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1. Field of the invention. The present invention relates to an inaging
-apparatus, and, nore particularly, to a nethod of estimating an anmount of
avai |l abl e wzg ned in an ink reservoir. 2. Descri pidrark20f/oiiess rel at ed
art. Ink je cP sposabl e printhead cartridges include an ink reservoir that
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mai nt enance operatio TNk vol unme | osses
can occur in ways that cannot be tracked by only counting jetted ink 15
dots. As used herein, the tBAGKGROUNIDOF TERINVENIIONOps" are synonymous.
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i nvention conprises, in one formthereof, a nethod of estimating an
volume losses can occur in ways that cannot be tracked by only counting jefted 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), through 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

s 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, such as for example,

25 by accounting for an estimated evaporation loss.

SUMMARY OF THE INVENTION
The present invention provides a2 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



amount of ink contained in an ink reservoir including the steps of
determning a cunulative actual ink drop count of ink drops expelled from
the ink reservoir, and 1 WD 2004/094958 PCT/ US2004/011825 determ ning an
evaporati on anount associated with the ink reservoir, wherein before a tine
t hr eshol d Wordeeom9sgoor ati on anount is ignored, and uporcresoéiogt he tinme
threshold Tl the evaporation anmount is used to conpensate for an evaporation
|l oss for the ink reservoir by adjusting the curnulative actual ink drop
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nore apparent and the i1nvention wll be better understood by reference to
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conjunction with t ' | . ek ' S an i magi ng
syst em enbodyi ng t'ﬁgad%r%gtgg%mé &n f%#ﬁgﬁbs%%&g%\ﬁ%?éﬁgﬁi@% élji:aé\?[:tporat I on
yield curve aambuat bf avedablainkiman mk réservoinfhat isenore precies/thpwa atethod thatel d curve
over time. Fig,. 3 is a general . .flgwhart..of.a nethod of.the present
i nvention. Fi ‘gl.leszfm:l%o%a %%ﬁﬂ%&#?i‘gﬁof’ﬁe’fp(% %%H%Ptﬂrﬁ?ﬁeﬁ'togl ni ng the
evapor ati on conpensated 20 drop count. Figs. 5A and 5B forma nore detailed
flow chart of a nmethod of the invention CorresEondi ng reference characters
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in one form and such exenplifications are not to be construed as limting

25 the scope ¢ manaer ofiastpiningnthem, wiflbeeama arore pppprqnt pisl edeventior will oF THE

: SNVEEZ\'MO\‘a Eefl?e'itref BeP 8ty defifert BHRGSHOWARE dRBEiHH o5 W R | nbbfinfenof dhe thET e
invention taken in conjunction with the accompanying drawings, 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. 4 o
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.



I magi ng system 6 enbodyi ng the present invention. |Inmaging system 6 includes
a host 30 8 and an imagi ng apparatus 10, in the formof an ink jet printer
10 as.shown. Host 8 is comrunicatively coupled to i maging apparatus 10 via a
comuni cations link 11. Conmunications link 11 may be, for exanple, a
direct el ecwoizemlosssoptical connection, or a network gepggihifitss2 VO
2004/ 094958 PCT/ US2004/ 011825 Imagi ng apparatus 10 includes a printhead
carrier system12, a feed roller unit 14, a sheet picking unit 16, a
controller 18, a md-frame 20 and a. .nedia,.source 21. St »8 be, for
exanpl e, a per sondMagB&FARET qﬂgllnﬁ]&fl‘?’?g’pgmg} fﬁ?erosé’?ff%?’agﬁd%ﬁfmaevi ce
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comuni cat i orfob%%%%%mpa@g’éﬁ%ag’i‘? H’éagi‘@t%%ls B} PoRgpmication; ntly?l@eg 3%ol
(NPAP) . The NGARLRG agg tud 10W4id bdmiiniQiony Bekef 1. nest MafpR! khd® iﬁ’fa%ﬂ er
Al'liance (NPA) commands, and facilitates the generation of. new_ NP

commands. 10ve dipparaiigr Weisan ink jet awiniegthe imaging dever verves g updntet e thati nt

medi a sheets whi Lpdi i dual < or i i a..S | | d by
sheet pickin laér)\elgltpn\f{gdgtgéﬂ prgﬁgogﬁgg‘#ggu?%%%gg&%%ﬂe&%%?%& fﬁsby% i‘ﬁ in turn
further transpintérs 1@r i Gemmenicaion detwed® ha§ & and ngaging rapparatng 10 pmaxtbeon.
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P 15  Printer AS{iance (NPA) commands, and fa{%lrh%ates the generation of new NPA

commands.

) Media source 21 is configured to receive a plurality of print media sheets from
which an individual print media sheet 22 is picked by sheet picking ﬁnit 16 and
transported to feed roller unit 14, which in turn further transports print media sheet 22

20  during a printing operation. Print media sheet 22 can be, for example, plain paper,

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 fluid communication with color printhead 26, and a monochrome ink reservoir 32
25  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 unmits, 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

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



in fluid conmuni cation with color printhead 26, and a nonochrone ink
reservoir 32 25 is provided in fluid conmunication with nonochrone printhead
28. Those skilled in the art will recognize that col or printhead 26 and
color ink reservoir 30 may be forned as individual discrete units, or may
be conbi nedwa&0eamssassegral unitary printhead cartridgepcisths8s2s
nmonochrone printhead 28 and nonochrone ink reservoir 32 nay be fornmed as

i ndi vidual discrete units, or may be conbined as an 30 integral unitary
printhead cartridge. Printhead carrier .24 is | ded by, a pai uj de rods
34. The axes Sgwpa%éﬁadé’q”gﬁg‘f?ﬁnﬂgﬁilﬁ‘é“&e% -ﬁiarcél&%g ogg?ﬁlg%? l‘path f or
printhead carg iglen’dy a itfled AbGr 40 (iarcagienyElvyenC i@ ntitordi0ries i Bfatthg scanni ng
path will be referred to as bi-directional 3 WD 2004/094958
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attached t50 cgmideireds Pl Cavierkotord0 ¢andegfior examiple adirect cument @PCrmotb8 or pr i nt head
carrier 24 is transgtorted in a reciprocating manner along 5 guide rods 34.
Carrier notor*P8BR°be, for exanple, a direct current (DC) motor or a

st epper notor. Thelheastipoostivhi cipriatheqt cantidreaidransparisank 7ot printhaais @65 38 i nk j et

pri nt heads 26, 28  across. the she of . print di a.22, such as.paper, along
D1 i 1 oct | ondicraSE fatg (TR 18 2o IRAT AP RG-SR SO G ng
appar at us 10.34LRg dEfmtd PHRRBbALLY &fimﬁgih% LD, TBE FdcRroodtiorPSfpHnthehd @ Mmai n
scan direction 52 that is parallel wt I -directional ~ scanning path 34a,

and is al¥o cesmimsnldy opaireit adneip sean directine 52z Gat i parelieh wiflohi-diredlienahg each
sc@an of printhead i - SheslnRf LAt \ | it ationary
by feed roll esfra Lm%i&%.%éﬁq rléatﬁrméo 0 pro iﬁgs&egdg[)%%gf%ﬁzéx%é segtg?l' of print
medi a 22 whenDuiirey enbie edan of Printheadrcamier 245 dheash@e off printrmeukid 22 is heldstafiGparpnd i n
part, defines a g(grhi on.of a print media path 54 of ink jet printer 10.
Feed roller eed plietifes an index roller 56 and corresponding i ndex

pinch rollers (naiidshan20 plotliexsuppbrt &ir thishedt of ptivEfedly 22 wilen the shedtt 60.
The i ndex pinch

of print media 22 is in print zone 50, and in part, defines a portion of a print media
path 54 of ink jet printer 10.

Feed roller unit 14 includes an index roller 56 and corresponding index pinch

rollers (not shown). Index roller 56 is driven by a drive unit 60. The index pinch
rollers apply a biasing force to hold the sheet of print media 22 in contact with

20 respective driven index roller 56. Drive unit 60 includes a drive source, such as a
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
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 elecirically connected and communicatively

30 coupled to printheads 26, 28 via a communications link 64, such as for example a
printhead interface cable. Controller 18 1is electrically connected and
communicatively coupled to carrier motor 40 via a communications link 66, such as

for example an interface cable. Controller 18 is elecirically connected and



rollers apply a biasing force to hold the sheet of print nmedia 22 in contact
wth 20 respective driven index roller 56. Drive unit 60 includes a drive
source; such as a stepper notor, and an associ ated drive nechanism such as
a gear train or belt/pulley arrangenent. Feed roller unit 14 feeds the
sheet of priWMO208@P485892 in a sheet feed direction 62, desi/gswimdias an x in
acircle toindicate that the sheet feed direction is out of the plane of
Fig. 1 toward the reader. 25 Controller 18 includes a m croprocessor having
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single color of ink, or may be configured to carry multiple colors of ink, and two or

—

more combinations of various colors of ink, e.g., black, cyan, magenta, yellow diluted
colors, orange, green and any other colors known in the art. Also, preferably, one of
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, a 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 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



colors of ink, e.g., black, cyan, nmagenta, yellow, diluted colors, orange,
green and any 15 other colors known in the art. Color ink reservoir 30 may
be configured to carry a single color of ink, or may be configured to carry
multiple colors of ink, and two or nore conbinations of various colors of

i nk, e.g., wbhaedosmgsn, magenta, yellow dil uted colorspcﬂ?gﬂgﬁnug een and
any other colors known in the art. Al so, preferably, one o nonochr one

pri nthead 28 and nonochrone ink reservoir 32 has attached thereto a 20
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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, T1m, 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



ink reservoir 30 was first installed in imagi ng apparatus 10. |Ink usage

I nformation, as 10 well as other information, may be separately maintained
in menmory 72 for each of the ink colors associated with color printhead 26
and/ or color ink reservoir 30. Alternatively, time information, such as one
or nore of Wores/%@s8 Tlc, T2c and T3c, nmay be stored poTAS®Hba/S1626 | Magi ng
apparatus 10. By attaching nenory 72 to color printhead 26 and/or color ink
reservoir 30, in essence, information stored in nmenory 15 72 associated with
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monochr o pr iahbashn® Sule obir 30D B GiBEreE R omPEndnGS 61 iGigkateilinktd) ai uhitgiyng
apparatus 10; tinme Timmay be a tinge from initial tine TOnto when an

evapor at i &h aHJP%F@‘F%?ﬁdeget OB ComERIENEey hawewss: sampgtimes rthes descRRrtIL AE theépt i on;
T21n may be an)fvleﬁlﬁglhe dﬁf fotllbW? ‘&iﬂp'ﬂet bir&tell B t&oﬁ“@ﬁ@rxfehgnmﬁé(éﬁp(?%agﬂc?&

adjustnent is ., reaches zero; time m may be may be the
amount of ti nmosodm@nﬁnﬂmem’\@né?-p Mﬂﬁdh@ip@&oaﬂmdﬁntlmmmd@@aﬁmﬂ% fereser voi r

nt ormat on, ShanrdterBueTsAesht Bl A TG red b FeARN S B

times TOm Ti desighatiomsnfor ﬂﬁanmmmhrolm mtptmmdtatxm,hmstT(Bn,dle,rfmjm,nI;ﬁm,apxﬂiar at us
10. By at&gchi.n:lrrgm)r 4 to n’fﬁﬁ rome nllt slaﬂEd]F?SS [or nonochrone ink
reservoi r +32, STPHEREHE 19 HRg G, associ at ed

Referring to Fig. 2, the present invention utilizes a time based yield design

based on the predictive curves of ink loss due 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 yield curve 78. Parameter

( YieldTO designates the initial claimed yield of ink reservoir 32 at initial time TO,
which represents the available, i.e., 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.e., linear ink

evaporation curve 78, as time increases.



wi t h nonochrome printhead 28 and/ or nonochrone ink reservoir 32 can travel 5
respectively with nonochrone printhead 28 and/or nonochrone ink reservoir 32
fromone inmaging apparatus to another. It is to be understood that the

di scussion that follows applies to either of color printhead 26 and/or

col or ink r&e2006P94980, or nonochrome printhead 28 and/ arCcT/vs2om@mimsesre i nk
reservoir 32, as discrete conponents or integrated into a unitary 10
printhead cartridge. For conveni ence, however, sonetines the description of
the invention that, foll k| | i r celeielel) D 28
and/ or nonochrone ‘ﬁ‘snﬁ?t?‘gﬁ[éﬁ%#rz’%Fﬂkuﬁﬁgﬁlf%ﬁe preVF%%FS?1$3PH% ItTred time
desi gnati ons fthin theligitigloyield lévepYnlddtt sfliecamount ef fill Teel defired, ad@unting3pr and

the previously identified tipe, signations f he nochr one

i npl enent at i orthe Pﬁt@afeworquﬁlmk?@?ﬁ’ @%%W?tf*‘%ﬁé‘e@ PY be referred to
using the time designations TO, Ti, T2, and T3. Referring to Fig. 2, the
present invention utilizes a tine based yield design based on the
predictiveScurves of i niFill bevel aeeld ) &{eyppprationgate x3dwn in Fig. 2 is an ink
evaporation yield curve 76 associated with ink reservoir 32. Also shown is a
| i near ink evaporation curve 78, having a trapezoidal shape that is a |linear
20 approxi mati on ofTherekaporatiporrate may by idetennined hased7eponadinest approxitsation ofi,

| i near ink evaporatiop,curve 78 .al,so b ferred t Zzoi dal
vierd curve it phihaF ke foaborehiuB S 26 bEEH fited S0 8 1 PR GRET o of
i Nk reservoir phZanddters M1 iadd TRi cdd BstoredhinChemenr 84 fitppintiead 28adndabliek i.e.,
usable, ink in ink_reservoir 32. The .tine r teJ'r Tl %Eecifies th
accunul at e t iTETYAHA FNEEAP (apszeid Sl Berve TR \BRS b ond 82 gpeberseigetsd i nk
evdporati on CuaN&l 6R e UAEl eva 6@5&%@@@%@&& FARE For & @Bveh WRintead ot h of

time neasured fromtinme Tl that it takes for Tinear ink evaporation curve 78
to go to zer o.cautrdge, ez, the integraticombingtion efipsinthepd 2§ andmink sesayyeir 32i erfordr ve 78

will goto zepro.i: ' S: ' d [ EvQl Vi a
pri nt head 26, Hoeapsiae i, B2 iR dH A2 0AL R i oAl SCRPRIL T A0 (L0 g
then it is desl2 enytheateptebantddnin themaly 74styytaredObigay déts tn memofy inog.y 174
should follJow the. tr

shouL o Lol 45l ESREROR ooy 454 ¥ i) 53R DioBLaRPIel o
months = 000b.
In one embodiment, to calculate time, host 8 sends an NPA Ext Imkjet
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



As noted fromFig. 2, at time TOthe fill level of ink reservoir 32 is

greater than the initial yield level YieldTO The anmount of fill |evel
desired, accounting for the estimated evaporative ink |oss, can be
estimated by the equation: 5 Fill Level = YieldTO + (evaporation rate x TI)

The evapor aW®2004/604258nmay be det erm ned based upon a | i ne@Tnap@aoxisgat i on of
the portion of the ink evaporation yield curve 76 between tinmes TO and TI.
The tinme paranmeters Tl and T2 can be stored in nmenory 74 of printhead 28

and/or ink 10,reservoir, 3 C . Ls ' Tiges Tl
and T2 may be 0% BEPESS b%i%g%sbi[nn%&tegb E{é‘ﬁﬁiﬁé‘g%&’?ﬂa"ﬁ %?lﬁg%ﬁlen%g}? 74e4\7/”g§0r ation
rate for a gi beRetl.é. akanod a biveary level@fD).e. g., the integral conbination of

printhead 28 and ink reservoir .3 r far a IV ink reserveir, .e.g., ink
reservoir 32. As a I%Qaﬁp?éfneéﬁcﬁd‘%c?mﬂ?gat%gaf?rh%aresef’g 5 %“r’%%h?esent ed
in menory 74 Qxa&&e&&@ﬁmgwﬁk&mﬁﬂedmﬁmms%rng-, 12 15 nonths = 100b, 6

nmonths = Alb, 4 nonths = 010b, 2 nonths =_00Q1b, .and zero r? ths = 000b. In
one enbodi flent, t o Adastep§190ctime Aptracked sines the ipjtal dnstalieions,qr refilipg, ofdnk i dge

I nformation c g%ng%] gﬂﬁ gé&ﬁ sty ahdh B reeatRih&et | on
(ID) of the hgs . The ggltg&géalt rrettélsh@ga, ?sg?éye@rfcgﬁoe, a}}i%Pbit_val ue defined
as the 20 nunihest 8fbydastsblishingean) smtiadrtyme T02 (D 3ink TeservaizA32otracking 8 dotabe sent
prior to every pri.nt.j.ob, fol i NPA_.SmartJ0 y?ﬂ

Al ternativel y,acﬂﬂ'{lg}gd ctgﬁ‘f (?eg%iﬂ%%ea@g\t’g@%ln ehrle‘o]’h%‘sdtcg‘§E ogi%&f)tr?lg
apparatus 10 iadcdridated itifde peplod STt as timeethrdstold T1.0Miraé ToMmay beafodexahiplana use an
NPA command. Firmmare .in controll.er _18 of i Ing apparatus 10 es the date
in the curltoentcon@g‘sl%ffﬂt’é%ﬁ?éﬁ{jo’% Bmﬁérl%cdﬁl a:geeenrglﬁqéh ‘F“ft’fng E’WE@’?‘?’ Fe WelS@el t a)

si fice the | astied\PhrecGRéHI®NC. The total accunul ated tine since printhead
installation will be stored in the printhead in the tinme paraneter T3,

which is witten bylodbtain thetgialtime the prirthend|agsociated withink reser¥Qindd basdwgen i me
before Ti nee t e a@ﬁ' X I t si.ored as
T3 is that eqﬁgloa)?%lﬁﬁ’n%%ﬁﬂnﬂ%@t or %Pg;ﬂr?%*ﬂe];‘é_ }C?Et‘?mrr‘@@%%? %9%861;4e%?esent ed
by a six bit hegistey tarmremory 74nthatorepresents timeraflendd isi ammy (i.¢.n&1 Tis tiebn

represent T1/6. Fo anpl es..if tinme .l = t hs n e It of time T3

will repr seﬁfacgﬁ@' %‘ﬁﬁ?o ?mgahavé’)‘&d. be‘lshﬂelﬁaéggﬁlg,us? 8#%%&%&&? g(f\%detﬁ"? he

total accunul ajeedit 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



8 WD 2004/ 094958 PCT/ US2004/ 011825 time increases by 30 days, another bit
in the T3 six bit binary array in nmenory 74 will be set (i.e., taken to a
binary level of 0). Fig. 3 is a general flowhart of a nethod of the present
i nvention, which estinmtes an anount of ink contained in ink reservoir 32.
5 At step S5™IN2004/¢¥58i s tracked since the initial instalpcaiiseimseongs
refilling, of ink reservoir 32 in inmaging apparatus 10. This may be
performed by controller 18 and/or host 8 by establishing an initial tinme TO

for ink reservoir, 32, tragking a.fotal ccumul at ed tjne period. Tt since the
it Al L e TR bt e £ on REGHHREE 8T FerBSRS st {0 i e
threshol d TI. ijdfoffRatibh fFoRYmBoryf7, exanple, a 10 conpensated tine based on
time T3. In one enbodinent, for exanple, tine Tl ianat .l.east three nonths.

To obtain the totaAtistere 1pheath VIRORAESH BROUBL Asspeiated WiEh Bk 9S8BTV, A8 32 has

been in oper gj Anes VAl Aokt SIRA!RL e0DrRbh RRIH Bag beQifrevitidhpe to
add a T4 bit Tegister to nenory 74 that represents tine after T3 is enpty
(i.e., Tl Bas linearink Bvapermtihe djrve (trapezpidal gield ¢uree) 78. Refardngole He.r3, bafore o t he

use of T3 except the, fi i | d. o T2

di vi ded by nutE tggonbly Bf i elhea! %Fpip%%gg’g‘ & Jff‘lt‘tylsagﬂ‘ﬁq%i BT Bor 2
host date i nt qedshiigrtime/threshold M, i.¢é.nE theftotalntwhilated time pefiopTt istehealdo 88 and/ or
i nk reservoir 32. an alte lve, if areal time clock (RTC re used,
the | ntal | ddeis dmacme Brsheld s B oroben B FSEne COPEPE e oi nce
i nstal ation. JhQiapiRithon BHURE MSRservdi82 ﬂﬁh@ﬁstﬁg%&c&ﬁﬂﬁ%%ﬁa} kQirégemor y
74: 1) the install date and 2) the date when in reservoir 32 went enpty.

The subt r 48t i sAURto form anwyaperptien coppeRsated dropesount: Hihe) cyaRpration gmountmpay
Cnt hond 26 . ; : . .
Bates i casoupbnn ab &R Sl i dFedult, IREIH hO GyddiEn Biplsdibd 1€

At step 102, alroppaiinhtis the saot ofathe icrkuldiivepactmliik drbp icotnt dnd e evapedatien f r om
ink reservoir 32 is .ggti@rm' neid. Each dot jetted fromprinthead 28 is
counted by corfAPiSpieR PCGP2al ternatively host 8, as ink used fromink
reservoir 32. The iFaK exdniile, Bofore ine thfealioid d'1 pnlys et duthladive iabtublnink Rop NK

usage gauge array of nenory 7 en the . . . ..
9 9 ng cour>1/t of ink drops %xpéh om mp 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 TO 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:

_ YieldTO
T2

rate

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



accunul ated count counted by controller 18, or alternatively host 8, reaches
t he next 30 usage gauge threshold boundary. For exanple, usage threshold
boundaries may be established in the ink usage array of nmenmory 74 to
represent 1,000,000 dots each, and an additional usage bit is set as each

t hreshol d bwwon2bes/4949s8 r eached. Thus, the cunul ative actra@aluszevd/otiszsp count
of ink drops nmay be maintained in nenory 74, or 9 WO 2004/094958

PCT/ US2004/ 011825 may be nmaintained in controller 18, or alternatively host

8, by retrieving ink usage_ i j v/ an
evapor ati on anount ‘g‘:lss%@g a 8%%#?@%&&6&%%& tlsaylgée%agéru%?erﬂ%ﬁh%s
descri bed abovformilhe evaporati on anmount nmay be represented by 5 linear ink
evaporation curve (trapezaqi i.eld c . ring to Fig. 2, before
time threshold TI is refc\@eﬁgkf%d@'gﬁéﬁgilf%*n&éﬂﬂmﬁfs i gnored. However,
upon reaching timggtdh&gshold Ti, i.e., if the total accunulated time period
Tt is equal to or greater than tinme threshold Ti, then the evaporation
anount is dsed to conperBd P9br COHNTe s s svansratiopsameunt, hje Aels SPWi r 32
by adj usti ng t%g.‘g}égpl ative actual ink drop 10 count to form an evaporation

conpensat ed dr courit. The evaporation amount may be represented as an
equi val ent ink drop courield®es thediffdrence whnitiad tineT ¢ betpesnsant ivitial amoyntcount

is the sumof the cynul ati.ve act ual,,i nk d coun nd the iQn
equi val ent ink dr opO%gyB%HP.mlfzé‘?seré@ér%l aé‘la %E‘%rﬁ?‘ﬁ“ﬁeﬁ‘ﬁ? %@R%ﬁgﬁ&?%gcﬁﬁ‘g t he
cunul ative actual igxpectédip ocdir bgdnkivesepfoid 3% drops expel | ed fromink
reservoir 32 is used in estipating a.remaini amount .of ipk in.i,n
reservoir H2. However, at! Hﬂheaﬁ%ﬁ“?#‘ﬁ@ ‘Ylﬂ’r"é %ﬁ}cat"r}nﬂ_ﬁgé‘meé&aﬁﬂqﬁﬂéﬁ _
corfpensat ed drop C%ﬁor‘a@od@rﬁ&m‘t@s 8511 t8Blohipenste’ PR EVigoraiBH ¥ss Fbr inRK i n
ink reservoir 32. Wien the accunulated tine since initial tine TO reaches Ti
(i.e., all T3 bitsfe%ﬁr@%ﬂ;), the firmware in imging apparatus 10 will
begi n accumul ating the 20, ¢y 3ROTLALLAN AT folRfvikd Ginfe) BROHBICTH T B Ak 2N
evaporation rate defined by the equa?l on:. Yiel rate = -

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 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

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 10. For purposes of this embodiment the convenient

30 time is selected to be the page boundary.

At step S202, controller 18, or alteratively 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 25 The evaporation rate is used to calculate the amunt of ink |oss from
i nk reservoir 32 due to ink evaporation. The ink | oss due to the
evapor.ati on anount is converted to an equivalent ink drop count, wherein
the sum of the cunul ative actual ink drop count is added to the equival ent
I nk drop col¥@2a0¢09488m t he evaporati on conpensat ed dr op pamusabo4/oYiBesn t he
evaporati on conpensated drop count reaches the next usage 30 threshold
boundary, the next bit in usage gauge in nmenory 74 associated with ink
reservoir 32 w §§{ A 4 ; Qn1or e
specific exarr\gqog%’te?ﬁe %ﬁéﬁ%@gon anount Qﬁg;ﬁ%ﬁ%@%@%@;@éd 3"%‘@? formul a:
EVP DOT COUNT deopfsThayThe) main(aified linitheycoayspondieg wemorys/ 2£V42 oDORY beupentpised he
evaporati on anpunt, .in dot, _coun [ - Yi ' Lff.erence at
initial tine %cﬂﬁqﬂi@b rluél’a(ﬁ alhﬁlin‘?tlwa y%oﬁég%nlf eggbﬁnﬁ\k{ﬁlﬁeélsqgeﬁfk%é{e?ﬁg#% tgé and a
total anount afsagddaugymrarrespondingembryi 2, 7€xpected to occur by ink reservoir

32; 10 Tl is the tine threshold with reference i,nitial ti @) whi ch
the evaporation arfdufiel¥0isdhe EYMOFHIRR neompsnsaisd diop @?ﬁbéﬁgﬁﬁgh ]fcg‘gs f or

i Nk reservoi rcGENT] % fofindd R tRERIMNLE BE chrfilBtivelch@linR Ardp d¥ant (PRESOBOIr T for

ink evaporation in“ink reservoir 32 to exhaust the amount of usable ink in
the ink 15 rcS@UNJ) rang2the agvaparetions amiuntt equivalent dulindran eepnt i BYAR RQT sai d
initial tinme T#)Uﬁtr step S106, by knowi ng the evaporation conpensated drop
count, i.e., the szl'm of the cumul ative actual ink drop count and the
evapor ati on equi valfngtep SROGribgs d@Gmminednvhether the |elvappsatioh ecompensated diopp count

armpuntof RemPHin] P B8E P s il BE B By Vi dl bt 151 20

boundary bit level, i.e., the next usage gauge threshold boundary. For example, usage

threshold boundaries may be established 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 S206 is NO, then the method proceeds to finish, at
step S210.
If the determination at step 5206 is YBS, then at step 5208_{ the next usage
1&61 bit ;s set in fhe usa{ge gau-ge 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 S210.
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, €.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 unitary printhead cartridge.

12



can be readily determ ned by subtracting the evaporation conpensated drop
count fromthe initial drop count. Fig. 4 is a flowhart of a routine for
mai nt ai ni ng the evaporation conpensated 25 drop count in nenory 72 for each
color, and in nmenory 74 for nmonochrone. At step 5200, it is indicated that

t he met hod Wi 200#094958i ni ng t he evaporati on conpensat ed rOTOS260/010825 S

i nvoked at a convenient tinme, such as for exanple, at the beginning of a
print job, or at a page boundary, i.e., between printed pages, during

printing with imgim%ea@cgf%@%ggfﬁgs, éf\(){l%doﬁﬁﬁﬁéﬁlo@ﬁn dtbrevRRBRACh AR Heed NeE

convenient 30 time' is s be the page boundary. At step 5202,
control | er 18,uset foabtewityat i vel y host 8, updates the cunul ative actual ink
drop count (PRI NT DOT CgJJN%'t}l naiqr&hg&rel‘ed in nmenory accessible to controller
18, or alternatively host 87§ Page boundary by the nunber of ink dots
11 WD 20041094958 PCT/ U$3G@thé Pielidab curcentitime@c;duri ng the printing of the
page. The cumul ative actual ink drop count of ink drops may be naintai ned

in the correspondi ng mempisyhd'Rdtal idbumalateddiyndde mai ntained in controller 18,
or alternatively host 8, by retrieving ink usage information fromthe usage

gauge in correspondi ng Q@EIOMY dftfrentd bethred cusetfinte’¥landtpheyicisaipee By;i on
conpensated drop count (TOTAL DOT COUNT) is fornmed as the sum of the

cunul ative actual ink digFRTIDYRN thé REk T o6 jébldnd he evaporation
anount equivalent ink drop count (EVAP DOT COUNT). At step S206, it is

det er m ned whet her the qgmghmm@ﬂ@ab@diodgp@tjd& count (TOTAL DOT
COUNT) is greater than the dot count associated wth the next boundary bit

| evel, i.e., the next usage gauge threshold boundary. For exanple, usage

t hieshol d goundari eg 3@%”36 38%.&@ ii§5§ﬁgﬁiiﬁk}e€‘ﬁiﬂté}klgpsage array of nenories
, 000,7000 d ,dn

72, 74 to Trepresent ots eac an additional usage bit is set
as each threshold Atostepd3302, controlercHertadsithe ichrrenh dmgclefromibe headerof theep S206
is NO then t hperinrtr}aotbhod proceeds to finish, at step S210.
At step S304, it is determined whether printhead cartridge PH is new. For
example, if a printhead cartridge PH is installed with a blank printhead cartridge ID in
15 memory, then the printer will recognize the printhead cartridge as a new printhead
cartridge and will read the yield parameters from the printhead cartridge. The total
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 controller 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 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
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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If the determ nation at step 5206 is YES, then at step 5208, the next usage
|l evel bit is set in the usage gauge nenory 72 or 74, dependi ng on whet her
the ink usage being nonitored is color or nonochrone, respectively. The
met hod then 20 proceeds to finish, at step 5210. Figs. 5A and 5B form a
nmore det ai | SWO 200s948%8art of a nethod of the invention. pdr/es200bodhske not ed
that the firmmvare 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

particul ar types of Drintheads .on i | e I or
phot o. Dependi i ﬁ]georii#‘?gafenﬁ é:ﬁ%tﬁ(fugk ﬁgn&ggﬁéﬁ/ﬁg %etglcﬁ&r g?:\%?;bﬁl Pra@lgbtg{al
mai nt ai ned f oractitBuldics ¢ingd Sored i trraemémsory uch as MNAERKMoof cortrollesBs.vifiths) or as

respective integral unitary printhead cartridges. h,.recard wil]l include
the total dot PEEA: ¥alugig Thes 1 Bealyr 'g‘ﬁ%%ltﬁgeﬁcw?e@i g, HeRsths) i | on,
However, for egsgm@lhted R wilkdipagted. NE thei@eriiition abhge83®Y is N0, Rer that
follows is directed to nonochrone printhead 28 and. ink reservoir 32 which

are 30 forrfed preceshpioneedstamsten$IQ8ito determing whetheg dhepime maintainad byhost dder st ood,
however, that fhe . description that follows can be used for color printhead
26 and/or color ink reservoir 30, wich also may be forned as an integral
unitary printhead chsam althgmativa B p S¥B4inbgetgsdtertd/coddoned 2 datigy Bperpigd t he

flow chart of Figs. t he | ' vipat.i ons used
for brevity: Tﬁ?allg'ém? ﬁ@"@@ﬁ?‘gﬁ% ]felePrg{ac th:{}de? ﬁg‘?‘gﬁ e\?ihg%}s c‘ﬁ’?@gn t (T’%ﬁrrgo Tc; 5
F isdt he tot aéen&-_@ﬁ:}udﬁ;lﬂ;é aﬁ&ﬂlH(ggd}rmggnldjEt ptﬁltérﬂe. dhlé f[r)Sfa?ml@’ﬁ foeprivtiead cattridgat tibrre
0 an revious ti D i s .the host t he cur rint job;
and HOS'FI)'I D i sPH gan 6%"&"9@16?“4‘?@ %ége(fﬁ?n?}?’ﬁﬁtan %.m‘ig”%g‘ﬁghé%a%gﬁo{ a
priint job is sgdmdifed BiKsubBhetidgi thd SfirrehP datbifrobt B2 iDANP date YAl BinbRinglfBer €ads
the current tinme To fromthe header of the print job. At step S304, it is
det er m ned whetep8ttodhe Bl ¥deRl cartridge PH is new. For

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 after a fixed amount of
time elapses). The advantage here in using the RTC is that the host date etror
- handling would not be needed. _
At step S308, it is determined whether the current time Tc 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
process proceeds to step S310.
At step S310, it is determined whether the host ID of the current print job
25 HOSTIDc is equal to the host ID of the previous print job HOSTIDp.
As such, if the determination at step 8310 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
30  step S314 the host ID of the previous print job HOSTIDp is set equal to the host ID of
the current print job HOSTIDc.,

14



exanple, if a printhead cartridge PHis installed with a blank printhead
cartridge IDin 15 nenory, then the printer will recogni ze the printhead
cartridge as a new printhead cartridge and will read the yield paraneters
fromthe printhead cartridge. The total dot count and the total accunul ated
time will bwoswpsessdssero. If a printhead cartridge is imcatuskéoadizsts h a
non- bl ank printhead cartridge ID, but has not been recorded by the firmare
of controller 18, then the firmvare of controller 18 will use the total dot
20 count stored in th u e e ' t.head
cartridge PH  The Afteﬁ%’ %%1(36 t gtdr{:ec')'h ,@%Q{ ﬁﬁlglgn?rdgif%géd%ﬁ&%w?oﬁwéegttﬁgr| nt er
10 for the Ia&imﬁnﬁtlthhéreaﬁhdﬂhawaidueﬂnmfrmhwss thap ewavivietksa Stap $3d6aeteslat 0 t he
total dot counts qof the.newy |nZ a{h{e ri.nt head tc%rgarl dge. .However, the
total accunmul SLEPIRE FMCHPT |SO3s e ﬁoﬁem?ﬁn ?“IBP%?IH%ad

cartridge. 25 Ijehoahgﬂﬁgﬁgéttwawesksep S304 is YES, the initialization routine
of step S306 i's invoked. At str(g S306, controller 18 reads tine val ues Ti,
72 and T3 Prom mendhyptepS316,d6therdstermination 16 (NG, them at ster S3LS e dT 4 s¢f to 2

accunul ated tipRudtal r@sgoﬁsh&lé Tp"Ysél: cqhhl 5 thd ldfenk WiHRCTc, Ofn 886 il hést O T3)

x (TI/6). Previous ti IS sel equal”to the current 30 tinme Tc.
process then moopetds tie @cepemmect,ﬁhmn%mbpf s@param\te loss st be wiampdd t hat

t he printhead cartr dge PH is nho tall t

cartridge PH | ?VOAO C?%‘HC’H&?"? é &ﬁ gh}tgtoo of e %gtﬁé 1‘% %%&J
20041094958 PGfﬂﬁdﬂﬂﬁ@&/%hB&ﬁmuﬁhemetdhEeﬂenmm en@f becﬂalt Eeﬂdxﬂqﬂé 1143duyd,| use
the total a(i%néboand the total accunul at eg}f{l nme stored ig

such as M s B5psonpble gmoppt qffime giyen the; exappration ’F?tel'%o‘\l B er than
the total accupryraber Yeiipereadhdsnhd blﬁmbé& adjustB et WTU4od88 rhdxiBurtiwduld 8e
updated. If the determination at step S304 is NO, then the 5 process

pr oceeds t 0 stIéﬁyfegS‘bE’ POIdIRIEBA e ¢fche ﬁ\f@eowvﬁebﬁsﬁqlqﬁtcaméédwt BeRt 14 is
correct. evh QlatPt Q
battery oper at e%bt(%a ﬁ?reﬂgrl%%@ﬂl gigﬁé ¢ éig tr%t?eas %ﬁﬁ’ﬂeﬂt?lﬁ?g J(lzl’flger’e?or e,
host 14 woul d Sﬂopagn#mdnm@ndﬂmmtnadﬁmneﬁnﬂ@tuaﬂvﬁanontbs thek dT iefclappedit er 10.
The i nstal 1|5 dat ecwfoov{'eeﬁsr ' n& Ele%%ago%t}orn vglﬂebe limited to 25 pages (i.e., 14 days worth).

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 S316, 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 S322, 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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10 PH can be stored in printhead cartridge nenory 74 and the time threshold
Ti can be determned by subtracting the current date fromthe install date
and conparing the result to the Ti value. Another alternative to using the
RTC woul d be to store a date value into the nenory of controller 18 (e.g.,
NVRAM and $w12004/099988n the tinme T3 array in a simlar PETrmsmveniias t he host
dat e desi gn described above (i.e., set a bit after a fixed anmount of tine

el apses). The advantage here in using the RTC is that the host date error
handl i ng woul d not needed. .. d ' t he
current time Tc is I?g“ses ?'?aﬁ"a;@%\??g%g Sétg??rseN%.tﬁ%hgﬁtp%é&tS%Pfég??%a i nk
jet printer 1(8328cords a tine fromthe NPA 20 command that is |less than the
previous tinme recorded, then controller 18 will reset the current time Tc
only if the Host | DA#fstep S328 itdpdetemtingdothetter titne toda mecunmildiddetirho Tt is igfafeor  t he
previous job. Accordingly, if the determnation at step S308 is YES, then
the process phrR¥BAL {0 step S310. At step 5310, it is determ ned whet her

the host ID of the gurrent print jo ; IDc is equal to the host 1D of
the previ os print I?(S}EF &E‘ﬂ'ﬂ‘?ﬂmé S@Bcﬁggp%éh%&‘g G PTOFP it(’sf‘%_ 5310
is YES, then a§333! ®RRersid ¥He frotdseWhits fof 18 ndit phifit j58 hndxetdds tb Step8800.0US tinme Tp.
The process then proceeds to step 5328. If the determnation at step 5310 is

NO, the process prdédterdetermingtiop abstom S32§ issYRD thgpthe precessprogeeds iydteRt i on i s
NO, the host t i : : : . th
st i Ut Sy, B o AL

previ ous print set equal to't the current print
j ob HOSTI Dc. 14OUNT) dx0dketaiid &y BE€equiBR004/ 011825 At step S316, it is
det er mi ned, whet her the difference tinme dT between the current time Tc and
thé previotus tine Tp is less than two weeks. Step 5316 serves a cl anping

function, so as to |im tEVA®GENESOUNI+ N-T)®(Vicldl9AR)t 0 a maxi num ti ne
period, in this case, two weeks. 5 At step 5316, if the determination is NQ
then at step S318 tinme dT is set to 2 weeks, and previous tine Tp is set

equal to the currenthetdafir, fife evhpbraRnomPéhsite® firop count can be formed as the sum
of the cumulative actual ink drop count and the evaporation amount equivalent ink

15  drop count EVP DOT COUNT. By knowing the initial drop count (estimated) at

initial time TO, i.e., when printhead cartridge PH is new, 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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conputer's tinme beconmes incorrect, the amobunt of evaporative |oss nust be
cl anped to avoid excessivel/incorrect adjustnent to the usage array. In the
descri bed enbodinent, the maxinumtine difference, dT, may be for exanple,
14 days, 10 al though any reasonabl e anbunt of tinme given the evaporation
rate coul WHATJSCILAIMEDIS: 0 Ti being reached the cl anped adj ustment of 14
days maxi num would be preferred to avoid premature enabling of the
evaporative | oss dot count adder at step S330 (see Fig. 5B). For exanple,
if the evaporation rate is equivalent, for exanple, to 50 pages/nonth and

the tinme diffefenceadfeihddastdstihlaying abOidimt of HAIO cOtaingd Gh PR rbferv@r,t Wo

weeks and the evaporation will be Irmted to 25 pages (i.e., 14 days worth).

However, . US| . the time in ink jet printer 10 is set based on the
tinme rea%m'? oﬁ%@gsﬁgégfdommnd regardl ess of the tinme difference dT. The

process then proceeqs ta step 5322. At ste 316, if th etermpation is
DES, Then at ot op SHerrtinive heunaatyd soeid Bedonsount ok Eepbela koRe
current tin@inkQGenebit;Rgdprevious time Tp, and then previous tine Tp is set

equal to the current tinme To. The process then proceeds to step S322. At
step 5322, total acdetemmhiningdan ievepdtations agpaat assopiatadi mathdTaidi ink. reserieir,new

t ot al | at ti Tt, | f t i . tot al | dti
Te plus PBeRe e ape fus el TrRdsT it b ded o GRE Rk o
0. 5. B SHAMAIRAG T il cRTENBR NS B 1§ ShberN Lo T 1

greater than the calculation (the nunber of set bits of T3 + 1) x (TI/6),
wher ei n i lpss fiorssaideivkrmgsesvein by rAdiistingnsaid qusnudstive actual ik diopesosnhie foom aat st ep

S324 is YES, then at ste 26 the.next bit .,n.th 0, 85i . T3, arr.ay in
momory 745TipollER BnresFied 266k kit SbkneBl seit Nirhd Toresthul T is' 3 RoH0¥50 4055
PCT/ US2004bR#k825 If the determ nation at step S324 is NO then the process

proceeds to step 5328. At step 5328 it is determ ned whether tine total
accurul ated tine Tt is greater thantineTl.

2. 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,

wherein if said total accumulated time period Tt is equal to or greater than said
time threshold T1, then performing an adjusting of said cumulative actual ink drop count

to form said evaporation compensated drop count.

3. A method of estimating an amount of ink contained in an ink reservoir,
comprising the steps of:

determining a cumulative actual ink drop count of ink drops expelled from
said ink reservoir; and

determining an evaporation amount associated with said ink reservoir,

wherein before a time threshold T1 said evaporation amount is ignored, and upon reaching

17



5 1f the determ nation at step S328 is NO then the process proceeds to step
S332, wherein the process waits for the next print job and returns to step
5300. If the determnation at step S328 is YES, then the process proceeds to
step S330, wherein the evaporation anmount equival ent ink drop count (EVAP
DOT  COUNR)d time diiestioldl M csahiy eviadperatiah aioaft is idedEyPeddPerSaleNdr an évidporation *
(YieldTO T2). Thereafter, the evaporation conpensated drop count can be

formed asjobdifor S mlafregewmp H?Mhﬁ%hf{gesa?i&fcuﬁa'uldu% 28fu@Pinkodth Bk fo'Brm an
evapor ation amount equivalent ink 15 drop count EVP DOT NT. By know ng

the init '&Jﬁpﬁﬁr a6n %BHﬁSE Gt & ﬁgt&%t avEl}e‘rélhtshﬁl' eJaSB&Iu%;E agtl/%u%lt ‘6@5% & it head

cartri dge S new, en an anount remal ni n rom

pri nt head, car e [ y determ ned by subtractlng t he
evaporat|%ﬁnE%nﬁg%§éEthg$8%“*@ﬁﬂfikron1the initial drop count. Thereafter,
the process proceeds to step 5332, wherein the process waits for 20 the
next print job and Veeigihs t o step 5300. While this invention has been
described as having a preferred design, the present invention can be
further nodified w EAiinsiilevgpratidn ammsingcope of this disclosure. This
application is therefore intended to cover any variations, uses, or

adaptations of the YRI&NS iON diffdréttel 4t andRMHAI BnePTO BetwkR 2n ifiiial B@Gunttdd S
application is 25 intended to cover such departures fromthe present

di scl osur I et Ge ich
this i nveﬁag(lqgn&lge \gélsggjogn a%%%n alﬁp%pltqﬁ &aﬁ{rﬁ&&q i&’ir%ﬁcth gs %?8 tgﬁ(a%%ed
cl ai ns. g IS CLAIMED I'S: 1. A nethod of estimating an am)unt of ink
cont ai ned Y?F“%\ Hk TRETY¥er voi r, conprising the steps of: determining a
cumul ative actual ink drop count of ink drops expelled from said ink
reservoir; and det efhilpispg time dhrggholditwith refersoes tasyid dnisiebdmgi Th at ahiphi nk
reservoir, wherein before a tinme threshold Tl said evaporation anmount is
i gnor ed, said evpporatieaamongt is used to compensate for an evaporation loss for said ink

reservoir;

T2 is an amount of time following said time threshold T1 for an ink
evaporation in said ink reservoir to exhaust an amount of usable ink in said ink reservoir;
and

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

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

printhead to form a unitary printhead cartridge.

5. The method of claim 4, wherein said evaporation amount also is associated

with said printhead.
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said time threshold Ti said evaporation amount is used to conpensate for an
evaporation loss for said ink reservoir by adjusting said cunul ative actual
ink drop count to forman evaporation conpensated drop count, wherein said
time threshold Tl is at |least three nonths. 2. The nethod of claim1,
further conprising The méwpd off. claistigbfuithér dempisingithé aftep ofaleleétnimig 2ai d
ink reservoir; tracking a total accunmulated tine period It since said

initial tideidith #RhntCOMPilabl SR Gn tRIPINAGEHRAIYIRLEE ! bilBsaRE el fbratfont ©
said time threshold TI, wherein if said total accunulated tinme period Tt is

equal to r th aid tinme threshold Ti, then performng an
adj usti nggéwgénggt%]ggﬁo%(?ogp?ve actual ink drop count to form said evaporation

conpensated drop count. 3. A nethod of estimating an anount of ink contained
in an ink reservoir, conprising the steps of determining a cunulative
actual ink drop count of ink drops expelled from said ink reservoir; and
det erm ni ng an’evapdy methnd ahetimatingscimewd ofi ink coatainadnin e iy eeeLvoIr,
wherein before a time threshold Ti said evaporation anmount is ignored, and
upon r eachkomgrisidg theastapstofme t hreshol d Ti said evaporation anobunt is used to
conpensate for an evaporation |oss for said ink reservoir by adjusting said

cumul ative actual | @ktefthRing# diknulalvé aEtAIGAK dﬂgﬁ&ﬁhﬁbfﬁmd‘r@ BE@ frofl OP
count, wherein said evaporagt:i on amount is based on the forﬁngltj)lég):% EA =

(Tt-TI) * (Y. 2) erein: EA is said evaporation anount; YieldTOis a
di ffer encg&gtlﬁla%l-%g%i fJ}aﬂvefnti me TO between an initial amount of ink in said
ink reservoir %nd a. total ampunt of ink evapor ti]glg V\Aaic is expected.to
occur by sai d PRI AD SVAPOTFYIon amolptyassperated willy saidqink, feservoits Wpgky 1 o
said initial tine TO at which said evaporation anmount is used to conpensate
for an evapBratitbne fyesholddswidieyaprratiop aatapst is ignored, and upon reaching said

time threshold T1 said evaporation amount is used to compensate for an evaporation loss
for said ink reservoir by adjusting said cumulative actual ink drop count to form an
evaporation compensated drop count;

providing an imaging apparatus for receiving said ink reservoir;

providing a host communicatively coupled to said imaging apparatus, said host
sending a host identification and a host time to said imaging apparatus; and

determining whether said host time is valid.

8. The method of claim 7, wherein the step of determining whether said host
time is valid is implemented by comparing a current host identification to a previous host

identification, and comparing a current host time with a previous host time.

9. The method of claim 8, wherein if said current host time is less than said
previous host time and said current host identification matches said previous host

identification, then said current host time is set to be equal to said previous host time.
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T2 is an anount of tinme followng said tine threshold TI for an ink
evaporation in said ink reservoir to exhaust an amount of usable ink in said
i'nk reservoir; and Tt is a total accunulated time since said initial tine
TO 4. The nethod of claim 1, wherein said ink reservoir is conbined with a

printhead to fqpm aT#gihé&hyd BE k:mrhemwmahﬁf 868 cufrentThsst ARt Rhofless! tBAdM 4,
wherein said evaporation anount also is associated wth sal d printhead. 18

6. The mefig rgr&flo&' t¥iche, i 1iRifing @ BRie! B GorRbEPs R pARLAHBL M Taf
remai ni ng anount of aval l abl'e |n n sai reservol T base

evaporatio a oun hod of estimating an anmount of
i nk cont a?ﬂg@r‘? ‘g‘ qsﬁﬁ?n?g%ﬁgvgiﬁﬁmmfém“gﬁt g t5e steps of: deternining a
currul ative actual ink drop count of ink drops expelled from said ink
reservoir; and determ ning an evaporati on anount associated with said ink
reservoir, wherein before a tine threshold Tl said evaporation anmount is

i gnored, and ugdn r eamiethod of abtimatingnamn drhoung hHink cPhtagreeiddn eu aorest¢rivoin, anount
is used to conpensate for an evaporation loss for said ink reservoir by
adj usti ng cembesiag My g@psvcﬁ‘ actual ink drop count to form an evapor ation
conpensated drop count; providi ng an |mag| ng apparatus for receiving said

ink reservoir; led to said i magi ng
appar at us, sai g%gl\s{étﬂéggﬂ e@%h ost e%faélt}tﬂg%{lflbgﬁgand a host tinme to said
[ [ t us; det. vvh th ho lid., 8. The
ot hod of eraim 7. WREFERHTE RSUTRBS A et R Ao RaieliTieobs FiPeSafom | oo

is validis |rrpl errented by conparing a current host identification to a
previ ous lfaidtink reseryeits andat i on, and conparing a current host tine with a
previous host time. 9. The nethod of claim@8, wherein if said current host
time is | ess than salettrmpinyianusvaposttioni amountdassediated uwitle saidhardt reservoir,
identification matches said previous host
wherein before said time threshold T1 said evaporation amount is ignored, and upon
reaching said time threshold T1 said evaporation amount is used to compensate for an
evaporation loss for said ink reservoir by adjusting said cumulative actual ink drop count

to form an evaporation compensated drop count.

12. A method of estimating an amount of ink contained in an ink reservoir,

comprising the steps of:

determining a cumulative actual ink drop count of ink drops expelled from
said ink reservoir; and

calculating an evaporation amount associated with said ink reservoir,
wherein said evaporation amount is calculated by the formula: EA = (Tt-T1) *
(YieldTO/T2)

wherein:

EA is said evaporation amount;
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identification, then said current host tine is set to be equal to said
previous host tine. 19 10. The nethod of claim8, wherein if said current
host tinme is not less than said previous host tinme, then limting a tine

di fference between said current host tinme and said previous host tinme to a
predet erm ned tinme Xi¢ld€0 eneaiffdrgncetatramt ingihl difnee ¥ ibatwdenpnamitiiemonntodf i nk
contained in an ink reservoir, conprising the steps of: establishing a tine
t hr eshol djnki inGhidaihk IréRsdoit AMdee toralnttsiint L inkrevaporatio whithuik @kpactedotacalr i nk
drop count of ink drops expelled from said ink reservoir; and determ ning
an evapor g%,isgaiﬂmga{,oﬁl;ssoci ated with said ink reservoir, wherein before
said tinme threshold Tl said evaporation anount is ignored, and upon

reaching said ti e yhrgshol flinaSla WARILARLSE (& TRl S0 P whicn

conpensate for an evaporation or 'sard 1nk réeservolrr justing said

cunul ative gctual i.nk drop count. to form an _evaporation c epsat ed. drop
count . 134 vgRermEign @Fn%@filw%go FATRRETA o 2 HRABIANSH ded 1OR S&Hﬂd i‘rﬂ‘k

reservoir, conprising the steps of: determning a cunulative actual ink
drop countesefvorrhk drops expelled from said ink reservoir; and cal cul ating
an evaporation anobunt associated with said ink reservoir, wherein said
evaporation anmount TR sahg wnsiuad oftitd doll@wing| shid Fitne=tHrddhold )T1 fofi &l dalkO T2)
wherein: EA is said evaporation amount; 20 YieldTOis a difference at an

initial ti0RolfdahWaRNnR RedePidit @l exRBAh affount HfudableSiatk Gn 41K ifIERRENSIT and
a total amount of ink evaporation which is expected to occur by said i1nk

reservoir; a'lis said tinme threshold, with reference to said initial tine TO
at which “said evaporation anmount is used to conpensate for an evaporation

| oss for said ink } . ) e ey
Tt is a total accumulated time since said initial time TO.

13. A method of estimating an amount of ink contained in an ink reservoir,
comprising the steps of:
determining a cumulative actual ink drop count of ink drops expelled from
said ink reservoir; and

determining an evaporation amount associated with said ink reservoir,
wherein before a time threshold T1 said evaporation amount is ignored, and upon reaching
said time threshold T1 only an evaporation amount determined since T1 is used to
compensate for an evaporation loss for said ink reservoir by adjusting said cumulative

actual ink drop count to form an evaporation compensated drop count.

14.  The method of claim 13, wherein before said time threshold T1 only said
cumulative actual ink drop count of ink drops expelled from said ink reservoir is used in

estimating a remaining amount of ink in said ink reservoir.
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reservoir; T2 is an anount of tine followng said tinme threshold T1 for an
ink evaporation in said ink reservoir to exhaust an anount of usable ink in
said ink reservoir; and Tt is a total accunulated tine since said initial
time TO 13. A nethod of estimating an amount of ink contained in an ink
reservoir, coipri sThg mbthodt efpslaih. 13lewdhemimiafigr asa rtimhe tthreshcdd t Thalsaidnk
drop, count of ink drops expelled from said ink reservoir; and determ ning
an evapor gydpafatRieRipeAsstalr dpesbumt fshussdiisl estiifatigS£ tstRaihing abi@meiof ilkefor e a
time threshold Ti said evaporation anount is ignored, and upon reaching

said ti msii@ﬁxﬁéﬁé?ér@oi{i only an evaporation anount determ ned since Ti is
used to conpensate tor an evaporation loss for said ink reservoir by
adjusting said cunmul ative actual ink drop count to form an evaporation
conpensated drop count. 14. The nethod of claim 13, wherein before said tine
threshold T1 only said cunulative actual ink drop count of .ink dro

expel | ed from d8id ﬂhm%giru laim 13, ydegein ﬁmgéﬁﬂ%ﬂqf‘rﬁ“%’l}téﬁpﬁsﬂﬁg #ount

of ink in said ink reservoir. 21 15. The nethod of claim 13, wherein after
sai d ti meankqesslentdnidrapa¢aint,and ydrezein ozid cuanseatsan eunpbnsged draptcount igdleed i n
estimating a remaining anount of ink in said ink reservoir. 16. The nethod
of claim $gm shwatdiudmdativ R dkedrop bowtandbaid squiepleasiakidesh @sint.an

equi val ent ink drop count, and wherein said evaporation conpensated drop
count is the sumof said cunulative actual ink drop count and said

equi val ent ink drop count. 17. The nmethod of claim 13, further conprising

the step of: t ablyi, shi n hnitial: tinme TO.f.or sai.d ipk reservoir;
tracking a tot i? ac &Frﬂ?%‘?"e‘g" (il?’}'g] ngrfil% rf'?mgflﬁg%ﬂéeaﬁt ?tnni tial time TO and
conparing said total accunulated. tinme period, Tt to sajd tine threshold Ti,
wherein i f said tot&pt2 ‘tnété?*lflfr}?ef) SYd Ik reservaliual to or greater than

said time threshold Ti, then f)erforn‘i ng an adjusting of said cumulative
actual ink drop 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,
wherein if said total accumulated time period Tt is equal to or greater than
said time threshold T1, then performing an adjusting of said cumulative actual ink drop

count to form said evaporation compensated drop count.

18. The method of claim 13, wherein said ink reservoir is combined with a

printhead to form a unitary printhead cartridge.

19.  The method of claim 18, wherein said evaporation amount also is

associated with said printhead.

20.  The method of claim 13, further comprising the step of determining a
remaining amount of available ink in said ink reservoir based on said evaporation

compensated drop count.
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count to form said evaporation conpensated drop count. 18. The nethod of
claim 13, wherein said ink reservoir is conbined wwth a printhead to forma
unitary printhead cartridge. 19. The method of claim 18, wherein said
evaporation anpunt also is associated with said printhead. 20. The nethod
of claim13, f&ktheAnciokesesyaiy comfaguseds foropsedwith ratileash gne of thermethady afrount
of available ink in said ink reservoir based on said evaporation

conpensat eldingdil o} 7cdlnk2, o223.21. An ink reservoir configured for use with at

| east one of the methods of claim1l,3,7, 11, 12, or 13. 23
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