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Abstract

This paper presentsthe designand developmentof an
interactive system to accomplish the task of visually
guided grasping. We focus on human-machine inter-
action. Our system provides the user with a simple
graphical method to specify the task to the robot. This
high level speci¯c ation is translated into \visual-servo
commands". Experiments demonstrate the ability to
specify complex manipulation tasks in natural scenes
that are executed without further operator interven-
tion.

Keyw ords : Activ e StereoVision, Visual Servoing,
Tele-cooperation

1 In tro duction

Telerobotic systemshave an ever increasingrole in to-
day's world. There applications caninclude working in
dangerousenvironments [3], performing tasks impos-
sible for humans[10], and aiding personswith disabili-
ties [7] amongothers. Traditionally the feedback from
teleoperated robots consists of a visual display and
possibly some haptic interface supplying force feed-
back. The human user attempts to use this informa-
tion to control the robot using either direct or inverse
kinematics. Control in this manner is slow and tedious
with the human useroften struggling to determine the
relative orientation betweenthe robot and the object
to be manipulated.

Computer vision techniques have been used to ad-
dresssomeof thesedi±culties. Using visual servoing
techniquesone can move a manipulator to the object,
provided the position of the object in the image can
be speci¯ed [6]. Using two sets of visual cues, one
on the end-e®ectorand the other on the object to be
grasped, and the relative alignment between the two
feature sets, a visually guided grasping technique is
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presented in [5]. This method requires that the align-
ment betweenthe two feature setsare known a priori
and that they can be located in the image. E®orts to
automate speci¯c robotic tasks using related ideasare
presented in [10, 4]

Automation of robotic tasks using visual techniques
becomesharder when the sceneis cluttered and is not
contriv ed. The problem is mainly due to segmenta-
tion issues, i.e. distinguishing the object from the
scene. Segmentation can be hard if the image does
not contain easy to locate markers or if the sceneis
not contriv ed in a way conducive to the segmentation
task (e.g. black object on white table).

Even in the presenceof a good segmentation algo-
rithm, it is unclear how to specify the task to the robot
in a way that is easyand intuitiv e to the user. An at-
tempt to tackle this issueis suggestedin [1, 2] where
they advocate the creation of a new logic based lan-
guageto describe the task to the robot. Such a lan-
guagemay be unwieldy for an operator without spe-
cialized training. A graphical method to specify the
task is suggestedin [3]. This method requires a very
detailed geometricdescription of the object to be ma-
nipulated as well as a model of the environment.

This paper proposesa graphical methodology sim-
ilar to the one presented in [3] to specify a grasping
task. The graphical interface outlined here allows the
user to selectobjects in the image,by using line draw-
ings of simple geometric primitiv es. The user chooses
and \places" the geometric primitiv e, in the stereo
images,over the object they wish to grasp. This al-
lows the computer to locate the desiredobject in the
imagewithout the needfor elaborate imagesegmenta-
tion routines or geometricdescriptions. The computer
can then use this information to reconstruct a 3-D
model of the object, plan the grasp points, and then
move the robot to the desiredposition and orientation.
Thus the human is intro duced into the control loop to
do a task that they are good at, namely image seg-



mentation. Lacking \p erfect" vision algorithms such
a human-inclusive control loop is necessary. We would
like to refer to this paradigm as tele-cooperation.

The paper is organizedasfollows: Section2 contains
a brief description of the setup that is usedthroughout
the paper along with a description of the coordinate
framesthat wereused. This is followed by the descrip-
tion of the method we proposefor grasp speci¯cation
in section 3. The performanceof the system was out-
lined in section 4. The paper concludeswith a brief
summary of our work in section 5.

2 Our Setup

The setup was composed of an active stereo vision
system (See in Figure 3) and robotic arm. The arm
(manipulator) was¯xed to a table with the vision sys-
tem, mounted on a mobile robot, adjacent to the ta-
ble about 1:5 m in front of the manipulator (SeeFig-
ure 1). The active vision systemincluded two cameras
mounted on a pan-tilt unit (PTU) with a baselineof
approximately 32 cm between the PTUs. The move-
ments generatedby the pan tilt unit werepurely rota-
tional, but becausethe optical center lies at a distance
from the point about which the PTU rotates the ex-
trinsic parametersof the stereosystem vary with the
pan and tilt angles. Systems exist that attempt to
rotate about the optical center of the camera, elimi-
nating the variation in the extrinsic parameters, but
tend to be expensive and impractical. To avoid recal-
ibration of the head with each movement a model is
formed describing the extrinsic parametersas a func-
tion of the pan and tilt anglesof the cameras.

Figure 1: The manipulator and the stereovision sys-
tem.

In order to better describe our methodology in the
remainder of the paper we will outline the coordinated
frames,seenin ¯gures 2 and 3, relative to the hardware
described above.

(w)orld the coordinate system located midway be-

Manipulator Frame (m)
Object

World Frame (w)

Figure 2: A schematic showing the various coordinate
systemsused.

tweenthe two pan-tilt units. Wedenotethe world
coordinate system with a \w" (xw , yw , zw ).

(p)tu ¯xed at the baseof the pan/tilt unit. A pure
translation along xw from the world frame with
our system.

(g)aze the coordinate systemattachedto the pan/tilt
unit for the current gazeposition (i.e. it changes
with the pan/tilt angle). When the pan/tilt an-
gles are both zero, the axes of the gazeand ptu
frames coincide. (i.e. Tgp(Á;¿))

(c)amer a the camera coordinate frame located at
the optical center of the camera with positive z
axis along the optical axis.

(m)anipulator the manipulator frame is at the base
of the robot arm. The position of the end-e®ector
is described in this frame.

3 Metho dology

In this section we lay out our methodology for grasp-
ing an object. In section 3.1 we present the details
about the modeling and the calibration of our stereo
system. Next, the estimation of the transformation
between the world frame and the manipulator frame
is presented in section 3.2. Then the speci¯cation of
the grasping task is described in section 3.3. We con-
clude in section 3.4 with a description of the visual
servoing techniques applied in the system.

3.1 Calibration of the vision system

Our grasping system relies on a pair of calibrated ac-
tiv e cameras. The stereo head was calibrated using
the methodology described in [8]. Calibration of the
stereo head provided estimates of the projection ma-
trix and the rigid transformations between the world
coordinate system and the cameracoordinate system
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Figure 3: (Left) Our dynamic stereo head and (Right) the coordinate frames associated with the active stereo
head.

(Twp and Tgc) for each camera/PTU. The calibration
procedure requires a set of correspondencesbetween
2D imagepoints and 3D spacepoints at a minimum of
three camerapositions. The 3D points usedin the cal-
ibration proceduremust be non-coplanar. The result
of the calibration procedureenablesthe estimation of
the extrinsic parameters between the two camerasof
the stereo head using only their pan and tilt angles.
This provides the capability to perform reconstruction
of the scenewith respect to a commonreferenceframe
(the world frame in our case), without recalibrating
the stereohead for every motion of the camera(s).

The calibration task was totally automated. The
gripper had a marker placed on it to allow fast and
easytracking. The gripper was then moved to a num-
ber of positions over a volume of spacein front of the
camerasfor various camera positions. In the current
version of the system, one volume of data could be
produced in about ¯v e minutes. This time could be
further reducedif we present a grid of markersin place
of the singlemarker that is currently being usedin the
system.

3.2 Estimation of Twm

Using the calibrated active stereo system, the recon-
struction of the object to begraspedcanbedonein the
world coordinate frame. This reconstruction needsto
be mapped to the manipulator frame so that appro-
priate commands can be given to the robot arm to
move the end-e®ectorto the grasping position. Thus
the rigid transformation Twm needsto be estimated.
To estimate Twm we reuse the data collected during
the calibration of the stereo head. The manipulator
to world transformation, Twm , can then be calculated
with the equation

Twm = Twc Tcm ; (1)

where
Twc = Twp Tpg Tgc: (2)

Thus any point that is reconstructed in the world co-
ordinate frame can be transformed to a reconstruction
in the manipulator frame.

Figure 4: Snapshotof the user interfacewith the cam-
eras focusedon the the desiredobject.

3.3 Grasp Speci¯cation

With the initialization of the system complete the
grasping task could then be speci¯ed. The pan and
tilt of the camerasare adjusted until the object of in-
terest appearsin each image (SeeFigure 4). This was
followed by placing the desiredwire-frame model over
the object one wishes to grasp (See Figure 5). The
wire-frame in each image was manipulated until they
segmented the object from the rest of the image. It is
important to note that the model is purely qualitativ e
and provides no metric information. Its only function
was to aid the computer in segmentation.

The area that the user wishes the robot to grasp
then neededto be speci¯ed. The userselecteda plane
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Figure 5: The object segmented by the user. The user
placed the wire-frame seenbelow on the box. Then
the cornersare draggedto the appropriate positions.

and an edge in one of the images. The end-e®ector
approaches the object from the plane's normal, plac-
ing one ¯nger on each side of the selectededge. (See
Figure 7) . When grasping a circular plane the end-
e®ectororientation is chosenarbitrary .

3.4 Servoing

The location of the plane was determined by using
points matched betweenthe segmented stereoimages.
The following equation maps the image pairs to the
desired3D points.
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The superscripts and subscripts L and R refer to
the left and right camerasrespectively. u and v are
the horizontal and vertical components of the location
of a point in the image. The parameter a is a element
of the matrix A, where

A = cP Tcg Tgp Tpw ; (4)

and cP is the projection matrix. The A matrix needs
to be calculated for each cameraafter every movement
becausethe value of Tgp is a function of the pan and
tilt anglesof the camera(Refer to [8] for details). With

Figure 6: The segmented box extracted from the right
side of ¯gure 5.

Figure 7: The robot moved into the desired grasping
position utilizing the data derived from the wire-frame
model.

the valuesof B and ~q known the equation was solved
using the pseudoinverseto get the following:

~x =
¡
B T B

¢¡ 1
B T ~q: (5)

The location of the object was then used to deter-
mine where to move the manipulator's end-e®ector.
The position of each corner of the plane provided the
midpoint and normal of the plane. The gripper was
moved at a distance away from the midpoint along
the plane's normal with the gripper orientated so that
the force of closing is perpendicular to the selected
edge. Then the end-e®ectorwasmoved along the nor-
mal until it was at the speci¯ed point. This move was
followed by the end-e®ectorclosing to complete the
grasping procedure.
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4 Exp erimen tal Results

The task speci¯cation system was tested with a va-
riety of objects. The objects varied from a simple
polyhedra to cylindrical glassesand irregularly shaped
objects. The system required a circular or four sided
planer surfaceto locate the object. If the object could
be grasped with the available end-e®ectorwhen ap-
proaching from normal of the circular or planer sur-
facethen it waslikely possibleto graspthe object with
the system outlined above.

The interfacewasalsotested with a variety of users.
The user interface, besidesbeing able to grasp a vari-
ety of objects, proved to be a more e±cient method-
ology for the grasping of objects. It took lessthan a
minute to graspan object on averagewith our method-
ology, whereasmanual control of the robot (with the
operator able to observe the scenedirectly) took two-
three minutes. When the scenecan not be viewed by
the operator except through the camerasof the vision
system the manual grasping becamenearly impossi-
ble for an untrained individual. This was likely due
to the inabilit y of the user to resolve the projection.
The untrained user will attempt to move the gripper
above the object before descendingon it. The end-
e®ectorappears to be above the object when it lies
between the object and the camera. Unfortunately,
this is only true when the camerais directly above the
object. The misconceptionresults in a collision when
the user attempts to descent with the robot

Becausethe task speci¯cation system relied on hu-
man segmentation it performed well with complicated
scenes. Unfortunately the system does require that
the userbeable to seethe surfacethat is normal to the
desired approach of the end-e®ector. While the sys-
tem can locate the object in almost any sceneit does
not include any type of path planning. This makes it
nearly impossibleto reach around or through objects
and deal with workspaceconstraints. One such path
planing method is outlined in [7].

The location of the object using the segmented im-
agesproved extremely robust. Even with several pix-
els of error in the segmentation of the image it still
provided accurate location of the object. Rarely did
the position of the object contain more than 0:5 cm
of error. This error can easily be accommodated by
ensuringthat the gripper is su±ciently larger than the
object one wishesto grasp.

The system could be improved further by attempt-
ing to tune the grasp location (See [9]). It simply
moves the robot gripper to the position speci¯ed by
the user. The computer using the speci¯ed position
as a guide, could tune the grasp location to get an

improved grip. This would increasethe abilit y of the
grasping speci¯cation tool to get a desirablegrasp.

5 Discussion

In this paper we presented a task speci¯cation tech-
nique for a visual servoing. The system was veri¯ed
through testing with a variety of objects, scenes,and
operators. It proved °exible, easyto use,and an e±-
cient. This makes it an attractiv e option in a variety
of applications. These applications could include a
robotic arm mounted on a wheelchair. With many
of the present wheelchair arms movements are man-
ually generated. Our system could reduce the time
to grasp an object to one third of the present time.
The grasp speci¯cation tool could also be used with
robots working in hazardousareaswhere the operator
can not view the operation being performed except
through camera images. Our system would eliminate
the added cost of virtual reality setupsand extensive
training presently usedwith this type of application.
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