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FromDaDy: Spreading Aircraft Trajectories Across Views to 

Support Iterative Queries 

Christophe Hurter, Benjamin Tissoires, and Stéphane Conversy

Abstract —When displaying thousands of aircraft trajectories on a screen, the visualization is spoiled by a tangle of trails. The 
visual analysis is therefore difficult, especially if a specific class of trajectories in an erroneous dataset has to be studied. We 
designed FromDaDy, a trajectory visualization tool that tackles the difficulties of exploring the visualization of multiple trails. This 
multidimensional data exploration is based on scatterplots, brushing, pick and drop, juxtaposed views and rapid visual design. 
Users can organize the workspace composed of multiple juxtaposed views. They can define the visual configuration of the views 
by connecting data dimensions from the dataset to Bertin’s visual variables. They can then brush trajectories, and with a pick and 
drop operation they can spread the brushed information across views. They can then repeat these interactions, until they extract 
a set of relevant data, thus formulating complex queries. Through two real-world scenarios, we show how FromDaDy supports 
iterative queries and the extraction of trajectories in a dataset that contains up to 5 million data. 

Index Terms —visualization, iterative exploration, direct manipulation, trajectories.

 
  

1 INTRODUCTION 

In the Air Traffic Control (ATC) field, analyzing traffic or devising 
new ways of managing airspace requires trajectories analysis. An 
aircraft trajectory is a record of positions of an aircraft in a given 
airspace (3D+time plus other information such as identifier, speed 
etc). As such, trajectories are multidimensional data. Air Traffic 
stake-holders regularly analyze traffic to: 
  

�x understand past conflicts and then improve safety with 
adequate evolutions, 

�x assess new onboard and ground safety systems and the 
resulting aircraft trails, 

�x devise new air space organization and procedures to handle 
traffic increase, 

�x compare trails with environmental considerations (fuel 
consumption, noise pollution, vertical profile comparison), 

�x study profitability from a business trajectory point of view 
(number of aircraft on a specific Flight Route per day, 
number of aircraft that actually landed at a specific 
airport…), 

�x filter and extract trajectories in order to re-use them (this 
task will be later illustrated in this paper in the section on 
trajectory extraction for Air Traffic Controllers’ training). 

 
Formulating queries over trajectories in a declarative, textual-
language based manner, such as a SQL, is hard. Even if it is possible 
to select trajectories that flow over specific locations, it is very 
difficult to specify features like “select trajectories where this part of 
the trajectory is straight” or “where this part has a constant climbing 
rate”… Thus, visual analysis remains the only way to detect relevant 
trajectory features efficiently. 

Trajectories are numerous and tangle: one-day's traffic over France 
for example, represents some 20000 trajectories ( Fig.  1). When 
dealing with trajectories, users must perform dynamic requests 
(response time < 100 ms [15]) on a huge multi-dimensional dataset 
(>1 million data). In addition to the data size problem, users have to 
deal with a dataset that contains many errors and uncertainties: 
recording is done in a periodic manner (in our database: a radar plot 
per aircraft every 4 minutes), but a plot can be missed, or have 
erroneous values because of physical problems that occurred at the 
time of recording. The problem we address in this paper is to find a 
way to express these queries, simply and accurately, given the 
constraints of size and uncertainty of the datasets. 
 
We have developed FromDaDy (which stands for “FROM DAta to 
DisplaY”), a visualization tool that tackles the challenge of 
representing, and interacting with, numerous trajectories involving 
uncertainties. FromDaDy employs a simple paradigm to explore 
multidimensional data based on scatterplots, brushing, pick and drop, 
juxtaposed views and rapid visual configuration. The fundamental 
new aspect of FromDaDy compared to existing visualization 
systems, is to enable users to spread data across views. Together 
with a finely tuned mix between design customization and simple 
interaction, users can filter, remove and add trajectories in an iterated 
manner until they extract a set of relevant data, thus formulating 
complex queries. 
The remainder of this paper is organized as follows. First, we present 
relevant related work. Then we list the design requirements to fulfill 
the trajectory analysis task. Next, we describe FromDaDy features 
and justify our implementation choices. Finally, we outline the 
strengths of FromDaDy with two specific data extraction scenarios.  
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2 RELATED WORK  

FromdDaDy proposes a simple model of interaction that, compared 
to existing models of interaction, provides more explicit support for 
incremental data exploration, visual configuration and Boolean 
operations. Our work is based on many previous research 
publications on visualization and interaction with multidimensional 
data (Spotfire [1], Tableau/Polaris [16], GGobi [17], TimeSearcher 
[11]).  



 

2.1 The dataflow model 

Card, Mackinlay and Shneiderman [6] proposed a model that 
describes visualizations as a data flow sequence from the raw data to 
the views. This data flow model is still widely used in a lot of 
visualization software (SpotFire [1], VQE [7] , InfoVis Toolkit [9], 
ILOG Discovery [3], nVizN [19]…). 
 

 

Fig.  1 : One-day’s record of traffic over France. The color gradient 
from green to blue represents the ascending altitude of aircraft (green 
being the lowest and blue the highest altitude). The French coastline is 
apparent here in terms of sightseeing by light aircraft and the straight 

blue lines represent high altitude Flight Routes. 

2.2 Simple filtering and selection 

Though originally designed for data exploration, Dynamic 
Queries [2] represents the seminal work in query design. The 
associated “range-slider” widget, allows for fast, incremental 
manipulation of ranges, with immediate effect [15] . As such, a 
range-slider reifies a simple query, which filters out data outside the 
range. 
Some systems allow data to be selected by defining an area over 
graphical entities, which changes their appearance (for example, they 
are reddened). In a multiple view system, such as a scatterplot 
matrix, selected data appear highlighted both in the view 
manipulated by the user, and in the other views, making it possible to 
understand the relationships between selected data. 
Interactions for selecting data include one-by-one designation [12], 
rubber-band rectangle [12][8], lassoing [8] or brushing [4]. Various 
systems propose enhanced brushing techniques, such as XmdvTool 
[18]. However, they require a complex interface to tune parameters, 
which hinders rapid iteration. For example, an “erase-data” mode in 
XmdvTool is accessible, but only through a dialog box. 

2.3 Defining filtering and selection 

All tools enable the user to define a selection, but again in various 
degrees. With Dynamic Queries, users can point to a range-slider 
previously manipulated to adjust the range. “Rolling the Dice” [8] 
makes it possible to “sculpt” queries, but only by defining a new 
selection to be combined with existing ones. Though not fully 
explained, it seems that redefining a selection requires defining a 
completely new one: it does not seem possible to resize a rubber 

rectangle or modify a lasso shape. XmdvTools allows the user to add 
a new brush over an existing one, but does not allow removal of 
parts of the stroke [18]. TimeSearcher allows the user to select time 
series with movable boxes [11]. 

2.4 Multiple filtering an d selections, Boolean 
operations 

Multiple range-sliders implicitly combine their queries into a single 
one, implementing a Boolean “and” operation. Some systems allow 
multiple selections (sometimes called “layers”), differentiated by 
colors. This enables the user to find patterns between the different 
groups of selected data. The combination of selections is done by the 
visualisation of a mix of differently colored shapes. Thus users 
visually apply a “xor” operation when seeking groups of isolated 
shapes, while they apply an “and” operation when they try to group 
differently-colored shapes. 
In some systems, users can explicitly define how selections are 
combined by choosing a Boolean operation: the resulting selection is 
then highlighted with yet another color. The interaction uses either a 
specific tool [18], or a specific button of the interface at the start of 
the interaction [13]. “Rolling the Dice” [8] reifies selections into 
stacked rectangles that enable the user to combine selections by 
dragging and dropping one rectangle onto another. The choice of 
which Boolean operation to apply is made by dragging either with 
the right button (and) or the left button (or). Once executed, the two 
selections are merged into one, and they cannot be manipulated any 
further. 

2.5 Views organization and navigation 

Matrix scatterplots are scatterplots arranged in a matrix, so that every 
scatterplot on a row (or column) shares the same dimension on the X 
(or Y) axis. As each dimension is spatially matched to the others, 
users can detect spatial patterns at a glance. In addition, there is no 
need to navigate between views, as all of them are displayed at once. 
This enables users to switch rapidly between views, so as to interact 
with the view that is the most adapted to the problem at hand. By 
contrast, a traditional visualization system offers few ways to display 
multiple views, and forces the user to switch between views with 
standard window manipulation. 
However, the size of scatterplots matrix scales quadratically with the 
number of dimensions, and results in thumbnail views that are 
difficult to visualize and interact with. Furthermore, even if 
interaction-free navigation requires finding a particular scatterplot in 
the matrix, this sometimes takes time; the user has to find the row 
and the column of the two dimensions to explore, and then find the 
scatterplot at the intersection between the row and the column. 
Designed to overcome this problem, “Rolling the Dice” [8] offers a 
number of interactions to navigate from one scatterplot to another, 
and displays a rolling dice-like animation when switching between 
views. However, “Rolling the Dice” displays only one scatterplot at 
a time (with geometrically transformed selections already made in 
other views). This makes interaction with previous selections longer, 
as it requires the user to look back and switch to a more appropriate 
view. 

3 DESIGN REQUIREMENTS 

This section presents the design requirements required to achieve 
trajectory exploration. The majority of our tasks consist in finding 
real world trajectories with a specific set of features. This contrasts 
with the traditional InfoVis tasks, where the goal is to discover 
trends or outliers. Trajectory features are difficult to specify for two 
reasons. First, they are often only specifiable with visual features 
(straight lines, or general shape). Furthermore, users often explore 
the queries as much as they explore the data: in the course of 
exploration, users discover that the set of features they thought 
relevant has to be adapted, either because they were false, or because 
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