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CogLaboration Deliverable D5.60

Abstract

The purpose of this deliverable is to demonstrdigt tthe main components developed within the
CogLaboration project have been deployed onto abetic experimental setup, and also providing thst f
validation before the complete evaluation realiretihe context of the Work Package 6.

This document complements the information alreahvided in some recent related deliverables. D5.12
provided a description of the whole CoglLaborati@iftvgare architecture. D5.51 focused more on the
description of the hardware devices that have loeembined to build the CogLaboration prototype.His t
document, we will demonstrate the good software haddware integration of all these elements by
illustrating some example of use of the prototyPeveral object exchanges with a human participent a
presented highlighting as much as possible thecdtgfahe different modules being involved in thexidion
making of the robotic platform.

[End of abstract]
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Executive summary

This deliverable is provided in conclusion of WdPlackage 5, dedicated to the software and hardware
integration of the CogLaboration project. Considgrihe various previous deliverables describinigegithe
overall software architecture or the hardware camepts put together to build the prototype, thisuhoent
demonstrates the good component integration by isigoand describing some object exchanges in between
the robot and a human partner.

In each experiment presented, the articular ande€ian trajectory of the robotic system is pres&nte
together with the trajectory of the human hand #edobject tracked (when relevant). The relateglyjcs

are augmented with the main events used to oretiedtre successive operations of the robot. Comsige
that these different triggers are related to déifersoftware components from the robotic systencgpion,
hand sensors, hand actions,...), such descriptiatheiisonstrating a good collaboration in between the
different agents involved in the CogLaboration ptgpe.

The current document describes four consecutivhanges in between the two partners. An extensitneof
document will illustrate the good interaction imet situations to cover all the capabilities of sgstem.
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1 Introduction

This deliverables concludes the work realized witkihe Work Package 5 that was dedicated to the
integration of the software and hardware compondet®loped during the CogLaboration project lifetim
Several previously produced documents provide smaleations of the coordinated system development
and integration. In particular, deliverable D5.1bvides a global overview of the complete software
architecture, gathering interfaces and specificatidesigned and presented in more details in tlagede
Work Packages. Deliverable D5.51 was written tocdbe the different hardware components either
designed during the project or at least combinedetiothe appropriate robotic prototype. To illusrthe
integration of the different hardware componentsnea specific demonstrations of motions were indiite
which the robotic system was reaching and graspimgbject put onto a vertical object board. Sudioas
already demonstrate a certain level of coordinatind communication in between the different peioapt
and control layers: the object pose with respetiteéaobot camera though the perception layersldeed in
WP3, the control of the arm motion towards the gjrags posture was also based on a DMP-based control,
like the control mechanism developed in WP4, arel dbject acquisition demonstrates on its own the
capacity to control autonomously the robotic hahdnks to the related developments in WP4 and WP5.

With the objective of reducing the overlap with ttediverables already published, while demonstgasitill

an improvement towards the design of a robotic @rgn with manipulation and physical interaction
capabilities, this document describes differentegixpents performed using the system, focusing @n th
object exchange between the robotic arm and a huypaamer. In the context of WP6, a systematic
evaluation of the system is being prepared, consgleseveral human partners to which some motions
variations will be proposed to demonstrate the ticbadjustment capability. To complete the pictutes
present document will detail some specific but espntative object exchanges situations, highlightéind
demonstrating the information transmission betw#en main components, as well as the main events
detected and which impact significantly onto thleatic behaviour and its motion strategies.

Similarly to the modus operandi used for the evidaa in WP6, the experiments presented all stathé
condition that the system is ready to perform ajeabexchange, and is thus waiting for the appateri
trigger to start its motion. The exchange directieither from the robot to the human-$Ri) or from the
Human to the robot (*R) will be indicated for each experience describ&f. thus suppose that, in the
R->H case, the object is already held by the robagiodh and that for the BIR direction, the object of
interest is known by the robotic system and isaalyeheld by the human partner.

The different experiments that we propose to ddteie aim to illustrate different aspects of thbota
controller developed within CogLaboration. To naime main components, we can mention:

» Capability to learn the most appropriate exchargeoser many interactions.

» Capability of online adjustment of the robot masaccording to the motions of the human partner
» Capability to handle different objects and grasmngelivery modes.

» Capability to adjust the handover strategies adgoegrh the human partner actions and preferences
» Capability to handle transport constraints in fetatvith the objects considered

» Capability to handle some object symmetries to sidporrectly the relative grasping and delivery
poses according to the perception of the object.

All these aspects will be demonstrated when appatgpin the experimentations described in the falhg
section.
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2 Experimentation

Figure 1 illustrates the typical experimentatiomfiguration. The main components involved in the
interaction process are described below with refexeo this figure:

* The system perception is performed using the ingagedepth information acquired by the Kinect
camera pointing towards the human. From the vifimn, the human motion start and stop events
are detected and used to trigger the actions ofdbet. In H>R exchanges, the hand tracking is
used to seed the moving object pose estimatiore thatt in the current implementation, we decided
to implement a contingency action that consistedsaig the object sensor developed by RUR to get
the object orientation. This enabled us to get eemstable, precise and faster estimation of theabbj
pose.

* The robotic arm equipped with the Prensilia antbroprphic hand is naturally one of the most
critical element of the robotic prototype. The citige layers permit the definition of an appropeat
plan to go and perform the object handover. Thas g monitored online, and changed if the human
actions require readjusting the initial robot haretcstrategy.

 Even if not explicitly visible on the picture, thebject grasping database has also a critical
contribution, since it is providing the controlleith the relevant respective poses (from the ra@boti
hand to the object or to the human hand) to apptgy position the robot hand, together with
additional information defining the handover. Nttat, in addition to these collections of data, the
database is also used to store the current hurtenaations preferences, in order to adapt the motio
of the robot to the human intentions as much asiples considering the exchange site spatial
location and the handover modes to be used with elject.

Figure 1: Typical exchange configuration. The RGBrame presented on the image defines the robotic
base frame. All the following plots will be done usg this frame as reference to express Cartesian
positions.

2.1 Experimentation 1: nominal object exchange

This section presents four consecutive exchangdBeobbject "Mug™ between the human partner and the
robot. On these plots, the blue lines are the Glaridocation of the hand of the human partnertarded
lines are the Cartesian position of the robot heffelctor. When the exchange is from the human ¢ th
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robot, the object location is also presented irpleuon the graphics. The three plots are respdgtiedated
to the X, Y and Z axes. The reference frame has bkesen to be the arm base frame, as shown oreFigu
Figure 2 presents the first exchange performed,Faguire 3 presents the four consecutive exchanges.d
Figure 4 presents the evolution of the robotic poimt values during these four exchanges.

The main events describing the evolution of theharge procedure are presented through the velitieal
The ones displayed are respectively related tdallmwings actions:

Op_start: the robotic system is informed about the exchaingent, by indicating the object of
interest. The unique object identifier is providdwiough the operator interface. It permits (i) the
consultation of the object database to obtain thedbver properties of the object, and (ii) the
specification to the perception module (for humanabot exchange) the object to be tracked within
the human hand. Note that on this experiment,iteeeéxchange was a human to robot one (and thus
the following ones were respectively>f4, H>R, and R>H). The system is then expecting a
motion trigger to launch the motion of the robot.

Op_move the motion is triggered by monitoring the locatiof the human hand. Once moving
away from the rest position, it is considered thatperson is intending to start the exchange. ighis
used to trigger the start of the robot motion. Wattmoment, the robot moves towards the learned
exchange site. In ®H exchange, while the robot starts its motion, H@ad gets pre-shaped
according to the grasping strategy provided bydditabase.

Op_static. the human motion monitoring has detected that lthenan has reached a static
configuration, likely to be the desired exchangeatmn. At that moment, the observed location is
used to update the target position of the robotHercurrent interaction. When the exchange lonatio
learning is activated (not the case here), thiation can be stored to get an a priori estimatfah®
human preferred exchange site.

Op_replan: To avoid reaching the robotic arm joint veloctyd acceleration limits, soft boundaries
are defined, and the DMP output is monitored ontmenake sure they are respected. When these
bounds get violated, the high level controller updahe DMP plan to get a new path definition that
can be safely achieved by the robot (i.e. respgtha velocities and accelerations limits defined).

Op_contact: this flag is raised when the handover can statwhen the human and the robot are
entering into contact. Currently, this is monitoresing the force sensors from the arm, as wehas t
contact sensors embedded into the robotic handefngnd palm. Depending on the exchange
direction, this causes the hand closure (to grlaspbject) or opening (to release the object).

Op_rest: the handover is finished. The robot is then retpeeto go back to a rest position,

Op_done: the robot has reached the rest configuration,ismdw waiting for the next exchange to
be requested.

Several elements can be highlighted from thesedgu

The estimation of the human hand location can lmsidered as noisy. This is mainly due to the
segmentation techniques, based on colour that roaylways completely detect the hand in the
sensor point cloud. The extraction of the centpmtht of the segmented area can thus oscillate as
observed. Another potential source of erroneowkiing can be the close vicinity to the robotic hand
as the handover. To reduce the impact of this taitaiathe goal location used to guide the robot is
set static when the distance hand effector-humand Ifar object of interest) gets lower than a
defined threshold.

The human person is moving much faster than thetrdi less than a second the human partner has
reached its desired exchange location, while thetroeeds around 3 to 4 seconds. Moving faster
the robot could improve the synchronization of twe agents. Nevertheless, since the two hands
(robotic and human) would reach the exchange sitheasame time, the perception layer would
need to be able to distinguish them. The currertgmtion layer does not permit to do so. For these
reasons, a reduced robot velocity was chosen.

The motion of the robot is smooth during the whetehange, even though the input from the hand
tracking module presents some noise (in between ofhemove and op_static events). This
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smoothness results from the DMP model that actslas/-pass filter between its input (hand/object
observed location), and its output (the robot motommand).

* In this first experiment, the exchange site leagngnot active (and the default exchange siteatas
about 30 cm from the effective one, to enforceam plpdate. The position change can be implicitly
guessed from the joint variation change aroundofheeplan event on Figure 4). When the person
reaches the desired exchange location, the catsojoal position is updated with this information

» Due to the significant difference of position, &P generated large velocities that violated the
defined soft boundaries. As previously mentionesltiw-level controller detects such situation and
request to the high-level layer an update of theFDian, enabling it to cope with the new goal
while respecting the maximum velocities/acceleratioAs can be seen on the drawing, this
operation happens seamlessly (the change is nalligerceivable, and can neither be observed on
the drawing presented here). Note that if the exgéasite learning is activated, such aspect should
only occur in the first exchange, when the prefeeeof the human partner is not known. Later on,
the a priori estimation of the exchange locatioousth be sufficiently close to the real one to avoid
such replanning.
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Figure 2. Basic exchange, zoom onto the first exahge of Figure 3 (Blue: human hand position,

Purple: object location, Red: Robotic arm location) Green lines refer to specific events identifiedyb
the system during the interaction.
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specific events used internally to orchestrate thdifferent actions of the robot.

blue line is the human hand position, the red onéhe robotic arm end effector. On Humanr>Robot
exchanges, the position estimation of the object jgesented in purple. Vertical lines are related to

Figure 3: Four consecutive human robot interactiongstarting with a Human-> Robot Exchange). The
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Figure 4. Evolution of the joint values of the robtic arm during the basic exchange

In addition to this first experiments, that alrealiymonstrate a satisfactory coordination and coition in
between the different component developed in Cogtatimn project, we are planning to extend this
document with the following experiments:

Activation of the exchange site learning alongriattion

Adjustment of the robot handover strategy to thgsaborientation (when held by the human
partner)

Adjustment of the robot handover strategy to thedu hand posture

Capability to handle object transport constraint.
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3 Conclusions

This document has illustrated the integration ef different components of the CogLaboration progetb
successive object exchanges between the humarepartd the robotic system. These exchanges have bee
described through the display of the Cartesiantiogaover time of the different agents during the
exchanges. The human hand and the object (duridR Hexchanges) are estimated by the perception
module. The orientation of the object is furtherenobtained from the RUR sensor device. The trajgab

the robot end effector is the output of the Coglrabon system, bringing the robotic hand towards th
exchange site for performing the object handovéhn thie human partner.

Other experiments will be provided to extend thatuient and properly illustrate the other capaddiof
the robotic prototype of CogLaboration.
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