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Abstract:  This paper proposes a simulation framework named the Virtual Digital Airline which can serve as validation 
platform for integrated Airline Solutions such as e.g. Flight Planning, Fuel Efficiency, Crew and Maintenance solutions. This 
framework can also serve as platform to validate, develop and improve solutions for airline disruption management. Due to 
the repeatability of the Simulation, What-If scenarios can be run and the impact of decisions estimated. Thereby allowing an 
optimization of the Disruption Management Solutions for use in live environments. As in these situations the solutions shall 
provide the best decision support possible. This paper starts by describing the Virtual Digital Airline framework. This is 
followed by an overview of how products from the Jeppesen/Boeing portfolio are integrated into this framework. An 
overview of disruption management is given. It is detailed how this is tied into the Virtual Digital Airline Simulation 
Framework and an outlook on future activities is given. 
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1. INTRODUCTION  
 

Airline operations are being optimized to an extent which 
leaves little room for failure. However, operations are not 
100% predictable nor can the impact across systems 
estimated beforehand. On the other hand simulation in 
aviation has so far only been addressed on a per flight 
basis or focused on Air Traffic Management (ATM) from 
an Air Traffic Control Perspective. While these 
simulations allow to optimize the conduction of a single 
flight or utilization of a certain airspace, they lack the 
capability to optimize Airline or Air Transport 
Management optimization.  

To address the deficiencies of ATM simulations for airline 
operations modelling, Boeing has developed an Airline 
Simulation Environment. This environment enables the 
coupling of real products such as Flight Planning, Fuel 
Efficiency solutions, Crew and Maintenance applications 
with the simulated setting. Therefore allowing full control 
over the environment. 

Airlines today are challenged by the disruptions to their 
operations fueled through the increasing interdependency 

of systems. Where in the past disruption occurred local and 
remained to have a local impact, today these disruptions 
spread to a global scale. This increases the need for 
effective disruption management. Thereby enabling the 
benefit of tightly coupled operations without large 
propagation of error. 

In the following an overview of the developed Virtual 
Digital Airline Simulation environment is given. This is 
followed by a description of Boeing’s approach to 
managing Airline disruptions. From this integration is 
presented for the application of the simulation framework 
ended by a conclusion and outlook for the application of 
the overall environment. 

 

2. VIRTUAL DIGITAL AIRLINE (59+1) 
 

The Virtual Digital Airline internally named 59+1 is 
designed to simulate an airline with the integration of 
operational products. The name 59+1 is derived from the 
scope of the simulation to represent a medium sized airline. 
Within this airline most of the aircraft (59) are handled 
automatically while one (+1) allows the interaction with 
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from a person through the use of existing products. The 
person interacting could be e.g. a pilot making decisions 
on a flight, a dispatcher preparing a flight plan or a crew 
coordinator preparing the rosters for the flight crews. 

 
Figure 1 59+1 functionality 

The simulation environment can be operated in real-time 
or faster than real-time. However, the human interaction 
with the simulation (+1) only occurs in real-time to ensure 
realistic responses. Depending on the product integrated, 
this product may or may not support faster than real-time 
operations. In cases were faster than real-time operations 
are not supported, an effect based model has been 
developed. This model is a statistical representation of the 
impact of the modeled product on the airline operations 
(e.g. the overall fuel consumption of the fleet). This 
enables the usage of real products with the simulation 
environment wherever possible, without hindering the 
utilization of larger scale fast-time simulations to generate 
global results for a longer timeframe of operations. 

 
Figure 2 Horizon Simulation Visualization 

Figure 2 illustrates the visualization tool of the Virtual 
Digital Airline simulation named Horizon. The 
visualization provides an overview of the simulated fleet, 
performed flights with status, configurable Key 
Performance Indicators on a flight or fleet level as well as 
a map on the current Airline situation. In addition in the 
lower left corner details on the simulation are given e.g. 
simulation time and speed at which the simulation is 
currently running. This visualization helps to control the 
simulation, in addition it is also used as a tool for the 

dispatcher interacting with the simulation (+1) as Flight 
Following tool. 

 

3. DISRUPTION MANAGEMENT 
 

Airline Operations today are tightly coupled systems 
stitched together by the airlines schedule. During regular 
operations these systems perfectly line up to increase the 
profitability of an airline. However when internal or 
external factors change disruptions to these regular 
operations occur. To minimize the impact of disruptions as 
well as return back to regular operations, describes the 
discipline of Disruption Management. 

3.1 Challenges of Disruption Management 
During operations today a lot of the disruption 
management is performed by experienced professionals 
across the interacting systems. While it is amazing to see 
how these professionals can implement manual disruption 
management, their actions are limited by not having access 
to all relevant information as well as the lead time to 
implement new operations. 

In order to improve Airline Disruption Management, first 
the relevant information needs to be shared among the 
relevant stakeholder, to be able to act on a common plan. 
Next, proposals for a solution need to be developed and 
last an updated plan needs to be implemented. 

While a solution which automatically handles & solves all 
disruptions may sound advantageous, the complexity of 
operations would require integration with a vast amount of 
airline systems. In addition these systems would have to 
allow the disruption management solution to implement the 
proposed mitigation plan. 

3.2 Our Approach to Disruption Management 
Much of the anticipated benefits do not require an 
automated implementation, but are expected to be derived 
from a more efficient sharing of information across the 
involved stakeholders.  

Therefore, our focus is on sharing disruption critical 
information, available today, with relevant stakeholder to 
enable better decisions. Figure 3 illustrates the overview 
screen of our InView Disruption Management Situational 
Awareness solution. It provides an overview of disruptions 
and their respective downline impact on tail, crew & 
passengers. Since it is cloud based, all stakeholder can 
have easy access to the information and use it for their 
decision making. 
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Figure 3 Overview of the InView solution 

The challenge is to judge if better decisions were made 
because of better availability of information. This analysis 
cannot be verified by applying the solution in real life 
situations. Instead a deterministic simulation environment 
is needed to determine in multiple simulation runs the 
impact of decision on the overall airline performance. 
Therefore linking the InView Disruption Management 
solution with the Virtual Digital Airline Simulation 
framework is expected to give insights on how to 
implement the best solution for an airline. 

 

4. INTEGRATION FOR VALIDATION 
 

The existing interfaces have to be replicated, to enable the 
integration of our Disruption Management solution into the 
Virtual Digital Airline simulation framework. These 
interfaces are provided to the product by data streams from 
the airline data aggregation services. In the case of the 
InView solution the necessary data is generated by the 
simulation and distributed to InView. As there is no direct 
feedback channel in the Situation Awareness solution the 
integration is relatively easy.  

To close the feedback loop from the InView Situation 
Awareness tool back to the operations covered within the 
simulation, a way to communicate these decisions to the 
simulation framework is needed. In the case of the Virtual 
Digital Airline this is performed through the integration of 
other product applications linking them to the simulation 
environment.  

The impact of tail and crew changes to mitigate the 
disruption impact can be communicated to the simulation 
using the Jeppesen Tail Assignment & Crew Pairing 
products. Once the changes are implemented the 
simulation will continue to run to assess the impact of the 
decision. This can be performed multiple times to compare 
the impact of decisions on the overall airline operations 
and the mitigation of the disruption situations.  

In a multi-actor simulation where crew pairing and tail 
assignment & flight planning are not performed by the 
same person, human factor analyses can be performed on 
how the InView solution helps in the decision making 
process & coordination of the different involved actors. 

Since this integration enables the assessment of both 
objective results decisions will have on airline operations 
as well as subjective & objective measurements regarding 
the usability of the disruption management and airline 
management products. 

The setup can further be expanded to cover other 
disruption management functions, integrating with internal 
or external products to simulate and control the impact of 
these disruptions. 

5. CONCLUSION & OUTLOOK 
 

The field of Disruption Management has been seen as 
enabler for large cost savings within airlines. The 
challenge remains the large coordination efforts required 
across all involved stakeholders to implement a mitigation 
plan. Because of this complexity testing Disruption 
Management solutions in real operations is limited in its 
application as there is no baseline data available to 
compare the realized cost savings to. The presented 
approach to couple the InView Disruption Management 
Situation Awareness solution to a Virtual Digital Airline 
Simulation framework enables What-If scenario analysis 
and estimations on the benefits of the solution. 

As the simulation environment is used to provide a 
deterministic reproducible replication of reality, it has to 
be verified that this replication really is close to reality. For 
this the architecture of the simulation is advantageous as it 
can be performed as hybrid simulation/real operations. 
This enables the integration of a +1 actor both on the 
decision side on the ground as well as on the execution 
side by integrating a real aircraft into the simulation. 

A validation exercise is planned where the 2018 Boeing 
ecoDemonstrator will perform the role of +1 within the 
simulation framework and thereby integrate as one aircraft 
within the simulated airline fleet. This will enable the 
analysis if the rest of the fleet performs similar to the real 
aircraft.  

Once the coupling of the Virtual Digital Airline simulation 
environment with the Disruption Management solution has 
been validated in the ecoDemonstrator trials, it allows the 
further expansion thereof. As more factors affect & are 
effected by disruptions the framework provides means to 
implement & test solutions for enhanced disruption 
management. 
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