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THERMAL TRANSFER PRINTER

BACKGROUND

[0001] The present disclosure relates to thermal transfer printers and particularly

but not exclusively to methods for monitoring and controlling the quality of printed

images.

[0002] Slip mode printing, as described in PCT W097/36751 and later in PCT

W099/34983, is a known method of thermal transfer printing in which the printer

controller controls the motion of the thermal transfer ribbon to be at a speed which is, to

a chosen extent, less than the speed of the substrate to be printed on, whilst in the

same process, controlling the signals to the thermal transfer printhead to print an image

which is similarly reduced in size in the same plane as the direction of movement of the

ribbon and substrate, so that as the thermal transfer prints, the ink is to some extent

"smeared" onto the substrate. The desired result is that a full sized image is printed on

the substrate, but the amount of ribbon consumed is less than the full size of the image,

in the plane of the direction of movement of the ribbon and substrate.

[0003] There are two generally known modes of thermal transfer printing -

continuous printing and intermittent printing. In both modes of printing, a printer

performs a regularly repeated series of printing cycles, each cycle including a printing

phase during which ink is being transferred to a substrate, and a further non-printing

phase during which the apparatus is prepared for the printing phase of the next cycle.

[0004] In continuous printing, during the printing phase a stationary printhead is

brought into contact with a printer ribbon the other side of which is in contact with a

substrate on to which an image is to be printed. (The term "stationary" is used in the

context of continuous printing to indicate that although the printhead will be moved into

and out of contact with the ribbon, it will not move relative to the ribbon path in the

direction in which ribbon is advanced along that path). Both the substrate and printer

ribbon are transported past the printhead, generally but not necessarily at the same

speed. Generally only relatively small lengths of the substrate which is transported past

the printhead are to be printed upon and therefore to avoid gross wastage of ribbon it is

necessary to reverse the direction of travel of the ribbon between printing operations to

avoid ribbon wastage as is described in further detail below. Thus in a typical printing



process in which the substrate is travelling at a constant velocity, the printhead is

extended into contact with the ribbon only when the printhead is adjacent regions of the

substrate to be printed. Immediately before extension of the printhead, the ribbon is

accelerated up to a desired speed which may in normal operation be the speed of travel

of the substrate. The ribbon speed is then maintained at the constant speed during the

printing phase and, after the printing phase has been completed, the ribbon is

decelerated and then driven in the reverse direction so that the used region of the

ribbon is on the upstream side of the printhead. As the next region of the substrate to

be printed approaches, the ribbon is then accelerated back up to the normal printing

speed and the ribbon is positioned so that an unused portion of the ribbon close to the

previously used region of the ribbon is located between the printhead and the substrate

when the printhead is moved to the printing position. Thus very rapid acceleration and

deceleration of the ribbon in both directions is desirable, and the ribbon drive system is

ideally capable of accurately locating the ribbon so as to avoid a printing operation

being conducted when a previously used portion of the ribbon is interposed between

the printhead and the substrate.

[0005] In intermittent printing, a substrate is advanced past a printhead in a

stepwise manner such that during the printing phase of each cycle the substrate and

generally, but not necessarily, the ribbon, are stationary. Relative movement between

the substrate, ribbon and printhead is achieved by displacing the printhead relative to

the substrate and ribbon. Between the printing phase of successive cycles, the

substrate is advanced so as to present the next region to be printed beneath the

printhead and the ribbon is advanced so that an unused section of ribbon is located

between the printhead and the substrate. Once again rapid and accurate transport of

the ribbon is desirable to ensure that unused ribbon is always located between the

substrate and printhead at a time that the printhead is advanced to conduct a printing

operation.

[0006] Some commercially available thermal transfer printers are configured to

operate in only one of intermittent and continuous modes. That is, the mode in which

the printer operates is determined by constructional features of the printer. Other

commercially available thermal transfer printers provide functionality such that a user



can select either an intermittent mode of operation or a continuous mode of operation at

runtime.

BRIEF SUMMARY

[0007] The present disclosure provides a thermal transfer printer including a

system for monitoring and controlling the quality of printed images.

[0008] According to a first aspect of the present disclosure, there is provided a

method for operating a thermal transfer printer, comprising providing a ribbon; providing

at least one spool configured to take up the ribbon; providing a printhead; moving the

substrate relative to the printhead; moving the ribbon relative to the printhead at a

speed that is less than the speed of the substrate while using the printhead to

selectively transfer ink from the ribbon to a substrate; capturing data from the ribbon

after ink has been transferred to the substrate; and processing the data to control at

least one property of the printer.

[0009] In this way, a property of the printer is controlled based upon data obtained

from the ribbon after printing. In some embodiments, data obtained from the ribbon after

printing is indicative of print quality and as such a property of the printer can be

controlled based upon determined print quality.

[0010] Movement of the ribbon relative to the printhead at a speed that is less than

the speed of the substrate enables so called "slip printing" of the type described above.

[001 1] The method may comprise controlling the pressure of the printhead against

the ribbon and the substrate. For example, the at least one property of the printer

controlled based upon the captured data may be the pressure of the printer against the

ribbon and the substrate.

[0012] A closed loop control method may be provided which adjusts the printhead

pressure (or other printer parameters) in response to feedback signals derived from the

data captured from the ribbon after ink has been transferred to the substrate. This is

advantageous as it allows real time control of the printer based upon data captured

from the ribbon after printing. That is, in some embodiments the disclosure provides for

closed loop slip printing. This is advantageous as it allows possible disadvantages of

slip printing (such as variable print quality arising from subtle changes in printing



configuration) to be overcome. It will be appreciated that in addition to using feed back

signatures derived from the data captured from the ribbon, other feed back signals may

also be used. For example, the pressure of the printhead against the ribbon and

substrate may be monitored and used to control one or more parameters of the printer.

[0013] The method may further comprise determining whether the printhead

pressure is within predetermined limits, and maintaining the printhead pressure at a

level which delivers acceptable print quality based on predetermined criteria within the

predetermined printhead pressure limits.

[0014] The printhead may comprise selectively energizeable heating elements.

The at least one property of the printer may be the energy provided to the selectively

energizeable heating elements.

[0015] The method may further comprise controlling properties of the printer to

adjust darkness of the images.

[0016] The method may further comprise receiving signals from the printhead

which are indicative of the image that is intended to be printed onto the substrate.

Additionally, a comparison between first data from the signals indicative of the image

intended to be printed by the printhead and second data received from the images

captured from the ribbon after ink has been transferred to the substrate may be

performed. In this way, the controller may determine a likely quality of the printed

image.

[0017] The method may comprise providing an output which indicates a level of

conformity between the first data and the second data.

[0018] The method may comprise providing an indication of the accuracy of what

has actually been printed by the printhead, compared to what was intended to be

printed by the printhead.

[0019] In a second aspect, the present disclosure provides a thermal transfer

printer, comprising first and second spool supports each being configured to support a

spool or ribbon; a ribbon drive configured to cause movement of ribbon from the first

support to the second spool support; a printhead for selectively transferring ink from

the ribbon to a substrate; and a controller configured to control the ribbon drive to move



the ribbon relative to the printhead at a speed that is less than a speed at which a

substrate passes the printhead while using the printhead to selectively transfer ink from

the ribbon to the substrate. The controller is further arranged to receive data obtained

from the ribbon after ink has been transferred to the substrate and to process the data

to control at least one property of the printer.

[0020] It will be appreciated that features described in the context of the first

aspect of the disclosure can be applied to the second aspect of the disclosure. In

particular, various processing described in the context of the first aspect of the

disclosure can be implemented by the controller of the second aspect of the disclosure.

[0021] The first and second spool supports may be driven by respective motors.

The motors may take any suitable form and be controlled in any convenient way. The

motors may be position controlled motors, such as open loop position controlled

motors. One example of an open loop position control motor is a stepper motor. In

some embodiments two stepper motors are used, one each spool of tape. Each motor

may be energized so as to drive its respective spool in the direction of tape transport.

Tension in the tape between the spools may be monitored using any convenient

method. For example a tension sensing element (e.g. a loadcell) may be located in the

tape path between the spools. Alternatively, tension in the tape may be determined by

monitoring the power supplied to one or both of the motors. It will be appreciated that

various tension monitoring techniques are known in the art and these can be applied in

various embodiments of printers according to the present disclosure.

[0022] The controller may be operable to vary the speed of ribbon movement

based upon the processed data. That is, for a given speed of substrate movement, the

speed of ribbon movement may be selected based upon the processed data. In this

way, the relative difference between ribbon speed and substrate speed (or degree of

slip) may be varied in a dynamic manner.

[0023] It will be appreciated that the aspects of the disclosure detailed above may

be combined in any convenient way. In particular, to the extent that it is appropriate it is

foreseen that optional features described in the context of one aspect of the disclosure

can be applied to another aspect of the disclosure.



[0024] The invention can be implemented in any convenient way. In particular,

where processing is described herein it is envisaged that such processing could be

performed by an appropriately programmed microprocessor. As such, further aspects of

the disclosure provide computer readable media (which may be tangible or intangible

media) carrying computer readable instructions arranged to control a microprocessor to

carry out processing described herein.

[0025] The foregoing paragraphs have been provided by way of general

introduction, and are not intended to limit the scope of the following claims. The

presently preferred embodiments, together with further advantages, will be best

understood by reference to the following detailed description taken in conjunction with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a view of a first embodiment of a printer system with an optical

device.

[0027] FIG. 1A is an alternative view of the printer system of FIG. 1.

[0028] FIG. 2 is a view of a second embodiment of a printer system with an optical

device.

[0029] FIG. 3 is a schematic illustration of circuitry used to drive stepper motors in

the printer system of FIGS. 1 and 2 .

[0030] FIG. 4 is a schematic illustration showing part of the circuitry of FIG. 3 in

further detail.

[0031] FIG. 5 is a view showing angular position of a printhead relative to a platen

roller.

[0032] FIG. 6 is a view of an embodiment of a printer with a printhead control

system in a first configuration.

[0033] FIG. 6A is a view of the printer of FIG. 6 in a second configuration.

[0034] FIG. 7 is a perspective view of the printer system of FIGS. 6 and 6A.



[0035] FIG. 8 is a schematic illustration of circuitry associated with a stepper motor

arranged to rotate a printhead about a pivot in the printer of FIGS. 6 , 6A and 7 .

[0036] FIG. 9 is a graph showing control pulses applied to the stepper motor of

FIG. 8 and associated measurements of voltage and pressure.

[0037] FIG. 10 is a graph showing a relationship between steps applied to a

stepper motor and resultant printhead pressure.

[0038] FIG. 11 is a view of an embodiment of a printer with an alternative printhead

control system.

[0039] FIG. 12 is a view of an embodiment of a printer with a further alternative

printhead control system.

[0040] FIG. 13 is a schematic view of an example of an optical device for a printer

system.

[0041] FIG. 14A shows an embodiment of an expected print image.

[0042] FIG. 14B shows the detected image of FIG. 14A.

[0043] FIG. 15A shows an embodiment of an expected print image.

[0044] FIG. 15B shows the detected image of FIG. 15A with a failed pixel.

[0045] FIG. 16A shows an embodiment of an expected print image.

[0046] FIG. 16B shows the detected image of FIG. 16A with a pressure drop.

[0047] FIG. 17A shows an embodiment of an expected print image.

[0048] FIG. 17B shows the detected image of FIG. 17A with a misaligned

printhead.

[0049] FIG. 18 is a graph showing a comparison between the actual data and the

measured data for a good print in Example 1.

[0050] FIG. 19 is a graph showing a comparison between the actual data and the

measured data for a print with pressure drop in Example 1.



DETAILED DESCRIPTION

[0051] The invention is described with reference to the drawings in which like

elements are referred to by like numerals. The relationship and functioning of the

various elements of this invention are better understood by the following detailed

description. However, the embodiments of this invention as described below are by way

of example only, and the invention is not limited to the embodiments illustrated in the

drawings.

[0052] The present disclosure provides a method and apparatus to provide a

quality assurance indication of the images printed by a thermal transfer printer or

overprinter. In thermal transfer printing, a ribbon (which is also referred to in the art as

'tape') is wound around a path between a supply spool and a rewind (or take-up) spool.

In the ribbon path is mounted a thermal printhead operated to print ink onto an adjacent

substrate. During printing, some or all of the ink from sections of the ribbon is removed,

resulting in a "negative" image on the ribbon in the section of the ribbon path between

the printhead and the rewind spool (the "spent" section of the ribbon path).

[0053] An embodiment of such a system is shown in FIG. 1. The thermal transfer

printer shown in FIG. 1 is disclosed in U.S. Patent No. 7,1 50,572, the contents of which

are incorporated by reference. However, the print monitoring system may be used with

any suitable printer system. Referring to FIG. 1, the schematically illustrated printer has

a housing represented by broken line 1 supporting a first shaft 2 and a second shaft 3 .

A displaceable printhead 4 is also mounted on the housing, the printhead being

displaceable along a linear track as indicated by arrows 5 . The printhead 4 preferably

contains selectively energizeable heating elements; during printing, ink on the ribbon

adjacent to energized heating elements is melted and transferred to a substrate. A

printer ribbon 6 extends from a spool 7 received on a spool support 8 which is driven by

the shaft 2 around rollers 9 and 10 to a second spool 11 supported on a spool support

12 which is driven by the shaft 3 . The path followed by the ribbon 6 between the rollers

9 and 10 passes in front of the printhead 4 . A substrate 13 upon which print is to be

deposited follows a parallel path to the ribbon 6 between rollers 9 and 10, the ribbon 6

being interposed between the printhead 4 and the substrate 13 .



[0054] The shaft 2 is driven by a stepper motor 14 and the shaft 3 is driven by a

stepper motor 15 . A further stepper motor 16 controls the position on its linear track of

the printhead 4 . A controller 17 controls each of the three stepper motors 14, 15 and 16,

the stepper motors being capable of driving the print ribbon 6 in both directions as

indicated by arrow 18 . In the configuration illustrated in FIG. 1, the spools 7 and 11 are

wound in the same sense as one another and thus rotate in the same rotational

direction to transport the ribbon although it will be appreciated that this need not be the

case. In some embodiments each motor is energized to drive its respective spool in the

direction of tape transport. That is, the motors are arranged to push-pull drive the

spools of tape.

[0055] The shaft 2 may be driven by the stepper motor 14 in any convenient way.

For example in one embodiment a drive coupling of fixed transmission ratio is provided

between the shaft 2 and the output shaft of the stepper motor 14. This can be arranged,

for example, either by way of a belt drive or where the shaft 2 is itself the output shaft of

the stepper motor 14. A gearbox may be provided between the output shaft of the

stepper motor 14 and the shaft 2 . The shaft 3 may be driven by the stepper motor 15

using similar arrangements.

[0056] In one embodiment, the printer includes an electromagnetic sensor

arranged to sense electromagnetic radiation and to generate data indicative of a

property of the ribbon based upon sensed electromagnetic radiation. In one

embodiment, the electromagnetic sensor is an optical device 20, which may be a

camera such as a line scan camera or area camera, to capture images of the thermal

transfer ribbon. The optical device 20 captures one or more images of the "negative"

image or images on the spent sections of the ribbon. The images of the spent ribbon

give an indication of the quality of the image printed on the substrate. For example, if

the negative image on the ribbon is too dark, that means the printhead 4 is not

transferring sufficient ink to the substrate (that is, too much ink remains on the substrate

after printing), which may occur, for example, if the printhead 4 is not pressing hard

enough against the ribbon 6 , or if the printhead 4 is malfunctioning. The images

captured by the optical device 20 are received by a controller 17 which processes the

images.



[0057] FIG. 1A shows an alternative view of the printer of FIG. 1 and the camera

20 can again be seen. In the view of FIG. 1A, ribbon is transported from the spool 7 to

the spool 11 past the print head 4 .

[0058] In certain embodiments, an illumination source may be used to aid the

optical device 20 in capturing images on the ribbon. The illumination source may

provide constant illumination. Alternatively and/or additionally, a flash illumination

source may be used.

[0059] In another embodiment, as shown in FIG. 2 , the optical device includes

optical detectors such as linear optical detectors 30. The optical detectors measure the

optical transmittance of the ribbon after printing has occurred. The ribbon is illuminated

by at least one light source 3 1 , such as a light emitting diode. In one embodiment, the

light source includes a plurality of high power super-red light emitting diodes. Where too

much ink remains on the ribbon after printing less light than is expected will pass from

the at least one light source 3 1 to the optical detectors 30 thereby providing an

indication that printing is of an unacceptable quality.

[0060] An algorithm (described in further detail below) is used to measure the print

quality and determine print errors. In particular, an algorithm compares the amount of

ink remaining on the ribbon after printing has occurred (using data captured by the

optical device 20 in the form of a camera in the embodiment of FIGS. 1 and 1A or by

the optical detector 30 in the embodiment of FIG. 2) with the expected amount of ink

which would remain after a good print has occurred. Any suitable algorithm may be

used. For example, the expected total number of dots or pixels printed can be

compared to the actual dots removed from the ribbon. In another embodiment, each

individual dot printed can be compared to the corresponding actual dot removed from

the ribbon. Alternatively, the print can be divided into regions (such as lines or other

areas) and the sum or average value of a region can be compared between the

expected image and the measured image on the ribbon.

[0061] The controller 17 may also receive signals which are indicative of the image

that is intended to be printed onto the substrate. The controller 17 is programmed to

perform a comparison between the data set received pertaining to the image intended

to be printed by the printhead and the data set received from the images captured from



the optical device and to provide an output which indicates a level of conformity

between the two data sets. The output can be in analog or digital form. This method

provides a means to provide an indication of the likely success and or accuracy of what

has actually been printed by the printhead, compared to what was intended to be

printed by the printhead.

[0062] The controller 17 is enabled to receive inputs which indicate a pre

determined level of acceptable conformity between the two data sets and the controller

17 is further optionally programmed to provide a further output which indicates whether

any given conformity output, or succession of such outputs meet, exceed, or not the

pre-determined level. By such method the controller 17 can further optionally provide

"pass/fail" outputs and annunciations.

[0063] In more detail, where a camera is used to capture an image of the ribbon

after printing as in FIGS. 1 and 1A, the captured image can be compared with a

reference image. Such a comparison can be performed using any suitable image

comparison algorithm. For example, the value of each pixel (i.e. 1 or 0) in the captured

image can be compared with the value of each pixel (i.e. 1 or 0) in the reference image

and the printing can be said to be acceptable only when a predetermined proportion of

the pixels (which may be all of the pixels) have the same value. The reference image

may be generated from the image to be printed by generating an inverse of the image

to be printed in which each pixel having a value of ' 1 ' in the image to be printed has a

value of '0' in the inverse image, and each pixel having a value of '0' in the image to be

printed has a value of ' in the inverse image.

[0064] The optical device described above has a variety of other uses. The optical

device can check the ribbon either before printing or after printing. In one embodiment,

the optical device can read a code on an inserted ribbon to obtain information about the

properties of the ribbon or the desired operation of the printer. For example, the optical

device can be used to scan a specially printed ribbon leader tape that includes a code

or other readable indicia. The code may be encrypted or unencrypted. The code may

be a 1D or 2D bar code, for example. The printer may use this code to provide

information about the ribbon. Such ribbon information can include ribbon grade, width,

length (e.g. to speed up calibration on new rolls of ribbon), age of ribbon, expiration



date, supplier or brand, ink color, ink type, and the like. The printer may also use a code

to provide recommended or default printer operating parameters, such as minimum or

maximum speed, printhead pressure parameters, printhead temperature or energy

information, and the like. Alternatively or additionally, the width of the ribbon (and other

parameters of the ribbon) can be determined by processing an image of the ribbon itself

without any need for the processing of a specific code.

[0065] The system can also use markings on the ribbon to provide a length

measure on the ribbon, which can then be used to determine spool diameter. By way of

background, when a new roll of ribbon is inserted into a printer, and where movement of

the ribbon between the spools is effected by drive motors which respectively drive the

supply and take up spools, the printer generally needs some way of determining the

diameter of the ribbon supply spool and of the ribbon take up spool so that it can

correlate rotational movement of the drive motors (e.g. steps of a stepper motor) to

linear lengths of tape to be paid out or taken up. The optical device uses such markings

on the ribbon to determine the spool diameters. In one embodiment, the ribbon includes

at least two marks disposed a predetermined distance apart along a length of the

ribbon. For example, the marks could be two printed bars or other images readable by

the optical device. The marks could be portions of the ribbon with ink removed or

partially removed, with different amounts of ink, or with different surface characteristics

(such as sheen or texture) that are detectable by the optical device. These marks are

used by the optical device to correlate a length of the ribbon with rotation of the motors.

In some embodiments the marks may be made upon the ribbon (e.g. by printing a

predetermined pattern) by the printer, assuming that there is sufficiently accurate

control to allow the marks to be appropriately positioned a known distance apart. In

other embodiments the marks may be made upon the ribbon during its production.

[0066] In further detail, if it is known that predetermined marks are included a

known distance x apart on the ribbon, and if rotation of a spool (in terms of revolutions

or part-revolutions) is monitored while tape travels through that known distance x past

the optical device 20, a measure of spool diameter can be determined.

[0067] That is, it will be appreciated that where ribbon is paid out from or taken up

onto a spool the following expression applies:



η π ά = x ( 1 )

where: d is spool diameter; and

n is a number of rotations (which need not be a whole number of rotations).

[0068] In one embodiment, where ribbon is taken up on the spool the diameter of

which is to be determined, the spool can be driven through a predetermined angular

distance by a stepper motor and a number of steps of the step motor applied to the

spool to cause the ribbon to move through the distance x between the predetermined

marks can be counted. Assuming a known ratio between steps of the stepper motor

and one rotation of the spool it is a straightforward matter to determine a number of

rotations n from the number of steps. As such, the only unknown in equation ( 1 ) is the

diameter and equation (1) can therefore be solved to provide an indication of spool

diameter.

[0069] Alternatively, a spool the diameter of which is to be monitored may be

coupled to a deenergised stepper motor. A motive force may then be applied to the

other spool thereby causing rotation of the spool the diameter of which is to be

measured. The Back-EMF generated by rotation of the deenergised stepper motor (e.g.

by the pulling of tape caused by the motive force) can then be measured to provide a

number of pulses corresponding to movement of the ribbon through the known distance

x , there being a known number of pulses in a single revolution. The diameter of the

spool of interest can then be calculated using the method described above. An

electronic circuit to drive motors and measure BEMF pulses is now described.

[0070] FIG. 3 shows a circuit for driving two stepper motors 14, 15, each of the

stepper motors being arranged to drive a respective tape spool 7 , 11. A constant

voltage power supply 100 energises a first motor drive circuit 10 1 and a second motor

drive circuit 102.

[0071] A microcontroller 109 delivers a pulsed output 110 to the first motor drive

101 and a pulsed output 111 to the second motor drive 102, each pulse of each pulsed

output 110 , 111 representing a step movement of the respective stepper motor. In one

embodiment, each stepper motor comprises two quadrature-wound coils and current is

supplied to the respective motor 14, 15 by the respective motor drive 101 , 102 in



sequence to one or both of the coils and in both senses (positive and negative) so as to

achieve step advance of the motor shafts. As such, it will be appreciated that each of

the motor drives 10 1 , 102 may be connected to its respective stepper motor by four

connections, two connections for each of the two coils. Alternatively, each stepper

motor may comprise two unipolar centre-tapped coils, with current being supplied in

only one sense (positive or negative). In such an embodiment each of the motor drives

101 , 102 may be connected to its respective stepper motor by six connections, three

connections for each of the two coils.

[0072] FIG. 4 illustrates part of the circuit of Figure 3 suitable for driving unipolar

coils in further detail. The positive supply rail 116 of the power supply 100 is arranged to

supply current to four windings 117, 118 , 119 and 120 of one of the motors. Current is

drawn through the windings 117 to 120 by transistors 121 which are controlled by motor

control and sequencing logic circuits 122. The step rate is controlled by an input on line

123 and drive is enabled or disabled by an input on line 124 (high value on line 124

enables, low value disables).

[0073] Where a motor is energized so as to drive its respective spool, the drive

circuit for that motor is enabled and the number of steps through which the motor

moves (and consequently the angle through which the motor moves) is known. Where a

motor is deenergised the drive circuit for that motor is disabled (line 124 low). Thus a

motor which is deenergized acts as a generator and a back-emf is generated across

each of the motor windings 117 to 120. The components enclosed in box 128 of FIG. 4

correspond to one of the motor drive circuits 10 1 , 102 of FIG. 3 . The voltage developed

across the winding 120 is applied to a level translator circuit 125 the output of which is

applied to a zero crossing detector 126 fed with a voltage reference on its positive input.

The output of the zero crossing detector 126 is a series of pulses on line 127. Those

pulses are delivered to the microcontroller 109. These pulses provide an indication of

angular movement of the deenergised stepper motor which can be used to determine

spool diameter in the manner described above.

[0074] In another embodiment, the optical device analyzes the grey scale of the

printed ribbon to determine quality of print. That is, a grey scale image of the ribbon

after printing is acquired and analysed to determine print quality.



[0075] Data indicating quality of print, either alone or in combination with other data

or feedback signals (e.g. information indicating tension in the ribbon or information

indicating energy consumption by the printhead) can be used by the controller to adjust

printer parameters. Such parameters can include printhead angle (i.e. the angle at

which the printhead impacts a platen roller) and printhead pressure (i.e. the pressure

exerted by the printhead on the platen roller). The adjustment of printhead pressure is

described in further detail below. The adjustment of printhead angle is now described.

[0076] FIG. 5 shows a platen roller 130, a printhead edge 132 and a peel off roller

133 which is arranged to direct the ribbon away from the print path after printing. A line

134 represents an adjacent edge of the cover plate 2 1. A broken line 135 represents

the position of a tangent to the roller 130 at the point of closest approach of the

printhead edge 132 (it will be appreciated that during printing a substrate and a print

ribbon will be interposed between the edge 132 and the roller 130). The line 136

represents a radius extending from the rotation axis 137 of the roller 130. The line 138

represents a notional line through the axis 137 parallel to the edge 134. The line 138

represents no more than a datum direction through the axis 137 from which the angular

position of the radius 136 corresponding to angle 139 can be measured.

[0077] Angle 140 is the angle of inclination of the printhead relative to the tangent

line 135. This angle is critical to the quality of print produced and will typically be

specified by the manufacturer as having to be within 1 or 2 degrees of a nominal value

such as 30 degrees. Different printheads exhibit different characteristics however and it

is desirable to be able to make fine adjustments of say a degree or two of the angle

140.

[0078] It will be appreciated that the angle 140 is dependent firstly upon the

positioning of the printhead on its support structure and secondly by the position of the

tangent line 135. If the printhead was to be moved to the right in FIG. 5 , the angular

position of the printhead relative to the rotation axis of the roller will change. That

angular position is represented by the magnitude of the angle 139. As angle 139

increases, angle 140 decreases. Similarly, if the printhead shown in FIG. 5 was to be

moved to the left, the angle 139 representing the angular position of the printhead

relative to the rotation axis of the roller would decrease and the angle 140 would



increase. This relationship makes it possible for adjustments to be made to the

printhead angle by adjusting the position of the print head 4 along a track indicated by

arrows 5 in FIG. 1. Such adjustments can be made based upon data indicative of print

quality generated by the optical device discussed above.

[0079] In another embodiment, the optical device can be used to detect the lateral

movement (tracking) of ribbon over time. Such movement may be in a direction

generally perpendicular to the intended direction of ribbon movement between the

supply and take up spools. For example, if there is a bent shaft or mandrel on the

cassette, the ribbon will tend to track to one end of a roller, for example, potentially

telescoping and causing the ribbon to break. The printer can issue a warning message

to user if the ribbon moves laterally past predetermined limits.

[0080] The optical device can also be used to detect the end of the ribbon, to give

the user advance warning of when the ribbon needs to be changed. The ribbon can be

marked a fixed distance from its end, or can have regular marking along the length in

order to provide information about the length of ribbon remaining.

[0081] The detected image can be used to detect missing or faulty pixels and

thereby adjust the printed image. In one embodiment, the detected image can be

combined with data indicative of the resistivity of heating elements of the printhead to

determine the status of heating elements of the printhead. For example, methods are

known to detect the 'health' or status of individual resistors in a thermal printhead by

measuring certain electrical properties thereof. By comparing the intended image with

the actual image of the ribbon, the optical device can detect "missing dots" (unprinted

pixels on the image) on the ribbon and work either alone or in combination with a

system intended to identify faulty heating elements of the printhead to provide one or

more of the following features. The printer can shift the image along the printhead to not

use the faulty pixels for printing, but rather use the pixels that are determined to be

working properly. That is, the image may be printed using only heating elements which

are not detected to be faulty.

[0082] In another embodiment, the printer can distinguish between missing pixels

caused by a dirty printhead and those that are caused by failures in the printhead (such

as defective resistance elements). The controller can use the following logic to



distinguish between a dirty printhead and a defective printhead. If data generated by the

optical device indicates that some pixels have been missed in the printed image and the

faulty heating element detection system also indicates a faulty pixel, a faulty printhead

message is generated. However, it the optical device indicates a missing pixel, but the

faulty heating element detection system does not indicate a failure of the corresponding

heating element, then it can be determined that the printhead is likely dirty. The printer

can be configured to provide a warning to the user on that distinguishes between the

two cases (e.g. "Please Change Printhead" in the former and "Please Clean Printhead"

in the latter). The printer can also provide a user-friendly image shown on screen to

give a WYSIWYG display of the dead/dirty heating elements or pixels, by showing

which are printing properly, which have failed the resistance test, and which appear to

be merely dirty.

[0083] In another embodiment, the present disclosure provides a device and

method for so-called slip mode printing. Slip mode printing is a method of thermal

transfer printing in which the printer controller controls the speed of the thermal transfer

ribbon to be at a speed less than the speed of the substrate to be printed on. During the

same process, the control outputs signals to the thermal transfer printhead to print an

image which is similarly reduced in size in the direction of movement of the ribbon and

substrate, so that as the thermal transfer prints, the ink is to some extent "smeared"

onto the substrate. The desired result is that a full sized image is printed on the

substrate, but the amount of ribbon consumed is less than the full size of the image, in

the plane of the direction of movement of the ribbon and substrate.

[0084] The purpose of slip mode printing is three-fold. This method (i) consumes

less ribbon than conventional printing, (ii) is capable of printing onto substrates which

are moving at a higher speed than would normally be possible to effect acceptable print

quality, given the constraints of the printer and the thermal printing technology and (iii)

increases the throughput of the printer since, for a given ribbon acceleration, the lower

ribbon speeds needed for slip printing are achieved in a shorter time period.

[0085] Printheads used in thermal transfer printing are typically positioned relative

to a platen or roller adjacent the substrate to be printed upon. The thermal transfer

printing process requires the printhead to be pressed against the substrate, with the



thermal transfer ribbon sandwiched between the printhead and the substrate, and the

substrate pressed against the platen, roller, or other support. The force or pressure of

the printhead against the ribbon and substrate needs to be maintained within

predetermined limits in order to provide adequate printing of acceptable print quality

and avoid snagging or snapping either the ribbon or the substrate. It can be

appreciated, therefore, that when attempting to print in slip mode, the tolerance of

printhead pressure is somewhat tighter than during conventional printing, and

furthermore, other factors, such as the frictional properties of the ribbon and substrate

are material factors which influence successful slip mode printing. Thus an additional

amount of precision in setting the printhead pressure is required when setting up a

thermal transfer printer to print in slip mode, and furthermore, the setting may need to

be different for different types of substrates and ribbons used.

[0086] Once the slip mode printer is set and printing, print quality can vary with

seemingly subtle changes in the frictional characteristics of the substrate, which may

change from batch to batch of even the same type of substrate, or may change due to

environmental changes such as ambient temperature and humidity. Print quality can

also be adversely influenced by dust or other factors which change the friction and thus

the slip of the ribbon relative to the substrate and the printhead. Consequently, slip

mode printing without adequate control can prove a somewhat unreliable method of

printing consistent quality images on the substrate and can lead to excessive

occurrences of ribbon snaps, and/or poor/unacceptable print quality. This in turn can

lead to unacceptable printing "downtime" and consequent maintenance and adjustment

costs.

[0087] In certain instances, the aspired benefits of slip mode printing are more than

negated by the level of unreliability or inconsistency of acceptable quality printed

images. The primary reason for this is that existing methods of slip mode printing are

"open loop," in that the printhead pressure is initially set, but thereafter the pressure is

not controlled in response to changes in, for example, the frictional characteristics of the

substrate and ribbon, as described above. Consequently, the initial pressure chosen to

provide acceptable slip mode printing and print quality can become either too low or too



high, in either case causing one or both poor, unacceptable print quality or printer

failure - for example, ribbon breakage.

[0088] The present disclosure provides a closed loop control method and

apparatus for slip mode printing, which, in various embodiments, automatically and/or

continuously adjusts the printhead pressure in response to feedback signals which

represent a method to determine whether the printhead pressure is tending towards

being either too light or too heavy and to maintain the printhead pressure at a level

which delivers acceptable print quality within pre-determined limits. The present

disclosure also provides a method to control the print image and print quality, including

adjusting the darkness of the images, by adjusting the power to individual heating

elements of a printhead in response to feedback signals.

[0089] An embodiment of a printer 300 capable of slip mode printing is shown in

FIGS. 6 and 6A. FIG. 6 show a printhead 4 in an extended position and FIG. 6A shows

a printhead 4 in a retracted position. Various aspects of the printer 300 are similar to

that shown in FIG. 1 and use the same component numbering. The printhead 4 is

pivotably mounted on a carriage 50 which is displaceable along a linear track 22, which

is fixed in position relative to the base plate 2 1. The stepper motor 16 which controls the

position of the printhead assembly 50 is located behind the base plate 2 1 but drives a

pulley wheel 23 that in turn drives a belt 24 extending around a further pulley wheel 25,

the belt 24 being secured to the carriage assembly 50. Thus rotation of the pulley wheel

23 in the clockwise direction drives carriage assembly 50 and hence the printhead 4 to

the left in FIG. 6 whereas rotation of the pulley wheel 23 in the counterclockwise

direction in FIG. 6 drives the printhead assembly 4 to the right in FIG. 6 . The pressure

of the printhead 4 against the ribbon 6 and the substrate is provided by the movement

of a belt 32 attached to one arm 42 of a pivot 40, the other arm 44 of which pivot 40 is

attached to the printhead 4 . Accurate adjustment of the pressure imparted by printhead

4 is effected by using a motor 46 to control movement of pulley wheel 48 to move the

belt 32. Motor 46 is preferably a stepper motor. By stepping the motor 46 (full steps or

microsteps) in one direction, belt 32 rotates pivot 40 to position printhead 4 closer to the

substrate and pressure is increased, and by stepping the motor 46 in the other

direction, belt 32 rotates pivot 40 in the other direction, reducing the pressure of



printhead 4 . By sensing the stepper motor drive parameters of the motor 46 driving the

belt 32, and correlating that as a measure of printhead pressure, fine adjustment of

printhead pressure is controlled as is described in further detail below.

[0090] One parameter which can be used to sense the printhead pressure is the

power consumed by the motor 46 when it is moving, since motor 46 has to work harder

to move as the printhead pressure increases, thus consuming more power. This is

described with reference to FIG. 8 . One method of measuring the power consumed by

the stepper motor is to measure the power drawn by a motor drive circuit 200 which

drives the stepper motor 46 from a stabilized DC (i.e. constant voltage) power supply

201 . In such a case current drawn is a useful indicator of power drawn. This is because,

if it is assumed that voltage is constant (which is the case given the nature of the power

supply 201 ) then it will be appreciated that monitored current is proportional to the

power consumed by the motor drive 200, the constant of proportionality being given by

the constant voltage. While it is the power supplied to the motor 46 which is of interest,

if it is assumed that power consumed by the motor drive 200 is negligible compared to

power consumed by the motor 46 (which has been found to be a reasonable

assumption), monitoring power supplied to the motor drive 200 provides an acceptable

approximation of power supplied to the motor 46 itself.

[0091] A convenient method of measuring current drawn by the motor drive 200 is

to insert a small value resistor 202 (e.g. a resistor having a resistance of 0.3 ohms) in

the line between the power supply 201 and the motor drive 200 and measure the

voltage drop across the resistor 202 which will be proportional to current drawn given

Ohm's law. The voltage drop is applied to a level translator 203 before being passed to

an analogue to digital converter 204, the output of which is passed to a microprocessor

205. The microprocessor 205 may be a dedicated to analyzing signals indicative of the

power drawn by the motor 46 or may additionally perform additional functions. In

particular, as shown in FIG. 8 , the microprocessor 205 may provide control signals to

the motor drive 200 causing the motor drive 200 to cause the motor 46 to step.

[0092] Since modern stepper drive circuits typically drive the motor with pulse

width modulation operating at high pulse frequencies (e.g. 50 kHz), it is desirable to



filter these switching frequencies out of the voltage drop across the resistor. This is

because although the pulse width modulation is applied to connections between the

motor drive 200 and the motor 46, the pulse width modulation will have an effect on the

current drawn by the motor drive 200 from the power supply 201 . The switching

frequencies may be filtered by using a low pass filter with a suitable cut off frequency,

such as less than 1/10 of the pulse frequency (e.g. a 5 kHz cut off frequency for the

pulse frequency of 50 kHz in the previous example).

[0093] Monitoring the power supplied to the motor drive 200 using the circuit of

FIG. 8 has been found to be useful in determining when the platen contacts the roller.

Further techniques (described below) can then be used to control the motor following

contact between the printhead and the roller.

[0094] It will be appreciated that once the correct head pressure has been

established by the stepper motor 46, an intermittent print stroke can be performed by

rotating both motors 46 and 16 in a counterclockwise direction to provide substantially

the same linear belt speed. In this way the printhead can be moved along the linear

track while maintaining head pressure.

[0095] The belt drive system shown in FIGS. 6 and 7 provides significant

advantages. Since no compressed air is required, it is easy to integrate into the

production lines where thermal transfer printers are typically used. The design reduces

printhead bounce since the head position is precisely controlled, compared to prior art

air driven systems than only control the force of the printhead. Additionally, the

printhead 4 can be lifted as much or little as desired between prints, allowing higher

throughput; since the printhead can be moved a shorter distance, it can be done more

quickly.

[0096] The printer 300 may use a variety of feedback signals to control the

operation of the printhead. In one embodiment, the system includes an optical device

(as previously described), for example a camera, capturing images of the spent section

of ribbon between the printhead and the ribbon rewind spool. In another embodiment,

the system uses feedback from the operating conditions of the ribbon drive system. For

example, the feedback may include the work done, back emf, temperature and other

feedback signals from the ribbon supply spool stepper motor, the ribbon take-up spool



stepper motor, or both. Each signal represents one facet of the printing and tape drive

and tape movement process.

[0097] When using an optical device such as a camera, the camera images detect

the "grey scale" of the "negative" image on the spent ribbon. It can be appreciated that if

the printhead pressure is too weak, the thermal printhead will be depositing less ink

onto the substrate, leaving more ink on the spent ribbon, thus the spent ribbon image

captured by the camera will appear darker grey than desired. The control system

responds to this signal by way of a suitable PID or other control algorithm, and causes

the printhead pivot stepper motor to rotate a calculated number of steps in order to

increase or decrease the pressure in order to maintain the amount of ink being

deposited from the ribbon within pre-determined limits.

[0098] If, on the contrary, the printhead pressure too high it may begin to cause

slip between the ribbon and substrate to be more difficult (more frictional), then the

ribbon spool drive motors' feedback signals will show a corresponding change as those

motors work harder to push-pull the ribbon between the spools. The control system

responds to these feedback signals by way of the PID or other control algorithm to step

the printhead pivot motor a calculated number of steps in the direction necessary to

lessen the printhead pressure on the ribbon and the substrate.

[0099] By virtue of this control algorithm, it can be appreciated that the printhead

pressure can be adjusted in response to the feedback signals so as to continuously

deliver printhead pressure that in turn delivers adequate slip mode printing of

acceptable quality images throughout the operational run of the printer. Thus an auto-

correcting, closed loop controlled slip mode printing method and apparatus delivers the

benefits of slip mode printing, whilst removing the causes of failure or unacceptable

print quality.

[00100] Similar control mechanisms for controlling the power to individual heating

elements of the printhead may be used in combination with, or separately from, the

previously described printhead pressure control methods. In particular, if the image (or

portions thereof) on the spent ribbon detected by the optical device is lighter or darker

than desired, the energy provided to the heating elements of the printhead may be

adjusted to improve the image quality.



[00101] In another aspect, a print system provides precise control of the pressure

exerted by the printhead against the ribbon and the substrate. Existing techniques use

an air cylinder to control the pressure of the printhead. In existing arrangements, the air

cylinder pressure may be set too high, which can cause premature failure of the ribbon

and/or printhead. When moving the printhead against a platen, it is desirable to detect

the touch point of the printhead against the platen. In one embodiment, a load cell (or

other suitable force measurement device known in the art) is provided in the printhead

or the roller/platen that would notify the user when the desired force was reached at a

certain position.

[00102] It has been explained above that the force applied by the printhead to the

platen roller can be monitored by monitoring the power supplied to the motor 46 (or by

monitoring a quantity in an approximately known relationship to the power supplied to

the motor 46). As the motor runs, the current starts low and then peaks when the

printhead contacts the platen. Based on calibration techniques a number of steps

through which the controller should cause the motor 46 can to turn can be known such

that the printhead exerts the desired force on the platen.

[00103] In further detail, FIG. 9 shows three oscilloscope traces. A first trace labeled

A shows a step command signal provided from the microprocessor 205 to the motor

drive 200. A second trace labeled B shows the monitored voltage drop across the

resistor 202.

[00104] As steps 300 are applied to the motor 46 the printhead approaches then

meets the platen. It can be seen from the second trace B that the voltage drop across

(and therefore the current through) the resistor 202 increases at 301 indicating that the

printhead has contacted the platen. This can be sensed by the microprocessor 205 by

comparing the monitored voltage drop to a predetermined threshold. Thereafter a series

of further steps 302 is applied to the motor 46 to cause the pressure exerted by the

printhead against the platen to increase. The number of steps to be applied can be

determined using a feedback mechanism using a loadcell sensing the pressure exerted

by the printhead on the platen. In this way one or more steps can be applied, a reading

can be taken from the loadcell and a determination can be made as to whether further

steps should be applied. Alternatively, the number of steps to be applied can be known



from prior determination that a particular force requires application of a particular

number of steps.

[00105] For example, in one embodiment, optimal printing occurs when there is a

40N force applied by the printhead to the platen. FIG. 10 is a graph showing the

relationship between the number of steps applied to the motor 46 after the threshold is

reached and the resultant force. This data was obtained experimentally using a loadcell

measuring the force applied to the platen by the printhead and from this data one can

derive the following, approximate relationship between steps applied and force applied:

Force = 2.1346 steps +42.998 (2)

[00106] In one embodiment, the current with which the motor drive 200 drives the

motor 46 is set by an input to the motor drive 200. The input may be controlled by the

microprocessor 205. Until the threshold is reached indicating contact between the

printhead and platen, the motor 46 may be driven at a relatively low current, and

thereafter, so as to provide additional torque, the motor 46 may be driven at a higher

current. This can be seen in the second trace B in FIG. 9 . Indeed increasing the current

supplied to the motor increases the torque provided by the motor thereby mitigating

against the risk that the motor will stall and making it more likely that the desired

pressure will be properly achieved. Indeed, in one embodiment it is ensured that the

torque of the motor is such that it is able to provide a force 50% greater than that which

is actually required.

[00107] FIG. 9 also shows the application of steps 303 to the stepper motor 46 to

cause the printhead to retract away from the platen. For the application of the steps

303, the motor 46 is driven at a lower current, as can be seen from the second trace B.

[00108] Finally, FIG. 9 includes a third trace C which is the output of a loadcell

measuring the force exerted on the platen. It can be seen that during a first time 304

negligible pressure is exerted on the platen. During a second time 305, when the

printhead has contacted the platen it can be seen that considerably greater pressure is

exerted on the platen, and after application of the steps 302 the pressure applied

increases yet further. Following application of the steps 303 the pressure again falls.



[00109] This pressure control is also important for slip mode printing. This feature

removes the user setting the pressure - the printer does it automatically.

[001 10] An additional benefit of precise printhead position control is the capability to

adjust the position of the printhead when printing on substrates with uneven

thicknesses. For example, zipper-sealed plastic bags are formed from sheets of film

with the thicker zippers formed across the film. When printing on such a substrate, it

would be desirable to be able to move the printhead out of the way of the thicker

portions. With the present printhead, the printhead can be quickly adjusted to jump over

the zipper, moving it just far enough to allow clearance of the zipper, and then moving

back quickly to be able to print. With existing printhead designs, the printhead is either

fully extended or fully retracted, with no way to control in between. That is,

embodiments allow the position of the printhead to be adjusted to accommodate

varying substrate thicknesses and variations in substrate thicknesses.

[001 11] This precise control can be provided by the twin belt arrangement

illustrated in FIG. 3 . Alternatively, it can be provided using a single belt arrangement

such as that shown in FIG.1 1.

[001 12] In the arrangement of FIG. 11, the printhead is not moveable along a linear

track. Such movement is indeed unnecessary in a printer which is to operate solely in

continuous mode. However the print head 4 is still arranged to rotate about a pivot 40,

the rotation being caused by movement of the arm 42, the arm 42 being moved by the

belt 32 which is entrained about a pulley wheel 48 which in turn is driven by the stepper

motor 46 as described above. The arrangement of FIG. 11 therefore provides the

benefits of accurate pressure control (as described above) but in a printer in which the

printhead is not moveable along a linear track.

[001 13] In an alternative embodiment shown in FIG. 12 , the printhead 4 rotates

about a pivot 40a which is coaxial with a roller 5 1. The belt 32 is entrained about the

rollers 48, 5 1, the roller 48 being driven by a stepper motor as described above.

[001 14] In each of the embodiments of FIGS. 6 , 11 and 12 the printhead is caused

to rotate about a pivot by movement of a belt driven by a stepper motor. This introduces

some elasticity into the coupling between rotation of the stepper motor and rotation of

the printhead about the pivot and such elasticity has been found to provide an effective



and reliable way of effecting rotation of the printhead. Indeed, the disclosure foresees

that a printhead may be caused to rotate about a pivot by any coupling providing

elasticity between drive motor and printhead. In one embodiment the belt 32 is a

Synchroflex AT3 belt being 10mm wide and 351 mm long. The pulleys about which the

belt is entrained are both Synchroflex AT3 15 tooth pulleys. It will, however, be

appreciated that other belts and pulleys may be used in alternative embodiments.

[001 15] In alternative embodiments the printhead may be directly coupled to a

stepper motor to effect its rotation.

EXAMPLE

[001 16] A 6400 Videojet Dataflex® printer was modified to include an optical device

to provide print quality assessment. A separate PC with a data capture card was used

for data capture and processing. It will be appreciated however that the functionality of

the PC could be implemented by appropriate hardware within the printer.

[001 17] The optical transmittance of the post-print ribbon was measured by two

linear optical detectors 150, as shown schematically in FIG. 13. These detectors 150

were positioned approximately 35 mm above the ribbon. The ribbon was illuminated

from below by 8 high-power super-red light emitting diodes 15 1 emitting light at a

wavelength of 645 nm. The light emitting diodes 151 were housed within a light box 152

underneath the printer ribbon. The light traveled from the light emitting diodes through a

focusing acrylic half rod 153 and a lenticular diffuser 154. The diffuser maintained focus

from the light emitting diodes along the length of the ribbon but diffused the light across

the width of the ribbon to ensure even illumination across the ribbon's width. The light

exited the light box through a narrow slit 155 in the top of the box. The ribbon covered

this slit which minimized the risk of contamination. The optical sensors 150 and a

planoconvex focusing lens 156 were positioned above the ribbon. The optical sensors

used 256 photodiodes to image the ribbon. The Videojet Dataflex ® printer prints at

300dpi. For a 55 mm ribbon (650 ribbon pixels) each photodiode measured the light

from three ribbon pixels. The signal to noise ratio was sufficient to detect a single pixel

failure.

[001 18] The control electronics consists of three elements: the power supply, the

sensor control logic and the stepper motor signal processing unit. The power supply



generates a +5V supply, a -5V supply and 8 constant current source supplies for the

LEDs. A potentiometer was included to allow the LED brightness to be varied. The

TAOS linear sensor arrays required a 5V supply voltage, a 1.5 MHz clock and a serial

input (SI) signal. The control logic produced the 1.5 MHz clock and the S I signal from a

12MHz crystal oscillator. A rising edge on S I occurred every 160 clock cycles and

triggered the output of data from the sensors. This data was passed to the PC.

[001 19] The stepper motor signal processing unit multiplexed the stepper motor

signals from the main printer PCB and passed these signals to the PC. The test rig the

stepper motor and sensor data were captured and processed by an external PC fitted

with an Adlink PCIe 2010 data acquisition card.

[00120] The optical print quality assessment technology used an algorithm to

demonstrate how print errors can be identified. The stepper motor signals from the

printer were used to track the ribbon and the printhead during printing. These

movements were then combined to give the ribbon's position relative to the optical

sensors at all times. This information was used to match the images recorded by the

optical sensors to their true position along the ribbon. The sensor image of points every

200 µηι along the ribbon was extracted and placed into a new image in the correct

order. This provides the detected image data. The sum of the print darkness is taken for

each vertical line in the detected ribbon image. These values were then compared to

the expected image data.

[00121] The print quality assessment technology enabled the detection of the

following print failure modes: a failed printhead pixel, a misaligned printhead, a misprint,

and a drop in the printhead pressure. FIGS. 14A and 14B compare the expected and

sensed data for a good print. FIGS. 15A to 17B illustrates images of the expected

amount of ink remaining on the ribbon after printing has occurred (expected print) with

the actual amount remaining after a failed printing (sensed print). The image defects for

the failed prints can be clearly seen. FIGS. 15A and 15B show a failed pixel, FIGS. 16A

and 16B show a printhead pressure drop, and FIGS. 17A and 17B show a misaligned

printhead.

[00122] FIGS. 18 and 19 show graphical comparison of the expected data and the

sensed data which was used to identify print errors and evaluate sensor reproducibility.



FIG. 18 compares the expected and sensed data for a good print Correlation between

the expected and sensor data is clear. Seventeen distinct sensor data traces are

plotted. The sensor data shows good reproducibility. FIG. 19 compares the expected

and sensed data for the 'printhead pressure drop' failure mode. The reduction in image

intensity in the sensor data is shown.

[00123] The described and illustrated embodiments are to be considered as

illustrative and not restrictive in character, it being understood that only the preferred

embodiments have been shown and described and that all changes and modifications

that come within the scope of the inventions as defined in the claims are desired to be

protected. It should be understood that while the use of words such as "preferable",

"preferably", "preferred" or "more preferred" in the description suggest that a feature so

described may be desirable, it may nevertheless not be necessary and embodiments

lacking such a feature may be contemplated as within the scope of the invention as

defined in the appended claims. In relation to the claims, it is intended that when words

such as "a," "an," "at least one," or "at least one portion" are used to preface a feature

there is no intention to limit the claim to only one such feature unless specifically stated

to the contrary in the claim. When the language "at least a portion" and/or "a portion" is

used the item can include a portion and/or the entire item unless specifically stated to

the contrary.

[00124] Where reference has been made herein to the movement of a stepper

motor through a 'step' it will be appreciated that the term 'step' is intended broadly to

cover both a complete step defined by the construction of the stepper motor and sub-

steps through which the motor can be controlled to move using well-known micro

stepping techniques. For example, in some embodiments the motor 46 (FIG. 3) is

stepped through 1/8 h microsteps.

[00125] Where references have been made to stepper motors herein, it will be

appreciated that motors other than stepper motors could be used in alternative

embodiments. Indeed, stepper motors are an example of a class of motors referred to

position-controlled motors. A position-controlled motor is a motor controlled by a

demanded output rotary position. That is, the output position may be varied on demand,

or the output rotational velocity may be varied by control of the speed at which the



demanded output rotary position changes. A stepper motor is an open loop position-

controlled motor. That is, a stepper motor is supplied with an input signal relating to a

demanded rotation position or rotational velocity and the stepper motor is driven to

achieve the demanded position or velocity.

[00126] Some position-controlled motors are provided with an encoder providing a

feedback signal indicative of the actual position or velocity of the motor. The feedback

signal may be used to generate an error signal by comparison with the demanded

output rotary position (or velocity), the error signal being used to drive the motor to

minimise the error. A stepper motor provided with an encoder in this manner may form

part of a closed loop position-controlled motor.

[00127] An alternative form of closed loop position-controlled motor comprises a DC

motor provided with an encoder. The output from the encoder provides a feedback

signal from which an error signal can be generated when the feedback signal is

compared to a demanded output rotary position (or velocity), the error signal being used

to drive the motor to minimise the error.

[00128] It will be appreciated from the foregoing that various position controlled

motors are known and can be employed in embodiments of a printing apparatus. It will

further be appreciated that in yet further embodiments conventional DC motors may be

used.

[00129] While references have been made herein to a controller or controllers it will

be appreciated that control functionality described herein can be provided by one or

more controllers. Such controllers can take any suitable form. For example control may

be provided by one or more appropriately programmed microprocessors (having

associated storage for program code, such storage including volatile and/or non volatile

storage). Alternatively or additionally control may be provided by other control hardware

such as, but not limited to, application specific integrated circuits (ASICs) and/or one or

more appropriately configured field programmable gate arrays (FPGAs).

[00130] While various disclosures herein describe that each of two tape spools is

driven by a respective motor, it will be appreciated that in alternative embodiments tape

may be transported between the spools in a different manner. For example a capstan

roller located between the two spools may be used. Additionally or alternatively, the



supply spool may be arranged to provide a mechanical resistance to tape movement,

thereby generating tension in the tape.

[00131] Where references have been made herein to detecting light incident upon

an optical sensor, it should be appreciated that other forms of electromagnetic radiation

could be used in some embodiments of the invention. That is, there is no requirement

that the sensor detects visible light.

[00132] Where references have been made herein to generating data based upon

properties of the ribbon sensed after printing, in other embodiments such data may be

generated based upon properties of the printed image. That is, data may be generated

from the substrate after printing has been carried out. Such data may then be used

analogously to that obtained from the ribbon after printing, as has been described

herein. In particular, where reference has been made herein to generating data

indicating and/or based upon a quantity of ink remaining on ribbon after printing, similar

data can be generated indicating and/or based upon a quantity of ink deposited on the

substrate after printing.

[00133] References have been made herein to determining the quantity of ink

remaining on the ribbon after printing using optical methods. Other methods can also be

used. For example, in some embodiments, a quantity of ink remaining on the ribbon

after printing may be determined using a capacitive sensor arranged to generate data

from the ribbon.

[00134] References have been made to monitoring of an optimization of print

quality. Such print quality can be monitored in any convenient way, and various ways

have been described herein. In particular, print quality may be defined based upon a

number of pixels printed which correspond to the pixels intended to be printed.

Alternatively or additionally print quality may be defined by comparing a total number of

pixels printed in an image with a number of pixels intended to be printed. In some

embodiments a print quality metric may be based upon a relative darkness of the

printed image (or relative "lightness" of ribbon after printing).



CLAIMS

1. A method for operating a thermal transfer printer, comprising

providing a ribbon;

providing at least one spool configured to take up the ribbon;

providing a printhead;

moving the substrate relative to the printhead;

moving the ribbon relative to the printhead at a speed that is less than the speed

of the substrate while using the printhead to selectively transfer ink from the ribbon to the

substrate;

capturing data from the ribbon after ink has been transferred to the substrate;

and

processing the data to control at least one property of the printer.

2 . The method of claim 1 further comprising controlling pressure of the printhead

against the ribbon and the substrate.

3 . The method of claim 2 further comprising providing a closed loop control method

which adjusts the printhead pressure in response to feedback signals derived from the

data captured from the ribbon after ink has been transferred to the substrate.

4 . The method of claim 2 or 3 further comprising

determining whether the printhead pressure is within predetermined limits, and

maintaining the printhead pressure at a level which delivers acceptable print

quality based on predetermined criteria within the predetermined printhead pressure

limits.



5 . The method of any preceding claim wherein the printhead comprises selectively

energizeable heating elements, wherein the at least one property of the printer is the

energy provided to the selectively energizeable heating elements.

6 . The method of any preceding claim further comprising controlling properties of

the printer to adjust darkness of the images.

7 . The method of any preceding claim further comprising receiving signals which

are indicative of the image that is intended to be printed onto the substrate.

8 . The method of any preceding claim further comprising performing a comparison

between first data from the signals indicative of the image intended to be printed by the

printhead and second data received from the images captured from the ribbon after ink

has been transferred to the substrate.

9 . The method of claim 8 further comprising providing an output which indicates a

level of conformity between the first data and the second data.

10. The method of claim 8 or 9 further comprising providing an indication of the

accuracy of what has actually been printed by the printhead, compared to what was

intended to be printed by the printhead.

11. A thermal transfer printer, comprising

first and second spool supports each being configured to support a spool of

ribbon;

a ribbon drive configured to transport ribbon from the first support to the second

spool support;



a printhead configured to selectively transfer ink from the ribbon to a substrate;

a controller configured to control the ribbon drive to move the ribbon relative to

the printhead at a speed that is less than a speed at which a substrate passes the

printhead while using the printhead to selectively transfer ink from the ribbon to the

substrate;

wherein the controller is further arranged to receive data obtained from the ribbon

after ink has been transferred to the substrate and to process the data to control at least

one property of the printer.

12. The printer of claim 11, wherein the controller is arranged to control pressure of

the printhead against the ribbon and the substrate.

13. The printer of claim 12 , wherein the controller is arranged to implement a closed

loop control method which adjusts the printhead pressure in response to feedback

signals derived from the data captured from the ribbon after ink has been transferred to

the substrate.

14 . The printer of claim 12 or 13 wherein the controller is arranged to

determine whether the printhead pressure is within predetermined limits, and

maintain the printhead pressure at a level which delivers acceptable print quality

based on predetermined criteria within the predetermined printhead pressure limits.

15. The printer of any one of claims 11 to 14 wherein the printhead comprises

selectively energizeable heating elements, wherein the at least one property of the

printer is the energy provided to the selectively energizeable heating elements.

16. The printer of any one of claims 11 to 15, wherein the controller is further

arranged to control properties of the printer to adjust darkness of the images.



17. The printer of any one of claims 11 to 16 , wherein the controller is arranged to

receive signals from the printhead which are indicative of the image that is intended to

be printed onto the substrate.

18. The printer of any one of claims 11 to 17 , wherein the controller is arranged to

perform a comparison between first data from the signals indicative of the image

intended to be printed by the printhead and second data received from the images

captured from the ribbon after ink has been transferred to the substrate.

19. The printer of claim 18, wherein the controller is arranged to provide an output

which indicates a level of conformity between the first data and the second data.

20. The printer of claim 18 or 19, wherein the controller is arranged to generate data

providing an indication of the accuracy of what has actually been printed by the

printhead, compared to what was intended to be printed by the printhead.

2 1 . The printer of any one of claims 11 to 20 wherein the controller is operable to

vary the speed of ribbon movement based upon the processed data.
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