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Frane grabbers
get the picture when

vi deo caneras fall

DAN STRASSBERG, SENI OR TECHNI CAL EDTOR

Bven when digital video caneras
do anay wth frane grabbers AD,
capture boards renain vita in

red -tine industrid inag ng.

Video caneras that produce digital rather than
and og outputs are here, but their arriva von't put
an end to frane-grabber boards at least not for
sone tine. Technology nay yet overtake these
canera-interface boards, which also go by the
nanes of inage-acqui sition or inage-

short

reduce both the anount of data thet travels to the
host conputer and the GPU s conputing | oad.
Indeed, such interfaces are aready available as
custom desi gned itens enbedded systens,
redly. Sone units even include the inage sensor,
justifying the nane canera. Exanples of such
units are Inagenation Gorp s Machi ne-Vision
dAls

Without host participation, a snart interface on
a production line mght, for exanple, reect over -
filled and underfilled battles. To performthi s task,

capture boards. But years wll proba-
bly go by before caneras incorporate

\/

dl o theinterface functions that i ndus-
tria inagng requires. Ad the ener -
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gence of caneras that neet industrial
needs wthout additional hardvare is
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ber boards fromthe current crop trig-
o acouisitions, sdect regos o inerest wthin
inages, and nodify inages gray scales to nake
el enents stand out.

Industrial -i nagi ng-system architects coul d
nake good use of a cost-ef fedive indligat iner -
face located close to the canera and outside the
FC In nany applications, a snart interface coud

This andl og-input board, Mtrox s Gorona ($1495 to
$4%), is dso a 64hit gaphics cotrdler. The board
i ncorporates a RQ -bus naster/sl ave i nterface, which can
transfer inages tothe host RC s nenory faster than 100
Myt es/sec. The board can sinul taneously display the
acquired inages wth 24-bit coor depth.
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the unit woul d conpare i nages of newy
filled battles vith aninage o acorrectly
filled one. The decision to accept or
reject abottleis nore conpl ex than you
mgt thirk, especidlyif the battles con-
tan not a liqud but expensive sdid
o ects, such as pharnaceutical tablets.
A sinpl e guard band around the portion
of the bottle inage where the tablets
stop and the cotton plug begins night
provi de inadequate accuracy. Athough
inerfaces of this type mgt inerit the
nane frane grabber, snart inage
capture unit seens nore descriptive.

The fuureis ot o focus

Regard ess of the formthat next-gen-
eraion products take, util they arrive
PA- and even |SA-bus frane-grabber
boards wll renain a nainstay of indus-
tria inaging. Newboards that work wth
digital caneras are energing fromRD
labs, but analog caneras arent playing
Oeed just yet.

Despite desktop digital caneras |ow
cost, digital camras wose resol ution
and frane rate suit themto industria
uses cost nore than simlarly perforning
anal og caneras. Mreover, such high
end digta units are experiencing the
kinds of teething problens that are
conmon wWith nost new technol ogi es.
The lack of 1/QOsignal and connector-
pnout staderd zetion is typcd o dfif-
cuties of this sort. Therefore, frane
grabber nanufacturers continue to
enhance and cost -reduce |ines of boards
that work wth anal og caneras.

Dgital -output caneras nove the ADC
out of the frane grabber and into the
canera soneti nes right onto the cam
ga s inage-sensor chip (Reference 1)
The ADC is an expensive conponent,
and you night thirk that novingit intothe
canera would inprove frane grabbers
ad lover their cost. My digtd-input
boards indeed of fer advantages over
their andoginput siblings. Bit despite
the lowcost of deskiop digita caneras,
dgta techndogy is still nare expensive
than anal og technol ogy for nest industri -
a inaging applications.

A notevorthy feature of digta-input
boards is | ower noise and, hence, w der
dynamic range, even when |ong cabl es
separate the canera fromthe frane
grabber. Long cabl es between anal og
caneras and frane grabbers are sus-

a glance

® Nbst industria inaging invol ves
hi gh- speed video capture, the
requirenents for which dif fer con-
siderably fromthose of desktop
Vi deo.

® [spitethelowpricesof dgtd-ou -
put deskt op-vi deo caneras, digtal -
output caneras for industria appi -
cations usually cost nore than
anal og-out put caneras wth sinil ar
per f or nance.

® For industrial inaging, inage-cap-
ture boards renai n indi spensabl e,
although, intine, specialized cam
eras nay assune the boards func-
tias.

® Bv/en though digital -input inage-
capture boards |ack ADGs (the
AXS are in the digita caneras),
the boards usually cost nore than
anal og-i nput boards. The reason i s
that Rd-bus anal og-input inage-
capture boards can get by wthlittle
or no onboard nenory, whereas
dgta-input boards canot.

® Because anal og caneras and
boerds cost less then their dgtd
couterparts and the digita tech-
nology is still experiencing teething
probl ens, analog units renain
inportat, despite the dgtd wits
superior perfornance.

cepti bl e to perfornance-degradi ng noi se
pickup. So far, however, the dgtd
boards cost nore than anal og ones.
Qupl e the higher board cost wth higher
canera cost, and you have a recipe for
cotinued interest in the o der anal og
technol ogy.

Fricier than you night expect

Part of the eqpanation for the higher
board cost lies in lover production vd -
unes. But even when vol unes i ncrease,
the savings that sone users anticipate
probabdly von t fully nateriaize. Oerea-
O oNe -

d JdORLAS_rag

Dgtizationto 16 hits, conined wth 3-Dds-
play a resdutions to 1600X1024 pixe's, ds-
tinguish Greco s R4 -based Bandit board.

which the pixels appear in the inage
The acquisition board nust accept the
data in the order in which the canera
transnits it. The board buf fers the data
ad sends it to the RCin the order in
vhich the pixels appear in the inage
wud ly [ eft torigt adtopto batom

Creras that provide no parale dig -
ta ineface bu instead interface to the
IEE13%4 (Frewre) seria hus, have
started to appear. FHrewre proponents
characterize the bus as anided dgtd-
canera interface, and it nay beidea for
desktop video. But Hrewre can have
dravbacks for industria inaging The
seria bus speed currently pesks at 400
Mops, al though nanufacturers of 800
Mops Fre-wire | G are al ready sanpl i ng
their vares to (BM. But a canera that
gener at es 1000 X
1000-pi xel , 24-bit/pixel inages at 60
franes/sec produces data at a rate 1.8
tines as high as 800-Mbps Frewre can
hand e.

Athough few industria applications
i nvol ve such high resolution or such
great color depth (nmany use nono-
chrone i nages), nest industrial applica-
tions use nul tipl e caneras (often, four or
five). Interleaving the bit streans from
the severa caneras can still overload
the Frewre bus.

Mor eover, synchronization of inage
acquisitionwth edterna eventsis acom
non industria requirenent. Nowadays,
nearly all video caneras use D i nage
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These RO -bus anal og-input (@) and parallel-digita-input (b) inage-capture boards share nany functions but aso dif fer ininportant ways. The
only signal nenory on the andlog board is a 2-kbyte HFObuf fe. The digital -input board acconmodates hi gh-capacity synchronous- DRAM
(SR chips and an SSRAMsnal | -outline DMV (courtesy National |nstrunents).
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sensors. According to frane-
gr abber -board desi gners, Qs
ae very fagving ad it is o
problemto reset them say, to
start acquiring a newinage nid-
vay through the acquisition of
another inage. Bt if youvant to
reset the @) the canera that
cotains it nust accept a reset
sigd. That capability requires a
caerawthahbidrectiond inter-
face. Athough Frewre is bid -
rectiond, the intia FArewre
interfaced cameras |ack
bidirectional interfaces; they
sinply punp data onto the bus.

Gonparing the block dia-
grans of anal og-input and paral -
lel digtal-input inage-capture
boards reveal s nany simlarities
and sone dif ferences (Fgure 1)
Both of the diagrans are for
National Instrunents PQ-bus
boards. The digital-input board
isnot sinply a copy of the ana-
loginput board wth the pardld
digta interface replacing the
analog interface and ADC
A though the boards use a fewof
the sane devi ces, the designers
pertitioned nany of the functions
df ferently, which conplicates
the conpari son.

As is comon wth such

RS | ATIA0E 0 M T
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sone of these boards hand e full
cidor. Prices for other nodel s
reach $2000 and nore. The com
panies al so of fer dgtd-input
nodel s. Data Translation sup-
pdiesadgtd-imu board far less
than $1500. You can also pur -
chase boards incorporating
DSPs that perform conpl ex
i mage processing. A vendor
whose product nix enphasi zes
such capabilities is | nagi ng Tech-
nol ogy. The price of an ana og
input board with a DSP can
exceed $3000.

Df ferent i nage- capt ure- boar d
nanuf act urers divide industrial
inagngappicatiosinodf ferent
caegories. Hreis one such list:
® counting obj ects,
® determining the location or

position of djects,

® neasuri ng di nensi ons,
gaugi ng,

® recognizing or identifying
ag ects,

® reading analog or digital
net ers,

® inspecting oy ects,

® jdetifying flavs in nanufac-
tured parts, ad

® determning whether parts
neet qual ity standards.

Manuf act uri ng conpani es use

boards, both boards nultiplex
their inputs anong several cam
eras. Thus, applications that use
as nany as four caneras need
only one inage-acquisition
boar d.

As is typical of nost inage-capture
boards, both boards include only linted
i nage-processi ng capabi lities. Theideais
to have the host U or a separate D&P
coprocessor perform the nore conpl ex
i mage- processi ng functions. However,
the boards not only contro inage acqui si -
tion, but aso perform sone inage pro-
cessing. The |inted processi ng (defining
aregond inerest, using alook-up table
to nodify the gray scae) is nore than a
val ue-added nicety. Such functions
enabl e PG hased industrial -inagi ng sys-
tens to control nanufacturing processes
inrea tine. This rea-tine capability
nakes i nage-capture boards i ndi spens-
dle

The cost of the two boards is consi der -
dly df ferent. The digtd-input R3-1424

Agorithns that detect the edges of objects wthin cdor inages can

sinplify identifying those dbjects, evenif theinage is subsequen -
l'y converted to nonochrone (courtesy Wtress Engineering).

costs $2195 with 8 Moytes of RAM and
you can purchase the board wth as nuch
as 72 Moytes. The anal og-input PQ - 1408
costs $1195; a GonpactPA version, the
PA-1408, costs $13%5. Al prices include
the vendor s NHMAQ sof t war e.

Wi de price range

Rices of frane grabbers vary wdely,
dependi ng on features and perfornance.
Reference 2, avhite paper, presents one
vendor s view of the factors you shou d
consi der when you select a frane grab-
ber. Mst of the pants appy to and og-
input boards, but sone also apply todig -
td-imput uits.

Two najor suppliers, Data Translaion
and Mitrox, of fer anal og-input boards
priced at less than $600 and $700,
respectively. Despite their |ow prices,

vi sion systens for nany reasons.

The nost obvious is to save | abor

costs by repl aci ng hunan opera-

tors wth autonated systens.

Several other situations suggest

using a vision system hovever. Anong

the envi ronnents i n whi ch vi si on systens

aewdu ae

® those that are extrengly hot or cod or
that are suject toradaionlevds tha
can har m hunans,

® those wthligt levds that are too low
for hunan operators,

® those that are extrenely clean, in
whi ch the presence of hunans woul d
i ntroduce unacceptabl e contam na-
tion, ad

® those in which events occur so slony
that hunan attention woul d wander or
so qui ckly that hunans can t keep up.
I nagi ng syst ens have recei ved a warm

reception from el ectroni cs nanuf act ur -

ing inthe nanufacture of 1G as well as

subassenil i es. According to the Auto-

nated |nmagi ng Associ ation (vwwv.auto-
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as.)

nat ed-i nagi ng. org), el ectronics
accounted for al nost 40% of
1994 s North Anerican industri -
al -i magi ng- syst em r evenues.
The food industry, which
accounted for about 10%0f rev-
enues, vas next.

Tip o theiceberg

In one sense, frane- grabber
boards and caneras are just the
tip o the industrid-inagng ice-
berg. Even when you add the
cost of the R& to which these
itens connect, you account for
not quite haf of the approxi -

nately $L5 billion spent vorld-
w de each year on industrial
imaging. The renai nder goes
into software and systeminte-
gaim

Many conpanies that want to apply
inaging to their nanufacturing operations
do not feel that they have the necessary
tal ent to successfully devel op i nagi ng sys-
tens in-house. Devel opnent of inaging
applications represents a sizable busi -
ness, popul ated nostly by snmall and
nedi umsi zed resellers and systeminte-
grators. These conpani es integrate com
ponents fromone or nore nanufacturers
into their systens. Sone of these system
houses dso act as distributars, selingsys-
tem conponents to conpani es that do in-
house industrial -i nagi ng- system de-vel -
opnent .

Devel opers who work for system hous-
es ae likdy to wite gdicaios in lan-
guages such as C and to obtain drivers
froma conpany that specializes in inag-
i Ng- syst em conponent drivers. Sone Sys-
temhouses devot e consi derabl e energy to
witing drivers. They not oy use the dri -
vers inthe systens they sell, but al so sep-
arately narket the drivers to people wo
buy hardware conponents directly from
har dvere nanuf acturers. In addition, sev-
erd driver sypiersfunshdiverstohard-
vare nanufacturers who ship the drivers
wth their boards and caneras.

Several board suppliers aso provide
appl i cati on-devel opnent packages t hat
aimat helping rel ative neophytes to i ndus-
tria inaging devel op nachi ne-vision
applications. For exanple, National Instru-
nents of fers inagi ng-software nodul es
that adapt the conpany s nore general
appl i cati on-devel opnent packages, Lab-
View and LabW ndows/ G4, to inag ng-
syst em devel opnent .

This line of economcal frane grabbers, Data Trasldion s Mach
series, includes the Di3157 (lower |eft). The $1495 R board
accepts tvo &-hit inputs (or one 16-hit input) a 40 Niytes/sec.

The H*Def Accura PA board from|nagraph
not only digitizes analog signals a 140Msam
ples/sec wth -500-psec tining accuracy, it
aso captures highresol ution, noninterlaced

images to 1280X1024 pixels a 75
franes/ sec.
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(Tuntopage A for alist of nanufactur -



