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Problem Statement Key Performance Metrics
* Current traffic monitoring requires massive bandwidth (5-25 Mbps per camera) and  Bandwidth reduction: 50x-10,000x depending on application
expensive data centers * Infrastructure cost reduction: 1000x through eliminated fiber and data center requirements
« Fiber installation costs $60,000-$80,000 per mile, creating deployment bottlenecks . Latency improvement: <100ms vs. current 200-500ms
 Qver 95% of transmitted video contains redundant or non-critical information - Deployment scaling: 100x more sensing points within existing budgets
* Network latency of 200-500ms degrades real-time response capabilities Back end
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Al-Powered Semantic Perception: Al models perform perception, tracking, and trajectory reconstruction on-site.
Task-Oriented Vectorized Data Transmission: Transmit only counts, trajectories, occupancy maps, and alerts.
Event-Triggered Retention: Cache raw data for critical incidents (crashes/anomalies) only. Human in the Loos Exerimant
Bandwidth- & Storage-Aware Compression: >10,000x reduction for counts, 100x—1000x storage savings. Trttc tates | ’b z',*:;
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Digital Twin Integration: real-time feeds into TMC + simulation platforms R ———
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Al-Powered Semantic Perception at the Edge + States detection and recording * Traffic risk prediction .
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Tracking Py Digital Twin Platform . . * Year 1: Core Al model development for semantic compression
v SLAM ation i% e Building Information Modeling (BIM) Edge Sensor Data dlreCtIy at the roadSIde . . . .
One-chipAl Camera v Oocupancy Mapping U -1 B e . T am e A T T i * Year 2: Field trials on Madison Flex Lane and partner corridors
(.9, SONY IMX500) educes /| Decionmaing Suppor Y ransmit hyper-efticient Year 3- Mult dep| £ and alizat .
AT, o - gmeom | - L - . ; -
_ . - backhaul by | | &A% s e | vectorized InSIthS instead edrl 5. ViUlll-agency aepioyment ana commercialiZation preparation
Task-Oriented Vectorized Data Transmission >10,000x for | Digital Twin Function . _
| count-only N Pyt T _ Proset T bivprsic i ) | Of raw VldeO StreamS
v' Data Fusion tasks §  esbro ':Z"m 0 s';"iﬂzm |

Vehicle counts: 4 bytes vs. Transformational Impact
25 MB per minute

~...== | v Trajectory data: 1-5 KB vs. « Economic: Billions saved in fiber & storage, positive ROl within 1-2 years.
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] ] The Link Between BIM With Edge Sensor Data : . )
Event-Triggered Raw|Data Retention e . . 100 MB per trajectory - Safety: Real-time alerts prevent crashes, protect road users, enable adaptive response.
R i EEE - | = o | v Event alerts: 500 bytes vs. . Resilience: Edge autonomy sustains monitoring during outages/cyberattacks.
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‘ rash/Anomaly Cache I g storage ™| 1 e = w I 50 MB per incident « Scalability: National ITS deployment across urban & rural corridors.
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