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Abstract—Notebooks environments have become popular for
data analysis but their default visualization capabilities are
limited. We present ongoing work on the open geospatial library
MovingPandas that enables the exploration of movement data in
notebooks.

Index Terms—exploratory spatial data analysis, movement
data, flows, visual analytics, notebooks

I. INTRODUCTION

Visualizations of movement data often suffer from visual
clutter, thus ending up looking like a “haystack” or “ball of
yarn”. These visualization challenges make it hard to perform
exploratory analysis on movement data. Patterns that may
be visible within one type of visualization (with a specific
set of parameter settings) can be completely obscured in
another visualization or with different parameter settings. For
efficient data exploration, analysts therefore need to be able to
explore multiple different visualization types and to vary the
corresponding parameter settings.

Notebook-style interfaces enable analysts to track “the steps
in a data analysis workflow in a narrative way, for reporting,
and for collaboration.” [1] However, visualization techniques
in common notebook-style interfaces, such as Jupyter or
Zeppelin, are not on par with stand-alone visual analytics tools
yet. [1]

We present our work towards an efficient exploration of
movement data in notebook-style environments. The visual-
izations are implemented in the open source Python library
MovingPandas1 [2] which builds on the data handling capa-
bilities of Pandas and Geopandas2, as well as the visualization
capabilities of Holoviz GeoViews3.

II. MOVEMENT DATA EXPLORATION WITH
MOVINGPANDAS & JUPYTER

To support data analysts exploring movement data using
notebook environments, software libraries should automate
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commonly reoccurring tasks and make it easy to interact with
the data. Therefore, MovingPandas and similar libraries imple-
ment commonly used analysis functions for trajectories, such
as length, duration, and speed computations [2]. In addition
to these basic functions, the key features of MovingPandas
for movement data exploration are related to data import,
visualization, and spatiotemporal analysis.

Flexible data import capabilities are key to fast explo-
ration iterations. Data loading is delegated to the underlying
GeoPandas library which implements reading from numerous
file formats, as well as from databases. GeoPandas only
needs to provide functions to convert regular GeoPandas
GeoDataframes into MovingPandas Trajectories or Trajecto-
ryCollections.

Listing 1. Creation of a TrajectoryCollection from GeoPandas GeoDataframe
import geopandas as r e a d f i l e
import movingpandas as mpd
gdf = r e a d f i l e ( ’ d a t a . gpkg ’ )
gdf [ ’ t ’ ] = pd . t o d a t e t i m e ( gdf [ ’ t ’ ] )
gdf = gdf . s e t i n d e x ( ’ t ’ )
t r a j e c t o r y c o l l e c t i o n =

mpd . T r a j e c t o r y C o l l e c t i o n ( gdf , ’ t r a j i d ’ )

Interactive visualizations of trajectory objects are drawn
using linear interpolation between consecutive points, as
shown in Figure 1. The underlying Holoviz libraries (partic-
ularly Geoviews) provide map interaction tools (pan, zoom
by box or scroll wheel, reset, and hover map tips), as well
as multiple background maps. The Panel library makes it
possible to add further control elements, such as the sliders
and dropdown menu in Figure 1.

Listing 2. Plot speed along trajectories (with legend and specified figure size)
t r a j e c t o r y c o l l e c t i o n . h v p l o t (

c= ’ speed ’ , l i n e w i d t h = 7 . 0 , wid th =700 ,
h e i g h t =400 , c o l o r b a r =True )

Spatiotemporal analysis capabilities, such as filtering tra-
jectories by geographic area of interest or geometry generaliza-
tion, enhance basic spatial analysis capabilities of GeoPandas
to also handle the temporal dimension. Support for geographic
(latitude/longitude) as well as projected coordinates ensures
that analysts can directly use a variety of input datasets.
Furthermore, trajectory segmentation (see Figure 2) and aggre-



gation tools (see Figure 3, including methods by [3]) enable
the exploration of movement patterns.

Listing 3. Trajectory segmentation (splitting) options
mpd . T e m p o r a l S p l i t t e r ( t r a j ) . s p l i t ( mode=” y e a r ” )
mpd . O b s e r v a t i o n G a p S p l i t t e r ( t r a j ) . s p l i t (

gap= t i m e d e l t a ( h o u r s = 1 ) )
mpd . S p e e d S p l i t t e r ( t r a j ) . s p l i t (

speed =10 , d u r a t i o n = t i m e d e l t a ( m i n u t e s = 5 ) )
mpd . S t o p S p l i t t e r ( t r a j ) . s p l i t (

max diameter =30 ,
m i n d u r a t i o n = t i m e d e l t a ( s e c o n d s = 6 0 ) )

III. DISCUSSION & OUTLOOK

Notebook-based visualization continue to advance. The
examples in Figures 1-3 show how visualizations can be
composed from different interacting elements, including maps,
graphs, and control elements. By default, the map views are
synced, that is, panning or zooming one map automatically
changes the second one as well. However, zooming into
the map does not automatically apply a spatial filter to the
histogram values in Figure 1.

Another limitation of the current MovingPandas hvplot
implementation is that it does not yet provide linked brushing
(for example, to select certain speed bins and have them
highlighted on the map) even though the underlying Holoviews
library supports brushing.

The cartographic capabilities are currently rather limited
when compared to dedicated visual analytics tools or desktop
geographic information systems. As a consequence, for exam-
ple, it is not possible to offset the lines in Figure 3 to prevent
directed flows between two nodes from overlapping4. There is
also no straight-forward way to create animated trajectories
(similar to, for example, QGIS TimeManager5 animations)
with MovingPandas in Jupyter.

Other limitations concern rendering speed, which may be
addressed using Datashader, a Holoviz library for fast dis-
tributed rendering on CPUs and GPUs.

Beyond notebook environments, MovingPandas can in-
terface with the moving objects database MobilityDB6 [6]
through mobilitydb-sqlalchemy7 to build movement data anal-
ysis applications where expensive analytical computations can
be delegated to a (potentially distributed) database.

Besides MovingPandas, more work on building reusable
movement data analysis functionality in Python is also going
on in the scikit-mobility project [7]. Other related work
includes dozens of R libraries [8] which may be used in R
notebooks8. However, we are not aware of any R notebook
examples for movement data analysis.

4https://github.com/holoviz/geoviews/issues/431
5https://anitagraser.com/projects/time-manager
6http://mobilitydb.com
7https://github.com/adonmo/mobilitydb-sqlalchemy
8https://blog.rstudio.com/2016/10/05/r-notebooks/
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Fig. 1. Exploring the effects of trajectory generalization: analysts can switch between generalizer implementations and adjust the generalization tolerance
using controls at the top. The map view shows the trajectory in its spatial context and segment speed is color-coded. The distribution of segment speeds is
summarized in the histogram on the right. Geolife trajectory data by [5]. Online live demo at: https://mybinder.org/v2/gh/anitagraser/movingpandas/v0.5rc1?
filepath=tutorials/demo panel.ipynb

https://mybinder.org/v2/gh/anitagraser/movingpandas/v0.5rc1?filepath=tutorials/demo_panel.ipynb
https://mybinder.org/v2/gh/anitagraser/movingpandas/v0.5rc1?filepath=tutorials/demo_panel.ipynb


Fig. 2. Splitting trajectories at stops: seven stops detected along a trajectory on the left and the same trajectory split into segments at these stops on the right.
Geolife trajectory data by [5]. Online live demo at: https://mybinder.org/v2/gh/anitagraser/movingpandas/v0.5rc1?filepath=tutorials/demo stop detection.ipynb

https://mybinder.org/v2/gh/anitagraser/movingpandas/v0.5rc1?filepath=tutorials/demo_stop_detection.ipynb


Fig. 3. Comparing trajectory summarizations: generalized aggregation [3] on the left and clustered origin-destination flows on the right. Gull migration
data by [4]. Online live demo at: https://mybinder.org/v2/gh/anitagraser/movingpandas/v0.5rc1?filepath=tutorials/demo od matrix.ipynb

https://mybinder.org/v2/gh/anitagraser/movingpandas/v0.5rc1?filepath=tutorials/demo_od_matrix.ipynb
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