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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 partin t

he

work. In the field of information technology, ISO and IEC have established a joint technical committee,

ISO/IECJTCT:

The procpdures used to develop this document and those intended for its further maintendige Jre
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for

the differlent types of document should be noted. This document was drafted in accordance with t
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

he

Attention is drawn to the possibility that some of the elements of this document{may be the subjgct
of patent] rights. ISO and IEC shall not be held responsible for identifying any or all such patgnt

rights. D¢tails of any patent rights identified during the development of the ”document will be in t
Introductlion and/or on the ISO list of patent declarations received (see wwwiso.org/patents).

Any trad¢ name used in this document is information given for the convénience of users and does 1
constitutg an endorsement.

For an ekplanation on the meaning of ISO specific terms and ‘expressions related to conform
assessmejnt, as well as information about ISO’s adherence to’the WTO principles in the Techni
Barriers to Trade (TBT), see the following URL: Foreword =“Supplementary information.

The comipittee responsible for this document is ISO/IEC JTC 1, Information technology, Subcommitt
SC 28, Offlice equipment.

This secojnd edition cancels and replaces the firstedition (ISO/IEC 29102:2011), of which it constitut
a minor rpvision.

he

ot

ty
al

€S
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Introduction

The scope of this International Standard is limited to evaluation of ink cartridge photo yield of ink-
containing cartridges (i.e. integrated ink cartridges and ink cartridges without integrated printheads)
for colour photo printing with colour inkjet printers. This International Standard can be applied to
colour inkjet printers having an interface to a computer as well as colour inkjet printers that cannot
be connected to a computer. This International Standard can also be applied to the inkjet printer
component of any multifunctional device that has a digital input printing path, including multi-function
devices that contain inkjet printer components. Both liquid and solid ink products can be tested using
thfsTnternationat standard.

The cartridge photo yields of primary cartridges are determined by an end of life judgment, or{signalled
with either of two phenomena: fade, caused by depletion of ink in the cartridge, or autemati¢ printing
stpp, caused by an Ink Out detection function. The cartridge photo yields of supplemental cartridges are
estimated. It is envisioned that one of the uses of this International Standard will\be for the cglculation
of|cost per page (CPP). While this International Standard measures a portion of this cost, it i§ not used
as| the sole component of CPP calculation. Additional factors need to be considered for accyirate CPP
calculations.

© ISO/IEC 2015 - All rights reserved v
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Information technology — Office equipment — Method for
the determination of ink cartridge photo yield for colour
printing with inkjet printers and multi-function devices
that contain inkjet printer components
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pdper size largerthan 4x6, L or A6. In addition, this International Standard is not for use with
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2

Scope

e purpose of this International Standard is to provide a method to determine the ink.cartri
bld of ink-containing cartridges (i.e. integrated ink cartridges and ink cartridges.without i
intheads) for colour photo printing with colour inkjet printers and multifunction devices th
kjet printer components. In the case where a cartridge set can be used in multiple prints
ly one yield test needs to be performed as long as the difference between printer models
pact yield.

TE A cartridge supplier may choose to use more than one market identifier for a single physicall
this case only one yield test is required as long as there are no differeinees in the cartridges other th
ntifiers.

is International Standard prescribes the following:

yield;
the method for determination of declared photo yield values from the test results; and

the appropriate method of describing the photo yield of cartridges in documentation supp
consumer by the manufacturer.

is International Standard is onty;intended for the determination of ink cartridge photo
her claims can be made from thistesting regarding quality, reliability, etc.

is International Standard can be used to determine the yield of any cartridge that is used d
inting of the photo test file defined in ISO/IEC 29103.

is International Standard is not for use with printers whose minimum printable size is e
eater than A3. This International Standard is not intended to measure the yield of photo p1

inters or peint of sale printers. It only applies to desktop printing systems.

Normative references

ge photo
htegrated
it contain
r models,
does not

cartridge.
an market

the test method that manufacturers, test laborateries, etc. use to determine ink cartrigige photo

ied to the

yield. No

uring the

jual to or
inting on
ndustrial

Tl
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t and are

indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 29103, Information technology — Office equipment — Colour photo test pages for measurement of
ink cartridge yield for colour photo printing

ISO/IEC 24711, Method for the determination of ink cartridge yield for colour inkjet printers and multi-
function devices that contain printer components

© ISO/IEC 2015 - All rights reserved
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3 Terms and definitions

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

31
fade
phenomenon in which a significant colour change occurs due to ink depletion

Note 1 to entry: If a printer exhibits fade, a five minute pause is allowed to provide for recovery of the ink delivery
system and printing can continue. If fade appears on the next page, then the cartridge is judged at end of life and
the additianal page prinfpd after the five minute pause is not counted in the vield calculation If fade does not

appear onfthe next page, then printing can continue until the next fade or ink out is encountered.

Note 2 to ¢ntry: For examples of fade, please consult Annex A.

Note 3 to ¢ntry: In some printer systems, fade can occur prematurely due to the way that ink is provided to ghe
printing system.

Note 4 to pntry: It can be helpful to use the first photo test suite print samples from the(first cartridge set for
colour comparison.

Note 5 to ¢ntry: A blue light source (such as a blue LED) can be used to help in the détection of yellow fade.

3.2
streak
thin lines|of colour that appear in test images

Note 1 to ¢ntry: Streaks differ from fade in the width.

Note 2 to gntry: If streaks occur in two or more out of four consécuitive test pages, then a streak removal operation
is requiredl.

Note 3 to ¢ntry: Streaks can appear due to a number of r@asons; thermal issues and clogged nozzles being twq of
the main dauses. Comparisons are made using the phefilomenon sample provided in Annex B.

3.3
streak r¢moval operation
procedurg used to restore the print performance by removing streaks

Note 1 to ¢ntry: It is often called a nozzle cleaning operation.

Note 2 to gntry: If streaks are ohserved in two or more out of four consecutive test pages, first the printer dan
be left idl¢ for five minutes. Flien an additional four pages are printed. If the streaks are still observed, thep a
streak removal operation is-Conducted according to the latest printer manufacturer documentation. Due to ghe
significanf amount of ink that is used for cleaning, the maximum permissible number of times that the strgak
removal operation can,be used on a given cartridge is prescribed in 5.2.1. All test pages printed during this
process will be incldded in the page count for determining the yield.

34
printhead@alignment operation
function thatatigmsewly instatted primtheads

Note 1 to entry: If it is mandatory according to the latest printer manufacturer documentation, this operation
is performed during testing. The pages used in the alignment procedure are not counted in the measurement of
yield.

3.5

ink low

warning generated by the printing system when it has determined that the amount of ink is such that a
cartridge change may be required soon

Note 1 to entry: It does not indicate that the system is out of ink.

2 © ISO/IEC 2015 - All rights reserved


https://standardsiso.com/api/?name=7db307f1b26d6b93c5f3e33544b4e1a1

ISO/IEC 29102:2015(E)

3.6

ink out

signal generated by the printing system when the usable ink in the system is depleted and the printer
stops printing

3.7
end of life
condition determined by one of two mechanisms: fade (3.1) or ink out (3.6)

Note 1 to entry: For cartridges containing multiple colour inks, end of life is defined when the first colour exhibits
fage-e Ht-the-eventthat the printerean i1 i1 i he idge will still
belconsidered at end of life.

pdint of time when all of primary cartridges are consumed three times per printerunder test{ng

individual cartridge photo yield
nymber of pages printed between cartridge installation and efd of life

3.11
declared cartridge photo yield
atlor below the lower 90 % confidence bound of the mean

Ndte 1 to entry: 90 % confidence bound of the mean is prescribed in 6.1 and 6.2.

3.12
pijimary cartridge
major contributing cartridge for ink codsumption

Ndte 1 to entry: The minimum numbér of primary cartridges to be tested for different printing $ystems is
prescribed in 4.2. Cartridges thatgeach end of life (3.7) first are classified as primary cartridges. They| should be
copsumed at least three times pérprinter at end of testing (3.8).

Ndte 2 to entry: Colour inkjetprinters commonly utilize a set of different colour inks to improve qualify of photo
images. The number of different colour inks ranges from three to more than 10. Ink usages of differgnt colours
arg not designed to be.tniform. In order to maintain testing time and cost at a reasonable level, the d¢finition of
primary cartridges-is.introduced in this International Standard.

3.13
supplemental cartridge
cartridgethat is not classified as primary cartridge

Ndté~1 to entry: The determination of yield for supplemental cartridges is made according to the jprocedure
prescribed T 6.2

3.14
proxy cartridge
primary cartridge to be utilized for estimating yield of supplemental cartridges (3.13)

Note 1 to entry: The definition of proxy cartridges is prescribed in 6.2.

3.15
photo paper
coated paper for photo printing

© ISO/IEC 2015 - All rights reserved 3
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3.16
content type selection
selection that specifies the content for printing

Note 1 to entry: Examples include photo and document. This can be selected by the user or in some cases by the
printing system based on the automatic media detection.

3.17
paper media selection
selection that specifies the type of media

Note 1 to ¢ntry: This can be selected by the user and/or by the automatic media detection.

3.18
print qudlity level selection
user sele¢tion that specifies the various levels of printed image quality and enhancement

Note 1 to ¢ntry: Examples include normal, best or highest.

Note 2 to ¢ntry: Some printers might not have all of the selections specified in 3.16, 3.17"and 3.18 available.

4 Testiparameters and conditions

4.1 Setup

Place the| printer on a horizontal surface and set up the printer according to the installation guide
provided|in the printer user’s manual. If a printer has the-capability to use both PC connection ahd
another method of data input for photo printing, the PC cofinection shall be used for testing. If a prinfer
does not have PC connection capability, the method ofidelivering photo test page suite to printer ahd
printing procedure shall be included in the test report. Use the most recent printer driver availalple
from the |manufacturer’s website or the supplied.driver with the printer. The driver version shall pe
specified|on the 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 manaal*will take precedence except if changes are recommended
for printdr or driver settings.

At the stdrt of the test, all printers shall be set up using a set of priming cartridges to ensure that the
ink used [in testing is primarily for printing, not for initial priming/cleaning. After the printer is get
up accordling to the manufacturer’s instructions, the priming cartridges shall be used to print until
consistent images are generated. The priming cartridges shall be removed and replaced with ngw
cartridgef that will besused for testing yield. The pages printed during priming operation will pe
included fin the test report. But, those pages are not counted towards yield. Even if required by the
printer, printhead alighment does not have to be performed on the priming cartridges. The replacemgnt
d

Print quality level selection shall be at factory pre-set configuration for the printer and default installed
condition for the driver and shall be included in the test report. Any user selectable ink conservation
modes, (for example, draft mode) shall be disabled during testing. If content type selection to photo is
available on the printer, it shall be set to photo and included in the test report.

Paper media selection shall be set to photo paper. In case of multiple choices are available for photo
paper setting, selection made for testing shall be included in the test report. If user selectable automatic
media detection is available on the printer, it shall be disabled to make sure the same ink amount to be
consumed for different media. If automatic media detection is used, it shall be noted on the test report.
If these settings cannot be verified, then testing shall occur with automatic media detection on. If the
printer and driver settings differ, then the driver defaults shall be used.

4 © ISO/IEC 2015 - All rights reserved
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Any scaling to ensure that the photo test suite is printed correctly shall be based on printer system
or driver. To facilitate automated testing, the photo test suite may be pre-generated using the printer
driver. This is often accomplished using a print to file command. This method is only valid if it does not
affect the measured yield. If a pre-generated file is used, it shall be noted on the test report.

4.2 Sample size

Colour inkjet printers commonly utilize different colour inks and/or overlays to improve quality of
photo images. Number of different colour inks/overlays for colour photo printing is quite diverse. Some
of the r1nters ma utlllze more than 10 diff l k 1 f different colours

tridges are regarded as supplemental cartridges. During testing, cartridges that reach nd of life
fifst are classified as primary cartridges.
The minimum number of primary cartridges to be tested is determined based on the number of
cartridges utilized for printing system. Inkjet cartridges are designed in two’common styles, single
cz{our and multi-colour contained cartridges. The number of cartridgés ay be smaller|than the
nymber of colour inks/overlays. The minimum number of primary eartridges for variou§ printing
syktem is listed in Table 1.

Prlimary cartridges shall reach end of life at least three times on €ach of the printers tested. Regardless
of|the minimum number of primary cartridges specified in Takle 1, all of the cartridges depldted three
orf more times on all tested printers shall be treated asprimary cartridges. The minimum number
of|printers for testing is three. For example, if the number of primary cartridges is three, aft least 27
cartridges shall be tested. (3 primary cartridges x 3 cartridges to reach end of life x 3 printerf)

Td represent yield variations due to cartridge and.printer manufacturing tolerances, it is acceptable
thpt additional engines and/or cartridges be used in testing.

Table 1 — Minimum number of primary cartridges

The Minimum Number

Printer system of Primary Cartridges

1 cartridge system

2 cartridge system

3 cartridge-system

4 cartridge system

6 cartridge system

W W W|N [

7'6r more cartridge system

When testing additional printers and primary cartridges above the minimum, an effort shal] be made
to[test alr equal number of primary cartridges on each printer. For example, if an additionpl printer
were-to be tested for 3 primary cartridges, then the minimum number of cartridges to be tested would
be-36(3primmary cartridges x 3 tartridges toreachrend of tife x4 primters):

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

4.3 Print mode

Colour inkjet printers commonly need to service the printing system after a number of prints, or when
the device has been powered down or not used for a given amount of time. This servicing uses ink that
could have been used to print additional photos. It is realized that customers do not normally print in
a continuous fashion. But, the yield test will be run in semi-continuous simplex printing to decrease

© ISO/IEC 2015 - All rights reserved 5
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testing time and increase the repeatability of the testing process. Each photo test page shall be printed
as a separate print job. This allows for some intra-job servicing and calibration to take place.

Additional pauses may take place due to paper refills and idle time due to end of work days, but pauses
are not required. All print settings shall be documented in the test report to sufficient level to allow
testing to be reproduced by a third party.

NOTE Depending on printing conditions, the yield experienced by a given user may vary significantly from
the yield measured by this test method.

If a printer has capability to print both borderless and bordered, photo test suite shall be printed
without Horder. If borderless printing is not allowed for a printer under testing, photo test suite can pe
printed with border. It shall be noted in test report. Any scaling to ensure that the photo testssuite|is
printed cprrectly shall be based on printer system or driver.

—e

4.4 Print environment

The templerature can have a profound effect on test results. For this reason, the test shall be carried qut
according to the following test conditions:

Temperature: Testing room average 23,0 °C +2 °C

Readings|to be made with a running average of 1 hour with readings recorded at least every 15 minutgs,
all running average temperatures are to be between 20,0 °C and 26,0-°C.

An example of the calculation of the temperature is shown in Table2 for temperature readings taken pn
15-min iftervals for the testing of one cartridge.

Table 2 — Running temperature-calculation example

Testing Roonp
t1 t2 t3 ta ts ts ty tg t9 t10 t11 t12 Average
Temperatpre t; 24,0 | 23,4 | 20,5 | 24,2 | 23,6\-22,0 | 25,5 | 24,7 | 22,1 | 20,8 | 22,0 | 23,5 23,0
Running Average
T; N/A | N/A | N/A | 23,0.| 229 | 22,6 | 23,8 | 24,0 | 23,6 | 23,3 | 22,4 | 22,1

Running Ayerage T; = (ti-3+tj-2+ti-1+ti) /4
Testing Ropm Average = (t1+t+ ... +t12)/12

From thes¢ formulae, the testing roorm average would be 23,0 °C, the maximum running average reading 24,0 °C and the
minimum funning average reading22,1 °C. These values can be found highlighted in the table of temperature measurementgs.
It shall be oted that the testifgmoom average for temperature are averages of all measurements, not the running averaggs.

Humidity|shall bexwithin the range recommended by the manufacturer for operating the device.

Environ
averages
reporting form.

ng
st

All materials shall be temperature acclimated to the test room environment. Prior to testing, the printer,
paper and cartridges shall be acclimated to the above conditions. Before acclimation, packaging and
shipping materials shall be opened with care to prevent damage to the cartridges during acclimation.
Paper may be acclimated in the ream wrapper.

Any water condensation shall be avoided when printer, paper and cartridges are carried in the test
environment

6 © ISO/IEC 2015 - All rights reserved


https://standardsiso.com/api/?name=7db307f1b26d6b93c5f3e33544b4e1a1

ISO/IEC 29102:2015(E)

4.5 Paper

The paper utilized in this test represents photo paper. If photo paper is tested, it shall conform to the
printer’s list of approved photo papers for colour photo printing. If automatic media detection can be
disabled and yield results are not affected by the type of paper, plain paper that shall conform to the
printer’s list of approved papers can be utilized for testing to reduce the cost for testing. If automatic
media detection cannot be disabled, tester shall utilize photo paper.

Size of paper used in this test shall be 4x6, L or A6 size. It is recommended that the test will be performed
with 4x6 sized paper if it can be utilized for a printer under testing. But, if a printer under testing is not
capabte of primting om #%6 SiZzed paper and,;/or L& or A6 15 0f QONMITant paper Size i tie mation, L or A6
sized paper can be utilized for testing. Tester may use larger sized paper only if yield restlfs are not
affected by the size of paper.

The paper manufacturer, manufacturer’s paper model and/or code, and size farthe paper that is
actually used in the test shall be noted on the report. When available, weight fer. the paper if actually
used shall be noted on the report.

4.6 Maintenance

Prlinter maintenance shall be performed according to the printer and eartridge user’s manual

4.[7 Testfiles

The test image suite used shall be as specified in ISO/IEG.29103. The test shall be conducted|using the
mpst recent official electronic test image suite as the iriput. The most recent official file can be Jocated at
(hittp://www.iso.org/jtcl/sc28). Failure to use the eXact file specifications will invalidate test results.
0§ provided photo printing tool (for example, Wintdows photo printing wizard) will be used to send
pHoto test suite to the printer. The method used for connection between the host computer and the
priinter shall be recorded on the test report:For automated testing, a pre-generated print flle can be
used if the results are equivalent to directprinting methods. This will be recorded on the test report.
The version of the test file, the printerdriver version and OS provided photo printing tool version and
type will be included in the test report. Before starting the test, a sample file set shall be printed to

NQOTE There are often several OS provided photo printing tools available; each version can havelan impact

Td reduce test variability due to other programs, it is recommended that test file genefation be
conducted on a printer'with a “clean” install of the Operating System (OS) with only the prinfer driver
the same
header or
ze of this
fest suite,

: e : e hay affect
the yield test results the computer env1ronment recommended by the prlnter s user manual shall be
used for the test. All of this information shall be recorded on the test report. Test file shall be printed
without any border if a printer has capability to print both borderless and bordered. If a printer under
testing is incapable of borderless printing, test file can be printed with border. In case of bordered
printing for testing, it shall be noted in test report. Any scaling to ensure that the photo test suite is
printed correctly shall be based on printer system or driver.

© ISO/IEC 2015 - All rights reserved 7
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methodology

5.1 Testing procedure

511 P

reparation

a) Install atleast three printers following the user’s manual.

b) Install a priming cartridge into the printers.

c) Using priming cartridge, print until consistent images are generated.

d) Rem

51.2 1

a) Rem

cartrfidge individually to within 0,01 g and record the weight. Install these cdrtridges based on t|
cartrfidge installation guide.

If th
thec
setti

b) Ifthe
print

Page

5.1.3 T

ve each priming cartridge.

stallation of test cartridges

ve all packaging material from a new complete set of cartridges to be tested’and weigh each

he

e is a contradiction between the printer and cartridge manuals forthe cartridge installatign,
rtridge manual will take precedence except if changes are recammended for printer or drijer

gs.

printer has a mandatory printhead alignment operation, it will be conducted according to t
er manual.

b printed for head alignment operation will not bé ¢ounted in the measured yield.

esting

a) BegiI test and start tracking the number of‘test photos printed on each test cartridge.

b) When end of life is reached on any cartridge, execute the End of cartridge life procedure accordi

to 5.1

c) Repe
of lifg
cartr
all sy
cartr

d) Repe
as pr
514 E

4. End of life shall be determined‘as prescribed in 3.7.

bt steps 5.1.3 a) and b) umtil all of primary cartridges that are prescribed in 4.2 reach E

idge yield for the depleted primary cartridge. Remove the depleted primary cartridge a
pplemental cartridges. When yields of supplemental cartridges are determined using pro
idges as specified’in 6.2, weigh the removed cartridges and record in the report.

ht steps 5.1:20 5.1.4 for all of printers under testing. (At least three printers should be test
escribeddn 4.2.

nd of cartridge life procedure

he

 at least three times. When the last primary cartridge reaches end of life, record individyal

a) Record individual cartridge yield for the depleted cartridge.

b) Remove the depleted cartridge, weigh and record the final weight. Replace depleted cartridge with
new cartridge. Measure its weight and record as in step 5.1.2.

5.2 Procedure for handling streaks

5.2.1 General

If streaks are observed as described in 3.2, a streak removal operation (as defined in 3.3) shall be
performed according to the printer user’s manual. The page count and streaking colour will be recorded
in test report.
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5.2.2 Nozzle cleaning

a)

b)

Nozzle cleaning strength

If nozzle cleaning operation has the option of multiple cleaning strengths, the procedure

indicated

in the printer manual for resolving streaking will be followed. Use of a light and a strong cleaning
procedure will count as one nozzle cleaning operation. Any cleaning pages printed during the

nozzle cleaning operation will not be counted in the yield calculation.

Permissible limited number of nozzle cleaning operation

Nozzle cleaning operation will consume ink. This may affect yield test results. Torg¢duce the

influence of this operation, the maximum number of user initiated cleaning operatiens. fd

r a single

cartridge is limited as shown in the list below. If the estimated yield for primany carfridges is

equal to or less than 400 pages, the nozzle cleaning operations are allowed up tg three tir
estimated yield is greater than 400 pages, the maximum number of nozzle 'cleaning op
incremented by one for every additional 150 pages.

Table 3 — Maximum number of nozzle cleaning operations allowed

Estimated cartridge yield Number of nozzle ¢leaning operation
Up to 400 pages 3\times
Up to 550 pages 4 times
Up to 700 pages 5 times
Up to 850 pages 6 times
Up to 1 000 pages 7 times
Up to 1 150 pages 8 times
Up to 1 300 pages 9 times
Up to 1 450 pages 10 times

In addition to the maximum number of nozzle cleaning operation, one more additiona
operation can be tried. If a Fade occurs or an Ink Out is signalled on this additional
operation, the yield data are ‘still valid and the data can be used in the final yield calc
a Fade or Ink Out doesnot occur during the cleaning operation, the cartridge shall be

nes. If the
pration is

cleaning
cleaning
hlation. If
replaced

with new one regardless of streak condition. The cartridge will be considered defective for having

excessive streaks and the yield data are not valid. The cartridge removed for this reas
recorded in the fest report as a failed cartridge due to excessive streaking.

If the nozzle'cleaning operation cannot be limited to individual colour

If nozzle¢leaning operation cannot be limited to the cartridge that is streaking, all other ¢
under:teésting will also use ink during the cleaning process. For this reason, if a noj
operation affects all cartridges in a printing system, any cleaning operation performsg
counted against all cartridges. If more than the specified cleaning operations are perfor

n will be

artridges
zle clean
d will be

med on a

Cdl'tl 1dgc ulldﬂl LESL, LhdL Cdl'Lll 1dgc Wlﬁ b€ I UlllUVUd f[ UIII LCbLillg CVCIl L}lngh iL wdS 1100
of the streaks. Cartridges removed for this reason will be recorded on the test report as
due to excessive cleaning. These cartridges shall not be used in the calculation of yield.

5.3 Procedure for handling a defective cartridge, printhead or printer

5.3.1 General

the cause
removed

During testing, a failure of the cartridge, printhead or printer may occur. This will be handled as
described below: Cartridge failures are defined as occurrences of problems that would result in
replacement of the ink cartridge before End of life. Examples of this could be excessive nozzle clogging
(for integrated printheads), excessive ink leakage, and/or structural failure, etc. Printhead failures are
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usually indicated by excessive, non-cleanable streaking or other non-resolvable print quality defects in
systems where the printheads can be replaced. Printer failures are defined as non-user clearable errors
that prevent normal printer operation from occurring. An example of this might be the failure of the
paper feed mechanism or excessive streaking on a non-replaceable printhead. All defective cartridges,
printheads and printers will be recorded on the testing report along with reason for failure.

5.3.2 Defective cartridge

In the case of a defective cartridge, the number of the last photo test suite printed and reason for failure
will be recorded on the report. The cartridge will then be replaced with a new cartridge and the testing
continued. If the printer has a mandatory printhead alignment operation, it will be conducted accordipng
to the pripter manual. For the purposes of yield calculation, the defective cartridge will not be used:

When a defective cartridge is encountered, the yield data of all the cartridges installed inthe printer
cannot b¢ used for yield calculation unless it can be proven that those data would not be affected py
the defective cartridge or the streak removal operation conducted immediately following the cartridge
replacempnt. This justification will be noted in the test report.

5.3.3 Defective printhead

In the case of a defective printhead, the printhead shall be replaced as specified in the printer usef’s
manual. Hor the purposes of yield calculation, all cartridges that were ifthe printer at the time of the
failure will not be used in calculation of the final yield. After replacement of the printhead, the printer
shall be det up using a set of priming cartridges as specified in@.1 A new set of cartridges shall pe
weighed hnd installed for subsequent testing. On the report, the number of the last photo test sujte
printed for each cartridge using the defective printhead will*be’recorded. A note will be made that pll
cartridges were replaced due to printhead failure. If the printer has a mandatory printhead alignmgnt
operatiorl, it will be conducted according to the printer manual. If the printhead is not user replaceable,
refer to 5{3.3.

5.3.4 Defective printer

In the cade of a defective printer, the printershall be repaired or replaced. After repair/replacement|of
the print¢r, the printer shall be set up using a set of priming cartridges as specified in 4.1. Then, ngw
cartridges shall be installed for subsequent testing. If the printer has a mandatory printhead alignmgnt
operatior], it will be conducted according to the printer manual. On the report, the number of the 13st
photo tesf suite printed by the cdrtridges in the defective printer will be recorded and it shall be noted
that the qartridges were replaced due to printer failure. The failure of the printer will be noted and the
replacempnt printer serial idmber recorded. The yield data obtained before printer failure cannot pe
used for Yield calculation TGihless it can be proved that the printer failure did not affect the previously
tested cartridges. Thisjustification will be recorded in the test report.

6 Det¢rmination of the declared yield value and declaration

6.1 Yield-ofprimarycartridges

An average and a standard deviation will be obtained from the test runs (e.g. n = 9 when a primary
cartridge is reached End of life three times and three printers are utilized for testing).
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Sample average for a given cartridge is derived using Formula (1):

n
X=)% M
~ n
i=1
Sample standard deviation for a given cartridge is derived using Formula (2):
=\2
L (xi —X)
5= — (2)
\ Z (n=1)

4
\ G

where
x; istheindividual cartridge yield (3.10);
n isthe sample size; for testing, n shall be =9.

It kan be stated with 90 % confidence that the true average yield of the cattridge is within the values
ddrived from Formulae (3) and (4):

Lower Confidence Bound = X — (ta n—l) * % 3
’ n
s

In (4)

Upper Confidence Bound = X +(ta’n,1)*

where

tan-1  can be found on a Students’ t-Distribution Table with n -1 degrees of freedom (df pr ‘v‘)
and an a of 0,1. (in this example,:n&1 = 9-1 = 8) This provides a 2-tailed confidencp interval
with 90 % confidence. This specific t-statistic for 8 degrees of freedom, and 90 %|confi-
dence is tq,n-1 = 1,860. This ¢an be used in the above calculation, only. A different|sample
size and/or different confidénce interval will yield a different tq,,-1.

The declared value shall be determntined so that it’s at or below the calculated lower 90 % cpnfidence
value.

6.2 Yield of supplemental cartridges

6.2.1 General

Supplemental-cartridges are not required to reach End of life. If a supplemental cartridge does|not reach
Erd of life three times per printer by the end of test, the yield can be estimated.

Far the'\éstimation of yields for supplemental cartridges, a proxy cartridge is defined as any primary
cartridge having the same physical size and similar starting weight as the supplemental gartridge.
C ' i i i i s, such as

physical keys and tabs. For the supplemental cartridges whose starting weights are less than 50 g,
a proxy cartridge is defined as any primary cartridge of the same physical size as the supplemental
cartridge which has a starting weight within +5 % of the supplemental cartridge starting weight. For
the supplemental cartridges whose starting weights are greater than or equal to 50 g, a proxy cartridge
is defined as any primary cartridge of the same physical size as the supplemental cartridge which has a
starting weight within +10 % of the supplemental cartridge starting weight.

Supplemental cartridge yields shall be reported individually except as specified in the note of 6.4. When
yield for supplemental cartridges are estimated, it shall be clearly declared as “Estimated Yield”.
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6.2.2 Case 1: supplemental cartridges that has not reached End of life

a)

b)

12

If proxy cartridges are available, estimated yield of supplemental cartridge per printer is
determined by Formula (5):

Yield

Amount of Full Ink [grams]

= x Number of Printed Pages at End of Testing [pages] (5)

Amount of Delivered Ink [grams]

“Amount of Full Ink” is the total amount of ink that the supplemental cartridge can deliver until
end of life. (i.e. difference between the weight at Start of cartridge life and the weight at end of life).

“Amgd
estin
is thd
betw]
Page
of teq

In th

Samyp

Lowe

The dleclared valte-in this case shall be determined so that it’s at or below the calculated low

90 %

If no
proxj

unt of Full Ink” is not known for a supplemental cartridge that has not reached end of lifez I
ated as the average amount of delivered ink of all proxy cartridges. “Amount of Delivered.Ity

amount of ink that a supplemental cartridge delivered until End of testing. (i.e. differen
een the weight at Start of cartridge life and the weight at End of testing). “Numbef|of Print
b at the End of Testing” is the number of pages that are printed from the start ofitesting to E

ting.

s case, the number of data points is equal to the number of printers utilized for testing.

le average for a given cartridge is derived using Formula (6):

[ Xi

; m

le standard deviation for a given cartridge is derived using Formula (7):
—\2

m —

b )

1 (m — 1)

Vhere

| is the estimated yield defined indormula (5);
1 is the number of data. It is equal to the number of printers utilized for testing. (m shall b

he 90 % LCB is calculated by Formula (8):

S

Jm

- Confidence Bound= )_(—(ta'm_l)*

confidencewvalue.

cartridge can be used as a proxy, one of the following three options may be chosen when
F eartridge is available.

is
k"
ce
ed
hd

6)

7)

er

— Option 1: Supplemental cartridges shall be tested until end of life at least once to determine
yield. In this case, photo test suite prescribed in ISO/IEC 29103 is utilized for testing and the
minimum of three data points (one per printer) will exist for each supplemental cartridge.

— Option 2: “Amount of Full Ink” obtained by ISO/IEC 24711 shall be utilized for this International
Standard. In this case, the number of data points is equal to the number of printers utilized for
testing.

— Option 3: Supplemental cartridges may be tested until end of life at least once by printing a
special test image designed for fast ink consumption. In this case, the minimum of 3 data points
(one per printer) will exist for each supplemental cartridge. Special test page utilized will be

r

eported in the test report.
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The declared yield value shall be determined by the method prescribed in 6.2.1. Option chosen to
estimate yield for supplemental cartridge shall be noted in the test report.

6.2.3 Case 2: supplemental cartridges that have reached End of life once or twice

If a supplemental cartridge has reached End of life once or twice before End of testing for any printer
utilized in testing, the declared yield value shall be determined by the method prescribed in 6.1. The
size of data n will be smaller than 9. For example, if a supplemental cartridge has reached End of life
once before End of testing for all of three printers utilized in testing, the number of data points will be
three.

Arl example:

Ink cartridges: K, C, M, Y, Light C, Light M separate cartridges.

Number of printers: 3

Number of depletion for primary cartridges: 3

Number of primary cartridges: 3

Number of supplemental cartridges: 3

All colour cartridges are the same physical size and have a/starting weight of 55g+3 g
K cartridge has different physical size.

For each printer for yield testing, M, C and Y cartridges reached End of life three times.
Y is the last primary cartridge that reached End of life three times.

Kreached End of life once.

Light C and Light M never reached End-of life.

Rdfer to Table 4 for the number of printed pages and amount of delivered ink.

Table 4 — Example of measured values

Cartidge | Amauntoitul | “Amouncor || Nimberofdata | aversgoot | Standud dev
K 200g - 3 500 18
C 110g - 9 250 D1
M 11,3 g - 9 230 10
Y 11,5g - 9 265 31
Light C - 3g 0 -
Light M - 4g 0 -

M, C and Y will be regarded as

supplemental cartridges.

© ISO/IEC 2015 - All rights reserved
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Estimation of K yield:

Because of differences in physical size, K cartridge will not have a proxy cartridge. Since K cartridge
depleted once for each of three printers, estimation method described in 6.2.2 applies to estimate yield
of K cartridge. The 90 % LCB is computed by the same way as primary cartridges. See Formula (9).

n=3and ta,n—1:t012:2’92 9)

()

Therefore, the 90 % LCB numbers are computed using Formula (8), as follows:

K90 % LCB = 500—2,9ZE=470 pages

NE]
Estimatidn of yields for Light C and Light M:

Since Light C and Light M never reach End of life, estimation method described in 6.2.171) applies. The
C, M and|[Y cartridges meet the criteria to be a proxy. “Amount of full ink” for Light € and Light M|is
estimated by the average of “Amount of full ink” for C, M, and Y cartridges. It is caleulated as follows:

(11,0x9 +11,3x94+ 11,5%9)
Amount of full ink for Light C and Light M = =11,3
9+9+9)

Since Y if the last primary cartridge that reached End of life threetimes, “Number of printed pages|at
End of testing” is determined based on the number of pages printed'by Y cartridge. On average, thiq is
265 x 3 =[795 pages, but needs to be done on a per printer basis invorder to generate the three estimated
yield datq points. Assume the three printers produced 809, 796, and 780 total pages at end of testipg
and the Ljight C cartridges delivered 3,0 g, 3,1 g, and 2,9 g.and Light M cartridges delivered 4,1 g, 4,2 g,
and 3,7 gof ink.

Estimated yields for Light C are
(11,3|g) / (3,0 g) x (809 pages) =3 047
(11,3[g) / (3,1 g) x (796 pages) = 2 901
(11,3|g) / (2,9 g) x (780 pages) =3'039
Light C eqtimated yield is the avetrage of the above data which is 2 995 and a standard deviation of 82,0.
Estimated yields for Light Mcaye
(11,3[g) / (4,1 g) x (809 pages) = 2 229
(11,3|g) / (4,2.8)% (796 pages) = 2 141
(11,3|g) / 3,7 g) x (780 pages) = 2 382

Light M egtimated yield is the average of the above data which is 2 250 and a standard deviation of 119,9.

m = 3 and ta,m—l :tO,l, 2 :2,92

Therefore, the 90 % LCB numbers are

Light C90 % LCB = 2995 — 2,92@ = 2856 pages

V3
119,9

V3

Light M 90 % LCB = 2250-2,92

=2047 pages
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3 Testdatareporting

2015(E)

The data shall be reported as exemplified in Annex C. The report shall be made available if requested.

6.

4 Declaration of the yield

The yield declaration will vary depending on whether ink is supplied in cartridges with multiple colours

or

in separate cartridges for each colour.

When multiple colours are combined into one cartridge, then the declared yield is based on a single

9( % Tower confidence bound (LCB) of the mean thatis calculated according to 6.1 and 6.Z2.

Example 1 Printer with CMY combined cartridge and K in a separate cartridge;-CMY

Caj

Friom Testing:

Yi

Y

Bdcause of differences in colourant hue and colour balance optimization among printer manu

th
ac

approximately equal capacities, their yields can be reported using a single value computed us

fo

[rtridge is primary and K is supplemental.

CMY Cartridge 90 % LCB = 508 pages

Estimated Black cartridge 90 % LCB =1 100 pages

bld can be reported as:

Average CMY Cartridge Yield Up to 508 photos
Estimated Supplemental Yield Black Up to 1 100 photos

Values obtained by continuous printing.

e test pages used in this International Standard will not be colour balanced for all pr
knowledgement of this fact, whénjcoloured inks are in separate cartridges that are intend¢

rombined

hen the different colours are supplied in separatecartridges, then LCBs are computed for each colour.
D¢clared yield can be based on the individual-ECBs for each colour or based on a combine
splecified below.

1 yield as

facturers,
inters. In
d to have
ing yields

- all of the individual colours;-called “composite yield”. If composite yield is to be reported, all primary

cartridges shall be included;Supplemental cartridges shall not be included in the composite yjeld.
The composite yield is defined as Formula (10):
cY = n (10)
1 1
Yl YZ n
ere
CY = compaosite yinld;
Yi =90 % lower confidence bound (LCB) of the page yield of colour i.

This calculation provides a cost neutral result when all colourants are priced the same on a per

ca

rtridge basis.

Example 2 Primary cartridges: C, M, Y

Fr

©

om testing:
Cyan Cartridge 90 % LCB = 450 pages
Magenta Cartridge 90 % LCB = 580 pages

ISO/IEC 2015 - All rights reserved
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Yellow Cartridge 90 % LCB = 500 pages
Estimated Black cartridge 90 % LCB =1 100 pages

CY= 3 =505pages

1 1 1
+ +
450 580 500
For colour cartridges:

Declared yield can be based either on the individual LCBs for each colour or based on the composite
yield. Thg two options for declaration of yield for this example are:

Individudl Yield Method

Average Cyan Cartridge Yield Up to 450 photos
Average Magenta Cartridge Yield Up to 580 photos
Average Yellow Cartridge Yield Up to 500 photos
Estimated supplemental Yield Black Cartridge Up to 1 100 photos

Values|obtained by continuous printing.

Composite Yield Method:
Three-Cartridge Composite Yield Up to 505 photos
(Comppsite yield using C, M and Y)
Estimated supplemental Yield Black Cartridge Up to 1 100 photos
Values|obtained by continuous printing.

When yields for additional cartridges other than C, M, Y and K are measured as determined in referernce
to 6.2, thgy shall be reported individually and not combined into the composite yield. In these instancgs,
the comppsite yield may still be used for the cyan, magenta and yellow cartridges.

(@]

If a yield [is reported according to ¢his International Standard, a full test report as shown in Anney C
shall be apvailable.

When anlinkjet cartridge yiéldis declared in the user’s manual, marketing materials or packaging, the
followinglminimum information shall be included:

— desctiption that the-declared yield value has been determined in accordance with ISO/IEC 291032;
— declared yield'value of the cartridge;

— that fhe'value obtained was using continuous printing;

— ifa cartridge can be used in multiple distinct print systems one of the following shall be reported:
— the combination of a tested printer and cartridges;
— the minimum yield of all tested printers;

— the range of yields from all tested printers — must have reference to actual printer/cartridge
performance available

There are three main components to the numerical part of the declaration.
a) The total number of cartridge colours used in the determination of the yield

b) Primary cartridge yield.
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Supplemental cartridge yield.

The composite yield shall be reported as an “N” cartridge yield, with “N” being the number of cartridges
in the composite yield. The colours of the cartridges used in the composite calculation shall be reported.

Example 3

For a system with only C, M, Y and K individual cartridges using a composite average:

When tested in printer YYY

(0)i

(0)i

Ink Cartridge yield:
Three-Cartridge Composite Yield 505 standard photos
(Composite yield using C, M and Y)
Estimated Supplemental K Cartridge Yield 1 100 standard photos
Values obtained by continuous printing using four cartridge colours (G, M, Y, K).
Declared yield value in accordance with ISO/IEC 29102.
for just a cyan cartridge tested from the above example:
When tested in printer YYY
Ink Cartridge yield:
Three-Cartridge Composite Yield 505 standard photos
(Composite yield using C, M and Y)
Values obtained by continuous printing-using four cartridge colours (C, M, Y, K).
Declared yield value in accordan¢e-with ISO/IEC 29102.
for just a cyan cartridge tested from the above example without a composite yield:
When tested in printer YY-¥
Ink Cartridge yield:
Average C Cartridge Yield 502 standard photos
Values ohtained by continuous printing using four cartridge colours (C, M, Y, K).

Declafed yield value in accordance with ISO/IEC 29102.

S

Fq; a,system with only C, M, Y and K individual cartridges (C, M, and Y are primary cartridge

plemental cartridge):

s and K is

When tested in printer YYY

Ink Cartridge yield:
Average C Cartridge Yield 502 standard photos
Average M Cartridge Yield 515 standard photos
Average Y Cartridge Yield 489 standard photos
Estimated Supplemental Yield Black 1 100 standard photos

Values obtained by continuous printing using four cartridge colours (C, M, Y, K).

© ISO/IEC 2015 - All rights reserved
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Declared yield value in accordance with ISO/IEC 29102.

For a system with only CMY combined cartridge and a K cartridge (CMY combined cartridge is primary
and K is supplemental):

When tested in printer YYY

Ink Cartridge yield:
Average CMY Cartridge Yield 505 standard photos
Estimated Supplemental Yield Black T 100 standard photos

Valules obtained by continuous printing using two cartridge colours (C, M, Y, K).
Declared yield value in accordance with ISO/IEC 29102.

For a sysfem with only C, M, Y, K, Light C, and Light M individual cartridges (C, M, andY are primary
cartridges and K, Light C, and Light M are supplemental cartridges):

When fested in printer YYY

Ink Cartridge yield:

Averfage C Cartridge Yield 502 standard/photos
Ayerage M Cartridge Yield 515 standard photos
Ayerage Y Cartridge Yield 489 standard photos
Estimated Supplemental Yield Black 14100 standard photos
Estimated Supplemental Yield Light Cyan 1 200 standard photos
Estimated Supplemental Yield Light Magenta 1 500 standard photos
Values obtained by continuous printing using six cartridge colours (C, M, Y, K, Light C, Light M).

Dgclared yield value in accordance with ISO/IEC 29102.

Or when tested in printer YYY,

Ink Cartridge yield:
Three-Cartridge Coniposite Yield 505 standard photos
(Composite yield-using C, M and Y)

Estimated Supplemental K Cartridge Yield 1 100 standard photos
Estinated Supplemental Yield Light Cyan 1 200 standard photos
Estimated Supplemental Yield Light Magenta 1 500 standard photos

Values obtained by continuous printing using six cartridge colours (C, M, Y, K, Light C, Light M).
Declared yield value in accordance with ISO/IEC 29102.
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(informative)

Examples of fade

ISO/IEC 29102:2015(E)
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Annex B
(informative)

Examples of streaks

2
Figure B.1 — Eéa%ples of streaks

b
O

o
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Annex C
(normative)
Test reporting form
Declaration of yield:
When tested in printer PDL 5900:
Inkjet cartridge yield:
Average Continuous C Cartridge Yield 450 standard photes
Average Continuous M Cartridge Yield 580 standard photos
Average Continuous Y Cartridge Yield 500 standard-photos

Estimated Average Continuous K Cartridge Yield 1 100 standard photos
Values obtained by continuous printing
Declared yield value in accordance with ISO/IEC 29102

9( % Lower Confidence Cyan Cartridge = 450'photos
Magenta Cartridge *=580 photos
Yellow Cartridge =500 photos
Black Cartridge =1 100 photos
D3te Tested: 2006/10/20 to 2006/10/30

Fdr questions concerning testing contact:

Cartridge Testing Assogiates
123 Printer Lane
Ink, IL 87484

Prlinter Model Used PDL 5900

Cyfan Cartridgé-Model C45

Magenta-Cartridge Model M45

Yefllow Cartridge Model Y45

Black Cartridge Model K45

Number of Cartridges used in testing C=19,M=19,Y=18,K=9

Number of Cartridges used in calculations C=18,M=18,Y=18,K=9

Type of Cartridge Separate
Primary Cartridges C,MY
Supplemental Cartridges K
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