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This research aimed to develop a prototype system for visualizing subcutaneous veins
using near-infrared (NIR) light in conjunction with digital image processing and real-time
projection technologies. The system was designed to support venipuncture procedures in
patients with difficult-to-locate veins, such as children, elderly individuals, or those with deep or
narrow veins. The developed prototype consists of an NIR light source at a wavelength of 850
nm, a Basler camera sensitive to the NIR range, Python-based image processing software, and a
projector that overlays the processed vein images onto the patient’s skin in real time.

Experimental results demonstrated that the system can accurately detect veins beneath
the skin, with significantly improved visibility when compared to standard visible-light imagins.
The applied image processing techniques enhanced contrast and defined vein patterns more
clearly, making them suitable for medical guidance during blood draws. The prototype device is
compact, portable, and cost-effective, achieving more than a 50% reduction in production cost
compared to imported commercial devices. Additionally, one master’s-level student was
directly involved in the research, gaining practical skills and knowledge in optical system design
and biomedical engineering.

This study contributes a practical foundation for developing affordable and effective
vein visualization systems for community healthcare services or mobile medical units.
Moreover, the findings provide a basis for future enhancements using artificial intelligence (Al)
and machine learning to further improve clinical usability and intelligent decision-making in

medical imaging applications.





