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Introduction

As an experienced aircraft manufacturer, Dassault Aviation technical skills allow it to be a major stakeholder in the improvement of cockpit technologies. Indeed, Dassault Aviation tries to keep end-user problematics in mind when designing cockpit. As an example, Dassault Aviation pioneered the concept of modular integrated avionics with the EASy avionics suite developed in collaboration with Honeywell and certified in 2002. The suite was an important step forward in the human-system interaction, improving situation awareness with large, multi-function displays and interactions means that included a trackball for designation. Several standard of EASy avionics have been later certified and updates are still on going.

Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. Copyright is held by the owner/author. ERGO'IA 2021, October 6-8, 2021, Bidart, France. ISBN: 978-1-4503-8512-1 The concept presented in this article is related only to the first item "Intuitive interactions with aircraft systems". But for the three themes, the objectives are the same: to decrease workload, fatigue and improve safety of operations.

Dassault Aviation Company

One of Dassault Aviation's strength is the civil-military duality which make us in position to develop cockpit for both civil aircraft and military aircraft. The result is the integration of the best human-machine technologies provided by both worlds to allow efficient and safe operations. As an example of such crossover, the Head-Up display has been introduced in Mirage 2000 fighter jet, propagated onto the Rafale, and it has been then introduced successfully on Falcon business jet family in order to improve situation awareness and extend the range of allowed operations. The future cockpit will follow the same approach, with high-level objectives of improving the presentation of information and the interaction with multimodal flight deck. Similar research have been conducted with other industrial partners for military applications in the Man-Machine Teaming R&D project funded by the French Direction Générale de l'Armement (DGA).

Industrial Context

The rational for developing a multimodal cockpit is not only about the user experience in itself and the image of innovative cockpit conveyed. Actually, it makes also sense from a wider industrial perspective. Thanks to large efforts and continuous improvements by all aviation industry stake holders, aircraft operation have become safer and safer over the last decades as shown in Figure 1. One of the explanations is the improvement of aircraft systems which are nowadays quite reliable or for which safety analysis have led to redundant architecture. By taking a closer look at the root causes of recent accidents, systems malfunction is not as prevalent as it was in the past: the balance between system malfunctions and human factors (HF) as root causes of accidents is now getting inverted. It is not that there were no HF related accident in the past, but not as many, in proportion as systems related accidents.

Despite all cockpit evolutions introduced, HF are now one of the main contributors to accidents.

As an aircraft manufacturer, Dassault Aviation mission is to improve cockpit design in such way that this class of risk is taken into account and appropriately mitigated.

All stakeholders in the industry are well aware of this context, and human factors are a topic of airworthiness certification process that is (and will be even more in the future [START_REF]Reform Act of 2020[END_REF]) thoroughly scrutinized by competent authorities.

To complete this industrial context description, it is important to keep in mind some business aviation specificities:

 Extreme flexibility: last minute planning, large variety of unknown time pressure to prepare the mission. Each mission is different.

 Passenger is often the employer of the crew, hence causing additional pressure.

 Flight crew sometimes have to manage other aspects of the mission not related to operation of aircraft: hotel & taxi booking, custom formalities, passenger well-being… adding workload & considerations in parallel of the aircraft operation in itself.

In this context, it is very important to make the aircraft easy to operate in order to free crew cognitive resources for other tasks.

Concept

To provide more flexibility with respect to current flight deck designs, the concept attempts to focus on Complementarity and Redundancy (according to CARE properties [START_REF] Coutaz | Four easy pieces for assessing the usability of multimodal interaction: the CARE properties[END_REF]). Equivalence is out-of-scope and Assignment has been avoided.

From a user experience point of view, the concept of multimodal cockpit is expected to provide following benefits:

 Efficiency (less actions) A multi modal (in two words) cockpit would only offer several modalities to the end users (e.g. cursor designation, touch, voice command) without any interaction possible between modalities. In other words, the user will pick one modality and stick with it until the end of intended action. Whereas, the multimodal (or crossmodal) cockpit concept described in this document goes beyond with integration of a component allowing to mix the modalities to perform an action (e.g. start with touch but continue with voice). This is depicted on the right hand part of Reasonable assumptions have been taken on the modalities available: legacy cursor designation, touch display, vocal recognition in human to systems, and speaker/headset (i.e. text-to-speech) in addition to legacy display system for the feedback from systems to human. An architecture diagram of the concept is presented in Figure 2 and the devices used to prototype modalities are presented in Figure 3. The novelty with respect to legacy single modality or multi modality approach is that each modality is not directly connected to the avionics. They are connected to a fusion module (technological enabler) which acts as a bridge with the avionics. An inference engine hosted on the module performs a detection of the user intentions by monitoring all the available modalities. In this context the intentions means the cockpit task the user is trying to perform (edit frequency, amend route,…). Detected requests are forwarded to the avionics for subsequent actions.


The work is still at its early stage, it is considered an exploratory work to prepare future cockpit development. As such, the safety analysis has not been performed yet and human factors consideration shall lead us to study closely robustness to degraded cases to verify that failure conditions do not create a cliff edge effect for the user. This multimodal cockpit concept provides several opportunities to improve some safety-related situation: multi-sensory channels reduces the risk of saturation (e.g. attentional focalization, usually on sight is a wellknown issue in cockpit), and it could also allow for quick interactions for time-constrained tasks.

Use-cases

In order to illustrate this concept, several use-cases have been agreed upon by project participants to serve as basis for implementation to demonstrate operational benefit. These are radio management, navigation management and system management tasks. For the sake of efficiency, only one use-case of radio management task is briefly presented below.

Example

Radio frequencies on aircraft are usually set using dual knob rotactors or a keyboard. For redundancy, two or more VHF sets are embedded. In addition, on an aircraft featuring touch display, a frequency could be edited using a virtual keyboard after touching the dedicated area, an illustration of such interface is presented in Erreur ! Source du renvoi introuvable.. Assuming the flight deck features also a voice recognition engine, it is easy to derive several multimodal examples on this basic task of radio frequency tuning:

 Long press with touch on the field to edit then pronunciation of each digit of the frequency (with variants for point, decimal, or for the leading 1 that is unnecessary on VHF).

 Start with voice command (e.g. "set one two one decimal 7") and complement with touch and voice "here" by designing the field with finger.

 Full voice command (e.g. "set one two one decimal seven on VHF 1").

The avionics also provides frequencies in other applications (e.g. airport charts): they are presented to the crew in the display. By making them actionable, the crew could touch such frequency and give voice command to set it on one of the VHF or perform long press to open a contextual menu to perform the same operation. The risk of error is mitigated since there is no recopy, but only an avionic internal flow of information.

Implementation & Evaluation

The work is still in progress, it is intended to reach a maturity level allowing the demonstration of the technology by the end of 2022. Planned evaluation and demonstration are focused on the technological challenge of the fusion module rather than on the human factors aspect, although it would be interesting to perform, in the future, a formal study on the impact on the workload.

Conclusion

A multimodal cockpit concept has been drafted as a Clean Sky 2 European project activity in order to be a candidate technological enabler for a future business jet cockpit. From a human factors point of view, the main objective was to improve human integration on the flight deck by providing more intuitive interaction with the aircraft systems and by improving situation awareness. The intended result (that is yet to be verified) is an increased interaction flexibility allowing the crew to execute all the variety of missions requested by customers. Several challenges remains to be overcome such as pilot acceptability of operational use of voice recognition and system integration (which is more complex with the addition of new components). The later was studied by our partner in this project, Honeywell Technology Solutions, and the result is a prototype demonstrating the concept on several operation use-cases.

Our DNA:

  High technology development supported by a research & development (R&D) policy oriented toward anticipation of the needs of our civil & military clients. Technological Competences: Integration of complex systems, Artificial Intelligence with Man-in-theloop, Aerodynamics, Digital Flight Control System, Stealth. The concept presented in this article has been elaborated in parallel of a collaborative work with Honeywell Technology Solutions, Brno as a Clean Sky 2 project. Context Cockpits Three main themes have been identified to organize research & development for next-generation business jet cockpit:  Intuitive interactions with aircraft systems  Proactive functions to support crew in aircraft operation  Monitoring of crew fatigue
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 1 Figure 1 -Yearly fatal accident rate in commercial aviation. Source: Airbus -A statistical analysis of Commercial Aviation Accidents 1958-2019 [1].

Intuitiveness  Workload reduction 

 reduction Error risk reduction (data input)  Flexibility (different path possible to reach same objective) Avoid side effects (increase of unwanted activations) the key to understand this multimodal concept. This concept goes beyond what we call a multi modal (in two words) cockpit in this paper because it is actually more a crossmodal cockpit.
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 2 Illustration of the multimodality concept with the Clean Sky 2 perimeter. This concept has been drafted as input material for a European Union funded project involving Honeywell Technology Solutions based in Brno, Czech Republic and Dassault Aviation based in Saint-Cloud, France, under the management of the Clean Sky 2 Joint Undertaking based in Brussels, Belgium. The goal of this project was to develop a multimodal cockpit concept and to develop the technological enablers. The workshare was as follow: Dassault Aviation was responsible for concept definition, use-cases definition and evaluation of the technical solution, Honeywell Technology Solutions was responsible for the technical solution definition, development and the technical evaluation (no human factor evaluation). Previous work have been leveraged [2].
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 2 Figure 2 -Illustration of the multimodality concept with the Clean Sky 2 perimeter

Figure 3

 3 Figure 3 -Prototype devices: headset, cursor designation device, touch screen, and three wireless buttons for voice recognition triggering. Source: Honeywell.
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 4 Figure 4 -Illustration of a virtual radio panel in aircraft displays.
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