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At:stract 
'!his paper illustrates how measur~ teclmology can be used 
to streamline prcrluction stages for process color. From 
Scanner through press, when parts of the process do not fit, 
there is a price to pay at the press stage. The price is 
not only dollars, tut compromises of color quality. 

Measur~ that was once prohibitively expensive in terms of 
prcrluction time an:i salaries for highly qualified research 
personnel, is now within the grasp of most process color 
prcrluction operations. Computerization that makes use of 
densitometer readings fonnerly 'used once an:i thrown away' 
opens the door to practical color measur~. 

The computerized measur~ system, like the genie of the 
magic lantern, is capable of numerous possibilities. The 
trick will now be to choose the ones that improve quality 
while reduc~ cost of prcrluction. 

Us~ computerized measur~ teclmology as a tool, there is 
hope of arri~ at a consistently predictable color 
prcrluction process. When that happens, something else is 
possible. The excit~ possibility of cantrall~ the color 
process at the initial prepress stage exists. That is not 
just cantrall~ the prepress stage; tut cantrall~ the 
whole process at the prepress stage. 

Based on the premise that 'what you can't see don't get 
fixed' , this paper proposes us~ computerized measur~ to 
'line up' each stage of prcrluction to fit properly in the 
whole process. Because that may be a big bite to start 
with, the paper also suggests some less comprehensive 
applications that would be good start~ choices for putt~ 
measur~ technology to work. 

*JN Company 
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INIROCUCI'ION: 
'Ibis paper begins with definitions of the basic terms userl. 
The impact of cornputerizerl color measurement on the graphic 
arts process color prin~ in:iustry is the basis of the 
discussion. Some present an:i future applications for color 
measur~ are explained. Finally 1 rationale for top driven 
stable print~ system is detailerl. 

DEFINITION OF TERMS: 
These definitions apply to the ~s of terms as they are 
userl in this paper. They are not interrla::i to be a glossary 
of terms for the prin~ in:iustry. Remarks are baserl on my 
experience an:i ol::servations with wide barrl densitometry. 
However 1 because it is the out:put of measur~ systems an:i 
how they are userl that is significant 1 the principles of 
cornputerizerl color measurement should apply to alternate 
input devices. 

Computerizerl (color) measur:ioo': 
Refers to density measurements that are managerl by some 
level of computer process~. There are several levels of 
cornputerizerl assistance that deperrl on the instrument or 
system userl to do the density r~s. 

1. starrl alone densitometer han:i held 
2. ca.lculat~ densitometer 
3. ca.lculat~ densitometer with out:put to printer 
4. Densitometer with out:put to computer analysis system 

'Ibis chart represents the amount of assistance each type of 
device gives: 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
1 2 3 4 

calculations manual auto auto auto 

sheet report manual manual auto auto 

fil~jretrie~ manual manual manual auto 

sort~jgather~ manual manual manual auto 

II illm11~ii11~Wnlimm llllllrnrn llllllrnrn llllllrnrn 111111 mmwnn 
Full use of color measurements: 

Full use for densitometer measurements involves many 
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operations. To start, three color filter r~s are be~ 
use:i, not just the major filter. In actlition to not~ the 
three filter r~s, the raw density numbers are use:i in 
calculations of print characteristics. T~ it further, 
the density readings arrljor their print characteristic 
calculations are recorde:i. These are store:i, not just as 
numbers, rut annotate:i to indicate any significant 
cirCLUnStance attache:i to the measurement. The information 
does not just lie donnant in a storage drawer. It is sorted 
out, arrl the results charte:i so it can be un::ierstood. The 
charts are studie:i arrl conclusions drawn, then teste:i. 

Full analysis system: 
A full analysis system is a oomputer attache:i to a 
densitometer which reports on two levels. The first level 
represents an in:iepth look at a s~le piece of print~ 
material. First level is capable of giv~ an on the spot 
report which inclu:ies a wide variety of print measurements 
such as dot gain, hue error primary arrl secorrlary, 
saturation, grayness, trap, etc. The secon:i level is more 
powerful. It uses store:i density numbers to generate 
historical overview analysis for the same print 
characteristics. Arrl it allows the store:i measurements to be 
sorte:i in ways such as paper type, blanket, press arrl other 
criteria. 

At the present, while full information is presente:i, 
decisions about it are left to individuals. Future full 
analysis systems will provide expert knowle:i;Je arrl 
assistance as part of the oomputer program. 

Press system: 
The press system as OJ?IX>Serl to the press alone is the 
collection of the press use:i, with its sett~s arrl 
pressures, the fountain solution, the ink, the 
blanketsjpa~ combination, the paper, the plate, the 
plate process~, the film arrl the film process~ etc. In 
short, the combination of all prcxiuction factors that 
affects the final printe:i sheet is the press system. 

Multivariate data factors: 
"Multivariate data is a set of data that each have a number 
of i.rrleperrlent variables." (see MIPS cre:iit) In graphic arts 
we deal with multivariate data every press run. The factors 
descri.l:::e1 in the definition of 'press system' above are all 
variables. The collection of them represent multivariate 
data. For instance, if dot gain is rneasure:i at 18%, the 
factors that cause it are in:ieperrlent variables. Statistics 
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for dot gain represent a multivariate data factors. 

Top driven control: 
Use of p:>Werful workstation arrl scarmer capability to make 
process color decisions which hold true thrm.ghout a stable 
production process. 

WHY FULL USE OF C:OL<R MEASUREMENI' HAS BEEN EXPENSIVE: 
After the b.ltton push to take the density readin;J, the time 
expense of full measurement use occurs at these operations: 

Recordin;J arrl identify~ the density number 
calculations made from density measurement 
Filin:J arrl retrie~ the data 
Sortin:J arrl choosin:J infonnation for reports 
Reportin:J, plottin:J, gra:plri.n:J the data 

'Ihe expense invol ve:i in measurement use is the expense of 
the man hours require:i. over time, the original investment 
in the measurin:J instrument becomes a small percentage of 
the. total cost of us~ it. 'Ihe more man hours require:i by 
an analysis report, the higher the cost of that report. 
'!his is further complicate:i since many of the manual 
operations must be done by a highly experiencerl 
professional. 'Iherefore, any of the measurement operations 
that can be done by a microprocessor or computer will rErluce 
the cost of us~ the original measurement. 

Picture what 1 full use 1 would cost the in:iustry before 
conplterize:i color measurements was available. 'Ihe pressman, 
or somebody else would press the densitometer to take the 
read.in;J. '!hen they would put the densitometer down arrl pick 
up a pencil. After locatin::J the paper arrl the right place 
on the paper, they would have to write the number down. By 
that time, they might have to look back to the densitometer 
to verify it. 'Ihe filters or the view wirrlow image would 
have to be rotate:i so that the three filtere:i read.in;Js could 
be seen. 'Ihese would also be written down. When another 
press nm was starte:i, a new piece of paper identify~ it 
would be starte:i. In time there would be dozens of these 
papers. Someone would have had to take the density numbers 
arrl do calculations on them. Dot gain, hue error, grayness 
are all calculations of the original density numbers. When 
dozens of density numbers had been converte:i to hlll'rlre:is of 
calculations on piles of papers, there would be too many 
numbers for any pattern to became apparent. 'Ihe numbers 
would nee:i to be arran;Je:i in some rneanin;Jful order. cnl y 
then could managers of the production facility could use the 
infonnation to cut costs of operation, gett~ to quality 
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more directly. 

hi:iin3' o::snputerization to process color measurement assigns 
the clerical functions of full use to a machine well suited 
for it. Computers calculate, file arrl report with less 
expense, more quick! y arrl more accurate! y. Experienced 
printirq personnel are better suited to thinki.n::r about the 
information arrl usirq it as the l:::asis of sourrl management 
production decisions. 

Measurement instnnnentsjsystems vary in power to manage 
density readirqs. (Note the chart definirq corrp1terized 
color measurirq in the definition section.) Harrl held 
densitometers with no internal microprocessors become time 
intensive instnnnents when density readirqs are collected, 
calculated, canpiled arrl plotted. calculatirq densitometers 
can harrlle the number mathematics with sequences of rutton 
pushes. This reduces man hours required for analysis 
reports. If they are attached to printers, it will not be 
necessary to write down the calculations. That is a further 
time savirq. However, to analyze several calculations for 
several jobs does rapire canpilin:J arrl rewritirq the 
numbers to a sirqle sheet. 'Ihe larger the number of press 
sheets measured, the larger the collection of isolated 
printer slips, arrl the more time required to make a canpiled 
report, if they are done manually. 

'IHE IMPACT OF COMRJI'ERIZED COI.DR MEASUREMENT: 
Computerization of process color measurement lowers the 
cost of gettirq arrl usin:J color measurement in the graphic 
art industry. '!his makes widespread reports on large amol.ID.ts 
of measurements possible. 'Ihe increase in availability of 
color measurement :i.n"pacts the industry's ability to notice, 
see arrl control process color production. With increased 
ability to control, less timejexpense is involved in 
reachi.rq previous quality levels of product. Or less or 
equal time/expense is involved in reachin:J higher quality 
levels of product. 

In the past many process color operations could not afford 
full use of density measurements. ~ computer power to 
densitometer operation can arrl has ~ed that. Because 
the computer grabs the major density number alorq with minor 
color filter densities, calculates them arrl prints out the 
results, there is a lot of :p.m.ch for the effort. Printirq 
operations have been pressirq densitometer ruttons for some 
time at various parts of the plant. For press sheets, a 
sirqle density number is conunonly used. However, George 
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Leyda has made the point that computerizerl measuring takes 
a few densitaneter b.lttan presses arrl gives back a large 
amo\.Ult of information for the same price of getting just one 
number. 

WHAT ARE 'lHE ~ POSSIBILITIES? 

Notes: 
Cornputerizerl analysis systems have the potential to inform 
about almost every stage of the printing production cycle. 
Whether the purpose is to observe arrl study, or to monitor 
arrl control, computerizerl measuring systems have the ability 
to 'read' color bars an most of the graphic art materials. 
'!he potential is there to observe arrl control almost any 
production stage. 

In process color production, a misfit of one stage causes 
grief at the next, arrl always at the last stage, the press 
r\.Ul. Because computerizerl measuring notices what, in the 
heat of production we cant, arrl then remembers it, making 
each production stage fit properly to the next is a natural 
use of the technology. 

Because computerizerl measuring systems easily express color 
as a set of print characteristic numbers, they are also a 
natural for COIIlillln'lication tool between any two knowle:i3'eable 
people talkin3' about the color. Arrl it is not as difficult 
to understarrl print characteristic numbers as it may seem. 
People in the printing industry have an understarrling of 
what happens at their particular production stage. Each 
stage is talked about in terms familiar to the industry. 
What is new, is expressing what is happening in terms of 
numbers rather than words. However, by comparing what the 
eye sees to print characteristic numbers, the numbers take 
an the same meaning as the less precise words previous! y 
userl. Cornputerizerl communication between locations arrl 
between cooperating companies is also there. In the future, 
communication may exterrl backwards of production through the 
publisher, agency, arrl photographer. With enough 
familiarization of printing measurements, even the customer 
may be drawn into the communication cycle. 

In summary, there are two basic ways of using COIYq)UterizErl 
color measuring in the graphic arts production cycle: 

1. Control the entire production cycle 
2. Control selecterl portions of the cycle 
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CONIROL SEI:....ECrED PORI'IONS OF THE COLOR PROOUCI'ION CYCLE: 

Notes: 
It's nice to say that computerization of measurement has the 
potential to line up all prcxiuction phases, arrl to 
communicate between each department, arrl each stage of the 
whole irrlustry. It does have this potential. But actual! y 
doi.rg it takes a lot of wor~ out. Instruments, 
department proce:iure, progr~, management philosophy, 
anxiety levels arrl phone lines are just a few of the thi.rgs 
that must be in the same state of readiness before a mature 
use of measurement for communication will arrive. 

The logistics of controlli.rg an entire graphic arts 
prcxiuction plant usi.rg computerized measuri.rg as a tool can 
be overwhelmi.rg. To an operation just begi.nrrin3' to 
incorporate serious measurement into their system, it is a 
good idea to pick one place to start. It is like the old 
story about not servi.rg the whole cow at one meal. Eati.rg 
it a hamb..u:ger at a time is more reasonable. 

Monitori.rg proofi.rg systems, press checks, extensive press 
monitori.rg, troubleshooti.rg sheetfed makeready, inspection 
of incomi.rg materials, bac~ up completed jobs have all 
been applications of computerized measuri.rg. The followi.rg 
list that describe uses for selected portions of prcxiuction 
have all been done by operations usi.rg computerized 
measuri.rg. 

MONITOR PROOFING SYSTEM OUTPUI': 
Color targets are proofed alon;r with each proof sheet. 
Targets that include microline are useful for det~ 
the effect of correct processi.rg (exposure, film 
orientation, etc.) Targets that include quarter tone, 
mid tone arrl three quarter tone dots are useful in 
det~ variations caused by density variations. The 
targets are identified by date, arrl exposure frame. They 
are collected by the computerized analysis system. Overview 
reports from this data can pin down if there has been a 
chan;re in the proofi.rg system over time. The reports will 
show whether any chan;Jes are driftin;r one way or the other. 
Once, I was told a proofi.rg system had been drifti.rg in 
color for the past two months. The first step in 
troubleshooti.rg was to pull statistical reports for the 
proofs done for the last several months. The report showed 
there was no drift. That helped in more than one ways. It 
saved us time chasi.rg down a blin::i alley tryi.rg to correct a 
drift that was not there. And it allowed us to look in 
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other areas inunediately. Later, it was discovere:i that what 
looke:i like a color ~e in the proof was really a step 
plate system that occasionally misfire:i. 

MONITOR SCANNER/CONTACI' FilM: 
A target placed on film dud..r~ contact~ can verify over 
time the consistency of a proof~ framejlight system. 
Scanner linearization scales can be read into the computer. 
An on the spot report can show variation in the dot size 
from the standard. over time, a statistical report can show 
if there is a trend to the dot variations. 

E.VAll.JATE INCOMING MATERIALS: 
Once standards are set for the film, proof~ and other 
materials use in process color production, the first 
material use:i from a new shipnent can be checke:i. 
It would be convenient if there were a way to check the 
material without us~ it. However, most film, proof~ 
materials, and plates do not show their performance till they 
are processe:i normal! y. If a check on a new box of material 
shows an unacceptable variation, it will also be necessary 
to verify the process it went through. '!he process is part 
of the final product. Film that is floppe:i will show 
excessive dot gain that is not due to the product, for 
instance. 

E.VAll.JATE NE.W PROOUCTS: 
Any product use:i in process color production has its own 
inherent quality level, and a level it can reach use:i with 
the rest of the plants system. '!he question for new 
material is what level will it reach use:i with the exist~ 
system. Arrl, if ~~ the exis~ system will improve 
the products performance, how does that balance against the 
cost of~ the ~es? Computerize:i measur~ makes it 
possible to evaluate the new product more accurate! y. '!here 
are two reasons. First, for a one time check, computerize:i 
measur~ gives an objective, comprehensive report. Second, 
we all know that one time checks may not tell the whole 
story. Evaluat~ new products by chec~ many samples, 
and do~ this over more than a s~le instance gives a more 
complete picture of the effect of the product. As with any 
test~, insur~ that the new product is the only ~ 
change:i also allows more accurate test results. 

INPLANT 'SCANNER TO PRESS' AUDITS: 
A print~;s~ operation can keep a set of test film 
ready for press. CUrrent scanner generate:i items can be 
restrippe:i at each repeate:i audit, so that the audit will 
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reflect current scanner con:litions. Computerized measuring 
can assist in gathering the infonnation from the film, 
proof an:i press sheets. '!he corrputerized reports give quick 
f~ck about the characteristics of the whole production 
system. A full analysis system capable of doing statistical 
reports for a good group of press sheets will be very useful 
in looking at the press run as a whole. 

ONE JOB AUDIT FOR COMMUNICATION/DISCUSSION: 
When the proof does not match the press sheet, or the other 
way around, it can become important to find out why. A 
computerized analysis system gives a large amount of 
comparative information. Comparing an indepth report for 
the proof to one for the press sheet, things often become 
clear that are not obvious to the observer's eye. 

SALES TOOL: 
With the viewpoint that a computerized measuring tool helps 
make things in production fit, the presence of such a tool 
has been used as one inlicator of a quality minded 
operation. In many cases, the sight of the system has been 
enough to present that image. As customers of graphic arts 
companies become increasing! y sophisticated in color 
measurement, they may begin to ask how the tool is used to 
bring about quality. 

PREDicr INCOMING SEPARATION FILM PERFORMANCE AT PRESS: 
If a printing operation knows the density jdotgain 
performance of their presses, an:i the colors of their inks, 
the proofs accompanying incoming film can be used as a 
starting point. for evaluation. Density higher or lower than 
press standards flags a problem. Differing hue colors also 
flag a problem. '!he problem of proofs that are not made by 
the accompanying film is more difficult, an:i corrputerized 
measuring does not have a way to help there yet. Depending 
on the turnaround time of the operation, flagged problems 
trigger reproofing an:ijor film correction. Or, if there is 
not time, the data collected stands to help explain any 
questions that may result after printing. Better 
information is available if roth the proof an:i press sheet 
have color targets with some dot tints, an:i overprints as 
well as solid colors. When proofs come in with color bars 
that contain tints, better infonnation about dot gain is 
gained when there is clear conununication between the sender 
an:i the receiving company about the film dot sizes on the 
target. If a proofed target looks like it should be a 50%, 
rut the film that made the target on the proof was real! y 
4 7%, then the report will show an extra 3% dot gain that is 
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really not there. 

~ZID~OP~: 
~OP inspections forms are another application for 
computerizErl measuring users. "nle computerizErl system 
calculates density deviations from HI and ID, as well as 
total tonal density of the films. It prcduces a neatly 
printErl report. And, if questions arise, the system 
provides a wide ran;Je of print characteristics reports. 

TROUBLESHoor SHEEI'F'ED MAI<ERF.ADY: 
A very enterprising printing company discoverErl that is 
could do difficult makeready faster by stopping to do 
computerizErl measuring. I aska:i them why they were taking 
the time. I was told that because they got a comprehensive 
report on the present condition of the makeready, it was 
possible to reset all four ink colors with some degree of 
accuracy. Aside from makeready, for mysterious press 
problems, the reports showErl the effect of diagnostic 
chan;Jes so clearly, that it greatly shortenErl the time to 
pin. down press problems. 

TRACK PRESS PERFORMANCE: 

To set standards: 
For an operation wanting to set tight quality starrlards, how 
can these be done without Jmowing what is normal for the 
press system. If a press normally varies in density +.06 
and -.06, (that is if no one touches the ink fountain) 
trying to set density variation starrlards tighter means 
fighting uphill all the time. "nle tighter starrlards 
selectErl without information al:x:>ut the normal operation of 
the press could have opposite results. SPC experts tell us 
not to try correct for normal variation. Corrections to 
normal variation tend to over correct and make the situation 
worse than if nothing is done. Using computerizErl 
measuring to study a press over time is a good basis for 
beginning to set press standards. 

Tb check prcduction stability: 
Once starrlards are establishErl, computerizErl measuring 
allows frequent monitoring. 

To evaluatetprErlict the neErl for press maintenance: 
One web operation saw that dollars spent for remachining one 
of their cylin::lers had been well spent. ComputerizErl plots 
clearly showErl sharpening of the dot gain starting on the 
day the press resumErl printing. Press maintenance costs in 
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down time and service can be base::i on ol::servin3' how the press 
performs. Machinery gradually loses its ability to hold to 
specifications. By ol::serving the press perfo:nnance over a 
period of time, managers can become familiar with how 
reports look when the press is printing at top level. As 
the press perfonnance diminishes, the reports will reflect 
that. Management decisions ab::>ut when to pull maintenance 
base::i on the information can avoid the two pitfalls of doing 
it too early or doing it too late. 

FINGERPRINT THE PRESS: 

Audit vs fin:Jerprint: 
"Fingerprint the press" has becane a popular phrase. 
Unfortunately, this may mean "run a test fonn and measure a 
few press sheets and once should do it". Doesn't. That is 
more like an audit. A one time test run for a press no more 
fingerprints the press than a single snapshot of your golf 
swing characterizes it. Both the press and my golf swing 
have a wide range of perfonnance. Neither of use appear the 
same at the beginning of the run;swing as we do at the 
middle and end. Variation from day to day, and from 
beginning to end of the run is a fact of life. If 
"fingerprint" is to mean "identify" for a press as it does 
for J?80ple, more than a one time measurement is require::i. 
Taking the snapshot analogy farther, a movie would give a 
better picture of a golf swing than a single picture. A 
movie is made up a hundre::is maybe thousands of snapshots 
taken in sequence. A movie with a plot combines sequence 
over sequence till watching the movie carries a message. 
Fingerprinting the press should follow the same idea. Test 
the press completely using a test fonn. Measure various 
stages of the run. Measure several sheets from each stage. 
Each sheet amounts to a snapshot. Use computerize::i 
measuring to create a report that combines all the 
measurements from the test run into a statistical report. 
That is like one sequence from a movie. Next, choose a 
press target small enough to run on the press daily. The 
small target will represent in abbreviate::i fonn the data 
from the large press test fonn. Measure press sheets daily 
over time. Every press run has the potential to be a test. 
There is a subtle advantage to doing this. When the big 
test fonn is run, it is just that ... a test. We all know 
things happen a little differently for a test than they do 
during daily production. Measurements taken from daily 
production represent daily production. Usin:J computerize::i 
measuring, produce statistical reports from press 
measurements taken over a lo~ period of time. The identity 
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of the press will show up more accurately with that report. 
'!he report will give the whole story, just as a feature 
movie made up of thousands of snapshots organized into 
collections of scenes does. 

CONTROL ENTIRE PRCDJCI'ION CYCLE OF PROCESS COIDR: 

Notes: 
Because computerized measuring makes it possible to observe 
and control many of the production steps for process color 
printing, it becomes the tool that can make it possible to 
fit the steps together successfully. Failure to fit 
production steps correct! y means that at the most expensive, 
and least flexible phase of production, the press, things 
are twisted back in an attempt to correct the misfit. 

If we were to go to a skilled tailor and ask for a well 
fitting custom suit, the first thing he would do would be to 
get out a measuring tape. He measures, and then uses his 
skill to make the suit fit those measurements. Recent 
technology has given us skilled separation film systems. 
However, tmlike the skilled tailor, operators at those 
powerful workstations do not know the measurements of the 
press that will use their work. 

CONCEPI'S: 

Computerized measuring is a tool like a oair of glasses: 

With the many benefits of a computerized measuring system, 
the big thing that it does is enhance our ability to see our 
production process and our production product. It acts 
somewhat like a pair of glasses. It can snap things into 
focus. '!here is a two fold operation to this pair of 
glasses. One operation is similar to a 90 power magnifying 
scope ~t lets us see things invisible to unaided vision. 
On the other hand, it also acts like a pair of binoculars 
used from a tall b.rilding to get an overview. 

'Ihe Press is a system, not a machine: 

To get the most out of computerized measuring, it is 
necessary to think of the press not as a machine, h.tt as 
part of a system. Anything that affects the final product 
is part of the press system. 
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Therefore, while the press is a system of tlrin:Js that nee::i 
to be observe:i and controlle:i, computerize:i measuring is a 
tool that enhances our ability to observe. What we can 
observe, we can te:Jin to control. 

AIM POINT OF CONIROILING THE CYCLE: TOP DRIVEN PROCESS COI.DR 

TOP DRIVEN CON'IROL - DEFINITION: 
Controlling the process implies that color decisions can be 
made at the scanner that will not have to be ad juste:i later. 
At the scanner, color decisions mean that valuable press 
time can be c:onserve:i. It also means that there is little 
compromise. At press, for each color ad juste:i favorably, 
two other colors fall where they may. Top driven control is 
base:i on firrling what IS the right film for the press, and 
what ARE the right results for that customer? Arrl what does 
it take to get those results on that press ..•.. Arrl THEN, how 
to do it again tomorrow and next year. 

TOP DRIVEN CON'IROL - R&XJIREMENTS: 
A successful top driven control system for process color 
demands a stable pressjproduction system. It neErls a system 
that controls all variables except the dot sizes on the 
original separation film. '!hat is, the process following 
the generation of the separation film does not change the 
final color as it was originally planned. 

If system is stabilize:i it can be driven from the front. 
Altering color at the te:Jinning or top of the production 
process has two rna jor advantages: 

less cost to control color 
less compromise in controlling color 

We drive our cars using a steering wheel that is about as 
far from the road as you can get in the car, just as the 
press is far from the scanner. However, we cotmt on the 
steering wheel to be connecte:i by a series of pra:lictabl y 
rigid devices direct! y to the road. When we steer right, we 
want to car to go that way, and even though we are not 
touching the tires, we expect the results we plan. If the 
steering rod were made of a stro~ silly putty, however, 
other variables would enter into the steering cycle. We 
would steer left, and it would be anyone's guess which 
direction the car would go. In the graphic arts process, it 
would be very advantageous to reach the same sense of 
stability in the steps that connect the scanner to the 
press as we have in our autornoti ve steering systems. 
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THE CONTROL 'IOOL OF A TOP DRIVEN COIDR SYSI'EM: 
The top driven system manipulates only one thing .• dot size 
along the tone curve. It does that at the scanner or 
workstation equipnent. Dot size is the only tool that 
scanners and workstations have to control color. 

'Ur'ders~ this has important implications. If the only 
tool to control color at the scanner/workstation IS the dot 
size, then it follows that everytl1in;J else is controlle:i 
somewhere else. Or, if not, everytl1in;J else is out of 
control. Hue of ink, the density of the ink film, its 
relative dot gain, the color it produces on overprints, and 
even gray balance is Nar controlle:i at the scanner. They 
are ASSUMED at the scanner. They are controlle:i at other 
parts of the production cycle. The only thing' the scanner 
or workstation can control is the sizes of the dots on the 
separation film. Therefore, both the scanner and 
workstation require a stable press;production system in 
order to get the most out of the equipnent. 

Historical! y, the color process is controlle:i by 
adjustments at each production stage. It is the nature of 
the materials and processes use:i to alter the tone curve and 
there by the color of the final product. The industry 
adjusts to these conditions by watching as a job prcqresses 
through the various stages, and making corrections as 
nee:ie:i. Press color adjustments complete the cycle. 

In the future, a different emphasis may place control of 
all color adjustments to the top (begi.nnin:J) portion of the 
process. However, existing production systems base:i on 
correction throughout the cycle may unpre:iictably alter and 
chan:Je the color decisions made at these scanner and 
workstations. The corrections made later in the cycle carry 
more compromise cost than those made at the scan stage. 
When this happens, much of the power of these color 
workstations is lost. 

In the past, the loss was unavoidable. The expense invol ve:i 
in monitoring to stabilize production processes was 
prohibitive. Computerize:i measuring may be the final link 
in the collection of tools available to stabilize the 
process. And as it becomes more practical it will unleash 
the power of the investments in prepress workstations. 
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SCANNER/WORKSTATION CONI'ROL THRCXXiH IXlT SIZE MANIFUI.ATION: 
There are three rna jor areas: 

Tone curve 
Gray balance 
Aesthetic/decisions 

The purposes conunonl y assigne:i to scanner an:i workstation 
differ. A scanner may be capable of controllin;J all three 
areas. However when use:i in combination with a workstation, 
emphasis in on the first two, tone curve an:i gray balance. 
Deperrlin:J of the software, workstations may be capable of 
control! in:] all three. However, the emphasis is common! y on 
the third, art;aesthetic manipulation. The reason for 
outlining the obvious is to clarify that both types of 
systems do one thin:J, control sizes of dots. Therefore, 
when they are use:i together in the top driven control 
system, thought should be given to the function of each. 

THE El''F'EL'"I' OF COLOR CORREX:I'ION DONE AT PRESS: 
A starrlard such as SWOP sets aim points for the density an:i 
dot gain. These have been use:i on press. However, 
correctin:J color on press moves away from this starrlard. 
Because the relative density balance between the three 
process ink colors is altere:i it costs compromise in several 
areas to achieve correction of one color. 

Changin:J density levels at press side affects: 
Gray balance 
Two acklitional colors for each intende:i color change 
Dot size 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
INK DENSITY CHANGE 
TO THIS ONE COLOR AFFEX::I'S THESE COLORS 

CYAN 
YELLOW 
MAGENTA 

GREEN & BilJE 
GREEN & RED 
BilJE & RED 

RED GREEN & YELLOW OR BilJE & MAGENTA 
BilJE GREEN & CYAN OR RED & MAGENTA 
GREEN BilJE & CYAN OR RED & YELLOW 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

Density adjustments at press made to correct one color also 
change two other colors. 

430 



HERE IS WHAT HAPPENS WHEN COI.DR IS CORREX:l'ED ON PRESS: 

Gray Imbalance: 
Density levels which are one factor in the control gray 
balance are asSlDlle:l at the film's creation. However, 
density level adjustment is commonly made at press run. The 
gray balance asSlDlle:l when the film was made ceases to exist. 
The press system no lon:3'er fits the separation. Deperrli.n;J on 
the subject matter, the gray imbalance may adversely affect 
the work. 

Dot Size Alteration: 
The dot size reproduce:l on the film carries the instructions 
of the workstation andjor scanner for good color 
reproduction. However density level adjustments at press 
have the side effect of chang~ the dot size. When press 
cha.IY;Jes dot size, the color curve is lost. The press gains 
more in some dot areas than in others. Shadows, midtones 
and highlights are all affecte:l differently. That means 
that a new color curve has been create:l by an instrument not 
as well equipped to do the work as the workstation and 
scanner. For some work, the new curve may be acceptable. 
For critical work, it will not be acceptable. 

Urrlesirable Color ChaJ'Ees: 
The problem is that the later in the system the compensation 
for an unstable system is done, the greater the cost of it. 
The cost is in terms of not only man hours, rut also control 
of aesthetic quality. There is no green ink, and if the 
grass must be made more green at press for a lawn care 
advertisement, other ~s may fall. The grass may be made 
more green by rerluc~ the magenta ink. Then the re:l apples 
above it suffer. Or the grass may be made more green by 
increas~ the cyan and yellow. But a subtle blue suit 
inline with the lawn may suffer from the unbalance of the 
cyan;magenta. 

That two color changes occur for each color correcte:l 
at press is not new information. But wouldn't it be cost 
effective to correct the color at a stage that would affect 
ONLY the color be~ correcte:l. Not only would the 
correction avoid an urrlesirable color shift penalty, rut 
the correction would be done without the expense of extra 
press time and waste paper. 

A top driven control system aims at do~ just that. If the 
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press system is stable, the top driven scannerjworkstation 
can determine: 

Gray balance 
Faithful reproduction of primary an::l secondary hues 
Press dot size 

TOP DRIVEN CONTROL - THE BUIIDIID PIAN: 

1. STABILIZE THE SYSTEM 
(for each production step) 

IDENI'IFY 
OPI'IMIZE 
SEI' STANDARDS 
MONITOR 

2. DEI'ERMINE THE <lJMUIATIVE E:FFEX::I' OF AIL STEPS 
3. COMPENSATE FOR NORMAL SYSTEM GAIN AT TOP OF SYSTEM 
4. CON'IROL THE AES'IHEI'ICS AT THE TOP OF SYSTEM 

Notes: 
It would be tough to put a top driven control system in 
place in one step. Familiarity with the concepts, the 
computerizErl tools, the reports, us~ scanner an::l 
workstation controls as part of the system, an::l coordinat~ 
throughout the production process is a big project. 
However, it is not impossible. Done one step at a time, 
each part can eventually fit together. An:1 immediate 
benefits come from stabiliz~ any one part of production. 

Draw~ up a plan that tracks production steps with an 
effect on process color would be a first step. Or one could 
be pickErl at ran::lom, an::l the plan developErl over time. '!he 
steps of identify, optimize, set standards an::l monitor will 
remain consistent for each stage of production, regardless 
of whether the project is to stabilize only one segment or 
eve.rythin;J. If the plan is to stabilize eve.rythin;J, it is 
necessary to do it one stage at a time anyway. 

IDEm'IFY: 
Determine by obs~ over time the no:nnal performance of 
the production step. 

OPI'IMIZE 
Correct as neErlErl so the system is performing at its best 
no:nnal level. '!he no:nnal level will be what the process can 
do without stret~ its limits one way or the other. You 
know what the limits are because you have been obs~ it 
before an::l after corrections made over a period of time. 
When the process is optimizErl, it will perfonn well without 
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\.U1due strain. It it won't perform well, or won't perform 
without \.U1due strain, ~e the whole process. 

SEI' STANDARDS 
Decide in terms of measured numbers what is the acceptable 
perfonnance level for the process. Based on the information 
from the previous two steps the lowest an:l highest 
measurement, an:l the aim point are a management decision. 

MONITOR: 
Just watch to be sure the process is stayin:j within the 
standards, an:l to see if anythin:I new is enterin:j the 
picture. 

DEI'ERMINE THE a.JMUI.ATIVE EF'F'EX::l' OF ALL STEPS: 
Once all process steps have been fine tuned an:l stabilized 
by the previous steps, it is possible to know what effect 
each step normally will have on the dots in the separation 
film. Identify the changes made at each step an:l ad:i them 
up to know the total ~e made to separations in a normal 
stable press system. 

COMPENSATE FOR NORMAL SYSTEM GAIN AT THE SYSTEM TOP: 
When it is known what ch~es the normal an:l stable press 
system will make to separation film, it is possible to make 
allowances at the scanner which allow the film to fit 
comfortably on the press. 

CONIROL THE AESTHEI'ICS AT THE TOP OF THE SYSTEM: 

SUccess May Make Us Nervous: 

It may take some gettin:j used to. Highways are much 
larger than automobiles to allow for variations in 
steerin:j. Some of the variation is due to the car's 
response to road corrlitions. Rough surfaces, bumps, slope 
of the highway an:l win:i all affect the steerin:j. But, what 
if cars came alon:J that compensated for every thin:J that 
affected steerin:j ... except for the person at the wheel. 
Arrl highway departments made road lanes just about the width 
of the car, based on the idea that all the variables were 
controlled. Wold that make you nervous. It sure would 
unnerve me to be drivin:j with cars very close to either 
side. I would feel the b..lrden of the responsibility for 
keepin:j the car in the tight lane. I would not be used to a 
system that responded so directly to each an:l every steerin:j 
cornrnand I gave it. Even though steerin:j would be easier, I 
would miss the leeway of the older less accurate system. 
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Possibly, we may experience the same reaction as we grow in 
our ability to control the press system. It will be 
something to anticipate and deal with. 

DIFFIOJLTIES: 
The question is: "Is it really possible to create a stable 
press system?" Some problems with the idea may inclu:le the 
follow~. "Press operators must vary ink setups to 
compensate for variations in the film sent them." "It would 
be too hard to watch a press run go off of its color and not 
manually reset the ink keys." "Film comes from too many 
sources." "Arrl the film we get is probably not the set that 
made the proof. " "We cannot run color bars, the customer 
won't pay for the paper to do it." "We're print~ color, 
not numbers." "Those guys don't know what they're do~ 
anyway. " "It would take too much time. " "There are too many 
variables to pin down." "It probably wouldn't work." 

The last is the key. If it wouldn't work, then all the rest 
is right. But, if it would work, everything else falls into 
place. The customer won't feel the pay~ for color bar 
space if production costs are so low his over all price is 
not increased. Film from many sources and corrlitions can be 
standardized when it is worth the effort. Arrl if it does 
work, who could afford NO!' to spend the time do~ it. 

DEAL~ WI'IH MULTIPLE PRESS SYSTEM VARIABLES: 
The great number and interdeperrlence of variables in the 
graphic arts production cycle does appear overwhe~. 
Control!~ them could appear to be out of the question. 
The variables in print~ are not only numerous, many of 
them occur in layers. Those in lower layers do not appear 
till the variations on the top layers are controlled. But 
all this does not mean it cannot be done. It just means it 
is a massive job. 

One member of our industry says that the amount of variables 
that affect print~ does not discourage him from try~ to 
control them. When a variable can be identified as hav~ 
an effect on print~, then it can be managed. It is just 
another thing to control. One at a time, many things can be 
controlled. 

TRENDS THAT WilL ASSIST IN THE FUIURE: 
Just at the point graphic arts is beg~ use technology 
from other fields, advances are be~ made in those fields 
and in ours that will help. Two areas that will be helpful 
in creat~ top driven control systems are: 
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Improvements in reporting techniques: 
Improvements in generating data 

The task of stabilizing press systems will have increasing 
help from new technology. 

FUIURE - IMPROVEMENTS TO REPORTING TEX::HNIQUES: 

Two point variation analysis: 
This is what we are using in computerized measuring at the 
present. We plot density of press sheet vs dot size of the 
film target. Or we look at dot gain vs the portion of the 
tone curve. Hue error vs percent of jobs for each hue is 
another two point analysis. They are powerful ways of 
looking at printing. However, in print:i.n.j several variables 
may all act together to affect dot gain or a chan3'e in hue. 
Analysis of multiple points would be a good tool to look at 
the real world printing happenings. 

Multiple point variation analysis: 
Multiple point variation analysis until recently was 
available only to scientists and en:rineers with access to 
large mainframes with major analysis programs. That kind 
of computing power would be prohibitively hard for most of 
the printing community to access. Recently, software has 
been developed that will plot three variables using a 
Macintosh II desktop computer. That means the door is 
opening for graphic arts to have a way to sift through the 
complex variables of the press system. The 'mystery' factor 
that plagues our processes will be easier to pin down. 

FUIURE - BETI'ER VISUALIZATION TEX::HNIQUES: 
Getting the meaning out of color measurements is becoiTiirg a 
necessary skill for graphic arts operations. Numbers are 
the most difficult way to understand data. Graphs help. 
There are already many good graphic report software 
available. Much is already built into full analysis 
systems. In addition to what is commercially available, the 
National Science Foundation is promoting research in the 
area of integrated visualization tools. Some software is 
already available for use by scientific computing, b..lsiness, 
financial groups, en:rineering and programming. Graphic arts 
may be the next field to use strong visualization software 
tools. 

FUIURE - IMPROVEMENTS IN GENERATING DATA: 
While full analysis systems with hand held densitometers 
explcxie ability to generate color measurements, they create 
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a paradox. Because the systems are so powerful in 
calculating, sorting, plotting and reporting data, the 
densitometer :button pushing can seem like a lengthy process 
in comparison. It is human nature to become impatient with 
doing things that take 1 minute or so, even though it may 
have taken several hours to do the same thing in the past. 
Some feel that scanning densitometers attached to full 
analysis systems will further the ability to use and manage 
color measurements. others feel that on press densitometry 
with connections to roth a full analysis system and a closed 
loop press system would be a desirable goal. 

CONCUJSION: 
I have been asked many times what type of graphic arts 
operations use computerized color measurement system. 
The question is whether publishers, separators, commercial 
shops with scanners or web operations have been more likely 
to put the technology to use. '!he answer is all have. '!he 
distinguishing characteristic of the companies is not the 
part of the :business represented. It is a :business 
personality characteristic. All that have jurnpej in at the 
beginning to use computerized technology have these two 
things in common: They feel measuring will affect the 
quality of their product, andjor the cost of producing it. 
Arrl they have the kind of personality that is comfortable 
with not knowing all the answers up front. '!hey have been 
pioneers. '!hey had no guidelines or tried and true methods 
for using computerized measuring. Only the feeling that it 
should work, and it was worth a try. 

ACKNC>WLEIX;EMENTS: 

Some years ago, when I first began working with computerized 
process color measuring, looking for practical applications 
became my personal project. When I had fourrl some starting 
applications, and began to see still more possibilities I 
fourrl it was difficult to communicate them. Computerized 
measuring was not going to replace anything that had been 
commonly done in the graphic arts industry. It was arout to 
open avenues to different things. So there was very little 
common lan:JUage to describe the value of the technology. 
Alon:J the way some members of our industry came up with 
good ways of talking arout it. I fourrl their anal03ies 
important, not only to communication, :but as a basis for 
moving forward. 

In the order of the contri:bution: 
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George Leyda: For the concept of the press as a 
system, not as a machine. 

Cliff Gober: For the concept that measurin:J technology was 
a tool to make the various pro:iuct.ion phases fit 
together, so the expense of the fittin:J would not fall to 
the press. 

George Leyda: For the point that a few densitaneter b.ltton 
pushes can give a large amount of information if attached to 
a computerized analysis system. 

George Huxley: For the photo vs movie explanation of 
press fin:Jerprintin:J. 

larry Cooke: For the concept that learni.n:J to manage color 
information numbers is also timely preparation for learning 
to manage digital film information. 

John Morton: For the concept that the large number of 
press and plant variables is controllable .. once identified, 
one at a time. 
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