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Background What we built

For students with visual impairments, finding a new classroom or building on a EagleNav is an application backed by a custom routing pipeline:
university campus is a struggle. Visually impaired student volunteers at California
State University, Los Angeles (CSULA) shared these struggles with us directly,
such as locating unfamiliar buildings, navigating crowded walkways, and orienting
themselves in open courtyards where visual landmarks are unavailable or
unknown. Mainstream navigation apps like Google Maps are built for drivers and
sighted pedestrians. They map roads well but inadequately cover campus
footpaths. They assume the user can glance at a screen to confirm their heading.
Developed in collaboration with the CSULA Office for Students with Disabilities,
EagleNav is a pedestrian-first navigation system built to close these gaps for
visually impaired students moving across campus.

e Pedestrian-first navigation along sidewalks and walkways,
avoiding alleys, tunnels, unpaved surfaces, and stairs. Routes
lead to the closest accessible entrance of the chosen building.

e Turn-by-turn audio guidance with relative directions ("turn
slightly to your right"), distances in steps rather than meters,
and short timing cues ("turn right now") delivered exactly at
each intersection.

e On-demand status updates — announces nearby landmarks
with their relative direction, and confirmation that they are on
route.

e Automatic rerouting when the user drifts significantly off path
while heading the wrong direction.

e Real-time obstacle detection via the device camera,
scanning hazards as the user walks.
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How we designed it

e Interviews with visually impaired student volunteers directly
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Object Detection — State Transition Diagram
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Tools and accessibility technology Camera + YOLO
detect objects every frame
e Flutter for cross-platform deployment to Android and iOS from a single l
codebase
e JOSM for manual editing of campus paths, sidewalks, and building { ARy uIaency | }
o” closest first, mapped to left / ahead / right “a
entrances o _ .
e Valhalla routing engine running on a Google Cloud Platform virtual l
machine ] '

e Cloudflare R2 object storage for the campus OSM extract
(renum_file.osm.pbf)

e Native text-to-speech with priority queueing

e Haptic feedback for step transitions and arrival

e Magnetometer-based compass heading to coach users into the correct
facing direction before walking

e Ultralytics YoloV11 (detect + segmentation models) for object detection { Speak summary every 4 s J
and p|ane detection "person ahead, wall on your left”

e Core ML / Neural Engine the software framework for running ML models J
on iOS, the hardware that Core ML can leverage to run those models untl ucer tans Donea
efficiently.

e Apple Lidar/ ARKit for depth and distance estimation
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Conclusion

EagleNav stands today as a working proof of concept: an audio-first
navigation tool, tuned to the CSULA campus, that demonstrates what
accessible pedestrian navigation can be when it is designed for visually
impaired students from the ground up. The system decouples map data
and each architectural layer from the app itself, so future student teams
can extend campus coverage and swap components without rewriting the
codebase. EagleNav is both a technical foundation and a working
demonstration of the campus-wide accessible navigation infrastructure
CSULA can grow into.




