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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

establishe

h_\,/ the respective nrgani7afinn to deal with particular fields of technical Qr‘fi\/ih/ 1ISQ _and IEC

technical gommittees collaborate in fields of mutual interest. Other international organizations, governmental

and non-g

technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives;Part 2.

The main
Standardg

an Interngtional Standard requires approval by at least 75 % of the national bodies gasting a vote.

Attention
rights. 1SC

ISO/IEC 2
Subcomm|

overnmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation

task of the joint technical committee is to prepare International Standards.,Draft Internatiofal
adopted by the joint technical committee are circulated to national bodies fér yoting. Publication jas

s drawn to the possibility that some of the elements of this document'may be the subject of patg¢nt
and IEC shall not be held responsible for identifying any or all such_patent rights.

9102 was prepared by Joint Technical Committee ISO/NEC JTC 1, Information technology,
ittee SC 28, Office equipment.
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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 print heads) for colour photo
prmtmg W|th colour inkjet prlnters This Internatlonal Standard can be applied to coIour inkjet printers having
uter. This
Inrnat|onal Standard can also be appl|ed to the mkjet printer component of any muIt|funct|ona| device that
has a digital input printing path, including multi-function devices that contain inkjet printer compongnts. Both

The cartridge photo yields of primary cartridges are determined by an end of life judgmient, or sighaled with
either of two phenomena: fade, caused by depletion of ink in the cartridge, or automatic printing stqp, caused
byl an Ink Out detection function. The cartridge photo yields of supplemental cariridges are estimated. It is
envisioned that one of the uses of this International Standard will be for the calCulation of cost per page (CPP).
While this International Standard measures a portion of this cost, it is not usedas the sole compongnt of CPP
cajculation. Additional factors need to be considered for accurate CPP calculations.

© ISO/IEC 2011 — All rights reserved \"
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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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thIn A3. This International Standard is not intended to measure the yield of photo printing on paper

Scope
e purpose of this International Standard is to provide a method to determine the,ink cartridge phg
-containing cartridges (i.e. integrated ink cartridges and ink cartridges without integrated print

our photo printing with colour inkjet printers and multi-function devices that contain ink
mponents. Ink cartridge yields determined on one printer model, paper.and cartridge configurati

is International Standard prescribes the following:
o the test method that manufacturers, test labs, etc.‘Use to determine ink cartridge photo yield
e the method for determination of declared photeyield values from the test results; and

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

is International Standard is only intended for the determination of ink cartridge photo yield. No ot
h be made from this testing regarding quality, reliability, etc.

is International Standard can be used to determine the yield of any cartridge that is used during t
the photo test file definedintSO/IEC 29103.

is International Standard is not for use with printers whose minimum printable size is equal to

n 4x6, L or A6 In~addition, this International Standard is not for use with industrial printers or pg
nters. It only ‘applies to desktop printing systems.

Normative references

to yield of
heads) for
et printer
bn are not

plicable to another printer model or cartridge configuration even if thenink jet cartridges used in {esting are
thg¢ same.

ied to the

her claims

he printing

or greater
Size larger
int of sale

Th

€ T1ollowing reterenced documents are Indispensable Tor the application or this document.

or dated

references, only the edition cited applies. For undated references, the latest edition of the referenced

do

cument (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
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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 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 additional page
printed aftgr-the—five-mintte pause isnotcotnted-inthe y;c:d catcutation—ffade-doesnot appear-on the-next page—then

printing carj continue until the next fade or ink out is encountered.

NOTE 2 | For examples of fade, please consult Annex A.
NOTE 3 | In some printer systems, fade can occur prematurely due to the way that ink is provided to the'printing system.
NOTE 4 | It can be helpful to use the first photo test suite print samples from the first cartridge setfor €olour comparisgn.
NOTE 5 | A blue light source (such as a blue LED) can be used to help in the detection of yellow fade.
3.2
streak
thin lines ¢f colour that appear in test images
NOTE 1 Streaks differ from fade in the width.

NOTE 2 If streaks occur in two or more out of four consecutive test pages, then a streak removal operation is required.

NOTE 3 | Streaks can appear due to a number of reasons; thefrmal issues and clogged nozzles being two of the mhi
causes. Comparisons are made using the phenomenon sample(provided in Annex B.

n

3.3
streak removal operation
procedure| used to restore the print performancé.by removing streaks

NOTE 1 It is often called a nozzle cleaning operation.

NOTE 2 | If streaks are observed in two 0r more out of four consecutive test pages, first the printer can be left idle [for
five minutep. Then an additional four-pages are printed. If the streaks are still observed, then a streak removal operation is
conducted pccording to the latestprinter manufacturer documentation. Due to the significant amount of ink that is used [for

cleaning, the maximum permissible’number of times that the streak removal operation can be used on a given cartridgg is
prescribed jn 5.2.1. All test pages printed during this process will be included in the page count for determining the yield
34

print head alignment operation

function that aligns newly installed print heads

NOTE If.it is mandatory according to the latest printer manufacturer documentation. this operation is perfornjed

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 It does not indicate that the system is out of ink.

2 © ISO/IEC 2011 — 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

condition determined by one of two mechanisms: fade or ink out

NOTE 1 Fade is defined in 3.1 and ink out is defined in 3.6

NQTE 2  For cartridges containing multiple colour inks, end of life is defined when the first colour exhibits fad¢ or ink out.
In the event that the printer can continue printing after ink out is reported, the cartridge will still be considered atiend of life.
3.

end of testing

paint of time when all of primary cartridges are consumed three times per printer under-testing

3.

photo test suite

series of pages defined by ISO/IEC 29103 that are printed as separate jobs

3.10

ingividual cartridge photo yield

number of pages printed between cartridge installation and end ofJife

3.1

declared cartridge photo yield

atlor below the lower 90 % confidence bound of the mean

NQTE 90 % confidence bound of the mean is preseribed in 6.1 and 6.2.

3.12

primary cartridge

major contributing cartridge for ink consumption

NOTE 1 The minimum number«of ‘primary cartridges to be tested for different printing systems is prescriped in 4.2.
C4qrtridges that reach end of life (as defined in 3.7) first are classified as primary cartridges. They should be cpnsumed at
legdst three times per printer at'end of testing (as defined in 3.8).

NOQTE 2  Colour inkjet-ptinters commonly utilize a set of different colour inks to improve quality of photo images. The
number of different colour inks ranges from 3 to more than 10. Ink usages of different colours are not designed to be
unjform. In order to‘maintain testing time and cost at a reasonable level, the definition of primary cartridges is introduced in
this International Standard.

3.13

supplemental cartridge

caL}'tridge that is not classified as primary cartridge

NOTE The determination of yield for supplemental cartridges is made according to the procedure prescribed in 6.2.
3.14

proxy cartridge

primary cartridge to be utilized for estimating yield of supplemental cartridges

NOTE The definition of proxy cartridges is prescribed in 6.2.

3.15

photo paper

coated paper for photo printing

© ISO/IEC 2011 — All rights reserved 3
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3.16
content type selection
selection that specifies the content for printing

NOTE 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.

317
paper media selection
selection that specifies the type of media

NOTE This can be selected by the user and/or by the automatic media detection.
3.18
print quality level selection

user seledtion that specifies the various levels of printed image quality and enhancement

NOTE 1 Examples include normal, best or highest.

NOTE 2 | Some printers might not have all of the selections specified in 3.16, 3.17 and 3.18-available.

4 Test|parameters and conditions

4.1 Settup

Place the |printer on a horizontal surface and set-up the printer according to the installation guide provided| in
the printen user's manual. If a printer has the capability to useboth PC connection and another method of data
input for ghoto printing, the PC connection shall be used for, tésting. If a printer does not have PC connectipon
capability [ the method of delivering photo test page suiteito printer and printing procedure shall be included in
the test rgport. Use the most recent printer driver available from the manufacturer's website or the supplied
driver with) the printer. The driver version shall besspecified on the test report. Cartridge installation shall pe
completed following the instructions in the cartridge installation guide. If there is a contradiction between the
printer angl cartridge manuals for the cartridge-installation, the cartridge manual will take precedence except if
changes dre recommended for printer or driver settings.

testing is |primarily for printing, nat for initial priming/cleaning. After the printer is set-up according to the
manufactyrer’s instructions, the priming cartridges shall be used to print until consistent images are generated.
The primi

att—be—atfactory pre=set—configuratio O e primter and—defautt—nstatte
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 can
not 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 2011 — All rights reserved
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Any scaling to assure 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 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 cartfidges are
ined as primary cartridges in this International Standard. The rest of cartridges arenregarded as
supplemental cartridges. During testing, cartridges that reach end of life (as defined in 3.7) firsb arg 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 colour and mjulti-colour
tained cartridges. The number of cartridges may be smaller than the number.of colour inks/overlays. The
minimum number of primary cartridges for various printing system is listed in Table 1.

Primary cartridges shall reach end of life (as defined in 3.7) 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 cartridge$ depleted
thfee or more times on all tested printers shall be treated as pritnary cartridges. The minimum pumber of
printers for testing is three. For example, if the number of primary cartridges is three, at least 27 |cartridges
shill 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 that
additional engines and/or cartridges be used in testing.

Table 1 — The Minimum Number of Primary Cartridges

T i Nmber
1 cartridge_system 1
2 cartridge system 1
3 cartridge system 2
4 cartridge system 3
6 cartridge system 3
7 or more cartridge system 3

When testing additional printers and primary cartridges above the minimum, an effort shall be mad¢g to test an
equalnumber of primary cartridges on each printer. For example, if an additional printer were to be|tested for
3 primary cartridges, then the minimum number of cartridges to be tested would be 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 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

© ISO/IEC 2011 — All rights reserved 5
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fashion. But, 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.

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 printen has capability to print both borderless and bordered, photo test suite shall be printed without border.
If borderlgss printing is not allowed for a printer under testing, photo test suite can be printed with border| It
shall be npted in test report. Any scaling to assure that the photo test suite is printed correctly shall be based
on printer [system or driver.

4.4 Print environment

The tempgrature can have a profound effect on test results. For this reason, the\t€st shall be carried ¢ut
according(to the following test conditions:

Temperatyire: 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 minutes, all running average temperatures are to be betwegen

20.0 °C and 26.0 °C.

EXAMPLE An example of the calculation of the temperature is shown below for temperature readings
taken on 15-minute intervals for the testing of one cartridge.

Table 2 — Running Temperature Calculation Example

Testing Room
Average

Temperature t; 24.0|23.4(20.5424:2|123.622.0|25.5|24.7|22.1|20.8|22.0|23.5 23.0
Running Average T; [ N/A | N/A [ N/A123.0(22.9(22.623.8(24.0|23.6(23.3|22.4(22.1

t1 t2 ts ty ts te tz7 ts to | tio | t11 | tr2

Running Average T;= (ti.3+t o+ +t)/4
Testing Room Average = (t1+t+ ... +145)/12

From this the testing room average would be 23.0 °C, the maximum running
average reading 24.0 °C and the minimum running average reading 22.1 {C.
These values can be found highlighted in the table of temperature measurements.
It shall be noted that the fnefing room-average for {emperature are averages oflall

measurements, not the running averages.

Humidity: Humidity shall be within the range recommended by the manufacturer for operating
the device.

Environmental conditions shall be included in the test report. The maximum and minimum running averages
for temperature shall be reported for each cartridge tested. Please see Annex C for test reporting form.

6 © ISO/IEC 2011 — All rights reserved
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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 Media

THe paper utilized in this test represents photo paper. If photo paper is tested, it shall conform to,the printer’s
lisf of approved photo papers for colour photo printing. If automatic media detection can be disableq and yield
results are not affected by the type of paper, plain paper that shall conform to the printer'slist off approved
papers can be utilized for testing to reduce the cost for testing. If automatic media detection cgn not be
digabled, 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.dnder testing is npt capable
of Jprinting on 4x6 sized paper and/or L or A6 is of dominant paper size in the'nation, L or A6 sized [paper can
bg utilized for testing. Tester may use larger sized paper only if yield results’ are not affected by the size of

paper.

THe paper manufacturer, manufacturer's paper model and/or code{and size for the paper that is acIJaIIy used
in the test shall be noted on the report. When available, weight fér the paper is actually used shall bé¢ noted on
the¢ report.

4.6 Maintenance

Printer maintenance shall be performed according to‘the printer and cartridge user's manual.

4.Y Testfiles

THe test image suite used shall be as specified in ISO/IEC 29103. The test shall be conducted using the most
regcent official electronic test image_suite as the input. The most recent official file can be |ocated at
(hitp://www.iso.org/jtc1/sc28). Failure to use the exact file specifications will invalidate test rgsults. OS
provided photo printing tool (fer.example, Windows photo printing wizard) will be used to send photq test suite
to|the printer. The method used for connection between the host computer and the printer shall bg recorded
on the test report. For autemated testing, a pre-generated print file can be used if the results are equivalent to
d;fCt printing methods;-Fhis will be recorded on the test report. The version of the test file, the pripter driver

version and OS proyided photo printing tool version and type will be included in the test report. Befgre starting
the test, a sample(file’set shall be printed to check the image and assure the proper size.

NOQTE There are often several OS provided photo printing tools available; each version can have an impact on the
yigld results:

Td reduce test variability due to other programs, it is recommended that test file generation be condiicted on a
printer with a “clean” install of the npprafing system with nnly the printer driver and any test contrdl software
installed. Testing has shown that old installed drivers from the same or different printers can affect the yield
results. To aid in counting and tracking pages, a header or footer can be added to the photo test page suite.
Every attempt shall be made to reduce the size of this addition to minimize the effect on calculated yield. If this
information is included in the photo test suite, it shall be documented in the test report.

The host computer environment such as Operating System (OS), RAM size, CPU type and application
software may affect the yield test results, the computer environment recommended by the printer'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 assure that the photo test suite is printed correctly shall
be based on printer system or driver.

© ISO/IEC 2011 — All rights reserved 7
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5 Test

methodology

5.1 Testing procedure

5.1.1 Preparation

1) Install at least three printers following the user’'s manual.

2) Install a priming cartridge into the printers.

3) Using p

4) Remov

riming cartridge, print until consistent images are generated.

e each priming cartridge.

5.1.2 Ingtallation of test cartridges

1) Remov
individuall
guide.

If there is
manual w

2) If the p
manual.

b all packaging material from a new complete set of cartridges to be tested and.weigh each cartrid
y to within 0.01 g and record the weight. Install these cartridges based on'the’ cartridge installati

A contradiction between the printer and cartridge manuals for the caftridge installation, the cartrid
Il take precedence except if changes are recommended for printer or driver settings.

Finter has a mandatory print head alignment operation, it willlbe conducted according to the prin

Pages printed for head alignment operation will not be counted-in‘the measured yield.

5.1.3 Testing

1) Begin t

2) When
5.1.4. End

3) Repeat

bst 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 according
of Life shall be determined as prescribed in 3.7.

steps 5.1.3 1) and 2) until all' of primary cartridges that are prescribed in 4.2 reach End of life

ge
on

ge

fer

—

(0]

at

least thre¢ times. When the last primary cartridge reaches End of life, record individual cartridge yield for the

depleted
yields of
removed (

4) Repeat
prescribeg

5.1.4 En

brimary cartridge. Remove the depleted primary cartridge and all supplemental cartridges. Wh
supplemental cartridges are determined using proxy cartridges as specified in 6.2, weigh #
artridges and record in the report.

steps 5.1.25to 5.1.4 for all of printers under testing. (At least three printers should be tested
in 4.2.

d.of cartridge life procedure

en
he

1) Record

individual cartridge yield for the depleted cartridge.

2) 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

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 2011 — All rights reserved
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5.2.1 Nozzle cleaning

1) 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.

2) Permissible limited number of nozzle cleaning operation
Nozzle cleaning operation will consume ink. This may affect yield test results. To reduce the influence of this
operatiot Y the-maximumrtmber-of user-initiated—cleat |;||y up0|at;U| rs-for-a-sit |y:c cartt ;dyc is-Hmitech as shown
in [the list below. If the estimated yield for primary cartridges is equal to or less than 400 pages;.the nozzle
clganing operations are allowed up to 3 times. If the estimated yield is greater than 400 pages; the|maximum
number of nozzle cleaning operation is incremented by one for every additional 150 pages,

Table 3 — The 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 S.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

Injaddition to the maximum number of.nozzle cleaning operation, one more additional cleaning opgration can
be tried. If a Fade occurs or an Ink Qut'is signaled on this additional cleaning operation, the yield data is still
valid and the data can be used in-the final yield calculation. If a Fade or Ink Out does not occur during the
clganing operation, the cartridge.shall be replaced with new one regardless of streak condition. The cartridge
will be considered defective(for having excessive streaks and the yield data is not valid. Thg cartridge
removed for this reason will\bé recorded in the test report as a failed cartridge due to excessive streaking.

3)|If the nozzle cleaning operation cannot be limited to individual colour
If hozzle cleaning-Operation cannot be limited to the cartridge that is streaking, all other cartridges under
testing will alsoruse ink during the cleaning process. For this reason, if a nozzle clean operation |affects all
cartridges in aprinting system, any cleaning operation performed will be counted against all cartridg¢s. If more
than the specified cleaning operations are performed on a cartridge under test, that cartridge will b¢ removed
frdgm testing even though it was not the cause of the streaks. Cartridges removed for this reaspn will be
recorded on the test report as removed due to excessive cleaning. These cartridges shall not be Used in the
cajculation of yield.

5.3 Procedure for handling a defective cartridge, printhead or printer

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 usually indicated by excessive,
noncleanable streaking or other non-resolvable print quality defects in 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 printhead. All defective cartridges, printheads and printers will be recorded on the testing
report along with reason for failure.
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5.3.1 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 printer
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 be
used for yield calculation unless it can be proven that those data would not be affected by the defective
cartridge or the streak removal operation conducted immediately following the cartridge replacement. This

justificatio

5.3.2 Ddfective printhead

In the cas|
For the pu
used in ¢z
of priming
testing. O
printhead
printer has

the printhgad is not user replaceable, refer to 5.3.3.

5.3.3 De

In the cas
printer, th
shall be in
be condug
the cartrid
due to pr
recorded.

proved that the printer failure did not affect the previously tested cartridges. This justification will be record

in the test

6 Dete

6.1 Yie

An averag
reached B
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e of a defective printhead, the printhead shall be replaced as specified in the printer, Usef's manu
rposes of yield calculation, all cartridges that were in the printer at the time of the failure will not
Iculation of the final yield. After replacement of the printhead, the printer shall be set-up using a

n the report, the number of the last photo test suite printed for each carttidgé using the defect
will be recorded. A note will be made that all cartridges were replaced due 1o printhead failure. If {
5 a mandatory print head alignment operation, it will be conducted according to the printer manual

fective printer

e of a defective printer, the printer shall be repaired or replaced. After repair/replacement of {
b printer shall be set-up using a set of priming cartridges as specified in 4.1. Then, new cartridg
stalled for subsequent testing. If the printer has asmandatory print head alignment operation, it

ted according to the printer manual. On the report, the number of the last photo test suite printed
ges in the defective printer will be recorded and it shall be noted that the cartridges were replac
nter failure. The failure of the printer will‘be noted and the replacement printer serial numk
The yield data obtained before printer failure cannot be used for yield calculation unless it can

report.

rmination of the declared yield value and declaration

d of primary cartridges

e and a standard)deviation will be obtained from the test runs (e.g. n = 9 when a primary cartridge
nd of life thre€ times and three printers are utilized for testing).

X

i
n

al.
be
bet

cartridges as specified in 4.1. A new set of cartridges shall be weighed and installed for subsequégnt

ve
he
If

he
es
vill
by
ed
er
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ed
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n
ample’Average for a given cartridge, X = z
i=1

Sample Standard Deviation for a given cartridge, s =

where

x; the individual cartridge yield defined in 3.10

n the number of data. For testing, n shall be > 9.
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It can be stated with 90 % confidence that the true average yield of the cartridge is within the following values:

Lower Confidence Bound = y—(la’n;])*i

Jn

N

Jn

Upper confidence bound = X +(t,, , 1) *

where

i Can be found on a Students' t-Distribution Table with n —1 degrees of freedom (df fo

r‘v‘ and

o an «a of 0.1. (in this example, n —1 = 9-1 = 8) This provides a 2-tailed confidencehin
90 % confidence. This specific t-statistic for 8 degrees of freedom, and 90 %. con
tyn—1= 1.860. This can be used in the above calculation, only. A different sample s
different confidence interval will yield a different ty

THhe declared value shall be determined so that it's at or below the calculated lower 90-% confidence

6.2 Yield of supplemental cartridges

Sypplemental cartridges are not required to reach End of life. If a suppleémental cartridge does not
of[life three times per printer by the end of test, the yield can be estimated:

Fdr the estimation of yields for supplemental cartridges, a proxycartridge is defined as any primar
having the same physical size and similar starting weight as the supplemental cartridge. Cartridge
nat include any features that are meant to differentiate between colours, such as physical keys ang

erval with
fidence is
ize and/or

value.

reach End

cartridge
size does
tabs. For

thé supplemental cartridges whose starting weights are less than 50 grams, a proxy cartridge is ¢lefined as

any primary cartridge of the same physical size as the“supplemental cartridge which has a start
within £5 % of the supplemental cartridge starting,weight. For the supplemental cartridges whos
wgights are greater than or equal to 50 grams, a;proxy cartridge is defined as any primary cartri
same physical size as the supplemental cartridge which has a starting weight within +10
supplemental cartridge starting weight.

Sypplemental cartridge yields shall be reported individually except as specified in the note of 6.4.
fof supplemental cartridges are estimated, it shall be clearly declared as “Estimated Yield”.

6.2.1 Case 1: supplemental cartridges that has not reached End of life

1)|If proxy cartridges are\available,
Edtimated yield of supplemental cartridge per printer is determined by the following equation:

Yield = Amount of Full Ink[grams]

- x Number of Printed Pages at End of Testing [pages]
Amount of Delivered Ink [grams]

“Amount;ef Full Ink” is the total amount of ink that the supplemental cartridge can deliver until End o
difference between the weight at Start of cartndge life and the we|ght at end of life). “Amount of Full

ng weight
e starting
ige of the
% of the

Vhen yield

(1)

f Life. (i.e.
Ink” is not

lamount of

delivered ink of all proxy cartrldges “Amount of Dellvered Ink” is the amount of ink that a supplemental
cartridge delivered until End of testing. (i.e. difference between the weight at Start of cartridge life and the
weight at End of testing). “Number of Printed Pages at the End of Testing” is the number of pages that are

printed from the start of testing to End of testing.

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

m
Sample Average for a given cartridge, X Z—’
i m
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Sample Standard Deviation for a given cartridge, s =

where

X

the estimated yield defined in equation (1)

m the number of data. It is equal to the number of printers utilized for testing. (m shall be > 3)

90 % LCB

L

The decld
confidenc

2) If no cz
One of the

(Option 1)
case, pho
(one perp

(Option 2
this case,

(Option 3
image des
foreach s

The decla
yield for s

6.2.2 Cdse 2: supplemental cartridges.that have reached End of life once or twice

If a supplgmental cartridge has reached End of life once or twice before End of testing for any printer utiliz

in testing,
be smalle
for all of th
EXAMPLE
Ink cartridg

Number of

is calculated by the following equation:

S
Jm
red value in this case shall be determined so that it's at or below the calculated lower 9(
b value.

ower Confidence Bound = )_(—(ta‘m_1)*

rtridge can be used as a proxy
following three options may be chosen when no proxy cartridge is available.

Supplemental cartridges shall be tested until End of Life at least-once to determine yield. In t
rinter) will exist for each supplemental cartridge.

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

Supplemental cartridges may be tested until End“of Life at least once by printing a special t
igned for fast ink consumption. In this case, theeminimum of 3 data points (one per printer) will e
Lipplemental cartridge. Special test page utilized will be reported in the test report.

ipplemental cartridge shall be noted\in-the test report.

the declared yield valde)shall be determined by the method prescribed in 6.1. The size of data n
than 9. For examplepif a supplemental cartridge has reached End of life once before End of testi
ree printers utilizedin testing, the number of data points will be three.

es : K, G,.\MY, Light C, Light M separate cartridges.

printers : 3

Number of

Number of

Nis

fo test suite prescribed in ISO/IEC 29103 is utilized for testingzand the minimum of 3 data poipts

n

pst
ist

red yield value shall be determined by the method prescribed in 6.2.1. 1). Option chosen to estimate

ed
vill
ng

depletion-for-primary-cariridges—s3
primary cartridges : 3

Number of supplemental cartridges : 3

All colour cartridges are the same physical size and have a starting weight of 55 grams +3 grams

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.

K reached End of life once.
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Light C and Light M never reached End of life.

Number of printed pages and amount of delivered ink are as follows;

ISO/IEC 29102:2011(E)

Table 4 — Example of Measured Values

Cartridge | “Amountoful | “Amoumior | Mumbersl | Averege o printed | Standerd
ink delivered ink
K 20.0 gram - 3 500 18
€ +-Bgram = 9 256 24
M 11.3 gram - 9 230 40
Y 11.5 gram - 9 265 31
Light C - 3 gram 0 - -
Light M - 4 gram 0 - -

M,

C and Y will be regarded as primary cartridge. K, Light C, and Light M will be regarded as supplemental cart

idges.

Esfimation of K yield :
Because of difference in physical size, K cartridge will not have a prexy, cartridge. Since K cartridge depletzd once for
earh of three printers, estimation method described in 6.2.2 appliesdo estimate yield of K cartridge. The 90 % LCB is

computed by the same way as primary cartridges.

nj3dand¢,, 4=t54,=292

Therefore, the 90 % LCB numbers are

K90 % LCB = 500-2. QQE — 470 pages

V3

Esfimation of yields for Light C and Light M :
Since Light C and Light M newver reach End of life, estimation method described in 6.2.1 1) applies. The ¢, M and Y
caftridges meet the criteria_tosbe a proxy. “Amount of full ink” for Light C and Light M is estimated by the [average of

“Amount of full ink” for C, M, and Y cartridges. It is calculated as follows;

11.0x9 +11.3x9+ 11.5x9)
9+9+9)

Arount of full ink for Light C and Light M = ( =11.3

Since Y is_theAdast primary cartridge that reached End of life three times, “Number of printed pages at End of testing” is
eeds to be

cartridges dellvered 4. 1 4.2 and 3.7 grams of ink.
Estimated yields for Light C are

(11.3 grams) / (3.0 grams) x (809 pages) = 3,047
(11.3 grams) / (3.1 grams) x (796 pages) = 2,901
(11.3 grams) / (2.9 grams) x (780 pages) = 3,039

Light C estimated yield is the average of the above data which is 2,995 and a standard deviation of 82.0.
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Estimated yields for Light M are

(11.3 grams) / (4.1 grams) x (809 pages) = 2,229
(11.3 grams) / (4.2 grams) x (796 pages) = 2,141
(11.3 grams) / (3.7 grams) x (780 pages) = 2,382

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 ta,m_—] = t0_1’2 =2.92

Therefore, the 90 % LCB numbers are

Light C 90 P LCB = 2,995 292820 _ 5 856 pages
V3
. A _ 119.9
Light M 90 P4 LCB = 2,250 — 2.92T = 2,047 pages
3

6.3 Test data reporting

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

6.4 Deglaration of the yield

The yield [declaration will vary depending on whether ink is supplied in cartridges with multiple colours or
separate ¢artridges for each colour.

n
When multiple colours are combined into one cartridge{’then the declared yield is based on a single 90(%
lower confidence bound (LCB) of the mean that is calculated according to 6.1 and 6.2.

EXAMPLE [1: (Printer with CMY combined cartridge andK in a separate cartridge, CMY combined cartridge is primary gnd
H is supplemental)

From Testing:

@MY Cartridge 90 % LCB = 508 pages
Bstimated Black cartridge-90 % LCB = 1100 pages

Yield can bg reported as :

>

verage CMY, Cartridge Yield Up to 508 photos
Hstimated\Supplemental Yield Black Up to 1100 photos

\falUesobtained by continuous printing

When the different colours are supplied in separate cartridges, then LCBs are computed for each colour.
Declared yield can be based on the individual LCBs for each colour or based on a combined yield as specified
below.

Because of differences in colourant hue and colour balance optimization among printer manufacturers, the
test pages used in this International Standard will not be colour balanced for all printers. In acknowledgement
of this fact, when coloured inks are in separate cartridges that are intended to have approximately equal
capacities, their yields can be reported using a single value computed using yields for 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 yield.
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The composite yield is defined as:

where.
CY= composite yield

Y. = 90 % L. CB of the photo vield 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:

Cyan Cartridge 90 % LCB = 450 pages

Magenta Cartridge 90 % LCB = 580 pages

Yellow Cartridge 90 % LCB = 500 pages
Estimated Black cartridge 90 % LCB = 1100 pages

CY = =505pages

3
1 1 1
450 580 500

For colour cartridges:

Ddclared yield can be based either on the individual LCBs for each colour or based on the composite yield. The 2 options
forfdeclaration of yield for this example are:

Ingividual 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 1100 photos

Values obtained by continuous printing

Cdmposite Yield Method:

3 Caﬁ.l;u'yc CUIIIIJUDitC \II;C:\J U|J tU SGG p:lUtUb
(Composite yield using C, M and Y)

Estimated supplemental Yield Black Cartridge Up to 1100 photos
Values obtained by continuous printing

When yields for additional cartridges other than C, M, Y and K are measured as determined in reference to

6.2, they shall be reported individually and not combined into the composite yield. In these instances, the
composite yield may still be used for the cyan, magenta and yellow cartridges.

If a yield is reported according to this International Standard, a full test report as shown in Appendix C shall be
available.
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When an inkjet cartridge yield is declared in the user's manual, marketing materials or packaging, the
following minimum information shall be included:

There are|main components to the numerical part of the declaration:

The comp

EXAMPLE [3:

For a system with only C, M, Y & K individual cartridges using-a'’composite average

Or forjust\lean Cartridge tested from the above example

16

1
2. Primary cartridge yield
e

When tested in printer YYY:

Imk Cartridge yield:

* Description that the declared yield value has been determined in accordance with ISO/IEC 29102

* Declared yield value of the cartridge
« That the value obtained was using continuous printing

* If a cartridge can be used in multiple printers, one of the following shall be reported:

0 The combination of tested printer and cartridges
0 The minimum yield of all tested printers

o The range of yields from all tested printers and the list of printer/cartridge*combinatig
tested.

. The total number of cartridge colours used in the determination of the“yield

. Supplemental cartridge yield

3 Cartridge Composite Yield 505 standard photos
(Composite yield using C;"M and Y)

Estimated Supplemental K Cartridge Yield 1100 standard photos

Values obtainéd-by continuous printing using 4 cartridge colours (C,M,Y, K)

Declared;yield value in accordance with ISO/IEC 29102

hen tested in printer YYY:

osite yield shall be reported as an “N” cartridge yield, withXXN” being the number of cartridges in the
compositg yield. The colours of the cartridges used in the compaosite calculation shall be reported.

Ink Cartridge yield:

3 Cartridge Composite Yield 505 standard photos
(Composite yield using C, M and Y)
Values obtained by continuous printing using 4 cartridge colours (C,M,Y, K)

Declared yield value in accordance with ISO/IEC 29102
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Or for just a Cyan Cartridge tested from the above example without a composite yield:
When tested in printer YYY:

Ink Cartridge yield:

Average C Cartridge Yield 502 standard photos
Values obtained by continuous printing using 4 cartridge colours (C,M,Y, K)

Declared yield value in accordance with ISO/IEC 29102

Fof a system with only C, M, Y & K individual cartridges
(C| M, and Y are primary cartridges and K is supplemental cartridge)

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 1100 standard photos

Values obtained by continuous printing using 4 cartridge colours (C,M,Y,K)

Declared yield value in accordance with ISO/IEC;29102
Fof a system with only CMY combined cartridge and a K.tartridge
(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 1100 standard photos

Values-ebtained by continuous printing using 2 cartridge colours (C,M,Y,K)
Degclared yield value in accordance with ISO/IEC 29102
For a systemwithonly C, M, Y, K, Light C, and Light M individual cartridges

(C| M, and~Y are primary cartridges and K, Light C, and Light M are supplemental cartridges)

\When tested in prinfnr 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 1100 standard photos
Estimated Supplemental Yield Light Cyan 1200 standard photos

Estimated Supplemental Yield Light Magenta 1500 standard photos
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Values obtained by continuous printing using 6 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:
3 Cartridge Composite Yield 505 standard photos
(Composite yield using C, M and Y)
Estimated Supplemental K Cartridge Yield 1100 standard photos
Estimated Supplemental Yield Light Cyan 1200 standard photos

Estimated Supplemental Yield Light Magenta 1500 standard photos
Values obtained by continuous printing using 6 cartridge colours
(C,M,Y, K, Light C, Light M)

Declared yield value in accordance with ISO/IEC 29102
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Annex A
(informative)

Examples of fade

© ISO/IEC 2011 — All rights reserved 19


https://standardsiso.com/api/?name=34aa6cdc0048e05bb8eed8ce1afee94b

ISO/IEC 29102:2011(E)

Annex B
(informative)

Examples of streaks

- \O
Figure g;\1\6l>Examples of streaks
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(normative)

Test reporting form

Declaration of yield:

ISO/IEC 29102:2011(E)

When tested in printer PDL 5900:

Inkjet 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 photos

Estimated Average Continuous K Cartridge Yield 1100 standard photos
Values obtained by continuous printing

Declared yield value in accordance withe ISO/IEC 29012

90 % Lower Confidence Cyan Cartridge = 450 photos
Magenta Cartridge = 580 photos
Yellow.Cartridge = 500 photos
Black Cartridge = 1100 photos

Date Tested: 2006/10/20 — 2006/10/30

Fdr questions concerning testing contact:

Cartridge Testing Associates
123 Printer Lane

Ink;.IL 87484
Printer Model Used PDL 5900
Cyan Cartridge Model C45
Magenta Cartridge Model M45
Yellow Cartridge Model Y45
Black Cartridge Model K45

© ISO/IEC 2011 — All rights reserved
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