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3.1 Publishable summary 

3.1.1 Project description 

IMPART is researching, developing and evaluating intelligent information management solutions for big 

data problems in the field of digital cinema production. It intends to find new ways of managing, visualising 

and analysing very large multimodal data sets so that creative personnel can review three-dimensional scene 

representations on the set, understand the data, identify errors, evaluate the quality of the shot and take 

creative decisions in real time. 

Approximately 20 Tb of data are created during a shooting day, integrating sources as different as 3D 

scanners, GPS, graphics, digital movies cameras, witness cameras, … If data and metadata were intelligently 

managed this could help improving the efficiency and quality of the digital cinema pipeline. The results of 

IMPART will be applicable to film production and also in other fields, some close, such as TV, and online 

video, some quite different, such as surveillance.  

The partners are: 

1. Universitat Pompeu Fabra, Barcelona, Coordinator 

2. FilmLight Ltd, UK 

3. Double Negative Ltd, UK 

4. University of Surrey, UK 

5. Aristotelio Panepistimio Thessalonikis (Aristotle University of Thessaloniki), GR 

6. Vysoké učení technické v Brně (Brno University of Technology), CZ 

The main contact is Josep Blat (josep.blat at upf.edu). The website is impart.upf.edu. The project started on 

November 1st 2012, and lasts 36 months. Its budget is 5 M€, and gets a EU contribution of 3.6 M€. 

3.1.2 Summary of activities 

The project has a number of objectives, and half-year milestones within these objectives. The milestones 

corresponding to the first year have been achieved, and the following table reflects the objectives and 

milestones. 

O1 – To define the scenarios, use cases and data typologies for intelligent information 

management, complex multimodal data and metadata visualisation for movie production 

Milestone 1, M6 

 

Milestone 2, M12 

Initial research dataset of multimodal assets and metadata; Requirements 

for information management and data types in multimodal movie making 

Updated requirements, scenarios and research data set; definition of the 

much larger datasets, drawn from completed productions, to be used in 

evaluation 

O2 – To research and develop intelligent metadata-driven methods for selection, retrieval 

and management and visualisation processes for very large and complex dataset 

Milestone 1, M6 

 

Milestone 2, M12 

Design specification for video processing system, browser and Cloud 

based management platform 

Initial tools for combining stills, spherical imagery and 3D laser scan data; 

Initial prototype video processor and browser interface for file system 

management  

O3 – To research and develop methods of multimodal content and metadata processing to 

deliver real-time support for decision-making in dynamic three-dimensional scenes 
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Milestone 2, M12 

 

Analysis of knowledge gathering and management methods for 3D 

reconstruction and dynamic rendering 

O4 – To develop the architecture and acceleration methods for managing and processing 

the very large multimodal datasets associated with multidimensional scenes and action 

Milestone 2, M12 Analysis of state of the art methods for acceleration of algorithms, 

platforms, and data flows  

In fact, the project has gone beyond the analysis phase in objectives 3 and 4, and is already developing 

beyond the state-of-the art implementations. Let us summarize briefly the main achievements along different 

lines. 

3.1.3 Results in different areas 

3.1.3.1 Research dataset & Requirements 

A dataset created in the i3DPost EU project has been significantly enlarged with new material and made 

available to the project (10 TB total). The use during the first year has revealed shortcomings and a capture 

session has taken place recently, and new (multimodal) material will be added. The research dataset will be 

further processed and organised towards its future public release for research purposes by the end of the 

second year of the project. 

The following pictures give examples of the initial dataset: 
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The following pictures give examples of some 3D reconstructed from 2D. 

   

 

Monologue scene (7TB) Multi-view Human Action Datasets 1 (1TB) 

fighting2.mov
fighting2.mov
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From detailed descriptions of the dataset 

typically produced onset for a technically 

challenging movie, including the fitting 

within the processes in digital cinema, the 

different issues/requirements related to the 

different types of data, and the 

solutions/improvements proposed by 

IMPART partners have been identified, and 

where the solutions would fit within an ideal 

workflow. 

The diagram on the left reflects the data and 

metadata managed on set in the production 

scenario indicated. 

 

3.1.3.2 Registration, synchronisation 

The project (UniS) is aiming at multimodal registration and has been implementing two different 

approaches: Direct 2D-3D Registration (Given a 3D model and an image of it, determine the location of the 

camera relative to the model) and 2D-3D Registration via 3D reconstruction (Recover 3D information from 

multiple 2D images then register to other 3D models). 

 

The results have been published in several venues: 

H. Kim and A. Hilton, "3D Scene Reconstruction from Multiple Spherical Stereo Pairs," International 

Journal of Computer Vision, vol. 104, no.1, pp.94-116, Aug. 2013 

H. Kim and A. Hilton, "Planar Urban Scene Reconstruction from Spherical Images using Façade 

Alignment", IEEE Image, Video and Multidimensional Signal Processing Technical Committee Workshop 

(IVMSP), Jun. 2013 – Best paper Award 
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H. Kim and A. Hilton, “Evaluation of 3D Feature Descriptors for Multi-modal Data Registration,” 

International Conference on 3D Vision, June 2013 

The goal of these activities is to support Online Quality Monitoring, which also leads to work developed 

along Synchronisation and Error Correction and Calibration Verification by UniS as well. Different 

algorithms have been already conceived and implemented, which have been evaluated showing their value. 

A next step is to speed them up through parallelisation, and joint work between UniS and BUT has been 

already taking place. Some of the work has also been integrated jointly by DNeg and UniS into DNeg’s 

workflow. 

 

BUT have been researching as well on monitoring and 

enhancing quality, exploring issues of dense 3D 

reconstruction, and how to visualize issues detected in 

quality. The images on the left provide some results, where 

the visualization of problems appears in the bottom picture. 

As part of this work, and to support parallelisation and 

speed-up in an efficient way, BUT has developed 

(enhanced) a high-performance nonlinear least squares 

solver for graph problems, SLAM++, which outperforms 

existing implementations for large 3D reconstruction 

datasets, among other qualities. 

BUT has also been exploring aspects of enhancing HDR 

images, and monitoring the quality of the images in terms 

of their being in-focus. 

Further technical details of this work can be found in 

several papers accepted in international Conferences: 

  

L. Polok, V. Ila and P. Smrž , “Cache Efficient Implementation for Block Matrix Operations”, In: 

Proceedings of the 21st High Performance Computing Symposia (HPC'13), San Diego, US, ACM, 2013, p. 

698-706, ISBN 1-56555-350-0 

 L. Polok, V. Ila, M. Šolony, P. Zemcík and P. Smrž,  “Efficient Implementation for Block Matrix 

Operations Nonlinear Least Squares Problems for Robotic Applications”, In: Proceedings of 2013 IEEE 

International Conference on Robotics and Automation, Karlsruhe, DE, IEEE CS, 2013, p. 123-131, ISBN 

978-1-4673-5642-8 

L. Polok, V. Ila, M. Šolony, P. Zemcík and P. Smrž, “Incremental Block Cholesky Factorization for 

Nonlinear Least Squares in Robotics”, In: Proceedings of The Robotics: Science and Systems 2013 

Conference, Berlín, DE, MIT, 2013, p. 1-8, ISBN 978-981-07-3937-9 

 L. Polok, M. Šolony,  V. Ila, P. Zemcík and P. Smrž , “Incremental Cholesky Factorization for Least 

Squares Problems in Robotics”, In: Proceedings of The 2013 IFAC Intelligent Autonomous Vehicles 

Symposium, Gold Coast, AU, IEEE CS, 2013, p. 1-8, ISBN 978-3-902823-36-6 
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3.1.3.3 Metadata on human action recognition (Content selection) 

AUTH mainly has been working along two different lines: face clustering through graph clustering, and 

classification of (human) actions. The approaches take advantage of the multiview aspect, and an important 

goal is to provide an XML-based description framework for the storage of metadata involved in the related 

queries. Typical images of the tasks are: 

 

The work has resulted in a number of publications, where technical details are provided, and improvements 

are evaluated: 

A. Iosifidis, A. Tefas and I. Pitas, “View-independent Human Action Recognition based on Multi-view 

Action Images and Discriminant Learning”, IEEE Image, Video and Multidimensional Signal Processing 

(IVMSP): 3D Image/Video Technologies and Applications, Seoul, Korea, June 10-12, 2013. 

 A. Iosifidis, A. Tefas and I. Pitas, “Dynamic Action Classification based on Iterative Data Selection and 

Feedfforward Neural Networks”, European Signal Processing Conference (EUSIPCO), Marrakech, 

Morocco, September 9-13, 2013. 

 A. Tefas, A. Iosifidis and I. Pitas, “Neural Networks for Digital Media Analysis and Description”, 

Engineering Applications of Neural Networks (EANN), Halkidiki, Greece, September 13-16, 2013. 

 M. Oikonomou and A. Tefas, “Direct Multi-label Linear Discriminant Analysis”, Engineering Applications 

of Neural Networks (EANN), Halkidiki, Greece, September 13-16, 2013. 

 A. Iosifidis, A. Tefas and I. Pitas, “Active Classification for Human Action Recognition”, IEEE 

International Conference on Image Processing (ICIP), Melbourne, Australia, September 15-18, 2013. 
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 A. Iosifidis, A. Tefas and I. Pitas, “Multi-view human action recognition: a review”, IEEE International 

Conference on Intelligent Information Hiding and Multimedia Signal Processing (IIHMSP), Beijing, 

China, October 16-18, 2013. 

 A. Iosifidis, A. Tefas and I. Pitas, “Representative Class Vector Clustering based Discriminant Analysis”, 

IEEE International Conference on Intelligent Information Hiding and Multimedia Signal Processing 

(IIHMSP), Beijing, China, October 16-18, 2013. 

3.1.3.4 Management, Browsing and annotating, Architectures  

FL has been addressing big data issues through three approaches: Generate less data, by contextual 

monitoring with FLIP On-set processor appliance; Prune useless data early, by contextual review with 

Baselight Dailies software; and Manage data efficiently through post, by metadata driven file manipulation 

with FLUX Manage software in conjunction with the FLUX+ indexing system. The following picture 

illustrates the Flux Manage development: 

 

UPF has been exploring visualization and annotation concepts through grounding work on web-based multi-

platform tools, through 3D visualization of the structure of the dataset, and through simulation tools for 

dailies. The following two images illustrate the simulation and the structure visualization: 

  

Further technical details of this work can be found in several publications in Conferences: 

J.Agenjo, A.Evans,J.Blat. WebGL Studio - a Pipeline for WebGL Scene Creation. Web3D 2013, San 

Sebastian, Spain, (2013) Best Short Paper Award 
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 A.Evans, J.Blat. Web-Based, 3D-Assisted Editing of Production Dailies.   Web3D 2013, San 

Sebastian, Spain, (2013) 

 A.Evans, J.Agenjo, J.Blat. Variable Penumbra Shadow Mapping for Mobile Devices. To appear in GRAPP 

2014, Lisbon, Portugal (2014) (Accepted) 

A.Bahremand, A.Evans, J.Blat. A Computational Metric for Measuring the Quality of Circulation in Interior 

Spaces. To appear in IVAPP 2014, Lisbon, Portugal (2014) (Accepted) 

BUT has also been working specifically on aspects of acceleration which are highly relevant for dealing with 

the big data we are concerned with 

 

The diagram on the left reflects current 

BUT approach related to the acceleration 

in the (digital) cinema workflow. The 

different processes that can be accelerated 

have been analysed and work has been 

starting on key point detection and 

matching, HDR capture processing, 

spherical capture processing and 3D 

reconstruction as primary candidates.  

 

 

We have already mentioned the important role 

of the FLUX+ indexing system; the diagram 

on the right shows the approach FilmLight is 

pursuing related to this aspect. 

3.1.4 Dissemination, Promotion and Awareness  

The first year’s important publication activity of IMP·ART has also received a couple of awards, illustrated 

by the pictures of Hansung Kim (left) receiving the best paper award at the 11th IEEE IVMSP Workshop: 3D 

Image/Video Technologies and Applications, and Javi Agenjo (right) making the presentation which won the 

Best Short Paper award in Web3D conference. 
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An invited tutorial and several keynote speeches have been given by IMP·ART partners: 

(invited tutorial) A. Tefas, "Neural Networks for Digital Media Analysis and Description", Conference 

on Engineering Applications of Neural Networks (EANN), Halkidiki, Greece, September 13-16, 2013.  

(invited speech) I. Pitas; “Human activity recognition for video content analysis and description", 

Chinese Academy of Sciences, Institute of Automation, National Laboratory of Pattern Recognition, Beijing, 

China, October 17, 2013. 

http://delab.csd.auth.gr/eann2013/tutorials.php 

 (keynote) I. Pitas, "Human activity recognition for video content analysis and description", 

International Conference on Intelligent Information Hiding and Multimedia Signal Processing (IIHMSP), 

Beijing, China, October 16-18, 2013. 

http://bit.kuas.edu.tw/~iihmsp13/keynote.html 

 (keynote) A. Hilton: “Reconstructing a Dynamic World '4D Vision in the Wild',  BMVA meeting, July 

2013.  

(keynote) A. Hilton: 'Convergence of Video and Graphics', Global 3D Forum - Korea, October 11th 

2013 

as well as invited seminars: 

H. Kim, "European Projects for 3D Film Production," Yonsei University, June. 2013, Seoul, Korea 

H. Kim, "3D Scene Reconstruction from Spherical Images and Multi-modal Data Registration," Double 

Negative, July 2013, London, UK 

And a book titled Digital Video and Television, by Prof. Ioannis Pitas is available through Amazon 

Createspace, and contains material related to the research done within the project. 

http://www.amazon.com/Digital-video-television-Ioannis-Pitas/dp/9609156444 

The IMP·ART web has been announcing as news different presentations at conferences, including links to 

publications and it links to the IMPART@Mendeley repository of publications to facilitate the access to 

them. 

Initial software packages by BUT delivered for IMPART are available as Open Source software from the 

university website, or from SourceForge. These include a GPU accelerated library for fast feature matching 

to be used for acceleration of 3D reconstruction at: 

http://www.fit.vutbr.cz/research/prod/index.php?id=302&notitle=1 

Another software package is fast nonlinear least squares (NLS) solver for problems with graph structure, 

which will incorporate acceleration by GPUs, at: 

http://sourceforge.net/p/slam-plus-plus 

http://delab.csd.auth.gr/eann2013/tutorials.php
http://bit.kuas.edu.tw/~iihmsp13/keynote.html
http://www.amazon.com/Digital-video-television-Ioannis-Pitas/dp/9609156444
http://www.fit.vutbr.cz/research/prod/index.php?id=302&notitle=1
http://sourceforge.net/p/slam-plus-plus
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UPF web graphics libraries (WebGLStudio) are provisionally available from http://tamats.com/webglstudio/; 

the http://webglstudio.org/ has been purchased and will be hosting the software and tutorials; another access 

enabled is through gtihub (https://github.com/jagenjo), although most of the work is still initial. 

 

http://tamats.com/webglstudio/
http://webglstudio.org/
https://github.com/jagenjo

