INTERNATIONAL ISO/IEC
STANDARD 29142-1

Second edition
2021-08

Information technology — Print
cartridge characterization —

Part 1:
General: terms, symbols, notations
and cartridge characterization
framework

Technologies de l'information — Caractérisation des cartouches
d'impression ~=

Partie 1: Généralités : termes, symboles, notations et cadre pour la
caractérisation des cartouches

Reference number
ISO/IEC 29142-1:2021(E)

© ISO/IEC 2021


https://standardsiso.com/api/?name=a45dc322fadfcc8b544159d375cb9116

ISO/IEC 29142-1:2021(E)

COFPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 e Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=a45dc322fadfcc8b544159d375cb9116

ISO/IEC 29142-1:2021(E)

Contents Page
FOT@WONM ... oottt iv
00T 00 X0 ) ot o (0) o VOSSOSO \ 14
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Requirements
5 Structure of the ISO/IEC 29142 SETIES ... b 8
5.1 Data reporting
5.2 Environmental
5.3 Toner and ink cartridge characterization ... A 9
6 Framework overview for cartridge characterization................... bl
6.1 Elements of a print System ...
6.2 Cartridge configurations. ...
6.3 Performance attributes measured on a printed page.
6.4 PhySical @tTIDULES ... SR sttt
7 Attribute framework for testing and characterizingcartridges.............o,
7.1 (002 A TS 1T N ST
7.2 Special considerations for binomial and corntintous performance point attributesj..
7.3 Special considerations for point and lifetitite binomial attributes........cocccoen
7.4 Special considerations for performancetesting with page-attribute values...............
7.5 Test requirements for all attributes
/85T S V=1 U)o S W A
7.5.2  Sample size for contingous attributes
7.5.3  Sample size for binomial attributes ...
7.5.4  Additional cartridge sampling considerations..
7.5.5 Print and test environment...................
7.5.6  PaPer ...
7.5.7 Maintenante ...,
7.5.8  Test chart files ...
7.6  Test methodology for lifetime and point attributes ...
7.6.1  Samiple interval for printing test charts. ...
7.6.2 . Test sample frequency calculation for attributes tested in a life test process....... 20
7.6,3 " TEStING PrOCEAUIE .....ooocieeee s e 20
764’ Conditioning and measurement of test chart components for page-
AEETIDULE VAIUES ..o eeeeeeeesesee s eeeeeeeeseseeee e 20
7.6.5  Procedure for handling a defective cartridge or printer ... fo.. 22
9 Framework requirements for determination of declared attribute values.............}....... 22
8.1 Determination of the declared value for continuous lifetime or continuous
PRYSICAL AEEITDULES ... 22
8.2 Determination of the declared value for continuous point attributes............ 23
8.3 Determination of the declared value for lifetime, point and physical binomial attributes 25
9 Framework requirements for reporting cartridge-characterization results..................... 25
Annex A (informative) Terms CroSS-TEEI@IICE ...................oiiiiieee e 26
BIDLEOZTAPIY . ...t 29

© ISO/IEC 2021 - All rights reserved iii


https://standardsiso.com/api/?name=a45dc322fadfcc8b544159d375cb9116

ISO/IEC 29142-1:2021(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commis

sion) 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.

The profcedures used to develop this document and those intended for its further maintenance| are
describgd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fdr
the diffgrent types of document should be noted. This document was drafted in accordancé.with thie

editoria

expertg/refdocs).

rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives or www.iec/ch/members

Attention is drawn to the possibility that some of the elements of this document mdy be the subjedt
of patenjt rights. ISO and IEC shall not be held responsible for identifying a@ny“or all such patert
rights. Details of any patent rights identified during the development of the.decument will be in the

Introdu

list of pgtent declarations received (see patents.iec.ch).

Any tra
constit

For an
express
World T

tion and/or on the ISO list of patent declarations received (see wwxviso.org/patents) or the [EC

e name used in this document is information given for the‘convenience of users and does nqt
e an endorsement.

bxplanation of the voluntary nature of standards,.the meaning of ISO specific terms anfd
ons related to conformity assessment, as well as,information about ISO's adherence to thie
rade Organization (WTO) principles in the Techuical Barriers to Trade (TBT) see www.iso.org)/

iso/fore

This do
Subcom

This seqond edition cancels and replaces:the first edition (ISO/IEC 29142-1:2013), which has bee
technicdlly revised.

The mali

— revision of the term “black-only printer” in order to harmonize with ISO/IEC 22505.

A list of

Any feedback or questions on this document should be directed to the user’s national standards body.

vord.html. In the IEC, see www.iec.ch/understanding-standards.

fument was prepared by Joint TechnicalCommittee ISO/IEC JTC 1, Information technolog]
mittee SC 28, Office equipment.

-~

—

h changes compared to the-previous edition are as follows:

b1l parts in the ISO/IEC 29142 series can be found on the ISO and IEC websites.

— =

completg listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/nationd
-commifltees.
iv © ISO/IEC 2021 - All rights reserved
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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.

artridge manulacturers, inciuding original, non-original manutacturers, retillers, and remanutacturers,
ave each communicated expressions of cartridge characteristics.

=

he ISO/IEC 29142 series is provided to aid transparency between manufacturers, suppljers and
heir customers regarding selected cartridge characteristics. The selected cartridge' charagteristics
o not allow an exhaustive cartridge characterization. Where applicable, cartridge‘attributes| and the
ssociated characterization tests are used consistently with both ink and toner)cartridge techmnologies.
he selected cartridge attributes are defined for all cartridges, regardless of manufhcturing
nethodology.

S =0 o, o
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INTERNATIONAL STANDARD ISO/IEC 29142-1:2021(E)

Information technology — Print cartridge
characterization —

Part 1:
iharacterization framework
1 Scope

This document establishes terms, symbols, notations and a framework forccharacterizing tqner and
hk cartridges used in printing devices that have a digital input printing path, including multi-function
devices. This document is intended for equipment used in office environments.

—

It primarily provides a foundation for measuring, evaluating, or specifying characteristics of such toner
and ink cartridges.

The terms, symbols, notations and framework established hekein can be applied to such cartridiges.

The characterizations associated with the terms, symbols;notations, and framework establishgd herein
are specified throughout the ISO/IEC 29142 series.

2 Normative references

—

he following documents are referred to-in*the text in such a way that some or all of their] content
onstitutes requirements of this documient. For dated references, only the edition cited applies. For
yYndated references, the latest edition é6f the referenced document (including any amendments)|applies.

Q

I80 5-3, Photography and graphic'technology — Density measurements — Part 3: Spectral conditjons

IO 13655, Graphic technology — Spectral measurement and colorimetric computation for graphic arts
images

IBO/IEC 29142-2, Infermation technology — Print cartridge characterization — Part 2: (artridge
dharacterization datareporting
3 Termsand definitions

Hor the purposes of this document, the following terms and definitions apply.

[FO7and [EC maintain terminological databases for use in standardization at the following addrjesses:

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

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

31

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.

© ISO/IEC 2021 - All rights reserved 1
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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

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

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

a) itcopsists of a sequence of n trials for some n > 1,

b) eacH trial 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 fixed/at 1-p,

d) the ptrials are independent of one another.

cartridge
user reglaceable unit (3.67) operating with a printing systeni)that includes at least a containinyg
mechan]sm designed for materials intended for deposition on asubstrate (3.62)

3.5
cartridge-attribute test report

report ipcluding the information of a cartridge customer report (3.18) and the detailed cartridge
charactgrization results of an ISO/IEC 29142 cartridge-characterization test (3.6) reported for customg
presentation according to a required format

—

Note 1 td entry: The format is prescribed according to each ISO/IEC 29142 standardized or specified cartridgg
charactefization test and is in conformance with ISO/IEC 29142-2.

3.6
cartridge-characterization test
test method provided in conformance with this document for the purpose of evaluating an attribute gf
a cartridge or cartridge set [3.12) of interest to cartridge and cartridge set users

3.7
cartridge collector
party prjoviding a cartridge take-back (3.63) or collection program

Abusiness entity designated to collect cartridges.

cartridgeetenrent
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.

XAMPLE 2 Default colour renditions: printed black, red, green, blue, cyan, magenta, and yellow;

A3

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

rinter (3.51) with an operating part to apply ink (3.28) or toner (364) on a substrate (3.62), with a

art containing the mechanism designed for materials intended for deposition on a substrate (3.62)

16
ntinuous attribute
tribute which can take on any of a range of valties

17

oss-systems attribute tolerance range
SATR

nge of actual attribute values for(a' cartridge-characterization attribute of a particular cqdrtridge-
aracterization test method, détermined from evaluation of exemplary systems to which |the test
ethod applies

.18

stomer report
port, including a cartridge notification, and a cartridge-attribute checklist, with summary results of
selected ISO/IEC 29142 cartridge-attribute characterization tests, presented according to a required
fbrmat

ote 1 to entry: The format is prescribed according to each ISO/IEC 29142 standardized or specified dartridge-
characterization test (3.6) and is in conformance with ISO/IEC 29142-2.

19

eposition 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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3.22
dye ink
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

phase inla cartridge life cycle when the cartridge can no longer be used for its intended purpose withoy
additionjal non-customer interaction

[

3.25
expectdd cartridge life
approximate number of pages likely to be printed from a cartridge when ran to cartridge end-of-life
(3.9) acdording to an ISO/IEC 29142 standardized or specified test method

[

3.26
filled cqrtridge
user replaceable unit (3.67) of a printing system that includes at least ink (3:28) or toner (3.64) materials,
intendedl for deposition on a substrate (3.62) and a containing mechanisnt for such materials

3.27

incineration

disposaLmethod that involves combustion of waste material converting it into heat, gas, steam and ash
but not including smelting

3.28

ink

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

3.29
ink car{ridge
user replaceable unit (3.67) of a printing system that includes at least a containing mechanism designed
for ink (8.28) intended for depositionten‘a substrate (3.62)

3.30
ink deppsition mechanism
imaging|apparatus for depésiting ink (3.28) on a printing substrate (3.62)

EXAMPLE A printhead:

3.31
inkjet printer.
printer (3.51)\with an operating part, for example, a printhead, to apply ink (3.28) on a substrate (3.62]

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)

4 © ISO/IEC 2021 - All rights reserved
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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
(B.9) according to an ISO/IEC 29142 standardized or specified test method

.36
aterial safety data sheet
SDS

fbrm containing safety information about the ink (3.28) or toner (3.64) contained in cartridges designed
fbr use in printing applications which includes physical, chemical, &and toxicological properties,
gulatory information, and recommendations to ensure safe handling

.37
ulti-chamber ink cartridge
ik cartridge (3.29) that is designed to contain two or more inks

.38
ulti-function printer
FP
rinter (3.51) with an operating part to apply ink{(3.28) or toner (3.64) on a substrate (3.62), pnd also
roviding additional functions such as fax and €opy

.39

on-colourant ink
aterial designed for liquid state deposition on a substrate (3.62), such as gloss optimizers and fiixatives,
ot containing a colourant

40

on-colourant toner
splid material, not containing colourant, capable of taking on an electrostatic charge, designed for
eposition on a substrate (3.62) under the control of electrostatic forces in conjunction with g surface
aving a controlled distributed charge such as gloss optimizers and fixatives

41

on-original’cartridge
rtridgedthat is marketed by a company other than the company that markets the printing system for
hich.the‘cartridge is intended

42

origimat 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

photorgceptor part
photocopductor
physicall mechanism, such as OPC, that includes a surface that accepts a uniform electrostatic:charge
with a siirface that can subsequently be selectively discharged by exposure to light, and which facilitate
transfer|of toner (3.64) to media after such exposure

-

[72)

3.48
physical attribute

attributg which can be determined directly from the cartridge and which s independent of prin
systems|

(s

3.49
pigment ink

material designed for liquid-state deposition on a substrate (3:62), including a chemical pigmer
colourant

[

3.50
point atitribute
performjance attribute which can be measured on pages printed at any point during the life of thie
cartrid

3.51
printer
device ifitended to apply colourant(s) to asubstrate (3.62) in response to a digital signal

3.52
recovery
process fo divert cartridges and/or cartridge materials from the solid waste stream and into productivj
uses

[}

3.53
recycle
reuse (3]58), remanufacture (3.56) or otherwise divert from a solid waste stream

3.54
refill
operatidnCte replace ink (3.28) or toner (3.64) in a customer’s cartridge that does not involve th|e
replacementor 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
service for the same purpose for which it was conceived

put into

.59
single chamber ink cartridge
ink cartridge (3.29) that is designed to contain one ink

drinter (3.51) with an operating part to apply ink (3.28) or toner (3.64) on a substrate (3.62), h
ddditional functions such as fax or scan

.61
standard error goal

Aving no

dllowed upper limit of the error in page-attribute value (3.44) measurements, determined as the upper

limit of the standard error of the estimated mean of the measurements

.62
substrate
ser selectable imageable surfaces

HXAMPLE Paper, cloth.

.63
take-back
grograms sponsored by cartridge suppliers (3.13) and conducted by cartridge collectors (3.7
urpose of obtaining cartridges after-tartridge end-of-life (3.9)

.64
tpner
splid material, capable oftaking on an electrostatic charge, designed for deposition on a substra
nder the control of electrostatic forces in conjunction with a surface having a controlled dis
dharge

.65
tpner cartridge
ser replacedble unit (3.67) of a printing system that includes at least a containing mechanism (¢
fpr toner-(3.64) intended for deposition on a substrate (3.62)

for the

te (3.62)
tributed

lesigned

tonerd g achanism
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
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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

51 DLta reporting

This dofument establishes the product and package labelling requirements, and related reportin
requirements for toner and ink cartridges used in printing devices that have a digital input printinE
path, in¢luding multi-function devices.

t

Cartridge-characterization tests standardized or specified in the ISO/IEC 29142 series-to be compliar]
with this document, and environmental standards compliant with ISO/IEC 29142-3, shall adhere tp
the labelling, notification and reporting specifications in ISO/IEC 29142-2. Fot’Cenformance with t

ISO/IEC|29142 series, according to ISO/IEC 29142-2, four levels of labelling,motification and reportirl:E
are estaplished:

— a ca[tridge label,
— acaftridge notification,
— acustomer report,

— acaftridge-attribute test report.

-

Customgr and cartridge-attribute test reports fromdik and toner cartridge-attribute characterizatio
testing $hall include results from the test performed directly on each printing system that shall b
claimed|in the cartridge reporting.

o

The prqvisions for traceability betweenxthese notification and reporting levels and the relate
cartridges are specified.

Processgs applied after cartridge-end-of-life can include recycling cartridges for new cartridges and
other ngw uses, such as in the grantfacture of non-cartridge products, refill of cartridges, recovery of
cartridges, and remanufacture, of cartridges for another usage cycle. Taken together, these processes
can resylt in directing materials from cartridges so that the materials are diverted from the solid waste
stream.

Achieving minimal waste after cartridge end-of-life requires that cartridge suppliers, manufacturers,
remanufacturers;~cartridge collectors, and users conduct each stage of the cartridge life cycle in
manner |consistent with this objective. The requirements of ISO/IEC 29142-2 specify information to b
providegl by cartridge suppliers, and cartridge collectors so that users are enabled to conduct the use
stage of the,cartridge life cycle in a manner consistent with diverting cartridge materials from the solid
waste streanrafter cartridge emd=of-tife:

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

8 © ISO/IEC 2021 - All rights reserved
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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,

£ i H A3 1 H L | £1.C
Idliuiadaciul 1115 UlJCl dllUlII1S, }Ja\,x\asuls, auu/ Ul CTIIUTUITIIIT Pl ULTOSSCS.

et

50/IEC 29142-3 provides the following:

-+ the terms and definitions related to cartridge environmental attributes (Clause 3'and Ann

bx A),

—+ cartridge environmental attributes for inclusion in environmental labelsystandards an
procurement criteria,

—+ test methods that manufacturers, test laboratories, etc., use to determine values for the
cartridge environmental attributes,

<+ methods for determination of declared values from the test results,

-+ methods for declaration of conformance to provisions that de not require measurement.

3.3 Toner and ink cartridge characterization

Harts of the ISO/IEC 29142 series specify cartridge-characterization test methods that

attributes of toner and ink cartridges used in printing devices that have a digital input printi
hcluding multi-function devices. These cartridge-characterization test methods pertain to ca
br equipment used in office environments.

—_

he framework for cartridge characterization defined in this document. The framework require
epeatable, objective measurementsiand testing procedures that include specification of the teg
elative to cartridge lifetime, and-specification of test operating conditions such as temperat
umidity. The print-related attributes tested in ISO/IEC 29142 cartridge-characterization test
re specified with respectto)selected paper properties and values.

oo millien Hilen S o U = |

Q

50/IEC 29142 cartridge-characterization test methods do not pertain to characterization t¢

bst methods/include additional constraints to limit their applicability to subsets of cartridg

I

t

A3 (420 mm x 297 mm) or to toner or ink cartridges sold only for photo-only printers. The p:
t

garticular types of cartridges.

et

50/IEC29142 cartridge-characterization test methods are required to be specified in accorda
he terims, symbols, notations and framework of this document and shall be declared and rep|

wn_ct+

d green

defined

evaluate
ng path,
rtridges

he ISO/IEC 29142 series defining cartridge-characterization test methods is required to comply with

5 robust,
t timing
ure and
methods

esting of

bner or ink cartridges for printers whose minimum printable output size is equal to or greater than

irticular
es or to

hce with
orted as

pecified in ISO/IEC 29142-2.

6 Framework overview for cartridge characterization

6.1 Elements of a print system

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

operational functionalities:

— computational functionality,
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— converts the general form of the digital source content to the information layout of the required
print output,

— converts the digital source colour information to the encoding values of the printing system
colourant(s),

— determines the spatial distribution of the one or more deposition materials, including the one or
more colourant(s),

— control and hardware functionality,

— applies the deposition material(s) to the substrate,
— affixes the deposition material(s) to the substrate.

The comjputational functional operations are implemented in a variety of ways, including implementatio
in a single component with the control and hardware functionality, or implementation distributed ove
several fomponents 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 andhardware functionalitly
of a printing system and have significant impact on that portion of any printing system. In additiomn,
certain gspects of cartridges and the deposition material(s) they contain arecoensidered in the operatiop
of the cdmputational functionality.

6.2 C(Cgrtridge configurations

Ink and foner cartridges can be implemented in a variety of fungetional configurations. For the purpos
of the ISD/IEC 29142 series, a cartridge is a user-replaceable™unit operating with a printing system thaz
includegatleast a containment part for toner or ink. Withinhis overarching definition, three functiong
configufations of toner cartridges and two functional\configurations of ink cartridges are defined i
the ISO/IEC 29142 series.

= — =+

Toner cqrtridge functional configurations are:

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

b) twolpart toner cartridge: a toner cartridge that includes a toner containment part and a developsg
partand does not include a photereceptor part,

—

c) all-ip-one toner cartridge: atdner cartridge that includes a toner containment part and a develope
part and a photoreceptor. part.

[

Ink cartfidge functionalieonfigurations are:

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

b) integratedsinK cartridge: a cartridge that includes an ink containment part and an ink depositioh
medhanist.

Each oflthe—in 1dtone idgefunctior ontic ons—contains—one—or—more—depeositioh

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,

d across the various cartridge configurations, the attribute is 50 % or more due to prece$ses 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

—

he cartridge-characterization framework of the ISO/IEC 29142 series\provides test methodology
equirements applicable to selective characterization of physical attributes, independent |of print
slystems.

—

=z

OTE The environmental, health, and safety provisions of ISO/IEG.29142-3 address the physical dttributes
f cartridges, fundamentally involving the cartridge materials.

(@)

y

1 Attribute framework for testing and characterizing cartridges

1.1 Overview

The cartridge-characterization framework of this document draws a distinction between [physical
tributes and performance attributes of cartridges. Physical attributes are those that can be eyaluated
irectly from the cartridge without inserting the cartridge into a printer. For example, the material of a
rtridge is a physical attribute. Perfermance attributes, by contrast, are those determined thrpugh the
ihteraction of the cartridge with a-printer.

artridge performance attribtites fall broadly into two categories. The first is lifetime attributgs. These
y their nature are reflective of the performance over cartridge life. The most obvious of this type
i$ cartridge yield, whicH can only be measured by running cartridges in printers until the cartridge
aches cartridge end-of-life according to an ISO/IEC standardized cartridge yield test method. The
second category is point attributes, which can be evaluated at any single test point while [running
rtridges. An exainple of this type is an attribute of print on a specific page or within a specific region

n a page thathas been printed using the cartridge.

artridge performance attributes shall not include page-attribute value assessments of pbsolute
lourant colour values, with the understanding that such an assessment weighs heavily toward the
loGrant design rather than the cartridge itself.

g g itions 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) Continuous attributes measured with objective instruments such as spectrophotometeys which
canjprovide at least 10 different values for each sample within the range of interest.

NOTIE The values of a continuous variable are generally broken down to discrete lewvels based o
the Fesolution of the instrument being used for measurement. Nonetheless, there is walue in using th
simplifying assumption that such data streams are continuous rather than discrete $a that tools such 3
t-tedts or confidence bounds based on normal distributions can be used. On the othershand, treatment as
contlinuous attribute is not appropriate for attributes that have only a limited numbér of values.

D © S

b) Disdrete attributes which are objective in nature and which have a range of possible values of 1
or more and, therefore, can be modelled as continuous. Attributes of this type include page count]
for determination of cartridge yield. For the purposes of this document, such attributes sha
be ¢onsidered continuous attributes so that their variation/ean be modelled using continuou
distribution approximations. Discussions pertaining to <modelling continuous attributes i
subgequent sections also pertain to discrete attributes meeting these specified conditions.

s W —n O

c) BinI‘lmial attributes, these are of some interest and therefore methods are included for treatinjg
themn. However, the sample sizes are increased to compensate for the poor information content ip
thede types of attributes.

This dofument does not include methods for gharacterizing cartridges with subjective, multi-lev¢l
grading|systems (e.g. poor, fair, good, very good;-etc.).

The attgibute types that can be characterized in accordance with this document are illustrated ip
Figure 1f

Defined attribute types
Continuous
Physical
(detérmined directly from the cartridge)
Binomial
— Continuous
|—' Lifetime [—
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

urces—of variak , 3 ! pointattributes,—a-sing asjyirement
df point attributes is not sufficient to characterize cartridge performance. In order to-adgquately
dharacterize cartridge performance in regard to point attributes, it is necessary to(me€asgure the
attributes multiple times. For example, the measurements can be required at multiple spots ¢n a test
Jage and/or at multiple points within cartridge life.

As defined in this document, a point attribute evaluated from a test chart or'test file page([shall be
presented by a single value denoted as the page-attribute value. The appropriate method to dgtermine
page-attribute value can depend on the specific attribute. For example{ a test chart may pfovide a
specific number of regions of interest that are to be evaluated. A page-attribute value can bel defined
as, for example, the average, minimum, maximum, or some other statistic derived from each gegion of

tributes shall require that the cartridge-attribute test/réport includes the cartridge life|percent
dompletion point or points at which point-attribute data wére collected throughout the entire cartridge
life.

As recommended in this document, point attributes can be measured in conjunction with the
appropriate yield standard defined in ISO/IEC>19752, ISO/IEC 19798, the ISO/IEC 24711 series,
50/1EC 22505 or ISO/IEC 29102.

[l

-

1.3 Special considerations for point and lifetime binomial attributes

A binomial treatment of an attribute:is established by the use of a two-state criterion. Such a tyo-state
driterion can be applied to the results of a metric that produces a continuous range of valuesjor to an
attribute that intrinsically has.two value states. A cartridge shall be determined to either haye or not
Have the attribute under obServation. This determination shall be made according to evaluation] criteria
nambiguously defined in the test method.

o

or example, the oc€urtence of an attribute value in a region of interest can be evaluated as a hinomial
oint attribute. Alrexample two-state criterion rule for this is:

ave suchaattribute occurrences only if the attribute occurs in n test charts collected at each of m points

R

B

(Jount only the attribute occurrences meeting the specific criterion x, y, z and consider the carfridge to
h

df the cartridge lifetime.

—

he statistics collected are the number of cartridges for which the attribute occurs and the nymber of

r¥Fridgac tactad
LI Aus\,o tLOoLLU U,

Q

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 met

hod.

The test
with thd

The test
replicatg
accordirn

Seg

The Ny d,

treated

Each pdge-attribute value test method shall require that the cartridge-attribute test report shall

include
measure
estimatd

The CSA
determi
CSATR,

of the te
betweer

The est
variabil
within a

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

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

, =max{2, roundup [(s/Seg )? ]}

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

[

is the standard deviation of the attribute measurements as tested with a particular priy
system to which the test method applies;

is the standard error goal, which is 10 % of the CSATR of the page-attribute value under tesf.

replicate test chart component measurementwvalues shall be required to be averaged anfd
hs a single measurement within the page-attribute value evaluation of the test method.

Hocumentation of the number of replicate test chart prints, replicate test chart components,
ments per test chart component,iieasurement equipment used, and the standard error of thie
bd mean of the measurements, achieved in the test.

TR of the page attribute uiider test can be determined based on available industry data or b
hed through testing during the test method development process. In the case of testing fqr
ntentionally choose a-broadly diverse range of print systems and cartridges within the scope
st method, and measutre the page attribute under test. CSATR is determined as the differende
the minimum agd'maximum page-attribute values obtained from the tested systems.

mate of the{standard deviation of the page-attribute value measurements shall include thie
ty due to-the measuring instrument and the printed inconsistencies of the test chart print(g)
particular representative print system and is given by s in the following:

SN

where

_ 1
Xzzgxi

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

14

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. Thestandard error of the estimated mean of the measurements—as a function of thejmeaspirement
equipment and the print consistency within a single test chart print component as.follows.

Use N, ., measurements per test chart print component and compute s angd s ‘using the multiple
measurement values within a test chart print component, after discarding outliers and extreme
values.

NOTE1 Foranexample, see ASTM E 1345.

4. The standard error of the estimated mean of the measurement$s-=as a function of the measjirement
equipment and the print system page-to-page consistency and in-page consistency as follows.

Use N, ., replicate test chart components either withima single page test chart design dr across
replicate prints of the test chart, take one measuremernt per test chart component and cqmpute s
and s, using single measurements for each of the replicate test chart components, after digcarding
outliers 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 repli¢ate test
chart components, with multiple measurements within each test chart component as folloyvs.

Use N, ., as the number of replicate test chart components times the number of measurements per
test chart component, and compute s and s, using the multiple measurements across the feplicate
test chart components, after discarding outliers and extreme values.

NOTE3  For an example)see ASTM E 1345.

The use of replicate r€gions of interest improves the validity of test results in cases where ngticeable
grinted inconsistengies are present.
U
e

sing the information of the three standard error of the estimated mean of the measurements
valuations,specify the allocation of N ., number of measurements as replicate test chart confponents
and meastrements per test chart component to achieve the desired standard error goal in|the test
grocedure.

Horexample, consider whether the standard error of the estimated mean of the measurements—
s—afunctionrofthe measurement eqtipnrent atrd—the print—consistency withinm—= aius}c 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.

© ISO/IEC 2021 - All rights reserved 15


https://standardsiso.com/api/?name=a45dc322fadfcc8b544159d375cb9116

ISO/IEC 29142-1:2021(E)

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
betweer the primter—amnd cartridge mranuats for the cartridge mstattation, the cartridge mmanuat siajl
take precedence except if changes are recommended for printer or driver settings.

If the cqrtridges used in testing are colourant replenishment or colourant bottle types, then one sdt
of cartr|dges shall be used to cartridge end-of-life according to the ISO/IEC 29142 standardized dr
specifiefl test method in each printer before the start of the test. The pages printed to\deplete these
priming| cartridges shall not 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.

t

The carfridges used to bring the printing system to a set colourant level conditien shall not start oy
full. For|large capacity systems, using a complete cartridge could result in tems of thousands of page
printed just to bring the system to a set condition.

[72)

All image and print quality modifiers shall be at their factory pre-set cenfiguration for the printer an
default installed condition for the driver. If the printer and driverdiffer, then the driver defaults sha
be used|Any user selectable colourant conservation modes shallbe'disabled during testing.

—

Cartridge-characterization testing shall use simplex printing-\ds the basis for characterizing cartridge
attributes. Modifying each component in the printing oper@dtion to simplex is required if that is not thie
default. [Exception or optional cases for duplex operatioh-is specifically required within a test methodl.
Page order shall be specified in each test method.

Test mefhods that evaluate page-attribute valyes shall require the driver selection for paper/medi
type to patch the actual paper/media specified'and used in the test. In test methods that do not inclu
measur¢ment of page-attribute values, the driver selection for paper/media shall be ‘plain paper’ or t
closest ¢quivalent available in the drivet. If auto media detection is available on the printer, it shall be
disabled if possible, to avoid inaccurate sensing of the media. If the auto media detection is present anfd
cannot Qe disabled, this shall be required to be reported in the cartridge-attribute test report.

[s¥)

7.5.2 Bample size for continuous attributes

The sample size for eachfegntinuous attribute value shall be a minimum of nine physical cartridge sets.
Performjance attributes shall be tested using a minimum of three printers.

For lifetme attributes, an equal number of cartridge sets shall be tested on each printer. For example, p
test method oftentequires three sets of cartridges to be tested on three printers with each printer usi
three sefts of eartridges. In the case of a typical four colour printer with four single colour cartridges
this woyld'sesult 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
nean ha 30 c3 o:- are tested 45 black (K1) 4 an 45 magenta (M) and 4 ellow Y),

Hor performance binomial attributes, data shall be collected for all cartridges installed until.the test is
dompleted. That means results for more than the minimum number of cartridges shallbe-inclpded for
the cartridges with the higher depletion rates.

.5.4 Additional cartridge sampling considerations

hen testing additional engines and cartridges above the minimum, an(€qual number of cartridges
shall be tested on each engine.

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

OTE Additional engines and/or cartridges available fortesting can mitigate the possibility of fartridge
and /or printer failure during testing.

.5.5 Print and test environment

lemperature and humidity can have a profoufid effect on test results. For this reason, a testf method
shall fully specify the environmental conditions that can affect the test results and shall bel used in
donducting the test method. Furthermore, the test method shall specify the control requirements for

aintaining the testing and printing environmental conditions throughout the test period.

Hor 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.

Ih addition, a test method should specify the required operational uniformity over the volunpe of the
Jrint or test envirgnment when testing is conducted that is dependent on conditions in an|area or
olume distribiited from the environmental control mechanisms.

hen relative humidity is specified, the running average shall vary no more than +15 % from the
dperatingscontrol point. When temperature is specified, the running average shall vary no more
than¢x3°C from the operating control point.

Hor—example—the felowingswordingisused—to—speei est—-enHrenmen orditieon he—timerical

values in the following pargraph 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 aper

A performance test method shall specify paper for testing in terms of measurable physical papg
attributes. Cartridge test methods shall specify that any papers used in cartridge testing shall be only
those dgemed acceptable for use by the printer manufacturer.

—

=)

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

— grajnmage (ISO 536),
— grain direction (parallel to short/long edge),
— thickness (ISO 534),

[<5)

— opagity (ISO 2471),

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

— statfc and kinetic coefficient of friction (ISO 15359),

— surfface smoothness/roughness (ISO 8791-3),

— moipture content (ISO 287),

— glogs 60° for office papers (ISO 8254-1);20° for photo papers (ISO 8254-3),
— papgr colour (ISO 2469, ISO 5631-1);

— CIE whiteness (ISO 11476),

— ISO prightness (IS0 2470-1).

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

7.5.7 Maintenance

Printer maintenance shall bn nnrfnrmnd per thn brinter and r‘artridnn usnr'c 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,

— 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,

2 1 2 1 ) R £ 4+ 3 Jd_£:1 1 +
lJlAClD }JCI ITICIT TCOUIULIVIT UL T aSLUTIZTU 1T11T TITITIITTILS,
layout and relationship between digital colour elements over the print page area,

test chart file compression method.

est charts files developed for use in ISO/IEC 29142 cartridge-characterization.test methods|shall be
esigned with respect to each of these file characteristics to improve consisténcy when using the test
art.

[t is desirable to integrate testing of an attribute within an [SO yield test\process in order to limift testing
source. This integrated approach is used for the purpose of additional attribute testing and $hall not
e used in reporting yield test results.

est chart designs shall include fiducials on each print pagé€ to allow measurement of the tgst chart
rints to ensure that the content is printed at a specified size)

standard defining a test chart file and its usage shall*specify the file reader requirements|and the
ethod to be used to generate the printer input and send the file to the printer. A test chart §tandard
llows the use of one or more printing methods~with the requirement that each printing|method
roduces colourant writing stimuli equivalent,té6 a customer available printing method. Tgst chart
sfandards shall require that printing method@ettings be recorded in the cartridge-attribute test report.
he version of the test chart file, the printerdriver version, and the file reader version shall be required

cartridge-attribute test reports. Before starting the test, a sample of the test chart file(s)|shall be
rinted to check the image and ensuretthe proper size.

Ih the case of raster image file test-charts, uncompressed or losslessly compressed standard filgs should
e specified. In this case, if the printing system used in the cartridge test cannot accept the ytandard
age files for printing, thé test chart standard shall specify to convert the test chart file (for ¢xample,
esigned and saved as a tiff file) to the highest quality (for example, least compressed) raster file format
that the printing systéni can accept just prior to printing. Ensure that the required patch size ahd patch
spacing is maintaine@in the converted printable file.

he method used for connection between the host computer and the printer shall be recorded on the
rtridge-attribute test report.

he host-eomputer environment such as operating system (0S), memory size, CPU type and application
spftware can affect the test results, so all of this information shall be recorded in the cartridge-3ttribute
tpstreport.

7.6 Test methodology for lifetime and point attributes

7.6.1 Sample interval for printing test charts

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 includgs
cartridges with more than one expected cartridge life point, then choose the highest yield. At minimun,
divide this quantity by five. The test shall be interrupted at integer multiples of this divisor quantity fo
the purpose of sample printing and/or collection.

—

¢

EXAMPLE1 A monochrome printer with an expected cartridge life of 10 000 pages. Samples would b
collected every 10 000/5 = 2 000 pages.

EXAMPLE 2 A colour printer with an expected cartridge life for cartridges of all eglours 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.fep the black cartridge and ajn
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 are added to the te§t
process go that all colours are available until the last black cartridge reaches cartridge end-of-life according tjo
the ISO/IEC standardized cartridge yield test method. The results frompany extra cartridges are included in the
evaluatign of point attributes.

D

In additfon to the sample points calculated above, test chanps shall also be collected immediately befor
the starf of the test.

This sample collection process is tied to the printei‘page count and not directly to the page count fgr
individual cartridges. Samples shall be collected throughout cartridge life but not necessarily at the
very beginning or at cartridge end-of-life for alkcartridges.

7.6.3 [lesting procedure
A performance test method shall inelude specification of testing procedure steps including:

a) test|jcompletion criteria;

b) nunpber of printers and<Cartridges;
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statistically 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 1lluminance on the test chart print surface no greater than 200 IX, temperagure and
relative humidity controlled to 23 + 2 °C and 50 + 10 % RH.

[he specification for test chart print holding and/or measurement conducted in a-less cqntrolled
gnvironment after test chart print conditioning shall require that test chart prints be-held or measured
ih the less controlled environment for a maximum of 2 h prior to measurementyThe less cqntrolled
gnvironment shall be specified to have a maximum temperature of 30 °C and*a maximum|relative
umidity of 75 % RH, with ambient illuminance on the test chart print surface less than or equal to
000 Ix.

OTE Stray light decreases the accuracy of measurements taken in less)controlled lighting envirpnments.
hielding the measurement instrument from direct lighting so that the actual measurement surface lighfting is no
ore than 200 1x can improve measurement accuracy and repeatabiliti.

[he temperature and humidity tolerances for the test~¢hart print holding and measprement
gnvironments apply specifically to the vicinities in which the test chart prints are held and mgasured.
(Jperational fluctuations, operational uniformity, and tincertainty of measurement shall be c¢ntained

ithin the stated tolerances in those vicinities.

[he measurement environment and test chart print holding environment, with respect to tempgerature,
% RH and light levels, fluctuations, and uniféermity shall be required in the cartridge-attrihute test
eport.

If page-attribute values are specified in‘terms of colorimetry, such attributes shall be measurgd using
a specified measurement condition. 0f'[SO 13655. The specified measurement condition requirements
shall include the requirement of the relative spectral power distribution of the flux inciderju’; on the
specimen surface and the metamerism index of the light source, the sample backing and the tristimulus
calculation illuminant and observer. The backing used shall be required to be reported in the cqrtridge-
dttribute test report. Measurement conditions shall be specified to be consistent throughout|the test
Jrocess.

(Jonforming to ISO\¥3655, calculated tristimulus values and corresponding CIELAB values of the
easured colorimetry shall be computed using CIE illuminant D50 and the CIE 1931 gtandard
dolorimetric 6bserver (often referred to as the 2° standard observer).

If page-attribute values are specified in terms of optical densities, such attributes shall be measured
dccording to ISO 5-3. The test method shall specify whether or not a UV-cut filter shall be ysed, the
specific spectral product (e.g. Status A, Status T) to be used, the sample backing to be used, gnd shall
siheel hat the repao l: hall in de these mea emen anditions. Mea emen onditions 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 F'vqmp]nc of this in the case of r‘arfrir]gnc could be excessive colourant ]aa](aga’ structural
failure, etc. Printer failures are defined as non-user clearable errors that prevent normal printgr
operatidn from occurring. An example of this might be the failure of the paper feed mechanism,oh
printer.

7.6.5.2 | Defective cartridge

In the cése of a defective cartridge, the number of the test charts printed and reason for failure shajl
be requjred in the cartridge-attribute test report. The cartridge shall then be ‘replaced with a ney
cartridge and the testing continued. ISO/IEC 29142 standardized or specifiéd performance tegt
method$ 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, thedefective cartridge shall nqt
be used| Performance test methods shall require that, for the test to be\considered valid, at least thie
minimum number of cartridge sets shall be run to the defined cartridge life test points.

7.6.5.3 | Defective printer

In the cpse of a defective printer, performance test methods shall specify that the printer shall b
repaired or replaced and new cartridges shall be used for'subsequent testing. In the cartridge-attribu]
test repprt, the number of the test charts printed byithe replaced cartridges shall be required to b,
recordeql and it shall be required to record that the’cartridges were replaced due to printer failurg.
The failgire of the printer shall be required to be-noted and the replacement printer serial number sha
be required to be recorded. For the test to be considered valid, at least the minimum required numbg
of each ¢artridge per engine shall be run.td the defined cartridge life test points. In performance teg
method$, the data obtained before printenfailure cannot be used for attribute calculation unless it ca
be proved that the printer failure did.not affect the previously tested cartridges. This justification sha
be required in the cartridge-attribute test report.

T® o O

—_—= e M =

8 Framework requirements for determination of declared attribute values

8.1 Determination.of the declared value for continuous lifetime or continuous physical
attribuges

An average and:a'standard deviation for the continuous lifetime or continuous physical attribute shall
be obtained{from the test runs (e.g. n = 9).

Sample average fora givemcartridge s expressed as fottows:

— X:
_N\'n A
X‘E,i:l_
n

Sample standard deviation for a given cartridge is expressed as follows:
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Xj

is the individual cartridge-attribute value (e.g. for yield as in ISO/IEC 19752, the numbe
standard test pages printed between cartridge installation and cartridge end-of-life);

r of

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

Bie =X—(t,, 4 )X

the true

S
In
Buc =X+<ta,n—1 )XE

where

B|c isthe lower confidence bound;

Byc is the upper confidence bound.

The value ¢, ,; can be found on a students’ ¢-distribution table withns1"degrees of freedom (
nd an a of 0,1 [in this example, n-1 = (9 - 1) = 8]. This provides a 2-tailed confidence interval w

nfidence. This specific t-statistic for 8 degrees of freedom, and®90-% confidence is tan1= 1,8

his can be used in the above calculation only. A differentsample size and/or different co

interval yields a different ¢, , ;.

If the attribute values are not normally distributed, then alternate methods shall be used to d¢
the confidence bounds. For example, the data are functionally transformed to a set of values
ormally distributed. The confidence bounds for«the transformed data can then be found. Theq

n then be reverse transformed to establish the confidence bounds for the actual attribute.

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

lpwer values for a lifetime or physicaljattribute are obviously preferable, then the declared va
e determined so that it is at or @boeve the calculated upper 90 % confidence value. When no
bviously preferable, then the declaration of the attribute shall include the mean and the ug
lpwer 90 % confidence bounds.

.2 Determinatiomofthe declared value for continuous point attributes

etermination ©f)point attributes should result in the collection of approximately 15 test chart
flle pages of each type from each printer. For a test with the minimum of 3 printers and 3 ¢
sets per printer, the total number of test samples collected is approximately 45. This prov
etermination of approximately 45 page-attribute values. Sample size grows when more pri
or€ cartridge sets are used in the test. The actual number of samples is a few higher or lower

1f or ‘v’)
ith 90 %
b0.

hfidence

termine
that are
e values

Heclared

alue shall be determined so that it is at-or below the calculated lower 90 % confidence valule. When

lue shall
value is
per and

hen the minimamof 3 cartridge sets are printed per printer, the sampling interval defined for the

s or test
artridge
ides the
nters or
than the

leulated value due to variation in the yield among cartridges.

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:
n X

x=Y X
25,

i=1

Sample standard deviation for a given point attribute is expressed as follows:

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

For attrjbute values which are normally distributed, it can be stated with 90 % confidence that the true
average|page value of the point attribute is within the following values:

Bre=X+(ty o1 )X

Byc= )_("(toc,n—l )X

Sl &l

where

B;c| isthelower confidence bound;
Byc| is the upper confidence bound.

For attrjbute values which are normally distributed, it can also be stated with 90 % confidence th4
individual page values of the point attribute are within the following values:

=

Bici= A —(to o1 )Xs

Byc, = j;+<ta,n—1)xs

Bic| is the lower canfidence bound for individuals;
Bycj isthe uppetconfidence bound for individuals.

The valye t, , 4 Can be found on a students’ ¢-distribution table with n-1 degrees of freedom (df or ‘v{)
and an ¢ of Oj}+[in 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 t , ;= 1,68(1).

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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