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Study of nondestructive inspection for infrastructure using Terahertz-wave three-dimensional imaging

In recent years, the deterioration of social infrastructure such as tunnels, bridges, and roads have become a
serious social concern all over the world. Especially in Japan, the infrastructures constructed in large
numbers during the age of high economic growth in the 1960s are approaching the end of their useful life,
which is said to be 50—60 years. However, the reconstruction of social infrastructure is challenging because
of the substantial time and expense required. Thus, in order to reduce the total cost, it is very important to
extend the life cycle of the existing infrastructure and to keep their safety by maintenance such as inspection
and repair. The exfoliation of wall surfaces of infrastructure is one of such problems, which may lead to fatal
accidents involving human lives. To detect possible wall exfoliation, various inspection techniques such as
visual inspection and hammering tests are performed regularly. However, the effectiveness of these
inspections is constrained by two issues: the manual and subjective performances by individual experts, and
the insufficient number of available experts for building and infrastructure inspection. Thus, it is imperative
to develop a novel inspection technique for contactless and nondestructive measurement of
three-dimensional (3D) internal structures without depending on the skill of workers. In this study, we
considered a method for detecting voids inside the wall of an infrastructure utilizing terahertz (THz) waves to
contribute the prevention of exfoliation accidents. THz waves are electromagnetic waves in the frequency
range about 100 GHz to 10 THz and can be expected to be imaged with higher spatial resolution than
microwave radars in the frequency range about 0.1 to 1 GHz. In addition, it was reported that construction
materials such as tiles and mortar have a penetration depth of about several tens of mm, which holds the
potential for non-destructive inspection of walls. In particular, THz-SS-OCT (THz swept source optical
coherence tomography) is a reflective 3D imaging method characterized by its small size, low cost, and high
SNR and it is suitable for inspection applications. On the other hand, the conventional analysis method by
Fourier transform has an issue that the depth resolution is limited by the bandwidth of the light source.

We constructed a THz-SS-OCT system using a frequency-tunable source operating in the frequency
range of 75-110 GHz. In addition, as an analysis method for improving depth resolution, we proposed a
depth super-resolution analysis method (DSRA: depth super-resolution analysis) that combines noise
reduction processing using a bandpass filter and singular value decomposition and an annihilating filter,
and its effectiveness was verified. In order to evaluate the depth resolution of DSRA, measurements were
performed using a plastic step sample. As a result, the 1 mm thick front and back surfaces of the sample
were resolved. This resolution is approximately 1/3 that of conventional Fourier transform. Furthermore, the
uncertainty in repeated measurements was evaluated to be 46 um, demonstrating that DSRA holds a very
high potential of 1/70 of the conventional value. In addition, 3D imaging of a multilayered sample with




K % B &

pseudo-defects (voids) on the backside of a ceramic tile was performed, and reconstruction of a significantly
sharper cross-sectional void image than in the conventional analysis was succeeded. To evaluate the
penetration depth of the THz-SS-OCT, measurements were performed using dried mortar with a thickness
of 50 mm. As a result, the reflection signal from the backside of the mortar was detected, and it was
confirmed that the measurement of 50 mm depth was possible.

In order to examine more spectfic applications, we focused on the wall inspection of road tunnels and
investigated the specifications required for mobile measurement systems using THz-SS-OCT. According to
the result, it was found that the extension of working distance and the improvement of measurement speed
are particularly important, so those possibilities were examined. For the extension of working distance, we
designed the optical system to obtain the target measurement distance of 4 m and the lateral resolution of 70
mm, and the optical simulation showed that the target can be achieved. To achieve the target moving
velocity of 5 km/h, we demonstrated a high-speed sweep (100 us/sweep, 10 kHz repetition).
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