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Abstract

Robot teleperationinterfaces are mostly graphics based nowadays, that is, all the
information the operator receives is presented on a scCeamplexrobot interfaces may
lead to operator cognitive overload. The use of other senses to receive part of the data
sensed and ansmitted by the robot may help reduce this overload and thus enhance the
performance of the operator. This paper aims at measuring the benefits of usirg vibro
tactile feedback in HumaRobot Interaction (HRI) interface design specifically for an
urban seah and rescue (USAR) systei@ur hypothes is that the use of collisien
proximity feedback interfaces (CPFs) should lead to an improvementleRasystem
performanceby increasing the operat®sr situation awareness (SA) and reducing
cognitive load. Additionally, it should be flexible enough to be adapted to different HRI
USAR systems.

A user study encompassing a search task was performed to evaluate this new
interface.An in-between subjects prrimenttested the effect of both graphical and
vibro-tactile CPF interfaces on performance in a simple search task in a gotiapised
building environmentPerformancend situation awarenesgremeasuredhased oriask
time, number of collisions wht the environmenmumber of objects foundnd correct
report of environment using sketchmaps

First, the results of this research highlight the importance of a homogeneity
verification in the experiment groups, which is generally not reported in mostrabse
results but that can drastically affect the results of an experiment.

Second, our results indicate how previous experience can affect sbibjects
performance.Videogame experience seemed to have a slight impact on the performance
of subjects.

Third and most importantly, our results have indicated that the use of both vibro
tactile and graphicdkedback interfacasmay improve operat@ performance in a search
environmentandmay indicate an increase aperatorsituation awareness (SAjuture
enhancements in ousystemto better approximate ito a real robotontrol experience
will help us consolidate the initial results obtained here.
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1. Introduction

Humanrobot interaction (HRI) commonly happens through the use of a graphical
interface anardinaryinput devices such as a joystick or gamepad, mouse and keyboard.
By using the computer screen to translate the data sensed by the robot into information,
the operator remotely performs tasks as if occupying the same space as the robot.
Commands performed by the operator through the input controls are transmitted to the
robot and converted into actions. The actions change the state of the robot and gotentiall
the state of the physical environment, and therefore the data being sensed and monitored
by the system. This interaction cyckes shown irFigure 1, continues indinitely as a
missionis carried out

Remote real environment Virtual Local real
representation environment
of remote real

environment

Robotreadable Operator input

nds
Acts on

envi v

Robot —| HRI application Operator

A

Robotsensed dable
nvironment data

Figure 1. Simple representain of interaction cycle between robot and operataan
HRI system.

One problem in remotely operating and controlling a robot is being able to
process all the data provided by the robot while performing missiated tasks. The
operator will be using #graphical robot interface not only as a nstarunderstand the
state of the robot and its surrounding environment, but also as a tool to complete mission
goals. For urban search and rescue (USAR) tasks, this may be understood as a search task
for victims after a catastrophic event. The excessive use of graphical intexititest
the correct fusion of elements can cagsgnitive load on the operator and hence a
decrease in the performance of the HRI system as a W¥haheo, 2004; Drury, 2004;
Neilsenet al, 2006)

The purpose of this worls to evaluate how having part of the robot data be
redirected to a vibrtactile interface affects operator performance. Specifically, this
project compares the effectiveness of two types of display interfacesofiigion
proximity feedback(CPF) a vibrotactile one based on the TactaBelt (Linderearal,

2006) and a graphical one which inherits some of the features of the Sensory Egosphere
(Johnsoret al, 2003) andtherproximity detection sensor interfaces (Yamtal.,2004;
Yancoet al.,2006).



The remainder of this paper is structured as follofsction 2 provides an
overvien of the current work on HRI interfacesd how our work relates ta Bection3
describesour interface. Sectiod presents the hypotheses for the user study that was
carried out. e methodology used, from the definition of the virtual environment to the
specification of the user study and experimental parametgreesated in sectiorb.
Section6 contains all the data results and analysvhich are discussed in detail in
section?. Last, conclusions can be found in sec&dollowed by acknowledgements and
references in sectiof®sand10 respectively.

Additionally, more information on the user study is provided in the appendices.
The script used by the experimenter during the user study can be foApdandix A
Appendix Bcontains the information contained in the user study instruction sheét. Las
Appendix Clists the questions contained in the user study-gosstionnaire.



2. Related Work

Robot interfaces for USAR systems have been discussed and tested for more than
a decade (Murphegt al, 1996). Nevertheless, a standard model or a set of guidelines for
HRI has not yet been widely accepted by the community.

Drury has pointed out a set pfeliminary guidelines for HRI interfaces (Druey
al.,, 2004). Scholtz has also specified a set of general recommendations for designing
intelligent systems, but it may also be appliedHRI interfaces (Scholtz, 2002). Higher
level interfaces for robotogialization and learning have also been a point of discussion
and research in the community (Bien & Lee, 2007). Additionally, the AAAI competition
has also been raising and identifying interesting issues about HRI interface design (Yanco
et al, 2004).Table 1 below encompasses categorized guidelines that are proposed by
some of the abovmentioned research works.

Tablel: Guideline categorizébn according to the interface feature they are related to.

General guideline | Related guidelines
definition
Cognitive load 1 Lower cognitive loadDrury et al, 2004)
1 Provide fused sensor informati¢viancoet al, 2004)
1 Minimize the use of multiplevindows(Yancoet al, 2004)
Situation awareness  Enhance awareneg®rury et al, 2004)
1 Provide a map of where the robot has b@émcoet al, 2004)
1 Provide more spatial information about the robot in the
environmen{Yancoet al, 2004)
Efficiency 1 Increase efficiencyDrury et al, 2004)
7 Is the interaction language efficient for both the human and
intelligent system®Scholtz, 2002)
1 Provide an interface supporting multiple rob@tancoet al,
2004)
Modality 1 Provide help in choosingroper robot autonomy levdDrury et
al., 2004)
1 Is the necessary information present for the human to be ab
determine that an intervention is needésiéholtz, 2002)
1 Provide robot help in deciding which level of autonomy is m
useful(Yancoetal., 2004)
Scalability, 1 Does the interaction architecture scale to multiple platforms
Portability & interactions?Scholtz, 2002)
Sociability  Design should be a social activity and robots should be soci
agentgBien & Lee, 2007)
Reuse 1 Does thanteraction architecture support evolution of platforn
(Scholtz, 2002)
1 All applications should be reapplicatiof®en & Lee, 2007)
Robustness 1 Must tolerate ambiguit{Bien & Lee, 2007)




An attempt to categorize the interface features currently suggested and used in
USAR interfaces led us to the results presentedaiple 2. An increasinglyordered
histogram table on different interface features for six HRI interfaces from a variety of
research projects (Johnsenal, 2003; Nielseret al, 2006; Nielseret al, 2007; Yancaet
al., 2004, Yanccet al.,2006; Druryet al, 2004) is presented.

The information in this table describes the features that are potentially more
reusable for different tasks over other ones that are more spec#icertain robot or
mission. It is obvious that video feedback is a necessary feature for all interfaces. Notice
however, that other features, such as a map, robot pose and orientation, and sensor
monitoring are also of relevance for most interfaces. This indicates that some features
should perhaps be considered as general requirements of HRI interfaces. Assuming this
as a premise, a standard configuration for interaction witth feature®f interfaces
could be defined.

Table2: Summary of interface features and their occurrences in HRI projects.

Feature Number of occurrences

One or more videfeeds

Map

Orientation

Pose

Sensor monitoring

Directional event indicator

Option selectors: operation mode, camera, action

Waypoint or landmark tagging

Camera configuration feedback

Incremental map building algorithm

RIRPINNNWAR_OOOIHOD

3% person view

By relating the interface features to the general proposed HRI guidelines, as
presented iffable 3 it is noteworthy that the focus of most projects is on improving
situation awareness and efficiency, but not on reducing cognitive load and creating
systems that are scalable, portable, reusable or rolNme that some of the features
could improve mee than one parameter. For example,-video with more emphasis
generally reduces cognitive load compared to having two videos of the sanféaside
et al., 2006, but one could argue that having video may also affect situation awareness,
for 1 single &rger video window may be a better source of SA than two smaller ones.

The interface proposed heieaimedto change this HRI interface development
trend by proposing an interface that will attack the problem of the op@ratmgnitive
load by using fedaack devices in addition to graphical ones.



Table3: Categorization of currently implemented interface features according to general
HRI guidelines.

>
—

Improveme

Interface feature

load
Situation
awareness
Efficiency
Modality
Scalability
Portability &
Sociability
Reuse
Robustness

w | Cognitive

Onevideo with more emphasisstead of
more videos with the same emphasis

Allow multiple views

Provide orientation of robot and camerg

Provide robot pose

Provide directional alerts for blockage ¢
collision

Provide sensor information

Provide camera zoom information

Provide operation mode information

Provide orientation for sensor events

Environmentauto-mapping mechanism

XXX X XX X | XXX

3% person view

Enable placement of POIs or waypoints

Integrate collision avoidance mechanisi

Autonomous actions preprogrammed
(escape, pursuit)

Automatic direction reversal

X|X| X |X| X

Multiple video windows

Provide different teleperation modalities X

Our Interface Novel Feature

TactaBelt as channel for sensor
information

TactaBelt as channel for directional
information

However, one can also think of many other types of iapdtoutput (I/O)Xevices
that are still barely being explored in HRI, such as spatial audiosrdsalution
stereoscopic displays and usiogeratots body movement to accomplish tasks in the
remote environment. Manyof these are can be derived frowfirtual Reality 1/0
techniques (Bowmaet al, 2005)and integrated witlburrent HRI sensor technologies.



3. Our Interface

We have designed an interface that attempts to follow a superset of the guidelines
that have been proposed in the field. It also attempts to merge good features from
interfaces previously proposed and tested by other research groups.

Our design uses as a starting point the interface proposed by Nielsen (Mtelsen
al., 2006; Nielseret al., 2007). The operator is presented with a tipiedson view of a
3D virtual representation of the robatlled avatar, along with data collected by the
robot as seen irFigure 2. These data include a video feed from the real environment,
sensor data about the location of object surfaces near the robot, and potential collision
locations.

fps=16.76
| o

Robot Pose <

Spin Left | Zoom Qut | Spin Right
Figure 2: Nielser& HRI interface for robot teleopstion (Nielsenet al, 200).

In our interface, a panel located in front of théot avataprojects data from the
robots video camera. The camera, and hence the panel, can be rotated about both the
vertical and horizontal axes, up to an angldé@®degrees horizontally for each side and
45 degrees verticallyn both upward and downward directions, arthtive to the robot
initial orientation.

A ring surrounding the robot avatar indicates imminent collisions near the robot,
similar to the Sensory EgpBere proposed by Johnson (Johnebal, 2003) but with a
more specific purpose. The brighter the red color in the ring the closer to a collision point
the robot is.

The same type of feedback is also provided as vibration through thetadbite
interface, the TactaBelThe latter consist®f eight pager motors, also called tactors,
arranged in a ring around the torso, with the motors spaced €geel\yFigure 4b)The
more intense a tactor in the TactaBelt vibrates, the closer the isobmtcolliding in a
certain direction.



Following the experimental results and conclusions by Nielsen (Nieseanh,
2006), the map of the environment was set to be represented in a projected manner on the
ground in the form of blue lines as the robaptres data from the environment. The
robot avatar is placed on map where the robot is physically located in the real world

Figure3 illustrates the main componerdkthe graphical interface. Blue linase
printed on the ground and represent object surfaces that are sensed by the robot as it
passes close to them. Previously sensed walls and their locations are stored and
displayed. For the example Kigure 3, the robot passed close to a large number of the
objects in the scene before and thus most of the walls in the environment can be seen
from a distance. The eight cylindaiccomponents of the graphical ring are presented in
different red saturation levedgound the robot avatar, in front of which the camera panel
can also be seen. The panel rotations occur relative to the robot avatar and match the real
robot camera rotains controlled by operator input. A chronometer is presented in the top
right hand corner of the screen.dttriggered once the training session finishes and the
robot is transferred to thertual environment VE) where the actual experiment takes
place

Time:

a
e daa

Rotateablganel
with video feed
from robot
camera

Chronometer
(disabled during
training session)

Threeout of the
eightcollision-

Robot avatar

proximity feedback = - = < L FITL LT TTERT—
] ring components |[\\——=" e T <
. around the robot s
s '~ ~—

Blue lines representing object surfaces

Figure 3: Main Components of the graphical interface.

The controller used in the experiment was a Sony PlayStationdbazt 2
(Figure4a). The TactaBelt was custom made, and consists of a set of eight tactors located
at the cardinalndintermediate compass points, with forward beingmd@igure 4b).

Each tactor is a simple DC motor with an eccentric mass, similar to those used in mobile
phones. The amount of current controls the level of vibrd@oeach tactor. This control

is possible through the interface API and hardware provided by the TactaBox (Lindeman
et al, 2006).



(b)

Figure 4: Interface used in additioto the standard computer monitda) PlayStation 2
dualshock controller{b) TactaBelt.

The machine used for running the experiment was a DELL XPS 600 with 2 GB
RAM and a Pentium (R) D Dualore 3GHzprocessarThe environment was run in a
window with resolution of 1280x1024 at an average fraate of 30 framepersecond
(fps). The graphics card used was a GeForce 7800 GTX with 256MB of memory



4. Hypothesis

We hypothesize that the use of videstile feedback will reduce operator
cognitive load when compared to using only a graphical interface. The hypothesis will be
validated by an evaluation of user performance on a sioipéetsearch task performed
by subjects in a user study. The redmetin cognitive load should be indirectly perceived
by measuring dependent variables on the study such as the number of searched objects
that are found, number of robot collisions with the environment, task time and spatial
understanding of the environmeas well as identification of the locations of objects.

The use of thegraphical ring, as well as the TactaBelt, shoghllise an
improvamentin subjecsoperception of the surrounding environmenhich would be an
indication of an increase in their stiion awareness levelhis improvement should be
especially evident through a reduction in the number of collisions, but also in other
experimentalvariables. Byenhancing the navigational feedback and making it more
intuitive (directional feedbackand kss visua(vibro-tactile feedback)subjects using the
enhanced interfaces will be able to focus more on the task and, hence, find a larger
number of objects. Therefore, task time, number of collisions, and number of objects
found are the most importante@surements to validate or reject our hypothesis, which is
split into the following two morepecific hypotheses.

Our first hypothesis is thaubjects using either the TactaBelt or the graphical
ring feedback interfaces should have an increase in navigatial performance
measured by a reduction in the number of collisions and hence in the time taken to
perform the task in relation to the control group, that is using neither interface.
Additionally, these subjects will be able to focus their attention rooréhe task itself
rather than on navigation. As a restiftere should also be an increase in the number
of objects found by these subjects compared to the control group, and a better
reporting on the location of the objects and understanding of the envanment as
measured using petst sketchmaps.

Our second hypothesis is thaibjects who are using both the TactaBelt and
the graphical ring feedback interfaces should have an even larger increase in
performance measured by a reduction in the number of dlisions and in the time
taken to perform the task compared to all other groups. Moreovan, increase in the
number of objectsfound and more-accurate sketcimapsbeing drawn shouldalso be
evidencedcompared to all other groups of subjects.



5. Methodology

As already mentioned, a user study was carried out to confirm our hypotheses that
the use of either or both feedback intereaweuld imply in an improvement in operator
performance and reduction of cognitive load measured in terms of number of collisions,
task time, number of objects found and spatial understanding of the enviroftreent.
user study is described in this section.

5.1. User Study

The task that users had to complete consisted of locating red spheres in the ruins
of a small closed environment. Atéab of nine spheres were hidden in the environment.
The users did not know in advance the number of spheres hidden. After the experiment
was over, users were asked to sketch a map otaslespace and the approximate
location of the spheres.

The user stdy consisted of a betweemubjects experiment. The independent
variable was the type of collisigoroximity feedback (CPF) interface. Subjects were
divided into four groups: the first groupiNo n ewuld operate the robot without having
collision-proximity feedback from either the graphical ring or the TactaBelt. The second
( A Ri) wogld receive feedback from the graphical ring. The third'(@a c t Javdwddl t 0O
receive feedback from the TactaBelt. eTHourth and last fiBo t )hwoould receive
feedback from both the graphical ring and TactaBelt.

Subjects could control the robot and its camera using the two analog joysticks of
the gamepad. Two trigger buttons from the gamepad were also used to allostsstabje
take pictures of the environment. These pictures were useful for subjects in the map
sketching task during the pestiestionnaires session as further explained below.

The dependent variables were the number of collisions during the task, the time
taken to accomplish the task, the number of spheres foamd the accuracy of the
sketchmaps.

The user studgan be summarized by a list of eighéps for each subjectome
of themfurther explained in the paragraphs following this list.

1. The subjecteadand signedn IRB-approved consent form for the experiment;

2. Demographic information was collecttdm the subject

3. The subjecteada sheet of paper with instructions for the experiment aneldask
any questions about the experiment;

4. The experimenteexplaned how to control the robot and its camera using the
controls on the gamepad,;

5. The experimenter explained about the training session and then started it when the
subjectwasready;

6. Once the training session was finished, theerimenterexplained that th
subject would be moved to the real task now and briefly reviewed the task to be
accomplished. The experiment started when the subject was ready;

7. During the main experiment, thexperimentertook general notes about the
subject and his performance duriihg experiment;

8. Once the main experiment task was over, the subjest filla postquestionnaire
containing the sketchmap and experiment feedback information.

10



A description of the script used by the experimentea gsiideline during the
experiment candéfound inAppendix A

The demographic questionnaire collected subjectmmition about their gender,
age,how often they played videgames and used or worked with robots. For the last two
guestions, the poss@)bl ewa®d)délewed @QGBpbome rfen e viedrad |

(4).

The instructions presented inAppendix B, consisted of a single page of
information containing the description of the experiment, the task that should be
completed, the interface, and how subjects should behave before, dumihgfter the
experiment.

The training session happened in a virtual training room larger than the one used
during the real task session. While the virtual house where the experiment took place was
8m in width by 10m in length, the training session rooas W5m in width by 15m in
length. Additionally, the training room was an open space while the experiment room had
many obstacles the user needed to maneuver around.

The training room contained a set of large geometric primitives colored with basic
colors.A single red sphere was hidden behind one of these primitives. The task in the
training room was to find the hidden red sphere and take a picture of it. This gave the
subject time to practice and get used to the robot controls. During the training ,sssion
subjects seemed to be already comfortable with the robot controls but were having
problems in finding the red sphere, #agerimentewould intervene and give them hints
on the location of the sphere so that they could practice taking picturesiestions and
then move on to the real experimdfigure5 gives an overview of the training room.
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Figure 5: Training environment from a bi@ eye view (a) and from the opera¥or
perspective (b).

Data on place and time of the collisions were recorded as well as the time spent in
performing the task. Additionally, the periods of time spent during the training session
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and sketching the location of the spheres were recorded for some of the subcts;
didnd think tocollect such data until halfray through the subjects.

A postquestionnaire asked subjects to report the number of spheres found and
their location by sketchg a map of the environment. They were provided with the
pictures they took during their traversal of the environment to help them in sketching.
The images were displayed on a Web page presem®&@® 640 resolution. The top of
such aWeb pages presente in Figure®6.

Subject000 Pictures

TactaBelt Teleoperation XP, Hive Lab, April 2009.

Figure 6: Web page example used during map sketching.

The sketchmaps were evaluated following criteria propose@ilipghurst &
Weghorst (1995). The first criterion was map goodness, which was evaluated on a scale
from 1 to 5, instead of the original scale from 1 to 3. The criterion for grading map
goodness was how well the sketchmap would help in guiding someangyhhthe
environment. The second criterion was counting the number of objects of different
classes or groups that were drawn. The objects were divided into three groups: walls,
doorways, and debris. These groups were graded separately. Each object found
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corresponded to an increment of one point to their object group grade. The third and last
criterion was a general grading and analysis of the correct placement of objects relative to
other nearby objects. Sample sketchmaps are presenkeduire 33 Spheresvere not
considered, since pictures would allow subjects to position them correctly relative to
nearby objectsost of the time

5.2. Virtual Environment

The robot side of the systewss simulated using a virtual environment (VH).
fact, o VEs, constructed using the C4 game engine (www.terathon.com), were used in
our application. The first described the real world where the robot was inserted and was
supposed to complete a task. The second represented the robot teleoperator interface as
seen from the point of view of the operator. The environment where the search task took
place is presented Figure7a, and the operator vieil shownin Figure7b.
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Figure 7: Experimental virtual environment in C4 engine (a) from a®isye view and

(b) from the operatds perspective. Tt version does not have the graphical ramg
may represet he vi ew of a soubjielTatctiarBetlhed fgMN@UeO
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