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From water purification to 
science documentaries 

Industrial applications of AI, 
high performance computing, 

and data visualization.

www.bsc.es/viz/



 Peak Performance of 13.7 Petaflops
165 888 Intel cores 

390 TB of main memory 

24.6 PB of disk storage

Marenostrum 4
2nd most powerful computer in Europe, 13th in the 
world 
June 2017 Top500 List









1. Data streaming
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HERE WE ARE FOLLOWING YOU





Cassandra BBDD

storereal time analytics
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SCADA
100’s of controls

and sensors

Raw water 
Chemicals

Weather
Regulations

Demand
…

Drinkable water

Energy

influenced by

Energy

Usage

Maintenance or
replacement?

• Replacement is costly
• Maintenance reduces useful life
• Lack of maintenance reduces energy efficiency

Efficiency of Inverse Osmosis Water Treatment Plant



Efficiency of Inverse Osmosis Water Treatment Plant
Results

7.5% reduction of 
energy consumption

Forecast machine evolution up 
to 30 days with <20% error



Ingestion: Kafka

Processing: Flink

appapp app

SCADA

app



Ongoing project 1: Reinforced learning for automated operation

RL optimisation
SCADA PREP

Anomaly detection



Ongoing project 2: Tracking audiences and HPC simulation based optimisation

SCADA ML

Supercomputer

Optmisation



2. Data pipelines and documentaries



VIRTUAL 
HUMANS



BSC-SurfSara-LRZ

Hyper-realistic visualisations of computer 
simulations



Hyper-realistic visualisations of computer simulations
Phot
o



What we do
Photo-real renders of DATA
Used in short movies and still images
For general public and/or peers

Maximise impact
Increase memorability

Why we do it
&

BSC Viz Team

Super nice visualisations of computer 
simulations

Bateman, Useful junk?, 2573-2582



HOW?



Film industry tools are amazing
Film industry people too To achieve it, we need artist level 

of control over camera, light, textures,
animation, and render quality



➡ Have scientists and artists work together
➡ Convert data from scientific software/format 

into animation industry standards

Beautiful AND accurate



Script

Data Casting

Data Analysis & 
Conversion 

Documentation

Post production

Production pipeline

Pre-production Production

Modeling

Render

Animation

Sound & Music

Compositing

Color correction

Typical pipeline in animation with a few extra steps for DATA



Production pipeline

Script
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Conversion 
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Post production

Pre-production

Sound & Music

Compositing
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Modeling

Render

Animation
Data Casting

Inspect data in 
Sci-Viz software
Data forensics if 
necessary

Harris, S. University of Leeds



Production pipeline
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Script

Data Casting

Data Analysis & 
Conversion 

Documentation

Post production

Production pipeline

Pre-production Production

Modeling

Render

Animation

Sound & Music

Compositing

Color correction

Typical pipeline in film industry with a few extra steps for DATA



Data conversion workflow

Maya
Blender
3DSMax
Houdini

3D computer graphics software

Renderers
Arnold Render

Renderman
Redshift

Blender Cycles

Standard formats
netcdf (climate)

vtk (engineering, physics, etc)
ensi (same as above)
PDB (molecular data)

csv

Other formats
Structured and Unstructured Grids

Semi-Structured Grid Data
Generic Particle Data
Tables, trees, matrices

Almost anything readable by Paraview

Formats we can read



Point/vector data
Maya cache (mc) 
Partio

Formats we can write

Volumetric data 
Maya cache (mc)
Blender Voxels (bvox)
OpenVDB

Surface data
STL
OBJ
FBX
Alembic, 
etc…

Data conversion workflow

A set of tools to read and write volumetric data

http://ytini.com/
Naiman, J.P., Borkiewicz, K., & Christensen, A.J. 
2017, PASP, 129, 058008

http://ytini.com/


3D design software

Maya
Blender
3DSMax
Houdini

3D computer graphics software

Renderers
Arnold Render

Renderman
Redshift

Blender Cycles

➡ Arnold Render: Biased, CPU renderer, really fast
➡ Renderman
➡ Redshift: Unbiased GPU-based, even faster
➡ Cycles: Unbiased render, good use of GPU 

cluster

➡ Maya: High cost but stable, easy to find 
experts

➡ Blender: Cheap (as in free) but less stable
workflow is less “professional”
very flexible, good for scientists

➡ Houdini: Procedural workflow, 
handles bigger datasets more efficiently



• Commissioned film
• 10th Anniversary of the Pipeline Embolization Device
• Shown at LINNC 2019 (Live Interventional 

Neuroradiology & Neurosurgery Course)
• Audience mainly MDs
• 3D stereoscopic and Mono versions
• Coordinated by Dr. Ana Paula Narata; Simulations by 

Dr. Alberto Marzo



3. Data visualization and interaction



Overlay of 400 data layers affecting sustainable 
development and renovation model







Genre and subgenre 
relationships extracted 

from Wikipedia

Over 800 genres in an 
exploratory interactive

Presented at Sonar 2014
Shortlisted at Information is

Beautiful Awards 2014www.bsc.es/atracktion

http://www.bsc.es/atracktion


160K points
Interaction on mobile
www.bsc.es/viz/cuentalo

http://www.bsc.es/viz/cuentalo


Data 
gather Data prep Exploration Development

Computational 
muscle Communication

Testing



Ongoing project 3: Media Portal

An interactive data visualization tool for climate journalists



4. The group



Maryam Rahbaralam
Data Scientist

Friendly neighbour

Eduardo Graells
Data Scientist

Very mobile

David Modesto
Applied Mathematics

Reduced model man

Vanessa Mañas
Front-end developer

Coming soon



Science

Technology

Design

Interaction





Good: heterogeneous skills
Bad: heterogeneous workflows

Good: we can do many different projects!
Bad: we do many different projects.



fernando.cucchietti@bsc.es

@thefercook

www.bsc.es/viz/


