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Abstract  The present study is embedded within the 

Virtual Sky project, currently undergoing at the 
EUROCONTROL R&D Center, which aims to 
investigate the potentiality of a 3D stereoscopic 
environment for ATC.  

This paper describes the design of 
visualizations and interactions within a 
multidisciplinary framework for the empirical 
analysis of the applicability of three-dimensional 
(3D) stereoscopic visualization in Air Traffic 
Control (ATC). This framework takes into 
consideration three major components: the design 
of visualization interfaces, the design of 
interactivities, and the associated human factors. 

The research framework [0] of this project 
comprises three inter-related components: 3D 
Visualization, 3D Human-Machine Interaction and 
Human Factors (as in Figure 1). 

 

Flight trajectory is selected as the  premilinary 
subject for analysing. This paper analyzes different 
ways to model waypoints, flight trajectories and 
diverse techniques  to select, to position waypoints 
in a 3D stereoscopic environment. We discuss the 
using the polynomial curve for representing 3D 
flight trajectory. Basing on the analysis of 
interaction with waypoint, we also propose two new 
metaphors for selccting objects, various selcction  
and positioning techniques in 3D environment. An 
experimental approach is also considered to 
evaluate the performance of different models of 
flight trajectory and interaction techniques in the 
end of this paper. Figure 1. The Research Framework 

This paper discusses two first research 
components:  3D Visualization and 3D Human-
Machine Interaction. By taking flight trajectory as 
subject to perform analysis, we expect that the 
design principles for the inter-relationship between 
ATC object modeling and interactions on these 
objects could be clarified. As the matter of fact, the 
3D Visualization research component tries to use 
different ways to model waypoints and flight 
trajectories while the 3D Interaction research   
component explores all techniques for selection and 
positioning of waypoints with regard to the 
representation of waypoints and trajectories in a 3D 
stereoscopic environment.  

1. Introduction 
The attention required by controllers to carry 

out their activity is very high both with low and 
high-density traffic conditions. Especially 
nowadays, due to the growth of air traffic, 
monitoring activity is very demanding. Radar 
screens may appear cluttered due to the density of 
the traffic and to the amount of visual widgets, 
supposed to support controllers’ tasks. A better 
working environment for controllers is becoming an 
increasingly desirable goal. 

                                                      
1 This work was performed at the EUROCONTROL Research Center, Innovation Research Area, under the supervision of Prof. Vu 
Duong. 
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This paper is organized as follows: Section 2 is 
a brief overview of 3D visualisation and 3D 
interaction in ATC. Section 3 and 4 summarize the 
analysis of visualization and interaction with 3D 
flight trajectory. In Section 5, we describe our 
experimental works. Section 6 devoted to some 
conclusions and our future works. 

2. Background 

3D Visualization and 3D Interaction in ATC 
As a first task, the study of 3D visualization 

elaborated a classification of ATC objects in two 
main types: physical and conceptual objects. 
Explicitly, they are defined as following: 

Physical objects: their representation is iconic; 
there is an effective similarity between the “real” 
physical objects existing in reality and their 
representation. Examples of ATC physical objects 
are terrain, aircraft, airport etc.  

Conceptual objects: this type of objects has a 
reference in real world but is intangible and un-
physical. It concerns to some ATC concept such 
that airspace, sectors, trajectories, etc.  

The behaviors of ATC objects in these two 
classes  have strict relations with interactions in 3D 
environment. The physical objects are manipulation 
dependent, i.e., manipulations performed by the 
users upon the objects result in a physical 
transformation of the objects (e.g. the object is seen 
as bigger or smaller when being zoomed). The 
conceptual objects are only partially dependent on 
users’ action upon them. For example, zooming an 
aircraft trajectory will not augment the thickness of 
the trajectory itself. However, the distance between 
the waypoints within the trajectory will increase.  

According to Bowman [0], the interactions in 
3D environment have three basic forms: navigation, 
selection and manipulation. Navigation offers the 
way to explore the whole 3D environment while 
selection and manipulation help to handle the 
objects in this 3D environment. Interaction and 
visualisation can be linked together through 3D 
interaction paradigm and the associated 3D input 
devices.  

Although WIMP paradigm (Windows, Icons, 
Menu and Pointer) and input devices  such that 

mouse and keyboard are now considered as the 
standard of 2D interface, a paradigm for 3D 
interface and 3D interaction input device has not 
existed yet. 

  Figure 2  graphically describes the relation 
between visualization and interaction of ATC 
objects . The two classes of ATC objects- physical 
and conceptual object- are subjects for visualisation 
and interaction. Haptic and tracked devices can be 
used as 3D input device. The haptic device [0] is a 
force feedback device that allows a user to touch, 
feel, manipulate, create, alter 3D objects in a virtual 
environment. Tracked device allows a system to 
monitor the position and orientation of selected 
body parts of the user. These types of device are 
now used commonly for 3D interaction but far from 
being standardized [0]. Yet, they can support users 
to perform interactions with 3D scene and 3D 
objects such that navigation , selection and 
manipulation. 
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Figure 2. Visualization and Interaction Relation 

The conceptual objects are more critical to 
controllers’ tasks, elements such as the trajectories 
or the label, are of extreme importance and their 
visual representation (and the type of interaction 
allowed with these objects) is crucial. If modeling 

 
 9.A.5-2 



of conceptual objects is the key issue for 3D 
visualization, the 3D interaction paradigm and the 
standardization of associated 3D input devices are 
the cases for 3D interaction. 

3. Visualization on 3D Flight 
Trajectory  
By definition, flight trajectory could be seen as 

a set of waypoints (either 2-dimensional 
(geographic position), 3-dimensional (geographic + 
altitude) or 4-dimensional (geographic + altitude + 
time)) defining the planned route of an aircraft (as 
in Figure 3).  

 

waypoint 

Figure 3. Flight Trajectory 

Using a different terminology, the flight 
trajectory can be defined as a function of waypoint 

 (see Figure 4). wpt

 

As a result, waypoint and the function  are 
two main objects that we have to take into 
consideration in representing flight trajectory. 

f

In general, the form, the color, the size, the 
disposition of objects etc. are important elements of 
the visualization. It may be also the case for 
visualization of waypoints and trajectories.  

On the current RADAR displays, the color and 
the disposition of waypoints and trajectories are an 
essential support to controllers’ monitoring activity. 
However, we could suppose that shape of 
trajectories and waypoints have a lower impact. 
Trajectories are usually represented as simple 
straight lines, while waypoints represented by small 
circles (as in Figure 5), or by a small triangle 

(depending on the specific interfaces used by the 
controllers).  

 

Figure 5.  RADAR Display 

Thanks to the possibilities of 3D technology 
controllers could have a more realistic 
representation of the air traffic. For instance, the 
simple straight lines of trajectories could be 
visualized in a more realistic manner, through the 
use of curve. 

)(wptfectoryFlightTraj =  
 

Figure 4. Mathematical Model of 
Flight Trajectory 

Followings are the analysis of trajectory 
representation and waypoint representation. At this 
step of study, the form of trajectory and waypoint is 
the first component that is considered. The analysis 
of color, size, disposition etc. will be considered in 
next steps.   

Trajectory Representation 
Form 
The way to select the function  of waypoint 

(as in Figure 4) decides the representation of flight 
trajectory on controller’s interface. 

f

Since the 3D visualization offers a more 
realistic view of the scenes, the curve-form flight 
trajectory could offer a richer view in a 3D 
environment.  

One constraint of flight trajectory is that it is 
manipulated and observed by controllers through 
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known waypoints. As a result, waypoints play the 
role of control points for changing trajectory. The 
chosen curve-form flight trajectories have to satisfy 
this characteristic.  

Therefore, Hermite curve and Bezier curve can 
both be used to represent flight trajectories.  

1 P 
2 P 

3 P 4 P 

 

In geometric modeling viewpoint, a parametric 
polynomial curve satisfies completely this 
characteristic. B-Spline, Bezier and Hermite curves 
etc. [0] are examples of parametric polynomial 
curve. These forms of curve are defined and 
controlled by their control points. The curve shape 
changes when changing control point positions. 

Because waypoints are on the flight trajectory, 
we need a polynomial curve whose control points 
are on the curve. 

Figure 8. Bezier Curve 

Waypoint Representation B-Spline (cf. Figure 6) curves don’t satisfy this 
condition because their control points are external 
to the curve.  

Form 
Controllers select and manipulate waypoints to 

preview flight trajectory. Therefore, waypoint 
representations are expected to support selection.  

 

Basing on the waypoint representation on 
RADAR display (triangle or circle) and the 
selection constraint as mentioned above, we 
propose to use pyramid or sphere for representing 
waypoints in 3D environment. A cube can be also 
used for waypoint representation (see Figure 9). 

Figure 6. B-Spline 

Bezier curves and Hemite curves both satisfy 
this constraint because they have at least two 
control points on the curve. 

  
  

   By definition, Hermite curve is a cubic 
polynomial curve determined by two endpoints P1, 
P2 and tangent vectors at the endpoints T1, T2 (as 
in figure 7) 

Figure 9. Waypoint Models 

4. Interaction with Flight Trajectory 
in 3D Stereoscopic Environment 

1P

2P

1T 2T

 

When observing current ATC 2D display, we 
can see that the main interaction with flight 
trajectory allow to point at a trajectory to handle, to 
select and to move a waypoint for previewing the 
new position of trajectory. 

Therefore, these two main interactions – 
selection of waypoint and positioning of waypoint 
to preview the new trajectory – could be considered 
as target of the study of  flight trajectory interaction 
in 3D. 

Figure 7. Hermite Curve 

If two control point P3 and P4 are provided 
instead of providing T1 and T2, we have Bezier 
curve (cf. Figure 8). The 3D interaction depends on the physical 

interaction device. The interaction performance also 
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Tracked Wand Interaction Device depends on how the interaction is organised, in 
other word, the interaction technique. So far, two 
types of tracked device were studied: the tracked 
wand [0] (as in Figure 10) and the tracked glove [0] 
(as in Figure 11).  

Selection Technique 
Within the tracked wand interaction device 

three selection metaphors are feasible: the 3D 
pointer, the ray casting and the curve.  

The First Metaphor: the 3D Pointer 

 

This metaphor is inspired from the 2D pointer 
and the mouse. We propose a 3D pointer that is 
capable of moving in 3D space under control of 
tracked wand. With this 3D pointer, we propose two 
selection techniques.  

• The first technique is rather simple: the 
selection is done by moving the 3D pointer 
until target object is reached and touched. 

Figure 10. Tracked Wand • The second technique is called the 
transparent sphere. With this technique, it is 
not necessary that the pointer touch the 
object. All the objects within a given 
distance to the pointer P are selected by 
using a floating menu as in Figure 12. Then, 
the desired object is selected by choosing its 
name on the floating menu.  

 

• With this second technique, another 
selection is to highlight all objects within a 
given distance to the pointer P one after the 
other. When the target object is highlighted, 
it can be selected by pushing a wand button. 

Figure 11. Tracked Glove 

The tracked wand is a hand-held input device 
that contains many tracking sensors (used to detect 
the position and orientation of the user's hands), a 
single joystick device, and three or four control 
buttons. 

 

wp1 

wp3 

wp2 

wp5 
wp4 

wp6 

wp1 

wp2 

wp3 

wp5  

PThe tracked glove is fitted with sensors for 
every finger and wires that send signals back to the 
computer. It supports the gesture-based interaction. 

As mentioned above, every type of interaction 
device can imply different interaction techniques 
and can offer a different interaction performance. In 
the following section an analysis of possible 
selection and positioning techniques associated with 
the two tracked input devices described above, is 
presented. Moreover, new ideas for 3D interaction 
metaphors are introduced and described.  Figure 12. Transparent Sphere 

This new metaphor and the associated 
selection techniques proposed above are one of the 
results from our study. 
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The Second Selection Metaphor: Ray Casting 

With the ray casting [0], objects can be 
selected with a virtual light ray emanating from 
tracked wand position. When the virtual ray 
intersects an object, this object can be picked up 
and manipulated. The direction of the light ray is 
specified by the orientation of the wand. 

Figure 13 describes the principle of this 
selection metaphor. The point A marks the position 
of tracked wand. This point will be also used as 
wand position in next figures of this section. 

 

A 

A 

A 

A 

A   

  

Figure 13. “Ray Casting” Selection Metaphor 

Within the ray casting metaphor, six new 
selection techniques are proposed as the result of 
our research. These new selection techniques 
correspond to two cases: when the target object lies 
on the ray; and when the target object is not on the 
ray.  

 Expected object lies on the ray   

The ray intersects with N objects including the 
expected object. 

If N=1,i.e. there is only the target object on the 
ray, this object can be selected by pushing on 
tracked wand button. 

In the case that N>1, the target object can be 
selected by one of theses following techniques. 

 Circulation Technique 

Figure 14 explains the function of the circular 
selection technique. In the case of few occluded 

objects, by pushing many times on a wand button, 
we can change highlighted object. By that way, we 
can reach out to the target object and select it. 

1 st 
  push     

2 nd 
  push     

3 rd   push     
 

  

  

  

Figure 14. Circular Selection 

 Floating menu  

In reality, there are not so many occluded 
waypoints in a specific case. As a result, we can use 
a floating menu to list all occluded objects. We can 
then select desired object by select its name on the 
menu (as in Figure 15). 

WPT1   
WPT2   
WPT3    

Figure 15. Selection by Floating Menu 

 Two-Ray Selection 

As in Figure 16, for example users want to 
select the waypoint WPT2 when tracked wand 
position is P1. In this case, users have to move wand 
to position P2.  
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P 1   P 2   

WPT1  

WPT 2  

WPT 3   

WPT4 

 

A A 

A 

A   

B 

B 

    

Figure 16. Selection by Using Two Rays 

 Ray with Variable Length 

A variable length ray can be also used in the 
case of few occluded objects. As in the example in 
Figure 17, the object that is close to the end B of 
ray is highlighted and can be selected by pushing a 
tracked wand button. Changing the ray lengthy 
results in changing the position of B. The desired 
object can be highlighted and then selected by that 
way. 

 

  

  

  

Figure 17. Ray with Variable Length 

Whatever ways users choose, ray with variable 
length, circulation selection, floating menu or two-
ray selection, the first thing to do is to make the ray 
crosses exactly the desired object. This is not a 

simple job and it takes time in some cases. 
Therefore, we propose another method to consider. 

  Expected Object Is Not on the Ray   

The objects within a given distance to the ray 
are all selected by using a floating menu as in 
Figure 18. Then, we can select the desired object by 
selecting its name on the floating menu. We also 
call this technique transparent cylinder. 

wp1 

wp5 

wp4 

wp2 

wp2 

wp3 
wp5 

wp4 

wp6 
wp3 

 

A

Figure 18. « Transparent Cylinder » Selection 
Technique 

With this technique, another selection way is 
to highlight all objects within a given distance to 
the ray one after the other. When the desired object 
is highlighted, it can be selected by pushing a wand 
button. 

The Third Selection Metaphor: Curve 

This new metaphor is also the result of our 
study. In order to deal with occluded objects, using 
curve instead of straight line for representing “ray” 
can facilitate the selection task. In fact, a curve can 
pass up easily the selection of many occluded 
objects at the same time. 

 Curve with Fixed Length 

 The first idea is to use a fixed length curve as 
in Figure 19. User can move the wand position A in 
order to move the end B of the curve to desired 
objected position.
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Figure 19. Fixed Length Curve 

 Curve with Variable Length 

The inconvenient of curve with fixed length is 
that users have to move many times wand position 
before selecting desired object. So, a curve with 
variable length can help to overcome this tiresome. 
As in Figure 20, the end B of the curve can be 
moved along the x-,y- and z- axis by using the 
joystick and/or a wand button to select objects. This 
new selection technique is called as elastic wand. 

   

  

Figure 20. Variable Length Curve 

The performance is the next subject to take 
into consideration with selcction technique. What is 
the technique that help user select quickly the 
desired object? This question can be answered in 
the next section concerning the positioning 
technique because of the same objectif  of quick 
positioning and quick selection : how to go to a 
specific position quickly. 

Positioning Technique 
Another problem is how to help users to put 

objects at a specific position quickly and accurately. 
Objects here are waypoints in the case of interaction 

with flight trajectory. In some cases, controllers 
want to preview the flight trajectory when changing 
waypoint position and a good positioning technique 
will be useful. 

Beside the normal positioning, i.e. users have 
to move selected waypoint to the exact position of 
the desired object that require time and skill of 
using 3D input device to manipulate 3D objects, 
followings are some techniques that help users to 
move desired position more easily and quickly. 

Following are positioning techniques 
performed with ray casting metaphor. These 
techniques can also be used with the curve 
metaphor. 

 Using Floating Menu to Select Desired 
Waypoint to Go 

When moving selected waypoint, user can 
always show up a menu containing a number of 
waypoint names that correspond to the neighbor 
waypoints comparing to the position of moving 
selected waypoint at that time. We can go directly 
to desired waypoint position by choosing its 
corresponding name on the menu (as in Figure 21). 

w p 1   
w p 2   

w p 3   

w p 4   
w p 2   

w p 4   

w p 1   

   

Figure 21. Positing by Floating Menu 

Highlight  
A possible solution is to highlight and display 

information of nearest waypoint position compare 
to moving waypoint position (as in Figure 22). User 
can select new position by pushing a wand button  

 
 9.A.5-8 



As depicted in Figure 24, the goal the 
evaluation will involve two levels, the visualization 
and the interaction. In the Visualization study the 
waypoints models and the trajectory models will be 
empirically evaluated. 

 
Way p oint   Model s  

Flight Trajectory 
Model s  

Test case 

Selection  
techniques   

Positioning   techniques   

I nput  
device   

 

A

Figure 22. Positioning by Highlight 

Tracked Glove Interaction Device 
Selection and positioning techniques with 

tracked wand above can be applied to tracked glove 
theoretically because both of them are tracked 
device. The gesture-based command on tracked 
glove can be used as the buttons on tracked wand. 
However, the gesture-based interaction is the 
advantage of tracked glove. Therefore, basing on 
gesture, new selection techniques can be developed 
with tracked glove. 

Figure 24. Generating of Test Cases The selection technique associated with 
tracked glove is virtual hand [0] (see Figure 23). In the Interaction study, the selection and the 

positioning techniques will be also empirically 
studied. 

 

More specifically, the aim of the tests would 
be to: 

• First, evaluate controllers’ performance 
across the two types of flight trajectory 
representation, the straight line and the 
Hermite curve. 

• Second, evaluate which combination 
between selection, positioning technique and 
interaction device will offer the best 
performance in selecting and manipulating 
3D trajectory. The tracked wand with ray 
casting technique and the tracked glove with 
virtual hand techniques will be studied. 

Figure 23. Virtual Hand Technique 

Virtual hand techniques provide the user with 
a “virtual” hand – a 3D cursor – whose movements 
correspond to the movements of the physical glove-
wearing hand. The collision between 3D objects 
and virtual hand decides the selection of object.  

  
The tests will account for objective (data 

recording and analysis) and subjective 
(questionnaires) measurements. Currently, the 
implementation of the experiment is being 
conducted with tracked wand as interaction device. 
After that, the same work with tracked glove will be 
performed. 

5. Experimentation  
In the close future we would like to 

empirically evaluate the visualization and 
interaction ideas we suggested so far.  
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6. Conclusions 
In this paper, we have analyzed difference 

aspects in representations of flight trajectory, 
waypoints and proposed some new metaphors and 
selection techniques for handling waypoints and 
flight trajectories in a 3D stereoscopic environment. 
Hermite polynomial curve or Bezier polynomial 
curve can be used to model flight trajectory in 
comparing with normal straight-line trajectory. 
Selection and positioning of waypoints are main 
interactions with flight trajectory. Selection 
techniques and positioning technique are considered 
in combining with 3D interaction device with 
regard to final using performance. We proposed two 
new selection metaphors: 3D pointer, curve and 
created some new selection and positioning 
techniques with these two new metaphors and with 
an existing metaphor, the ray casting. These 
metaphors and interaction techniques can be used 
with both tracked wand and tracked glove. In 
addition, tracked glove can support gesture-based 
interaction and an existing interaction technique: 
the virtual hand technique. 

The experiment is expected to choose an 
effective selection technique and a model of 
trajectory, waypoint that offer a good using 
performance for controllers. 

Haptic input device will be next 3D input 
device to study. Intelligent interaction, interaction 
that reduces at much as possible user’s effort to 
accomplish an interaction task, will be also studied 
basing on haptic interaction. 
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