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Abstract: Through-wall human target localization has broad application prospects in fields such as target
perception and rescue. However, ultra-wideband through-wall radar systems suffer from wall clutter

interference, which distorts target echo features and complicates the ability of traditional methods to achieve
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stable detection and high-precision localization in complex environments. Although deep learning-based
localization methods have shown superior performance in these environments, they often rely on distributed
radar layouts, leading to difficulties in system deployment and increased algorithm complexity. To address
these challenges, this study introduces a deep learning network framework that utilizes a single-view small-
aperture dual-transmitter quad-receiver ultra-wideband through-wall radar. This framework combines Dual-
Stream Temporal Spatial (DSTS) feature extraction with a DEtection TRansformer (DETR) to accurately
locate human targets behind walls. The network processes complex-range images as input, extracts
spatiotemporal features, and constructs dual streams. The phase branch captures the target’s spatial angular
information, and the amplitude branch reflects the target’s radial distance, thereby fully exploiting the distance
and azimuth features in the echoes. The dual streams then undergo multi-scale downsampling, and a channel
attention mechanism is employed for weighted fusion, yielding low-dimensional features. These features are then
enhanced with positional encoding and fed into the DETR network, which utilizes its set-prediction capabilities
to deliver reliable target localization results. Validation on measured data demonstrates that the proposed
method achieves an average precision of 0.79, with a threshold for accurate multi-object localization set at 0.7

m, thus outperforming several existing solutions.
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Fig. 1 Diagram of through-wall radar target detection



4 K

(gL

H15%

BB RS BEOR HR B A. J
AR I 3 £33 e R AT KA 0
[ 5 AT SO, A58 0
Bal), RN

z) =z Z a7k (4)

B 2 5 L A R Ak R e B o 3 AR e (T
verse Fast Fourier Transform, IFFT)n] 152 i} [i1]
FIIN B —4ERE B Bl o W — B8 LAME I 18] A
WIREEAE s B IE BE B AR P A -

XYP: [mgp m1r2p erp]T (5)

PR B AR T THT e 6 B S Bk BR A H bn 5 R I 2 1]
MR R BT, Dy a2k H AR 8 AR 55 B AL S B i) B dls
BT

3 AR ZEHEIREVSDETRM 425
3.1 PLg R RGeS

TS BE BB R AR R H bR S A A A
RS S it SR AV VA PSP VA
S AR A R OB TE ) T s B A Az 2 e
T I YA AR R A T s AR K

AR, AR — PP NI S R
EDETRI M 2% 4544

FI2/E R EIHER . 1% 4% 45 7 R DS T SHFE
FERUBIRADE TR & M B H R 3 Rl A 2654
BT B B 5, R DSTSH S B
Y J) EB I S REAE R 52 AR Bl A . 3T, KEDSTS
ey A4 AE ) &N A7 B 4w S S ADETR M
%% o ZBTHREE R A R i ML A A BE A
WK R, RIS R FHE 2 EEBIDETR
BT 21 il IR 11t B o 7 W) Y = VA2

3.2 WURBTZHHIELRBUARIR

W3R A2 DSTSHFE SR BB ER N 25 2544, B
ESENFL ST SEPRR N T A 1537 b 5 75
HE RN W, FATE S FRBUSS I I FE 2514
JEFE, K R0 8] A 3 (0.24 ) & B 1E N
—ANRERT I E A IR AR, B L SR R M (10,
8, 89)JARMIM AL 7, H P& NimiE %, 89 A#I K
H bz 3 B K AR ) 5 25 Y5 ] (24965 mk B89 I 25
BT o it RIS IR 8] 2k R S A AT 6 R R AR DL
AN IR DR E N Y T 5 WS B = 7 L A ]
o P ol WU G — NI R R IE SRS AR b, AR
JIERERS 7 A2 R I R AN P R R . TERSY

HY(DSTS)

|$$EﬁAE& E : XX(}ILETI%TETIEX*EEE DETRM%Z | ;!73.713)? 0. L8727

P ¥ BN E E h@* D ERE 097

i T ke ;;; : \ Er e ([ £ 00

1 :Wf: T L I . TranSf(zirmer Trgnsf(()irmer B | o

i # ot i encoder ecoder ||\ qEea om0 oo

i L[ Gy R ¥ RN EER-» b5 EJDFF 0.98
g s £ -+ a CT T FFN->(H 5 T

Kl 2 RGTIa

HE B

Fig. 2 Block diagram of system implementation

I Convolution .
I Batch Norm !

3 KU R S B e
Fig. 3 Dual-Stream Temporal Spatial (DSTR) feature extraction module



< AE AR BT R TRHESR LS DETR 9 5 8 ik H A5 8 AL 1% 5
R 1 DSTSHHERREVERMEZLERS BUEE
Tab. 1 Details of the network structure parameters of the DSTS feature extraction module
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Tab. 2 Comparison of experimental evaluation results
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AL 0.41 0.46 0.44 0.49 0.44 0.43 0.41 0.47
) B HR 0.35 0.78 0.31 0.63
Hif%*+CA-CFAR "
£ HiF 0.39 0.75 0.32 0.61
oy P 0.21 0.85 0.86 0.84 0.20 0.83 0.85 0.81
A%+ YOLOvVS - 8.20
AL 0.24 0.69 0.72 0.68 0.21 0.65 0.67 0.62
_ . LEP 0.22 0.86 0.72 0.87 0.19 0.82 0.72 0.82
SCHR[30) AT 7 %2 - 0.15
AL 0.24 0.72 0.73 0.74 0.21 0.66 0.61 0.67
o LEP 0.29 0.93 0.95 0.97 0.19 0.88 0.87 0.92
KT R B 12.16
AL 0.23 0.85 0.79 0.86 0.20 0.77 0.67 0.76
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Fig. 6 Comparison of localization results of the proposed method
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Tab. 3 Ablation study results

I E ER R{E=0.7 m B{E=0.5 m
DSTS DETR GHIZ Err (m) F1 AP R Err (m) F1 AP R
HH bR 0.47 0.72 0.76 0.81 0.39 0.65 0.69 0.76
AL 0.53 0.41 0.41 0.45 0.42 0.39 0.38 0.42
2 H kR 0.42 0.81 0.82 0.89 0.35 0.68 0.63 0.71
J
% Hx 0.47 0.61 0.59 0.67 0.45 0.54 0.51 0.60
B H 0.38 0.78 0.82 0.83 0.29 0.65 0.70 0.73
J
Z Bz 0.50 0.39 0.39 0.43 0.48 0.36 0.37 0.43
. 4 2 H R 0.20 0.93 0.95 0.97 0.19 0.88 0.87 0.92
EASEN 0.23 0.85 0.79 0.86 0.20 0.77 0.67 0.76
R4 RS EAIEEMSIEERITERT
Tab. 4 Ablation study results of dual-stream features processing
IR E EE T B =0.7 m HI{E=0.5 m
R 5y % HBLI A 3 fis Err (m) F1 AP R Err (m) F1 AP R
2 H R 0.24 0.79 0.88 0.90 0.22 0.74 0.70 0.86
EA=E 0.27 0.78 0.71 0.79 0.23 0.69 0.57 0.69
¥ H bR 0.23 0.81 0.88 0.91 0.20 0.73 0.73 0.87
J
EASE 0.25 0.76 0.75 0.81 0.24 0.71 0.61 0.72
%H bR 0.22 0.84 0.90 0.91 0.23 0.78 0.81 0.87
J

EASE T 0.26 0.79 0.74 0.81 0.24 0.71 0.60 0.71
y ; B HFR 0.20 0.93 0.95 0.97 0.19 0.88 0.87 0.92
EASE 0.23 0.85 0.79 0.86 0.20 0.77 0.67 0.76
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Tab. 5 Ablation study results on the number of encoder layers
and query numbers
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J= A it ap R AP R
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47
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5%
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