Since the early 1980s
manufacturers have

used machine vision with
optical character recog-
nition technology for
measurement and con-
trol. Today, tens of thou-
sands of these systems
are in use around the
world. For mundane
tasks like counting ob-
jects as they pass
through a camera’s field
of view or locating se-
lected markings for iden-
tification, machine-vision
OCR is a-okay. However,
questions remain about
OCR's reliability for more
complex tasks that re-
quire sophisticated
recognition and charac-
ter verification.
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Is Optical Character
Recognition Ready
For Prime Time?

BY MARTY WEIL

s the current generation of machine-vision
technology up to the challenges of today’s ad-
vanced manufacturing processes? For anyone
who's tried the optical character recognition
(OCR) software that comes bundled with
many of today’s off-the-shelf fax/modem
packages, that answer may be dubious. How-
ever, the more sophisticated OCR technolo-
gy that resides in advanced, industrial machine-vi-
sion systems is beginning to achieve a high level of
reliability and accuracy.

There are basically two broad categories of recog-
nition technology for machine vision: optical char-
acter recognition, which enables a machine-vision
system to identify characters with no prior knowl-
edge of which characters will appear (i.e., it can tell
the difference between a B and an 8); and optical
character verification (OCV), which allows a ma-
chine-vision system to verify an expected, known
character string (i.e., it’s looking for a B and can
verify that it has found one, but it won't know an 8
from an elbow if the 8 isn’t part of a pre-deter-
mined character set).

Each technology has a separate objective. OCR is
best suited to read a code, so that the proper ac-

In the past, operators performed manual, visual inspection of
Milk of Magnesia products as they moved down a conveyor
(inset). The FDA has introduced regulations inducing manu-
facturers to install electronic verification systems on every
manufacturing line in an effort to eliminate inspection errors.

Today, line operators rely on machine-vision inspection
(below) of products. In this case, the control panel is built by
Systronics Inc. (Atlanta, GA) and contains an Allen-Bradley
CVIM module.

tion can be taken, while OCV works well when used !
to verify normal fonts, such as those used for label ID
codes, expiration date, and lot codes. OCV applica-
tions also include inspection of fiducials; registration
marks on graphics; and the contrast, uniformity,
completeness, sharpness, and thickness/thinness
of alphanumeric characters or symbols.

According to Glen Lowry, president and chief ex-
ecutive officer of Alta Technologies (Sandy, UT), a
supplier of parallel products, such as Recognition
Works!, for high-performance workstation appli-
cations, a third character-recognition technology is
now emerging. Called intelligent character recog-
nition (ICR), it is used in applications requiring
hand-printed and badly degraded machine-print-
ed characters.

At the present time, according to Lowry, “the re-
liability of even the most advanced ICR packages is
only 95%, which is too low to be viable in main-
stream manufacturing applications.” Lowry does
expect, however, that ICR packages will improve as
faster and less-expensive microprocessors appear
on the market.

VISION TEST. Most industrial OCR applications in-
volve a machine-vision system with a charge-cou-
pled device (CCD) camera located above or be-
side an assembly line. Typically, a strobe light
“freezes” each part or product as it passes by the
CCD camera at speeds of up to 500 parts per
minute. As each part passes, a black-and-white
video image of it is taken. The black-and-white ana- |
log signal is instantaneously sent to a monitor
where it’s digitized into a series of elements called
pixels. The digitized image on the monitor is made
up of approximately 65,000 pixels arranged on a
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grid of 256 rows by 256 columns. At this
resolution level, it can be difficult for OCR
to distinguish an 8 from a B. “A spatial
quantization error of a single pixel can
adversely affect low-resolution images re-
sulting in recognition errors,” says Dave
Outerson, regional marketing manager
for Allen-Bradley Co. (Milwaukee, WI),
makers of the CVIM line of machine vi-
sion systems.

According to Outerson, there’s no phys-

ical standard extant for determining the
degree of legibility of text. Even if there
was a standard for legibility, it would re-
quire a monumental effort to standard-
ize all components such as lights, lenses,
cameras, and image-processing hardware
and software.

This does not mean that an OCR system
cannot be reliable. In fact, vision systems
are more reliable for counting, measuring,
and flaw detection than human inspec-

INDUSTRY

Machine Vision Comes of Age

| BY DAVID SCHATZ

For nearly a decade, machine vision has been a prodigy of the manufacturing world, full of promise and potential,

But until now, vision technology has only found wide application in the semiconductor and electronics in-
dustries, fields in which vision solutions developed for one production process could be easily sold to
hundreds of users. In other industries, the sheer diversity of products and processes has made it difficult to sell
an off-the-shelf vision solution to multiple users. Most vision applications in industries other than semicon-
ductors and electronics have had to be custom-engineered, and as a result, many manufacturers have been re-
luctant to embrace the technology despite its obvious benefits.

Now, however, machine vision is poised to move into the heart of mainstream manufacturing. This is due to
two major factors: a more mature marketplace encompassing machine-vision users, vendors, and a growing
infrastructure of system integrators; and improvements in machine-vision technology which make vision sys-
tems more functional, easier to use, and less costly. The evolution of the marketplace is a natural result of the
experience gained from a decade of real-world applications. Fortunately for vendors and users, the underly-
ing hardware and software building blocks have undergone dramatic improvements to help the growth of this
maturing marketplace.

Advances in semiconductor technology have fueled the growth of the vision industry. Designed for broad mar-
kets of desktop computing and multimedia, the new advanced microprocessors, memory, and video acquisition
and display chips have enabled vision systems to take a giant leap in price/performance.

Access to ASIC technology has enabled vision vendors to develop custom chips that accelerate the per-
formance of a vision system by a factor ranging from 10 to 40 times the nominal software-only processing rate.
By integrating these ASICs into standard computing platforms, such as those based on Intel or Motorola CPUs,
the new machine-vision systems can offer significant performance gains—at one-half to one-quarter the cost
of previous generations of the technology.

Machine-vision software harnesses the power of this new semiconductor technology and transforms basic
computer and image-processing hardware into a true machine-vision system. Successful machine-vision soft-
ware tools combine image analysis theory, real-world practicality, and optimization for speed and reliability.
With improvements in hardware, these tools now work with high-resolution gray-scale images rather than the
simple binary images that limited previous generations. Additionally, they have become exceptionally usable,
often designed to mimic real instruments such as calipers or to perform critical functions such as pattern recog-
nition with minimal adjustments.

The modern software vision tools have tremendous benefits for users on the plant floor. They are much more
accurate and can compensate for the lighting changes and part variations that stymied users of early vision sys-
tens. Ease of use—or the lack thereof—has clearly been the biggest obstacle to widespread adoption of ma-
chine vision. Traditionally, vision systems had been either powerful but difficult to program, or simple to use
but limited in capability.

No longer. Modern, powerful vision systems now use graphical user interfaces based on industry standards
such as Microsoft Windows to make machine vision available to engineers who are not expert programmers.
Instead of suffering through the arcane details of programming, manufacturing engineers can now solve au-
tomated inspection applications with intuitive point-and-click interfaces. Even better, they can produce and im-
plement those applications in a fraction of the time it used to take.

Machine vision is truly a unique blend of high-speed hardware, sophisticated software, and modern
graphical interfaces. The newest generation of systems combines the best available industry-standard hard-
ware and software building blocks to offer impressive price/performance. In addition, users now understand
what needs to be done fo implement machine vision successfully in their factories, while the premier vision ven-
dors now have the real-world experience and corporate resources to truly support factory-floor users. The plant
floor is ready for machine vision. And thanks Lo the convergence of new technologies, it has finally come of age.
David Schalz is vice president of markeling for Cognex Corp. (Nesdham, MA).
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tors. According to an Allen-Bradley re-
port, tests have shown that human in-
spectors are only 85% efficient: they
missed 15% of black ping-pong balls that
passed by on a line which was supposed
to have only white balls. “Imagine the re-
sult of an inspector who is expected to
verify a six-digit date code on a manufac-
turing line that operates at 300 bottles
per minute,” says Outerson.

WHY NOT JUST BAR CODE? Optical character
recognition may be better than human
inspection, but why not use bar coding in-
stead? “Bar coding requires labels, and la-
bels require real estate,” says John Merva,
director of technical marketing for Acuity
Imaging Inc. (Nashua, NH), makers of a
broad range of industrial machine-vision
products. “For a standard bar code, an
area of at least one sq. in. is required. On
small packages such as those found in
the pharmaceutical and PC-board fabri-
cation industries, this kind of space is not
available. There’s only enough room for
the characters.”

“When applied correctly, OCR can be a
very important and reliable alternative to
bar coding,” maintains Allen-Bradley’s
Quterson.

For example, a Food and Drug Admin-
istration (FDA) study found that there
were no recalls for labeling errors on any
manufacturing lines that incorporated a
machine-vision system to read or verify
printed information such as dosage, lot, or
date codes. This prompted the FDA to

introduce regulations which aim to in- |
duce many manufacturers to install elec- |

tronic verification systems on every man-
ufacturing line in an effort to reduce and
eliminate errors.

Still, couldn’t bar codes achieve the
same result at a lower cost?

“Perhaps,” says Outerson, “but an au-
tomatic printer/labeler might experience
a temporary difficulty which would result
in missing lot code or other information.
This, too, could lead to serious problems,”
he maintains.

PC-board inspection provides high-speed
inspection of surface-mount devices
incluciing 0402 (1005) chips and 0.012 in.
(0.3 mm) pitch QFPs. These high-speed
inspection systems incorporate both CCD

| cameras and laser technology.
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NEW
PRODUCTS
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Bar Code Label
Printer Offers Speed
And Quality

The low-cost Wizard label print-
er is a thermal/thermal transfer
label and tag printer designed
for higher speeds and larger roll
capacities necessary in most
bar code labeling and product
identification applications. The
Wizard features a 32-bit micro-
processor with print speed up
to 4 in. per sec., and handles
standard 8-in. diameter rolls.
The printer supports most pop-
ular bar codes including Code 3
of 9, UPC, EAN, Code 128, and
PDF417.

Hﬂﬂ , Tharo
Systems Inc.,
2967 Nationwide Pkwy. #5,
P.0. Box 798, Brunswick, OH
44212 (216) 273-4408

READER CARD NUMBER 109

READER CARD NUMBER 110

Black & White, Color Capability Available in
Wide-Format Printer

The D-size Novajet |l printer is a wide-format black & white and col-
or printer for engineers. The printer has four print modes, eight
user settings, and an easy-to-use color head-alignment procedure
that saves new cartridge installation time. Media-handling features
include cut-on-demand and save-media modes that allow users to
initiate media cutting anywhere on the page.
Encad Inc., 7710 Kenamar Court, San Diego, CA 92121
(619) 452-0882

Scanners are Windows- and UNIX-Compatible

Two all-in-one, large-format scanning systems have been recently
introduced. Designed for CAD, construction, and mapping applica-
tions, the TruScan 500 and TruScan 800 combine high-throughput
scanning with Windows or UNIX computing. TruScan 800 is a
three-camera system with resolution ranging from 75 to 800 dpi.
TruScan 500 is a two-camera system with resolution ranging from
75 to 500 dpi.

Scanners are Suitable
For Industrial
Environment

A line of fixed-position bar code
scanners for industrial applica-
tions include the CLV 210, CLV
240, and CLV 280. These bar
code scanners feature built-in,
standardized menu-driven soft-
ware. The slightly larger 240
and 280 models employ propri-
etary menu-driven focus-con-
trol technology which enables
the user to select the proper fo-
cus position for each bar code
label resolution.

Sick Optic-Electronics Inc.,
7694 Golden Triangle Dr., P.0.
Box 444-240, Eden Prairie, MN
55344 (612) 941-6780

READER CARD NUMBER 112

Vidar Systems Corp., 520 Herndon Pkwy., Herndon, VA 22070
(703) 471-7070

Another area where product real estate
is scarce, and getling scarcer all the time,
is in the computer chip and PC-board fab-
rication industries. “As PC boards pass
under a CCD camera, the vision system
reads and verifies the serial numbers,
model numbers, and/or part numbers of
the chips mounted on the board,” ex-
plains Alta’s Lowry. “In the fabrication of
PC boards, it is not practical to adhere
bar code labels to tiny microchips. It is
easy to pre-print information directly on
the chips. In this application, bar codes re-
ally are not an option.”

Many manufacturers of PC-board fabri-
cation equipment, like Matsushita Electric

EDITED BY MARTY WEIL. He can be reached
at (708) 342-7800 or fax (708) 342-1880, 525
S. Highland Ave., Arlington Heights, IL 60005.

READER CARD NUMBER 111

Corp. of America (Secaucus, NJ), incorpo-
rate machine-vision inspection in their sur-
face-mount placement ecquipment to verify
a broad range of conditions including art-
work and component recognition, and lead
co-planarity inspection. Incorporating both
CCD camera and laser technology, this
system provides high-speed inspection of
chips as small as 0.012 in.

PITFALLS OF OCR. Even though OCR holds
an advantage over bar coding in some in-
stances, it is by no means a panacea. “Op-
tical character recognition deals in prob-
abilities,” says Lowry. “For example, for a
given character, the software might have
a 95% confidence that it is reading the
number ‘9", but it may also have an 80%
confidence that the same character is the
letter ‘L. There are many factors that cre-

ate this confusion, and often they are im- |
possible to control.” ;
Acuity’s Merva explains, “Due to degra-
dation of the character or some change in
its appearance, there is always a risk that ‘
the system will mis-identify the character.” \
|

|

|

|

|

Even with these risks, the future is
bright for OCR, OCV, and even ICR. With
advances in computer technology and
software capabilities, machine-vision OCR |
is likely to play an increasing role in }
recognition and verification applications |
on the manufacturing floor. MA

See Information Express
Acuity Imaging Inc.

Industrial machine-vision systems ........ RC# 113
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