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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,

ISO/IECJTC 1.

Internationdl Standards are drafted in accordance with the rules given in the ISO/IEC Directives)Hart 2.

The main tagk of the joint technical committee is to prepare International Standards. Draft Ifiternational

Standards aldopted by the joint technical committee are circulated to national bodies’ for v

bting.

Publication ps an International Standard requires approval by at least 75 % of the national bjodies

casting a vofe.

Attention is [drawn to the possibility that some of the elements of this document‘may be the subj

patent rightg. ISO and IEC shall not be held responsible for identifying any of.all such patent rightg.

ISO/IEC 291¢42-1 was prepared by Joint Technical Committee ISO/IEEJTC 1, Information techn
Subcommittge SC 28, Office equipment.

ect of

blogy,
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The purpose of this part of ISO/IEC 29142 is to define the framework for characterizing ink and toner
cartridges used in printing devices that have a digital input printing path, including multi-function
devices. This part of ISO/IEC 29142 defines terms, symbols, and notations used throughout the

1SO/I

EC 29142 series to characterize such ink and toner cartridges.

Customer information related to ink and toner cartridges is not consistent in the global marketplace.

Cartridge manufacturers, includingoriginal, non-original manufacturers, refillers, and remanufacturers,

have

each communicated expressions of cartridge characteristics.

The |
custd

SO/IEC 29142 series is provided to aid transparency between manufacturers, suppi
mers regarding selected cartridge characteristics. The selected cartridge character

provide for an exhaustive cartridge characterization. Where applicable, cartridge-attrib

assod
Thes

iated characterization tests are used consistently with both ink and tonefcartridge t
blected cartridge attributes are defined forall cartridges, regardless of mantifacturingn

brs and their
istics do not
utes and the
echnologies.
hethodology.
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INTERNATIONAL STANDARD ISO/IEC 29142
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Information technology — Print cartridge
characterization —

Part 1:

General: terms, symbols, notations and cartridge
characterization framework

Pa
q

1 9

This
tonern
funct

cope

part of ISO/IEC 29142 establishes terms, symbols, notations and a framework for ch
and ink cartridges used in printing devices that have a digital input printing path, inc
ion devices. This part of ISO/IEC 29142 is intended for equipment used’in office envir

marily provides a foundation for measuring, evaluating, or specifying characteristics
hk cartridges.

[t pri
and i

The t

The d
are sj

haracterizations associated with the terms, symbolS/notations, and framework estab
pecified throughout the ISO/IEC 29142 series.

2 ormative references

The flollowing documents, in whole or in_part, are normatively referenced in this docun
indispensable for its application. For dated references, only the edition cited applies.

aracterizing
uding multi-
bnments.

bf such toner

erms, symbols, notations and framework established herein can be applied to such cartridges.

ished herein

nent and are
For undated

refergnces, the latest edition of the referenced document (including any amendments) appllies.

[SO 1B655, Graphic technology — Spectral measurement and colorimetric computation for graph
[SO 53, Photography and graphic technology — Density measurements — Part 3: Spectral co|

ISO/IEC 29142-2, Information technology — Print cartridge characterization — Part
chardcterization datareporting

ISO/IEC 29142-3, Information technology — Print cartridge characterization — Part 3: Envif

erms'and definitions

'cartsimages
nditions

2: Cartridge

onment

3.1
all-in-one toner cartridge

cartridge that includes at least: a toner containment part, a photoreceptor part, and a developer part

3.2
black-only printer

printer with an operating part to apply ink or toner on a substrate with functionality limited to print

output using only a single black colourant

Note 1 to entry: In the case of a printer capable to operate with only a black colourant cartridge and alternatively
to operate with other cartridge configurations that include other colourants, the black-only printer condition is

limited to when only the single black colourant cartridge is installed.

© ISO/IEC 2013 - All rights reserved
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binomial attribute
attribute which either occurs or does not occur and which is characterized by a count of the number of
times it occurs in a particular number of observations

Note 1 to entry: A random process is said to be binomial if it satisfies four basic properties:

It consists of a sequence of n trials for some n > 1.

1 has exactly two possible outcomes, A and B, which are mutually exclusive.

probability of A, takes the same value p on all n trials. P(B) is likewise fixed at 1-p.

a)

b) Each tria
c) P(A), the
d) Thentri
3.4
cartridge

user replace]
designed for

3.5
cartridge af
report incly

characterizdtion results of an ISO/IEC 29142 cartridge characterization test reported for cust

presentation

Note 1 to ent
characterizat

3.6

cartridge characterization test

testmethod
of a cartridg

3.7

cartridge co¢llector

any party pr
EXAMPLE

3.8

cartridge element

sub piece of

3.9

cartridge end-of-life

pointin a car

hls are independent of one another.

pble unit operating with a printing system that includes at least a containing meche
materials intended for deposition on a substrate

tribute test report
ding the information of a cartridge customer report-and the detailed cart

according to a required format

y: The format is prescribed according to each ISO/IEC 29142 standardized or specified car
on test and is in compliance with ISO/IEC 29142-2.

provided in or in compliance with ISO/IEC29142-1 for the purpose of evaluating an attr
e or cartridge set of interest to cartridge and cartridge set users

oviding a cartridge take-back-or collection program

A business entity designated to collect cartridges.

h cartridge other'than the containment part of the cartridge

nism

ridge
omer

tridge

ibute

additional n

n-edstomer interaction

tridgelife-cycle from which the cartridge is no longer used for its intended purpose wirhout

3.10

cartridge identifier
formatted human readable arrangement of information uniquely specifying a distinct cartridge

3.11

cartridge life percent completion point
point in the life of a cartridge computed as a percent of expected cartridge life

3.12

cartridge set
group of colourants and their assignment to one or more cartridges as defined by a printer manufacturer
to be necessary and sufficient to produce the fully functional default colour renditions

EXAMPLE

2

Default colour renditions: printed black, red, green, blue, cyan, magenta, and yellow.

© ISO/IEC 2013 - All rights re

served
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Note 1 to entry: A printer may have more than one fully functional cartridge set.

3.13

cartridge supplier

cartridge marketer, manufacturer, remanufacturer, refiller, or distributor, being the party or parties
responsible for marketing the cartridge and providing customer support for the cartridge

3.14

colour printer

printer with an operating part to apply ink or toner on a substrate, with functionality to produce print
output containing colours

3.15
containment part
contdining mechanism designed for materials intended for deposition on a substrate

3.16
continuous attribute
attribute which can take on any of a range of values

3.17
cros§-systems attribute tolerance range
CSATR

rangg of actual attribute values for a cartridge characterization attribute of a particular cartridge
chargcterization test method, determined from evaluatiomyof exemplary systems to which the test
methpd applies

3.18
custgmer report
repoift, including a cartridge notification, and ascartridge attribute checklist, with summafry results of
selected [SO/IEC 29142 cartridge attribute characterization tests, presented according to a reduired format

Note [ to entry: The format is prescribed acéording to each ISO/IEC 29142 standardized or specified cartridge
charafterization test and is in compliance-with ISO/IEC 29142-2.

3.19
depossition material
matefial, ink or toner, liquid‘er solid, colourant or non-colourant, that can be contained if] a cartridge,
and that is designed for deposition on a surface by means of a printing system

3.20
developer part
physical mechafnism, which may or may not be a cartridge element, which functions to| apply toner
partifles to the)latent image on the photoreceptor part of an electrophotographic printing fystem

3.21
discyeteattribute
attribute which can take only a finite number of values within a range, such as an integer count

3.22
dye ink
material designed for liquid state deposition on a substrate, including a chemical dye colourant

3.23
electrophotographic printer
printer principally using opto electric phenomena and electrostatic attraction to move toner to a substrate

3.24

end-of-life

phasein a cartridge life-cycle when the cartridge can no longer be used for its intended purpose without
additional non-customer interaction

© ISO/IEC 2013 - All rights reserved 3
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expected cartridge life
approximate number of pages likely to be printed from a cartridge when run to cartridge end-of-life

according to

3.26
filled cartri

an ISO/IEC 29142 standardized or specified test method

dge

user replaceable unit of a printing system that includes at least ink or toner materials, intended for
deposition on a substrate and a containing mechanism for such materials

3.27

incineration

disposal method that involves combustion of waste material converting it into heat, gas, steam add ash

but not incl

3.28
ink
material, wh

3.29

ink cartridg
user replace
intended for

3.30
ink deposit
imaging app

EXAMPLE

3.31

ink transp
ink channel
particularly

3.32
inkjet pring
printer with

3.33

integrated ink cartridge

cartridge th
mechanism

3.34
landfilled

!

1rt part
1

ing smelting

ich may or may not include colourant, designed for liquid state deposjtion on a substr

e
hble unit of a printing system that includes at least a containingunechanism designed f
deposition on a substrate

on mechanism

hratus for depositing ink on a printing substrate

A printhead.

ng mechanism operating between awink deposition mechanism and an ink containment
iwhen the ink deposition mechanism and the ink containment part are not physically ab

er
an operating part, for example a printhead, to apply ink on a substrate

ht includes atileast: an ink containment part, an ink transport part, and an ink depo

ate

b1 ink

part,
utted

Sition

waste dispo;

alirtalandfill or other non-reuse, -recycle, -remanufacture, -waste to energy, or -inciner

ation

depository, excluding the residuals from waste to energy and incineration

3.35
life-cycle

consecutive and interlinked stages of a product system, from raw material acquisition or generation
from natural resources to final disposition

Note 1 to entry: See ISO 14040

3.36

lifetime attribute
cartridge performance attribute which can only be measured by printing to cartridge end-of-life

according to

an ISO/IEC 29142 standardized or specified test method

© ISO/IEC 2013 - All rights re

served
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3.37

material safety data sheet

MSDS

safety data sheet

SDS

form containing safety information about the ink or toner contained in cartridges designed for use
in printing applications which includes physical, chemical, and toxicological properties, regulatory
information, and recommendations to ensure safe handling

3.38
multi-chamber ink cartridge
ink cqrtr idgc thatts dcoigucd tocontatirtwoormorenks

Note ] to entry: It may or may not be an integrated ink cartridge.

3.39
multj-function printer
MFP
printer with an operating part to apply ink or toner on a substrate, and also providirlg additional
functiions such as fax and copy

3.40
non-¢olourant ink
material designed for liquid state deposition on a substrate, such as gloss optimizers and fixatives, not
contdining a colourant

3.41
non-¢olourant toner
solid [material, not containing colourant, capable.of taking on an electrostatic charge, flesigned for
deposition on a substrate under the control of électrostatic forces in conjunction with a surface having
a confrolled distributed charge such as gloss‘optimizers and fixatives

3.42
non-priginal cartridge
cartrjdge that is marketed by a company other than the company that markets the printinlg system for
which the cartridge is intended

3.43
origipal cartridge
cartrjdge that is marketed by the company that markets the printing system for which thg cartridge is
intended

3.44
original equipment manufacturer
companythat markets a printing system

3.45
page attribute value

value of a performance point attribute that is the value of that attribute evaluated from a complete
single printed page

3.46

performance attribute

attribute which can be determined only through printing with the cartridge(s) installed in an
operational printer

3.47

photo printer

printer with an operating part to apply ink or toner on a substrate, with functionality to print images
on photo paper sizes and types

© ISO/IEC 2013 - All rights reserved 5
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photoreceptor part
photoconductor

physical mechanism, such as OPC, that includes a surface that accepts a uniform electrostatic charge,
with a surface that may subsequently be selectively discharged by exposure to light, and which facilitates
transfer of toner to media after such exposure

3.49

physical attribute
attribute which can be determined directly from the cartridge and which is independent of print systems

3.50
pigment in

material desfigned for liquid state deposition on a substrate, including a chemical pigment coloura

3.51
point attri
performancs

3.52
printer
device inten

3.53
recovery
process to di

3.54
recycle

te
attribute which can be measured on pages printed atany point during thelife of the cart

led to apply colourant(s) to a substrate in response to a digital signal

Fert cartridges and/or cartridge materials from the solid waste stream and into productiv

reuse, remanufacture or otherwise divert from a solidjwaste stream

3.55

refill
operation to
refurbishing

3.56
refiller
cartridge su

3.57

replace ink or toner in a customer’s cartridge that does not involve the replacemg
of worn cartridge components

pplier that refills customer’s cartridges

remanufactiure

operation to
back or colle

replace ot’elean components and add ink or toner using cartridges from cartridge
ction programs

3.58

ridge

P uses

nt or

take-

remanufactiurer

cartridge supplier that produces or markets remanufactured cartridges

3.59
reuse

operation in which a whole or a component part of a cartridge is incorporated in the manufacture or
remanufacture of a cartridge, such that the whole or component part is intended to be put into service

for the same

3.60

purpose for which it was conceived

single chamber ink cartridge
ink cartridge that is designed to contain one ink

Note 1 to entry: It may or may not be an integrated ink cartridge.

© ISO/IEC 2013 - All rights re
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3.61

single function printer

SFP

printer with an operating part to apply ink or toner on a substrate, having no additional functions such
as fax or scan

3.62

standard error goal

allowed upper limit of the error in page attribute value measurements, determined as the upper limit of
the standard error of the estimated mean of the measurements

3.63
subsfrate
user yelectable imageable surfaces

EXAMPLE Paper, transparency, cloth.

3.64
taketback
progitrams sponsored by cartridge suppliers and conducted by cartridge collectors for the purpose of
obtaiping cartridges after cartridge end-of-life

3.65
toner
solid jmaterial, which may or may not include colourant, capable of taking on an electrostatic charge,
designed for deposition on a substrate under the contrélof electrostatic forces in conjurjction with a
surface having a controlled distributed charge

3.66
toner cartridge
user feplaceable unit of a printing system that includes at least a containing mechanism |designed for
toner|intended for deposition on a substrate

3.67
toner deposition mechanism
imaging apparatus for depositingtoner on a printing substrate

EXAMPLE A surface having.a'controlled distributed charge.

3.68
user replaceable unit
any plart of a printing system that is designed to be removed and replaced by a user

3.69
wastp to energy
formof recovery in which the energy generated from incineration is captured and used as gnergy

4 Requirements

The framework explained in this International Standard shall not be used directly for comparison of
products. For such comparison using test method standards compliant with the framework of this
International Standard, the minimum requirement is that conditions for measuring parameters as well
as the entire test conditions explained in such compliant standards are required to be in agreement.

© ISO/IEC 2013 - All rights reserved 7
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5 Structure of ISO/IEC 29142

5.1 Data Reporting

This part of ISO/IEC 29142 establishes the product and package labelling requirements, and related
reporting requirements for toner and ink cartridges used in printing devices that have a digital input
printing path, including multi-function devices.

Cartridge characterization tests standardized or specified in parts of ISO/IEC 29142 to be compliant
with ISO/IEC 29142-1, and environmental standards compliant with Part 3, shall adhere to the labelling,
notification and reporting specifications in Part 2. In common for compliance with ISO/IEC 29142,
according to|Part 2, four levels of labelling, notification and reporting are established:

A cartriglge label

A cartriglge notification

A custorper report

A cartriglge attribute test report

ation
imed

Customer an
testing shall
in the cartri

d cartridge attribute test reports from ink and toner cartridge attribute characteriz
include results from test performed directly on each printing system that will be cldg
lge reporting.

The provisions for traceability between these notification and reporting levels and the related carty
are specified.

idges

other

Processes ap
new uses, su
and remanu
directing

o
Achieving

inimal waste after cartridge end-of-life requires that cartridge suppliers, manufactyirers,

remanufacty
manner conj
provided by
stage of the

plied after cartridge end-of-life can include recyeling cartridges for new cartridges and
'h as in the manufacture of non-cartridge products, refill of cartridges, recovery of cartr
facture of cartridges for another usage.cyecle. Taken together, these processes can res
erials from cartridges so that the materials are diverted from the solid waste stream.

rers, cartridge collectors, and\-users conduct each stage of the cartridge life-cycld
istent with this objective. The requirements of ISO/IEC 29142-2 specify information
cartridge suppliers, and-cartridge collectors so that users are enabled to conduct th
artridge life-cycle in a manner consistent with diverting cartridge materials from the

waste streamn after cartridge end:of-life.

5.2 Envir

This part of]
cartridge ch
standards fa
including mu

bnmental

racterization framework of this International Standard, ISO/IEC 29142-1, for environm
r toher and ink cartridges used in printing devices that have a digital input printing

dges,
ult in

in a
to be
e use
solid

ISO/IEG29142 establishes a framework of environmental provisions, distinct from the

ental
path,

1ti<fanction devices.

Part 3 harmonizes aspects of selected environmental standards, reporting forms such as material
safety data sheets that provide customers with health and safety information, and eco-labels pertaining
to toner and ink cartridges, to establish requirements for uniform measurable environmental, health
and safety provisions that inform and benefit the user regarding potential environmental impacts
throughout the product life-cycle.

Provisions selected in ISO/IEC 29142-3 are included to support these objectives:
a) Minimization of environmental impact throughout the cartridge life-cycle
b) Minimization of environmental impact associated with end-of-life processes

Legal requirements and customer expectations are considered associated with material use,
manufacturing operations, packaging, and/or end-of-life processes.

8 © ISO/IEC 2013 - All rights reserved
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Part 3 of the International Standard ISO/IEC 29142 provides the following:

The terms and definitions related to cartridge environmental attributes.

procurement criteria.

cartridge environmental attributes.

Methods for determination of declared values from the test results.

5.3 [Toner and ink cartridge characterization

Partq of ISO/IEC 29142 may specify cartridge characterization test methods that’evaluate
tonerland ink cartridges used in printing devices that have a digital input printihg path, inc
func

used [in office environments.

Partgof ISO/IEC 29142 defining cartridge characterization test metheds are required to con
frameéwork for cartridge characterization defined in ISO/IEC 29142-1. The framework req
repedtable, objective measurements and testing procedures thatinclude specification of th
relative to cartridge lifetime, and specification of test operating conditions such as temy
humifdity. The print-related attributes tested in ISO/IEC. 29142 cartridge characterization {
are specified with respect to selected paper propertigsand values.

ISO/IEC 29142 cartridge characterization test methods do not pertain to characterizati
toner| or ink cartridges for printers whose minimum printable output size is equal to or gre
(420mm x 297mm) or to toner or ink cartridges sold only for photo only printers. The p3
methpds may include additional constraints to limit their applicability to subsets of car
partitular types of cartridges.

ISO/IEC 29142 cartridge characterization test methods are required to be specified in accq
the tgrms, symbols, notations andframework of ISO/IEC 29142-1 and shall be declared and
specified in ISO/IEC 29142-2,

6 Hramework Overview for cartridge characterization

6.1 |Elements'of a print system

In the
funct

contextofdigital information systems, a printing system contains atleast the followin
ionality:

-1:2013(E)

Cartridge environmental attributes for inclusion in environmental labels, standards and green

Test methods that manufacturers, test laboratories, etc., use to determine values for the defined

attributes of
uding multi-

tion devices. These cartridge characterization test methods pertain‘to cartridges for equipment

\ply with the
Llires robust,
e test timing
erature and
est methods

bn testing of
ater than A3
rticular test
rridges or to

rdance with
reported as

r operational

aranaatati o o1

c

required print output

colourant(s)

more colourant(s)

Control and hardware functionality

— Apply the deposition material(s) to the substrate

© ISO/IEC 2013 - All rights reserved
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— Affix the deposition material(s) to the substrate

The computational functional operations may be implemented in a variety of ways, including
implementation in a single component with the control and hardware functionality, or implementation
distributed over several components that are not co-located with the actual material deposition and
fixing functionality.

Cartridges and the deposition materials they contain are used by the control and hardware functionality
of a printing system and have significant impact on that portion of any printing system. In addition,
certain aspects of cartridges and the deposition material(s) they contain are considered in the operation
of the computational functionality.

6.2 Cartridge configurations

Ink and tone
of ISO/IEC 2
at least a ¢

r cartridges can be implemented in a variety of functional configurations. For the pu
D142, a cartridge is a user replaceable unit operating with a printing system that ing
bntainment part for toner or ink. Within this overarching definition}ythree funcf

Fpose
ludes
ional

s of toner cartridges and three functional configurations of ink cartridges are defined in

2.

configuratio
ISO/IEC 291

Toner cartriglge functional configurations are:

a) Single part toner cartridge: a toner cartridge that includes only a toner containment part

b) Two part toner cartridge: a toner cartridge that includes a tonép containment part and a developer
part and does not include a photoreceptor part

c) All-in-one toner cartridge: a toner cartridge that includes‘a toner containment part and a devdloper
part and a photoreceptor part

Ink cartridge functional configurations are:

a) Single partink cartridge: a cartridge that ineludes only an ink containment part

b) Two parftink cartridge: a cartridge thatincludes an ink containment part and an ink transporf part
and doeg not include an ink depositien mechanism

c) Integrated ink cartridge: a cartridge that includes an ink containment part, an ink depogition
mechan{sm and an ink transport part

Each of the [ink and toner artridge functional configurations may contain one or more depofition

k or toner, caloutrant or non-colourant, for use in a printing system. For example, a §ingle

er ink cartridge contains more than one ink.

materials, in
multi-cham}

ns of JSO/IEC 29142-3 and cartridge characterization test methods of ISO/IEC 29142 are

b apply equally to these functional and multi-chamber cartridge configurations.

The provisig
structured t

6.3 Performance attributes measured on a printed page

Cartridges are intrinsically involved in depositing ink or toner on the substrate in use in a printing
system. Because of this, certain cartridge attributes are characterized using measurements of printed
pages. Although cartridge performance is recognized as critical to print quality, traditional print
quality attributes are not measured in cartridge characterization due to the interaction of the entire
print system in delivering these print quality results. The cartridge characterization framework of this
International Standard, ISO/IEC 29142-1, provides for selective cartridge characterization, with the
selected characteristics emphasizing the cartridge performance over that of the general print system.

Each cartridge attribute characterized by means of a printed page test method should be chosen after
satisfying the following criteria:

a) The attribute is noticeable to users

10 © ISO/IEC 2013 - All rights reserved
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b) The attribute can be measured using standardized objective methods.

c) Across the various cartridge configurations, the attribute is 50 % or more due to processes and
parts that directly apply the deposition material to the substrate

d) The attribute is testable using a rigorous and statistically valid test method

6.4 Physical attributes

The cartridge characterization framework of ISO/IEC 29142 provides test methodology requirements
applicable to selective characterization of physical attributes, independent of print systems.

NOTE
cartri

The environmental, health, and safety provisions of ISO/IEC 29142-3 address the physieg
dges, fundamentally involving the cartridge materials.

l attributes of

7 Attribute framework for testing and characterizing cartridges
7.1 |Overview
The ¢artridge characterization framework of this International Stafidard, ISO/IEC 2914P-1, draws a

distifgction between physical attributes and performance attributes of cartridges. Physic

are t}
Fore
thosd

jose that can be evaluated directly from the cartridge withoutinserting the cartridge i
kample, the material of a cartridge is a physical attribute, Performance attributes, by
determined through the interaction of the cartridge with a printer.

Cartr
by th|

cartrfdge yield, which can only be measured by ruining cartridges in printers until the cartj
cartrjdge end-of-life according to an ISO/IEGstandardized cartridge yield test method,

cate

An ejample of this type is an attribute of print on a specific page or within a specific regi
that has been printed using the cartridge.

Cartrn
colo
colo

Any 3
Claus

Elrant colour values, withthe understanding that such an assessment weighs heavily

ir nature are reflective of the performance over cartridge life. The most obvious o

ry is point attributes, which can be evaluated at any single test point while runnin

idge performance attributes shall not include page attribute value assessments

rant design rather than'the cartridge itself.

ittribute can also-be‘categorized as either discrete or continuous according to the d
e 3. Discrete attributes can have only a limited number of values. For example, an attri

only |
attrik
no, p:
be ca
thec

be quantifiedwusing a qualitative scale (such as poor, fair, good, very good, etc.) is discr¢
utes are thelimiting special case of discrete attributes, with only 2 possible values, s
ss or fail, present or absent, 0 or 1, etc. For example, cartridge part breakage during al
fegorized as a binomial attribute. If a part breaks during the test, then the value of the
rtridge in which it broke is “Yes.” If no part breaks then the value is “No.”

al attributes
nto a printer.
contrast, are

idge performance attributes fall broadly into tw© categories. The first is lifetime attributes. These

F this type is
idge reaches
The second
g cartridges.
pn on a page

of absolute
r toward the

efinitions in
bute that can
bte. Binomial
luch as yes or
ife test could
attribute for

By contrast, a continuous attribute is one that can take on any value within a range. For example, a print
attribute of a page as measured with a device such as aspectrophotometeris typically a continuous attribute.

The understanding of continuous and discrete attribute types is a necessary step in determining how to
statistically model variation in attribute values. Data points from continuous attributes can be modelled
with familiar continuous distributions such as the normal, log-normal, or Student-t distributions.
Discrete attributes are appropriately modelled using binomial, Poisson, geometric, or a large number
of other distributions. Under certain restricted conditions it may be acceptable to use continuous
distributions to model discrete attributes.

There is much less information content in discrete attributes than in continuous attributes so in general
they are less desirable for use in characterizing performance.
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Cartridge characterizations according to this international standard shall allow the following
attribute types:

1. Continuous attributes measured with objective instruments such as spectrophotometers which can
provide at least 10 different values for each sample within the range of interest.

NOTE The values of a continuous variable are generally broken down in reality to discrete levels based on
the resolution of the instrument being used for measurement. Nonetheless there is value in using the simplifying
assumption that such data streams are continuous rather than discrete so that tools such as t-tests or confidence
bounds based on normal distributions can be used. On the other hand, treatment as a continuous attribute is not
appropriate for attributes that have only a limited number of values.

considered dontinuous attributes so that their variation can be modelled using continuous distribution
approximatipns. Discussions pertaining to modelling continuous attributes in subsequerit sectionf also
pertain to discrete attributes meeting these specified conditions.

3. Binomial attributes. These may be of some interest and therefore methods are included for trgating
them. Howeyer, the sample sizes are increased to compensate for the poor infermation content in [these
types of attrjibutes.

This interngtional standard does not include methods for characterizing cartridges with subjective,
multi-level grading systems (e.g. poor, fair, good, very good, etc.).

The attribufe types that can be characterized in accordanegeywith this international standarf are
illustrated in Figure 1.

Defined Attribute Types

Physical Continuous
( determined directly from the
SReiteed Binomial
Performance -l Lifetime Continuous
(interactidm of the = -
cartridgewith a Binomial
printer )

-i Point Continuous

Binomial

Figure 1 — Attribute Categories

Any test method constructed according to this cartridge characterization framework to evaluate
performance attributes shall require running multiple cartridges on multiple printers, with the
cartridges run in each printer to the cartridge life percent completion point or points required in the test
method. The use of an appropriate number of cartridges and printers in such tests enables a statistical
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evaluation of results, including determination of the mean response and statistical confidence bounds
for both the mean and individual observations.

This framework provides minimum requirements for testing cartridge attributes. Test procedures for
individual attributes may add additional constraints.

7.2 Special considerations for binomial and continuous performance point attributes

Due tothe many sources of variability which may influence pointattributes, a single measurement of point
attributes is not sufficient to characterize cartridge performance. In order to adequately characterize
cartridge performance in regard to point attributes, it is necessary to measure the attributes multiple

timeq
point

As dd
repre

page
numbk
exa

shall
or po

As re

appropriate yield standard defined in ISO/IEC 19752, ISOAEC 19798, or ISO/IEC 24711.

Bec:]lps

- FOT example, the measurements can be required at multipie spots on a test page and/
s within cartridge life.

sented by a single value denoted as the page attribute value. The appropriate method td
httribute value can depend on the specific attribute. For example, a test chartmay prov|
er of regions of interest that are to be evaluated. A page attributevalue can be de
le, the average, minimum, maximum, or some other statistic derived from each regio

require that the cartridge attribute test report includes the ¢artridge life percent com
ints at which point attribute data was collected throughout’the entire cartridge life.

commended in this ISO standard, point attributes may be measured in conjunct

r at multiple

fined in this ISO standard, a point attribute evaluated from a test chart or testfile page shall be

determine a
ide a specific
fined as, for
h of interest.

e pointattributes are evaluated ata single test point, test methods which evaluate point attributes

pletion point

on with the

7.3 |Special considerations for point and lifetime binomial attributes

A binpmial treatment of an attribute is establishied by the use of a two-state criterion. Such a two-state
critefion can be applied to the results of aimetric that produces a continuous range of vajues or to an
attriljute that intrinsically has two valué@’states. A cartridge shall be determined to eithef have or not
have the attribute under observation, This determination shall be made according to evalugtion criteria
unamnjbiguously defined in the test method.

For ekample, the occurrence ofian attribute value in a region of interest can be evaluated 4s a binomial
pointjattribute. An example two-state criterion rule for this is:

Counf only the attribute ‘6ccurrences meeting the specific criterion x,y,z and consider the|cartridge to
have puch attribute ¢c¢urrences only if the attribute occurs in n test charts collected at each of m points
of the cartridge lifetime.

The dtatistics cpllected are the number of cartridges for which the attribute occurs and thhe number of
cartrjdges.tested.

7.4

In performance attribute test methods dealing with page attribute values a statistically valid measurement
planshallbe determined and incorporatedintothe testmethod and testchartdesign. The measurementplan
shall compensate the measurement of page attribute values for variability expected in the measurement
equipment and for variability expected within the printing systems used to test the cartridges.

NOTE The measurement plan does not compensate for variability between printers.

For each test method, specific replicate measurements shall be required in accordance with a
specified standard error goal and cross-systems attribute tolerance range (CSATR) for the page
attribute value under test.

A standard error goal shall be specified in each page attribute value test method. The standard error
goal, the upper limit of the standard error of the estimated mean of the measurements, shall be specified as
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10 % of the cross-systems attribute tolerance range (CSATR) of the page attribute value under test. The
cross-systems attribute tolerance range of the page attribute value under test shall be determined for
the systems to which the test method applies and shall be specified in the test method.

The test procedure shall include specification of measurement equipment capabilities in accordance
with the measurement plan of the test procedure, as required to achieve the standard error goal.

The test method shall require the number of measurements per test chart component and the number of
replicate test chart prints as necessary to achieve the standard error goal specified in the test method,
according to the relationship:

Ns

—MAXS2 Rounduplfs/s 1a21L (1)
eg | i T 7T egy 1]

where
Nseg is|the required number of measurements to achieve the standard error goal;

S is[the standard deviation of the attribute measurements as tested with@ particular print
sylstem to which the test method applies,

Seg  is|the standard error goal, which is 10 % of the cross-systems attribute tolerance range
(ASATR) of the page attribute value under test.

The Nseg replicate test chart component measurement values shall be required to be averagedl and
treated as a pingle measurement within the page attribute valgejevaluation of the test method.

Each page dttribute value test method shall require that the cartridge attribute test report|shall
include docymentation of the number of replicate test'chart prints, replicate test chart components,
measurements per test chart component, measurement equipment used, and the standard error pf the
estimated mlean of the measurements, achieved in the test.

The cross-syjstems attribute tolerance range (CSATR) of the page attribute under test may be determined
based on available industry data or shall"be determined through testing during the test method
development process. In the case of testingfor CSATR, intentionally choose a broadly diverse range of
print systems and cartridges within the'scope of the test method, and measure the page attribute iinder
test. CSATR Is determined as the difference between the minimum and maximum page attribute values
obtained frojm the tested systems,

The estimatg of the standard-deviation of the page attribute value measurements shall include the
variability due to the measuring instrument and the printed inconsistencies of the test chart prjint(s)
within a parficular reprnesentative print system and is given by s in the following:

Z xl-—)?)z

g=1[i=l
n-1
where
1 n
5

n is the number of replicate measurements made.

For use in determining Nseg, measure s with n = 10 in two ways: measurements taken in 10 locations
within a single undisturbed printed region of interest, and one measurement taken from within each of
10 printed regions of interest. Screen the data for outliers and extremes. Use the larger value of s when
calculating Nseg.
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The standard error of the estimated mean of the measurements is equal to the estimate of the standard
deviation of the measurements divided by the square root of the number of measurements, as follows:

S

e =

_ S

Jn

In developing the measurement plan of the test method, then evaluate:

1. The standard error of the estimated mean of the measurements — as a function of the measurement

equip
[

ment and the print consistency within a single test chart print component as follows:

the multiple

se Nsgg measurements per test chart print component and compute s and sg using

measurement values within a test chart print component, after discarding outliers and extreme values.
NOTHE For example, see ASTM E 1345.
2. Thp standard error of the estimated mean of the measurements — as a function of the measurement

equip|

U
I

0
NOTE

3.Th
comp

U
t
t

NOTH

The
print

Using
speci
meas

For e
funct
—or
page
of mu

ment and the print system page-to-page consistency and in-page consistency-as follows:

se Nseg replicate test chart components either within a single page test chart desi
eplicate prints of the test chart, take one measurement per test'cliart component ar

and se using single measurements for each of the replicate test'ehart components, aftg

utliers and extreme values.
For example, see ASTM E 1345.

e combined standard error of the estimated mean/of'the measurements across replica
onents, with multiple measurements within each/tést chart component as follows:

se Nseg as the number of replicate test chart.eomponents times the number of measy
bst chart component, and compute s and-s¢g/using the multiple measurements across
bst chart components, after discarding outliers and extreme values.

For example, see ASTM E 1345.

se of replicate regions of interest improves the validity of test results in cases whet
bd inconsistencies are present.

the information of the three standard error of the estimated mean of the measurements
fy the allocation of\\Nseg number of measurements as replicate test chart com
urements per test chart component to achieve the desired standard error goal in the te

kample, consider whether the standard error of the estimated mean of the measuren
on of the meédsurement equipment and the print consistency within a single test chart prij
— as afunction of the measurement equipment and the print system page-to-page consis
Consistency — would dominate a combined measurementresult. Consider specifying m
Itiple rephcates rather than multiple measurements within a single region of interest
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e noticeable
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7.5

7.5.1
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Test requirements for all attributes

Set-up

When testing performance attributes, place test printers on a horizontal surface and set-up the printers
according to the installation guide provided in the printer user’s manual. Use the most recent printer
driver available from the manufacturer’s website or the driver supplied with the printer. The driver
version used shall be specified on the cartridge attribute test report. Cartridge installation shall be
completed following the instructions in the cartridge installation guide. If there is a contradiction
between the printer and cartridge manuals for the cartridge installation, the cartridge manual shall
take precedence except if changes are recommended for printer or driver settings.
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If the cartridges used in testing are colourant replenishment or colourant bottle types, then one set
of cartridges shall be used to cartridge end-of-life according to the ISO/IEC 29142 standardized or
specified test method in each printer before the start of the test. The pages printed to deplete these
priming cartridges do not have to be recorded and printing can be conducted at any environment. The
priming cartridges are used to bring the printing system to a set colourant level condition.

NOTE The cartridges used to bring the printing system to a set colourant level condition do not have to start
out full. For large capacity systems, using a complete cartridge could result in tens of thousands of pages printed
just to bring the system to a set condition.

All image and print quality modifiers shall be at their factory pre-set configuration for the printer and

default insta

lled condition for the driver. If the printer and driver differ, then the driver defaults sh

all be

used. Any us

Cartridge ch
attributes. M
default. Exce
method. Pag

Test method
type to matg
measuremer
closest equiy
disabled if p
cannot be di

7.5.2 Sam

The sample
Performance

For lifetime
test method
three sets o
this would r

For point att
means that 1
results may

7.5.3 Sam

Many more
than for con
shall be test

er selectable colourant conservation modes shall be disabled during testing.

aracterization testing shall use simplex printing as the basis for characterizing-cart
odifying each component in the printing operation to simplex is required ifithat is n
bption or optional cases for duplex operation may be specifically requifed within
e order shall be specified in each test method.

s that evaluate page attribute values shall require the driver selection for paper / 1
h the actual paper / media specified and used in the test. In testimethods that do not in
It of page attribute values, the driver selection for paper / mediashall be ‘plain paper’
ralent available in the driver. If auto media detection is ayailable on the printer, it sh
bssible to avoid inaccurate sensing of the media. If the auto'media detection is presen
cabled, this shall be required to be reported in the cartridge attribute test report.

ple size for continuous attributes

ize for each continuous attribute value shall:be a minimum of nine physical cartridgg
attributes shall be tested using a minimum of three printers.

httributes, an equal number of cartridge sets shall be tested on each printer. For exam
may require three sets of cartridges*o be tested on three printers with each printer

cartridges. In the case of a typical four colour printer with four single colour carty
psult in 36 cartridges being tested, 9 Black (K), 9 Cyan (C), 9 Magenta (M) and 9 Yelloy

ributes, data shall be cgllected for all cartridges installed until the test is completed
esults for more than the minimum number of cartridges may be included and it mean
nclude data for cartridges only partially depleted.

ple size for binomial attributes

observations are required to make sound statistical statements for binomial attri
tinuoussattributes. In compliance with this test method framework, binomial attri
ed to.at least a 90 % confidence level. Furthermore, the sampling shall be such that, w

the confiden

ridge
bt the
h test

nedia
clude
br the
all be
tand

sets.

ple, a
using
idges
v (Y).

This
5 that

butes
butes
rithin

ce.bound, the detection limit of the occurrences of the attribute in the population i

5 %

or less, or 95 % or more. Therefore, in compliance with this test method framework, the sample size
shall be determined such that for each binomial attribute value a minimum of 45 physical cartridge sets
are tested. For performance attributes, a minimum of three printers must be used. Forty-five is chosen
because it is the minimum test quantity required to resolve at 90 % confidence that a binomial attribute
occurs less than 5 % of the time or more than 95 % of the time (e.g. if no occurrences are observed in 45
observations, then at 90 % confidence the occurrence rate is less than 5 %).

For performance binomial attributes, an equal number of cartridge sets must be tested on each printer.
For example, a total of 45 sets of cartridges could be tested on three printers with each printer using
15 sets of cartridges. In the case of a typical four colour printer with four single colour cartridges this
means that 180 cartridges are tested, 45 Black (K), 45 Cyan (C), 45 Magenta (M) and 45 Yellow (Y).
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For performance binomial attributes, data shall be collected for all cartridges installed until the test is
completed. That means results for more than the minimum number of cartridges shall be included for
the cartridges with the higher depletion rates.

7.5.4 Additional cartridge sampling considerations

When testing additional engines and cartridges above the minimum, an equal number of cartridges
shall be tested on each engine.

When testing cartridges for a commercially available product, it is recommended that cartridges and
printers be procured from various sources, or sampled from different production lots. The printers and
cartrjdgesstattbewithimtheir usefuttife asstatedim the product user's mamuat:

NOTH Additional engines and/or cartridges available for testing can mitigate the possibility of cartridge
and/dr printer failure during testing.

7.5.5| Print and test environment

Temperature and humidity can have a profound effect on test results. Forthis reason, atest method
shall |fully specify the environmental conditions that can affect the test results and shall be used in
condyicting the test method. Furthermore, the test method shall spéeify the control requlirements for
mainfaining the testing and printing environmental conditions throughout the test period

For the environment conditions specified in a test method, the following shall be specified
— the sampling time period for measurement of the gperating condition
— the time period over which the running average.shall be computed.

In addition, a test method should specify the required operational uniformity over the vplume of the
printjor test environment when testing is conducted that is dependent on conditions in an area or volume
distrjbuted from the environmental controlmechanisms.

When relative humidity is specified, the running average shall vary no more than *15|% from the
operdting control point. When temperature is specified, the running average shall vary no more than
+3 °({from the operating controlpoint.

For example, the following wording may be used in a test method to specify test environment conditions
(the numerical values in.the following paragraph are for example only):

“Printing room temperature operational control point shall be 23.0 °C. The running ayerage of the
dperational fluctuation, sampled at least every 15 minutes, shall be within +3.0°C of the control
doint. The €émperature operational uniformity in the print environment, determined|prior to test
sftart, shallbe within +3 °C of the operational control point. Printing room humidity] operational
dontrol point shall be 50 % RH. The running average of the operational fluctuation| sampled at
least every 15 minutes, shall be within #15 % RH of the operational control point. The humidity
operational uniformity in the print environment -determined prior to test start-shall be within
+15 % RH of aim, at a constant temperature.”

Print environment conditions shall be included in the cartridge attribute test report. The maximum and
minimum running averages for temperature and humidity shall be reported for each cartridge tested.

All print materials shall be temperature acclimated to the print test room environment. Prior to testing,
the printer, paper and cartridges shall be acclimated to the above conditions for a minimum of 8 h. Before
acclimation, packaging and shipping materials shall be opened with care taken to prevent damage to the
cartridges during acclimation. Paper shall be acclimated in the ream wrapper. Water condensation shall
be avoided when printer, paper and cartridges are carried in the test environment.
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7.5.6 Paper

A performance test method shall specify paper for testing in terms of measurable physical paper
attributes. Cartridge test methods shall specify that any papers used in cartridge testing shall be only

those deeme

d acceptable for use by the printer manufacturer.

For page attribute value test methods, paper should be specified according to an acceptable range of
values for paper properties such as:

— Basis Weight (ISO 536)

— Grain direction (parallel to short/long edge)

— Thickne
— Opacity
— Stiffnes;
— Static ary
— Surface

— Moistur
— Gloss 60

— Paper cd

5s (1SO 534)

(ISO 2471)

, resistance to bending (ISO 2493-2)

d kinetic coefficient of friction (ISO 15359)
kmoothness/roughness (1SO 8791-3)

e content (ISO 287)

° for office papers (ISO 8254-1), 20° for photo papers (SO 8254-3)
lour (ISO 2469, ISO 5631-1)

— CIE Whi
— ISO Bri

The paper

eness (ISO 11476)
tness (ISO 2470-1)

anufacturer, paper name and model\number, weight and size, used in the test sh

required in the cartridge attribute test report..Related paper standards are listed in the Bibliogra

7.5.7 Mai
Printer main

NOTE Ex
belts or print

7.5.8 Test

For perform

tenance
tenance shall be perforined per the printer and cartridge user’s manual.

amples of common maintenance performed during testing could include: Replacement of tr
head units.

chart files

ance test'methods, one or more test chart file(s) shall be defined to be used for

portions of the, printing during the test. For example, the test chart file may be the print file spe

h11 be
phy.

ansfer

qll or
rified
is no

in the applid

able’ISO page yield standard. If a page attribute value is to be evaluated and there

existing ISO

test chart file that contains an appropriate test chart component for measurement of the
page attribute value, then one or more test chart(s) shall be specified in the test method.

The following test chart file characteristics can influence the outcomes of cartridge characterization
performance test methods:

— Colour values digital encoding method

— Visual colour definition of encoded colour values (e.g. ensure that encoded colours are referenced to
a human visual colour space such as CIELAB)

— Digital page definition language, including mixtures of vector and raster elements

— Pixels per inch resolution of rasterized file elements

18
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Layout and relationship between digital colour elements over the print page area

Test chart file compression method.

Test charts files developed for use in ISO/IEC 29142 cartridge characterization test methods shall be
designed with respect to each of these file characteristics to improve consistency when using the test chart.

It may be desirable to integrate testing of an attribute within an ISO yield test process in order to limit
testing resource. This integrated approach may be used for the purpose of additional attribute testing
and shall not be used in reporting yield test results.

Test chart designs shall include fiducials on each print page to allow measurement of the test chart
printp to ensure that the content is printed at a specified size.

A standard defining a test chart file and its usage shall specify the file reader requiirempnts and the
methpd to be used to generate the printer input and send the file to the printer. A°test chart standard
may fllow the use of one or more printing methods with the requirement that each printing method

t
prodiices colourant writing stimuli equivalent to a customer available printihg methoxll. Test chart

stand
The v
in ca
print

In thg
be sp
imag
desig]
print

ards shall require that printing method settings be recorded in the cdptridge attribut
ersion of the test chart file, the printer driver version, and the file reader version shal
rtridge attribute test reports. Before starting the test, a sample-ef the test chart fi
bd to check the image and ensure the proper size.

P testreport.
be required
e(s) shall be

case of raster image file test charts, uncompressed or losslessly compressed standard files should

ecified. In this case, if the printing system used in the-cartridge test cannot accept 1
b files for printing, the test chart standard shall speCify to convert the test chart file

ned and saved as a tiff file) to the highest quality-fe.g. least compressed] raster file for
ng system can accept just prior to printing. Enstire that the required patch size and p

is majintained in the converted printable file.

The 1
cartr]

Theh
softw

nethod used for connection between thehost computer and the printer shall be rec
dge attribute test report.

ost computer environment such as Operating System (0S), memory size, CPU type an
rare may affect the test results, so all of this information shall be recorded in t

attrilpute test report.

7.6

7.6.1

Test ¢

numh
from

Test methodology for lifetime and point attributes

Sample interval for printing test charts

he standard
for example,
mat that the
atch spacing

brded on the

1 application
he cartridge

harts shalhbe'introduced and collected at specified preset points during a cartridge liffe test based
on the expected page yield of the cartridges. The expected cartridge life is simply the

er of pages likely to be printed in the print mode chosen for the test. For example, the d
ISOAEC 19752, ISO/IEC 19798, or ISO/IEC 24711 is an appropriate expected cartrig

test

hpproximate
eclared yield
ge life if the

rotocol will be very similar to the methodologies of those standards. If no expected

artridge life

is available, then a test of 1 or more cartridges shall be run according to the rules established within the
test procedure to estimate an expected cartridge life for use in setting up a cartridge characterization
attribute test.

When a test method specifies test charts to be printed in conjunction with a cartridge life test, the test
shall be planned to provide for 5 sample test charts or more to be collected from each test cartridge.
Due to intricacies of the actual test conditions and to possible variation in expected cartridge life within
cartridge sets, the actual number of samples may vary.

7.6.2 Test sample frequency calculation for attributes tested in a life test process

Determine the expected cartridge life of the test cartridges as described in 7.6.1. If the test includes
cartridges with more than one expected cartridge life point, then choose the highest yield. At minimum,
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divide this quantity by 5. The test will be interrupted at integer multiples of this divisor quantity for the
purpose of sample printing and/or collection.

Example 1 A black-only printer with an expected cartridge life of 10,000 pages. Samples would be collected
every 10,000/5 = 2,000 pages.

Example 2 A colour printer with an expected cartridge life for cartridges of all colours of 20,000 pages.
Samples would be collected every 20,000/5 = 4,000 pages.

Example 3 A colour printer with an expected cartridge life of 500 pages for the black cartridge and an
expected cartridge life of 250 pages for the cyan, magenta, and yellow cartridges. Samples would be collected
every 500/5 = 100 pages. In this case, additional cyan, magenta, and yellow cartridges must be added to the test

process o) thf‘f allcolagursaro auailahlo untilthao lact hlacle nqrfwir]ga reachaos f‘qrfv'ir]go end-oflifo qt‘nnv‘r“ng to the

ISO/IEC stand
evaluation of

In addition t
the start of t
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7.6.3 Test

A performar

ardized cartridge yield test method. The results from any extra cartridges are to be included
point attributes.

b the sample points calculated above, test charts shall also be collected immediately b
he test.

collection process is tied to the printer page count and not directlyto the page cou
irtridges. Samples shall be collected throughout cartridge life but mot necessarily :
ng or at cartridge end-of-life for all cartridges.

Ing procedure

ce test method shall include specification of testing procedure steps including:

in the

efore

nt for
1t the

a) Testconppletion criteria.

b) Number|of printers and cartridges.

c) Preparafion of the supplies, printer equipment,"print environment, measurement environment,
and test|charts.

d) Conduct] of printing and the methodology to determine the cartridge life test points for [point
attributes’ data.

e) Handling of multiple cartridges w/th different yields with respect to sufficient test chartf and

statistic

7.6.4 Conditioning and measurement of test chart components for page attribute values

Prints of any
print hold. ]
measured cq

For page atti

plly valid measurementidata.

types shall be held for at least 24 h. Measurements shall be conducted after conditio
'he measdrement environment and test chart print holding environment can infl
lour values and variability in measurement results.

ibutevalue test methods, measurements and test chart print holding for measuremer

next test ph3

hing/
lence

tand

se.preparation shall be specified to be conducted in a controlled environment with ng

time

constraint or to be conducted in a less controlled environment with a time constraint.

The specification for the controlled test chart print holding environment with no time constraint shall
be the following set of conditions:

Testchartprints shall be keptin the dark, with temperature and relative humidity conditions controlled
to 23 £2°C, 50 + 10 % RH, while waiting for measurement and while holding between test stages.

The specification for the controlled measurement environment with no measurement process time
constraint shall be the following set of conditions:

Ambient illuminance on the test chart print surface no greater than 200 Ix, temperature and relative
humidity controlled to 23 + 2 °C and 50 + 10 % RH.
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The specification for test chart print holding and/or measurement conducted in a less controlled
environment after test chart print conditioning shall require that test chart prints be held or measured
in the less controlled environment for a maximum of 2 h prior to measurement. The less controlled
environment shall be specified to have a maximum temperature of 30 °C and a maximum relative humidity
of 75 % RH, with ambient illuminance on the test chart print surface less than or equal to 1000 Ix.

NOTE1  Stray light decreases the accuracy of measurements taken in less controlled lighting environments.
Shielding the measurement instrument from direct lighting so that the actual measurement surface lighting is no
more than 200 Ix can improve measurement accuracy and repeatability.

The temperature and humidity tolerances for the testchartprintholdingand measurementenvironments

apply_specifically to the vicinities in which the test chart prints are held and measured. Operational
fluctlliations, operational uniformity, and uncertainty of measurement shall be containefl within the

state

The 1
%RH

If pag
speci
inclu

surfar

illum|
repof

Confq
meas
color

If pag
accon]

1 tolerances in those vicinities.

heasurement environment and test chart print holding environment, with respect to t
and lightlevels, fluctuations, and uniformity shall be required in the cartridge attribut

e attribute values are specified in terms of colorimetry, such attributes shall be meag
fied measurement condition of ISO 13655. The specified measurement.condition requir
le the requirement of the relative spectral power distribution of the flux incident on t
e and the metamerism index of the light source, the sample backihg and the tristimulu
nant and observer. The backing used shall be required to be reported in the cartridge 4
t. Measurement conditions shall be specified to be consistent throughout the test pro

rming to ISO 13655, calculated tristimulus valués and corresponding CIELAB v
ured colorimetry shall be computed using CHE illuminant D50 and the CIE 19
metric observer (often referred to as the 2° standard observer).

speci
speci
speci
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7.6.5

Eic spectral product (e.g. Status A, Status T) to be used, the sample backing to be us

ding to ISO 5-3. The test method shall’§péecify whether or not a UV-cut filter shall

y that the reporting shall include thiése measurement conditions. Measurement condit
ied to be consistent throughout the test process.

le measurementinstrumentshall be used forall of the measurements of prints of test chart
vill be averaged or combined in a calculation or statistic. For example, density values o
hart component in N replicate prints shall be measured using the same measurement in

2 Inter-instrument agreement, within the same instrument model, assuming both units
and within their certification parameters, can be 0.8 deltaE average and 2 deltaE max. Thi
b1 in relation te measurements of reference materials, so actual errors can be higher than t
on, if comparing instruments across vendors, the unknown absolute calibration error differ]
strumentsnust be considered.

Proecedure for handling a defective cartridge or printer

emperature,
e testreport.

ured using a
ements shall
he specimen
s calculation
ittribute test
Cess.

hlues of the
31 standard

re attribute values are specified in terms of*optical densities, such attributes shall he measured

be used, the
ed, and shall
ions shall be

components
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btrument.

are in proper
5 error bound
hese limits. In
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During testing, a failure of the cartridge or printer may occur. Performance test methods shall specify
the consistent handling of defective cartridges and printers.

Cartridge failures are defined as occurrences of problems that result in replacement of the cartridge
before cartridge end-of-life as defined according to the ISO/IEC 29142 standardized or specified test
method. Examples ofthisin the case of cartridges could be excessive colourantleakage, structural failure,
etc. Printer failures are defined as non-user clearable errors that prevent normal printer operation from
occurring. An example of this might be the failure of the paper feed mechanism on a printer.

7.6.5.1 Defective cartridge

In the case of a defective cartridge, the number of the test charts printed and reason for failure shall
be required in the cartridge attribute test report. The cartridge shall then be replaced with a new
cartridge and the testing continued. ISO/IEC 29142 standardized or specified performance test methods
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shall specify the treatment of early cartridge end-of-life and whether the cartridge is to be classified
as defective. For the purposes of attribute determination, the defective cartridge shall not be used.
Performance test methods shall require that, for the test to be considered valid, at least the minimum
number of cartridge sets shall be run to the defined cartridge life test points.

7.6.5.2 Defective printer

In the case of a defective printer, performance test methods shall specify that the printer shall be
repaired or replaced and new cartridges shall be used for subsequent testing. In the cartridge attribute
test report, the number of the test charts printed by the replaced cartridges shall be required to be
recorded and it shall be required to record that the cartridges were replaced due to printer failure.
The failure df'the printer shall be required to be noted and the replacement printer serial number shall
be required fo be recorded. For the test to be considered valid, at least the minimum requirednimber
of each cartfidge per engine must be run to the defined cartridge life test points. In perfermancg test
methods, th¢ data obtained before printer failure cannot be used for attribute calculation unless jt can
be proved that the printer failure did not affect the previously tested cartridges. This justification| shall
be required |n the cartridge attribute test report.

8 Framework requirements for determination of declared attribute values

8.1 Determination of the declared value for continuous lifétime or continuous physi-

cal attributes

An average dnd a standard deviation for the continuous lifetime 0r continuous physical attribute will be

obtained from the test runs (e.g.n = 9).

n 1
. . _' X
age for a given cartridge, X = 2—
n
i=1

Sample Aver]

Sample Stanflard Deviation for a given cartridge, s=

where
Xi is the individual cartridge attribute value (e.g. for yield as in ISO/IEC 19752, the number pf
standard test pages printed between cartridge installation and cartridge end-of-life)
n is the sample size. [n/'this example, n = 9. (Generally, n shall be greater than or equal to 9)

For attributg

values.that are normally distributed, it can be stated with 90 % confidence that thq

t true

average value for'the lifetime attribute of the cartridge is within the following values:

S

Lower Confidence Bound = )_(_(ta,n—l )*

B

S

Jn

Upper Confidence Bound = }+(ta’n_1 ) *
Where

The value t4 -1 can be found on a Students’ t-Distribution Table with n-1 degrees of freedom (df or ‘v’)
and an a of 0.1. (in this example, n-1 =9 - 1 = 8) This provides a 2-tailed confidence interval with 90 %
confidence. This specific t-statistic for 8 degrees of freedom, and 90 % confidence is ty -1 = 1.860.

This can be used in the above calculation, only. A different sample size and/or different confidence
interval will yield a different tg 1.
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