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Foreword

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

work.

The prodedures used to develop this document and those intended for its further maintexance
are described in the ISO/IEC Directives, Part 1. In particular, the different approval (criteria

needed
accordan
www.iec.

r the different types of document should be noted. This document was drafted |i

e with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/diréctives
ch/members_experts/refdocs).

ISO and I
use of (a)

EC draw attention to the possibility that the implementation of this docunmient may involve t
patent(s). ISO and IEC take no position concerning the evidence, validity or applicability

any claimed patent rights in respect thereof. As of the date of publication of thisjdocument, ISO and I

had not r
implemer
from the

not be he

Any tradg
constitut

For an e
expressio

patent database available at www.iso.org/patents and httpsy//pdtents.iec.ch. ISO and IEC sh
d responsible for identifying any or all such patent rights.

b an endorsement.

kplanation of the voluntary nature of standards, the meaning of ISO specific terms a
ns related to conformity assessment, as well as information about ISO's adherence

he
of
- C

eceived notice of (a) patent(s) which may be required to implementthis document. Howevgr,
ters are cautioned that this may not represent the latest information, which may be obtained

hll

e name used in this document is information given for:the convenience of users and does rjot

the World Trade Organization (WTO) principles\in the Technical Barriers to Trade (TBT) gee

WWW.iso,

org/iso/foreword.html. In the IEC, see wwww.iec.ch/understanding-standards.

This doc
Subcomn

This thir
technical

The main

hment was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technolo,
ittee SC 28, Office equipment.

d edition cancels and replaces the second edition (ISO/IEC 29102:2015), which has be
y revised.

changes are as folloWws!

— the URL for test charthas been updated;

— theh

Any feed
body. A
www.iec.

Lmidity requirement has been changed.

complete listing of these bodies can be found at www.iso.org/members.html a
ch/national-committees.

back or-questions on this document should be directed to the user’s national standards

hd
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Introduction

The scope of this document is limited to evaluation of ink cartridge yield of ink-containing cartridges
(i.e. integrated ink cartridges and ink cartridges without integrated print heads) for colour photo
printing with colour inkjet printers. This document 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
document 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 this document.

The cartridge yields of primary cartridges are determined by an end of life judgment, or signilled with
either of two phenomena: fade, caused by depletion of ink in the cartridge, or automatic printing stop,
caused by an ink out detection function. The cartridge yields of supplemental cartridges/are egstimated.
It |s envisioned that one of the uses of this document will be for the calculation ofest per pgge (CPP).

ile this document measures a portion of this cost, it is not used as the sole componept of CPP
calculation. Additional factors need to be considered for accurate CPP calculations.
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Information technology — Office equipment — Method for
the determination of ink cartridge yield for colour photo
printing with inkjet printers and multi-function devices
that contain inkjet printer components
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applies to desktop/printing systems.
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Scope
e purpose of this document is to provide a method to determine the ink cartridge yie

- colour photo printing with colour inkjet printers and multifunction devicés that cont
inter components. In the case where a cartridge set can be used in multiple printer models

TE A cartridge supplier can choose to use more than one market identifier for a single physical
this case only one yield test is required as long as there are no differencesin the cartridges other th
ntifiers.
is document prescribes the following:

the test method that manufacturers, test laboratories;.etc. use to determine ink cartridge|

the method for determination of declared cartridge yield values for photo printing frory
results; and

the appropriate method of describing the cartridge yield for photo printing in docu
supplied to the consumer by the manufacturer.

is document is only intended for, the-determination of ink cartridge yield. No other clain
hde from this testing regarding quality, reliability, etc.
e photo test file defined in ISO/IEC 29103.

is document is not foruse with printers whose minimum printable size is equal to or greate
is document is notintended to measure the yield of photo printing on paper size larger thar
A6. In addition, ®his document is not for use with industrial printers or point of sale printe]

Normdtive references

efollowing documents are referred to in the text in such a way that some or all of thej

ld test is performed as long as the difference between printer models dées-not impact yield.

[d of ink-
nt heads)
hin inkjet
only one

cartridge.
an market

yield;

h the test

hentation

ns can be

is document can be used tg ‘determine the yield of any cartridge that is used during the pfrinting of

- than A3.
4!! x 6"' L
rs. It only

r content
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plies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

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

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

3
Fo

Terms and definitions

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

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=9a1abf50177eb75a753f47b070d548ce

ISO/IEC

29102:2023(E)

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

— IECE

3.1
fade

lectropedia: available at https://www.electropedia.org/

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 anfl printing can continue. If fade appears on the next page, then the cartridge is judged at end of life{3]7)
itional page printed after the five minute pause is not counted in the yield calculation. If fade dogs1ot
appear onfthe next page, then printing can continue until the next fade or ink out (3.6) is encountered.

and the a

Note 2 to ¢ntry: For examples of fade, please consult Annex A (Figure A.1).

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

Note 4 to gntry: It can be helpful to use the first photo test suite (3.5) print samples from\the first cartridge set

colour co
Note 5 to ¢

3.2
streak
thin lines

Note 1 to 4

Note 2 to 4

parison.

ntry: A blue light source (such as a blue LED) can be used to help in the‘detection of yellow fade.

of colour that appear in test images
ntry: Streaks differ from fade (3.1) in the width.

ntry: If streaks occur in two or more out of four consecutive test pages, then a streak-removal operat

(3.3) is required.

Note 3 to 4
the main @

3.3
streak-r¢
procedur

Note 1 to ¢

Note 2 to

be left idl¢
streak-rern
significan
removal o
process w

ntry: Streaks can appear due to a number of reasons; thermal issues and clogged nozzles being two
auses. Comparisons are made using the phenomenon sample provided in Annex B (Figure B.1).

bmoval operation
e used to restore the print performance by removing streaks (3.2)

ntry: It is often called @ nozzle-cleaning operation.

entry: If streaks dre observed in two or more out of four consecutive test pages, first the printer d
for five minutes,) Then an additional four pages are printed. If the streaks are still observed, the
hoval operatiofi is conducted according to the latest printer manufacturer documentation. Due to
amount of\ink that is used for cleaning, the maximum permissible number of times that the stre
peration>can be used on a given cartridge is prescribed in 5.2.2. All test pages printed during t
1l be ireluded in the page count for determining the yield.

for

of

a
he
k-

3.4

print head alignment operation
function that aligns newly installed print heads

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

photo test suite
series of pages defined in ISO/IEC 29103 that are printed as separate jobs

© ISO/IEC 2023 - All rights reserved
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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

co

ndition determined by one of two mechanisms: fade (3.1) or ink out (3.6)

2023(E)

Note 1 to entry: For cartridges containing multiple colour inks, end of life is defined when the first colour exhibits

fa,-ln ordaleout Taothao avantthot tho ool ar oo oot g it g A ftartaly ot 1 papnartad tho oot dg e Wlll Stlll
re-oHh et t—h—tre-evehttaatttnt He R Earte ottt He-CattHier

be

3.
er

pa
3.
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considered at end of life.

B
d of testing
int of time when all of primary cartridges (3.11) are consumed three times per printer unde

D

in

nymber of pages printed between cartridge installation and end of life [3:7)

3.10
d¢clared cartridge yield
vallue at or below the lower 90 % confidence bound of the meah

Ng

3.

Px
m

Ng

pr
co

Ng
im
ar
pr

3.
su

ividual cartridge yield

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

11
imary cartridge
hjor contributing cartridge for ink consumption

te 1 to entry: The minimum number of primary cartridges to be tested for different printing
bscribed in 4.2. Cartridges that reach end oflife (3.7) first are classified as primary cartridges. They
hsumed at least three times per printer<at end of testing (3.8).

te 2 to entry: Colour inkjet printer§ commonly utilize a set of different colour inks to improve quali
ages. The number of different colour inks ranges from three to more than 10. Ink usages of differe
e not designed to be uniform. dn\order to maintain testing time and cost at a reasonable level, the dd
mary cartridges is introduc¢ed in this document.

12
pplemental cartridge

N
pr

tridge that is notclassified as primary cartridge (3.11)

te 1 to entry:\The determination of yield for supplemental cartridges is made according to the
scribed in'6.2.

I testing

bystems is
should be

y of photo
nt colours
finition of

procedure

Note 1 to entry: More information about proxy cartridges can be found in 6.2.1.

3.14
photo paper

co

ated paper for photo printing

3.15
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.
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3.16
paper media selection
selection that specifies the type of media

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

3.17
print-quality level selection
user selection that specifies the various levels of printed image quality and enhancement

EXAMPLE Normal, best or highest

Note 1 to ¢ntry: Some printers do not have a function of the selections specified in 3.15, 3.16 and 3.17.

4 Testparameters and conditions

4.1 Setfup

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 useboth PC connection ahd
another method of data input for photo printing, the PC connection shall bevsed for testing. If a prinfer
does not have PC connection capability, the method of delivering photd.test page suite to printer ahd
printing procedure shall be included in the test report. Use the mest recent printer driver availalle
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 betweentthe printer and cartridge manuals for the
cartridge|installation, the cartridge manual will take precédence except if changes are recommendgd
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, notfor 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
cartridges that will be used for testing'yield. The pages printed during priming operation will pe
included [in the test report. However, those pages are not counted towards yield. Even if required
by the pifinter, print head alignment~does not have to be performed on the priming cartridges. The

Paper meéi eS¢ : per—tHrease-of-muttiple—cheicesare-avatableforp
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.

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 © ISO/IEC 2023 - All rights reserved
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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 printers may utilize more than 10 different colour inks/overlays. Ink usages of different colours
are not designed to be uniform. In order to maintain testing time and cost at reasonable level, major
contributing cartridges are defined as primary cartridges in this document. The rest of cartridges are
regarded as supplemental cartridges. During testing, cartridges that reach end of life first are classified
as primary cartridges.

mber of
cartridges utilized for printing system. Inkjet cartridges are designed in two common¢styles, single
colour and multi-colour contained cartridges. The number of cartridges may be smaller|than the
nymber of colour inks/overlays. The minimum number of primary cartridges fory'variouq printing
syptem is listed in Table 1.

Primary cartridges shall reach end of life at least three times on each of the printers tested. Regardless
of|the minimum number of primary cartridges specified in Table 1, all of the ¢artridges depldted three
or| more times on all tested printers shall be treated as primary 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 printers).

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|IN| |-

7 or more-eattridge system

When testing additional.printers and primary cartridges above the minimum, an effort shal] be made
to|test an equal number’ of primary cartridges on each printer. For example, if an additionpl printer
were to be tested for3 primary cartridges, then the minimum number of cartridges to be tested would
beg 36 (3 primary. cartridges x 3 cartridges to reach end of life x 4 printers).

When testing(Cartridges for a commercially available product, it is recommended that cartrjdges and
priinters 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 printin a
continuous fashion. However, the yield test will be run in semi-continuous simplex printing to decrease
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.

© ISO/IEC 2023 - All rights reserved 5
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Additional pauses may take place due to paper refills and idle time due to end of working 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 happens to 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 border. If borderless printing is not allowed for a printer under testing, photo test suite can be
printed with border. It shall be noted in test report. Any scaling to ensure that the photo test suite is

e e e

ST o T oo T ot g ¥ CIITOT

4.4 Print environment

The templerature can have a profound effect on test results. For this reason, the test shall beycarried 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 h with readings recorded at least every 15 minutes, pll
running gverage temperatures are to be between 20,0 °C and 26,0 °C.

An example of the calculation of the temperature is shown in Table 2 for temperature readings taken pn
15-min iftervals for the testing of one cartridge.

Table 2 — Running temperature calculation example

Testing room
T, | T, | T3 | Ty | Ts | Tg | T, Vv Tg | Tg | Tio | T11 | Tiz average
Temperatjure 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 gverage
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, = (T;3+T;,+T;1+T) /4
where n =
Testing ropm average = (T +T,+ ... +T4;,)/12

From thede formulae, the testing room. _average would be 23,0 °C, the maximum running average reading 24,0 PC
and the mfnimum running average reading 22,1 °C. These values can be found highlighted in the table of temperatufre
measurements. It shall be noted that the testing room average for temperature are averages of all measurements, not the
running averages.

Humidity] shall be withjn the range recommended by the manufacturer for operating the device. Whien
range recommended.by the manufacturer is not available, it may be within the range 50 %RH * 10 %RH.

Environnjental €onditions shall be included in the test report. The maximum and minimum runnipg
averages |for.temperature shall be reported for each cartridge tested. Please see Annex C for tgst
reporting form.

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.

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

6 © ISO/IEC 2023 - All rights reserved
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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 4" x 6", L or A6 size. It is recommended that the test will be
performed with 4" x 6" sized paper if it can be utilized for a printer under testing. But, if a printer under
testing is not capable of printing on 4" x 6" sized paper and/or L or A6 is of dominant paper size in the
nation, L or A6 sized paper can be utilized for testing. Tester may use larger sized paper only if yield
results are not affected by the size of paper.
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conducted on a printer with a:“clean” install of the OS with only the printer driver and any tep
ftware installed. Testing.-has shown that old installed drivers from the same or different printers can
fect the yield results, To-aid in counting and tracking pages, a header or footer can be added to the
oto test page suite~Every attempt shall be made to reduce the size of this addition to minfimize the
fect on calculated yield. If this information is included in the photo test suite, it shall be dogumented
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tually used in the test shall be noted on the report. When available, weight for the paper’ip
ed shall be noted on the report.

b Maintenance

inter maintenance shall be performed according to the printer and cartridge user's manual

7 Test files

the yield results.

reduce test variability due to other programs, it is recommended that test file genef

the test report:

e yield test results, the computer environment recommended by the printer's user manugl

te!
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actually

e test image suite used shall be as specified in ISO/IEC 29103. Thetest shall be conductedusing the
pst recent official electronic test image suite as the input. The most recent official file can he located
(https://standards.iso.org/iso-iec/29103/ed-1/en/). Failureé to use the exact file spedifications
1l invalidate test results. The provided photo printing too¥ provided by operating system| (OS) (for
ample, Windows photo printing wizard) will be used\to send photo test suite to the printer. The
pthod used for connection between the host computer and the printer shall be recorded op the test
port. For automated testing, a pre-generated pritt/file can be used if the results are equjvalent to
Fect printing methods. This will be recorded on the test report. The version of the test file, the printer
iver version and OS provided photo printingteol version and type will be included in the test report.
fore starting the test, a sample file set shall'be printed to check the image and ensure the prjoper size.

TE There are often several OS prayided photo printing tools available, each version can havelan impact

ation be
t control

e host comptter environment such as OS, RAM size, CPU type and application software may affect

shall be

ed forsthe test. All of this information shall be recorded on the test report. Test file shall he printed

thout'any border if a printer has capability to print both borderless and bordered. If a pri
QWMM&WMMMW&&QH is i inti i i i bordered

er under

printing for testing, it shall be noted in test report. Any scaling to ensure that the photo test suite is

pr

5

5.

inted correctly shall be based on printer system or driver.

Test methodology

1 Testing procedure

5.1.1 Flow chart

Flowchart of testing procedure is shown in Annex D.
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5.1.2 Preparation

N,
er

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

b) Install a priming cartridge for each colour into the printers.

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

d) Remove each priming cartridge.

5.1.3 Installation of test rnrfridgnc

a) Remgve all packaging material from a new complete set of cartridges to be tested and weighleach
cartriidge individually to within 0,01 g and record the weight. Install these cartridges basedon the
cartrfidge installation guide.
If there is a contradiction between the printer and cartridge manuals for the cartridge installati
the cartridge manual will take precedence except if changes are recommended for printer or driy
settipgs.

b) Ifthe/printer has a mandatory print head alignment operation, it will be,conducted according to t

printer manual.

Pages$ printed for head alignment operation will not be counted ir the measured yield.

5.1.4 Testing

a)
b)

<)

d)

Whe

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

end of life is reached on any cartridge, execute the end of cartridge life procedure accordi

to 5.1.5. End of life shall be determined as prescribed in 3.7.

Repept steps 5.1.4 a) and b) until all of prithary cartridges that are prescribed in 4.2 reach e
of lif¢ at least three times. When the last\primary cartridge reaches end of life, record individyal
cartrfidge yield for the depleted primary cartridge. Remove the depleted primary cartridge a
all sypplemental cartridges. When yields of supplemental cartridges are determined using pro
cartrjidges as specified in 6.2, weigh the removed cartridges and record in the report.

Repept steps 5.1.3 to 5.1.5 fof all of printers under testing. At least three printers should be test|
as prescribed in 4.2.

5.1.5 End of cartridge life procedure

a)
b)

Recofd individuglkcartridge yield for the depleted cartridge.

Rem
new

¢ve the'depleted cartridge, weigh and record the final weight. Replace depleted cartridge w
Fartridge. Measure its weight and record as in step 5.1.3.

he

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.

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=9a1abf50177eb75a753f47b070d548ce

ISO/IEC 29102:

5.2.2 Nozzle cleaning

a)

b)

Nozzle cleaning strength

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

2023(E)

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. Torrg
influence of this operation, the maximum number of user initiated cleaning operatien$fd
cartridge is limited as shown in Table 3. If the estimated yield for primary cartridges-is e
less than 400 pages, the nozzle cleaning operations are allowed up to three times. If the ¢
yield is greater than 400 pages, the maximum number of nozzle cleaning opetation is inc
by one for every additional 150 pages.

Table 3 — Maximum number of nozzle cleaning operations allowed

Estimated cartridge yield Number of nozzle cleaning 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 nunmber 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 calcul
fade or ink out does not ofeur during the cleaning operation, the cartridge shall be repl
new one regardless of(streak condition. The cartridge will be considered defective fi
excessive streaks and_the yield data are not valid. The cartridge removed for this reasg
recorded in the test péport as a failed cartridge due to excessive streaking.

If the nozzle cleaning operation cannot be limited to individual colour

If nozzle cléaning operation cannot be limited to the cartridge that is streaking, all other ¢
under<«testing will also use ink during the cleaning process. For this reason, if a noz
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
cartridge under test, that cartridge will be removed from testing even though it was not

rduce the
r a single
qual to or
pstimated
remented

cleaning
cleaning
ation. If a
hiced with
pr having
n will be

artridges
zle clean
d will be
med on a
the cause

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, print head or printer

5.3.1 General

removed

During testing, a failure of the cartridge, print head 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 print heads), excessive ink leakage, and/or structural failure, etc. Print head failures are
usually indicated by excessive, non-cleanable streaking or other non-resolvable print quality defects in
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systems where the print heads 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 print head. All defective cartridges,
print heads 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 print head alignment operation, it will be conducted according
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 in the‘printer
cannot b¢ used for yield calculation unless it can be proven that those data would not becaffected 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 print head

In the cage of a defective print head, the print head shall be replaced as specified in the printer usef's
manual. Jor the purposes of yield calculation, all cartridges that were incthé printer at the time of the
failure will not be used in calculation of the final yield. After replacement of the print head, the prinfer
shall be det up using a set of priming cartridges as specified in 44.A new set of cartridges shall pe
weighed pnd installed for subsequent testing. On the report, th€_ number of the last photo test sujte
printed for each cartridge using the defective print head will beirecorded. A note will be made that pll
cartridges were replaced due to print head failure. If the printér’has a mandatory print head alignmgnt
operatior], it will be conducted according to the printer manual. If the print head is not user replaceable,
refer to 5|3.3.

5.3.4 Defective printer

In the cade of a defective printer, the printer shall be repaired or replaced. After repair/replacement|of
the printe¢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 subsequenttesting. If the printer has a mandatory print head 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 cartridges 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 nuftnbér recorded. The yield data obtained before printer failure cannot pe
used for Yield calculation unless it can be proved that the printer failure did not affect the previously
tested caftridges. This justification will be recorded in the test report.

6 Deteérmination of the declared yield value and declaration

6.1 Yidld of primary cartridges

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).

Sample average for a given cartridge is derived using Formula (1):

x=Y % M
i=1

n
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Sample standard deviation for a given cartridge is derived using Formula (2):

S (Xi_)_()z
| @)
N

where

3 +1a I LA | 1 PR | s ald (D 0N
Al IS LIIC TITUIvViIivdudl vAal ul lusc _y ICIU L#},
n is the sample size; for testing, n shall be =9.

It fan be stated with 90 % confidence that the true average yield of the cartridge s within the values

ddrived from Formulae (3) and (4):

Bie=X—(ty,1)X— (3)

Byc :)_”(ta,n—l)x

s
n

s
7 (4)

where

B, isthelower confidence bound (LCB);
Byc  is the upper confidence bound (UCB);

can be found on a students’ t-distribytion table with n -1 degrees of freedom (df or ‘p‘) and an
aof 0,1. (in this example, n -1 = 9-1.=8) This provides a 2-tailed confidence interval yith 90 %
confidence. This specific t-statiStic for 8 degrees of freedom, and 90 % confidencelis ¢, , 4 =
1,860. This can be used in the-above calculation, only. A different sample size and /oy different
confidence interval will yield a different ¢, ,,_;.
The declared value shall be determined so that it is at or below the calculated lower 90 % cpnfidence
value.

6.2 Yield of suppleméntal cartridges

6.2.1 General

Supplementalcartridges are not required to reach End of life. If a supplemental cartridge does|not reach
End of lifexthree times per printer by the end of test, the yield can be estimated.

Fdr the estimation of yields for supplemental cartridges, a proxy cartridge is defined as any primary
cglﬂridgg having the same physical size and similar starting weight as the supplemental ¢artridge.
Cartridge size does not include any features that are meant to differentiate between colours, 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”.

© ISO/IEC 2023 - All rights reserved 11


https://standardsiso.com/api/?name=9a1abf50177eb75a753f47b070d548ce

ISO/IEC 29102:2023(E)

6.2.2 Case 1: supplemental cartridges that have not reached end of life

a) If proxy cartridges are available, estimated yield of supplemental cartridge (Y,) per printer is

determined by Formula (5):

Af XN
- (5)
Aq
where

A¢ (amount of full ink) is the total amount of ink that the supplemental cartridge can deliyer
until end of life, i.e. the difference between the weight at start of cartridge life and-the
weight at end of life, expressed in grams usually;

Ay (amount of delivered ink) is the amount of ink that a supplemental cartrjidge delivered
until end of testing, i.e. difference between the weight at start of cartridge life and the
weight at end of testing, expressed in grams usually;

N is the number of pages that are printed from the start of testing to.ehd of testing.

The gmount of full ink is not known for a supplemental cartridge that ha9not reached end of life| It

is estimated as the average amount of delivered ink of all proxy cartridges.

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

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

L x

y=¥N 1L

X=X - 6)
ig1

Sample standard deviation for a given cartridge\is derived using Formula (7):

2 (x, - X)?

s= 2—( i—X) 7)
& (m-1)

where

x; 1§ the estimated yielddefined in Formula (5);

m i$ the number of data. It is equal to the number of printers utilized for testing. (m shall be 23).

The 90 % LCB (B4 is calculated by Formula (8):

Brc 41X — (a1 ) X—— 8)

' Jm

The dectared value T this case strattbe determined 50 that {t 15 at or Detow the catcutated fower

90 % confidence value.

b) Ifno cartridge can be used as a proxy, one of the following three methods shall be chosen when no
proxy cartridge is available.

— Method 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.

— Method 2: “amount of full ink” obtained by ISO/IEC 24711 shall be utilized for this document. In
this case, the number of data points is equal to the number of printers utilized for testing.
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— Method 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 three data
points (one per printer) will exist for each supplemental cartridge. Special test page utilized

will be reported in the test report.

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

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

If

ut
S17
or
th
EX
In
Ny
Ny
Nu
Nu
Al
K

Fo
Y i
K1
Li

Re

ree.

AMPLE

mber of printers: 3
mber of depletion for primary cartridges: 3
mber of primary cartridges: 3
mber of supplemental cartridges: 3
colour cartridges are the same physical size and have a>starting weight of 55g+3 g
artridge has a different physical size.
I each printer for yield testing, M, C and Y carttidges reached end of life three times.
s the last primary cartridge that reached end of life three times.
eached end of life once.
rht C and light M never reached‘end of life.

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

Table 4 — Example of measured values

k cartridges: K (black), C (cyan), M (magenta), Y (yellow), light C, light M separate-cartridges.

h supplemental cartridge has reached end of Iife once or twice before end of testing for.aiy printer
lized in testing, the declared yield value shall be determined by the method prescribéed-i}
e of data n will be smaller than nine. For example, if a supplemental cartridge has reached
ce before end of testing for all of three printers utilized in testing, the number of data poin

1 6.1. The
bnd of life
ts will be

¢ 1,& verage of ,A verage of Number of Average of Standard
Cartridge amount of amount of data points rinted pages| deviation
full ink” delivered ink” P P pag
K 20,0g - 3 500 18
C 110g - 9 250 21
i 3¢ 5 236 40
Y 11,5g - 9 265 31
Light C - 3g 0 - -
Light M - 4¢g 0 - -
M, Cand Y will be regarded as primary cartridge. K, light C, and light M will be regarded as supplemental
cartridges.
Estimation of K yield:

© ISO/IEC 2023 - All rights reserved
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Because of differences in physical size, K cartridge will not have a proxy cartridge. Since K cartridge
depleted once for each of three printers, the 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 =3 and ta,n—l :t()l'z :2,92 (9)

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

K90 % B, = 500—2,921—22470 pages

v J

Estimatidn of yields for light C and light M:

Since light C and light M never reach end of life, estimation method described in 6.2.1 1) applies. The
C, M and|Y cartridges meet the criteria to be a proxy. “Amount of full ink” for light C mnd light M|is
estimated by the average of “amount of full ink” for C, M, and Y cartridges. Amount of fi} ink for lighf C
and light M is calculated as follows:

_(11}09x9+11,3x9+11,5%9) _,

(9+9+9)

Since Y id the last primary cartridge that reached End of life three time§,the number of printed pages
at end of festing is determined based on the number of pages printedy Y cartridge. On average, thigis
265 x 3 =[795 pages, but needs to be done on a per printer basis ingrdeér 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 light C cartridges delivered 3,0 g, 3,1 g, and 2,9 g andlight M cartridges delivered 4,1 g, 4,2 g,
and 3,7 gpf ink.

Estimated yields for light C are

(11,3) / (3,0 g) x (809 pages) = 3 047
(11,3) / (3,1 g) x (796 pages) =2 901
(11,3) / (2,9 g) x (780 pages) =8-039

Light C edtimated yield is the dverage of the above data which is 2 995 and a standard deviation of 82}0.
Estimated yields for lighthare
(11,3) / (4,1 g) x(809 pages) = 2 229

(11,3 ) /.42 g) x (796 pages) = 2 141

(11,387 /13,7 gJ x (780 pages) = Z 382

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

m =3 and t(x,m—l =t0,1'2 :2,92

Therefore, the 90 % LCB numbers are

Light C90 % B = 2995—2,9285,—'022856 pages
3
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Light M 90 % By = 2250—2,92&:2047 pages

V3

6.3 Test data reporting

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 inkis supplied in cartridges with multip]e 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( % lower confidence bound (LCB) of the mean that is calculated according to 6.1@Qnd 6.2.

EXAMPLE1  Printer with CMY combined cartridge and K in a separate cartridge; CMY combined cprtridge is
primary and K is supplemental.

Fijom testing:
CMY cartridge 90 % LCB = 508 pages
Estimated black cartridge 90 % LCB =1 100 pages

Yield can be reported as:
Average CMY cartridge yield Up to 508 photos
Estimated supplemental yield black Upito 1 100 photos

Values obtained by continuous printing.

When the different colours are suppliediin separate cartridges, then LCBs are computed for eafch colour.
Dgclared yield can be based on theindividual LCBs for each colour or based on a combinegl yield as
splecified below.

Bdcause of differences in colourant hue and colour balance optimization among printer manufacturers,
the test pages used in this document will not be colour balanced for all printers. In acknowlgdgement
of[this fact, when colouned inks are in separate cartridges that are intended to have apprpximately
edual capacities, their’yields can be reported using a single value computed using yields for|all of the
inflividual colougs,Called “composite yield”. If composite yield is to be reported, all primary dartridges
shill be included. Supplemental cartridges shall not be included in the composite yield.

The compgsite yield is defined as Formula (10):

A 10
$=71 1 R (10)
—F-—— ...t
n 'y Ty
where
Y. is the composite yield;

Y; 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
cartridge basis.

EXAMPLE 2 Primary cartridges: C, M, Y

From testing:
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Cyan cartridge 90 % LCB = 450 pages

Magenta cartridge 90 % LCB = 580 pages

Yellow cartridge 90 % LCB = 500 pages

Estim

Y. =

ated black cartridge 90 % LCB = 1 100 pages

3

C

=505
1 1 1 ) pages
450 580 500

For colour

Declared y

cartridges:

two options for declaration of yield for this example are:

Individual

Avera

yield method

ge cyan cartridge yield

Average magenta cartridge yield

Avera
Estim
Value

Composite

Thres
(Com
Estim
Value
When yie

to 6.2, thd
the comp

Ifayieldi

When an
following

— desct

ge yellow cartridge yield

ated supplemental yield black cartridge
5 obtained by continuous printing.

yield method:

-cartridge composite yield

posite yield using C, M and Y)

hted supplemental yield black cartridge

5 obtained by continuous printing.

minimuminformation shall be included:

— declared’vield value of the cartridge;

rield can be based either on the individual LCBs for each colour or based on the compositecyield. T

Up to 450 photos
Up to 580 photos
Up to 500 photos

Up to 1 100,plhiotos

Up to 505 photos

Up to 1 100 photos

|ds for additional cartridges'other than C, M, Y and K are measured as determined in referen
y shall be reported indi¥idually and not combined into the composite yield. In these instanc
psite yield may still beused for the cyan, magenta and yellow cartridges.

inkjet cartridge yield is declared in the user’s manual, marketing materials or packaging, t

iptiotrthat the declared yield value has been determined in accordance with ISO/IEC 291032;

he

ce
S,

s reported acconding to this document, a full test report as shown in Annex C shall be availabfle.

he

— statement that the value obtained was using continuous printing;

— if a 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 — shall have reference to actual printer/cartridge
performance available

16
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There are three main components to the numerical part of the declaration.
a) total number of cartridge colours used in the determination of the yield;
b) primary cartridge yield;

c) 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

Ink cartridge yield:
Three-cartridge composite yield 505 standard photos
(Composite yield using C, M and Y)
Estimated supplemental K cartridge yield 1 100 standardphotos
Values obtained by continuous printing using four cartridge-colours (C, M, Y, K).
Declared yield value in accordance with ISO/IEC 29102.
Ornfor 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(inyaccordance with ISO/IEC 29102.
Or|for just a cyan cartridge tested from the above example without a composite yield:
When tested in printer YYY
Inkeeartridge yield:

Average C cartridge yield 502 standard photos

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

For a system with only C, M, Y and K individual cartridges (C, M, and Y are primary cartridges and K is
supplemental cartridge):

© ISO/IEC 2023 - All rights reserved 17
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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 vield black 1 100 standard photos
Valuep obtained by continuous printing using four cartridge colours (C, M, Y, K).
Declafed yield value in accordance with ISO/IEC 29102.
For a syst¢m with only CMY combined cartridge and a K cartridge (CMY combined cartridge isprimary and H i
supplemental):
When tested in printer YYY
Ink|cartridge yield:
Average CMY cartridge yield 505 standard photos
Estimated supplemental yield black 1100 standard photos
Valuep obtained by continuous printing using two cartridge colours (C, M, Y, K).
Declafed yield value in accordance with ISO/IEC 29102.
For a systgm with only C, M, Y, K, light C, and light M individual cartridges (C, M, and Y are primary cartridges ajnd
K, light C, aind light M are supplemental cartridges):
When tested in printer YYY
Ink [cartridge yield:
Averdge C cartridge yield 502 standard photos
Averadge M cartridge yield 515 standard photos
Averdge Y cartridge yield 489 standard photos
Estimpted supplemeital yield black 1 100 standard photos
Estimpted supplemiental yield light cyan 1 200 standard photos
Estimpted, 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.

Or when tested in printer YYY

Ink cartridge yield:

Three-cartridge composite yield 505 standard photos

(Composite yield using C, M and Y)

18

© ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=9a1abf50177eb75a753f47b070d548ce

ISO/IEC 29102:2023(E)

Estimated supplemental K cartridge yield 1 100 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).

Declared yield value in accordance with ISO/IEC 29102.

Lo
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inJAnnex E.
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Annex A
(informative)

Examples of fade
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Annex B
(informative)

Examples of streaks

Figure B.Q‘@?xamples of streaks
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ISO/IEC

29102:2023(E)

Annex C
(normative)
Test reporting form
Declaration of yield:
Whep tested in printer PDL 5900:
Inkjgt cartridge yield:
Average continuous C cartridge yield 450 standard photos
Average continuous M cartridge yield 580 standard photos
Average continuous Y cartridge yield 500 standard photo$§

Valu
Decl

Estimated average continuous K cartridge yield 1 100 standard photos
bs obtained by continuous printing
hred yield value in accordance with ISO/IEC 29102

90 % Low

Date test

rer confidence Cyan cartridge =450 photos
Magenta cartridge = 580 phetos
Yellow cartridge = 500 photos
Black cartridge =1 100 photos
pd: 2006/10/20 to 2006/10/30

For questjions concerning testing contact:

Cartridge Testing Associates

123 Pr|nter Lane

Ink, IL B7484
Printer njodel used PDL 5900
Cyan carfridge modé} C45
Magenta fartridge model M45
Yellow caftridge model Y45
Black cartridge model K45

Number of cartridges used in testing

Number of cartridges used in calculations

Type of cartridge

Primary cartridges

Supplemental cartridges
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C=19,M=19,Y=18,K=9
C=18,M=18,Y=18,K=9
Separate

CMY

K
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