INDUSTRIAL
DOCTORATE
FORM FOR INDUSTRIAL DOCTORATE PROJECTS
TO BE COMPLETED BY THE COMPANY AND THE UNIVERSITY
APPLICATION TO PARTICIPATE IN AN INDUSTRIAL DOCTORATE PROJECT
→ PROJECT

Improving Quality of 3D Printer by Advanced Machine Learning Methods

→ SCHEDULED START DATE FOR PROJECT
→ ERC PANEL 1 PE8 Products and Processes Engineering
→ ERC PANEL 2 (OPTIONAL)

Enter an ERC panel from the list

TYPE OF RESEARCH PROJECT
Each year, the Government of Catalonia establishes the maximum number of projects for each type of financing. If all the
funding is awarded for a specific type and the company/university wishes to carry out the project as part of the current call
for proposals, both types of financing may be opted for by checking both boxes. See the section on the characteristics.
Co-funding type of financing

✔

Specific funding type of financing

COMPANY DETAILS
→ COMPANY NAME HP Printing and Computing Solutions, S.L.U.

→ TAX ID CODE(CIF)

→ LEGAL REPRESENTATIVE OF COMPANY Monica Gonzalez Muñoz

→ TAX/FOREIGNER

→ PROJECT MANAGER AT COMPANY Javier Lagares

→ TAX/FOREIGNER

→ E-MAIL ADDRESS

→ TELEPHONE

ID NO. (NIF/NIE)
ID NO. (NIF/NIE)

→ ADDRESS OF THE PLACE OF WORK WHERE THE PROJECT WILL BE PARTIALLY DEVELOPED

HP Printing and Computing Solutions, S.L.U, Cami de Can Graells, 1-21
→ POSTCODE 08174

→ TOWN Sant Cugat del Valles

→ WEBSITE http://www8.hp.com

→ BRIEF COMPANY PRESENTATION

HP is a proven leader in personal systems and printing, delivering innovations that empower people to create, interact, and inspire like never before.
We explore how technology and services can help people and companies address their problems and challenges, and realize their possibilities,
aspirations and dreams. We apply new thinking and ideas to create more simple, valuable and trusted experiences with technology, continuously
improving the way our customers live and work. HP has an impressive portfolio and strong innovation pipeline across areas such as:
* Blended Reality Technology - our unique Sprout by HP will change the way people do things
* 3D Printing
* Multi - function Printing
* Ink in the office
*Tablets, Phablets and Notebooks
HP is and has been the global leader in printing for more than 30 years. Our lineup spans virtually every form of printed output from documents and
labels to packaging and building wraps. Our products serve the diverse needs of the creative and printing communities with consistently outstanding
output, a complete workflow offering, innovative partner solutions, and an expansive selection of top-quality ink and media options.
For 3D printing our mission is to change how the world designs and manufactures, to lead the next industrial revolution.
The 3D printing market is projected to grow at a 30 percent CAGR over the next five years. With that said, the big opportunity is to address and
transform the 12 trillion dollar manufacturing market. With multi-jet fusion we are bringing a uniquely differentiated platform to 3D printing. We’re
leveraging over 5,000 patents from our 2D printing business, and we now have over 600 3D print patents and patents applications. We are filing new
3D printing patents at a higher rate than anybody else in the industry. And in addition to a technology platform, we are building an open material
platform.
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TAX/FOREIGNER
ID NO. (NIF/NIE)

DETAILS OF THE PROJECT’S ACADEMIC SETTING
→ UNIVERSITY University of Barcelona
→ DOCTORATE PROGRAMME Mathematics and Computer Science
ICREA RESEARCHER

→ SGR CODE 2017 SGR 1742
→ THESIS DIRECTOR

✔

ERC GRANT HOLDER

SGR RESEARCH GROUP

→ RESEARCH GROUP NAME Computer Vision and Machine Learning at UB
→

Petia Radeva

TAX/FOREIGNER
ID NO. (NIF/NIE)

→ RESEARCH CENTRE (IF APPLICABLE) Dept. Matemàtiques i Informàtica
→E-MAIL ADDRESS

→TELEPHONE

→ ADDRESS OF THE DEPARTMENT/CENTRE WHERE THE PROJECT WILL BE PARTIALLY DEVELOPED

Gran Via de les Corts Catalanes 585
→ POSTCODE 08007

→ TOWN Barcelona

→ WEBSITE www.ub.edu/cvub/petiaradeva

DESCRIPTION OF RESEARCH PROJECT
BRIEF SUMMARY OF THE RESEARCH PROJECT, INDICATING WHETHER THERE ARE OTHER PARTICIPATING ORGANISATIONS OR CENTRES, NOT TO
EXCEED THE SPACE IN THE TEXT BOX, WHICH ALLOWS CANDIDATES TO DECIDE WHETHER IT IS A PROJECT OF INTEREST TO THEM.

3D printing or Adaptive Manufacturing—is a digital technology that creates objects by selective material addition. 3D printing involves numerous and
complex variables to be monitored and controlled in the process to achieve an acceptable level of accuracy in printing. Trial and error methods for
finding the correct lattice positions or design of appropriate support structures are not a sustainable or fast solution. Machine learning based
in-process detection quality issues can help in limiting waste of time and materials. Artificial Intelligence based techniques are currently being used
to solve this problem by using generative design and testing in the pre-printing stage, with the aim of improving printing efficiency and cost savings
however there has been limited exposure in this area.
The HP 3D Multi Jet Fusion printer is quite robust in generating system alerts when it is not properly configured or detect some issue with an in-build
subsystem while printing or pre-processing. However, there are part quality issues which cannot be predicted beforehand, neither the system
generates an error for these. The part quality refers to the overall look and feel as well as the mechanical properties of the final 3D part. To a certain
extent this is governed by some unknown subsystem properties during printing For examples, the no. of nozzles out or misfire on printing bed, lack of
optimal temperature, thermal camera error in predicting melting points (T-Melt) correctly, as well as distribution of heat throughout the printing bed,
etc. during Pre-Printing and Printing periods etc. Another important factor is to study the change in predicted vs. actual top layer temperature which
governs the overall printing process. Another important factor is the T-melt (melting point temperature) which is detected by a thermal camera on
the top and communicated to a set of fusing lamps. The thermal images, thus obtained, pose another field of exploration and could be subject to
advanced image processing deep learning techniques to extract meaningful results.
Considering the points above, following are the objectives of the research:
1•A thorough unsupervised machine learning approach on the historical logs available from the 3D Printers and deep analysis of Thermal camera,
nozzles, print-headss, T-melt etc. and predict the system health. Self organizing maps are to be used to produce a low-dimensional discretized
representation of the printer telemetry signal of the training samples. RNN would be used to select the features from the given space that represent
similar printing process in lesser dimensions. The output of RNN is to be saved and analyzed under business context to know what parameters
greatly influence the printing process and part quality. Based on the results of this , subsequent smaller Neural network models are to be created for
each of "important subsystem"
2• Deep learning techniques to reduce image size significantly without losing important features. One of the main challenge would lie in analyzing
several thousand layers or images for each training sample. As CNN grows exponentially for small image size, there is a need to develop lossless
compression techniques so that the model in step 3. do not explode. It has been challenging for existing commercial compression algorithms to
adapt to the specific requirement (for applications in thermal images only). The available codecs are usually hard-coded, and cannot be customized
to particular use cases. It is thus important to identify the internal structure of the thermal image so as to eliminate the redundancy to represent it ,
to be used in step 3. One natural approach to implement the encoder-decoder image compression pipeline is to use an autoencoder to map the target
and train the model to minimize a loss function penalizing it from its reconstruction. This requires designing a feature extractor and synthesizer for
the encoder and decoder, selecting an appropriate objective, and possibly introducing a coding scheme to further compress the fixed-size
representation.
3• Deep learning on Thermal images to check how the actual temperature of top layer deviates against the predicted temperature. Each printing
layer is to be extracted from the log file using image compression technique as there would be several thousand layers in each printed part. The 3d
part is to be assumed as a stack of 2d images (layers) one over another and thus convolutional neural network approach is to be applied layer by
layer. For each layer of a print job (thermal image), a unique CNN model is required comprising am alternating sequence of convolution, pooling,
dropping and activation layers. Each CNN model for every layer of a print job, is to be compiled with same optimizer and loss function to maintain the
uniformity. Later, the output obtained from each CNN model, is to be stacked on top of one another to learn how the overall printing - thermal data
looks like. At this stage, the difference in pixels (mismatch in thermal energy) is to be noted down and model-stack is to be revised to minimize the
error. The expectation from this task is to apply the learning dynamically during the printing process to detect a layer not following the desired
thermal map, and thus might have a part quality issue.
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CANDIDATE PROFILE
Description of both the minimum requirements and preferred characteristics, in terms of degrees held, languages and experience that
will be weighed favourably in assessing candidates. In all sections, requirements must be identified as minimum or preferred.

→ DEGREE* (BACHELOR’S DEGREE OR EQUIVALENT (FOUR-YEAR UNDERGRADUATE DEGREE, ENGINEERING AND ARCHITECTURE) AND UNIVERSITY MASTER’S DEGREE)

Statistics, Computer Application
*Requirements for admission to a doctoral programme: See the requirements section corresponding to the questions most frequently
asked by doctoral students (FAQ) on the Industrial Doctorates website.

→ LANGUAGES
English
Programming Language - Python - Numpy,
Scipy, Pandas, PySpark, Keras, TensorFlow,
R, Spark, C, Matlab, SAS, Shell Script,

→ PROFESSIONAL EXPERIENCE OF INTEREST
Experience in Data Science, Business Analytics, Data Mining,
Statistical Modeling, Machine learning, Deep learning, Image
Processing

→ OTHER

Background in Printing industry
Knowledge of Graphics printing, 3D printing
Printing business knowledge

CHARACTERISTICS OF THE INDUSTRIAL DOCTORATE PROJECTS
The essential element of the Industrial Doctorates Plan is the industrial doctorate project, that is, a strategic research project carried out at
a company that allows the doctoral student to further develop his research training in collaboration with a university, and which is the object of
a doctoral thesis.
The Government of Catalonia provides two types of financial support to these projects, based on certain characteristics of
project implementation:
a. Industrial doctorate projects co-funded by the Government of Catalonia.
b. Industrial doctorate projects with specific funding.

CHARACTERISTICS COMMON TO BOTH TYPES
→ The doctoral thesis will be carried out within the framework of a collaboration agreement between the university (and, if necessary, a
research centre) and the company (more than one company may participate).
→ The candidate will be given a thesis director connected to the university or research centre and a project manager appointed by the
company.
→ The candidate will be selected jointly by the signatories of the collaboration agreement. However, the candidate must be accepted and
admitted to the doctoral programme of the corresponding university.
→ The candidate must have an average mark of 6.5 or higher (scale 1 to 10) on his or her academic transcript, calculated based on all
credits of university studies that allow admission to a doctoral programme.
→ The thesis director must be part of an active recognised research group (SGR) of the Government of Catalonia or a researcher from the
ICREA programme or be a recipient of European Research Council (ERC) funding.
→ The time dedicated by the doctorate student to the research projects will be divided between the company and the university..
→ The candidate will take part in training programmes in specific skills related to R&D&I project leadership, coordination and management;
the transfer of research results; new business development; and industrial and intellectual property, among other relevant subjects.
→ The candidate will be given a yearly stipend (mobility fund), funded by the Government of Catalonia and accumulative for a maximum
period of 3 years. Its purpose is to enable attendance at workshops and conferences related to the research project as well as stays at other
company offices, universities or research centres outside Catalonia.
→All theses defended under the Industrial Doctorates Plan will receive an Industrial Doctorate with distinction. The participating
companies and academic directors will also receive acknowledgement for their participation in the Plan.
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DOCTORATE
TO BE COMPLETED BY THE CANDIDATE
APPLICANT DETAILS
→

→ NAME AND SURNAME 

TAX/FOREIGNER
ID NO. (NIF/NIE)

→ ADDRESS OF HABITUAL RESIDENCE
→POSTCODE 



ǵTELEPHONE

→TOWN

→ E-MAIL ADDRESS

CANDIDATE PROFILE
→ DEGREE* (BACHELOR’S DEGREE OR EQUIVALENT (FOUR-YEAR UNDERGRADUATE DEGREE, ENGINEERING AND ARCHITECTURE) AND UNIVERSITY MASTER’S DEGREE)

→
→
→
→
→
→

→ NUMBER OF CREDITS AND AVERAGE MARK OF

THE ACADEMIC TRANSCRIPT OF THE BACHELOR’S
DEGREE OR EQUIVALENT (scale 1 to 10)

→ NUMBER OF CREDITS AND AVERAGE MARK OF
THE ACADEMIC TRANSCRIPT OF THE MASTER’S
DEGREE (scale 1 to 10)

→ LANGUAGES. IF THE CANDIDATE HOLDS A
CERTIFICATE OF PROFICIENCY, THIS MUST BE
INDICATED ALONG WITH THE DATE OF ISSUE.

→ PROFESSIONAL EXPERIENCE OF INTEREST

→ OTHER INFORMATION OF INTEREST RELEVANT TO THE PROJECT
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TO BE COMPLETED BY THE CANDIDATE
MOTIVATION AND INTEREST IN THE PROJECT
Space in which candidates can describe their motivations and personal interest in the project, not to exceed the space in the text box.

Data provided by applicants will form part of a file owned by the AGAUR in order to manage their participation in the industrial doctorate
project. Said management may at times involve certain data being given to third parties in the public or private sphere, as their
intervention in the management process may be necessary to ensure that the final outcome is handled correctly, or to establish a
regulation with legal status.
Applicants may exercise their right to access, amend, delete and/or oppose the use of data by contacting us in writing at Passeig de
Lluís Companys, 23, 08010 Barcelona, or via e-mail at lopd@agaur.gencat.cat, attaching a photocopy of their national ID document (DNI)
or by signing the e-mail with a recognised form of electronic signature.
In accordance with Article 11 of Organic Law 15/1999, of 13 December, on personal data protection, I hereby authorise the
AGAUR to provide the university and company with my personal and academic details, as part of the framework within which
the industrial doctorate project for which I am applying will be carried out, for the sole purpose of management and
assessment and, if applicable, the selection of my application.

Date and signature of the interested party

BBBBBBBBBBBBBBB_________________, ____ ____________________ ____BB

BLOCK
For further information:
doctorats.industrials.sur@gencat.cat · doctoratsindustrials.gencat.cat
Application procedure:
→ Send a digital copy of the form to the e-mail address of the Industrial Doctorates Plan: doctorats.industrials.sur@gencat.cat
→ Submit the original form, on paper and signed by all the parties involved, to the head office of the Agency for Management of University and
Research Grants (AGAUR): Passeig Lluís Companys, 23, 08010 Barcelona. (RE: Industrial Doctorate Project).ial).
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