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YOLO-MAT: integrating rotation-aware attention and adaptive feature
filtering for UAYV object detection

DENG Cheng-zhi"*', WU Ying-bo"?, WU Zhao-ming"?, SUN Xiao-wei?, WANG Sheng-gian"*

(1. Jiangxi University of Water Resources and Electric Power, School of Information Engineering, Nanchang
330099, China; 2. Jiangxi University of Water Resources and Electric Power, Key Laboratory of Smart Water

Conservancy in Jiangxi Province, Nanchang 330099, China)

Abstract: To address the issue of declining detection accuracy caused by arbitrary object rotation, complex
backgrounds, and small target sizes in UAV aerial images, this paper proposes YOLO-MAT, a lightweight object
detection network based on the YOLOv12 architecture that integrates rotation-aware attention and adaptive feature
filtering. The main contributions are as follows: First, a Multi-path Rotation-aware Attention C2f module (MRAC2) is
proposed, which enhances the model's robustness in representing rotated targets through a Rotation-Invariant Attention
Mechanism (RAM). Second, an Adaptive Multi-scale-feature Filtering and Fusion module (AMFF) is designed, which
integrates a Dual Domain collaborative attention (DDCA) mechanism and a Laplace Edge Enhancer (LEE) to suppress
background noise in shallow features while enhancing high-frequency details, and employs learnable weights to achieve
adaptive fusion of multi-scale features. Third, a high-resolution Tiny Head is constructed to further improve the
detection performance for small targets. Experimental results on the VisDrone2019 and NWPU VHR-10 datasets
demonstrate that compared to the baseline model YOLOv12, YOLO-MAT reduces the number of parameters by 3.2%
while increasing the mean Average Precision (mAP) by 6.7% and 9.3%, respectively, achieving an effective balance

between lightweight design and detection accuracy. Compared with other mainstream detection algorithms, YOLO-
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MAT exhibits clear advantages in detection accuracy, offering an efficient solution for real-time UAV object detection

tasks.
Keywords: YOLOvVI12;
feature fusion

adaptive feature filtering;
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EARVERIZ, @ PR BRSS9, H
B Z IR IZ B XUE B Nk, AR SCE D AMFF Ok
KBRZEW. & S UE BRI R
JEJE, 5iRE R0 PR HEAT BENA A, X%
THE A S 2 HE AL I S AN “B G, mH AR
#E”, RIZE R B 415 A0 55 1 [R B, SN H A5 250 (1)
e J= 1 SCHRR, DASE 3E TG AL E Bl
2 SEBERS55T
2.1 SEIRFREE

A S 86 FE 64 A7 Windows11 B 1E R 48 T
1T, B F B & L 45 Intel i5-13400 CPU Al NVIDIA
RTX4060 GPU(SZ A7~ 8GB). #3135 3£ T Pytorch
222 HEZE, FFH5 T CUDA 11.8 Jini% 2, Python AR A<
383 LI BHR BN IR 1.

Fz1 NGB EEE

SR SHE
Epoch 300
Batch-size 8
Vg IR 0.01
AL SGD
KR ok 640%640
22 BEEK

VisDrone2019 A 3t % 4% 4 b K # K 2%
AISKYEYE WP\ G, R&EH Z 5 T AN
IEG, A E T RAEM SRR, %5
PFAEAE 10,209 skFHSEUR, OFIT A BITE R
%510 Fh H FR 2R 5], NWPU VHR-10 /A FL 3045 4 12
PR PG AL Tl K2 I BA IR, T 10 S50 10 3 =
et Hohs S5 800 5K B4, 17 650 sk H
P 0 R AN 150 Tk 15 5c BUR, AFE AL, AR o6
510 M E BRI,

23 IPEER

SIG 3% RS B % (Precision)s A B % (Recall).
G EEAME (mAP) AT FEFR. Precision # 7%
RUFGI A TERE A A SEBR A IEFE AR B L. Recall i &
R TR H B IR AR o RS I R A e B B AR
mAP LR G T REVFAN T 05, 2R I A 20 1)~ B0k
% (AP) B FIME. 1HE AT

Precision = TP/(TP + FP), (24)

Recall = TP/(TP + FN), (25)

1
mAP = fPrecision(Recall)d(Recall)/N. (26)
0

N

Horp, TPHeSEbRNIEFEA H AR B TR IEAEAR
i, FPARSERR N SRR A E B 15 00 A TEAE AR 1)

B, FN 8 52RO AR AE R B R 000 g B e A
AR, N3N H bR e 20050
2.4 STHCSER T

N E R B B A AL, ¥ YOLO-MAT 5
YOLOV5. YOLOvS. YOLOv10. YOLOvI2 DL K iieitt
ft] YOLO-HV™ 475t b, 45 SR 2 Fis (ethds
b OO I T RIZR). 5 R HERLBUAR LL, A SCHEH
) YOLO-MAT fE £ TG 45 bx B 35A B & 527t
SR 2.6M % 2.54M, BAAFH 5.8MB JE
4% 5.2MB, GFLOPs H1 6.5 [&KZ 4.9, [F] i #E 7 3
P $2 T+ 2 178 FPS. {E A& W A% & J7 1, mAP M5 T
YOLOVI2 #& 7+ 6.7%. LA b 45 & B, YOLO-MAT
TE LR FFAE L A2 Ak 1) [R5 7 A DK B
HEBR R, REAE B0 4 M 2 o ANLF & %) 52t B Ax
R IAT: 5% oG B 5 v RO ) 0L EE 75 R ek 1
YOLO-HV # BUAH kb, A% SCRE Bk P A 5 AR A
HZ R, HEAHEANSHENITERESZ
AHEG R K sk /b, B8 7 (3028 1 T8 AL

UL F A AR IR B IR, R e & SRk AT
T AR AT B 7(a) PR ARG HE S5 A0 R B 1 37
o, FRERERLR BERS I A R A B RS B AR, 1A
SCHE AL AT HER ARG . P 7(b) FR, SEHERERLAEAT A
PEEFE 55/ H bR L X Bl AL, B 7(c) o, 18
SRIEHR AN, SRR AL R E RN =5 . KM
KT E AR VR AR, T AR SORE Y AT DAHE B A7 R8s )
&S B R, i — BRI, AR SR AEAN [F] R A
PHSAF T S5 3T o A 0 O A e R 15
AR AR O 2 R TR A 1R A
2.5 JHRRSEER
N T BAIE YOLO-MAT B rp 2 BEH 1A 251,

=



8 7 o# 5 xR Bxk
®2 TEBFNEATE VisDrone2019 HIEEAITLLLER
mAP@50(small object
L BHOD  GFLOPs  FPs  MIKA All Pedestrian  People lfi@cycie Tricjycle) Awing-Tricycle Motor
YOLOV5 2.6 7.7 149 5.3MB 0.22 0.295 0.232 0.0344 0.0964 0.0491 0.292
YOLOvV8 2.7 8.7 132 6.23MB 0.30 0.320 0.221 0.084 0.183 0.109 0.333
YOLOVI10 2.69 8.2 149 5.9MB 0.30 0.300 0.25 0.072 0.178 0.109 0.331
YOLOvI12 2.6 6.5 161 5.8MB 0.32 0.343 0.274  0.0988 0.195 0.11 0.363
YOLO-HV 38.5 111.9 — — 0.381 — — — — — —
Faster R-CNN 41.4 — — — 0.218 0.209 0.148 0.073 0.14 0.088 0.212
Cascade R-CNN 26.29 — — — 0.232 0.222 0.148 0.076 0.148 0.086 0.214
RetinaNet 69.2 — — — 0.139 0.13 0.079 0.014 0.063 0.042 0.118
DMNet 23.8 — — — 0.303 0.285 0.204 0.159 0.206 0.12 0.292
DETR 42.42 112.1 65 72.1IMB  0.269 — — — — — —
RT-DETR 32 103.5 67 66.2MB 0.28 0.31 0.215 0.02 0.171 0.087 0.319
YOLO-MAT(Ours) 2.54 4.9 178 5.2MB 0.387 0.346 0.295 0.142 0.252 0.156 0.388

Input

YOLOvI12n

Ours

(a)
=7

BT IR UERR R BEAT U RS2 e, S DLHES 7 sUEAT,
B S RPN BN B AL T, DAPPAL FLDTHR. A
3 LLEH, 4 A2C2f BEHLE ey MRAC2A 1R,
ZHEAD T 0.2M, mAP 3 HI T 1.9% F1 7.8%, &
B MRAC2f 5 HL7E K 5 A 2 50 2 [ HU AR 1 1 4.
8 I AMFF B35, #7240 /> 0.22M, mAP 4y
AFETE 1.3% F1 3.8%, W11 45 19 7 4G B2 S H i

(b)
£ VisDrone2019 HEE RN R AT RE

2 )R B R G5~ VS0 43 /N B AR I Sk
i mAP 5 1.6% 1 3.4%, ' & T iZ AR
$EFE/N H bR R A8 77 75 T AR . SRR G
JEAS R RE SR T, SR DL L AR, Ak T R ATAT
2.6 FEICE LR
2.6.1 MRAC2f BURFIA Rtk

Bl 8 JE /R T MRAC2S 158 B b5 5 o 451 2 (1) 45

3 AT EHEE LIERSSRAIXTEEEER
MRAC2f AMFF Tiny Head VisDrone2019 NWPU VHR-10 Params(M)
Precision Recall mAP50 Precision Recall mAP50
0.425 0318 0.32 0.828 0.782 0.829 26
\ 0.442 0.322 0.339 0.868 0.857 0.907 24
J 0.431 0.326 0.333 0.848 0.839 0.867 238
J 0.442 0.322 0.336 0.838 0.827 0.863 2.62
R R 0.44 0.337 0.343 0.9 0.845 0.912 2.46
v \ 0.445 0.324 0.34 0.91 0.859 0.903 2.48
\ J 0.436 0.328 0.348 0.922 0.856 0.917 2.45
v v v 0.463 0.339 0.388 0.934 0.865 0.922 254
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&8 MRAC2f HEH7E VisDrone2019 HIEE# N4 Rl RE

N UEH] MRAC2S BEHR o iy SR F 777 1) B0 5 e il
PERERIOC 2R, W ANIR J7 W) 20 ¥ B EAT T S5 xs b oy
Hr. 4% 4 o, FE AR DT R 208 B, R AG I R
FEARRR T B UEAE AL I W AR T, R0 51 N T [ %
SNALAI A . BAKTT S, 2477 A B DU 2 38 2\
A, R RS HONBEA IR I K, H R AL
R A B H S T BN BB IR T 8 REY, R
FINZT7 16] REWS AE AR 52 0% 2 55 RFAE 73 E RE 0 2 [A]
S SEAR P4, AT RCHE TE XS e e B AR i) R AE
PERE.

®4  FEIFEEAHAE NWPU VHR-10 HIEESTELSL1E

SN mAP ZHMm)
0(YOLOVI12) 0.829 2.6
2 0.853 246
4 0.877 2.50
8(Ours) 0.922 2.54

2.6.2 AMFF B Rtk

K9 7R T AMFF BLHL 5 B ¥ nf ML Xf
thgt B 75 VisDrone2019 #¥s 4 ih ik I =5k BA A
() Bk 5% 2 P PR 53R AT AR, mT AL A B A AN (] 37 53¢
YIS [RIFE B B . BRI S 7E 9(a) VLR R
SR T, IR AR RN A T A T L 2 H IR A 7
9(b) /N H br s A Ho A B2 5 B G O T, JASE AR 0t
B) %5 4/ H br 0™ B R AL 7E 9(c) JEREAS E %
s, TR AR R B A HS A DU AR R Y 2R TS
AMFF HH G, il 28 S B S 1y ok, it — 2Bk B
T AMFF B 2.

HAE AWF L BT 280k, 6 [ 2 i &
B B AT TIHRRSEIS AT, W3k 5 PR, R H
JERCE REI Rl A RIS ERRE FE (mAP) b33 2 2
T ASCHR H ) AWF Bl 12485 R 7w 70 R, il
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PAN+FPN

] 27 S SR A R B R R AE TTRREE Y 1 3E SR
W%, BE WS 5 A ROt Al & 22 AR 2, AT EAS 737557
T SEHL A AR I BE.

£5 A ERAINEL NWPU VHR-10 H3E&ERTEE 216

w [5 mAP
12 12 0.864
1/3 2/3 0.89
2/3 173 0.885
Adaptive Adaptive 0.922

2.6.3 Tiny Head BEBRIA R

10 JEoR T I8 s 43 #E 2/N H bsAS I 3k S5 1
R 25 2. 10(a) J6HR R UF B 564 T, TR ASE 28 5 7
N ER TR o o R E R S S B g A o B
10(b) FEIERIIE B0 T, JEURE TR A A 058 A0 i 47 A 5
Ha AT IRAG AT . 10(c) IR LRSI T,
JEURBE AR AR AR U 1) 4 () 4 30 $4 1) I A 046 20 00 1 1R T
IR A AT N BE X /N H AR S ) UG IR B, TR
I Sk AF AN [R] 44 T 350 HE LIRS RS A 1T 348 o v
SRR E ARSI K 5, 4G 20 SR B T
3 4 #®

B AN BES ARSI b 477 1 e % H

(b) (c)
&9 AMFF t&3R7E VisDrone2019 iR NLE R L RE

FREUE. 7N B FRFFIE 55406 DL K 2 38 S5t 1)
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MRAC2f BLH, Rl 77 1) U A7 5 AR 2 i,
SEHLT N e e B bR BB R R AR ok, s A
AMFF 158, A 244 11 =S 40, JFg 9/ B
PRI ESURAIE . B 5, Wit 9160 x 16075 23 3 2/
H s Sk (Tiny Head), 235 25k 1 IR )2 M 45 i
FREIR IR £ AT R AR B SEI IR IE | AL
TIVE A BRI L. R YOLO-MAT £E 5258
R, AR RN HE— 2P PR NI FT 2 A2 Rl AL )
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