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Machine-Vision Software
Enters the Third Dimension

Off-the-shelf software tools are allowing 3-D machine-vision systems

to be rapidly deployed

Andrew Wilson, Editor

In numerous machine-vision applications,
solo or multiple cameras arc used to cap-
ture two-dimensional (2-D) views of objects
that are then analyzed for possible defects.
Although analyzing these 2-D views is uscful,
many applications such as robotic pick-and-
place systems require stereo images to per-
form this task. In other applications, such as
surface analysis, it may be necessary to create
a 3-D profile of an object to visualize any 3-D
deformity that may be present.

Today, various methods exist to perform
3-D imaging. Perhaps the most popular of
these are sterco-based vision methods that
can usc one or morc cameras to extract infor-
mation about the relative position of objects
within a field of view. In this manner, depth
information can be used, for example, to
allow vision-guided robots to effectively pick
and place objects located randomly within a
bin. The data can also be used to reconstruct
a 3-D modecl of the part for distance, angle,

and area measurement.

Stereo and more

As previously noted, systems used for 3-D
imaging can employ a combination of one,
two, or multiple cameras to obtain 3-D world

coordinates of a part using triangulation. Sin-

gle-camera systems, usually mounted
on arobot, generate perspective views
by obtaining two or more images as
the camera is oriented at different
positions around the object.

Before these systems can be
deployed, they are most often cal-
ibrated using a standard checker-
board pattern. Calibration software
can compensate for any optical dis-
tortion of the cameras, and, by ana-
lyzing digitized images from two per-
spectives, use epipolar geometry to
generate their 3-D world coordinates.

To cstimate the 3-D position and
orientation of the chart, features
within the test chart must be captured
and compared. Multiple commercial
machine-vision packages use geomet-
ric pattern matching to perform this
task. Cognex uses its PatMax, Search-
Max, and PatFlex tools in its Vision-
Pro 3D software for just this task;
Matrox Imaging provides 3-D cali-
bration tools in its Matrox Imaging
Library (MIL) software.

Once features within the stereo
images are found, computing the dis-

parity at which objects within cach
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Range map from base camera

Range map from auxiliary camera

Shadows present in
both range maps

Merged range maps

FIGURE 1. Agsense’s SAL3D Merger Tool allows range maps from different cameras imaging the same scene to be merged to increase the qual-

ity of acquired data.

stereo image match can be used to determine
the distance of the test chart in the field of view-

Increased accuracy

To increase the accuracy of measurements
performed by 3-D systemns, software vendors
arc also allowing developers to use their tool-
kits with various cameras. Tordivel has devel-
oped a 3-D machine-vision system that uses
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three XCGSX97E 2/3-type progressive-scan
CCD GigF. cameras from Sony to unload
cast iron plates from pallets (see “Vision-

bascd robot picks plates from pallets,” Vision

Systems Design, January 2011). By compar-
ing the accuracy of measurements from the
three sterco image pairs, morc precise part
measurements can be achieved.

Most currently available 3-D vision soft-
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FIGURE 2. Sick has teamed with Cyth Systems to develop 3-D vision software based around
NI's Vision Builder for Automated Inspection that allows images to be acquired from the Sick
Ranger camera (see frontis on page 23) and rendered in 3-D.
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ware uses test charts to calibrate cameras.
Developers at Recognition Robotics have
designed software known as CortexVision that
allows any Iearned object to be compared with
a target object and thus determine its position
in 3-D. Detailed in US Patent No. 7831098
(http://bit.ly/kghcDz), the softwarc extracts

one or more line segments from the learned
object and then determines the amount of
translation, rotation, and scaling needed to
transform the object into the test object.

Comau has already incorporated this soft-
ware into its RecogniSense system that the
company rccently demonstrated in an auto-
motive assembly application (see “Sophisti-
cated software speeds automotive assembly,”
Vision Systems Design, May 2011).

Structured lighting

In applications such as pharmaceutical blister

pack inspection where a higher level of accu-
racy may be required, structured-light-based
systems can be used to generate 3-D models.
In such systems, a laser light line is projected
onto a part and is captured by a camera
either as the part moves along a conveyor or
the laser/camera combination moves across
the part. Multiple line profiles captured by
the camera are then used to reconstruct the
surface of the 3-D object.

Again, a number of off-the-shelf software
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packages are available that can be used as
general-purpose tools or with specific 3-D
hardware to reconstruct 3-D images from
point cloud data. One of the most popular
of these software packages is the SAL3D
(3-D Shape Analysis Library) from Agsensc.

Aset of tools for processing point cloud infor-

Halcon, and Common Vision Blox from
Stemmer Imaging,

"lo minimize occlusions or shadows pres-
ent when using single-camera laser triangu-
lation methods, Agsense’s SAL3D Merger
Tool allows range maps from diffcrent cam-

eras imaging the same scene to be merged
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FIGURE 3. LMI offers a web-based browser tool for its Gocator that controls individual or multiple
devices, sets triggers and exposure rates, and make measurements of captured 3-D image data.

mation acquired from different 3-D vision
technologies (including laser triangulation),
the software is offered by Agsense and can

be combined with other software packages

such as Matrox’s MIL., MVTec Software’s

to improve the quality of acquired data (see
Fig. 1). As with many other 3-D methods, this
requires prior calibration of the system with a
known measured object. 'lo date, Agsense’s

Peak Detector tool used for laser stripe detec-

tion has been incorporated into a number of
FPGA-based cameras, most notably those
from Photonfocus. 'The SAL3D package also
has been embedded in systems such as those
for dental imaging, automotive inspection,
and food analysis.

For system developers wishing to acquire
structured-light-based 3-D images and 2-D
images simultancously, for example, Sick
has teamed with Cyth Systems to develop
3-D vision software based around Vision
Builder for Automated Inspection from
National Instruments (NT).

urable machine-vision software allows

The config-

images to be acquired from the Sick Ranger
camcra and rendered in 3-D (sce frontis on
page 23 and Fig. 2).

To ease the task of integrating laser and
camcra combinations, Sick and LMI Tcch-
nologies offer products that combine both
cameras and lasers into single products. Sick’s
Ruler Series can be used to image a number
of different ficlds of views of 3-D objects. Like
Sick’s, LMT’s latest Gocator 2000 family is
also offered in different versions, allowing
the devices to be used at variable standoff
distances and resolutions. LMI offers a web-
based browser tool to control single or mul-
tiple devices, set triggers and exposure rates,
and make measurements on captured 3-D

image data (see Fig. 3).
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Of course, the achievable resolution izl it

obtained by both stereo and structured-light-
based systems will be dependent on the dis-
tance of the object from the imaging system.
In applications such as pallet measurement,
where required accuracy measurements may
not be as stringent, it may be more effective
to usc time-of-flight (TOT") scnsors.

In such systems, distance data are created
in a manner similar to that of lidar scanners
but the entire scene is illuminated with a
laser or LED light rather than cmploying
a moving laser. This type of sensor is avail-
able from a number of vendors, including
ifm cfector (IFM) and Mesa Imaging.

"Targeted at materials handling applications,
IFM’s TOF 3D Image Sensor employs a pho-
tonic mixer device from PMD Technologies.
In operation, pulsed LED light reflected from
an object is detected by the image sensors,
then comparing the optical and electrical ref-
crence signals yields an output that determines
distance information. Point cloud information
is used to generate a 3-D view of the object.

The SwissRanger SR4000 from Mesa Imag-
ing employs 'T'OF principles to generate point
cloud data. To evaluate generated data, the
company’s MIESA Visualization Software
GUI allows basic camera operations and

views of point cloud data to be displayed and
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for object size and distance to be measured.
For more complex image measurements,
MVTec Software and Mesa Imaging pro-
vide an interface to allow data generated
by the camera to be used with MVTec’s
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Halcon software. ‘I'his allows 3-D data rep-
resenting distance and amplitude to be
acquired within Halcon and morphology
operations, 3-D matching, and 3-D mea-

suring to be performed. @
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