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Abstract

Ultra-wideband (UWB) radar is highly effective for nondestructive testing of concrete structures. In this study, we propose a near-field
synthetic aperture radar (SAR) signal processing technique using an impulse radio ultra-wideband (IR-UWB) radar to generate high-reso-
lution images of the internal structures of concrete materials. For this purpose, we developed an accurate back-projection (BP) algorithm
to compensate for the electromagnetic refraction and attenuation of a radar traveling through a concrete medium. A novel technique
was implemented to suppress noisy clutter caused by internal impurities in concrete structures. For the experimental demonstration, con-
crete structures were constructed with metal bars inside, and the performance of the imaging system was evaluated by measuring the
azimuth resolution and signal-to-noise metrics of the generated SAR images.
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Table 1. OMP algorithm.

Input : Measurements y, sensing dictionary A

Initialization : By =y, A=¢

Until convergence repeat :
Identify : —argmax | <R,,A> |

m’

Augment : A=AUj

Estimate : x, =argmin | | y—Ax, | |2
Ta

Update : R,,, =y— Az,

Output : x,, A,
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Table 2. SAR system parameters.

SAR parameter Value
Center frequency 2 GHz
Bandwidth 3 GHz
Sampling rate 38 GHz

Range sampling number 512

Azimuth sampling number 500
Azimuth sampling step 1.6 mm
Scan length 0.8 m
Baseline 02 m

Cross-range
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Fig. 4. SAR imaging results of a single rebar.
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Table 3. Comparison of image quality.
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Before refraction compensation 7 cm —9.93 dB
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Fig. 6. SAR imaging results of multiple rebars.
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