
 

3.1 Publishable summary 

3.1.1 Project description 
IMPART has researched, developed and evaluated intelligent information management solutions for big data 
problems in the field of digital cinema production. It has introduced 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, coming from sources as different as 3D 
scanners, GPS, CGI, 4K cameras, witness cameras, … If data and metadata were intelligently managed this 
would improve the efficiency and quality of the digital cinema pipeline. The results of IMPART will be 
specifically applicable to film production but also in other fields, some close, such as TV, and online video, 
some quite different, such as surveillance. Some of the algorithms and implementations are of generic 
interest to classes of big data problems. 

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 http://impart.upf.edu. The project 
started on November 1st 2012, and lasted 36 months. Its estimated budget was 5 M€, and got an estimated 
EU contribution of 3.6 M€. 

3.1.2 Summary of activities 
On m18, the project started its second and last phase, where technical work continued, but testing, 
integration and evaluation played a more prominent role. The technical workpackages formally stopped on 
m30, and only Evaluation with Professional Users and Integration and Validation workpackages were 
formally running since then, besides the more transversal Management, and Exploitation and Dissemination. 
The project has a number of objectives, and half-year milestones within these objectives.  The following 
table provides the milestones corresponding to months 30 and 36, for each of the objectives of the project.  

O2 – To research and develop intelligent metadata-driven methods for selection, retrieval and 
management and visualisation processes for very large and complex dataset 
Milestone 5, M30 Quality assurance tools for multiple camera acquisition; Automated tools for witness 

camera synchronisation and conforming; Content selection tools and techniques; 
Advanced prototype system, interface and tools for production decision-making  

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 
Milestone 5, M30 Final algorithms for multimodal data registration, synchronisation, calibration and 

fusion, metadata extraction, association and propagation 
  



O4 – To develop the architecture and acceleration methods for managing and processing the very 
large multimodal datasets associated with multidimensional scenes and action 
Milestone 5, M30 Data management prototype system 
O5 – To test and evaluate the integrated system, tools and applications in real working environments, 
with professional users and typical very large multimodal data and metadata volumes from on-set 
capture 
Milestone 5, M30 
 
Milestone 6, M36 

Integrated prototype system for final round of evaluation 
 
Final prototype of integrated information management, browser and decision support 
system, with all toolsets and interfaces; final reports on integration, validation and 
evaluation with professional users 

The project continued improving and deepening the research and technical work, while testing, integrating, 
evaluating and showcasing. It. Let us summarize briefly the main achievements along different lines. 

3.1.3 Results in different areas 
3.1.3.1 Research dataset  

In July 2015 the IMPART project carried out a second capture session, which took place at the University of 
Surrey with an significant support from Double Negative. A key goal was to enhance the research dataset to 
test further the advances in the project. Most of the captured data has been incorporated as Version 3 to the 
public dataset for research into multimodal movie production already released in October 2014 and hosted by 
the University of Surrey at http://cvssp.org/impart.  

 

Figure 3.1.1 (a) Representative indoor scene footage enhancing IMPART research dataset 

The dataset is free to use for research purposes as long as the source is referenced and the data is not 
redistributed. The dataset is carefully documented: capture devices, environments, shoot parameters, 
calibration procedures and custom data formats are described in the capture notes available on the website. 



Compared to other publicly available research data1

 

, the IMPART dataset provides a larger total amount of 
data, captured using more cameras and with better quality equipment. It consists of a large number of 
subjects captured both indoors and outdoors, with both simple and complex backgrounds and additionally 
provides LIDAR scans for the sets. All of these factors combined make it a uniquely useful dataset for 
research purposes. The images in Figure 1 are representative of the data incorporated into the new version of 
the dataset. 

Figure 3.1.1 (b) Representative outdoor scene footage enhancing IMPART research dataset 

3.1.3.2 Registration, synchronisation, acceleration 
The paradigm proposed by IMPART to manage data from diverse data sources and assess their quality is to 
integrate them into a “common 3D space” as represented in the following image. 

 

 

 

 

Figure 3.1.2 The unified 3D space as envisaged 
by IMPART 

                                                      
1 INRIA Xmas Motion Acquisition Sequences (IXMAS) http://4drepository.inrialpes.fr/public/viewgroup/6 
University of Surrey 3D Video Database http://kahlan.eps.surrey.ac.uk/cvssp3d 
i3DPost Multi-view Human Action Datasets, University of Surrey,  http://kahlan.eps.surrey.ac.uk/i3dpost_action/ 
HumanEva, Max Planck Institute for Intelligent Systems, http://humaneva.is.tue.mpg.de 
MOBISERV-AIIA, University of Thessaloniki, http://www.aiia.csd.auth.gr/MOBISERV-AIIA 
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This vision is realised through improving multimodal data registration to manage various 2D and 3D data 
from different capture devices by 2D/3D feature detection and description. In fact, a suite of quality 
assurance tools has been developed by the University of Surrey: synchronisation, detection of calibration 
errors and coverage assessment, which offer an on-set capability to assess whether the generated footage is 
fit for purpose, supporting on-set decision making.  

 

Fig 3.1.3 Example of the coverage map for the witness cameras in the second capture session 

The efficiency of this toolset has been greatly improved by Brno University of Technology, through 
innovative algorithms and computationally efficient implementation. Innovative algorithms, especially for 
3D spheron-based reconstruction allow for further assessment of the quality of the reconstruction. BUT 
approaches extend beyond the specific application to Big Media Data. 

 

Figure 3.1.4 Color-coded quality assurance 3D reconstruction of the Surrey Cathedral. There should 
be additional capture for the blue parts. The white pyramids are the camera poses.  



On the basis of the work of University of Surrey and Brno University of Technology, Double Negative has 
extended their in-house software mkWitness; these tools turn the labour-intensive manual task of aligning the 
different witness camera streams to the principal camera footage into a largely automated process. Early tests 
at Double Negative show that this leads to a considerable increase in efficiency.  

 

Figure 3.1.5 DNeg's mkWitness application with principal camera footage and a witness camera 
stream loaded in 

Some publications related to this work are: 

H. Kim and A. Hilton, "Block World Reconstruction from Spherical Stereo Image Pairs," Computer Vision 
and Image Understanding, 139, pp. 104-121, Oct. 2015 

M. Brown, D. Windridge and J.-Y. Guillemaut.  A Generalisable Framework for Saliency-Based Line 
Segment Detection.  Pattern Recognition, 48(12):3993–4011, 2015. 

J. Blat, A. Evans, H. Kim, E. Imre, L. Polok, V. Ila, N. Nikolaidis, P. Zemcık, A. Tefas, P. Smrz, A. Hilton, 
I. Pitas. “Big Data Analysis for Media Production”. Accepted at the Proceedings of the IEEE, October 2015.  

Barina D. and Zemcik P. “Vectorization and Parallelization of 2-D Wavelet Lifting”. Accepted at the 
Journal of Real-Time Image Processing. 2015. 

H. Kim and A. Hilton, “Hybrid 3D Feature Description and Matching for Multi-modal Data Registration,” 
Proc. ICIP, pp.3493-3497, Nov. 2014 

H. Kim and A. Hilton, “Influence of Colour and Feature Geometry on Multi-modal 3D Point Clouds Data 
Registration,” Proc. 3DV, pp. 202-209, Dec. 2014 

H. Kim, S. Pabst, J. Sneddon, T. Waine, J. Clifford and A. Hilton, “Multi-modal Big Data Management for 
Film Production”, Proceedings of 2015 IEEE International Conference on Image Processing. Sep. 2015  

E. Imre and A. Hilton, “Coverage Evaluation of Camera Networks for Facilitating Big-Data Management in 
Film Production,” Proceedings of 2015 IEEE International Conference on Image Processing. Sep. 2015 

A. Mustafa, H. Kim, E. Imre and A. Hilton, “Segmentation based features for wide-baseline multi-view 
reconstruction”, Proc. 3DV, Nov. 2015 



A.Mustafa, H.Kim, J.-Y.Guillemaut and A.Hilton General Dynamic Scene Reconstruction from Multiple 
View Video, Proc. ICCV Dec. 2015 

Šolony M., Imre E., Ila V., Polok L., Kim H. And Zemčík P.: “Fast and Accurate Refinement Method for 3D 
Reconstruction from Stereo Spherical Images”. Proceedings of the 10th International Conference on 
Computer Vision Theory and Applications. Berlin, 2015.  

Ila V., Polok L., Šolony M,, Zemčík P, And Smrž P,. “Fast Covariance Recovery in Incremental Nonlinear 
Least Square Solvers”. Proceedings of IEEE International Conference on robotics and Automation. Seattle 
2015.  

Polok L., Ila V.. And Smrž P.. “Fast Sparse Matrix Multiplication on GPU”. Proceedings of the 23rd High 
Performance Computing Symposia (HPC'15). Alexandria, Virginia, 2015. 

Pabst S., Kim H., Polok L., Ila V., Waine T., Hilton A., Clifford J. and Smrž P. “Jigsaw - Multi-Modal Big 
Data Management in Digital Film Production”. SIGGRAPH poster, Los Angeles, 2015. 

Polok L., Klicnar L., Zemčík P., Beran V. and Smrž P. “Quality Assurance in Large Collections of Video 
Sequences”. Proceedings of 2015 IEEE International Conference on Image Processing. Québec, 2015, ISBN 
978-1-4799-8338-4. 

3.1.3.3 Metadata on human action recognition (Content selection) 

IMPART partner AUTH continued the development of intelligent tools, to assist the quick review of audio-
visual material and the video editing decision making process, focusing on video summarization and 
software acceleration. Fast algorithms, capable of handling Big Data have been developed, namely,  
clustering techniques employing temporal video segmentation, activity clustering, face recognition and 
clustering, as well as summarization techniques based on saliency. They have been implemented using 
distributed computing or multithreaded approaches, to take advantage of the processing power of several 
computers or multiple CPU processing cores, respectively. Additionally high-level semantic metadata 
extraction based on person identification, facial image classification, and human activity in videos has been 
performed, accelerated via parallel implementations exploiting multi-core technologies. The following image 
gives some example of the type of multi-camera videos processed. 

 

Figure 3.1.6 Video frames of the indoor IMPART database hand waving captures. 

Some recent publications related to this research are: 

A. Iosifidis, A. Tefas and I. Pitas, “On the Kernel Extreme Learning Machine Classifier”, Pattern 
Recognition Letters, vol. 54, pp. 11-17, 2015. 



A. Iosifidis, A. Tefas and I. Pitas, “DropELM: Fast Neural Network Regularization with Dropout and 
DropConnect”, Neurocomputing, vol. 162, pp. 57-66, 2015. 

A. Iosifidis, A. Tefas and I. Pitas, “Distance-based Human Action Recognition using Optimized Class 
Representations”, Neurocomputing, vol. 161, pp. 47-55, 2015. 

A. Iosifidis, A. Tefas and I. Pitas, “Class-specific Reference Discriminant Analysis with application in 
Human Behavior Analysis”, IEEE Transactions on Human-Machine Systems, vol. 45, no.3, pp. 315-326, 
2015. 

A. Iosifidis, A. Tefas and I. Pitas, “Sparse Extreme Learning Machine classifier exploiting Intrinsic Graphs”, 
Pattern Recognition Letters, 2015. 

A. Iosifidis, A. Tefas and I. Pitas, “Graph Embedded Extreme Learning Machine”, IEEE Transactions on 
Cybernetics, 2015. 

N. Tsapanos, A. Tefas, N. Nikolaidis and I. Pitas, “A Distributed Framework for Trimmed Kernel k-means 
Clustering”, Pattern Recognition, vol. 48, no. 8, pp. 2685-2698, 2015. 

J. Blat, A. Evans, H. Kim, E. Imre, L. Polok, V. Ila, N. Nikolaidis, P. Zemcık, A. Tefas, P. Smrz, A. Hilton, 
I. Pitas. “Big Data Analysis for Media Production”. Accepted at the Proceedings of the IEEE, October 2015.  

A. Iosifidis, A. Tefas and I. Pitas, “Human Action Recognition based on Multi-view Regularized Extreme 
Learning Machine”, Accepted at the International Journal on Artificial Intelligence Tools, 2015. 

V. Mygdalis, A. Iosifidis, A. Tefas and I. Pitas, “Large-scale classification by an Approximate Least Squares 
One-Class Support Vector Machine ensemble”, IEEE International Conference on Big Data Science and 
Engineering (BigDataSE), Helsinki, Finland, 2015. 

V. Mygdalis, A. Iosifidis, A. Tefas and I. Pitas, “Exploiting Subclass Information in One-Class Support 
Vector Machine for Video Summarization”, IEEE International Conference on Acoustics, Speech and Signal 
Processing (ICASSP). Brisbane, Australia, 2015.  

A. Iosifidis, A. Tefas and I. Pitas, “Nearest Class Vector Classification for Large-Scale Learning Problems”, 
IEEE International Conference on Big Data Science and Engineering (BigDataSE), Helsinki, Finland, 2015. 

A. Iosifidis, A. Tefas and I. Pitas, “Class-specific nonlinear subspace learning based on optimized class 
representation”, European Signal Processing Conference (EUSIPCO), Nice, France, 2015.  

A. Iosifidis, A. Tefas and I. Pitas, “Regularized Extreme Learning Machine for large-scale media content 
analysis”, International Neural Network Society (INNS) Conference on Big Data, San Francisco, USA, 2015.  

A. Iosifidis, A. Tefas and I. Pitas, “Merging Linear Discriminant Analysis with Bag of Words model for 
Human Action Recognition”, IEEE International Conference on Image Processing (ICIP 2015), Quebec, 
Canada, 2015.  

A. Iosifidis, A Tefas and I. Pitas, “Large-scale nonlinear facial image classification based on Approximate 
Kernel Extreme Learning Machine”, IEEE International Conference on Image Processing (ICIP 2015), 
Quebec, Canada, 2015.  

A. Iosifidis, A. Tefas and I. Pitas, “Enhancing Class Discrimination in Kernel Discriminant Analysis”, IEEE 
International Conference on Acoustics, Speech and Signal Processing (ICASSP), Brisbane, Australia, 2015. 

A. Iosifidis, A. Tefas and I. Pitas, “Enhancing ELM-based facial image classification by exploiting multiple 
facial views”, International Conference on Computational Science (ICCS), Reykjavík, Iceland, 2015. 

K. Papachristou, A.Tefas and I.Pitas, “Facial Image Analysis based on Two-Dimensional Linear 
Discriminant Analysis Exploiting Symmetry”, IEEE International Conference on Image Processing (ICIP 
2015), Quebec, Canada, 2015.  



K. Papachristou, A.Tefas and I.Pitas, “Exploiting Symmetry in Two-Dimensional Clustering-Based 
Discriminant Analysis for Face Recognition”, European Signal Processing Conference (EUSIPCO 2015), 
Nice, France, 2015. 

N.Tsapanos, A. Tefas, N. Nikolaidis and I. Pitas, “Kernel Matrix Trimming for Improved Kernel k-Means 
Clustering”, IEEE International Conference on Image Processing (ICIP 2015), Quebec City, Canada, 2015. 

N. Tsapanos, A. Tefas, N. Nikolaidis, A. Iosifidis, I. Pitas, “Fast Kernel Matrix Computation for Big Data 
Clustering”, International Conference on Computational Science (ICCS), Reykjavík, Iceland, 2015. 

3.1.3.4 Management, browsing and annotating; systems  
In the modern production environment, the teams attempt to store as much information as possible about the 
surrounding set and background. UPF has been developing an interactive web visualisation system for data 
recorded on-set, integrating in the 3D unified space different source and processed data as well as content 
analysed or camera coverage work in order to have an holistic view of all the data recorded on-set. Further 
work on progressive transfer of data has been developed.  

  

Figure 3.1.7 (left) Progressive WebGL-based visualisation of an indoor scene; (right) integrated 
unified view of content in the web browser 

FilmLight has reconsidered the original plan of a standalone pure data management application and a more 
integrated approach, merging the functionality of the current “FLUX Manage” application into the near-set 
“Daylight” is resulting into a “Daylight+” post production data management and processing application with 
a better balance of pure data management and image processing functionality with both a powerful 
architecture and a metadata-based file system index. The images in Figure 3.1.8 illustrate the prototype of 
this system.  



  

Figure 3.1.8 (left) Daylight gallery view with metadata; (right) Batch rendering in Daylight 

On the other hand, new hardware prototypes related to the FLIP onset system have been developed. The 
images in Figure 3.1.9 show a new hardware prototype developed and an aspect of the new type of 
interfaces. 

 

 

Figure 3.1.9 (left) miniFLIP advanced prototype; (right) miniFLIP tablet UI – gallery half-width, 2U 
height 

Some publications related to this research are: 

J. Blat, A. Evans, H. Kim, E. Imre, L. Polok, V. Ila, N. Nikolaidis, P. Zemcık, A. Tefas, P. Smrz, A. Hilton, 
I. Pitas. “Big Data Analysis for Media Production”. Accepted at the Proceedings of the IEEE, October 2015.  

A.Evans, J. Agenjo, J.Blat “Combined 2D and 3D Visualisation of On-set Big Media Data”. IEEE 
International Conference on Image Processing (ICIP 2015), Quebec City, Canada, September 2015.  

J.Blat, A.Evans, J.Agenjo, H.Kim, E.Imre, A.Hilton, A.Tefas, N.Nikolaidis, I.Pitas, L.Polok, P.Smrz, 
PZemcik. “Impart: Big Media Data Processing And Analysis For Film Production“. IEEE International 
Conference on Multimedia and Expo ICME 2015 , Torino, Italy, June 2015.  

A.Evans, J. Agenjo, J.Blat “Hybrid Visualization of Digital Production Big Data“. ACM Web3D 2015, 
Heraklion, Crete, June 2015. 

 

3.1.4 Integration, tests, evaluation  
In the final stages of the project, a lot of activity went into integrating the results of the different partners, 
testing the components and systems, and evaluating (especially with professional users). This is very 
important to prepare the possible launching of exploitable products.  



The second capture session mentioned above, to generate challenging test material, was intertwined with the 
testing of the different integrated components, to make it as closely similar as possible to the on-set or near-
set solutions IMPART has been aiming at. The capture – integration – testing session was useful towards the 
final refinement of the techniques, to integrate them more tightly among themselves and in the industrial 
platforms. The following images reflect some of the tools developed within IMPART integrated in the 
software environment of one of the industrial partners, Double Negative.  

 

 

 

Figure 3.1.10 (left) 3D scene handling and visualisation tools integrated into Jigsaw; (right) Jigsaw 
exploring 2D and 3D data from the second capture session 

 

 

Figure 3.1.11 (left) Semantic video search in Jigsaw; (right) Witness camera alignment tools 

The evaluation results, published through academic papers, demonstrate that the IMPART contributions 
mean significant technical advances over the state of the art. On the other hand, evaluation with professional 
users is very relevant for IMPART main application, cinema. This has been taking place through showcasing 
by FilmLight (more details provided below), and through intensive sessions between FilmLight (a cinema 
and TV systems provider) and Double Negative (a major post-production house). These sessions have shown 
strengths of the proposed solutions, and some points to be improved. 

 



Figure 3.1.12 Filmlight staff demonstrating the FLUX system at Double Negative 

3.1.5 Showcasing, Dissemination, Promotion and Awareness  
3.1.5.1 Industry showcasing 

FilmLight, as the key industrial vendor, held many events in five continents over the last 12 months. 
Amongst them, it worth highlighting: 

A seminar at Camerimage, the prime annual gathering of Directors of Photography in Bydgoszcz (Poland) in 
November 2014.  
A presentation at Skylab in Vancouver for the local post-production community linked to Hollywood in 
February 2015.  
A series of demonstrations and workshops in South Africa in March and again in July 2015.  
Demonstrations and talks to the press during NAB in April 2015.  
A series of open house events in London in June and July 2015.  
A roadshow in Germany during June 2015, including events in Cologne, Frankfurt, Hamburg, Berlin and 
Munich. 
Demonstrations during Cinegear in Los Angeles in June 2015.  
A seminar at Beijing Film Academy in July 2015 attended by over 200 people. 
A showcase event at Technicolor Postworks in New York.  

 

Figure 3.1.13 Filmlight CEO Wolfgang Lempp discussing IMPART technology with the press at NAB 
2015 

 

3.1.5.2 Conferences and talks 
Following IMPART major presence at the CVMP conference in 2014, the project organised 2 sessions on 
Big Media Data at the 2015 International Conference in Image Processing (ICIP’2015), a major conference 
with over 1,500 participants. The first session was fully composed of IMPART papers, and showcased major 
contributions of the project, while the second had an IMPART paper, plus some more from major research 
centres (Google, CMU, and others). 



 

Figure 3.1.14: (left) View of ICIP2015; (right) A. Tefas, AUTH, chairing the second IMPART special 
session 

Besides that, IMPART has continued and increased its activity of dissemination through different channels. 
The following table provides summary numbers. 

Table 3.1.1: Summary of dissemination activities in the last 12 months of the project 

 Number (Joint) 
Demos 6  
Public access to the IMPART dataset 37  
Invited talks and seminars 16 (1) 
Journal publication (including in-press papers) 14  (1) 
Journal submission (under review) 5  (1) 
Conference publication (including in-press papers) 29  (4) 
Conference submission (under review) 2  
Awards 1  

The list of publications can be found on the IMPART website, under ‘Media’. 

 

A Mendeley repository has been made for papers published in 
conferences and journals as pointers from a unified Mendeley 
bibliography under the name of the project IMPART, and support Open 
Access (https://www.mendeley.com/groups/3539451/impart/). 

 

Among the publications it is worth highlighting the joint publication accepted for the journal Proceedings of 
the IEEE, one of the highest impact journals in Engineering, and the joint Brno University of Technology – 
Double Negative presentation at GTC by L. Polok, S. Pabst, J. Clifford “A GPU-Accelerated Bundle 
Adjustment Solver” in San Jose, USA (March 2015). 
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Figure 3.1.15: Simon Pabst DNeg speaking during GTC2015 

3.1.5.3 Public research dataset 

The public research dataset is hosted by University of Surrey at http://cvssp.org/impart/, the datasets are 
provided in compressed format and details can be found in the capture notes provided. IMPART has already 
received 45 requests access from universities, companies and research centres in Europe, America, Africa 
and Asia since the first version was released. 

3.1.5.4 Open source 

1. GPU Accelerated Similarity Matrix Module 

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

2. Fast nonlinear least squares (NLS) solver (SLAM++) - over 1600 downloads 

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

3. Web graphics libraries (WebGLStudio) – over 1400 stars in GitHub 

http://webglstudio.org/ 

3.1.5.5 Website and showcase video 
During 2015 the project website http://impart.upf.edu/

 

 has continued to provide content. A video showcasing 
the results of the three years of the project has been made available through YouTube: 
https://www.youtube.com/watch?v=MmZsGNyGThk 

 

http://cvssp.org/impart/�
http://www.fit.vutbr.cz/research/prod/index.php?id=302&notitle=1�
http://sourceforge.net/projects/slam-plus-plus/�
http://webglstudio.org/�

	3.1 Publishable summary
	3.1.1 Project description
	3.1.2 Summary of activities
	3.1.3 Results in different areas
	3.1.3.1 Research dataset
	3.1.3.2 Registration, synchronisation, acceleration
	3.1.3.3 Metadata on human action recognition (Content selection)
	3.1.3.4 Management, browsing and annotating; systems

	3.1.5 Showcasing, Dissemination, Promotion and Awareness
	3.1.5.1 Industry showcasing
	3.1.5.2 Conferences and talks
	3.1.5.3 Public research dataset
	3.1.5.4 Open source
	3.1.5.5 Website and showcase video



