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the invention. The present invention relates to an
I magi ng apparat us and, nore particularly, to a
met hod of est ‘ 5
contained in
rel at ed aAVAILMmEINm éommw !INrmm Rﬁsizwkgﬁ@
include an TnK reservorr that contalns 10 TNK tnat |
used to print on a print nedium such as paper.

Typical ly, the iBAOKGBROUNDOEIBE ENVENTIONrinter in

river can keep track of the ink |evel
bESed wﬂ%&%‘h‘ﬂ“ﬂﬁ“‘i‘?fb ink drops jetted on the print
medi uMThePbr@@all fnk&itiont BRI tORS iin8EhS AppHhtiu, nfﬁlg more particularly,
pri nt head mai nt enance operati on can g tracke
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d?)t S. %tg"elhé{ eﬁepalt‘ﬁ%mi?er ns "ink dots" and "ink

dr ops' Itﬁ{ fbt Slydposubie phinthEQT cAURIFRS erchide ihaﬁ)k%?él‘vmr that contains

reco nized that a significant loss of ink volune in a
bb?duséﬁrt‘? Prigh en @arin gesdiunhsushgh nepepofaicaly, thenimk level

e r.i
*ﬁﬁ%ﬁé one Rt B oV owt M0t hello s i ok 9l basea
noz Zbentpigathe ink e jetranoe dppeiht, médiaudh 4dagiopl ﬂﬁatd@ps jetted
cartridge.b %y and through the cap_seals. 20 The | oss
3 Yng & g eads PAINEENIReA BPerafion é%bﬁét%k@d apavell. However, ink

h t t
Vgﬂl{uﬁieclgﬁste??aﬂ\gb% qg rv?a@? thdt Q:Qﬁﬁ % X tlraf&ge(fn) é gr I:Aunflﬂ% jetted ink
adotsi ds alsecblwrmet fhe derods “frskt dcmi’t andg irkndrapayLané syin‘onymous

avai | abl e i nk co alned in an | reservoir_ that
i npr OVE QSR ar ansé%eﬁgagcogﬁxg@d B‘@f § siggHfiganblesgof ink volume in a

C phith b cRfridigB eafl ro@@o?r tﬁﬁghle%gp&ﬁt%ﬂ a”f‘hc%i %poﬁﬁfc‘)ﬁ blrs through

such as for exanple countin
e&ﬁ\m‘t incthe varpristeatlido mrb@sthe smayerﬁfgsm&d pMEhBéHGl‘dzzle plate

oo TR oah TRl B, e S aBrET kRO i aiueh e s seals

| The @S atteoldpehdatfol BRAANIES of "terﬁf)é&ﬁlré'fﬁﬁé[‘ %@(ﬁu&ﬂatasr@lﬂ as the
30 only, on a counting of ink drops expell froma

i eostraionadithe lidrient; Geyisides ﬁﬁte@@h}@m ses, | n one for m
h f t t of
cont ar Wpgf T SlRE B afSh T84 e e BEN el cany pmount of

datadabie rnk gostained v ba tnky &Sa@bh‘&haﬂ 1ﬁi@r@¢e@ RnCHtHm&hodshat rely

%)s expel |.ed % mthe ink reservoir; and
on a counting o drops expelled from an ink reservoir, such as for example,

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
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
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anount is ignored, and upon reaching the tine
threshold Ti the evaporation anount is used to
conpensate for an, evaporation |
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drawi ngs, wherein: 15 Fig. 1 is an inmaging system

enbodyi ng theﬁﬁiﬁiﬁlﬁﬁ%ﬁ!ﬁﬁﬂgﬁ%ﬁﬁmw an ink

evaporation y I'iTnear approxi mati on of

the i1ke evARAh&IticRBd Yh@®bithet featt@esamndradivanages fof this Biviestion, and
a general flowchart of a nethod of the present

i heemaringn of Eitgning themawill bRRE MOBY ARG AN dng Fyvention will be
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characters indjicate correspondin arts throughout
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form exenplifications are not to
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the present 1 nvention. Imaging system®6 includes a
hdstp coBfit. 8 and an i nagi ng apparatus 10, in the form of

an ink_jet_pri r. 10 as shown. St, 8 i . .
conmun :Flb%t 7 ‘g @P@gggﬁlﬁ? B3YG BF%%dI ﬁ"g‘” 55%'5?@% msthpg of fhe igvention.
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be, for exanple, a direct electrical or_ optical .
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

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
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.
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sheet picking unit 16, a controller 18, a md-frane 20
and a nedia source 21 Host 8 may be, for exanple, a

Pﬁ;ﬁ? nlgggfn?ggap&ar%élsl yie! ggeggadgnnqg a@ cg}érég?é?tgﬁ 12, Geed roller unit

put 0)

éﬁygig{%]h%}n 1#’{ 6, b RbREJIRE €8, a MRIREMe 20 afidig nadin J36Me 21.
F%Via % a fass data storage devi ce, such as, a
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For exanF amt1ﬂ u 1%@((%31% A A9 ARBA fat'FurdHoh %? I%.H 1fnﬁ§1ng driver

ver Sserves as a

dfok Ylﬁﬁglhg %@par&h@@@sT Ré irfigitiaddva I’ﬂﬁnpcfdnﬁhmﬁommmzhﬂl contla)ller 18
orrrat t can be recogni zed by ink jet printer

Gafimagirgga s pansuh &9 wweq:orlma@,mcwoalﬁ dinknilgi Ker %t"(lger%nagmg

pﬁ‘lﬁ’[aba&ﬁ mg% l'e%trﬁgw? ath§t @Qgﬁ%cﬁ slcg%] % g)?mter driver that

Priatcgint (MNRARG p Hllitecoﬂaﬂms riﬁlauﬁ)ﬁﬁatathaubdn beiceogidized by ink jet
pr edefi ned I\Ietvvork 15 Printer, Allian PA) corr nij&
apmntﬁladpl i Camumw@og@ REPEER PSS é& ‘may be
i ur. ce I
B&‘Tﬁﬁ? ee 5 g&{:ﬁgﬂ;’#ﬁ% ﬁft@&)@' ¥§chd a@ th'é @llétierk Printer

an 1 ndividual print

nﬁﬂiafmcé fF@@tbc«ﬂZ(NPEAB)l CRedNByPsineletiespd ohiltigde nf preﬂ@ﬁmddNetwmk
tr ansport ed to

feed roller unit, 14, whi.ch in turn
f Brinieer Ao (OPAS pPIRIGRedDd CREMIS S8ty of now NPA
pgg,rg aﬂ@s oper atl on. Prl nt nedi a sheet 22 can be, for
exanpl'e, plain paper, coated paper, photo paper and
trans pM@lumsoumlelals cmﬁmﬁbme@fwfr (] elurégtz pémiintamedia sheets from

i ncl udes .a t d C 4.f

o inlneng BN aEBirb 6 B TR, PeEB g 16
ﬂjé.%sr %ﬁ‘éﬁ Y& Fded 301 dr R rlQVWHf%ﬁ in buin flrttied trapIpous ipeiat inodia sheet 22

W t co or printhead 26, and a nonochrone | nk

r dmsmg/ aipringidg 2peiasiopr Gwing aredianshiepiud C@bhﬁlﬁ‘ﬁ €53pJ, plain paper,
nochro rlnt T skilled in the

aF?at ?‘Pef’ég)o’gﬁ? &' #H ttran(g%%grrlc p@?‘ﬁ?head 26 and col or

I Nk 1 epeiuRhd caPielmystdae 12 iretudes a psinthead vardeal4 fiirsemrging a color

units, or may be conbined as _an_int egrgqféun ita

plprmth@eé% eénd/or f a@@ocmpmé\nw%lea%%oérﬁo nlgrqsm)éggg iy growded
a ad ﬂ\l}yﬂgpgﬂrrngﬁg tl%on kw1tﬁ %8{(‘)? \f)ﬂh{hegdq Z@HQﬁdbae bRE RSB Snk reservoir 32

ete uni or nmay ‘be conbi ned as an
is 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 cartridge. Likewise, monochrome printhead 28 and monochrome ink
reservoir 32 may be formed as individual discrete units, or may be combined as an
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
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30 integral unitary printhead cartridge. Printhead
carrier 24 is guided by a pair of guide rods 34. The

weaxes/034a8 of gui de rods 34 define a bi-direct PONAIS2004/011825

scanni ng path for printhead carrier 24, and thus, for
conveni ence the bi-directional scanning path will be

f g .
%&ﬁ;@g@;gﬁ i@%&h&@&%ﬁﬁé&g% gqrﬁleégg_%g g’%ﬁ%}%ﬁ g'g%port belt 36 that
gsﬁé]{ixlfeenirl%}g grc;a@‘lgg %‘E)Q@rcioeaatcgrrﬁr %gl‘léy £F. Chifes potér 4iehds Bfotating

by a carrier tor 40 via carrier .
Rl Ymdidr sBafk rddethand attached Hascaarieropulaynd2. oAb fheedirective of

not or shaft 44 that i tached t i .

e vl ] SRR B by e
is s - ; )

ﬁllfdc? gob% %2 gg.ﬁ’feggndt& £ S8 PP eRAthpIE, A8t curdérd(DCP motor or 2

. rrier notor 40 can be, for exanple, a
digppet moteir ent (DC) notor or a stepper notor. The

reci procati on of. pri.nthead. car.ri o}
jet prihs Wé’é’&%ca%g °§§nn§18?d_o§%m{3 ]hgj; é%ésé{&tg? ﬁgﬁthﬁ?nﬁgg?sa%’ 28
%a%ros? l’ﬂﬁ@sl?e%t BABSAHL madieng, Richdis'apéd elap tédanctiongl panhing path
ato de I ne print zone 50 of imaging apparat.us %O..
T to defipe oguint simedi0 ofiEmEAIDTO e APy T roslpregatign of pfjnthead
a main_scan direction 52 t . 1.S li.e i S T Jirech
ALY %ﬁgtqcswalm g &%ﬁislgagn g;al‘?ﬁldél 4%? acg% disi f%arég‘llésl gwﬂh bi-directional
CQUEMAL YhafieBes &l 102186 coliendidy ireferredilto disr the thiovigontal direction.
Buring each scan of printhead carrief 24, t(ﬁe hee ch.
plzumw% g@lil saarpof prénthesd pamies 21 dhg piyeet nglﬁ%éﬁe %b?-f 1S, eif}ﬁ ptionary
. -fra O provides support for the sheet of
;‘?Yf?ﬁfiﬁ%l&ilélggé%mhen the sheet 15 of print nmedia 22 is
in ptr i Micéx}ﬁﬁ% rorg?lds %‘Lrpppﬁrfbr thdsheat@$ peinpoediadd wienghe sheet
print media path 54 of ink jet prin 10. Feed . .
Pofl it tedin 224 imeRBEse . pEbi| deBes bariin of a print media

co%tflga%g%ﬂ%jgg%ﬁﬁglﬁmpi nch rollers (not shown). Index

r riven by a drive unit 60. The index _
pi nch Fegl tollesusipph ynciudes as imtpxfrollereS 6 andnesirgspandingriadex pinch

e (o e, DBEY palcRrey S S0P b v S Py The MBS pinch

SOefE %}éﬁ‘lﬁc'c{" bBRind fosdeCRPRSIINME Qheetadlpiit Msdiaciaiedontact with
drive chani sm “such as a gear train _or belt/pulley

aqusﬁﬂgi@ﬁghtv.en Eedak rodet 86. dive unit p@ depludese dpwetougge, such as a
print media 22 in a sh . f ' ' .
dé@p@qqu%tar, é'lg(?iélﬁ aﬁschtegie (ir-fvreirﬁgchtagfsﬁlﬁ gllaéélg ea6 %%ag ttlra%nhoer belt/pulley

shggledhRad Heb@aslicMnitSI4 flls ee dhoer off prive mEdiF2g.inla sheet feed
toward the reader. 25 Controller 18 includes

miireaismoghsissendied e An asdisl BN ARSI teL fed direction is
g‘)’{egﬁéﬁ’@éﬁﬁ?ﬂ%a@% 1 $80ar Meroli®AOrY (ROM . Controller 18

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
coupled to printheads 26, 28 via a 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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operations of printheads 26, 28. Controller 18 is
el ectrically connected and communi catively 30 coupl ed

to printheads 26, 28 via a, camunications. lin
swohmascdtivelyescaisddo 4rive Py aicr‘?FE"r“F’é%aé“’B%gPlg%g’ such as for
Controller 18 js el ri cahhoieenngctedeld@fically connected and
AR _caé}i\rllqr{?%%oﬁ%q%d tgblléaorri er ot or 40ciliya a _ece
CRmTHNiEATveBGoublaiko Slieet pickingamit Hoovia exampivaications link 70, such
interface cable. Controller 18 is electrically
asifreetaatlaprinterfagpcspa/ 094958 PCT/ US2004/ 011825

conmunj, cat immel v, cauph & i i florbiflk eRrwdir 30 has attached
pormun'r gef?b\gi’scyr}ei nk g(g r&ﬁ% agge%ﬂg?(ﬂ%lglanpl e ar.11r s At
i tRbEd aGRenahl ¥2 fGostbring limform@idnsrebitingt toi edon grinthead 26 and/or

connected and, comuni catively coupl ed heet

oRRURG Fi BHRCTOLG 01 VD oA Ebicone IIehRiSHE ygber, g value
T Qb SEAPR eﬂﬁoﬁrﬁto?ﬁlg?éeommr%ﬁrﬁwﬁﬂ ebemdhr woloomek akervoir 30,
cofor printhead 26 and color ink reservoir 30 has

aﬁl’f(ﬁ@l’&ﬁd’ mbtevatues mpresending tirge. f dfeneqry 72rigay Re-diorgkamppe, a one
relating to ¢olor printhead 26 (o] '
BT S ERORG o SR for GBle Pftfpary 72 may be
NRIRGH intBerdPWHE otlie® RIRERAL édigponeni BaLthE sibitonisfgdonfrinthead 26.
color printhead 26 and/or color ink reservoir 30

| . d
ofeloorprinircadval s begprlmied Hy e, SREREOOT7SL jily OF may be

be, for exanple ne i : .
offenfisisEh it oy BpRaPiohy ph i 2R A6 SRR, CoRBITRLls Hfvarious
' E(?l@ﬂ;rcﬁ’lin%)ﬂet. é],l KhdretyS, ﬁ&ggﬂtg,?ellownﬁﬂmtemtdomnoﬂahge, green and any
silicon of color printhead 26. Col i ntf head.. 26

bethen pdlogsuagn B! '(«%Feaéft- qoler M @S%Plgbog‘{llaﬁ%ﬁ %g%ﬁglﬁﬁiw carty a
be confi . ' ipl.e . i1k,

eI N E  FE oM i) AL e oraidand oo
enfbre chthBiaktiomyARariomgeidra of inkl &.gwplatk) eyapdnegsnte, yellow diluted
orange, green and any 15 otTer col or s _known

inth
o PRlOTSCB TS RO BB ATRera907 RN b e Blar A0 eIy ove of
a_single c frd ks, AT
i EPRFABRGRg1at A nify By RGN S Ao«
ofnewry Ol f@oktorisg dhformitiore rgatingbka chonoglrame pragfheada 28 and/or
Z%ng,%\évhrg' U swsgrﬁlgi?;ﬁ _s%%f‘ g fefobr ré?lgl}qlgglrz]is’suapg)ye%%?xefdentiﬁcation
”‘%ﬁﬁﬁ@ﬂ QNRLRIENehefts 48 aAddntBMRELY SMBohdtkrongsintiad 28 and/or
3 as ‘attached thereto a 20 nenory 74 for storing
i mamoniabinenink edsetvoird2 enchorroReve 2Bl FeessRtBtigpg Msmory 74
nonochr g i nk .reservoir ..SUc e I :
s G ]gp,i Jéﬁ%(%ﬁ,t a Pingg 'eoﬁr%grndﬂrh 5%1?§%Jn\?/c{ary.u)gﬁ%eeem%dlment, for

I RREBSRMueRYraM aiRWetfofthediBiegeal afittnathecdleqrieal components on the
printhead 28 ‘and/or nonochrone ink reservoir 32, and

ondlicon ofiprmogkipmeringsae 38 n CPAGOUS H. comBmBSRtes AVith 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
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 bits 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
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the silicon of nonochrone printhead 28. Controller 18
comuni cates wWith nenories 72, 74 via printhead

interface cable 64. Mepory 72 gssociated with . )
piep}etih]eaxf ink frora/§kotC (ﬂeg/ r 3@5319(5/ 3'?1}1{ %;r\émmore Q&E ¥f time bits,
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an c, each |nclud|n3 three or nore tlne tra ng
bink Sesemmyh30 waetlrst instadled isispaging Faparafyspd. 'E;Tté’ ation, as
for _exanpl e, nitia

|
preinaie: gt bl kiR @ﬁ}b’?ﬁﬂf’?&fé’? o of the
1n§p %_‘1%? Lé%sol:pazted ivheh ToforMpiintheaca 26i ard/br amwlémiinki abservoir 30.
when an evaporation adj u ment 4T3
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anou t
aﬂﬁaﬁg)(f’ﬁg?{?d i ho H%tm Snfrﬁadgm; gpgratrugaim Zg Zagrﬁ%}ﬁﬂégfr%ﬁﬁ{rjlr ?n% to color

Tﬁﬁnﬂﬁ@éﬂ P& afi@yr Bslot & ragepvuit 3((I;f1ntessmce; |1101(i§>gndg}m$tored in memory

printhead 26 and/or caol or rese r 30
| A2 tasdociaged with rea ,@ngf;ﬁglzgtagg/oigo E@g&gﬂ% &dn regpectlvely

fo?ﬁnaé*lo&lop bl ARGt B&lbr 1ﬂ£ %S’ENanBO ﬂ‘fo‘l bee imaging
) aW y mal tained in menory 72 for each of the
|ﬁ £aliotccardsigpci ated with col or print head 26 and/ or

color ink reservoir 30. el . :
i nf or iRty % §lﬂfﬁnc§§)c]6q9g1e&nq%qﬁaat2g f% om.?lmk reservoir 32
T2% %lu-{i%(:%)r %B&g?@ B}RL8fb 0P HORt bi& serv@BUoRGn identification

app 1 tachi’ng menory 72 to col or
pmumbhleﬁﬂ ﬂGncmhwm poothead 28 kand/és eprangchrog, ink yeservoir 32, which

essence, rmatign stored in t.
o o DYRF RS oo SRk (BRI f dmaging
g?z[rgﬁgqgt iYE df mredHE mai teluse® h@di ufige rg‘ain@d Rfntain a record of
or color-ink reservoif 30 from one inagin

ampwgeatfunonwhﬂmﬂ Mmtheaﬂ@ﬁ;tﬁnﬂ/ oy nogpchrgms dri ggs(%rvmr 32 with each bit

EHB0rE A T8 CEDICCT P P i A RSP S Pk regryolial and four

two or nore bits reserved

f Qf rAdte @R tirhé Bitd %preé’éhtddulbbb €0mf{ A nydRec hudiém, each including
pri nthead 28 and/ or nbnochrome i g
three or more time tracking bits, may be use

kto rrggrgsr,e\r/l? |t1£1163 2For examrﬁle 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
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



may be set by the manufacturer or generated randomy
upon installation in imging apparatus 10; eight or

wonoE/0iess may be used as a usage gauge to nai RCEIUS2@4/011825
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record of usage of nmonochrone printhead 28 and/or
nmonochrome ink reservoir 32 with each bit
representing a level of d

merox Sise Dmeed Gy 1R, 550 B} b dravRs hefi host§pgimaging
gf @#a%as Bt S’Bg§; %{?{g&lﬁﬁgtlﬁ%@y YoMy ThéRocilréMed anﬁ%ﬁﬂ 28 and/or

i ncl udi ree"or nore time tracking bits,
big obG@Eoh € inkeresasain 82 tin mEsenée mf@xm‘tmlnestorcd wemermq;m }ﬂa@ssomated

S CRTTIE N e P
cﬂgel?p@ﬂﬁ %&?{f‘ocﬁﬂnné Eﬂﬁ‘th&mmdhﬁ‘ @ohddiBorhé MM reservoir 32

1 al an evaporation adjustnent is
tﬁoﬂne)madmgmgapparemsrtmam@anf 30 ink consunption; T2m

may be_an fromttmsT S

evapor 4§ 0% 4%#?@:#’?  fspesishat @}ws \ég@%ﬁgg Sither of color

ﬁr‘il‘&heeﬁln §6tdﬂa¢br-r§tﬁbm BReRBY DE ot BRnackLmE inthéade28 and/or
nce nonochrome printhead 28 and/ or monochr ome i nk

remaoclmome 1312 ramvcrlr B2t ay disergle eaMpanentyeqyi WEPSEIph P (i unitary

ﬁ%@ﬁ %ﬁ&tﬁéﬁ%/%&lfﬁfgg r WQ?&aeéfglg nSé)ﬁ%?l&es Qhé/\larescnptmn of the

T%nt?dﬂntthZ ria)l@dwls TR bevghectst abeehonochiosie Prithead 28 and/or
i magi ng apparatus 10. By attaching nmenpry 74 to

novoctironms llf!if foseNokid 2o Buthers e or %%bmds%ﬁ@drﬂéﬂe designations for

r ser Qi.r n f | 0
e e R b
nﬂé‘b@@ﬂtﬁ@ﬂ@ farndke meGRICK@ITe iﬁﬂ)lﬁﬁéntit[@yele HOngSD]entTi’mJ ¥3m, will

wi th nonochrone printhead 28 and/ or hr o i nk
r sigply be Fefgped qor‘%?iﬁ&fh%tlmﬁ1§§$l%at‘é’ﬁﬁ) gpg% ﬂg[c % Bn‘gﬁét her .

It is k%fé?ﬁ rt‘éj%ﬁ ?ﬂ%g r}tt H@ﬁﬂ@bﬁ%ﬁﬁé&oﬂ tﬁﬁka’based yield design

fol | ows app est color printhead
absedronciht predictivercases whiink 865 dmer tonevapatatione Sbrpwmum Eigl 2 is an

28 and/ or . hr one_i nk re d
e BYTORT OB A BT 6 A T 1R FPoR o e, ghown s o
Cahld gfe- evgﬁﬁ'ratﬁﬁﬁ\éﬁﬂ}ee ﬁge’ha{?i(ﬁ?‘e){ efrape%@i&lﬁl 'sﬁﬁﬁe ttﬂg@ is a linear

description of the invention follows wl
diprokiahtioo mnxkchm@nmtlpmmlﬂ;ecalﬁvez% V€Y dime. rrMoSiWho#@eaf ink

It E}E@roe %ﬁ\g/q%g{q 73%@21}( B{St IB{: ﬁééfe té)fasﬁ%gzgoﬁé% tyée?(? gﬁtjvg l7§ Parameter

TGeldTh WesikRftes TRCinit@tldiRed @ﬁﬁ&ldﬂiﬁk Yede@it BP Ia@dm’tlalﬂﬁme TO,
desi gnations for the nonochrone inplenentation, i

T@ﬁrmchThmreSﬁam thﬁsmaﬂabllel i.c1 Fiseblapligk e inkfiepqreRir t38 ‘The time
us'fugﬁ}eg { gpciglges %%m%ﬂl%teﬁ% Jron] %?stglﬁ%o qf ink reservou 32

Fesent  imventi on u
t ifRn Qﬁ}%@ldln‘kl @Jaﬁoﬂﬁﬁh @ﬂrvebfgsbéglm;n The tlnfeephrﬁhd:tVﬁTZ spec1ﬁes the

Fierntégms ofo tflmle rr]ril(ea!sfrgg fr(cj)%etlrtng T(le \{[}?{E cl)tr t%lgésofgr 11523?\{\1?1( évrglpcilra ion %urve 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
gauge bits of memory 74 should follow the trapezoidal yield curve, i.e., linear ink

evaporation curve 78, as time increases.



i nk evaporation yield curve 76 associated with ink
reservoir 32. Also shown is a linear ink evaporation

wouom@oFBs havi ng a trapezoi dal shape that is aCriuse®n/011825
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20 approximation of ink evaporation yield curve 76
over time. As such, linear ink evaporation curve 78

may al so be referred to as trapezoidal, yie|ld curve,78.

Par amef\é motefj oS3 fHat &Q tgﬁ 36'1?‘1 fevel; ‘iﬁ 1€ [TEOREY 3755 greater
yjrel & of i nk. h Fhe laflouhPbf fill Tell ResireWAckBunting for
Y Sl ISl RiBEE The iohhep if Wcf i ink e

r giseki@hted 3Rapofitévetinlndoss,pan heestematdd by fhecighaten: t he

accunul ated time frominstallation of ink reservoir 32

25 when linear ink evaporation curve 78 begins. The

time parane SREEH4Tt i Hoanglek pf) tine

measur ed frgirinf{‘i;?r?\le %gltdfrl;gtqsﬁeta?’g%(eos for Ii)near I nk
evaporation curve 78 to go to zero. Thus, at time (T1

+ T2), _the linear ink evaporation.curve 78 will go to .

zer o | FhnEvaRIRa BaRAY Tq PR T i ek afgfiharion of
Sthe\loRidH bNhBeAdeviBorafibr el BEVY 76 befwdeh @iinfes T® 4hd TINKThe time
jetted fromthe printhead 28, then it is desired that

t perameterd ilebndiF2gearBbe giared inimemery fAe rafr rintheaghdd | agd/or ink

copoPin o GEe EoERioat YR el 8, s ' Y mabbe selected
20040094 928 aBedl brgfidiod 1d8vS or Avapsihesh fratonfoFiaggivén printhead

at time TOthe fill level of ink reservoir 32 is |

gratidge, egarthe inegralicondinajipn of priatherd 95 and)inds reggygoir 32, or for a
amount._.of fill |evel, desir a ' for .

SR bb o b B 0 RSB, 2RE Q0L B o B e 71
t Ive Bepdkirepresdtdd Inl me@ws} 74 by tated Tkhary (isainanambon74, e.g., 12
rate x Ti) The evaﬁorati on rate_may be determ ned
bawathsupdif0b, Pimerths ZpPirlbx Hrmentsp =o P10k, 7o mowfhs; 504, and zero
t gm%}gk__ @Kxo%oor ation yield curve 76 between tinmes TO

an I e'tine paranmeters T1 and T2 can be stored

i N memb Yonéderqbodiment, e achl@Batartthhgr hoshk8 kéndseserNRA rExt Inkjet
32 to create trapezoidal] yield curve 78, Tinmes T1 d. .
TEapujee, b EnTE e S Ab RORIAGS 2bs b Sed;é% §hd, o fientification
CHTHS POFRE hOR daftl Baf BE, for Sk BPlePh i 1BLNEue defined as th
cart r‘f%‘é?’@?gr@ ?ﬁ% dirantleggr, al’ cgn‘oi n‘atelpon of priuentﬁé%ed s e
28umber ofidays simee Yaoiueryd 2003. The NRA ¢fimmand ¢dn be sent prior to every

SATSP, ok oA ST S, AR 68 hnd e
7 4afYant REROP I 36 Ymb%'ht@ appardFBT0 ¥ thé prifit @b .statheh@er information,
mont hs = 100b, 6 nonths = Al b, 4 nonths = 010b, 2

moathérshan O@n NRd¢omarand. nont hs = 000b. I n one

nbodi t, t l.cul i me. h .
ieer ol RS ot PR il s B A cumem
t hep AQpimrbardat® @Ailldidiehd deférehidecat itie (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
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



(ID) of the host. The host date may be, for exanple, a
16-bit value defined as the 20 nunber of days since

woam4awywsg, 2003. The NPA command can be sent PpCTmIS2d08/011825
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every print job, followi ng an NPA Start Job conmand.
Alternatively, host 8 could send the date and the

host I D to inmagi_ng appar at.us h rlnt
hiéme encr%s%bhﬁ@q A&, gy étr“fltﬂﬁbal%i tha iy ggpm%fé‘%w 74 will
F| r thl?e I&tlﬁﬁr#,%veﬂ.& f i magi ng appar at us 10 uses
te’ ! e curtent NPA command to cal cul ate
t he di Ffeenence gemerall fltewClapet DA R wethod qfrﬁéemaemr\pwentwn which

conmand. The t ot accunul.ated tine. s ce print head

i pbiAtesAD; BROURE P mﬁéo iagied ip | reﬁeﬁ‘éonb 'nthead in the

time pg E@%ﬁtsﬁﬁoTﬁmeVi@ @Bk ddSsiddel the emitiBYinkfARatidn) ovee¢fdling, of ink
Si nce onl total accunul ated tinme before Ti needs
tfbsél@oirB&aheﬂagmg eppaxiuslth fF hisenashie perfrsmgd by sopfgoller 18 and/or

stored as T3 is.that .e l. r

e %ﬁ?pfﬁ éay pﬂa@l;sﬁgmg—rgn |1§1%§ t F@Sgﬁt es&lg&’sr if btrét\cklng a total

bh@hﬁnﬁé& Qnéd fbeﬂs&mﬁy sififle tﬁé‘ emuala@hqebm) @hdtmrqoaﬁag the total
represent T1/6. For exanple, if tinme Tl =

macdulsilated émeepartodbTt togime ithreshphl Fil | | Timeepiy @3% ﬂqp, @héxample a

eSS R oGS50 ol BR P e m o

t 3B thieheases by 30 days, another bit in the T3 six
bit binary array in menpry

t aken fle obtdin thertgtal ipe |thq3pnr51)1eadp§ﬁ)cla3eeq éﬁ]té 'réglering'r"é(pif 32 has been
flowchart of |

o4f Pflide Jo Gl TR RougiCub RSSOk, | ONE Houtfe WD a T4 bi
3ZegifterMto BicRforP UOChat trepsresan& tlmBkaﬁz'Ed B} e emiphye (11 @j Til aias been
|nstallat|on or. refillin .nk reserngL

g@gé}sgf)ﬁ timegl4 Wﬂ?lg b[%g;ngg tB dhapse s 3b§/xcept tﬁe fixed time
C %@1{ B! ée‘f rw&ﬁ éaﬁEulatE@ SJgS §ob¥ivRsl AR hiRbBIoRM4 bits. Another

ial for ervoir 32,7 tracking a total
a@owihihat *&dulﬂl‘mseto peritie ol Hast dategatotthempryi T4 &l the fime ofdnstallation

and conp ot al cunul ated tinme period Tt to
t|0ﬁgﬂ?ﬁhﬁ%£¥ggla}/%m TFSH Ot %may be, for exanple, a 10

C onpensgt %dalfekﬂ%vg 58 9eRintd éIEc ?{T(t)nwéi@ eis@ireding@n date loaded
for exanple, time Ti is at |east three nonths. To

obimtaimerhbuy T4 wakild ylniei thindotpk tine i 1astgl<1ﬁﬂoat depriaherg robustness,
i nk reserv

i ,%'p éﬁ@ﬁ f:%qfi %ﬁioaé'lp@ 11B8 gge?rmr% Qa4 %3?1 at | f ([_} dg gréghae datel_\ﬁfhen ink

birtsery 93 B Eht énﬁ)tfm’@‘ﬁé Yubthcli1pdf the pre 8&sd wotldrddcaht@rihe length
T3 is enpty (i Tl has been 15 reached). The_ use of

t |orﬁéléﬁlé4pmm ¢ad Qzﬁeigsi/@ﬁ inlg reseryofthE Wﬁ%lfb‘PPeT@lOéb&?éfﬁ ox felative dates
t
d i) S X€ aﬁegEque he 15 SE'_%H?ﬁéfnﬁ? o f?er%ﬁ t}?aﬁq Cohatigd by T2

At step 102, a cumulatlve 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
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



possibility would be to wite the host date into
menory 74 at the tine of installation of printhead 28

wana4mw49sek reservoir 32. As an alternative, iPcwuszmi/o011825
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time clock (RTC) were used, the install date | oaded

20 into nenory 74 would yield the total tinme since
installation. For nore robustness, _.two dates could b

| maygéd mainmiredrivrepnizatier1}8, oF @ltematigly he%&@ O¥nte V“%&]B’i usage
dat.e when_.ink re oir 32 went enpty. The

s W?E@PPgﬁnb?wFﬁ%§?%D dates woul d document the length
of tinR¢ptdptibeadn 28 apadiiar aimknt esweciatidr W3R ks raservoir 32 1s
oper ati on based on rel ative dates . in cas

' i i rﬁthe eR-I;Ce ted b
t fdeterminedsi gk fescaiRed yiboNe G EVAPOFALON WBYYH PR 1BRreggnied by
sten. 102 1TH! @k ' g, 2, bef
a5t TE o BT, bl (aBElRl yleia R gP7SE oBlorlg toThe. 2, before
Eagl wedshdldt Teds feahed thenetaparitias dnound ihigngragy However, upon
controller 18, or_alterpatively ho ,...as 1 nk
NGO N CT TR R
rk%re%&% Eﬂfﬁg‘%}ﬁe ﬁﬁésﬁbﬂl 1 ¢hdnKe £1t198 e uAf s A¥edo compensate for

mory en the

accunul ated count counted by )
cantevajdrationlBss fur iak reservaiti 32by afjustingthe reagipiyeragiial ink drop
next 30 _usage gauge. t hreshol undary. r
uSeE te iﬁqrgé%bﬁ?ﬁpﬁ ngpggnsiq%g%%p c%”é’%‘a%f‘?g a?é’?ﬁmrg)ht yunt may
| BK 1 47886tRTak A GhivARADIK dfdh Edtmk, 8c&i8 e dvaBOfatif dompensated
dots “each, and an additional usage bit is set as each
t dropstuaing id thenstan pf ithe ewawhtive actealdnk Wi ceumnand the, gvaporation
act yal, ink gr%p count of ink drops may be maintai ned
i RAVREAERLN #TOPSOUNY \Wo 2004/ 094958 PCT/ US2004/ 011825
may be pgRicRiAPREBefoft GRRIthRkhsH Ti8onl9rthalcuiultive wetuyl ink drop
host 8, by retrieving ink usage _information from ..
meowrtyof gk drapssixppllaffomank s¢Ep@iatd snusgddl gptimating a remaining
associated wi.th Jink r oi IS t '
SIRERELE b ok T BI040 roTReds gt A7 ' dihond 11 e
I @papRs@itneshniensdied dopabuntrik usadsinasstitating ¢ ueagining amount of ink
(trapezoi dal %i el d curve) 7?.g§eferri ngm.t.g Fi(? 2 hes T1 (i
bt ekeresarpeir BB Mehes) the avcumilated,ime gineh il 4pRT 2P Fepghes T1 Gee.,
a i r Vit limal ty cumulating the
¢ AR i o 385 A im0 Rop  B8E 1D I Yol accumulating
peximgatiin amoeguef the ewaporajedeatkent thaavapration matestedingd by the
Ti, then the evaporation anmount is used to conpensate
f VAR’ evaporation | oss for ink reservoir 32 by
adjusting the cunul ative actual ink drop 10 count to
forman evaporation conpensated drop count. The
evapor ati on anount may_, beYiedgpFksent ed as an
equi val ent ink drop c it wherein the evaporation
conpensated drop count is the sumof the cunulative
actual ink drop count and the evaporation equival ent

! %edervgf»’orﬁt?g{‘ }a'te 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
threshold boundary, the next bit in usage gauge in memory 74 associated with ink

reservoir 32 will be set.

10



For exanple, before tinme threshold Tl only the
cunul ative actual ink drop 15 count of ink drops

wexpalvedsf rom i nk reservoir 32 is used in estPOBMUSHEY4A11825
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remai ning anount of ink in ink reservoir 32. However,
at or after time threshold Ti the evaporation
conpensated drop count is used in estimatin
" emhi nPics HARSLARECIGE CRARPIS; (S ERPOFHIOB Pt 5 Dyalgulafed by the
agcymyl.ated time since initial time TO reaches Ti
.e., all T3 bits are set), the firmvare in inmaging
appar at us 1EWH DOTHeQUNTae Cltalil)dt (MigldThd 220
evapor ati on anmount of the evaporated ink at an
evapor 3CHEr at e defined by the equation: Yiel dTO

rate = T2 TheogV et | RntHedkPagofatiépedmbolnt, in a dot count
cal culate the ambunt of ink loss fromink reservoir 32

daeguivdentnk evaporati on. The ink | oss due to the

evapor at i on t. i,S verted to.an ival ent .j.
drop count, ﬁglg:f@ilﬁ t}{eh‘gﬁg’i?ﬂ?eo?t ol g%f@x#é F%e%@b J{%JI%I amount
i nk dr gp ig0YRtintt SeseAHCID bAd tah@ i Guhotak @Mtink Reagbraon which is

count to formthe evaporati on conpensated drop count.
When t kepestesiorosaeurdy igomsernetdiéd drop count reaches

the next us q49€ Eﬁ%{é{ﬁ% etgrggﬂo(iid Q&ﬁ%?erréﬁce ttﬁ %Elﬁglxﬁmp 'Tb dt Which the

usage gauge i n associ ated w't

r eserveiiposaiol hhola isaised 1® cWiBpaRate 9486 8vaporation loss for ink
PCT/ US2004/ 011825 As a nore specific exanple, the

evapor #5eB®iafbunt nay be cal cul ated by the fornula:

EVP DOT CQOU = (It - ¥ (eYiel d rel P, .
boT ouNT 1 2% i aapyc‘)‘)r“é? iogn{“g‘r?oﬁoﬁo,m%% HRE frebord, B or ink
equi valeesgoratiineindAoréssrviolre3 2diof dxbmesh de ahovintiof usdbld inken the ink
TO between an initial anount of ink in ink reservoir

32 andTeser@itaiZ; dRdunt of ink evaporation which is

expected to Pt (ol do HERAMAN dinteaidliflithl b e
time threshold wth reference to initiral tinme TO at
whi ch the evaporation anount is used to conpensate

for t h%tes\{eapp g{(?é,ibgrnknlo(v)vslr?g {h%reviaggraticr)r? %gﬁﬁggrils%tegchrop count, i.e., the
sum of the cumulative actual ink drop count and the evaporation equivalent ink drop
count, as well as the initial drop count (estimated) at initial time TO, 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
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 10. For purposes of this embodiment the convenient
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



T2 is the amount of tinme following tine threshold Ti
for ink evaporation in ink reservoir 32 to exhaust

wohadamwwmsst of usable ink in the ink 15 reserPorTms3®i/011825
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and Tt is the total accunulated tine since said
initial time TO At step 5106, by know ng the

evaporati on conpensat dro ount , i..e. .
S S PHCERED IAREE o b B Yokl e G8F'aBLnt of ink
SHRpS h?a?! b%@n%ﬂféiﬂéﬁ'iﬁ e doMespiirding REmEBLTY, 74a6r meY be amintained
the*rnitial drop count (estimated) at initial time TO
i inecontretien1 8,k altemetivaly hog B, iby retglevingtiple HSags 1 f{ongfrom the
remai ni ng .i nk_avai l.abl e frozgiﬂf reservoir 32 can be

i

r BEF ISPUSFIP SPHPIPOBIING "SMY dét { g t he evapor ati on

conpensat ge, HooR, GR&INdvapdrbfeh tddgpeatddaldraty @pusto(ROTAL DOT
Fig. 4 1s a flowhart of a routine for_ mintaini n%glt{ﬂﬁTDOT

e CORBYEY isdormeeshgsethe st @f tirscumuphiveoeiial ink drapspynt

SO0 6RY; B Pl AR 4Rl TR 0505 ot Abvar pOT

malouwRT)Ni ng the evaporation conpensated drop count is
i nvoked at a convenient tinme, such as for exa

| e,
the bédi sHe7 ﬁéO@Tit as Iglpteﬁpirie@ b\gvhqgl?lera eepv.ﬁgcgréu%ngﬂ:gta?%fated drop
: 'ﬁi\.‘bqt r&%ﬁ“ﬁ?ﬁdﬁr CWT )Eg%‘f"ec‘aterqﬂglﬂ ﬂﬁ&o@{chﬁﬁt'a@&cﬁéﬁﬁh the next

g apparatus pur poses I's enbodi nent
LB@UlgﬁWBﬂﬁ i.lA@BI, ied ﬁlsetnggEuéage gahigeothmdh%d: bbendale Pergsample, usage
oundary. At ste , controller 18, or .
ekl bosgiercBey be CBPELE HE kIS rTRLol BEpadps 72 74 t
. égsgﬁgﬁ,‘é@é,ﬁbo @BR é\AEﬁD%B GORTomR (hgd BRI st #LERAYihreshold

e to contro 18, or alternatively host 8,
abotuitarpageadhedindary by t he number of ink dots 11 WO

ori nt | NGB RBIagE: AL v o e He T S s o

C%Ptsz%_ ink drops may be maintained in the
correspondi ng nenmory 72, 74, or may be nmintained in
cont r ollf gre deBermgmatightasstept $2086 ip KBS then apytep Y208 elfiertpxt usage

I nk e information fromthe S iy .
RS o AT e Py 1470, QRS whethr the
eVRRR' Béih MEAMREN $AE6ldr G GRofUAImd, TBALHNAD].  Thailethod then
is formed as the sum of the cunul ative actual ink drop

c puraeedsARIfishpastep®AINT) and t he evapor ation anpunt

equi v a!FegnSlt gk}gpgﬁoﬂf&ﬁ%%%resﬁgdﬁl@g o AN D metfibd §f BB invention.

S206, € evapor ati on
c ERuRRbedotdd apit tHOfeowat if TEHtAILeDOS oCRUNE) prister 10 may keep a

grreec%trg rof ttlr;ea Tas% Eseeddggintﬁgaudrs]tangfo? Q11(1:l|< %és%gvo\{\fis,t Quc haes erz]a%ﬁtof particular
types of printheads or ink reservoirs, e.g., mono, color or photo. Depending upon
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
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 unitary printhead cartridge.

12



boundary bit level, i.e., the next usage gauge
t hreshol d boundary. For exanple, usage threshold

woamadasdses nay be established in the i nk usagecams2op4/011825

10

15

20

25

30

of menories 72, 74 to represent 1,000,000 dots each,
and an additional usage bit is set as each threshold

boundary is re hed,. 15 .
S206 i B ﬂq@ gy & ar{ HEFﬁggt héoange%g hey go Oqulit‘lé %{71aﬁ{>l€sphave been
ﬁ&ﬂfﬁ? vity:f _the determ nation at step 8206 is YES,

en at step S208, the next usage level bit is set in
t he usage géflg&ethﬂenlmmitmaor 74, dependi ng on whet her

t he ink ein col or or nonochrone,
respectlveI@8 %ﬁ‘ H%?ﬂ%ghﬁﬁéﬁﬂnéﬁ proceeds to finish,
at step 5210 L gtforn1a nore detail ed
f1ow chart ofisdhedor ﬂ&ﬁmﬁ? Wﬁ Mfvention. 1t should be
noted that the firmware in controller 1& of inkkkF% )
printer 10 dﬁysﬂ@é%ﬁﬁenﬁﬂﬁﬁvﬁdeﬁFWé“P% ¢ aqd prgvious time Tp;
print heads and/or ink reservoirs, such as each of
particul ar HOgEDcas thehopit IReeidhe eVTqnh RIIAEERY A0 1 s,

e.g., nmono, color or photo. Dependi ng upon 25

i mpl enent at HOS TBpas the, hostlbhof the pretiowaypribgjolrai nt ai ned
for the discrete conponents (printheads or ink
reservoirs) or as respective integral unitary

pri nt hagdig g%@bb'éil%ﬁ ob &aet th §0O7efpiitd 10.ncl ude the

total dot count’s the t ot al accunulated time since

i nst al IAatstaprS3 (Powenteniler fl8reatsshe efrrenidime Taftinn ghe keader of the
|nventb the description that follows is directed

t 89RBRBe hr one printhead 28 and ink reservoir 32 which

are 30 Aftaidpd@S ARk daéaaha Wlfié‘dh&t Heddagdrtridde @HPkS new. For
It is to bée undérstood, however, at the description

t hmmploJ iff eweinthead pastridgsPH @rlnﬁ@lﬂ@rwqﬁb p Blank @anﬁeaféﬁwreﬂrge ID in

e b SRR, s AR O 89 s
2@&%%&3@%&%%@1&&8@@&5 ﬁoﬂnhﬁe fpkiathead aaﬂtndge The total

Fi gs. 5A and 5B, the follow ng fbbr evi ati ons have
ugeticouat anst e tatyt acpemplatedime will ko tet i 0. Hip pranth Cartridge is

pﬁr?s‘t’dlfeﬁs\?u‘fllr'ﬁ %ﬂtblérgqﬁlr}ﬁe% éaat-rrl;d]gé $D! Bt TRt been rec01ded by the

accunul at'ed 't erence between current
t ififwhee ahdoprodler @8 sthieh ke ]ipmwafd(ﬁﬂ' tdddroilsr ll&evﬂioxsb tthtotal dot

o]fcoxtgrggs %gé\r}g gﬁg?réc:. sz@gje J%ggge 09 the newly 1nst§ll : h]g()ennq Sad cartndge 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.

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

At step S306, 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
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,

13



10 At step S300, a print job is sent to ink jet
printer 10. At step S302, controller 18 reads the

wouoranat9sgi ne Tc from the header of the print PCOMS2088/011825

10

15

20

25

30

step S304, it is determ ned whether printhead
cartridge PHis new. For exanple, if a printhead
cartridge PHis | nstal | ed

it Kk
cten rﬁhdg’éﬂll‘malleno roniERligs VWW]ﬂ ﬁset anﬁ‘?tﬁndgi C\?ﬁl and the ftotal

reco NVRA rdoRrbigad 8. If th
AT & %gd gn% ﬁéﬂfﬁgﬁﬂgﬁrﬂ%ﬁ{gw |Sglgga%ar arrelt%grog fromthe e

Pé&iirfini emha:amtﬂ dg egreame thant Ehe todidt a@umuﬂat% dinegyethen the total

total accunul at et t

oRCHENGEH BRerPHL indgtett Tk ReidoRinh 3t Siep S3p8 s NO then the

pﬁllo%%g gce%@sr o étéi9§3d8Qo dRmiRSyiHer Ql@iﬁlmé eoitd@dd by host 14 is
i'rmvare of controller 18, then the firmvare of

comiganl | er 18 will use the total dot 20 count stored

:ornl tn? ﬁélggilﬁ é%%%agg %Pp %Eq.% éé?wn)ﬁt A dp%{u dggsﬁ atbatter operated

N fald ﬁf)ckl@{"@(ﬁ% toKeepertacRoftings. Tﬁer%ﬂﬁre thost 4stould not need to
printhead installed of that t\{ﬁe will also be ad

t sertdremytdatedinfatmationtonink jesorintes 1Bewhy instdk dafe g prm&lead cartridge

p ad cartrid t 4R

?H;ca‘;qu stgfsd 4o, prij ?tge%{g%@la Eeneﬁlbnoq‘y%g aﬁ*i tﬁﬁgﬁﬁprl n% 44 e be
C@ét%frhﬁﬁ@@ by2mbirhctingetht eatbit dite Sitoap thHs3Métall sla¥ESHd bdsmpanng the
initialization routine of step S306 is invoked. At

st@plt%ﬁ@ﬂcﬁwq ol ler 18 reads time values Ti, T2 and
T3 from
accumﬂ af’l%gﬁ‘{e W&o {he-q{Tét%%otélﬁfBe @@Ft@ﬂ'@ QH% Vi into the

t ot al usi ng or mu
(ofegndryivBesntadlles €8 (bpt NVHRANG pnd sét'bi’o‘s 61) theRimy T6 \asray fimre similar
Tp is set _equal_ to_the curr

pRyeBesas the Rop it eny saiteg. o1 Pt O @ﬁﬁr &higad ppount of
' ?m%egﬁg@sﬁed% h@&vahﬁgf @%H‘H‘ %ﬁgéctﬁé tRTEge (Rt the H¥eE date error

e Insta printhead cartridge PHis
r dandlingzreshibyot feendetdedrwar e of controller 18, 13 WD

2004/ 094958 / 4/0 en the re o .

cont r oft éfeplé% %J Z%etﬂ%\efrla&eo?ur%egbﬁ?le gr? 3 feﬁ%{han previous

t Qﬁr?é Tpacmgﬂlc%hﬁgllér' f@i‘oﬁ‘irﬁ{ ?5@ pribtdre) FREAIYa tlﬁtbCﬁoﬁhSthe NPA
of controller 18 current value in

I $01gmrmd ghattihiess thhe themrQVm‘att;mﬁmqm@f@g, theprsontreikes 18 W@ll reset the

gg{ug{e% tﬁﬁ% i g}lﬁ)n 1‘% g}P iﬁ[nvitgyﬁor tlpq\%%gﬁi?%q? tﬁJ %ﬁl{k as the Host 1D for

PHIQE ?ﬁ@ﬁ)uts‘}oﬁt ccorldSelyoifdbé détﬁtrﬂﬁa%tﬁhhﬁép IS|398 t1s I’YHES then the
mai nt ai ned host 14 1s correct. As an alternative

t@r@leéi’pplssws tq #{kp P210.printer 10 coul d use a battery
oper at efgt step S310, it is determined whether the host ID of the current print job

HOSTIDc is 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 S328.
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
step S314 the host ID of the previous print job HOSTIDp is set equal to the host ID of
the current print job HOSTIDc.
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real time clock (RTC) to keep track of tine.
Therefore, host 14 would not need to send any date

wonbaroossson to ink jet printer 10. The i nstal PCUAS2004/011825

10
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for printhead cartridge 10 PH can be stored in
printhead cartridge nenory 74 and the tine threshold

T can e e Tt by Sublaatt B e SR e
-tl)-(é r{éﬁ?ltiﬁ?e T ﬁ%gargs}i &AL TYas 1els ﬂﬁh@@otﬁégkm Step®3l1d serves a

0 store a dat alue into the nenory ) .
colatnpilg &mctidh, (se. @. to IMuiRAM cvapdration dmaqunt jused Fea Maggmum time
T3 array_in a simla 15 manner as the host date
(BT ofh T 55 SO AV (i.e., set a bit after a fixed

anmount AQkieh g8 ¢ Sl ARS&Sdrmid RS WD) tRGCat RRIHESI 1B i8¢ &1 is set to 2
the RTCis that the host date error handling would

neteeksy ané guedousAtims tEpisSB0&qualttojthe gutrentrtimed cwhat ¢pse the host

the current time Tc.is |less than previous,. ti T
VRSRDUgRE PatelbsPosS ieokel s ik OEF bz AP nift be clamped
t kgrebidoRkEdRSvARRorréet a@jupmRe: ttbathel GsdgeSarrdshanint e described
previous tine recorded, then controller 18 will reset

t pasbedineatt thei meximune tinye jdifferarcerslt may fogr forpexample, 14 days,

Cob | ' .
gg%krlﬁ%n bsdﬁg’org?&)ﬂéﬁgg r%?dr%lt 3)’? tilg&eglhugﬁ tct]l‘éét g\F glﬁ]agtol}lg%tea%ould be used.
sPepr 308 behgYedthelinhe ddnepedpadpastmentpsfoteddss maxsiwep would be

S310. At step S310, it is, determ ned wheﬁher t he hoaé
| preserradhie avord mismapie ghabligy of sie eyapeapve jass dgt gung gdder at step

" . ,
I e e
a50 o/ B3R sadtthetite differendEcdT & sbtallyquaionths, fherdTdsslamped
o e Pk 1 apoiatioh v 06 Tratodclo ThBkuss dbee 44 days worth),
PERGREES \A;H%nstfsf%% Iﬁ%&% ﬁhe%t tﬁﬁ& &P ink3fAB prihfer 1085 set based on the time

determ nati on ost tinme I's acceptable, an
atread3tons thepNIBA tdmntaad megsrdledd odthe tipe giftevérmasiTpri nt | ob
HOSTIDp is set equal to the host ID of the current
print Tab pt¥oessl then prbdeddOt@ 0 SOE2958 PCT/ US2004/ 011825
At step 5316, it is determ ned whether the difference

time dRithelhvens, ke qutem@inhtidd ReYAS; tAddatl e PIBMiREIT is set to
tinme T%gl sl ess than two weeks. St eCE S316 serves a

c keengiffegericarfestwesn, theo cergent dime o andh dhee Pegyinust fisg Tp, and then

SR 85T SR TP, 1 b paf s

t bep S3p2step 5318 time dT is set to 2 weeks, and
previous tine Tp is set equal to the current tinme Tc.

I'n casettd §999t 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

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

time T3 array in memory 74 is set. The process then proceeds to step S328.
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conputer's time becones incorrect, the anount of
evaporative | oss nust be clanped to avoid

woexergo#9se/ i ncorrect adjustnent to the usage arPCays200m/011825

10

15

20

25

the described enbodinent, the maxi numtine

di fference, dT, may be for exanple, 14 days 10

al t hough reasonable a iven the

evapor Thﬁngert om 4 %@"332‘5 15 &Qr |tg$n Hrpcﬁglpr‘éceeds fo step

reaeded the clanped adjustnent of 14 days maximum

woul'd be preferred to avoid premature enabling of the

ev ap or %tt 's%g §39§ ?t id ﬁﬁteﬁﬂﬁﬁéﬁ W%%@lr tifk ttAIERcumRRd tHEETt is greater
the evaporation rate is

eQQmMam@ﬂl for exanple to 50 pages/nonth and the

time difference dT is actually 3 nonths, then dT is

cl anpegf iz dé@eﬁrﬂ@atmeksst@ d32dhés Bl@ﬁﬁérﬁtheoptoudslplb@eds to step
limted to 25 pages (i. 14 days

WS A2, i eriejn PO CasR avaith ﬁ@ th%nwﬁ lenp@pb |§¥1ﬁ1 fﬁt@ins i@stm, S%%Q

based th e

regar d?fgglg c?efterfrhngat%on aqu dgpf $§Qr8te ﬁ%ﬁ?ﬁh@# gg)cess S%roct:eﬁ:ds to step
PSegGedheteth SheRvEHIRAionAamBUS e@Bddenti fnkt iwp count (EVAP DOT
determinatjon is YES, then at step S320 tine dT is set

t GOUNT) eletrmineddiythe petafieRn the current tinme Tc and

the previous tine Tp, and then previous tinme Tp is

set equal to the current tinme Tc. The process then

proceeds to E¥PEOBEZINAE= Gt-81) ST¥R]ATWT2).

accunmul ated tine Tt is updated by tine dT, i.e., the

new total accumulated tinme Tt is the sumof the

previ Otﬁlefeggal tHRC&M ﬁ&@gorﬁ;'t)]éﬁ@atgd AR unP@nteBrmed as the sum
di fference dT. The process then proceeds to step S324

obf BiegourBBativit acstudpnssmp countiagd die¢ evaporssidnvemesuméequivalent ink

%%{JF%}% gﬁ}ﬂ( tﬁé{j ,{ﬁﬁ%{fgf OPY (Ng}@agt eolinltlﬁg rzi_;ct)[%eéog(nt (estimated) at

( T&ﬁ@l)um&@e rleé Nwhéh prititBead4ARR eePH hendW,théMA dhoind of remaining
Si X. determnation at s S324 is YES, then at

stigp amlzbletmrrmmhemdtcartﬁdgm BH Gm by veadita determiped fpy subtracting

e e g R 4 L A

det er nThatca ey, e HloeessPracbetls td\6kep 8B82) WikEeiprte §8coess waits for
proceeds to S@%‘f S328. At step S328 it is determ ned
=3

wites e PHintigd turge tuvten 3% tinme Tt is greater
than t T e i .

NG, nabr i it oG T8 B B Ha SR il Resien, e
tlp@esemtoé;:ﬁz%ﬁtmaldaﬁ borfuithe nedifiedr imithin e apiditr @idusaspe of this

to. step S300. L . o
disclosure. This application is therefore intended to cover any variations, uses, or

adaptations of the invention using its general principles. Further, this application is
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 S328 is YES, then the
process proceeds to step S330, wherein the

wevepm#ss on anount equi val ent i nk drop count PEVAR2MDDI11825
COUNT) is determ ned by the equation: 10 EVP DOT COUNT
= (Tt-T1) * (YieldTAO T2). Thereafter, the evaporation
conpensated drop count can be fornmed as the sum of
the cunul ative actual ink drop count and the

ewgqqtsl@ﬂAqmqseqw valent ink 15 drop count EVP
By knowing the initial drop count

( esti rrht e‘id)meihOd af estanatingg apgpunt of ink \Rﬁ’éﬁﬁmﬁiillﬁtaﬁéﬁla Teservoir,
cartri dI?et PH, i S Jhew, then an ampunt of remai ni ng ink
SPATPLHRE e SRS 8Fi nt head cartridge PH can be readily

det er niigeghiBihgsa kinhaktive gctublhimkedrap @vant ofinkodrppnsatedidd from
d;ﬁé&) count fromthe initial drop count. Thereafter,
ploetsoipaddeeds to step S332, wherein the process

wai t s @@I&I‘né E%%Aﬁ%vﬁﬁ&?au&{ 4 dt‘a oeﬁfi‘agrv?ﬁ}%d"é ifkQre§dr®Rir, wherein

S300. S 1 nvention een descri bed as

hBsforega ainy &freshobd Td esmdgasvapbﬂaaon pmesants ngnmed,t aruhummreachmg
be further I‘fg%lfl? thlnthes rit andﬂ}dé? te £
tﬁﬁlei, tirge sthyesaRlde IT 199G CPRIALOR: ABAURS IS Rgmbensate for an

a%@pa%%ntl&s Y%Eldaiﬁlé QAL HP 'ﬂ§3ust'ﬁ'§gte§a1d ‘%ﬁmulatlve actual ink drop

tations o e I nvention usin s gener al
pcmnﬁtqﬁd&nan&wap@ehqncdnmﬁn&ﬁglmwampwm is 25 intended
to cover such departures fromthe present disclosure
as come within known or customary practice in the art

to whi gh i Selhdd Ftdlam DekhdréilDefdtd swidi edle flaedhold Thidnly said
the limts of the appended clainms. 16 WD 2004/ 094958

PaTNUsE 0O a¢tedl il Bropwamt ofSnicmpyerpalisd fiom saidenlwsgeryeir is used
estimati.ng an anmunt of cont. n ink

r g’s%glt%tlpg a TR EATg ﬂﬂlﬂ%g%ﬁ 33191( r%%%Y 0ellf‘m ning a

curmul ative actual ink drop count of ink drops expelled
from said ink reservoir; and 5 determ njn

an _
evapor 3t | dearsthod ob sbimal edvhreim adigr c§a1dn%mee§€?§h81dr T1 said
1RSIl Alon REhefioded 4:0R cba{tqg‘ﬁ&jdqﬁ-ggﬂﬁé’ﬁ% SYARAEAL BBunt of ink
anount s 1 gnored, and upon reaching sd& d tinme
t b esdhipkdesktvani d evaporation anobunt is used to
conpensate for an evaporation loss for said ink

reservoir by adjusting said cunul ative actual ink drop

count 40 HRMRAGA BY BRAN 2! WRGMUIREARBbAH A RRBURON Mpresented as
an equivalent ink drop count, and wherein said evaporation compensated drop count
is the sum of said cumulative actual ink drop count and said equivalent ink drop

count.

5. The method of claim 1, wherein said time threshold T1 is at least three

months.

6. The method of claim 1, further comprising the step of
establishing an initial time TO for said ink reservoir;
tracking a total accumulated time period Tt since said initial time TO; and

comparing said total accumulated time period Tt to said time threshold T1,
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2. The nmethod of claim1l, wherein before said tine
threshold Ti only said cunulative actual ink drop

woamasefssi nk drops expelled from said i nk r esecvmiSeoou811825

10

used in estimating a remai ning anount of ink in said

ink reservoir. 3. The nmethod of claim1l, wherein after

said tinme threshold T1 said evaporation conpensated

drop count is used in estimating a remai ni ng amount of

i nk 10y sk nl tStEF&rcMﬁhfated‘]Umg Pé‘ncﬂﬁ“ 1194 tFbPdrBatds than said
wher ei n sai d evaporation anount Ts re resent ed as an
efitievtteshd]di Tk thiermperﬁnum’(g amadjusier ef salé aingulative actual ink drop
evaporation conpensated drop coynt is the sumof said

c ooRIt &2 fop sgid qyaPOTRRRR W%Wnéﬁﬁ‘galoé’ﬁt?ugtal d equi val ent

ink drop count. 5. The nmethod of claim1, wherein

said tinme threshold Tl is at | east three nonths. 6.

The methdkheahethbdiofrctbim flymhiesin stdnevirsiratpnt dreoust épcadgulated by
establlshl an..initial. ti O for said ink

r Bhedpypiia: EZ’%'FEL) >l!af{%ISIldgwargécurrul ated tinme period Tt
since gakfignitial tine TG and conparing said total

accunul ated tinme period Tt to said tine threshold Ti,
17 WO M/SMB@IMWW/ 011825 5 wherein if sai d

t ot al eri.o

r oat eI 164 At 2 8 s EAoime ToT Y Rhen' Buitsl amount of ik
ath @6d Ukt feBGveit as@h totglummduat b Bikaghp@htionwhith @pexpeotedtio occur
to form said evaporation conpensated drop count. 7.

Thesmétuniwswom aim1, wherein said evaporation anount

' S caI 1%55 g \lﬁl\{e thr&%ofd%kmﬁl I%fer‘g@e To QJ 1l 1&31}11 time TO attwhlch said

(Yield evapor ation anou

5evapkADR hdoantdisl fisedetac orapersatei for tanabvdporaionQoss for said ink
between an initial anobunt of ink in saidink
r $EMPHI r and a total anmount of ink evaporation whi ch

| s expget %dﬁ'{f‘g%rﬁ‘g‘ﬁlgr(’f b S?dl WHRK daRE GOk esh-gld "Iq for an ink

said timet erence to said init

t evapofdtioat inwkdid hinls aesérvoﬂvtlp exlaiustoan amount of &sa’tr’s@dnk o said ink
corrpensate for an evaporation loss for said ink 10

r 686708 A2d T2 s an anount of time following said timne

threshal ¢ Tiotfl QEciulatBK time since said initial time TO.

8. The method of claim 1, wherein said ink reservoir is combined with a

printhead to from a unitary printhead cartridge.

9, The method of claim 8, wherein said evaporation amount also is associated

with said printhead.

10. The method of claim 1, farther comprising the step of determining a
remaining amount of available ink in said ink reservoir based on said evaporation
compensated drop count.

11. The method of claim 1, further comprises the steps of:

providing an imaging apparatus for receiving said ink reservoir;
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evaporation in said ink reservoir to exhaust an anount
of usable ink in said ink reservoir; and Tt is a
woavalvssgsunul ated time since said initial timeCTOS204/011825
The nethod of claim 1, wherein said ink reservoir is
conbined with a printhead to froma unitary printhead
cartridge. 9. The nethod of claim8, wherein said
evaporation anmount also is associated wth said
printhead...10. BE]?A]%% | & s tof N@kging apparatus, said
conpr i §1|%g]§d1%¥g %%Ep? 0 etagﬁ?%?n@r?g]eg toréeé%i_ nignlgg arligunt
ohosd¥@idigbh Rost identificatmindind nkhostetspe todaid naapging appagsiisy and
evaporation  conpensated drop count. 11. The mnethod of
claim i?teff%llﬁtflﬂe‘f’h%}é‘ﬁﬁ?ﬁg’é@t tfrﬁfélss‘faﬁ s of. providing an
i magi ng apparatus for receiving said ink reservoir;
18 WD 2004/ 094958 PCT/ US2004/ 011825 provi ding a host )
conmunil 2 atTheetythod wblckadmt bl , setiegein ey stap ofslstermining whether said
said 5 hgst ndi.ng a host, identification and.a .
P tnc g gl epipaa GEnbinnE e fiTation © o
' b | SonYAking -a dufrent! AEst AR REth Qf previous host
w%&%%%ﬁgvﬂgﬁgﬁé}a%%’g&gt%p of geaterrri ni ng whet her I;ai d
htate.tine is valid is inplenented by conparing a
current host identification to a previous host
identification, and conparing a current host tinme with
a previjQuUThB@sdthod dfBaimlD, whessiiHtshadcduelenthaat tinkds less than said
wherein if said current host tine is |less than said .
ppreviangshdsb sime; b saif Fuggnighest Adeificptien matches said previous host
i dent.i.ficatj 2:14 ' ' t : : :
| ERETFHER, S s BABR R SublsSH B% A0H g sid previgus st e
be equal to said previous host tine. 14. The nethod of
claim 12, wherein if said current _ host ti i S. not
| ess t H4n Theanethed %@?1@%1%%]%er?1pﬁfe§al‘f FuFent PAsttimgtsgrot less than
ti i f. r . i . r i . .
o TG ERbRIRRF P i) £ Ui Rincetiluboiteid @Ant host time
diahd e#ié pesvioukdost time to a predetermined time difference.
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