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EXECUTIVE SUMMARY

This project presents the design and development of a prototype Multi-Spectral
Laser Speckle Contrast Imaging (MS-LSCI) system for non-contact blood flow and vital sign
monitoring. The system uses four laser wavelengths (520, 780(1), 780(2), and 1064 nm), an
NIR-enhanced CMOS camera, and time-multiplexing to acquire multispectral images using
a single camera, reducing system cost and complexity.

The system integrates a constant-current laser driver circuit, a trigger
synchronization system, and Python-based software for image processing using Laser
Speckle Contrast Analysis (LASCA) and for extracting near-infrared -~ imaging
photoplethysmography (NIR-iPPG) and speckle plethysmography (SPG) signals. The system
operates at a frame rate of 120 frames per second (fps), with each of the four laser
wavelengths activated at 30 Hz, and records data continuously for 30 seconds.

Testing on four volunteers across 80 datasets, with a pulse oximeter as the
reference, showed that SPG signals at 780(2) and 1064 nm achieved mean heart rate errors
of 0.26 and 0.36 BPM, respectively. NIR-IPPG performed well at 520 and 780 nm but
showed greater errors at 1064 nm. Phantom experiments demonstrated flow detection at
depths of 1-2 mm using 520 nm light and up to 5 mm using near-infrared light. These
results highlight the system's potential for non-contact pulse monitoring and wavelength-
dependent blood flow analysis.
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