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Abstract

VitaRay is a contactless fall-detection system using millimeter-wave radar to monitor human movement
without wearables or cameras. Designed from the ground up with custom hardware and optimized algorithms, it delivers reliable detection while
remaining low-cost, low-maintenance, and suitable for long-term use in geriatric care environments.
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Methodology PCB Design

VitaRay was designed and built from the ground up as a fully custom,
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Custom printed circuit boards (PCBs) were designed to integrate the
radar module, power regulation, and control electronics, reducing
reliance on expensive off-the-shelf development boards. Components
were hand-soldered, tested, and iteratively refined to improve
reliability and signal integrity. Enclosures and mounting components
were 3D-printed, allowing rapid prototyping and optimization of radar p—
orientation, airflow, and device footprint.
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computational load (which was limited within the compact design)
while maintaining accuracy, enabling deployment on lower-cost
hardware. This end-to-end design approach ensured VitaRay achieved
high performance, and relatively low cost.

Figure 3: PCB map (back)
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Benefits

VitaRay’s low-maintenance, contactless, and privacy-preserving design makes it particularly
well suited for geriatric care, where reliability, affordability, and patient comfort are critical. Additionally, it is also capable of monitoring vital signs like
heart rate and respiratory rate through contactless means making it even more applicable in medical settings.

Capabilities/Limitations

Capabilities

 High-resolution heatmap-based point cloud generation

* Dynamic spatial filtering to eliminate background noise Intelligent
User Tracking

 Continuously tracks user posture, movement, and location

 Optimized for complex environments (e.g. sitting, resting, multiple
people)

* Range: 8X8 square meters

 (Capable of penetrating most thin surfaces, i.e glass, rubber (shower
curtains), plastics...

 (Capable of TWS (track while search) of up to 2 targets

* Water resistant

* Low maintenance

 (Capable of monitoring heart and respiratory rate

Limitations

* Cannot be used underwater

* Requires continuous internet connection

* Low accuracy when used in outdoors settings
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Figure 6 (above). Me working on the first prototype ©
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Figure 8 (right): Internals of
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Figures 4 &5 (above): App interface

(A) graph displays location of target within room using coordinates,

(B1), (B2), (B3) displays the falls status of tracked target, (B2), (B3) displays
simultaneous tracking of 2 targets

(C1), (C2), (C3) orange box displays the respiratory rate of tracked targets,
graph (right) displays respiratory rate over time

(D1), (D2), (D3) blue box displays heart rate of tracked targets, graph
(right) displays heart rate over time




