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UAV-YOLO: Infrared Small Target Detection Based on YOLOv7

SU Jian, ZHANG Li-Li
(School of Software, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: In the field of infrared small target detection for unmanned aerial vehicle (UAV), complex ground backgrounds
and the inherently small size of targets often result in missed detections or false alarms in detection models. To address
this problem, this study proposes a lightweight and high-precision infrared small target detection algorithm based on the
YOLOV7 framework, termed unmanned aerial vehicle-you only look once (UAV-YOLO). First, given that the targets of
interest are predominantly small, the 1x1 convolutions in the ELAN, ELAN-W, and CARAFE modules of the YOLOv7
backbone network, as well as those in the neck network, are replaced with GSConv. At the same time, the P5 detection
head, which provides limited efficiency in infrared small target detection, is removed, and a newly added P2 detection
head is designed specifically for small targets. These modifications not only enhance detection efficiency but also
substantially reduce the number of parameters, thus achieving a lightweight model. Second, an improved SPPFCSPC
pyramid pooling module is integrated into the backbone network. The inclusion of this module effectively expands the

receptive field of the model, thus improving the detection accuracy of infrared small targets. Subsequently, the content-
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aware reassembly of feature (CARAFE) module is incorporated into YOLOv7. This module enhances the preservation
and optimization of feature representations for small targets. Furthermore, a coordinate attention (CA) mechanism is
introduced before the detection head, enabling more precise localization of small targets and allowing the detection head
to focus on key regions. Finally, the normalized Wasserstein distance (NWD) loss is adopted to replace the CloU loss.
This replacement reduces the sensitivity of the model to positional deviations and further improves detection performance.
Experimental results demonstrate that compared with the baseline YOLOvV7 model, the proposed UAV-YOLO achieves
an mAP of 95.7%, representing a 5.2% improvement, while the number of parameters is reduced to 12.0M, a decrease of
67.7%. These improvements ensure high accuracy while significantly reducing the number of parameters, thus verifying
the effectiveness and practicality of the proposed infrared small target detection model for UAV applications.

Key words: target detection; infrared small target; lightweight model; HIT-UAV dataset; unmanned aerial vehicle target
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T ICARTHE &, A TV R I A O R E
FHHLRE 7, JE TR SRS RS BE A2 F. S50 25 L BOR,
ZARAC T T ) e A T R, R R T R AL
LT 4N B RS I (v A S A 3
34 P2

XPLETE NG A S ks FE 20 A0 N s el 72
THE LA LT T8 87 3l A7 7E 1 — A S Ha M, 5 2
FEMA G AT 55 h P9 R YOLOVT 18 £ 5 H k5 ks
DT 5% v 2 0L s bk, (HL/E 214155 /0N B AsAS I 7 T 475 47
FEVEREI SN, FARAIEC 4 P3. P4, P5 X 3 0k,
Pa DDA NN SN AN = 7 o = R A I AN =
H S5 LUK, FRAE(E 558 Bk UE BAHE, (52
J2 A5 RS S AR R AR B BRI S D R R AR AL
FE YOLOv7 HEZREEA L, ¥ P5 il Sk B e il P2 /N H
FrAarill Sk, DA s A0 REAE Bl A 8RB BOREE / B ARE

6

SUAF L. P2 RISk A H AR AE B FER IR 160x160 15 %,
S A O 1) 2 () 0 R, B SR Y R B2/ E A
TRFE, /N H AR e AL ER A = 1S TS S, AT
FZIRTHS I HERA R . Ak, P2 KISk NN 52 3 T AR
B 2 ROBERFAESE AL, (23 T AN IR 43 B R AR 2
6] PR A5 S AT, SEB T 2 ROBERFAE B9 2 Rl G, A%
RUTE A BRAS [F) RSE B A ) L % B 58 7D 38 I P 0 ARG
GEWAR

P2 ar il Skt 1 1 23 S R AR 1), e T 7 B
GORENSYEI IR NPAY: itk EEA RN T S
AR SR, AR TR N B AR A B
AL ERA . AZAL [R5 4 T T B AN A R E AR
G, B T YOLO ERAEE L RIEK
M7 5T LA LR, ‘B2 YOLO RAIER o ] 42
TH/IN B BRAST DU B 11— A FE B LA A, I 7 X 45 R A
RIZ WIS RE 7, A R T AR /N B bR A
R0 iff P R A

UAV-YOLO 1 F 42 S 45 BERE 1 3 /N B, A
L) 28 4 HUREAE B R 28 40%40, 80x80 K 160% 160
BFEIAE . RACRHAESR USRS, REAE Rl & 30 43t 75 22
FHRLARAL. & A2 BRI RFAE W OB R SR B 174, 1/8
5 1/16. X FPER R FEIRHIE R B 50, 22 Al 1%
JE W24 1) v 43 R R R S s SURAE STk,
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i H LR G N

AR T IR FE R RS R ILLAM g5/ B AR PUE S 4F
TEIRACIN 5, BAA 1) 50 4 o 2 S 4 LT 1.
3.5 CARAFE

TEVR B 5% 2] AU, Al R 2 B ARAT Il S
53 DA K 3 5 A A 5 2 AR RN 55 BT 0 % 1 3 RA 0 2%
BRI DT B AR AT 5511 5, A BN
fiIE#E 2l (content-aware reassembly of feature, CARAFE)
RIEFHFBAER. /£ YOLOVT # 8 7 5] X CARAFE #
T, B S ACEARE )R RE R, BRI
RIES AR SAT S5 P (P R R B,

f£ YOLOV7 BiRL A R AL 24, CARAFE #
B gl N BRI T B AR PERE . A DI E &
B S BT SRR BN RN, B TR RGN
A, RHRRAE B 3 PR AR T AR 55 75 SROK P AT 1%
48, CARAFE K H P 2% I8 0 AR Re AiE =44 SRS, Ji ik
I E S, A ARHEREAT INBUR &, SIS RE R
#h BB R X R T N RHER R N 2, B
&R AE S U R AL, 0 H AR R K AN R IR AT
EEE RS, M IRERHIE F R RERE 08 B 5 4010,
NCRELERRIE X AT BB SE B A RN i AR R 0 B —

Kernel

prediction module
Content
encoder
H - ..
L)
SNNNS I-i-i-iEE
nmmnn - o
Channel w

compressor

Y E N NPT I 2 A, B 238 i R AE EE R TR
FREE A IR 2 (R, D i A0 DA 55 4 B o o = PO
fIERAE.

CARAFE FRFFHE T HA LU JUAMRE AL

(1) CARAFE B AT B K INIRSZ BT . AL S8 iki@ w8
) 5 30T 48 47 I AR X2 P A L, X e A 7Y 1) 52 BB L o)
N 1x1 B 2x2. 4RI, CARAFE 7£ ERFEd % T
AR B, X4 KT B RS2 B, AT 5 4 3 £ B
EUR AT R 25 S, IR gD bR I 7t B
BRUTRIL G AR BER.

(2) CARAFE i it 2 45 A4 il & AN A H AR B &
R P A% 3K S FRE S0 4R T 1) N 2 RN A B {H Bl AT 4
AL RIS P 4 A 386 T [ 1 LSRRI, TV AR 47
P TR AL R D

(3) CARAFE 5| NWTHEIFEIIR /N, 3 HATHA M
2RI FLAT [ 47 3 B P CARAFE A DAJC 4% 45 %,

BT 2 X 4% (AT AT o7 B . 5 g 30 40 4 L B X0 2k 1

A L, CARAFE 2% 5 5 H AWM 4 2 (1 a6 2
Bk 2) 454

CARAFE B 458 3 Fros.

.ﬁ.ﬁ i ﬁ.ﬁl @ Example location
--- - -l

Kernel =- i
normalizer [ . )

EEEEE

(® Reassemble operation

Content-aware
reassembly module

3 CARAFE flegsty

T4, AN B RN B e R AR AR SR e B AT,
DAL FEANR] 43 2 1) E1M&. SPPCSPC L5 T i o =%
] 47 ¥4tk (spatial pyramid pooling, SPP) FlE5 R B

3.6 SPPFCSPC
7E HAn I 453k, SPPCSPC (spatial pyramid pool-
ing, cross stage partial channel) /& YOLOvV7 [F#% (>

7
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43 8 4% (cross stage partial channel, CSPC).
SPP 4 Kt 43 JZ2 Ak AN [ 25 18] 7 X IR RRAE, 28 iR
FE G — MRHIE RN, B RURSE T 5 8 4 2 1T 5/
3R. CSPC 5 ¥ R R 50 A6 A4y 3 5 1 S it
3, AU HATRAE A S, 5 TR AL 2 e, X P EIE 4y
AR Z D T AT B AU H s S, YA
b7 BER AR it SPPCSPC BB IR AL,
YOLOv7 #80] LATECRFE shs FE IS L, k> —
PR, Wil 4 Fiow, 78 SPPCSPC B FIEE 1 4
ISR RN 5. 94 13 AT 1 HIERt Ak 2 R 5]
H bR RSE. 8R1M0, B — N5 2 G 5iliE 5 A 55
(1) H AR T e 22 4 20, S BURFIEAS 82 e H 52 M A Dk
FE, FEREXTT-LLA0 N HARFIATI. h4h, K 4ReE B R 43
N AN SOEAT IR E 2 BEAIK YOLOVT S b 22

AR SCHEH ) SPPECSPC X B il 1 AS [A] # 2t
SPPFCSPC 7 T /i 7% 8] & 735t ik (SPP)
4TS (A & 73557 (fully connected spatial pyra-
mid convolution, FCSPC). SPP L 4y N 4511E B 3347
ENE eI A CE M NEA LS E 1A BN
ARSI H bR A1 545 . FCSPC FELL SPP bR
i P 22 S [ R P 2 B B et 2 (R A [ R PE )
i BEREAT B BB 5, IK SN O AE 1B 1 4y e 20,
YOLOv7 1) SPPFCSPC i it 2 i 4 /Mt s i i
HET CARTIY) SPPF 4544, IX P i fu VK vt Ak 485 I 15t
FBIAEAT — A AL Z, W36 55 5 2% A58 KRR
AELRER AN H AR 3% 2t A FE b i v T AR B 2%
ALY (R REAARTH R . BRIt 2 4, SPPFCSPC B[ 2
HHR L SPPCSPC B /b, 7 AR i M R ¥ [F) I I g
{54 SPPFCSPC # 84 4n 5] 5 frw.

CBS CBS

.
Maxpool 13
Maxpool 9
e
Maxpool_5

Maxpool_7

Maxpool_5

Maxpool 9

& 4 SPPCSPC Hibi&i#

CBS

5 SPPFCSPC fiHes 1y

3.7 CAEEHH

DA E RN 7S, SE B R B i
BRI SRS AHEEZ T, CBAM BB T liE
5 45 2, B A% O = WL ST i B 7 )
fERER, SECEAMEREIRTT IR, v 1 70 IRIZ Lt fa) IR 1%,
ASCHINPE R JIHLH] CA (coordinate attention) LA
S R B X 46 T SR I SR T R XA CA

8

PEPAN BE W o 24 Hb A I T 9] 045 R 52 L, 34 e
TORFAE A 8] o B AL B AR . 3 RS A 2 R 3 3 A S
AN BB (RO L (AL LA S, CA BLHUE b g vk 1
SE Al CBAM AT I i A9 b k. X AN 52 25 FAIR 1
IR AN IR 2, JEHETE T AR e SLAIR A A 7.
e GE I TE I e 0 g 4 R b A s 4 2 8] 45 U Dy i
b, FHOHE A M M ERUR, ORHIZ) 755/
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i H AR G N A

HFRHBUAIYERE. il ARSCSINARFRTE = IS (CA),
K 4 JR) LAY R D Y TE A A A 4 P S — 4R R 5,
o3 e 8 P 5 e 7 ) )€ [ R g B, £ B AL B
BUB B SUE B CA BHnE 6 B,

Input

Residual }

CxHXW

X-AvgPooling Y-AvgPooling

i
I

CxH*1 Cx1xWw

'

Concat + Conv2d

Clrx1x(W+H)

N AN

BatchNorm + Non-linear

N )

Split

Conv2d ) Conv2d

CxHx1 Cx1xW
h 4 A 4

Sigmoid ( Sigmoid

| CxHx1 Cx1xW
Re-weight e
CxHXW
Output

Bl6 CAERMUEILEH
N T WP R B B R KRR A RE T,
2R B H oK (1) YIRS FRHIE S48 #7K-F
R (H, 1) Bt AT s m B R £, 3 B UE I (1,
W) RZARSLIAAT R AL G 0, SEBLHR N X P 25 1) 45 K40 AR
TR, B, 5 o MHEIEAE = L h AEFITERE w AR i) %
AT AR R N

A= > xelhd (1)
Oei<W
1
4@:52x@m )
0¢j<H

SRIG, WA 25 8] 58 ] B AREAE B DA — e, {3
KN 1x1 IEREARNRST, FRsid AL EEAT Sigmoid
oA AT HE R A

f=6(F[.2"]) 3)

BRI £ (0 KNSR Clrx I (W+H), Horb r N TE
iR . ARG, I 11 SRR T L4k fk, BAVT
C o R AP Al £ P AN 7 1) B 2 i R S )
16 K R Sigmoid WO R EUE R S, 3 A e
77 TR B FE 7 T (i AL O R A 6 B,

g"= o (Fa(f")) )

g" = (Fr(f*) ®)

5 JE, RS B E B OUBCE 5 R RHE B X, )
HHIE, 19 2 B AR RREE Y., j):
Ye(i, j) = Xe (i, )~ g2 () g2 (i) (6)
H4 TN RFAIE A 3R 453 3] BT R AL [ R e 5 & T
VAR AE I S AR AGE, PT DL SE A RO R v SEVE A A 50t /N
L A 0 Fr) 1 .
3.8 JA—1L=HT Wasserstein (5
FEN AT I ZL A1 /N B b 1) X 2 1 RN, 453 2K R £
A 2 O E AR . AN A R 451 2% oR B2 0t AR Y FR I
G g B AR YOLOVT 48t 2% o Bt
K (7) Fow, 3 DN s BASTRK Leons~ 77 KM
R Lots FUERLHAK Lioe ™. Leont 1 Lots # /238 14 BCE 4
& logits K & LTS, Lioe 2 1IE CloU (complete
intersection over union)i+# ). X (8) £ A logits
PR AL BCE 543, 3 (9) & CloU i H A3
A 438 (1) 451 2K R B 17 5 FRONAE 15 30 SIEATE (¥ DT T A B2 I
Z KM ToU BU5: TR 25 1 B & 07 K
Loss = Leont + Lets + Lioc (7

N

1
Lossace =~ ) [vilog(p) +(1-y)log(1-p)] ~ (8)
i=1

r (Z,zbg—t) +av )

EI (8) 1, yi RARFEAR) ZJuhR2E, pi RAHEAR
HIEZE, o 2 (A6, 2 PO ARE R 5 SIEAE (1Y) 5/ P 133
XS A 2o R IR PR S . 7E 3K (9) 1, b FRam T 21 FHE 1
JBTCr, bE I ] LS FAE BT 0, p R b FbE 2
[B) PP RR L A R . i 20 (10)-20 (12) SRt e vs
Loy, ZHCE WA 7 o,

LOSSCIOU =1- II()U +

4
= 10
T U=IoU)+v (10)
4 W, W
y= ;(arctan H_itt —arctan ﬁ) (11)
ANB
Iy =1-|—— 12
o =1-| 30| (12)

Horp, A Ron HSHA FAHERI AR, B 7 TN 4 FHAE i)
AR, FE &7, SR XK HSd AR, B3 X35

9


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

it E RGN

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

PRI IL FAHE. Hg AN Wiy A2 30 THT ST 50320 5 KE (14 73 P2
ANDERE. H AT W 2 T30 57 AE (1 v B AN 98 2. H g A1
W, 2 (] A0, ] R0 320 57 AT 3 59320 S ATE £ B /N LT
F R BE AT TE . (g, yo) A1 (x, y) 73 ol R LS50 S HE AT 73
D FHER 5T L. H MW S0 FHE AN 34 5 e
1A E B P R AN B

W,
W
L
(C7)

+ :

H, H
W ‘.
- —|-r(‘x, )
H
W,

K7 HHESHRER

JRAARAAE ] CloU 18 3 B4k i 4, 8t % 18
S, HL IR B RS LERIE R RS L. SR T, 2 TiAH 7L
ST, CloU X T-£L41 /N H AR I 58 Ar AN e, M LA
X 73/IN B b55 T B 1) 2 7, WCS0E BE RS
U, AT 5 NH— 16 = 3 Wasserstein B2 (NWD)
T B85 451 CloU TR, LA/ B Anfr B
ZE ) R

F 13858 H AR ToU FE s AEH 4040 H R
R 00 sy B AW v ) R BREE . RS RN AE AR S BRAE 2
[0 B A B 22, e T8 U RAEERE. IoU
JERXT AL AN/ B AR XA URAE 307 IR 2 Ik
BORE AR 2 T8 1) v JBEARLABA, &8 I 28 [ A 28 Use Sty ok 1k
ik, b Ak, FERR I IO, 204N HARaT Rg R b A R
R —ANELAMEER . DR, FE Al AR 5 A AT T 2 57
HEZ T8I ToU IR T d5e /N BB, T3 BB A 1 % [
PEFEAR. Rk, T SE AERR PPl 2040/ H A I ASE Y,
it 2 B AT FE R

ToU FEE 392 PR FIRRAEA IR ARBURE v 55, X H b
IR ST AR B RUR, ANIE A T 204N B b, BEGIN
NWD 1E T 1 B &, Wasserstein #7 25 A] P& & i /NE
B B FLB I AT IR ARABLE, I Ho AN R R
X GAEUR. PR, %073 0] DU R ZL AN B ARl ZRid
e e IE AR A (R AR AL [ R DA R TERE AR i 1) R B4

10

M, WAER AN e s oA, ik (13) Frs:

exp (—%(X— WIEN (X =)
fXIp2)=

(13)
ok

Horf, Xy RIS IR w8 300 20 A0 (K AR 4R ()« 34
Tea) B R iy 7 22
43K (14) BOLEE,
X-p)'= ' (X - =1 (14)
AKE AL FHER = (o cyr 0, h) TT LUE FHN (u, 2) 2R —
el Am, Wk (15) Fros:
h2

Cy _
'uz[ Cy ] =
4
Hr, (cx,ep)~ o 1R 73 RIRTRHOAARR . FEEEAT R

A el o A = N (my, 2) Mg = N (mo, o) Z 1]
) — 4 Wasserstein P 25 € SCN (16):

2

4
0

(15)

1
1 1\2
W2 (a1.12) = oy —m2||§+tr(zl +52-2(5] 353 ]

(16)
=K (16) AT LARIALA:
1 1112
W2 (1. 2) = llmy —mo|3 + (|£3 %3 .

HAr, |1z A Frobenius Ju . HILFHEA = (cxq, cya, Wa,
ha) FIB = (cxp, cyp, wip, ) R 155 17 73 4 N, RN, 2 [H]
HIPE B AT A4 K (18):

2 2
(18)
P e E0H — 1 2] 0-1 BIVE R, 585 — 0 B
Wasserstein 2155, {15 (19) fros:

Jw2 (Na,Nw]
| 9

wa ha | wp hy T\?

a a

sz(Na’Nb)z[[cxaaC.Vaa_, 7j| ,[be,c)’b77, ] )
2

NWD(Ng,Np) = exp

C

Ho, C 2 5EAREM R AL

4 SIS
4.1 HEE

AR CHH UAV-YOLO J5 i3 Ad HAE T AHLA 4t
/N B ARSI B R BT HIT-UAV #8425 A I 77
FH AR 4 T ) 78 25 S L, TR DGR B HIT-UAV s &3
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1705 He SE5G . Z A Az I T R TR, R
RS I ANEELANOINIEE. ZHREL TN
T AN B A L T 51 B 2% A 7S L0 A RSG5
PEEE (WKl 8 Fir).

HIT-UAV %4845t 2898 7K /3 #E %N 640x512 (1)
LLAMNEIR ALK, B 5 A0 24899 AMR%E, BTN
R, BIT%E. HAZES DontCare. 1% L8 E % 2 M
TANIEERE . AE I BRI SR = T

BRI 43 470 Wivig & B PSRBT K, FEEA R B
FAET (BFE B RAG) BEAT 4%, 8 X M5 2, %
WEMMUEE THERIZ R, SR TEARDGR
A NI IE A, JUH R I, FL RS s
FRAEEALLE Y ZRIs) B % 5 U bl B B S I, 3R iz A
A8 /7. [ FH HIT-UAV Z0di LT DRt 2 A4k . B 5L,
FAT PR A AT R 0 E i, AT A A A
SIFISE A4 H AR AT 55

8 HIT-UAV ##f4:

N T RERE R S IR T, AR AL
I ZRANCSI, B v A B f e 00 28 . RN 2% B 4
Al AR T RS, MR T GBS, HERR T
DontCare J& 5, FHA4 7R I HAB 20 & H N — A
FRORZERRIZER. X P24 T 3 AR50, Bl AL R4 A
AT 4, M3k 2866 7k B, HK H A T Ak sz 56 mf 7t
AT L S5 9T, AEA S, B AR H R 7:2:1 F B A
DRNGE. MREREAEEIX 3 3. X4 T a5
2006 MEUE IS BE 574 NEGHMEREFR
5 286 NEUR R IIESE. SR A EEE LT
BXF T AN AT H brss il -5 5550 A 70 A0 SE A T
TR, 5 FL A AR R R A AR 78 R0 2B N 7 X
4.1.1  H¥m s am R

T E I AR FR B B, &1 % HIT-UAV SR 14
SNEIG, BINZ R BB N BT 5 46 80 5. 45 A 15800
SR P2 ARSI Sk T 1 23 R AR ARRAE (0 5 5K, W R A B R %

0.5-1.2 fEBENLAE S # B & 640%x640 KT, BELR RS /)N
AR R4 5 4R AIE, SRS A LA H b 2 B A2 Ak
SR ZE 5, SR G CARAFE #EBRF P 7258 B0
L RBERE S U H AN, CARAFE 38 i 5h 254 B A%
PRACKRAE B 40, 17 22 JRUFE 38 ] 3G s 200 A [A) RFE
SRR pr A G

[T, 5INBE L T S50 L B, B4 b
FAG KA T S RS sgm, oG8 CA )
BLH T SeAmHIRE 77, 3 9B Y IG5 e b H AR I REAE
FHERE . CA BLHUE L gn i 2= (R4 B A5 B R E H AR X
B, T PSP P A AR R 2 5 B S R Y H AR AN TR
(A FAKR I HE R, I3/ o) 1 S A . It Ab, B 2
AR Z SRR BRI, RAETBRRREEN
CutMix 358, KA [F13% 5 L0 EUR IZ B AL LG Bl Bz,
HARFE H brbrid 52 k. %071 558 s GSConv 1)
BEAFHERL G LA 224, GSConv 1@ 4 B E

11
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TRIE RS SIS R A, T CutMix 38 56 ] {2 o 45
RUFERHAE Al 0 2 SRR v X 7 B AR 5 15 5L A,
i — 52T+ SPPFCSPC HE 1) 2 R RFAE S IR .
T T 2 A Y R S, BRI AR AN BT S R AT
T, FENGEHEARMZFEME, [ UAV-YOLO HIRFE#R
BUREER (1243t SPPECSPC. CARAFE) 435 H ¥
IVERIZLAMES /N HARRFE, 3 — 0 BRARIRAS 5 R 2.
42 XWFEMSHEE

A3 T Windows 10 #:1E 245, Python
3.9 F1 PyTorch 57 e Sz, HARRE -1 & 7 W2 1.
gt #Ed, KA epoch ¥ 500, X & batch size 4 16.

®1 MELRTE

R AHORHL E
GPU NVIDIA GeForce RTX 4090 D
CPU Intel(R) Core(TM) i9-14900KF
CUDA 12.4
BERG AR Ubuntu
VRPE S 2] 3K PyTorch

4.3 SCIGTEARE

N T PP EGE R UAV-YOLO R 28 46 8 55t 21 41k /)
H b BRI 205, A FEAEF 7 DL R CBE AR AR S %
(P). BEIZE (R). F1 574 (F1). PR (4P). F
PR E M (mAP). FLOPs FIZ 8. F1 72 BUe ks
G [l R LR G AT E AR, T mAP SRR o 1
1) I 41T T bR . FLOPs 2 7 & v S HLAE A e A5
EE L HFERR. AP Al mAP YR Fa ¥R, mAP F T8
TS B 280 B~ SRS BE (A P) A BEAT 1 25 R 1Al 55
TR BARA R, ASEES R mAP@O0.5. Forh, K3
&= (20) s, AEZEFED 2D s, F1L Ay
ot H = (22) Fion:

TP

P=—— (20)

TP+FP
TP

R=—— 21
TP+FN
PxR

F1=2x (22)
P+R

Hor, TP FoR BUPH 524, R A A5 A 1E B A6 00 21 (0 21
S/NE R EUE; FN R BB, B4 AL AT 3R R 0
3k B bx, 1HSEBR 2 4R B AR5 FP R R,
B A B 2R A8 3R A ) B () B . PR E I O 01, B
WL AR P R, 0 BB R EHH. AP
A mAP 54050 (23) F13K (24) Fros:

12

1
AP = f P(R)dR (23)
0
1 c
mAP = D AP (24)

j=1

AP {H & AN FERS IR (P) A [BIR (R) HAEE
R 2 N, ¢ FRRFEHIEL.

SRR IN IR E A 45 R 22 ) BT 5 B S 50 A
B FEIRPE S SRS, BN Bl Rt & e BRI —
ANBUER, X S A R A i I o R AR A 1) TR A
28 28 v ZH ) B T X SR (1) A 9. X
LERCEPNIE i oy DS B SR LYW s P ok ]
B
44 LEBEZE

N7 PFE UAV-YOLO 76 AN 5 F X404k
Ao W f o] P A v, FEAE R 26 T 5 % R
BT T RO AL, B SEER AR Y AE A TIN5
B PO T AT ISR, FE 3 EF a6 I k. A %N
EURZ KN HER 640%640, LI KN E A 16, IEARIR
#9500 epochs. YIZRE R LW, 5546 YOLOVT AHLL,
UAV-YOLO ) mAP ¥4/ T 5.2%, I5E T 95.7% i
KB, M S8 T 67.7%. UAV-YOLO 1Al
ZLANKRAT NI/ BARINS, AR 52 0% B2\ 35 B A1, R R AE
H AT A A ks 2 7 f e BB X 845 LA E
THEET AN T IR A5 B ARG 777
A R, XTI T 45 R A 2 s,

%2 UAV-YOLO # YOLOv7 Itk fg b

Fik Z4 & (M) FLOPs (G) P (%) R (%) mAP (%) F1 (%)

YOLOv7 372 105.1 88.1 853 90.5 86.2
UAV-YOLO 12.0 96.8 929 913 95.7 92.0

UAV-YOLO 5 YOLOv7 J AR L1 AN 5t R
AT ARAL S LS 36 25 a1 9 Fros. o, 26 1. 2 %)
23 H5E UAV-YOLO F1 YOLOv7 FEAiAR A (460 25
BEAY ARG 2R LG . AT ERAN. B 9 ks
Mg R wT LA H, YOLOVT A5 A XHZ0 Ak /N H b A6
REJIAEAL T, T2 IRk (15 L, 1 UAV-YOLO
FHET YOLOVT BB R K A AL 5, AT DL B A il 21
55T &2/ B AR,
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TEILR, SEILT 95.7% W mAP, iX—VERESRR BT
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UAV-YOLO fEZ ¥ &5 k> 52.2% F1 77.4% A
I, RS FEARTE T 1.7% 1 1.8%. 5 YOLOvSs L,
ESHHRMIE RSO T, UAV-YOLO IR IR 2 32 7+

T 2.2%. Ak, 5 YOLOvTs filtl, UAV-YOLO 7E %]
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THTASIREE, [N ORAF TR R 28 S5 4, IX0 T8

A6 (S F ARSI M LA 2 B SRR 3L

23 {E HIT-UAV $dE4E L (16 B szig

WARES mAP (%) ZHE M) APperson (%) APyepicie (%0) APgicyere (%) F1(%)
YOLOvSs 93.7 7.0 92.8 97.1 91.0 91.1
YOLOv5Sm 94.0 25.1 92.7 97.9 914 90.3
YOLOvS5I 93.9 53.1 92.5 98.1 91.1 91.2
YOLOv7s 93.6 36.5 92.1 97.6 91.2 84.5
YOLOv7 90.5 37.2 87.6 96.3 87.7 86.2

YOLOV7-Tiny 92.8 6.1 91.3 97.2 89.9 89.2
YOLOvS8s 94.2 11.2 93.0 98.2 914 91.1
YOLOv8n 94.6 3.1 92.4 98.0 934 90.9

YOLO-ViT 94.5 17.3 91.3 98.1 90.6 90.6
AIMED-Net 89.6 34.2 88.7 92.5 87.6 87.4

ITD-YOLOvV8 93.5 1.8 91.7 98.2 90.7 90.3
G-YOLO 91.4 0.8 89.7 97.2 87.4 87.1

Ours 95.7 12.0 94.5 98.3 94.3 92.0

T I B RS i A R

45 HEMRS SR

N T B UEASHE SR H ) UAV-YOLO # R {545 2%
PE, AL YOLOVT AZEHERLTY, 7E HIT-UAV H4E 4
BT T — RINEBSELS, LLE B VA S SO

RV RE I DTHRFE. SEI0 R 640x640 %N 7 112,
batch size ¥ & N 16, JllZk epochs 24 500, Fr A X Lb sk
B ICEAH R SEER IR 58 T AT . T A S a0 45 AR 4 B
N, FRAFUESE T 2% AR () A R

# 4 UAV-YOLO R i B e i) 34 fil Sz 6

Hik P2 CA CARAFE SPPFCSPC GSConv NWD mAP (%) ZHE (M) FLOPs (G)

Baseline — — — — — — 90.5 37.2 105.1

A \/ — — — — — 93.7 12.3 99.1

B v N — — — — 93.9 12.3 99.3

c v N v — — — 94.5 12.4 100.3

D S N v v — — 95.1 12.4 100.3

E S N v v N — 95.1 12.0 96.8

F S N v v N R 95.7 12.0 96.8

55 #E YOLOV7 #fEL, UAV-YOLO il 22 # it it
SEPL T ORIV RE G L E SR T, B, R ANLAL AN
H BRI 55 1 s, FRATT ST e 1 S A AN H AR
e Sk, A8 P2 A Sk HEAT /I H bR, 1% ik AR Y
SRR T 66.9%, LT B AT KM [F 43
mAP $HT 3.2%, WER S 70/ NRE BARFIRRE S
Hge
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REREAT R0 2R/ B AR IR R SRR AE AN 25 (8] 47 B A S,
TEABEIMSHERERTI T, 8 maP #—B3T 0.2%.
[FII, ik — B AR R il i R, ARHIT 50 R P 25 I
A1) CARAFE FRIFHE T EAUE S FRAETTIE, Mk
B mAP ¥INT 0.6%. 7 neck #84y, K Bk SPP-
FCSPC 4444, il b 7% skt Ah 3 1 2 B 48 T T RpAE SR L
B, AE mAP $FETF 0.6%. BRIt 4, 7F backbone 5 neck
oy, BTN B AR DAL AL 1) 5 5K, X4 458 ELAN
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B AN 5 Fian, NWD R IUET HAS 5% 0 30, %
WKE ESE R £ 95.7%, 1EF%%F T, 5 CloU. DIoU.
WIoU 1 SToU FHEL 437 #2 51 T 0.6% 0.9%- 0.5%
H11.0%. SZERAIFB, 78 HIT-UAV $dE4 4, NWD ik
REf T HoAth ToU #5125 PR EL. 1X R W NWD 756 AMLAL
A AR INAT 55 Hh e % B A 0k P Aty 1 T 3 S AE 5 T
DUHE 2 [R) A 5% 2R, SEEI B A RO ARSI R

K5 1oU X HLSEE (%)

Hik P R mAP
UAV-YOLO+CloU 91.2 91.1 95.1
UAV-YOLO+DIoU 92.0 90.1 94.8
UAV-YOLO+WIoU 91.5 90.9 95.2
UAV-YOLO+SIoU 91.6 90.4 94.7
UAV-YOLO+NWD 92.9 91.3 95.7
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BT LA B A 6 IR S AR BR 1 (R e 1, UAV-
YOLO TERMLIE A% . (KA W IR 5 5eh B
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()22 By 20045 Mo 4 4 75 oK.
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i it B
YOLOvV7 14.7 11.9
UAV-YOLO 8.7 7.1
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JO AR GERLE T B2 T Ak, W BRI B,
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BAEGLN) ToU F8H5, HWe 10 FAE RNy e i A1, ik
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£ HIT-UAV 4 A7 9k, 5 YOLOvV7 #4Y
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Wi FEIE 2 95.7%, FEORFF LI I RTHE T, B YOLOV7
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L AN H AR B BRI R . & T LU £
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