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1. Introduction

Long-span steel bridges are coated with heavy-duty anticorrosion coating consisting
of several layers of paint to prevent corrosion of steel materials, as shown in Figure 1. For
the maintenance of heavy-duty anticorrosion coating, it is important to early detect the
deterioration of the top coat, in other words, exposure of the intermediate coat, since
deterioration progresses rapidly once the top coat is lost. However, current maintenance
method relies on visual inspection, more efficient and accurate detection method need to
be developed. Furthermore, paints of similar colors are often employed for the top and
intermediate coats for the purpose of color matching, it is difficult to distinguish them in
the visible range. Therefore, authors proposed the evaluation method of deterioration
state for the heavy-duty anticorrosion coating based on the difference in the near-infrared
spectral characteristics between the top coat with a weather-resistant paint such as a flu-
orine resin paint, and the intermediate coat with an epoxy resin paint [1,2]. However, the
evaluation method proposed by the authors requires that the spectral characteristics of
each paint is measured in advance. We employed the near-infrared hyperspectral imag-
ing system to obtain the spectral characteristics of the top and intermediate coats, and
identified the wavelength range where the spectral characteristics of each paint differed.
Next, we employed a near-infrared camera attached a band-pass filter that transmitted
only the wavelength range and cut other wavelength ranges, and we obtained
near-infrared images.
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Figure 1. Schematic illustration of heavy-duty anticorrosion coating. 2

2. Near-infrared hyperspectral imaging system

3
The near-infrared hyperspectral imaging system is a technology that combines 4
spectroscopic and image measurements. Figure 2 shows the appearance of the meas- 5
urement system employed in this study. The system is composed of a lens, a slit, a spec- 6
troscopic meter, a near-infrared camera, a stage, and active lighting. Light entering the 7
lens passes through the slit and becomes a vertical line of light, which is then split by the 8
spectrometer. The split light is measured by horizontal pixel rows of the infrared image 9
sensor, each assigned to a different wavelength. The horizontal range that can be meas- 10
ured at the same time is limited by the width of the slit, so the stage is used to move the 11
system horizontally while continuously scanning to measure a specified range. In this 12
way, a three-dimensional data cube consisting of two-dimensional position information 13
(%, y) and wavelength spectral information (1) of the pixel is constructed. By analyzing 14
this data cube, the infrared spectral characteristics at specific points within the meas- 15
urement range can be obtained. Furthermore, it is possible to construct an image that 16
emphasizes the differences in the absorption and reflection characteristics of paints atan 17
arbitrary wavelength within the sensitivity wavelength range. Using this system, it is 18
possible to obtain infrared intensity data for each wavelength, which is divided into 640 19
parts in the near-infrared range from 900 to 1700 nm. During measurement, active light- 20
ing is used to illuminate the measurement target to compensate for the lack of infrared 21
intensity. 22
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Figure 2. The near-infrared hyperspectral imaging system. 24
3. Results and discussion 25

The measurement subject was the underside of the main girder of the long-span 26
steel bridge. Figure 3 shows a visible image of the measurement location. The white areas 27
in the visible image are the exposed areas of the intermediate coat. 28
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Figure 3. Visible image of the measurement location.

3.1 Measurement results from the near-infrared hyperspectral imaging system

Figure 4(a) shows the spectra in the infrared reflection intensity of the top and in-
termediate coats at the measurement location using a near-infrared hyperspectral imag-
ing system. There is a large difference in the spectra between the top coat and the ex-
posed areas of the intermediate coat at around 1230 nm. Figure 4(b) shows a spectral
image at 1230 nm constructed from the data cube for comparison with the wavelength
range of the band-pass filter described below. The spectral image is able to detect the
exposed areas of the intermediate coat compared to the visible image. The near-infrared
hyperspectral imaging can be clearly detected the exposed areas of the intermediate coat
by selecting the optimum wavelength at which the difference in infrared reflection in-
tensity between the top and intermediate coats is large.
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Figure 4. (a) Spectra of infrared reflection intensity for the top and the intermediate coats, (b)
Spectral image at 1230 nm.

3.2 Verification using the near-infrared camera attached a band-pass filter

Next, based on the results of the near-infrared hyperspectral imaging system, a
band-pass filter that transmits only a specific wavelength range was attached to the
near-infrared camera to obtain a near-infrared image. The band-pass filter has a central
wavelength of 1230 [nm] and a half-width of 40 [nm]. Figure 5 shows the measurement
result by the near infrared camera with the band-pass filter. In this image, it can be seen
that the exposed areas of the intermediate coat are emphasized as bright areas.
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Figure 5. Infrared image by the band-pass filter.

4. Conclusions

This experimental study showed that it is possible to detect exposure of the inter-
mediate coat using the near-infrared hyperspectral imaging system and the
near-infrared camera attached a band-pass filter. These results can contribute to more ef-
ficient and appropriate maintenance of the heavy-duty anticorrosion coating of
long-span steel bridges.
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