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Offline, Onboard Person Tracking - NVIDIA Jetson Orin Nano - Modular 2-DoF Camera Head

Problem Statement Mechanical & Electrical Design Design Verification

Campus robots need reliable person tracking without depending on internet or cloud services.
Commercial camera systems can introduce privacy, connectivity, and integration limitations. This project
develops an offline onboard Al camera system for BillyBOT to provide local, low-latency target tracking.

Internet & cloud dependency: single point of failure in campus environments
Wi-Fi jamming vulnerability: Wi-Fi deauthentication attacks can disrupt wireless cameras
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Privacy & data sovereignty: off-device storage exposes footage to third parties

Tilt axis through
servo horn and
opposite bearing

Limited robot integration: commercial PTZ systems lack clean BillyBOT ROS2 integration

An offline, onboard Al system eliminates all network dependencies: enabling robust, low-latency person tracking
with no internet required.

Fig. 9. Live bench test with person tracking.
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Objectives & Requirements
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NVIDIA Jetson Orin Nano
Servo Command Latency : Command Path Only

Camera

Arducam IMX477 HQ Motion Type Interval Dispatch
12.3 MP - Auto IR-cut Pan small step (n=3 runs) 152.5 ms 0.063 ms
Servo Driver Pan medium step 101.6 ms 0.075 ms
PCA9685 I12C PWM Tilt small step 120.4 ms 0.069 ms
12-bit - 50 Hz Return to center 120.4 ms 0.073 ms
Actuators Repeat left / right 99.8 ms 0.097 ms

2x DS3218MG Metal-Gear Servos
Pan: 20 kg, 270° max - Tilt: 25 kg, 180°

|~ Command-path timing only. No encoder feedback : mechanical servo latency is not independently confirmed.

Mount Fig. 5. Custom PLA camera mount. Fig. 6. PCA9685 servo harness.
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Simulation Support Only: not closed-loop hardware proof
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based person-follow navigation.
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