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(54) Image forming apparatus adapted for counting images formed by the apparatus

(57) A method for counting events with a volatile
counter (109) and a non-volatile electronic memory com-
prising a number N of memory areas (111), in an appa-
ratus (101) having an operative mode and a non-opera-
tive mode, comprising the steps of:

a) counting events with the volatile counter (109),

b) when the count value has been incremented by a pre-

determined number M or when the apparatus (101) pass-
es into the non-operative mode, saving the count value
to one of the memory areas, with cycling switching of the
memory area into which the count value is written; and
c) when the apparatus (101) passes into the operative
mode, initialising the counter (109) with the maximum of
the count values stored in the N memory areas.
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Description

[0001] The invention relates to an image forming ap-
paratus, e. g. a copier or printer, implementing a method
for counting the number of "clicks", i. e. the number copies
that have been made, as specified in the preamble of
claim 1.

[0002] Inimage forming apparatuses such as printers,
copiers and multipurpose reproduction devices, it is fre-
quently required to count the number of hard copies that
have been made, e. g. for the purpose of determining
suitable maintenance intervals, or, more importantly, for
billing purposes. In conventional apparatus, mechanical
counters are used for that purpose because such
counters are known to be very robust and reliable. In
particular, mechanical counters will retain their count val-
ues even in case of an unexpected power breakdown of
the machine. On the other hand, since mechanical
counters are relatively expensive, it would be desirable
to replace them with electronic counters while preserving
a comparable level of robustness.

[0003] US 4 774 544 discloses an image forming ap-
paratus wherein the "clicks" are counted by a CPU of the
machine control which comprises a non-volatile memory.
An EEPROM (Electrically Erasable Programmable Read
Only Memory) is provided as a non-volatile memory for
saving the count values to make them persistent during
those times when the power supply for the CPU is turned
down. The contents of an EEPROM can be read as often
asdesired, but can be erased and re-written only a limited
number of times. Since this number is significantly small-
er than the number of copies that is expected to be made
and to be counted during the total lifetime of the image
forming apparatus, this EEPROM is subdivided into a
plurality of memory areas each of which can store a com-
plete countvalue, sothat the storage capacity of the EEP-
ROM is multiplied. In each time when a "click" is counted,
the new count value is written in one of the memory areas
of the EEPROM, and when the number of erase and write
cycles of that memory area becomes exhausted, the fu-
ture count values will be written into another memory
area.

[0004] EP-A-0412 039, US 5568 626 and US 5 450
460 disclose other counting methods dealing with the
problem of the limited number of write cycles of an EEP-
ROM.

[0005] However, all these methods require a consid-
erable amount of storage capacity of the non-volatile
memory, which increases the costs for these memory
devices. Moreover, these known methods address the
problem that the count values that are stored in the non-
volatile memory may become corrupted only to a limited
extent. E.g. whenamachine error leads to an unexpected
shutdown or when a power failure of the machine control
system takes place at the very moment when new data
are written into the EEPROM. In such a case, the write
procedure will be disturbed and the value that will be
written into the memory area of the EEPROM becomes
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unpredictable. A similar problem will occur when an EEP-
ROM or a specific memory area thereof reaches the end
of its lifetime (earlier than expected).

[0006] US-A-4 665497 describes an odometer where-
in a travelled distance is counted in a volatile counter,
and certain increments of that distance, e. g. 100 m, are
saved in a non-volatile memory having a plurality of mem-
ory areas. Another count value is saved when the power
is switched off. When power is switched on again, the
counter is initialized with the maximum of the count val-
ues read from the memory areas.

[0007] Itis an object of the invention to provide an ap-
paratus according to the preamble of claim 1 which per-
mits to reduce the costs for non-volatile memory devices
and nevertheless is robust against various types of fail-
ure.

[0008] According to the invention, this object is
achieved by an appartus as specified in claim 1.

[0009] Since the various memory areas of the non-vol-
atile memory are located in distinct EEPROM’s, the
counting system as a whole will be robust against events
of damage or destruction even if some of the EEPROM’s
are affected.

[0010] Further, according to this method, a write pro-
cedure in the non-volatile memory will not be required
for each event that is to be counted, but instead, such a
write procedure will be required only every M-th count,
so that, for a given storage capacity of the non-volatile
memory, the member of counts that can be stored per-
sistently is multiplied by M. In case of a regular shutdown
of the apparatus, i. €. when the apparatus passes from
the operative mode into the non-operative mode, in which
case the count value in the volatile counter will get lost,
the count value will be saved in the non-volatile memory
and will later be used for re-initialising the volatile counter
with that count value when the apparatus passes again
into the operative mode. Thus, in absence of any error
events, the method according to the invention is capable
of keeping track of the exact count value. In the excep-
tional case that an unexpected power shutdown occurs,
e. g. because of an error, there will be no time to save
the current count value before the contents of the volatile
counter get lost, and the count value that is stored per-
sistently will then be the count value that has been saved
last time when an integral multiple of M had been
reached. Thus, in such an error scenario, the method
according to the invention will lead to a loss of up to M
countsinthe worst case. However, such aloss of a limited
number of counts is acceptable because, if the number
M has been selected appropriately, the commercial loss
caused by the loss of at most M counts on the rare oc-
casion of an error event is significantly smaller than the
costs that would be required for providing sufficient stor-
age capacity for persistently storing each individual count
value.

[0011] In a next embodiment the method, wherein, in
a cycle of N consecutive saving steps each memory area
is written once, comprises a step of checking the validity
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of the count values stored in the non-volatile memory by
checking whether the difference between two of the count
values in the memory areas (0, 1, 2, 3) is not larger than
M * N. As a consequence, the N memory areas of the
non-volatile memory will always store the N count values
that have been saved in the last N save operations, and
the difference between any two of these count values will
always be smallerthan N*M, if all count values have been
saved correctly. Thus, the condition that the difference
between any pair of count values that are stored in the
non-volatile memory must be smaller than N*M provides
a simple criterion for checking the validity of these count
values. In other words, if this criterion is not met for a
specific pair of count values, it must be concluded that
one of the two count values is invalid, e. g. because of
an error that has occurred during the write procedure.
[0012] In a further embodiment, the step of step of
checking the validity includes a step of identifying valid
count values on the basis of the criterion that the differ-
ence between any two of the valid count values is not
larger than N * M, and identifying an invalid count value
on the basis of the criterion that the difference between
that count value and any of the valid count values is larger
than N * M. Since, normally, an error occurring during
the write procedure will corrupt only one of the N count
values, all pairs of count values that do not involve the
one corrupted value will still fulfill the above criterion, so
that it is even possible to identify the invalid one among
the N count values. It will be clear that, by performing the
method according to the invention, including the validity
check in step (c), it is possible to identify a memory area
of the non-volatile memory that has become defective.
Then, it is possible to automatically continue with a mod-
ified counting procedure which leaves out the defective
memory area (with M being changed to M-1). Thus, the
method according to the invention is also robust in the
sense that it tolerates a failure of one or more of the N
memory areas. So the system will remain robust against
events of damage or failure as long as at least two EEP-
ROM’s are operating properly.

[0013] In a next embodiment the step of checking the
validity is included in the step (a), and the initialisation of
the counter (109) is based only on the maximum of the
valid count values. Thus, when the apparatus passes to
the operative mode again, it willin most cases be possible
to initialise the counter with the correct count value, and
even in the case that the corrupted count value happens
to be the one that had been stored last, the worst-case
loss of counts will not be larger than M.

[0014] In a further embodiment, in step (c), the count
value is saved in the memory area that has produced the
count value with which the counter (109) has been ini-
tialised. In principle, when the apparatus has passed into
the operative mode and the counting procedure has been
resumed, the first count value to be saved after an incre-
ment of M counts may be written into any of the N memory
areas of the non-volatile memory. In a preferred embod-
iment, however, this count value is written into the mem-
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ory area that has shown the largest count value in the
initialisation step.

[0015] If an apparatus according to the invention com-
prises more than one counter, e. g. counters for sepa-
rately counting sheets of different formats and/or for dis-
tinguishing between simplex and duplex copies, the
above method may be performed individually for each of
these counters which will then have a suitable number
of memory areas in the non-volatile memory associated
therewith. Then, it will also be possible to count and save
also the total number of copies that have been made,
irrespective of the format or type (simplex or duplex), and
another validity check may be made by comparing the
sum of the count values of the individual counters to the
total count value.

[0016] An image forming apparatus implementing the
above method is claimed in the independent apparatus
claim. Preferably the EEPROM’s are distributed over var-
ious locations within the apparatus. This will ameliorate
the robustness against failures and damages.

[0017] The control system of the image forming appa-
ratus may further comprise a counting control module
that manages a local user interface (LUI) and/or network-
ing with a remote accounting facility, so that the actual
count values may at any time be called-up from the re-
mote facility for billing purposes and/or may be viewed
by a local user. Preferably, this control module has ac-
cess to a hard disk device which will serve as a second
non-volatile memory for the count values, thereby to pro-
vide more redundancy. However, since a hard disk de-
vice may be subject to damage and data loss, it is pref-
erable that the "non-volatile memory" in the meaning of
this invention is in the first place formed by EEPROM's.
On the other hand, if the count values are updated on
the hard disk device on a regular basis (per counts or per
time), the control unit and the hard disk may act as a
server for making the count values available for the local
user and the remote facility, even in periods in which the
apparatus is in the non-operative mode and the power
supply for the embedded software is cut off. If a reset of
the control module becomes necessary, updated and
correct count values may be downloaded from the EEP-
ROM'’s.

[0018] A preferred embodiment of the invention will
now be explained in conjunction with the drawings,
wherein:
Fig. 1  is a block diagram of an image forming appa-
ratus with a sheet counting system according
to the invention;

is a table illustrating several steps in a counting
procedure according to the invention;

is a flow diagram illustrating a procedure for in-
itialising a counter in the system shown in Fig.
1; and

is a flow diagram illustrating a counting proce-
dure according to the invention.

Fig. 2

Fig. 3

Fig. 4
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[0019] Fig. 1 shows a block diagram of an image form-
ing apparatus 101 which will briefly be called "printer"
hereinafter, although the apparatus may also be a copier,
e. g. a digital copier, or a multi-purpose copier/printer
combining the functions of scanning, copying and print-
ing. Since the general construction and function of such
an image forming apparatus are known in the art, they
will not be described herein, and the printer 101 has only
been shown as a single block in Fig. 1. Likewise, Fig. 1
shows only those parts that are relevant to explain the
present invention.

[0020] The control system 102 of the printer 101 com-
prises a Local User interface (LUI) 103, a network inter-
face 104 for connection to a remote accounting facility
(not shown), a hard disk device 105, a counting control
module 106 connected with a volatile storage location
107 and a non-volatile memory 108. Hardware compo-
nents making up the control system may be distributed
over various locations in the apparatus. Volatile storage
location 107 is provided with four counters 109 each of
which has a volatile memory (of e. g. four byte) for storing
a current count value for the number of sheets that has
been printed with the printer 101. To this end, each coun-
ter 109 receives a count signal via the counting control
module from a fuse unit 110 of the printer 101 each time
an image has been fused on a copy sheet. The four
counters 109 serve for counting small format simplex
sheets, small format duplex sheets, large format simplex
sheets and large format duplex sheets, respectively, on
which an image has been fused on one side (simplex) or
both sides (duplex) in the fuse unit 110. The storage lo-
cation 107 may further comprise an additional counter
(notshown) for counting the total number of sheets, which
should always correspond to the sum of the count values
of the counters 109.

[0021] When the printer passes to a sleep mode for
reducing power consumption, only some parts of the con-
trol system 102 and the related peripheral devices (LUI
103, interface 104 and hard disk device 105) will be kept
operative. As a consequence, the count values in the
volatile memories of the counter 109 would get lost, if
they were not saved to a non-volatile memory. Such a
non-volatile memory 108 which is specifically dedicated
the purpose of storing the count values of the counters
109 is formed here by a plurality of EEPROM’s 111. Each
EEPROM provides four 4-byte memory areas, one for
each of the counters 109. A 4-byte memory area is ca-
pable of storing a count value that may be larger than
750 million counts, which is more than enough for count-
ing all the copies made during the lifetime of the printer
101. When a count value stored in one of the memory
areas is to be replaced by a new count value, the corre-
sponding memory area of the EEPROM has to be erased,
so that the new contents can be written therein. However,
the lifetime of state of the art EEPROM’s is limited to
about one million erase and write cycles. Thus, if each
countsignal issued by the fuse unit 110 would be counted
on the EEPROM’s 111, the lifetime of the EEPROM'’s
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would expire long before the printer 101 reaches the end
of its life.

[0022] It will be noted that each of the four counters
109 in the volatile storage area 107 cooperates with a
total of four EEPROM'’s 111. However, even this 4-fold
storage capacity would be far to little to store each indi-
vidual count in the EEPROM’Ss

[0023] Forthatreason, the counting control module 23
is so configured that, as a general rule, it stores only
every 80-th count value of the counters 109 in one of the
storage area’s associated with that counter of one of the
four EEPROM'’s and evenly distributes the count values
over the four EEPROM's. This will virtually multiply the
lifetime of the EEPROM'’s by 80*5=400, resulting in a
counting capacity of 400 million sheets per category (per
counter), which will be more than the worst case through-
put of the printer 101 in six years of usage.

[0024] The specific manner in which the count values
of anindividual counter 109 are stored in the correspond-
ing four memory areas each formed by a distinct EEP-
ROM 111 will be explained in detail as the description
proceeds.

[0025] In order to make the count values of the
counters 109 available on the user interface 103 and the
network interface 104, updates of the count values of the
counters 109 are made available at a frequency of 1/min,
as long as the printer is in the operating mode. Further,
the current count values will be stored on the hard disk
device 105 every 2.5 s. Thus, the current count values
can be viewed on the user interface 103 or read from the
remote accounting facility via the network interface 104
even when the printer is in the sleep mode. Additionally,
day counters can be made available that can be read
and reset by the user by entering appropriate commands
via the LUI 103.

[0026] Although the hard disk device 105 storing the
count values that are updated once per minute is also a
non-volatile memory, it will be understood, that, if these
count values were stored only on the hard disk device
105, they would be lost and could no longer be billed for
in case of a crash of the hard disk device 105. In this
respect, the non-volatile memory formed by the EEP-
ROM’s 111 provides a storage facility that will be safer
and more robust.

[0027] Examples of the count and save procedures
performed by counting control module will now be de-
scribed in conjunction with Fig. 2, wherein the first column
represents the contents of one of the counters 109, and
the second to fifth columns represent the contents of the
corresponding memory areas of the EEPROM’s 111.
These memory areas are numerated as 0,...,3.

[0028] The first row (a) in Fig. 2 illustrates a condition
in which the embedded software is initialised, i.e. when
the printer 101 passes from the sleep mode to the oper-
ative mode.

[0029] The last count value that had been reached be-
fore the printer went into the sleep mode was 892 and is
stored in area 2 in this example. The other memory areas
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3, 0 and 1, in that order, show the last four count values
that had been stored in the periodic save operations per-
formed every 80 sheets. It can be seen that the incre-
ments between the values 720, 800, etc. stored in the
areas 3, 0 and 1 is always equal to 80, whereas the last
increment from 880 to 892 is smaller. The reason is that
the value of 892 was written to the area 2 not in one of
the periodic save operations, but in an extra save oper-
ation when the printer went into the sleep mode. Thus,
the value 892 in area 2 is the largest of the five count
values that have been stored, and the counter 109 is
initialised with that value.

[0030] The row (b) shows the situation 13 clicks later,
when the counter has counted up to 905. It can be seen
that the values in the memory areas are not changed, i.
€. no save operation has been performed.

[0031] Inrow (c), the counter has reached 972, which
is after an increment of 80 from 892, and this triggers the
next one of the periodic save operations. As can be seen,
the count value 972 is saved in the memory area 2, i. e.
the one from which the last (highest) count value 892 had
been read.

[0032] The row (d) shows the situation yet another 80
clicks later, when the count value in the counter has
reached 1052 and the next periodic save operation is
performed. As can be seen, this count value 1052 is
stored in the next memory area 3, replacing the value
720 that had previously been stored in that area.
[0033] The row (e) illustrates the situation when the
printer passes again into the sleep mode while a count
value of 1167 has been reached in the counter 109. In
the meantime, the count values 1052 and 1132have been
savedinthe areas 3 and 0in the periodic save operations.
The current count value 1167 is saved in memory area
1. When the printer is switched into the operative mode
again, the counter 109 will be initialised with the value of
1167 stored in area 1, i. e. with the maximum of the four
count values stored in the memory areas.

[0034] Row (f) illustrates a situation in which an unex-
pected power shutdown has occurred when the count
value in the counter 109 had reached 1679. This unex-
pected power shutdown may have occurred because of
an error, e. g. because the user has turned down the
printer by pressing an emergency button or because of
a breakdown of the line power. In the last periodic save
operation, the value 1600 had been stored in memory
area 0. The next periodic save operation would have tak-
en place at a count value of 1680, and this value would
have been saved in area 1. However, this save operation
could not be reached because the power shutdown oc-
curred already at 1679. As a result of the power shut-
down, the counting control module has attempted to save
this value of 1679 in the memory area 1, but the save
operation has failed because of power shortage. Due to
this failure, a senseless or random value 19631 has been
stored in memory area 1.

[0035] The row (g) illustrates the situation when the
printer 101 passes again into the operative mode after
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the unexpected power shutdown mentioned in conjunc-
tion with row (f). In this situation, the largest of the count
values stored in the memories areas 0-3 is the value
19631 stored in area 1. However, by comparing this value
to the count values stored in the other three memory ar-
eas, the counting control module finds that the value of
19631 can not be valid and initialises with the next largest
values.

[0036] If the count and save operations are performed
without any errors, as in rows (a)-(e), the difference be-
tween the count values stored in any two of the memory
areas 0-3 must always be smaller than 400. This condi-
tion is not met in row (g), which shows that an error must
have occurred.

[0037] It should be observed here that the erroneous
count value stored in area 1 is randomly selected from
among the possible count values which range from 0 to
750 million, so that there is only a negligible probability
that this count value accidentally meets the above differ-
ence criterion, i. e. happens to fall within the interval be-
tween 1200 (1600 - 400 ) and 1760 (1360 + 400).
[0038] It can further be detected that in row (g) the
values stored in the memory areas 2, 3 and 0 meet the
difference criterion, and the value 19631 in area 1 is the
only one that does not fit. It may therefore be concluded
thatonly the value in area 1 is invalid, whereas the values
stored in the other memory areas are valid. Thus, when
searching for the maximum of the stored count values
for initialising the counter 109, the memory area 1 will be
excluded, so that the counter will be initialised with 1600.
Since the "true" count value that was reached before the
power shutdown was 1679 (row (f)), this means that 79
counts are lost and can not be recovered. However,
thanks to the procedure described above, such a loss of
counts in case of an error will never be larger than 80.
Thus, assuming that a fee of 0,01 Euro is charged per
copy, the financial damage that may be caused by such
an error event will be limited to 80 Cents.

[0039] The row (h) illustrates the situation that is
reached another 160 clicks later. The count value in the
counter (which is still 79 counts too small) has reached
1760. In the periodic save operation that has taken place
at 1680, this count value has again been stored in the
memory area 0 form which the value of 1600 for initiali-
sation had been read, as was described above. In the
next periodic save operation occurring at 1760, the erro-
neous value in area 1 is overwritten with 1760, so that
all traces of the error are removed.

[0040] In order to avoid errors of the type illustrated in
row (f), it would be possible to adapt a hardware config-
uration that maintains a sufficient power voltage level for
correctly saving the count value to the EEPROM until the
write operation is completed, even in case of an unex-
pected power shutdown. In most cases, however, such
a hardware configuration will not be necessary because
the loss of only 80 counts in the worst case will be ac-
ceptable.

[0041] It will be appreciated that the validity check and
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(approximate) error correction procedure described
above does not depend upon the specific type of error
that has caused the wrong storage value in one or more
of the memory areas. For example, this procedure will
also be effective if a wrong result is stored in one of the
memory areas because the corresponding EEPROM has
reached the end of its lifetime. Since the five memory
areas associated with an individual counter 109 are
formed by or located on different EEPROM'’s, the failure
of one EEPROM will not affect the results stored in the
other EEPROM's.

[0042] In order to prevent fraud, a normal user will of
course not have the possibility to reset the EEPROM'’s.
However, authorised personnel, e. g. a service engineer,
may have appropriate tools for resetting the EEPROM’s,
for example in a case that the printer 101 is refurbished
and thus has a "second life". Considering normal usage
of the printer 101, the lifetimes of the EEPROM'’s will be
sufficient for a second or even a third life of the printer
without exceeding the maximum number of erase/write
cycles.

[0043] The procedures performed by the embedded
software in conjunction with initialising the counter,
counting the clicks and saving the count results will now
be described in detail by reference to Figs. 3 and 4.
[0044] Fig. 3is aflow diagram for an initialising routine
that will be performed each time the printer 101 passes
from the sleep mode to the operative mode. In step S1,
the count values C; are read from the four memory areas
0 -3. Step S2 is the validity check, wherein each of the
count values C; is compared to each of the other three
count values C;, to check whether their difference is
smaller than 320. In the example shown, a count value
C, is considered to be valid if there exists at least one
other count value C; for which the difference criterion is
met. Thus, if the total number M of memory areas is 4,
the system would still be operative if three of the five
EEPROM'’s are defective.

[0045] A subsequent step S3 searches for the maxi-
mum C among the valid count values C; and stores an
index k which points to the memory area in which the
highest count value had been stored. Then, in step S4,
the counter 109 is initialised with the maximum C found
in step S3, and the routine passes on to the count pro-
cedure that is illustrated in Fig. 4.

[0046] In step S5, it is checked whether a shutdown
condition is met, i. e. whether a command for starting a
regular shutdown procedure has occurred, so that the
printer will pass into the sleep mode or will be switched
off completely. A command for entering into the sleep
mode may for example be generated automatically when
the printer has not been used for a predetermined time
interval.

[0047] If no shutdown condition is met, it is checked in
step S6 whether a new click has occurred, i. e. whether
a count signal has been received from the fuse unit 110.
The steps S5 and S6 are repeated cyclically as long as
the printer remains in the operative state and no new
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click occurs. In case of a new click, the loop is left via
step S7, where the previous count value C in the volatile
memory of the counter 109 is increased by one. Then, it
is checked in step S8 whether the count value has been
incremented in step S7 with a multiple of 80. If this is not
the case, the routine loops back to step S5.

[0048] On the other hand, if the count value has been
incremented with a multiple of 80, the routine branches
to step S9 where this count value is written into the EEP-
ROM memory area with the index k (which was initialised
in step S3), and the former value of k is replaced by (k +
1) mod3. This assures the cyclic switching of the memory
areas 0 - 3 to which the count values are written, as was
described in conjunction with Fig. 2.

[0049] Then, if no shutdown condition was met in step
S5, the routine loops back to step S5 via step S10, and
the count procedure is continued.

[0050] If a shutdown condition is detected in step S5,
the routine branches directly to step S9 to store the cur-
rent count value, as in row (e) in Fig. 2. Then, the proce-
dure is ended via step S10, and it will be only then that
the shutdown procedure leads to the power supply for
the embedded software being cut off. Thus, under normal
conditions, it is assured that the save operation will be
performed correctly.

[0051] As an alternative for the embodiment shown in
Figure 4 it is proposed to save count values at multiples
of 80. In Figure 4 step S8 will then check the condition
"has the counter reached a value that is a multiple of
807". If yes the method proceeds with step S9, if no the
method returns to step S5. Row (h) represents a typical
configuration in which the differences between all the
count values stored in the memory areas 0-3 are multi-
ples of 80. It is an advantage of this embodiment that the
differences between all count values are multiples of 80.
This condition must always be fulfilled if the number of
counts that has occurred since the last power start-up of
the embedded software becomes larger than 320. This
can be used as a criterion that is easy to check and there-
fore permits a simple and fast validity check that may
replace a more complex checksum or other validity check
procedure.

[0052] In continuation now of the embodiment shown
in Fig. 4, the embedded software may not attempt to save
a current count value if an unexpected shutdown occurs.
Then, unlike the example illustrated in row (f) in Fig. 2,
the contents of the pertinent memory area 1 would be
leftas itis (at1360), but in the next initialisation step (row
(9)) the value 1600 would still be highest valid count val-
ue, and the further procedure would be the same as in
row (h). The only difference would be, that it would not
be possible to conclude from the invalidity of at least one
count value that a loss of up to 80 counts has occurred.
Of course, such a condition which implies a possible loss
of counts may be detected by other means, as is well
knownin the art. A situation comparable to the one shown
in rows (f) and (g) in Fig. 2 may however occur when the
pertinent EEPROM is defective or when the power supply
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happens to be cut off in the very moment in which the
save operation (step S9) is performed.

[0053] The validity check performed in step S2 in Fig.
3 may be extended to include a procedure for identifying
the memory area that has produced an invalid count val-
ue, and this information may be passed on to the control
module 106 where the error may be recorded in a log
file. Thus, if a specific EEPROM malfunctions and pro-
duces invalid results repeatedly, this may be detected in
the control module 106, and the control module may dis-
able that EEPROM or memory area and continue with a
modified count procedure utilising only the remaining,
non-defective memory areas.

[0054] The control module 106 may further be used
for performing additional checks. For example, if the
printer has a maximum production rate of 180 copies per
minute (summed over all sheet formats), then the differ-
ence between the last count value stored in the hard disk
device 105 for a specific counter 109 and the next update
for that counter cannot be larger than180, since the count
values are updated in the control module 106 once per
minute. Thus, if an unreasonably large difference is de-
tected or if the count value appears to have decreased,
this is an indication that an error has occurred in the
counting system. If the printer has beenin the sleep mode
in the interval between the last and the last but one up-
date, itis likely thatthe error has occurredinthe EEPROM
write procedure or the initialisation procedure. Such
events may be recorded on the log file and/or may cause
the control module 106 to send an error message to the
accounting facility via the network interface 104.

[0055] The behaviour of the system will now be illus-
trated in conjunction with a number of possible error sce-
narios.

[0056] As was explained already, in case of an uncon-
trolled shutdown of a running system, not more than 80
clicks will be lost in the worst case.

[0057] Ifafailure occursinthe intialization of the control
system 102 and this control system has to be restarted,
the count values stored in the counters 109 will be lost,
and the count values that are shown on the LUl 103 im-
mediately after restart will not be correct. However, the
values stored in the EEPROM’s 111 will serve as a back-
up, and the control module 106 will be updated with the
correct count values after one minute of operation of the
printer. In that case, no clicks will be lost.

[0058] In case of a hardware or software failure the
count values in the volatile memories of the counters 109
will be made persistent. Thus, when a service technician
has replaced defective parts and/or has reloaded the
software for the control system, the correct count values
will be written into the counters 109 in the first initialising
procedure shown in Fig. 3, and no clicks will be lost.
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1. Animage forming apparatus (10) comprising a con-

10

15

20

25

30

35

40

45

50

55

trol system (12, 14) adapted to switch the apparatus
from a non-operative mode to an operative mode
and vice versa and including at least one volatile
counter (30) and a non-volatile memory (34) with a
number N of memory areas (0, 1, 2, 3) for each coun-
ter (30), each memory area being implemented as
a separate EEPROM,

characterized in that the control system is adapted
to perform the following steps for counting a number
of images formed by the apparatus (10):

a) when the apparatus (10) passes into the op-
erative mode, initialising the counter (30) with
the maximum of the count values stored in the
N memory areas;

b) counting events with the volatile counter (30);
and

¢) saving the count value to one of the memory
areas each time when the count value has been
incremented by a predetermined number M > 1
or when the apparatus (10) passes into the non-
operative mode.

The apparatus according to claim 1, wherein, in a
cycle of N consecutive saving steps, each memory
area is written once.

The apparatus according to claim 2, wherein the con-
trol system is adapted to perform a step of checking
the validity of the count values stored in the non-
volatile memory (34) by checking whether the differ-
ence between two of the count values in the memory
areas (0, 1, 2, 3) is not larger than M * N.

The apparatus according to claim 3, wherein said
step of checking the validity includes a step of iden-
tifying valid count values on the basis of the criterion
that the difference between any two of the valid count
values is not larger than N * M, and identifying an
invalid count value on the basis of the criterion that
the difference between that count value and any of
the valid count values is larger than N * M.

The apparatus according to claim 3 or 4, wherein
said step of checking the validity is included in step
(a), and the initialisation of the counter (30) is based
only on the maximum of the valid count values.

The apparatus according to any of the preceding
claims, wherein, in step (c), the count value is saved
in the memory area that has produced the count val-
ue with which the counter (30) has been initialised.

The apparatus according to any of the preceding
claims, wherein, each time a count value is saved in
step (c) the memory area into which the count value
is written is switched cyclically.
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The apparatus according to any of the preceding
claims, wherein the non-volatile memory is incorpo-
rated in an embedded software architecture (12),
and the memory areas of the non-volatile memory
are distributed over various locations within the ap-
paratus (10).
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Fig. 1
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Fig.3
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