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Abstract

Reliably determining the yield for color electro-photo-
graphic (EP) or inkjet (IJ, including solid ink) cartridges is
important to all involved with color printing products. For
manufacturers, it provides design specification for monitor-
ing processes. For marketers, it helps positioning against
competing products. For consumers, it facilitates assessment
and comparison of cost-of-ownership.

Efforts toward agreement on a standardized measure-
ment methodology have raised significant issues. Factors
such as determination of end-of-life, environmental operat-
ing conditions, and sample testing size can be leveraged
from the monochrome EP standard effort. However, color
test document content raises new and unique problems.

Although this effort is focused on office users, consum-
ers have similar needs. In today’s office and consumer envi-
ronments, most digital documents are created in an RGB
color space. The conversion from this RGB space to an in-
dividual printer’s CMYK toner or ink color space is unique
to each printer. A discussion of the relationship of this issue
to color toner or ink yield measurement follows, along with
suggestions for the parameters defining a set of color test
documents to standardize an appropriate solution.

Introduction

Within the ISO/IEC, JTC1/SC28' is responsible for the
standardization of information technology office equipment
via INCITS® W1, its U.S. representative. As of this writing,
a proposed standard for the evaluation of Monochrome EP
Cartridge Yield® that includes a monochrome Test Page is
under final review; the authors were editors and key con-
tributors to the development of that standard and its test
document.

Development of a standard for the evaluation of Color
Cartridge Yield has recently been proposed, with the authors
as committee co-chairmen. Color printing in the office is not
limited to EP technology; liquid and solid Ink Jet technolo-
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gies are also significant. In consideration of the complexity
of this issue, it has been decided to split this development
into three parts. Two of the parts concern standardizing the
methodology for determining toner yield and ink yield in EP
and Ink Jet technology printers, respectively. These stan-
dards will adapt the methodology developed for mono-
chrome yield testing as necessary and appropriate for these
color technologies.

The color test document is common across printing
technologies, as it is related to the office user, who may be
considered technology-agnostic. This paper concerns the
development of such an ISO/IEC standard color test docu-
ment. It is hoped that standardization will bring the benefits
of yield data integrity to marketers and manufacturers, as
well as consumers.

Perhaps the most significant application of this yield
data is in the estimation of the toner or ink contribution to
the cost of a printed color document. The average cost to
print a page, Cost-per-Print, is determined by summing the
ratios of the cost of the required amount of each color toner
or ink to the number of printed pages; for cartridge-based
systems these are the ratios of the cartridge cost to the car-
tridge yield. (Since many EP cartridge systems use toner at
non-uniform rates throughout cartridge life, full cartridge
testing is required.) A test document used as a standard for
such an important parameter should be representative of
typical user experience in the target market.

Target Market

Our target market is the office, in the current and foresee-
able future. There are many ways to characterize the office
environment. Office uses cover a large variety of docu-
ments. They range from simple text (such as in letters and
emails), to color presentation slides and handouts, all the
way to photographs (such as in proposals, sales support, and
personnel documents).
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Office Documents

Typical applications, sometimes referred to as office
suites, might include word processing, spreadsheets, presen-
tations, e-mail, and web browsing. Graphics and imaging
applications are used, but much less so than in graphic arts
or even home markets; graphics and imaging outputs are
usually integrated into word processing or presentation ap-
plications before printing, and page layout is usually limited
to word processor capabilities. Increasingly, documents
combine elements of text, graphics, and images — and in-
creasingly these documents contain color.

Manufacturers have historically quoted monochrome
printer cartridge yield assuming toner covers 5% of the
page. However, the monochrome committee’s work found
two significant problems: each manufacturer used its own
test page, many of which no longer generate a full 5% cov-
erage; and a given test page does not necessarily generate
the same toner coverage on two different printers, even
those from the same manufacturer.

Perhaps the most significant of such technicalities may
be characterized using the term dot gain, familiar in pre-
press graphic arts. Simply stated, the digital request to print
a single dot on a specific media usually results in a printed
dot that is larger; this is true in both toner- and ink-based
print systems. (Therefore, test methodology should specify
media used — especially with 1J print systems.) The dot gain
of office printers has tended to become smaller as the tech-
nologies mature, thereby changing the printed coverage for
the same test document. A test document that used to create
5% physical printed coverage may only create 4% today.
Users are concerned with the yield and associated cost-per-
print of the document — without loss of print quality. In con-
sultation with the international community, considerations
such as these led the committee to conclude that a standard-
ized test document is key to reflecting the user experience.

Office Color Documents

In the transition to color printing in the office, it has
been simple for color printer manufacturers to assume that
user document coverage averages 5% per color; that is, 5%
Cyan, 5% Magenta%, 5% Yellow, and 5% blacK. An office
user’s representative color test documents will contain some
combination of text, graphics, and images. Our task is to
define these combinations and percentages.

Whether or not these percentages are representative of
office user color printing, creation of a color test document
to generate such coverage raises interesting issues beyond to
dot gain. There is a hidden problem in specifying the per-
centages of Cyan, Magenta, Yellow, and blacK — which will
be explored below.

Office Workstation Environment

The “Wintel” environment — various flavors of the Mi-
crosoft Windows Operating System (OS) running on Intel-
based computers — dominates the office workstation market.
This imposes a significant limitation to our approach — the
fundamental OS only supports a three-channel color space,
RGB. Support for CMYK, a four-channel space, requires
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additional software, such as applications and drivers that
support Adobe’s PostScript page description language (and
a printer capable of interpreting PostScript and receiving
CMYK data). Office suite applications do not generally
support CMYK, and rely on the workstation OS to provide
connectivity to printing.
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Figure 1. Office Color Document — Color Spaces

Office Printers

While PostScript-compatible printers (e.g. Figure 1,
Printer A) all support CMYK, many office printers — espe-
cially entry-level EP as well as IJ color printers (e.g. Fig-
ure 1, Printer B) — only support RGB. Some entry-level
printers actually use the computational power of the work-
station in order to significantly reduce their cost. Such con-
trollers in effect integrate some RIP functionality into their
printer drivers. Some printers are intended for photographic
printing as well as office applications, and augment their
CMYK colorants with additional colors such as orange and
green or light versions of cyan and magenta, for example.
These printers convert RGB input data into device-specific
six (or more) colors, replacing conventional color separa-
tions by diverting some of the CMYK data into additional
channels (e.g. Figure 1, Printer C). Control of such addi-
tional colors is not available to the office user.
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Another, perhaps lesser-known, characteristic of some
office color printers is their internal limitations on total
toner or ink coverage for various technology issues. Unlike
graphic-arts printers, even those office printers that can ac-
cept CMYK input data frequently convert that data, perhaps
through an intermediate CIE-based color space, into device-
specific CMYK - this conversion accommodates gray com-
ponent replacement and/or under color removal, the possible
addition of rich blacks, optionally different processing of
text and images, etc. Additionally, 100% ink coverage may
not dry fast enough, toner or ink dot gain may yield full
coverage at less than a 100% request, total toner/ink cover-
age may be limited at, say, 230% for design reasons, etc.

Color Space Issues

Test Document Color Space

As discussed above, the large majority of office com-
puters run OS’s, such as various flavors of Windows, that
operate in an sSRGB color space. In fact, unless sophisticated
print drivers such as PostScript are added, most office com-
puters cannot handle the four color channels needed for
CMYK. Furthermore, most office printers will not accept all
CMYK inputs without alteration: some limit the total toner
or ink coverage to typically less than 300%; some internally
convert any CMYK input to RGB and back again in order to
establish control of the blacK channel; and some only ac-
cept RGB color space input. A potential International Stan-
dard should accommodate these realities.

This analysis inexorably leads to the recommendation
that color toner/ink yield test document files be created in
the sRGB color space.

While most readers clearly understand the concept, with
apologies a brief review will allow us to highlight certain
key issues.

Color Space Review

Color is a perception — the result of electromagnetic ra-
diation within the visible spectrum being received by the
eye and processed. This radiation is usually composed of
multiple wavelengths (or frequencies), and the perceived
color is related to the sum of the different wavelengths. For
example, simultaneous red and green light energy will not
be perceived as a combination of red and green colors, but
as the single color yellow.

Sources of visible light energy operate in what is known
as additive color spaces. The additive primaries, those basic
colors that when mixed together create stimuli that essen-
tially cover the visible spectrum, are Red, Green, and Blue —
independent variables (orthogonal vectors) specifying colors
within the 3-dimensional additive RGB color space they
define. Computer monitors are energy sources, and operate
in an additive color space, generating color from RGB pri-
maries. Recent efforts toward defining RGB color spaces
have lead to an interim consensus on a specific RGB space
known as sRGB, and this color space is now widely avail-
able, generally as the default without user intervention.

When light energy is reflected off a surface before
reaching the eyes, some energy is absorbed. If, for example,
a ripe banana absorbs light energy in the blue part of the
spectrum, the reflected red through green energy will appear
yellow. Objects that absorb visible light energy are known
as operating in subtractive color spaces. When red is ab-
sorbed, the reflected color is Cyan; absorbing green leaves
Magenta; and absorbing blue (like the banana) leaves Yel-
low. Cyan, Magenta, and Yellow, the subtractive primaries,
form the basis of the CMY color space and similarly specify
colors within their defined 3-dimensional space.

Since Cyan, Magenta, and Yellow are not pure energy
sources, the even absorption of all visible colors using these
primaries requires the addition of a fourth, redundant blacK
primary — the CMYK color space (still 3-dimensional —
since the blacK primary is used to replace a combination of
Cyan, Magenta, and Yellow, it does not add a fourth inde-
pendent variable).

Color Space Conversion

Printed office documents are not sources of energy, but
rather objects that absorb visible light; therefore, they exist
in a subtractive color space and must be created with Cyan,
Magenta, Yellow, and blacK colorants. The RGB test docu-
ment files will be printed in the printer’s device-unique
CMYK color space; therefore, a color space conversion will
be required.

This leads us to a key problem in creating a standard
test document for toner or ink yield. The color test docu-
ment design must anticipate a conversion from sRGB to the
printer’s CMYK; however, while sRGB is a defined stan-
dard, the printer’s CMYK is unique to that device — and may
not be publicly available. Even if it is known, the blacK con-
tribution is determined by the device and may even change
along with gamut intentions through driver settings and/or
with element types within a document.

The potential impact of varying K-channel generation
philosophies can be extremely significant. As an extreme
example, while a rich black may be generated by 100% C +
100% M + 100% Y, a simple black may be generated by just
100% K. In the first instance the toner or ink coverage is
300%, while it is only 100% in the alternative. Both in-
stances might correspond to a 0% R + 0% G + 0% B re-
quest. While a printer might use the CMY combination for
images, it might use just K for text.

Some printers also print with five, six, or more colors,
adding light versions of CMYK. (Some graphic arts printers
add Orange and Green colorants in order to expand their
gamut.) Control of the conversion from sRGB to the
printer’s colorants is device-dependent — it is in the hands of
the individual printer design.

While highlighting the difficulties of converting from
sRGB to the device CMYK color space, this argument si-
multaneously reconfirms the need to create the test docu-
ment in sSRGB. Restating our objective, the test document
should reflect the user experience, and allow comparison of
the cost to print among various printers, incorporating di-
verse technologies.
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Test Document Content

As noted above, office users print a large variety of color
documents. While difficult, we may attempt to group them
into four general categories:

e Text, such as letters and emails

Photographic Images, part of a document as well as
stand-alone

Presentation slides and handouts

Compound Documents, combining text, graphics, and
images; these may range from display text with simple
graphics, to web pages with advertisements, to business
reports with graphics and charts, to sales collaterals
with tints, complex graphics and images.

Each of these categories has different average color us-
age, and may involve different gamut intentions in their
conversion from RGB.

This raises the question of whether the color test docu-
ment should be a single page — in essence a compound
document with elements representative of each category, or
a multi-page document with pages exemplifying the differ-
ent categories. These different categories should be repre-
sented within the test document in approximate proportion
to their use in the office. This data may be difficult to ac-
quire, and may change with time as the office color printing
market matures within the life of the proposed standard.
Perhaps some researchers have addressed this issue. One
pragmatic approach is to establish a compromise consensus
— it could be argued that such a standard would be a signifi-
cant improvement over the current state.

Some current office color printers indeed track the
number of CMYK dots that are digitally requested (without
dot gain). Anecdotal reports indicate that typical office users
rarely exceed 6% coverage per primary, and often run well
below 5% per colorant. Of course, if a significant number of
monochrome documents are printed on a color printer, these
results will shift to reflect that.

Therefore, it might be suggested that the color test
document should contain an overall coverage that does not
exceed the RGB equivalent of 5% each CMYK. Achieving
this objective in the face of the aforementioned color space
conversion issues is one of the open issues before the com-
mittee.

End-of-Life Determination

The addition of specific content to facilitate End-of-Life
determination may be important. This could be in the form
of test targets, or an additional page in a multi-page docu-
ment. Of course, such an addition should not significantly
change the color coverage distribution.
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Conclusion

The committee’s analysis of the requirements for a
standardized test document for the measurement of toner
and ink yield has lead to the conclusion that a common
document for testing various office technologies is
appropriate. However, the document must be created in an
RGB color space (such as sRGB). This leads to questions
concerning how to achieve desired printing-primary
coverage targets.

Other open issues include: what should these printing
primary coverage targets be; media choice; what should be
the mix of text, graphics, presentations, images, and com-
pound documents; how many pages should the document
contain (and the implications of more than a single page);
and what targets should be included to facilitate end-of-life
determination.
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