
Results of the break-out group: Visualisation

Group discussion with Kevin Buchin, Urška Demšar, Aidan Slingsby and Erik  
Willems

In this group we decided to collect literature that we were familiar with that best 
illustrated how movement data in the form of trajectories can be visualised. Here we 
only list  examples,  while  the  slides  of  the presentation  contain  actual  illustrations 
from listed papers.

One thing that all listed methods have in common, is to address the problem of 
how to display a large amount of tracks of moving objects.  This is a challenging 
problem, because of high spatial density and visual cluttering, which can be addressed 
in many different ways. For example,  data-processing approaches such as filtering 
and/or aggregation using kernel density, classification, clustering and other methods 
are  common.  Other  approaches  use  various  visual  displays  for  this  purpose,  e.g. 
showing  trajectories  cartographically  or  non-cartographically  or  somewhere  in 
between (cartograms). Yet another way is to use multiple interactively linked views to 
show different facets of data. 

In this report we categorise methods based on what part of the data space is shown, 
i.e. geographical space, temporal space or attribute space, some combination thereof 
or  an  aggregation  in  one  or  more  of  the  space  components.  Methods  that  use 
computational methods for pattern recognition in combination with visual methods 
form a separate category. However, these categories are only what we came up with 
during  our  short  discussion  and  are  therefore  not  fixed,  nor  are  they  mutually 
exclusive (i.e. there is certain overlap of methods) and should be extended/redefined 
as required in a more exhaustive literature review in the future.

1. Basic spatial visualisations
Many papers present trajectories simply as “spaghetti lines on the map”. This can 

be done either in:
- two dimensions (Brillinger et al. 2004; Bouten, Shamoun-Baranes, van Loon, 

2010), sometimes with attribute filtering (Historical Hurricane Tracker 2010), 
sometimes combined with animation  and temporal  filtering  (van den Spek 
2010) or in

- three  dimensions  –  this  is  the  well-known space-time  cube representation, 
sometimes also called space-time aquarium, which comes in many shapes and 
forms (Kraak 2003, Kwan 2004, Eccles et al. 2008), including cases where 
the space-time cube is presented using stereo vision (Kjellin et al. 2009).

2. Visual spatial/temporal/spatio-temporal aggregations
The standard spatial  (spaghetti)  displays quickly become very cluttered when a 

large number of trajectories is present. To solve this issue, various spatial, temporal 
and spatial  aggregations  exist  that  replace  the  actual  trajectories  with  some other 
representation, which is visually clearer. 

The most common aggregation is by using kernel density. This can be done in 
several ways:
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- 2D kernel density of trajectory points (Dykes and Mountain 2003, Brillinger 
et al. 2004, van den Spek and Nijhuis 2010) or a selection of certain types of 
these points, e.g. stationary activity locations (Kwan, 2000)

- 2D kernel density of lines (Willems et al. 2009)
- 2D density using Brownian bridges as probability surfaces between each two 

recorded points (Horne et al. 2007)
- 3D kernel  density  of  trajectories  as  polylines  in  space-time  representation 

(Demšar and Virrantaus 2010).
Other aggregation methods include:

- various  aggregations  based  on  space/time/attribute  space  using  new  line 
objects  (arrows,  networks)  and/or  areal  objects  to  represent  clustering  of 
trajectories (Andrienko & Andrienko 2008, 2009, 2010a, 2010b, Rinzivillo et 
al. 2008, Andrienko et al. 2010)

- unwinding a particular route onto a horizontal line and representation of the 
route with rows of coloured grid cells, either in a static version, where one 
row represents one trajectory (Dias 2007) or dynamic version, where one row 
represents  the  state  of  the  same  route  at  a  particular  moment  in  time 
(TrafficLink 2010).

3. Non-spatial visualisations
Non-spatial visualisations show two types of attributes: those that are physically 

related to movement (speed, acceleration, direction) and others (time budget, number 
of flows on a certain line segment, etc.). We found the following examples:

- Displaying speed and acceleration using various approaches (Brillinger et al. 
2004, Dodge et al. 2009, Bouten, Shamoun-Baranes, van Loon, 2010)

- Visualising  direction  with  a  compass  rose  (Shamoun-Baranes,  2010)  or 
colouring  the  unwound  gridded  route  (as  described  above)  according  to 
motion azimuth (Laube et al. 2005).

- Displaying  other  attributes:  time  budget  (Shamoun-Baranes,  2010)  or  a 
display of trajectory data using a weighted non-spatial mobility network with 
time spent at each location as vertex weights and flows between locations as 
edge weights (Song et al. 2010)

- Trajectory data can also be combined and visualised with contextual attributes 
at the same geographic location (Bouten, Shamoun-Baranes, van Loon, 2010).

4. Visualisations linked to data mining methods
In cases when trajectories themselves or the relevant context data form a difficult-

to-display  multivariate  database,  information  is  sometimes  extracted  prior  to 
visualisation using computational data mining methods. This can also be done in a 
form of an interactive process between computational data mining and visualisation. 
Three examples of this type of visual exploration of movement data that we found all 
use a Self-Organising Map (SOM) for this purpose. The SOM (Kohonen 2001) is an 
unsupervised  classification  method based on a  2D neural  network,  which  has  the 
property that it finds an embedding from the n-dimensional original attribute space 
into the  2D SOM space,  which preserves  topology and patterns  from the original 
space. I.e. data elements that are similar to each other in the original space will be 
located at similar positions in the 2D SOM space. The three examples that we found 
include:

2



- display of geographic trajectories in the SOM space, where the SOM clusters 
demographic areas based on census information (Skupin & Hagelman 2005, 
Skupin 2007)

- using  a  SOM  to  aggregate  spatial  units  based  on  trajectory  information 
(Andrienko et al. 2010) and

- using a SOM to cluster trajectories themselves, combined with other visual 
exploration methods, such as a Parallel Coordinates Plot and SOM component 
planes (Riveiro et al. 2008).

5. Conclusions
In this report we presented a brief overview of different methods for visualisation 

of trajectory data. In spite of the short time we had to prepare this at the Dagstuhl 
seminar,  we  have  been  able  to  find  examples  of  many  different  visualisation 
methodologies. However this list is by no means exhaustive and the review should be 
completed by a thorough literature investigation in the future.
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