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\Msion guidance allows this robot to pick
randomly oriented footballs from a moving
conveyor belt and correctly place them in boxes.

By Richard G. Zens Jr.
Vice President
Abacus Automation
Bennington, VT

lexibility is an increas-
ingly high priority for
many U.S. manufactur-
ers, and thevision-guid-
ed robot has become a
powerful tool to meet
this demand. Vision-guided
robotic (VGR) systems can be
quickly adapted from one prod-
uct to the next, facilitating new
product introductions. VGR
systemscan enhance assembly,
packaging, test and inspection

processes, and they can per-
form in environments that are
hazardous to humans.

Robots have been at the
forefront of flexible automa-
tion for manyyears,but until
recentlyrobotvision waslim-
ited. In the past, vision sys-
temsrequireda PCwith acus-
tom frame grabberto capture
or QrabOimages from cam-
erasandcustomsoftwarewas
neededo analyzetheimages.
Thesesystemswveretoo com-
plex for manufacturers to
maintainwith their own staff.
Instead,vision expertshadto
be broughtin to maintainthe
system and to create the
sophisticatedalgorithmsnecessanfor
image analysis. This was very costly.

Now, all thathaschangedWhatwas
formerly the art of integrating vision
systemshasbeenreducedalmostto a
science.Cost-effectivevision systems
arereadilyavailable with greateraccu-
racy anda muchwider rangeof capa-
bilities than earlier systems. Today®
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off-the-shelf software makes guiding
robotswith machinevision moreprac-
tical. With user-friendlysoftwareman-
ufacturingengineercanmakeproduct
changes, adjust tools and create new
measurementwithout calling a vision
consultant.

Today@ VGR systems represent a
goodvaluefor manufacturerspotonly
becausehe cost of robotsand vision
systems has decreased considerably,
butalsobecaus¢hetoolsfor bothhave
vastly improved.Robot manufacturers

now includehigh-poweredrision algo-

rithmswith theirsoftwarejn additionto

standard measurement and object-

recognitiontools. Ethernetconnections
allow robots to communicate quickly

with other robots, remote controllers

andfactory networks.Most robot con-

trollers havebuilt-in /0O moduleswith

programmabldogic, allowing themto

control peripheraldevices.This makes
using a PLC or PC as the main con-

troller optional.

Vision-tracking routines are
available with some robots as an
integrated package that includes both
hardwareandsoftware Cameraganbe
connected directly to the robot
controllerto enableon-the-fly picking
of parts or products from moving
conveyors.



We recently completed a
packagingapplicationthat took
full advantage of this tracking
technologyPartsarefedin bulk
from a hopperto arotatingtube
with an internal spiral, which
helps separate them. Further
separatioris createdasthe parts
exit the tube and fall onto two
cascadingonveyorsthesecond
of which is driven at a faster
speedhanthefirst. An encoder
is connectedo thedrive shaftof
the secondconveyorto monitor
its speed. This conveyor has a
translucenbelt. A light, mount-
edundera cutoutin theconvey-
or bed, backlights the parts on
thebelt. A cameras mounted4
feet above the conveyor and
recordsthepositionsof the parts
andtheir angularorientationas
they pass over the light. Soft-
warein the robotcontrollercal-
culateghepathsandpositionsof
all partsthatcouldbe pickedby
the robot. The robot follows
availabletargetsat the speedof
theconveyor picksapart,reori-
entsit, andplacest in thecorrect
position in a packing box.

Of course evenwith todayOs
user-friendlyvision technology,
settingup anewsystemcanstill
be challenging. For example,
lighting in machinevisionappli-
cationsis still moreartthansci-
enceLighting trialsdonein labs
rarelyduplicateproductionenvi-
ronmentsMoving parts,factory
lighting, air quality,outsidewin-
dowsandskylightscanadverse-
ly affect the performance of
manyvision applications Engi-
neersmustensurethat oncethe
lighting hasbeenresolved fac-
tory conditionswill not affecta
new system after installation.

Putting Vision to Work

In addition to software, vision
hardware has also improved dra-
matically. More powerful micro-
processors and higher-resolution

CCD chipsenablevision systems
to measure parts with much
greater accuracy than earlier
technology. In fact, a recent
application required the vision
system to measure parts with an
accuracy of +0.02 inch.

The application involved
finding machined grooves in
steelblocks and controlling the
pressing of metal tubes into
thosegroovesThecameraneed-
edto locateand measuremulti-
plesteelblocksplacedrandomly
on a 3 foot by 4 foot magnetic
chuck. Each block was 1 to 4
inchesthick and had oneto six
grooves machined in it. The
camerahadto locatethe begin-
ningandendof eachgroovewith
an accuracy of 0.02 inch. The
goal was to obtain datafor six
blocks in 30 seconds. A four-

axis Cartesianrobot would use J

this datato pressthe tubesinto
the groovesusinga 5-ton servo
press.
This application presented
four major challenges:
lighting.
finding multiple grooves.
correctingfor parallaxand
distortion to achieve the 0.02-
inch tolerance.
correlatingthe vision data
with the robot controller.
Lighting wascritical because
the machined plates and their
grooves were precision ground
with mirror-like finishes. Tests
with variouslightsindicatedthat
these reflective surfaces would
createhot spotsthatwashedout
sections of the grooves as
viewed by the camera.The hot
spots were eliminated with
indirect lighting onto matte-
whitewalls. Light did notreflect
directly backto the cameraBy
fine-tuning the aperture and
shutterspeedof the camerawe
produced crisp images of the
plates and their grooves.
Oncethelighting andcamera

For robot guidance, cameras can be mounted to fixed positions in
the cell, or they can be mounted directly to the robot.

i | \ . LR
A vision-guided robot transfers glass tubes of varying diameters
and heights to an assembly machine.
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These precision-ground plates had mirror-like finishes that created hot
spots for the camera, washing out critical groove detail. Indirect lighting
solved the problem.

settingswereoptimized,carehadto be
takento preventfactory lighting from
affectingtheimages.Outsidewindows
near the system created potential
problems not only between day and
night, but also due to the different
positionsof thesunthroughoutheyear.
Fully enclosingthe cameraand lights
ensured the settings would not be
disrupted by external light sources.

With the lighting defined,the next
task was to find the grooves in the
plates. The magneticchuck was made
of precision-ground steel and looked
similar to the plates,makingit difficult
to distinguish between the two. An
experienced vision consultant wrote
customsoftwareto find the grooveshy
analyzingthe field of view. However,
the programtook hoursto run
and could find only partial
grooves.

An in-housecontrolsengi-
neer solved this problem by
creatingarrowsand attaching
them to 3/4-inch diameter
magnetic discs that were
placedin front of the grooves.
The camera was then pro-
grammed to search for the
arrowsandthusfind the start
of each groove. From there,
the grooves were followed
usingedgetoolsincludedwith
the vision system. Groove-
positiondatawastakenevery
0.05inch. Then,usingaverag-
ing and smoothing routines,

X-axis
chuck

magnetic

e T—

robot to follow.

thegroovesweredefinedanddisplayed
on the operator interface. Acquiring
datafor 24 separategroovestook less
than 5 secondsGroove datafor each
plate was storedon a hard disk to be
used by the robot.

Wewereclose butwestill neededo
improvethe systemQaccuracyto meet
the 0.02-inch tolerance requirement.
The high-resolution camera did not
havesufficientpixel countsto measure
anobjectwith anaccuracyof 0.02inch
overa3footby4footareaParallaxdis-
tortionwasalsoaconcernTo havezero
parallaxerror,the cameravould ideal-
ly be mounted infinitely far from the
work. Experiments determined that a
distanceof 8 feet would give the best
combination of lighting and viewing

Press With Vision-Guided

Four AXIS Robot

. Camera
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A wheel, mounted on the press ram, follows a groove cut in a metal
plate. Sophisticated vision software generated the path for the

angleto minimizedistortionandfit in a
factory environment.

Evenso,therewasstill a greatdeal
of distortiondueto theanglefrom cen-
ter below the camera to the outside
edgeof themagneticchuck.However,
the high-endvision systemhad a new
tool thatmadeit possibleto correctfor
parallax and lens distortion. Using a
precision checkerboard grid that cov-
ered the magnetic chuck, calibration
software automatically corrected the
field of view for any distortion. The
variablethicknessesf the platescreat-
ed additional parallax, as the angles
became greater when the plates were
placednearerthe outsideedgesof the
chuck. Based on the positions and
heights of the grooved plates, offsets
were added to yield precise
pointsfor therobotcontroller
to use.

The groove data-points
were sent to an array to guide
the robot to follow each
groove. The last challenge
was to correlate the groove
data to the robot coordinates.
Using the calibration grid, the
robot was moved to various
points on the grid, and the X
and Y coordinates were
recorded. When a point var-
ied slightly from the grid
position, the robot wasmoved
manually to align the press

Sophisticated lighting enabled engineers to automate high-precision, ;.5m to the exact location on
press-fit assembly of metal tubes into grooved steel blocks.

the grid. Offsets were record-
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ed and atable was created of al the off-
sets. When the robot was commanded to
go to a new position, these offsets were
averaged and added to the groove data.
This created a precise path for the robot
and met the 0.02-inch tolerance require-
ment.

Camera Mounting

For robot guidance machinevision
cameras can be mounted to fixed
positions in the cell, or they can be
mounted directly to the end-of-arm
tooling. The latter positionenableshe
camerdao view multiplelocationswhile
guiding the arm. This is useful when
small objectsneedto be viewed over
large areas, for inspection or to
determinepreciseposition. The vision
tools correlatethe armOgposition with
the field of view to specifythe robotOs
next move.

In one such system, boxes of glass
tubes are fed to an unload station. The
boxes aretilted to 30 degreesto keep the
tubes upright as they are removed from
the boxes. Quick-change probetoolsand
selectable programs allow tubes of vary-
ing diameters and heights to be trans-
ferred at this station. The cameralocates
theends of the glasstubesand guidesthe
probes to engage them. Air pressure is
channeled through the probes to expand
their O-rings and grip the tubes. The
robot then transfers the tubes to the
assembly machine, where they are
processed. This system addresses flexi-
ble production requirements, reduces
breakage, cuts loading costs and mini-
mizes glass-handling hazards.

As flexibility requirementéncrease,
vision-guided robots are meeting the
challenge. Robot manufacturers are
providingstrongerandfasterarms,and
software engineers are developing
new capabilities and making existing
tools easierto integrate.The next big
challengeis to improve lighting tech-
niguesto keeppacewith advancements
in robotics and vision. Great strides
havebeenmadeto accommodatearia-
tionsin lighting, but it still remainsan
art. Evenso,roboticvision systemsare
well-positionedto fulfill the needsof
manufacturing in the years to coma.
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