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Abstract 

ATV3D is a visualization system which presents aircrafts tracks in 3D environment. It 

aims to assist the air traffic controllers’ work by providing an immersive display to 

reduce their mental workload. However, the fact shows that 3D renderings of aircrafts in 

space will cause large errors when perceived. This study attempts to reveal the flaws in 

the current ATV3D system from a theoretical point of view, and to propose several 

possible solutions to compensate the weakness of depth perception in a 3D rendering, 

therefore to help the air traffic controllers’ work.   
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1 Introduction 

1.1 Background 

Main air traffic control (ATC) activities are ground-based controllers’ organization of the 

traffic flows in the air, direction to aircrafts for collision avoidances, and informational 

support to pilots when it is necessary.  Global growth of air traffics has extreme 

requirements of the efficiency and effectiveness of the air traffic controllers for 

maintenance of safety of flights and management of flight operations when reducing the 

complexity of the encounters (Dang-Nguyen et al., 2004). The prior task of the air traffic 

controller is to ensure sufficient separation between aircrafts which means the controller 

has to secure the safety distance between aircrafts according to the obtained information 

for avoidance of any potential collision. 

In traditional ATC systems, controllers perform their tasks through a 2D displayed 

monitor, from which they observe the information of aircraft tracks and relative fight data 

in labels such as height, speed and altitude. Separation judgments are made based on the 

displayed information after which orders are given to pilots. Dang-Nguyen et al., (2004) 

state that controllers often report that the radar screen is overwhelmed with too much 

information represented by graphical objects in the 2D items. Therefore, visual clutter 

rises as a main issue affecting the controllers’ monitoring job. In the meantime, 

controllers have to develop 3D mental models of the traffic integrating the information 

displayed on a 2D display, which often causes cognitive overload to the controllers 

(Dang-Nguyen et al., 2004). 3D rendering, with its natural representation, is being seen as 

an intuitive solution for some of the 2D visualization problems. Several researches 

(Forsell, 2007; Dang Nguyen et al., 2004; Tavanti et al., 2003) have revealed that 3D 

fashion could help in decreasing air traffic controllers’ cognitive work load due to its 

functionality in reduction of visual clutter and natural representation of objects’ 

properties. Moreover, there are also previous studies comparing the 2D and 3D 

representations in the ATC tasks. In one of those researches, Tham & Wickens (1993) 

failed to differentiate the performance of 3D and 2D representations when processing 

crucial tasks; Tavanti et al., (2003), however, conducted an experiment to compare air 

traffic controllers’ performances on a series of tasks in both two-dimensional and three-



dimensional stereoscopic displays, and presented results showing that for designed task 

and conditions, participants performed quicker with the three-dimensional stereoscopic 

display, with no detriment to accuracy. They also revealed the qualitative results which 

showed that the controllers were rooting for the new 3D display to support their work. 

1.2 Problem area 
ATV3D is a visualization system which presents aircrafts tracks in 3D environment. 

Information such as the locations and movement are displayed on a 3D virtual map. The 

main purpose of the software is to provide 3D stereo information to support controllers’ 

tasks. A typical use case is, when two airplanes need to cross each other’s paths vertically 

(one needs to lower its fight level, and the other needs to rise), the controller can obtain 

the information given in the fights plan and the labels, as well as how fights are 

positioned on the screen. Another scenario is two or more flights crossing paths that need 

to either rerouted or changed fight level so no incidents occur. 

Preliminary researches have been done based on the idea of creating such visual system. 

According to Bourgois et al., (2005), there were both positive quantitative and qualitative 

results from their experiment on performing air traffic control tasks on a semi-immersive 

3D environment. 

Nevertheless, the existing problem is obvious, which is the location of objects is 

ambiguous along lines of sight into the viewing plane without facility of depth cues in the 

3D view (John et al., 2001). Therefore, the fact we know for sure is that because of the 

function of human’s visual system, 3D renderings of aircrafts in space will cause large 

errors when perceived, which will be causing harm to the controllers tasks. 

1.3 Research Question 
This study will try to address the potential problems of the current ATV3D visualization 

by studying previous related work. Thereafter, propose feasible solutions to assist 

performing air traffic control tasks in 3D environment without sacrificing the accuracy of 

the tasks, based on the ATV3D visualization system. The research question is formulated 

as below: 

What are the problems in the current ATV3D system? And how can they be solved? 



2 Method 
A theoretical review was conducted firstly to evaluate 3D renderings of the ATV3D 

system, following by analyzing the achievements in previous studies in related area. 

Besides in recognition of the advantages while using 3D displays in ATC tasks, their 

work also revealed its ineffectiveness in estimating distance. 

Based on the results of literature review, four design solutions were proposed, trying to 

introduce 2D assistance, 3D input interaction, alarm module, as well as mapping concept 

to overcome its weakness and still to be able to retain the strength of a 3D rending in 

ATC tasks. Simple image illustrations were used as low-fi prototypes when presenting 

the solutions.  

The design solutions were then evaluated by a visualization expert, Professor Mats Lind 

at Department of Media and Informatics in Uppsala University. Modifications were 

applied according to the results of the expert evaluation.   



3 Theoretical Review 
In this section, series of previous studies are reviewed based on the problems of current 

ATV3D visualization system. The related studies are including 3D rendering used for 

ATC tasks, human visual perception problems and the usability measures in a 3D 

visualization. 

3.1 ATV3D visualization 
ATV3D is an air traffic information visualization system designed to support the air 

traffic control tasks, which simulates data about fights’ location, altitude, speed, flying 

route and terrain on a 3D virtual map. (Figure 1) 

 

Figure 1. A basic view of ATV3D visualization 

Air traffic controllers can use mouse and keyboard controls to rotate the screen to get a 

3D view of the map. The flights’ information is listed as labels next to the airplanes. 

Controllers are able to change the figures such as speed, height, and orientation to adjust 

the flying trajectory. Animations are provided to predict the future flying track of the 

planes.  



The whole rendering is 3D based while a 2D mode is provided as an assistant. (Figure 2) 

However, the 2D mode is only a top view of the 3D prototype, there are no data 

restructure in the 2D presentation. 

 

Figure 2. A 2D mode of ATV3D visualization 

 

3.2 3D display used in Air Traffic Control 
Bourgois et al., (2005) described their implementation of a 3D stereoscopic system for 

how to fulfill air traffic control tasks. They created a semi-immersive 3D environment, 

integrated with the information such as flight attributes, navigation and orientation, as 

well as weather information. A 3D wand pointer and voice recognition system were 

established as the main interaction mechanisms. The results were presented in Tavanti et 

al., (2003), Tavanti et al., (2004) in parallel, which showed that controllers performed 

tasks faster in 3D stereoscopic than in 2D displays, and they tended to be convinced with 

the 3D rendering system. However, there are something needed to be pointed out. First of 

all, the results were generated based on the created scenarios with small density of 



aircrafts which objectively reduce the possible errors. Secondly, as they’ve claimed, 

controllers were facing some interaction problems while using the wand pointer. 

Therefore, a better way of interaction with the 3D stereoscopic presentation desires to be 

identified. Besides, the satisfaction of the controllers could be perceived as the 

appreciation of the new things, as they were introduced to the new 3D system shortly 

which was designed to reduce their mental workload.  

3.3 The perception problem in 3D displays 
There are also other reasons that 3D rendering hasn’t been extensively used in the air 

traffic control system. Despite the effort the researcher has put in creating the 3D 

environment for ATC use, some basic facts needed not to be neglect.  

John et al.,(2001) illustrated that space is nonlinearly distorted in a 3D view which leads 

to the distortion in distances and angles. As a result, they believed without other depth 

cues available in the 3D view, the location of objects is ambiguous along lines of sight 

into the viewing plane. 

Depth acuity refers to the ability of a subject to discriminate between two objects 

positioned at different depths (Pfautz, 1996). Among the three dimensions in stereoscopic 

space (the up-down dimension, the sideways dimension, and the towards-away 

dimension), people are much better in perceiving the up-down and sideway dimensions, 

however not so much for the towards-away dimension. With less information available in 

the towards-away direction than up and sideways directions, people tend to require more 

depth cues that consist of environmental information to judge distances. The evaluation 

of some of most applicable the depth cues can offer the insight on the depth perception 

problems. 

 

 

 

 



a. An object appears to shrink as the distance between the observer and the object 

itself increase. (Figure 3) 

 

 
 

Figure 3. Size constancy (Pfautz, 1996) 
 

b. The effect of the viewing point. The changing of the viewing point leads to the 

change distance perception. (Figure 4) 

 

 

 
Figure 4. The effect of the viewing point (Pfautz, 1996) 



When it comes to estimate the distance between objects, 2D view is much more efficient 

than the 3D view. Three dimensional displays are compelling, integrated, and natural, yet 

this natural representation is fraught with ambiguity and distortion. Two dimensional 

displays are not as integrated and seem less compelling, but they faithfully represent 

space (John et al., 2001). Figure 5 shows two points in a spatial layout, and figure 6 

shows a side view of the same two points in the same coordinate system. The distance 

that can be perceived in a 3D display varies significantly from the one that can be 

estimated in a 2D side view which is also recognized as the correct one. 

Moreover, some depth cues are not always applicable because of the limitations of the 

visual display, and others lack the precision of the real world. (Pfautz, 1996) As a result, 

3D perspective view was superior to 2D views for understanding the shape of simple 

blocks and natural terrain. However, 2D views were superior to 3D views for 

understanding the relative positions of two objects and two terrain locations (John et al., 

2001). Therefore, to provide accurate information on up-down, and sideway dimensions 

is better than depth cues when distance judging is involved. 

 

Figure 5. Distance perceived in a spatial layout 



 

Figure 6. The actual distance perceived by view from a side view 

3.4 Usability Measures in 3D Visualization  
Kjellin et al., (2009) had proposed their views on the usability measurement in 3D 

presentation. They believed that the effectiveness issue of a 3D visualization would be 

how a viewer can utilize the 3D information specified by the visualization to solve a task 

regardless of his or her experiences of using a flat surface or a 3D scene. Further, based 

on the effect of utilization of human’s visual system with spatial source information, they 

came to a conclusion that 3D visualization was a bad design choice if the purpose of 

visualization was to visualize information that was defined only by metric properties, 

such as height, length. 

 

  



4. Design 
In general, the best way to support the accuracy of the air traffic controllers’ tasks while 

having the 3D environment to minimize their mental working load is to provide 

necessary 2D data profile. As illustrated in Rozzi et al., (2009), integrated 2D/3D 

displays can be used in air traffic control tasks, as they seems to offer the benefit of 3D, 

without losing the 2D traffic picture. In this section, several solutions are given based on 

the theoretical analysis 

4.1 Solution 1 
One simple and efficient way is to provide the original 2D monitors by the side of the 3D 

display. The 2D monitor will be presenting both a top view and side view of the airplanes. 

Controllers can use the 3D display to perceive the trajectories of the plane as well as the 

other integrated information, while using the top view and side view on the 2D monitors 

to calculate the correct distance between the airplanes and make adjustment based on the 

data that has been computed. However, controllers have to mapping the information from 

different computer screens. 

4.2 Solution 2 
Even though multiple monitor system has been suggested to be helpful to the display of 

the relevant information of the tasks and users’ awareness maintaining (Grudin et al., 

2002), it has also been pointed out that the multiple monitor system may only fit for the 

lightweight tasks (Kang et al,. 2008).  

Since the air traffic control tasks are heavy on mental workload and need controllers’ full 

attention, the second possible solution is to provide an interactive display with 

multidimensional interaction communication to the system. Kinckey et al., (1997) have 

testified that at least for some tasks, using multidimensional input, users complete the 

tasks faster without any statistically detectable loss of accuracy.  Moreover, the physical 

form-factors of a 3D input device can be faithful to the 3D orientations on the display, 

therefore will considerably influence users’ acceptance. As a result, the devices are 

usually easy to control, and can minimize the operation errors. A 3D ball input (Figure 7), 

as they have suggested, could be appropriate when users need to navigate in a 3D rotation 

task. 



 

Figure 7. A 3D ball input (Kinckey et al., 1997) 

Besides, the interchange of the 2D view and 3D view needs to be taken care of. The 

interaction should be easy, direct and error-free. The basic conceive plan is to provide 

one single press button to fulfill the functionality. When the button is pressed, the switch 

of the 2D and 3D displays will be completed (Figure 8 and Figure 9). 

 

Figure 8. A 3D mode view with the interactive system 



 

Figure 9. 2D side view and top view after pressing the switching button 

4.3 Solution 3 
In the current ATV3D system, without 2D views of the flight situation, the controllers 

have to rely on the information that has been accessible in the labels next to the airplanes 

and the flying tracks that is provided by the system, which is presented as thin lines. 

Although controllers may use the 3D rotations to adjust the angle of the view point to 

detect the possible conflict, that requires accuracy in both mental work in estimation and 

the physical work in operation. 

A simple alarm function in which predicts the possible conflict may help to reduce the 

controllers’ mental workload. Controllers will be still reading the information in the 3D 

mode, but be more focusing on the projective data to avoid potential collision of the 

airplanes. 



 

Figure 10. A dynamic fight trajectory presentation with conflict warning 

As shown in Figure 10, the trajectories of the airplanes are presented in columns. The 

columns also stand for the safety areas around airplanes. They are faithful to the real 

flying tacks and are updated with the timeline and any other adjustment done to the 

airplanes. 

In this scenario, as long there are no intersection between the two columns, it means that 

there will be no possible clash. Otherwise, the conflicted tracks will be marked with 

colors to warn the controllers of the situation.  Therefore, controllers will be able to 

aware to the conflict easily and respond to it quickly. 

4.4 Solution 4 
Introducing a mapping system to refer the location of the airplanes in 3D environment to 

a 2D description with data presentation could be another solution to solve the in 

perceiving the distance between airplanes (Figure 11). The information in 2D will be 

presented in columns in a two-dimensional coordinate system displays at the bottom of 

the screen, with the icons showing the altitude of the airplanes in the vertical axis and 

relative distance reflecting on the horizontal axis, as well as having other related data that 

used for the control tasks in the labels in the columns. Therefore, the controllers will be 



able to obtain the intuitive perception on the altitude and distance between the airplanes 

without leaving the 3D presentation. 

 

Figure 11. A dynamic mapping system with information projected on a two-
dimensional coordinate system  



5 Conclusion and Discussion 
This study attempts to reveal the flaws in the current ATV3D system from a theoretical 

point of view, and to propose several possible solutions to compensate the weakness of 

depth perception in a 3D rendering, therefore to help the air traffic controllers’ work. 

Based on the solutions, air traffic controllers shall be able to be benefit both from the 3D 

visualization for lowering the mental working load and the 2D presentation for remaining 

working accuracy.  

Due to the time limit, all the solutions are basic assumptions, and only concepts and low-

fi prototypes are provided in the paper.  Details such as working mechanicals, interaction 

combinations and interface design should be discussed in the future work. For instance, 

in the alarm module, the capability of predicting safe area for emergencies would 

enhance the functionality. Considering the specialty of the air traffic control tasks, all the 

design wok shall be in compliance with the tasks and be evaluated in all possible 

situations from the usability perspective. Moreover, in accordance with the existing 

animation, adding time as a fourth dimension into the system by allowing users to control 

the visibility of the airplanes by adjusting the active time range would be a feasible 

attempt in the future. 
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