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Abstract
This paper focuses on communication and information flows
in the ATC system. We first identify the various information
channels in ATC. The bandwidth of channels involving a
human operator is considered a major limitation in the per-
formance of the overall ATC system. This bandwidth could
be increased, provided that adequate Human Machine Inter-
action techniques are implemented. Examples based on
DigiStrips and other prototypes developed at CENA are then
used to demonstrate how the users bandwidth could be dra-
matically increased. These proto types are mainly based on
touch screen technology, simple gestures recognition,
graphic design, and animations. They enhance system input,
and system output as well as communications between close
or distant operators.

Introduction   

Information flow is at the heart of ATC today. It is a fairly
helpful angle of approach in understanding the complex
overall system. Handling and managing aircraft and traffic
flows efficiently, involves many participants. They are in
continuous interaction; to perform their task efficiently
human agents have to share information, as described for
tactical tasks in (Hansman and Davison 2001). Main actors
in the ATC system are Pilots, Controllers, Airlines Opera-
tions, Airport Facilities, and Information Systems (IS). The
latter is meant in a most general way, i.e. any electronic or
material device conveying information that is involved in
the process of managing traffic. This includes airborne de-
vices that communicate with the ground. On ground, in-
formation systems include the controllers’ environment,
that provides them with information about the outer world
in different forms: radar image, paper strips, decision aid
tools, telephone to communicate with other controllers etc.
Such Information Systems also communicate together, and
exchange information in various ways. For example, the
airborne system and the radar tracking system communi-
cate to correlate radar detected movement with known air-
craft call signs.

Each of these communication modes implicitly involves
the existence of a communication channel, to enable in-
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formation circulation. For example, the visual channel is
predominant in information flow between controllers and
paper strips or between controllers and radar images,
whereas controller-to-controller communication will also
involve the auditory channel as well as gestures or posture
when they are close together. This shows how different
channels of information are involved in the whole process
of information circulation.

Due to an increasing demand in capacity, emphasis is
naturally put on those information channels. A means of
characterizing or appreciating them will be to evaluate
them in terms of bandwidth, i.e. the amount of information
possibly transmitted via such a channel. It soon appears
that some limitations can be found at that level, and that
these limitations are, in some respects, responsible for the
overall system limitations in terms of traffic accommoda-
tion, or available resources exploitation (airspace, ground
facilities etc.). In other words, the information channels can
be considered as being a limiting factor when demand in-
creases. What possible ways can be imagined to address
these channel limitations, what possible information tech-
niques can be envisaged to increase the bandwidth of such
channels?

Human agents play key roles in the current ATC system.
Thus, one sub-category of channels deserves specific at-
tention: those, which involve a human being at one or ei-
ther end(s). We believe that increasing the bandwidth of
such channels requires the development of specific Human
Machine Interaction (HMI) techniques. In this paper, we
first review those channels involving human operators.
Then we examine how new interaction techniques (Mertz,
Chatty and Vinot 2000) may be used to address the band-
width, which we call users bandwidth.

Interaction Channels in ATC

To determine the field of application of information tech-
nology where improvements could be conducted requires a
preliminary overview of the different communication
channels in place in the ATC system. We have identified
the following actors: Controllers, Pilots, and Airlines. Also
several controllers can be communicating with one another,
and the channel used will vary depending on the configu-
ration:
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• Some controllers are sitting next to one another (namely
the executive and planning controller) and are dealing
together with traffic involved in their sector.

•  Some controllers in charge of a neighboring sector are
located in the same operational control room. They can
be contacted directly or indirectly.

•  Some controllers are in a different operational control
room (sometimes in a foreign country). The can be con-
tacted only by phone or via the IS.

• Last, we identified a category of individuals who can be
qualified as third party: this is often the case when a
controller comes to take a shift, and will therefore be in-
volved in the information network in a different way,
over a brief period. An independent observer, or a trainee
on the position can be in a similar case, as well as an ex-
ternal controller who may step in to give a helping hand
during a peak hour period, or even Flow Management
Position controller can step in.

Figure 1: A simplified view of the ATC system and
different channels involved.

Figure 1 is a brief description of the overall ATC system.
Figure 2 gives an overview of the number of channels
where humans are involved. Those channels can be classi-
fied in four categories that we will now detail: information
system to human , human to information system, human to
nearby human, and human to remote human.

Figure 2: The same system, restricted to channels
 involving  humans

Information System to Human
This channel, the output of an Information System, will in-
volve aspects such as displays of information, notification,
feedback, and alarms. Paper progress flight strips are still
used as a “display devices” in many operational rooms.
They offer a reasonable output bandwidth and even allow
some system notification mechanisms through the noise of
the printer. Strips are also used to notify the controller ei-
ther of a flight plan modification or even of some IS status.
Screens are the other main devices for IS to Human com-
munication. A means of improving the bandwidth of this
channel has already been implemented in many control
centers: a better quality screen such as Sony 2kx2k screens
increases the size of displayed information and colors may
enhance information coding. Also worth mentioning is the
fact that this is the locus of representation, in a generic
meaning: any treatment of information for presentation to a
human operator takes place at that level, and is theoreti-
cally intended to facilitate information acquisition, the
building of a mental image for the operator, etc. One issue
is information overload or saturation. IS can display great
amounts of information, sometimes beyond human’ ca-
pacities of processing, especially when information is not
displayed in a proper way. Filtering occurs here, which can
either be performed by the IS itself, or by the operator.
Note that this latter case is not free of charge in terms of
mental resources.

Human to Information System
This channel, the IS input, involves every means the user
has to manipulate the available information as well as input
information in the IS. For example, layer filtering, zoom-
ing, or panning a radar image requires a channel from the
human to the IS and motor control from the user. However,
the main inputs are those of data, like flight plan modifica-
tion and flight clearances. The current (or soon to come)
devices vary from one country to another, but generally in-
clude keyboard, mouse, track ball, or “old fashioned” touch
screens like the French Digitatron or the even more sur-
prising Maastricht ACC “touch screen”. This touch screen
is made of an alphanumerical monochrome display covered
with a transparent Plexiglas sheet. On this cover, a score of
small electric contacts are sensitive to the touch of a finger.
Since the labels of these buttons are displayed on the Cath-
odic Ray Tube, they act as programmable buttons. As of
2002, this device is still used by controllers to quickly in-
put flight level, assume control and some other data. A
controller needs only two or three seconds to select the
flight, the function and the value. He can even do it without
sharp attention, since flights, functions and values positions
on this touch screen are very stable. So controllers heavily
rely on their gestural memory and seem able to input in-
formation with low cognitive load.

However, this old but so efficient tool is due to be re-
placed by mouse based HMI that will require sharp visual
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attention and generate higher cognitive load (but offers
richer functionalities)
Human to Nearby Human
This is typically the case of communication between Ex-
ecutive and Planning controllers. The most obvious means
of interaction is speech. It is important to note that the In-
formation System is often used as a media to communicate
(Sire, Chatty and Gaspard-Boulinc 1999). However, non-
verbal communication, postural and gestures communica-
tion are also prevalent in controller to controller communi-
cation (e.g. to avoid overloading the verbal channel or to
signal urgency), and mainly in activities such as designat-
ing objects, values or details on the IS. Other means of
communicating are written form, either by written text, or
more generally symbols such as underlining, crossing out
etc. Again, these are examples of communication via the
system. Even more symbolic is the shifting of paper strips,
the handing or positioning of strips to the teammate.

Human to Remote Human
If the other person involved is still not too far, in the same
room, then voice can be used to call out aloud the other
person. Physical displacement can also be seen: moving to
another control position, (often with paper strip in hand) to
discuss possible solutions or issues.

If further away, controller communicates together over
the phone, and it can often be observed that this channel
too is saturated during rush hours. We can sometimes see
the phone ringing permanently, as an incoming call is there
before the current conversation is finished. Lastly, con-
trollers sometimes communicate via the system, when they
modify a flight plan in the Flight Data Processing System,
which then is forwarded to other impacted sectors. Com-
munications between distant controllers may even take
place through the use of paper strips and video channel
displaying strips racks on distant screen. This communica-
tion medium has been in use at the Copenhagen Air Traffic
Control Center for more than 30 years (Berndtsson and
Normark 1999). This medium even provides notification
“at a glance” that something may happen when the hand of
the remote controller appears on the screen. The glancing
controller can then anticipate and prepare to look at his
screen. It can be noted that these low cost (for the user)
notification mechanisms are seldom offered by computer-
supported communication.

Also falling in the “human to remote human” category is
the Pilot to Controller communication. Radio frequency is
used here, with the well known associated limitations. The
reduction of frequency separation (8.33 kHz) is a mean of
boosting the capacity of this channel, or rather, more pre-
cisely to increase the number of available channels for this
communication media. CPDLC (Controller Pilot Data Link
Communication) is another possible way to increase the
bandwidth for this channel. It then involves a different and
more comprehensive loop, given that it requires the par-
ticipation of a cockpit IS, and a ground IS as well, instead
of the radio devices currently used. Notification of CPDLC

messages becomes a crucial need for speeding up commu-
nications.

Having described all communications to or from the us-
ers, we will now focus on HMI techniques to enhance these
communications.

Improving Users Bandwidth with HMI
Interactions Techniques

We will now detail how different HMI techniques used in
DigiStrips (Mertz, Chatty and Vinot 2000) and other
CENA prototypes, increase communications between con-
trollers and their environment, i.e. the computer systems
they use and all other users they work with.

DigiStrips has not been tested or evaluated in real-time
air traffic simulations. However, it has been presented to
many users from the field. Discussions, reactions and feed-
back have been accumulated and injected in an iterative
design and implementation process over a three-year pe-
riod.

Some characteristics and constants of the HMIs have
emerged during this process. We consider that these HMIs
present a higher bandwidth than previous ones. By effec-
tive user bandwidth we mean the quantity of information
effectively conveyed by the channel to or from the user.
For example, if the IS displays a lot of information, but if
the user is not able to catch it, the effective bandwidth is
low.

We will now elicit the result of our observations and
synthesize their most important contributions.

Bandwidth from the System to Human (output)
With the help of graphic design, it is possible to dramati-
cally increase the number of information presented on a
computer display. As an example, the DigiStrips strips
(even if 15% smaller) contain a lot more information than
previous versions of “classical” electronic strips as illus-
trated in figure 3. In DigiStrips, the user even gets infor-
mation about flights history, since all former data inputs by
users are displayed. In the figure 3 example, a warning
(W), 3 input flight levels, a previous direct on OLMES, a
shortcut from DPE to OLOSO fixes, and a heading change
are clearly displayed. This information is clearly distin-
guishable from the system flight data, thanks to the use of
dedicated “manuscript-like” fonts graphic symbol (for the
W, the direct and the shortcut). Former clearances are dis-
tinguished through unambiguous lighter colors.

Figure 3: classical electronic strips (above) and DigiStrips strips
(below); relative size is accurate
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In DigiStrips, many parts of input interactors are semi-
transparent. These parts support some gestural interactions,
such as scrolling a vertical menu just by “drawing” vertical
marks on the side of the menu. This avoids using classical
interactors, such as typical next/previous buttons or scroll
bars. Thus it prevents hiding information that could be
sometimes useful during the input. This was primary im-
plemented by using stencils i.e. a kind of grid with an ar-
rangement of pixels fully transparent and others with a
fixed color (see figure 4-a). As the new version of the Zinc
toolkit (Lecoanet 2001) brings many openGL functionali-
ties (like alpha blending, color gradient) to 2D HMI, we are
now using real transparency (see figure 4-b). This again in-
creases legibility and therefore the bandwidth from the
system to the user.

     

Figure 4: a) pseudo-transparency and excerpt magnification
b) real transparency and excerpt magnification

Any event issued by the system has to be clearly notified to
the user. This is for example the case when a new strip ap-
pears on DigiStrips. It appears with an animation to give
the user a greater chance to perceive it (through peripheral
vision) even if he is focusing somewhere else on his
working position. Other animations techniques (Athenes,
Chatty and Bustico 2000) can also be used to notify alarms.

We also used the zooming interface capability (Bederson
and Holland 1994) of our graphical toolkit, Zinc, to in-
crease the number of displayable strips in a column. Even
when a column has a limited size on the screen (the ex-
cerpt, figure 6-left, contains 5 flight strips), when addi-
tional electronic strips are added to the column, the height
of each strip is slightly reduced (smoothly with an anima-
tion not demonstrable here) according to the needed space.
Thus it is possible in this configuration to add approxi-
mately 30% more flight strips (that is 1.5 strip in the ex-
cerpt figure 6-right) without too much legibility decrease.

Make the System Visible to Third Party Controllers.
Techniques we used in our prototypes also increase the
bandwidth of information channels between the system and
third party controllers. Graphic design and animations al-
low these “extra” users to get a pretty good picture on what
is currently going on. For example, displaying history on
DigiStrips should help controllers taking over a shift. They
usually stand behind the current team for 5 or 10 minutes,
just observing the traffic on the radar display as well as any
available information. The history of clearances should
give them an opportunity to quickly find out which flights
were involved in conflicts.

    

Figure 6: left) excerpt of a column full of strips right) the same
excerpt with 30% more strips

As mentioned above, animations, mainly used for con-
trollers “in charge”, are also available for free to third party
controllers. The latter will get an opportunity to catch im-
portant events and detect problems. With the help of ani-
mated feedback following user input, third party controllers
are also able to perceive (for free) and understand what the
other user is inputting. In a sense, the IS broadcasts infor-
mation available to every close user; this is very similar to
the well-known party-line effect of VHF communications
between a controller and pilots.

Bandwidth from the Human to the System (Input)
One of the best-known limitations of Sony and mouse in-
teractions is the limited input speed allowed by the mouse
(or trackball) or the keyboard. These input devices used or
studied for controller working positions are often perceived
as too slow. (Labarthe 1994) reported that subjects using a
mouse-based HMI stated, “it would be easy with a quicker
mouse”.

In many CENA prototypes, we are now testing novel us-
age of touch screens, for example as a CPDLC input device
(Fleury and Gaspard-Boulinc 2000), for terminal sector in-
put (Benhacene 2002), or in a configuration tool for techni-
cal room supervision (Metro 2002). We were inspired by
the “very old fashioned” Maastricht touch screen men-
tioned above where the users really memorize gestural in-
teractions and need little visual attention to use it. Thus we
offer gestural interactions in our HMI prototypes. In
(Mertz, Chatty and Vinot 2000) we provided ample evi-
dence that simple gesture recognition on touch screens,
animated feedback, truly increase the input bandwidth and
allows massive information flows into the system at little
added cognitive load.

Input by Third Party Controller. With the help of touch
screens and simple gestures recognition system, third party
controllers can have a chance to input information. Infor-
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mal studies clearly show that DigiStrips and more classical
touch screen based HMI can be shared by two or three us-
ers. Sharing such a touch screen requires a very limited
training time and can generally be achieved by people at-
tending a DigiStrips demonstration, at CENA, EEC (Euro-
control Experimental Centre), and ATC exhibitions. This is
simply impossible with a mouse, trackball or even a key-
board.

Adding animations further improves sharing of the touch
screen. The second user perceives the time frame of the
first user interactions. The former is therefore able to inter-
vene at the appropriate moment on the touch screen with
minimal interference with the latter. Animations play the
same role in sharing the touch screen than prosody in
sharing of speech time.

System Acknowledgement to the User. As hundreds of
controllers who saw DigiStrips stated, it is now well recog-
nized that animations make DigiStrips usable as an elec-
tronic stripping. Animated feedback, after any user opera-
tion on the stripping board, is explained to a large degree
by the ease of use. In fact, the system clearly and seam-
lessly acknowledges that it understands (or not) the ges-
tures made by the user. The user can be sure the system
really does what he wants.

When the system detects an error made by the user (for
example when he tries to scroll a menu beyond its limit)
the HMI always notifies the user with a small, animated
vibration. The user really gets a chance to perceive this
(minor) error notification and to make a correction. Thus,
the system is perceived as honest (Fogg and Tseng 1999)
and the user will trust it.

These examples highlight the role of system feedback to
improve the effective bandwidth of the input (user to the
system channel).

Bandwidth Between Human to Nearby Human
As detailed above, every bandwidth increase for relief or
third party controller (either for input or for output) is of
course available for controller teammates.

Further improvement in the human team can be pre-
dicted: to be used on a very frequent basis, a touch screen
must be placed in front of the user, easily reachable with
the hands. This may be a strong constraint but it has also a
major advantage. Because the touch screen will be within
reach of the teammate controller, it will ease non-verbal
communication between a team of controllers. They will be
able to communicate with gestures (as they currently do
with paper strips) just by showing or designating a relevant
piece of information to their colleague.

DigiStrips offers mechanisms to support additional in-
formation during strip exchange between a planner and an
executive controller. As an example, using different colors
for input made by each controller of the team can help
making the distinction between preparations and clear-
ances.

By favoring this kind of non-verbal communication, we
should be able to avoid the glass cockpit effect on the con-

troller working position. Thus, with the help of animations:
“I see what my colleague is doing”.

Bandwidth Between Human to Distant Human
•  In an experiment (Dumazeau and Karsenty 2001), we
studied how to speed up and enhance the coordination
process between two distant controllers. When a user wants
to discuss a specific aircraft, he first selects it so that the
callee can see on his screen which aircraft has to be coor-
dinated. The callee knows this even before picking the
phone. If the flight is not visible on his screen, a smooth,
animated transition is offered to see the flight. The return
to the previous zoom and span adjustment are also avail-
able. These simple functions were appreciated and used by
two thirds of the subjects of the experiment.
•  In DigiStrips, the use of free writing, annotations, or
even small drawings on strips can be used as an asynchro-
nous means of communication by distant controllers. In
this way, controllers gain the power of free (that is uncon-
strained) information if required.
•  DigiStrips also offers an exchange mechanism called
“pipe” to send electronic strips either to a dedicated posi-
tion (typically the next position) or another position to be
selected in a list when the user drops the strip in the pipe.
When released, the strip is displayed on both sides of the
pipe. As soon as the addressee (or the sender) takes the
strip out of the pipe, it disappears from the opposite side.

Many of the techniques mentioned above could also be
used to enhance datalink communication between control-
lers and pilots. For example, animations could ease mes-
sage arrival notification and graphic design could differen-
tiate the various types of information appearing with data-
link. This work has still to be done.

Discussion

Changes from traditional controller working position
(based on paper strips) to second generation working posi-
tion were fuelled by the need to inform computerized sys-
tems about the action or intent of the controller. The aims
were to enable the implementation of algorithms and deci-
sion aid tools. However by doing so, designers unknow-
ingly degraded some properties of traditional working po-
sition. For example:
• notification of a soon to come aircraft through the noise

of the strip printer,
• inherent physicality and proprioceptivity of material ob-

jects such as strips or pencils (in comparison with indi-
rect manipulation through mouse or trackball),

•  perception by the user of changes in the system, or of
actions performed by the teammate…
These limitations have led us to explore alternative

ways, such as the advanced use of touch screens. Iterative
developments and numerous presentations of intermediate
versions were made to controllers from the field. We have
noticed that the use of graphical design, animation as well
as gesture recognition were very appreciated, even if con-
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trollers were not able to explain why “it feels natural, in-
tuitive…” or “[with the touch screen] you can designate
where you want, whereas with the mouse you start moving
the cursor”. Our hypothesis is that these positive feelings
reveal an increase in the effective user bandwidth. This
might be due to the use of other perceptive channels sensi-
tive to different stimuli (motion e.g. animations, sounds)
and motor capacity (proprioception). They are efficient and
largely used in daily life, but strangely unused in second
generation working positions.

We therefore believe it might be wise to use some of
these interaction techniques in the HMI of future ATC in-
formation systems.

Conclusion

This article has presented a range of techniques to increase
the bandwidth of various communication channels to or
from a user. These channels link users either to other users
(close or far) or to computerized systems. In this respect,
we believe that contrary to wide spread thinking, the limits
in the ATC HMI could be pushed or by-passed. Explora-
tion and application of the techniques described here (touch
screen technology, simple gestures recognition, graphic de-
sign and animations) have been successfully tested in vari-
ous research projects. For example, those techniques used
in VertiDigi (Benhacene 2002) seem to ease visualization
and data input for Extended Terminal Maneuvering Area
(E-TMA). The VigieStrips project (Pavet, Garron and
Coullon 2001) is underway and will apply all DigiStrips
interactions techniques to an electronic stripping based
HMI, for tower controller position (with initial focus on
Paris Roissy airport ground position). We expect that in the
near future, some of these interaction techniques will also
be applied to operational HMI. The best candidate is cer-
tainly animations that can dramatically enhance many such
HMIs.

Finally, we believe that the HMI field is still open to
even further improvements in many, sometimes unex-
pected, directions.
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