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Abstract: To address weak target energy, missed detection, and network redundancy in unmanned aerial vehicle (UAV)
radio-frequency (RF) time-frequency map detection under low signal-to-noise ratio (SNR) conditions, a joint method
combining time-frequency enhancement and lightweight detection was proposed. The proposed method selectively en-
hanced target-related regions using an adaptive foreground mask, multi-scale energy density, and connected-component
interior weighting. RF-YOLO-Lite was then constructed through P2/P5 scale reconstruction, a Ghost-based backbone,
SlimNeck feature fusion, and a lightweight shared decoupled detection head. Experimental results show that the pro-
posed method achieves 94.85% mAP@0.5 and 79.86% mAP@0.5:0.95 on the simulated dataset, with 1.39x10° param-
eters and 5.4 GFLOPs. Experiments on the noisy DroneRFa measured dataset further demonstrate its robustness under
low-SNR degradation. The method provides a favorable trade-off between detection accuracy and computational com-
plexity.
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HRYEIEAIE H bR 20 30 A2 ot B B e &, R R ST
56 P9 SR ORFEAR R s R 2« IIERS . AR AN
YEMNFEbR. BARTT =, 4.1 3 T EL AN [\ i 4
SRV, 437 T EECAS RN Y 2 S5, 4.4
F1F 43 #f RE-YOLO-Lite -1 8k () @ 57 ik . H1 T
5. RKTHIF XS NA R )T AR s 4, B
F 2 (8] [ — R A R A 0 4B AR T BEAEAE /MR BN, A

Precision =

WG AR S AR R 25 2 P B AR M B AR A 7 A o6t
J7 B A R, A B AT B R A HE
HL
4.1 MEDE By g 1A

J9 56k B $ 2 ROBE fig & % T 51 I AR Y o
(MEDE) J5 WA 8P, A SCLEAS eS8 A ) ) 26
SERIETHR T, PLYOLOVIIn A% —Ha iRy, it
JRUGHS A . MEDE 38 55 i 55 ] DA K 79 2% i 75 Fsf 4
1 5/ 25 W 7 VR AT R B SEEG: o 6 Bl 5 VL /N D
MRS TR . Ho, R R w2 RE
G A B A PR A o i, v D I U i )
TP S BN o B SRR AR SR AR R
SRlC B FAPE FEAR,  DAUCRIIEAS [F) 3G 58 57 2 [ R 2
R SRR R IR S PR .

=5 HE/RIGETSNE LR REEEER

mAP
T Precision/% Recall/% H(;AS;/C? 0.5:@
: 0.95/%
JR A 92.55 78.07 86.59 66.43
MEDE 94.77 91.05 96.05 76.49
IR 2 94.53 87.09 94.41 76.03
e TR 94.19 79.33 87.95 68.10

R SO, FERTEGRAE, =i
T T IE REETE — e FEE IR TG I e, Ui
Ui BT A0 P A B B TR RS e L AR T Bbr S
G I O (S N R s S Gl S e S
MEDE ¥ &% & 1 ge &% L ,
mAP@0.5 Al mAP@0.5: 0.95 73 5l ik #| 94.77%.
91.05%+ 96.05% 1 76.49%. 5 JE #5451 K AH L,
MEDE ] Recall #£ 7+ 12.98 1~ 5 43 ., mAP@Q0.5 $2
TF9.46 N2> A, mAP@0.5:0.95 271 10.06 1> 4>
R RN 55 H bR IRAS A e AL AR ) AT

Precision. Recall.



12 w5 ¥ M 5 XX
B HGEER

/N 2N s g A G, MEDE B35
BURILTE H bR XS R BRI ot . /N L R 6% 0
ot 22 RS AR A 50 e s, DRl bk e BH R AL T iR
QeI AP s HG 32 AR W 73 A A ) SRS a3 AT
AEER,  XHTC MU E B 1) JR 5 R B 5 AR 14 A1 i il
gy ok = B AR . TR RE e T T BE AL R
A, AR AT BRI A T T A L R B R Bl R
ReE LA . MLz F, MEDE @it H & N il 5
JBE L 22 RUFE JR #08 fie o 2 58 A v RV 2 3 3 P 5 1 AL
H, B E bR X S Ik R AR R eI 5, PR
AR 70 16 5 55 H b I 255 1 00 [R) I 9320 T St 0 75 [R) 20
JEOK o

B 11— B2 7 AN RS M L 2 R & 7 ik
R gs . BARkE, BEAE1E ML 20 dB 2
T2 0dB, A MEREE e, AR A
Lo X i AN 7 vk 2 A ) 22 5 £ B R T
-20~-16 dB MRS B L X 7] . L mAP@O0.5 A1,
7£-20 dB. -18 dB Ff1-16 dB %14 F, JEIHH A
53512 38.86%+  53.84% F178.11%, MEDE Il 43 Jil
P2 63.90%- 89.94% F197.67%, W EAM T JEA
N A ] /N i 2 e 25 SR . 43 B MEDE [ 32 22 4E H
AR rPE SR A 5N 55 H ARG 2R B

2% I, MEDEFHECT ERARII AL /N 25 i
PRI B AP LR AR R . L HK
H A5 H G 2 R R S AR A
AR = HMILFEER, BB R THIRAT e b 2%
TIANLES TS H AR AT 5 HEE, e A il i 4
PEALTE AL E (B AT N o

100
et
—=
95
Ei
s
3
=
50 e
M 3
2,
75 b itk £

4-12-10 =8 -6 —4 =2 0
{rmElt dB
(il 4

T %/ %

= R
E N
an k L iy L
2.1. C 1 1 1 1 1 1 1 1 1
—M=IH=l6 =11 =12=10 =8 =6 =1 =2 0
fril bt dB
[ERIIE S
oo b
a5
an +
0
= SOF
3 Thr
Z ir
5 TN
E G0/
e -
B
. e il B
al / . MEDE
s —— ikl
10 -4 —— ik LB
35
20-18-16-14-12-10 -8 —6 —4 -2 0
i Ml /dB
(¢) mAP@0.3

sk &
20 T T
— 1B =611 —12-10 =8 —& —1 -2 0
{riMe b dB
(dymAP0.5:0.95
B G/ R g i A AN R e b ) SR 45 51

4.2 MEDE ¥R 5

itk — 35 43 Ht MEDE ¢ 8 2 $06 386 5 25 R 1)
SR, A SCR B R 3R v AT S B0 A S
36, S L YOLOVI InfE N E e 2S, (REFEL
RN IR E. tofbss. SN RS RII R (A
AR, FRANHE DM OSE, HRSHIREF
TUHHBINEGE. BELZREZKD, AT



XX

EBRAE « I AU 9 e A PO 4 AR T AL B 5 el 13-

RERUE o RIS AR BA T, G &S 45070
TP AR E B TR SR G0 v AN I AR 1)
SEMFRENE, ARSUARHZE — R BURE L, 1
EAERSMBTIR g shESERE D ¥ LR
G e PA ARG AE TR By X Rr M 1 RE AR 5 o VEAR 4R
Fr £ F& Precision. Recall. mAP@0.5 il mAP@
0.5:0.95.

HE 6l W, fEEHSHIERN, MEDE K
TP Re BRI BN, B IZ T 10 RS R,
R EGMREEE. IASHAE T, mAP@
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0.008; Recall f£FF7E0.899~0.917 2 ], #{&As{k,
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