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SUTAPUN, Ph.D., 240 PP.

NONIVASIVE OPTICAL TECHNIQUES/SUBCUTANEOUS VASCULAR

IMAGING/BLOOD FLOW MEASUREMENT/NIR IMAGING/LSCI

At the wavelength of a near infrared region, light has a high penetration depth
into human skin deeper than that of visible light. Large optical absorption difference
between red blood cells and surrounding tissues 1s found at the NIR region. Therefore,
near infrared light has been widely used for subcutaneous vein imaging and other
noncontact skin diagnostic techniques. In this work, two noncontact optical techniques
including NIR vein imaging and laser speckle contrast imaging have been developed.

For the development of NIR vein imagers, three devices using different cameras
have been constructed and compared for their technical performances. The first vein
imager utilized a high-quality CMOS camera while the second vein imager employs a
low-cost web camera. Both devices used 850-nm LED as a light source and were
designed as a benchtop instrument. The third device was designed to be a portable and
wireless vein imager by utilizing an imaging device, a LED and a wireless
communication board available from an IP camera. It was found that the CMOS vein
imager provided the highest vein contrast while the web-camera and the IP camera
imagers showed a comparable contrast. However, the vein imager based on IP camera
has a smaller size and allows a convenient wireless connectivity to a smart phone or a

tablet.



This work has also explored several image enhancement techniques including
histogram stretching, histogram equalization, normalization, Laplacian of Gaussian and
local histogram stretching, in order to improve the vein contrast of the vein imagers.
The image processing was written on LabVIEW software. The last two techniques offer
the highest image contrast but are relatively slow while the normalization technique
gives a moderate contrast and a moderate computing speed with a two-step and sample-
specific setup. The histogram stretching technique is fast but with has the lowest
contrast. For this work, the histogram equalization technique is selected for image
enhancement since it has a fast speed and a good image contrast.

The second optical technique, laser speckle contrast imaging, was built using a
785-nm laser diode and a CMOS camera. Laser speckle contrast imaging can be used
to measure the particle flow speed in full frame without a physical contact. A tissue
phantom containing a 4-8 mm-diameter plastic graft was fabricated and was used to test
the device flow measurement. It was experimentally found that the speckle contrast
depends inversely on the flow speed. The speckle contrast also depends on the aperture
size and the camera shutter speed. The measured data were in a good agreement with
the theory developed earlier by other works.

The vein imaging devices developed in this work could be used for needle
puncture and vascular access locations as well as an educational tool in medical or
nursing classes. Both NIR imaging and laser speckle contrast imaging could be applied
for investigation of synthetic graft failure with further improved design to minimize the

physical effects to the patients.
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