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Ichiro ISHIMARU, who is the team leader of this project, sub-leader Hiroki HAYASHI (AOI
Electronics co.,Ltd.) and Harunobu KAWAI (Kagawa Prefectural Industrial Technology Center)
developed the thumb-size spectroscopic imager.

First of all, Kawai evaluated some optical issues using numerical simulator. (1) Estimations for
spectroscopic abilities and accuracy for sample measurement of compact trial products. (2) Design
and evaluation for small lens. These numerical simulations were quantitative estimations for spot
diagram, axial chromatic aberration, field curvature and MTF. He clarified the specifications for
optimal layout of optical elements and machining error of phase-shifter quantitatively.

And Hayashi successfully developed the near-infrared thumb-size (diameter of optics: =5[mml],
external dimension: 15[mm]*35[mm],wavelength region: 900 [nm]-1,700[nm]) spectroscopic
line-imager based on design specification as described above. Using this developed apparatus, he
acquired 2-dimensional spectroscopic images by line scan actuated by a stepping motor. And he
visualize chlorophyll distributions on leafs of fresh vegetables. Compared with ordinary visible
camera, we distinguish specific light absorption (@ 700[nm]) of chlorophyll on 2-dimensional spectral
distribution maps.

Ishimaru evaluated glucose concentrations for aiming of non-invasive blood glucose sensors as
gradual and evolutionary approach. First, he tried to realize smart toilet that could measure glucose
concentrations in urine. And then, the glucose sensor will be attached to dialyzer as in-situ glucose
monitoring. And finally, non-invasive blood glucose sensors will measure glucose concentrations of
whole bloods inside of bodies. At first, we tried to evaluate the accuracy and sensitivity of glucose
concentrations in near infrared region. But unfortunately, we found that the absorption peak of
glucose @1,600[nm] was on the shoulder of water absorption whose peak wavelength was 1,450[nm].
Thus, measurement values of glucose absorptions@1,600[nm] were affected by changes of water
amounts dependently. We decided that mid-infrared spectroscopy was effective to evaluate glucose
concentrations independent from water amount. But there was another problem. Because water
absorptions in mid-infrared region were too strong, the thickness of samples should be less than
100[um]. But for example, conventional assemble liquid cells were troublesome tasks and bad
repeatability for quantitative analysis. Therefore, conventional liquid cells were not suitable for
healthcare sensors like smart toilet. Moreover we proposed new liquid cells whose name was
ultrasonic assisted spectroscopic imaging. In this proposed method, distributions of refractive indices,
what were corresponds to reflection plane, were generated inside of samples actively. We successfully
obtained internal reflected lights from inside of glucose solutions. Therefore, we discriminated
glucose absorptions whose concentrations were around 100[mg/dl] as human blood glucose level from
mid-infrared spectroscopic characters.

Based on these developments, we will be able to provide the commercially available products of the
proposed ultra-compact spectroscopic imager so called Hyperspectral camera from AOI electrical
co.,Litd. in this June. And we honorably received the award of advanced analytical technique JAIMA
2016, the Japan society of analytical chemistry (recipients: Ichiro ISHIMARU, Hideya TANIGUCHI,
Hiroki HAYASHI).
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