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CORRECTION OF PULSE WIDTH 
ACCUMULATOR BASED ON THE TEMPERATURE 

AND RELATIVE HUMIDITY 

FIELD OF THE INVENTION 

[0001] This invention relates generally to printing, and 
more particularly to estimation of toner usage. 

BACKGROUND OF THE INVENTION 

[0002] It is generally known that electrophotographic 
printers utiliZe toner to generate text and/or images on a print 
medium, such as, paper. In this regard, a toner cartridge is 
typically employed to store the toner. In the event the toner 
cartridge runs out of toner in the middle of a print job, paper 
and time may be Wasted and users may become frustrated. 
Thus, to insure suf?cient quantities of toner for a print job, 
sensors are often utiliZed to measure the toner level. HoW 

ever, sensors are expensive. In this regard, methods of toner 
estimation may be employed. 

[0003] Previous inventions have disclosed methods of 
estimating toner usage for a print job. Typically, the toner 
usage is estimated for each print job. If the estimate indicates 
that insuf?cient toner is remaining in the cartridge, a user 
may be noti?ed. For example, US. Pat. No. 5,802,420 
discloses a method of predicting toner usage based upon 
printing history. For example, if a certain amount of toner 
Was used to print the last 10 pages, the next 10 pages is 
estimated to use that same amount. US. Pat. No. 5,937,255 
discloses a method of estimating toner usage based upon a 
pixel count. For example, if “T” amount of toner is used to 
generate one pixel, then 100 pixels is estimated to use 100><T 
amount of toner. 

[0004] HoWever, different pixels may not utiliZe the same 
amount of toner. For example, in the assignee’s HP Mono 
chrome and Color LaserJetTM, a laser light source is modu 
lated as it scans across the surface of an optical photore 
ceptor (“OPR”). To create a pixel, the laser light source may 
be modulated (or pulsed) to illuminate a desired pixel 
location. HoWever, the pixel does not represent a ?xed 
quantity of toner. For each pulse, the length of time (or 
duration) the laser is on as it scans across the OPR correlates 
to the Width of the pulse on the OPR surface. The Width and 
number of pulses used to create a pixel may vary from one 
pixel to another pixel. For example, to produce certain ?ne 
details, it may be advantageous to produce relatively narroW 
pixels. Thus, the duration of the pulse used to create the 
relatively narroW pixel may be correspondingly short. Con 
versely, relatively Wider pulses may be used to produce a 
substantially solid line across the page. 

[0005] Moreover, even for a given siZed pixel, the amount 
of toner used may vary from pixel to pixel. For example, the 
number of pulses used to create a pixel may differ from pixel 
to another. A?rst pixel may be produced With a single pulse. 
A second pixel may be produced With more than one pulses. 
HoWever, the ?rst and second pixel may be substantially the 
same siZe despite using varying amount of toner based on 
the number of pulses. 

SUMMARY OF THE INVENTION 

[0006] The invention includes a method, a computer read 
able medium and an apparatus for correcting a pulse Width 
count. 
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[0007] In one respect, the invention includes a method for 
correcting a pulse Width count in response to an environ 
mental factor. The method comprises determining the pulse 
Width count and calculating a corrected pulse Width count 
based on the pulse Width count and the environmental factor. 

[0008] In another respect, the invention includes a com 
puter readable medium on Which is embedded computer 
softWare capable of automatically correcting a pulse Width 
count in response to an environmental factor. The softWare 
comprises determining the pulse Width count and calculating 
a corrected pulse Width count based on the pulse Width count 
and the environmental factor. 

[0009] In yet another respect, the invention includes an 
apparatus for correcting a pulse Width count in response to 
an environmental factor. The apparatus comprises a proces 
sor system con?gured to determine the pulse Width count, 
Wherein the processor system is further con?gured to correct 
the pulse Width count based on the environmental factor. 

[0010] In comparison to knoWn prior art, certain embodi 
ments of the invention are capable of achieving certain 
aspects, including some or all of the folloWing: (1) accurate 
estimation of toner usage; (2) less expensive; (3) capable of 
being decentraliZed and (4) more robust. Those skilled in the 
art Will appreciate these and other aspects of various 
embodiments of the invention upon reading the folloWing 
detailed description of a preferred embodiment With refer 
ence to the beloW-listed draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a How chart of a method, in accordance 
With a manner in Which an embodiment of the invention may 
be practiced; 

[0012] FIG. 2 is a block diagram of a system, in accor 
dance With an embodiment of the invention described in 
FIG. 1; and 

[0013] FIG. 3 is an exemplary graph, in accordance With 
an embodiment of the invention described in FIG. 1, of 
relative humidity (abscissa) as it effects the Weight, in grams, 
of 106 pixels (ordinate). 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0014] For simplicity and illustrative purposes, the prin 
ciples of the invention are described by referring mainly to 
an exemplary embodiment thereof, particularly With refer 
ences to a system to laser printer. HoWever, one of ordinary 
skill in the art Would readily recogniZe that the same 
principles are equally applicable to, and may be imple 
mented in, a system capable of utiliZing colorant (e. g., toner, 
ink, pigment, dye, et.) to produce text and/or one or more 
images on a print medium, and that any such variations are 
Within the scope of the invention. Furthermore, the same 
principles are equally applicable to, and may be imple 
mented in, a system capable of utiliZing a material (e.g., 
metal, plastic, resin, Wax, etc.) to produce a substantially, 
tWo dimensional image or a three dimensional object. 

[0015] Aprint job, as described herein, may include text, 
solid lines, and/or half tones. The print job is typically 
initiated by a user operating a personal computer (“PC”) or 
terminal on the local area netWork (“LAN”) in Which a 
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printer is located. However, it is Within the scope of this 
invention that the print job may be received in any manner 
known to those skilled in the art. For example, the printer 
may be directly attached to a computer. Furthermore, it is 
Within the scope of this invention that the printer and the 
print job input device (e.g., keyboard, scanner, etc.) be a 
single device. For example, and electronic typeWriter and/or 
“all in one device”, such as a printer/copier/fax machine. 

[0016] To accurately estimate toner usage, a pulse Width 
count (“PWC”) may be accumulated. The PWC is a measure 
of the accumulated Width of pulses. Due to the fact that 
pixels may not represent ?xed units of toner usage, the PWC 
correlates to the amount of toner transferred more accurately 
than an accumulated count of pixels and/or dots. While 
pixels are often thought of as dots, for the purpose of this 
disclosure, a pixel may be a dot or a cluster of dots. While 
in a preferred form the PWC is accumulated per page, the 
PWC may be accumulated per pixel, per scan line, per page, 
per print job, per usable lifespan of the toner cartridge, etc. 
As Will be shoWn beloW, the PWC may be adjusted to 
improve toner usage correlation. 

[0017] It is a phenomenon of the electrophotographic 
process that, for a given pulse Width, varying the environ 
ment in Which a printer is located results in a non-linear 
amount of toner transfer. For example, and as illustrated by 
an exemplary graph in FIG. 3, toner usage per pulse Width 
is altered as a function of relative humidity. The PWC may 
be adjusted based on the relative humidity to obtain a 
corrected PWC (“CPWC”). Estimation of toner usage uti 
liZing CPWC correlates to actual toner usage more accu 
rately than pixel counting alone. 

[0018] Environmental factors (e.g., temperature, humidity, 
barometric pressure, altitude, etc.) may affect toner transfer. 

[0019] FIG. 1 is a How chart of a method 100, in accor 
dance With a manner in Which an embodiment of the 
invention may be practiced. As depicted in FIG. 1, the 
method 100 is initiated in response to receiving a print job 
in step 105. 

[0020] In step 110, the PWC may be accumulated based on 
the print job or corresponding printer speci?c commands 
generated in response to the print job. The PWC may be 
determined at the time the print job is generated, after the 
print job has ?nished printing, and/or any time in betWeen. 
In a preferred form, a PWC may be accumulated for each 
page of the print job. The PWC for each pixel may be 
determined as the pixel is being produced. The PWC for 
each pixel may be added to previously determined PWCs to 
accumulate a PWC value for each scanned line. An accu 
mulated PWC value for each page may be determined in a 
variety of Ways, such as by adding the values of all of the 
pixels or scan lines Within the page. Similarly, an accumu 
lated printj ob and usable lifespan of the toner cartridge PWC 
may be determined. 

[0021] In step 115, an associated relative humidity may be 
determined. The associated relative humidity may be deter 
mined before the print job is generated, after the print job has 
?nished printing, and/or any time in betWeen. Accordingly, 
the steps 110 and 115 need not be performed in the order as 
shoWn in FIG. 1, but rather, the steps 110 and 115 may be 
performed in the opposite order, simultaneously, or any 
variation therein. In a preferred form, the associated relative 
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humidity is determined While printing the print job. For 
example, the associated relative humidity may be measured 
by a sensor as each page of the print job is being produced. 
Although measuring relative humidity is described in this 
invention, it is to be understood that the invention is not 
limited to measuring relative humidity, but rather, the inven 
tion may be con?gured to modify PWC based on any 
environmental factor and that the environmental factor need 
not be measured directly but may be inferred or received 
from another source. 

[0022] In step 120, the method 100 may determine the 
CPWC. The associated relative humidity may be utiliZed to 
determine the CPWC for each pixel, scan line, page, printj ob 
and or the usable lifespan of the toner cartridge. In a 
preferred form, the CPWC value for each page may be 
determined by referencing the PWC and associated relative 
humidity for the page and applying these values to a look up 
table (“LUT”), such as, the LUT disclosed in US. Pat. No. 
5,793,406 and is herein incorporated by reference. Addi 
tionally or instead of the LUT, a statistical regression 
equation (“SRE”) substantially the same as the SRE used to 
generate the LUT may be used to determine the CPWC 
Without departing from the scope of the invention. In gen 
eral, the LUT may be thought of as a predetermined or static 
SRE that is less resource intensive than the SRE but less 
capable of adjustability. A combination of LUT and SRE 
may be incorporated in such a Way as to utiliZe the LUT for 
common PWCs, thus saving system resources and increas 
ing print speed. The SRE may be utiliZed for uncommon 
PWCs to increase accuracy of toner estimation. Moreover, 
the SRE and/or the LUT may take into account the folloWing 
factors: system design, toner chemistry, OPR sensitivity, 
PWC, pulse edge count, associated half tone level, pixel 
count, temperature, relative humidity, empirical data, etc. 

[0023] Additionally or instead of step 120, in step 125 the 
method 100 may determine toner usage. For example, the 
method 100 may reference the CPWC to determine the toner 
usage or the method 100 may reference the PWC and 
associated relative humidity values Within an SRE or LUT 
that corrects the PWC based on the relative humidity and 
determines toner usage in a single process. After determin 
ing the toner usage, the value may be stored Within memory. 
A toner remaining value may be determined as Well. For 
example, based on a predetermined starting amount of toner 
and the toner usage, the toner remaining may be calculated. 
Furthermore, PWC, relative humidity, CPWC, toner remain 
ing, and pixel count values may be stored Within memory. 

[0024] In step 130, it may be determined if the method 100 
has reached the end of the print job or the corresponding 
printer speci?c commands generated in response to the print 
job. For example, if an end of ?le marker is encountered, the 
method 100 may terminate. If it is determined that the end 
of the print job or the corresponding printer speci?c com 
mands generated in response to the print job has not been 
reached, the method 100 may return to step 110. 

[0025] FIG. 2 is a block diagram of a system 200, in 
accordance With an embodiment of the invention described 
in FIG. 1. Accordingly, the folloWing description of FIG. 2 
Will be made With particular reference to FIG. 1. As shoWn 
in FIG. 2, the system 200 includes a netWork 205. The 
system 200 further includes a PC 210, a print spooler 215 
and a printer 220 con?gured to communicate via the net 
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Work 205. Additionally, the system 200 may include other 
components con?gured to communicate via the network 
205, such as, routers, servers, other PCs, other printers, etc. 
Furthermore, the system 200 may include a detector 245 
capable of measuring or inferring environmental factors, 
such as temperature, humidity, etc. Moreover, the system 
200 may be con?gured to communicate With the Internet via 
the netWork 205. 

[0026] The PC 210 may be con?gured to provide the 
capability to generate a print job as described in step 105 of 
FIG. 1. The print job may be forWarded to the print spooler 
215 across the netWork 205. In another form, the PC 210 
may be directly connected to the printer 220. Although not 
shoWn in FIG. 2, the printer 220 and the PC 210 may be a 
single device. For example, an electronic typeWriter. Fur 
thermore, it is Within the scope of the invention that the 
printer 220 may be an “all in one device”, such as a 
printer/copier/fax machine. Additionally, the PC 210 may be 
con?gured to receive information from components of the 
netWork 205. 

[0027] The print spooler 215 may be con?gured to accept 
the print job via the netWork 205. The print spooler 215 may 
further be con?gured to forWard the print job to the printer 
220 and/or store the print job until the printer 220 is ready 
to accept it. Typically, the print job is forWarded as a stream 
of bits corresponding to hoW each page of the printjob 
appears and, in a process described in more detail beloW, the 
printer 220 computes printer speci?c commands (e.g., laser 
pulse modulation). HoWever, it is Within the purvieW of the 
invention that the printer speci?c commands may be gen 
erated by the PC 210, the print spooler 215, the printer 220, 
and/or various other components con?gured to communi 
cate via the netWork 205. Additionally, the CPWC, the pixel 
count, toner remaining, and the toner usage values may be 
generated by the PC 210, the print spooler 215, the printer 
220, and/or various other components con?gured to com 
municate via the netWork 205. 

[0028] According to a preferred embodiment illustrated in 
FIG. 2, the printer 220 is a laser printer. In other Words, the 
printer 220 utiliZes a modulated laser to alter the electro 
static charge on an OPR in an electrophotographic process 
knoWn to those skilled in the art. According to the principles 
of the invention, a number of different types of laser printers 
may be utiliZed for proper operation of the invention. 
Additionally, the term “laser printer” is not intended to be a 
limitation, but rather, With respect to the disclosure, 
describes a printer in Which toner or ink is applied to the 
surface of a material in the form of pixels. Thus, it is Within 
the purvieW of this invention that any knoWn printer capable 
of suitably varying the Width and/or half tone level of pixels 
may be substituted for the printer Without departing from the 
scope of this invention. 

[0029] The printer 220 includes an application speci?c 
integrated circuit (“ASIC”) 225. The ASIC 225 may be 
con?gured to receive the print job. The ASIC 225 may 
further be con?gured to store the print job to a memory 230. 
The ASIC 225 may further be con?gured to convert the print 
job into printer speci?c commands. A memory 230 Within 
the printer 220 and connected to the ASIC 225 may be 
con?gured to store data for the ASIC 225. The data may 
include the print job, printer speci?c commands, PWC, half 
tone level, pulse edge count, CPWC, pixel count, relative 
humidity, toner usage, toner remaining, etc. 
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[0030] The detector 245 may be a component of the 
printer 220. Additionally or alternatively, the detector 245 
may be located in the general vicinity of the printer 220 such 
that the environmental factors affecting the detector 245 are 
substantially the same as for the printer 220. The detector 
245 may be con?gured to communicate With the ASIC 225 
directly or via the netWork 205. Moreover, any knoWn type 
or form of device capable of detecting or inferring environ 
mental factors and conveying this information in a computer 
readable is Within the scope of the invention. 

[0031] The printer 220 may include a toner cartridge 235. 
The toner cartridge 235 being ?lled With a predetermined 
amount of toner and con?gured to dispense a measured 
amount of toner as required. The toner cartridge 235 may 
include a memory 240. The memory 240 may be non 
volatile, for example, electronically erasable programmable 
read only memory (“EEPROM”). The memory 240 may be 
con?gured to store data related to toner usage and/or toner 
remaining. The toner cartridge 235 may be con?gured for 
communication With the ASIC 225. 

[0032] FIG. 3 is an exemplary graph, in accordance With 
an embodiment of the invention described in FIG. 1, of 
relative humidity (abscissa) as it effects the Weight, in grams, 
of 106 pixels (ordinate). As shoWn in FIG. 3, the non-linear 
effect of relative humidity on toner transfer may be plotted 
in terms of Weight of toner transferred to the printing media. 
In general, toner transfer is shoWn to increase as relative 
humidity increases. Thus, in terms of toner usage per pulse 
Width, a correction factor based on a function of the curve 
may be used to adjust the PWC. 

[0033] Additionally, it is to be understood that the inven 
tion is not limited to a function of the graph illustrated in 
FIG. 3, but rather, the invention may include any reasonable 
function correlating toner usage to relative humidity. 
Accordingly, the graph depicted in FIG. 3 is for illustrative 
purposes only and thus is not meant to limit the present 
invention in any respect. 

[0034] Moreover, the correction factor is determined 
based upon system design, empirically determined data, etc. 
In general, the correction factor may depend upon one or 
more of the folloWing factors: system application, laser 
speci?cations, printer head speci?cations, toner or ink char 
acteristics, OPR parameters, accuracy of the system, envi 
ronmental factors, etc. 

[0035] The method 100 may exist in a variety of forms 
both active and inactive. For example, they may exist as 
softWare program(s) comprised of program instructions in 
source code, object code, executable code or other formats. 
Any of the above may be embodied on a computer readable 
medium, Which include storage devices and signals, in 
compressed or uncompressed form. Exemplary computer 
readable storage devices include conventional computer 
system RAM (random access memory), ROM (read only 
memory), EPROM (erasable, programmable ROM), 
EEPROM (electrically erasable, programmable ROM), ?ash 
memory and magnetic or optical disks or tapes. Exemplary 
computer readable signals, Whether modulated using a car 
rier or not, are signals that a computer system hosting or 
running the computer program may be con?gured to access, 
including signals doWnloaded through the Internet or other 
netWorks. Concrete examples of the foregoing include dis 
tribution of the programs on a CD ROM or via Internet 
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download. In a sense, the Internet itself, as an abstract entity, 
is a computer readable medium. The same is true of com 
puter networks in general. 

[0036] What has been described and illustrated herein is a 
preferred embodiment of the invention along With some of 
its variations. The terms, descriptions and ?gures used 
herein are set forth by Way of illustration only and are not 
meant as limitations. Those skilled in the art Will recogniZe 
that many variations are possible Within the spirit and scope 
of the invention, Which is intended to be de?ned by the 
folloWing claims—and their equivalents—in Which all terms 
are meant in their broadest reasonable sense unless other 
Wise indicated. 

What is claimed is: 
1. Amethod for correcting a pulse Width count in response 

to an environmental factor, the method comprising: 

determining the pulse Width count; and 

calculating a corrected pulse Width count based on the 
pulse Width count and the environmental factor. 

2. The method of claim 1, Wherein one or more of the 
pulse Width count, the environmental factor and the cor 
rected pulse Width count may be determined for at least one 
of a piXel, a line, a page, a print job, and a usable lifespan 
of a toner cartridge. 

3. The method of claim 1, Wherein one or more of a 
statistical regression equation and a lookup table are used for 
the calculating step. 

4. The method of claim 3, Wherein the lookup table is 
based on the statistical regression equation. 

5. The method of claim 1, Wherein the environmental 
factor comprises one or both of the temperature and the 
relative humidity. 

6. The method of claim 1, further comprising: 

detecting the environmental factor. 
7. A computer readable medium on Which is embedded 

computer softWare capable of automatically correcting a 
pulse Width count in response to an environmental factor, the 
softWare comprising: 

determining the pulse Width count; and 

calculating a corrected pulse Width count based on the 
pulse Width count and the environmental factor. 
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8. The computer readable medium of claim 7, Wherein one 
or more of the pulse Width count, the relative humidity and 
the corrected pulse Width count may be determined for at 
least one of a piXel, a line, a page, a print job, and a usable 
lifespan of a toner cartridge. 

9. The computer readable medium of claim 7, Wherein one 
or more of a statistical regression equation and a lookup 
table are used for the calculating step. 

10. The computer readable medium of claim 9, Wherein 
the lookup table is based on the statistical regression equa 
tion. 

11. The computer readable medium of claim 7, Wherein 
the environmental factor comprises one or both of the 
temperature and the relative humidity. 

12. The computer readable medium of claim 7, further 
comprising: 

detecting the environmental factor. 
13. An apparatus for correcting a pulse Width count in 

response to an environmental factor, the apparatus compris 
ing: 

a processor system con?gured to determine the pulse 
Width count, Wherein the processor system is further 
con?gured to correct the pulse Width count based on the 
environmental factor. 

14. The apparatus of claim 13, Wherein the processor 
system comprises at least one processor associated With one 
or more of a PC, a print spooler, a printer and a netWork 
component. 

15. The apparatus of claim 14, Wherein the processor 
system is an application speci?c integrated circuit contained 
Within the printer. 

16. The apparatus of claim 13, Wherein the apparatus 
further comprises a sensor, the sensor con?gured to measure 
the environmental factor and relay the measurement to the 
processor system. 

17. The apparatus of claim 13, Wherein the environmental 
factor is one or more of temperature, relative humidity and 
barometric pressure. 

18. The apparatus of claim 13, Wherein the pulse Width 
count is corrected for one or more of a piXel, a scan line, a 

page, a print job, and a usable lifespan of a toner cartridge. 


