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Abstract
The stepped frequency continuous wave technology excels in wall-penetrating imaging with its high
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resolution and sensitivity. In response to the low signal-to-noise ratio of targets behind walls, a 32-
port vector network analyzer is utilized as the signal transmitter and receiver device to establish a
MIMO-structured stepped frequency continuous wave standoff 3D through-wall imaging system in
this paper. The proposed superimposed sampling signal extraction algorithm is suitable for strong
cluttered environments. This algorithm leverages the summation and noise reduction of multiple
independent received signals at different time points to effectively suppress system noise and mul-
tipath interference. Besides, it highlights faint signal characteristics of targets hidden behind walls
and mitigates the issue of target signals being overwhelmed by noise easily. Additionally, the imaging
quality and accuracy were further enhanced by accurately estimating the phase center of ultra-wide-
band logarithmic periodic antennas and calibrating amplitude-phase errors. Experimental data con-
firms that this system is capable of producing 3D images of human targets behind walls using stand-
off detection methods.
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Figure 1. SFCW signal processing block diagram
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Figure 2. FDR curves under different parameters. (a) Frequency range: 1 GHz~4 GHz, Points: 401; (b) Frequency range: 5
GHz~15 GHz, Points: 1501
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Figure 3. MIMO-structured stepped frequency continuous wave standoff 3D through-wall imaging system
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Figure S. Resultant image after background subtraction
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Figure 7. Comparison of results between Superposition Sampling and Background Subtraction under ten sampling. (a) Ten
sampling results; (b) Comparison between two algorithms
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Figure 8. The results of antenna group delay measurements
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Table 1. Imaging system operating parameters settings

* 1. ARG ITIESHRE

ZH il
RE&FEF 32 x 32 (MIMO)

DOI: 10.12677/csa.2025.1512347 335 TFEARY 5N H


https://doi.org/10.12677/csa.2025.1512347

R[]
REH A [
SR
i 5E
PR R RAE 2
A IR W) R AR H
REFEREE
FEJRRDEPE
AR
AR R

20 cm
314 cm
1 GHz~4 GHz
1 kHz
501
1024
6m
2m
15 cm

&, K

4.3. M BER

N T VAl MIMO 244 )20 3 A5G4 S T A% = 4E 27 1 AR 3 St A 7 S P RE AT i B2 L F) 28 ISR B0 14
ARNE, FATIAT T A7 KR P, E 5, FATAE 15 KR (8RR 5 (K58 R X AT 1B A
HARM B s, SRl 11 fros, PR SEER S S5 A B A AL, o S Skme 21
N RAR G RAFAEDNRE, XAt THABE & S U S BRI R I, A6 A5 A AR BRI [ 3545 5 1 X
S, I HIEEE A IR S BRI MOAR IR AR R R A AR BB R S A AL 0B R A HA A
PP NAR ARG R TEMT, BA T fERREL, A FDR 2 m] DU H B IR S e S N4 2ot

TP AR, HERRHS BRI TS b 70 B8, AT 3RAS S 37 M (R (R A 2R

(a) WA 5

gy (m)

(b) 15 FAIHEHIE FDR 4L

MM%M
5 10 15

Figure 11. Scenario of a single person behind the wall and 3D imaging result

20
pigg (m)

(d) BINFAEH L FDR 4k

E 1. BERBERNRAR ARG ERE

% (m)

o

0 o
2 T~ 4

0
YAJ5 B S (m)
A 16 (m)

(c) B FARHEIL =G iR a5 R

0 T~ — 4

15 P S (m)
H 1 BE 25 (m)

(e) BINRAEH =SB B4,

0

DOI: 10.12677/csa.2025.1512347

336

PEELURKSE 5 2


https://doi.org/10.12677/csa.2025.1512347

TR &%

08
0.6
g 0.4
0.2
0
0 5 10 15 20 25
sp (m)
(b) T4 ANV % FDR #iZk
1
08
0.6
Eu; 04
(=) Wik 5%
02
0 ot Aol
5 10 15 20 2
g (m)

(d) BINRAEHE FDR #iZk

Figure 12. Scenario of a two person behind the wall and 3D imaging result
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Figure 13. Scenario of a single person behind two walls and 3D imaging result
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