METHOD OF ESTI MATI NG AN AMOUNT OF AVAI LABLE | NK CONTAI NED I N AN | NK
RESERVO R BACKGROUND OF THE INVENTION 5 1. Field of the invention. The
present invention relates to an inagi ng apparatus, and, nore particularly,
to a method of estinmating an anount of available ink contained in an ink
reservoir. 2. Description of the related art. Ink jet disposable printhead
cartridges include an ink reservoir that contains 10 ink that is used to
print on a print medium ; VY k. | evel indicators
on the printer in the W raewS— 4 RETT e i nk | evel based
on counting the ink WﬂEABLEQNI@GMMDEMMRESERﬁoml on, the drops
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However, ink volune |osses can occur in ways that cannot be tracked by only
counting jetted ink 15 dot @AQKGMQ%TﬁEWFﬁ% "ink dots" and "ink
drops" aregsygony d F %M'he It has been recogni zed that a
significan? | 0Ss o Q vol'ume in a printhead cartridge can occur through
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cont ai ned 1pn %Ekﬂﬁkmﬁf&%&'ﬁd’ﬁhﬁt &rh@bnhtn%&ﬁtﬁﬁsmﬁﬁ aB Papér. "Biphafls, thJS'%ik gy only
on a counting of ink drops expelled froman ink reservoir, such as for

exanple, 25 Wlmsgnﬂhm@m@rmahp Wardovstdsiyeroeangsemtrmeinof the ink syl OF THE
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anount of avalla N anti K Feservoir t es on
prior nethods duting armrinthead Onainteyarca cmetaﬂmtcam@edfacked(asjmﬁs Hnwwdrenhkf rom an

ink reservoir. The jnvention conpris ne r eof
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expelled fromthe ink reservaoir; and
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

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 a new method of estimating an amount of
available ink contained in an ink reservoir that improves on prior methods that rely
30 onlyon 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



1 determ ning an evaporation anmount associated with the ink reservoir,
wherein before a time threshold T1 the evaporation amount is ignored, and
upon reaching the tine threshold Tl the evaporation anmount is used to
conpensate for an evaporation loss for the ink reservoir by adjusting the
cunul ative actual ink drop count to forman 5 evaporation conpensated drop
count. An advantage of the present invention is that it provides an estimte
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detailed fl OV\feBPﬁaQrtlY%a@%‘ﬂﬁ@ﬁ‘“&@?ﬂﬁé"?%@#@@(ﬂm WSFV@Epondi ng 1 ef er ence
characters indicate corresponding parts throughout the several views. The
exenplifications set out herein illustrate an enbodi nent of the invention,
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system 6 i ncl udes host and Jn par at s 10 or m of
an ink jet pr?%@%%@%tﬁﬁﬂen%%&%% Ha‘g iptiog p %‘P?I‘E%‘{HS’F {5 i magi ng
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for exanple, a direct electiical or optical
15 Fig. 1 is an imaging system embodying the present invention.

Fig. 2 depicts an ink evaporation yield curve and a linear approximation of the
ink evaporation yield curve over time.

Fig. 3 is a general flowchart of a method of the present invention.

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

20  drop count.

Figs. 5A and 5B form a more detailed flow chart of a method of the invention.

Corresponding reference characters indicate corresponding parts throughout
the several views. The exemplifications set out herein illustrate an embodiment of the
invention, in one form, and such exemplifications are not to be construed as limiting

25  the scope of the invention in any manner.

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

connection, or a network connection.



connection, or a network connection. 2 |Imaging apparatus 10 includes a
printhead carrier system 12, a feed roller unit 14, a sheet picking unit
16, a controller 18, a md-frame 20 and a nedia source 21. Host 8 nay be,
for exanple, a personal conputer including a display device, an input
device (e.g., keyboard), a processor, input/output (1/0) interfaces, nenory,
5 such as RAM ROM NVRAM and a nmass data storage device, such as a hard

drive, CD-ROM and/or DVD units. Durinhg operat,jon, host i ngl ud inits
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printhead 28.prt@ol@r Cokmufisstionsibetvaden ilspBoatiddithgiighapparites tOmmynbeat i on
with col or prjnthe 26, and nmonochrope i nk reservoir 32 25 is_provided in
fluid com‘ru_ni%&’ﬁ‘faé Wi A : CORBURCFHON, BEQEPCO .S_“?htféethgéq?tfvgﬂ‘ iPHnte’E he art
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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 unit 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 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
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



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
conveni ence the bi-directional scanning path will be referred to as

bi -directional 3 scanning path 34a. Printhead carrier 24 is connected to a
carrier transport belt 36 that 1is driven by a carrier notor 40 via carrier
pulley 42. Carrier notor 40 has a rotating carrier notor shaft 44 that is
attached to scanning pathuddee Printheadrgarnian @4 dy gonpedqtedeto groarrics trapsprrt belt 36 thapr i nt head
carrier 24 is jransport [ | | ; i rods 34.
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only nmenory ( . Controller 18 executes program
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 electrically connected and communicatively

30 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



instructions to effect the printing of an i mage on the sheet of print nedia
22, and executes further instructions to communicate with and nonitor the
operations of printheads 26, 28. Controller 18 is electrically connected
and comruni catively 30 coupled to printheads 26, 28 via a conmuni cations

i nk 64, such as for exanple a printhead interface cable. Controller 18 is
electrically connected and comrunicatively coupled to carrier notor 40 via
a comuni cations |link 66, such as for exanple an interface cable.
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to eject a si#yl eecyimoregluehkepresenting e Megory Jamay ke 191 Xampleut 09 e
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single color qaf, ink, .or y_be,conf i gur to carry,multiple.colors pf ink,
and two or ng?lgr g?B‘me %?SOIP@' be cggfﬁéigﬂggoc&egtrg SH@% Ryor g* s %I%%'k?e cyan,
nmagenta, yel |&)ﬁﬁ@hﬂeﬂtt@@_iecﬁﬂthﬁfp‘§a cddére B8 enk, BRESI aNshoR donttidkEionsof wirduknown i n
the art. Al so, preferably, one of nonoc roma_grl nt head 28 and nonochrone
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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



may be, for exanple, a one tine programmable nenory. In one enbodi nent, for
25 exanple, nenory 74 may be fornmed integral with other electrical
conponents on the silicon of nonochrome printhead 28. Controller 18

comuni cates with nmenories 72, 74 via printhead interface cable 64. Menory
72 associated with color printhead 26 and/or color ink reservoir 30 nmay

i ncl ude, for exanple, thirty-two or nore bits reserved for an identification
30 nunber for color i nthead 26 .an or_| rvoi w1t ey be
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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, T1lm, 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



may be set by the manufacturer or generated randomy upon installation in

I mging apparatus 10; eight or nore bits nay be used as a usage gauge to
mai ntain a record of wusage of nonochrome printhead 28 and/ or nonochrone ink
reservoir 32 with each bit representing a |level of depletion of ink from
monochrome ink reservoir 32; and four 25 or nore sets of time bits,
represented by TOn TIlm T2m and T3m each including three or nore tine

tracking bits, may be used tq represent tinge. For.exanpl.e, tine. TOm may be
an initial {35060 TSR Gt T ofl Tho AR A PRV RE AQHA 1580t 8 §F gpasing
nonochrome i r% _g,gﬁjgry@_i rB§2atit5@hingaﬂ{bﬁgryappafoaim§9&@¢mé | pththdadn 28 h@on ti me

from initial tplme TOm t o when an evaporatjon adjustnent is to be made to an
estimate of 3monqehroms sk fgservai 32T esseRse, BEOHRIGRSOTRd 1B MeMOoRR74 8580Riatete TI m
to when the  SHRRASRLhRMEAGENALICIE dhdiof nbndftme Gkl readr R S Scah Chrslil AN
time T3m may be nmay be the anount of tinme since nonochrone printhead 28
and/ or norfoc hrespeetivelk withs exono¢hrome printhsads 28 sind/on sambhgdme rink resgivier 3bpar at us
10. Alternatiyel Y tine inforar‘pa‘tti on esuch 6 as one or nore of tines TOm
Tim T2m and é%‘ﬁ]o Rithegine paras 1 ALy 8 or inmging apparatus 10. By
attaching nenory T7i¢istt6 bewndesioodthapthe disoessidn 2at d1ibwarappliesrto elihe o colok
reservoir 32, in essence infor;@%i on stored in mepory 74 | at Wi th

SsS0
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respectively whiQnfROGY RBEVHE 30! healcrdR ARoANITBP MBEAEE ihihla fnﬁﬁaﬁ{]VOi r 32
fromone i magi ng apparatus to another. It is to be understood that the

di scussi ol t hprinthesd | eantsideg plFoe sonvenisned dioweverc soroetimesr thatdesaiption ofrihe or
color 11K sSuih, i Bo TR i S |

reservoir 32,7°as screte conpo a uni tar
print head carmohabmmdink reservoirrdi2e Fagherthepreeionsly ddeatifisdEme desigimtions fot | on of

the inventiop that.fallows wll T ed. to nochr.o i nt head 28
and/ or  monocHF GHeT FRRleMEURLQR, 1-F- ggc.’qlliﬁfﬁ?eﬁl,%’taﬁ %TWIB{‘JT'{Y Eire?%‘té%ttﬁ? ed tine
desi gnations ddfgnatidi® BRI mbiBRhRMR il dnf¥tation,Si.e., T6R, TIhCT2h2T3m,®al and

the previously identified tinme _desi %nat i ons for the nonochrone
i mpl enent B i ofply be referreshio using thetime dysigrationy T0, T15T2iapg 3. be referred to

using the tinme de 'é}-&?ﬂ]' : | 'rﬁ%ﬂﬁi . re 18- t he
present inventi OI’ISIltJtI [ gggsﬁégtql’rr%é B?g%lalyi e %@g%l%% tﬁggg%‘%ﬁaﬁél?ﬁga@
predi cti ve cubasedomthe pridittdescudees of mkdosspinedo ievaporaBloowshpwn ki Hig. 2 18 sn 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.



I nk evaporation yield curve 76 associated with ink reservoir 32. Al so shown

Is a l|inear ink evaporation curve 78, having a trapezoidal shape that is a
| i near 20 approxi mation 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. Paraneter YieldTO designates the initial
clainmed yield of ink reservoir 32 at initial tinme TO, which represents the

available, i.e., usable, ink_jn_ink, reservoLr 32 he tinme. rameter Ti
specifies the accuMmateddom Fig ?fﬁ&‘?‘hi&é‘?q ﬁ]{l i1eys! 8{“%1‘195%%52& $rede o5 when
linear ink evgpoatihil Giefdvievel &ibe00.nThe HM6urdtiofEilineva Mesifd, dotosiRgithi es t he
length of tine nmeasured fromtine Ti that it takes for Iinear ink

evapor at i on cthe estinaged evapeyativepink dass cambeestimgtediby ike ¢apation: T2) | the |inear ink
evaporation curve 78 will go to zero if no ink has been jetted fromthe ink
reservoir 32 via printhead 28. Accordingly, if thereis noink jetted from
t he printiead 28, then Rill Legel egield®d +t(enapotatien ratkx Tével usage 30 gauge bits
of menory 74 should follow the trapezoidal yield curve, i.e., linear ink
evaporation curve 78, as tine increases. 7 As noted fromFig. 2, at time TO

the fill level of TiHlevhfsi@iofOiate B Bedetitie@ basel igbn & MBedr Approgimatibebel | evel
Yi el dTO. The anobunt of fill |evel desired, accounting for the estimated

evapor ati ve ithkpersien of therinkevaperatipn yield Ve Tocbebverartingss. T0andi 1. Thempe =

Yi el dTO + (ev | I W’, M . ned
based upon a |%%§%ﬁg§prag§ﬁn%fﬁoke§wefﬁ portlgﬁ éi?bﬁe mggaégg/ggflgntion
yi el d curlfe 76sdreting2 to treate srapoidatiyild. culirec7& i Tines (Fir andekZemsy be seleadedT2 can

be stored in mar%rﬁ&ﬁ4 o%%f)ri nt head 28 and/ or igk 10tr servoir 32.to, create
trapezoi dal Y1274 OB P #Hg! egRQERlion (CuLye,OrrovapaTan Ta'E) 10F B giver, pRARCR, 't he
actual evaporaktige, @\ e aitegeMapibaiation of Srirthdad 28 ang inkeRRs@vdinsl)rdor a
cartridge, e.qg., the integral .conbination of printhead 28 and ink reservoir
32, or for a ek IeseRVOite §&p Bk Feseryoig 32. Agian examplgorach 95 thegimesiI'bandhpl e,
each of the t4 | T atel ) thr bi nary
bits in nemr@irgl},}’-%g. %Bgsefg&li?%oﬁ%mﬁgﬁﬁgggé S%awg?\lt hs :&&glﬁ’b@’/fg?r’o%fhs =
010b, 2 nidnt honth0&1H)0bahdnemtho= Gtdht 4 snentte0o910b,n2 areathsirb 681 byemd  zeto
calculate ting t”ls()éhoéq sends an NPA Ext Inkier Cartridge Information
conmand t hat CIHPST R ¥ he host's date and the identification

In one embodiment, to calculate time, host 8 sends an NPA Ext Inkjet

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



(ID) of the host. The host date may be, for exanple, a 16-bit val ue defi ned
as the 20 nunber of days since January 1, 2003. The NPA conmand 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 inaging
apparatus 10 in the print job start header information, rather than use an
NPA conmand. Firmmare in controller 18 of imagi ng apparatus 10 uses the date

in the current, 25 NPA .CO and to.c .ffere elta)
since the | asHOREKTeaseHREHHI2YHAROMSE abéf ¢ %ﬂ?‘i’ft e %Tlﬁgg?’r#ée DY ?%twfﬁlgad
instal | ation wé&dt (ke taeRed binary et op0). nt head in the time paranmeter T3,

which is witten by the firmvare, Since_only h otal accu Iate
before Tl needs t ofige 3tisz gengral tﬂ‘f‘é”%loﬁﬂ‘rﬁnﬁhﬁé OEH% present Jav gifltbred as
7315 that eyl @ oMl of il bihtaifdin KA Rr 11, time T3 i s 20°r opr ecent o¢
by a six bit brnary array in nenory 74, then each bit of tine T3 w ||

represent §1/6. FoAt ebem&m@ timé 1sttrad§edl' sinee e iitialhipstaliation, erarehllipes ofohkti ne T3

will represent one or 30 ore Q he
total accunul éets%mré %a%?pggrsa §yl§y1§%%§jbe peg@r:{l%deﬁs}(@ﬁ?njoﬁer GZP% si X
bit binary arhey 8 bynestablighifg ani Inlitial titns 0 {or . ik , refeikedn 3rzpuac1bmg1argotd1evel of

0). Fig. 3 is a general, flowhart of a nethod of e esent . i nyention,
whi ch  est i rafesmyiated Sme: perod Tk sishths Aaitial fmen i& %&P%PWZ esto st ep

5100, tinme is,idamiedl ﬁ:!n@ Rribd &t 'td‘hﬁmb%lhreéﬂaﬁi?i' At iy BT dxafiple, B 1 Nk

reservoir 32 in 1nmaglng paratus 10 his nay be perforned by controller 18
and/ or hd8t Somgenemébmﬁshasmigmamme A3t ﬂrapnet ¢mfodirgertofor exgmple diane/bl is a2,
tracking a toE% th:%gﬁl%%x ated tinme period Tt since the initial time TO and
conpari ng the t0 cunul ated tine period Tt to tine threshold Ti. Tine
Tt may be, for exaWpbbtainathd tbtaldingecths prirtheat] iasse clated evdthoink trésesvoif 32 hhsbesne

enbodi nent, for exapple, time Ti is.at |east .three m) TQ,0 n the
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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



possibility would be to wite the host date into nenory 74 at the tinme of
installation of printhead 28 and/or ink reservoir 32. As an alternative, if
areal 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 be |loaded into nmenory 74: 1) the install date and 2) the date
when ink reservoir 32 went enpty. The subtraction of the two dates would

docunent the length of time pri th&ﬁd 28 and/ or inl% eservaoir .32 was in
operation bas8dY ﬁmwtamedén&a%@er' T Atempfiye ty ’ﬁ?é,(rf"g‘e%‘f‘é P&ty

di fferent thapmetih FofEmedory™4. step 102, a cunul ative actual ink drop
count of ink drops expelled fromink reservoir 32 is determ ned. Each dot
jetted from print hAhdtepsl04 ogvaperntiny amswnt gssogiated 1with drk JpseEioifad2 \isl y host
8, as ink used_fr i Nk I Avie] : oMfioHSARRN y
setting a bi tg‘flﬁm 1ed'i hs %%%Béﬁg%ﬁgé %%?’ giﬂog# 0#n::rmr y%y\?ﬁerneb{dﬁgﬁ{&gb?
accunul at efl chinear inkosvapertitry cwroe (trapkioddal ¥8]d anrve)l78e Rederiing ko/Figo2tbefrer eaches

t he next 30 usage u hr eshql oundary. For exanple. -u e threshold
boundar | es P dHitRHa R Al T EAPRRGS 208! Pagr b e oy A5pE
represent 1, 0RQIARP iR tEreSRANT1 AN if B8 t@aicicbinillaled tisRgferibd Tt isSeqaalito®s each
t hreshol d boundary is reached. Thus, the cunulative actual ink drop count

of ink drops Egtehthansimerthieshodd Th thenthe gvaparatign amouniisussd tGeamReasater i n
controller 18 : i AQ5¥0i332 BV adifdthn G Bl stARE ink bR Mati on
from menory 7?%@6@12%)@%1?‘6% evap?or at?%njgrmgnt assoc%g ed WI% iﬁk
reservoi r 132 cemnt thefoemmnrevapordtionceepeisated dadposoant. t Fee evapgraticn angovnmaynt may
be represented b 5 linear ink,eyaporation curve (trapezoidal vyield,curve)
76, "Rt or 1 ngot iibrsseated R G dsNircEY ARG LBl Sl e PR FHoR LombtBuligor ot 1 o
amount i s i gnéfopcboutioerie bumifahe curtdativengtial ik driop @otitt! £hd Fhe evaplratiohf the
total accunulated tine period Tt is equal to or greater than tinme threshold
TI, then the edqmysnid ORAMEt is used to conpensate for an evaporation
loss for ink reserygi &arpdbheftfl titte! HsH ﬁ%}ﬂ&a{ée{ﬁw% tal fnkdigp 10
count to forman evapoxra |16necorrpens_at %amér op count. The evgpor at onparmunt
may be répr esomt oflinksdraps expelledfromtink mésenypis32ce wsed, invdstimefiing & hemainiagor at i on
conpensated drop.,c 1s.the su t mul.at i ctual i:n op_count
and the evapo?‘rgf’ (%n&u@jcfu‘invl erﬁmoﬁg%ro g‘@%’%ﬁt é.t & dfter ime %lres}mi(d L‘H e
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



For exanple, before tine threshold Tl only the cunul ative actual ink drop

15 count of ink drops expelled fromink reservoir 32 is used in estimating a
remai ning anount of ink in ink reservoir 32. However, at or after tine
threshold Tl the evaporation conpensated drop count is used in estimating a
remai ni ng anount of ink in ink reservoir 32. Wen the accunul ated tine

since initial time TOreaches Tl (i.e., all T3 bits are set), thefirrrware
in imging apparatys 10 will .begin accumul ati t he 20 ya m)unt of
the evaporated ink @ mefe s %WB%’ &’ﬁtegapd’ q‘tﬁoﬂé"HwH’j}tIP?‘Ve %’3‘6@ ?l el dTO
rate T2 25f0}ﬁmaevaporation rate S used to calculate the ampunt of I nk

| oss from I nk reservoir due I nk_evaporation. The ink |loss due to the

evaporation amount is CEW@QEEO(LB‘IETI(TfeEU|*\KX1‘ﬂﬁT0/T%k drop count, wherein
t he sum of the cunwh ine actual ink drop count is added to the equival ent
I nk drop count to rmnt he evaporation conpensated drop count. \Wen the
evapor ati ofi conpensat edEHPoDQﬂblE@UN’@aishﬁs tyeporatinh asamg BO at doeshwitd
boundary, the ne at.lgtg in usage gauge in nmenory 74 associated with ink
reservoir 32 Y set. 10 As a nore specific exanple, the evaporation

anount may be cal cul at erthl‘(I i@&he fifferadteat il B TOMAMFeen dnfinitibl xmbunt
(YieldTO' T2) wherejn: DOT COUNT .is the evaporation anpunt, in a dot

count equi val ent; ofyin HlT@kl STyt 7 fapd aelqtal amouphpt fnk) evaperatiotowbighyisen an

initial amount of edgltel Bo b b PRRTBVOIr33; and a total amount of ink
evapor ation which i expected to occur by ink reservoir 32; 10 Tl is the

time thredbold with ref&tdnthe time threshald with referency tot inittal GmetTooat vdielptheat i on
amount is used to gva%%%%ﬁ‘ ta%lo%gtr 1sttﬂgd? %81915&1 Ltg rfml &sese\fa%raﬁ&{(losg 8o {DKOI r 32

reservoir 32;
T2 is the amount of time following time threshold T1 for ink
evaporation in ink reservoir 32 to exhaust the amount of usable ink in the ink
15 reservoir 32; and

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

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

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

20  count, as well as the initial drop count (estimated) at initial time 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 timeis 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 Tl for ink evaporation in
I nk reservoir 32 to exhaust the anpunt of usable ink in the ink 15
reservoir 32; and Tt is the total accunulated tine since said initial tine
TO At step 5106, by knowi ng the evaporation conpensated drop count, i.e.,
the sumof the cunulative actual ink drop count and the evaporation

equi valent ink drop 20 count, as well as the initial drop count (estinated)

at initial tine i . e. ] i r r QI A oA | gfRnt of
remai ni ng i nkc%‘gg?% dpring the éﬁn’ﬁl:}‘ﬁko%téeséa%go@é é?ﬁ&%ﬂé‘ﬁe E{S*eﬂair Ienflzlcdil? ﬁ)ccg%% ermned by
subtracti ng t depewaydicahiintained ipthe satrespontiingmemuonyt 72, 74,0onmdyebe maintaideddr op
count. Fig. 4.is a flowhart of.a routine for mai.ntaini ng the evyapojation
conpensat ed  Z5CRRIOHe Hudf t?mﬂﬁfﬁb'rlipséézq?yorte&f%’(?ﬁ "3511%15? ﬂ‘&lﬁ%ﬁn:ﬁé’ﬁb 74 for
nonochr one.  Asaple@Rugedl @errésponding A6t R2(74.hat the nethod for maintaining

t he evaporation conpensated drop count Is invoked at a convenient_tine,

such as fof exanpl &t sier (384, Bhegevaperaionfoompspsaind frop, copnt LTOTAJadeOT

boundary, i.e [ W3 i Dk | ' i
appar at us 10, GO LB IR S REGERe oA ool Bl ith W PRIEHIAT |
sel ected to b€aUTpagé theavaporytionAbmstre pequr@ient dantdrap Icennt1@E VAP DOT

al ternativel yqlgﬁz& 8, updates the cunulative actual ink drop count (PRI NT
DOT COUNT) nali Yhed i n menory accessible to controller 18, or

al ternatively host A8,stept S20% iPR0&taRlkdawethet thb@vaporih @mpehdatadiotiop 11
counted during the BI’I nt i n%ré)ﬁf)qiqhe page. The cunul ative actual _ink drop

count of Ak con¥EEOTAL Be ) iferCater thikthe dot eamb Avspeiatedarit the pext 74 or
may be mai nt ai Qﬁﬁiarji tyol I ' 0 i evi ng
i nk usage i nf I(l))r mat | Ol%it %?%’m{'ét?hde’%ﬁ’ég&%ggégﬁ%iﬁfeﬁ%g%y%‘?%‘ghﬁﬁg’“’?ﬁ”ﬁ%? %2, 74.

5 At step S20#hreshioll tonagaieamiayrbesstablishsdinethe inkopageoarray of TEMAIieHTR, 74COUNT) i s

and the- evapofatiostt LIGTR 200y End S igoib B SAe Bebhet st et
step 5206, it bbsnddetietduchar]l whet her the evaporation conpensated drop 10
count. (TOPAL DO ORIl G824 L B & 1o 00 EH 520 R Lot L e
step S210.
If the determination at step S206 is YES, then at step S208, the next usage

level bit is set in the usage gauge memory 72 or 74, depending on whether the ink
usage being monitored is color or monochrome, respectively. The method then

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

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

12



boundary bit level, i.e., the next usage gauge threshold boundary. For
exanpl e, usage threshold boundaries nay be established in the ink usage
array of menories 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 determ nation at step S206 is NO, then the nmethod proceeds to finish, at
step S210. If the determ nation at step 5206 is YES, then at step 5208, the

next usage |level bit xS .S i e <ys ALOR r . 7 ndi ng
on whet her the inlﬁthggé‘év %é‘ﬁﬁg ﬁﬁ%ﬁé#o@&?@s coPg? r%ﬁgﬁlggh?soﬁ%y,e%%%
respectivel y.ustdorbeédityd t hen 20 proceeds to finish, at step 5210. Figs. 5A
and 5B forma nore detgjl.ed flow chart of a nmethod of the invention. It
shoul d be noted that the FHGFEFEY RS controller 18 of ink jet printer 10 may
keep a record of the IBsf thisgevidid obbematise Beyd/ or ink reservoirs, such as
each of particular types of printheads or ink reservoirs, e.g., nono, color

or photo. {ependi ng upor j¢fheitétRll RBBAGIAEd Gmedet ai | s, each record may be
mai nt ai ned for the discrete conmponents (printheads or ink reservoirs) or as

respective integral unigjumgyhddiiileR@Akweah Clrrél Be Tchd PrévesiBtithear;| 1 ncl ude
the total dot counts, and the total accunulated tine since installation.

ovever , for ease of undSSHNIiHhobl1E) dEMEGEEAbrigk b, HEPCT [ pLion L hat

follows is directed to nono ome printhead 28 and 1nk reservoir 32 which

are 30 fornmed as an intﬁ@é@b&ﬁﬁ?@b@@@mﬁ%ﬁﬁ‘?ﬁ%?& is to be understood,

however, that the descripti used for color printhead
26 and/or color ink reservoir 30, which also nay be fornmed as an integral

unitary pr)nthead rtrigge. 12 .ln.the flow chart .f Figs. 5A and 5B, the
foIIomﬁng{%bbreviagﬁ%ﬂ%kﬂgk%pﬁéﬂﬂbm&@@doF%ﬁdﬂ¥@%?g9: Tc is the current tine;
Tp is the previ ousAstes 8802, tontollee 18 rbaddtthd Curichetiing Tl fréxh Ghe hdadbrest the me; dT

is the difference between current tinme Tc and previous tinme Tp; HOSTIDc is
the host | D oPfifty@-current print job; and HOSTIDp is the host ID of the

previous print jobag sten §304, 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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10 At step 5300, a print job is sent to ink jet printer 10. At step 5302,
controller 18 reads the current time Tc fromthe header of the print job.
At step 5304, it is determ ned whether printhead cartridge PHis new. For
exanple, if a printhead cartridge PHis installed with a blank printhead

cartridge IDin 15 nmenory, then the printer will recogni ze the printhead
cartridge as a new printhead cartridge and will read the yield paraneters

fromthe printheadq cartridge, The total .dot unt d, the total. a nmul at ed
time will be & (Ej'l? Supyare pt 50&91{&{ Hgaﬂ'ﬂgélrs? ﬁﬁa&gﬁf@ot it m i ot

non- bl ank pri nt&igadated kitdel sigted iPtheltémbrssuchtas NERAM; o icdaitblley 18hdf tHei r miar e
of controller 18, then the firmvare of contraoller 1?qt¥35|ttilg}qu3§ the total dot

20 count stor &dren valee ik L dngaeatraugan dhe total Agspmy eth the, tidlad

cartridge PH .. Jhe Saun L Ret&ai I id ' rinter
10 for the Ias?t prlﬁtgﬂeaﬁ%lhrygﬁgjflﬁg% g?thét ﬂ%ttt ty{)ﬂghv?n'?lgtf&g?g{)mbwébb‘gggg&to t he
total dot Gourmprecess pro¢eednitovitep $308tadetemningwhethdrdbattima maintaiged by-haseleis, t he
total accunul atedttima will be set to the value in T3 of the printhead

cartridge. 25 P¥Fhe result at step 5304 is YES, the initialization routine

of step S306 is i MsanedterndtivetoegecSINB, inkgel printdrdi0 cb8ldresadishatterysopemtades T1,
T2 and T3 from nenpory 74, ntroller, 18.thep, calcul.ates, the, . total

Accuml ated ¢ TFA e Hegn R TG0 sPhfeck ofime” TEREh el BPLGEot Bredktoor Ta)
x (TI/6). Pr e‘ébﬂ&JﬁlytdafH%nE&nhﬁorﬁt%tinl@j& téra 0t NBe GistallQoate f_oBQriﬁthéEﬁ cIﬁriddg'Ehe

process then proceéds to step S328." IT at step 5304 it is detern ned that
t he print H@ad PEheanrhedderedin printhepd catiggeanemory 7érad ithastime fraesheld; Tt eanche

trid PH i ' 3 ' I , . th
it munr o of cuehBRPE Ry 388tink te WA G BLE b BYLUM dile & corbinbd iR 1 N
accunul at ed t iresaltsé thedd valuet he nmenory, such as NVRAM of controller 18. If
th t | in T3 j ter. t t | ted ti th
the total - acount Auer ligndiveit eing SREE skl B e i SHPE G LEes  ap
S304 is NO t hdindri@f Sortfolle£ 565 (e, AOTPRAM) Rd Sétits DB tinke TR hRdyinnesimhat her

the time maintained by host 14 is correct. As an alternative to step 5308,
ink jet prlPnt apanper asdhe Hostdateslesign descyibesiabeyg €@, set a bit after a fixed amount of

time elapses). The advantage here in using the RTC is that the host date error

handling would not be needed.
At step 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 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
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.
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real tinme clock (RTC) to keep track of time. Therefore, host 14 woul d not
need to send any date information to ink jet printer 10. The install date
for printhead cartridge 10 PH can be stored in printhead cartridge nenory 74
and the tine threshold Tl can be determ ned by subtracting the current date
fromthe install date and conparing the result to the TI value. Another
alternative to using the RTC would be to store a date value into the nenory

of controller 18 (e.q,, . and set . bi,ts ip t tine,.T3 in,a

sinilar 15 nmanner g‘égt"ﬂg\{ﬁéglsgg‘tem@iwﬁ&lﬁregl&‘igﬁgr&n%%ws @{’%x’eensg]f’ a bit
after a fixed caiiifiimeofc éﬂdrmegfeawﬁ@ﬁinemeladmﬂ&agevebmesfepwsmm' ffves e RTC
is that the host date error and]| i n&éwoul d not be needed. At step 5308, it

i s det er mi ned cigEpingefunetien, so @ dadinil fhe eyaporalionarount y3edip e, magigum fimg Tp.
When control | ﬁ[m-(ﬂzghp{mgdgge g8 wekisnter 10 records a time fromthe NPA 20
command that s ss than'the previous tine recorded, then controller 18
will reset5the cur AtstepiSBig iffthealeteyminftianiie NGy dhen| dbstepS31 & omedTrienet th) b i s
the sane as the st.IDfor ..the previous .jab, Accordingly, if t

det er ni nat i onwaefﬂgtag% pgeé'bci?siuameﬁ(gg,ls fﬁe%uah%%%%eélg%er %eé%lgaﬁeotnspgsﬁ 5310.
At step 5310, cbinputer’ §lGin@batdiess inbeidoe the dasounD6f eviapbrafivd loss austrberdangednt | ob
25 HOSTIDc is equal, to the host | D of the previous print job Tl Dp.. As
such, if the dR WP ﬁé?&F%YF/@EOIEQ@EFde@WnF stoYég, U§age ArEY- stl%pthg%? rent
time Tc is selen®glitlent theEiAMS filnBBdifftrenct ITORALSE foP RRaBpIEC ¢4 dMmys,0 St ep
5328. If the determnation at step 5310 is NO, "t he process proceeds to step
5328. At dPepaBogh any ressenable amaintoafi tone givemthe evaporatien rate geuld deasedpt abl e,

and at 30 st ofy. 1] eVl QUS. Aof 4 J . T hs set
equal to the %@g??ql@ %Fﬁg?ﬁ%chg%ﬁeeﬁgﬁg% %{]&]\&ggﬂl—?@ﬁ %ie'.s @%ﬂﬁﬁﬁs‘béﬁgdﬁl& it
I s det er m ned prédfetdien aviid mterhiterecemablirtyg ofetheldvabedatieelost et coaniraddat attstepe Tc
and the previ inme. Tp.is.less than,two weeks. Step 5316 serves a

o arpi gt unc o3 e Bis, 3B cRarermmpIb n e SEETT SHE ks (UVRLeR B B Hr i rmum
time period, 50pabddirfoRaRd tHeWind\@itkfencod Pis fehRRy I3hénthd, fhdnlEr RedMigednat i on
Is NO then at step S318 tine dT is set to 2 weeks, and previous time Tp is

set equal 1fo théve weeksmnd: thensvaperation willde limigedne A5 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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conputer's tinme beconmes incorrect, the amobunt of evaporative |oss nust be
clanped to avoid excessivel/incorrect adjustnent to the usage array. In the
descri bed enbodinment, the maximumtinme difference, dT, nay be for exanple,
14 days, 10 al though any reasonabl e anpbunt of tinme given the evaporation
rate could be used. Prior to Ti being reached the clanped adjustnent of 14
days maxi nrum woul d be preferred to avoi d premature enabling of the

ti I d t 5 F I
1 “The evapor at | onth egtreemitgioh af i S3P6 ) R A ERe hdeest Blord i BB

the tine diffeasegce dT is actually 3 nonths, then dT is clarrped 15 to two
weeks and the evaporation will be limted to 25 pages (i.e., 14 days worth).

However, when usingtNeARB328 figs détérmined whtther fihe Ptal_kb@imiléted §madt ishpesd on t he
tinme read fromthe NPA command regardl ess of the tine difference dT. The

process then M@&Elto step S322. At step 5316, if the determnation is
YES, then at step 5320 tine dT is set to 20 the difference between the
current tide Tc andf theddeparmination at step SPE8 in NG, tth@hﬂlemfm%ﬁ@cﬁdﬁéo'ﬁfﬁpl s set

equal to the %‘3?5% élﬁpi%tpg%’cess Bt %@ﬁé{thhﬁt&aﬁ%ﬂ& té%tep‘csti’)@@ 5322. At

step 5322, total’accunu tl rre I's upda e., the new
t ot al accurrul at ed t[ﬁ e dEtermimnatibre atsstap 8828 13eYPS, ethemth;: protmk peceedsutb atepd ti nme

Tt plus 25 ti ference dT. ocess .t oceeds to 4 of
Fo BB A sSag0euben fHe eapambin Biatoasn At Bk aron ot EYER BPfe Tt s
greater than ddeNTHis@elephined by tHeeqiatisher of set bits of T3 + 1) x (T1l/ 6)
wherein in this exanple the mninmumTi is six. If the determ nation at step

5324 is YBE, then at step 5326 the next bit in the 30 tine T3 array in
nmenory 74 is set. The prgepd T BEONT LG49S * (PickiroPr23328. 15 If the
determ nation at step S324 is NO thenﬁ?hgpmcess proceeds to step S328.
At step S328 it is determ ned Wnether time total accunulated tine Tt i's

oreat et than, & kil belUEFEOh AT b 30T B i N T (1
job and returmns$ t}ia)cm&ﬁn&%ﬁlal 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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If the determ nation at step S328 is YES, then the process proceeds to step
S330, wherein the evaporati on anount equi val ent ink drop count (EVAP DOT
COUNT) is determ ned by the equation: 10 EVP DOT COUNT = (Tt-T1) *
(YieldTO' T2). Thereafter, the evaporati on conpensated drop count can be
formed as the sum of the cunul ative actual ink drop count and the
evaporati on anount equivalent ink 15 drop count EVP DOT COUNT. By know ng
the initial drop count (estinmated) at initial tinme TO i.e., when printhead
cartridge PHis new, then an anount of remaining ink available from

print head car WHAGISFFLAEMEBRIS:eadi | y determi ned by subtracting the
evaporation conpensated drop count fromthe initial drop count. Thereafter,
t he process proceeds to step 5332, wherein the process waits for 20 the
next print job dnd Meémprysassocigted prif8an .ink\skroirhingl stomem tiatarreprasentiagra
described as having a preferred design, the present invention can be
further naglefi ed W ttatddhdlde spiri tTand scopeo@f,rigiﬁgs di sclagpsure. Tidast
application is therefore intended to cover any variations, uses, or

adapt at i Oﬂﬁeeoﬂhoé € wilfgRtion using its general principles. Further, this
application 1s intended to cover such departures fromthe present

di scl osure as cone wi.t.hi no r t omar ractice in the art to which
this i mvent | onopareatiae hedtipeesolf 1 o EnrRbAGH iRt bdstd o Ritnepihaed
clains. 16 WHAT IS CLAIMED |S: 1. Menory associated with an ink reservoir
and st ori fy anantcipaigd exaneratinn lass for paid de 1eserveig by pdiusting 2 simulative aesual t
three nonths, wherein: upon reaching the tinme threshold Tl, an evaporation

armount i sinksdrdp tount dorfrensat evapbrationnompénsafepdrqdceemgpadat i on | oss for said
ink reservoir by adjusting a cunul ative actual ink drop count to form an

evapor ati on CoppRASHE tithHmARhEIAWIT! a c@fidlahled Ateal iflediob¥Bukts ﬁét@l{jt_%te-ﬁ' by @
cunul ative actual ink drop count 1s not adjusted by "an evaporation anount.

2. NEWrya@%%})%iﬁfoﬁMum an ink reservoir and storing data representing an

2.  Memory associated witﬁ an ink reservoir and storing data representing an
initial time TO, a time threshold Tl, and an amount of time T2 following the time threshold
T1 for an ink evaporation in said ink reservoir to exhaust an amount of usable ink in the
reservoir, wherein:

upon reaching the time threshold T1, an evaporation amount is used to compensate
for an anticipated evaporation loss for said ink reservoir by adjusting a cumulative actual
ink drop count to form an evaporation compensated drop count, wherein the evaporation
amount is based on the formula: EA=(Tt-T1)*(YieldT0/T2), wherein:

EA is the evaporation amount;

YieldTO is a difference at the initial time TO between an anticipated initial amount
of ink in said ink reservoir and a total amount of ink evaporation which is expected to
occur by said ink reservoir; and

Tt is a total accumulated time since said initial time TO; and
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initial time TO a tinme threshold Ti, and an amount of time T2 follow ng the
time threshold Ti for an ink evaporation in said ink reservoir to exhaust
an amount of usable ink in the reservoir, wherein: upon reaching the tine
threshold TlI, an evaporation anount is used to conpensate for an

ant i ci pat ed_evapar A dfhd ARhOAISALHliRNd SREH YA roBYoRM RN D8R by
cunmul ati ve actual ~1nk drop coun 0 Torman evaporation conpensated-drop
count, wherein t%e eva O{ation amount i s based on the fornmula:

EA=( Tt - TI f* EAPSI Y PEF" ™ wherein: EA is the evaporation anount; YieldTOis a
difference at the initial time TO between an anticipated initial amunt of
ink in said ink reservoir and a total anmount of ink evaporation which is
expected to occur by said ink reservoir; and Tt is a total accumnulated tine
since said initfal Memory@ssaiuted With beinkrresdrheir andretoting dsth aéptesbhtingia

cunul ative actual ink drop count is not adjusted by an evaporation anount.

3. Menory tigfeshfesidl@ d'1 vbhPrisifg biléast @56¢ Mdhths 2WHersindr i Ng data representing a
time threshold Tl conprising at |east three nonths, wherein: upon reaching

the time thr esﬁg%rgreg%l}mgm%inﬁgﬂﬁ&g@f&rﬂt 5198 aﬁ@%{ﬁgﬁr{aﬁﬁi&{ gﬁg%rﬁ%gte?rhﬂlféﬁ lgin-g s

used to conpens n ant1 ci pated évapor at 0SS I sa

vapor at | ANTRl Smsde S R BHinped e taPIoF 7 ARG HPERHERE 11 a

curmul ative actual ink drop count is not adjusted by an evaporation anount.
4. Menor y agiysting aewenlafiveacipal inkdrop sevntdo foraman evapetatign ¢ampensatedaemt i ng an
initial tinme TO, a time threshold Ti, and an anount of tinme T2 follow ng the
time thresbmtdandTl for an ink evaporation in said ink reservoir to exhaust
an anount of usable ink in the reservoir, wherein: an evaporation anmount is

cal cul ated in eps fannt WMdsholda, iahﬁmhﬁeel el Thk arbp)colnt i€ h&@g@&%ah%y

wherein: EA is the evaporation anmount; YieldTOis a difference

initial tiaggv%(gr&%hw&mgn anticipated initial anount

4. Memory associated with an ink reservoir and storing data representing an
initial time TO, a time threshold T, and an amount of time T2 following the time threshold
Tl for an ink evaporation in said ink reservoir to exhaust an amount of usable ink in the
reservoir, wherein:

an evaporation amount is calculated in accordance with the formula: EA=(Tt-
TD*(YieldT0/T2), wherein:

EA is the evaporation amount;

YieldTO is a difference at the initial time TO between an anticipated initial amount
of ink in said ink reservoir and a total amount of ink evaporation which is expected to
occur by said ink reservoir; and

Tt is a total accumulated time since said initial time TO.
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of ink in said ink reservoir and a total anmount of ink evaporation which is
expected to occur by said ink reservoir; and Tt is a total accunulated tine
since said initial tinme TO 18 5. Menory associated with an ink reservoir
and storing data associated with a tinme threshold Ti conprising at |east

three months, wher eg\ﬂém : sdc‘?QG@'wE‘tﬂah ﬁdéséﬁoﬁ%&%ﬁ?ihg dhta asOSYide@With a
ned s d or an

. h

evaporati on anount deter Ince Ti Is used to conpensate
anti ci pat ed evapor.atdan_| f qi%i eservol.r by adjusting a
cunulativln§€¥ﬁ§(ﬂ?ﬁu%awgggé%gﬁka%o Srﬁgg%’gég%%ﬁation conpensat ed drop
count; and before the ti thre hléLG£ , ? cunul ati.ve actual ink Qfo count
is not adj ust edPpyreaghing Bmatﬂ?ra?h Lrﬁ’[ﬂ.y 3fgevaporation amount determined since

Tl is used to compensate for an anticipated evaporation loss for said ink reservoir by

adjusting a cumulative actual ink drop count to form an evaporation compensated drop

count; and

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

an evaporation amount.
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