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Medical Research and Development Programs Focused on Technology

Transfers: Development of Advanced Measurement and Analysis Systems
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Development of Enface—OCT system using KTN optical beam deflector
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Development of KTN optical beam deflector device
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Application to diagnosis of sweating abnormalities using this system
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Prof. Masato Ohmi from Osaka University and researchers of NTIT Device Innovation
Center developed novel ultrahigh speed en face OCT system using two axis KTN optical
beam deflectors. The KIN crystal has a very large electro—optic (EO) effect, which
changes its refractive index when a voltage is applied and bends the path of a light
beam in a new direction. The deflection effect of the KTN exhibits a fast response of
up to several hundred KHz and a fairly large light deflection angle. Considering this
performance, we proposed a novel high—speed en face OCT system that used a KTN optical
deflector as the sample probe. We have succeeded in obtaining en face OCT images of
human fingerprint with a frame rate of 1000 fps. This is the highest speed obtained
using time domain en face OCT imaging in the world

The en—face OCT imaging optics is composed by Mach-Zehnder interferometer, in which
the light source is a super—luminescent diode (SLD) light with an output of 50 mW
around a central wavelength of 1.31 pum. In the imaging system, we use two KTN beam
deflectors for two—dimensional en face OCT imaging. The fast scanning is performed at
200 kHz by the first KTN beam deflector, while the slow scanning is performed at 1 kHz
by the second KTN beam deflector. In the preliminary experiment, we acquired human
fingerprint images using TD en face OCT system. The first KTN beam deflector operated
at 200 kHz in the x—direction, whereas the second KTN deflector scans operated at 1000
Hz in the y-direction. The 500 X 200 pixel images covered a sample area of
approximately 0.7 mm X 1.1 mm (x, y). The image acquisition rate was 1000 fps, which
is the highest speed obtained using en face OCT imaging and is comparable to the speed
of SS-OCT systems. Furthermore, during 3D imaging, in addition to the operation of two
axis KTN beam deflectors of the sample arm, a reference mirror is moved for stacking
en face OCT images. All the data from 3D-OCT scanning were stored in the data
acquisition board. The volume size of a 3D image was 500 X 200 X 200 voxels (x, v,
z) with a 3D data acquisition rate of 5 volumes/s. The measurement ranges were 0.7 mm
X 1.1 mm X 2.0 mm.

We and Prof. Hiroo Yokozeki from Tokyo Medical and Dental University developed and
analyzed the rate of volume expansion of eccrine sweat gland by use of the data
analysis of the 3D-OCT images of sweat gland. The gravity center of the sweat gland
is determined by the x—y OCT image of the 3D volume rendering data. The length of the
sweat gland as well as the average slice area and the volume are measured according
to the distribution of the gravity center. It is found that there is a positive
correlation between the volume of the sweat gland from the OCT measurement and the
maximum perspiration from the perspiration meter.Our development permits in vivo real-
time imaging with fewer motion artifacts including 3D imaging of the object and this

technique will lead to useful clinical applications.
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