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Abstract. Researching human-robot interaction “in-the-wild” can some-
times require insight from different fields. Experiments that involve col-
laborative tasks are valuable opportunities for studying HRI and devel-
oping new tools. The following describes a framework for an “in the
wild” experiment situated in a public museum that involved a Wizard
of OZ (WOZ) controlled robot. The UR10 is a non-humanoid collabora-
tive robot arm and was programmed to engage in a collaborative drawing
task. The purpose of this study was to evaluate how movement by a non-
humanoid robot could affect participant experience. While the current
framework is designed for this particular task, the control architecture
could be built upon to provide a base for various collaborative studies.
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1 Introduction

Human Robot Interaction (HRI) involves the study of how humans perceive,
react and engage with robots in a variety of environments. Within the field
of HRI is the study of how humans and machines can collaborate on shared
tasks, commonly referred to as Human Robot Collaboration (HRC) [3]. Robotic
interaction/collaboration can be beneficial in many fields including healthcare
( [11], [12]), education( [4], [25]), construction ( [1], [23]) and the arts ( [9], [10]).
As both HRI and HRC are multidisciplinary fields, they often require a collec-
tion of individuals with different skill sets ( [8], [10])

The following is a proposed software framework that enables researchers to run
a HRC study with minimal development time. In this particular application,
the software is implemented in a HRC study [5] with the deliverable being a
collaboratively drawn art piece. This architecture is based around the Wizard
of OZ (WOZ) experimental design methodology [21], allowing an operator to
control the robot’s behaviour in real time. The outcome of this project being
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a framework that provides non-technical individuals a means to conduct HRC
research with minimal software development.

The wizard of OZ control method is a widely accepted technique for exper-
iments evaluating human response to robotic behaviour, especially when the
robot is required to demonstrate a certain level of intelligence. Consistent be-
haviour is crucial to maintain uniformity in experience across all participants. An
example of a WOZ system includes the work done by Lu and Smart [13] in which
a GUI was built to control a robot and receive feedback from its current activity.

A similar system created by Villano et al [24] had the capability to assist thera-
pists while conducting sessions with children afflicted by ASD (Autism Spectrum
Disorder). Much like Kim et al [11] whom also used WOZ to control a robot that
acted as a partner for a therapist. Additionally WOZ systems are useful when
examining a new unit or agent which was the direction taken by studies such
as Maulsby et al [15], Green et al [7] or Shiomi et al [20] where data could
be collected and provide feedback from real world experiments. However, it is
important to recall that the operator’s decisions were generally based on some
predetermined algorithm before deployment and this could potentially impact
the collected data.

Other facets of this research experiment involve anthropomorphic movement
and the physical motion of drawing. Previous works such as Tresset and Ley-
marie [22] along with Munoz et al [16] describe robots able to create artwork
from real images. There are issues with noise and slight accuracy deficiencies
when it comes to the translation of image coordinates to endpoints of robotic
units. In our case, we emphasized easy recognition of basic objects and images
that participants could readily contribute to regardless of drawing ability.

Anthropomorphic movements have been a significant focus of robotic studies
for several applications, including psychology and social sciences ( [2], [19]). The
majority of this research focuses on the likeability and human reaction to a robot
based on gestures and other behaviours. Behind many of these projects such as
Barntneck et al [2] or Salem et al [19], anthropomorphism was analysed through
a WOZ implementation. While there have been multiple instances of robotic
drawing experiments and social collaborative robots controlled via WOZ, there
has been little overlap between these two topics. As this architecture was de-
signed for an experiment involving anthropomorphic behaviour, it was decided
that a WOZ approach best gave the non-technical team members sufficient con-
trol over the UR10.

The experiment described below was designed for an “in the wild” HRC inves-
tigation developed in collaboration with humanities researchers. The location for
this study was the Questacon - National Science and Technology Centre in Can-
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berra, Australia. The public was invited to interact with the UR10 in a collabo-
rative drawing task. In which an individual would sit at the table in a position
that would enable both participants (human and robot) to physically interact.

Fig. 1: Experiment setup, participant
left, WOZ operator right

The UR10, under direction of the
WOZ operator, would lead the inter-
action by prompting a participant to
complete various actions through non-
verbal cues. The UR10 would first
greet the participant upon meeting
and wait for them to take a seat. The
robot would then begin to render a
drawing, pausing momentarily to ob-
serve its progress. The UR10 under the
direction of the WOZ operator would
prompt the user to pick up a pen to
contribute to the unfinished artwork.
After several rounds of turn-taking,

the robot drew a line in the lower right corner of the canvas to autograph the
drawing to signal completion of the task. Once signed by both parties, the UR10
would indicate the participant was free to take the drawing home.

2 Architecture Overview

The applied experiment [5] required the UR10 to give the appearance of an
independent social entity while having the capability to both draw and react
to external stimuli. This section describes the software and hardware platforms
utilised in this implementation including the Robot Operating System (ROS)
module descriptions, the UR10 control method and the motion planning details.

2.1 Robot Operating System

Robot Operating System (ROS) is a popular open source middle-ware for the
development of robotic applications [18]. Benefits of ROS include integrated com-
munication between independent software modules (referred in ROS as ‘nodes’),
a diverse series of dynamic libraries and open source tools to assist development.
The following implementation runs on a Linux platform and is compatible with
both the Kinetic Kame and Indigo Igloo distributions of ROS. ROS is the pri-
mary source of communication between different software and hardware modules.
The nodes communicate via pairs of publishers and subscribers sharing a specific
topic, represented as one-way arrows in Figure 2. There are three ROS nodes run-
ning simultaneously that make up the framework’s core. They are the interrupt,
social command and robot interface nodes. The social command node contains
two publishers with subscribers in the robot interface node. The WOZ command
publisher sent the majority of commands across including all social actions, draw-
ing routines and parameter calibrations, while the override command was used
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to disable any running actions if needed. The robot interface node returned val-
ues to the social command node indicating what state the robot was operating in
via the robot feedback publisher. Any messages received from the robot feedback
publisher were displayed back to the user.

Fig. 2: Topic overview for ROS communication

The interrupt node was created as a safety feature that allowed the WOZ op-
erator to send a signal that caused the robot to withdraw to a safe distance
in the event of a potential collision event with a participant. Currently, this is
manually triggered by the WOZ operator; however the same signal can be sent
by a computer vision node that automatically triggers the robot to withdraw if
the participant comes within a given distance. Following a withdraw motion; the
UR10 would attempt to execute the last task, be it drawing or gesturing to the
participant.

2.2 The UR10

The UR10 is an industrial robot arm with 7 degrees of freedom and a 1.3m max-
imum reach. To achieve communication between the proposed framework and
the UR10, the python-urx [14] library was implemented to send commands via
a TCP connection via a remote call procedure (RCP). This meant that content
needed to contain executable code written in URScript, a language specifically
designed to interface with the UR3, UR5 and UR10 robots.

The motions of the UR10 can be executed as a single linear trajectory or a
movement between a series of points creating a smooth, fluid motion. Both mo-
tions are based around the end-effectors position relative to the world coordi-
nate, where the rotational values of the arm calculated via the UR10’s inverse
kinematics system. There are several constraints when it came to movement of
the UR10. Within a single motion the robot arm requires a certain minimum
distance to accelerate and then decelerate. The increase while accelerating is
constant until either a defined maximum velocity is reached or the UR10 needs
to begin decelerating so the arm can arrive at its intended target endpoint. This
constraint could cause a program malfunction when the robot’s speed was too
fast to accurately move between two points or the start and target endpoints
were too close together. This limitation presented an issue when planning the
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drawing actions. As sketching is a dexterous task, being able to accurately draw
detailed lines was a priority. To overcome this constraint, contours that were
being drawn were separated into a series of points an acceptable distance apart.
This solution is expanded upon in the drawing subsection below.

Animating
The animations were made to exhibit anthropomorphic behaviour as to establish
non-verbal communication with a participant. The animations were designed us-
ing a simple interface that allowed the recording and play back of each individual
animation. To streamline the animation process, the robot was set to free drive
mode in which the researcher could freely and securely manipulate the UR10
into a desired position. Once in position the researcher would record the end-
effectors coordinates. The various coordinates/positions were saved to a CSV
(comma separated value) file along with animation titles and required delays
between movements. The primary use of the animations was to prompt the par-
ticipant to complete a desired action, such as picking up a pen. This and other
animations are initiated by the WOZ operator from the command-line terminal.
Animation speeds differ significantly from the drawing motions. Depending on
how fast the robot was needed to move, a maximum velocity of 50cm/s was ac-
ceptable. The acceleration was usually within the range of 10cm/s2 and 20cm/s2.
These speed parameters were determined to be the optimal solution based on
early testing phases and initial feedback with test-groups. While performing an
animated movement, the robot did not account for accidental collision between
its two aluminium tubes and the steel base. The priority was to ensure that all
combinations of animated motions did not result in a collision.

Drawing
The motivation for using a collaborative drawing task was to initiate a collab-
oration between robot and participant in an open-ended task that was mutual,
involved turn-taking, and was enjoyable for the participants. It was also impor-
tant that the interaction fit within a limited time frame. Simple line drawings
proved the most effective for this purpose, as the images were readily recognis-
able to the participants and did not require advanced artistic skills. The focus
was on the interaction, rather than aesthetic criteria. When called upon, the
contour extraction method would first apply a binary threshold converting the
image to grayscale. This grayscale image would then be the primary param-
eter into the ‘findContours’ function which output a series of points for each
contour in the original image. To reduce the amount of time needed to render
the image, the number of points on each contour was reduced by implement-
ing the Ramer-Douglas-Peucker [6] algorithm. Both the ‘findContours’ method
and the Ramer-Douglas-Peucker algorithm were implemented through use of
the OpenCV library [17]. Once extracted each point on a contour was iterated
through to check that the distance between points met the hardware require-
ments discussed above. In the case where a point was found to be closer than
this threshold, it was ignored and the next point on the contour was verified.
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Once all of the contours were extracted, this method would pass them along to
be translated, scaled and physically rendered.

Each point provided by the contour extraction method was mapped in turn
onto a three-dimensional plane defined by four coordinates set in the calibration
stage. These coordinates were described within the implementation as bottom
left, bottom right, top left and top right area of the canvas as it relates to the
observational position of the robot. Participants were seated opposite, facing the
robot, thus the image coordinates where mapped to be drawn from their per-
spective, see Figure 1. We presumed that participants would be better able to
collaborate on a drawing when the image was easily recognised and drawn from
their perspective. Once translated, the image coordinates needed scaling in rela-
tion to the canvas size chosen. First, the image was evaluated based on its ratio of
height to width, leading to the creation of a drawing space being an area within
the canvas, sharing the same aforementioned ratio. Unlike the animating speed
parameters, the speed of motion while drawing had to be limited. While acceler-
ation settings remained consistent with the animating motion, the velocity was
limited to a maximum of 30cm/s to allow for more accurate movements.

3 WOZ Commands

The command system of this implementation was a crucial component for estab-
lishing the interface between the WOZ operator and the robot. By placing the
WOZ operator away from direct view, participants more readily interacted with
the robot as a social actor. With the operator out of direct view, the illusion of
social intelligence was achieved. To support the interaction, the operator would
use a series of commands to puppeteer the robot’s behaviour depending on the
situation. If asked, the WOZ operator would inform the participant after the
interaction that the robot was manually controlled.

The drawing routine comprised of a series of actions preformed sequentially.
The robot would start by greeting the participant, begin drawing, pause to eval-
uate its efforts (using a predetermined animation), and complete the finish its
drawing and return to an idle state. These actions began when a participant
began an interaction with the robot. This was controlled by the WOZ operator
who would control the timing, execution and sequence of events. Afterwards, the
series of aforementioned commands could be executed to complete the desired
interaction.

The commands were separated into the three categories: maintenance, states
and actions. Apart from the maintenance category, all commands generally ap-
plied to social actions. Each command was sent via a command-line interface
developed in ROS with Python. Sending instructions via the UR10 application
programming interface (API) from the python-urx [14] library.
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Fig. 3: WOZ Command Structure

The maintenance directives set parameters for the experiment. These instruc-
tions handled settings such as velocity, acceleration, animations and calibra-
tions. The maintenance commands also were able to run individual actions of
the experiment for testing purposes. These test instructions were built on over-
loaded functions that were embedded within the social routine code structure.
The UR10 has two motion-based parameters that were adjustable within the
python-urx library, velocity and acceleration.

The calibration routine could be called on start up or user request. This com-
mand would place the robot in free-drive mode, allowing the robot to be moved
by external force. While calibrating, a WOZ operator would move the robot to
each corner of the canvas recording positions in three-dimensional space relative
to the robot base. From here the lowest corner, along with its neighbours, make
up a three dimensional plane representing the canvas.

The state commands instruct the robot how to behave in a continuous waiting
manner. The WOZ operator could choose between three predetermined states
with either a nodding motion, an observing animation or a withdrawn pose.
These three options of idle states allowed the participant to contribute within
the interaction between the robot and themselves. These states also assisted
the WOZ operator with control of the exhibit as specific actions could only be
executed from this idle state. The nodding command would give the robot the
appearance of looking at a participant and nodding with random time intervals.
The observe command would give an illusion of the robot evaluating both the
canvas and participant via a series of linear endpoint transitions. Finally, the
withdrawn state caused the robot to pull away from the human to a safe posi-
tion and remain motionless.

The action commands were the series of motions to non-verbally communicate
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and interact with the participant. Action commands were called when the robot
was in a continuous state of idle motion. These commands are listed in the
right column of Figure 3. The ‘prompt pen pick-up’ command could be issued
in multiple scenarios where a participant was required to pick up or place a pen
(held in the cup on the table). The purpose of the ‘encourage to draw’ com-
mand was to signal the participant to collaborate on the drawing and initiate
turn-taking. Through the ‘sign’ instruction the UR10 would autograph the art-
work. If necessary, the WOZ operator could re-send the ‘prompt pen pick-up’
command to encourage the participant to take back the pen. To focus the par-
ticipant’s attention on to the empty space adjacent to the robots signature, the
WOZ operator calls the ‘encourage to sign’ command. The conjunction of these
commands were intended to prompt participants to write their signature next
to the robot’s autograph.

4 Conclusion

Human robot interaction and collaborative research can involve very labour in-
tensive integration between the hardware (robot) and study variables. This can
limit certain groups that do not comprise of members with particular skills. The
proposed architecture was designed such that researchers without any program-
ming experience could still facilitate a collaborative experiment with minimal
technical assistance. The framework in question currently centres around an in-
teraction in which a participant and a UR10 contribute to a shared artwork.
However this can be adapted to test a multitude of social and physical variables
in the future. Here, we have summarised the control architecture for the WOZ
setup. The results of the experiments with participants, including analysis and
discussion, are summarised in [5]. A complete analysis of the experimental data
is forthcoming.

5 Future Direction

The current framework is hard coded to a fixed set of commands and one col-
laborative task. Future development will investigate how to make this architec-
ture more flexible and allow for different collaborative tasks to be integrated.
One contribution of control architecture is that in enables researchers with little
technical knowledge to add, remove and execute animations with greater control.
At the present, the WOZ commands are terminal-based therefore certain tasks
become more convoluted. For this reason, a graphical user interface (GUI) will
be added to give the WOZ application a more visually appealing appearance and
streamlined functionality. Other features could include forms of data logging and
recording to make the experiment evaluations easier to monitor.
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