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DROP COUNT-BASED INK-JET PRINTER CONTROL 

METHOD AND APPARATUS 

Technical Field 

The present invention relates generally to printing ra 

5 servicing control of an ink-jet printer. More particularly, e invention 

concerns method and apparatus that provide for time-averaged ower, or simply 

average power, management and pen servicing based, res ctively, upon the 

number and rate of ink drops and pen firings or ejectio . 
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Background Art 

Conventionally, automatic ink-jet pri thead pen servicing, e.g. 

spitting and wiping, has been performed at pre fined intervals such as ends 

of pages. Pen servicing is performed at a thro hput premium because it takes 

the printer temporarily out of service, even f only for a second or two. Such 

defined interval servicing unnecessarily p alizes throughput in cases where the 

15 ink is relatively sparse, since the pe typically does not require wiping or 

spitting at the end of a page the rinting of which involves relatively few 

20 

firings of the pen's ink jet. 

ut density--i.e. the percentage of a surface area 

on a printed page that con ins ink--affects time-averaged power demand on 

the printer's power SUPP. • Power supply design must accommodate power 

dissipation in the for of heat as a consequence of extended high throughput 

and ink density. It ·s possible of course simply to design a power supply for 

the worst case h at generation, but such is costly, perhaps prohibitively so. 

Further, it is d" icult to predict the range of possible operational requirements 

25 that may be laced on an ink-jet printer's drive electronics, and, without means 

such demand in a specific case, it is impossible to base print rate 

or serv' e interval timing on anything but educated guesses. 

The various pens of multi-pen ink-jet printers typically would have 

erent servicing requirements. For example, a tri-color pen might require 

30 ore frequent wiping in order to minimize intra-pen ink (inter-color) 

contamination, whereas a monochrome (black color) pen would require less 

frequent wiping because there is no possibility of intra-pen ink contamination. 

8laek aad eolorecl inks, the depositing aad dryiAg eharaeteristies of whicl:1 are • 
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different because of their different formulations, also would have 

wiping, spitting and other servicing requirements. With the advent of mu -

pen ink-jet printers that include monochrome and multi-color pens, 

servicing requirements of the printer become more complex, as the 

5 pen types require different servicing intervals. 
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Moreover, color ink-jet printing presents special timi 

because proper mixing of the primitive color, i.e. magenta, CY. n and yellow, 

inks for high quality color printing relies in part on pre ously deposited, 

differently colored ink's wetness. As a result, there is a 

time, e.g. approximately 3 seconds, within which co r ink deposition by 

successive passes of the printhead carriage must be complished in order to 

avoid wait-banding hue shift. Accordingly, it is dvisable to guard against 

servicing pens between multiple carriage passes n color ink-jet printing. 

Disclosure of h 

15 The invented automatic pe servicing method and apparatus 

20 

represents a solution to the problem determining appropriate servicing 

intervals for plural-pen ink-jet printers. Automatic pen-servicing and print rate­

controlling method and apparatus are described for time-averaged power 

management and for determinin ppropriate servicing intervals for plural-pen 

ink-jet printers. The preferred ethod involves counting the number of drops 

of ink that are fired from each of plural pens in the printer's printhead 

carriage and optionally lculating each pen's firing rate such that printer 

throughput can be con oiled to limit time-averaged power and such that pen 

servicing frequency c n be based upon the need for such servicing rather than 

25 upon prior simplis · c assumptions. The counts are easily maintained in memory 

connected, for ample, with the printer's microcontroller, as are parameters 
! 

that the mi ocontroller uses to determine appropriate drop count-based 

opportunit' s for pen servicing that take the printer off-line only as often as 

necessa . The pr~ferred apparatus includes a drop counter, a service station 

30 for wi ing and spitting plural pens within a carriage and a controller responsive 

e drop counter to control the printing rate and to move the printhead 

rriage into operative association with the service station based upon drop 

eet1Rt, firiRg rate, ffliEIElle ef f)age aRe etl:ter fJFeeeteFm·iReG •~iterfa, • 
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These and additional objects and advantages of the presen 

invention will be more readily understood after a consideration of the draw· 

and the detailed description of the preferred embodiment. 

Brief Description of the Drawings 

The drawing is a schematic block diagram 

The included drawing illustrates the invente apparatus for time-

10 averaged· power management and automatic servicing o plural pens in an ink­

jet printer in schematic block diagram form at 10. J\pparatus 10 preferably 

includes one or more drop counter(s) 12 for det mining the number of ink 

drops being fired or ejected from each pen of a rinter's carriage 14, a service 

station 16 including at least a wiper for wipi (and preferably also a spittoon 

15 for spitting and perhaps also a vacuum p mp for priming) each pen, and a 

controller 18 responsive to drop cou er 12 for moving carriage 14 into 

operative engagement with service st on 16 for pen servicing at least one of 

the pens. Such pen servicing inclu ng at least wiping, in accordance with the 

invented apparatus, is based at l t in part upon the determined drop count. 

20 Preferably, controller 18 incl es a microcontroller or microprocessor 20, a 

timer 22 and one or more otor drive circuits, e.g. station motor drive circuit 

24 and carriage motor dr' e circuit 26 that respectively control the positions of 

service station 16 and arriage 14. It will be appreciated that drop counters 

12, controller 18 d timer 22 constitute a part of the ink-jet printer's 

25 electronics 28, w ich preferably are implemented in a custom large-scale 

integrated (LSI semiconductor device such as an application-specific integrated 

circuit (ASI . 

Preferably, each of drop counters 12 is implemented in hardware, 

althoug within the spirit of the invention it may be implemented in firmware 

30 or so ware. The pen firing rate, or ink drop ejection rate, to which each drop 

co ter 12 is responsive can be as high as approximately 250 kHz; so, a 

ftware or firmware implementation would require a dedicated, relatively high-
• 

speed microprocessor. It will be appreciated-that· ·drop--coumers 12 do not 



actually count ink drops, but instead count instances of an ink jet firing sign 

produced, for example, by microprocessor 20 in response to print comm ds 

from a printer driver such as a host computer or file server (not s own). 

Thus, invented apparatus 10 avoids the added complexity and weight and the 

5 attendant cost--of a physical ink drop detector. 

10 

Those skilled in the arts will appreciate that micr rocessor 20, 

responsive to drop counters 12 and timer 22 (which of co se may be an 

integral part of microprocessor 20), straightforwardly calc ates average ink 

drop or ink jet firing rates for each pen in printhead car age 14. Preferably, 

both the drop counts and calculated rates are stored a data within volatile or 

non-volatile memory locations (not shown) that for a part of microprocessor 

20. It will be understood that if printhead carri e 14 includes, for example, 

a black ink pen and a tri-color ink pen the two drop counters 12 would 

develop drop counts to which microprocessor 0 is responsive to store two drop 

15 counts and two pen firing rates represent ive of the ink drop demands being 

placed on all nozzles within each pen f the ink-jet printer. Of course, any 

number of drop counts and correspo ing firing rates may be determined and 

stored for use in automatic time-av aged power management and pen servicing 

in accordance with the inventio . 

20 
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Optionally, cont ller 18 may include a comparator, e.g. a logical 

comparator (not shown) im emented in microprocessor 20, for comparing the 

number of ink drops fire to predicted pen life criteria. Such criteria may be 

empirically determine and would represent average pen life for a pen of the 

type(s) used in pri ead carriage 14. Also optionally, apparatus 10 further 

may include an a aio, visual or other indicator 30 responsive to controller 18 

low-ink condition of one or more pens, as determined by 

number of drops fired therefrom and based upon such 

compariso . In this way, an ink-jet printer could annunciate to its user when 

ore pens is nearly exhausted of ink, based upon measured usage data 

30 redicted . evaporation rate, average drop size and other empirically 

de rmined information. Illustratively, apparatus 10 might signal the user via 

more indicators such as indicator 30 when there is approximately 1 
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14 so that the user might replace it before print quality suffers or the pe 

becomes empty. (It will be understood that in order to comprehend long-t m 

pen life drop counts, drop counts stored for such purpose would be sto d in 

non-volatile memory so that they are preserved during power down o power 

5 off conditions of the printer.) 

10 

Apparatus 10 may be understood to be capable aut matically of 

managing time-averaged power delivered to electronics 28 of a mk-jet printer. 

Apparatus 10 includes a power supply 32 characterized ash 'ng a predefined 

time-averaged power delivery capability, e.g. the power t sustain continuous 

printing at a print density of 50% of solid black or lored ink within the 

printable surface area of a printed page. This is beca se apparatus 10 includes 

one or more drop counters 12 for determining the umber of ink drops being 

fired from corresponding pens of a printer' carriage and controller 18 

including microprocessor 20 responsive theret for controlling the printing rate 

15 via control of carriage motor drive circuit 2 connected with printhead carriage 

14. Such control is performed in such m nner that the rated, predefined time­

averaged power delivery capability of ower supply 32 is not exceeded. 

In other words, microp cessor 20 straightforwardly is programmed 

to control the average rate at wh · h carriage drive motor 26 makes successive 

20 . printhead carriage 14 passes, ereby limiting the average printing rate or 

throughput so that the rate power available from power supply 32 is not 

exceeded. Preferably, co oiler 18 calculates (e.g. via microprocessor 20) one 

or more ink drop firin rates based upon counts produced by one or more 

drop counters 12 d compares the same to corresponding predefined 

25 maximum firing r tes that are stored in a memory location (e.g. within 

microprocessor ). Preferably, controller 18 does so by interposing a defined 

delay (which ay be provided by timer 22) between printhead carriage passes, 

which dela 1s varied during printing to limit the ink jet firing rates for all pens 

within pr' thead carriage 14 not to exceed the predefined, stored time-averaged 

30 power evel or threshold. Those skilled in the arts will appreciate that, while 

carr· ge motor drive and ink jet firing currents are not the only power 

d ands on power supply 32, they account for most of the variable load, as 



The preferred pen servicing and power management methods 
'· 

the invention now may be understood,. by reference to the preferred appar: tus 
r 

described and illustrated herein. Preferably pen servicing includes count" g the 

number of drops fired, i.e. the number of ink jet firings, from a pen t produce 

5 a count and, based thereon, automatically servicing such pen wh n the first 

count exceeds a predefined number. It will be appreciated that e predefined 

10 

number may be a minimum such as zero where drop count s 12 are down 

counters preset to a maximum number of drops or fi ngs. It will be 

appreciated that, alternatively, the predefined number ay be a maximum 

such as 800,000 or 2,620,000 where drop counters 12 e up counters that are 

reset to zero. These and other alternative counti methods are within the 

spirit and scope of the invention. 

Preferably, pen servicing is perfor ed at the beginning or end of 

a printed line, depending upon the locati n of s~rvice station 16. Th.is 

15 minimizes the carriage travel time to nd from service station 16. In 

accordance with the preferred embodi nt of the invention in which service 

station 16 is located on the right side 

at the end of a printed line. I 

carriage 14, pen servicing is performed 

servicing the pen, printhead carriage .. 14 

preferably is moved at high sg ed into operative engagement with service 

20 station 16, and back, in order o minimize total print-interrupting service cycle 

times. Thus, the possibility, of wait-banding hue shift is minimized. 

In accorda e with the preferred method of the invention, pen 

servicing is performed id-page (and, consequently, at the end of a printed 

line) if and when a redefined black or color drop count has been exceeded, 

25 as it has been etermined that this minimizes low-quality printing that 

otherwise migh result from ink clogging or leakage in and around the pen's 

orifices or n les or the surrounding surfaces. In the case of a multi-color 

pen, such so minimizes low-quality printing that otherwise might result from 

intra-pe ink flow and color contamination. Of course, it may be necessary in 

30 varia e-density print situations to service the pens more or less often to 

ac ·eve a desired high throughput yet without compromising print quality. The 

i vented apparatus and method achieve this demand-based servicing goal on 

mbat miget be referred ta as a "f>ay as yeH ge" basis. 
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In accordance with the preferred method of the invention, p 

servicing is performed as follows. If a drop count exceeds the predefined 1rst 

count (e.g. 800,000 color drops or 2,620,000 black drops mid-page by w ich is 

meant at the end of any line of the page except the last), or s within 

5 approximately 25-30% thereof at the end of a page, then pen ervicing is 

started immediately. Preferably, servicing includes high-speed bi-directional 

wiping of both the black and the tri-color pens, and restartin f drop counters 

12. Servicing also preferably includes spitting all nozzles both pens. Most 

preferably.~if the servicing requirement was based upo a black drop count 

10 
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threshold being exceeded, then servicing includes spi ng the black pen more 

times than the color pen. Also, most preferably, i the servicing requirement 

was based upon a color drop count threshold b ing exceeded, then servicing 

includes spitting the color pen more times t n the black pen. This is why 

preferably there are individual drop counte 12 for the individual pens within 

printhead carriage 14. If no pen's dro c~unt exceeds the predefined mid­

page or end-of-page thresholds, then pen servicing takes place on the given 

page of printout. (Of course, other. servicing irrespective of drop counts may 

take place, e.g. at printer power up, during the first and last pages of each 

print job and when the user re aces a pen or otherwise manually invokes pen 

20 servicing.} 

It will be a reciated that servicing is performed, in accordance 

with the preferred met d, when the count exceeds a predefined number, e.g. 

800,000 or 2,620,000 rops, mid-page, or when the count exceeds a predefined 

-30%, thereof at the end of a page. This avoids 

25 unnecessarily fr uent pen servicing, yet maintains overall print quality of each 

and every p e. Moreover, it fav<?rs servicing between pages, thereby least 

impacting roughput and avoiding potentially highly visible, mid-page (color) 

hue shif . Preferably the invented method is used in connection with a printer 

that i dudes plural pens of different types, e.g. a black pen and a tri-color pen, 

30 wh ein there is counting of the number of drops fired from the plural pens 

produce plural counts and wherein servicing is performed when any one of 

the counts exceeds a corresponding predefined count for that pen type. More 
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includes spitting the plural pens predefined numbers of times based upon which 
of the plural counts exceeds a corresponding predefined count. as describ a 
above. 

It will be appreciated that servicing als.o may include pen 
5 e.g. by the use of a vacuum pump connected to the pen's ca . Other 

maintenance or failure recovery steps also may be taken during se icing, based 
in whole or part on drop counts as defined herein. For exam e, the method 
may include indicating to the user via indicator 30 when o or more counts 
produced by drop counters 12 exceeds a threshold num r predetermined to 

10 be indicative of a low-ink condition of the correspond' g pen. 

The preferred time-averaged power ma gement method now may 
be understood to include counting the number o ink drops fired from a pen 
over a defined time interval to produce count and, based thereon, 
automatically rate controlling printing whe such count over such interval 

15 exceeds a predefined number. Such may· elude calculating an ink drop firing 
rate based upon such count and s time interval, whereby such rate 
controlling is performed when the · ing rate exceeds a predefined threshold 
rate. As described above in re£ ence to apparatus 10, such rate controlling 
preferably includes controlling e rate of printhead carriage movement, e.g. by 

20 microprocessor 20 controlli the movement of printhead carriage 14 via 
carriage motor drive circ · 26. It also is preferred that such rate controlling 
includes selectively ( e. . every time, every other time, every nth time, etc.) 
interposing a define time delay (e.g. via microprocessor 20 and timer 22) 
between printhea carriage passes, i.e. selectively delaying or pausing between 

25 printed lines b a variable amount of time based at least in part on the 

30 

count and the derived. e.g. calculated. firing rate for each pen 

Industrial Applicability 

It may be seen that the invented method and apparatus for 
matic time-averaged power management and plural-pen printhead servicing 

f ink-jet printers adapt themselves in real time to actual printer usage, and 
do not unnecessarily penalize throughput in varied printer applications. The 
stwiags inelttde lower cost of the printer's power st1pply and the benefits • 
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the service station, e.g. wipers. Still, high print quality is not co 
instead is maintained, because printhead service frequen 
ink delivery demands placed on the ink-jet print _. The drop count or pen •. · 

5 firing rate basis for pen servicing and time- raged power management lends 

10 

itself to solving other problems, e. e ink depletion gauging and warning 
system described above. 

While th resent invention has been shown and described with 
regoing operational principles and preferred embodiment, it 

to those skilled in the art that other changes in form and 
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WE CLAIM: 

1. For use in an ink-jet printer, a pen servicing method compris· g: 

counting the number of drops (12) fired from a pen to produce a co and 
based thereon automatically servicing such pen (16, 24) no later than 

count exceeds a predefined number. 

2. The method of claim 1, wherein said servicing is pe ormed when 
the count is within a predefined range of said predefined nu er at the end 
of a printed page. 

3. The method of claim 1, wherein said servici includes wiping the 
pen. 

4. The method of claim 1, wherein said ervicing includes spitting 
the pen. 

5. The method of claim 1, wherein aid servicing includes priming 
the pen. 

6. The method of claim 1 in w ch the printer includes plural pens 
of different types, wherein said countin (12)· is of the number of drops fired 
from the plural pens to produce .plur counts and wherein said servicing (16, 
24) is performed when any of the ounts exceeds a corresponding predefined 
number. 

7. The method of aim 6, wherein said servicing includes spitting 
the plural pens predefmed umbers of times based upon which of the plural 
counts exceeds a corresp ding predefined number. 

8. The met d of claim 1 which further includes indicating (30) to 
the user when the unt exceeds a predefined number. 

9. For se in an ink-jet printer, a power management method 
comprising: co nting the number of ink drops (12) fired from a pen over a 
defined time · terval (22) to produce a count and based thereon automatically 
rate contr ing printing (14, 26) when said count over said interval exceeds a 
predefi d threshold count. 

10. The method of claim 9 which further comprises calculati~g (20) 
drop firing rate based upon said count and said time interval, whereby 

s id rate controlling (14, 26) is performed when said firing rate exceeds a 
predefined threshold rate. 



11. The method of claim 9, wherein said rate contr · 

includes controlling the rate of printhead carriage mri~m 

12. The method of claim 9, w m said rate controlling includes 

selectively interposing a defi me delay (22) between printhead carriage 

passes. 

The method of claim 12, wherein said defined time delay (22) is 


