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Future AAM Demand the Quest for Efficient Management
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AAM Airspace Design ConOps
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[3] NASA, UTM. "Air Traffic Management for Low-altitude Drones, NA a." SA (NASA), Washington DC, USA (2015).

[4] Le Tallec, Claude, Patrick Le Blaye, and Moustafa Kasbari. "Low Level RPAS Traffic Management (LLRTM) Concept of Operation." 17th AIAA Aviation Technology, Integration, and Operations Conference. 2017.
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FAA Envisioned AAM Architecture

• PSU: Provider of Services for UAM
• SDSP: Supplemental Data Service Providers
• UAM: Urban Air Mobility (i.e., AAM)
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Three Questions in AAM Traffic Management

1. Airspace Sectorization: 
• Can urban airspace be effectively divided to allow local traffic managers (PSUs/ USSP/ fleet operators) to handle AAM operations?

US Airspace Sectorization

Vertiports

Example: Potential Vertiport Locations in Florida

AAM
Airspace Sectorization

→ As the number of operation increases, robust & efficient AAM flight management will become essential
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2.    AAM Route Planning:
• How can we efficiently plan AAM routes considering vehicular, infrastructural & operational constraints?

Three Questions in AAM Traffic Management

Bi-directional Flight Corridors with Fixed-size Vertiports with Landing Pads

Corridor transition

Finite take-off/landing pads

Fixed corridor volume

→ vehicle types (i.e., speed & range), service priorities, corridor & vertiport capacities, equity/fairness
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Three Questions in AAM Traffic Management

UTM (UAS Traffic Management)
PSU (Provider of Services for UAM)

Vertiport

3.    Distributed Management: 
• How to efficiently generate AAM traffic management solution given the specific demands/ traffic of their regions?
• Can neighboring PSUs/ USSPs coordinate airspace management to ensure smoother AAM operations while 

maintaining traffic flow capacities?
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) Setting

4. AAM Traffic Flow Management in Distributed Settings

Methods and Algorithms

Detects groups with similar properties

Generate geographic partitioning
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Edge weight: 

Normalized distance between vertiport: 

Connectivity: number of corridors connected to a vertiport

Population similarity factor: 

Vertiport capacity similarity factor: 

Weight Factors:

                             
      i.e., [0.55, 0.25, 0.1, 0.1]

PSU Airspace Sectorization Example
(Grid size: 5 km)

Airspace Sectorization
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) Setting

4. AAM Traffic Flow Management in Distributed Settings

Corridor Design:
• Multiple lanes to accommodate diverse speed for AAM traffic

• Fast/ Medium/ Slow Speed Lane

• Maximum throughput capacity:

• Vertical layering
• Smooth transition of speeds and altitudes

Methods and Algorithms
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) Setting

4. AAM Traffic Flow Management in Distributed Settings

Distance-based vs. Weighted/optimized Path Construction
- Dijkstra’s Algorithm[1]

- Explores route planning approaches

Methods and Algorithms

[1] Prim, R. C., “Shortest connection networks and some generalizations,” The Bell System Technical Journal, Vol. 36, No. 6, 1957, pp. 1389–1401
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) Setting

4. AAM Traffic Flow Management in Distributed Settings

Spatial Conflict Detection & Temporal Resolution

Methods and Algorithms

Vertiport

Spatial Conflict
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) Setting

4. AAM Traffic Flow Management in Distributed Settings

Take-off/ Landing Vertiport Capacities:

Multi-Lane Bi-directional Corridors:

Vehicle Types:

Service Priority Types:

Regular Express Medical

Methods and Algorithms

① ②③

Considerations
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) Setting

4. AAM Traffic Flow Management in Distributed Settings

Objective Function

Minimize
[departure delay & 

airborne delay]

Parameters Constraints

Min & Max Speed per Vehicle Type Departure Takeoff & Arrival Landing 
Capacity Constraint

Departure, Arrival Vertiport Max Capacities Corridor Capacity Constraints During 
Operation Time

Each Corridor’s Max Capacity Min & Max Speed Constraints per 
Vehicle

Scheduled Departure & Arrival Time per Vehicle Temporal Conflict Resolution 
Constraints

Cost of Departure Delay & Airborne Delay per 
Vehicle Type

( # of MIP constraints: 13 )

Consideration

Equity of Assigning 
Departure Time 

Methods and Algorithms
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) Setting

4. AAM Traffic Flow Management in Distributed Settings

Methods and Algorithms

Distributed AAM Traffic Management:

• Offers scalability, ensuring the safe and efficient operation of 
numerous AAM vehicles

• Locally optimizes traffic solutions and coordinates /resolves 
conflicts for vehicles transitioning through multiple PSUs

• 1.4 to 30 times faster than centralized AAM traffic management
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Methods and Algorithms

AAM traffic density, 
number of transition corridors,
number of spatial conflicts

Negotiable bargaining power of PSUs varies 
with each operational time window

Player: Each PSU/ USSP                                                          
                        or 
             Each sub-regions 
             owned by PSU
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Monte Carlo Simulation Setup
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150
300

Centralized Distributed

- 300 flights experienced 
more delays than 150 
flights (both C & D)

- Distributed PSU: 
multicopter has the least 
ground & airborne delay

- Medical operation has 
the least ground & 
airborne delay
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As the number of flights 
increases, distributed 
system performs better 
than centralized system in 
terms of runtime!

150 Flights 300 Flights

~28% decrease

~97% decrease

~46% decrease

~83% decrease

~8% decrease

~93% decrease

~48% decrease

~83% decrease

As the number of flights 
increases, objective cost 
remained almost the 
same!

Runtime

Cost



Slide 19

150 Flights 300 Flights

Weighted/Optimized

Distance-based

- Mixed result: weighted/optimized 
routes did not outperform the 
distance-based routes

- Weighted/optimized routes minimize 
the PSU transitions, reducing # of 
coordination among PSUs
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Why AAM Matters to Me
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Thank you, everyone
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Backup Slides
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Speed, Range

Vehicular Geographic

Operational Infrastructure

Population, Types

Service Priority Corridor Capacity
Vertiport Capacity

[1] NASA

Centralized AAM ATFM

Distributed AAM ATFM

[1]

What Our Research Offers
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The Near-Future of AAM and Challenges

[1] Urban Air Mobility (UAM) Market Research Report: By Aircraft Type, Range, Operation Type - Global Industry Analysis and Growth Forecast to 2030, P&S Intelligence, 2020
[2] Drone Analytics Market Research Report, P&S Intelligence, 2021
[3] McKinsey & Company. "Perspectives on advanced air mobility." 2022.
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[1] Price, George, et al. "Urban air mobility operational concept (OpsCon) passenger-carrying operations." (2020).
[2] Goodrich, Kenneth H., and Colin R. Theodore. "Description of the NASA urban air mobility maturity level (UML) scale." AIAA Scitech 2021 forum. 2021.

Individual Vehicle Management & Operation

Vehicle Development & Production

Airspace System Design & Implementation

Contingency Management

Community Integration

Research Focus

Assured Contingency 
Landing Management

Centralized & Distributed 
AAM Network

Statistically-Guided 
Geofence Volume Sizing

Airspace Geofencing and 
Flight Planning for low-

altitude, urban map
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What Our Research Offers:
1. Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) PSU Setting

4. AAM Traffic Flow Management in Distributed PSU Settings

Methods and Algorithms

Spatial Conflict Detection & Temporal Conflict Detection

❶

❷
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Centralized AAM Traffic Management
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Centralized AAM Traffic Management Formulation

Actual Departure

Actual Arrival

Equity of Assigning Departure Time

Service Priority

Cost Ratio of Airborne
to Departure Delay
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Centralized AAM Traffic Management Formulation

Time-dependent TLOF Capacity Constraints

Corridor Throughput
 Capacity Constraint

AAM Vehicle-type Speed Constraints

Corridor Confinement Constraints

Assigned Departure Time constraint

Temporal Conflict Resolution Constraints
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Bi-Directional Multiple Corridor structure
(Vertical multi-lane corridor with capacity 1)

Path 1

Path 2

21 3

# of AAM: 3        # of Spatial conflict: 3 

Centralized AAM Traffic Management Solutions

# of AAM: 3        # of Spatial conflict: 3 

Multiple Corridor structure

Path 1: 159.3 km
Path 2: 160.1 km
Path 3: 84.7 km

Same Vehicle Type
Min. speed: 230 km/hr
Max. speed: 300 km/hr

Path 1

Path 2

Path 3

1 2 3

# of AAM: 3        # of Spatial conflict: 3 # of AAM: 3        # of Spatial conflict: 3 

Path 1

Path 2

Path 3
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Distributed AAM Traffic Management
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Methods and Algorithms

Game Type Objective Decision-Making Approach Example

Cooperative
Maximize total system 

throughput
Minimize overall air delay

Collaborative decisions to 
optimize corridor usage and 

airspace efficiency

PSUs forming a 
coalition for joint 

optimization

Non-
Cooperative

Maximize individual PSU's 
throughput

Minimize its own airspace 
delay

Independent decisions by 
each PSU, optimizing for 

individual goals

PSUs optimizing 
airspace without 

coordination

Game Theoretic ApproachKey Objectives:
1. PSU Airspace Sectorization

2. Corridor-based Route Planning

3. AAM Traffic Flow Management in Single (Centralized) PSU Setting

4. AAM Traffic Flow Management in Distributed PSU Settings
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Distributed AAM Traffic Management Formulation

Modified Objective Function

Additional Constraint

Cooperative Nash Bargain

Transition time equity function 
                (i.e., “utility function”)

Negotiable bargain power of PSU i
AAM traffic density, 
# of transition corridors, 
# of spatial conflicts

Weight factors

Relaxed Constraint

Negotiable bargaining power of PSUs varies 
with each operational time window
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Simulation Analysis

Distributed AAM traffic management solution remains largely unaffected by its sub-
optimality after cooperative negotiation among conflicting PSUs

150 Flights 300 Flights

~0.3% increase

~1% increase

~10% increase
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150 Flights 300 Flights

- As the number of AAM flight increases, more ground & airborne delays are observed

- Distributed system did not incur significantly greater delay than the centralized system



Slide 37

Simulation Analysis

Scalability: computation time has cubic increase for centralized system
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