
  
    
  

    
    
      
      
      

      
      
        
        Section: 
      New Results

        Human Centered Navigation in the physical world

        
        Social Mapping

        Participants :
	Panagiotis Papadakis, Anne Spalanzani, Christian Laugier.

        With robots technology shifting towards entering human populated environments,
the need for augmented perceptual robotic skills emerges that complement to
human presence. In this integration, perception and adaptation to the implicit
human social conventions plays a fundamental role. Toward this goal, we
introduce in 2013 a novel methodology to detect and analyse complex spatial
interactions of multiple people and encode them in the form of a social map,
whose structure is obtained by computing a latent space representation of
human proxemic behaviour [32] . In 2014,
Panagiotis left to Lagadic-Sophia and we carried on this work by integrating a
planning algorithm to validate the perception part on a real robot. This work
was published at IROS 2014 [22] .

        
        Goal oriented risk based navigation in social and dynamic environment

        Participants :
	Anne Spalanzani, Procopio Silveira-Stein, Gregoire Vignon, Christian Laugier.

        Since 2008 we have proposed a new concept to integrate a probabilistic
collision risk function linking planning and navigation methods with the
perception and the prediction of the dynamic environments
[31] . The likelihood of the obstacles'
future trajectory and the probability of occupation are used to compute the
risk of collision. A social filter was added to give the robot the ability to
move in a social way (see Figure 10 ). In 2014, we obtained an
Inria ADT(ADT PN2) to optimize and share the RiskRRT algorithm. This work is
under development. We published in [15]  a survey
on human-aware navigation.

        
          
            
          
          
            Figure
	10. Illustration of the RiskRRT in a social environnment
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        Navigation Taking Advantage of Moving Agents

        Participants :
	Procopio Silveira-Stein, Anne Spalanzani, Christian Laugier.

        In this work, we proposes a different form of robotic navigation in dynamic
environments, where the robot takes advantage of the motion of pedestrians, in
order to improve its own navigation capabilities. The main idea is that,
instead of treating persons as dynamic obstacles that should be avoided, they
should be treated as special agents with an expert knowledge of navigating in
dynamic scenarios. To benefit from the motion of pedestrians, this work
proposes that the robot selects and follows them, so it can move along optimal
paths, deviate from undetected obstacles, improve navigation in densely
populated areas and increase its acceptance by other humans. In 2014, we
focused on real experiments (see Figure 11  using the
wheelchair and results were published in [16] , [25] , [26] .

        
          
            
          
          
            Figure
	11. Switching navigation method between leader following and independent navi-
gation. In image 1 the robot is engaged in leader following, while in the remaining it uses
RiskRRT for the navigation.
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        Autonomous Wheelchair for Elders Assistance

        Participants :
	Arturo Escobedo-Cabello, Gregoire Vignon, Anne Spalanzani, Christian Laugier.

        The aging of world's population is bringing the need to provide robotic
platforms capable to assist elder people to move [33] . It is
necessary that such transportation is reliable, safe and comfortable. People
with motor disabilities and elders are expected to benefit from new
developments in the field of autonomous navigation robotics.

        Autonomously driven wheelchairs are a real need for those patients who lack
the strength or skills to drive a normal electric wheelchair. The services
provided by this kind of robots can also be used to provide a service of
comfort, assisting the user to perform difficult tasks as traversing a door,
driving in a narrow corridor etc. In 2014, we combined user intention
estimation, a navigation using social convention to perform comfortable
trajectories (see Figure 12 . Results were published in the IROS
conference [19] . Arturo Escobedo defended his
phD in october 2014.

        
          
            
          
          
            Figure
	12. The Robotic wheelchair assists its user to acheive his task of navigation/.
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        Section: 
      Dissemination

        Teaching - Supervision - Juries

        
        Teaching

        
          	
             International Master 2 MOSIG-INP, Course on “Autonomous Robots” (24 h), C. Laugier (responsible), A. Martinelli, M. Perrollaz, A. Nègre. Grenoble University, France.

          

          	
            
               
              E-learning
            

            
              	
                 Mooc "Mobile Robots and Autonomous Vehicles" - 6 weeks, C. Laugier, D. Vasquez, A. Martinelli - under finalization, publication spring 2015.

              

            

          

        

        
        Supervision

        
          	
             C. Laugier. Keynote talk “Bayesian Perception and Decision: from theory to real world applications”. IEEE/RSJ IROS 2014, Chicago, Sept. 2016.

          

          	
             C. Laugier. Invited Talk “Nex cars generation". Invited by Tokyo University and Japanese companies. Tokyo, October 2014.

          

          	
             C. Laugier. Plenary Talk “Key Technologies for addressing the challenge of Autonomous Vehicles”. Int. Conf. on “Innovations for next generation automobule”. Sendai, Japan, October 2014.

          

          	
             C. Laugier. Invited Talk “Technologies for next cars generation”. IEEE ICARCV 2014, plenary session on the future of robotics, Singapore, December 2014.

          

          	
             M. Perrollaz and C. Laugier. Invited Talk (given by M. Perrollaz) “Relever les défis des véhicules autonomes”. EMM 2014, 12éme rencontre Européene de Mecatronique. Annecy, June 2014.

          

        

        	
           PhD defended in 2014: Chiara Troiani, vision and inertial sensor fusion for 3D navigation, 2011, A. Martinelli.
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                Section: 
      

                Supervision

                
                  	
                     PhD defended in 2014: Chiara Troiani, vision and inertial sensor fusion for 3D navigation, 2011, A. Martinelli.

                  

                  	
                     PhD defended in 2014: Arturo Escobedo, Shared Control navigation, 2011, A. Spalanzani.

                  

                  	
                     PhD in progress: Tiana Rakotovao Andriamahefa, Embedded Bayesian Perception on a Multi-core Architecture, 2013, C. Laugier and D. Ruspini (CEA LETI).

                  

                  	
                     PhD in progress: Boris Grechanichenko, Autonomous Driving, 2013, C. Laugier and D. Vasquez, (cooperation Toyota).

                  

                  	
                     Starting PhD: Mathieu Barbier, Decision making for Intelligent Vehicles, 2014, E. Mazer and D. Vasquez (cooperation Renault)

                  

                  	
                     PhD in progress: Vishnu K. Narayanan, semi-autonomous navigation of a electric wheelchair using visual servoing and user intention analysis, 2013, M. Babel (Lagadic Team) and A. Spalanzani.
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                          Section: 
      

                          Juries

                          - C. Laugier was a reviewer and a member of the defense committee of the PhD thesis of Thibault Kruse, University of Munich, January 14th 2015 (Report July 2014).

                          - C. Laugier was a member of the defense committee of the PhD thesis of Chiara Troiani and of Arturo Escobedo.

                        

                        
                        

                        
                      

                    
                  

                

              

              
              

              
            

          
        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Software and Platforms

        Bayesian Occupancy Filter

        People involved: Kamel Mekhnacha, Tay Meng Keat Christopher, C. Laugier, M. Yguel, Pierre Bessière.

        The BOF toolbox is a C++ library that implements the Bayesian Occupancy Filter. It is often used for modelling dynamic
environments. It contains the relevant functions
for performing bayesian filtering in grid spaces. The output from the BOF toolbox are the estimated probability distributions
of each cell's occupancy and velocity. Some basic sensor models such as the laser scanner
sensor model or Gaussian sensor model for gridded spaces are also included in the BOF toolbox. The sensor models
and BOF mechanism in the BOF toolbox provides the necessary tools for modelling dynamic environments in most
robotic applications. This toolbox is patented under two patents : “Procédé d'assistance à la conduite d'un véhicule et dispositif associé” n. 0552735 (9 september 2005) and “Procédé d'assistance à la conduite d'un véhicule et dispositif associé amélioré”
n. 0552736 (9 september 2005) and commercialized by ProBayes.

        
          	
             Version: 1

          

          	
             Patent: 0552736 (2005), 0552735 (2005)

          

          	
             Programming language: C/C++

          

        

      

      
      

      
    

  
    Overall Objectives

    
      	Overall Objectives	Research Program



    

  
    New Results

    
      	New Results	Highlights of the Year
	A new formulation of the Bayesian Occupancy Filter: a hybrid sampling based framework
	A new experimental platform for the Technological Research Institute (NanoElec)
	Visual localization with Open Street Map
	Human Centered Navigation in the physical world
	Human modeling for situation understanding
	Sensor Fusion for state parameters identification
	Compiling Probabilistic Programs Onto Reconfigurable Logic Using Stochastic Arithmetic



    

  
    Dissemination

    
      	Dissemination	Scientific Animation
	Teaching - Supervision - Juries



    

  
    
    
      
      
      

      
      
        
        Section: 
      Bilateral Contracts and Grants with Industry

        National Initiatives

        
        Inria Large Initiative Scale PAL (Personaly Assisted Living)

        [Nov 2010 - Nov 2014]

        The objective of this project is to create a research infrastructure that will enable experiments with technologies for improving the quality of life for persons who have suffered a loss of autonomy through age, illness or accident. In particular, the project seeks to enable development of technologies that can provide services for elderly and fragile persons, as well as their immediate family, caregivers and social groups.

        The Inria Project-Teams (IPT) participating in this Large-scale initiative action Personally Assisted Living (LSIA Pal) propose to work together to develop technologies and services to improve the autonomy and quality of life for elderly and fragile persons. Most of the associated project groups already address issues related to enhancing autonomy and quality of life within their work programs. This goal of this program is to unite these groups around an experimental infrastructure, designed to enable collaborative experimentation.

        Working with elderly and fragile to develop new technologies currently poses a number of difficult challenges for Inria research groups. Firstly, elderly people cannot be classified as a single homogeneous group with a single behavior. Their disabilities may be classified as not just physical or cognitive, motor or sensory, but can also be classified as either chronic or temporary. Moreover, this population is unaccustomed to new technologies, and can suffer from both cognitive and social inhibitions when confronted with new technologies. None-the-less, progress in this area has enormous potential for social and financial impact for both the beneficiaries and their immediate family circle.

        The spectrum of possible actions in the field of elderly assistance is large. We propose to focus on challenges that have been determined through meetings with field experts (medical experts, public health responsible, sociologists, user associations...). We have grouped these challenges into four themes: monitoring services, mobility aids, transfer and medical rehabilitation, social interaction services. These themes correspond to the scientific projects and expectations of associated Inria projects. The safety of people, restoring their functions in daily life and promoting social cohesion are all core motivations for this initiative.

        e-Motion concentrates his work on mobility aids using the wheelchair.

        
        ADT P2N

        [Oct 2013 - Sept 2015]

        The ADT P2N (Autonomous Navigation: From Perception to Navigation) involving e-Motion and Lagadic was accepted in 2012 for Lagadic and extended to emotion (with an IJD) in 2013. The ADT is dedicated to the development of a common software integrating perception and navigation methods developed in both teams. Demos will be done on various mobile robotic platforms such as wheelchairs, caddy...

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      Application Domains

        Potential spin-offs in some other application domains

        Our Bayesian Programming tools (including the functions for decision making under uncertainty) are also impacting a large spectrum of application domains such as autonomous systems, surveillance systems, preventive maintenance for large industrial plants, fraud detection, video games, etc. These application domains are covered by our start-up Probayes.
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        Section: 
      New Results

        A new experimental platform for the Technological Research Institute (NanoElec)

        Participants :
	Mathias Perrollaz, Nicolas Turro, Jean-François Cuniberto.

        Within the framework of the PERFECT projet (founded by the IRT NanoElec),
e-Motion has developped a new experimental platform, based on a Renault Zoe
electrical vehicule (Fig. 7 ). This developpement takes advantage
of the experience developped for creating the previous experimental plateform
(a Lexus LS600H), and go further by integrating more sensors and more
functionalities.

        The vehicle is eqquipped with:

        
          	
             4 IBEO LUX laser scanners. Each of them scans 4 layers with a field of view
of 85 degrees.

          

          	
             one Velodyne HD64L 3D laser scnanner, capable of scanning 64 layers over 360 degrees.

          

          	
             one trinocular stereo camera, Point Grey Bumblebee XB3, placed behind the windshield.

          

          	
             2 Ueye RGB cameras, looking forward and backward the vehicle.

          

          	
             one XSens IMU/GPS sensor, used for positionning and ego-motion estimation.

          

          	
             one ITRI 802.11p on-board unit, allowing V2X communication.

          

        

        All the synchronization, display, play/record, and developpments capabilities
are relying on the ROS middleware. The vehicle is fully operationnal at the
end of 2014.

        The vehicle is designed for experimenting in both ADAS
(Advanced Driver Assistance Systems) and autonomous driving applications. In
parallel, V2X communications are installed on the IRT "smart city"
environment, so that the vehicle can evolve on this site and interact with it.

        
          
            
          
          
            Figure
	7. The Zoe experimental platform.
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        Section: 
      New Results

        Human modeling for situation understanding

        
        Situation understanding and risk assessment for intelligent vehicles

        Participants :
	Dizan Vasquez, Stéphanie Lefèvre, Suryansh Kumar, Yufeng Yu.

        The work on this period has been aimed at establishing a solid theoretical and
technological base for our research on situation understanding. A step in this
direction was the elaboration of an in-depth survey of the current state of
the art on the field, prepared together with the university of
Berkeley [12] . In the framework of the same collaboration, we
have been working on the introduction of human models in current Advanced
Driving Assistance Systems (ADAS). This has led to the development of a novel
Lane Keeping Assistance System (LKAS)  which is able to
learn the driver's driving patterns and use them to predict lane departures as
well as to generate controls that mimic the driver's style and are, thus,
deemed to be more acceptable. The approach has been evaluated against
commercial LKAS using real field data, and the results show that the proposed
approach is both more efficient and less intrusive than current approaches. This
is, for the best of our knowledge the first use of human models withing LKAS and
these results illustrate the strong potential that these models may have in
ADAS.

        Concerning autonomous navigation, we have focused on human-like motion planning
for motion prediction. The main hypothesis is that people behave like planners
whose motion optimizes some an unknown cost function. Under this assumption, the
main challenge becomes to model that cost function and to learn its parameters
from demonstrated behavior. This is called, depending on the community, either
Inverse Reinforcement Learning (IRL) or Inverse Optimal Control
(IOC). Now, a problem with IRL is that it requires examples of both desirable
and undesirable behavior, which are difficult to obtain with a real platform.
Additionally, there is no consistent benchmarking methodology to evaluate
different approaches. This has motivated our work in a benchmark comprised of:
(a) an evaluation methodology; (b) a simulated experimental platform
(Fig. 13 ) based on the Torcs simulator ; and
(c) real data gathered with our instrumented Lexus vehicle.
The first prototype of this benchmark, developed together with students from
Beijing University and IIIT Hyderabad, has been presented this year in a
vehicular technologies conference .

        
          
            
          
          
            Figure
	13. Experimental platforms: left) Our
Torcs-based racing simulator; right) sensor-equipped Lexus vehicle.
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        Socially compliant robot navigation in human environments

        Participant :
	Dizan Vasquez.

        The models we have applied to intelligent vehicles are also adapted in general
to situations where mobile robots share their environment with humans. This has
lead us to apply this techniques to the assistive robotics fields, given that it
is one of e-motion's major applications axes. Our first effort in this sense has
been to design and develop a robust experimental platform with baseline modules
for motion planning, perception and social awareness .

        In parallel we started working, in collaboration with the University of Freiburg,
on a benchmarking platform for social compliant motion planning, close in spirit
to the one proposed for intelligent vehicles. The platform
(Fig. 14 ) is described in , it includes
several motion planning and feature extraction algorithms as well as a
pedestrian simulator based on Helbing's social force
model .

        
          
            
          
          
            Figure
	14. A screenshot of our pedestrian simulator.
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        Section: 
      Partnerships and Cooperations

        International Research Visitors

        
        Visits of International Scientists

        Mario Garzon, PhD student at Universidade de Madrid was in our team from February 2014 until April 2014.

        Yufeng Yu, PhD student at Peking University was in our team until February 2014.

        Suryansh Kumar, IIIT-Hyderabad, was in our team from September 2013 to March 2014.

        
        Visits to International Teams

        
        Research stays abroad

        
          	
             Chiara Troiani

            
              	
                 Date: 2013

              

              	
                 Institution: University of Zürich (Switzerland)

              

            

          

        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      Partnerships and Cooperations

        European Initiatives

        
        FP7 Projects

        European Project (Strep) Bambi (Bottom-up Approaches to Machines
dedicated to Bayesian Inference).
The Bambi project started January 1st 2014 for a period of three years.
The participant to this project are CNRS, HUJI (ISRAEL), ULG (Belgique),
ISR(Portugal) ProbaYes(France).
We propose a theory and a hardware implementation of probabilistic
computation inspired by biochemical cell signaling. We will study
probabilistic computation following three axes: algebra, biology, and
hardware. In each case, we will develop a bottom-up hierarchical
approach starting from the elementary components, and study how to
combine them to build more complex systems. We propose Bayesian gates
operating on probability distributions on binary variables as the
building blocks of our probabilistic algebra. These Bayesian gates can
be seen as a generalization of logical operators in Boolean algebra. We
propose to interpret elementary cell signalling pathways as biological
implementation of these probabilistic gates. In turn, the key features
of biochemical processes give new insights for new probabilistic
hardware implementation. We propose to associate conventional
electronics and novel stochastic nano-devices to build the required
hardware elements. Combining them will lead to new artificial
information processing systems, which could, in the future, outperform
classical computers in tasks involving a direct interaction with the
physical world. For this purpose, this project associates research in
Bayesian probability theory, molecular biology, nanophysics, computer
science and electronics.
The e-motion team is mainly concerned by :
The development of Stochastic temporal coding of probabilistic
information and the adaptation and learning in probabilisitc machines

        
        Collaborations with Major European Organizations

        
          	
             Department of Electrical & Computer Engineering: University of Thrace, Xanthi (GREECE)

          

          	
             Subject: 3D coverage based on Stochastic Optimization algorithms

          

        

        
          	
             BlueBotics: BlueBotics Company, Lausanne (Switzerland)

          

          	
             Subject: Implementation of self-calibration strategies for wheeled robots and SLAM algorithms for industrial purposes

          

        

        
          	
             Autonomous System laboratory: ETHZ, Zurich (Switzerland)

          

          	
             Subject: Vision and IMU data Fusion for 3D navigation in GPS denied environment.

          

        

        
          	
             Robotics and Perception Group: University of Zurich (Switzerland)

          

          	
             Subject: Vision and IMU data Fusion for 3D navigation in GPS denied environment.

          

        

        
          	
             Universidade de Aveiro (Portugal)

          

          	
             Subject: Leader following. Co-directed phD.

          

        

        
          	
             Centro De Automatica y Robotica, UPM-CSIC, Madrid (Spain)

          

          	
             Subject: Target interception.

          

        

        
          	
             Social Robotics Laboratory, Freiburg (Germany)

          

          	
             Subject: Human behavior understanding.

          

        

      

      
      

      
    

  
    
    
      
      
      

      
      
        
        Section: 
      New Software and Platforms

        
          PROBT
        

        People involved: Juan-Manuel Ahuactzin, Kamel Mekhnacha, Pierre Bessière, Emmanuel Mazer, Manuel Yguel, Christian Laugier.

        ProBT is both available as a commercial product (ProBAYES.com) and as a free library for public research and academic purposes (http://emotion.inrialpes.fr/BP/spip.php?rubrique6 ).
Formerly known as OPL, ProBT is a C++ library for developing efficient
Bayesian software. It is available for Linux, Unix, PC Windows (Visual
C++), MacOS9, MacOSX and Irix systems. The ProBT library (http://www.probayes.com/ ) has two main
components: (i) a friendly Application Program Interface (API) for building
Bayesian models, and (ii) a high-performance Bayesian Inference Engine (BIE)
allowing to execute all the probability calculus in exact or approximate
way. ProBT is now commercialized by our start-up Probayes; it represents the
main Bayesian programming tool of the e-Motion project-team, and it is
currently used in a variety of external projects both in the academic
and industrial field (e.g., for the European project BACS and for some
industrial applications such as Toyota or Denso future driving
assistance systems).
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