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Abstract. For data analytics a proper visualisation of the data is important to 

provide the user a good overview and help him to find and understand relationships 

in the data. Furthermore, appropriate visualisations can help to improve the 

efficiency of tasks. There are a lot of different approaches for 2D as well as 3D 

visualisation, which can be applied to existing rich client applications. Many of 

these rules are applicable for augmented and virtual reality, too. But especially when 

head mounted displays are used additional factors have to be considered and new 

possibilities exist.  

 This paper will therefore describe related work regarding 2D and 3D 

visualisation. Factors like perspective, performed task, ambiguity, depth cues and 

the general user interface are discussed. Examples will be given for map centric 

applications and tasks, like the perception accuracy of objects on 3D maps. 

Furthermore, head mounted displays are categorised. They can provide stereoscopic 

vision, which is essential for human’s binocular vision and adds benefits for some 

tasks. 

 With augmented and virtual reality new concepts for collaborative tasks could 

be created. This paper will provide an overview of related literature and discuss the 

advantages and disadvantages of augmented and virtual reality. Especially 

augmented reality can support collaboration which is linked to the fact that all users 

can see each other. 

 After the scientific basics, a concept for a big data visualisation is explained. 

For air traffic control it is important to use all available information to observe and 

secure the airspace. Automatic dependent surveillance – broadcast (ADS-B) is now 

equipped at most aircraft. It can be fused with the radar sensor data to generate an 

air picture. Historical data could be analysed with data analytics to recognize pattern 

and make predictions. This helps to improve live air surveillance. For collaborative 

decision making an augmented reality workspace was created. It offers an ADS-B 

flight data visualisation in 3D on a holographic geographic information system. Due 

to the holographic environment multiple persons can discuss together incidents in a 

way as the data would physically exist. 
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1. Introduction 

Big data analytics uses algorithms to gain knowledge out of massive amounts of data. After 

the analytical process has finished the gained knowledge is visualised to the users. This is 

very useful for air surveillance where historical data could be analysed to recognize pattern, 

validate live data and predict incidents. This work will introduce such a system with the 

focus set on the visualisation of results. Furthermore, a concept will be shown to create an 

augmented reality (AR) workspace to ease collaborative discussion and decision making.  

It will therefore provide an overview of visualisation rules from related work. These 

rules should be considered when using AR or virtual reality (VR) head mounted displays 

(HMDs). Besides visualisation benefits, AR can improve collaboration, which will be 

furthermore discussed and proven by related research findings. The related work section in 

this paper is based on parts of the related work section of the master’s thesis of Drey [1]. 

After that, the big data air surveillance application for state-of-the-art workstations is 

introduced as well as a collaborative AR workspace. As AR HMD the Microsoft 

HoloLens [2] is used. 

2. Related Work 

2.1 Data Visualisation using Augmented and Virtual Reality 

2.1.1 Definition of Head Mounted Displays, Augmented and Virtual Reality 

HMDs can be classified regarding their capabilities. Typical types are monocular and 

binocular, opaque and see-through as well as video and optical. They were ordered in a 

matrix by Laramee et al. [3]. Applying this classification matrix to the Microsoft HoloLens 

it is a binocular optical see-through HMD. 

To further categorise HMDs Miligram et al. [4] defined a reality-virtuality 

continuum (see Fig. 1). AR is linked to a real environment and VR to a virtual 

environment. The continuum merges in the middle. The widespread area between these two 

extremes has a lot of levels and is called mixed reality (MR). To distinguish between AR 

and VR this work will not use the term MR. As the Microsoft HoloLens is a see-through 

HMD it is classified as AR HMD. In this work the 3D stereoscopic visualisation of the 

Microsoft HoloLens is named as hologram. 

 

2.1.2 2D vs 3D in Visualisation 

AR and VR HMDs can offer 2D as well as 3D visualisation. Therefore, general 

visualisation rules apply as well. Such rules were evaluated in related work. An example is 

Tavanti et al. [5]. They used a spatial memory task with hierarchical data and compared a 

2D with a 3D visualisation. The performance of the participants using 3D was better. 

Mixed Reality

Augmented

Reality

Real

Environment

Augmented

Virtuality

Virtual

Environment

Fig. 1. Reality-virtuality continuum [1, 4]: Augmented reality (AR) is on the left side of the continuum and 

linked to the real environment. Virtual reality (VR) is on the right side and linked to a virtual environment. 

AR and VR merge in the middle. The definition of mixed reality (MR) is very widespread and addresses all 

levels in between. 
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Evaluating the usefulness of 3D perspective St. John et al. [6] used simple block shapes as 

well as maps showing terrain data. Their hypothesis is that 2D should be used for relative 

positioning tasks and 3D when shape understanding is important. Similar results were 

evaluated by Todd et al. [7] in a study where shapes of objects had to be adjusted to match 

a reference object. Furthermore, they found out that especially the human perception of 3D 

metric structures is not accurate. 

Nevertheless, studies exist with contrary results. St. John et al. [6] provide a 

literature review with studies that have different results compared to their hypothesis. As all 

these studies vary in tasks and interfaces used there seems to be a high use case 

dependency. In addition, other factors than the visualisation or the used dimensions could 

be more important for the task performance. Sebrechts et al. [8] compared 2D and 3D for 

displaying search results and evaluated that the available features and the user interface 

have a greater impact on the task performance of the participants than the used dimensions. 

Another point that should be considered to choose between a 2D and a 3D 

visualisation are 3D ambiguity issues. An overview is provided by St. John et al. [6]. It is 

proven by Todd [9] that different shapes can look from a specific angle completely equal. 

In such a case the viewing position has to be changed to bypass such ambiguities [10]. 

Depth cues are important for 3D visualisation and a taxonomy which is split in 

physiological and pictorial depth cues is provided by MacEachren [10]. The physiological 

depth cues relate to the perception of a 3D environment by human stereoscopic vision. 

Pictorial depth cues describe principles to create a depth perception for non-stereoscopic 

vision such as perspective, motion, shading or shadows [10]. An issue of pictorial depth 

cues is that they can interfere with the visualised objects. For example a brightness 

variation caused by an illumination of a map can interfere with the colour gradient [11, 12]. 

The position ambiguity in 3D is another issue that has to be considered. As 

example, for a 3D geographic information system (GIS) operator it is important to know 

the position of an aircraft on the map. To clearly visualise the position on the ground plane 

drop shadows or drop lines can be used as means [13, 14, 15]. Fig. 2 shows a drop line to 

visualise the position of the sphere on the map. Hendrix et al. [16] compared different 

visualisation means such as shadows and drop lines in a study. The depth judgement was 

improved by 200% when drop lines were used, shadows improved it by 30%. Therefore, 

this work uses drop lines to visualise the position of floating objects on a map. 

 

Furthermore, binocular HMDs can provide stereoscopic view. Rapp et al. [17] 

conducted a study where they compared the terrain insight of participants. They showed 

them typical map visualisations including depth cues such as shading with mono- and 

stereoscopic visualisation. The terrain awareness of the participants with the stereoscopic 

visualisation was better. 

Summing up these findings it is assumed that 3D visualisation does not improve 

visualisation or user interfaces in general. It is highly task depended if a 2D or a 3D 

visualisation has a better task performance. A smart user interface should offer a 

Fig. 2. Drop line (blue) used in a 3D geographic information system (GIS) [1]: Drop lines are more efficient 

to visualise the position of floating 3D objects on the map than other depth cues such as shadows [16]. The 

picture shows map data from © GeoBasis-DE / BKG 2017 (data changed) [34]. 
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combination of multiple factors where the visualisation is only one aspect. This assumption 

is similar to the conclusion of Smallman et al. [13]. As previously stated, related work 

results indicate that 3D should be used especially for tasks with a high need for shape 

understanding and 2D for tasks where relative positions are important. Furthermore, 

stereoscopic vision, as HMDs can provide it, can improve shape understanding as well. 

2.2 Using Head Mounted Displays for Collaborative Tasks 

Collaboration with HMDs is related to collaborative virtual environments (CVEs) which 

were defined by Churchill et al. [18] as a space that supports collaborative activities. 

Therefore, HMD environments that provide the same objects to multiple persons are CVEs 

with the benefit that each user has its own perspective of the shared space [19]. 

CVEs could be implemented with many technologies and not only in AR and VR, 

but this work will focus on AR HMDs. AR can provide benefits compared to VR in 

collaborative workspaces which will now be discussed. Billinghurst et al. [20] and 

Henrysson et al. [21] provide arguments to explain this. Natural communication with body 

language, gestures or facial expressions is possible due to the fact that all participants can 

see each other and are aware of what the others are doing. Resulting advantages are, that 

collaborative AR can decrease the task completion time compared to VR [22]. Furthermore, 

it enhances communication and face-to-face discussion [23]. 

The communication behaviour of collaborative AR users was evaluated in a study 

by Kiyokawa et al. [24]. Non-verbal communication and involvement of the other 

participant was observed most when the task space was placed between the two 

participants. Nevertheless, this placement was not linked to the working efficiency of the 

drawing task. Whenever non-verbal communication was difficult, speech was used as 

compensation. One characteristic of this study is that participants were sitting and not 

allowed to change their position. They had to perform the task with different fixed 

placements of the objects in between. The AR prototype introduced in this work will not 

limit the users in their position. They are free to walk around and change their position to 

the hologram and to each other. This is beneficial because Kiyokawa et al. [24] had the 

result that a task space in between facilitates communication and collaboration, but that the 

same perspective on the hologram can help to simplify communication. 

When discussing about CVEs it is important to distinguish between symmetric and 

asymmetric collaboration. The arguments so far apply to symmetric AR collaboration. 

Asymmetric collaboration could be performed by remote operators that work on 

state-of-the-art workstations and operators that work in the holographic workspace, but this 

is not in the scope of this work. 

Due to the previously mentioned benefits of AR collaboration this work focuses on 

AR CVEs. Nevertheless, VR CVEs exist as well. In many cases avatars are used to 

represent other collaborating users. Research exists that evaluates how real such avatars 

should look for good interaction quality [25]. Summing up, it depends on the task whether 

AR or VR HMDs should be used. 

3. Air Traffic Big Data Visualisation for Augmented Reality 

For air traffic control (ATC) situational awareness is very important. This is achieved by 

calculating a valid air picture as well as a proper visualisation of it which is displayed to the 

operators. This paragraph will first of all explain the process to create an air picture 

including the data sources and the data fusion. Afterwards, the visualisation of automatic 

dependent surveillance - broadcast (ADS-B) data is shown and a concept for an AR 

workspace for map based data visualisation is introduced. 
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3.1 Big Data Analytics for Air Traffic Control 

The first step of the process to calculate an air picture for live ATC is the connection to 

multiple data sources, for example radar sensors or ADS-B receivers. ADS-B provides 

messages broadcasted by an aircraft with its own position, kinematics and further 

information to make tracking possible. These data is processed and a multi-source 

integration is performed. This means that a sensor data fusion is performed to generate 

improved track information. Based on the fused data tracking, identification and 

classification is performed. All these information is then visualised to the ATC operator as 

live air picture. 

This is the common way ATC systems work. An improvement is the usage of 

historical data of ATC centres to perform big data analytics. The air picture could be 

enriched by machine and deep learning algorithms, rule based anomaly detection and 

enhanced prediction. Data analytics discovers hidden information in large sensor datasets or 

provides assistance functions for the operators. The goal is to learn from the past and 

predict the future. This prediction can be combined with live data to provide predictive 

surveillance. 

Data analytics enhances the situational awareness thanks to behaviour analysis, 

pattern recognition, anomaly detection as well as prediction and anticipation. All 

information is displayed to the operator, but it has to be clustered to reduce overload and 

simplify decision making. Therefore, concepts to display information on workstations as 

well as AR workspaces are described in the following. As this paper focuses on 

visualisation and AR collaboration the used data analytics techniques are not described 

more in detail. 

3.2 Visualisation of ADS-B Data Including Predictions 

State-of-the-art ADS-B data visualization is very common since commercial platforms like 

flightradar24.com [26] are available for everyone in the internet. For the data analytics 

backend several frontends were created for workstations, mobile and web clients. 

Furthermore, a prototype for a collaborative AR workspace exist that will be explained in 

the next section. Fig. 3a shows the web client currently displaying live air traffic around 

Frankfurt airport in Germany. The ADS-B data transmitted from an aircraft can be viewed 

in a detail dialog. 

When flight paths from historical data are visualised this provides a picture with a 

lot of information which is difficult to understand. An example of historical data is shown 

Fig. 3. Automatic dependent surveillance - broadcast (ADS-B) data visualisation: Live air traffic around 

Frankfurt airport in Germany based on ADS-B data is shown in (a). Detailed information transmitted from the 

aircraft can be seen in a detail dialog. In (b) an analysis was performed to recognize approach pattern of 

aircraft on an airport. They vary depending on weather conditions, daytime and air traffic. Picture (a) shows 

map data from © OpenStreetMap contributors [35]. Leaflet [36] is used as library. 
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in Fig. 3b. The picture is already filtered and shows only a few flight paths that were 

detected by pattern recognition. An analysis was performed to recognize approach pattern 

of aircraft on an airport. They vary depending on weather conditions, daytime and air 

traffic. Multiple airports could be analysed and the pattern could be compared. As 

described in the next section such information could be discussed in a 3D AR workspace. 

Predictive surveillance was introduced in the previous section. Data analytics 

algorithms can be trained to predict based on historic data where an aircraft will fly. This 

can be seen in Fig. 4. It shows from left to right (a-c) how the algorithm predicts the flight 

path. The prediction adapts by the time. In the images pre-recorded data is used to compare 

the prediction with the real flight path (yellow crosses) during calculation. The blue dots 

visualise the input ADS-B data for the algorithm. The light blue boxes show the prediction 

area where the algorithm thinks the aircraft is going to fly. One box predicts one minute, 

which means that the next ten minutes are predicted. Such predictions can help to recognize 

anomalies during ATC and create alarms so that an operator turns his attention on this 

possible incident. As this work focuses on visualisation purposes the details of the 

algorithm will not be discussed. 

3.3 Augmented Reality Workspace for Map Based Data Visualisation 

The previous section shows how ADS-B data could be visualised on 2D user interfaces. As 

described in the related work section 3D can add benefits regarding shape understanding. 

Furthermore, an AR HMD can provide stereoscopic vision which improves depth 

perception and can, as related findings show, improve terrain awareness. AR is selected 

because the discussed related work indicates that AR can improve collaboration between 

users due to natural communication. The state-of-the-art 2D user interface is designed as 

single user workplace, whereas the AR workspace is designed to facilitate cooperation. 

ATC operators can discuss incidents or predictions in the collaborative workspace as well 

as conduct briefings. 

Therefore, it is important to select an HMD that does not limit natural 

communication. As the Microsoft HoloLens occludes some parts of the face it limits the 

possibility of participants to see facial expressions. Furthermore, interaction with the 

hologram is limited to two gestures at the moment. Nevertheless, it was selected due to its 

visualisation and tracking capabilities. As the AR workspace is a prototype, potential 

Fig. 4. Aircraft flight path prediction: Data analytics is used to predict the flight path of an aircraft. From left 

to right it is shown how the algorithm result adapts by time. Pre-recorded data is used to compare the 

prediction with the real flight path (yellow crosses) during calculation. The blue dots are the input ADS-B 

data of the algorithm and the light blue boxes show the prediction. One box predicts one minute. Cartopy [37] 

is used as library. 
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drawbacks in the design or due to the selected hardware could be changed during 

development. 

Several related applications exist which display holographic maps. Boing created an 

application for holographic unmanned aerial vehicle (UAV) control [27]. HoloTerrain [28] 

and HoloMaps [29] are applications quite similar to Google Earth [30]. Their user 

interfaces were used as reference during the design of the AR workspace. Furthermore, 

UC Davis [31] created an augmented sandbox to interactively teach topographic maps, but 

the prototype in this work only uses holographic elements. 

The developed prototype can be seen in Fig. 5. It can display the hologram to 

multiple operators co-located in the AR workspace to discuss live air traffic. As main 

element, the holographic map is placed in the middle of the workspace on the floor. 

Operators are free to walk around in contrast to the work of Kiyokawa et al. [24]. 

Therefore, a round map is used to simplify walking around it. Accompanying the map, the 

menu is placed at the edge of the hologram. Everything on the map is visible in a shared 

view equally for all operators. Nevertheless, the menu is always headed in a private view to 

each operator. This applies as well to all text in the workspace to ease reading. Private and 

shared views are possible because each HMD renders the shared view exclusively for an 

operator and can add private elements. 

Based on recorded ADS-B data selected flight paths are visualised on the map. They 

are drawn as blue semi-transparent 3D lines. A 3D object of the aircraft is placed at the 

current flight position (see Fig. 5b). As the application is a full functional GIS based on 

Mapbox [32], the map can be zoomed and dragged. Furthermore, different map layers like 

satellite images or roads could be chosen. On Fig. 5a the map is zoomed out to get a world 

view and on Fig. 5b+c the map is zoomed in to maximise the ADS-B flight path of the 

Airbus A380. When an aircraft is selected it is enlarged and rotates hovering in the middle 

of the map. Furthermore, ADS-B details are displayed in dialogs around the aircraft. Like 

the menu, they are always headed in a private view to each operator (see Fig. 5c). 

One of the next functions that should be implemented is a 3D visualisation of the 

flight path prediction (see Fig. 4) in 3D with altitude information. Furthermore, an analysis 

function could be implemented to discuss recognized pattern (see Fig. 3b). This work is 

related to the planned AR radar coverage analysis function proposed by Drey et al. [33] and 

will be merged in one software solution. 

Fig. 5. Collaborative AR workspace: In (a) the collaborative AR workspace is shown with the map placed on 

the floor besides an operator. The map can be zoomed in (b) to maximise the ADS-B flight path of the Airbus 

A380. When the aircraft is selected (c) it is hovering and rotating in the middle of the map. ADS-B details are 

shown in dialogs around the aircraft. This application uses © Mapbox [32] and © OpenStreetMap 

contributors [35]. 



8 

4. Conclusion and Outlook 

This work shows examples where visualisation is an important part of a big data analytics 

process. 2D as well as 3D visualisations have their advantages and disadvantages and 

should be chosen depending on the task. The AR workspace prototype indicates that it 

eases collaboration and improves decision making. Nevertheless, a formal user study has to 

be conducted in the future to evaluate the concept in detail and verify this indication. 

The big data air surveillance application shows how data analytics can be a useful 

tool for ATC and helps operators in their decision making. Further pattern and algorithms 

can be created to recognise even more incidents. Data analytics is useful for other domains 

besides ATC such as maritime surveillance as well. Pattern recognition based on automatic 

identification system (AIS) data and satellite images could be used to recognise illegal 

fishing. This could be a domain to expand the existing system in the future. 
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