisDrone2019% 4 45

'
PRHUATIS6 P8 P 5
!
AT AR SRS
!
YRR

l

RN S

2-10 TC AHUATHAAT ARSI B e R A i e
2.5.2 iR

NBAESENT B AR IS RS RN, SR BIPE FR bR AT P (R
R (HARZE). mAP CPIEFEEIE). FPS (BB %D, HP. R,
MAP T+ AR w=(2-4). (2-5)~ (2-6)F7R:
TP

= 2-4
TP +FP -4)
_ TP 2-5)
TP+ FN
1 C
MAP == AP (2-6)
Cia

HATP AN IEREA R IR TR, FP N FiREA RS R T, FN Xt ERE
AVERRTI, ¢ RIS RIE, AP AN P-R 14 5 A8 b BT 92 T AR /N .
AP TR A S an2-7) i

AP =['P(R)R 2-7)
NRAEASCEER T ANHAT A eI 474, BRP. R+ mAP. FPS
Gb, ERMHEE (GFLOPs). BVEAUE K/MENTEM bR, 0 HS2i

23



iy AN YN T R VAT

TH R S8 85 VR IR UE AR SCHRE Y (0 07 ¥R AE T AHLAAA AT A A IUAE 55 A 0Bk

2.6 ARE /N

A EESE VRN AR 1 e AHUSTIAAT AT 55 B i I ) 1)t Bt i,
Xt BB BONUBUE Y B H P RN SE 0 70, 86 YOLOVT /RN SCIE AR AL 24T
WHge, ot 7 H BT R ERR AR R 0. BENTTE. &G, A T AT
P B S AN PR FE 5 o
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£ 3 F A THHEERAATRIT AN 5 A

MEE 2 FR Al AL S AR EE A BAT N B ARE R 2 AR
. W R. WHEEEER A, XL 7 208 B AR SVE T
0B PR SRR DO . R, AT AR B AT NS R, B
WS SCE AU AT NI RE T 153k, LS T =4 A HY S AR A m 3 5 b il

3.1 M YOLOvV7 1 RIZE#

AR YOLOVT BEfili i A i AT cduidk, R4 YOLOvT BEAE H bntar AT 55
R, EAE T NI4T AR b AR AE — SR 2, AR BIAE L
AR RITE

(D ANEARIEE AR : o AP RGBT N B ARl s S
B&, BT/NEREE. YOLOVT SR 2 REERIN EA BT, (BT 1)
/N EFRRHESRELRE JIAAA L, B 5 S BUR R B K .

(2) ZREGENIEAL: AN BB AT N B RERER, T
LR R BRI B S RSE RN, T B S AR B AR RST K. YOLOvVT B
SR 2 RERHERN SR T AT GE ), (HAEM S B AR AL N B R B A it
7 1] 6

(3) BRI £ AN EIE S, 17N BFs 2 8805 BB 2
[T RE R AR B AR RS, S HARRHIEAS BRAEE . YOLOVT 18 Ab B 141 it
IS, AL DURS B T BE 2 B 2 R

(4) BREFTM: TAIWEBREFRER, WAL ST A B,
WSROI FE S, XXl SEE s, ek,

EFX; YOLOVT BRI i4n4T AT S AN 2, AREAE YOLOVT HE:Fk
b, BRI SR VR SR AT B . UEER) YOLOVT BRI % 2
i 3-1 Fioss
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I
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B 3-1 BHE YOLOVT [ 4445 70 £ ]

AREFENL REFEREG . EEANS . om0 7wk, o
YOLOv7 HZxtfidn UG AT NME B IRHERILRE 77, @i EE 47 A
(RIRTINAR B2, B 1 LA T otk

(1) M2 REERHERL S fBE . ASSO B AR Z 54T T Bk . A
T B ER=A BB RS EAAS, @l gl NP AE R AR, I
¥ 5 FEAG 1 =A REERHAE R BT IR RS, WS 7 — %R T/ bR
RN IR 2 o %N B AR A 250 L R RFAE ] 23 FR e B vy, RS R BE 50 22 1 4
TEE, AT EIEN 2 AT AR R

(2) MIEZESIHUEI . A SPPCSPC FRERBEAT T EEM), Wit T —Fb
B TR NS PR AE R SR A5 SPPFCSPCS7. ZAEEL & T TS VE R JIHLH
SimAM, EIEANIBAZ BT, BE PR T RAESRINEE . EAh, FETN
HFrfrill =41 SPPECSPCS7 #58t, i 7 —Fh 2 REA I FENE . X —Bit A
BEUE AT WORIZ REERHIE(S B, IEREET SimAM V£ LR AT/ B ARFI56
MBS, FNMELEHE GRS T, 8B4 7TERERERYT R, BRSYR
NI, b T IR G

(3) MG EEMAE . $HH NWD RRE ToU 1N EbRE, KA R
TSR T BE R R THEL, NWD BERS A Rl i T 14 SN 2 (R N A A 5
SRR ZEBR N
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3.2 Z REKNTRIE
3.2.1 /pEHRENE

FERFIESE RO RE A, S W28 AN TN, RRAE B REEAS WS, 2 B2k
NEPRIALEEE . YOLOVT FERFAESEIBOLRE s L RE4T 7 TR R, HEIR
NRFERSI AR 172, 343 T TAAS A RSF I RHE B (p1,p2,p3,p4,p5) -
YOLOV7 I FA I (4FAE A p3+ pds pS, FLHIRZRHER ps 5 £ 5 s
AR, HEETHRAEE RS AR, kE TIRZ/NERKNAERGE, ikE
FHERE p2 IEHFAEF SN/ AR ERE . N 7R i I /N B AR AL
BEIER, KM T FPN+PAN (45, BTIRIZRHAERISG I p2 NEFREIZE.
B 32 fros, B JEOR =AY BARK I Z S m B DAy, p2 A E AT BLS SRR )
HHE B A, REE 2 00T/ AR AL BAS R, AN e hn il B2 i
AT NN R Bkl ge 77, JGHX T/ B x.

B 3-2 B s H AsA I =
NIAIEZ VR I 2, 6 YOLOVT #5881 p2 A6 I J2 5T J5 PR I R R
K. il 3-3 R, KR R PAASFETE S0 N BB 7 g T 5886 . SEaR sl
RYMEXWAEOLS, St Faon 72 REERIGE T, NEREE 7B
o LHARZEWEL T, P ANHRESEIER /N, YOLOVT AR JL-FJoik
R REAT H Az, 1OFE p2 AR E . JUFAr DGR B A i B s, ARk
RG] T R AIRTT
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YOLOv7 YOLOvV7-p2

(@) 2

Kl 3-3 2 RUBERG N 25 51

3.2.2 $F{EIETR =R

bR 020 o G BRI B R L, R EOGER X 0 I BE 2 BE R, T
PRBZ I DR REERHMEE R, AR A SRR 2 SoRE R 45 B 3= T
P, TR T S A I M e

SPP M tH SE L T RRAE B R S B A RS SRl &, 3 & RHE 1
KiLRE 1. 2 Ja XFRH T SPPF 45, LR BhAL = B 77 Som i 7 4544
FOMERREE . FE] YOLOVT H 5| N7 SPPCSPC 4514, K 3-4 fis, #IEH T
P2 R AR AE I H K. Nt — B3 KRR R B, 2 5t
FEBITH, ASCH YOLOVT A2 A ) SPPCSPC BEH AT E AL, $RH T —Fhi
FUERE AU R A e SPPFCSPCST, %A Bt — 155 1 i &
HARFRAE (S B RIE . 1B M 3-5 fii.

MaxPool2d

K=5 x3
Conv Conv Conv Conv Conv Conv
K=3 K=1 K=1 K=3 K=1
- o~ #—
g
Conv
K=1

& 3-4 SPPCSPC #iH 44y
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MaxPool2d
K=3

x6

Conv Conv Conv
K=1 K=3 K=1

K 3-5 SPPFCSPCS7 fHL 45

AR SR

(1 B, ZBEHGIH T34 3x3 s KM=, imd X fidadr A B
P2 BTYE o 105 E AT DUE A RO B AR i) R SUE R, SREUN R R
WRFIE(S S, AT HETH P45 1) 22 OB R AE Rl 5 e

(2) DRI AR ELRAS, Kb = Z BB E By 2
HOE =N SimAM,  7E BRI S5 B FN, 3 fida B8 AT MRk
BRI, I HFRC R R 2 Ak JE T R B T SRR

SIMAM NS HGEE L], 5D I TE A2 [ 2 I BERAN A AL AE T
BT 5 [0 JFLAG M 48 N IS 2, 1 A2 AR — J& H HEWT R AIE I B = 4B VR
B T RE R BR BT H R ER () FIECEAR R A (x) BIZRIE T A, AN

EE N X e RIS, BER AL IN(3-1). (3-2)i7s:
f=wt+b (3-1)

s

=wX +b (3-2)

X

Horbw ABE, o NmEE, A REE R (3-3) -

1 M-1

A\ 2
e (Wb, y.x)=(y, —f) Ve (Yo -
— 4=l

(3-3)

Hrbe NAEEMEE y NI BR AR, v My, 7 ERMEER A () A
BRI )IFE, | TR ERRG, MO —8E LSRR S

HH AKX (E-4)fs:
M =H xW (3-4)
NFESr R AL & B 454, 75 p2 &l JZ AL 3G N 58—/ SPPFCSPCS7 4F1iE
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WA, R T A 2 R R K HE (YOLOV7-SPPFCSPCS7-p2), #E— 41
5 T X 280 AT R AR IE R IR RE )

YOLOvV7 R 2 JRZR M 5ens 5, *tT A G g R S AT A RS
SEUF ORI R o NIRRT AUArAT ARSI AR, R R #4771
()5 M8 YOLOVT 3 p2 #6302 . SPPECSPCS7 # jif Ja X A g 4T A
IR NS O &1 3-6 Tz, SR T W 0 B I ARG 100 0 B AT S
SE R AR 2 RPER I NS Ja, AR B AT N BURZ R, S EE

o SR AT Fr IR R R A AR
YOLOV? YOLOV7-SPPFCSPCS7-p2

()= B

(b) E it

K 3-6 #JTE AT L
NEMIGUEZ AN E RS s R R SCE R, B REEAAR
NCHEEHAT R L. R 3-7 B

YOLOv7 YOLOvV7-SPPFCSPCST7-p2

(@HE ;TR

B 3-7 A RCR X L

30



iy AN YN T R VAT

AR T S S R AR X U4 2R . Hoh a S2OGHRARZ I,
P e E] H AR B Ak SO Z U, TR SRR AN St SEVEH AT DLAE B U0 H AR, AR
Ja, XFEA B AR S, Sod)E SR R R IR IERIARE ST, Bl
o 1R EVANINR . b E RS ANESZ BRI, JE AR T A,
M PR T Y et Ja SR T E AR e IR W S A IR . A
ATRH, AR 2 ROBE RS I S AT LAFE B YOLOvT MRS B 47 () Mo 52 2 1
o RS OLATIRAT AL SS .

3.3 NWD #fisk H %

it EE AT N B2 EO8 /N B b, SR T/ BARRL I, BT hnas i 25
MIRHIERISRE 14h, LRI vl B AR 2. & 3-8 fion, A AT A
I SSAFAHE, By C ool et 1 MERM 4 MERBTRIAE, 1 3 MEEK
LB W FE IoU TFE 045, XEY, MT/NEWRTNE, BNAE RS
M ToUfH. AMEERX — R, ASCRH NWD 84 loU 1E N E R,

1U—MnBtn47
U =lauB T
lu%
A
B loU 40 Cl 0.02
“Zlauce T
C

K] 3-8 14 3= % T 2L ToU 4k~ = B
RS R, WU T PR R, i TRE TR AR AR A R
£, ERRARE AT B9 30 W L FHE R L R b, N T TR
i 385k AR (7D 026 AR TR B, %30 A R = (ox,Cy,w, ) F8L 2 B 2 6 05 4 7

N(nX), WHHER PO RA R E, HEEN ORI FZEL R, X
T 7 2R 1 FAE AR B PE 52 o P A s W o A Z TR 0 A B . L, (ex,cy)
NI FHRER 0 AR, w h AL FIER MG, p, = REXWAGE-5)0
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W2
1% s 4 i 3-5
m= oy = he (3-5)
0O —
4

Fl Wasserstein 5 B R HE M EE, WAAFE W 4 & &9 A

o~ NM, ), ~ N(M,, X,) Z A EEE a1 0(3-6) /-
W2 ) = [m, =my o+ Tr (2 + 5 —2(28 i 2) )
XF T AL FHHE A= (X, CY,, Wy, h, ) FlT B = (cx,, Cy,, Wy, by, ) BRI — 4k & 40 A7

N, AN, ST — A, naG-7)Fs:

CX,,C %ET CX,,C o
SRR Py 2 (3-7)

PIW,Z (N, Ny ) A2 00 88 B B, NREE S EA AU B &, TR Hedk A7 19—
th, HrhCHEL. mA453 NWD, W=(3-8)in:

Wf(ﬂl.ﬂz)—‘

Zz(Na,Nb)
NWD(N_,N,)=exp(—1—2~2 2/
( a b) p( C ) (3_8)

NWD 7EAGl /N BV RS, BA XA E W2 R, 7T DA R0GE M 4%
Xt /AN F S BB A 4 AR T 32 S AL s 2 A S il A

34 LGERS S
341 LWINER S HELE

AR 352868 ] Python 18 5 4 5 (136 T Pytorch JR 2 STHE AL AT A R $5 1 |5
Wk, WA GPU 5y NVIDIA GeForce RTX3060, CPU A Intel i7-
10700K. %K 7F 35 55 # /F & 4t Windows10, Cudall.2, % & 2% 3] HE 28 %
Pytorch1.10.2. FI%, T HATH AATIAT AR S5 A 8oE S 5b, A
HET VisDrone2019 #¥i e, i B ity g 7T iAT AR B S . A
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FEEt 6:2:2 ELBIRIS NI ZREE . B uE AL, BAYIZRIY batch-size ¥
BN 4, P E mAP [HEATENIE, HREAABIRIUIERE

3.4.2 iHRA K

) P ¥ i ST 380 A B0 ME AR 1] e R X B R PR R I R R o SIEBR 485 SRR 3-1 i
AN, BN YOLOVT S8 (R MRS B . A [l s (e it A . P p2
/NEAAGIE IR TR, H mAPO.S BN T 4.1%. 4T AR G, fidn B
A7 N EFRERIR AN, K1, BT BRI R BRI, BB ML (RN, RRAE K
FIRSEAWIEAN, 285 R /N BARBIEE, 360 p2 Fll2 nT AR 5 2 16
T/NEFRGETE R . FRAERG N p2 Z 2Rl B 51\ SPPFCSPCST R ALY 5 158
P, Mg T 2 REMZ 45 F)(YOLOVT-p2-SPPECSPCS7), H: mAPO0.5 %7 /% 12
THT 7.2%, FPS 4 42, Ut T7VESRm 1 48 ks RS 52 5 ORAIE 1 an il i
B Ja AR L0 ToU FE AT /N H AR AL E A% UK I8, R A NWD i 5t
FEFE, mAPO.S 1875 T 1.4%. HERZAMBIAN mAP0.S iK1 56.4%, R
IR R T 9.1%. KT, BB ARCE K/ RSB — 2 i B, 3 T3
RN B I R BRI 2R

3 3-1 {HA S

model GFLOPs FERIRLE  mAP0.5/% R/%  FPS

YOLOv7 105.4 72.7 473 475 40
YOLOV7-p2 120.8 77.6 51.4 496 40
YOLOv7-SPPFCSPCS7 109.3 743 50.1 489 44
YOLOV7-p2-SPPFCSPCS7 127.2 80.5 54.5 532 42
YOLOV7-NWD 106.9 73.6 48.7 482 44

Ours 129.2 82.1 56.4 549 41

3.4.3 YOLO RFIE XL SLIG

(1) Rriupkg B2 B

NS UE AR T AT R AR T AR e, SR H R R A AR
YOLO R A FIELEAR R ) SLEe IR EE R BEAT R XS b SREG 45 R UnZE 3-2 fos, 4
BEELE AR YOLOVT HIRIIAE L E YOLO RAIFEHE . Wi
YOLOV7 fEMiFA4T NG A 3 et Lo Sk A 35 AP A e e, HLJET4AE
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T o Kt BV R AR TN b s vh e By, ARG IIRS B T T B A R R AL A
3 3-2YOLO R H kA U Sk (15 it ag:

model mAPO0.5/%
YOLOV5 36.2
YOLOv6 335
YOLOvVS 39.7
YOLOV9 45.5
YOLOvV7 473

Ours 56.4

(2) A RCR E*S b

N B SAIEAS B PR SR AT RE 77, X AN [RI SR80 AT 17 A0 R0 Pk
bho il 3-9 flo, i RZHBCN BAgo™ Bl AT N His, ARSI T I
B YOLO FRAGL, Al DAY RO o+ H AR 1 )= SRS 2 HERR A
BOESS Hr. xRN HSEFHOMIENITN, AEFIEEERERTI
NAFRTCMS I Hbs o SRIRE RN, AR FIRAE N HARE AN T R AR
PRALTE S BT W AL

(a) Ours (b) YOLOV7

(c) YOLOV9 (d) YOLOVS
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() YOLOV6 (f) YOLOV5

K] 3-9 YOLO R 51 524l 2 Sxt LL ]

3.4.4 W EX B AT EL L8

(1) Kbk FEXT LE
N TRy BIE AR B BT AR SR T e S AR, R A AT AR
Yase, BT 2R OO B B AR I SRR AT TR LS. St A IR
N3 3-3 o, SEZE R, ERNREE T, AZFHREVER mAPO.5 7))
b Grid R-CNN®Y, Mask R-CNN. DH R-CNN®Ug; 8.9%. 12.2%-. 9.5%. {Ef%
MR TTH, AR P Ek R R B A3
% 3-3 B B ARSI Lk

model mAP0.5/% FPS
Grid R-CNN 47.5 10
Mask R-CNN 44.2 12
DH R-CNN 46.9 20
Ours 56.4 41

(2) Hr il ROR B B

i 3-10 Fros, it DIRAEAR BRI SRS T UYL, RS
YOLO F 4%} L SE50AH R Bt 047 AA I E s 4618 Jv, 5 Grid R-CNN. Mask R-
CNN. DH R-CNN £ it XU Be H An kil SEREAT 1 AT AR LA . SRER &5
RERW, 1EHARER R, AR R 5N G T R W] 0 AR 3 A
B, Befig AT X oy WS B AR E Sy v LXK, AT FEARIR AR 2, T AR SO L
HIXURY BCEVEAE H bR 58 P IR RS B2 WY R R A, FEERE B
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H, AREHEANGE TN OCEFAE SRR T, RENE A R R X
BRI R S, SRR R T

(a) Ours (b) DH R-CNN

(c) Mask R-CNN (d) Grid R-CNN
3-10 XU BB i 24 SR b

3.4.5 VisDrone2019 # 3B 18 F 14 sL18

N T AR B R O AR e An BE AR B E A, R SO A
YOLOv7 J:HERIEAE VisDrone2019 Hdfa b kA7 xf b sty a5 th 3 hRiE
T AFAFEISE I H AR, AT A 2 S A AR IS . kBT 7019
SR ER, FREE SRR 6:2:2 LB AIIGREE . BFAE MR,
IR HEAT ISR SRIRE5 RN 3-4 Ffow,  ANA AT DL AR 2 b & ksl B b
FEASCRERY F#AS 3] 7 R R4 T, L pedestrian HIFETHERR, H mAP0.5 #2
YOLOV7 8T+ 1 7.8%. Xt WA 775 v) A Rl st i di B o AT N H A
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PIRFAERIE, HAFHEAFEZEA B bR GBS ae DRt ER, Bk A
T IR T AR TS AN RE AT 55 R I 32 0 A 1
%% 3-4 VisDrone2019 45 4E F 138 14 300

Ak YOLOV7(mAP0.5/%) Ours(mAP0.5/%)

all 47.1 51.1
A(People) 48.3 56.1

H 47 % (bicycle) 33.1 38.6

VA% (car) 19.6 23.5

1% % (van) 76.9 82.3
£ % (truck) 54.8 58

—# % (tricycle) 59.2 59.5
JHERH = #¢ %% (awning-tricycle) 34.8 37
AALH (bus) 25.2 27
FEEFE % (motor) 69.7 73

17 N(pedestrian) 48.2 54.7

3.5 FARIT A R G R AT AL 4

WL T — BT PyQts HERFIHITAT AT RS 1ZRGIE
T £ ic B 4 i5-8300H CPU. NVIDIA GeForce GTX 1060 FI2E i A Bl 7 &
56 BE B AT BOCCRE A AT BB AT AR 23 A . 12 R e se g fE
I PyQts I S AR SEIL 1 ACUF (B R A2 BSR4
PEFE AR R IPAT . BORERAFEEAESS . RGEHE R 1A 45 FL 1) T4
Wt ohfe, WTESEVHE AR AR IR B AR AN DL SR

3.5.1 PyQt5 &/t

PyQt5 7 Qt5 HEZES Python MERRL, AP RESRAL T EMEIEH P 5
(Graphical User Interface, GUD N FHFE/FHESE, AT LAYE Windows Fl Linux %5 &
i FHHTIFRAEH . PyQts @I Qt i CH2E4 0y Python 28, F7u /0 FIH
Python FIEVERFPE, 146 T GUI N FFEFF T K iifE . H5 Qt Designer 55 K ¥
FP St TR AFeA e, AT 3 B % i WL T A ST s 0 T
HREF S . Besh, PyQts #2447 F 8 IR dan QtXml. QtCore %5, At
HEPERE. RN GUI BRI T RS,

i
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gi LRATIR, PyQts &— A IhResE K HRIER GUI AR TH, &EHTFZMMN
Fmst. KBV GREREE AL FE 1S IT & & feis m R0h 61 2 & i & 1 5
TH S AR

3.5.2 RGIRESRNRIE

ARG EERE =AThRE, MR ANIR AR 5 AT
I, VAL P A 55 A8 AU e AHIURL A AT Se Rl o Al AE an &l 3-11 iy
AN, BEAKI RGP f R C AN R PR RACE, BEINEERE, &
Grox A W28 S 500 Ja SR4 N I A A EAT AN, eI ) DURR B B O =5 SR I %
I ¥ Th fE 5 A o

% A
b #
A | g | DhEEERE . o
/% = i—ﬂ = jxﬂbﬁ).‘i}\ :}mu
i 738

= PR

B 3-11 faAT A IR Gk I e

3.5.3 AL AR

(1) Farill &

I Z 2 G0N B SRl 1) SFEA E S0 A i [ BEAT A o e A b
B B LUTR SR R AT ARV, AEAT N AR XS A7 A2 7™ B, U4 X
AT NS =6 BRE. BN YOLOvV7 FIEME AR g5 R an i 3-12 B
N, WA G4 R T UG H, YOLOVT Byk UG 2] 48 M7 N Bhs, ST
JR AT LUK AT AE W] 2 IR I R
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EADHAAAT A HARK B R 58

AEFEACE XM TP TF 34 % 1TIT L EiplEr1 SN IT b3 el e ] W 1e R NoTrack

load yaml form E:/yolov7-pyqt
yolovT. yaml.

load yaml success.

read image form E:/yolovi-pyqt
1/0000042_02231_d_0000075. jpg
time:3. 78264s save image in
result\0. jpg

pedestrian:48

K 3-12 YOLOV7 546 i 45
N T BAEA B iR BRI, BRI YOLOVT SLiEH]
BCE S, B8R R B B BEAT R, RIS R anl& 3-13 B, R4EA
Mg ita5 RrT 0, SRR AT A 87 4. AHECT YOLOV7, AT A B/, i
B, T RERAORIIN R 2] 7B 0GE . RIa R, AmAE i
TRFE R 5 502 B BE I om0 B A% SR AR H AR RRFIE RIS BE AT -

HAPAHIAAT A H bR 3 R 5

AEHFACE T TP TP % TP M FTIT MR I Rl il pe W AR R i NoTrack

load yaml form E:/yolov7-pyqt
volov7-pedestrian. yaml.

load yaml success.

read image form E:/yolovT-pyqt
1/0000042_02231_d_0000075. jpg
time:1. 50654s save image in
result\0. jpg

pedestrian:87

IRl 313 J TR G 5 At ) S0 P 4 2R
(2) AL
NIRUEA T TS FAER AL TR SRS AT N B s Rl g 7, AR ALIAAT
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NI 22 G0k A AR AT AT ARG I o RN AN B2 50t B vk AR SO S AR ) &5 2R
WA 3-14 Fis.

EADUAAAAT A H AR RS

AR T TR 3 % TS TR I IR cel] el ) BEE AR 1R i NoTrack

e a
49/196 Frames. time:0.07676s
fps:13.027

pedestrian:33

50/196 Frames. time:0.07683s

es. time:0.08197s

es. time:0.07683s

es. time:0.07979s
strian:32

rames. time:0.07679s

es. time:0.08178s

1al
es. time:0.07580s

B 3-14 MU R

A 2Bk AT N T TR s, RE 5 IR o,
HIZA AT NG 5 5 55 BIRE . o J5 5005 L mT DA 58 B f e il H A 43 e
FrEAT NHFR, 248 R AT Pig VA LA BCRER SRS T AL EAE
B, R RN RAAAERRTERE . 28, BT AHUTR R I 2R 48 B
M ECAEE (SN, AP A BeHERE 13 5K (FPS=13), il i SEI P8
At ZRGCA T R SN N skl iR, JE2h 7R m R
HPE, T LA R e e 1 RE B AR A B

3.6 KE /G

ASFEET X H ARSI SR AEAT AR I R R R E R E 5
MIAE, £ YOLOVT HyZEfih b, f2H 7 — Bl FAR AL s M in 47 A oA 5
%o WRAE T AR SR LT 2 AL, RS & B RINHEAT NS
MARGTHAT AT A I B SIS AE RRW], Sk Ja i YOLOVT fERTHHAT N lAE
F RS ELIA R 56.4%, LT 28 L B BOXpr BUR k. Ak, AR EE
Xt 7SR S HAR A R A R A U RCR, 2B IeE AR Ty
A R
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£ 4T IRITABRENRRNTGE

255 3 T L YOLOVT Dy iR, ] 20 RUSEAS I S5 S5 ik 48 5 7
2, ARG 7R EGAT NG BIRIERIERE T, BB 7R R
BEo Dy 7 AE R IR A B D) EAT RN SR (R EE B, SRR A T SR K
TR EZETE, AR MR RN BT 7R TERE L
il AR A, JREE G IR A BT RO Tk, W T RAE R 9 Gt 1) YOLOV7
H b I R 3 AT B UG .

4.1 BEIRR

AR T —FE R S BRI, ARl R B T A B
FERANGIARLE A, LB TR RE S T ESCR ISP T . BRI S, Bt
T FCBAM fiidl, iZ#iHuiEdfl & CBAM 5 FReLUBME & %y, #E—D1s8 1
REAESRECEE 7. L, CBAM MRS b 8 v & ) R0 2 IA) VA 7 0 R U= AT LA
57 D9 45 REAS 12138 S Hh R A T ORBEERRAE X 3. 1T FReLU M@ 51 N3 [) R S0 /3
B, R TR SRR R IARE Sy . AEBRIERE I, K FCBAM SiRE A4
BERANG S, Wi 7REEPER. REN 5 EEPEE K S EE R
FENUR E G RZ SEA P IR, BR300 T SHEMNITHE. G
BB, PR B S A BT ERAE ORI A IS B2 1 (RIS, A 7 A2 (R AL B
K/NFITHR &

4.1.1 FCBAM itk

TR IR B 5N 93 i 0 2 AR e 3R A 7R R LR o (2% REAS | 2
RAETHANBIE B E X, AN 6 U AR BT RAG S, AT SR TR
WIRMIES S BE ). FEARZIERINEI, BPUERE BT CBAM & —Mis 2 H
R, WA SRR B R . R IE 4-1 PR, s 5
ANFATIER 7. @IEE = I CAM (Channel Attention Module) F
23 ) VE B /7 SAM (Spatial Attention Module) , 43 i MU T8 24 B 125 ) 4 i

41



iy AN YN T R VAT

XPRFEZEAT E G RN AT SEDL T SEAS A (KR AL B 5 1 oo IXROXU A
JINLA RE S AT RAR TR AL 0 B ZRFAE KR BE 77, [RIIN I JE SRR 1 T3

TBIEVE S

~~ 5 ////’ [ﬂ <:><:> S IMo

HfEite LEHE R

LA
EEIPE= WAL 8- Sigmoidif i B %L
(SAM)
BRMEMmL  BEL 22 (Bl E R FIMs

] 4-1 AN 2 ) 3R = B A AR R
Y EHINGFIE F e RO®Y, HOM B VE R IBIR 3R E R i N RRAE 4% R
T IE HEAT B KA AR E AL, SRS A JS TR AN — 4 1) Sl A 2 A
BTG 7] Me e RO, i Jo 4 B TE T 7 0 5 N TG 3 A0 e 45 3158 18 REAE 1

2 AN R I A N B CAM FarHH 25 SRAE N SAM %N, X AR
HE K F AR 2% ()R AT B AR AL AN Ak, XA B T AN — 4 [m) s 34T PR
MEREHE, sElTEEES F R, AR w4-1). @-2)fR:

F'=Mc(F)®F (4-1)
F'=Ms(F')®F (4-2)
H FRAT %1, CBAM & —FHRAEE INLEISE, Wik CAM. SAM M1

BEER, RS AR S N\ RFAIE [ 38 S Hb 27 > 38 18 R 7 ) () B B, Y AR A () RRAE
Rikfe ). NFE—DH5R CBAM X W28 1) 25 [RIBUBR RS, TR Zs B R, 2
TS FCBAM. 4l 4-2 fizR, £ CBAM R g AGIE, JER
Fi7 FReLU ¥iG k¥ . FReLU s&%} ReLU Al PReLUI i, A% T Leaky
ReLU, FReLU A] LUKHE B AL IR RE )it AT S8, EBI A B P3N
SORBIA AT Ry, DAMAE SR SR T IRAS SEAF RO PEBE R I, 1 iR ) 45 5
P
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—
AN
—. AT R I @ 7[R R @ '

= LR (CAM) (SAM) =
(Conv + bn+ FReLU)

K| 4-2 FCBAM it

5 ReLU #H[Al, FReLU tH13 ] max(x,0) SKIKAF x A& AR 2 MR R AE, -
TSR AR, RA—ANSEObE FORHR ARG R Z B SRR, R
A TF A7 BB AR R AT & BV B . ReLU 1 PReLU () JE X 4 Jil 2&
f (x) = max(x,0) # f (x) = max(x,P,) » FReLU fJ EAFH(4-3) (4-4)FfiR:

f(me):nwx(&mPT(xMJ» 4-3)
T(Xc,i,i)z Xoii R (4-4)

Foof, X, FOTOEIE ¢ b ARSI B M F () 7E 7R AL G, ) OB
% WL BT () K For: X0, TR X, WL RSB E
W CIZE ]S b 3t 5 i R AT P KR

4.1.2 B EWEFTIELR

N T A B AR B AR 2% 52 01 [ A o DR Y R RS M R R RE ) AN B2, et T
— AR EAERIEEL, IR BT TE Al 1R LIRS R
iz B4R, SCHL 7 U SRRCR SRR AL SR BRE T 1T o AR D T B AR 1 [
I, G CRSEE MR FRE. WK 4-3 R, 2B TR AR T 20y BRI

LI

H /AT FCBAM 5 HURE i N AL 38 38 (o1 ) He 4 oy i 24 H H A il 3 3 4
(c2)i)—F, X RAEAMIER RS E AT, i E R IR G 1
FEERHE IR IRE T, ) T IURAE R . #54E, W 48 )5 HRHIE BN 2
R, DR SHOTEE . BEIE SRS A 8 TE S AT SR
BAE, BTSRRI, FRRE T ERSIEER. AR5, BEIINHAE
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TEHCA c2/2 FIFRHE EEAT P, IRECh c2dmE B E . s 5, N T IRIEA
[F) 1838 < A (A B AR ., SRR BB 4 B B IRE BN, AR SCAERIER
a5\ T IBIERLEAE (Channel Shuffle) . 1Z#E@ 4T ELEENF, H58
TSR TE A R AE R BE 1, NIRRT T ARHIER) 2 REE R IARE ). 2%,
i HH B TE 0O 2 IRHIE AL

C2/2
FCBAM |_,

SEE

c2
it AR AT
c22

K 4-3 R GRS
N THAE CBAM. FCBAM. #5445 R B &5 77 v 6 A ) 55095 1) Mk e 5
Mo e 4-1 fros, JETHHEAT ANBdEEE, K207 E# YOLOVT HFERl &
2% p i AR, HEAT X H IR

K 4-1 SLER XL
CBAM FCBAM #REMEHEH  GFLOPs/G  WeightM  mAP0.5/%

C1
FANFHL

v
-— | S |
(@]

YOLOvV7 105.4 72.7 473
a \ 101.5 70.3 47.5
b \ 102.3 71.5 47.9
c \ 94.2 65.5 47.6

MFE 4-1 HATLLE 1, CBAM. FCBAM. R ELEAMLL, #IRT T
YOLOV7 EiERM G, 4R, CBAM Ml FCBAM 7EAR R &2 84k 75 T i SR
HARE, MZTT, ARSCHRH IR E S BUSTHE B TR IIORS BE 1 A B, 4
TR TR AR

4.2 TURMLREERIBIFL

%3 %, T YOLOVT Rl SEAEss BIFIRIR N F AR I06 BL .
iR RIEIAE ), TTREL T RIZ. WP 44 FER, 3 TR R
T p2 KR, ASBERIO=A FBRREREAE A p2 Kol 5 ol b S e 5
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MAEEME G, FBCEZ MR T/ DA ERS, Amdes il Fm
IRAS iR R, BRTEXHTIA /N H bR A e

& 4-4 3 S50 U 2 9 24 A R

RTINS RGNS, HEREESD s FEUNRSHT AN
T, JUPAGFIERSTBhr. B, BEA A KRS HAR BT 32 5 R
FH AR ERAE S BR BEFH e 25 7 HAR i o X BERLHR JFUA B 7E 4 H KT H s
14 R ARHIE S B, I R B SRS H AR ) BRSO UE B EAERIT
ANEEAES R, BT HAR R8N, AR SUE By B sk i
TTERA R, MmN T AN BT RS

W& 4-5 FroR, ASCER XS bk [ JU6 5 3 BT kAT TG, HIkR T 32
55 N RAE MR IE SRS . oF o7 P REAIE Rl A B DL R A oy o 3 — S0E 50 1
JE s ) 25 S5 AP AE RO AR W R, kD 7 RS [ T B R R AR K/, Oy i 8
RN U A T B A TR

s

7SN

4-5 BB S
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4.3 T AR EICNARE

ABH X NN NG IESS, R 7 AR st )ik, If
R EAOHAMER T 3 BERINMSCERES, il 7 —Mimr MR
MEE, Mnir N B AN M 2% 450, Ak 4-6 Fror .

N/ \ | Bottleneck-#% Bk ikiEk ‘
[E_T }r Bottleneck-## AL AEH i 11

i|! I
| [emmn] | |
; > W
UPSample i |:1 .

b MP_ ] L
CBL L |
Pl I
l Bottleneck-2 &L itk IH‘H Bottleneck-#% &L Ak i
i |
R || ] |
....... ! I
UPSampl ¥ ‘
_______ ample i i [ MP ] i

i
= | |
[ Bottleneck- 7 w5 bt ) }\ ‘} — = CBL
/ \ /
,,,,,,,,,,,,,,,,,,,,,, - e @) = | BRI

&1 4-6 FLHEAT N B AL AR A 7R o0 255 45 #g )

ZEIE TS 3 HEHNGE YOLOVT B ARG S NS, 1T T8
EALAREE . EARIETRMIES SR G YOLOVT Bkt m 7 E G 1T A E
PR IIRG B2, (BB E T I, TIRFELL T AR

(D H@EH . ERERLA M EE T38RI B A AT 2 RUZ A
e 3 5 B T B R AE R AN B AT R SR IS B, TR R R
o RENDRIERNRHE B RH K BUEE SR 2 0, tHE R B,

(2) BGhksiljzZ . BARTT DUR A AT 2 ROEE B AR AT RE /7, (HIX A
TN T A b A 0 28 RURS I o ) B0 2 B

FIRA R IR A A BRI R A R, BT R SE . ARG AR T

SEJTT, AN SR AR LE TE AL S B2 BRF & LA SEPRil S . X —
)R, A T AR R R AR B A A 7 TR T EE XTI R ok,
KA TR H B GEE e T RRIE RS W 2 o 1 E S s,
TREBNFHER G M . 2R G REIOE 45 G IR 7] 4 BB AR &
TN, (R SRR AR R B I R, R T R A G SRR AE (1 B2 L A
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J1e Fk, BERHE B B AR RS EE RN RE AL RSO K AR RFE SR
L5 il 0 00 LA S A s AT 1 BT R, AR RR 1 ORI RE S B B TU AR
gL, FOU 1R AL B A

4.4 W55

4.4.1 JHRMSCLG

IR A ST 7 VAR B PERE AR, T T8 AMLLAAAT AR I A a4
LL YOLOv7 B NHEE, & FhnE R I, I V8 Bl 200 PPl 4 5 42 Hh i
AR A B A RE RO . R 42 ATLUEH, MET YOLOV?
FMERE, J7iE a B I N EARDL, ERIFEE mAPO.S ERETT T 0.3%,
[Fl B 9 /0 7 B A B R/NRIT SR . 7R b @S p2 AN B AR IE, fE
mAPO.5 1271 1 4.1%, (B3I 1 ACE R/ NS &, J5ik o fE777% b i EEA |,
KRBT EARGIBR TR BARAIE, B mAPO.S FRET 0.5%, fHALEX
NEACE 36.3M. J5V2 e A B i EALBIRAS R BT RLROR, RH T3 3 RN
BT RHIESG SR 02 1) YOLOVT il 535, mAPO.5 L YOLOVT $2 7+ 1 8.8%,
L) 56.1%, [F)F FEAR TR AR /NI L&

K 4-2 TH RS

g7 ikl p2 Bk SPPFCSPCs7 Nwp OFLOPs  Weight mAPO.5

/G M /%
YOLOv7 105.4 72.7 473
a v 94.2 65.5 47.6

120.8 77.6 51.4
121.7 36.3 50.9
i v 98.3 29.8 56.1

2 <2 2
< 2

4.4.2 ANEIHEME LT EL 256

(1) RrpkS B2 B

IR A TR I S AE T AU AT AR AR 55 A 2, AT 52
PRI SR AT T XL SESS . MR 4-3 AT AR H, AT M AIMHIT NEEL
RS (YOLOVT-HFfEE s+ 32 ik ) 7EAS IR B E RIS, mAPO.S ik
56.1%, T30 HEsKE M5 Faster-RCNN. Deformable DETRI, DL K 4f %
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/N EFRHIRE S QueryDet!®IHT TPH-YOLOVS. RS HIH T4 3 B4Rt i st
5% (YOLOVT-HFRAEI 58D, AMAE B mAPO.S BEAK 0.3%, (HILTHH G A &
BEAR, MERURE KM 3 BRI 36.3%. LB T A Z PR A2 AL 7k
R 2, AT AR PR RS0 A dn B AT NRHIE R IR B I I [RIIN, - BRI AR
MR BLAh, BRI B b 42 5K, el A 2800 2 T AN
A5 RAT NS IIAT 55568 S 9 75 3R

F 4-3 AR MR L S5

model GFLOPs/G Weight/M mAP0.5/% FPS
Faster-RCNN 184.5 204.7 33.2 26
Deformable DETR 203.2 187.9 40.1 31
QueryDet 18.3 27.2 30.7 36
TPH-YOLOV5 113.1 171.4 45.5 28
YOLOvV7-FFfESG 58 (28 3 &) 129.2 82.1 56.4 41
YOLOV7-HHEHG s+ 54k 98.3 29.8 56.1 42

(2) HlRCR X b

NBAEAS SCRIRAER I A 85N AT R, AR J A Il Sk dt AT 1]
MACKS e N 4-7 s, Jon T AEAT N EASRGT /N Db B . Bk
PRI E SN AR FIR ARSI A R . SIS IRER T, AR SCHE A Rt SR
AR ITERE LI TS, SO 7w AN B R R AL BN H
Yy, ASCHEE R PGEE 51N R RS SR A HOR 2 ROBERFIE R & Sms, 38T 17/
H bs e A 5 IR AR, 38 G 7 BIRFAE SR BUA 2 S BUR e . ZE(ROC IR SR AF
N, e ROE R R S OB R AL SR IRBE T, SR T OEIEAS R RIFEIE, Xt
FLEGATEREWI R R, AN, BEXTRISE ST, AR AT E LS
R 7R, BB 7R AR RE .

() YOLOV75F3FﬁEi§E (b) YLov7-¢%?i%'€§+¢é%%
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| (e) FasterRCNN | | ® QueDet
B 4-7 AS[RIAS I B0 bl 45

4.4.3 it A E A SCTY

SR EGAIE AR ST AR HA R ARFAIE 38 55 A0 5 A 7 20 e H o ) A i FH 4
A%, EEUT YOLOVS A1 YOLOVS P e sk A e i, 7R A
FOAT N0 00 A5 AT 7 % L S 58 o R AR SO H A Ak SR I 4 i) 4R R B
YOLOV5 #1 YOLOvS8 HJJFaaaifyrdr, FEx et ja B R B BEAT 1 PRAG . 5K
WE R E 4-4 Prox, LARTESGEE, YOLOVS Al YOLOvS Sk il
PEEESII AR T, HAGTRSE mAPO.5 70 Hl5eTt 1 6.6%. 8.6%, [FINALAYAL
RANFITHE S R E AR B PRAR . SRIR 45 SR, ARSI H R IE 3 s A A2 4L,
JTE SRR R A B 2 FE AT A IRAGAE T, FE RS B0 A0 AR P AT AR
EZEIRRE TR, Jol /A RS T SRR 4% 1) YR o
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LA TRER AR 22 A 18 S

R A-4 KNy 08 A S

model GFLOPs/G Weight/M mAPO0.5/% FPS
YOLOV5 15.8 93 35.2 97
Mk YOLOVS 12.3 4.5 41.8 100
YOLOvS8 42.5 27.8 38.2 106
it YOLOvVS 38.1 13.4 46.8 108

4.4.4 KM AR FE AL 2 Fh

NIUEA B PR FRAE T AL A R R SE bRt e RE, T2 3 B BHIM
AT NI AR S8, BAA B SO AR, A A L SRR S T R
TN B A REAT LS . SLIRAIR A 4-8 Pron, SLE) 11 DS HAR, R
DU IR LR - LN, RGUSERTAR IR LA R 14FPS, 5 2 5 AHLITIAAT
NASEIUAE: 55 [ SIS PR K

EANUHAT A H AR 3 R 50

AR 1Y FIIFR Y FIELE 82 HIFH e 3, e ] Heakem fra 372 i A NoTrack

me:0. 068825 fps

me:0. 069815 fps

me:0.07480s fps

me:0.06081s fps:

] 4-8 I FH B A5 Sk S Aerll 2 R

4.5 RE /2

AERW TR N R, AR ERE, ETR
BERE . EOL, Wi T REEE, SiaER NS IR B G AR
FReLU i e AL LS, (ECRRFRFL AL RE ST (1 RN Pk T AR R R . Dk
— B TURE BT, S T ENTE B AR R B R EOR . SRERER T
I T X A B AT R SR, BRAIE AR SCT B St S A AR AT AN A A A R
Ve B JE S UEAS SO IR R AE, AR SR AR AL T ik A ] YOLOVS A
YOLOVS, it ks 1 ARG AR AR -
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£ 5 F AT ARNEERBE L

FEREAT EANUAAR AL S50, T ANHLE H 75 228 B A 2N B0 % 58 i Y
i, AEEHEAYNGT BRSNS Jetson Xavier NX /MR
A, BHATHEIEEE . ATHPIEAE YOLOVT [Zkak b, &% T AHLATIA
AT NACTAR Y TR AE NG s AN B AL TV, AE IR 2 0% B2 T3 T 3R
RIS . AR TAFRL: K SO EER & BIRACT &, R R B
JE BRI AR BEREAT SEBR IR AIE, IR Jetson Xavier NX BLEFAE TN
HUBEAT AL SEIRHASI o

5.1 BRATNIZFIEIF

To NHUEE N AR08 mT 73 9 28 FH B ANLATERS I E AN, Fodh RO B AWLE—
Do R RN TN . TR AL R T ZE S, X P e 2R AL
i ERAASRACIHUROURENLEE . IR, NS K U PR %
TN AR SHBERY . R S REREFGUR. TR ANUEAT REN 3]
JIREERES T, M0H BRI NNLUI AR A . R AE T M s, (2
TSR AE R L BR 1 7 B RE ST

FEMHRAEIAESS o, RN B L 5 I E ML EERE /). W13k 5-1
s, 38 2R T ORI AL B RE T i, I AR fE
AR . (R, 75k B Al E A IR AN SR LLE BT AL, i R4 A A
55 IRIAIAAT o

RS- RPN ERE 17087

g OREE

K3 Mavic3 1200g 45
K5 Mavic2Pro 1100g /A4
K5E Air3S 850g £ 47
K5E Air2S 850g £ 47

A% Jetson Xavier NX N N 1 & AT 20, HEEAN
50g. %R BENIEIC 2 B0H S I AL, JUT 2 1T i _E R A e AML T ia A
MES K.
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5.2 Jetson Xavier NX #x N AR 148

Jetson Xavier NX /& H NVIDIA 2 FlHEH ) — @ RE N LR Be i 5P 6,
TRAMANRMLGI TR G . ZBRAIEMERE. TR RS 2 RS2 T R 4T
MP, JLEBEM RSN 70045mm, (ELEERE 2 B T 42K TR B
. TEINFEJTTH, Jetson Xavier NX 7E 10W FJTh= T Al #2457k 14TOPS Kt
YERE, TIAE 15W DR T, HabSvERet— 2T 2 21TOPS. 124 4k
T 64 fiZ NVIDIA CPU. 384 > CUDA #%-0>1¥] GPU LA )z 48 4~ Tensor Core, 7T
# TP NVIDIA RS ST 2%, REAE i SRR FE 5 S HEFRAT 55 . Jetson
Xavier NX I VEAHZ R 5-2 FIiw .

% 5-2 Jetson Xavier NX Bk 244

B RSP I 2

Rt 70mmx45mm

CPU 6-core NVIDIA Carmel ARM®vS.2 64-bit CPU 6MB L2 +4MB L3
GPU 384core NVIDIA Volta TM GPU with 48 Tensor Cores

TAF 8GB/16GB

ik 16 GB eMMC 5.1

Th#E 10W/15W/20W

Y 21 TOP

5.3 MAXRGRIMEIEE

Jetson Xavier NX ik N 21 & B M 7€ 38 B SBEE RO, AR EEEG By
FH 21 (i A4 15 4% Jetson Xavier NX 1% 5-1 s o

7
! \
L
=

i
S
s
oF
s
S

......

FFFFFF

1re

K] 5-1 Jetson Xavier NX fff4-fir &
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AL 3 Jetson Xavier NX (kAT &, 75 BRCE A GG, HbmRE
2235 JetPack SDK. JetPack SDK & NVIDIA #2HtHIFF K EM:, N at T —
AL, 8 TSI Jetson RIS & T A T ARSI T &
fr, FEATRERXRSGEG . FRMEENAFET . JetPack SDK 7] LURYE A [H]
(V1 5 3 SR BEAS A 3R T H, ERE A 5 R RIEME R, SR D)
e, [FAIW) JetPack %23 7 CUDA. cuDNN. OpenCV. Python 254k {H3F1 ., Jetson
Xavier NX BN HR /2 Linux #4F R4G8, JF H IR 2 MR E 5 ST HESEA T
H., %0 TensorFlow. PyTorch. Caffe. MXNet. OpenCV 2%, [FW}, EHEK T
NVIDIA TensorRT ¥ &5 SIHERE 5] 8, AT H 4 & R IR B2 o S e . H Al
B L M SHEY A TensorFlow. Pytorch £, 525 4 £ (%L R 5 4
* 5-3 s

K53 B

N WA
Linux &4 Ubuntu20.04
Python 3.8.10
Pytorch 2.0.0
OpenCV 454
CUDA 11.4
cuDNN 8.6

5.4 {2RIEE

5.4.1 TensorRT JiNiRHEFESC IR

TensorRT HIALAL /&S LT LA SRS -

(1) BRSO RN ZRAF IRIZ 2 S 3N TensorRT A, F5%t
A BT, BRERAEE . BRI

(2) GIEEREE: BILI)E AR A MOy TensorRT 51 %, GWHTKAHH S
o BUEMSE R ZIERE, DUEAEZ 5 A HERE A8 1

(3) HHEwAbH . R N B TAL B TensorRT SCHFHIAR L, ALK EL
iAoy GPU WAFRE . IR B s K/NaE .

(4) HEHIZAT: HAEEERBARPIEN TensorRT 5| %, #EATHEE T
B, B AR TR R 4 R
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FEIRPE 2 SRR B B A b, BT S O0A0 . 51 ) e SR Tk
PG PR E B LR AT T TS S8 A, AT A5 SIZ o 1 38R PR o 2k 8 A 38 7 PR A
RUFNECHE o HHEFE R AT AR B 3 5 7R SR PR AE 2R BB 24T . TensorRT #24HE
T B APL Mar AT TR, SCRPA S RIEHCE MRS, LA 2
N[ AR A R0 B T SR . b Ah, TensorRT 3 4% 2 Fh 42 49 A0 ¥4 #% 30, 1
TensorFlow. PyTorch 1 ONNX %%, {1 H FAGIREZ I EE 53 TensorRT
BEAT A AR i
W4T N AU DA R 3528 2] Jetson Xavier NX “F-& F, SRH 200 5k
T UGN AY (P HEPR O . B AR RN Ui PS8 HE SRS (6] 40 26 5-4 i
N, MRHAT LA HISK M TensorRT A& vl 2 2 F2 THE UL Jetson Xavier NX ]
HEFLH S, H5 PC BIRCIE A BT
% 5-4 TensorRT JUEAERER L6 X EL

Ab P 7 LIPS Infer(ms)
T& TensorRT JiiE 640%x640 352
4 TensorRT Ik 640%640 234
NVIDIA GeForce GTX 3060 640x640 23.8
5.4.2 #RBI KN AT

BRI PC 3 #5821 Jetson Xavier NX T-& I, FUNEEIERGANE, AL
B TR AT S B, ASCEALEEAE PC ISR pt 4%
RS, SR JE R onnx 1% . BEJS, ASSCRHA TensorRT i #5515
R, K 2 Jetson Xavier NX ity IR EE SCAF onnx #% 2044 enging #5330, It
A AR AR A R B ST K, R b o A5E R HE AT 5 A A B AT DU AT 4
Jetson Xavier NX f7fifi 75 i), a4 Ja B K /NN sk 5-5 Flro .

F 5-5 ARV M i A 2R A B K /vnf e

] F PC (M) AR (M)
a YOLOv7 72.7 141
b YOLOV7-45{iFs08 (55 3 &) 82.1 163.66
c YOLOV7-FHESE s+ 2 /it (2 4 3) 29.8 56.6

H b, c RN 3 HME 4 AR B SOHE . A a, b, ¢ W PC
Uil 2 2] Jetson Xavier NX & I, HARM B E /NI 7k —fF. B c
7€ PC St WAL b BE4T T R AL R, HAFAUBE KM a. b ) 41%.
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36.3%, HiBE F| Jetson Xavier NX “F 5 5, HBRRE KX/ NMUA 56.6M, K
K48 T Jetson Xavier NX 7~ & i) N 1725 18]

5.4.3 tREGE N M RE ST AR

EFI T AMUIUIAIT A IAT S5, 28 3 ZE4RH 7 — Bl kTR fiF 3 5 a1
YOLOv7 5%, IHAE PC Hileniit | H SO BUR . 28 4 itk — BRI R B AL T VRN
BEEHATOUAG, SRH T AT N BRI B, ARSI SR B A BT H2
N FRAR TR RN R R AR . BT R SRR FE PC I SE M. AN TR
YOLOV7. H: T4 5 (1) BSedk 500 DL A0 AT N B A A I 5500k 1 2R A R
AR Jetson Xavier NX P, JFAEZ & EREAT BRGNS LW, T e
LA E AR TR PC w7 k19 2], H Jetson Xavier NX P65 PC i}
A MO FRUL, BN IR A BRI RO B T PC B, 3
5-6 % = FPAN AU LE Jetson Xavier NX FI PC i f AT TG EEXS . MERHATLLE
H, BRI, A IS B AHE Gl T B, (H R S B B SCR 1 50 T 20
At

AR 5-6 /N [FIAS DN S 1 R A PS50 L

it PC (mAP0.5) AN (mAPO.5)
YOLOV7 473 47.1
YOLOvV7-F5{iEd8 58 (5 3 #5) 56.4 56.1
YOLOV7-FHiEs sm+42 il (25 4 %) 56.1 55.9

N T BWESIERE R AR Jetson Xavier NX S (ks gE, & 5-2 i, FH

TR BE SRR EE AT LS
YOLOv7 YOLOV7-HFE1E 55 YOLOV7-H#/F ¥ g+ 52 81k

(a) Frii

by O

5-2 Jetson Xavier NX 8 2 5 %) b
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Kl 5-2 i fRoR T PR [FI BVETE Jetson Xavier NX /NS NS5 % b 4G U
ROR. Wil 5-2 W as b fos, AT NEBRGHEON, BAAESSRER. TR
ARAEREOLT, AR SRR AR, AT A I A A RCR A5 2]
TR

5.4.4 T AHLAFETT A SCETARN

BB AR AR SCHR AT AT NS 53R A SE B 55 P A I AR, A
NP Jetson Xavier NX A, ERFHR7 . BHSFELZ MR T
AT S A

KA TAT N Z RS AT SR 28 B 00N Bl BCR B #EAT 0.
K 5-3 1 a. by ¢ d B, TEANEARES A & 22 N AU 1 ARG 1A 2 R
Rl e 2R BAR RERUMOTEOL,  ASCRIE L] DU I 1B w4
TN Wil 5-3 ey d o, AT NI AT NSRRZ EfF RIS, Hil T
TNE RSBV SEHI b T RBEMSEE S RENE R 7 T, K
S R ELEA R I B A I ROCR . I SEIR 25 AT AN, AR B AL
FAEAT NS S92 ] AR 1 58 I E AN UL AT N AR TIAE 55

(c) M (d) =7

5-3 TE ABULIAAT NS I 25 2R
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5.5 RE /NG

AN E B | ASSCERAE DR IR AN g ERORIIPERE. e, R
TMNEERE I3 Hr, 14 T HEHiik Jetson Xavier NX BEHAE M- & . B8
Ja, #TF Jetson Xavier NX P G XA SCHEH (755247 1 2 TSI E, AR
RURE IR 2 . B R/ BL AT TR BE k. ), R RSB C A LS 3
Jetson Xavier NX R AZUik#, LR SL AT 1T NSEI A . SEa6 4
RAEH], SRR AR 5E BRATIAAT NG IAESS . S8AIE 1 HAE SEBRH AT
ik
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6.1 T{ERZE

AR SCE T T ANAIAT AR IATE S5 o R 0 T At B H 17 A2 R
JEOER . SR SER RIS, dhAh, BERURE R S O B 5
PR PRAR A TP G Wk TR ARSI NIRBES ST, 4 74T ARl
RORG R, JEXBAL AT TR R AL TR, Ji AR B B A ks b, S8
INUHAT AT SS . 2SR AT EE A BL T =AM

(D) EFXFHA B R AT N2 R b P R = B S 0L T 5 bk
0 SRS PEARAN IR AS ) e 8, AR SR Y 17— i T AR AR 18 5 B T4 4T A 7
o 7R LORS BE AR U FE AR A 1) YOLOVT Rl Syd 2k te . s 1
XN EARI p2 K Z, BRI T R T R WU R R s,
B T EDOHIAT N BRRE R AR J . R, BURRBOT R NWD &
10U & 100 FAE 2 (R IR ALLRE , 5038 17 /0N H A 8 A M 72 BRURR I 1) . ZE AT
AT NI EESE b, SO Map0.5 35 2] T 56.4%, % YOLOv7 AT T
9.1%.

(2) Jy P LRk MR 5 R E 2 ARk &, J5 fH AR 8 B 57
A RN &, ASCRE 7 — M NEEARN % |54, Bt
T RETER NGRS, FEU, B K B AR AR AR SR B A
G LA BT 43 SC#EAT T . BJE, BRSO IR B A T VE R T TR E
WEERIGERY) YOLOVT B0k b, M8 TR B IFHER S M2 . ERTnAT Akl
R b, BEWAEMEE Map0.5 153 7 56.1%, # YOLOvV7 Hik#RTt 1
8.8%, LA E K/NENIERI 41%, HHEWBER &M I, FEHT%
VR PR RN B4

(3) AWUEASCHE P FR 7 R L bR B OR . B e, ARSCRE TR T
PyQtS MIMLIAAT ARSI R GE, 4 AE 38 5 75 vk A A2 A D VR AT T AT R4 4
Hro ik, EAIEHIE Jetson Xavier NX /N g N 58 3 4 5 A8 SC A SLEHEAT 5
B, LA BIE T A SCEE T RUAAT ARIAE S A R, RN
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AT ANLTE B T ATHA S A

GRam s, AGINTIRESIRIE, R WA R LSS o . Rl &
AR A B 8 Aoxk 3 Y A AR A SR 8047 et . BB R, R SO JR SRR B
B IR AN TS ENIRAT AL ST . T ADUITRAT AR IAE 55 3 11
THRERTT SR

6.2 RFKRE

T RANAHAIT AT S, A SCHR I SE AR AR B A E K
ANRITE SR 2R BETT AR T AR IRCR, I HLSE e 1 A/ RUHIR A 0T 6 1978
Ho B, UMRAFAELLR L)

(1) ASAER T IFRFZERT NLER R, AT AR5 LS ReS
BN AR R ANRAR T D0, 4 Ja /5 2R AT b, it 2B St milAT
NHIHER R o

(2) BEETNNEARAWIRE, MASF B R 0 EeE SR 2= H . I
25 e (A 2R A ) ) AT e B BT B AR N R g 2 DR AE AN [F) 1 icdfs
& EHHTER AL AR

59



iy AN YN T R VAT

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

S22 3Rk

Grigorescu S, Trasnea B, Cocias T, et al. A survey of deep learning techniques for
autonomous driving[J]. Journal of Field Robotics, 2020, 37(3): 362-386.

WhE it 2k T B R S BN AR R 2 D7 ERE FE[D]. 2Rk 1 AR IV R
%,2024.

15 22 0B TR R A ST BRI H ARSI 5 BRI SR 7T (D). Wi g : BB R K
2, 2020.

AR o NATLAINE K B 8] RO TR V0 2 v 1 B2 FH R 2 0], 4 e 4T, 2020,
6(08): 71-72.

A, J A S AR AR RS A T8 2 ) R B 18 5 07 45D, #iE: POk
2, 2020.

FAE A HETT0 AU AR B 00 S AL 0 DX R KR AR 78 [D]. YLI5: B AR
2, 2022.

Lin T Y, Maire M, Belongie S, et al. Microsoft COCO:Common objects in con-
text[C]//Proceedings of the European Conference on Computer Vision, 2014: 740-
755.

Cui Z, Wang X, Liu N, et al. Ship Detection in Large-Scale SAR Images Via Spatial
Shuffle-Group Enhance Attention[J]. IEEE Transactions on Geoscience and Re-
mote Sensing, 2021, 59(1): 379-391.

Amin S M . TR B2 3] I 45 (I 00 7 RS RO IEm /L [D]. Ll &
ZRINTE KA, 2024,

[10]Redmon J, Divvala S, Girshick R, et al. You only look once:Unified, real-time

object detection [C]//Proceedings of the IEEE Conference on Computer Vision and

Pattern Recognition, 2016: 779-788.

[11]Redmon J, Farhadi A. YOLOv2:better, faster, stronger[C]//Proceedings of the

IEEE Conference on Computer Vision and Pattern Recognition, 2017: 6517-6525.

[12]Redmon J, Farhadi A. YOLOv3:an incremental improvement[C]// Proceedings of

the IEEE Conference on Computer Vision and Pattern Recognition, 2018: 89-95.

60



iy AN YN T R VAT

[13]Bochkovskiy A, Wang C Y, Liao H'Y M. YOLOv4: Optimal speed and accuracy
of object detection[J]. arxiv: 2004.10934, 2020.

[14]Liu W, Anguelov D, Erhan D, et al. SSD:Single shot multibox detector[C]// Pro-
ceedings of the European Conference on Computer Vision, 2016: 21-37.

[15] 8 3L % T DSSD B &S T HR R 7AW 7L [D]. 228 A ME Tl oK%, 2019.

[16]Lin T Y, Goyal P, Girshick R, et al. Focal loss for dense object detection[C]//Pro-
ceedings of the IEEE international conference on computer vision, 2017: 2980-
2988.

[17]Girshick R, Donahue J, Darrell T, et al. Rich feature hierarchies for accurate object
detection and semantic segmentation[C]//Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition, 2014: 580-587.

[18] Girshick R. Fast R-CNN[C]//Proceedings of the IEEE International Conference on
Computer Vision, 2015: 1440-1448.

[19]Ren S, He K, Girshick R, et al. Faster R-CNN:Towards real-time object detection
with region proposal networks[J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2017, 39(6): 1137-1149.

[20]Dai J, Li Y, He K, et al. R-FCN: Object detection via region-based fully convolu-
tional networks[J]. Advances in neural information processing systems, 2016, 29.

[21]He K, Gkioxari G, Dollar P, et al. Mask R-CNN[J]. IEEE Transactions on Pattern
Analysis & Machine Intelligence, 2020, 42(2): 386-397.

[22]He K, Zhang X, Ren S, et al. Spatial pyramid pooling in deep convolutional net-
works for visual recognition[J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2015, 37(9): 1904-1916.

[23]Zhang S, Wen L, Bian X, et al. Single-shot refinement neural network for object
detection[C]//Proceedings of the IEEE Conference on Computer Vision and Pat-
tern Recognition, 2018: 4203-4212.

[24]Li Y, Chen Y, Wang N, et al. Scale-aware trident networks for object detec-
tion[C]//Proceedings of the IEEE/CVF International Conference on Computer Vi-
sion, 2019: 6054-6063.

[25]Yin Q, Yang W, Ran M, et al. FD-SSD: An improved SSD object detection

61



iy AN YN T R VAT

algorithm based on feature fusion and dilated convolution[J]. Signal Processing:
Image Communication, 2021, 98: 116402.

[26]Liang X, Zhang J, Zhuo L, et al. Small object detection in unmanned aerial vehicle
images using feature fusion and scaling-based single shot detector with spatial con-
text analysis[J]. IEEE Transactions on Circuits and Systems for Video Technology,
2019, 30(6): 1758-1770.

[2718X S8 TR B 2 ST L AA R H A I 5907 JE [D]. BRVE: & 22 K57,
2023.

[28]Zhu X, Lyu S, Wang X, et al. TPH-YOLOV5: Improved YOLOV5 based on trans-
former prediction head for object detection on drone-captured scenarios[C]//Pro-
ceedings of the IEEE/CVF International Conference on Computer Vision, Mon-
treal, Canada, 2021: 2778-2788.

[29] &R T, XKIPMR, VB, Bl = LB YOLOVT 3R/ H AR Kl 5520 7t
[J]. iH &AL LAE 5 N, 2023, 59(20): 167-175.

[30]zhao L L, ZHU M L. MS-YOLOvV7:YOLOvV7 Based on Multi-Scale for Object
Detection on UAV Aerial Photography[J]. Drones, 2023, 7(3): 188-188.

[31]zhang L, Lin L, Liang X, et al. Is Faster R-CNN doing well for Pedestrian Detec-
tion[C]//Proceedings of the European Conference on Computer Vision, 2016: 443-
457.

[32]Liu T, Stathaki T. Faster R-CNN for robust pedestrian detection using semantic
segmentation network[J]. Frontiers in neurorobotics, 2018, 12: 64.

[33]Sandler M, Howard A, Zhu M, et al. Mobilenetv2:Inverted residuals and linear
bottlenecks[C]//Proceedings of the IEEE Conference on Computer Vision and Pat-
tern Recognition, 2018: 4510-4520.

[34]Howard A, Sandler M, Chu G, et al. Searching for mobilenetv3[C]//Proceedings
of the IEEE/CVF International Conference on Computer Vision, 2019: 1314-1324.

[35]Zhang X, Zhou X, Lin M, et al. ShuffleNet:An extremely efficient convolutional
neural network for mobile devices[C]//Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, 2018: 6848-6856.

[36]Ma N, Zhang X, Zheng H T, et al. ShuffleNetV2:Practical guidelines for efficient

62



iy AN YN T R VAT

CNN architecture design[C]//Proceedings of the 15th European Conference on
Computer Vision, 2018: 122-138.

[37]Zang L, Chen G, Shi Y, et al. Anonymous model pruning for compressing deep
neural networks[C]//Proceedings of the IEEE Conference on Multimedia Infor-
mation Processing and Retrieval, 2020: 157-160.

[38]Liu Z, Li J, Shen Z, et al. Learning efficient convolutional networks through net-
work slimming[C]//Proceedings of the IEEE international conference on computer
vision, 2017: 2736-2744.

[39] f7 1k, #& 704, R4 GhostNet ) YOLOV4 84k /28 15 it 5 S2 i [3]. /M
B EHL R SE, 2024, 45(03): 651-656.

[40175 75 75 . TR S SN VR 28 43 0 2% S 1 15 5 2] 79 2R [D]. Bl 78 22 i T FHOR 57,
2024.

[41]Wang CY, Bochkovskiy A, Liao HYM. YOLOv7: Trainable bag-of-freebies sets
new state-of-the-art for real-time object detectors[C]//Conference on Computer Vi-
sion and Pattern Recognition, 2023: 7464-7475.

[42) 5K MG, HARSE, DUHRM, 55, S0 YOLOVT MITE AN T & 230855 H Anfa
MEEL]. e TFE, 2024, 51(05): 92-103.

[431 %A, FEHERE, 5K, &5, mio HRR R IR H sl [3]. WOH 5 B,
2024, 39(10): 1350-1360.

[44] B bom, XIME X, AR, 5. (F GloU Hedk M R AE FIH] ) B An il % [9).
L7274, 2021, 49(04): 696-705.

[45]Lin T Y, DOLLAR P, GIRSHICK R, et al. Feature pyramid networks for object
detection[C]//Proceedings of the IEEE Conference on Computer Vision and Pat-
tern Recognition, 2017: 2117-2125.

[46]Liu S, Qi L, Qin H F, et al. Path Aggregation Network for Instance Segmenta-
tion[C]//Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition, 2018: 8759-8768.

[47]Vaswani A, Shazeer N, Parmar N, et al. Attention is all you need[C]//Proceedings
of the 31th Annual Conference on Neural Information Processing Systems, 2017:
5998-6008.

63



iy AN YN T R VAT

[48]Hou Q, Zhou D, Feng, J. Coordinate attention for efficient mobile network de-
sign[C]//Proceedings of the Conference on Computer Vision and Pattern Recogni-
tion, 2021: 13708-13717.

[49]Lin T 'Y, Goyal P, Girshick R, et al. Focal loss for dense object detection[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2017, 42: 318-327.

[50]Wang F, Jiang M, Qian C, et al. Residual attention network for image classifica-
tion[C]//Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition, 2017: 6450-6458.

[SIIFEZR AR, REETe, FISL, 35, G5 GiR L5 21 5 VE R AL 4 A 22 4 e i A 7Y
[]. %4 5355224k, 2022, 22(01): 8-15.

[52]Woo S, Park J, Lee J Y, et al. CBAM: convolutional block attention module[C]//
Proceedings of the European Conference on Computer Vision, 2018: 3-19.

[53]LiZZ, QuN, LiX X, etal. Partial discharge detection of insulated conductors
based on CNN-LSTM of attention mechanisms[J]. Journal of Power Electronics,
2021, 21: 1030-1040.

[54]Han K, Wang Y, Tian Q, et al. Ghostnet: More features from cheap opera-
tions[C]//Proceedings of the IEEE/CVF conference on computer vision and pattern
recognition. 2020: 1580-1589.

[55]Chang L, Zhang S, Du H, et al. Position-aware lightweight object detectors with
depthwise separable convolutions[J]. Journal of Real-Time Image Processing,
2020, 18(3): 1-15.

[56]Deng C W, Jing D L, Ding Z H, et al. Sparse Channel Pruning and Assistant Dis-
tillation for Faster Aerial Object Detection[J]. Remote Sensing, 2022, 14(21):
5347-5347.

[57]Cui BY, Li Y M, Zhang Z F. Joint structured pruning and dense knowledge distil-
lation for efficient transformer model compression[J]. Neurocomputing, 2021, 458:
56-69.

[58]Zhou W, Wang X, Fan Y, et al. KDSMALL: A lightweight small object detection
algorithm based on knowledge distillation [J]. Computer Communications, 2024,
219: 271-281.

64



iy AN YN T R VAT

[59]Du D, Zhu P, Wen L, et al. VisDrone-DET2019: the vision meets drone object
detection in image challenge results[C]//Proceedings of the IEEE/CVF Interna-
tional Conference on Computer Vision Workshops, 2019: 213-226.

[60]Lu X, Li B, Yue Y, et al. Grid R-CNN[C]. Proceedings of the 2019 IEEE/CVF
Conference on Computer Vision and Pattern Recognition, 2019: 7363-7372.

[61]Wu Y, Chen Y, Yuan L, et al. Rethinking classification and localization for object
detection[C]. Proceedings of the 2020 IEEE/CVF Conference on Computer Vision
and Pattern Recognition, 2020: 10186-10195.

[62]Qiu S, Xu X, Cai B. FReLU: flexible rectified linear units for improving convolu-
tional neural networks[C]//Proceedings of the 24th International Conference on
Pattern Recognition , 2018: 1223-1228.

[63]He K, Zhang X, Ren S, et al. Delving deep into rectifiers: surpassing human-level
performance on ImageNet classification[C]//Proceedings of the IEEE International
Conference on Computer Vision, 2015: 1026-1034.

[641VLEMS, £ H 4, kKA %%, JET it Deformable DETR 175 AALAL AR 44
H AR I S THEHL AR 55157, 2024, 46(01): 91-101.

[65] Yang C, Huang Z, Wang N. Querydet:Cascaded sparse query for accelerating
high-resolution small object detection[C]//Proceedings of the IEEE/CVF Confer-

ence on Computer Vision and Pattern Recognition, 2022: 13668-13677.

65



iy AN YN T R VAT

BUE T F A HEAE AT & RIS R HEMR AR
FARWL:

JE IR AT, 28 K CE A SPPFCSPCE R A A/ H e il SEVA[D]. 2 i TRE K
Frefh (BE3AD

66



iy AN YN T R VAT

Hi

TR, EENK . ZENRCHRIE A R R, A =1 R
PR RRIR R R IR, —EOEREAA I, (HIE 2 KRR SR,
R, BRI R, P4 TSR BB IR SR AR
(7] T S5 LA SRR [ I8

B, BRERLORU BN T I 20 . R DR 19 00 2 ORI L
FABENTARIBE T o NSRBI fe 28 ik, S IR 2 4 T R O 115 3
AMEST R BB T ET T, E LR E Oy N T E 2

BRI A R ZIM S FE 1T ARAITEIRB B, BT ARAS I AU Bk
W M BN OMERIAERE . RLETF IR AR BRI O, R O FN AR P iR R L
1.

IR B L A/IMERE . —ARMTHTE AR AF I 2 5 SCRF N B UE
WSS E . AR IRE R SR, RIS R R FF AT B <. R
KRB BE BRI AT R, R BRI % ), k3 iR T Bk

ik—Fe, =A% EUNGRG I B IR 22 2R, B3]
e BN L, SRS,

67






