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e Visual collection of traffic analytics for

micromobility is a challenge:

O Modern VLM models cannot run in
<500ms, whereas real time applications
demand <33ms,

O Lack of annotated data,

O Rapidly evolving visuals not captured by
existing large-scale Al models
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Eigital Twins for Photorealistic Data Generation
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'Real-World Data Collection Sl
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Figure: Real-time object detection and tracking for micromobility classes. Figure: Sample plot of collected e-bike tracks in
bird’s-eye view. 5
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‘Volume of e-bike and e-micromobility
devices on our streets

100 —— Bicycles
—— Motorcycles
—— e-Bikes

e Obtained by developing custom object
detection models for e-bike, bicycle,
motorcycle detection in real-time

O We trained and evaluated the models in a
New York City intersection, part of the
COSMOS testbed

0 14,000 frames hand-annotated for these ‘ “
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O These models will be made available
publicly
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Pedestrian Notification System for Oncoming Bikes

This intersection notification system automatically detects oncoming, fast-moving
micromobility devices (bikes, e-bikes, scooters, etc) traveling from either direction and
provides advanced audiovisual warning signals to pedestrians attempting to cross. The
system also notifies micromobility device users of waiting pedestrians. The system
analyzes data locally without storing or sending data to the cloud, mitigating privacy

concerns.
Controllable Light — Traffic Pole
Provides visual wamings to cyclists and T Leads toa camera and external
vehicles when pedestrians are present. power source.
~
Jetson Orin Super
Edge compute device that locally and
anonymously processes camera footage.
Fisheye Camera )
Allows for a wide range of vision
tomonitor intersection and ft
oncoming traffic. w | :
! ' ) Battery
i il I Powers the device for prototype
M O L deployments.
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[ , Speaker
Outputs warning signals to pedestrians
automatically.
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BIRD'S EYE VIEW
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Methodology:
® Real-time object detection and tracking with
custom models adapted to micromobility object
class detection from elevated high-resolution

camera placements.
') Bird's-Eye View

Transformation \
Micromobility ('V e -) Bird's-Eye View !
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Traffic Light —>{ Red Light Running
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Detection | Time Calculation

Figure: Example of automated sidewalk
detection.
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Distribution of Observed e-Bike Speed
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Figure
to total.




nnnnnnnnnnnnnn

STRE=T
SCAP=S
—

Public Distribution

il
Ll
/|

15.

Vision Zero: Research on the Road
November 19, 2025

11



+

CENTER FOR SMART

SCAP=s

Near-Misses
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14,000 samples to 38,000 samples
5 new intersections for data collection
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Figure: Real-time results from the high- altltude cameras.
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(e) Old Pavement (2019) N (h) Repaved
Model Name Pedestrian AP@0.5 | Vehicle AP@0.5 | mAP@0.5 | Inference Time (ms)
YOLOvEx 874 98.6 93.0 11.5
YOLOvEn (2x) 912 98.5 948 7.2
YOLOvEx (2x) 912 984 94 8 43.6
YOLOvEn (2x+5R) | 90.1 984 94.2 72
YOLOvEx (2x+5R) | 91.3 8.7 95.0 43.6
YOLOvEx (P2) 89.5 98.6 940 15.1
YOLOvEx (P6) 894 98.7 94.0 1.6
YOLOvEx (P2-P6) | 899 8.7 94.3 24.5
DETR-1 865 98.1 92.6 9.8
DETR-x 873 97.8 923 14.5
CFINct B28 95.8 893 314

Figure: Performance of the high-altitude cameras.
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