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Birdy - The sky was
simple. Every object in
the air was another
bird. Nature handled
the traffic.
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Birdy - They all will
crash into each other!!

Who's making sure
none of Drones/sUAS
crash into each other?

How would our cities change
if we managed thousands of
autonomous drones in the
sky with the same rigor,

structure, and safety
guarantees that today’s air
traffic control provides for

airplanes?
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The SADE Project: Safety-Aware Drone Ecosystem
SADE: A New Ecosystem for Drones

2 MRS, W

SADE Zones from SADE—’SIM Platform | 5
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Birdy - What are
SADE ZONES?
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NOTRI SADE Zone y
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Decision
CONDITIONAL ENTRY e

Remain below 200ft, e
self-monitor vibrations Assess sUAS capabilities

SAC DRP
TERMS P
aPAR Automated Performance w/
Authorization Request
DRP Drone Reputation Profile Zone-specific Drone Reputation
Safety Assurance Case Profile
SAM SADE Authorization
Manager High winds *Excellent reputation,
SAC above 200ftAGL  but no prior record
AC Safety Assurance Case in high winds
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Project Goals & Components

SADE-SIM Goals
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SADE-SIM: Simulation Platform for Safe Drone Deployments

Fig: SADE-SIM Conceptual Architecture
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Simulation Configuration
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Development Objectives

\/

\/

\/

Automated
Distribute Physics
Custom Software Airspace Simulation
and Rendering
Pilots Management Infrastructure
Workload
Management

\/
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Development Objectives

DO1: Distribute Physics and Rendering Workload

e Physics and environment rendering workloads distributed across multiple
nodes

e Maintain consistent shared world state

e Modular design for environmental factors such as Terrain, GPS, Wind and
other factors which can be integrated as plugins

e Extensible architecture for fog, weather, and other environmental factors

14
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Development Objectives

DO2: Custom Software Pilots and DO3: Airspace Management

e Support standard communication interfaces between flight controller
(PX4-Autopilot) and custom software pilots (MavSDK, Dronekit, etc.,)
e Native integration of operational constraints (no-fly zones, regulator-controlled

zones)

e Explicit support for dynamic airspace rules and zone constraints.
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Development Objectives

DO4: Automated Simulation Infrastructure Management

e Single specification for complete workflow configuration.

e Automatic resource provisioning and scaling.

e Persistent simulation logs for debugging and analysis.

e Reliable cleanup and reset between runs.

e Challenge addressed: Manual orchestration makes testing time-consuming,

brittle, and hard to reproduce

16
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SADE-SIM Simulation Infrastructure

Fig: SADE-SIM Complete Architecture
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SADE-SIM Architecture

e Static Infrastructure Layer
e Dynamic Infrastructure Layer

e Synchronization and Data Streams among services
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Simulation Workflow Lifecycle

1. Configuration Generation (frontend + cesium JS)

2. Artifacts Generation

a. Terrain Scan

b. Wind Vectors generation using OpenFOAM
3. Configuration setup (Workflow generates configs)

4. Containers initialization

5. Execution, Monitoring and Teardown

20
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Case Study - Emergency Response Scenario

e Location: Museum in downtown Chicago
e Trigger: Emergency response event requiring airspace management

e Chicago Department of Public Safety (DPS) establishes dynamic, high-priority SADE Zone.
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Case Study - Emergency Response Scenario
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Group Count | Role Authorization Behavior

Public Safety 5 Emergency response & | Always Granted Navigate directly to zone, maintain formation
crowd monitoring

Journalists 10 Live aerial broadcast Denied Scattered deployment, attempt zone entry
capture

Recreational 17 Unauthorized footage Denied Random waypoint navigation, frequent zone
capture boundary probing
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SIMULATION MANAGEMENT
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e Scale SADE-SIM to almost 100 drones.

e \ision-Based autonomous navigation relying on onboard cameras.

e \alidate navigation algorithms under realistic urban GPS denial (by
integrating GPS plugin).

e \alidate FAA dynamic airspace management protocols.

e Test AI/ML models in simulation before field deployment.
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