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When we see an object through our vision, we can recognize the size, shape, distance or
motion but also the various properties from its color. The color reflects the spectral
distribution about the object. However, there are some limitations on wavelength range and
resolution of wavelength in human vision. The “visible wavelengths” of the electromagnetic
spectrum is limited to about 380 to 780 nm, and a color is perceived from only three
dimensional signals, which is compressed from spectra of infinite dimensional signals by
three types of color sensors (L, M, S cones) on our retina.

In contrast, there are no such limitations on hyperspectral imaging. Nowadays, by using an
imaging detector suitable for the targeted wavelength range, and a spectroscopic device with
capability to select and scan a transparent wavelength electrically with a few nano-meters
resolution, it is possible to acquire vast amounts of information beyond the human vision.
The imaging technique is called “hyper-spectral imaging (HSI)”. There are many unique
advantages of HSI method: it is non-destructive, contactless, and easy to use; it can obtain
chemical information instantly with no pre-treatment, and visualize its spatial distribution.
It is an essential and powerful tool especially for the field of non-destructive inspection or
remote sensing.

However, there are some barriers for practical application of HSI: the high-cost of
spectroscopic device, the long measurement time due to the wavelength scanning and the
large consumption of computational resources come from large numbers of images. This
thesis describes information extraction methods by utilizing the hyper-spectral imaging data,
and aims to apply it to the food-related field. In this thesis, two approaches to solve above
problems are proposed.

As the first application for evaluation of food safety, a method for the rapid detection of
microorganism is developed. First, by using the hyper-spectral imaging, it was shown that
colonies with diameters of 100 and 300 pm could be detected and identified, respectively. This
method has advantages that it can identify a number of different types of microorganism at a
time. It enables us to skip the pure culture phase, which needs long time. However, this
method needs hyper-spectral measurement. Thus, next, a simple measurement system using
spectral distribution of LED light sources was proposed. On the basis of spectroscopic
properties of the colony, medium, and LEDs, an optimal combination of two LED
illuminations was selected to maximize the contrast between the colony and medium areas.
Then, a time course imaging system was developed using a compact incubator with the two
selected LEDs. The time-course changes of Alicyclobacillus acidocaldarius and FEscherichia
coli at two different dilution levels were monitored using the system. From the results, a
similar growth rate was estimated amongst the same species of microbes, regardless of the
dilution level, and the ability to detect a colony of approximately 26 pm in diameter in a
detection image was confirmed.

As the second application for evaluation of food quality, the spatial distributions of food
constituents were visualized. Concretely, fat and various fatty acid contents in a raw beef cut
were predicted and visualized. First, the effectiveness of the spectroscopic approach for this
application was confirmed through experiment by a traditional method with hyper-spectral




data. After that, this study proposed a more simple and practicable measurement system
with equivalent performance to hyper-spectral method, using a set of a few optical filters.
The filter shape was a band-pass-filter (BPF), and the band-pass characteristics were
specifically designed for each content individually. By comparing the prediction results of
actual measurement using a set of three BPFs with hyper-spectral imaging (about 200
wavelengths), the superiority of filter method in the performance was confirmed.

In both applications, the spectral characteristics of LEDs/BPFs are specifically
pre-selected/designed for extracting target information from hyperspectral information.
These methods are equivalent to reducing the dimensions from hundreds (obtained by
hyper-spectral measurement) to a few by hardware using the spectral characteristics of
LEDs/BPFs. Therefore, although the hyperspectral measurement is required in the design
phase, no spectroscopic device is needed during the application phase. In these methods, only
a few images are acquired by switching LEDs/BPFs. It enables us to solve the problems of
the cost, measurement time and computational resources at a time. Moreover, a brighter
image can be obtained by constraining the minimum bandwidth in the filter design phase. It
allows for shorter exposure times, and improves S/N ratio.

Prototype measurement systems with consideration of practical use were developed, and by
using them, actual measurement was performed to evaluate the performance. As a result, the
practicality and availability of proposed methods were demonstrated. These approaches
might be also applicable to various fields where the spectroscopic method can be applied.
This study can bridge between research application and practical use, and expand the
application area of hyperspectral imaging technique.




