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+RESERVO R BACKGROUND OF THE I NVENTION 5 1. Field of the invention. The
present invention relates to an inmagi ng apparatus, and, nore particularly,.
to a method of estinmating an anount of available ink contained in an ink
‘reservoir. 2.Description of the related art. Ink jet disposable printhead
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t hrough the nozzl e openings in the printhead hoz | ate (even when
capped), thrmjgmeﬁlhéOf)e@lmahcg @Iaiimwltﬁgéa%dd#e @k@oﬂmégwftlhbfﬁaﬁogeal s. 20
The | oss rateg dep nds for .ex n tenperature and humdity, as well as
t he construcfton ctr“’é Po&ﬁbereate%%‘r?t“ dge material, etc. What is
needed in the artInksJeadlwawtetphﬂmemf ceeaidgmﬁcnngeammrmsmzowftha\cantmm e ink

contained in_an_ ink reservoir that [oves on prior neth ds th rely only
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on counting the ink drops jeited on the print medium. In addition, the drops jetted

during a printhead maintenance operation can be tracked as well. However, ink

volume losses can occur in ways that cannot be tracked by only counting jetted ink
15  dots. Asused herein, the terms “ink dots™ and “ink drops” are synonymous.

For example, it has been recognized that a significant loss of ink volume in a
printhead cartridge can occur through evaporation. The evaporation occurs through
the vent in the cartridge lid, through the nozzle openings in the printhead nozzle plate
(even when capped), lthrough the plastic cartridge body and through the cap seals.

20  The loss rate depends, for example, on temperature and humidity, as well as the
construction of the lid vent, cartridge material, etc.

What is needed in the art is a new method of estimating an amount of

( available ink contained in an ink reservoir ﬂmt improves on prior methods that rely
only on a counting of ink drops expelled from an ink reservoir, such as for example,

25 by accounting for an estimated evaporation loss.

SUMMARY OF THE INVENTION
The present invention provides a new method of estimating an amount of
available ink contained in an ink reservoir that improves on prior methods that rely
30  only on a counting of ink drops expelled from an ink reservoir.
The invention comprises, in one form thereof, a method of estimating an
amount of ink contained in an ink reservoir including the steps of determining a

cumulative actual ink drop count of ink drops expelled from the ink reservoir; and



The present invention provides a new nethod of estimating an anmount of
available ink contained in an ink reservoir that inproves on prior methods
that rely 30 only on a counting of ink drops expelled froman ink reservoir.
The invention conprises, in one formthereof, a nethod of estimating an
amount of ink contained in an ink reservoir including the steps of

determ ning a cunul ative actual ink drop count of ink drops expelled from
the ink reservoir; and determning an evaporation anount associated with
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The above- nent i onAd adwahtapebé thefpeaentimentomds o dipravides anestivrtsof avent i on, and

t he manner of attai.ni them wi.l.| beca nore apparent and.t i nvention
w11 Tho bt § RO aE Pt Sl Hin B e Bt R TPy (e ABEOR S on of | an

embodi ment  Of¢likhEnll BY ARbnR M el kMirbiy &pflied Tkl ANinkidsBrvbffe acconpanyi ng
drawi ngs, wherein: " 15Fig. 171s an inmaging system enbodyi ng the present

i nvention. Fig. 2 depicts an ink evaporation yield curve and a |inear
appr oxi ion of the ink { he THE Lhe. Fig. 3is a
gener al owhart of a ﬁ%ﬁpggﬁéﬁkFﬁgT%?gggﬁt |n§en%?g%¢b Fig. 4is

a{flowchart of a Thuibdonenfentionadiant athet fegtutdlanéudyantaged afithsdnpetagtad 20 drop

count. Figs. 5A and 5B forma nore _detailed flow chart of a neth of the
i nvention. the msges gfﬁ&m% e el Qfieame MereAPPEERt 1dihe dnenton P@gbsndi ng

parts throughQut uhdt@st86Y8Y Alferéh@WS thel RBoRIGIREdrpHSALE A emBEdinRH ofgE €1 N
illustrate an enbodi nent of the invention, in one form and such

exenpl i fi cat inyprtiogrtekendr conpuistion with tharseprapanyingidtawings, wherein:
15 Fig. 1 is an imaging system embodying the present invention.
Fig. 2 depicts an ink evaporation yield curve and a linear approximation of the
ink evaporation yield curve over time.
Fig. 3 is a general flowchart of a method of the present invention.
Fig. 4 is a flowchart of a routine for maintaining the evaporation compensated
20  drop count.
Figs. 5A and 5B form a more detailed flow chart of a method of the invention.
Corresponding reference characters indicate corresponding parts throughout
the several views. The exemplifications set out herein illustrate an embodiment of the
invention, in one form, and such exemplifications are not to be construed as limiting

25  the scope of the invention in any manner.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to the drawings, and particularly to Fig. 1, there is shown an
imaging system 6 embodying the present invention. Imaging system 6 includes a host
30 8 and an imaging apparatus 10, in the form of an ink jet printer 10 as shown. Host 8
is communicatively coupled to imaging apparatus 10 via a communications link 11.
Communications link 11 may be, for example, a direct electrical or optical

connection, or a network connection.



25 the scope of the invention in any manner. DETAILED DESCRI PTI ON OF THE
| NVENTI ON Referring now to the drawings, and particularly to Fig. 1,
there is shown an i nmaging system 6 enbodyi ng the present invention. |nmaging
system 6 includes a host 30 8 and an i nmagi ng apparatus 10, in the formof an
ink jet printer 10 as shown. Host 8 is comunicatively coupled to inmaging
apparatus 10 via a comrunications link 11. Comrunications link 11 may be,

for exanple, a direct electrical or_ optical connection, or a network
connecti on. Imagingypperais g Arizalutes aerinthesd eredersygemiZhefagd cellerugit syst em
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Medi a source 21 is . configured.to,receive a plurality of print_nedia sheets
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transports print nedia sheet 22 20 during a printing operation. Print nedia
sheet 22 canABiance Biotaceh P 4AP). pFie NP AR deeludes gamulgitydsws ipredsfisedoNpeds and

t ranspar gncyp,edi aq: %ﬂﬂri A6 C Ll t ¥ i nt head
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28. A col or ¢comkmargiservoir 30 is provided in fluid comunication with col or

printhead 26, and a.nmonochrone ink reservoir 32 25 is provjded jn fluid
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coated paper, photo paper and transparency media.
Printhead carrier system 12 includes a printhead carrier 24 for carrying a color
printhead 26 and/or a monochrome printhead 28. A color ink reservoir 30 is provided
in fiuid communication with color printhead 26, and a monochrome ink reservoir 32
25  1s provided in fluid communication with monochrome printhead 28. Those skilled in
the art will recognize that color printhead 26 and color ink reservoir 30 may be
formed as individual discrete units, or may be combined as an integral unitary
printhead carfridge. Likewise, monochrome printhead 28 and monochrome ink
reservoir 32 may be formed as individual discrete units, or may be combined as an
30  integral unitary printhead cartridge.
Printhead carrier 24 is guided by a pair of guide rods 34. The axes 34a of
guide rods 34 define a bi-directional scanning path for printhead carrier 24, and thus,

for convenience the bi-directional scanning path will be referred to as bi-directional



30integral unitary printhead cartridge. Printhead carrier 24 is guided
by a pair of guide rods 34. The axes 34a of guide rods 34 define a

bi -directional scanning path for printhead carrier 24, and thus, for
conveni ence the bi-directional scanning path will be referred to as

bi -directional scanning path 34a. Printhead carrier 24 is connected to a
carrier transport belt 36 that is driven by a carrier notor 40 via carrier
pulley 42. Carrier notor 40 has a rotating carrier notor shaft 44 that is
attached to sanmihgpath3hb.ePridtheadAtarrien@4 th qosntctaddo afcantsn transpbet belt 86 that i nt head

carrier 24 is transported in a reciprocati.n er al on ui de..rods 34.
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i s al so commiedpgr mefeerred to as the horizontal direction. During each scan

of printhead carrjer 24, the sheet, of print nedia 22.is, hel tationary by
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and communi ciatlér epplyc e sing foscectar haléthavshest ofirivd mediacvinunordact ivafs | i nk
66, suchy@s LoloRaRleh iRBed RIS S6°Briv8 N 60 RALAR!d Bivetfhukct, BT ca! Y

connect

stepper motor, and an associated drive mechanism, such as a gear train or belt/pulley

/ arrangement. Feed roller unit 14 feeds the sheet of print media 22 in a sheet feed

C direction 62, designated as an x in a circle to indicate that the sheet feed direction is
out of the plane of Fig. 1 toward the reader.

25 Controller 18 includes a microprocessor having an associated random access
memory (RAM) and read only memory (ROM). Controller 18 executes program
instructions to effect the printing of an image on the sheet of print media 22, and
executes further instructions to communicate with and monitor the operations of
printheads 26, 28. Controller 18 is electrically connected and communicatively

30  coupled to printheads 26, 28 via 2 communications link 64, such as for example a
printhead interface cable. Controller 18 is electrically connected and
communicatively coupled to carrier motor 40 via a communications link 66, such as

for example an interface cable. Controller 18 is electrically connected and
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comuni catively coupled to drive unit 60 via a conmunications |ink 68, such
as for exanple an interface cable. Controller 18 is electrically connected
and comruni catively coupled to sheet picking unit 16 via a comrunications
link 70, such as for exanple an interface cable. 5Preferably, one of color
printhead 26 and color ink reservoir 30 has attached thereto a nenory 72 for
storing information relating to color printhead 26 and/or col or ink
reservoir 30, such as for exanple, an identification nunber, a value

repr esent i ng cammanisatively foupkeicte dsive sait 6P ik 3 praBRicationg Hak 68, weh a farnk
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monochrome printhead 28 and monochrome ink reservoir 32 has attached thereto a

20 memory 74 for storing information relating to monochrome printhead 28 and/or
monochrome ink reservoir 32, such as for example, a supply item identification
number, 2 value representing an amount of usage of monochrome printhead 28 and/or
monochrome ink reservoir 32, and one or more values representing time. Memory 74
may be, for example, a one time programmable memory. In one embodiment, for

25  example, memory 74 may be formed integral with other electrical components on the
silicon of monochrome printhead 28. Controller 18 communicates with memories 72,
74 via printhead interface cable 64,

Memory 72 associated with color printhead 26 and/or color ink reservoir 30
may include, for example, thirty-two or more bits reserved for an identification

30  number for color printhead 26 and/or color ink reservoir 30, which may be set by the
manufacturer or generated randomly upon installation in imaging apparatus 10; eight
or more bifs may be used as a usage gauge to maintain a record of usage of color

printhead 26 and/or color ink reservoir 30, with each bit representing a level of



depletion of ink fromcolor ink reservoir 30; and four or nore sets of tinme
bits, represented for exanple as TCc, Tic, T2c and T3 c, each including
three or nore time tracking bits, nmay be used to represent tine. Tine TCc
may be, for exanple, an initial time of installation of color printhead 26
and/or color ink reservoir 30 in imaging 5 apparatus 10; tinme Tic nmay be a
time frominitial tinme TOc to when an evaporation adjustnent is to be nade
to an estinmate of ink consunption; T2c may be an anount of line fromtine
Tic to when tipdetimapbinkt from edijruigk resstvoirs3d; i amdsfoedor moge setp @f dimssbitsr o; and
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mai ntained in nmenory 72 for each of the ink colors associated with color
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such as ope or re.of. 1] . 40 host 8
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respect i vel ytimestoat UW%“&%W ?HWFVRPH@&E]DQ%H%FW&“CW %E'éﬁ?ﬂ’ CERKEFRSEPoi r 30
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nonochr ome printhead 28 and/ or .nonochrome ink reservoir 32 with each bit
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and four 25 of BRIR&LIShARE 8 ok WRadthd SppafaBR ©S B Bithching HdBoryi7io By and T3m
each including three or nore tine tragkl ng bits, may ge used to represent
ti me. For expmmhend 26 ans/cT@aiomank tsseremir 3Giiin essende; ingorofatipm stored| inmieprorp f
onochr ofF pr]i Qés*&&%%d Zu%thago%roﬂrinthead 26 and/or color ink reservoir 30 can respectively
travel with color printhead 26 and/or color ink reservoir 30 from one imaging
apparatus to another.
Memory 74 of monochrome printhead 28 and/or monochrome ink reservoir 32
may include for example, thirty-two or more bits reserved for an identification
20 number for monochrome printhead 28 and/or monochrome ink reservoir 32, which
may be set by the manufacturer or generated randomly upon installation in imaging
apparatus 10; eight or more bits may be used as a usage gauge to maintain a record of
usage of monochrome printhead 28 and/or monochrome ink reservoir 32 with each bit
representing a level of depletion of ink from monochrome ink reservoir 32; and four
25  or more sets of time bits, represented by TOm, Tlm, T2m and T3m, each including
three or more time tracking bits, may be used to represent time. For example, time
TOm may be an initial time of installation of monochrome printhead 28 and/or
monochrome ink reservoir 32 in imaging apparatus 10; time T1m may be a time from
initial time TOm to when an evaporation adjustment is to be made to an estimate of
30 ink consumption; T2m may be an amount of time from time Tlm to when the
evaporation adjustment is finished, e.g., reaches zero; and time T3m may be may be
the amount of time since monochrome printhead 28 and/or monochrome ink reservoir

32 was first installed in imaging apparatus 10. Alternatively, time information, such



nmonochrome ink reservoir 32 in inmaging apparatus 10; tinme Timnmy be a tine
frominitial time TOnto when an evaporation adjustnent is to be nade to an
estimate of 30 ink consunption; T2rn may be an amount of time fromtinme Tim
to when the evaporation adjustnent is finished, e.g., reaches zero; and tine
T3m may be may be the anmount of tine since nonochrome printhead 28 and/or
nmonochronme ink reservoir 32 was first installed in imging apparatus 10.
Alternatively, tine information, such as one or nore of tines TOm Tim T2m
and T3m nayadmest mom@lof mndsso”ﬁhn grloy, TRmmeagil ﬁ@nappabasmedm hOSByS oxtmaging ng

menory 74 to non ch ead 28 an/o n = [ 32, in
essence, inf chﬂ%%p]yry7j é)s Pg‘f%é‘a%vmqrﬁl%ﬁi]eﬁﬁ %18

print head Z&n%ﬂ&dhﬁfmmegéammzl MlkesdeRSS If@infatior stomd ik reiety B4 dsesqaed | vel y

wi th nonochrone printhead 28 and/ or nonochrome i nk reserv0| r 32 from one

i magi ng appawith usonasheomst penthead 28 ang/pr |né°“96}“9@e dﬁlﬂéﬁ%"?‘%ﬁ e sl

di scussion t ngl or col or
i nk reserg\jm :}%‘fﬁ{l%l#%n%%ﬁ%h?m&n%ﬁp %hh&e%g% n%lﬁ%gﬁ@g%esgﬁlloﬁkﬁr eservoir
32, as di scrﬁblﬁoﬁaerim@giﬁgm@ammimbmghmt ed into a un| tary 10 pri nt head
cartridge. For copnyenienc ver, .SOnefi des tl on qf the

i nvention that foﬁr| I rsoiRedetn ?rStﬁg aF@Eldgﬂusﬁ’B“@géﬂl’”ér?Bp Fﬁ%“-‘éd’? 5%%hnd/ or
monochr one 'ﬂ%tﬁé‘aﬁeﬁéf %&/013%010}:%1% RQErvoi ), R SiMbiIéBiovne héddi 281 ahd/BP
designations for the color inplenmentation, i.e., TG | ¢, T2c, T3c, and

t he previ ousmynoqhmm hﬂcemsmrwwe 3desd glna‘ptﬁm@pﬂmnt& he infegnefeh iae unitary

i npl enenfati on T Y.

using th (jit |I?'re ea% I %naggn gb ‘;:éﬁ{alﬁez%%e On]fém%sr%k dfap&lp E181f1 %? .
tfe present inmsteidhi diat ullbwz ewilla bei diecchds ¢l mom:lcﬂrodm |pgnthbadsa$ and/bhe

predictive curv of jnpk |oss t 0 eyaporation Fi S an ink
evapor at i on VP%?CEI re;sgrvgggg %H{ﬂée(ﬁ %BWWOH gcgggﬁqﬁnmeg@gng@% hown is a

l'i near ink r . own. 1S &
0 s o el B ABENLNR, T8, ThoMIRgS, H50RRe iciabuipnchini s

| i near ink edmmuatamscfnr dwrmmor&onwn@lwnb@om,afeaﬁm Tona&my "ﬁb@zwﬂblal yield

curve 78 Para ie 0.d nates t d yield of ink
reservod‘ 3 % rf%’arle‘llgq g%%glmﬁl csﬁgnrae%resémaf% ﬁggg\slfgl | able, i.e.,
usable, ink in i rmcfémgrtucmg B2he fiesent nmntﬁxmrﬁm%ea tide Bed iyidddedigre

accunul ated tinme frominstallation of ink reservoir 32
based on the precﬂctlve curves of mi loss cﬁle to evaporation. Shown in Fig. 2 is an

ink evaporation yield curve 76 associated with ink reservoir 32. Also shown is a
linear ink evaporation curve 78, having a trapezoidal shape that is a linear
20  approximation of ink evaporation yield curve 76 over time. As such, linear ink
evaporation curve 78 may also be referred to as trapezoidal vield curve 78. Parameter
YieldTO designates the initial claimed yield of ink reservoir 32 at initial time TO,
which represents the available, ie., usable, ink in ink reservoir 32. The time
parameter T1 specifies the accumulated time from installation of ink reservoir 32
25  when linear ink evaporation curve 78 begins. The time parameter T2 specifies the
length of time measured from time T1 that it takes for linear ink evaporation curve 78
to go to zero. Thus, at time (T1 + T2), the linear ink evaporation curve 78 will go to
zero if no ink has been jetted from the ink reservoir 32 via printhead 28. Accordingly,
if there is no ink jetted from the printhead 28, then it is desired that the ink level usage
30 gauge bits of memory 74 should follow the trapezoidal yield curve, i.c., linear ink

evaporation curve 78, as time increases.



25 when linear ink evaporation curve 78 begins. The tinme paraneter T2
specifies the length of tine neasured fromtinme Ti that it takes for |inear
i nk evaporation curve 78 to go to zero. Thus, at tine (T1 + T2), the |inear
i nk evaporation curve 78 will go to zero if no ink has been jetted fromthe
ink reservoir 32 via printhead 28. Accordingly, if there is no ink jetted
fromthe printhead 28, then it is desired that the ink | evel usage 30 gauge
bits of menory 74 should follow the trapezoidal yield curve, i.e., |inear

i nk evaporati on casweteddroragig. iZmet fimeT@dbedll level of ink mserveir 83 is wreateri g. 2,

at time TOthe fill . .leve f .0k S LI i [ [ he jnitial
yield | evel Bﬁaﬁltwtlaiﬁéell%%gf}nﬁegﬁﬁf ﬁfh?g%{“é\“/‘gﬁz Ofic@sgyggi,e%é#ég‘g%# tﬁrbg #OBr t he
estimat ed evaRQRk@hAtYE cldplratios fk 161/ cah®e estinated B chb¥quatien:equat i on: 5Fi | |
Level = YieldTO + (evaporation rate x T1) The evaporation rate nmay be

determ ned based upon a |linear approximation of the portion of the ink

evaporatign yield curv et t 1y The tinme paraneters T1
9 VN 1% y‘%‘%ﬁo{ﬂ aﬁao?af?gggﬂ%g 'TA?]

and T2 can be stored in nenor 0 rint d/or ink 10 reservoir 32
to create trapezoidal yield curve 78. Tinmes Tl and T2 nay be sel ected based

th t ual ti . cat.i te f ' print head
cartridge, ©.g., | HeVRPBYIRRCBROD A BIR G AN WOR 8 SrBaTEHRE Plser voi 1

32, or for amgipgfidnl dFhd RERKMdtion Sl curldk6 b@HeVRhés BPand Bl. aThepkaspl e,
each of the tines Ti _and T2 may be reé)resent ed in nmenory 74 by three binary

bits i n menoparameterseTy. and 132 ran hgnitered £ TaRmRry o/ 4neh prsthead) 28 indler rplat hs =
010b, 2 t = . . = oy j t, t
cal cul at 26)'? i %gerv%xgg% Q% cﬁe@%&ﬁa %%%l(ﬁgif e@%@%%e?uﬁr?r ?Aéig}E?P‘%F %%mngltg %t%ncormgnd

t Hat cont ai nbasthenhthet acsuatl &l eporatidnt dveve dervdporatiahirate fok Q) given tpatheadt . The
host date may be, for exanple, a.16-bit_valuye defined as the 20 nunber of
days since J £ &8 t%@exgggr @Wu%ﬂ'f@%‘l{ﬁ@g%‘%ﬁé‘ JUGTESHVOI5 P24 F 18 _r y pri nt
job, follow ggepikNBArwliflels Jiak rGarbRAd: AQ dnedxBable) 8ich of RStimSs ePYhg send

the date and_the host IDto imaging %ﬁgaratus,lo in the print job start
header i nf or FAmaynbe reprdsetted Famenes &h btixee bingghbits B mamare74:re- Lok rol | er

19, TES! HoRAPS. e ROHBES. 615 AShGa- (IBpe AR ZapiE RO
total accunuinahthel=t00GR since printhead installation will be stored in the
e e e RabodRert, to caloufate e, host ' sends n WPA 't Tiler . O "°°

Cartridge Information command that contains the host’s date and the identification

(ID) of the host. The host date may be, for example, a 16-bit value defined as the
20  number of days since January 1, 2003. The NPA command can be sent prior to every

print job, following an NPA Start Job command. Alternatively, host 8 could send the

date and the host ID to imaging apparatus 10 in the print job start header information,

rather than use an NPA command.

Firmware in controller 18 of imaging apparatus 10 uses the date in the current

25 NPA command to calculate the difference in time (delta) since the last NPA

command. The total accumulated time since printhead installation will be stored in

the printhead in the time parameter T3, which is written by the firmware. Since only

the total accumulated time before T1 needs to be tracked, the maximum time that

needs to be stored as T3 is that equal to time T1. Thus, for example, if time T3 is
30 represented by a six bit binary array in memory 74, then each bit of time T3 will

represent T1/6. For example, if time T1 = 6 months, then each bit of time T3 will

represent one month, or 30 days. Therefore, for example, when the total accumulated



(

the total accunulated tine before Ti needs to be tracked, the maxi mumti ne

that needs to be stored as T3 is that equal to time Tl. Thus, for exanple,

if time T3 is 30 represented by a six bit binary array in nmenory 74, then

each bit of tinme T3 wll represent T1l/6. For exanple, if tinme Ti = 6 nonths,

then each bit of tinme T3 will represent one nonth, or 30 days. Therefore,

for exanple, when the total accunulated tinme increases by 30 days, anot her
bit inthe T3 six bit binary array in nenory 74 will be set (i.e., taken to
a binary | evélmemogyses by 30 days, giotigr by imthg A sivabit PinasNaray it BEFLarydendd of t he
present inventi e anount of ink contained in ink
reservoir Q;g%%ig“g% Eﬁ%&h¥?#§afg@ racked since the initial installation,

or refilli ng, of iFnK 3egsergeﬁ¢ral Bawmhamcrfaagmtglodquamatpnsseﬂjomvérﬁnoe mijchbe
performed by controller

/ or es lishing an initial tinme TO
for ink resere&?‘@%l?*e%@m??%ﬂa C%“@‘BF@I”‘&&E%% Sgd time period Tt since the
initial tisme TO, rhﬁg f1§ Becke@sibe BeGHl AsGHatidnTBr REMRof fnkt O t1Mme

t hreshol d T| Ti rre t may exanpl e, a 10 conpensated tI me based on
time T3. In amn@utﬂddnnmagngfamar@m}ﬁpl”ﬂns mayrbe Ferfirsedby kenteoller bt awl/oront hs.

To obtainth | ri. e ciated wt.h erv 32 has
been in oper hab %ﬁgﬁjﬁgn‘%} &éﬂr@??@ﬂf? p‘&?girvﬂfealz éﬁ"gﬁﬁ% t%le to add
a T4 bit regla@&ﬁul&t@drmﬂéa YriddH Itthaﬁcer@erlﬁﬁﬁnttﬁnet TOE afd teempdidngd SheetqRily (i.e.,
Tl has been 15 reached). The use of tine T4 woul d be si m r to the use of

T3 except t haceundaed fime graiod ditto siere thrsehald gé. cameitqnatbonyorrexagnle: ded by
number 0T4 Bfr?génsaéﬁ trt#bel?as@c?§ bk st ¥y é"l%rﬂb&ﬁ.m%xg ! ek&gl}lgetuﬂé) fidate into

nmenpry 7 nsta ation O print reserv0|r_

34, As an aI tlexstthtdevmqntif a real tinme clock (RTC) were used, the install
.dat e | oaded

To obtain the total time the printhead associated with ink reservoir 32 has been
in operation, several implementations are possible. One would be to add a T4 bit
register to inemory 74 that represents time after T3 is empty (i.e, T1 has been
15 reached). The use of time T4 would be similar to the use of T3 except the fixed time

per bit set would be calculated by T2 divided by number of T4 bits. Another
possibility would be to write the host date into memory 74 at the time of installation
of printhead 28 and/or ink reservoir 32.
As an alternative, if a real time clock (RTC) were used, the install date loaded
20  into memory 74 would yield the total time since installation. For more robustness,
two dates could be loaded into memory 74: 1) the install date and 2) the date when ink
reservoir 32 went empty. The subtraction of the two dates would document the length
of time printhead 28 and/or ink reservoir 32 was in operation based on relative dates
in case the RTC time is significantly different than world time.
25 At step 102, a cumulative actual ink drop count of ink drops expelled from ink
reservoir 32 is determined. Each dot jetted from printhead 28 is counted by controller
18, or alternatively host 8, as ink used from ink reservoir 32. The ink usage may be
tracked by setting a bit in the ink usage gauge array of memory 74 when the
accumulated count counted by controller 18, or alternatively host 8, reaches the next
30 usage gauge threshold boundary. For example, usage threshold boundaries may be
established in the ink usage array of memory 74 to represent 1,000,000 dots each, and
an additional usage bit is set as each threshold boundary is reached. Thus, the

cumulative actual ink drop count of ink drops may be maintained in memory 74, or



20 into nenory 74 would yield the total time since installation. For nore
robustness, two dates could be |oaded into nenory 74: 1) the install date
and 2) the date when ink reservoir 32 went enpty. The subtraction of the two
dates woul d docunent the length of [ime printhead 28 and/or ink reservoir 32
was in operation based on relative dates in case the RTCtine is
significantly different than world tine. 25At step 102, a cunul ative actual

i nk drop count of ink drops expelled fromink reservoir 32 is determ ned.
Each dot | et tmey Her maintainadt inenutrdBer il§, eoaietrativily hogtnt, iyl terieving, ink msage
alternativel thost. 8,. as_ink u;fd fromink reservoir 32. The ink usage may
be tracked byﬂ QERAOR SO BT % he i nk usage gauge array of menory 74 when
the accunul ated c@ynitefs QUAL & chdpogaiohr ahdudt adsdciad witheinkakseraliy 3doist 8,

reaches the next 30 usage gauge thr eﬁgol d boundary. For exanpl e, é’ age
t hreshol d bodplgaringd s deseribad shove.slie FveReration W“E%eb"am%g‘?e’&? nory 74

to represent g : ibdyonal +dPFis bS as each
t hr eshol dgbohlgll?dagl?% ?%%P %géﬁg@g?%ﬁgﬂﬁ%ﬂgn %%iurlt@ﬁg veRéaf?:rtﬁggl F;r%kg’dbreg%%count of
i nk drops mayimeethnaheltl dl'h édreéachedethe reyappation ramouady isbignonsd.n t Bewear, i upon

controller 18, ar alternati y. ha retrjeving in sage j hformation
from nenory ?‘?i‘.chmg fime t.i?{egé‘fléﬁvjli’fﬁx Eﬁ’ﬁ%@ﬁ%&?ﬁ%{?ﬁ “&?Pgliﬁ%)"(‘&? éso%l“ﬁj[ QP wi t h i nk
reservoir 32 giatefl a8 d@bshods TISRE he ehpBROYE ambi® iSVRY rhRRsASRIENt My
be represented by 5 |inear ink evaporation curve (trapezoidal yield curve)

78. Ref erri ngn evarprasiondossyier gkeresarvair 3thp stipstngthe pampletivenastnal ek dpppor at i on
foral acotmrarel R Shoo Rl i Mol SRl bt el ol o
G‘ri’, t hen t hebewppsertd anamequvient mkidsericduat, whempimthateeaoatioavompaatedt i on
05s Tor Tk e Gl the suor b Sahbiatve dbuef Wb coentnd e cvapsraon”
equivalent ink drop count.
For example, before time threshold T1 only the cumulative actual ink drop
15  count of ink drops expelled from ink reservoir 32 is used in estimating a remaining
amount of ink in ink reservoir 32. However, at or after time threshold T1 the
evaporation compensated drop count is used in estimating a remaining amount of ink
in ink reservoir 32. When the accumulated time since initial time T0 reaches T1 (i.e.,
all T3 bits are set), the firmware in imaging apparatus 10 will begin accumulating the
20  evaporation amount of the evaporated ink at an evaporation rate defined by the

equation:

( . YieldT0
ratie=
T2

25  The evaporation rate is used to calculate the amount of ink loss from ink reservoir 32
due to ink evaporation. The ink loss due to the evaporation amount is converted to an
equivalent ink drop count, wherein the sum of the cumulative actual ink drop count is
added to the equivalent ink drop count to form the evaporation compensated drop
count. When the evaporation compensated drop count reaches the next usage

30  threshold boundary, the next bit in usage gauge in memory 74 associated with ink

reservoir 32 will be set.

10



10 count to form an evaporation conpensated drop count. The evaporation
-anobunt may be represented as an equival ent ink drop count, wherein the
evapor ati on conpensated drop count is the sumof the cunulative actual ink
drop count and the evaporation equivalent ink drop count. For exanple,
‘before tine threshold Ti only the cunul ative actual ink drop 15 count of ink
drops expelled fromink reservoir 32 is used in estimating a remnai ni ng
amount of ink in ink reservoir 32. However, at or after time threshold Ti

t he evaporation coupemertspecific epampls)thie avspanstizd anvuasmeyrbe calgnlated byrdieni ng
amount of ink in_ink reservoir 32. Wen the accunul ated time since initial
time TO reacHesmly: (i.e., all T3 bits are set), the firmvare in inmaging

apparatus 10 will begi g\30s58MelcAtNDE (THe1)20yqMaperaj i on amount of the
evaporated ink at an evaporation rate defiined by the equation: rate -

Yiel dTO T2 25 Thewkemporation rate is used to cal cul ate the anmount of ink
| oss from.i nk reservoi k. evaporation. The ink | oss, due .to the
evaporat i on anount is Eﬁg&ﬁaé@inmewﬁﬁpg Opn%n%p%oauzif)t, ‘W ein the
sum of the cugmkathtye actual ink drop count is added to the equivalent ink

drop count to formthe_evaporatiqn_conpensated dggcz({) count. Wen the
evapor ati on conpensat ed igddbpisctBe difereage Heimntiah Bmg bl behyeameansitiah ARy o

boundary, - the nexbr Bl il Bud'Redoi 358 4ol Ricdnt fﬁﬁé%hggaﬁgn\e&m jsnk
reservoir 32 will be set. As a nore speciftic exa e, the
evapor at i on anounexpeicdbe ocat byinktresdrvoyr 32he fornul a: EVP DOT COUNT = (Tt-T1)

. ) il . ) .
(Viel dTYT2) wher oi ny SER LOT, CONT 1, Lhe -£YAPRLAL LR ATRUNien b 2 oot
count equfval ent;
( evaporation amount is used to compensate for the evaporation loss for ink
reservoir 32;
T2 is the amount of time following time threshold T1 for ink
evaporation in ink reservoir 32 to exhaust the amount of usable ink in the ink
15 reservoir 32; and

Tt is the total accumulated time since said initial time TO.

At step S106, by knowing the evaporation compensated drop count, i.e., the

sum of the cumulative actual ink drop count and the evaporation equivalent ink drop

20  count, as well as the initial drop count (estimated) at initial time T0, i.e., when ink
reservoir 32 is full, then an amount of remaining ink available from ink reservoir 32
can be readily determined by subtracting the evaporation compensated drop count
from the initial drop count.

Fig. 4 is a flowchart of a routine for maintaining the evaporation compensated

25  drop count in memory 72 for each color, and in memory 74 for monochrome.

At step S200, it is indicated that the method for maintaining the evaporation
compensated drop count is invoked at a convenient time, such as for example, at the
beginning of a print job, or at a page boundary, i.e., between printed pages, during
printing with imaging apparatus [0. For purposes of this embodiment the convenient

30 time is selected to be the page boundary.

At step S202, controller 18, or alternatively host 8, updates the cumulative
actual ink drop count (PRINT DOT COUNT) maintained in memory accessible to
controller 18, or alternatively host 8, at the page boundary by the number of ink dots

11



YieldTO is the difference at initial tinme TO between an initial anount of
ink in ink reservoir 32 and a total anmount of ink evaporation which is
expected to occur by ink reservoir 32; 10Ti is the time threshold with
reference to initial time TO at which the evaporation amount is used to
conpensate for the evaporation loss for ink reservoir 32; T2 is
the anobunt of tinme following tinme threshold Ti for ink evaporation in ink

reservoir 32 to exhaust the amount of usable ink in the ink 15reservoir 32;
and Tt is theoundehduwmgdhepiinting®f thanagei Abecwanlativernctiahinkdropcopgt of ink At

step S106, by know h 0 ' Rf% n b at he sum
of the cumul é{qp%nagcrh%dé?ﬁﬁmﬁé@%}%g%@g%ﬁ? a Fﬁé&?\ggg’%%nr&emq%ﬁl@}i gnt I nk
drop 20 couif cor@@lléeld, onalidrhgivielyi Hosed, tyrretpicciag ik (sagé infartraddn &om thiet | al
time TO i.e., when ink reseryoir 32 is full, then an anount of remaining

i nk avai | abl ES32f BAYEHR CPESBIINF MIPOTY /s b 1 eadi |y detennined by subtracting
the evapogation cqupgnsabes ﬁ%ﬁ@v@ﬁﬁﬂ&n fc{oﬂ%&ﬁs‘&i%d' Blob! dunfr@BTOQUBETF 9. 4

is a flowhart of a routine I ntaining the evaporation conpensated 25
drop count i EOUNDYiy fGithefias theanm afdhocymeati e actupiemb dyop7ebufitoP RN d¥BT one.

At step S200, it . is indjcated that the nmethod for I nt ai ni t
evapor ati on gmm%@&hﬁregfpoéﬂ?ﬁt amaunt KA1, n%%%@n&‘é‘fﬂte@‘tqlw ﬁ?a(,)Tsuch as
for exanpl e, curihe begi nning of a print job, or at a page boundary, i.e.,

bet ween printed pages, during printing wth inmagi ng apparatus 1Q. For
purposes of this Ahtstsdi Pad6t it isedetesmined hnthegdhe eyaporation corpersgied gltp t he

e, DOV Yt (LTS 00 RO L 61 Sl AR L oot 8
mgnory accesboideryttit levelf el thenext 8sage gaugetioeshatd homhgarpoBor &amate, tdage page
boundary by hjgeeshgfér&%{lda%es Imra]1§ bg Ce)gtgblished in the ink usage array of memories 72, 74 to
represent 1,000,000 dots each, and an additional usage bit is set as each threshold
boundary is reached.
15 If the determination at step 8206 is NO, then the method proceeds to finish, at
step S210.

If the determination at step S206 is YES, then at step S208, the next usage
level bit is set in the usage gauge memory 72 or 74, depending on whether the ink
usage being monitored is color or monochrome, respectively. The method then

20  proceeds to finish, at step $210.

Figs. 5A and 5B form a more detailed flow chart of a method of the invention.
It should be noted that the firmware in controller 18 of ink jet printer 10 may keep a
record of the last used printheads and/or ink reservoirs, such as each of particular
types of printheads or ink reservoirs, e.g., mono, color or photo. Depending upon

25  implementation details, each record may be maintained for the discrete components
(printheads or ink reservoirs) or as respective integral unitary printhead cartridges.
Each record will include the total dot counts, and the total accumulated time since
installation. However, for ease of understanding the invention, the description that
follows is directed to monochrome printhead 28 and ink reservoir 32 which are
30  formed as an integral printhead cartridge PH. It is to be understood, however, that the
description that follows can be used for color printhead 26 and/or color ink reservoir

30, which also may be formed as an integral vnitary printhead cartridge.

12



counted during the printing of the page. The cunul ative actual ink drop
count of ink drops nmay be nmaintained in the corresponding nenory 72, 74, or
may be maintained in controller 18, or alternatively host 8, by retrieving
i nk usage information fromthe usage gauge in corresponding nenory 72, 74.
"5At step 5204, the evaporation conpensated drop count (TOTAL DOT COUNT) is
formed as the sum of the cunmul ative actual ink drop count (PRI NT DOT COUNT)
and t he evaporation anount equival ent ink drop _count  (EVAP NT) . At
step 5206, it is locheflawndart\oddisiePAtand &y HOV S aég%’éﬁe’g)&og%’ggﬁj@b 10
count (TOTALusl%)}r%JJ}%) is greater than the dot count associated with the
next boundary T eV [, i.e., the next usage gauge threshold boundary. For
exanpl e, usage t hr eshdlais Bbeumcentitige; may be est abli shed in the ink usage
array of menories 72, 74 h%rre‘ﬁresent JtEgeOPC_OOO dots each, and an additi onal
usage bit is set as eadhSEHBEASFFUBSYIEN {5 s reached. 151f the
determ nation at stephlﬁézo i s .NO t‘gen .he method proceeds to finish, at
step 8210 If ¢ i 13i0e otk Aqe e et ep 5206 is YES, then at step
5208, the next usage level bit is set in the usage uge, menory 72 or 74,
dependi ng on whet her tdeisithadi %fﬁﬁ@bﬁgﬁ’ﬁﬁc%?ﬁtflwg‘&aggp%’HF%‘PHWyJ}Pénochr one,
respectively. The nethod then 20proceeds to finish, at step S210.
Figs. 5A and 513 for mBOKBRs igthedioptd afthnguarptprinhfobandet hod of t he
invention. It should be noted that the firmware in controller 18 of ink jet
printer 10 may keep a H@BBMp isthethost IDxftthapredoysiirint idbads and/ or i nk
reservoirs, such as each of particular types of printheads or ink
reservoirs, e.g., nono, color or photo. Depending upon 25 inplenentation
det ai | s, 1(each r ecAarsdep®800bepriijoh Bisatdo ikjettphiatediGer et e conponent s
(printheads or ink reservoirs) or _as respective,integral unitary i nt head
cartridges. Each 4&ter 830 icpntrofler @Jgéeatdﬁé&c%m '8¢ Egj’éﬂ’i’t‘ &he hea ertqutﬁ? ot al
accunul at ed I?ﬁ‘“ﬁ""?i nce installation. However, for ease of understanding the
t'he

i nvention, escription that follows is directed to monochronme printhead
28 and ink reser i ste8330hiit s datemB@df whathed pasthaad tartrisige AH py new.h&ad

tridge PH_ 1t .is to. t god. .h ; the d i ption that
ol | ovs can Byl aidinticat Brkidee PP s iHOURY Gl aiiBk phigheff BiidE 18 . "5,
whi ch al 80 naymbs, tieanie pestefmill Récdghiad thenjrintieyd phdiiddecach aaw tphinthgad

In the flow chart of Figs. 5A and 5B, the foll ow abbreyj atigns have been
thaig_ge and wiI?read fﬁé yieﬂi parameters from the pn% ead cartridge. The tota?

used for bre
dot count and the total accumulated time will be set to zero. If a printhead cartridge is
installed with a non-blank printhead cartridge ID, but has not been recorded by the

firmware of controller 18, then the firmware of controlier 18 will use the total dot

20  count stored in the ink usage gauge of the newly installed printhead cartridge PH.
The remainder dot counts in controller 18 of ink jet printer 10 for the last printhead
installed of that type will also be added to the total dot counts of the newly installed
printhead cartridge. However, the total accumulated time will be set to the value in
T3 of the printhead cartridge.

25 If the result at step S304 is YES, the initialization routine of step S306 is
invoked.

At step 8306, controller 18 reads time values T1, T2 and T3 from memory 74.
Controller 18 then calculates the total accumulated time Tt using the formula: Tt =
(the number of set bits of T3} x (T1/6). Previous time Tp is set equal to the current

30  time Tc. The process then proceeds to step S328.

If at step S304 it is determined that the printhead cartridge PH is not new, e.g.,
the installed printhead cartridge PH is recognized by the firmware of controller 18,
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Tc is the current tinme; Tp is the previous current tinme Tc; 5Tt is the total
accunul ated tine; dT is the difference between current tinme Tc and previous
time Tp; HOSTIDc is the host I D of the current print job; and HOSTIDp is the
host ID of the previous print job. 10At step 5300, a print job is sent to
ink jet printer 10. At step 5302, controller 18 reads the current tine
Tc fromthe header of the print job. At step 8304, it is determ ned
whet her printhead cartridge PHis new For exanple, if a printhead cartridge
PH i s instal ltisoh diet firawhleaok cpmttaliehd8dwidhmse ithigydoteDdpi codtnandpthe, tatdlen t he

printer will recognize th Lnthead cartrid new. nri.nt hga artridge
and wil | rea&c‘f"\’?@’q%?‘ipﬁwpsiqrg#rﬂl gﬁﬁsm?r?% Stuﬁé agmﬂ@aﬁé%ﬁﬂl%g@ qﬁ'ﬁjg t-ot al
dot count andufff {Atdlin ACE Wkt hid ke tothll akemsRited @negriion ke @tari nt head
cartridge is installed with a non-blank qE)ri nt head cartri dzg_e | D, but has not

been recor dedcewynuiated fimewitibe upflatedniithy debemmtion gesien RA04 s¥fhathen Be

contyoll e 13ld piaal BB t(g@ételﬁ{?ndp;‘gh% AfifelalhidfiR dyMostippge gauge

of the new y~*ins prin cartri e remaln t counts in
controller 18oméctink jet printer 10 for the last printhead installed of that

type will also be,added to.the tot dot .counts.af t.he ne I nstal l.ed
print head cartri dgs. ASGRGEYE tots'&Fé’ ﬁ%a @%ﬁ&ﬁéﬁﬁi%a%ﬁﬁwﬁge@ f to the
value in 13 ofy kR RsNREYd0 GREY rhAhOST: tind® | ThérB@rd, @5st! 14 WbuldePn®A04 i s YES,

the initialization routine of step S306 is invoked. At step S306,
control | er 18endgmtslateiinformatiands inki jet printesA@. TBe instethdaterfor yrinfpead cyfiidesl | er 18

then cal gyl a I ' ' l&: = (the
nunber o Hs e%%z‘faﬁlts% %os%o(%%[g&n ‘%PW g%ﬁlj?%reél{llﬁoﬁg thr‘ :Aﬁn%ﬁggﬁ?%ﬂé%fﬁg&[ﬁ a(ia;{:bg t he
eurrent 30 tideternfifed Theuptawtes she hernpdae dedsthe dnsile fatd 388 .comparing the

' result to the T1 value.

(

Another alternative to using the RTC would be to store a date value into the

memory of controller 18 (e.g., NVRAM) and set bits in the time T3 array in a similar

15  manner as the host date design described above (i.e., set a bit afier a fixed amount of

time elapses). The advantage here in using the RTC is that the host date error
handling would not be needed.

At step 8308, it is determined whether the current time T¢ is less than previous

time Tp. When controller 18 of ink jet printer 10 records a time from the NPA

20  command that is less than the previous time recorded, then controller 18 will reset the

current time Tc only if the Host ID for the current job is the same as the Host ID for

the previous job. Accordingly, if the determination at step S308 is YES, then the

P
¢ |

process proceeds to step S310.
At step S310, it is determined whether the host ID of the current print job
25  HOSTIDcis equal to the host ID of the previous print job HOSTIDp.
As such, if the determination at step S310 is YES, then at step S312 current
time Tc is set equal to previous time Tp. The process then proceeds to step $328.

If the determination at step S310 is NO, the process proceeds to step S328.

At step S308, if the determination is NO, the host time is acceptable, and at
30  step S314 the host ID of the previous print job HOSTIDp is set equal to the host ID of
the current print job HOSTIDec.

14



If at step S304 it is determned that the printhead cartridge PH is not new,
e.g., the installed printhead cartridge PH is recognized by the firmvare of
controller 18, then the firmvare of controller 18 will use the total dot
count and the total accunulated |ine stored in the nmenory, such as NVRAM of
‘controller 18. If the current value in T3 is greater than the total

accunul ated tine, then the total accunulated tine will be updated. If the
determ nation at step S304 is NO then the 5 process proceeds to step S308
to deterni ne whet AértepHi316; itds nefermiagh adetbor thedliffarangestipe df ebatween the As an

alternative to s 08,,ink jet printe oul d r rat ed
real time cl 8‘(9‘2'3“% %@Sﬁﬁ%’déﬁﬁre%Pg%Eme tll5 %%%é)q;f%%%a glréék,%' %’8%%#§ S&Hggg not
need to sendcpmpirgefulctidh 86 ABkd Uit the ieRdpokation PiionhietsedQo aTheximist ik dat e
for printhead cartridge 10 PH can be stored in printhead cartridge nenory 74
and the ti neptFideHbisFass WaWCeks- det er mi ned by subtracting the current date
fromthe knstall - I : t el val

Anot her a ternatig‘ggtg%ggg?’ggﬂ?ﬁéﬂe%%&wm%df gﬁjbgﬁe gpsét% ?%I%U%gggq%%ﬁtﬁ%zi nto the
menory of comkelsl ked plSidue tigne THY BAMyuartd tieturtent Smienl'd hén tasesheBosarray in
a simlar 15 manner as the host date _design scri bed .above (i.e. et a bit
B ter a i xoEPBRBER TP DETRESaRoaete 1o STRETLA S RS O ST e RTC

i s that the Rpsioidabefiveihodifsdaijstmvab e tﬂ@tusb$ AAgfedin the desédbedt ep
8308, it is determ ned whether the current tinme Tc is |ess than previous
time Tp. Whepmbedimens the megirapm| ige jdifferproenddr mpy bedor gxanzple.i ik daysm t he

NPA 20 c j t evi t] or de ntroll er
16 wi 11 FOCopthehl anl Fedsfible Al IE AHCU B fhe) B RGP huld BERLEOT' 1O 1 50
‘tHe same as Ptier tdoFl beihp freachéd theprlampedusljystient A€ ddrdliyn ghagimih wdubd be

-determ nation at step 8308 is YES,, .,then the process ceeds .to step 8310.
AL St op B310PEFTER 45 GUgIA PRTHELFE FRIALHED! CHc RBERT e B Ao KB GRS S8 nt | ob
25 HOSTI De i 83804éd FipOSENFob @fdmpld) ifthe ENBoREEY AL eQﬁi‘vﬂEm{R:?e%Té . As

such, if the determ nati‘on at Ste-th 8310 i's YES, then at s e[% 8312 current
time Tc is s8&® pegpymontloansk thetiotesditferarce dpis attyallyp? owsths, therd Tps sleewdd to step

gggg H l§ hetodﬁ&oe&rgél@ %Id cEl[fe éa\Fapglta?lgn %v%ﬂ'%e iliﬁ'xit’élg)’to TZQ %agéso((i:.gf %4 %%}Qsc%ggﬁ). to step

However, when using NPAP, the time in ink jet printer 10 is set based on the time

read from the NPA command regardless of the time difference dT.
The process then proceeds to step S322.

At step 8316, if the determination is YES, then at step S320 time dT is set to
20 the difference between the current time Tc and the previous time Tp, and then
previous time Tp is set equal to the current time Tc. The process then proceeds to

step S322.

At step 5322, total accumulated time Tt is updated by time dT, i.e., the new
total accumulated time Tt is the sum of the previous total accumulated time Tt plus

25  time difference dT. The process then proceeds to step S324 of Fig. 5B.

At step S324, it is determined whether total accumulated time Tt is greater
than the calculation (the number of set bits of T3 + 1) x (T1/6), wherein in this

example the minimum T1 is six.

If the determination at step $S324 is YES, then at step S326 the next bit in the
30  time T3 array in memory 74 is set. The process then proceeds to step S328.
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At step S308, if the determnation is NO the host tinme is acceptable, and
at 30 step 8314 the host ID of the previous print job HOSTIDp is set equal
to the host ID of the current print job HOSTIDc. At step 5316, it is
determ ned whether the difference tine dT between the current tine Tc and
"the previous tine Tp is less than two weeks. Step S316 serves a cl anping
function, so as to limt the evaporation anmbunt used to a maxi nrumti ne
period, in this case, two weeks. 5At step 5316, if the determi nation is NO
then at step S318M fhewletrnninstiarpt sigd §3%é‘k§ M%?QWCS%FSPTPF??QST?)SW? set
equal to the By rent time Tc. In case the host conputer's tine becones

i hcorrect, the anount of evaporative | oss nust be clanped to avoid

i
mhodi mont | Che. miXPRRTEY G dr Rl S P EAHETE B8 < 10

al t hough any tizaaseyTeR| e amount of tinme given the evaporation rate could be
used. Prior to Ti being reached the cl anped adjustnent of 14 days nmaxi nmum

woul d be preferregt the dwphthalibeaBbty saweﬂoNonmeﬁfmérpa) ﬁ@és’tﬂs & slepss dot
count adder at step 5330 (see Flg 5B). For exanp if the evaporation rate

i s equi val entS33%, d‘fhe%ﬂﬁlp@ceﬁso‘”% ?Iéé%%‘?xﬁﬂﬂ*@thoﬁw T?W@Sttﬂ fer 894 er ence dT is
actually 3 nonths f'a,qae 5 t ation
will be limted tg%g%@tgg;e[glatﬁmfﬁ %%alﬁﬁm% rﬁvﬁgﬁo Pltogi%rqg\ré@gs ng NPAP,
the tinme in iSBK),j wherpini ﬂteevai:&anem sumbutitasprivatent tikle drmpmoma@\fAIer(D”ﬂe NPA
command regarggﬁz of the difference dT. The process then proceeds to
step S322 AL ®Iﬁ§ﬁt8nmp ?%@eﬂ@ia@f?”i‘n nation is YES, then at step S320 tine
dT is sefjgpto 20 the difference between the current time Tc and the previous
ime Tp, and then previous tine T |s set e ual to the current time Tc. The
E)r ocess then proceeds EYTSPER = (Tt-T1) * gﬂﬁld@@@) 5322, total accunul ated
time Tt is updated by tine dT, i.e., the new total accurml ated tinme Tt is
the sum of the previous total accunulated tinme Tt plus 25 tinme difference
dT. The process tEhereaﬂ‘enahed&pbmuam emnﬁﬁ%edodrofb@ntﬁﬁbe formedMs thé @pm 5324, it

i s determ ned et her 1ot | at ed t is.greater than the

cal cul ati on PF% Wﬂﬂlﬂ)@éﬁ'vec?f’méﬁ{“f(bc{m PR copt el‘ﬁvaﬁor'(‘ ghoungapiga r]Flntllﬁkt hi s
exanpl e tihe Qg B EVPi BOYI ®OUNT. By knowln! tgﬂa@%ﬁﬂtcﬁbﬁ‘cﬂﬁt'@ﬂmﬁtecﬁta%p S324
is YES, then at step 5326 the next bit in the 30 tinme T3 array in'nmenory 74

is set. The prdddime Then, pheepoebead sagtdgs PEB@ew, then an amount of remaining
ink available from printhead cartridge PH can be readily determined by subtracting

the evaporation compensated drop count from the initial drop count.

Thereafter, the process proceeds to step S332, wherein the process waits for
20  the next print job and returns to step S300.

While this invention has been described as having a preferred design, the
( present invention can be further modified within the spirit and scope of this
disclosure. This application is therefore intended to cover any variations, uses, or
adaptations of the invention using its general principles. Further, this application is
25  intended to cover such departures from the present disclosure as come within known
or customary practice in the art to which this invention pertains and which fall within

the limits of the appended claims.
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If the determ nation at step 5324 is NO then the process proceeds to step
S328. At step 5328 it is determ ned whether tine total accunul ated
time Tt is greater than tine Ti. 5If the determ nation at step 5328 is NO
then the process proceeds to step S332, wherein the process waits for the
hext print job and returns to step 5300. If the determnation at step
8328 is YES, then the process proceeds to step S330, wherein the evaporation
anount equival ent ink drop count (EVAP DOT COUNT) is determ ned by the
equation: 10 EVP DOT COUNT = (Tt-T1) * (YieldTO T2). Thereafter, the
evapor at i on KeReRs dedmeEpassount can be forned as the sum of the

cunul ative actual ink drop count and the evaporation anount equival ent ink
15 drop count EVP DOT COUNT. By knowing the initial drop count (estinated)

at initial ti TON A : [ [ ! : anmount
of remai ning irrﬁ'k a%%tflg%] %%gt%&&nﬁl?ﬁg%ﬁ@%ﬁﬁr?%gegwggﬁﬁﬁfgﬂr‘ég%F?g{/]a
determ ned by subtr ctﬂr‘ig t he eva.@(r)rati on conpensated drop_ count fromthe
initia YP®p count thresno Th eafter,cqlﬁgusb?%cess prdeeds to £8%p
S332, wherein the process waits for 20 the next print job and returns to

st ep 530Hree months, Wiierdnt hi s i nventi on has been described as having a
preferred design, the present invention can be further nodified within the
spirit and sagpe redchiny the dinscthesstokd. TLTiM svappntivs aoant isuistd ey @ndpepsatat ended
to cover any variations, uses, or adaptations of the invention using its
general @ LDGIRASRed SHibion 100115 SRl Al bP adifstlll £0AGEHL0e SONAT Such
departures fromtihe present disclosure as cone hi'n“known or customary

practice the art to which this inventi ogl Ipertai ns gnd which fall within
the Ii m'1{'j§ P GoMat O JOER B G VAP ptin compensated drop count; an

before the time threshold T1, a cumulative actual ink drop count is not adjusted by

Tt

an evaporation amount.

2.  Memory associated with an ink reservoir and storing data representing a
time threshold T1 comprising at least three months, wherein:
upon reaching the time threshold T, only an evaporation amount determined since
T1is used to compensate for an anticipated evaporation loss for said ink reservoir by
adjusting a cummulative actual ink drop count to form an evaporation compensated drop
count; and
before the time threshold Tl, a cumulative actual ink drop count is not adjusted by

an evaporation amount.
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WHAT IS CLAIMED | S: 1. Menory associated with an ink reservoir and
storing data representing a tinethreshol dTi conpri singatleast three nonths,
wher ei n: upon reaching the tinme threshold Ti, an evaporation anmount is
~used to conpensate for an anticipated evaporation loss for said ink
reservoir by adjusting a cunul ative actual ink drop count to form an

evapor ati on corfpenddemdrydisspeiated wtith anidk reservoivedndr seoridpeddts assotiatcelshiohd T1, a
currul ative actual ink drop count is not adjusted by an evaporati on anount.

2. Menor yipassachated BhddhisAR & Mast SRR YGiths, WHrghor i Ng data representing a
time threshold Ti conprising at [ east three nonths, wherein: upon

reaching the tinme threshold Ti nl n._evaporati on_anoun eterm,ned since
T Te Used to RONEGRGEEAE: B reSiu T aRL A bR e AR e 4Bt 3Rk T ok
reservoir_by adjusting a cunulatjve actual ink drop count to form an

evapor at [if wedfreermpayagionrcaniivipaiedryaporation &yss fer satbinkirpgeryeir B¥hol d 11, a
cunul ative actual ink drop count is not adjusted by an evaporati on anount.

3. Menor y adjastog) atwetulativhacnaliink drops@inuoiorforn dn stepdripriainepaasstedidedped with a
time threshold Ti conprising at |east three nonths, wherein: upon

reachi ng.thg. 4jgme threshold TlI, only an evaporation anmpunt determn ned since
Ti is used to conpensate for an anticipated evaporation |oss for said ink

cvaporat i o cBHSE AT BFORoh U coRfipte abelybl BRor Gt i e Bielibo o

a cunul ative actual ink drop count is not adjusted by an evaporati on anount.
an evaporation amount.
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