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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.
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Introduction

The purpose of this document 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 document defines terms, symbols, and notations used throughout the ISO/IEC 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 ISO/IEC 29142 series is provided to aid transparency between manufacturers) suippliers and
their|customers regarding selected cartridge characteristics. The selected cartridge chpracteristics
do nqt allow an exhaustive cartridge characterization. Where applicable, cartridge attributes and the
assodiated characterization tests are used consistently with both ink and tonefcartridge technologies.
The [selected cartridge attributes are defined for all cartridges, regardless of manufacturing
methpdology.

© ISO/IEC 2021 - All rights reserved v
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Information technology — Print cartridge
characterization —

Part 1:

General: terms, symbols, notations and cartridge
ch 1zatl

cope

and ink cartridges.

ocument establishes terms, symbols, notations and a framework for characterizitLg toner and

Iti-function

bf such toner

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

The dharacterizations associated with the terms, symbolS{notations, and framework estab
are specified throughout the ISO/IEC 29142 series.

ormative references

The following documents are referred to.n the text in such a way that some or all of t
consfitutes requirements of this documient. For dated references, only the edition cited
undated references, the latest edition 6f'the referenced document (including any amendmg

[SO 53, Photography and graphic:technology — Density measurements — Part 3: Spectral co|

ISO 13655, Graphic technology)— Spectral measurement and colorimetric computation for|
images

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

erms-and definitions

ished herein

heir content
applies. For
nts) applies.

nditions

graphic arts

2: Cartridge

For thepurposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1
all-in-one toner cartridge

cartridge that includes at least: a toner (3.64) containment part (3.15), a photoreceptor part (3.47) and a

developer part (3.20)

Note 1 to entry: See Annex A for the term categorization.
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3.2
monochrome printer
printer (3.51) only capable of printing black and not configurable to print another colourant

Note 1 to entry: More than one black cartridge can be installed simultaneously if they have the same cartridge
identifier (3.10).

[SOURCE: ISO/IEC 22505:2019, 3.8, modified — The term was originally “monochrome inkjet printer”.]

3.3

binomial attribute
attribute which either occurs or does not occur and which is characterized by a count of the number of
times it occyrs in a particular number of observations

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

a) it consists of a sequence of n trials for some n > 1,

b) each tria] has exactly two possible outcomes, A and B, which are mutually exclusive,

c) P(A), the[probability of A, takes the same value P on all n trials. P(B) is likewise fixedat 1-p,
d) thentrigls are independent of one another.

34

cartridge
user replacepble unit (3.67) operating with a printing system that includes at least a contdining
mechanism ¢lesigned for materials intended for deposition ona substrate (3.62)

3.5
cartridge-attribute test report
report inclufing the information of a cartridge custéiner report (3.18) and the detailed cartridge-
characterizdtion results of an ISO/IEC 29142 cartridge-characterization test (3.6) reported for cusfomer
presentatior] according to a required format

Note 1 to entyy: The format is prescribed according to each ISO/IEC 29142 standardized or specified cartridge-
characterizatjon test and is in conformancewith ISO/IEC 29142-2.

3.6
cartridge-characterization test
test method|provided in conformance with this document for the purpose of evaluating an attribfite of
a cartridge dr cartridge set [3:12) of interest to cartridge and cartridge set users

3.7
cartridge co¢llector
party providing a cartridge take-back (3.63) or collection program

EXAMPLE Ahdusiness entity designated to collect cartridges.

3.8
cartridge element
sub piece of a cartridge other than the containment part (3.15) of the cartridge

39

cartridge end-of-life

point in a cartridge life cycle from which the cartridge is no longer used for its intended purpose
without additional non-customer interaction

3.10
cartridge identifier
formatted human readable arrangement of information uniquely specifying a distinct cartridge

2 © ISO/IEC 2021 - All rights reserved
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3.11
cartridge life percent completion point
point in the life of a cartridge computed as a percent of expected cartridge life (3.25)

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

EXAMPLE1 A printer (3.51) often has more than one fully functional cartridge set.

EXAMPLE 2  Default colour renditions: printed black, red, green, blue, cyan, magenta, and yellow.

3.13
cartridge supplier
cartrjdge marketer, manufacturer, remanufacturer (3.57), refiller (3.55), or distributor, being the party
or parties responsible for marketing the cartridge and providing customer support for the|cartridge

3.14
coloyr printer
printer (3.51) with an operating part to apply ink (3.28) or toner (3.64) on a substrate (.62), with a
functiionality to produce print output containing colours

3.15
containment part
part ¢ontaining the mechanism designed for materials intended for deposition on a substrdte (3.62)

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

3.17
crosg-systems attribute tolerance range
CSATR
rangé of actual attribute values for(a cartridge-characterization attribute of a particuldr cartridge-
chargcterization test method, determined from evaluation of exemplary systems to which the test
methpd applies

3.18
custgmer report
repoft, including a cartridge notification, and a cartridge-attribute checklist, with summdry results of
selected ISO/IEC 29142 cartridge-attribute characterization tests, presented according tp a required
format

Note [ to entry: The format is prescribed according to each ISO/IEC 29142 standardized or specified cartridge-
charatterization test (3.6) and is in conformance with ISO/IEC 29142-2.

3.19
deposition material

material, ink (3.28) or toner (3.64), liquid or solid, colourant or non-colourant, that can be contained in a
cartridge, and that is designed for deposition on a surface by means of a printing system

3.20

developer part

physical mechanism, which is often a cartridge element (3.8), which functions to apply toner (3.64)
particles to the latent image on the photoreceptor part (3.47) of an electrophotographic printing system

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

© ISO/IEC 2021 - All rights reserved 3
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dye ink
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material designed for liquid state deposition on a substrate (3.62), including a chemical dye colourant

3.23

electrophotographic printer
printer (3.51) principally using optoelectronic phenomena and electrostatic attraction to move toner
(3.64) to a substrate (3.62)

3.24
end-of-life
phaseinac

rfrl'r]go life r‘yr]o whenthe rart‘riﬂgn canno ]nngnr beused foritsintended purpose without

additional n

3.25
expected cd
approximate

(3.9) according to an ISO/IEC 29142 standardized or specified test method

3.26

filled cartridge

user replaceq
intended for

3.27

n-customer interaction

rtridge life
number of pages likely to be printed from a cartridge when ran to cartridge end-

ble unit (3.67) of a printing system that includes at least ink (3.28) or toner (3.64) matg
deposition on a substrate (3.62) and a containing mechanismfor such materials

of-life

rials,

disposal method that involves combustion of waste material'gonverting it into heat, gas, steam anld ash

incineratioLL
but not incl

3.28
ink
material, wh

3.29
ink cartridg

user replacec
for ink (3.28

3.30
ink deposit
imaging app

EXAMPLE

3.31
inkjet print

ing smelting

ich often includes colourant, designed-for liquid state deposition on a substrate (3.62)

e
ble unit (3.67) of a printing-system that includes at least a containing mechanism des
intended for depositiomron a substrate (3.62)

on mechanism
hratus for depositing ink (3.28) on a printing substrate (3.62)

A printhead.

er

gned

printer (3.51

with an operating part, for example, a printhead, to apply ink (3.28) on a substrate (3

p.62)

3.32

integrated ink cartridge
cartridge that includes at least: an ink containment part (3.15) and an ink deposition mechanism (3.30)

3.33
landfilled

waste disposal in a landfill or other non-reuse, -recycle, -remanufacture, -waste to energy, or
-incineration depository, excluding the residuals from waste to energy (3.68) and incineration (3.27)

© ISO/IEC 2021 - All rights re
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3.34

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.

3.35

lifetime attribute

cartridge performance attribute (3.45) which can only be measured by printing to cartridge end-of-life
(3.9) according to an ISO/IEC 29142 standardized or specified test method

3.36

material safety data sheet
MSD§
safety data sheet
SDS
formcontaining safety information about the ink (3.28) or toner (3.64) containéd in cartridges designed
for use in printing applications which includes physical, chemical, @nd toxicological properties,
regulatory information, and recommendations to ensure safe handling

3.37
multj-chamber ink cartridge
ink cqrtridge (3.29) that is designed to contain two or more inks

3.38
multj-function printer
MFP
printer (3.51) with an operating part to apply ink\8.28) or toner (3.64) on a substrate (3.p2), and also
providing additional functions such as fax and.copy

3.39
non-¢olourant ink
matefial designed for liquid state depasition on a substrate (3.62), such as gloss optimizers gnd fixatives,
not cpntaining a colourant

3.40
non-¢olourant toner
solid [material, not containing colourant, capable of taking on an electrostatic charge, flesigned for
deposition on a substrate (3.62) under the control of electrostatic forces in conjunction wjith a surface
havirg a controlled distributed charge such as gloss optimizers and fixatives

341
non-priginal-cartridge
cartrjdge(that is marketed by a company other than the company that markets the printinlg system for
WhiC‘l the cartridge is intended

3.42

original cartridge

cartridge that is marketed by the company that markets the printing system for which the cartridge is
intended

3.43
original equipment manufacturer
company that markets a printing system

3.44

page-attribute value

value of a performance point attribute (3.50) that is the value of that attribute evaluated from a complete
single printed page

© ISO/IEC 2021 - All rights reserved 5
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3.45

performance attribute

attribute which can be determined only through printing with the cartridge(s) installed in an
operational printer (3.51)

3.46

photo printer

printer (3.51) with an operating part to apply ink (3.28) or toner (3.64) on a substrate (3.62), with the
functionality to print images on photo paper sizes and types

3.47
photorecepgorpart
photocondugtor
physical me¢hanism, such as OPC, that includes a surface that accepts a uniform electrostati¢/charge,
with a surfage that can subsequently be selectively discharged by exposure to light, and whichfaciljtates
transfer of tpner (3.64) to media after such exposure

3.48
physical atfribute
attribute which can be determined directly from the cartridge and whichis independent of|print
systems

3.49
pigment ink
material degigned for liquid-state deposition on a substrate (3(62), including a chemical pigment
colourant

3.50
point attribjute
performancg attribute which can be measured on_pages printed at any point during the life ¢f the
cartridge

3.51
printer
device intenfled to apply colourant(s) to.a substrate (3.62) in response to a digital signal

3.52

recovery
process to divert cartridges and/or cartridge materials from the solid waste stream and into prodyctive
uses

3.53
recycle
reuse (3.58),|remanufacture (3.56) or otherwise divert from a solid waste stream

3.54
refill
operation to replace ink (3.28) or toner (3.64) in a customer’s cartridge that does not involve the
replacement or refurbishing of worn cartridge components

3.55
refiller
cartridge supplier (3.13) that refills (3.54) customer’s cartridges

3.56

remanufacture

operation to replace or clean components and add ink (3.28) or toner (3.64) using cartridges from
cartridge take-back (3.63) or collection programs

6 © ISO/IEC 2021 - All rights reserved
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3.57
remanufacturer
cartridge supplier (3.13) that produces or markets remanufactured (3.56) cartridges

3.58

reuse

operation in which a whole or a component part of a cartridge is incorporated in the manufacture or
remanufacture (3.56) of a cartridge, such that the whole or component part is intended to be put into
service for the same purpose for which it was conceived

3.59
single chamber ink cartridge
ink cqrtridge (3.29) that is designed to contain one ink

3.60
single function printer
SFP
printer (3.51) with an operating part to apply ink (3.28) or toner (3.64) on a'substrate (3.62), having no
additjonal functions such as fax or scan

3.61
standlard error goal
allowled upper limit of the error in page-attribute value (3.44) measurements, determined fas the upper
limit pf the standard error of the estimated mean of the measurements

3.62
substrate
user $electable imageable surfaces

EXAMPLE Paper, cloth.

3.63
takeiback
programs sponsored by cartridge suppliers (3.13) and conducted by cartridge collectors |(3.7) for the
purpgse of obtaining cartridges aftercartridge end-of-life (3.9)

3.64
toner
solid material, capable of taking on an electrostatic charge, designed for deposition on a suljstrate (3.62)
under the control of electrostatic forces in conjunction with a surface having a controlled distributed
charge

3.65
toner cartridge
user feplgeéable unit (3.67) of a printing system that includes at least a containing mechanism designed
for taner(3.64) intended for deposition on a substrate (3.62)

3.66
toner deposition mechanism
imaging apparatus for depositing toner (3.64) on a printing substrate (3.62)

EXAMPLE A surface having a controlled distributed charge.

3.67
user replaceable unit
part of a printing system that is designed to be removed and replaced by a user

3.68

waste to energy

form of recovery (3.52) in which the energy generated from incineration (3.27) is captured and used as
energy

© ISO/IEC 2021 - All rights reserved 7
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4 Requirements

The framework explained in this document shall not be used directly for comparison of products.
For a comparison using test-method standards compliant with the framework of this document, the
minimum requirement is that the conditions for measuring parameters, as well as the entire test

conditions explained in such compliant standards are required to be in agreement.

5 Structure of the ISO/IEC 29142 series

5.1 Datareporting

This documgpnt establishes the product and package labelling requirements, and related repq
requirements for toner and ink cartridges used in printing devices that have a digital inpub pri

path, includji

Cartridge-ch
with this dg
the labelling
ISO/IEC 291
are establish

a cartrig
a cartrig
a custon
a cartrig

Customer an
testing shall
claimed in t}

The provisi
cartridges a

g multi-function devices.

aracterization tests standardized or specified in the ISO/IEC 29142 series'to be com]
cument, and environmental standards compliant with ISO/IEC 291423, shall adhe
, notification and reporting specifications in ISO/IEC 29142-2. For' ¢enformance wit
12 series, according to ISO/IEC 29142-2, four levels of labelling, notification and repc
ed:

ge label,

ge notification,

her report,

ge-attribute test report.

d cartridge-attribute test reports from:inik and toner cartridge-attribute characteriz
include results from the test perforimed directly on each printing system that sh
le cartridge reporting.

bns for traceability between<these notification and reporting levels and the re
e specified.

Processes applied after cartridge end-of-life can include recycling cartridges for new cartridge

other new u
cartridges, 3
canresultin
stream.

5es, such as in the nfanufacture of non-cartridge products, refill of cartridges, recove
nd remanufactureyof cartridges for another usage cycle. Taken together, these prog
directing matetrials from cartridges so that the materials are diverted from the solid

rting
nting

bliant
re to
h the

rting

ation
hll be

lated

5 and
b1y of
esses
vaste

Achieving mlinimal . waste after cartridge end-of-life requires that cartridge suppliers, manufactyirers,

remanufacty
manner cons

rers; eartridge collectors, and users conduct each stage of the cartridge life cycld
istent with this objective. The requirements of ISO/IEC 29142-2 specify information

in a
to be

€ use

provided by

(‘;\rfridgp cnppliprc’ and r‘nrfridgp collectors so that users are enabled to conduct t

stage of the cartridge life cycle in a manner consistent with diverting cartridge materials from the solid
waste stream after cartridge end-of-life.

5.2 Environmental

This document establishes a framework of environmental provisions, distinct from the cartridge-
characterization framework of this document, for environmental standards for toner and ink cartridges
used in printing devices that have a digital input printing path, including multi-function devices.

ISO/IEC 29142-3 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

© ISO/IEC 2021 - All rights reserved
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environmental, health and safety provisions that inform and benefit the user regardi
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.

-1:2021(E)

ng potential

Legal requirements and customer expectations are considered associated with material use,

manufacturing operations, packaging, and/or end-of-life processes.

2

1S0/1

€-29t42-3provides the foltowing:

—

he terms and definitions related to cartridge environmental attributes (Clause 3 and

Annex A),

artridge environmental attributes for inclusion in environmental labels, standard
rocurement criteria,

—

bst methods that manufacturers, test laboratories, etc., use to determine values for
artridge environmental attributes,

Q

hethods for determination of declared values from the test resuits,

5.3 [Toner and ink cartridge characterization

Parts
attril
inclu
for eq

of the ISO/IEC 29142 series specify cartridge-characterization test methods t
utes of toner and ink cartridges used in printing devices that have a digital input p
ling multi-function devices. These cartridge-characterization test methods pertain {
uipment used in office environments.

The |
the f1f
reped
relati
humi
are sj

[SO/I
toner|
A3 (4
test methods-ticlude additional constraints to limit their applicability to subsets of car
partifular types of cartridges.

SO/IEC 29142 series defining cartridge-characterization test methods is required to

table, objective measurements-and testing procedures that include specification of t
ve to cartridge lifetime, and specification of test operating conditions such as temy
lity. The print-related attributes tested in ISO/IEC 29142 cartridge-characterization
pecified with respect to, selected paper properties and values.

EC 29142 cartridge-characterization test methods do not pertain to characterizati
or ink cartridges for printers whose minimum printable output size is equal to or

[SO/IEC29142 cartridge-characterization test methods are required to be specified in accq

hethods for declaration of conformance to provisions thatde not require measuremeit.

amework for cartridge characterization defined in this document. The framework regrl

s and green
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rinting path,
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20 mm x 297“mm) or to toner or ink cartridges sold only for photo-only printers. The particular
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6 Framework overview for cartridge characterization

6.1 Elements of a print system

reported as

In the context of digital information systems, a printing system contains at least the following

operational functionalities:

— computational functionality,
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put,

colourant(s),

affixes t

The comput3
in a single cq

ourant(s),

control and hardware functionality,

applies the deposition material(s) to the substrate,

converts the general form of the digital source content to the information layout of the required
print out

converts the digital source colour information to the encoding values of the printing system

determines the spatial distribution of the one or more deposition materials, including the one or
more col

he deposition material(s) to the substrate.

tional functional operations are implemented in a variety of ways, including implement
mponent with the control and hardware functionality, or implementation-distributed

several components that are not co-located with the actual material deposition and fixing functio

Cartridges a
of a printing
certain aspe
of the compy

6.2 Cartr

Ink and tone
of the ISO/IH
includes at 14

hd the deposition materials they contain are used by the control and hardware functios
system and have significant impact on that portion of any printing system. In add
Cts of cartridges and the deposition material(s) they contain are’'considered in the oper
tational functionality.

dge configurations

r cartridges can be implemented in a variety of func¢tional configurations. For the pu
C 29142 series, a cartridge is a user-replaceableUnit operating with a printing systen
ast a containment part for toner or ink. Withinsthis overarching definition, three funcf

ation
over
ality.

hality
ition,
ation

Fpose
h that
ional

configuratio ed in

the 1SO/IEC

s of toner cartridges and two functionalconfigurations of ink cartridges are defin
9142 series.

Toner cartriglge functional configurations are:

a) single-pprt toner cartridge: a toner cactridge that includes only a toner containment part,

b) two-partf toner cartridge: a toner.cartridge that includes a toner containment part and a devedloper
part and does not include a photoreceptor part,

c) all-in-orje toner cartridge;-atoner cartridge that includes a toner containment part and a devedloper
part and a photorecepter'part.

Ink cartridge functional'cenfigurations are:

a) single part ink eartridge: a cartridge that includes only an ink containment part,

b) integratpd{ink cartridge: a cartridge that includes an ink containment part and an ink deposition
mechanlsm

Each of the ink and toner cartridge functional configurations contains one or more deposition
materials, ink or toner, colourant or non-colourant, for use in a printing system. For example, a single
multi-chamber ink cartridge contains more than one ink.

The provisions of ISO/IEC 29142-3 and cartridge-characterization test methods of the ISO/IEC 29142
series are structured to apply equally to these functional and multi-chamber cartridge configurations.

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
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print system in delivering these print quality results. The cartridge-characterization framework of
this document 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,

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
garts 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 ¢artridge-characterization framework of the ISO/IEC 29142 series‘provides test imethodology

do

cal attributes

requirements applicable to selective characterization of physical attributes, indepen
systejms.

nt of print

NOTE
of car]

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

7 Attribute framework for testing and characterizing cartridges

7.1 |Overview

The
attrik
direc
cartr
inter

rartridge-characterization framework:Of*this document draws a distinction betw
utes and performance attributes of cartridges. Physical attributes are those that can
tly from the cartridge without inserting the cartridge into a printer. For example, the
jdge is a physical attribute. Perfermance attributes, by contrast, are those determined
hction of the cartridge with a printer.

cen physical
be evaluated
material of a
through the

Carty
by their nature are reflective of the performance over cartridge life. The most obvious

idge performance attributes fall broadly into two categories. The first is lifetime attributes. These
of this type

is cal
reach
secor]
cartr

on a page thathas been printed using the cartridge.

Cartry

tridge yield, which.€an only be measured by running cartridges in printers until
es cartridge end-of-life according to an ISO/IEC standardized cartridge yield test
d category is peint attributes, which can be evaluated at any single test point w
dges. An example of this type is an attribute of print on a specific page or within a sp

idge performance attributes shall not include page-attribute value assessments

he cartridge
method. The
hile running
ecific region

of absolute

r toward the

colourdnt colour values, with the understanding that such an assessment weighs heavily
colouramtdesigmrather tham the cartridge itsett:

Any attribute can also be categorized as either discrete or continuous according to the definitions in
Clause 3. Discrete attributes can have only a limited number of values. For example, an attribute that
can only be quantified using a qualitative scale (such as poor, fair, good, very good, etc.) is discrete.
Binomial attributes are the limiting special case of discrete attributes, with only 2 possible values, such
as yes or no, pass or fail, present or absent, 0 or 1, etc. For example, cartridge part breakage during a life
test could be categorized as a binomial attribute. If a part breaks during the test, then the value of the
attribute for the cartridge in which it broke is “Yes.” If no part breaks, then the value is “No.”

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 a spectrophotometer is typically a continuous
attribute.
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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 is 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.

Cartridge characterizations according to this document shall allow the following attribute types.

a) Continupus attributes measured with objective instruments such as spectrophotometers, which
can proyide at least 10 different values for each sample within the range of interest.

NOTE The values of a continuous variable are generally broken down to discrete levels based on
the resotlltion 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 S&[Ch as
t-tests o1] confidence bounds based on normal distributions can be used. On the other, hand, treatment as a
continuops attribute is not appropriate for attributes that have only a limited number of values.

b) Discretq attributes which are objective in nature and which have a ranhge of possible values|of 10
or more|and, therefore, can be modelled as continuous. Attributes aof this type include page cpunts
for determination of cartridge yield. For the purposes of this\document, such attributes|shall
be cons|dered continuous attributes so that their variation can be modelled using contifuous
distribufion approximations. Discussions pertaining to¢modelling continuous attributgs in
subseqjent sections also pertain to discrete attributes méeting these specified conditions.

c) Binomidl attributes, these are of some interest and therefore methods are included for trgating
them. Hpwever, the sample sizes are increased to compensate for the poor information cont¢nt in
these types of attributes.

This documgnt does not include methods for gharacterizing cartridges with subjective, multitlevel
grading systems (e.g. poor, fair, good, very goad;etc.).

The attribute types that can be characterized in accordance with this document are illustrated in
Figure 1.

Defined attribute types
Continuous
Physical
(determined directly from the cartridge)
Binomial
— Continuous
Eifetimme
Performance — Binomial
(interaction of the
cartridge with a printer) ) Continuous
Point —
— 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 ran in each printer to the cartridge life percent completion point or points required in the test
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method. The use of an appropriate number of cartridges and printers in such tests enables a statistical
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 often add additional constraints.

7.2 Special considerations for binomial and continuous performance point attributes

Due to the many sources of variability which can influence point attributes, a single measurement
of point attributes is not sufficient to characterize cartridge performance. In order to adequately
neasure the
ots on a test

age shall be
o determine
ay provide a
n be defined
as, for example, the average, minimum, maximum, or some other statistic derived from each region of
inter¢st.

Becalise point attributes are evaluated at a single test point) test methods which evialuate point
attrilputes shall require that the cartridge-attribute test réport includes the cartridge|life percent
complletion point or points at which point-attribute data were collected throughout the entjre cartridge
life.

As r¢commended in this document, point attribiites can be measured in conjunctipn with the
appropriate yield standard defined in ISO/IEC\19752, ISO/IEC 19798, the ISO/IEC 24711 series,
ISO/IEC 22505 or ISO/IEC 29102.

7.3 |Special considerations for paint and lifetime binomial attributes

A binpmial treatment of an attribute'is established by the use of a two-state criterion. Such a two-state
critefion can be applied to the results of a metric that produces a continuous range of vajues or to an
attribute that intrinsically has;two value states. A cartridge shall be determined to either have or not
have the attribute under observation. This determination shall be made according to evaluation criteria
unanjbiguously defined 4n the test method.

For ekample, the océurrence of an attribute value in a region of interest can be evaluated gs a binomial
pointlattribute. An‘\example two-state criterion rule for this is:

Counf only the attribute occurrences meeting the specific criterion x, y, z and consider the| cartridge to
have puchrattribute occurrences only if the attribute occurs in n test charts collected at each of m points
of the cartridge lifetime.

The statistics collected are the number of cartridges for which the attribute occurs and the number of
cartridges tested.

7.4 Special considerations for performance testing with page-attribute values

In performance-attribute test methods dealing with page-attribute values, a statistically wvalid
measurement plan shall be determined and incorporated into the test method and test chart design.
The measurement plan 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.
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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 10 % of CSATR of the page-attribute value under test. The CSATR 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

Wlth the measurement p]an ofthe test prnr‘nr]nro’ as. rnqnirod taoachieve the standard error gnq]

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

N, o= max{Z roundup [(s/s )2 ]}

S,eg ’ eg

where

Ny, is[the required number of measurements to achieve the standard error goal;

S is|the standard deviation of the attribute measurements‘as tested with a particular|print

sylstem to which the test method applies;

Seg  is[the standard error goal, which is 10 % of the GSATR of the page-attribute value under test.
The N, ., replicate test chart component measurement values shall be required to be averaged and
treated as a >1r1gle measurement within the page-attfibute value evaluation of the test method.

Each page-

tribute 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 componpents,
measurements per test chart component, nieasurement equipment used, and the standard error

estimated

The CSATR
determined

an of the measurements, achieved in the test.

f the page attribute under test can be determined based on available industry data
through testing during the test method development process. In the case of testiy

CSATR, intenptionally choose abroadly diverse range of print systems and cartridges within the

of the test m
between the

The estimatp

ethod, and measyire the page attribute under test. CSATR is determined as the diffe
minimum and-maximum page-attribute values obtained from the tested systems.

of the(standard deviation of the page-attribute value measurements shall includ

variability
within a pa

i

e to-the measuring instrument and the printed inconsistencies of the test chart pr

rkictlar representative print system and is given by s in the following:

bf the

or be
1g for
scope
rence

e the
int(s)

—Zx

n is the number of replicate measurements made.

To determine N, 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
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printed regions of interest. Screen the data for outliers and extremes. Use the larger value of s when
calculating N .

The standard error of the estimated mean of the measurements, s, is equal to the estimate of the
standard deviation of the measurements divided by the square root of the number of measurements, as
follows:

To develop the measurement plan of the test method, evaluate the following.

1. The standard error of the estimated mean of the measurements—as a function of the.njeasurement
edquipment and the print consistency within a single test chart print component as.follpws.

—

se Ny ., measurements per test chart print component and compute s and’s,-using|the multiple
heasurement values within a test chart print component, after discardihg outliers and extreme
alues.

< 0

NOTE1 Foranexample, see ASTM E 1345.

2. The standard error of the estimated mean of the measurements~~as a function of the mieasurement
dquipment and the print system page-to-page consistency and.ih-page consistency as follows.

Use N, ., replicate test chart components either withinfa single page test chart design or across
replicate prints of the test chart, take one measuremernt per test chart component and compute s
and s, using single measurements for each of the replicate test chart components, aftgr discarding
dutliers and extreme values.

NOTE 2  For an example, see ASTM E 1345.

3. The combined standard error of the estimated mean of the measurements across 1eplicate test
hart components, with multiple measurements within each test chart component as fpllows.

Q

—

se N; o, as the number of replicate test chart components times the number of measyrements per
tpst chart component, and compute s and s, using the multiple measurements across fhe replicate
test chart components, aftef discarding outliers and extreme values.

NOTE3  For an example, see ASTM E 1345.

The yse of replicate régions of interest improves the validity of test results in cases where noticeable
printed inconsistencies are present.

Using the infotimation of the three standard error of the estimated mean of the measurements
evaluations,specify the allocation of N ., number of measurements as replicate test chartjcomponents
and measurements per test chart component to achieve the desired standard error godl in the test
procé¢dure.

For example, consider whether the standard error of the estimated mean of the measurements—
as a function of the measurement equipment and the print consistency within a single test chart
print component or as a function of the measurement equipment and the print system page-to-
page consistency and in-page consistency—would dominate a combined measurement result.
Consider specifying measurements of multiple replicates rather than multiple measurements within
a single region of interest in the case of expected significant print system page-to-page and in-page
inconsistencies.
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7.5 Testrequirements for all attributes

7.5.1 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.

If the cartriflges used in testing are colourant replenishment or colourant bottle types, then orLe set
of cartridge$ shall be used to cartridge end-of-life according to the ISO/IEC 29142 standardized or
specified te4t method in each printer before the start of the test. The pages printed tondeplete fthese
priming carfridges shall not be recorded and printing can be conducted at any enyvironment. The
priming carfridges are used to bring the printing system to a set colourant level condition.

The cartridges used to bring the printing system to a set colourant level conditien shall not staft out
full. For large capacity systems, using a complete cartridge could result intens of thousands of pages
printed just fo bring the system to a set condition.

print quality modifiers shall be at their factory pre-set.configuration for the printdr and
default instdlled condition for the driver. If the printer and driver differ, then the driver defaults|shall
be used. Any user selectable colourant conservation modes shall’be disabled during testing.

Cartridge-cHaracterization testing shall use simplex printinig'as the basis for characterizing carfridge
attributes. Modifying each component in the printing opetation to simplex is required if that is n¢t the
default. Excgption or optional cases for duplex operation:is specifically required within a test mdthod.
Page order shall be specified in each test method.

Test methods that evaluate page-attribute values shall require the driver selection for paper/media
type to matdh the actual paper/media specified'and used in the test. In test methods that do not include
measurement of page-attribute values, the.dpviver selection for paper/media shall be ‘plain paper’ ¢r the
closest equiyalent available in the driver/Ilf auto media detection is available on the printer, it shpll be
disabled if ppssible, to avoid inaccurate.sensing of the media. If the auto media detection is presert and
cannot be dipabled, this shall be required to be reported in the cartridge-attribute test report.

7.5.2 Sample size for continuous attributes

The sample size for each.continuous attribute value shall be a minimum of nine physical cartridgg sets.
Performancg attributés’shall be tested using a minimum of three printers.

For lifetime fttributés, an equal number of cartridge sets shall be tested on each printer. For exaniple, a
test method pftenrtequires three sets of cartridges to be tested on three printers with each printer jusing
three sets o r‘nrfridgpc Inthe case of a fypir‘nl four colour prinfpr with four cing]p colour r:\ri’ridges

this would result in 36 cartridges being tested, 9 black (K), 9 cyan (C), 9 magenta (M) and 9 yellow (Y).

For point attributes, data shall be collected for all cartridges installed until the test is completed. This
means that results for more than the minimum number of cartridges are often included and it means
that results can include data for cartridges only partially depleted.

7.5.3 Sample size for binomial attributes

Many more observations are required to make sound statistical statements for binomial attributes
than for continuous attributes. In conformance with this test method framework, binomial attributes
shall be tested to at least a 90 % confidence level. Furthermore, the sampling shall be such that, within
the confidence bound, the detection limit of the occurrences of the attribute in the population is 5 %
or less, or 95 % or more. Therefore, in conformance with this test method framework, the sample size
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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 shall be used. 45 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 shall 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).

complleted. That means results for more than the minimum number of cartridges shall be
the cartridges with the higher depletion rates.

til the testis
included for

7.5.4| Additional cartridge sampling considerations

When testing additional engines and cartridges above the minimum, ancequal number ¢f cartridges
shall pe tested on each engine.

When testing cartridges for a commercially available product, it isirecommended that cartridges and
printers be procured from various sources, or sampled from different production lots. The|printers and
cartrfdges shall be within their useful life as stated in the product user’s manual.

NOTH Additional engines and/or cartridges available for tésting 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. For this 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 specify the control requlirements for
maintaining 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 operating 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
print]or test environment when testing is conducted that is dependent on conditions in an area or
volure distribiited from the environmental control mechanisms.

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 v4ry no more

i 3OC £ th ti trol int
than = rOom e npnra H’\g CONLro pn]h

For example, the following wording is used 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 average of
the operational fluctuation, sampled at least every 15 min, shall be within 3,0 °C of the control
point. The temperature operational uniformity in the print environment, determined prior to test
start, shall be within +3 °C of the operational control point. Printing room humidity operational
control point shall be 50 % RH. The running average of the operational fluctuation, sampled at least
every 15 min, 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.”
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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.

7.5.6 Paper

A performallce 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’bg only
those deemdd acceptable for use by the printer manufacturer.

For page-attiribute value test methods, paper should be specified according to an a¢ceptable range of
values for pdper properties such as:

— grammadge (ISO 536),

— grain difection (parallel to short/long edge),

— thicknegs (ISO 534),

— opacity [ISO 2471),

— stiffnesg, resistance to bending (ISO 2493-2),

— static anld kinetic coefficient of friction (ISO 15359),
— surface moothness/roughness (ISO 8791-3),

— moisturg content (ISO 287),

— gloss 60F for office papers (ISO 8254-1),-20° for photo papers (ISO 8254-3),
— paper cqlour (ISO 2469, ISO 5631-1),

— CIE whiteness (ISO 11476),

— ISO brightness (ISO 2470;1).

The paper manufacturer;paper name and model number, weight and size, used in the test shall be
required in the cartridge-attribute test report. Related paper International Standards are listed in the
Bibliography.

7.5.7 Maintenance

Printer maintenance shall be performed per the printer and cartridge user’s manual.

NOTE Examples of common maintenance performed during testing can include replacement of transfer
belts or print head units.

7.5.8 Test chart files

For performance test methods, one or more test chart file(s) shall be defined to be used for all or
portions of the printing during the test. For example, the test chart file is the print file specified in the
applicable ISO page yield standard. If a page-attribute value is to be evaluated and there is no 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.
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The following test chart file characteristics can influence the outcomes of cartridge-characterization

performance test methods:

colour values digital encoding method,

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,

:'Il

Itisd
resou
be us

esirable to integrate testing of an attribute within an ISO yield testprocess in order to
rce. This integrated approach is used for the purpose of additional attribute testing
ed in reporting yield test results.

Test

printp to ensure that the content is printed at a specified sizé)

A standard defining a test chart file and its usage shall/specify the file reader requirem
methpd to be used to generate the printer input and send the file to the printer. A test ch
allows the use of one or more printing methods)with the requirement that each prin
prodiices colourant writing stimuli equivalenpto a customer available printing metho
standards shall require that printing method:settings be recorded in the cartridge-attribut
The version of the test chart file, the printerdriver version, and the file reader version shal
in cartridge-attribute test reports. Beforé starting the test, a sample of the test chart fi
printed to check the image and ensure the proper size.

visual colour definition of encoded colour values (e.g. ensure that encoded colours are referenced to

ods shall be
sing the test

limit testing
hnd shall not

Chart designs shall include fiducials on each print page ‘to”allow measurement of the test chart

ents and the
art standard
ing method
. Test chart
e test report.
be required
e(s) shall be

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

be specified. In this case, if the'printing system used in the cartridge test cannot accept {
image files for printing, the test chart standard shall specify to convert the test chart file
iglhed and saved as atifffile) to the highest quality (for example, least compressed) rast
he printing system/can accept just prior to printing. Ensure that the required patch si
hg is maintainedin the converted printable file.

spaci

The 1
cartr

hethod used for connection between the host computer and the printer shall be rec
jdge-attribute test report.

The Hostrcomputer environment such as operating system (0S), memory size, CPU type an

he standard
for example,
or file format
ze and patch
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1l application
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test report.
7.6 Test methodology for lifetime and point attributes

7.6.1 Sample interval for printing test charts

ge-attribute

Test charts shall be introduced and collected at specified preset points during a cartridge life test based
on the expected page yield of the cartridges. The expected cartridge life is simply the approximate
number of pages likely to be printed in the print mode chosen for the test. For example, the declared
yield from ISO/IEC 19752, ISO/IEC 19798, the ISO/IEC 24711 series, ISO/IEC 22505 or ISO/IEC 29102 is
an appropriate expected cartridge life if the test protocol is very similar to the methodologies of those
standards. If no expected cartridge life is available, then a test of one or more cartridges shall be run
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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 five 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 can 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 w
divide this q
the purpose

EXAMPLE 1
collected ever

EXAMPLE 2
Samples woul

EXAMPLE 3
expected car
every 500/5
process so th
the ISO/IEC s
evaluation of

In addition t
the start of t

This sample
individual c
very beginni

7.6.3 Testiing procedure

A performarn

lantity by five. The test shall be interrupted at integer multiples of this divisor quanti
of sample printing and/or collection.

A monochrome printer with an expected cartridge life of 10 000 pages. Samples woy
y 10 000/5 =2 000 pages.

A colour printer with an expected cartridge life for cartridges of all eolours of 20 000
d be collected every 20 000/5 = 4 000 pages.

A colour printer with an expected cartridge life of 500 pages forvthe black cartridge a
ridge life of 250 pages for the cyan, magenta, and yellow cartridges. Samples would be col
= 100 pages. In this case, additional cyan, magenta, and yellow cartridges are added to th

fandardized cartridge yield test method. The results from any extra cartridges are 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 directly to the page cou
irtridges. Samples shall be collectedithroughout cartridge life but not necessarily :
ng or at cartridge end-of-life for alhcartridges.

ce test method shall in¢lude specification of testing procedure steps including:

um,
y for

1d be

bages.

Ind an

ected
e test

ht all colours are available until the last black cartridge reaches cartridge end-of-life accordfing to

in the

efore

nt for
it the

a) testcompletion criteria;

b) number|of printers and‘cartridges;

c) preparafion of the'supplies, printer equipment, print environment, measurement environmenf, 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 with different yields with respect to sufficient test charts and

statistic

ally valid measurement data.

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

Prints of any type shall be held for at least 24 h. Measurements shall be conducted after conditioning/
print hold. The measurement environment and test chart print holding environment can influence
measured colour values and variability in measurement results.

For page-attribute value test methods, measurements and test chart print holding for measurement
and next test phase, preparation shall be specified to be conducted in a controlled environment with no
time constraint or to be conducted in a less controlled environment with a time constraint.
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The specification for the controlled test chart print holding environment with no time constraint shall
be the following set of conditions:

Test chart prints shall be kept in 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 lx, temperature and
relative humidity controlled to 23 + 2 °C and 50 + 10 % RH.

The

envir
in th
envir
humi

1 00¢

NOTE
Shield
more

The
envin
Oper

within the stated tolerances in those vicinities.

The 1
% RH
repoj

If pag
a spe|
shall
speci

calcuﬁgtion illuminant and obsérver. The backing used shall be required to be reported in tl

attril
proce

Confq
meas|
color

If pag

pecification for test chart print holding and/or measurement conducted in_d)les
onment after test chart print conditioning shall require that test chart prints be‘held
e less controlled environment for a maximum of 2 h prior to measurement. The les
onment shall be specified to have a maximum temperature of 30 °C and a maxin

Ix.

Stray light decreases the accuracy of measurements taken in less-controlled lighting ¢
ing the measurement instrument from direct lighting so that the actual measurement surfacg
than 200 Ix can improve measurement accuracy and repeatabiljty.

onments apply specifically to the vicinities in which the test chart prints are held an
htional fluctuations, operational uniformity, and incertainty of measurement shall |

heasurement environment and test chart print holding environment, with respect to t

t.

e-attribute values are specified in'‘terms of colorimetry, such attributes shall be me
cified measurement condition, 6f ISO 13655. The specified measurement condition r
include the requirement of.the relative spectral power distribution of the flux ing

en surface and the metameérism index of the light source, the sample backing and th

ute test report. Measurement conditions shall be specified to be consistent througl
Ss.

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

re-attribute values are specified in terms of optical densities, such attributes shall 1

s controlled
or measured
s controlled
hum relative

dity of 75 % RH, with ambient illuminance on the test chart print suxfdce less than or equal to

nvironments.
lighting is no

temperature and humidity tolerances for the test*chart print holding and npeasurement

d measured.
be contained

emperature,

[ and light levels, fluctuations, and unifefmity shall be required in the cartridge-attribute test

isured using
equirements
ident on the
b tristimulus
he cartridge-
hout the test

alues of the
B1 standard

be measured

accor

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

be used, the

specific spectral product (e.g. Status A, Status T) to be used, the sample backing to be used, and shall
specify that the reporting shall include these measurement conditions. Measurement conditions shall
be specified to be consistent throughout the test process.

A single measurement instrument shall be used for all of the measurements of prints of test chart
components that shall be averaged or combined in a calculation or statistic. For example, density
values of a particular test chart component in N replicate prints shall be measured using the same
measurement instrument.

Inter-instrument agreement, within the same instrument model, assuming both units are in proper
order and within their certification parameters, can be 0,8 deltaE average and 2 deltaE maximum.
This error bound is given in relation to measurements of reference materials, so actual errors can be
higher than these limits. In addition, if comparing instruments across vendors, the unknown absolute
calibration error difference between the instruments shall be considered.
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7.6.5 Procedure for handling a defective cartridge or printer

7.6.5.1 General

During testing, a failure of the cartridge or printer can 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 of this in the case of cartridges could be excessive colourant leakage, structural
failure, etc. Printer failures are defined as non-user clearable errors that prevent normal printer

operation fr
printer.

7.6.5.2 De

In the case ¢
be required

cartridge and the testing continued. ISO/IEC 29142 standardized or specifiéd performancg

methods sha
classified as
be used. Pen
minimum ny

7.6.5.3 De

In the case

repaired or |
test report,

recorded an
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methods, the
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be required

8 Frame
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An average ¢
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fective cartridge
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1l specify the treatment of early cartridge end-of-life and whether the cartridge is

formance test methods shall require that, for the test to/he-considered valid, at lea
mber of cartridge sets shall be run to the defined cartridge’life test points.

fective printer

pf a defective printer, performance test methods shall specify that the printer sh
eplaced and new cartridges shall be used forsubsequent testing. In the cartridge-atty
the number of the test charts printed by/the replaced cartridges shall be required
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f the printer shall be required to be-noted and the replacement printer serial number

idge per engine shall be run tg_the defined cartridge life test points. In performanc
b data obtained before printerfailure cannot be used for attribute calculation unless

at the printer failure did-net'affect the previously tested cartridges. This justification
n the cartridge-attributetest report.

work requirements for determination of declared attribute values

minationdof the declared value for continuous lifetime or continuous phys

on a

shall
new
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to be

defective. For the purposes of attribute determination, the.defective cartridge shall not
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Sample average for a given cartridge is expressed as follows:

Ry

Xi
1
n

Sample standard deviation for a given cartridge is expressed as follows:
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x; istheindividual cartridge-attribute value (e.g. for yield as in ISO/IEC 19752, the number of
standard test pages printed between cartridge installation and cartridge end-of-life);
n isthe sample size. In this example, n = 9. (Generally, n shall be greater than or equal to 9).

For attribute values that are normally distributed, it can be stated with 90 % confidence that the true

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

- s
Bre =X—(ty pq )Xﬁ
Bye FXFT—I—=
uc oo n1
wherg
B, c isthe lower confidence bound;
Byc is the upper confidence bound.
The value ¢, ,.; can be found on a students’ ¢-distribution table with, A-1 degrees of freedgm (df or ‘v’)

and an a ofO 1 [in this example, n-1 = (9 - 1) = 8]. This provides a 2-tailed confidence intervj
confiflence. This specific ¢-statistic for 8 degrees of freedom, and(90'% confidence is ¢, , ; 3

This

interyal yields a different ¢

a,n-1+

If the
the ¢
norm
cant

attribute values are not normally distributed, then alternate methods shall be used 1
bnfidence bounds. For example, the data are functionally transformed to a set of va
ally distributed. The confidence bounds for’the transformed data can then be found.

nen be reverse transformed to establish. the confidence bounds for the actual attribut|

When higher values for a lifetime or physical attribute are obviously preferable, then

valug shall be determined so that it is at“or below the calculated lower 90 % confidence
lower values for a lifetime or physical attribute are obviously preferable, then the declare
be dgtermined so that it is at or-above the calculated upper 90 % confidence value. Whe
obvidqusly preferable, then the:declaration of the attribute shall include the mean and th
lowet 90 % confidence bounds!

8.2 |Determination of the declared value for continuous point attributes

) the minimuin-of 3 cartridge sets are printed per printer, the sampling interval de
ination ©fpoint attributes should result in the collection of approximately 15 test g

a] with 90 %
1,860.

can be used in the above calculation only. A different sample size and/or different confidence

o determine
ues that are
[hese values
e.

the declared
value. When
d value shall
n no value is
e upper and

fined for the
harts or test

3 cartridge
brovides the
b printers or

calculated value due to Varlatlon in the y1eld among cartr1dges

wer than the

For each point attribute, an average and a standard deviation for the point attribute is obtained from

the page-attribute values (e.g. n = 45).
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Sample average for a given point attribute is expressed as follows:

is the individual page-attribute value;
n isthe sample size, in this example, n = 45.

For attributg¢ values which are normally distributed, it can be stated with 90 % confidence that th¢ true
average pagg value of the point attribute is within the following values:

Bre=X—(tg|p1 )X

Sl &l

Byc=X+(tylnq )x
where
B, is|the lower confidence bound;

Byc is|the upper confidence bound.

For attribut¢ values which are normally distribiited, it can also be stated with 90 % confidenc¢ that
individual page values of the point attribute ate within the following values:

Bici= X=(tpn-1)Xs
Byci= X+(ly n-1)xs
where

By is|the lower cenfidence bound for individuals;

Byc, is|the uppericonfidence bound for individuals.

The value t,f, ¢can be found on a students’ ¢t-distribution table with n-1 degrees of freedom (df ¢r ‘v’)
and an « of (,\fin this example, n-1 = (45 - 1) = 44]. This provides a 2-tailed confidence interval with
90 % confidence. This specific ¢t-statistic for 44 degrees of freedom, and 90 % confidenceis ¢, ,; = 1,680.

This can be used in the above calculation only. A different sample size and/or different confidence

interval yields a different ¢t ;.

If the attribute values are not normally distributed, then alternate methods shall be used to determine
the confidence bounds. For example, the data are functionally transformed to a set of values that are
normally distributed. The confidence bounds for the transformed data can then be found. These values
can then be reverse transformed to establish the confidence bounds for the actual attribute.

When reporting values for point attributes in the customer report cartridge-characterization results
and in the cartridge-attribute test report, all of the following shall be included: the mean, upper and
lower 90 % confidence bounds on the mean, and upper and lower 90 % confidence bounds for individual
values.
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