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STABILIZING IMAGE FORMING QUALITY

BACKGROUND

{60413 Many image forming devices such as printers, copiars, plotiers,
atc. include supphss which are replaced many times over the life of the
device. In some markets, iifelime based supplies are used in image forming
devices rather than replaceable suppliss. Continuing competition and
customer demands continue i drive the orice ¢of these devices and their
supplies downward, To remain competitive in the market place, the
componant costs of the device and s supplies may nesd (o be reduced or the

performances of the image forming device improved over pravious models,
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BRIEF DESCRIPTION OF THE DRAWINGS

[00G23 This disclosure is belter understood with reference 1o the
foliowing drawings. The slements of the drawings are not necessarily o scale
relative io each other. Rather, emphasis has instead been placed upon
clearly ilustrating the claimed subject matier. Furthermuore, ke reference
rumerals designale corresponding similar parts through the several views.
[a0a33 Figo 1 is an ilustration of one example of a laser-hased image

farming systam;

{a04: Fig. 2 is a binck disgram of an example generic image forming
sysierm,
LY Fig. 3 is a chart of image forming quslity and visual acuily over

time for an example mage forming systam;

Y Fig. 4 s a flow chart of an example method 1o stabilize image
forming quality,

{00473 Fig. & is a biock diagram of an example computer readable
rrediurm having instructions {o stabilize image forming quality,

18008} Fig, © is a chart of exampie procedures and parameters siored
on a computer readable medium in oneg exampils of an image forming system;
and

(0008 Fig. 7 is a flow chart of an example procedure 10 substitule a set
of standardized parameters with a set of maodified parameters {o stabilize

image forming quality.
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DETAILED DESCRIPTION

[80G14} Descoribed within are methods and systems for an open-loop
technigus o stabilize imags forming quality as an image forming device ages
and wears over time.  This new technigue allows consumers or users of “wall
used” devices an opporiunity o improve the images forming quality of the
device outpul with minimal degradation of visual acuity. To achiave this
opportunity, the characteristics of the aging of the image forming devics and
s supplies are well characierized with respect 10 a set of standardized image
forming configuration parameters and how those standardized image forming
configuration parameters may be madified to affect the print output,

ength} Many images forming systems use a closed-igop calibration
system {0 compeansate an image forming systematic engine for various
degradation factors. For insiance, in some systems, a lest pattern is printed
and an image sensing devics is usad (o determing the difference betwaen
sxpectad and actual image forming results. Based on the detecised
differences, 8 new set of calibration paramelers are used o reduce or
sliminatle ihe detected degradation factors. While high margin image forming
systems may be abile to accommodate such closed-loop feadback systems,
fow margin image forming systems may not have & cosed-loop or other
methad available o compensate Tor aging image forming systems and s
supphes. Further, i the closed-oop feedback systam can be reamoved, the
material cost of the iImage forming device may be reducad leading {0 at lsast
one of higher marging and lower cost {o the customer.,

80G148) Fig. 1 is an Hustration of one example of a laser-bassed image
forming systarmn 100, such as an electrographic printer. Although in this
axample, a igser-based image forming system 100 15 shown, the claimed
suibject matier is not so limited 1o only laser-based systems. Faor instance, the
claimed subject matier may be used with fluid based marking systems such
as ink-et printers, ink~jet plotters, ink-jet fax machines, and ink-based wab-
prass systems. The claimed subject matisr may aiso be used with {oner-
based marking systems such as laser-jet prirders, coplers, and fax machings.

N varous examples, the different image forming systems may have ong or

3
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more consumabie supplies. In other examples, the imags forming systems
rray contain a refiilable or nonerafillable lifetime based supply of consumabde
fluid, wan, or ionsr

00813} The lasar-based image forming system 100 includes a
sysiematic engine 145 including 3 light source, such as & laser diode 102, that
produces a moduiated coherent beam 104 that s scanned ransvarsely back
and forth as shown by arc 106 acress a surfacs of a charged pholosensifive
oviinder 124 along a line 108 The scanned beam 104 {oeally charges and
discharges the surface of oylinder 124 when the laser diode 102 is turned off
and on, respectively, or via other modulgtion. The scanning may be done
using a rotating mirror or a multi-mirrorad system (not showr) from which the
peam 104 reflects from it Other methods of moving the scanned beam 104
axist and arg known o hose of skill in the arl. Pholosensitive ovlinder 124
rotates in a direclion indicaled by arrow 126, The scanned beam 104
produces a two-dimansional iatent image of charged and discharged regions
oft e surface of the photosensitive oylinder 124 by a controller 110 turmning
on and off, or otherwise madulating the power, as the beam 104 scans and
the photosensitive cylindesr rotates. The latent image s developed into a tonsy
image when the surface passes a development siation 120, which may be
part of & consumable tem or 3 fixed componert of the image forming system
100

00814} The latent image s then ransferred 10 an image forming
medium 140, such as paper, vellum, plastic, or other media, on an impression
cviinder 130 that rotates in the direction of arrow 132, Any remaining toner on
the surface of photosensiiive oylinder 124, such as from print jobs or during
catibration test cvdles, may be cleanad off by a cleaning element 122
[B0318] The controfler 110 includes ong or more processors such as
CPU 114 which is coupled to non-transitory and tangible computer readable
redium o memory 112, CPU 114 may have one or more cores andfor
thraads for executing the instructions 150, The controlier 110 may includs
one or more inpuifoutput control oircuits 118 to allow the CFPU 114 {o control

the modulation of laser diode 102, the respective electrical charges of the
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photosensiiive oylinder 124, and the development station 120 that holds the
toner used o create an image onmedia 140 The meamory 112 may inchude
instryctions 150 in the form of one or more modules 151 1o allow the CPU 110
to monitor aging 152 fig. 2) of the systematic engine 145 and a8 power supply
142 a5 well as o delermine age-related wear and mefficiency rigger evenis
154 {Fiy 2), and substitute parameters 158 (Fig &) The memaory 112 may
include norevolatide memory that includes “defaull” paramsters 151 also
known as standardized parameters (210, Fig. &) The memory 112 non-
volatile memaory may also nclude "healing” parameters 153 also known as
modifiad parameters (220, Fig. 2} In some examples, the one or more of the
‘standard” or "healing parameters may be stored i non-volatile mamory in the
system 100 supplies, such as development station 128, which may be
ncludaed in a supply such as a foner cartridge. The controller 110 may
communicate with the photosensitive oylinder 124 and the development
station 120 with signals 128, 148 respactively (o charge, siore paramsiers, or
operate mechanical parns such as gears, roliers, covers, and the lika.

a8} Various types of degradations may be seen in different image
forming devices that depend on the mechanical configurations, the marking
tachnology used, the expectad use environmaeant, and the type of media. For
nstance, in the example laser-based image forming system 100, the
numerous sysiematic engineg and power supply inefficiencies and mechanical
wear that may cause degradations include: 1) gear wear, 2) laser dicde 102
gfficiency changes, 3) optical path degradations, 4) OPC {Organic Photo
Conductor) sensitivity, &) transfer properties, 8) power supply 142 vanations,
7y grounding changes, and 8} changes in replacemeant cartridge properties
suich ag changss to toner in developmaent station 120,

00817} Various image forming key aging characteristics may be
monitored to detect an aging evenl. When one or more such aging eventis
OOCUrS, 8 triggering event is genserated by the controller 110 o allow a user an
aption of using Image forming path modified parameters 220 for “healing” the
degradation in place of the “default” or standardized paramesters 210 There

are various types of age-relaled triggering events thal may come from
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monitoring Key aging charactenstics for wear and inefficiencies, such as: 1)
the number of images formad, 2} the time the printer has been operated, 4)
the number of cleaning cycles, and 5) the number of media jams, as just a few
axamples. I some implamentations, the image forming system 100 may
prompt a usey whether they wish 1o print out lest pages or patterns of each
corfiguration for companson and salaction. | a user preferred an optimized
rodified or "hesling” optimization, the image forming device system 100
wauld then use these new "healing” configuration parameters in place of the
“defaull” configuration parametsrs. As sach new aging irigger ocaurs, the
system 100 may re-offer a8 new potentially improved image forming quality
‘healing’ configuration with diferent "healing” parameters 153, In addition,
the set of “healing” paramelers 153 may include multiple sub-sets of "hegling”
parameters 153 The image forming system 100 may produce a first test
pattern with a set of "defaull” 151 paramelers, a second test pattern with a
first sub-set of *healing” parameters 153, and a third test pattern with a
second sul-set of "healing” parameters 153, The user may then be gusried
to select which of the first, second, and third test patiems has the bast
perosived visual acuily and the respeactive set of paramsters is used for
configuring the image forming system 100

{80018} Further, as used-up consumable supphes are replaced, the
‘healing” parameters may be adapled (o compensale for the none-aging
aspacts of the new supply. For instance, a worm gear may be replaced with a
rew gear, the toner characleristics may have improved due 10 new toner, efc.
if the image forming system 100 determines that the type of supply or iis
marking malerial {ink, toner, sl arg not what is appropriaise based on the
sarlier characterization of image forming system 100, the standardized or
“defaull” 157 parameters may be restorad fuily or perhaps only partially to
compensate for any aging aspects of the image forming device iiself that have
worn o aged, such as powsy supply componeanis, media path contamination,
gear and roller wear, and the like. Such open-loop compensated "healing” of
the image forming device allows a customer 10 have betler longevity of the

image forming system 100, Further, additional device supplies may be mors
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ikely consumed over the life of the printer allowing a customer {0 buy supplies
i butk without the faar of cbsolescencs due o the mage forming device
waaring cul, thus leading to further customer savings.

00818} Fig. 2 is a block disgram of an example generic image forming
sysiem 200 ndependent of any particular media marking technology. The
system 200 includes a processor or CPU 114, a set of supplies 202, and a
non-transdory and @angible computer readable medium 204 which may
include memary 112, which may be a combination of volatile and nonwolatile
memory. The processor or CPU 114 may be one or more micro-controllers,
ricro-procassors, or other logical controliers, such as digilal signal
processors, video array processors, and the like, The sel of supplies 202 may
be one or more consumable items such as dye and/or pigment ink tanks or
cartridges, black and white toner carlridges, color toner cartridges, wax sticks,
and the like. The CPU 114 is coupled to the set of supplies 202 to allow for
the dispensing of the set of supphes 202 onte an mage forming media 140
{Fig. 1), The CPU 114 is further coupled to the computer readable medium
204 that contains a set of standardized parameters 210 (fdefaull” parameters
1813, & set of modified parameters 220 (Chesling” paramelsrs 153) and a sst
of instructions 150,

(000281 The computsr readabls memaory may nclude memaory on the
controlier 110, including cache memory in CPU 114, separale exiternal cache
mamory, dynarme random access meamory (DRAM), static ram mamory
{SRAM), non-volgtile memory (NVRAM), andior storage memory such as hard
disk drives, flash memaory, solid state drives (8803} and the like, In soms
gxamples, either ong or both of the standardized parameters 210 and the
maodified parametars 220 may be {ully or partially stored in NVRAM on one o
muore supphes of the set of supplies 202, The computsr readable medium 204
may also nclude nstructions 150 organized as a set of one or more madules
to allow the systemn 200 o stabilize the image forming guality by using an
aper-loop method, The instructions may De organized in a moduie 1o aliow
for monitoring the aging 152 of the device 200 and supplies 202, Ancther

moduie may be organized with insiructions to determing when an age related
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frigger event 154 occurs. Yet another module may be organized with
instructions (o substiule parametars 156 such as the standardized
parameters 210 with the modified paramsters 220, In other examples, one
set of maodified parameaters 220 may be substifutad for another set of modified
parameters 220, In vel another exampie, such as when a non-appropriate
supply is usad, 8 sel of modified parameters 220 may be substiuted with the
set of standardized parameters 210 1o restore fully or partially the default
printar configuration.

00421} Fig. 3 is & chart 300 of image forming quaiity 302 on the left
vartical axis and visual acuity 304 on the right vertical axis over time 310 on
the horizontal axds for an example mags forming system. “image forming
quality” 302 may also be referred to a "print quality” (PQ) in a printing
anvironmernt context. Gther environmental contexts may be placement of
chemical or biological malerial and three-dimensional composiiion of
rraterials as st a coupls of examples. “image forming quality” 302 may thus
refer o the guality of a deposited cuiput, & hard copy, or a printout produced
by & printer. There are many factors that determine the lavel of the qualily,
but, overall, it has to do with the accuracy of the reproduction of the source
material, which is influenced by the quality and type of paper or other media
used and, of course, by the specifications of the prirder such as the dots psy
inch {BPH, the print-head capability, and the type and quality of inkfioner
used Further, other considerations such as rotational placement {skew) and
horizontal and vertical offset may affect the imags forming quality 302
although the magad formed may mest dots per inch reproducibility
reguirements i may not be placed on the hard copy as positionally accurals
as spacified. Thus, image forming quality 302 generally refers (o the ability of
the image formng device 200 o reproduce accurately the image sent fo the
system 200 from the imags source with respedt to image system 200
specifications. On the other hand, “visual acuily” 304 generally refers {0 how
a user of the image forming system 200 i3 able o percsive or resolve detall
within an image. In one example, "visual acuty” may be the relative ability of

& user's eye 1o resclve detall that may be expresssd as the reciprocal of the
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minEmum angular separation i minutes of two Hines just resolvable as
separate and that forms in the averags human eyve an angle of one minute. In
another axample, “visual acuity” may be based on psychometric tasting and
an "acceptability thrashold” 308 determined based on statistical analysis of
user preferences.

[a0022] Starting on the “born on date” (BOD) 312, typically the date the
printer begins its use, the mage forming gquality 302 s maximized as the
default set of standardized parameters are opimized during manufacture
andfor extendsd ifecyaoie testing (o meet at least the intial performance
specifications 307 of the image forming device 200, including a minimal lgveal
of visual acuity 304 {line resolution and/ or an accepiability threshold 308). As
time progresses, the image forming gualily 302 begins o slowly degrade dus
to various degradation factors while the device 200 tries 10 mainiain the nitial
visual acuily specifications 308, The CPU 114 may monitor various aging
charactenstics of the image forming system 200 including the set of supplies
202, Various cleaning and calibration cycles may be able to improve the
image forming quality 302 at times but overall as the image forming device
200 ages, the imags forming quality 302 continues o degrade until & first
trigger event 314 is reached. Upon detection of the first tnggering event 314
and possibly additional trigger events such as a second triggering svent 318,
the system 200 may substitute a respective *healing” 153 set of modified
parameters 220 for the default 151 set of standardized parameters 210, As
such, the image forming system overall image forming guality 302 is
increased o improve visual acuily 304, but perhaps not back {o quie where
the mage forming quality 302 originally started, while saorificing some visual
acuity 304 1o ihe acceplability threshold 308 Accordingly, the image forming
sysierm 200 does not include a closed-loop fesdback system for moritoring
and correcting image forming quality 302 but rather impiements an open-loop
system {0 stabilize the mage forming guality 302 while sacrificing some
parcaved visual acuity 304 from the initial visual acuity specifications 308 in

one or more forms of line resolution, dot spacing, color text quality, tona
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range, dot modulation, and the ike to mask varicus wear and nefficiencies of
the image forming systam 200,

1B00243] Fig. 4 s a flow chart 400 of an example method o stabilize
fmage forming quality 302 with an opern-ioop tachnique. In block 402, the
sffects of mage degradation over time related an imags forming quality of an
image forming device 200, which may include a set of supplies 202, are
characierized through exiended life testing and performance parameters are
recorded over ife. For instance, such characterization can be done by
TUNTHNG several aging tests by continuaily cyching the image forming device
200 mulliple times in succeassion. The media oulput may be sampled and an
image quality test performed {0 see how the image forming quality has
changsd. For nstance, the degradation may be due {0 numerous
nefficiencies and mechanical wear both within the image forming device 200
{including the sysiamatic enging 1485 and the power supply 142) and possibly
the set of supplies 202, The result of these degradations is an increass in
guality artifacts such as banding, tone scaler, scatier, dot growth issusgs, and
uneven ling spacing just to name a few. Some of these artifacts may be
mproved by changing image forming qualily tables stored in the image
forming device 200, altering the ing scraens, using more oner or ink,
changing the pulse width modulation (PWM) conversion tables of the power
supplies and laser divde modulator circuit, By sacnficing some of the visual
acuity 304 from the inhial visual acuity spacifications 309 in order {o mask the
weaar and inefliciencies, the system 200 can improve the image forming
guality 302 of a worn systematic enging. While the new image forming quality
302 may not be as crisp as when the sysigmatic engine was new, it is betigy
than the previous image forming qualty with the "default” parameters prior to
thase "healing” mage forming qualty changss.

[ang24} in block 404, which of g set of standardized parameters 220 are
to be modified is determined on an ags-related trigger event {0 increase
averall image forming quaiity 302 while sacrificing some visual souity 304
from the mitial visual acuity specifications 308 based on user preferences

from psychometnic testing. "Psychometric testing” generally relates to a fisld

10
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of study concernad with the theory and technigue of psychological
rreasurement. In this contexd, psychomaetric testing s concemead with the
objective measuremeant of varous user's subjective visual perception and ther
suibjective determination of what {8 an acceptable visual image. Based off the
statistics of several users undergoing the psychometric tests, an accepiabilily
threshold 208 may be delermined that allows for the tradeott of various visual
acuily improvements for different typss of degradations.

{Q0028] For instance, basaed on the tests of image quality artifacts,
various statistical iests may be reated {0 sse how a particular artifact
changes with time and wear factors. Alsg, the statistical tests may also
include tests using psychometric testing o deterrmine trigger levels for various
acceplabiiity threshold 308 siages. Based off these stalistical testg, the
various age-related Irigger event lavels may bea created, such as for setting
the average (expected) or madian {most ikely) occurrence of ong or mora
age-related tnggering events 314, 316 such as the: 1) number of images, &)
time that image forming guaiity i3 delermined 1o need adiustment, 3) numbsay
of cleaning oveles, and 4} number of paper jams.

[00428] i block 408, the set of standardized parameters 210 and the set
of modifiad paramesters 220 are stored within a computer readable medium
204 of the imaging forming device 200, Alsg, in biock 408 a set of instructions
150 are stored in the compuisy readable medium 204 1o allow a processor
{CFLU 114} o read and execuds the mstructions 150 whan the &t least one
agse-related tnggering event 314, 316 {such as for wear and inefficiencies)
ooours. Then the sef of modified parameters 210 are subsiituted for the
standardized set of parameters 220

[Q0H2TY Fig. & is a block disgram 500 of an example non-transitory
tangible computsy readable medium 204 having instructions 150 {o stabilize
image forming guabty. The instructions 150 when read and execuiad by &
processor (such as OPU 114) cause the processor (o perform operations. For
nstance, in binck 507 a sat of standardized parameters 210 are read and
utitized. The standardized parameters 210 are related to imags forming

guality of an image forming systemn 200 that includes having 3 set of supplies

11
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202, in block 504, the wear and mefficiency {or aging) characteristics of the
image forming system 200 and the set of supplies 202 are montorad and
determined in block 506 when a wear and insfficiency triggering event 314,
218 ocours. In block 508, when the wear and ingfficiency friggering event
314, 316 ocouwrs, a set of modified paramsters 220 are substituled for the set
of standardized parameters 210 The substitution causes an increase inthe
overall imags forming quality 302 to improve visual acully to an accepiability
thrashold 308 while perhaps sacnficing some visual acuity 204 from the initial
visual acuity specifications 308, By making the substitution of parameisrs, the
nmage forming system 200 does not have o include a closed ioop feedback
system to monitor and correct for mage forming quabty 302, That is, an
oper-loon system is created insiesad based on the stalistical analysis of image
forming quality results and user preferences from psychometric user testing of
visual acuily during age-related extended-ife characterization o determine
which of the standardized parameters 210 may be modified. The resulling
determined modified parameters 220 that restore at igast zome partial images
forming quality 302 at the expense of some loss of visual acuity 304,

[B0428] Fig. 8 s & chart 800 of exampls procedurses and paramsters
stored on a computer readabie medium 204 in one example of 3 laser-based
image forrming system 100 (Fig. 1), One of the various procedures or
modules of instructions may includs test pattern production 802 o creals 3
first test pattern with the sat of standardized parameters 210 and a second
test pattern with the set of modified parameters 220, Test paitern production
602 may also include instructions o allow a user of the laser-based mage
forming system 100 to determing whether the respective set of modified
pararmeters 220 are o substitute for the set of standardized parameters 210
Ancther procedurg includes instructions for age-related ngoer svert
rmontoring 804, Various different trigger svents may be created and in this
laser-based example, some may nclde monitoring the number of mages,
the amount of time that has slapsad since the BOD, the number of cleaning
oyeles, and the number of paper jams. Further, the instructions may also

allow a user to e queried prior (o producing the first and second test patiems

12
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when the age-related trigger event occurs. Yet another procedurs may
include instructions to allow for the substitudion of the modified paramesters for
the standardized paramsters 606, The instructions may also aliow the set of
suipphies of the laser-based image forming device 100 10 be checked to
gnsure that the respechive zetf of modified paramesters 220 are approprigte for
the sat of supplies 202 based on the exiended-ife characterization, and i not
appropriate, the set of modified paramsters 220 s not 1o be substituted for the
set of standardized parametars 210,

0028} For the laser-based image forming system 100 of Fig. 1, some
of the product related aging parameters 810 may includs paramesters for one
of or both the systamatic engine parameters 812 and supplies parameters
518, The systematic enging paramsters 812 may include both tims
pararmeters 814 and page count parameters 618, The tme parametars 814
may include such component wear artifacts such a8 powsr supply efficiency,
power variations, grounding changes, o due to component weaar-out of
capacitors, coils, resistors, transformers, etc. The page count paramesters 818
may include such page related artifacts such as gear wear andfor
transportitransier properties of the systemalic enging 145, efficiency of laser
dicde 102, and/or oplical path degradation, such as dust or changes in
costings on the optical mirrors. The supplies parametsrs 618 may include
artifacts that occur based on cartnidge change 620, For instancs, whan g
cartridge s changad, the OPC sensitivity may be affected. Theare may be
mechanical changes dus o part tolerances or new parts being used that may
affect gear forque. There may be changes to foner elacirical, optical, and
chemical properties. Further, the supplies artifact properties may also be
affectad by cartridge ife, such as oxidation, moisture related ssues,
contamination, st

[a0G34] The prirder control system such as controller 110 {(Fig. 1) may
also have parameters that are affected with age dus (o component changes
such as capacitor value and dislectric leakage issues. Buch printer control
pararmeters 842 include the developer bias, charge levels, fusear tamperature,

transfer voltage, and laser power. The laser-Dased image forming system

13
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100 may also have system wids image forming parameters that can be
adjiustad by the modified parameters 220 For instance, banding may be
caused by several different artifacts as well as tone scale, line width and
spacing, solid araa density, dot/hole ratio, and scatler,

[8na34 The computer readable medium may also be organized as a
database of adiusted printer control parameters. The database may be
organized on row or columns, table based, or other database record
arganizations as known 1o those of skill in the art. The dats base may include
the set of standardized parameters 820, the modified parameters indexsd by
ags-related events 832, the maodified parameters indaxed by supply Hems 634
{such as a different set of modified parameters for each color of a set of color
toner cariridges), and the modified paramesters indaxed by user preferences
8536 basad on various psychomaetric testing and statistical analysis of the age-
refated characterization and how various modified parameisrs affect both the
image forrming quabty 302 and the visual acuity 304,

20032} Fig. 7 is a flow chart 700 of an example procedurs 1o substitute
a set of standardized paramesters 210 with a set of modified parameters 220
to stabilize image forming quality. The procedure siarts in block 702 and
procesds (o decision block 704 where i i3 delermined whether an age-related
triggering event 314, 315 has ccourred or not. This may be done by
monitoring aging characienstics of the image forming system 200 and the set
of supplies 202, not, then decision biock 704 is continually checkad, When
the age-related triggering event 314, 316 doss ocour, then the procedurs
chacks in decision block 708 whather the supplies are appropriate. For
nstance, the supples would be approprials F they have been characlerzed in
the age-related exdended-life system charactarization. If a supply has not
been charactenzed such as whan a new model supply s introduced, a
substitiite supply s used, a substitute supply has improper toner or ink refills,
then a sueply may be determined as not appropnate. i not appropriate, then
ir1 biock 708 the standardized parameters are used and the imags forming
agualty 302 may not be able {0 be adiusted. In this situation, the systam would

‘do no harm” becauss by not knowing the characigristic of non-appropriate
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supplies, the image forming system 200 may notl be able to effeclively deliver
pradicable alternatives based on modified paramesters. The procedure then
proceseds back to decision block 704 to continue 1o check for inigger svents.
00433} i the event, the supply 18 replaced with an appropriate supply,
then in decision block 714, the user may be queried whether 1o producs test
patierns. | the user does not want to perform the test patterns, then the
provedurs procesds (o block 718 to use the modified parameters 220, Hthe
user doas want 1o parform the test pattermns, then in block V12 the imags
forming system 200 produces a first test patiern with the set of standardized
parameters 210 and a sscond test paliern with the set of modified parameters
220, Thess test patterns may bea on the same or separate pages of media. In
decision block 714, the user selacis or determines that the set of modified
pararmeters 220 are o substitute for the set of standardized parameters 210 In
Block 716 or whether to just use the standardized parameters 210 in biock
708, In aither case, the procedurs returms 1o decision block 704 to continue {o
determine when an age-related triggerning event 314, 316 ocours.

{00034} Accordingly, a customer or user of imags forming devices is
able o prolong the effective ife of the device with minor degradation of image
guality, In one exampile, the bili of matenials for the device may be reduced by
not incorporating a clossed-loop feedback system 1o monitor and adiust the
imags forming systematic engine and supply parameters. For instance, a
oolor laser printer system typically has a closed-loop feadback systam and the
use of the open-ioop technigue of this disclosure allows for the elimination of
such a closed-oop feedback system. In ancther axample, a monochrome
laser printer system may not have a closed-loop fesdback sysiem, however,
ncorporation of the opean-oop technique of this disclosure can improve the
fife, the image forming quality, and the perceived visual acully of the system.
Accordingly, overaill customer satisfaction may be improved by having a low
cost, long effective life imags forming sysiam using the open-oop technique
disclosad and claimed herain,

[Q0438] VWhile the claimead subject matter has beean particularly shown

and described with reference {0 the foregoing examples, those skilled in the
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art will understand that many variations may be made therein withowt
departing from the intendead scope of subject matlter in the following claims.
This description should be understood to inciude all novel and non-obvicus
combinations of slements described herein, and caims may be presented in
thiz or a later application to any novel and non-cbvious combination of thess
glaments. The foregoing exampiles are lllustrative, and no single feature or
slament is essential to ali possible combinations that may be claimed in this or
a lster application. Where the clams recite "a” or "a first” elemeant of the
sauivalent thersof, such claims should be undersiood o include incorporation
of one or more such elements, neither regquiring nor axciuding two or more

such alameants.
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What is claimed is;
CLAINMS

1. A method of opernoop stabilizing image forming quality, comprising:

characterizing image degradation over time related o an image
forming quality of an maging forming device having a sat of supplies;

determining which of a set of standardized parameters arg to be
muodified on an age-related trigger event o increase overail imagse
forming quality o improve visual acuity beyond an accepiability
thrashold based on user prefarences from psychomaeinic festing;

creating a sel of modified parameters based on the ags-related
friggering event and the acceptability threshold,

storing the set of standardized parameatars and the set of
modified parameters within a computer readable medium of the
imaging forming device; and

storing & set of instructions in the compuler readabis medium o
allow & processor o read and executs the nstructions whean the age-
refgted friggering event ocours 1o substiiuts the set of modified

parameters for the standardized sef of parameters.

2. The method of claim 1, wherein there are mulliple sets of madified
carametars and each of the multiple set of modified paramelers are
optimized o improve image forming quaiity for different respective age-

related triggering evenis.

o

The method of claim 1, wherain thare are mulliple sets of modified
parameters and each of the multiple setf of modified paramelers are
optimized o improve image forming quality for different respeactive

supplies of the mage forming system.

4. The method of claim 1, wherein each modified parameisrs of the set of
muodified parametars has multiple parameter values for respective age-

refgted triggenng evenis basad on the psychometric testing.
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S0 An opsn-loop image forming system o stabilize image Torming quality,
COMPriSING.

a set of supplies used n forming an mage;

a non-fransitory computer readable memaory storing a set of
standardized parameters and al lsast one sei of modified paramelers,
sach set related o mage forming quality, the memory further including
a st of instructions;

a procassor coupled to the memory and the set of supplies, the
praocessor {0 execute the instructions wherein the instructions allow the
Lrocessor o

monitor aging characteristios of the image forming system
ncluding the set of supplies;

determine when an age-related triggering event occurs;

substitute a respective set of moditied paramsters for the
standardized set of paramstars after the ageelated tnggernng
gvert ocoours, whearein the overall image forming guaity is
noreased while sacrificing some visual acuity based on user

praferences from psychometric testing.

6. The system of claim &, wherein the imags forming system is to produce
a first test pattern with the set of standardized paramelers and a
sacond test pattern with the respective sat of modified parametars and
a user of the image forming system (o determing thatl the respective set
of maodified parameters are to substitute for the set of standardizad

parameters.

.

. The system of claim &, wherein when the age-related friggsr event
oeours, the user is 1o be quarad prior to producing the first and second

iest patterns.

18



WO 2017/164850 PCT/US2016/023610

8. The system of claim 8, wherein multiple age-related iriggering everts
seour and the user s 1o be queried prior (o producing the first and

sacond lest patterns for each muitiple age-relgted Iriggering event.

2. The system of claim 5, wherain the set of supplies of the imags forming
device are 10 be chacked to ensurs that the respective sat of modified
parametsrs ars appropriate for the set of supplies and # not
apprapriate, the sat of modified parameters s not 1o be substituted for

the set of standardized parameters.

13 A non-ransitory computer readable medium, comprising instructions o
stabilize image Torming quality, the instructions when read and
exasculad by a processar cause the procassor to

read and ulilize a set of default parameters related (o Imags
forming quality of an image forming system having 8 set of supplies;

monitor wear and inefficiency characteristics of the image
forming system and the sat of supplies;

detarmine when at lsast one of a wear and an inefficiency
friggering event occurs, and

when the at least one of the wear and the insfliciency friggening
avent ocours, substitute a set of healing parameters for the set of
defaull parameters {0 increase the overall imags forming auality o
improve visual acuily beyond an acceptability threshold based on
usar praferences from psychometric testing, and wherein the imags
forming system does not include a closed loop feadback system for

monitoning and correcting image forming guality.

11, The medium of claim 10, wherein the image forming system to produce
a first iest pattern with the set of default parameters and 3 second test
pattarm with the sat of healing parameters and 2 user (o datarmine that
the set of healing paramelars are {0 substitute for the set of default

parameaters,
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12. The medium of claim 11, wherein when the at least one of a wear and
mafficiency ngeering event oocurs, the user s 1o be queried prior to

producing the first and second test palterns.

13 The medium of claim 11, wherain multiple wear and msfficiency
friggering events occur and the usear s 10 be queried prior o produding

ihe first and second test palterns.

14 The medium of claim 10, wherein the suppliss of the image forming
device arg 10 be checked to ensure that the set of haaling parameters
are appropriate for the supplies and i not appropriate, the set of
heaiing parametlsrs arg not to be substituted for the sef of default

paramaters.

15 The medium of claim 10, wherain the set of healing parameters
mciudes multiple sub-sets of healing parameters and the image
forming system o produce a first tast pattern with the set of default
parameters, a second test pattern with a first sub-set of healing
parameters, and a third {est pattern with a second sub-sat of healing
parameters and a ussr is 1o be qusnied 10 select which of the first,

sgoond, and third test patterns has the best visual acuty.
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