


Human-Robot Interface
The primary focus of our work for the 2003 contest was the
interface for managing the robot during the Urban Search
and Rescue [USR] task. The interface is a set of non-local
(to the robot) applications that permit an operator to man-
age one or two robots simultaneously. Communication with
the processes local to the robot occurs via IPC. The inter-
face implements the concept of sliding autonomy, where
the operator is able to give the robots more or less decision-
making ability depending upon the situation. This interface
is described in detail in the following section.

Motivation
Early in the course of this design project, it was realized
that the greatest advances in user interfaces [UI] in the past
ten years have been made in the realm of video games.
Computer and console games alike must have clear inter-
faces which provide the player with both controls and infor-
mational displays that allow for very fast response times to
situations in a dynamic environment. These interfaces have
developed at an incredibly rapid pace, with perhaps the pin-
nacle of UI design being that of so-called First-Person
Shooter [FPS] games (Unreal Tournament, 1999). FPS
games are the most appropriate interface paradigm for a
project such as USR, as they represent a three dimensional
world with which the player can interact. Navigating a
three-dimensional game world in search of computer-gen-
erated enemies is analogous to the task of Þnding injured
and/or trapped victims in a USR scenario. Mapping that
three-dimensional environment down to a two-dimensional
computer display is simple enough using a live video feed,
but making it intelligible, informative, and useful for the
robot operator is far more difÞcult.

Design
The most successful FPS games have very simple inter-
faces: the main portion of the interface is dedicated to a
large viewing area that contains the game world. Small sta-
tus areas around the perimeter are allocated for information
regarding the playerÕs health and equipment. Most games
also have a radar mini-map showing the direction to ene-
mies or other players, as well as a separate screen contain-
ing a map of the current game level.

The robot interface focuses on three sources of informa-
tion: a video stream from the robotÕs PTZ camera, a ÒradarÓ
view visualizing the range sensor data (sonar and infrared,
combined) from the robot, and a manually updated map
view showing the robotÕs internal map of the navigated
area. Together, these three windows, shown in Figure 2,
bring the robotÕs view of the world to the remote operator.

Simplifying the interface reduces on-screen clutter, but
also precludes having visual duplicates of the robotÕs
motion and camera controls. This means that most of the
control must be done via the computerÕs keyboard, much
like an FPS. The standard WASD directional pad is pre-
ferred by many right-handed gamers, because it puts most
of the basic controls within one key of the Þngers of the left
hand, and frees up the right hand for using the mouse.
Unfortunately, ÒmouselookÓ, where moving the mouse
rotates the playerÕs head in the game world, was not some-
thing that could be implemented with the robotÕs existing
PTZ camera implementation. Because of this limitation, a
second d-pad control was created for the camera using
UHJK on a QWERTY keyboard. With the operatorÕs left
and right hands resting on the keyboard, the vast majority of
the interface controls are a single keypress away. The oper-
ator can use the fast-twitch muscles in their hand to react as
quickly as possible to changing conditions in the robotÕs
environment.

Figure 2: (a) Standard video and navigation interface
screen, (b) expanded screen with button controls, (c) map
screen showing a map built by the robot in USR run 3, (d)
sensor and camera status display.
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Interest Points
The mouse does play one important role in interacting with
the video image received from the robot: it allows the oper-
ator to set and manipulate points of interest, including land-
marks and victim locations, which are then stored in the
robotÕs map. The operatorÕs own human visual system pro-
vides the brain behind what the robot is seeing.

The operator can set an interest point on the ground by
clicking on the image. The robot will use its current posi-
tion and camera orientation data to calculate the location of
the selected point in the world by assuming that the click
occurred somewhere in the ground plane. This ability to
orient on local landmarks reduces errors in localization.

The robotÕs internal localization is based on odometry
and dead reckoning, which means that the robotÕs position
and orientation become increasingly inaccurate as it moves.
The orientation is the most likely of the three coordinates to
be incorrect, so the operator can use previously set land-
marks to correct the robotÕs orientation. If the operator sees
that the current landmark--whose estimated position is
highlighted in the display--no longer matches the real-
world position where it was originally set, they can click on
the landmark object again. The program uses the current
position of the robot and the stored position of the land-
mark, along with the newly recalculated vector to the land-
mark, to reset the robotÕs global orientation. This correction
can remove unwanted bends and curves on the map that are
caused by a drift in the robotÕs orientation.

The ability to set landmarks signiÞcantly improved the
accuracy of the robotÕs generated map, and allowed the
addition of some unique features. The method used for cap-
turing the landmark point is essentially the mathematical
inverse of the calculations necessary to draw ground plane
bars on the image, which permit the operator to estimate
distances in the scene.

When drawing the ground plane bars, a distance from the
robot (0.5 meter intervals) and a heading (directly ahead)
are converted into a pixel coordinate. For the landmarks, the
image position of the mouse click is converted into a global
2-D position in the ground plane of the world. The Þrst step
is to calculate the vertical angle between the ground plane
and the line of sight from the camera to the interest point,

(1)

where tilt is the vertical tilt of the camera, r is the row (y
pixel) in the image where the mouse event occurred, H is
the height of the image in pixels, and FOVv is the vertical
Þeld of view of the camera. This is a linear approximation
to the true tilt angle of the pixel, as it assumes each pixel
corresponds to an equal angle in the Þeld of view, but works
well enough for the Þeld of view used by the robot.

This angle can be used to calculate the distance along the
ground plane from the camera to the interest point, and thus
from the robotÕs current location (designated as the center
of the robot) to the interest point,

(2)

where Cz is the vertical distance between the camera and
the ground and Cx is the distance from the camera to the
center of the robot.

In addition to the distance, we can also calculate the ori-
entation of the interest point relative to the robot using a lin-
ear approximation,

(3)

where FOVh is the horizontal FOV of the camera, W is the
width of the image in pixels, c is the column (x pixel) in the
image where the mouse event occurred, and pan is the hori-
zontal pan position of the camera.

Once the system has the distance and orientation of the
interest point relative to the robotÕs current position, it gen-
erates a Þxed global map location for the interest point. As
the robot moves, the estimated location of the interest point
is displayed on the operatorÕs screen. If the estimated loca-
tion and the actual location differ, then the operator can Þx
the robotÕs estimated orientation by clicking again on the
interest point. We make the assumption that errors in (x, y)
location are small compared to errors in orientation, and
those assumptions allow us to correct theta based on the
user speciÞed landmarks.

The ability to select interest points, however, is more
generally useful than just correcting the robotÕs orientation.
After the user selects a point, the system can query the user
for other data that should be associated with it. In the USR
competition, for example, creating a victim interest point
brings up a form giving the user the opportunity to Þll out
the information required for each victim as part of the com-
petition. Figure 3 shows an example victim dialog box.

Using the victim data collected from the operator, the
interface was able to generate a web page on the ßy. In a
real USR situation, this page could be served over a wire-
less network from the operatorÕs computer to rescue work-
ers with properly equipped PDAs. The rescuers would then
have instant access to the victimÕs status, an image of the
victim and the surrounding structure, a map to the victim
with a robot-navigable path highlighted, and images of any
navigation points set along that path. Once the map accu-
racy is signiÞcantly improved, this kind of information
access will be highly useful to human rescue workers.
Returning this data also fulÞlls the robotÕs role as a scout
into a potentially dangerous situation.
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Results and Evaluation
The competitionprovided a numberof insights into the
strengthsand weaknessesof the user interface.Someof
thesewerea resultof designchoices,while otherswerea
result of hardware or software limitations on the robot
itself.

Oneof thedesignchoices,for example,wasto make the
default screenuse the keyboardexclusively for low level
control of the robot.For anexperienceduser, the improve-
mentgainedby usingonly thekeyboardexclusively is valu-
able and saves time relative to a mouse.Unfortunately,
having a largenumberof controlsaccessibleonly by poten-
tially hard-to-rememberkeystrokes dramaticallyincreases
the interfacelearningcurve. An operatorwho hastrained
on the interfacewill have no problems,anda new operator
who hasexperienceplaying FPSgameswith similar key
layouts will be able to adjust quickly.

New operatorswith little or nogamingexperience,onthe
otherhand,mayÞndtheinterfacetoo obscured.During the

time that they would spendlearning the keyboard layout
they would be effectively uselessin a real operationalset-
ting, dueto very slow responsetimesandanincreasedinci-
denceof mistakenkeypressesthatcouldendangertherobot
through inadvertent motion.

This problembecameobviouswhena new operatorwith
effectively nogamingexperienceattemptedto usetheinter-
face. Even after a brief training period, and making the
mouse-basedcontrolsvisible, the operatorwasbarelyable
to get the robot to move, let aloneuseit to searchfor vic-
tims.Whenconsideringthetrade-off betweenefÞciency for
a traineduserand usability for a wide rangeof inexperi-
encedusers,the increasedefÞciency grantedby the key-
boardinterfaceis moreimportantin theÞeld.However, the
mouse-basedinterfaceis still necessaryif thereis aneedfor
naive users to managethe robots. Training a new user
would not require a signiÞcant investment in time or
resources, but enough to acclimate the user to the interface.

Oneof the limitations of the underlyingsystemthat we
foundduringthecompetitionwasthatthelandmarkcorrec-
tion systemitself waserror-prone.Settinga landmarktoo
close to the robot or setting and resettinglandmarkstoo
oftencouldleadto suddenjumpsin orientation.Settingone
landmarksomedistanceaheadof therobotandthennotset-
ting a new landmarkuntil the Þrst one was reachedgave
bettermaps.Sincethe settingof landmarksis totally up to
the discretionof the operator, this practiceeither comes
with experience or as part of the operatorÕs training.

A secondlimitation of theunderlyingsystemwasthatthe
autonomousnavigation was too jerky to permit effective
monitoringof long forwardmotionsby theoperator. Thus,
althoughthe magnitudeof the robotÕs forward motion or
rotationcouldbesetto anarbitraryvaluebeforesendinga
move or rotatecommand,we found that small rotationsor
motions worked best. Asking the robot to travel several
metersin a straight line using its own obstacleavoidance
simply did not work well in theenclosedspaceswith noisy
sensors.This is clearly an areafor future improvementin
the underlying navigation system.

Making large rotations(greaterthanan eighthof a turn,
or about45û)seriouslyexacerbatedthe motion errors,and
alsotendedto disorienttheoperatorwhenthevideoblurred
and lagged.Using short forward motions (less than 0.5
meters)andsmallangles(aroundp/10 radians)allowedthe
operatorto nudgetherobot in thedesireddirectionwithout
worrying as much about the robotÕs own behaviors sud-
denlykicking in to avoid anobstacle.Smallermotionsalso
madefar moreaccuratemaps,which madethe victim data
web pages more useful.

For the cameraÕs PTZ controls, a small step angle
(aroundp/8 radians)wassetfor tilting andpanning.There
arealsojump-tooptionsfor moving thecamerato thelimit
of its PTZ ranges,aswell asfor quickly resettingthecam-
era to a straight ahead view.

Figure 3: Dialog window for entering victim data.
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