
Internship in the IMAGINE Group — spring-summer 2014

Open internship positons in the 
IMAGINE Group (spring-summer 2014)

The IMAGINE Group
The IMAGINE Group is a joint research project of the École des Ponts ParisTech (ENPC) and the
French Scientific and Technical Centre for Building (CSTB), part the Gaspard-Monge Computer
Science lab (LIGM) of University Paris Est (UPE).

The research domains of IMAGINE are computer vision, machine learning, optimization and
constraint programming. In particular, IMAGINE has been working for many years on dense
multi-view stereovision  for  3D  reconstruction,  targeting  high-precision  and robustness.  This
expertise  has  been  transferred  in  2011  to  the  startup  company  Acute3D,  created  by  lab
members.  Acute3D's technology currently powers  Autodesk’s  123D Catch, a web service that
builds  3D  models  from  photographs.  However,  the  domains  of  interest  of  IMAGINE  are  not
restricted to 3D reconstruction, as can be seen by the following list of internships.

Open internship positons (spring-summer 2014)
Below is a list of internships open in the IMAGINE Group in spring-summer 2014. Note that only
a subset of these positions will be filled, depending on the profile of applicants.

No. INT14-01: [MSc 2] Adaptive windows in stereo correspondence

No. INT14-02: [MSc 2] Comparison of stereo rectification methods

No. INT14-03: [MSc 2] Plausible reconstruction of partially occluded polygonal surfaces in single 
view 3D range data for indoor scene reconstruction

No. INT14-04: [MSc 2] Deep Neural Networks for Visual Recognition

No. INT14-05: [MSc 1/2] Multi-model fitting via energy minimization

No. INT14-06: [MSc 1/2] Automatic management of bisection heuristics for global optimization

No. INT14-07: [Msc, Eng] 3D building model reconstruction from heterogeneous data

No. INT14-08: [Msc, Eng] Automatic model correction, completion and assessment

To apply to one of these internships, please send an email to the contact person mentioned in
the internship description, with:

• the number(s) and title(s) of the internship(s) you are interested in,

• your CV,

• a transcript of your grades/marks for last year and this year (even if incomplete),

• a short statement of your interest & competence with respect to the proposed subject(s).

Incomplete applications will not be considered.

We also have a number of PhD positions to be filled in 2014, some of which are related to these
internships. Making a good internship in the group offers very good chances to obtain a PhD
fellowship afterwards.
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http://imagine.enpc.fr/
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http://www.autodesk.com/
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Internship in the IMAGINE Group — spring-summer 2014

No. INT14-01
Type of Internship

Research (Master 2nd year)

Title

Adaptive windows in stereo correspondence

Context

Corresponding  points  issued  from  two  digital  photographs  of  a  rigid  scene  allow,  via
triangulation,  recovering the 3D depth of  imaged points.   Automatic  local methods of  stereo
correspondence involve computing distances of planar patches.  Many methods differ by their
choice of patch distance, such as cross-correlation or L2 distance, and take fixed shape windows
(typically  a  square).  This  noticeably  produces  the  "fattening  effect",  an  artifact  where  front
objects appear dilated with respect to back objects. Other methods try to adapt the patch shape
to local image structure.

Objectves

The goal is to compare different methods of patch selection. They distribute weights around the
central pixel depending their color similarity. This has the effect of adapting the window to what
is believed to be the object containing the central pixel. Despite the fact that these methods tend
to  be  slow,  they  exhibit  great  potential  in  alleviating  the  fattening  effect.  Based  on  some
comparison with ground truth disparity maps, such as given by the Middlebury benchmark [1],
window weigths according to different methods, such as [2] and [3], at problem points would be
discussed.

Profile

C++ proficiency, computer vision basics

References

[1] Middlebury stereo vision benchmark: 

http://vision.middlebury.edu/stereo/

[2] K.-J. Yoon and I.-S. Kweon. Adaptive support-weight approach for correspondence search. PAMI
28(4):650-656, 2006

[3]  M.  Bleyer,  C.  Rhemann,  and C.  Rother.  PatchMatch  stereo  -  stereo  matching  with  slanted
support windows. BMVC 2011

URL

http://imagine.enpc.fr/

Contact

Prof. Pascal Monasse, monasse@imagine.enpc.fr, tel. +33 (0)1 64 15 21 76
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mailto:monasse@imagine.enpc.fr
http://imagine.enpc.fr/
http://vision.middlebury.edu/stereo/


Internship in the IMAGINE Group — spring-summer 2014

No. INT14-02
Type of Internship

Research (Master 2nd year)

Title

Comparison of stereo rectification methods

Context

From a pair of digital photographs of a scene, it is possible to recover a partial 3D structure. The
search for similar points, which allows triangulation, is preferably carried out by rectifying first
the images, so as to simulate a viewpoint displacement parallel to the x-axis of the image. The
apparent motion of a point is then purely horizontal, constraining the search to one dimension.
This process is called epipolar rectification.

Objectves

Quite a few methods of stereo rectification exist. It is known that there are 7 degrees of freedom
left  in  the  solution,  so  the  results  cannot  be  compared  directly.  This  gives  latitude  for  the
different  methods,  each  trying  to  minimize  the  amount  of  perspective  distortion  in  the
rectification  process,  measured  by  different  means.  However,  the  results  given  by  different
methods on some pairs of images do not seem to agree even up to these 7 free parameters. The
goal is to find the set of parameters adjusting at best two solutions to have an objective way of
measuring their distance. This involves a highly non-linear optimization procedure, but in low
dimension. Moreover, some of the degrees of freedom correspond to virtual changes of internal
camera parameters, which are unadvisable, especially introducing shear in the images. Based on
some synthetic tests, it may be possible to measure the gold standard error of rectification and
therefore to rank the methods.

Profile

C++ proficiency, techniques of optimization, knowledge of computer vision basics

References

[1] P. Monasse, Quasi-Euclidean epipolar rectification, IPOL 2011.

http://dx.doi.org/10.5201/ipol.2011.m_qer

URL

http://imagine.enpc.fr/

Contact

Prof. Pascal Monasse, monasse@imagine.enpc.fr, tel. +33 (0)1 64 15 21 76
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mailto:monasse@imagine.enpc.fr
http://imagine.enpc.fr/
http://dx.doi.org/10.5201/ipol.2011.m_qer


Internship in the IMAGINE Group — spring-summer 2014

No. INT14-03
Type of Internship

Research (Master  2nd year)

Title

Plausible reconstruction of partially occluded polygonal surfaces in single view 3D
range data for indoor scene reconstruction

Context

Since the recent availability of the Kinect sensor, capturing 3D range data has become relatively
inexpensive  and  accessible  to  many  users.  Numerous  approaches  have  been  proposed  to
segment the set of captured 3D points and approximate it by simple geometric primitives. Due to
the presence of occlusions it is often necessary to capture the scene from many view points in
order to get a good coverage of the scene. While this can be achieved in outdoor urban scene
reconstruction using vehicles,  it  is  generally  not  the case  in indoor  scene reconstruction.  By
exploiting information from the visible regions and some prior knowledge about typical indoor
scenes properties, it would be possible to reconstruct in a plausible way and visually acceptable
the surfaces in the occluded regions using only few view points [1] or even a single view point.

Objectves

The goal of this project is to develop a method that will allow to reconstruct partially observed
rectangles  and other  simple  planar  polygonal  surfaces  in  occluded regions  from  range  data
acquired with a depth sensor (Kinect or LIDAR) from a single or a few view points.

The student will first implement the method presented in [2] that allows to detect fully observed
rectangles, and then will extend it to detect and reconstruct partially occluded rectangles. This
will then be further extended to allow the reconstruction of more general polygons and simple
3D  polyhedrons  such  as  cuboids.  A  challenging  aspect  of  the  project  will  be  to  obtain
completions  that  are  physically  plausible,  i.e.  without  inter-penetration  and  eventually  that
respect some gravity rule.

Profile

Knowledge  in  C++,  basic  computational  geometry  skills,  computer  vision  basics.  Python
programming is a plus.

References

[1]  Young  Min  Kim,  Niloy  J.  Mitra,  Dongming  Yan,  Leonidas  Guibas.  Acquiring  3D  Indoor
Environments with Variability and Repetition. SIGGRAPH Asia 2012

[2] T. van Lankveld, M.J. van Kreveld, R.C. Veltkamp. Identifying rectangles in laser range data for
urban scene reconstruction. Computers & Graphics, vol 35. 2011 

URL

http://imagine.enpc.fr/

Contact

Martin de La Gorce, martin.de-la-gorce@enpc.fr, tel. +33 (0)1 64 15 21 80
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mailto:martin.de-la-gorce@enpc.fr
http://imagine.enpc.fr/


Internship in the IMAGINE Group — spring-summer 2014

No. INT14-04
Type of Internship

Research (Master 2nd year)
Title

Deep Neural Networks for Visual Recognition

Context

Artificial Neural Networks provide an information processing paradigm that is inspired by the
way biological  nervous  systems,  such as  the human brain,  process and analyze information.
Recently,  it  has  been  shown  that  this  type  of  neural  networks  that  are  formed  by  stacking
multiple  hidden  layers  of  neurons  (also  known  as  deep neural  networks)  are  able  to  yield
impressive results in a number of challenging AI tasks, including natural language processing,
speech  recognition,  and  object  categorization  [1,  2].  This  has  greatly  renewed  the  research
interest in these deep models and has even led companies such as Google, Microsoft or Apple to
successfully  deploy  them  in  some  of  their  commercial  products  or  services  (e.g.,  speech
recognition in Android and iOS phones, as well as object recognition in Google+ photos both rely
on neural networks of this type).

Objectves

Despite the recent success of deep architectures, training them remains a challenging task and
classical methods that have proved efective when applied to shallow architectures are not as
efficient when adapted to deep architectures. This is particularly the case for problems from the
domain of image analysis, where the training of deep models often requires very large training
sets to be available. In this case, deep learning methods carry the difficult task of automatically
discovering hierarchical image features that can represent the input visual data at multiple levels
of abstraction, where features from higher levels of the hierarchy are assumed to be formed by
the composition of lower level features (this is particularly important given that humans often
do not know how to manually specify such high level features in terms of the raw visual data). In
this context, the goal of this internship will be to thoroughly study some recent state-of-the-art
deep  learning  algorithms,  aiming  to  improve  both  their  efficiency  and  performance.  The
particular applications that we will focus on are visual categorization and object detection.

Profile

C++ and Matlab  programming experience,  basic  knowledge of  computer vision and machine
learning.

References

[1] Alex Krizhevsky, Ilya Sutskever and Geoffrey E.  Hinton.  ImageNet Classification with Deep
Convolutional Neural Networks, NIPS 2012

[2] M.D. Zeiler et al. On Recified Linear Units for Speech Processing, ICASSP 2013

Contact

Prof. Nikos Komodakis nikos.komodakis@enpc.fr, tel. +33 (0)1 64 15 21 73
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mailto:nikos.komodakis@enpc.fr


Internship in the IMAGINE Group — spring-summer 2014

No. INT14-05
Type of Internship

Research (Master 1st or 2nd year)
Title

Multi-model fitting via energy minimization

Context

Multi-model fitting is an important problem that appears in many tasks in computer vision and
image analysis.  This  includes tasks such as geometric  model fitting,  rigid motion estimation,
MDL-based  segmentation,  and  finite  mixture  models,  to  mention  but  a  few  examples.  Most
existing methods, including generalizations of RANSAC, greedily search for models with most
inliers (within a threshold) ignoring overall classification of points. This can often lead to totally
suboptimal results especially in cases where multiple models and/or a large number of outliers
are included in the data.

Objectves

In this project we will aim to improve upon the state of the art by making use of methods that
rely on formulating model-fitting as an energy minimization problem. To that end, we will rely
on recently proposed optimization-based approaches for clustering that can provably provide
very tight approximation guarantees for a broad class of model-fitting problems [1]. Here our
goal will be to extend and generalize these approaches, and to also apply them to important
model-fitting tasks from computer vision and image analysis.

Profile

C++ and Matlab programming experience. Basic knowledge of computer vision is a plus.

References

[1] N. Komodakis, N. Paragios and G. Tziritas. Clustering via LP-based Stabilities, NIPS 2008

Contact

Prof. Nikos Komodakis nikos.komodakis@enpc.fr, tel. +33 (0)1 64 15 21 73
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mailto:nikos.komodakis@enpc.fr


Internship in the IMAGINE Group — spring-summer 2014

No. INT14-06
Type of Internship

Research (Master 1st or 2nd year)

Title

Automatic management of bisection heuristics for global optimization

Context

Global optimization of a non linear function under non linear constraints, i.e. finding the global
minimum of this function in a box of Rn that satisfies the constraints, is in general an NP-hard
problem and there exist no polynomial algorithm for solving it.

The  most  common,  complete  algorithm  is  the  “Branch  and  Bound”  algorithm,  that  builds  a
search tree, bisecting the domains of the variables. The main researches in this area have been
made on linearizations and constraint propagation techniques, but the performance is often very
sensitive to the bisections. There exist therefore general-purpose bisection heuristics, and the
choice of a “good” heuristics is crucial.

An  analogous  branching  choice  also  occurs  in  solving  discrete  NP-hard  problems,  such  as
combinatorial optimization or constraint satisfaction problems by tree search methods. There
also exist branching heuristics, but the a priori choice of a “pure” heuristics can sometimes lead
to disastrous results.

Objectves

In order  to  be more robust,  various methods  have been developed to automatically  manage
heuristics that selects a variable to be bisected or assigned. Some of these methods are based on
restarts,  with  managing  heuristics  portfolios,  some  on  preprocessing  and  learning on  a  the
beginning of the search tree, and finally some other on mixing or randomizing heuristics.

The objective of this internship is to study these methods and to select and adapt one of them to
the continuous case of  global  optimization, where the domains of the variables are bounded
intervals. This method will be coded in the Ibex C++ library and tested on well-known problems
from the COCONUT benchmark.

Profile

Knowledge in algorithmics, C++ programming language.

References

G. Trombettoni, I. Araya, B. Neveu, G. Chabert (2011).  Inner Regions and Interval Linearizations
for Global Optimization. Proc. of AAAI conference 2011, pages 99-104.

C.  Gomes.  Complete  randomized  backtrack  search  (survey).  In  M.  Milano,  ed.,  Constraint  and
integer programming: toward a unified methodology, pages 233-283. Kluwer, 2003.

URL

http://imagine.enpc.fr/

Contact

Bertrand Neveu, Bertrand.Neveu@enpc.fr, tel. +33 (0)1 64 15 21 75 
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Internship in the IMAGINE Group — spring-summer 2014

No. INT14-07
Type of Internship

Engineering or Research

Title

3D building model reconstruction from heterogeneous data

Context

Multi-view  stereovision  techniques  are  now  able  to  reconstruct  3D  scenes  from  images,  in
general  with  fair  accuracy  and  robustness,  and  research  on  automatic  reconstruction  and
semantization of buildings is very active [1]. However, some kind of scenes are still difficult to
treat,  in particular buildings that are seen both from the ground (to provide accurate facade
information)  and  from  the  air  (to  provide  roof  information).  Standard  techniques  just  fail
because of the difference of resolution between ground images and airborne images, are well as
the large viewing angle difference. Besides, although it could improve robustness, additional data
such as cadastral information and GPS tags are seldom used.

Objectves

The  goal  of  this  internship  is  to  provide methods  to  reconstruct  better  and more complete
building models. There are several lines of study, that can be adapted towards more engineering
or more research:

• development of a system to relate cadastral information (geolocalized footprints), tax file
information (number of floors, construction date, etc.), and GPS-tagged images,

• development of a robust method to relate features detected both in terrestrial and aerial
images, to perform the calibration of both kinds of cameras in the same reference system,

• piecewise planar reconstruction of building elements based on statistical tests to assess
planarity.

Profile

C++ proficiency, computer vision and geometry basics. Knowledge in computational geometry is
a plus.

References

[1]  L. Simon,  O. Teboul,  P. Koutsourakis,  L. Van  Gool  and  N. Paragios.  Parameter-free/Pareto-
driven Procedural 3D Reconstruction of Buildings from Ground-Level Sequences. CVPR 2012.

URL

http://imagine.enpc.fr/

Contact

Renaud Marlet, renaud.marlet@enpc.fr, tel. +33 (0)1 64 15 21 86

Olivier Tournaire, olivier.tournaire@cstb.fr, tel. +33 (0)1 64 68 83 23 / (0)1 64 15 21 83

Pascal Monasse, monasse@imagine.enpc.fr, tel. +33 (0)1 64 15 21 76
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mailto:monasse@imagine.enpc.fr
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Internship in the IMAGINE Group — spring-summer 2014

No. INT14-08
Type of Internship

Engineering or Research

Title

Automatic model correction, completion and assessment

Context

Researchers are trying to automate the construction of building information models (BIM) from
images or laser scans, e.g., using building grammars [1,2]. The applications are numerous in the
construction  industry,  especially  in  the  context  of  thermal  performance  improvement  and
sustainable  development.  This  internship  concerns  three  issues
related to this problem.

Assessing the quality of an automatic semantized reconstruction
with respect to a given ground truth model is necessary to evaluate
reconstruction methods to drive progress. But it is a difficult, ill-
posed task as there can be many ways to measure the difference in
geometry and in semantic annotation.

Besides  experiments  on  real  data,  it  is  also  extremely  useful  to
experiment  on  synthetic  data,  thus  in  a  controlled  setting.  The
problem is that many existing models (e.g., using SketchUp) have
been designed to produce a nice rendering, not to provide a plausible geometry. Many of them
are  thus  “wrong”  is  the  sense  that  some  surfaces  or  volumes  intersect  each  others,  some
adjacencies are missing or in excess, some objects are flat or floating in space, etc.

Objectves

The goal of this internship is to study methods to correct, complete and assess synthetic models.
There are several lines of work, that can be adapted towards more engineering or more research:

• development of an automatic model comparison method addressing both geometry and
semantics,

• robust  reconstruction  of  polygons  from  triangles,  including  the  removal  of  spurious
overlapping faces and fixing of inexact adjacencies (while not altering small objects),

• robust surface orientation and detection of volumes, with deletion of faces “hidden” in
volumes and the possible creation of holes,

• independent volume detection recovering the “history” of CAD geometry construction,

Profile

C++ proficiency, computational geometry basics.

References

[1]  A. Boulch,  S. Houllier,  R. Marlet,  O. Tournaire.  Semantizing  Complex  3D  Scenes  using
Constrained Attribute Grammars. Eurographics Symposium on Geometry Processing (SGP 2013).

[2]  L. Simon,  O. Teboul,  P. Koutsourakis,  L. Van  Gool  and  N. Paragios.  Parameter-free/Pareto-
driven Procedural 3D Reconstruction of Buildings from Ground-Level Sequences. CVPR 2012.

Contact

Renaud Marlet, renaud.marlet@enpc.fr, tel. +33 (0)1 64 15 21 86

Martin de La Gorce, martin.de-la-gorce@enpc.fr, tel. +33 (0)1 64 15 21 80
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