02l

RAARIRIN

Open Environmental Data Analysis 0

Daniel Nust and Thomas Bartoschek, University of Munster, Institute for Geoinformatics, Minster, Germany, {daniel.nuest,bartoschek}@uni-muenster.de

* 3 @ crmet e Ul hetpn pRbutcom

o] 5° open source

Documented, portable,
archivable, and one-click OPEN

Interactive computational ” ardware e
environments for —
reproducible research senseBox ¥
based on Open Source | v =

software analysing
Open Data measured by
Open Hardware published

online as interactive / O — @ binder
=

website using cloud-based

workflows and Linux Q ~ 3
containers. For free. 4 T }
Awesome.

1))-.<p openSenseMap
2

AL



https://github.com/nuest/sensebox-binder/
https://media.giphy.com/media/l49JRjO65S0WQ1Kyk/giphy.gif

https://en.wikipedia.org/wiki/Open_science

Open Environmental '
Data Analysis Open Science W
ittt fo Gooinormatica.

{daniel.nuest,bartoschek}@uni-muenster.de

o o g g (9 (o 7o
e o g e o C T
@ ) D @ (1] w0 o
| open | o ©» =z v » &n
O w = o > a m
QO o D @ 8 o =
mEEEsE  OPEN/DATA 'R B - B 'R B
® o aQ 3 7 =
_ open source o < -
initiative 3 @ D
R Markdown | o =
e open (FYaccess O
Cowideo oL
ardware open OPEN EDUCATIONAL RESOURCES
o (®®
ol #OpenScience
b’% Gt COMMONS
Co Blog OPEN EDUCATIONAL OPEN EDUCATIONAL RESOURCES

RESOURCES

@%
=)

All icons copyright by the respetive organisations!



Open Environmental

Data Analysis senseBox -o);:-)

Daniel Niist and Thomas Bartoschek
Institute for Geoinformatics
{daniel.nuest,bartoschek}@uni-muenster.de

https://sensebox.de/en/

senseBox:home senseBox:edu

Citizens with senseBox:home can use Additionally, we created
the technology for their own local senseBox:edu for schools and junior
research, to collect data by scientists, which is an experimental
themselves or to contribute to the box with didactical concepts, S
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Now we retrieve data for 18 senseBoxes with values in the area of interest.
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The Jupyter Notebook

The Jupyter Notebook is an open-source web application that allows
you to create and share documents that contain live code, equations,

o

Ty
Z Jupyter sensebox-analysis Last Checkpoirt: Yesterday at 1257 PM  {unsaved changes) R Lowou
L et Coll  Komel  Heip Nat Truszea .
B+ % @B 44 WA W C co =
Kn1tr: :keble(data. trame (nrow(all_boxes), nrowlpnzs_boxes}).
col.names = cf
“# senseBoxes”,
paste(*# senseBoxes with PH2.5 measurements around®, format(analysis_date, "¥Y-%a-%d 8T 2°))))

visualizations and narrative text. Uses include: data cleaning and
transformation, numerical simulation, statistical modeling, data
visualization, machine learning, and much more.

https://jupyter.org

=4

Open Standards for Interactive Computing

The Jupyter Notlsbook Is based on a set of open standards for interactive computing. Think HTML and CSS for Inferactive computing on the web. These open standards can be
leveraged by third party developers to build customized applications with embedded Interactive computing
)

Notebook
Document Format

Learn more

- {

Interactive
Computing Protocol

Learn more

The Kernel

Learn more

Synchonise R Markdown and
Jupyter Notebook with ipyrmd on
every Rmd save:

ipyrmd --to ipynb --from Rmd -y -o sensebox-analysis.ipynb sensebox-analysis.Rmd

https://github.com/chronitis/ipyrmd

In [4]:

| # senseBoxes| # senseBoxes with PM2.5 measurements around 2018-01-61 0:09:00 UTC|
| 1184] 3s|
Exploring openSenseMap

The apenSensehlap currently provides accessto © nrow(all boxes) senseBoxes of which © nrow(pn2s_boxes) provide measurements of PAZ.5
around r format (analysis_date, "¥Y-Wn-%d AT %2°) .

The following map shows the PMZ.5 sensor locations.

plot(pazs_boxes)

@ outdoor
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https://github.com/rocker-org/binder/blob/master/Dockerfile

FROM rocker/geospatial:3.4.2
ENV HOME /home/${NB_USER}
WORKDIR ${HOME}

RUN apt-get update && \
apt-get -y install python3-venv python3-dev && \

CMD jupyter notebook --ip 0.0.0.0

FROM rocker/binder:3.4.2

# Copy repo into ${HOME}, make user own $HOME
USER root

COPY . ${HOME}

RUN chown -R ${NB_USER} ${HOME}

USER ${NB_USER}

## run any install.R script we find
RUN if [ -f install.R ]; then R --quiet -f install.R; fi

CONTAINER CONTAINER

T o PN e e BN o PN e T e e P TN,
g CONTAINER

Tomcat PHP
Java MySQL Static Binary

Debian Ubuntu

Alpine

(

https://docker.com

Docker & Rocker

Documented,

portable, The versioned stack
arChiV.abIe, and image description

_One-CIIC_k r-ver Specify R version in docker tag.
Interactive Builds on debian:stable
com pUtat| Onal rstudio Adds rstudio

enVi ronm entS . tidyverse Adds tidyverse & devtools
for reprOdUCIblllty verse Adds tex & publishing-related
based on packages
DockerfilesS geospatial Adds geospatial libraries

\./v\_/v\_/"\_/vw-_dv’\_/”v\_/-'—’-)

‘-_/\-'\-N-'\_/\—)

daniel@gin-nuest:~$ docker pull rocker/r-ver:3.1.0

3.1.0: Pulling from rocker/r-ver

4176feP4cefe: Already exists

50c17ea@@d6a: Pull complete

Digest: sha256:ca237b5b5f23cbb7465ff60777accedde8d3293079541Ff36814e5c7e730f03c
Status: Downloaded newer image for rocker/r-ver:3.1.0

daniel@gin-nuest:~$ docker run -it rocker/r-ver:3.1.0

R version 3.1.0 (2014-04-10) -- "Spring Dance"
Copyright (C) 2014 The R Foundation for Statistical Computing
Platform: x86_64-unknown-1linux-gnu (64-bit)

> getOption("repos")

CRAN
"https://mran.microsoft.com/snapshot/2014-09-17"
>1+1

£1i 2

https://www.rocker-project.org/images/

https://www.rocker-project.org



Open Environmental _ _ How it works
Data AnaIySiS h tt pS ’ //m yb I n d er O rg @ Enter your repository information

Daniel Nist and Thomas Bartoschek Provide in the above forma URL or a GitHub

Institlute for Geoinformatics ' ® repository that contains Jupyter notebooks, as well
{daniel.nuest,bartoschek}@uni-muenster.de as a branch, tag, or commit hash. Launch will build
your Binder repository. If you specify a pathto a
)

(beta notebook file, the notebook will be opened in your
browser after building.

. . . We build a Docker image of your
Turn a GitHub repo into a collection of ® repository

Binder will search for a dependency file, such as

i l’]te ra Ctl\/e ﬂ Ote b O O kS requirements.txt or environment.yml, in the

repository's root directory (more details on more
Have a repository full of Jupyter notebooks? With Binder, open those notebooks in an complex dependencies in documentation). The

executable environment, making your code immediately reproducible by anyone, dependency files will be used to build a Docker
image. If an image has already been built for the

anywhere. given repository, it will not be rebuilt. If a new

commit has been made, the image will automatically
be rebuilt.

Build and launch a repository

T ——— (3) Interact with your notebooks in a live

GitHub repasitory name or link environment!

A JupyterHub server will host your repository's

Git branch, tag, or commit Path to a notebook file (optional) contents. We offer you a reusable link and badge to

master

File v your live repository that you can easily share with
others.
Copy the URL below and share your Binder with others:

(high-level details)

Fill in the fields to see a URL for sharing your Binder. ] BinderHub Architecture [ O Repo U J { Image Registry ]
F i | Provides images

/ ’-'

L .
REPO PLLL IMAGE
J REGISTER

/

Copy the text below, then paste into your README to show a binder badge: nch | binder

/

DOl 10.5281/zenodo.1135139

LAUNCH BUILD POD CREATE / CULL FODS
IF REPO HASH USER REDIRECT IF STALE
1S DIFFERENT

~

053

id.g25dbc82125

Binder Team @mybinderteam - 27. Méarz ~
A brief #humblebrag: over the last 30 days mybinder.org has served >100000
sessions to ~72000 distinct users from 169 countries! =
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https:/itwitter.com/mybinderteam/status/978603170250330112

WEBSITE
SERVE

Dataand 11O

User flow
Trigger action Kubernetes Cluster

https://docs.google.com/presentation/d/1t5W4Rnez6xBRz4YxCxWYAx8t4KRfUosbCjS4Z 1or7rM/edit#slide
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Abstract & References

Open Science is a major movement. It is deeply
connected with other initiatives on openness,
availability, and trans-parency: Open Access, Open
Data, Reproducible Research, Free and Open
Source Software (FOSS), and Open-source
Hardware (OSH, https://en.wikipedia.org/wiki/Open-
source_hardware). Free to use platforms supporting
Open Science become more recognised and many
are FOSS themselves. They range from large,
publicly-fundedplayers such as Zenodo
(https://zenodo.org), to community projects with first
grant funding such as Binder (Pérezet al., 2017).

The senseBox community (https://sensebox.de/en)
provides a Do-It-Yourself Toolkit for Citizen Sci-ence
as Open Hardware and an Open Data API
(https://opensensemap.org) for collecting, sharing,
and visualisingobservations, including particulates
(Pfeil et. al., 2015). Both approaches were designed
following usability engineering methods to enable
broad use, i.e. in education or by non-professional
users (Wirwahn Bartoschek, 2015).

We present an open environmental data analysis
building on all these projects. A central R Markdown
(http://rmarkdown.rstudio.com/) document provides a
recipe for data retrieval (with backup in plain-text
files), analysis, and visualisation with R (https://r-
project.org).

in a containerised
(https://docker.com),

The document was created
environ-ment with Docker

more specifically the Rocker (Boettiger, 2017)
image rocker/binder
(https://hub.docker.com/r/rocker/binder/) which

provides Jupyter Notebook (https://jupyter.org/) and
Rstudio (http://rstudio.com/) user interfaces.

The container’'s advantages are (a) portability, (b)
completeness using con-figuration files and scripts,
(c) at least limited archivability, (d) simple
integration of browser-based interac-tive user
interfaces, and (e) one click online execution with
Binder. All resources are published on GitHub
(https://github.com/nuest/sensebox-binder) and the
Zenodo research data repository (Nust, 2017).

We demonstrate an open analysis workflow for
environmental data utilising numerous Open X
projects. It showcases the potential of latest
technology and may serve as a template towards
development of best practices, but alsoprovides
insight into remaining stumbling blocks. Connecting
all these parts requires some technical proficiency.
In the future reproducible computational workflows
should become part of researcher’'s education,
making themaware of simple yet effective practices
(e.g. text-based formats, scripted analyses). In the
meantime templates and semi-automatic assistants
(cf. NUst et al., 2017) can mitigate challenges.
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