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

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

The cafrtridge photo yields of primary cartridges are determined by an end of [ife ]udgmenl‘i, or signalled
with efther of two phenomena: fade, caused by depletion of ink in the cartridge, or auteinatic printing
stop, chused by an Ink Out detection function. The cartridge photo yields of supplemental ¢artridges are
estimdted. 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 used
as the|sole component of CPP calculation. Additional factors need to be considered for|accurate CPP
calculgtions.

© ISO/IEC 2015 - All rights reserved v
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INTERNATIONAL STANDARD

ISO/IEC 29102:2015(E)

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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pads) for colour photo printing with colour inkjet printers and multifunction‘device
printer components. In the case where a cartridge set can be used invmnultiple pi
he yield test needs to be performed as long as the difference between printer mg
yield.

A cartridge supplier may choose to use more than one marketidentifier for a single phy
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e method for determination of declared-ph@to yield values from the test results; an
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consumer by the manufacturer.
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printi:[g of the photo testfile defined in ISO/IEC 29103.

ternational Standard is not for use with printers whose minimum printable size
r than A3. This International Standard is not intended to measure the yield of pho
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2 N

brmative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

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

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

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

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

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

Note 2 to entry]: For examples of fade, please consult Annex A.

Note 3 to entry: In some printer systems, fade can occur prematurely due to the way that ink is pnovided to the
printing system.

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

Note 5 to entry}: 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 of cplour that appear in test images

Note 1 to entry|: Streaks differ from fade in the width.

Note 2 to entryf If streaks occur in two or more out of four consecutive test pages, then a streak removal opration
is required.

Note 3 to entryf: Streaks can appear due to a number of reasons; thermal issues and clogged nozzles being two of
the main causes. Comparisons are made using the phenomenon sample provided in Annex B.

3.3
streak remoyal operation
procedure use¢d to restore the print performance by removing streaks

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

Note 2 to entry: If streaks are pbserved in two or more out of four consecutive test pages, first the printer can
be left idle for [five minutes. Then an additional four pages are printed. If the streaks are still observed| then a
streak removal operation istconducted according to the latest printer manufacturer documentation. Du¢ to the
significant amgunt of ink that is used for cleaning, the maximum permissible number of times that the| streak
removal operafion can.be used on a given cartridge is prescribed in 5.2.1. All test pages printed during this
process will beincladed in the page count for determining the yield.

3.4
printhead alignment operation
function that aligns newly installed printheads

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

3.5

ink low

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

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

2 © ISO/IEC 2015 - All rights reserved
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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 (3.1) or ink out (3.6)

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

colour exhibits

fade or ink out. In the event that the printer can continue printing after ink out is reported, the cartridge will still

be considered at end of life.

3.8
end of/ testing
point ¢f time when all of primary cartridges are consumed three times per printer under

3.9
photoftest suite
series pf pages defined in ISO/IEC 29103 that are printed as separate jobs

3.10
individual cartridge photo yield
numbdr of pages printed between cartridge installation and end-of life

3.11
declayed cartridge photo yield
at or below the lower 90 % confidence bound of the mmean

Note 1 fo entry: 90 % confidence bound of the mean isprescribed in 6.1 and 6.2.

3.12
primajry cartridge
major pontributing cartridge for ink contsumption

Note 1|to entry: The minimum number of primary cartridges to be tested for different print
prescribed in 4.2. Cartridges thatréach end of life (3.7) first are classified as primary cartridges.
consuned at least three times perprinter at end of testing (3.8).

Note 2 fo entry: Colour inkjetprinters commonly utilize a set of different colour inks to improve d
images} The number of different colour inks ranges from three to more than 10. Ink usages of d
are nofjdesigned to be uniform. In order to maintain testing time and cost at a reasonable level, t
primarjy cartridges,is:introduced in this International Standard.

3.13
supplémental cartridge

testing

ing systems is
They should be

uality of photo
fferent colours
he definition of

cartridgedhat is not classified as primary cartridge

Note 1 to entry: The determination of yield for supplemental cartridges is made according to
prescribed in 6.2.

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

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

3.15
photo paper
coated paper for photo printing

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

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

3.17
paper media selection
selection that specifies the type of media

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

3.18
print quality]
user selection

level selection
that specifies the various levels of printed image quality and enhancement

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

14

Note 2 to entry: Some printers might not have all of the selections specified in 3.16, 3.17 and 3.18 availabl

4 Test parameters and conditions

4.1 Setup

Place the pril
provided in t
another meth
does not havsg
printing proc
from the mar
specified on t
cartridge inst
cartridge inst
for printer or

At the start o

iter on a horizontal surface and set up the printer according to the installation
he printer user’s manual. If a printer has the)capability to use both PC connecti
pd of data input for photo printing, the PC cénnection shall be used for testing. If a J
PC connection capability, the method of(delivering photo test page suite to print
pdure shall be included in the test repert. Use the most recent printer driver avj
ufacturer’s website or the supplied;driver with the printer. The driver version s
he test report. Cartridge installation shall be completed following the instructions
allation guide. If there is a contradiction between the printer and cartridge manuals
allation, the cartridge manual will take precedence except if changes are recomn
driver settings.

guide
bn and
printer
er and
pilable
nall be
in the
for the
ended

f the test, all printexs shall be set up using a set of priming cartridges to ensure t

ink used in t¢
up according
consistent im
cartridges th
included in the test report. But, those pages are not counted towards yield. Even if required |by the
printer, printhead alignment does not have to be performed on the priming cartridges. The replagement
of the priminlg eartridges with the first set of test cartridges may be done all at once or staggered
individually. If done all at once, all test cartridges begin with photo test suite number 1 and cgntinue
until end of life. If the staggered start method is used, the test suite number shall be tracked separately
for each cartridge. The test start method shall be included in the test report.

bsting is primarilyfer printing, not for initial priming/cleaning. After the printe

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

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

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

4.2 Sample size

Colour inkjet printers commonly utilize different colour inks and/or overlays to improve quality of
photo images. Number of different colour inks/overlays for colour photo printing is quite diverse. Some
of the printers may utilize more than 10 different colour inks/overlays. Ink usages of different colours
are not de51gned to be unlform In order to maintain testlng tlme and cost at reasonable level, major
contriputineg —defired—s 3¢ - ; adarid. The rest of
cartridges are regarded as supplemental cartrldges Durlng testing, cartrldges that régdch end of life
first are classified as primary cartridges.

The mjinimum 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 multi-colour contained cartridges. The number of cartridgés may be smdller than the
numbgr of colour inks/overlays. The minimum number of primary, ¢artridges for vagious printing
systenp is listed in Table 1.

Primaty cartridges shall reach end of life at least three times oncach of the printers testgd. Regardless
of the minimum number of primary cartridges specified in Table 1, all of the cartridges depleted three
or mofe 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, at least 27
cartridges shall be tested. (3 primary cartridges x 3 cartridges to reach end of life x 3 pripters)

To represent yield variations due to cartridge anid-printer manufacturing tolerances, it is acceptable
that additional engines and/or cartridges be usedin testing.

Table 1 — Minimum number of primary cartridges

The Minimum Number

Printer system of Primary Cartridges

1 cartridge system

2 cartridge systém

3 cartridgeSystem

4 cartridge'system

6 cantridge system

W W W|N [

Z\ar more cartridge system

When [testing additional printers and primary cartridges above the minimum, an effort ghall be made
to testtan equal number 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 fashion. But, the yield test will be run in semi-continuous simplex printing to decrease

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

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

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

If a printer has capability to print both borderless and bordered, photo test suite shall be printed
without border. If borderless printing is not allowed for a printer under testing, photo test suite can be
printed with uite is
printed corre

< I clhaoll rad 3 4 4 £ A 1 4 los 1 Lota i 4+
UITUCT. 10 511dITl UU TIULCU 111 tTOoU lClJUl L. ﬂll)’ obauus LU CIISUIrcT tiiat LT PllU\,U LtCol g

ctly shall be based on printer system or driver.

4.4 Print gnvironment
The temperatjure can have a profound effect on test results. For this reason, the testshall be carr|ed out
according to the following test conditions:

Temperature: Testing room average 23,0 °C +2 °C
Readings to bp made with a running average of 1 hour with readings recended at least every 15 mjnutes,
all running ayerage temperatures are to be between 20,0 °C and 26,0*2C:
An example of the calculation of the temperature is shown in Tablé.2 for temperature readings tajken on

15-min intervjals for the testing of one cartridge.

Table 2 — Running temperaturecalculation example

Testing Room
t1 t2 t3 ta ts te ty tg t9 t10 t11 t12 Average
Temperature tf 24,0 | 23,41 20,5 | 24,2 | 23,6 [22,0 | 25,5 | 24,7 | 22,1 | 20,8 | 22,0 | 23,5 23,
Running Averdge
T; N/A | N/JA | N/A | 23,0229 | 22,6 | 23,8 | 24,0 | 23,6 | 23,3 | 22,4 | 22,1
Running Average T; = (ti-3+tj-2+ti-1+ti)/4

Testing Room Ayerage = (t1+t+ ... +t12)/12

From these forr
minimum runni
It shall be noted

hulae, the testing roam average would be 23,0 °C, the maximum running average reading 24,0 °C
hg average reading.22,1 °C. These values can be found highlighted in the table of temperature measur
that the testingyoom average for temperature are averages of all measurements, not the running ay

hnd the
bments.
erages.

Humidity sha

1 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.

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

© ISO/IEC 2015 - All rights reserved
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4.5 Paper

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

Size of paper used in this test shall be 4x6, L or A6 size. It is recommended that the test will be performed
with 4x6 sized paper if it can be utilized for a printer under testing. But, if a printer under testing is not
capable of printing on 4x6 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
affectgd by the size of paper.

The p
actual
used s

hper manufacturer, manufacturer’s paper model and/or code, and size fer.the |paper that is
y used in the test shall be noted on the report. When available, weight for' the paper is actually
hall be noted on the report.

4.6 Maintenance

Printel maintenance shall be performed according to the printer and cartridge user’s mapual.

4.7 Test files

The te
mostr
(http:
0S prg
photo
printe
used i
The ve

type W
check

NOTE
on the

To red
condu
and aj

or different printers can affect the yield results. To aid in counting and tracking page

footer

Kt image suite used shall be as specified in ISO/IEC29103. The test shall be condu

/www.iso.org/jtcl/sc28). Failure to use the éxact file specifications will invalidaf
vided photo printing tool (for example, Windows photo printing wizard) will be
test suite to the printer. The method used for connection between the host com
" shall be recorded on the test report, For automated testing, a pre-generated pr

rsion of the test file, the printer driver version and OS provided photo printing to
rill be included in the test repdrt. Before starting the test, a sample file set shall
'he image and ensure the praper size.

There are often several/OS provided photo printing tools available; each version can
Vield results.

uce test variability due to other programs, it is recommended that test file
‘ted on a printer'with a “clean” install of the Operating System (OS) with only the
y test contrel software installed. Testing has shown that old installed drivers f

can be:added to the photo test page suite. Every attempt shall be made to reduce 4

additi

it shall be'documented in the test report.

ntouminimize the effect on calculated yield. If this information is included in the ph

'ted using the

ecent official electronic test image suite as the input. The most recent official file can be located at

e test results.
used to send
puter and the
nt file can be

the results are equivalent to directprinting methods. This will be recorded on the test report.

1 version and
be printed to

have an impact

peneration be
printer driver
‘'om the same
b, a header or
he size of this
oto test suite,

The host computer environment such as 0S, 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 ensure that the photo test suite is
printed correctly shall be based on printer system or driver.

© ISO/IEC 2015 - All rights reserved
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5 Test methodology

5.1 Testing procedure

5.1.1 Preparation

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

b) Install a priming cartridge into the printers.

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

d) Remove ¢

5.1.2 Insta
a) Remove g
cartridge
cartridge

If there is
the cartri
settings.

b) If the priq
printer m

Pages pri

5.1.3 Testi)

a) Begintes

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

to 5.1.4. H

c) Repeat stleps 5.1.3 a) and b) until all of primary cartridges that are prescribed in 4.2 rea

of life at

cartridge
all supplg
cartridge

d) Repeatst
as prescr

ach priming cartridge.

lation of test cartridges

1l packaging material from a new complete set of cartridges to be tested and weig
individually to within 0,01 g and record the weight. Install these cditridges based
installation guide.

a contradiction between the printer and cartridge manualsferthe cartridge insta
dge manual will take precedence except if changes are recontmended for printer or

iter has a mandatory printhead alignment operatioens.it will be conducted according
anual.

hted for head alignment operation will not be.counted in the measured yield.

NS

L and start tracking the number ofitést photos printed on each test cartridge.

nd of life shall be determinéd as prescribed in 3.7.

east three times. When the last primary cartridge reaches end of life, record ind
yield for the depleted primary cartridge. Remove the depleted primary cartrid
mental cartridges. When yields of supplemental cartridges are determined using
5 as specifiédin 6.2, weigh the removed cartridges and record in the report.

eps 5.1:2-t0 5.1.4 for all of printers under testing. (At least three printers should be
bedin*4.2.

h each
on the

lation,
driver

to the

ording

th End
vidual
be and

proxy

tested

5.1.4 End of cartridge Iife procedure

a) Record individual cartridge yield for the depleted cartridge.

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

5.2 Procedure for handling streaks

5.2.1 General

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

in test report.
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5.2.2
a)

ISO/IEC 29102:2015(E)

Nozzle cleaning

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.

b) Pe

rmissible limited number of nozzle cleaning operation

Nozzle cleanmg operatlon will consume 1nk This may affect yleld test results To reduce the

In
op
op

w
€X
re

If

If
ur

ual to or less than 400 pages, the nozzle cleanlng operations are allowed up tg'thre
timated yield is greater than 400 pages, the maximum number of nozzle cleanin
fremented by one for every additional 150 pages.

Table 3 — Maximum number of nozzle cleaning operations allowed

ns for a single
cartridges is
e times. If the
b operation is

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

addition to the maximum number of nozzle cleaning operation, one more addit

onal cleaning

eration can be tried. If a Fade occurs or an Ink Out is signalled on this additional cleaning

eration, the yield data are-still valid and the data can be used in the final yield
Fade or Ink Out does not occur during the cleaning operation, the cartridge sha
th new one regardless of streak condition. The cartridge will be considered defect
cessive streaks dnd the yield data are not valid. The cartridge removed for this j
corded in the test report as a failed cartridge due to excessive streaking.

the nozz]e'cleaning operation cannot be limited to individual colour

nozzlecleaning operation cannot be limited to the cartridge that is streaking, all ot
derp testing will also use ink during the cleaning process. For this reason, if g

calculation. If
1 be replaced
ive for having
eason will be

per cartridges
nozzle clean

op

eration affects all r‘nr‘rridgpq in a printing system_any r‘lpnning operation pprfr

rmed will be

counted against all cartridges. If more than the specified cleaning operations are performed on a
cartridge under test, that cartridge will be removed from testing even though it was not the cause
of the streaks. Cartridges removed for this reason will be recorded on the test report as removed
due to excessive cleaning. These cartridges shall not be used in the calculation of yield.

5.3 Procedure for handling a defective cartridge, printhead or printer

5.3.1

General

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

5.3.2 Defective cartridge

In the case of a defective cartridge, the number of the last photo test suite printed and reason for failure
will be recorded on the report. The cartridge will then be replaced with a new cartridge and the testing
continued. If the printer has a mandatory printhead alignment operation, it will be conducted according

to the printermmanualEHorthe purpgsesofvield caleulationthe defective cartridge will not be uged.

When a defedtive cartridge is encountered, the yield data of all the cartridges installed in-the printer
cannot be usg¢d for yield calculation unless it can be proven that those data would not be affedted by
the defective fartridge or the streak removal operation conducted immediately followinhgthe cartridge
replacement. [[his justification will be noted in the test report.

5.3.3 Defegtive printhead

In the case off a defective printhead, the printhead shall be replaced as specified in the printerjuser’s
manual. For the purposes of yield calculation, all cartridges that were inthe printer at the timg of the
failure will ngt be used in calculation of the final yield. After replacement of the printhead, the printer
shall be set up using a set of priming cartridges as specified in4.1" A new set of cartridges shall be
weighed and [installed for subsequent testing. On the report, the'number of the last photo tegt suite
printed for edch cartridge using the defective printhead will'be recorded. A note will be made that all
cartridges wdre replaced due to printhead failure. If the printer has a mandatory printhead alignment
operation, it will be conducted according to the printer manual. If the printhead is not user replafeable,
refer to 5.3.3.

5.3.4 Defegtive printer

In the case offa defective printer, the printet.shall be repaired or replaced. After repair/replacement of
the printer, the printer shall be set up using a set of priming cartridges as specified in 4.1. Thep, new
cartridges shall be installed for subsequent testing. If the printer has a mandatory printhead alignment
operation, it yill be conducted according to the printer manual. On the report, the number of the last
photo test suifte printed by the cartridges in the defective printer will be recorded and it shall bg noted
that the cartrjdges were replaced due to printer failure. The failure of the printer will be noted gnd the
replacement printer serialyntuimber recorded. The yield data obtained before printer failure cannot be
calculationtunless it can be proved that the printer failure did not affect the preyiously

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

)

(2)

xi| isthe individual cartridge yield (3.10);

n | isthe sample size; for testing, n shall be =9.

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

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

In (4)

Upjper Confidence Bound = X +(ta’n,1)*

where

taji-1 can be found on a Students’ t-Distribution Table with n -1 degrees of freedom (df or ‘v*)
and an a of 0,1. (in this example, =1 = 9-1 = 8) This provides a 2-tailed configlence interval
with 90 % confidence. This spe&ific t-statistic for 8 degrees of freedom, and 40 % confi-
dence is tq,n-1 = 1,860. This ¢an be used in the above calculation, only. A diffefent sample
size and/or different confidence interval will yield a different tq ;1.

The dgclared value shall be detefmined so that it’s at or below the calculated lower 90 |% confidence
value.

6.2 Yield of supplemental cartridges

6.2.1 | General

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

For thée-estimation of yip]ﬂc for cnpp]pmpnf:\] r‘arh‘idgpc, a-proxy r‘:n'fridgp is defined as any primary

cartridge having the same physical size and similar starting weight as the supplemental cartridge.
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”.
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6.2.2 Case 1: supplemental cartridges that has not reached End of life

a)

b)

12

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

Amount of Full Ink [grams]

Yield =

x Number of Printed Pages at End of Testing [pages

Amount of Delivered Ink [grams]

1)

“Amount of Full Ink” is the total amount of ink that the supplemental cartridge can deliver until
end of life. (i.e. difference between the weight at Start of cartridge life and the weight at end of life).
“Amount of Full Ink” is not known for a supplemental cartridge that has not reached end of life. Itis

estimated-as . 3 3 2 d Ink”
is the amfount of 1nk that a supplemental cartrldge dellvered untll End of testlng (1 e. dlfference
between the weight at Start of cartridge life and the weight at End of testing). “Numberof Hrinted
Pages at fhe End of Testing” is the number of pages that are printed from the start of testing|to End
of testing
In this cape, the number of data points is equal to the number of printers utilized for testing.
Sample ayerage for a given cartridge is derived using Formula (6):
moy.
=) — (6)
o m
Sample sfandard deviation for a given cartridge is derived using Formula (7):
—\2
) )
1 7
(m—1)
e
x; i$ the estimated yield defined indormula (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 is calculated by Formula (8):
< s
Lower Copfidence Bound=’ X —(¢t,, ,,,_1 )* (8)
( o,m 1) \/a
The declgred valte)in this case shall be determined so that it’s at or below the calculated lower
90 % confidence value.
If no cartjridge can be used as a proxy, one of the following three options may be chosen when no

proxy cartridge is available.

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

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

— Option 3: Supplemental cartridges may be tested until end of life at least once by printing a
special test image designed for fast ink consumption. In this case, the minimum of 3 data points
(one per printer) will exist for each supplemental cartridge. Special test page utilized will be
reported in the test report.
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The declared yield value shall be determined by the method prescribed in 6.2.1. Option chosen to
estimate yield for supplemental cartridge shall be noted in the test report.

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

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

An example:

Ink cartridges: K, C, M, Y, Light C, Light M separate cartridges.
Nymber of printers: 3

Number of depletion for primary cartridges: 3

Nymber of primary cartridges: 3

Number of supplemental cartridges: 3

Al] colour cartridges are the same physical size and have a starting weight of 55 g +3

4]

K tartridge has different physical size.
Far each printer for yield testing, M, C and Y cartridges reached End of life three times.
Y 1s the last primary cartridge that reached Endof life three times.
K reached End of life once.

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

Refer fo Table 4 for the number of printed pages and amount of delivered ink.

Table 4 — Example of measured values

Caftridge | Amauitormu | Amounor || Numberofdata | Aversgoot | Stpndard dev
K 200g - 3 500 18
C 110g - 9 250 21
M 11,3 g - 9 230 40
¥ 115¢ - 9 265 31
Light C - 3g 0 -
Light M - 4g 0 -

M, C and Y will be regarded as

supplemental cartridges.

© ISO/IEC 2015 - All rights reserved
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Estimation of

Kyield:

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

n=3and

L =toyy =292

ta,n— 0.1,

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

K 90 % LCB = 500—2,922:470 pages

(9)

Estimation of]

Since Light C
C,MandY cq
estimated by

Amount g

Since Y is the
End of testing
265 x 3 =795
yield data poi
and the Light
and 3,7 g of in

Estimated yig
(11,3g) /
(11,3g8) /
(11,3g) /

Light C estimj

Estimated yig
(11,3g) /
(11,3g) /
(11,3g8) /

V3
yields for Light C and Light M:

hnd Light M never reach End of life, estimation method described in 6.2-1 1] applig
rtridges meet the criteria to be a proxy. “Amount of full ink” for Light.€ and Ligl
the average of “Amount of full ink” for C, M, and Y cartridges. It is calgtilated as folld

(11,0x9 +11,3x9+ 11,5x9)
(9+9+9) B

f full ink for Light C and Light M = 11,3

last primary cartridge that reached End of life three times, “Number of printed p
” is determined based on the number of pages printed by Y cartridge. On average,
pages, but needs to be done on a per printer basisinjorder to generate the three est
nts. Assume the three printers produced 809, 796, and 780 total pages at end of
C cartridges delivered 3,0 g, 3,1 g, and 2,9 gand Light M cartridges delivered 4,1 g
k.

lds for Light C are

(3,0 g) x (809 pages) =3 047

(3,1 g) x (796 pages) = 2 901

(29 g) x (780 pages) =8 039

ited yield is the average of the above data which is 2 995 and a standard deviation
lds for Light M‘ave

(4,1 g) x (809 pages) = 2 229

(4,2,8)* (796 pages) = 2 141

s. The
nt M is
WwS:

hges at
this is
mated

£82,0.

(857g) 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

toam-1=to1,2=292

Therefore, the 90 % LCB numbers are

Light C90 % LCB = 2995 — 2,92% = 2856 pages
3
. 119,9
Light M 90 % LCB = 2250-2,92 75 =2047 pages

14

© ISO/IEC 2015 - All rights reserved


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

ISO/IEC 29102:2015(E)

6.3 Testdatareporting

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

6.4 Declaration of the yield

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

When multiple colours are combined into one cartridge, then the declared yield is based on a single
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 and K in a separate cartridge;y CMY combined
cartridge is primary and K is supplemental.

From Testing:
CMY Cartridge 90 % LCB = 508 pages
Estimated Black cartridge 90 % LCB =1 100 pages

Yield dan be reported as:
Average CMY Cartridge Yield Up to 508 photos
Estimated Supplemental Yield Black Up to 1 100 photos
Valyes obtained by continuous printing.

When the different colours are supplied in separate.cartridges, then LCBs are computed f¢r each colour.
Declarfed yield can be based on the individualri€Bs 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 tept pages used in this International Standard will not be colour balanced for all printers. In
acknoyledgement of this fact, when coloured inks are in separate cartridges that are intended to have
approgimately equal capacities;théir yields can be reported using a single value computeld using yields
for all pf the individual colours,.¢alled “composite yield”. If composite yield is to be reportdd, all primary
cartridges shall be included, Supplemental cartridges shall not be included in the composijte yield.

The composite yield is'defined as Formula (10):

CY|= (10)
1 1
Yl YZ n
where
CY = composite yield;
Yi =90 % lower confidence bound (LCB) of the page yield of colour i.

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

Example 2 Primary cartridges: C, M, Y
From testing:
Cyan Cartridge 90 % LCB = 450 pages
Magenta Cartridge 90 % LCB = 580 pages
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Yellow Cartridge 90 % LCB = 500 pages

Estimated Black cartridge 90 % LCB =1 100 pages

CY =

3

=505pages

1 1 1
+ +
(450 580 500j

For colour cartridges:

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

Individual Yie
Average Cy|
Average M4
Average Ye
Estimated

Values obta

Composite Yi¢ld Method:
Three-Cartridge Composite Yield Up to-505 photos
(Compositq yield using C, M and Y)
Estimated $upplemental Yield Black Cartridge Up to 1 100 photos

Values obta

When yields f]
to 6.2, they sh
the compositg

If a yield is r¢
shall be availg

When an inkj
following min

— descriptipn that.the declared yield value has been determined in accordance with ISO/IEC 2

— declared

ld Method

an Cartridge Yield Up to 450 photos
genta Cartridge Yield Up to 580 photos
low Cartridge Yield Up to 500 photos
supplemental Yield Black Cartridge Up to 1 100 photos

ined by continuous printing.

ined by continuous printing.

pbr additional cartridges other than'C, M, Y and K are measured as determined in ref]
all be reported individually and'hot combined into the composite yield. In these ins
yield may still be used forthe cyan, magenta and yellow cartridges.

ported according to this International Standard, a full test report as shown in A]
ble.

bt cartridge yiéld is declared in the user’s manual, marketing materials or packagi
imum information shall be included:

yield-value of the cartridge;

Erence
ances,

hnex C

hg, the

D102;

— that the value obtained was using continuous printing;

— ifa cartridge can be used in multiple distinct print systems one of the following shall be reported:

— the combination of a tested printer and cartridges;

— the minimum yield of all tested printers;

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

There are three main components to the numerical part of the declaration.

a) The total

number of cartridge colours used in the determination of the yield

b) Primary cartridge yield.

16
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pplemental 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:

ree-Cartridge Composite Yield 505 standard photos

(Composite yield using C, M and Y)

Estimated Supplemental K Cartridge Yield 1 100 standard photos

Or for
Wh
Ink

T

(
v

Or for
Wh
Ink

A

V

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

ust a cyan cartridge tested from the above example:
b1 tested in printer YYY
Cartridge yield:
hree-Cartridge Composite Yield 505 standard photos
Lomposite yield using C, M and Y)

hlues obtained by continuous printingusing four cartridge colours (C, M, Y, K).

Declared yield value in accordance with ISO/IEC 29102.

ust a cyan cartridge testedfrom the above example without a composite yield:
bn tested in printer YYY'

Cartridge yield:

verage C Cartridge Yield 502 standard photos

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

eclared yield value in accordance with ISO/IEC 29102.
For a . o : .

supple

mental 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 1 100 standard photos

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

©150/1

EC 2015 - All rights reserved

idges and K is

17


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

ISO/IEC 29102:2015(E)

Declared yield value in accordance with ISO/IEC 29102.

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

When tested in printer YYY

Ink Cartridge yield:
Average CMY Cartridge Yield 505 standard photos
Estimated Supplemental Yield Black 1 100 standard photos

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

For a system with only C, M, Y, K, Light C, and Light M individual cartridges (C, M, and'Y are pfimary
cartridges anfl K, Light C, and Light M are supplemental cartridges):

When testqd in printer YYY

Ink Cartridige yield:

Average |C Cartridge Yield 502 standard photos
Averape M Cartridge Yield 515 standard photos
Averape Y Cartridge Yield 489 standard photos
Estimpted Supplemental Yield Black 1100 standard photos
Estimpted Supplemental Yield Light Cyan 1 200 standard photos

Estimpted Supplemental Yield Light Magefta 1 500 standard photos
Valueg 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 tepted in printer YYY
Ink Cartridige yield:
Three-Cartridge Composite Yield 505 standard photos
(Compodite yieldusing C, M and Y)

Estimat¢dSupplemental 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.
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Annex A
(informative)

Examples of fade

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

Examples of streaks
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Annex C

(normative)
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Test reporting form

Declaration of yield:

v']nav\ tactad in nrintar DN EQNN).-
rehtesteahpHhter— \-a~o

o

Inkjet cartridge yield:

Average Continuous C Cartridge Yield

Average Continuous M Cartridge Yield

Average Continuous Y Cartridge Yield

Estimated Average Continuous K Cartridge Yield
Values obtained by continuous printing

Declared yield value in accordance with ISO/IEC 29102

450 standard photos
580 standard photos
500 standardphotos
1 100 standard photos

90 % Lower Confidence Cyan Cartridge = 450 photos
Magenta Cartridge *“=580 photos
Yellow Cartridgé =500 photos
Black Cartridge =1 100 photos

Date Tested: 2006/10/20 to 2006/10/30

For qupstions concerning testifig-contact:

Carfridge Testing Associates
123|Printer Lane
Ink,|IL 87484

Printel Model Used PDL 5900
Cyan (artridge Model C45
Magentatartridge Model M45
Yellow Cartridge 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

© ISO/IEC 2015 - All rights reserved
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C=18,M=18,Y=18,K=9

Separate
CMY
K
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