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Abstract   Aircraft cockpit system design is an activity with several challenges, 
particularly when new technologies break with previous user experience. This is 
the case with the design of the advanced human machine interface (AHMI), used 
for controlling the Advanced Flight Management System (AFMS), which has 
been developed by the German Aerospace Center (DLR). Studying this new User 
Interface (UI) requires a structured approach to evaluate and validate AHMI de-
signs. In this paper, we introduce a model-based development process for AHMI 
development, based on our research in the EUs 7th framework project “Human”. 
The first goal is to rely on this structured approach to perform automatic evalua-
tion of the User Interface. 

1 Introduction 

Aircraft cockpit system design is an activity with several challenges, particularly 
when new technologies break with previous user experience. This is the case with 
the design of the advanced human machine interface (AHMI), used for controlling 
the Advanced Flight Management System (AFMS), which has been developed by 
the German Aerospace Center (DLR). The interaction between the pilot and the 
AHMI is through the User Interface (UI) composed of traditional control objects 
(buttons, spin button, menu) and non-traditional (compass rose, aircraft). The 
transformation of the existing character-based UI (left in Figure 1) for the AFMS 
into a graphical User Interface (middle in Figure 1) encounters new defies for the 
development process (analysis, design, implementation, evaluation) and their fu-
ture usage.  
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Fig.  1. AFMS evolution 

Integrating evaluation in the loop of the design of the AHMI imply the use of 
pilots and a physical simulator. Thus this is costly and it would be hard to perform 
traditional UI tests considering that pilots are assets hard to find not just for their 
cost but also their availability. Moreover, flight simulators, located mostly in aer-
onautics research centers, are of limited access for long testing sessions. This 
stresses the need for a new approach, partially substituting pilots and the physical 
simulator, to conduct research on the AHMI evaluation. The focus of this work is 
to describe how to perform automatic UI evaluation of the AHMI.  

Studying this new UI requires a structured approach to evaluate and validate 
AHMI designs. We claim that AHMI design is an activity that would benefit from 
relying on a model-based UI development (MBUID) approach, which offers, in 
principle, the opportunity to test different AHMI configurations. This chameleonic 
capacity of the UI in the MBUID context permits us to consider the evaluation of 
different layouts or the replacement of interaction objects of the AHMI without 
changing the source code just the models.  

In this paper we rely on a structured reference framework, Cameleon, a User 
Interface Description Language, UsiXML, and a formal representation of the 
models, meta-models, to express the different aspects of the methodology. The UI 
of the AHMI is expressed using UsiXML formalism. Usability guidelines are also 
stored in the same formalism. The UI is checked against the guidelines and viola-
tions are listed and a solution is proposed. For instance, the text messages should 
always start with upper case and the rest of the words in the message, although it 
is a reserved word, should be in lower case. This kind of features can be evaluated 
automatically thanks to the use of software tool developed for this purpose, the 
Usability Adviser. The results of this evaluation complement the research on 
AHMI cockpit system design that is conducted with more sophisticated techniques 
where some other tools (virtual simulation platform of the aircraft) and techniques 
(cognitive modelling of pilots) are used to analyze pilots behaviour in order to 
identify why they commit errors. Another benefit of relying on the MBUID is that 
different modalities of interaction could be, in principle, also evaluated, if the 
models and the transformational knowledge needed exist. We explore this dimen-
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sion to generate an alternative graphical (3D) representation of the AHMI (2D) or 
vocal interaction, see right side in Figure 1. The goal of this work is to perform 
some traditional usability evaluation on the preference between the two different 
renderings with users. 

The reminder of this paper includes the review of the state of the art in the newt 
section. Followed by, the description of the proposed methodology. Next, the 
methodology is exemplified through a case study. Finally, the conclusions and fu-
ture directions of this research are exemplified.  

2 State of the Art 

Interactive Cooperative Objects (ICOs) used to model aircraft interactive systems 
[11], such as: air traffic workstations, civil aircraft cockpit and military aircraft 
cockpit. The formal description for interactive cockpit applications uses Petri nets 
to describe dynamic and behavioural aspects of systems in the cockpit. A formal 
model of pilot-automation interaction and the characteristics of the UI are de-
scribed in [11]. This work compared the effects and benefits of visual cues (labels, 
prompts, messages) to support mission tasks. However, there is a limitation on the 
widgets models and guidelines. The design knowledge in the methods is described 
to support the design of highly interactive systems such as the AHMI as they just 
model classical WIMP interfaces [11].   

There have been some attempts, in the avionics context, to standardize formal 
methods of some aspect of the UI. The ARINC standard [1] defines protocols to 
communicate the dialogue and the functional core of cockpit display system [2]. 
This standard also considers the presentation level, i.e., a set of widgets are in-
cluded as a recommendation but no design guidelines, no method to design UIs 
are considered in the standard [2]. Even more, the ARINC standard is not used for 
primary cockpit applications [11], such as Primary Flight Display and Navigation 
Display. It only deals with secondary applications involved in the management of 
the flight such as the ones allocated to the Multiple Control Display Unit [11]. 

Formal methods have been used in aviation but limited has been its use specifi-
cally when addressing the UI design. Existing attempts are partial or limited in 
their formalisation as they just denote the UI functionality in terms of state transi-
tions but do not go further in the modelling particularly to evaluate multiple UIs.  

Even more, among all the User Interface Description Languages (UIDL) com-
plaints with the MBUID, a complete review can be found at [5], we are not aware 
of any attempt to rely on a MBUID to prototype avionic displays. 
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3 Model-Based AHMI Design 

There is a global consensus about the components of a MBUID methodology [17], 
which are: a series of models, a language, an approach and a suite of software en-
gineering tools. We rely on the USer Interface eXtensible Markup Language 
(UsiXML) [7], a formal methodology for describing a MBUID process. Relaying 
in a language engineering approach [18], UsiXML considers three levels of the 
language aspect: the syntax, semantics and stylistics of the language. The seman-
tics are expressed as UML class diagrams that correspond to meta-models of the 
AHMI. The meta-models are transformed into a XML specification, which con-
siders XML Schemas (abstract syntax) for the definition of valid XML. Finally the 
stylistics is the visual syntax mainly used to depict meta-models. 

The proposed method is compliant with the structured CAMELEON reference 
framework [4]. Largely used in the literature for UI development, the 
CAMELEON reference framework adheres to the MBUID that has been applied 
widely to address the development of complex systems. As the frameworks pro-
moted the use of different UI abstractions, in this paper we just focus in the layer 
that concerns to the concrete description model. The Concrete UI Model (CUI) al-
lows both the specification of the presentation and the behaviour of an AHMI with 
elements that can be perceived by the users [7]. The CUI model is an abstraction 
of AHMI elements some of which are independent of programming toolkit. For 
instance, in Figure 2-A the AHMI is rendered in VRML while in Figure 2-B in 
openGL. 
 

 
Fig. 2. Exploring diversity of widgets representation for the same task. 
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4 Evaluating the AHMI User Interface 

The evaluation of the AHMI UI considers static aspects (UI layout, position of ob-
jects) and dynamic concepts (state of a button during the interaction, colour of the 
label). UI models are stored and then are object of further evaluation, automatic or 
manual. In this scenario, usability guidelines over the UI objects (distribution of 
the widgets composing the UI) could be evaluated. 

We have used the semantics of the AHMI formalised with UsiXML to evaluate 
the UI against guidelines. Special attention was paid to those guidelines for stand-
ard certification and quality assurance and to express them in the Guideline Defi-
nition Language (GDL) [17], a XML-compliant language that is directly linked to 
UsiXML.  

 
Fig. 3. Symbolic AHMI Architecture 

4.1 Integrating UI Evaluation in a Simulation Environment 

Different methods exist for evaluating a UI which mainly are divided in two cate-
gories: qualitative and quantitative approaches. Crew preferences and all kind of 
subjective data are gathered using different means, for instance questionnaires. 
There is always the need for crew members to provide feedback on the UI. Unfor-
tunately, pilots are assets that are hard to find, so include them in the loop for con-
stant UI evaluation is not feasible [13].  

In the context of a simulation environment [8,9] where pilots are substitute by 
cognitive models, and a physical simulation platform by a virtual simulation envi-
ronment, automatic evaluation of the UI can be done by including a UI evaluation 
layer to the simulation environment. In Figure 4, the Symbolic AHMI (SAHMI) 
architecture in the context of a virtual simulation platform is shown. A repository 
with UsiXML formalism describing the AHMI UI is used. This file is read using a 
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parser that validates the specification and transforms this into a machine readable 
structure called model merger. The UI is complemented with dynamic and static 
data accessed via the simulation system. The Cognitive Architecture (CA) is used 
to simulate pilots’ interaction with the AHMI.  More details on the CA or the ex-
periments are out of the scope of this paper, they can be found in [9]. Simulated 
pilots actions over the UI are passed as messages that are processed in the model 
merger. These data from the simulation system must be transformed to be compat-
ible with UsiXML format. This data is store as a log File history (Figure 4-A). 

The transformer module (Figure 3) modifies the specification of the UI trying 
to test multiple configurations. For instance, in Figure2-C a combo box is used in-
stead a menu (Figure 2-B) for selecting the negotiation type with the ATC. Thus 
as result the UI timeline could be composed of different version of the UI to per-
form the same task. The first timeline corresponds (Figure 4-B) to the real simu-
lated system as it is. The second timeline and subsequent would be the result of 
investigating different renderings of the same UI over time. For instance in Figure 
4 the timeline B shows changes in the location of widgets (T1, T2, and Tn) and 
replacement of a widget (T3). The evaluation layer of the SAHMI keeps a trace of 
the evolution of the UI during the interaction. The Model Merger layer recon-
structs the UsiXML and sends it to store it in the online evaluation tool. 

 

 
Fig. 4. AHMI UI Evolution over time (A) and modified version over the same UI evolution (B)  

4.2 User Interface Evaluation 

Guidelines evaluation can be automatically performed with the Usability Adviser 
[16]. Such evaluation can be automatically evaluated with the Usability Adviser 
[16], a tool to determine the ergonomics characteristics of a UI when it is specified 
in UsiXML. This tool evaluates ergonomic rules to determine, for instance, visual 
obstruction, colour coding. The software expresses usability guidelines as logical 
grammars. For example, a usability guideline that selects appropriate color combi-
nations for the label on a slider, is described as follows: i Slider :  
(SliderColor(i,white)  LabelColor (i,yellow)). 
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The AHMI must not differ from a traditional UI. The traditional set of widgets 
must be used for the AHMI UI as much as possible by imitating their behaviour 
and graphical representation. This is needed as future pilots would be used to the 
computer interaction, thus, cockpit display systems should at least be consistent 
with systems of our daily life [15]. Even more important, traditional UI usability 
guidelines such as those listed in the ISO 9126 standard can be used to evaluate 
elements of the AHMI UI. There are some which have been corroborated in the 
avionics domain, for instance, messages should follow always the nomenclature: 
first letter in capital and the rest in lower case [13]. There are some other that re-
fers to specific AHMI display systems such as the consistency in the roll index in 
the compass rose [14]. 

5 Conclusion 

The AHMI is a new innovative system that introduces new challenges for the de-
velopment of cockpit systems. Development steps including design and evalua-
tion, among others, are normally limited addressed when it refers to the UI. De-
sign knowledge is normally hidden and evaluation is mostly focused on the system 
functionality rather than of the usability of the system. In this paper we propose to 
rely on a model-driven approach for the development of AHMI that, among other 
advantages, can be coupled in a simulation environment. Modeling the SAHMI 
showed to be an option for UI evaluation. The model of the UI, as described in the 
paper, can be modified in order to test different UI configurations. Traditional 
measurements can be assessed like UI workload, color combination. Finally, the 
modality of interaction of the UI can be object of evaluation. While in this paper 
we showed how the original 2D rendering can be equally rendered in 3D. A future 
plan is to automatically generate the AHMI from its model and to submit it to run-
time analysis. For the moment, only automated guideline review in perform 
through the UsabilityAdvisor. 
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