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WILBERT STREEFLAND__________________________________________________________
Many in the industry still do ittoday: Use a densitometer forevaluation of a print test. Specifi-cally it is done for looking at theactual halftone dot area coveragerelative to what was defined in theprint design.We accept the results of thesetests blindly – but should we? Thereis nothing wrong with the proposedmethod of using a densitometer noris there anything mathematicallywrong with the use of the MURRAY-DAVIS and YULE-NIELSEN equationsfor calculating the dot area fromdensitometer readings. But is theeffect of the error in the densitymeasurement reading on the endresult, the evaluated covered area,really well understood? Might it notbe that the error in the measure-ments can result in meaninglessresults?What we need to learn and ac-cept in our industry is to improveour knowledge by challenging ourexperiences by means of a math-ematical module. Thus being able toexplain our experiences based on amathematical model helps to de-velop quantitative knowledge of thesubject.Today we have more knowledgeand technology at our fingertipsthan at the time the first densitom-eter was developed. Why not use it?We need to keep in mind that»improving« does not only meanthat we do what we always havedone better, but also points towardsto doing different things.

Densitometer and dot area
The problem

The accuracy of estimating theprinted coverage of a halftone areaby using a densitometer for measur-ing it, based on the light reflectionof a full tone area being 100% andan un-printed area being 0%, islargely influenced by the readingaccuracy of the instrument used formeasuring the light reflectance. Es-pecially when a logarithmic func-tion is used before displaying theresults of the reading.What one needs to understand isthe influence of the reading accu-racy on the end result.The other question one can ask:is it really important to calculate adot area coverage value from themeasured density values for thehalftone area? Would it not be suf-ficient to show the relation betweenthe halftone dot area used in theimage and the corresponding print-ed density value? After all a scanneris used for measuring density in theoriginal. It would be easier to havea table that links the printed densityto the dot area coverage to be usedin the design image. This table canbe used to select the coverageneeded in the image based on thescanned density.Let us take a closer look at thedensitometer measuring principleand the equations involved.
The theory

First we will look at the measuringprinciple of a densitometer for

measuring colour density (figure 1).It starts with the densitometersending white light to the substrateand measuring the reflected lightfrom the substrate, see figure 1 foran illustration, using complemen-tary coloured filters. Following theequation for colour density:

Table 1 shows the complemen-tary coloured filters used by thedensitometer for measuring thedensity of process colours:If we use the equation that thedensitometer uses for calculatingthe density value we can createtable 2.

Figure 2 shows the logarithmicrelation between the density valuecalculated and the percentage ofreflected light measured.From the measured density it ispossible to calculate the halftonearea coverage of print assumingthat we have a full tone area in thesame colour being printed. The den-sitometer is »zeroed« on an un-printed area and the density meas-ured in the full tone and halftoneareas from which we want to knowthe coverage. The two density val-ues are then entered into an equa-tion. The most common used equa-tion is the MURRAY-DAVIS equation.This equation is based on the as-sumption that there is a relationbetween the density and the size ofthe printed and unprinted area in afixed area. The MURRAY-DAVIS equa-tion:

But also often the YULE-NIELSENequation is used.

Measured process Filtered colours Complementary colour
colour of the filter used for

measuring density

Yellow Red + Green Blue

Magenta Red + Blue Green

Cyan Green + Blue Red

Black None Transparent

D = log

D = Colour density

I
0

= Light sent (100%)

I = Light returned (between 0–100%

I
0

I

Light sent Light returned Density calculated

100% 1.00% 2.00

100% 10.00% 1.00

100% 50.00% 0.30

100% 97.72% 0.01

Figure 2: Relation of density and
reflected light.
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Tables 1 and 2.
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Figure 1: Measuring principle den-
sitometer.
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The YULE-NIELSEN equation adds aconstant to the MURRAY-DAVIS equa-tion to correct for the difference inlight reflection between a printedarea and unprinted area. This con-stant is related to the properties thatinfluence the reflections of the nonprinted area. There is no differencebetween the MURRAY-DAVIS andYULE-NIELSEN equations if the con-stant value is 1. The YULE-NIELSENequation:

Mostly the industry speaksabout dot gain being the differencebetween the coverage of the half-tone area in the design and the act-ual printed coverage. Let us have alook at the »linear dot gain« equa-tion.This equation is a mathematicalpresentation of how the dot sizemight change by varying one pa-rameter in a calculation model. Thedesign of the equation is based onthree assumptions:1. A full tone area never has dotgain;2. Each halftone area can only be-come a 100% covered area ifthere is maximum dot gain;3. There is a linear relationship be-tween the amount of dot gain ofall halftone areas.The linear dot gain equation:

The covered area constant canonly have a value between 0 and100. If the covered area constant is0: Ca_cor = Ca. If the covered areaconstant value is 100 the value ofCa_cor = 100 independent of the valueof Ca.So now we know which formu-lae are used but what is the conse-quence of a reading error (or thereading accuracy) on the calculatedhalftone dot area coverage? For this

part we will only use the MURRAY-DAVIS equation.
Error on dot area using

Murray-Davis equation

We need to do a backwards calcula-tion to understand the problem bet-ter. Let me give an example. Whatdensity do we expect to measure ifthe full-tone density is 1.2 whenusing the MURRAY-DAVIS equation?Table 3 shows the result.If we assume that the readingaccuracy of a densitometer is 0.02then how can we detect reliably avalue for halftone areas below30%? We have calculated the im-pact of a 0.02 density reading erroron the halftone values. The result isthat a 20% coverage area has atolerance of 3.9%. Thus can bewrong by 20%! And it gets worsefor a 2% area.Personally I would not promotethe use of density readings for anycorrective action on the designedimage.
Using image analysis

for dot area

So what can we do differently? Wecould use image analysis to look atthe actual dots. Also here there is theinfluence of the device collectingthe image but every day new im-proved devices have been intro-duced having a higher resolution.The error is made on the edge wherewe have to decide if the area isprinted or unprinted. The error isthen linked to the fact: whether thepixel in the sensor (camera) lookingat the edge is providing a correctcontrast value to decide whetherthis pixel belongs to the printed areaor not.My partner TONY SULLIVAN devel-oped a software tool, which can beused with a digital microscope, todetermine the covered area withdots from an image. The digitalmicroscope I used was di-rectly connected to theUSB port of my compu-ter. It is a »low cost«device and worksfine. The size of onepixel on the image chip in the USBdigital microscope is equal to 2.55micron in the image.Figure 3 is a screen shot of the

program. It is the result of evaluat-ing a 2% area of a positive film. Thereading of the system shows a valueof 1.88%. You can see the individualpixels that make the dot. A higherresolution sensor would make thesystem more accurate. This methodmight not have the risk of a 20%error on the reading.
Conclusion

Using densitometer readings forcalculating the dot area coveragefrom a halftone area might have alarge error if the density readingaccuracy/resolution of the densito-meter is low (0.02).Always be careful when usingreadings that have been derivedusing a logarithmic function.Using image analysis might be amore reliable method for measuringthe coverage of a halftone area.
Recommendation

»Dot gain curves« would be betterreplaced by a curve showing therelation between the dot area usedin the image design and the actualmeasured density in the image.Image analysis in combinationwith the USB Digital Microscopecan be used to monitor dot sizevariation during production.               ■
Dot%

Calculated error
Dot% density halftone

100 1.200 0.30
90 0.805 0.75
80 0.601 1.20
70 0.463 1.65
60 0.359 2.10
50 0.274 2.55
40 0.204 3.00
30 0.143 3.45
20 0.090 3.90
10 0.043 4.35
5 0.021 4.58
3 0.012 4.67
2 0.008 4.71

Table 3:
Density calculation of

halftone coverage based on
a given full-tone density
and the error resulting

from a 0.02 density reading
error.
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Figure 3.
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