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Abstract:

Robots are being applied to a broad range of human
activities and will be ever more ubiquitous in the future.
Example domains with at least some current deployment
include datacenters, industry, education, hospitals, and
urban search and rescue. While the ultimate goal of
robotics is fully autonomous processing, much current
work involves human tele-operation. This paper compares
two different interface methods, set-and-leave using a
touch screen versus on-off using a keyboard, both allowing
an operator to control a humanoid robot with twenty-two
degrees of freedom. Participants were tasked with
controlling the robot using the given interface mechanism
while simultaneously performing another task (a
mathematical quiz) to examine the event of multi-tasking
using the interface method. According to both
performance results and a NASA-Task Load Index (NASATLX) assessment, set-and-leave was the most useful
method.

Introduction:
Navigation is an essential element in all applications of
mobile robotics [1-5]. While fully autonomous navigation
and control is the ultimate goal of most robotics
applications, to date much work still relies on control by
humans either in a semi-autonomous or fully teleoperated
mode. In teleoperation, a human stands in the place of the
robot, receiving its perceptions and acting as if the operator
were the robot [6]. The robot must provide inputs to the
operator through devices (e.g. maps, video), and over the
long term the operator must build a mental picture of the
robot and the world around it. Approaches to providing
input to the robot are also crucial - based on an estimation
of the robot's current state, a human operator must
conceptualize the operation desired (e.g. go left, go right)
and then communicate that using some interface (e.g.
speech, text, signal) and associated device. Using
teleoperated robots in datacenters can be very beneficial.
Real-time reporting, performance management, and
monitoring for system failure are some of the current needs
in any datacenters. All these needs can be satisfied with
employing a semi or fully autonomous robots. To save costs,
a human operator can handle many robots in different
datacenters, using teleoperated robots.
It is challenging to teleoperate a robot over a long period of
time. Humans fatigue quickly from integrating the inputs
provided by the robot and maintaining models of the world
around the robot, while at the same time doing the same
information processing on the human's own environment.
This problem of maintaining remote situational awareness is
well known [6-10]. This is complicated further when a
human is controlling more than one robot, dividing attention
between them, since each robot's situation must be
reconstructed individually with every context switch.

RELATED WORK
Guo and Sharlin [10] suggested the use of a Tangible User
Interface (TUI) for robot control. They used an AIBO robot
dog for their experiment and controlled the robot using two
Nintendo Wii game controllers and a keyboard. Sakamoto et
al. [13] proposed an interface that uses a touchscreen
device to control a Roomba vacuum cleaner. The robot was
controlled by drawing sketches on the touchscreen and
having the robot move by following the sketched path. Our
two interface methods are based on these approaches, but
with some differences. For example, in our scenario there is
no specified start and finish point for the sketch. In Fig. 1., a
human operator is controlling our robot from the laptop
screen (no direct look was allowed) and should avoid the
obstacles (boxes, chairs).

INTERFACES
Two different interfaces were implemented and tested for
this work.
On-off control method: The walking speed in this method
is set to the maximum, and the operator does not have the
opportunity to adjust this speed. The robot stops walking
when no commands are received, hence the control is onoff and it is not possible for the operator to leave the
keyboard and have the robot continue its motions. This
situation is synchronous, and an operator must send
continuous orders to the robot. For this method, eight keys
(Fig. 2) are allocated on the keyboard to control the robot.
Pressing W moves the robot forward, A and D are used for
left and right turns respectively, and S is used to go
backward. We also use the four arrow (direction) keys to
give the controller the ability to tilt (move up and down)
and pan (move left and right) the robots head, allowing a
change in the environment view shown on the operator’s
screen, since the camera is attached to the head.

Fig. 2. Teleoperating the robot and avoiding obstacles

Set-and-Leave control method: The second (touchscreen)
interface provides the ability to set a number of steps for
the robot to take as well as the four main directions (front,
back, right and left). Here the robot continues to take the
specified number of steps unless the control is changed
(hence Set-and-Leave) and the human operator is not
required to continually provide input. The potential
downside to this is the larger number of steps entered (the
more complicated the plan) the more likely something may
go wrong during this, compared to entering steps
individually and monitoring each (i.e. having the operator
act in a similar way to the on-off method). It is hoped that
operators can balance looking ahead a given number of
robot steps while allowing themselves an opportunity to
multi-task. Humans must still think in terms of the number
of robot steps when entering commands, i.e. if it is desired
to move the robot ahead 2m, this must be estimated as 20
10cm steps. This interface uses eight touchscreen buttons
to send commands to the robot to move in the four main
directions (forward, backward, left and right) and to pan
and tilt the head (up, down, left and right). The design of
the buttons is the same as Fig. 2. A slider indicates the
number of steps (Fig. 3). Multiple step commands can also
be queued. For example, the operator can use a sequence
of the above operations to tell the robot to go 10 steps
forward and after that turn right 90 degrees. Such
commands are simply entered in sequence and commands
are followed one after the other

Fig. 3. The slide bar is pointing at number 6 which means the robot
has to go 6 steps that is equal to 6*10 = 60 cm. and after this by
pressing the W button on the touchscreen device it starts moving
forward for 6 steps.
RESULTS AND FINDING
In all cases with both interface mechanisms, all participants
were able to move the robot as required within the 10 minute
time interval. Overall results and finding are based on the
NASA-TLX and the results from the mathematic quiz and
accomplishment of the given task in the 10-minute time
frame. In overall the set and leave control had a better results
. Figure 5 demonstrates and compare the mathematic quiz
results for both of the control methods.

Fig. 4. Mathematic quiz comparing set and leave control and on-off control
Fig. 1. Teleoperating the robot and avoiding obstacles

REFERENCES:
[1] Fong, T.W., Nourbakhsh , I., Dautenhahn, K.: A survey of socially interactive robots: Concepts, design, and applications. Technical Report CMU-RI-TR-02-29, Robotics Institute, Pittsburgh, PA (December 2002)
[2] FongV, T., Thorpe, C.: Vehicle teleoperation interfaces. Autonomous robots 11(1) (2001) 9–18
[3] Crandall, J.W., Goodrich, M.A., Olsen Jr, D.R., Nielsen, C.W.: Validating humanrobot interaction schemes in multitasking environments. Systems, Man and Cybernetics, Part A: Systems and Humans, IEEE Transactions
on 35(4) (2005) 438–449
[4] Lane, J.C., Carignan, C.R., Akin, D.L.: Advanced operator interface design for complex space telerobots. Autonomous robots 11(1) (2001) 49–58
[5] Gat, E.: Integrating planning and reacting in a heterogeneous asynchronous architecture for controlling real-world mobile robots. In: AAAi. Volume 1992. (1992) 809–815
[6] Yanco, H.A.: Classifying human-robot interaction: An updated taxonomy. In: Proc IEEE SMC. (2004) 2841–2846
[7] McGovern, D.E.: Experience and results in teleoperation of land vehicles. In: Pictorial communication in virtual and real environments, Taylor & Francis, Inc. (1991) 182–195
[8] Sheridan, T.B.: Telerobotics, automation, and human supervisory control. MIT press (1992)
[9] Casper, J., Murphy, R.R.: Human-robot interactions during the robot-assisted urban search and rescue response at the world trade center. Systems, Man, and Cybernetics, Part B: Cybernetics, IEEE Transactions on
33(3) (2003) 367–385
[10] Guo, C., Sharlin, E.: Exploring the use of tangible user interfaces for human-robot interaction: A comparative study. In: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. CHI ’08, New
York, NY, USA, ACM (2008) 121–130

