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Center of Expertise in Big Geodata Science (CRIB) is a horizontal facility
established in March 2020 to enable the better use of geospatial cloud
computing and big data technologies in education, research, and
institutional strengthening activities at ITC.

Mission

Collect, develop, and share operational know-how on cloud computing
and big data technologies to solve large-scale geospatial problems.

Vision
Position UT/ITC as a globally renowned center of excellence in geospatial
cloud computing and big data science.

https://itc.nl/big-geodata
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Motivation

* Not all geospatial problems require cloud computing technology.

* Organizations are usually heterogeneous with respect to interests
and needs, and for some people the topic is not and will not be
relevant or even interesting.

* Even if there is no apparent need or interest, it is still important
to have at least a basic understanding of the topic, because it is
becoming a key component of the geospatial domain.

* This should be is an organizational priority.




Problem

» Geospatial data is getting BIG (e.g., satellites, drones, vehicles,
social networks, mobile devices, cameras, etc.).

e Large and complex geospatial big data sets are difficult to
handle using traditional systems and methods to analyse and
extract information.

* Numerous spatial computing methods and systems have been
developed to tackle the difficulties and enable discovery,
delivery, analysis, and visualization of geospatial data.

* However, data processing and analysis tasks are still mostly
performed on local workstations and they are time consuming
(sometimes even o9).



Solution?

e Recent developments in both hardware and software
infrastructure have given big push and new direction to
geospatial data processing capabilities.

* Scalable and affordable geospatial data analysis capabilities
are available through:

* Open-source systems that allow computing clusters on
commodity hardware

* Proprietary cloud-based data storage and computing services

* However, it is challenging to choose the right solution(s)
depending on the nature of geospatial (big) data and the
analysis needs.



Analysis Needs

e Country-scale conventional studies with medium size data

* Analysis can be done faster by parallel computing on a workstation

* Machine learning and Al studies with medium size data

* Analysis requires special processing units (e.g., GPU/TPU) due to
computational complexity

* Continental or global studies with big data

* Analysis requires distributed computing on a computing cluster
due to large volume of data or high computational complexity

All these analysis needs require specialized know-how and
expertise, as well as adequate computing infrastructure...

... and transition in modus operandi!




Cloud computing is the on-demand availability of computer
system resources, especially data storage and computing power,
without direct active management by the user




Main Characteristics

* On-demand self-service: provision of computing capabilities
as needed without requiring human interaction.

* Broad network access: availability over the Internet with
standard access mechanisms for different client platforms
(e.g., tablets, laptops, mobile phones).

* Resource pooling: dynamic assignment and reassignment of
physical and virtual resources according to consumer demand.

» Rapid elasticity: capability to scale rapidly outward and inward
proportionate to consumer demand.

* Measured service: accurate monitoring, control, and reporting
of resource and service utilization.

They sound nice, but...



Status Quo

 Existing experience is not widespread, and difficulties exist in
identifying the cases where cloud computing can play a role.

* Challenges exist in proper selection and efficient use of cloud
computing methods, tools, and services.

* Available platforms and services are little used mainly due to
high cost and limited domain-specific technical support.

* There is a high interest in getting training on how to (better)
use cloud computing technology.

* There is also interest in learning how the technology is applied
to solve domain-specific problems (e.g., what others do?)
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Principle Needs

 State-of-the-art technical and scientific information should be
actively communicated to the staff.

* Proficiency of the staff on cloud computing should be improved.

* Easy-to-use and efficient cloud computing infrastructure should be
made available for training and work purposes.

* Workflows should be enhanced and improved with cloud
computing technology where relevant.

* Ad hoc technical and scientific support and advise on cloud
computing technology should be provided.

* Knowledge and good practices on better use of cloud computing
technology should be transferred between partner institutions.

It is crucial to build a community that is self-motivated to learn,
practice more, and share knowledge and experience!



Cloud Computing Services

* Infrastructure as a service (laaS)

* Provider supplies the infrastructure

* User deploys and run arbitrary software, including operating system

* Examples
* Amazon AWS

e Microsoft Azure

* Google Cloud
* ESA DIASs

* National Research Clouds

Low level: Fine control on resources, custom system design,
optimum performance, but difficult to manage, requires expertise!


https://aws.amazon.com/
https://azure.microsoft.com/en-us/
https://cloud.google.com/
https://www.copernicus.eu/en/access-data/dias

Cloud Computing Services

e Platform as a service (PaaS)

* Provider supplies the infrastructure, services, and tools that allow
the user to deploy applications

» User deploys applications and alters settings of the application
hosting environment

* Examples
* Google Earth Engine

* Microsoft Planetary Computer

e |TC Geospatial Computing Platform

e Google Colab

e Amazon SageMaker

Medium level: Limited control on resources, custom workflow
design, good performance, but requires programming skills!


https://planetarycomputer.microsoft.com/
https://planetarycomputer.microsoft.com/
https://crib.utwente.nl/
https://planetarycomputer.microsoft.com/
https://aws.amazon.com/sagemaker/

Cloud Computing Services

» Software as a Service (SaaS)

* Provider supplies the infrastructure that run the applications
* User uses provided applications through an interface

* Examples
* ArcGIS Online
CartoDB

Mapbox
R Studio Cloud

High level: Easy to use, (usually) optimum performance, but no
control on resources, usually paid!

There are also others, e.g., Function as a service (FaaS), Data as a service
(Daa$S), Data Processing as a service (DPaa$), etc.


https://www.arcgis.com/index.html
https://carto.com/
https://www.mapbox.com/
https://www.rstudio.com/products/cloud/

Google Earth Engine

 GEE combines a multi-petabyte catalog of EO imagery and geospatial
datasets with planetary-scale analysis capabilities available for free*.

Google EarthEngine

Hep - dondeaban +
m
Docs Assets SetB 2015 LP 30m RF 9CL [ Console i1~ )
Imports (9 entries) B
- Overall Accuracy: 3
»var Forest: FeatureCollection (50 elements) [J £ A “337"“07:::51 i
» var Mangrove: FeatureCollection (50 elements) [J &) N
» var Palm0ilMature: FeatureCollection (50 elements) [J isti
ol : Statistic: 5
*» var RubberMature: FeatureCollection (50 elements) [J [ oppe, 7 =
» var ShrubOrchard: FeatureCollection (50 elements) [ ) SEoamaNe nne o
» var RicePaddy: FeatureCollection (50 elements) [ [ .
A Consumer's Accuracy (rows): 350
»var Builtlp: FeatureCollection (50 elements) [ [ | Sonsumer s 2 y (rows) .
syl » var Baresoil: FeatureCollection (50 elements) [ £ tat. (Liclewnnt) e
YR LLCC ) Teet » var Water: FeatureCollection (50 elements) (I
+ Tanintharyi LULCC 1 Draft K . ofe) Producer's Accuracy (cols): ason
» Tanintharyi == »List (9 elements: s
Tanintharyi LULCC 1 Rev 2 % This script executes an image classification procedure on a 2015 image stack consisting of the following datasets: ¢ ) e
~ Tanintharyi LULCC 2 Rev il - T T
» Export Mode Images 4+ Landsat-8, comprised of 8 bands and 5 indices (total = 13) iz S =
~ Export Tables S  * ALOS/PALSAR-2, comprised of 2 polarisations, 6 indices, and 16 GLCM texture measures (total = 24) List (9 elements) Json
1 SetA 1995 LJ 30m RF 9CL 6 * 0: 0.970059880239521
Export 7+ Note that image acquisition dates of Landsat images correspond to the dry season. The PALSAR mosaic tiles were pre- 1: 0.9852216748768472
i SetA 2015 LP 30m RF 9CL Export 8  * processed using ESA SNAP Toolbox software, which included mosaciking individu: les into a regional mosaic, speckle 2: 0.9333333333333333
WSetB 2015LP 30m RF9CL Export ] 7 [ 9+ filtering, and calculating normalised radar cross-section. 3: 0.9278350515463918
» Mask N i i edian . P o6 il chinome s G e AR oo ncaeiiciionadi 4: 0.8333333333333334
SRR * The GLOM texture measures were computed from the HH and HV sigmad channels of the PALSAR images. For each chamnel, 5: 0 9asisiaaiiaaaizi
SetA 12 * 8 texture measures were computed comprising a total of 16 texture measures using a 3x3 kernel (note: kernel 1 &: 6 acisicadsiaodnes
» SetA 2015 13+ was used to facilitate computation in Google Earth Engine). The list of texture measures that were cosputed include: 28
i 2015 11 > 7: 0.9572649572649572
»Test 15 x ASM: angular second moment 8: 0.9951690821256038
L TN TC CAD 16 X CONTRAS St

1 il paim (mature)
I Rubber (mature)
Shrub/orchard
Il Rice paddy
I Buit-up area
| Baresoil/ground
I Water

https://earthengine.google.com/
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Terrascope

* Terrascope provides VMs (4 vCPU, 8 GB RAM, 80 GB storage) with ready
to use datasets (e.g., Sentinel-1, Sentinel-2, SPOT-VEGETATION, PROBA-V) and
customizable pre-installed environment (e.g., QGIS, SNAP) for free*.
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https://terrascope.be/




Geospatial Computing Platform

* GCP provides GPU-enabled (8 vCPU, 32 GB RAM, unlimited storage) and
Big Data (72 vCPU, 768 GB RAM, unlimited storage) VM clusters with ready
to use datasets (e.g., 0SM), customizable pre-installed interactive
and desktop environments, and shared workspaces.
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3 ® 8-daskipynb 2 month 390 470200 £ . Aerial photographs are a major source of digital data; soft-copy
4 0 cren th va ?
New Em S stcarsipat <- foctor (LEATIspuar, LveLsst(S,4,3); i \;lorkslta:ons are ;se?hto digitize fea!::resglrecuygrcm stere:pa!rs of
6 abelsec/ *3gears”, “dgears, ‘gea ” igital photographs. These systems allow data to be captured in two or
FSGAN6] 7 wtcarsiam < factor l”ﬁ:" o tevalescid Al, / |h§ee d‘l)rnenfxunps with elevayhons measured direct) frgmasweo air
] labels=c("Autonatic", “Manual 470000 = i Y P
5 mtearsicyl < factor(ntcarsicyl, levels=<(4,6,8), B000 A0 BMU0 K00 253800 using the principles of photogrammetry. Analogue aerial photos are
1 Usbaleec "4y}, “Beyl, "ty often scanned before being entered into a soft-copy system, but with
1 [1]: <Axessubplot:> 5 o
12 Nk [ the advance of high-quality digital cameras this step can now be
13 ¥ grouped 5 y
14 qplotinpg, data-ntcars, geons"density’, fill:gear, alp from rasterio.plot import show hist skipped.
15 nain="Distribution of Gas Milage*, xlab="Miies P show_hist(img, bins=50, 1w=0.0, stackedzFalse, alpha=0.3,histty
16 » B s In general, the alignment of roads and railways, lakes and water, and
23| op Lavely ot shapes of buildings are easily interpreted on aerial photographs -
SN 000 varsion oveable VOk IGO0  Comsoe | Torminad 1 | ok =0 15 6 e assuming that the scale of the photographs is not too small. Also,
[ wiwson |+ <generator abject show_hist <locals> <genexpr> at 0x7ibicSbedd> constructions such as dikes, bridges, air fields and the main types of
s . T S T . X
% Labels=c(“4eyl®, "6yl *8eyl™)) A 11 vegetation and cultivation are mostly clearly visible. Nevertheless,
> # Kernel density plots for mpg 254 ; numerous attribute data related to terrain features cannot be
> # grouped by nurber of gears (indicated by color) interpreted on aerial photographs: e.g. the administrative qualification
> @ Lok(amy datmncary; ot ensity, S11inpmet;. olohen 3201 of roads, sea and lake depths, functions of buildings, street names, and
105), § 2 3 3 3
+ *Oistribution of Gas Milage®, xlab="Miles Per 2 administrative boundaries. We will have to collect this information in
Gallon® g15{ g A
3 ylabe"Density") < the field or from existing data sets and maps (e.g. road maps,
101 navigational charts or town plans).
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Available Software

@» scikit-image
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O PyTorch
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|:5| pandas
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ﬁo igraph

matpl: tlib

OpenMP

XGBoost

&

RAPIDS

... and many more: 750+ Python and 350+ R packages!



Available Services

gb GeoServer iiEMupServer

open tource web mapping

J MariaDB

PostgreSQL

GeoServer MapServer PostgreSQL MariaDB
Open source server for sharing Open source platform for Open source relational database Open source relational database
geospatial data publishing spatial data

¢... < GeoNode Dataverse C?J | K

GeoNode Dataverse Gitea Open Data Kit
Open source geospatial content Open source research data Open source lightweight code Open source platform to collect
management system repository software hosting solution data quickly, accurately, offline, and

at scale



Support
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Support Center Home Knowledgebase Open a New Ticket Check Ticket Status

Search our knowledge base Open a New Ticket

Welcome to the CRIB Support Center!

In order fo streamline support requests and better serve you, we ufilize a support Featured Questions
ticket system. Every support request is assigned a unigue ticket number which you How can | access to the
platform?

can use to track the progress and responses online. For your reference we provide
complete archives and history of all your support requests. I5 it secure?

How can | use the platform?

Quick Access Which programming

languages are supported on

« Report a Problem the platform?

« Shared Workspace Request
Which libraries and packages

are supported by the
External Account Request platform?

« Course Workspace Registration with Canvas Integration

Account Removal Request

Account Transfer Request

Software Request

Dataset Request

Database Request

https://crib.utwente.nl/support/
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Quick Demo
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(M) affine.ipynb

(M altairipynb

IR asciitree.ipynb

[A] bokeh.ipynb

[A] bottleneckipynb
= [M cartopy.ipynb

M cf-units.ipynb

[A] contextily.ipynb

A cupy.ipynb

L] dask-pipeline-1-numpy.ip...

L] dask-pipeline-2-numba.i

[A] dask-pipeline-2-gpu.ipynb
7 foliurm.ipynt

[Al geographiclib.ipynb
[A] geojson.ipynb
L] geopandas.ipynb
L] geopy.ipynb

(A giddy.ipynb

A gmpy2.ipynb

A graphviz.ipynb
[A] inequality.ipynb
[A] kiwisolver.ipynb
M libpysal.ipynb

M mapclassify.ipynb
[M] mercantile.ipynb
(Al mpmath.ipynb
L] networkx.ipynb
] numba.ipynb

[A] numexpr.ipynb
(A opt_einsum.ipynb
A patsy.ipynb

[A] PCSEipynb

v

Git:idle  Python 3 | Idle  Mem: 371.13 / 32768.00 MB

Application  Git Tabs Settings Help

[%] dask-pipeline-3-dask.ipynb *

B+ XD » = C » Code v ® &t Python3 |
SUNEUUIETS L T UasKS IS IErR o o0 workers: o ~
Dashboard: http://daskscheduler8787 Cores: 64
/status Memory: 206.16
GB
from dask.distributed import fire and forget
[4]: EXtime
for i in range(109):
img = client.submit(gather_from detector, pure=Fal:
img = client.submit(smooth, img)
img = client.submit(np.fft.fft2, img)
future = client.submit(save, img, "file-" + str(i)
Fire_and_forget(future)
< >
CPU times: user 1.82 s, sys: 1.38 s, total: 2.4 s
Wall time: 345 ms
| I, v
% Dask Dashboard bed

Task Stream

59:40

101 208

Saving completed

CPU: .

| 20% | wem:| 371/ 32768 M

(%] cartopy.ipynb x
B + X

O » m C » Code ~ @ &t Python3 |
import matplotlib.pyplot as plt ~
import numpy as np

import cartopy.crs as ccrs
import cartopy.feature as cfeature

[21: fig = plt.figurc(figsize=[18, 5])
axl = fig.add_subplot(1, 2, 1, projection-ccrs.SouthPo!
axz = fig.add_subplot(l, 2, 2, projection=ccrs.SouthPo.

sharex-ax1, sharey-ax1)
fig.subplots_adjust(bottom=0.65, top=8.95,
1eft-0.84, right-0.95, wspace=0.82

# Limit the map to -60 degrees Latitude and below.
axl.set_extent([-18@, 188, -98, -68], ccrs.PlateCarree

axl.add_feature(cfeature. LAND)
axl.add_feature(cfeature.OCEAN)

axl.gridlines()
ax2.gridlines()

ax2.add_festure(cfeature.LAND)
ax2.add_feature(cfeature. OCEAN)

# Compute a circle in axes coordinates, which we can u:
# for the map. We can pan/zoom as much as we Like - thi
# permanently circular.

theta = np.linspace(@, 2*np.pi, 109)

center, radius = [@.5, 8.5], @.5

verts = np.vstack([np.sin(theta), np.cos(theta)]).T
circle = mpath.Path(verts * radius + center)

ax2.set_boundary(circle, transform-ax2.transxes)

plt.show()
< >

Mode: Command @ Ln 13, Col 1 English (American]  cartopy.ipynb

https://crib.utwente.nl/
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Potential Benefits

e Better computing infrastructure (e.g., more CPUs, GPUs, RAM)
» Better storage (e.g., replicated, backup)
» Better scalability (e.g., more resources on-demand)

* Improved workflow performance due to colocation of data and
computing resources (i.e., no download)

* Improved collaboration (e.g., direct access to same assets)

* Improved resource utilization (e.g., less idle time)

* No cost for investment and maintenance (if remote cloud)

* Low cost for extensive use (if local cloud)




Suggestions

* Ensure familiarity with the cloud computing technology through
short talks and lectures

* Improve know-how by participating tool- and technology-specific
training

* Try and use the infrastructure and platforms available for free or
through partner organizations

* Follow a hybrid approach (i.e., local + cloud) to maximize the benefits

* Ask for technical and scientific support for better implementation
and integration of the technology.

* Ask for guidance for the planning of future activities.

» Share your knowledge and good practices (e.g., for cost-effective and
efficient use of the technology) with your colleagues and partners.




Moving to the Cloud

N
f

Motivation

{

N

Understand your motivations

Improve the quality
of your research?

J)(

Improve the quantity
of your research?

) (

improve your
cost-effectiveness?

i

Reduce your
environmental impact?

s

J

Requirements

i

Understand your application

Determine CPU, memory, disk and
network requirements

) (

Understand ways in which usage
affects requirements

Determine if other software would be
appropriate

N
4

Assessment

V

Select a cloud ’_J"\
|

Assess the cloud

Assess the dependability of
the cloud

J [Consider legal and ethical

issues

] [ Consider financial issues ]

Porting

N

Plan for
unforeseen but

inevitable delays

Port your application

Exploit

Let

Watch you

resource
usage

)

Assess
stability of Think of
other your users
software

\\ J
) i Don't do Write down
knowledge everything what you suppliers
/ of others at once try know bugs

Dissemination

Source: Best practice for using cloud in research (Hong et al.,

Share your outputs and experience

2018)
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