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Abstract

It is the purpose of this investigation to determine whether or not the output quality of
black

and white images on aXerox Docutech can be enhanced. The Docutech is a black and white

digital printing device. In times of a growing demand for on-demand printing and publish

ing, the Docutech not only has to reproduce text and graphics properly
but also has to cope

with the increasing task of rendering images.

Although there are multiple options to improve the output quality, this project focuses on

the impact of image capturing on the output. As a result of this investigation, a user's man

ual should help to achieve satisfying reproductions on the
Docutech.

The project goals are reached by extensive testing and a careful evaluation of the experi

ments by visual, densitometric and statistical means. Prior to any testing and as a prerequi

site for the project, the print characteristic of the Docutech is determined. With stable print

ing conditions as a starting point, the impact of the scanning process is investigated. For this

purpose, four different scanners ranging from flatbed, desktop devices to high-end scan

ning systems are used to capture two test images. Those images are manipulated within

this process step to improve the rendering quality of the printed output.

The printed output is analyzed finally by statistical means to base the perceived quality dif

ferences on the objective judgement of a larger audience of observers.

Focusing on the results of this evaluation process, one will find that the output quality can

be enhanced. Not only are adjustments found which increase the perceived qualify of the

printed result but also is insight gained into the printing process and its limitations.

There is no doubt that the Docutech has its restrictions but its low cost and low quality

image is not justified. It is possible to improve the output quality of black and white repro

ductions by applying the basic rules of image reproduction. Thus, utilizing the capabilities

of this digital printing device efficiently, one can achieve satisfying output quality.

IX



Chapter i. Introduction

At first glance, it may seem exaggerated to worry about the
reproduction of images. But care

ful investigations, sophisticated technology and personal skills have improved the printed

results. Moreover, in today's publishing world everyone is concerned about color. Placing so

much emphasis on color image processing, separation techniques, color management and

colormeasurement, the graphic arts industry obviously considers the successful reproduction

ofblack-and-white images as an easy feat. But reality paints a completely different
image. As

black-and-white images become more and more popular in advertising due to their ability to

achieve a high level of contrast, these images are still difficult to reproduce. Decent black-

and white reproductions are hard to find and are often underestimated during the repro

duction process.

Considering these facts, one will agree that investigations in the field of black-and-white

reproductions are neither a waste of time nor energy. Especially if a new, emerging technol

ogy is involved. Digital printing in general and digital printing presses in particular were the

hot topics during DRUPA 1995, the world's largest printing and paper exhibition held in

Diisseldorf, Germany. One of these printing devices, which is standing in the spotlight of

interest, is Xerox's Docutech. Although the Docutech is a one-color printing device with

an option for multiple units, it is a competitive new technology as compared to the tradi

tional printing processes. The Heidelberg GTO, for example, is also a one-color printing

press and will face the competition ofXerox's release. However, the major difference between

both pieces of technology is that the reproduction qualities of the GTO are already known

and widely accepted, while the capabilities of a Docutech have not been fully examined.

Therefore, it is the purpose of this project to investigate the output capabilities ofa Docutech

as far as black-and-white images are concerned.

The requirements for printed products also apply to digital printing concepts, so it is not

surprising that the means of evaluation are similar to those of established printing processes.

If one wants to investigate the output qualities of a Docutech, one needs to evaluate the

whole process including scanning and processing of images. Every processing step that is

involved in the reproduction of the original has its impact on the final output. Although



emphasis must be placed on the quality of the printed product
whether or not it match

es the original the final outcome is the result adherent to a chain ofsingle steps, all relating to

another.

Internet publishing, database concepts and CD-ROM publishing have changed the
char

acter of the printing industry. Today, information can be delivered around the world in dig

ital format and output wherever and whenever with a digital printing device. Digital

printing opens the door for the graphic arts industry to information management. Printing

is no longer an isolated process but one piece of an overall concept that enables people to

share information with several media.

The challenge of this project is that digital printing is a new and unexplored technology.

Furthermore, it is an evolving technology, still under construction and development. By

examining the capabilities of these technologies, one can gain an insight into the concepts

that lead into the future of printing.



Chapter 2. Background theory/theoretical basis of the project

The successful reproduction of originals requires the knowledge of two factors how

should the final reproductions look like and how the given printing device renders the

images. When plotted into a Jones diagram, this information describes the required repro

duction curve for a given
original.'

Though it may sound simple on the surface,
this process

is very involved. Focusing first on the original, one should consider its density range. Most

likely, the original's density range is wider than the density range reproducible by the print

ing process. Consequendy, tone compression becomes unavoidable. Tone compression, how

ever, must be adjusted to the original and to the perception of the eye. The human eye does

not detect density differences in the shadow areas ofan image immediately, but it records the

slightest density difference in the highlight
area.1

Additionally, the right tone reproduction is

of high importance. By placing the mid tone, one not only compensates for dot gain of the

printing process, but also changes the perceived contrast of the image. A low key image, for

instance, which carries most of its detail in the shadow areas, requires different treatment

than a high key picture carrying most of its detail in the highlights. If a low key original has

to be reproduced, the shadow contrast should be emphasized by placing the midtone prop

erly. In other words, there are as many possible tone reproduction curves as there are differ

ent
originals.3 As one can easily see,

"the"

standard reproduction curve is nonexistent. Each

original requires individual treatment, otherwise the output will not be satisfying.

The print characteristics of a given ink/substrate/printing process combination, on the

other hand, can be evaluated and recorded as a constant parameter within the reproduction

process as long as the reproduction takes place in a calibrated environment. Once the

characteristics of a reproduction system such as the Xerox Docutech are defined, standard

settings can be established that will lead to the same output. The prerequisite is, however,

that the necessary information is gathered by careful testing and measurement.

If both the print characteristic and the reproduction curve of the original are determined,

it is possible to describe the requirements of the reproduction process. Knowing that the

printing device can render a 5% dot stably, one should assign the highlight of the original to

this particular value. Furthermore, one can account for the dot gain of the printing system

during the reproduction process. This knowledge leads to the proper scanning and manipu-



lating of imageswith appropriate
hard- and software tools.After plotting the

aforementioned

information into a Jones diagram, the necessary information
for an image's reproduction

curve is derived.

Therefore it is part of this investigation to determine the mentioned prerequisites prior to

analyzing the output. Like any other printing process the Docutech has limits in terms of

rendering images. Unfortunately, one cannot refer to extensive studies about the print per

formance of this machine. Consequendy, the evaluation of the printing process becomes
part

of this project prior to focusing on scanning and image output. The points of interest and

of importance to draw the print characteristic are:

Amount ofdotgain

Achievable resolution

Levels ofgray

Density range

Lightestprintable dot

Highestpossible screen ruling

Knowing the capabilities of the printing process and considering the unique qualities of

varying originals such as high, low and normal key, one can focus on the image capturing

process. Part of the Docutech is an attached scanner which is controlled by Xerox's propri

etary scan software. Unfortunately, this software does not provide the user of the Docutech

the delicate options required to reach the demanded reproduction curve. One of the many

questions to ask is whether or not the attached image capturing tools are sufficient to fulfill

the task. Furthermore, how well does the scanning station work? Is it an easy and straight

forward process, or are time consuming adjustments necessary? Does the system react flexi

bly?Are there a lot of restrictions as to what and especially to how originals can be rendered?

Have probable adjustments actuallymade any significant impact on the output? Those ques

tions and more build the background and the need for this investigation.

But this project will not only focus on an analysis of the state-of-the-art. By using the capa

bility of the Docutech to process digital files, one can compare other scanning devices with

the attached scanning station. Can better results be obtained by processing, for example, an

image which was captured at an external scanning device and then sent to the Docutech in



an appropriate file format? In addition, how well are images handled that were scanned by a

customer and provided on a floppy disk? By investigating and answering these questions, one

might be able to compile reproduction recommendations for processing images with a

Docutech.

The theoretical background of this project is whether or not varying scanners will improve

the final image output if the printing process is properly evaluated and remains constant.
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Chapter 3. Literature Review

The thrust of this project is the impact of image capturing on the final
output. Besides this

point, evaluating the printing process and considering the tone
reproduction of the original

are mentioned because they are prerequisites for the main
part of the investigation.

With regard to the given task, the literature review within this section will place
emphasis

on the process of image capturing. The process ofscanning, however, is divided into two sep

arate sections. One discussion will take the different scanning devices into consideration,

while the other section provides insight into the importance of scanning
variables such as

sampling rate, reproduction size, density range bit depth or file size.

3.1 Specification of theXerox Docutech

As mentioned in Chapter 2 of this thesis project, all process steps within the reproduction

workflow are close related. It is essential, however, to analyze the Docutech prior to any fur

ther investigations in order to gain insight into the significance of certain process steps dur

ing image capturing. Neither the output nor the input side can be evaluated without refer

ring to each other because the quality of the printed
image is restricted to the capabilities of

the weakest part in the process chain. The core ofXerox's digital printing device is the print

ing unit which is based on Xerox-copier technology. Prior to its exposure to a Helium-Neon

laser, the revolving electrophotographic belt is uniformly charged. During the exposure, the

laser eliminates the charge on the drum in the non-image areas. An electrical charge remains

in the image area that attracts the applied toner which has an opposite charge. The toner is

heated to
2000

F to fuse the toner elements and to form a laminate on the belt. The belt is

now carrying the complete image which is to be printed. The laminate is finally transferred

to the paper. After the transfer process the belt is cleaned and
recharged.'

Xerox's specifica

tions define the output capabilities of the Docutech with an addressability of 600 dots per

inch(dpi) or a 150 lines per inch screen (lpi) ruling. The further specifications are:

Printable area: 11 x 17

Paper: sheet

Ink/toner: dry toner



Finishing option: optional

Scanning device: optional

3.2 Scanning devices

The literature in the world of scanning devices is divided into two parts charged coupled

devices (CCDs) and photomultiplier tubes (PMTs).

CCD scanners use an array of cells which record the image information. The amount of

cells on this array is limited to the construction of the scanner. Consequently, a CCD array

cannot be extended, thus impacting the resolution. The achievable resolution depends upon

the amount of recording cells. Due to the fact that the resolution is restricted, the scanner

operator should choose the
"right"

resolution carefully with regard to the intended output.

Basic parameters for the calculation of the required resolution are screen ruling and output

size. The number of reading cells not only limits the resolution, but also the scannable size

of the original. Image information that lies beyond the recording CCD array is not covered.

Possibly the most inconvenient limitation is that a scanner of this type is not capable of sep

arating tones in images with densities exceeding 2.8. Transparencies, on the contrary, can

reach densities of 3.2 or higher which means that all tones exceeding 2.8 can not be differ

entiated by the CCD scanner and are recorded as blackwith no
detail.2

As a result, variations

in higher densities cannot be reproduced during the printing process the image lacks

detail in the shadow area. However, the opposite is stated in recent publications. CCD scan

ner such as the Scitex SmartScanner and AGFA's SelectScan are said to cover a density range

of
3.6.' Functions such as unsharp masking and color correction are not performed on the fly

and will have to be applied separately on an image manipulation workstation with the appro

priate software. The described disadvantages ofCCD scanner can be summed up to:

Limitations in terms oforiginal's size

Limitations in terms ofresolution

Limitations in terms ofenlargements (due to resolution problems)

On the other side of the balance, one can see the CCD scanner are easy to use, fast and

inexpensive. Usually, they do not require either specific knowledge about the reproduction

process in general or knowledge about sophisticated scanner technology.



The second group of interest are scanners that use PMTs to sample the original. Enclosed

one can see the scheme of a PMT:

Figure i: Scheme of a Photomultiplier

PMTs are based on the premise that light is capable ofsetting photons free by hitting a sur

face. Photons, however, are electronically charged and therefore attracted by the pole with

the opposite electrical charge. While the photon is traveling through the tube, it sets more

photons free which leads to a chain reaction or a massive amplification. The resulting elec

trical charge has two major advantages. Due to its amplification, it is easy to measure.

Furthermore, the resulting charge is proportional to the incoming light. This sophisticated

concept is responsible for a PMTs high sensitivity that results in its ability to record more

detail of the original."Although PMTs are found in high-end scanning systems in most cases,

they are not exclusively used in high-end scanner. PMTs are also incorporated into desktop

drum scanners which might serve as an input source for the Docutech.

However, the combination of PMTs and drum technology features some remarkable

advantages. Having a higher sensitivity than CCD arrays, PMTs are not only able to record

more detail, but also to detect densities of the original which are higher than 2.8. In addi

tion, the limitation of resolution is not a topic for a drum scanner. By moving the scanning

unit over the rotating original, a drum scanner can vary the steps forward and as a conse

quence gain resolution. Adjusting the sampling rate to the original is both an advantage in

terms ofachievable resolution and in terms of enlargements. Enlargements are one aspect of

the issue "scaling the As pointed out, aCCD scanner has its limitationswith regard



to the scannable size of the original due to the width of the CCD array. But by using a drum

scanner, the operator can both adjust the sampling rate to the requirements as well as the

drum to the size of the original. If, for example, a small and a very large image have
to be

scanned, the scanner operator will use drums with different diameters to compensate for the

difference in the original's size. It is not a surprise that this accumulation of advantages has

its price. Usually, drum scanners which use PMT technology are more expensive than
CCD

scanners.

3.3 Scanning images

The quality of a scan does not only depend upon the capability of the scanner. Moreover, the

scanning software and especially the adjustments that are made by the operator with this

software have a major impact on the appearance of the image. Prior to the discussion of these

issues, it is essential to agree on some definitions to ensure that no misunderstandings arise

from the
terminology.5

resolution: ability ofan output device to render detail

addressability: a measure ofhow many marks an output device can make within a

liner inch

dpi: dotsper inch; addressability ofan output device

spi: samplesper inch; a term also referred to as optical resolution because

it determines the capability ofthe scanner to record detail

ppi: pixels per inch; a term also referred to as image resolution because it

determines howgood a screen can render the image details

Ipi: lines per inch, screen ruling ofthefinallyprinted output

Table 1: Terminology

The topics of interest for the purpose of this project are:

reproducible levels ofgray

screenfrequency and levels ofgray

resolution (choosing the right resolution)

bit depth and levels ofgray

file size

IO



Reproducible levels of gray:

The reproducible levels of grays are of major importance for the reproduction process of

black-and-white images. If, for example, not enough levels of gray are available, the output

will show an effect know as
posterization.'1

Posterization is a term used to describe an obvi

ous stairstepping from one level of gray to another quite
different gray level as opposed

to a smooth transition. Another unwanted effect, known as banding, is also caused by a lim

ited number of gray levels. Banding usually appears if one
wants to output a smooth gray

scale that contains more levels of gray than the number that can be reproduced. As a result,

the blend will have obvious steps and
segments.7When scanning images, the operator nor

mally has to consider the gray levels that can be captured in
conjunction with the scanning

device. Consequendy, the reproducible levels of gray are determined by the scanning device

and by the output device.

Bit depth and levels ofgray

One measure that influences the number of gray levels is the bit depth or dynamic range.

The bit depth is the number ofbits the scanner uses to represent each sample. Therefore, the

higher the bit depth, the more levels of gray the scanner can
discern.8

If a scanner uses one

bit per sample, only two levels ofgray can be represented either black or white.With the

number of used bits, the possible number of gray levels increase.

I bit 2 2!

4 bit 16
2*

8 bit 256
2s

24 bit 16Million 2"

Table 2: Possible number ofgray levels

Screen frequency and levels of gray:

In addition to the limitations in terms ofbit depth, another essential trade off exists between

screen frequency and gray
levels.' The higher the screen frequency, the fewer levels of gray

one will get with a given output addressability. Consequently, the two possibilities to work

around this obstacle are to either increase the output addressability or decrease the screen fre-

II



quency. Recalling the fact that the number ofgray levels is determined by the
number ofdots

in a halftone cell, one can see the relation between screen frequency and levels of gray. The

finer the halftone screen, the fewer number of dots reside in each halftone cell. Resulting

from this ratio, fewer levels of gray can be rendered. Referring to the literature,
the relation

ship is described by the following
formula:10

levels ofgray
= (output addressability/screen frequency/ + /

Example:

gray levels = (300 dpi/100 Ipif + 1 = 10

With this equation, the operator can figure out whether the levels ofgray are sufficient to

output an image with certain screen ruling and a given output addressability. However, the

equation can also be used to calculate the limits of a reproduction system. If a output device

can handle 256 levels ofgray and 600 dpi addressability, the screen ruling is limited to 38 lpi.

One might be surprised by the low screen ruling but the key is that all 256 levels of gray are

not always necessary. Often, less levels of gray are absolutely enough to render an image in a

sufficient manner. Even more important is a limitation given by PostScript. PostScript can

only create 256 levels of gray and ignores everything that extends this number. Even with an

output addressability of2400 dpi, a PostScript devicewill only render 256 levels of
gray."

The

same is valid in terms of screen frequency. If the screen frequency is reduced to a coarse pat

tern, the number of achievable gray levels is limited to 256. As a result of this PostScript lim

itation, the given formula for calculating the relationship between screen frequency and lev

els of gray can be modified
to:'1

256 =
161

With 256 = maximum number of levels ofgraywhich can be represented by PostScript

and 16 = maximum value of the ratio of addressability/screen ruling

Resolution:

When scanning images, one should take a thorough look at both optical and image resolu

tion. Optical resolution, which is the number of samples per inch that the scanner can dis

cern, is restricted to the capabilities of the image capturing device and its CCD array. On the

other hand, image resolution which can be modified by scaling and resampling of the

12



scanned image, can be manipulated once the image is scanned.'3 One possibility is to scale

the image. Ifan image with the size of x is sampledwith 100 spi and afterwards reduced

by 50%, the image resolution will equal 200 spi because the same amount of samples is

packed into half the space. By enlarging an image, one can achieve the opposite effect.

The other possibility is resampling the image by applying special algorithms to the image.

Again, one can modify the resolution in both directions. The quality of the downsampling

or interpolation process depends on the the algorithm (for example, "nearest func

tion,
"bilinear"

or
"bicubic"

algorithms). Regardless of the chosen method, the important

question is how one achieves the "right resolution". Because the chosen resolution has an

influence on the file size, it is recommended to avoid unnecessary high resolutions. As a rule

of thumb one should know that the image resolution should not be more than two times the

output frequency. Any higher resolution would be a waste of information. This rule of

thumb, based on the "Nyquist
Criterion"

states that a scanning ratio of 2:1 would provide the

best results. Research has shown contrary to the Nyquist Criterion that scanning ratios

depend upon the original and the screen ruling used. Therefore, other scanning ratios might

be sufficient.14

File size:

As already pointed out, the chosen image resolution has a large impact on the file size. But

so has the bit depth. In general, the more information used to represent the original, the larg

er the file becomes. In regards to process stability and speed, file size becomes a significant

value. Large files are not only difficult to store and transfer, but also difficult to manipulate

and to output. That leads to recommendations such as one should always use the most pow

erful computer with the largest random access memory (RAM) and hard drive if one wants

to work with images. Using the following equation, one can estimate the expected file size:

File size = ((resolution
*
width

*
height

*
bits per sample)/8l92) with 8192 is the number of

bits in a kilobyte.

Considering file size, one should also notice that different file formats result in varying file

sizes. For example, a tagged image file format (TIFF) of an image will carry a different size

as compared to encapsulated PostScript (EPS) file of the same image. In addition to the pre-

13



vious topics, it is essential for achieving proper reproduction to focus on functions such as

unsharp masking and tone reproduction. Various concepts for both functions exist. Either

unsharp masking is applied on the fly while the original is scanned or it is applied later to

the already scanned image with a specific image manipulation software.
Some scanning soft

ware offers a sharpness option that allows adjustments prior to the scanning process. In
terms

of tone reproduction, one can rely upon similar possibilities. Some
applications offer adjust

ments for highlight, midtone and shadow placement due to given specifications, whereas

other concepts are based on corrections within image manipulation programs such as Adobe's

Photoshop.

However, from an economical point of view, it is most desirable to reduce any image

manipulation between image capture and output to a minimum. A high degree of automa

tion at this process step speeds up the reproduction process and prevents subjective adjust

ments by the operator in addition to saving costs.

14
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Chapter 4. Statement of the project goal

This thesis project is based on three steps. First, the involved digital printing process is eval

uated as a prerequisite to any further investigation. For that purpose, the print characteristic

of the Docutech will be determined. Secondly, following the evaluation of the printing

process, the output qualities of the Docutech are determined during an experimental test

phase. Within this test stage, the required raw data is gathered for the final process step.

Based on the material gained during the experiments, a statistical analysis and a conclusion

will sum up the project's results.

Although the project goal can be defined in a single sentence, it has several aspects which

shows the complexity of the given task. It is the purpose of this master's thesis project to

determine guidelines for achieving optimal black and white reproductions by using a digital

printing device. These guidelines sum up the results ofvarious tests and should include rec

ommendations in terms of:

screen ruling

scanning resolution

tone reproduction

fileformat

image capturing units

With regard to these issues, the project investigates the following theories:

Theory i:

There will be an optimum combination of screen ruling, pleasing reproduction and image

resolution.

Referring to the literature review, one should keep in mind that there exists a trade off

among screen ruling, image resolution and possible levels of gray. Due to its technology, the

Docutech has limitations in terms of possible gray levels and achievable screen ruling. One

might be able to reproduce images with 150 lpi screen ruling, but will have to sacrifice the

amount of gray levels. Opposite to that, one might be able to reproduce images with the

complete range of possible gray levels but will have to choose a coarse screen ruling.

Therefore, it can be expected that an optimum combination might lay in between both /-

extremes.



Theory 2:

There may be better output results achievable with an external scanner than with the

attached Xerox scanner.

A large section of the literature review was devoted to scanning and scanning
devices. One

of the conclusions was that there are differences in quality among
several desktop scanners.

One scanner might enhance the reproduction because of its capability to cover a wider den

sity range. Another reason for an improved output might be an
advanced scanning software.

Considering the easy-to-use and straightforward scanning technology of the Docutech's

attached scanning unit, one can assume that the output will be improved by using an exter

nal image capturing system. In other words, the process of capturing
images with a sophisti

cated desktop scanner, saving these images in PostScript format, and then processing the files

on the Docutech will lead to better output than scanning and processing the images with the

attached scanning device. Although not a criteria for quality but for profitability, time plays

an important role in choosing the process.

Theory 3:

The quality of the reproduction depends upon the original's tone distribution and tonal

range.

As a result of the rendering capabilities of the Docutech, it can be assumed that normal key

images with a limited, evenly distributed tonal range lead to the most pleasing reproductions.

Considering the restrictions of the reproduction process, one will agree that it is most likely

that images with strong contrast will not be reproduced properly. Examples can be found in

Frank Romano's book On-Demand Printingwhich was printed on a Docutech. The prob

lems one will face are either blown out highlights or a lack of shadow detail.

Whether or not and equally important to what extent these assumptions can be

proven will be discussed in the analysis of the experimental section of this project.
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Chapter 5. Methodology

It is the purpose of this section to describe how the project goals, as described in the previ

ous section, can be achieved. The detailed description of the involved procedures is based

on the three major sections that carry the project.

Evaluating theprintingprocess

Testing the output quality due to varying scanning devices

Statistical analysis ofthe samples

5.1 Evaluation of the printing process

As to the prerequisite of evaluation, the characterization of the process requires stable print

ing conditions. That means first, when using inks for printing only standardized inks should

be used. With regard to the Docutech's printing concept, this task can be fulfilled. The

Docutech uses a specific toner and the printing toner can be kept stable. In addition to stan

dard inks, only one sort of substrate should be used to fingerprint the printing process. By

limiting the available substrates to one or two kinds of paper, one is able to exclude varia

tions due to changing substrates. Usually, characterizing a printing process also requires a

standardized prepress process. Materials and the chemicals, especially, have to be maintained

within their given tolerances. If these prerequisites are not taken care of, one cannot define

whether a certain amount of dot gain, for example, is caused by the printing process or by

variations of the development process. However, due to its unique workflow, the Docutech

does not face those problems. Xerox's digital printing technology does not use film or plate

material and therefore does not have to consider issues such as exposure, developing time,

temperature of the development chemicals or plate material. Summing it up, one must

remember that the evaluation of the printing process is based on stable printing conditions.

Stabilizing the printing process is as important as defining the key points within the eval

uation. The Docutech is a black-and-white digital output device with an output address

ability of 600 dpi. Consequendy, variables such as screen angles, printing sequence, misreg

istration, process colors, exposure time and the platemaking process have no impact on the

final output. The major issues are compiled in the following matrix:
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Variables :

Solid ink densities

Resolution

Screen ruling

Reason for interest:

Importantfor determining the amount ofdotgain and the

print contrast

Essentialfor rendering details

Important because ofits impact on
the resolution and the

output quality

Essentialfar tonal range and tone compressionTonal range

Table 3: Evaluating the Printing Process

The final goal of the evaluation is to define requirements for the reproduction process.

Considering the plot of a Jones diagram, one will understand the importance of a press

curve.

If the tone reproduction of an original is defined, the print characteristic will define how

the reproduction curve has to look in order to achieve the required tone reproduction.

However, the system is based on two assumptions. The required tone reproduction curve is

given by the original. If one does not know whether or not the shadow contrast should be

emphasized, one cannot compensate for it during the reproduction process. Therefore, the

desired output should first be defined. Secondly, the print characteristic requires stabilization

of the whole printing process. This includes a calibrated environment, stable printing inks

and standard paper. After these two parts of the diagram are stabilized, it is possible to eval

uate the missing reproduction curve by connecting the appropriate lines on the Cartesian

coordinates to generate the necessary information for the desired
output.'

Figure 2: Jones Diagram, Preview
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The first part of the evaluation process is to establish a starting point with a
set of adjust

ments that is kept constant for the following tests. However, it is
imperative that the chosen

output parameter represent reproducible, standard printing
conditions. If the printing

process has already been pushed to its limits to achieve
the final product, one cannot assume

stable, standard conditions. Those requirements were achieved by adjusting the Docutech to

settings that are used to process the vast majority of jobs on
the Docutech with satisfying

results.

The second step of the evaluation process is to reproduce a piece of artwork with known

values by using the determined standard settings. For this purpose, the Graphic Arts

Technical Foundation (GATF) test form was used (Appendix A). Utilizing this test form

combines several advantages. One of the major advantages is that the GATF test form pro

vides numerous kinds of patches, test targets and images with known values. Therefore, the

output can easily be compared to the original values. Another advantage is that the GATF

test form is available in digital form. Thus, it can be processed directly by the Docutechwith

out any intermediate process steps. As a result, one does not have to consider any influences

due to image capturing. Because the test form does not have to be scanned, it is not exposed

to the various parameters that determine the quality of the captured image.

For the evaluation of the Docutech's print characteristic within this project the GATF dig

ital test form was extended by a second page (Appendix B). The second page of the test form

consists of three test targets which were specially designed to evaluate digital output devices.

The purpose of their use is to confirm the results that were gained with the GATF digital test

form and to enhance the understanding of the process with additional data. After creating

the digital test form in its final two page version, the file was stored in PostScript format,

transferred to the Docutech'sMedia server processed by the Docutech's RIP and printed. The

test form was printed on the most commonly used paper stock (Hammermill.Tidal DP 75

g/m1

, 8,5 x 11 inches) with three inking levels: light, standard and dark. By varying the

amount of toner, one should be able to analyze the impact of toner film thickness on the

tonal range and dot gain. The gathered press sheets were evaluated by applying densitome

try and visually. For all densitometric measurements a X-Rite, Status T, reflection densito

meter was used.
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The amount ofdot gain was determined by measuring the densities of solid
ink/toner and

tint patches. Due to the fact that dot gain is not a linear function but varies over the range

of tonal values, the dot gain was calculated for 10%, 25%, 50% and 75% tone value. By apply

ing the Murray Davies equation, one is able to calculate the printed tonal value.

Dot gain = tone value of the original - ( 1 - io^1"/ 1 -

io'Dsolid)

Murray Davies, however, does not compensate for optical dot gain. Consequently,
the dot

gain calculated byMurray Davies includes optical and mechanical dot
gain.1

Although other

formula such as the Yule-Nielsen equation compensate for the effects ofoptical dot gain, the

Murray Davies equation was used with regard to the non-impact character of the printing

process. It is a matter of fact that mechanical dot gain which is caused by pressure and sur

face contact, cannot be considered as a major cause for dot gain within a non-impact print

ing process. Compared to the "film dot of the GATF test form, the computed tone val

ues lead to the amount of dot gain. The relationship between tonal value of the GATF test

form and the printed values is plotted into a graph. Moreover, this dot gain evaluation was

performed for varying screen rulings. Referring to the fact that the amount of dot gain

increases with an increase in screen ruling the tint-patch/screen ruling matrix of the GATF

test form was measured to describe this relation for the Docutech. The relation between

screen ruling and dot gain was visualized in another
graph.3

To ensure a reasonable analysis not only one sample sheet was measured but moreover a

whole series of ten sheets. The average of the gathered values was used for further investiga

tions. As mentioned before, the press run was performed with three toner levels. Therefore,

the densitometric measurements, the dot gain calculations and the plot of the related graphs

were performed for all three toner levels.

Furthermore, the test targets of the GATF test form and especially the test targets on the

second page can be used to evaluate the resolution capabilities of the process. The ability of

the Docutech to render fine detail can be analyzed with the microline and checkerboard

patches of one of the test targets. Comparable to dot gain, resolution also depends upon the

screen ruling used. As a rule of thumb, one can expect that fine screen rulings support the

rendering of fine detail, thus enhance the resolution.
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However, the evaluation of the microline and checkerboard patches was
performed visual

ly. The same applies to the analysis of the smallest possible point size that can be printed as

a positive or negative text. Another very important
value that was determined visually was

the lightest tone value that was printed without drop outs and the darkest tone value that

was reproduced without filling in.

All visual evaluations took place under the same viewing
conditions and were carried out

with a standard magnifier. Similar to the densitometric measurements, the visual analysis

were done for the three toner levels separately and compiled in a
table. By using multiple tar

gets with similar patches, it was possible to confirm and cross check the findings to each

other.

Summary: A step by step description of the evaluation of the printing process

Creating the necessary testfarm and saving it as a PostScript
file.

Printing the testform on the Docutech with the three toner level: light, standard

and dark.

Measuring the 10%, 25%, jo% and 75% tintpatchesfor 8$ -

17$ linesper inch screen

ruling together with the solid inkpatch (alsofor the three toner level).

Visual analysis ofthe microlinepatches, the checkerboardpatches, the text/point

size box, the lightest and darkest tone value.

5.2 Testing the output quality

Part of the GATF test form is a grayscale which gives insight into the tonal range that can be

reproduced by with a Docutech. Important values for highlight and shadow placement are

the lightest and darkest printable tone values. Repeatable means not the absolute achievable

limits but the values that can be achieved under standardized conditions and maintained

throughout the press run. It might be possible, for instance, to print a 1% dot, but one might

not be able to keep the 1% dot stable over the whole run length. The GATF test form pro

vides patches with small highlight and shadow dots. These patches were visually evaluated to

figure out which tone value is reproduced consistendy by the printing process. As to the

results of this evaluation, one can refer to section 6.1 which gives an in-depth description of

the print parameters.

22



Last, but not least, the placement of the midtone should be determined. Reproducing

images with varying keyness, one should adjust the midtone placement to the image to

achieve the most pleasing output. Whether or not this assumption proves to be true was

determined by choosing two images: a normal key image that provided an even distribution

of gray levels over the whole tonal range and a dark, low key image that carries huge parts of

the image information in the shadows. According to the reproduction theory, both images

should require unique reproduction settings which differ from each other.

The information gathered during the previous section are the prerequisites to successfully

evaluating the performance ofseveral image capturing devices. By setting a standard, one has

a scale to refer to and can separate the influences that are due to the image manipulation soft

ware from the influences that are caused by the scanning device. It is the intension of this

project to cover a representative overview of image capturing devices. Within this investiga

tion, one normal key image will be scanned at at least four scanning devices. All scanners

mentioned are available at the School ofPrinting Management and Sciences.

CrosfieldMagnascan highend drum scanner PMT technology

Optronics ColorGetter midrange drum scanner PMT technology

AGFA Horizon flatbedScanner CCD technology

AGFA Studio Scan flatbedScanner CCD technology

The list of tested scanners can be extended. Regardless of the kind ofscanner and the num

ber of tested devices, the test procedures stay unaltered.

As already stated, a test image with normal keyness and a low key image were chosen: "peo

ple", normal key image and "drops", low key image. The image was either mounted on a

drum or placed on the flatbed scanner. Following the specifications for the printing process,

the correct settings were entered either directly or via an attached scanning software. This

process step involves placing the highlight and shadows, adjusting the highlight to midtone

range and entering the appropriate screen ruling.

Other adjustments such as unsharp masking and setting the reproduction size were not

performed at this stage of the experiment. The reproduction size was kept at 100% through

out this experiment. Scanning the same image with the same reproduction guidelines on var

ious scanners and finally outputting the images at the Docutech under stable printing con-
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ditions, it was possible to assign differences in the image quality due to the scanning
devices

and the software used. It cannot be overemphasized that at this point of the project all

process components remained stable for all tested scanners. Therefore, all images were stored

in the identical file format (TIFF).

As pointed out, it is the purpose of this project to improve the output quality of a

Docutech. With regard to the output quality, the process of scanning images
offers a variety

of adjustments. To reach the given objective, three scanning
parameters were selected and

manipulated, while the impact of those modifications was closely monitored. Referring to

chapter three of this project, one has seen that file format, screen ruling, sampling rate and

image resolution have a major impact on the output quality. Hereby the relationship between

output process and scanning becomes evident. If an image requires the
full amount of gray

levels, the screen ruling should be decreased. Assuming one would like to output an image

with 64 levels of gray using the Docutech's 600 dpi output addressability, one will need a 75

lpi screen ruling. Consequendy, following a rule of thumb a sampling rate of 150 spi should

be absolutely
sufficient.* Higher sampling rates would be a waste of information.

The parameters of choice were the sampling rate of the scanner, the applied amount of

sharpness and the tone reproduction by varying the midtone placement.

Although there are various other scanning parameters, the three mentioned above are con

sidered as the most influential ones. The sampling rate of the scanner is often described in

output screen ruling such as 85 lpi or 133 lpi. It is a matter of convenience. By characterizing

the sample rate of the scanner with the output screen ruling, the operator does not have to

calculatewhether or not the sampling rate is sufficient for the output. However, the scanning

ratio should be set in the preference settings with regard to the demands of the user. The

importance of the sampling rate is based on the amount of image information that is gath

ered by the scanner. To reproduce a high resolution image with a fine screen ruling, one

needs more image information of the original compared to the requirements of lower reso

lutions and coarser screen patterns. Consequently, the distinguishing factor among scans

with varying sample rates is the amount of image information that is recorded by the scan

ner. By manipulating the sample rate of the scan, one can evaluate whether a higher sample

rate leads to improved image quality or just to a waste of information which does not result

in a perceived quality difference. ^4



In addition to the sampling rate, the sharpness of the image is an
important quality

aspect.

Applying more or less sharpness, one is able to enhance specific parts of an image. Contrasts

can be emphasized, image details are rendered more precise and the overall output quality

can be increased significandy However, images have to be sharpened carefully because to

much sharpness can turn the results into the opposite.

The third scanning parameter accounts for the different kinds oforiginals.While highlight

and shadow placement have an impact on the image's lightness or tone compression in gen

eral, the midtone placement increases or decreases the highlight or shadow contrast. A low

key image which carries its image information in the shadows should be reproduced by

emphasizing the shadow contrast. The resulting decrease in highlight contrast can be toler

ated due to the distribution of the image information content. By narrowing down or widen

the highlight to midtone range the effects described above can be achieved. It is under

standable that the midtone placement compensates most effectively for the unique qualities

of various originals. With regard to the flexibility that the control of this scanning parame

ter provides, it becomes evident why this parameter was chosen.

At this stage of the experiment, the mentioned parameters were selected one by one and

modified while the others stayed unaltered. Thus, the effects on the output quality can be

evaluated. It is self explanatory that the rendering parameters of the Docutech were not

changed.

After choosing the scanning parameters both originals were scanned with the four differ

ent scanning devices and as a reference with the scanner that is attached to the

Docutech. However, the Docutech scanner does not provide the operator with the possibil

ity to perform various adjustments which can be made with the other scanning devices or by

utilizing the image manipulation software. Starting point were the scanner's default settings,

to ensure comparability.
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Agra Horizon Scanner settings

Mode Gray Scale

Original Reflective

Output ioo lpi

Scale IOO%

Range Automatic

Tone Curve None

Descreen None

Sharpness None

Preferences Gray Scale min = 10%, max = 90%

Crosheld Scanner settings

Reflection

Magnascan & Maganlink 600 V2.1

Mode

Scale IOO%

Sample Rate 304 dpi ratio 1.5

Gray Scale Default settings

Saved as Tiff

Scanning to 304 dpi downsampling in Photoshop for 85 -

133 lpi

Optronics Scanner settings

Mode Gray Scale

Original Reflective

Highlight 0.1

Shadow 1.28

Scale 100% ratio 1.5

Aperture 200 um, # 2

Papertype unknown

Sharpen off

Studio Scan Scanner settings

Mode Gray Scale

Original Reflective

Output 100 lpi

Scale 100%

Range automatic

Tone curve none

Descreen none

Sharpness none

Preferences Gray Scale min = 10%, max = 90%
26
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Once the images were scanned with default settings, the process was repeated by varying

the sampling rate from 85 lpi output, over 100 lpi and 133 lpi to 150 lpi output. The results

of the press evaluation the images with an output screen ruling of100 lpi
were used to apply

three levels of sharpness with the sharpness tools of the image manipulation software Adobe

Photoshop.Within Photoshop the three functions "Sharpen", "Sharpen
More"

and "Unsharp

Masking"

were utilized to manipulate the scanned images. As to the function "Unsharp

Masking", the user can customize another set of three values. For all images that were mod

ified with the "Unsharp
Masking"

function, those settings were kept stable with:

amount 180%

radius 1

Pixel 5

Table 5: Settings for Unsharp Masking

Functioning as a common denominator, the same images that were used to apply varying

levels of sharpness were the source for the midtone adjustments. The changes of the tone

reproduction curve were also conducted utilizing Adobe Photoshop. Considering the effect of

midtone placement on the appearance of the final output, the midtone range was narrowed

to increase the highlight contrast as well as widened to enhance the shadow contrast.

Image testing matrix (the matrix is valid for both images, people and drops)

Agfa Horizon Crosheld Optronics Studio Scan

85 lpi Ai Bi Ci Di

100 lpi Az B: Cz D2

133 lpi A3 B3 c3 D3

150 lpi A4 B4 C4 D4

Sharp A5 B5 c5 D5

More Sharp A6 B6 C6 D6

Unsharp A7 By c7 D7

low midtone A8 B8 C8 D8

high midtone A9 B9 C9 D9

Table 6: Image TestMatrix

The altered images were assembled in the page layout program QuarkXpress and saved as

Level i compatible PostScript files with all fonts included. Those pure PostScript test forms

were transferred to the Docutech's Media server. Originating from the Media server the files

were prepared for output on the Docutech by the RIP that not only translates the PostScript



code but also converts it into Xerox's proprietary Interpress
page description language. The

last process step was the output of the test forms with regard to the defined, standard print

ing conditions. Although it is not an issue for the given objective of this project, it should be

mentioned that the described workflow is very time consuming.
While the actual printing

process only takes a couple ofminutes, the network transfer and the
process of ripping can

take up to 40 -

45 minutes. The source of these problems are the large PostScript files. With

all images and fonts embedded a single test form can grow to 10 MB. However, only

PostScript can be transferred from aMacintosh based page layout program via a DOS based

Media server to the Docutech which is operated by Xerox's Interpress page description lan

guage. Due to those limitations and the problems related to data storage, the press run was

divided into two sections. Overall twelve test forms had been printed:

Numbe Image Scanner

I people

z people

3 people

4 drops

5 drops

6 drops

7 people

8 people

9 people

0 drops

[I drops

z drops

Horizon/Crosfield

sampling rate ranging from 85 - 150 lpi

Horizon/Crosfield

sharpness variation

Horizon/Crosfield

midtone adjustments

Horizon/Crosfield

sampling rate ranging from 85 - 150 lpi

Horizon/Crosfield

sharpness variation

Horizon/Crosfield

midtone adjustments

Optronics/Studio Scan

sampling rate ranging from 85 - 150 lpi

Optronics/Studio Scan

sharpness variation

Optronics/Studio Scan

midtone adjustments

Optronics/Studio Scan

sampling rate ranging from 85 - 150 lpi

Optronics/Studio Scan

sharpness variation

Optronics/Studio Scan

midtone adjustments

Table 7: Table ofTest forms
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5.3 Evaluation of the samples

The evaluation of the printed images was one of the most important steps during the test

ing. All tests were be accompanied by permanent visual and densitometric analysis of the

results. While the densitometric measurements were made to ensure process stability and to

guarantee that the images were output within the specifications, the visual evaluation deter

mines the quality of the output. The method that is applied to achieve an objective evalua

tion is known as "pair comparison". This method shows the relationship between images

which have similar characteristics, but not exacdy the
same.5

Prior to the description of this method, two important points should be mentioned. All

image comparisons were made under standard viewing conditions. Standard viewing
condi

tions include a stable light source, an unaltered viewing environment and a defined and

maintained viewing distance. As a reference for standard viewing conditions, one can refer

to the specifications given by the SWOP specifications. SWOP definesANSI PH 2.30 -

1989

as the standard for viewing conditions/ The viewing booth which is available at R.I.T full-

fils the requirements of5000 Kelvins and stable viewing conditions. Therefore, all visual eval

uations were conducted by utilizing the R.I.T. viewing booth.

Secondly, the observerswere students of the printing department. Not only is this audience

available for the evaluation, but those observers are critical, well trained printing experts who

have the necessary background knowledge for the evaluation ofprinted products. Moreover,

it is assumed that an untrained observer would not be able to detect a difference between two

images if a printing expert does not see any quality difference.

Bartelson states that the number of comparisons needs to be defined by the
formula:7

N = n*(n-i)

with N = total number of comparisons

n = number of samples to be compared

To keep the number of comparisons N as small as possible, one should eliminate redun

dant pairs and thus the time for testing is decreased.

N = n*(n-i)/2
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However, the number of comparisons should not be decreased too much, otherwise
one

ill lack the necessary information to make a clear statement about the image quality.

Sometimes, the number ofcomparisons can be decreased by excluding pairs of images
which

will be judged unanimously in one way or the
other.8

To perform a reasonable pair comparison those prerequisites were taken under
considera

tion. Given the number of tested devices, the number ofperformed adjustments and the
fact

that two images were processed, one ends up with an image
matrix such as the one oudined

in the previous section. This image matrix leads to 36 different versions of one image. Even

with eliminating redundant pairs, the
pair comparison would consist of 630 pairs (Following

the formula N = n(n
-

i)/2). It is obvious that a pair comparison for two images with 1260

pairs is not conductible for 10 to 15 observers. Another approach would
have been a simpli

fied version which would have resulted in 154 pairs for each of the two images. This attempt

uses 36 pairs to determine the best possible reproduction for each scanning device used and

is therefore multiplied by four. The final four images are compared to each other and to the

reference Docutech scan, causing an additional 10 comparisons. Although the number of

comparisons can be reduced significandy, it is not practical to confront an observerwith 308

comparisons (154 pairs for each of the two images). Furthermore, the point of interest is the

quality difference caused by various scanning devices. Therefore, emphasis was placed on the

comparison among the image capturing devices.

As a consequence, a preselection was made to focus on the key issue. For each scanning

device, the best possible reproduction was chosen and the pair comparison was conducted

with 10 pairs for each image. The following table shows the chosen images and their encryp

tion for the visual evaluation by the observers.

Code Image Scanner

Al people Docutech

A2 drops Docutech

Bl people Horizon

100 lpi, midtone adjustment (dot gain compensation)

B2 drops Horizon

100 lpi, sharpness

CI people Crosfield

100 lpi, midtone adjustment (dot gain compensation)

C2 drops Crosfield

100 lpi, sharpness
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Dl people Optronics

ioo lpi, midtone adjustment (dot gain compensation)

D2 drops Optronics

ioo lpi, sharpness

1 people Studio Scan

ioo lpi, midtone adjustment (dot gain compensation)

E2 drops Studio Scan

ioo lpi, sharpness

Table 8: Encryption Table for Pair Comparison

Within the comparison, it is essential that the observer has no in-sight into the performed

image manipulations, their encryption and the randomization of the way the pairs are pre

sented. To achieve these requirements all images were cut to the same format and were pre

sented without any tags, visible codes or descriptions. Prior to the pair comparison, the com

parison matrix was created and the order of the presentation of the pairs was randomized.

Once randomized, each observer was exposed to the same order of pairs. During the evalu

ation of the images, the observer decisions as to which image of a given pair shows a better

reproduction. The answers were recorded in a table which will be analyzed by statistical

means at the end of the testing .

Summing up the previous paragraphs, the image evaluation took place in the following

way:

i. A preselection oftheprinted results was made.

2. The images werepreparedfor the comparison. That included cutting the images to the

sameformat, determining the number ofcomparison, randomizing the order ofthe

presentation and designing an evaluation sheet

$. The observers were instructed about theproceedings ofthe test and that they have to

evaluate the overall image quality by choosing one ofthe shown images.

4. Thepairs to compare were presented. Hereby, labels to identify the images were not

visible. Moreover, the observer has no insight into the order in which the images are

presented.

5- The choices ofthe observers were recorded on the evaluation sheet.
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After a number of observers (10 -

15) had analyzed the images, the data was collected in
a

table and a statistical analysis was carried out.

This statistical evaluation consisted of collecting the answers of the
observers in a frequen

cy matrix, transforming the frequency matrix into a proportion matrix and converting the

proportion matrix into z- or interval scores. It is the purpose of the frequency matrix to pro

vide information about how often a particular image was preferred over another one. In addi

tion, the frequency matrix is used to determine whether or not the results follow a normal

distribution. The frequency matrix results out the total number of responses for each com

bination. Derived from the frequency matrix by dividing the frequencies by the total num

ber of observers, the proportion matrix assigns percentages to the values found in the fre

quency matrix. The z-scores are evaluated by utilizing the values of the proportion matrix.

Providing the operatorwith an internal ranking based on the proportions, the averages of the

z-scores are often referred to as interval scale values. To derive the appropriate z-score, one

can use a look up table such as the one in Donald H.
Sanders'

Statistics: afirst course. The z-

scores as seen in this project were calculated:'

1. by subtracting 0.5 from the value of the proportion matrix

2. by looking for the closest value within the look up table that corresponds to the result

of the subtraction

3. by evaluating the z-score as the sum of the two z-score coordinates which determine the

location of the corresponding value within the look up table.

By calculating z-scores, one is able to determine whether or not the mathematical analysis

confirms the visual perception of the observers. The initial rankingwhich is based on the fre

quency matrix might be inaccurate or might not represent the quality differences properly.

To verify the results, one can apply statistical means in the form of z-scores.

Thus, an additional point has to be added to the step by step description of the pair com

parison test:

6. The observer sheets were analyzed and the gathered data transformed into afre

quency matrix, a proportion matrix and into z-scores. While thefrequency matrix

defines how often an image waspreferred over another one, theproportion matrix assigns

percentages to the valuesfound in thefrequency matrix. Furthermore, the z-scores

provide an internal ranking scale.
*
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Chapter 6. Results and Findings

This section focuses on a critical analysis of the gathered information. It is equally important

to evaluate the datawhich originates from an experiment as it is to design and to perform an

experiment.

6.1 Evaluation of The Printing Process

As described in section 5.1. the press run on the Docutech was designed to provide all nec

essary information to characterize the printing
process and to distill some core reproduction

requirements.

The densitometric analysis of the press sheets leads to an interesting insight into the print

ing process. Among the three toner levels, one discovers no dramatic difference in solid toner

density. While the lowest toner level results in a solid ink density of1.23, the standard toner

level creates a solid ink density of1.27 and the highest toner level gives a solid ink density of

1.29.

In terms ofdot gain, however the amount of toner as well as the chosen screen ruling have

a major impact. While the lightest toner level resulted in an average dot gain of 10%, the

standard toner level causes 20% dot gain. The darkest toner level leads to even higher values

of approximately 30% dot gain.

Dot gain, standard toner level

% Original Dot Gain 85 lpi Dot Gain 133 lpi Dot Gain 150 lpi Dot Gain 175 lpT

10 9.78 7.78 7.78 1.49

25 !5-5* 17 18-45 9-^3

50 20.68 22.26 23.76 23.76

7; 12.73 16.74 16.74 18.82

Dot gain, light toner level

% Original Dot Gain 85 lpi Dot Gain 133 lpi Dot Gain 150 lpi Dot Gain 175 lpi

10 3-71 "5-22 -2.91 -7.58

25 7-75 -I.ZZ -I.2Z -17.91

5 10.93 7.69 7.69 -3-5

75 9.06 9.06 9.56 7-47
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Dot gain, dark toner level

% Original Dot Gain 85 lpi Dot Gain 133 lpi Dot Gain 150 lpi Dot Gain 175 lpi

10 19.05 2Z.48 Z2.48 zz.48

25 26.35 35-44 35-44 37-47

50 27.68 34.85 34-37 38-77

75 16.51 21-43 20.79 22.77

Table 9: Dot Gain Evaluation

These results are not surprising. As known from the lithographic process, one can antici

pate a higher dot gain with an increase in ink film thickness. Dot gain is a very complex value

and depends upon numerous parameters. One of these parameters is the chosen screen rul

ing. Usually, higher screen ruling results in higher amounts of dot gain. Opposite to the

expected results, the dot gain calculations and diagrams for the four screen rulings (85 lpi, 133

lpi, 150 lpi and 175 lpi) indicate an unusual process behavior. Instead of an increase in dot

gain with higher screen rulings, one can observe a significant decrease in dot gain. For cer

tain screen ruling/tone value combinations, one faces negative dot gain. Another surprising

fact is that there are nearly no differences among the values for the screen ruling of 133 lpi

and 150 lpi.

Tone Reproduction Docutech

100 -r

80 --

60 --

40 -

20 --

- % Repro 85 lpi

-* %Repro 133 lpi

% Repro 150 lpi

*-
% Repro 175 lpi

+ -*- +

20 40 60

% Original

t-

80 100
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Figure 3: Tone Reproduction of the Xerox Docutech



The reason for those characteristics are the limitations of the printing process. At the
low

est inking level the Docutech cannot reproduce tone values under 25%. Instead of a stable

dot pattern, one will see randomly distributed toner particles with uncontrolled drop outs.

Consequendy, the densitometer readings and the related calculations are misleading. These

effects can be observed in the graph below. The dot gain curve for 175 lines per inch screen

-

ruling is wrong because of exacdy the reasons mentioned before. Due to uncontrolled
toner

spread and the resulting drop outs the density readings are wrong and should be ignored

within the further evaluation. Although a dot gain of 10% would be desirable, the limited

range of reproducible tone values at the lowest toner level excludes this setting from any seri

ous reproduction considerations.

Dot Gain as Function of lpi

25 -

.'''/*y*s^

O

r /
It / s

/ /

-

Dot Gain 85 lpi

Dot Gain 133 lpi

-Dot Gain 150 lpi

s 10 -

Q

_

Dot Gain 175 lpi

5 - '

/

0 -

C

1 1 1 1 -t 1 1

10 20 30 40 50 60 70 80

1

90

1

100

% Original

Figure 4: Dot Gain as a Function of Screen Ruling

On the other side of the spectrum, the darkest toner level provides the user with the

expected correlation among the various process parameters. With an average dot gain of

30%, the darkest toner level is more affected by the impact of dot gain than the lower toner

level. Besides, the amount of dot gain increases steadily with an increase in screen ruling.

However, similar to the observations already made for the lowest toner level, one will dis-
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cover that the findings for 133 lpi screen ruling are equal to the values of150
lpi. With regard

to the given goal of this project to enhance the output quality of the
Docutech a dot

gain of 30% cannot be tolerated. As a reference, one can refer to the SWOP specifications

which recommend a 22% dot gain for a tone value of 50% at 133 lpi screen ruling. The same

applies to the tonal range that can be reproduced with the highest toner level. Especially the

fact that the darkest tone value that can reproduced is 80% limits the process capabilities, to

render shadow details adequately.

The standard toner level causes a dot gain of20% and lays within the range of acceptabil

ity. Moreover, the tonal range spans from 10% as the lightest dot that can be printed con-

standy to 90%. Tone values under 10% or above 90% cannot be rendered properly. While

drop outs endanger the representation of highlights at the low end of the range, filling and

plugging is responsible for restricting the tonal range to 90%. However, the standard toner

level confirms the trend that values for 133 lpi and 150 lpi screen ruling are almost identical.

As already indicated, those identical values are caused by limitations of the printing

process. An analysis of the 133 lpi and the 150 lpi patches with a screen ruling indicator and

a visual evaluation show that the Docutech reproduces both screen rulings with the same

value of approximately 140 lpi. In other words, the Docutech does not distinguish between

a screen ruling of 133 lpi and 150 lpi. The same can be observed for the differentiation

between 175 lpi and 200 lpi. As a consequence, with de facto the same screen ruling and the

same toner level, it is not surprising that the measured and calculated values for 133 lpi and

150 lpi are nearly identically.

But not only the limitations in terms of numbers of gray levels that can be reproduced at

a high screen ruling (with a given output addressability) but also an obvious moire pattern

forbid the use of fine screen rulings. As one of the results, it can be stated that 133 lines per

inch is the highest screen ruling which can be printed reasonably at a Docutech. The opti

mum screen ruling can be set between 85 lpi and 106 lpi.
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All these findings and the results of the visual evaluation of the microline and checkerboard

patches are compiled in the following table which can be seen as a reference for the basic

reproduction requirements which are valid for Hammermill,Tidal DP 75
g/m2

, 8,5 x 11 inch

es, paper stock.

8s lpi - 106 lpi

20%

screen ruling

dotgain

solid toner

Highlight dot

Shadow dot

smallest text

smallest text

microlines

1.27

10%

90%

4 point, positive

4
- 6point, negative

ifim, positive and negative

Table 10: Summary of the Reproduction Requirements

Plotting the gathered information into a Jones-Diagram, one can draw a reproduction

curve that compensates for the anticipated dot gain.

Densities, GATF Test form

Original % Density GATF light Density GATF stand. Density GATF dark

5

10

20 O.I

25 O.II

30 0.15

40 O.ZI

50 0.3

60 0.44

70 o-57

75 0.63

80 0.72

90 0.86

95 1.02

IOO 1.21

0.08

0.15

0.17

0.22

O.29

O.39

O.57

0.68

0.74

0.83

1

1.18

1.26

0.08

0.14

0.23

0.34

0.37

0.42

0.54

0.7

0.84

0.88

0.96

1.13

1.26

J-3

Table n: Densities measured at GATF Test form
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Tone Reproduction, GATF Test form

% Original % Repro light % Repro standard % Repro Dark

5
17.71

o 17.8 29.01

20 21.92 30.9 43-29

25 23.85 34-28 57.16

30 31.12 42.06 60.37

40 40.86 5i-55 65.25

50 53.16 62.71 74-91

60 67.88 77-33 84.27

70 77-89 83.71 90.06

75 81.59 86.56 9t-4

80 86.26 90.16 93-73

90 91.86 95-23 97-47

95 96.39 98.82 99-49

IOO IOO IOO IOO

Table 12; Tone Reproduction Values

Amount ofDot Gain, GATF Test form

% Original % Dot Gain light % Dot Gain Standard % Dot Gain Dark

5 12.71

10 7.8 19.01

20 1.92 10.9 23.29

25 -1.15 9.28 32.16

30 1.12 12.06 30.37

40 0.86 11.55 25.25

50 3.16 12.71 24.91

60 7.88 17.33 24.27

7 7-89 13-71 20.06

75 6.59 11.56 16.4

80 6.26 10.16 13-73

90 1.86 5.23 7.47

95 1-39 3-82 4.49

IOO o o o

Table 13: Dot Gain Values
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Values, evaluated from the Jones Diagram

% Original Density Reproduction

IO 0.05

20 O.I

30 0.15

40 0.21

50 0.29

60 o-35

70 0.45

80 0.61

90 0.78

IOO 1.26

Table 14: Corrected Tone Reproduction Values

Figure 5: Jones Diagram (next page)
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6.2 Evaluation of the Output Quality

Analyzing the output quality of the Docutech and moreover the impact the chosen

scanning devices have, one is able to identify trends in the perceived image quality.

Compiling the answers of the observer in the frequencymatrix and plotting a histogram, one

can see two important facts. First, the gathered information follows a normal distribution

which is indicated by the bell shapes of the histogram. If the distribution were not normal,

any further statistical analysis would be questionable because the applied theories are based

on a normally distributed population. Apart from this basic requirement, for the statistical

evaluation, it is essential that there is a clearly defined preference in terms ofoutput quality.

The graphical representation of the frequencymatrix shows that the scans that originate from

the Crosfield highend scanner lead without any doubt to the best perceived output.

Furthermore, this statement is valid for both images.

Figure 6: Histogram
"people"

Visual Eraluanon, Image
'people'

1
Visual Evaluation, Image

"drops"

1

Figure 7: Histogram
"drops"
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On the other end of the scale, however, the findings are also unequivocal. Although Xerox

might claim the opposite, the scanner that is attached to the Docutech delivers the least sat

isfying prints. Utilizing the histogram for a first rough ranking, one can see that the best

image quality is
achieved with a highend scanning system that is based on PMT technology.

As far as the second rank is concerned, the two tested midrange scanner struggle for a sig

nificant quality advantage. While the CCD base AGFA Horizon provides a perceived

improvement as it comes to the reproduction of normal key images, the PMT based

Optronics shows better results in capturing and processing low key images. Focusing on the

end of the scale, the Docutech scanner cannot compete with the advanced capabilities of the

other image capturing devices. Those rankings were confirmed by the statistical analysis of

the observer's answers. Calculating and plotting the z-scores for the given values, one can

evaluate the internal ranking.

Frequency matrix

Ai Bi Ci Di Ei A2 62 C2 D2 E2

Ai 9 10 7 8 A2 5 9 8 5

Bi i 6 1 1 B2 4 10 4 3

Ci o 4 0 1 C2 1 0 3 2

Di 3 9 10 3 D2 2 6 7 4

El 2 9 9 7 E2 5 7 8 6

Table 15: FrequencyMatrix

Proportion matrix

Ai Bi Ci Di Ei Az B2 C2 Dz E2

Ai 0.90 1.00 0.70 0.80 A2 0.50 0.90 0.80 0.50

Bi 0.10 0.60 O.IO O.IO B2 0.40 1.00 0.40 0.30

Ci 0.00 0.40 0.00 O.IO Cz O.IO 0.00 0.30 O.ZO

Di 0.30 0.90 1.00 0.30 D2 o.zo 0.60 0.70 0.40

Ei 0.20 0.90 0.90 0.70 E2 0.50 0.70 0.80 0.60

Table 16: Proportion Matrix

Z - Score

Ai Bi Ci Di Ei Az B2 C2

1.29

Dz

0.84

E2

Ai 1.29 4.00 0.53 0.84 Az 0.00 0.00

Bi -1.29 0.25 -1.29 -1.29 B2 -0.25 4.00 -0.25 -0.53

Ci -4.00 -0.25 -4.00 -1.29 C2 -1.29 -4.00 -0.53 -0.84

Di -0.53 1.29 4.00
-0.53 D2 -0.84 0.25 0.53 -0.25

Ei -0.84 1.29 1.29 0-53 E2 0.00 0-53 0.84 0.25

Ave -6.66 3.62 9-54 -4-23 -2.27 Ave -2.38 -3.22 6.66 0.31 -1.62

Table 17: Z-Score
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Figure 8: Interval Scale Values
"people"

Figure 9: Interval Scale Values
"drops"

The two graphs above visualize the results of the z-score calculations. Low z-scores repre

sent a low perceived image quality. An increase in z-score can be seen as an increase in image

quality.Within the plotted graphs, "scanner I -

5"

stands for the tested scanning devices. The

numbers indicate the ranking from 1 = "low to 5
= "best output". As far as the image

"people"

is concerned, the internal ranking results in the following order:

Scanner 1 Docutech Scanner

Scanner 2 Optronics

Scanner 3 Studio Scan

Scanner 4 Horizon

Scanner j Crosfield

However, it is interesting to see and to understand what reasons have caused the final

results. Analyzing the test images, the observer's choice becomes immediately obvious.While

the Docutech scan features blown out highlights, the Crosfield scan gives a sharp and, in

terms of tone reproduction, balanced output. Contrary to the Crosfield scans, the low end

CCD scanner is not able to dissolve all the image detail, lacks contrast and looks flat. As far

as the Optronics scan is concerned, sharpness and contrast are overemphasized which is not

perceived positively by the observer (please see Appendix).

One of the reasons for those results is the used scanning technology. As already mentioned,

the Crosfield is a highend image capturing device with a highly sensitive Photomultiplyer
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tube technology. Consequendy, the Crosfield scanner can discern and record much more

image information which results in the optimum reproduction. Cheaper image capturing

devices lack this capability. Therefore, the printed output does not reach the the same qual

ity level.

Although the highend scanner provided superior image quality, one should note that dif

ferent images require individual treatment. It is not possible to rely only on the scanning

device. As seen at the test images, while midtone adjustments were performed to enhance the

quality of the normal key image, the output of the low key image could be improved by

applying more sharpness. The midtone adjustments for the normal key image compensate

for the inherent dot gain and lead to a pleasing reproduction. Contrary to that, a midtone

adjustment does not have the same impact on the low key image because there are not

many midtones that are affected by the adjustment. Due to the fact that the image informa

tion is divided into highlights and shadow detail, the enhancement of the images sharpness

has more influence on the perceived image quality.
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Chapter 7. Conclusion

Considering the limitations of a 600 dpi black and white output device, the overall image

quality that can be achieved with a Docutech is surprisingly good.
Throughout the visual

evaluation of the press samples, the observers were surprised by the fair quality of the repro

ductions. However, there is no doubt about the fact that the same output quality as offset

lithography cannot be achieved but this is neither the purpose nor the market the

Docutech addresses.

Within Chapter 4 of this project, three major assumptions were made. Extensive testing

and thorough evaluation provided the necessary information to find an answer to those ques

tions.

Theory #1 stated that the limitations of the printing process will dictate a combination of

screen ruling, resolution and number of gray levels which can be reproduced. Derived from

the evaluation of the printing process, these settings can be defined for an output screen rul

ing of 100 lines per inch. A 100 lpi screen ruling provides the operator with an acceptable

number of gray levels which can be reproduced as well as a fair reproduction of image detail.

Although the screen pattern is still recognizable for the human eye, sufficient detail is ren

dered. Besides, finer screen rulings do not enhance the image quality due to the fact that the

Docutech cannot reproduce higher screen rulings properly.

Theory #2 assumed that the use use of external scanning devices will significantly improve

the possible output quality. In accordance to the statistical analysis, the experiments have

shown that sophisticated and properly used scanning equipment will enhance the quality of

the printed output. However, in this regard it is imperative to point out, thatmidrange desk

top scanner that are based on CCD technology also lead to satisfying reproductions. As

proven during the visual evaluation of the samples, a midrange scanner can result in nearly

the same quality level for a normal key image as a highend scanning device as long as the

midrange scanner is adjusted to the image characteristic. This fact becomes even more inter

esting if one considers the difference in price between a midrange desktop scanner and a

highend scanner. Despite all the mentioned advantages there remains one setback. As soon

as time becomes a decisive factor and publications with plenty of images have to be printed
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the use ofexternal scanning devices can slow down the reproduction workflow. With regard

to the time consuming process ofprinting externally created
PostScript files, the image qual

ity might be sacrificed to meet an important deadline.

Theory #3 anticipated a distinct difference in reproduction quality due to an images

unique characteristic such as tone distribution. If an essential prerequisite is met, this

assumption is not valid. Ifone utilizes the capabilities of today's scanning technology, one is

able to compensate for image defficencies. Thus, even images with strong contrast can be

reproduced to an acceptable quality level. However, images with background blends will

remain critical because of the trade off among resolution, screen ruling and gray levels.

Maybe the most important result of this project is the fact that digital printing will not

overcome the established technologies of the GraphicArts Industrywithin the next year but

digital printing is not only a fashion. Digital printingwill stay and further establish its posi

tion in the printing industry. Devices such as the Docutech will satisfy the customer's

demands and find their niche. Even more encouraging, the output quality ofdigital printing

devices can be enhanced by relatively simple means. As far as the Docutech is concerned, one

can improve the output quality by using an external flatbed scanner and at least the

following adjustments:

screen ruling 100 lpi

tone reproduction Compensatefor 20% dotgain in the midtones

fileformat TIFF

highlights 10%

shadows 00%

Dmax J-3

If the manufacturers of digital printing devices are able to stabilize the printing process so

that toner film thickness and densities can be keptwithin given tolerances and if future tech

nological developments increase the output addressability of the print engine, the printed

output will convince even critical judges. Digital printing is part of the printing industry's

future. It would be foolish to live in the past and not utilize the technological possibilities.

The key to success is not an either or but the use of the best of both worlds.
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Suggestions for further Investigations

It was the purpose of this project to prepare the field for further investigations within the

field of digital printing. While this project solely focus on the impact of image capturing

devices, one possible topic would be an investigation into the limits of the printing engine.

Furthermore, the multiple scanning parameters and their variety of combinations
offer

another wide field of additional research.

Finally, with the announcement of the "Docucolor", Xerox enters the market of color

reproductions. Thus this investigation into the capabilities of the black andwhite process can

be carried to the reproduction of color
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AppendixA: Test Targets

QffTF Digital Test Form^ i

GATF 24pt

GATF 20pt

GATF 16pt GATF 12pt

GATF 16pt

GATF20pt
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Appendix B: Test Targets
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RIT Pixeldot Test Target

HP LaserJet 4 Plus

600 DPI

Pixel 11.1% 25% 50% 75% 88.9% ^50%

1x1

10x10

11x11

12x12

42.3

424.3

84.6

212.1

126.9

141.4

169.2

106.1

211.5

84.9

253.8

70.7

296.1

60.6

338.4

53.0

380.7

47.1

423.0

42.4

465.3

38.6

507.6

35.4

Version 1.0 (c) Franz Sigg 1995 Rochester Institute 01 Technology
Licensed User Sebastian Schwarz. RIT
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Appendix C: Evaluation Sheet

Evaluation Sheet

Test person: Date:

Image: Time:

Pair Sample preferrea

AI El

BI -CI

AI -DI

Bl-El

Cl-Dl

Dl-El

AI -CI

BI DI

CI -El

A2-E2

B2-C2

A2 D2

B2-E2

C2 - D2

A2 B2

D2-E2

A2-C2

B2-D2

C2-E2
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Appendix D: Observer Raw Data

Peter

Per

AI

AI BI CI DI El A2 B2 C2 D2 E2

A2

BI 1 1 0 0 B2 0 1 1 1

CI 0 0 0 0 C2 0 0 0 0

DI 0 1 1 0 D2 0 0 1 0

El 0 1 1 1 E2 0 0 1 1

= 1 2 4 2 1 = 0 1 4 3 2

AI BI CI DI El A2 B2 C2 D2 e:

AI 1 1 0 0 A2 0 1 1 0

BI 0 1 0 0 B2 1 1 1 0

CI 0 0 0 0 C2 0 0 1 0

DI 1 1 1 0 D2 0 0 0 0

El 1 1 1 1 E2 1 1 1 1

Phil AI BI CI DI El A2 B2 C2 D2 E2

AI 1 1 1 1 A2 1 1 1 1

BI 0 0 0 0 B2 0 1 0 0

CI 0 1 0 0 C2 0 0 0 0

DI 0 1 1 0 D2 0 1 1 1

El 0 1 1 1 E2 0 1 1 0

Bill AI BI CI DI El A2 B2 C2 D2 E2

AI 1 1 0 1 A2 1 1 1 1

BI 0 0 0 0 B2 0 1 1 0

CI 0 1 0 0 C2 0 0 1 0

DI 1 1 1 0 D2 0 0 0 0

El 0 1 1 1 E2 0 1 1 1

Ralf AI BI CI DI El A2 B2 C2 D2 E2
AI 1 1 1 1 A2 1 1 1 1

BI 0 1 0 0 B2 0 1 0 0

CI 0 0 0 0 C2 0 0 0 1

DI 0 1 1 0 D2 0 1 1 1

El 0 1 1 1 E2 0 1 0 0
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Karen

Yaco

DI

El

AI BI CI DI El A2 B2 C2 D2 E2

AI 1 1 1 1 A2 0 1 1 0

BI 0 1 1 1 B2 1 1 0 0

CI 0 0 0 1 C2 0 0 0 0

DI 0 0 1 1 D2 0 1 1 1

El 0 0 0 0 E2 1 1 1 0

= 0 1 3 2 4 _ 2 2 4 1 1

AI BI CI DI El A2 B2 C2 D2 E2

AI 1 1 1 1 A2 1 1 1 1

BI 0 0 0 0 B2 0 1 0 0

CI 0 1 0 0 C2 0 0 0 0

D2 0

E2 0

Chris AI BI CI DI El A2 B2 C2 D2 E2

AI 1 1 0 0 A2 0 0 1 0

BI 0 1 0 0 B2 1 1 1 0

CI 0 0 0 0 C2 1 0 1 0

DI 1 1 1 0 D2 0 0 0 0

El 1 1 1 1 E2 1 1 1 1

Ted AI BI CI DI El A2 B2 C2 D2 E2

AI 1 1 1 1 A2 0 1 0 0

BI 0 1 0 0 B2 0 1 0 1

CI 0 0 0 0 C2 0 0 0 1

DI 0 1 1 1 D2 1 1 1 1

El 0 1 1 0 E2 1 0 0 0

Jamie AI BI CI DI El A2 B2 C2 D2 E2
AI 1 1 1 1 A2 0 1 0 0
BI 0 0 0 0 B2 1 1 0 1
CI 0 1 0 0 C2 0 0 0 0
DI 0 1 1 1 D2 1 1 1 0
El 0 1 1 0 E2 1 0 1 1
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Appendix E: Test Images

Image i: Agfa Horizon, ioo lpi, with midtone adjustment
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Image 2: Crosfield, 100 lpi, with midtone adjustment
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Image 3: Optronics, 100 lpi, with midtone adjustment
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Image 4: Agfa Studio Scan, 100 lpi, with midtone adjustment
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Image 5: Agfa Horizon, 100 lpi, with more sharpness
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Image 6: Crosfield, ioo lpi, with more sharpness
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Image 7: Optronics, 100 lpi, with more sharpness
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Image 8: Studio Scan, ioo lpi, with more sharpness
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