
Air Traffic Flow Management

Air Traffic Modelling and Aviation Safety

Annual Workshop

of

Automatic Control and Dynamic Optimization Society



Objective of Seminar

The objective of this workshop is to make the audience aware of the 
current protocols and regulations in place for operational safety of 
Indian aviation. 

However, since it is increasingly becoming inadequate to handle the 
exponential growth of the air traffic over recent years, this will be 
followed by exposing the audience with some scientific modelling and 
optimization tools to handle this problem.



ICAO Global Performance Ambitions

In addition to the three 
fundamental aviation principles 
of safety, security and 
sustainability, there are several 
consequential performance 
requirements that the air 
navigation system must meet to 
fulfill the ever growing 
expectations of the society in 
general and the ATM 
community in particular.

• Safety

• Access and equity

• Participation by the ATM community

• Cost Effectiveness

• Capacity and Resilience

• Predictability

• Global Interoperability

• Security

• Flexibility

• Efficiency

• Environment



11 Key Performance Areas

• 1)Access and equity

• 2)Capacity & Resilience

• 3)Cost Effectiveness

• 4)Efficiency

• 5)Environment

• 6)Flexibility

• 7)Global Interoperability

• 8)Participation by the ATM community

• 9)Predictability

• 10) Safety

• 11) Security

ATFM with CDM 
specifically addresses
these Key PA
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ICAO- GANP

Performance Improvement Areas (PIA)
PIA 1: Airport 

Operations
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Indian ANS Area

• Seventh largest airspaces System 

• Strategically located 

• Vital link between East‐South East Asia And 
Europe & Beyond

• Oceanic :      1.74 million Square NM  

Continental : 1.04 million Square NM

• 4 Flight Information Region (FIR): Kolkata, 
Delhi , Mumbai, Chennai (Guwahati Sub FIR)

• 14 Area Control Centers (ACC)

• 14 neighboring FIRs

• Air Traffic Routes:              

• International – 97 

• Domestic – 249



Indian Air Traffic Growth Projection

Air Traffic Forecast 2017-23                                                      CAGR : INTL -5.8%, DOM – 9.2% TOTAL – 8.6%



Safety – Indian Context

1 2 3 4 5

TOTAL 2114666 2147404 2437143 2690572 2903734

Year 2014 2015 2016 2017 2018

Number of Airprox 20 18 28 22 35
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Traffic Vs Air Traffic Incidents
Air Traffic Incidents

The term ‘Air Traffic Incident’ specially
related to the provision of Air Traffic Services
means such occurrences as aircraft
proximity (AIRPROX), obstruction on
runways, runway incursions or other serious
difficulties resulting in a hazard to aircraft,
caused by among others, faulty procedures,
non-compliance with procedures or failure
of ground facilities.

When traffic doubles, risk is squared.



INCIDENTS: COMMON CAUSAL FACTORS 

Common Factors –

• Human Factors
• Medical Conditions

• Work environment

• Social issues

• Psychological condition

Errors, Violations, Fatigue, Workload

• Organizational Factors
• Unmanaged growth

• Inadequate Manpower

• Inadequate infrastructure

• Cultural Factors
• Non adherence to standards

• Non compliance with procedures

• Faulty Procedures

• Inadequate Training

• Other Factor (External)



Air Transportation – Many participants, 
Separate responsibilities

Aircraft 
Operator

Air Traffic 
Management

Scheduling Flight Planning Re-optimization

Manage Airspace
Plan Workforce

Manage Flows
Congestion,  Weather, Outages

Synchronize Flights

Separation

Operate Flight

Trajectory InteractionsInterdependence

Manage interactions through coordination between participants



Why ATFM?

• Major aviation capacity constraints are:
• Over demand / Over delivery

• Weather

• Staff shortage

• Quality of information

• Technical problems
Capacity



Impact of Weather 

• Weather is unpredictable
• How long will it last? 
• Where is it headed? 
• How dangerous is it? 
• How does it impact the flow 

of air traffic?

• These are research questions 

for meteorologists. 

• These questions also affect 

Aviation. 



Traffic Flow Management

• Traffic Flow Management (TFM) is the process used to balance air 
traffic demand with airspace capacity

• Improved quality of service to all aviation stakeholders

• Maximized efficiency and system throughput across the NAS

• Traffic Flow Management (TFM) solutions help mitigate congestion 
and gridlock; increase the predictability and productivity of the 
system; and ensure maximum utilization of NAS capacity.



What is needed for ATFM?

• ATM resources information

• Traffic Demand

• Tactical and up to date traffic situation

• Meteorological situation

• Airspace and Airport status

• ATFM tools

• Institutional arrangement and regulation

Pre-requisites



ATFM -Principles

• ATFM is a valid mechanism to control overload 
• ATFM is not just arrivals and departures, also includes en-route
• ATFM when properly implemented will deliver operational and environmental efficiencies 

BUT….. 
• ATFM is not the first solution to capacity issues 
• ATFM is not a replacement for operational efficiencies
• When a system is operating at or above expectations and there is still an “overload”, only then 

should ATFM be the next solution



GLOBAL ATFM IMPLEMENTATIONS
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Principles of ATC and ATFM 

Air Traffic Control

• “first come, first serve” 

• “equitable access to airspace” 

• “ least average delay”

• priorities are being changed 
to "most capable, best 
served”

Air Traffic Flow Management

• “best planned, best served”

• Individual stakeholders given 
prioritization responsibility-
CDM

• “equitable access to airspace” 
may be viewed on a longer 
time scale than the short time 
“first come, first serve” model



Collaborative Decision Making

• Collaborative Decision Making (CDM) originates from an 
understanding that neither side (the ANSP (ATFM Center), nor the 
airlines) has all the information necessary to solve air traffic flow 
problems. 

• Most, if not any new major ATFM system proposed either in the US 
Europe or elsewhere adhere to Collaborative Air Traffic management 
principles. 

20



CDM in Practice

• In seeking to minimize the total expected delay, the theoretical 
models assume that the air navigation service provider (ANSP) can 
exercise universal control, which is a rare occurrence. 

• So although the models are powerful from a mathematical point of 
view, they are practically unrealistic.

• In practice, the ANSP allocates certain resources to the flight 
operators, and the flight operators then optimize the use of the 
resources they are given. 

• This gives the flight operators the final decision on which flights are 
delayed/rerouted and to adjust the ground delay amounts. 



ATFM System Modelling Principles

Model Purpose Structure Comment

Queue (det.) Propagation of delays in arrival
flow

Deterministic queue with 
randomly distributed arrival times

The queueing models give more 
insight into the performance of the 
ATM network.

Useful approach when statistical 
analysis of simulation results is 
required

Queue (net) Impact of trajectory 
uncertainties on flow 
performance 

Jackson Network of 20 Control 
Centres. ‘Path efficiency’ as 
performance metric

Queue (sim.) Large scale simulation of 
queueing networks

Strategies to reduce network 
complexity

Fluid 
continuous

Speed control for strategic air 
traffic control

Continuity equation to allow
controllers decision on time of
traversal

The fluid dynamical
models are useful for traffic 
synchronization

Fluid discrete Impact of control strategies on
traffic flow

Speed control of fractions of 
aircraft inside sector. 

Cellular
Automata

Phase transitions from high to 
low ATM performance. 
Criterion: number of congested 
sectors.

Aircraft motion in a 2D grid of
sectors. Local re-routing and
speed control if next sector is 
busy.

Unrealistic model, but brainstorm 
for ‘analyzing a complex

Source-Electronic Navigation Research Institute (ENRI)



Comparison of Methodologies
Simulation (fast
time)

Queue Fluid Cellular Automata

Strengths. Realistic.. Description of behavior close to
capacity limit.
Long history in ATM.
Mature discipline.

Propagation of traffic patterns. 
Theoretical tools (e.g. stability analysis)
available. Extensions exist (e.g. for 
particle interactions).
Computational efficient control 
procedures

Identification of minimal 
requirement for congestion 
dynamics.
High speed (very large
scale simulations possible).
Analytical results.

Weaknesses Statistical 
properties
difficult to obtain.

No good description
of dynamic behavior
(only long-term  behavior well 
known).
In networks, transitions from one 
node to another are governed by 
schedules, not random 
probabilities.
Schedules may  dynamically 
change due to weather, crew
delays, ...

Basic models do not provide enough 
fidelity to model conflicts and other 
interactions.

Analytical properties of extended models
unknown.

Flight plan data has to be interpolated
to validate continuous models

Unrealistic.

Application
area

All over ATM. Delay analysis. ATM
performance. Strategic ATFM 

Tactical ATFM. Fundamental research. Fundamental research.

Source-Electronic Navigation Research Institute (ENRI)



Simulation Software Tools  

• TAAM - Total Airspace and Airport Modeler (TAAM) Fast-Time ATM 
Simulation Software

• AIRTOP- rule-based gate-to-gate fast-time simulator

• RAMS Plus- Airside is a runway-to-runway simulator

• RAMS Plus Groundside simulates airport operations from the gate to 
SIDS & STARS

• TARGET -Terminal Area Route Generation and Traffic Simulation for 
RNAV procedure design, flyability assessment, and ATC service 
provision



Airspace Concept

• An airspace concept combines: 
•Communication, 
•Navigation, 
•Surveillance, and 
•Air Traffic Management 

• … in order to improve one or 

more system elements of: 
•Safety, 
•Capacity, 
•Efficiency, 
•Environment, or 
•Access 



Arrival Manager-AMAN

Reducing arrival delays is one of the most important functions of a 
ground arrival management (AMAN) system, which provides air traffic 
controllers with automation support for sequencing and spacing.



AMAN General Concept

Image Courtesy- Harris



ATFM Measures (TMI) - Methods

• Altitude – used to segregate different flows of traffic 

• Miles/Minutes in trail – used to increase spacing between aircraft 

• Airborne holding – used to ensure aircraft are available to fill the capacity 
at an airport 

• Reroutes – routes other than the filed flight plan issued to ensure aircraft 
operate with the “flow” of traffic 

• Ground Delay Programs – aircraft are delayed on the ground in order to 
manage capacity and demand at a specific airport 

• Airspace Flow Programs – aircraft are delayed on the ground in order to 
manage capacity and demand for a specific area 

• Ground Stops – aircraft are delayed on the ground until the ground stop is 
cancelled



Re-Routing Program

It consist of an ATC-assigned routing different from the 
one indicated in the filed flight plan. Rerouting can take a 
variety of forms, depending on the tactical situation. 

They may issued to:
• Make sure that aircraft operate along the traffic “flow”
• Remain clear of special use airspace
• Avoid congested airspace
• Avoid areas known for their difficult weather conditions, and which 

aircraft are circumventing or refusing to fly.
• Level capping scenarios could carried out by means of flight level 

restrictions



TBO Concept



Why a TBO Concept?

Many Airspace Users (AUs) have different expectations.

On any given day an AU will have 
established that flying a specific 
trajectory will best meet its business 
interests.

TBO is a shift from controlling aircraft 
on the basis of knowing where they 
are, and estimating where they will be 
in the future, 

to 
a sophisticated model where both the 
present and intended positions of 
aircraft will be known to high degrees 
of accuracy.

High accuracy

High predictability



Trajectory Based Operations- Concept 

Trajectory-based 

Operations 

(supported by CDM) 



Trajectory Synchronization

• Flight Management System (FMS) and ground-based Decision Support 
Tools all have own version of the trajectory to be flown.

• The objective of air-ground trajectory synchronisation is to produce 
trajectories in these disparate systems, increasing the likelihood of 
flying the planned conflict-free and business preferred trajectories



Simplistic view of Trajectories Today… 

ATM (Ground) Perspective

• Look ahead ranging from 
minutes to hours 

• Considers trajectories as 
occupying airspace volumes of 
interest 

• Tends to be inwardly focused 

• Overload prevention then de-
confliction 

Airspace User (Air) Perspective

• Looks end-to-end 

• Considers business 
factors/objectives such as time, 
costs, gates, fuel, connections, 
ATM constraints, etc. 

• Needs to own its trajectories

• Less intervention 

• UPR ( Free Routes )  

Source-IATA



Three coupled optimization problems with 
different objectives
Optimization Goal Owner Challenge Mitigation

Flight optimization Efficiency for this 
flight

Aircraft Not the global 
optimum for 
organization or 
community

Communication 
with FOC and 
negotiation

Fleet optimization Optimal delivery of 
payload across 
network

Flight Operations 
Center (or 
equivalent ground 
automation)

Indirect aircraft 
control, subset of 
traffic

Communication 
with actors and 
negotiation

Flow optimization Efficiency within 
airspace volumes 
and airport surface

ASP (and airport 
where applicable)

Objective modeling 
applies only to 
flights, not fleets

Communication 
with actors and 
negotiation

Multi-operator fleet optimization is the economic benefit

•Flow optimization is an essential enabler

•Multi-party iteration needed to find optimal fleet solutions –including across all 

involved ASP Source-Jeppesen



References for Study 

• ICAO Doc 9854 – Global ATM Operational Concept

• ICAO Doc 9750 – Global Air Navigation Plan

• ICAO Doc 9971- Collaborative ATFM Manual 

• Trajectory Based Operational Concept

• ICAO Doc 10039 – System Wide Information Management Manual 



Thank You


