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Thesis’s summary (abstract):

Robots are becoming more and more present in our daily lives, but they continue to be used in very limited
industrial workspaces where no collaboration with human operators is permitted due to safety reasons and
the lack of flexibility of these systems. The research of this thesis will cover this gap in current industrial
setups by developing a co-working system where a human operator can collaborate with a robot (robotic
arm and anthropomorphic hand) in performing manipulation tasks together. This system will have two main
objectives: avoiding the musculoskeletal injuries suffered by human workers due to the repetition of
uncomfortable gestures and increasing the productivity of the production line by parallelizing processes that
can be done by the human and the robot if they share their workspaces. This interaction between the human
and the robot should not only be safe and efficient but also natural so that the human can understand the
robot's behaviour and can be extended to assistance applications. In order to implement such a human-robot
interaction system, first of all, manipulation tasks performed by human will be observed in order to
parametrize them in terms of efficiency (execution time), ergonomics (comfortable gestures) and interaction
(naturalness). Secondly, a model of human manipulation tasks will be inferred in order to substitute one of
the human by a robot, which will plan its movements so that they are efficient, comfortable and natural for
the human operator. The control system of the robot will combine information from several sensors (vision,
force and tactile) to know the state of the environment and adapt the manipulation tasks accordingly. This
system will be initially applied to hand-over tasks and then extended to more complicated co-manipulation
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tasks with complex objects. The solutions developed will be implemented on the experimental platform of
the European project HANDLE.

Subject

Robots have become part of the society in assisting workspaces (Hirukawa 2007) medical environments
(Hoekstra et al, 2009) and manufacturing but also as working devices in homes (e.g. lawnmower, vacuum).
In a human workspace, handling loads with another human is a common practice to increase productivity
and efficiently share the workload. Shared labour between humans and robots may change the collaboration
and interaction possibilities during the work process. This project will tackle with the human-robot
collaboration in object manipulation.

State-of-the-art

The human-robot interaction is a very sophisticated challenge which has been approached in detail for robot-
human handovers (Shibata 1995). The physical interaction between humans is a natural process, involving
passing objects between people. The tactile sense (Johansson and Westling,1984) and the characterization
of haptic interaction in human-human handovers is well known (Chan et al., 2012). However, in robot-human
handovers the settings change drastically and the robot has to be adapted to achieve the handover task
obeying to safety regulations (Wesley et al. 2013) without permanent communication or readjustments of
the robot. In co-shared workplaces with continuous human-robot interaction, robotic assistance and
interactions have become relevant (Bischoff & Guhl, 2010). Humans in contrast to robots have the ability to
adapt to specific task requirements while robots have the benefit of spatial precision, repeatability and the
potential of applying specific forces. The general handover task is often described by a passer/receiver as
initiating and leading the task (Huber et al. 2008; Mason & MacKenzie 2005). In order to pass an object, either
the robot learns the trajectory from humans (Yamane et al. 2013) or plan it reactively according to the
constraints and changes of the environment (Lawitzky et al. 2012). Also information about the object itself
(e.g. physical and mechanical properties) is necessary (Wesley et al. 2013). Extreme positions during the
handover are usually avoided and the robots workspace is usually limited to avoid interferences. To improve
movement fluency, an overlap in the movements of the involved participants occurs (Prada, 2013) and
natural reaching gestures have to been performed (Edsinger & Kemp, 2007) in order to correctly identify the
moments of object transferring.

To achieve robot-human handovers, the robot has to track and localize (Corrales et al. 2010; Corrales et al.
2011) the human to guarantee its safety (Corrales et al. 2013) and avoid collisions (Haddadin, 2009). The
robot optimizes objective cost functions that take safety (Mainprice & Berenson, 2013) and comfort
parameters into account (Aleotti et al. 2012) but also avoid robot-human misunderstandings and possible
injuries (Dehais et al. 2011) and maximize visibility of the object (Sisbot & Alami 2012). When the robot hands
an object as a hammer to a human, the hammer has to be delivered in a comfortable way by orienting the
handle towards the human torso (Aloetti et al. 2012). This becomes even more important when the object
itself may cause injuries as e.g. a knife (Wesley et al. 2013). Especially the interaction between robots and
human operators during handover tasks is a key issue in manufacturing to reduce costs, increase efficiency
and improve the flexibility of the human-robot workplace. Based on the above-mentioned facts the
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biomechanical and physiological studies of the robot-human interaction is of utterly importance to improve
and judge the efficiency of co-shared workplaces in manufacturing. Biomechanical models are necessary to
capture the mechanical dynamics of the musculoskeletal system (Vignais & Marin, 2011), during the
interaction with robots to evaluate the safety and arduousness of the co-working task (Vignais et al, 2013).

Improving human-robot object exchange is possible by online force classification and allows actors with no
experience with robots to deal with human-robot handover (He & Sidobre, 2015). This in object transfer is
also improved by means of visual servoing (Wang et al., 2015). A new description of physical human-robot
interaction tasks involving two-arm coordination has been made considering the human-robot pair as a
global system (Adorno et al., 2014) potentially leading to interaction improvement between assistant robots
and impaired individuals. Coordination strategies in handover tasks are now very well studied where robots
adapt to their human partner's demands (Huang et al., 2015) or learn from human feedback (Kupcsik et al.,
2016). Another solution to safe human-robot collaboration is to design the workspace, e.g. for assembly
stations (Michalos et al., 2015). With robots always more complex and involved in humans' life and work, it
is worth considering psychological/social impact of robot's mistakes on our collaboration as Salem et al.
(2015) investigated it in term of trustworthiness. As robots' presence and interaction with humans increases,
navigation in dense human crowds based on human cooperation (in avoiding robots) is a field that must be
critically considered (Trautman et al., 2015).

Research facility

The HANDLE platform composed of a pneumatic robotic arm with 4 degrees of freedom (dof), an
anthropomorphic Shadow robotic hand with 20 dof equipped with 6D force sensors at fingertips, tactile
sensors on fingers' phalanxes and palm, and a Kinect camera.

Research task

The main objective of the research developed in this project will be establishing the basis needed for
developing a co-working system where humans and robots can collaborate in order to perform manipulation
tasks in a natural, comfortable and optimal way. These collaboration tasks could be applied in manufacturing
environments not only to reduce the possible muscle-skeletal damages that current workers suffer due to
repetition of uncomfortable manipulation tasks but also to improve the productivity of the system when the
robot becomes an assistant for the human so that more tasks can be done in a parallel way. Nevertheless,
this collaborative system could also be applied in assistance applications where the robot helps elderly or
disabled people for performing manipulation tasks. Compared to existing solutions, we aim to develop a
closer collaboration than usual hand-overs (which are more a coordination problem than a cooperation one).
Cooperation tasks will be explored (such as assembly tasks) where the robot and the human are in contact
by means of an intermediate object during the whole task progress.

In order to develop this final goal, the research will be divided into a few steps:

1. Modelling and parametrization of human manipulation tasks: First of all, we will model the way
humans perform collaborative manipulation tasks in order to replicate this with the robot. We will
record a set of manipulation tasks performed by two people using a motion capture system. Then,
we will extract automatically from the recorded data two types of information: i) parameters which
define the ergonomics of the task according to a muscle-skeletal model of the human and ii)
parameters which define the actions required to perform the task (types of grasps, transitions
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between these grasps, trajectories of the arms, relative pose of the object, etc.). Finally, each
execution of the task will be labelled with weights which represent the cost of performing this task
in terms of efficiency (time to complete the task) and ergonomics (comfort of the human while doing
the task). Therefore, we will generate a database that will not only contain different ways to perform
the same manipulation task but also its associated costs. In addition, this database will store the cues
that are required to switch from one action to another during the interaction for example, changing
the gaze direction from the object to the human in order to show that the object is going to be
transferred in hand-over action).

2. Online robot planning for natural and efficient human-robot collaboration: After the way for
executing a manipulation task has been analysed and learned from two humans in the previous step,
one of this human will be substituted by an assistant robot. A novel planner will use the information
recorded in the previous database in order to control the movements of the robot in such a way that
the robot behaves in an efficient and comfortable manner. In fact, the planner will choose the
sequence of actions which corresponds to the best balance between finishing the task efficiently
(this means reducing the final execution time by increasing the number of actions which can be
performed in parallel by the robot and the human) and performing it in a comfortable way for the
human (this means reducing the injuries for the human due to long repetitions of the same task). To
do this, the planner will use the costs stored in the database and choose the action sequence which
minimizes both costs according to the current state of the environment: pose of the human including
his upper limbs, pose of the robotic system —hand + arm — and pose of the object to be manipulated.
Obviously, the robotic system will not replay the exact movements stored in the database but will
use them only as template that is adapted to the real requirements of the current task: the grasp will
be adapted to the size of the object, the trajectory of the arm will be changed in order to avoid
collisions, the final desired position of the object will depend on the human hand's pose, etc. This
adaptation will be executed in real-time according to sensor data (vision, force and tactile sensors).
The task cost (combination of efficiency and ergonomics) will be permanently updated, meaning that
the next actions of the task may change if the current execution is no more the optimal one due to a
change in the environment. Therefore, the planner will be reactive to changes that normally happen
in cluttered environments with humans. In addition, the system will detect the transition conditions
(changes of gaze direction, changes of hands/arms positions, etc) identifying the changes between
actions in order to stop the execution of the current action and start the following one in a natural
and intuitive way for the human. Therefore, a real natural and unobtrusive collaboration will be
achieved.

This co-working system will initially be developed for handing-over tasks of simple objects. But later, it will
be extended to more sophisticated tasks which require real co-manipulation of the same object by the human
and the robot and to objects that have specific parts or configurations which are required to accomplish the
task (such as handles to hold cups or keeping upwards opened bottles in order to avoid accidental pouring).

Other interesting subjects would be covered such as the manipulation of small size objects, moving from
coordination tasks (handovers) to more collaboration tasks (assembly tasks), quantifying how much a human
can trust his/her co-working robot.

References
B. V. Adorno, A. P. L. B9, et P. Fraisse, « Kinematic modeling and control for human-robot cooperation
considering different interaction roles », Robotica, vol. 33, n° 02, p. 314-331, févr. 2015.

ED SMAER (ED391)
Tour 45-46 Bureau 205- case courrier 270- 4, place Jussieu - 75252 PARIS Cedex 05
78: 0144274071
charlotte.vallin@sorbonne-universite..fr

Sujet de these_18



)

SORBONNE
UNIVERSITE

Ecole doctorale SMAER

Sciences Mécaniques, Acoustique, Electronique, Robotique
J. Aleotti, V. Micelli, et S. Caselli, « Comfortable robot to human object hand-over », in 2012 IEEE RO-MAN,
2012, p. 771-776.
R. Bischoff et T. Guhl, « The Strategic Research Agenda for Robotics in Europe [Industrial Activities] », IEEE
Robotics Automation Magazine, vol. 17, n° 1, p. 15-16, mars 2010.
W. P. Chan, |. Kumagai, S. Nozawa, Y. Kakiuchi, K. Okada, et M. Inaba, « Creating socially acceptable robots:
Leaning grasp configurations for object handovers from demonstrations », in 2013 |EEE Workshop on
Advanced Robotics and its Social Impacts (ARSO), 2013, p. 94-99.
W. P. Chan, C. A. C. Parker, H. F. M. Van der Loos, et E. A. Croft, « Grip forces and load forces in handovers:
Implications for designing human-robot handover controllers », in 2012 7th ACM/IEEE International
Conference on Human-Robot Interaction (HRI), 2012, p. 9-16.
J. A. Corrales, F. A. Candelas, et F. Torres, « Sensor data integration for indoor human tracking », Robotics
and Autonomous Systems, vol. 58, n° 8, p. 931-939, ao(it 2010.
J. A. Corrales, F. A. Candelas, et F. Torres, « Safe human-robot interaction based on dynamic sphere-swept
line bounding volumes », Robotics and Computer-Integrated Manufacturing, vol. 27, n° 1, p. 177-185, févr.
2011.
J. A. Corrales Ramon, F. Torres, et V. Perdereau, « Finger Readjustment Algorithm for Object Manipulation
Based on Tactile Information », International Journal of Advanced Robotic Systems, p. 1, 2013.
F. Dehais, E. A. Sisbot, R. Alami, et M. Causse, « Physiological and subjective evaluation of a human-robot
object hand-over task », Applied Ergonomics, vol. 42, n° 6, p. 785-791, nov. 2011.
A. Edsinger et C. C. Kemp, « Human-Robot Interaction for Cooperative Manipulation: Handing Objects to One
Another », in The 16th IEEE International Symposium on Robot and Human interactive Communication, 2007.
RO-MAN 2007, 2007, p. 1167-1172.
S. Haddadin, « Towards the Robotic Co-Worker », 2009. [En ligne]. Disponible sur:
http://www.phriends.eu/isrr_09b.pdf. [Consulté le: 05-févr-2016].
W. He et D. Sidobre, « Improving Human-Robot Object Exchange by Online Force Classification », Journal of
Human-Robot Interaction, vol. 4, n° 1, p. pp. 75-94, janv. 2015.
H. Hirukawa, « Walking biped humanoids that perform manual labour », Philosophical Transactions of the
Royal Society of London A: Mathematical, Physical and Engineering Sciences, vol. 365, n° 1850, p. 65-77, janv.
2007.
A. V. Hoekstra, J. M. Morgan, J. R. Lurain, B. M. Buttin, D. K. Singh, J. C. Schink, et M. P. Lowe, « Robotic
surgery in gynecologic oncology: Impact on fellowship training », Gynecologic Oncology, vol. 114, n° 2, p.
168-172, ao(t 2009.
C.-M. Huang, M. Cakmak, et B. Mutlu, « Adaptive Coordination Strategies for Human-Robot Handovers », in
ResearchGate, 2015.
M. Huber, M. Rickert, A. Knoll, T. Brandt, et S. Glasauer, « Human-robot interaction in handing-over tasks »,
in The 17th IEEE International Symposium on Robot and Human Interactive Communication, 2008. RO-MAN
2008, 2008, p. 107-112.
R. S. Johansson et G. Westling, « Roles of glabrous skin receptors and sensorimotor memory in automatic
control of precision grip when lifting rougher or more slippery objects », Exp Brain Res, vol. 56, n° 3, p.
550-564, oct. 1984.
A. Kupcsik, D. Hsu, et W. S. Lee, « Learning Dynamic Robot-to-Human Object Handover from Human
Feedback », arXiv:1603.06390 [cs], mars 2016.
M. Lawitzky, J. R. Medina, D. Lee, et S. Hirche, « Feedback motion planning and learning from demonstration
in physical robotic assistance: differences and synergies », in 2012 IEEE/RSJ International Conference on
Intelligent Robots and Systems (IR0OS), 2012, p. 3646-3652.
J. Mainprice et D. Berenson, « Human-robot collaborative manipulation planning using early prediction of
human motion », in 2013 IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS), 2013,
p. 299-306.

ED SMAER (ED391)
Tour 45-46 Bureau 205- case courrier 270- 4, place Jussieu - 75252 PARIS Cedex 05
78: 0144274071
charlotte.vallin@sorbonne-universite..fr

Sujet de these_18



)

SORBONNE
UNIVERSITE

Ecole doctorale SMAER

Sciences Mécaniques, Acoustique, Electronique, Robotique
A. H. Mason et C. L. MacKenzie, « Grip forces when passing an object to a partner », Exp Brain Res, vol. 163,
n°2, p. 173-187, mars 2005.
G. Michalos, S. Makris, P. Tsarouchi, T. Guasch, D. Kontovrakis, et G. Chryssolouris, « Design Considerations
for Safe Human-robot Collaborative Workplaces », Procedia CIRP, vol. 37, p. 248-253, 2015.
M. Prada, A. Remazeilles, A. Koene, et S. Endo, « Dynamic Movement Primitives for Human-Robot
interaction: Comparison with human behavioral observation », in 2013 IEEE/RSJ International Conference on
Intelligent Robots and Systems (IR0OS), 2013, p. 1168-1175.
M. Salem, G. Lakatos, F. Amirabdollahian, et K. Dautenhahn, « Would You Trust a (Faulty) Robot?: Effects of
Error, Task Type and Personality on Human-Robot Cooperation and Trust », in Proceedings of the Tenth
Annual ACM/IEEE International Conference on Human-Robot Interaction, New York, NY, USA, 2015, p. 141—
148.
S. Shibata, K. Tanaka, et A. Shimizu, « Experimental analysis of handing over », in, 4th IEEE International
Workshop on Robot and Human Communication, 1995. RO-MAN’95 TOKYO, Proceedings, 1995, p. 53-58.
E. A. Sisbot et R. Alami, « A Human-Aware Manipulation Planner », [EEE Transactions on Robotics, vol. 28, n°
5, p. 1045-1057, oct. 2012.
P. Trautman, J. Ma, R. M. Murray, et A. Krause, « Robot navigation in dense human crowds: Statistical models
and experimental studies of human—robot cooperation », The International Journal of Robotics Research, vol.
34, n°3, p. 335-356, mars 2015.
N. Vignais et F. Marin, « Modelling the musculoskeletal system of the hand and forearm for ergonomic
applications », Computer Methods in Biomechanics and Biomedical Engineering, vol. 14, n° supl, p. 75-76,
ao(t 2011.
N. Vignais, M. Miezal, G. Bleser, K. Mura, D. Gorecky, et F. Marin, « Innovative system for real-time ergonomic
feedback in industrial manufacturing », Applied Ergonomics, vol. 44, n° 4, p. 566-574, juill. 2013.
Y. Wang, D. Ewert, R. Vossen, et S. Jeschke, « A Visual Servoing System for Interactive Human-Robot Object
Transfer », Journal of Automation and Control Engineering, p. 277-283, 2015.
K. Yamane, M. Revfi, et T. Asfour, « Synthesizing object receiving motions of humanoid robots with human
motion database », in 2013 IEEE International Conference on Robotics and Automation (ICRA), 2013, p.
1629-1636.

ED SMAER (ED391)
Tour 45-46 Bureau 205- case courrier 270- 4, place Jussieu - 75252 PARIS Cedex 05
78: 0144274071
charlotte.vallin@sorbonne-universite..fr

Sujet de these_18



