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For Direct Part Marking,
Focus is on the Basics

Mark verification and ease of use are top priorities.

BY GEORGE MILLER

nregrator Greg Hilbert sums up
thie challenge of reading two-di-
miensional direct part marks this
way: “You have houtly people
doing this.” Hilbert is presiden
at Electronic Solutions Co, Cne
of his clients is a printed-circuit
board manufacturer that makes occu-
pant sensors for automobile airbag sys-
tems. The manufacturer uses mostly
etched parss (dot peened) and needed
a portable way to read the 2D codes on
components that had failed during test.

“It’s a niew technoloay,” savs Hilberr,
referring w the 2D codes being used by
the manufacturer. “It’s not like reading
with a linear scanner.”

Yert the experience of reading an
identification code with a linear scan-
ner—efficient after vears of 1D bar-
code refinement—is exactly the smr-
ing point for many newcomers to
direct part marking. And the ranks of
newcomers are swelling as both gov-
ermment and industry are drvwn o the
greater permanence, security, and
dara-storage capacity per squire inch
of 2D direct part marks, and the sub-
sequent benefit they offer in tracking
part history.

Meweomiers expect to be able to nead
2D codes as easily as they read linear
bar codes. “For widespread adoption,
direct part marking has to be easy 1o
use,” says Marr Allen, induserial and vi-
sion product manager at Microscan Sys-
tems Inc, “You don't want a big train-
ing program.” And that ts integrator
Hilbert’s point exactly,

As a result, ease of use in direct part
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Dot peen marks rely on changes in depth
to create the light and dark elements of a
Data Matrix symbal.

Surface irregularities (pits) on cast sur-
taces can make marks difficult to read.
The pits create shadows that can be mis-
interpreted by the imager as dark ele-
ments of the symbal,

Diffused light is recommended for read-
ing marks on reflective surfaces, Images
courtesy Microscan.
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mark readers and verification of the
marks themselves have become para-
rount oo suppliers and wsers alike. This
ts the case not just in the maditonal
bastions of direct part marking—the
defense, aerospace, and automotive
miarkers—but also in industries thar ane
mcre recent adoprers of this automaric
identification technolom: medical de-
vice, pharmaceutical, and elecoronics.

“Yows hinve to liehe thie mark comectly
to read it The hard part is getting the
illurmination cormect,™ says Allen. “Light
is crivical w make the read.”

He recalls one caze of a laser-etched
rl'|.'|:r1; i t"ﬂ].'\ll:'l.l."l.] CIEsrLm "uﬂ-.l.n. . rllt
looked beautiful,” he savs. “But you
couldn't read it because of the lighr re-
flection.”

Increasing Variety of Samples

In addition, Allen is finding in-
creasing variation in samples to be
read—parts thar are large, small, and
have different surface rypes. In the case
of ane integrated circuit, the chip iself
is ome-tenth-inch square and carries a
direct part mark chat covers only 60%
of s traceability pad area.

So the goal for reader manufactur-
ers, sys Allen, s to “improve the pet-
centage of correct decodes with every
trigger pull.”

Microscam announced in March the
LightRay Optics accessory, which at-
taches to the front of the company's
MS-0 Quadnus hand-held imager. The
accessory aids in reading direct part
marks on reflective surfaces. By direct-

ing lighr at the mark ar a very shallow




Ciiasct yid Troum IR L EDw

/ Winilie |EDs Doz ko)

- e bl faally

The LightRay Optics attachment trans-
forms on-axis illumination into diffused
Mumination. The angles of the plastic
contain the light and allow it to propa-
gate until it reaches the optimal distance
to illuminate the symbal.

angle, the accessory increases symbaol
contrast for the reader and improves
symbol readability.

The objective of the device is ease
of use of the reader. It helps the user po-
sition the unit at the proper angle to
read the mark, and the optimal focal
length is built in. The Li_uthu',r can be
attached and removed by the user, so
the reader can also be used under nor-
mal conditions,

Hilbere of Electronic Solutions tried
out the LightRay with his airbag-sys-
tem-maker client. "LightRay ook care
of the angle and users picked up on it
quickl}', Without LightRay, it takes
three to four seconds to do a read. Now
it's less than a second.”

Verify Mark Readability

No amount of illumination, how-

With
Attachment

Without
Attachment

When light is directed at a dot peen sym-
bol at a very shallow angle, it creates
contrast by bouncing off the indentations
of the mark. Image courtesy Microscan,

ever, will help a user read 0 20 code
that was rendered badly, Vision systems
company Cognes advocates inits white
paper, “lmplementing Direct Part Mark
Identification: 10 Important Consid-
crations,” that users install a code ver-
ification system at the marking station.
Such a system detects marking prob-
IE‘ITIS and prﬂ'«-’id{"i I'.Cﬂdbi!l:k Ln thL“
marking process (for example, wear
of the tip on a dot peen machine).
The company describes a code ver-
ifier as a system that includes lighting,
optics, camera, and software, and that
captures and analyzes an image of the
code and rates it according to puality as-
sessment metrics. By understanding the
root cavse of poorly formed codes, man-
ufacrurers can troubleshoot marking
equipment, better maintain the equip-
ment, and prevent bad codes from en-
rering the manufactoring process and
supply chain,” says Justin Testa, senior
vice president for ID products ar Cognex.

Part of the Process

Although bar code verificarion tech-
nologies have been in plm:c for years,
the use of verification systems for eval-
uaring and oprimizing the quality of 21
direct part marks have just begun to
emerge. In fact, a growing numbeg of
COIMPEATIES e just l‘n:p:inninl-.; 10 INCor-
porate direct part mark verification sys-
tems into their PrOCesses.

For some companies, the goal is
process control. For others, the goal is
contractual compliance. In either case,
verification cn help manufacturers im-
prove the marking process, increase
read rates, lower costs associated with
rejected parts, and help ensure that parts
maintain their lifetime identity.

Cognes unveiled in January its In-
Sight 5410 and high-resolution 5411
readers for parts traceahility and process
control, The 5410 reads ar rates to
7,200 parts per minute. The 5411 pro-
vides 1024-by-T68-pixel nesolution for
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Stationary imagers can be permanently
installed at the appropriate focal dis-
tance and angle for optimal lighting to
read low contrast direct part marks.

a larger field of view to handle varia-
tion in the position and orientation
of codes on parts and packages.

The readers provide omnidirectional
reading of 1D and 2D bar codes and
support an expanding list of codes in-

cluding Code 128, Coade 39, UPC,

EAN, 12 of 5, and QR code. Cognex
is also beta testing a verification system
that it plans to release next month.

When it comes o verification,
there’s a big difference between 1Dand
2 codes. The 11 bar codes are usu-
ally printed on labels, product pack-
aging, and sometimes the products
themselves. Bar width and other char-
acteristics are well defined. But with
direct part marking applications, there
are other issues. Current standards
don't take into account the variability
in dot peening, laser printing, and ewch-
ing, for example.

And although Data Marrix codes
offer built-in ermor comection, which can
compensate for some mark damage, users
can achieve consistently high read rates
only when a mark of sufficient initial
quality is made and that level of quality
is maintained throughour the manufac-
turing process. To accomplish this, a
mark verifier—as opposed to a reader—
is needed o show thar a mark can be

The Data Matrix Symbol

The Data Matrix symbol, developed by RVSI, is approved by national and intemational standards bodies for small part
marking and is used in the automotive, electronics, phammaceutical, and aerospace markets. Data Matrix supplements
the first- and second-generation bar codes used to track packages by expanding automated data collection into the
manufacturing, operations, repair, and overhaul ervironments.

Data Matrix symbols can be applied directly to part surfaces using permanent marking processes to deter part coun-
terfeiting and can be hidden from view where product aesthetics is a consideration or where required for security rea-
sons. The symbol design also overcomes shortcomings of linear and stacked bar codes.

Data Matrix symbols:
® Can be read omni-directionally.

® Can be damaged but still retum accurate data.

® Can be scaled up or down to fit available space.

# Can contain more than 100 times as much data in
the space used to apply a typical bar code,

® Can be produced using square or round data cells

® Can be square or rectangle in shape.

read and to measure its qualicy, accord-
ing to Robotic Vision Systems, Inc.
(RVS1) Acuity CiMatrix division, a
maker of Data-Marrix-based mraceabil-
ity systems. V51 is also developed the
Data Matrix code; the 2D symbology
commonly used in direcr part marking,

|Ed. Note: Information attribured to
RV came from the company websites,
www.rvsi.com and www.rvsi.com/ac-
cuitycimatrix/. RVSI last November
filed a voluntary petition under Chap-
ter 11 of the ULS. Bankrupeey Code.
The company could not be reached for
comment.)

Traceability Elements

RVSI has identified four elements of
any direct part mark traceability imple-
mentation that need to be considered
during design and deployment. These
four key elements are marking, verifi-
cation, reading and communication,
which comprise the company’s MVRC
methodology, developed w simplify the

Clock Track

Finder "L Pattern —

— Mhoduis (Cal)

[~ Data Region

Quled Zorne ——=

¥ Can be read when surface contrast levels are as

low as 20%,
Sounce: RSl

28 Froattine Solutions -« '

Data Matrix symbol features. Each individual element is re-
ferred to as a module, or cell. Image courtesy Cognex.
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of 2D code marking and reading.

Verificarion, the second element, is
fundamentally different than reading
because it tells the user not just thar the
mark can be read but also how close o
the edge of readability the mark is. A
verification process can detect mark-
ing process changes and degradation
before unreadable marks are produced
and aid in the necessary corrections.
Both the semiconductor and serospace
industries have created mark-verifica-
tion standards to determine direcr part
mark quality for laser-marked silicon
wafers and dot-peened acrospace parts,
respectively. RVSI developed a set of
direct-mark quality measurements that
are more applicable to the requirements
of a variety of direct part marking
processes and applications. The veri-
ficarion technology is available on the
company’s readerfverifiers.

The ULS, Department of Defense
is also wrestling with the verification
issue. Military standard 1301 outlines
the standard practice for identification
marking of LS. military property. The
Dol last December issued a change to
the standard, updating the version pub-
lished in October 2003. The change
document added a reference to the In-
ternational Organization for Stan-
dards/lnternational Electrotechnical
Commission (ISOfIEC) 15415 stan-

dard, a bar code print quality test spec-

tfication for 2D symboks. Other changes
to MIL-STD-130L also involved spec-
ifications for 2D code feature charac-
teristics and quality.

Unique Identification Program
The standard is one facet of the
DalYs Unique Identification Program,
being conducted ar the Office of the
Under Secretary of Defense for Acqui-
sition Technology and Logistics, The
UID program office and defense prime
contractors are curmently redefining ver-

ification metrics, according to Robert itk all possible.”

Liebrandt, deputy program manager for The DoD has committed to the
unique identification. “There are ma-  Data Matrix symbology as the techni-
chine vision problems,” he says, "but  ¢al baseline for item identification.

Al 2005 = Frontline Solutions www.frontlinetoday.com 29
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A model direct part mark
{above), and samples of |
rendering problems (clock- :
wise from top center): i
background issues, low i
contrast, poor focus, and |
washed-out mark,

Images courtesy Cognex.

Under MIL-STD-130L, irems that
meet criteria associated with cost, ser-
ial MANAZEMAENT, OF Status as mission-
critical, are required to be permanently
miarked with @ unique identifier using,
at a minimum, a Dara Mamx 2D ma-
chine-readable code. The rule applics
to all qualified solicitations issued after

January 1, 2004,

The Ground Rules

The DoDGuide to Uniguely lden-
tifying Irems, v1.4, requires the appli-
cation of Data Matrix symbols to - parts
in the following categories:

Costs more than $5000.

Serially managed.

Mission essential.

Controlled inventory.

A consumable item or material
where permanent identification is nec-
CSEATY.

But it's not quite as simple as it ap-
pears, says Lichbrandr. “[The require-
mint for direct part marking] is still not
getting into contraces like it should. It
was supposed to start in January 2004
for all new items—a small percentage
of the total. But in many cases, it re-
quires consultation on which parts
should be marked. Some of it is [an isoe
of] contractual language.”

A recent UID program workshop—
the first of its kind—focused on acro-
space applicarions. Attendees were pro-
gram managers, contractors and their
counterparts. “We got good feedback
about the program,” says Liebrandr.
Common concemns involved under-
standing what the marking requirement
entails,

Artendees also wanred to know if
current 2D marking and reading ap-
proaches will work. “Typically, ves,” says
Lichrande. *The beauty of 21 matrix is
thar all forms will work.” And for those
wha already have 20 implementations,
the UID program simply
*means adding data to
your plare.”

Program managers
and contractors were also
concerned abour down-
stream suppliers’ abilicy
o work with 2D codes.
*Thev have to become
knowledgeable,”
Liebrandr. Among these

says

BINDER: Formed

B

In-5ight test stand and reader from
Cognex. The readers provide omnidirec-
tional reading of 1D and 2D codes.

says Lichrandt. "It has now become re-
liable; there are many sources available,
A lot of people don't realize that option
exists.”

Prime Effort

A prime contractor invested in di-
rect part marking is General Dynam-
ics. Its C4 Systems business unit cur-
rently assigns about 20 people—
including representatives from con-
tracts, quality, operations, and IT—to
its core UIDYRFID team, according to
Gary Binder, vice president and direc-
tor for manufacturing, environmental,
health, and safery operations.

Their current focus is developing
awareness of the technolo-
zies and contract require-
ments; ensuring that imple-
mentation is achieved when
required by contract; and ap-
plying UTYRFID benefits to
I!‘Lhﬂﬂili ProcCesses 'I-"-‘hl.‘l'l: ap-
plicable.

Binder savs thar General
[wnamics first became aware
of UL requirements about

: . UID/RFID project .
suppliers are a range of  (eam of members two years ago through its
small to lange companies,  from contracts (cus- property management func-
some of which may not  tomer interface) to tion. “Since then we have
want o mvest inadirect  operations (product formed a UID{Radio Fre-
part marking capabiliry ~ bulld and delivery). quency Identification (RFID)

in-house. "Outsource,”

m Frontfine Solutions wwe. frontlinetoday.com = Aol 2005

project team thar includes all
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the cross-functional disciplines ranging
from contracts (customer interface) to
operations (product build and deliv-
ery)."

The UIDYRFID team keeps up with
industry changes, reviews implemenita-
tion alternatives, and determine dara-
base hosting needs. “For our business
LN, QU PrTmEary Custonmners ane govern-
ment agencies so we use more of a case-
by-case approach than may be typical of
commercial enterprises,” says Binder.

Not-So-Strange Bedfellows

The company combined its UTD and
RFID effors for several reasons. “RFID
15 onie medium of tansport for ULD, We
wanted to review all options. Also, we
were looking for symenzy opportunities in
the dambase creation, access, and data
retrieval process. We believe thar simi-
Lar cata format and information could be
combined on one database.”

Another reason is that General Dy-
namics’s customers have different lev-
els of need. Binder wanted to be fully
knowledgeable of the options. A final
reason, he says is that defense acquisi-
tions have em-
bedded both
Ul and RFID
requirement
options as po-
tential contract
stipulations.

Binder finds
that the UID
program poses
several chal-
lenges for de-
fense prime
conrracrors
with wvarying
Customer re-
quirements.
These include
technical, fi-
nancial and

programmatic.
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*Mort all customers want or need
UID or RFID information right now,”
he says. “Our customer base is devel-
oping at different stages of transactional
understanding and use of UIDYRFID
technologies, so for us one end user for-
mat and information database is not ap-
propriate at this time.”

In addition, the financial business
case for return on investment needs
to include the varying customer re-
quirements and formats. “As such, the
cost of implementation, data storage,
and retrieval for all permutations over-
rides the benefits,” he says. Although
it may provide internal benefit o have
a single process, the many exceptions
and exclusions outweigh the benefits
right now.”

Allen of Microscan also finds that
even within UID
alone, some users
Are in transition,
using both linear
and 2D codes.

But they don't
want to have o
use two readers.
“They haven't
made full com-
mitment to di-
rect part marking
yer, but they
want to be able
to do both.” In
SOITHE CASES, USeTs
design in the
company’s MS5-
(Q product today
for 1D code read-
ing, and then “a
year from now,
when they want
o read 2D codes,
they add a Ligh-
tRay, which gives
them forward
and backward

compatibiliey.”

Ohnie reason some users are slow in
their transition to 2D codes, he says,
is sticker shock from the inevitable
comparisons with traditional bar cod-
ing: “It's a hig capital cost up front [com-
pared to reading 1D codes],” he says.
“But you don'’t have the costs of con-
sumables. [t may cost a few hundred
dollars to read a bar code, but a few
thousand for 2D, It requires a more pow-
erful vision system.” FS
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Fer fusther reading on this and related tnpics, see
these articles, vailable at
www.fronilinetoday.com/ 1020031Inks:

“Parts Marking Makes a Dent in
Manufacturing”™
October 1, 2004




