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ABSTRACT OF THE DISCLOSURE

A thermal printer early printhead failure
prediction system detects possible printhead an/or
printing element failure in response to the sensed
regsistance of the printhead or an 1individual
element thereof. A microprocessor of the printer
monitors the resistive trends of the printing
elements. A warning 18 generated when a
characteristic of the resistive trend exceeds a

predetermined boundary.



10

15

20

CA 02242500 2006-12-20

EARLY THERMAL PRINTHEAD FAILURE
PREDICTION SYSTEM

TECHNICAL FIELD

The present 1invention 1s directed to a
thermal printer for printing tags and/or labels
and more particularly to such a printer and

method for predicting thermal printhead faillure.

BACKGROUND OF THE INVENTION
Known thermal 1label/tag printers include thermal
printheads containing individual printing
elements. When a printing element fails, it
may result in a discontinulity 1in the printing.
Prior thermal 1label printers have used data dot
shift routines to shift data around a failed
printing element so that the failed printing
element 1is aligned with “zero” print data. This
feature extends the wuseful 1life of a thermal
printhead. However, such routines do not provide

any warning as to when a printing element 1is

failing.
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BRIEF SUMMARY OF THE INVENTION

The early thermal printhead failure prediction
system of the present invention 1is directed to
overcome the limitations of the prior data dot shift
routines described above. The early thermal
printhead failure prediction system of the present
invention monitors the resistive trends of the
individual printing elements of a thermal
printhead to provide a warning 1indication when the
registive trends deviate beyond  predetermined
limits.

More ©particularly, 1in accordance with the
present 1nvention, a microprocessor monitors the
resistive trends of the printing elements of the
thermal printhead. A read/write memory may be used
to store previous resistive values of the individual
printing elements for use 1n determining the
resistive trend. The microprocessor compares one
or more characteristics of the resistive trend to
predict whether an  individual printing element 1is
failing. If the microprocessor determines that an
individual printing element may be failing, a
warning to that effect is generated.

When the microprocessor of a thermal label/tag
printer executes such a printhead failure prediction
routine, maintenance may be scheduled before the
r data dot shift

——

thermal printhead fails and/c
routines become ineffective.
These and other advantages and novel features

of the present invention, as well as
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details of an 1illustrated embodiment thereof,

will be more fully understood from the following

description and drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

Fig. 1 1is a block diagram of a thermal
label/tag printer of the present invention 1in
communication with a host; and

Fig. 2 1is a flow <chart illustrating a
thermal printhead failure prediction routine of

the thermal label/tag printer of Fig. 1.

DETATILED DESCRIPTION OF THE INVENTION

A thermal label/tag printer 20 in accordance
with the present invention, as shown in Fig.l,
includes a thermal printhead 22 for printing
barcode and/or alpha-numeric data on a web of
record members such as tags and 1labels. A
microprocessor 24 controls the operation of the
thermal printhead 22, which includes a plurality
of printing elements 23, alternately referred to
as dot elements. Specifically, the microprocessor
24 controls the printhead 22 to print data
received from the host 28 and/or other 1input
devices, not shown, such as a keyboard, barcode
scanner, etc., 1in accordance with software stored
in the memory 26. The memory 26 may include ROM
and/or RAM, and/or a flash type memory,. etc. The
microprocessor 24 also monitors the condition of
the thermal printhead to determine whether one or

more printing elements 23 are likely to fail soon
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as discussed in detail below.

The thermal label/tag printer 20
communicates with the host computer 28 via a
communication interface 25 which may take the
form of a hard-wired interface, such as a RS 232
interface, or a wireless interface, such as a
radio frequency (RF) or infrared (IR) interface.

The microprocessor 24 executes the thermal

printhead failure prediction routine, depicted 1n

Fig. 2, to predict whether an individual printing
element of the thermal printhead 1s failing. The
routine is preferably executed to monitor each of
the printing elements 23 of the printhead 22 by
looping through the routine until all of the
printing elements 23 are checked. MAlternatively,
it may be executed a single time tO predict
whether one printing element is failing, or 1t
may be executed several times to test a subset of
the printing elements 23 of the thermal printhead
22 .

The first time that the routine is executed,
the first printing element position 1s loaded
prior to execution of the routine as depicted 1n
Fig. 2. Alternately, if it 1s desired to only
rest a single printing element, that element
position is loaded prior to execution. If it 1is
desired to test a subset of the printing elements
23, the position of the first printing element of
the subset is 1loaded prior Uto execution. The
microprocessor 24 then begins the failure
prediction routine by evaluating the loaded
printing element oOr dot element of the thermal

printhead 22. specifically, the mliCcroprocessotr 24
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determines the current resistance value of the
printing element at block 100 and stores this
value for later use. At block 102, the

MiCroprocessor 24 determines whether the
resistance of the printing element indicates that
it has failed. If the microprocessor 24

determines at block 102 that the printing element

has not vet failed, the microprocessor 24
proceeds to block 104 where it compares a
resistance value, or values, previously stored
for that printing element to the current
resistance that was found at block 100 to
determine a resistive trend. If the
microprocessor 24 determines at block 106 that
the resistive trend of the printing element 1s
increasing, the microprocessor 24 proceeds to
block 108 to determine whether a characteristic
of the increasing resistive trend has exceeded

predetermined boundaries. This determination may
be made by comparing ULhe curve defined by the

resistive trend for the printing element to a

predetermined, previously stored curve to
determine whether the printing element is
approaching failure. The difference between the

curve defined by the resistive trend and a
predetermined curve can also be examined to
determine *whether the printing element is
approaching failure. For example, the average
value and/or the maximum value and/or the minimum
value of the difference between the curves may be
compared to predetermined values to determine
whether the printing element is approaching

failure. Alternatively, Lthis determination may
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be made by comparing the slope or rate of change
of the resistive trend for the printing element
to a predetermined slope or rate of change. The
current resistance value of the printing element
may also be used as the characteristic of the
trend where the resistance 1is compared to a
reference value to determine whether it 1is
greater than the reference indicating approaching

failure of the element.

If a characteristic of the resistive trend
exceeds the predetermined boundaries as
determined at block 108, the microprocessor 24
predicts that the printing element is failing and
proceeds to block 110. At block 110 the
microprocessor 24 stores 1n memory the position

of the printing element predicted to fail. The

"microprocessor 24 then proceeds to block 124 to

generate @ a warning message that preferably
includes the identity of the printing element
approaching failure and/or 1its position. The
warning message may be sent to a host computer 28
via a communication interface 25 in the thermal
label/tag printer 20. Alternatively, a warning
indication may be directly displayed to the user
of the thermal label/tag printer 20. For example,
a message may be displayed on a display of the
thermal label/tég printer 20 or a warning LED on
the thermal label/tag printer 20 may be
illuminated. The next printing element position
to be evaluated 1s then loaded by the
microprocessor 24 in block 114. This allows all
printing elements 23 of the thermal printhead 22

to be monitored when the routine is executed in a
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loop. If the routine is executing in a loop, the

microprocessor 24 returns to block 100 to
continue testing the remainder of the printing
elements 23 of the thermal printhead 22.

If the microprocessor 24 determines 1n block

108 that the resistive trend does not exceed

predetermined boundaries, Lhe next printing
element is loaded at block 114. If the routine

is executing in a loop, the microprocessor 24 the

returns to block 100.

If the microprocessor 24 determines 1n block
106 that the resistive trend 1s not increasing,
the microprocessor 24 proceeds O block 116 where
it evaluates whether the resistive trend 1is
decreasing. If the resistive trend 1is not
decreasing, the next printing element is loaded
at block 114. If the routine 1s executing in a
loop, the microprocessor 24 then returns to block

100.

If, however, the microprocessor 24
determines at block 116 that the resistive trend
is decreasing, the microprocessor 24 then
determines at block 118 whether a characteristic
of the decreasing resistive trend has exceeded
predetermined boundaries in a manner similar to
that described with reference to block 108. If a
characteristic .of the resistive trend exceeds
predetermined boundaries, the microprocessor 24
proceeds to block 110 and stores the position of
the predicted failing printing element in memory

276. AL block 110, the microprocessor 24 also
stores selected characteristics of the resistive

trend. The microprocessor 24 then proceeds to



ST TsawT e

10

15

20

25

30

CA 02242500 1998-08-19

Docket No. 11369US01

block 124 to generate a warning message
indicating the printing element approaching
failure and/or its position. The warning message
may be sent to a host computer 28 wvia a
communication interface 25 and/or a warning
indication, such as a message on a display screen
of the thermal label/tag printer 20 or an
illuminated LED on the thermal label/tag printer
20, may be displayed. The next printing element
position is then loaded by the microprocessor 24
at block 114. If the routine is executing 1n a
loop, the microprocessor 24 returns tO block 100
to continue testing the remainder of the printing
elements 23 of the thermal printhead 22.

If the microprocessor 24 determines at block
118 that the downward resistive trend has not
exceeded predefined boundaries, the
microprocessor 24 proceeds from block 118 to
block 114 and loads the position of the next
printing element to be evaluated at block 114,
thereafter returning to block 100 if the routine
is executing in a loop.

1f, at block 102, the microprocessor 24
determines that the loaded printing element has
failed, the microprocessor 24 proceeds to block
120 where it increments a variable or register to
indicate that it has detected another failed
printing element. This variable or register may
be stored in memory Z26. The microprocessor 24
then proceeds to block 122 where it evaluates
whether three or more failed printing elements 23
have been detected yet by checking the variable

or register recording the number of failed
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printing elements 23. If three or more printing
elements 23 in the thermal printhead 22 have
failed, the microprocessor 24 proceeds to block
110 where the position of the failed printing
element is stored in memory 26 along with an
indication that the element has failed. The
microprocessor 24 then proceeds to block 124
where a warning message 1is generated indicating
that the thermal printhead 22 has failed. The
warning message may be sent to a host computer 28
via a communication interface 25 and/or a warning
indication may be directly displayed to the user
of the thermal label/tag printer 20. The
microprocessor 24 then loads the position of the
next printing element to be evaluated at block
114. If the routine is executing in a loop, the
microprocessor 24 returns thereafter to block
100.

In practice, it 1is known that data to be
printed may be shifted around one or two failed
printing elements 23 and still be printed with
acceptable results. As a result, 1f fewer than
three failed printing elements 23 are detected at
block 122, the microprocessor 24 at block 126
performs a known data dot shift routline to shift
data to be printed around the failed printing
element. Thereafter the microprocessor 24
proceeds from block 126 to block 114 where the
microprocessor 24 loads the position of the next
printing element to be evaluated. 1If the routine

is executing in a loop, the microprocessor 21
returns to block 100.

Many modifications and variations of the
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present invention are possible 1n light of the

above teachings. Thus, it is to be understood
that, within the scope of the appended claims,

the invention may be practiced otherwise than as

described hereinabove.

What is claimed and desired to be secured by

Letters Patent 1s:
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CLAIMS:

1. In a barcode printer, a system to predict
thermal printhead failure comprising:

a thermal printhead including a plurality of
printing elements, each printing element having an
assoclated resistance value; and

a processor for sampling over time a
plurality of resistance values for at least one of
sald  printing elements and for comparing each
sampled resistance value to its immediately
preceding sampled resistance value for that
printing element to determine a trend of the
resistance of at least one of said printing
elements, salid processor generating a warning for
indicating when a characteristic of the resistive
trend deviates beyond a predetermined boundary.

2 . The barcode printer as defined 1n claim
1, wherein said characteristic of said resistive
trend exceeds a predetermined boundary when the
rate of 1ncrease 1in the resistive trend exceeds a
predetermined value.

3. The barcode printer as defined in claim
1, wherein said characteristic of said resistive

trend exceeds a predetermined boundary when the
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rate of decrease in the registive trend

exceeds a predetermined value.

4 . The barcode printer as defined 1n
claim 1, wherein said characteristic of said
resistive trend exceeds a predetermined

boundary when the resistance of one of said

printing elements drops below a predetermined

value.

5. The barcode printer as defined 1n
claim 1, wherein said characteristic of said
resistive trend exceeds a predetermined

boundary when the resistance of one of said

printing elements exceeds a predetermined
value.

6 . The barcode printer as defined 1n
claim 1, 1including a read/write memory for

storing a position of a printing element when
the characteristic of the resistive trend for
the printing element exceeds sald
predetermined boundary.

7 . The barcode printer as defined 1n
claim 1, including a memory for storing one oOr
more characteristics of sald determined
resistive trend.

8 . The barcode printer as defined 1n

claim 7, wherein one of said stored
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characteristics 18 the resistance of the
printing element.
9. In a printer for printing on a web of

record members, a system for detecting thermal
printhead failure comprising:

a thermal printhead including a plurality
of printing elements each having an associated
resistance;

a processor for sampling the resistance of
a plurality of said printing elements over
time to determine an associated —resistive
trend for each of said plurality of printing
elements by comparing each resistance sampled
for a given printing element to i1ts
immediately preceding sampled resistance for
said given printing element, sald processor
determining whether the resistive trend ot
each printing element exceeds a predetermined
limit; and

a read/write memory for storing the
position of a printing element determined to
have a resistive t rend that exceeds a
predetermined limit.

10. The printer for printing on a web of
record members as defined in claim 9, whereiln

said resistive trend exceeds said
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predetermined l1limit when the rate of 1increase
in the resistive trend exceeds a predetermined
value.

11. The printer for printing on a web of

record members as defined in c¢laim 9, wherein
said resistive trend exceeds said
predetermined limit when the rate of decrease
in the resistive trend exceeds a predetermined
value.

12. The printer for printing on a web of
record members as defined in c¢laim 9, wherein

sald resistive trend exceeds said

predetermined limit when the resistance of one
of salid printing elements drops below a
predetermined value.

13. The printer for printing on a web ot
record members as defined in c¢claim 9, whereiln

said resistive trend exceeds sald
predetermined limit when the resistance of one
of saild printing elements surpasses a
predetermined value.

14 . The printer for printing on a web of
record members as defined in claim 9, wherein
said microprocessor determines whether said
resistive trend of one of said printing

elements exceeds said predetermined limit by
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comparing said resistive trend of one of sald

printing elements to a predetermined curve.

15. The printer for printing on a web of
record members as defined in c¢laim 9, whereiln
said resistive trend exceeds saild
predetermined limit when the average value of
the difference between the curve defined by
said resgistive trend of one of said printing
elements and a predetermined curve exceeds a
predetermined value.

16 . The label printer as recited in claim

9 further including a communication interface

for transmitting a message to a host computer
indicating the position of a printing element
having a resistive trend that exceeds said

predetermined limit.

17. A method of monitoring a thermal
printer having a thermal printhead comprising

a plurality of printing elements, a processing

means, and a memory for storing data,
comprising:

sampling over t ime a plurality of
resistance values for at least one of said

printing elements;

storing said sampled resistance values;
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comparing each of said resistance values
sampled for a print element to 1its immediately
preceding sampled resistance value for the
print element to determine a trend;

comparing a characteristic of said
regsistance trend to a reference;

storing the printing element position in
said memory when said characteristic of said
registance trend exceeds saild reference; and

generating a warning when sald
characteristic ot said resistance trend
exceeds said reference.

18. The method of mwmonitoring a thermal
printer as recited in claim 17 1ncluding the
step of sending said warning to a host

computer.

19. The method of monitoring a thermal

printer as recited in claim 17 including the

step of storing said second resistance value

in said memory.

20. The method of monitoring a thermal
printer as recited in c¢laim 17 wherein said
reference is a predetermined value stored 1in

sald memory.
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21 . The method of monitoring a thermal
printer as recited in claim 17 wherein said
reference represents a rate of change.

22. The wmethod of monitoring a thermal
printer as recited in c¢laim 17 wherein said
reference represents a curve.

23. The method of monitoring a thermal
printer as recited in claim 17 wherein said
reference represents an upper limit value.

24 . The method of monitoring a thermal
printer as recited in claim 17 wherein said
reference represents a lower limit value.

25 . A method of monitoring a label
printer having a thermal printhead including a
plurality of printing elements, a processing
means, and a memory comprising:

sampling over time a plurality of
resistance values for at least one of said
printing elements;

storing said sampled resistance values;

comparing each of said resistance values
sampled for a print element to its immediately
preceding sampled resistance value for the
print element to determine a trend;

determining 1if said resistance trend 1s

increasing or decreasing;
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comparing a characteristic of said resistance
trend to a first reference when said resistance
trend is increasing to determine if an upper limit
is exceeded;

comparing a characteristic of said resistance
trend to a second reference when said resistance
trend 1s decreasing to determine if said
characteristic falls below a lower limit,; and

generating a warning when either said upper
limit is exceeded by said characteristic or said
characteristic is below said lower limit.

26 . The method of monitoring a label printer
as recited in claim 25 wherein said characteristic
is the rate of change of the resistance trend.

27 . The method of monitoring a label printer
as recited in claim 25 wherein said characteristic
is a curve determined by said resistance trend.

28 . The method of monitoring a label printer
as recited in claim 25 wherein said characteristic

igs a resistance value.

29 . The method of monitoring a label printer
as recited in claim 25 further comprising the step

of sending said warning to a host computer.
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