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(57) Claim
1. A label printing apparatus comprising:

a data input device for inputting information defining an image to bo 
printed;

a housing providing a cassette receiving bay for receiving a cassette 
holding printing tape on which the image is to be printed;

a printing mechanism including a thermal printhead having a group 
of printing elements to which pixel data defining the image to be printed is 
passed sequentially on a group-by-group basis by a printhead controller 
connected lo the data input device: and,

a drive system operatively connected to said printing mechanism 
comprising:

a de motor operable to continuously drive said printing tape past the 
printing mechanism in a printing direction;

means for monitoring the speed of rotation of the motor and
connected to said printhead controller to cause said groups of pixel data to be
sequentially printed adjacent one another in the printing direction of the
printing tape in dependence on the speed of rotation of the motor: and,

means for controlling the speed of rotation of the motor to maintain
an approximately constant level by applying a maximum drive to the motor if
the speed delected by the monitoring means falls below a first predetermined

.. ./2
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value, no drive if the speed exceeds a second predetermined value and a 
linear drive versus speed characteristic between the first and second 
predetermined values.
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"Drive system for a printing apparatus"

The following statement is a full description of this invention including the best method of performing it known to us:-
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This invention relates to a 
apparatus,

drive system for a printing

This invention is particularly but not exclusively concerned 
with the type of printing apparatus which are known as label 

5 printers. These apparatus have a housing carrying a data 

inpaut device in the form of a keyboard for inputting a 
message to be printed and containing a printing mechanism and

a drive system. The housing also includes a cassette 
receiving bay for receiving a cassette which houses printing 

IO tape and ink ribbon. There are several different types of 

this Kind of label printer. Some receive a single cassette 
which houses at least a printing tape and an ink ribbon, as 
described for example in our earlier European Application No.owi 3 ΙΛ
9-13- 106&4-Ϊ-7. In another system, the cassette receiving bay 

=> receives two separate cassettes, one housing an ink ribbon and 
the other housing a printing tape. Such a system is described
for exampleOS7 3I 9 1
933039-7-l-rl·.

in our earlier European Application 
The contents of these earlier applications

No.
are

incorporated herein by reference. In these and other known
ΛΟ types of systems, the ink ribbon and printing tape are passed

* · · e ·

Io

in overlap between a thermal printhead and a platen of the 
printing mechanism. For printing, the ink ribbon is pressed 
against the printing tape between the thermal printhead and 
the platen and pixel data to be printed is passed to the 
’thermal printhead. Normally, the thermal printhead comprises 
a column of printing elements to which data is supplied and 
printed sequentially. During printing, the printing tape is 
driven through the printing rone defined by the thermal 
printhead and platen so that adjacent columns are (Hinted 
sequentially in the direction of movement of the printing 
tape, thereby forming characters etc to be printed.

As described in the above-referenced European Applications, 
the printing tape is a multilayer printing tape having an
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image i^ceiving layer and a backing layer secured to the image 
receivi* 19 layer by an adhesive layer. The label printer 
included a cutting mechanism for cutting off a portion of the 
multila/er tape a^ber printing to form a label. The backing 
layer the label can then be removed to allow the label to 
be stud4 any object,
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• · · ·
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Figure illustrates the elements of a drive system of a known 
printing apparatus. Reference numerals 2 and 4 denote the 
platen thermal printhead respectively which constitute the

10 main components of b^e Print mechanism. Reference numerals 6 
and 7 d^otes the tape 6 and ink ribbon 7 which are passed in 
overlap between the platen and thermal printhead for 
printing' Although not shown in Figure 1, the ink ribbon lies 

adjacent the thermal printhead 4 and is wound from a supply 
ΙΞΓ reel a take-up reel, normally within a cassette. In

practic^' the ink. ribbon is driven past the printhead by the 
action friction between the printing tape and the ink 
ribbon, bhe two being intended to run together at the same 
speed. ^he take-up real is driven so that if free to do so it 

20 would the ink ribbon past the printhead faster than the
platen w<auld. A slipping clutch is normally provided to 
ensure that the ink ribbon moves at a speed defined by the 

olaten mQtion> the clutch ensuring that ink ribbon slack is 
always taken up and tension maintained. The take-up reel can 

25Γ be driv^0, with the platen to ensure that the ink ribbon is 
wound d?· hut other drive arrangements are possible. The 
platen >s in any evenb driven to rotate and presses against 
the printing tape on one surface thereof, the other surface 
lying a^ainSt blie inl< tibbon. The tape 6 is thus driven past 

3o the the^"131 ptinthead 4 by the action of friction between the 
tape 6 the platen 2, which is normally made of rubber.
The pla^n 2 is driven by a stepper motor 8 through a gear
train is illustrated only diagrammatically at reference

numeral 10* stepper motor 8 is in turn driven by signals
bio from a microprocessor 12 via a driver chip 14. The stepper

motor 8 Completes a rotation in a number of discrete steps in
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response to a series of pulses sent from the microcontroller, 
normally one step per pulse. Reference numeral 15 denotes a 
power supply for the motor and microprocessor.

At the same time, data for printing is sent to the thermal 
5" printhead 4 from the microcontroller via the data line 16.

The thermal printhead includes a shift register and a separate 
parallel storage register. Data is transferred to the
printhead serially, clocked bit by bit under the control of 
the microcontroller into the shift register contained in the 

'0 printhead assembly. At the end of the transfer of a column of 

pixel data, the data is latched into the storage register 
under command from the microcontroller. The storage register 
will hold this data until the next latching operation of new 

*····*  shift register contents into the storage register, Later, the■ ·
: **'*  (S’ printhead is "strobed" by the microcontroller to turn on high
• · ·
’·!··*  current output drivers in parallel which deposit melted ink
• ·
: ···' from the ink ribbon onto the tape 6 in pixel patterns
;*····  according to data held in the storage register. Clocking of

data into the shift register can be occurring while a strobe 
2.0 signal causes printing of the data in the storage register,

but it is not necessary that the operation occurs in this way, 
since the operations are essentially independent. As 

... ; explained above, the thermal printhead has a column of
• ·

printing element which are printed as a vertical line on the 
v printing tape. A character is thus printed by printing a 

.. number of adjacent and slightly overlapping columns containing• w · · ·
’ different pixel data on the printing tape as it moves past the

thermal printhead.

The microcontroller 12 arranges for a certain number of step 
bO pulses to be sent to the stepper motor for each print column 

strobe signal, in a defined sequence in order to produce the 
correct relationship between tape motion and print data, 
thereby forming correctly proportioned characters. This 
process is continuous onxy in the sense that the motor rotates 
step-wise at roughly a constant speed during printing of a 
label. The motor does not continuously rotate.
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The reference clock for the step pulses and for the print strobe signals 
is the same, derived for example from a crystal oscillator 18. The system 
relies on the assumption that, once the microcontroller has sent out the 
correct stepper motor drive and. strobe signals in response to the reference 
clock, the motor and tape move as expected while ink is deposited on the 
printing tape at the thermal printhead, However, circumstances can arise 
where the tape can jam as a result of high friction levels at the platen, or 
elsewhere, such as in the gear train. In that case, the motor will cease to step 
and adjacent columns of pixels will be printed overlapping one another, 
resulting in a useless label,

Moreover, a stepper motor is a relatively expensive component of 
label printers and has a relatively high power requirement, This is 
particularly disadvantageous where the label printer is to be operated on 
batteries,

Ar jording to the present invention in one aspect there is provided a 
label printing apparatus comprising:

a data input device for inputting information defining an image to be 
printed;

a housing providing a cassette receiving bay for receiving a cassette 
holding printing tape on which the image is to be printed;

a printing mechanism including a thermal printhead having a group 
of printing elements to which pixel data defining the image to be printed is 
passed sequentially on a group-by-group basis by a printhead controller 
connected to the data input device; and,

a drive system operatively connected to said printing mechanism 
comprising:

a de motor operable to continuously drive said printing tape past the 
printing mechanism in a printing direction;

means for monitoring the speed of rotation of the motor and 
connected to said printhead controller to cause said groups of pixel data to be 
sequentially printed adjacent one another in the printing direction of the 
printing tape in dependence on the speed of rotation of the motor; and,

means for controlling the speed of rotation of the motor to maintain 
an approximately constant level by applying a maximum drive to the motor if 
the speed detected by the monitoring means falls below a first predetermined 
value, no drive if the speed exceeds a second predetermined value and a

35
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linear drive versus speed characteristic between the first and second 
predetermined values.

In the preferred embodiment, the speed monitoring means takes tire 
form of a shaft encoder, for example comprising a slotted disc arranged to 

5 rotate with a shaft of the de motor and a light source and a light detector on 
opposed sides of the disc. The printhead controller uses signals from the 
shaft encoder to control the sequential printing of the groups of pixel data to 
ensure that adjacent groups of pixel data are printed in the correct 
relationship which depends on the speed of the printing tape.

10 In another aspect there is provided a method of operating a label
printing apparatus which comprises a data input device and a housing 
providing a cassette receiving bay for receiving a cassette holding printing 
tape on which an image is to be printed, tire method comprising: 

inputting information at the data input device defining the image to 
15 be printed;

,···■*,  driving a de motor to continuously rotate to drive the printing tape
past a printing mechanism which includes a thermal printhead having a

• group of printing elements to which pixel data defining the image to be• · ·
*;···*  printed is passed sequentially on a group-by-group basis by a printing head
; ’·“ 20 controller;• ·
: ’··· monitoring the speed of rotation of the motor; and

controlling the sequential printing of groups of pixel data in
Γ’... dependence on the speed of rotation of the motor so that said groups are
;* ’·*·  printed adjacent one another in a direction of movement of the printing tape• ·
.··. J 25 wherein the speed of rotation of the motor is controlled to maintain an 

approximately constant level by applying a maximum drive to the motor if 
j ,·», the detected speed of the motor falls below a first predetermined value, no
‘ii,’. drive if the speed exceeds a second predetermined value and a linear drive
’· versus speed characteristic between the first and second predetermined

30 values.
When the drive system is used in a printing apparatus which receives

a tape cassette in which the printing tape is wound on a bobbin, the drive
system can be used to provide an end-of-tape indication. If the end of the
printing tape is secured to the bobbin so that it is preceuted from moving, the

35 stop can be detected by the speed monitoring means and an indication given
accordingly of an end of tape state. The cassette can tnen be replaced by a
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fresh cassette, This principle can also be used to detect other fault 
conditions such as jamming or breaking of tape,

The means for resisting movement at the end of the tape can be 
implemented by securing the tape to the supply reel at its end, High friction 

5 material could additionally be provided’at the end of the tape so that it slows 
down the platen and motor once the tape motion has stopped,

In the drawings,
Figure 1 is a diagram showing the elements of a drive system 

according to a known printer;



Figure 2 is a diagram showing the elements of a drive 
system according to one embodiment of the present invention;

Figure 3 is a diagram illustrating a cassette for use 
with the invention to denote an end of tape condition; and

5" Figure 4 is a diagram of the main elements of the shaft
encoder.

For a better understanding of the present invention/ and to 
show how the same may be carried into effect, reference will 
now be made by way of example to Figures 2 and 3 of the 

10 accompanying drawings, it will readily be appreciated that 

the drive system described herein is particularly suitable for 
use in label printing apparatus of the type described earlier.

0 9 · ·

···· In common with Figure 1, reference numeral 2 denotes a rubber
• ‘‘‘* platen mounted for rotation about an axis 3 extending through

to the plane of the paper and indicated by reference numeral 3.
• a
• ···· The platen rotates in the direction of arrow A. Reference
:*····  numeral 4 denotes the thermal printhead and reference numerals

6 and 7 denote the tape and ink ribbon passed in overlap 
,,;··· between the platen 2 and the printhead 4» The drive system
·’*!*;  differs from that discussed above in relation to Figure 1 in

that the stepper motor is replaced by a de motor 20. This is 
driven from the microcontroller 12 via a current buffer 22at
using pulse width modulation to approximate a linear control 

’ * voltage for the de motor 20 at its terminals 24,26. As is

., Z'T well known, a de motor rotates continuously at a speed rel-ted

• to the applied voltage. The rotation is continuous and not 
step-wise. A shaft encoder which is indicated 
diagrammatically by reference numeral 28 is connected to the 
motor shaft 30 for monitoring the speed of the motor. The 
shaft encoder comprises a slotted, disc 32, for example with 
nine slots 34, attached to the motor shaft, with a fixed 
optical sensor 36 comprising an infrared light emitting diode 
(LED) and phototransistor which senses the passage of 
radiation from the LED to the phototransistor through the 
slots 34 of the slotted disc 32. The optical sensor 36
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supplies pulses to the microcontroller 12 via a feedback line 
40, each pulse indicating the passage of one slot 34 of the 
slotted disc 32 past the optical sensor 36, Thus, the 
microcontroller 12 can determine the speed of the motor 20 by 

S’ measuring the frequency of the pulses fed ba^k to it along 

line 40 from the optical sensor 36, The ele . : .. r. the shaft 
encoder are shown in more detail in Figure vr reference
numeral 21 denotes a gear train for driving . platen from 
the motor.

10 As in Figure 1, a crystal oscillator 18 provides reference 

clock cycles for the microcontroller 12, Also, the 
microcontroller 12 supplies print data along line 16 to the 

,····. thermal printhead 4 which has a storage register and a shift

register as discussed above in relation to Figure 1, That is, 
lb on each print strobe signal» the column of data held in the 

?* ’ storage register is printed. In Figure ?, reference numeral

. 15 denotes a power supply for the current buffer 22 and the
““ microcontroller 12. The power supply can be mains or

batteries.«• · · ··♦»«

·..· : The speed of the de motor 20 is controlled by the

microcontroller using a simple algorithm which measures the 
······ number of reference clock cycles from the crystal oscillator
··,·♦·· 18 between successive encoder pulses which are supplied to the

microcontroller along feedback line 40. The value obtained 
from this measurement is used to calculate the speed of the 
motor and this in turn is used to alter the pulse width of the 
pulse width modulated drive signal to the current buffer 22 to 
adjust the motor drive in a manner as to hold the speed 
constant. If the speed of the motor falls below a certain 

W value, maximum drive is applied to the motor, if the speed 

exceeds another, higher value, no drive is supplied to the 
motor. In between these maximum and minimum values, a linear 
speed versus drive characteristic is applied. This results in 
a simple, if rather coarse, speed control of the motor, 
Clearly, as the microcontroller has knowledge of the
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approximate motor speed at all times, it can take appropriate 
action if the speed is outside certain limits,

The fact that there is only a somewhat coarse control of the 
speed of the de motor is not a disadvantage in the present 

Ώ invention for the reason that print strobe signals which 
control the printing of each column of data and the supply of 
the next column of data to the printhead is made responsive to 
the encoder pulses which are fed back to the microcontroller 
along line 40, For example, a data strobe signal can be 

ΙΌ produced for exactly one pulse, for every two encoder pulses 

or for any integral number of pulses, On each data strobe 
signal, a column of data stored in the storage register of the 
thermal printhead is printed. ?t the next strobe signal, the 

..... next column of data which has been transferred to the storage

register from the shift register is printed. In this way, the 
j deposition of ink on the printing tape is related exactly to

J* “ the rotation of the motor and thus ,to the motion of the tape.
• ···· , drtfpner rtwfdiA
*, This contrasts with the known^system, where the control of the
: "" motor and the control of the printhead are carried out

, 20 independently in response to the sa^e reference clock. With
the present invention, significant speed variations have a 

·..· : negligible effect on print quality, as the print strobe

signals supplied to the printhead slow down or speed up in 
·;···; response to the actual sp< ed of the motor, and thus the speed
«···»· & of the tape.

This has the benefit that it is not necessary to design a 
complicated and potentially costly controller for accurate 
speed control. The system can therefore be implemented in a 
low cost general purpose microcontroller with little overhead 
to distract it from other tasks, such as handling the print 
data itself.

The system has several advantages compared with a conventional 
system using a stepper motor;
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1. It permits a lower cost product design of similar 
performance. The cost of components for the de motor, 
encoder, optical sensor, current buffer and any extra gear 
train components which might be required is less than half 

5- that of ^he stepper motor and its driver chip.

2. Under normal conditions, the above mentioned
technique gives a print quality equivalent to that obtained 
using a stepper motor but using a de motor because of the 
compensation for speed variations. It w*ll  readily be 
appreciated from the above that any alternative continuous 
rotation system using a speed controlled de motor but which 
does not use feedback to adjust strobe timings for the
strobing signals to the printhead will have inferior print 

"? quality because tho system would be subject to speed

···· variations as friction varies, with no compen ation for this
.··. '5" effect. Moreover, the above described system is relatively

.... cheap because the speed control is performed by the

..,. microcontroller which also performs many other tasks in the

• · · ·• · · · _•. · · 5-0• · ·•. ·

printing apparatus and is thus an essential component of the 
printing apparatus irrespective of its speed control 
application.

. 3. it runs at lower power than conventional stepper motor
systems, reducing a drain on batteries, since de motors are 
more efficient than stepper motors in constant speed 
applications. This is of paramount importance in small hand 

5 ’*’* <25*  bold labelling machines.

•4···.—The use of a de 
motor is preferable to a stepper motor

because the stopper motor moves in discrete stops and 
stops between each one. Backlash and deformation in the gear 

>0 train and rubber platen roller can give rise to unstable 
motion. As a result it is more difficult to manufacture 
machines with a consistent print quality when using a stepper 
motor.
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By using a de motor with print timing determined by an encoder 
pulse, as described above, it is possible to achieve the 
following in additional to hhe cost a„d power reduction listed 
above:

ζ" a low cost control implementation which allows the speed

to vary with the load but still maintains accurate dot 
positioning; and

improvement to production quality levels because the tape 
is continuously moving and thus backlash and elasticity in the 
transmission do not affect print quality.

····
• · 
····

··
• ····

• ··
• · · 
······: ····

··• ···«

It also provides a situation where the control algorithm in 
the microprocessor^ which allows speed to change with the 
friction load/ can be extended to detect end of tape by one of 
three techniques:

Is (1) detecting a complete stop;

(2) detecting an increase in friction if tape is secured 
by an adhesive onto a tape supply reel;

(3) detecting a decrease in friction as the end of the 
tape exits the machine if it was not bonded to a supply reel.

2,0 The detection of end of tape is discussed more fully in the
following,
Hweftt-ie-Fu

-t-h®

with
reference to Figures 2 and 3. The pulses fed back along line

·· ··«· 40 can give an indication of a motor stall condition (that is.
no rotation even with an applied voltage) or a partial stall/

<*

which could be due to faults such as a jammed tape or a 
mechanism failure/ or due to the end of the tape being 
reached. Thus, the system can be used to provide an 
end-of-tape indication in a system where the printing tape is 
secured to its bobbin and is optionally provided with high 
friction material at its end so that the end of the tape is 
manifested by a motor stall or partial stall,. This will be 
detected by the shaft encoder and could thus be indicated by 
the microcontroller.

• e
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Figure 3 is a sketch of a cassette which can be used in such 
an end-of-tape indication system. In Figure 3, reference

• ••c• · ····
··» ····
• «·• · · ····
• ·• ····
··• · · · ·

numeral 50 denotes a cassette housing. Self-adhesive tape 52 
extends around a printing tape bobbin 54 which rotates in the 

*5" direction indicated by the arrcw and is used to secure high 
friction material 56 to the bobbin. The cassette is shown 
with the tape having reached its end, the high friction 
material extending from the bobbin to the end of the printing 
tape denoted at 57 and to which it is secured by splicing, 

'θ The ink ribbon 7 extends from a supply reel 58 to a take-up 

reel 60 which is driven in the direction of the arrow. The 
printing tape 6 passes in overlap with the ink. ribbon 7 
between the thermal printhead 4 and the platen 2 at the print 
zone. The platen 2 is driven in the direction of the arrow by 

Ιό the de motor 20 as discussed earlier.

The cassette operates in a printing apparatus as described 
above. That is, the de motor 20 drives the platen 2 for 
rotation with its speed being controlled as a result of 
feedback from the shaft encoder. When the end of the tape is 

e20 approached, the high friction material 56 is in contact with

the platen and thus causes the motor to slow down and,
finally, to stall because the end of the tape is secured to
its bobbin and therefore cannot move. This is denoted by the 
microcontroller as an end-of-tape condition. The principle is 
thus that tape motion must cease at the end of the tape*  and 
the tape should 'low down the platen or bring it to a stop due 
to the action of friction between the high friction material 
and the platen, thus stalling the motor. The high friction 
material 56 provided at the end of the tape will help to 
ensure this, but it may not always be necessary. in that 
case, the end of the printing tape itself will slow the 
platen. Nevertheless*  the motor controller will apply maximum 
drive voltage in this condition so the friction level to stall 
the motor does need to be high.
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While a particular embodiment of a thermal printhead has been 
described it will be appreciated that the printhead could be 
controlled differently by the microcontroller and need not 
necessarily include shift registers and storage registers. 

S’ Instead the data could be passed for example directly to the 

thermal printhead printing elements from the microcontroller.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1, A label printing apparatus comprising:

a data input device for inputting information defining an image to be 
printed;

5 a housing providing a cassette receiving bay for receiving a cassette
holding printing tape on which the image is to be printed;

a printing mechanism including a thermal printhead having a group 
of printing elements to which pixel data defining the image to be printed is 
passed sequentially on a group-by-group basis by a printhead controller

10 connected to the data input device; and,
a drive system operatively connected to said printing mechanism 

comprising:
a de motor operable to continuously drive said printing tape past the 

printing mechanism in a printing direction;
15 means for monitoring the speed of rotation of the motor end

connected to said printhead controller to cause said groups of pixel data to be 
sequentially printed adjacent one another in the printing direction of the 
printing tape in dependence on the speed of rotation of the motor; and, 

means for controlling the speed of rotation of the motor to maintain
20 an approximately constant level by applying a maximum drive to the motor if 

the spued detected by the monitoring means falls below a first predetermined 
value, no drive if the speed exceeds a second predetermined value and a 
linear drive versus speed characteristic between the first and second 
predetermined values,

25 2. A printing apparatus according to claim 1 wherein the printing
mechanism includes a platen which is caused to rotate by the drive motor 
and which moves the printing tape through friction,
3. A printing apparatus according to claim 1 or 2 wherein the speed 
monitoring means comprises a shaft encoder.

30 4, A printing apparatus according to claim 3 wherein the shaft encoder
comprises a slotted disc arranged to rotate with a shaft of the de motor and a 
light source and a light detector on opposed sides of the di ,c.
5, A printing apparatus according to claims 3 or 4 wherein the shaft 
encoder generates pulses at a frequency dependent on the speed of the motor

35 and wherein said pulses cause the print head controller to generate date 
strobe signals each of which causes a group of pix^l data to be printed.

n k
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6. A printing apparatus according to claim 5 wherein a data strobe 
signal is produced for a integral number of pulses generated by the shaft 
encoder.
7. A method of operating a label printing apparatus which comprises a

5 data input device and a housing providing a c-issette receiving bay for 
receiving a cassette holding printing tape on which an image is to be printed, 
the method comprising:

inputting information at the data input device defining the image to 
be printed;

10 driving a de motor to continuously rotate to drive the printing tape
past a printing mechanism which includes a thermal printhead having a 
group of printing elements to which pixel data defining the image to be 
printed is passed sequentially on a group-by-group basis by a printing head 
controller;

15 monitoring the speed of rotation of the motor; and
Controlling the sequential printing of groups of pixel data in 

dependence on the speed of rotation of the motor so that said groups are 
printed adjacent one another in a direction of movement of the printing tape 
wherein the speed of rotation of the motor is controlled to maintain an 

20 approximately constant level by applying a maximum drive to the motor if 
the detected speed of the motor falls below a first predetermined value, no 
drive if the speed oxceeds a second predetermined value and a linear drive 
versus speed characteristic between the first and second predetermined 
values,

25
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ABSTRACT

A label printing apparatus receives a cassette holding 
printing tape on which an image is to be printed. The 
apparatus also has a printing mechanism which includes a 
thermal printhead having a group of printing elements to which 

5" pixel data defining the image to be printed is passed 
sequentially on a group-by-group basis. The groups are printed 
adjacent one another in the direction of movement of the 
printing tape. A drive system is provided for driving the 
printing tape through the printing mechanism and includes a de 

IO motor which is provided with a shaft encoder for monitoring 
·’’’’♦ the speed of rotation of the motor. Sequential printing of the 
j·.... groups of pixel data is controlled in dependence on the 
; monitors speed of rotation of the motor.
····

• ·
• β · · ·

There is also described a label printing apparatus which uses 
'bi monitoring of the speed of rotation of the motor to detect an 

. end of tape condition.
• · « ·
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··• · · · «



• ·

FIG. 1
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