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& A control system for a printer.

@) The invention relates to a control system for
controlling the movement of a print head (22) moun-
ted on a carriage (54) in a printer (12). A timing strip
(68) is molded integral with the frame (69) of the
printer (12) and positioned under the carriage (54).
An optical sensor (74) is secured to the underside of
N ihe carriage (54) and positioned to straddle the tim-
<ing strip (68) as the carriage is driven back and forth
g across the printer (12). Control means (76,78,80)
responsive to oufput signals from the optical sensor
(74) verify when the carriage (54) is at a home
N position and detects when a jam condition has oc-
curred.
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A CONTROL SYSTEM FOR A PRINTER

The present invention relates to a conirol sys-
tem for a printer and more particularly to a control
system for controlling the movement of a print
head mounted on a carriage in the printer.

In the dot mairix printer which is used for
receipt, slip and journal printing operations, there is
a requirement for moving the print head and the
print head carriage to appropriate and precise posi-
tions along the line of printing for dot matrix print-
ing of alpha numeric characters or of graphics type
characters.

A control system for controlling the movement
of a print head on a carriage in a printer is de-
scribed in U.S Patent No. 4,338,035. The position
of the carriage is determined by means of a car-
riage position detector mounted on the carriage
with its detecting part astride a slitted plate at the
level of the slits. Movement of the carriage along a
guide rail causes the carriage position detector to
scan the slits in the slitted plate to provide position
pulses and direction pulses which are fed to a
position counter. The data from the position coun-
ter is utilized to conirol a drive motor for driving the
carriage along the guide rail.

One of the disadvantages of the above known
control system is that there is no provision for
verifying whether or not the absence of position
pulses, indicating non-motion of the carriage, is
due to the carriage being in a predetermined home
position or due to a jam condition. The jam con-
dition can be caused for example by failure of, or
external interference with, the carriage drive motor,
driving mechanism or the print head.

An object of the present invention is to provide
a control system for controlling the movement of a
print head on a carriage in a printer whereby
means are provided for verifying that a predeter-
mined or home position of the carriage has been
reached and also for determining & jam condition
thereof.

Accordingly the present invention provides a
control system for controlling the movement of a
print head mounted on a carriage in a printer
including drive means for moving said carriage in a
reciprocal manner along a rectilinear guide path, an
elongate member having a plurality of spaced
openings therealong and secured to the frame of
said printer so as to be fixed relative to said guide
path and detector means secured to said carriage
and positioned to sense said openings and to pro-
vide output signals when said openings are
scanned by said detector means, characterized in
that said detector means is arranged to generate
output signals of first and second values dependent
on whether or not said detector means is sensing
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one of said openings, a change in said output
signals between said values defining a signal tran-
sition and the time interval between consecutive
signal transitions defining a signal transition period,
and conirol means for determining whether said
carriage has stopped in a correct predetermined
position along said guide path, said control means
being responsive to said output signals for moving
said carriage in a predetermined direction for veri-
fying said predetermined position of said carriage
dependent upon a pattern of signal transition
periods monitored during said movement in said
predetermined direction and for determining a jam
condition indicating non-motion of said carriage
when a predetermined period greater than one
expected signal transition period expires without
the occurrence of at least one signal transition.

The present invention will now be described by
way of example with reference to the accompany-
ing drawings, in which:-

Fig. 1 is a perspective view of a printer
incorporating the subject matter of the present in-
vention,;

Fig. 2 is a plan view of the printer showing
the relative positions of the pertinent parts;

Fig. 3 is an enlarged perspective view of
pertinent parts of the printer;

Fig. 4 is a front elevational view of a portion
of the printer and showing the timing strip as an
integral part thereof;

Fig. 5 is a block diagram of the pertinent
parts of the printer;

Fig. 6 is a flow chart illustrating the carriage
home routine in the operation of the printer;

Fig. 7 is a flow chart of the printer controller
routine to establish the tentative home position;

Figs. 8 and 9, taken together, constitute a
flow chart of the printer controlier routine to verify
the home position;

Fig. 10 is a flow chart of the printer controller
routine to look for a low-to-high transition of the
square wave or for a jam condition;

Fig. 11 is a flow chart of the printer controller
routine to look for a high-to-low transition or for the
home position; and

Fig. 12 is a flow chart of the printer controller
routine to look for a high-to-low transition or for a
jam condition.

Prior to describing the structure in detail, it
should be noted that the printer to be described in
accordance with an embodiment of the present
invention is a multi-function type that can accom-
modate a receipt, a journal and a slip or form which
form consists of one or more parts. The printer can
be set in one of five different modes of operation
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which include printing a journal only, printing a
receipt in one of five different modes of operation
which include printing a journal only, printing a
receipt only, printing a receipt and a journal, print-
_ing a slip or form only, or printing a slip or form
and a journal. The journal and the receipt can
accommodate 42 columns of printing and the slip
or form can accommodate 46 columns of printing.

Referring now io the drawing, Fig. 1 shows a
perspective view of a printer 12 having a front
portion 14, a right side 16, a left side 18, and a rear
portion 20. A wire matrix print head 22 is moved in
a side-to-side manner by suitable motor drive
means (Fig. 3) located at the right front corner of
the printer 12. A journai station or module 24 is
provided at the right side of the printer and in-
cludes a supply roll 26 of journal paper that is
guided past the journal print station platen 28 and
is rewound on a take-up roller 30 by a step-type
drive motor (not shown).

A receipt station or module 32 is provided at
the left side of the printer 12 and includes a supply
roll 34 of receipt paper that is guided past the
receipt print station platen 36 and is driven by a
step-type drive motor (not shown). The journal sta-
tion 24 and the receipt station 32 are separated by
a preferred number (19) of character spaces. A
ribbon cassetie (not shown) of the operator-
changeable type is positioned to the rear of the
print head 22 (toward the viewer of the illusiration
in Fig. 1) and the ribbon is driven in one direction
from right to left in a path between the front portion
of the print head 22 and the record media (journal,
receipt or slip). A siot 40 is provided at the left
front side of the printer 12 for insertion of a slip 38
which can be inserted from the front of the printer
12 or from the side thereof in a path in front of the
receipt paper at the receipt station 32. A heat sink
42 is provided for the print head 22 to dissipate
heat therefrom. A more detailed description of the
receipt/slip station is found in United States Patent
No. 4,780,007, issued October 25, 1988 and as-
signed to the assignee of the present invention.

Figs. 2 and 3 illustrate the drive mechanism in
accordance with an embodiment of the present
invention wherein an endless toothed belt 46,
driven by the print head carriage motor drive
means in the form of a stepper motor 48, is {rained
around a first or motor puliey 50. The motor pulley
50 is secured o and extends upwardly from the
stepper motor 48. The endless toothed belt 46 is
trained around a second pulley 52 at the left side
of the printer 12. A print head carriage 54 is
secured by means of a curved or arcuate connec-
tor to the timing belt 46 to move the carriage 54
back and forth across the printer in bi-directional
printing operations. The carriage 54 supports the
print head 22 in precise position for printing on the
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journal, the receipt, or the slip, as the case may be.
The carriage 54 is supported by and rides on rails
56 and 58 (Fig. 2) by means of bearings 60 and 62
(Fig. 3). The carriage 54 is molded from conductive
plastic for satisfactory EDS (electrostatic discharge)
performance and for static charge control.

The carriage 54 includes a printed circuit board
64 as a part thereof which is connected to a
ribbon-style cable 66. The cable 66 is connected to
power and conirol devices in the form of circuit
boards (not shown) coupled to printer control
means or a printer controller providing a specific
control program for operating the printer 12. The
solenoids (not shown) for operating the wires of the
print head 22 are connecied to the printed circuit
board 64 and to the cable 66.

A timing strip 68 of elongated structure and
made of plastic material is molded as an integral
part of the frame portion 69 of the printer 12. This
construction, as shown in Fig. 4, provides that the
timing sirip 68 is secured and fixed in one position
on the printer 12 and is not subject to movement or
to adjustment. The timing strip 68 includes a lower
solid portion 70 and a pilurality of siots 72 facing
upwardly and extending substantially along the
length of the timing strip 68.

An optical sensor 74 of the light emitting diode
and phototransistor type is secured to the under-
side of the carriage 54 and straddles the timing
strip 68. Output signals from the optical sensor 74
are transmitted therefrom to the ribbon cable 66
and to the printer controller.

The timing strip 68/optical sensor 74 arrange-
ment and the program associated therewith are
effective to place the print head 22 and carriage 54
at the home position and also tc detect a jam
condition of the print head drive motor 48 or the
carriage 54.

Fig. 5 is a block diagram of the pertinent parts
of the printer. The stepper motor 48 is shown as
being coupled to the pulley 50, which drives the
endless belt 46, which belt is trained around the
pulley 52. The timing strip 68 includes the lower
portion 70 that is formed integral with the frame
portion 69 of the printer 12 (Fig. 4) and also in-
cludes the plurality of slots 72 therein. The carriage
54 has the optical sensor 74 secured thereto with
the sensor 74 being coupled to block 76 which
represents an arrangement in structure that in-
cludes a wave conditioner. The wave conditioner
76 recsives an input analog signal, sinusoidal in
form, from the optical sensor 74 and converis the
input analog signal into a digital square wave out-
put signal. The ouiput signal of the wave con-
ditioner 76 is input to a microprocessor 80. A
program memory 78 is coupled to the micropro-
cessor 80 and the program memory in conjunction
with the output signal of the wave conditioner 76
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instructs the microprocessor 80 to produce se-
quential control signals to a stepper motor control
82 for operation of the siepper motor 48. The
stepper motor control 82 contains the necessary
power and control circuitry to maintain desired
phase ampacity levels during sequential stepping
operation of the stepper motor 48. The stepper
motor control 82 provides the desired and neces-
sary control for both speed and direction of rotation
of the stepper motor 48 for driving the carriage 54
and the print head 22 in fransverse manner on the
printer 12 in bi-directional printing operations. Por-
tions of the program memory 78 pertaining to the
carriage drive system are illustrated in the flow
charts of Figs. 6-12, inclusive, and described here-
in.

The printer controiler is a stored program in the
program memory 78, executed by the micropro-
cessor 80, to provide specific control signals for
operating the printer 12, in response to commands
received through the communications interface.

The printer controller uses the square wave
output of the timing strip 68 and optical sensor 74
arrangement to perform two functions:

The first function is to place the printhead 22 in
a known location called the home position, or
home, for the purpose of correctly positioning sub-
sequent print lines on the paper. The printer con-
troller orients the printhead 22 to home when the
printer 12 is turned on, and reorients it at certain
other times during printer operation, such as when
an operator has manually moved the printhead 22
in order to change the ribbon.

In the current design, either the left side of the
printer 12 or the right side of the printer could be
the home position, however, it is preferred to call
the left side of the printer the home pasition.

The second function is to detect a jam con-
dition while the carriage is moving to print or to cut
paper. A jam condition can be caused by failure of,
or external interference with, the carriage stepper
motor 48, either of the pulleys 50 or 52, the end-
less toothed belt 46, the printhead 22, and other
matters or conditions.

The square wave output of the timing
strip/optical sensor arrangement is such that the
printer controller senses a low level of the square
wave while the optical sensor 74 is passing over
the slots 72 in the timing strip 68. In complement,
the printer controller senses a high level of the
square wave while the optical sensor 74 is passing
over the portions 71 of the timing strip 68 between
the slots 72 and at both ends 73, 75 of the timing
strip.

When the square wave output changes from a
low level to a high level, a low-to-high transition has
occurred, and the printer controller senses a low-
to-high transition. When the square wave output
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changes from a high level to a low level, a high-to-
low transition has occurred, and the printer control-
ler senses a high-to-low transition.

In the current design the width of each slot 72
in the timing strip 68, as viewed in figure 5, is
equal to the distance the carriage 54 moves in ten
steps of the carriage stepper motor 48. The width
of each portion 71 of the timing strip between two
slots is equal to iwice that of each slot 72, or the
distance the carriage moves in 20 steps of the
carriage stepper motor 48. The width of those
portions of the timing strip 68 at each end, the
portion 73 to the left of the first slot, and the
portion 75 to the right of the last slot, is greater
than the distance the carriage moves in 30 steps of
the carriage stepper motor 48.

It is to be noted that after the printer controller
accelerates the carriage drive motor 48 to printing
speed, the printer controller moves the carriage
drive motor 48 one step every 500 microseconds
to achieve the desired print speed. It should be
noted that steps less often than 500 microseconds
would result in a slower print speed while steps
more often than 500 microseconds would result in
a faster print speed.

The printer controller uses the information pro-
vided by the square wave output of the timing
strip/optical sensor arrangement to place the prin-
thead 22 in a known location, called home in the
following manner.

When the carriage 54 is moving without inter-
ference, and to orient the printhead 22 to home,
the printer controller senses a low level of the
square wave for ten carriage mofor steps, followed
by a high level of the square wave for 20 carriage
motor steps, followed by a low level of the square
wave for ten carriage motor steps, etc., followed
finally by a high level of the square wave for more
than 30 steps of the carriage stepper motor 48. At
this point, the printhead is at the tentative home
position.

To distinguish between home and a jam con-
dition while establishing home, the printer controller
next verifies the home position by first moving the
carriage 54 to the right a certain distance out of
home, and then moving the carriage 54 to the left,
back into home. If the prinier controlier senses the
correct pattern of transitions of the square wave
output of the timing strip 68 at the correct time
intervals, then home is established. If the printer
controller senses an incorrect pattern of transitions
of the timing strip 68, or an incorrect time interval
between transitions, the printer controller recog-
nizes that the printer is in a jam condition. The
printer controller then stops trying to move the
carriage 54 and asseris a fault condition to the
communications interface.

The printer controller uses the information pro-
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vided by the square wave output of the timing
strip/optical sensor arrangement to detect a jam
condition in the following manner,

When the carriage 54 is moving without inter-
ference, and to print or to cut paper, the printer
controller senses high-to-low transitions repeatedly,
at a time interval equal to 30 carriage motor steps.
In the current design, if the carriage 54 is moving
to print or to cut paper, and a time interval equal to
50 carriage motor steps goes by without the printer
controller sensing at least one high-to-low transi-
tion, the printer controller recognizes that the car-
riage 54 is no longer moving and that the printer 12
is in a jam condition. The printer controlier then
stops trying to move the carriage 54 and asserts a
fault condition to the communications interface.

The time interval equal to 50 carriage motor
steps used in this design to detect a jam condition
could be shorter for greater sensitivity to a jam
condition or longer for less sensitivity to a jam
condition.

This ability to detect a jam condition without
moving the carriage 54 ali the way to home im-
proves printer throughput since not all lines require
printing characters the full width of the paper all the
way to home.

Figs. 6-12, inclusive, constitute a set of flow
charts describing the printer controller home ai-
gorithms in more detail.

Fig. 6 is a flow chart of the printer controlier
carriage home routine, as indicated by the title
block 84. The printer controller carriage home rou-
tine consists of four segments or steps carried out
in sequence.

The first segment is initialization, as indicated
by step 86. The second segment is a routine to
establish the tentative home position, as indicated
by step 88. Step 88 is described in more detail in
Fig. 7. The third segment is a routine to verify the
home position, as indicated by step 90. Step 90 is
described in more detail in Figs. 8 and 9. The
fourth segment is finalization of the printhead in the
home position, as indicated by step 92.

Fig. 7 is a flow chart of the printer controller
routine to establish the tentative home position, as
indicated by the title block 34. The printer conirol-
ler routine to establish the tentative home position
consists of eight segments or steps carried out in
sequence.

The first segment is initialization, as indicated
by step 96. The second segment is a routine to
begin moving the ‘carriage 54 to the left and accel-
erating it to print speed, as indicated by step 98.
The third segment is a routine which examines the
square wave output of the timing strip 68 at the
moment in time at which the carriage 54 reaches
full acceleration to print speed, as indicated by
step 100. If the printer controller is sensing a low
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level of the square wave, program control passes
to step 102. if the printer coniroller is sensing a
high level of the square wave, program conirol
skips step 102 and passes to step 104.

The fourth segment is a routine to look for a
fow-to-high transition of the square wave, or a jam
condition, as indicated by step 102. If a transition
occurs in step 102, then program control returns to
step 104. If a jam condition is detected in step 102,
then program control does not return to this rou-
tine. Step 102 is described in more detail in Fig.
10.

The fifth segment is a routine to look for a
high-to-low transition of the square wave, or the
home position, as indicated by step 104. Step 104
is described in more detail in Fig. 11. The sixth
segment, as indicated in step 106, makes a de-
cision based on the outcome of step 104. If a
transition occurred in step 104, then program con-
trol passes from step 106 back to step 102. If a
transition did not occur in step 104, then program
control passes to step 108.

Program conirol continues to loop through
steps 102, 104 and 106 until no high-to-low transi-
tion occurs in step 104.

The seventh segment is a routine to decelerate
the carriage 54 at the tentative home position, as
indicated in step 108. The eighth segment, as
indicated by step 110, returns program control {0
the caller of this routine, step 88.

Figs. 8 and 9 constitute a flow chart of the
printer controller routine to verify the home posi-
tion, as indicated by the title block 112. The printer
controlier routine to verify the home position con-
sists of twelve segments carried out in sequence.

The first segment is initialization, as indicated
by step 114. The second segment is a routine to
begin moving the carriage to the right and accel-
erating it to print speed, as indicated by step 116.

The third segment is a routine to look for a
high-to-low transition of the square wave, or a jam
condition, as indicated by step 118. If a transition
occurs in step 118, then program control returns to
step 120. If a jam condition is detected in step 118,
then program control does not return to this rou-
tine. Step 118 is described in more detail in Fig.
12.

The fourth segnent is a routine to look for a
low-to-high transition of the square wave, or a jam
condition, as indicated by step 120. If a transition
occurs in step 120, then program control returns io
step 122. If a jam condition is detected in step 120,
then program control does not return to this rou-
tine. Step 120 is described in more detail in Fig.
10.

The fifth segment is a routine to look for a
high-to-low transition of the square wave, or a jam
condition, as indicated by step 122, If a transition



9 EP 0 372 844 A2 10

occurs in step 122, then program control returns to
step 124. If a2 jam condition is detected in step 122,
then program control does not return to this rou-
tine. Step 122 is described in more detail in Fig.
12

The sixth segment is a routine to decelerate
the carriage, as indicated by step 124.

Step 126 indicates that the flow chart of the
printer controller routine o verify the home position
is continued in Fig. 9.

The seventh segment is a routine to begin
moving the carriage to the left and accelerating it
to print speed, as indicated by step 128.

The eighth segnent is a routine to ook for a
low-to-high tfransition of the square wave, or a jam
condition, as indicated by step 130. If a transition
occurs in step 130, then program control returns to
step 132. If a jam condition is detected in step 130,
then program conirol does not return to this rou-
tine. Step 130 is described in more detail in Fig.
10.

The ninth segment is a routine to look for a
high-to-low transition of the square wave, or a jam
condition, as indicated by step 132. If a fransition
occurs in step 132, then program control returns to
step 134. If a jam condition is detected in 132, then
program conirel does not return to this routine.
Step 132 is described in more detail in Fig. 12.

The tenth segment is a routine to continue
moving the carriage 54 left for 33 more carriage
motor steps to position the carriage 54 for printing,
as indicated by step 134. In the current design it is
preferred to move the carriage 54 for a time of 33
more carriage motor steps at this point for the
purpose of correctly positioning subsequent print
lines on the paper. However a different number of
carriage motor steps could be used without chang-
ing the intent of the design.

The eleventh segment is a routine {0 decel-
erate the carriage, as indicated by step 136. The
twelfth segment, as indicated by step 138, returns
program control to the caller of this routine, step
90.

Fig. 10 is a flow chart of the printer controller
routine to look for a low-to-high transition of the
square wave, or a jam condition, as indicated by
the title block 140. The printer controlier routine to
lock for a low-to-high transition of the square wave,
or a jam condition, consists of nine segmenis car-
ried out in sequence.

The first segment is initialization, as indicated
by step 142. The second segment is a routine to
initialize a carriage motor step counter, as indicated
in step 144. This carriage motor step counter is
used to limit the number of times program control
loops through the main part of this routine.

The third segment is a routine o wait for the
motor step time to expire for the motor step in
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progress, as indicated in step 146. The fourth seg-
ment is a routine to output the next motor step and
start its timer, as indicated in step 148. The fifth
segment is a routine to increment the carriage
motor step counter, as indicated in step 150.

The sixth segment, indicated by step 152, is a
routine which inquires if a low-to-high transition
occurred during the time of the last carriage motor
step. if a low-to-high transition did occur, then
program control passes to step 154, the seventh
segment, which then returns to the caller of this
routine, either to step 102 or to step 120 or to step
130. If a low-to-high transition did not occur, then
program control passes to step 156.

The eighth segment, indicated by step 156, is
a routine which inquires if a low-to-high transition
should have occurred by this time, based on the
current value of the carriage motor step counter. If
a low-to-high transition should not have occurred
yet, then program control passes back to 146. if a
low-to-high transition should have occurred by this
time, then program control passes to step 158, the
ninth segment, which then exits to the printer con-
troller jam condition routine.

Fig. 11 is a flow chart of the printer controller
routine to look for a high-to-low transition of the
square wave, or the home position, as indicated by
the title block 180. The printer coniroller routine o
look for a high-to-low transition of the square wave,
or the home position, consists of nine segments
carried out in sequence.

The first segment is initialization, as indicated
by step 162. The second segment is a routine to
initialize a carriage motor step counter, as indicated
in step 164. This carriage motor siep counter is
used to limit the number of times program control
loops through the main part of this routine.

The third segment is a routine to wait for the
motor step time to expire for the motor step in
progress, as indicated in step 166. The fourth seg-
ment is a routine o output the next motor step and
start its timer, as indicated in step 168. The fifth
segment is a routine to increment the carriage
motor step counter, as indicated in step 170.

The sixth segment, indicated by step 172, is a
routine which inquires if a high-to-low transition
occurred during the time of the last carriage motor
step. If a high-to-low transition did occur, then
program control passes to step 174, the seventh
segment, which then returns fo the caller of this
routine, step 104. If a high-to-low transition did not
oceur, then program conirol passes to step 176.

The eighth segment, indicated by siep 176, is
a routine which inquires if a high-to-low transition
should have occurred by this time, based on the
current value of the carriage motor step counter. If
a high-to-low transition should not have occurred
yet, then program control passes back to step 166.
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If a high-to-low transition should have occurred by
this time, then the carriage may be at the home
position and program control passes o step 178,
the ninth segment, which then returns to the caller
of this routine, step 104.

Fig. 12 is a flow chart of the printer controller
routine to look for a high-to-low transition of the
square wave, or a jam condition, as indicated by
the title block 180. The printer coniroller routine to
look for a high-to-low transition of the square wave,
or a jam condition, consists of nine segments car-
ried out in sequence.

Tbe first segment is initialization, as indicated
by step 182. The second segment is a routine to
initialize a carriage motor step counter, as indicated
in step 184. This carriage motor step counter is
used to limit the number of times program conirol
loops through the main part of this routine.

The third segment is a routine to wait for the
motor step time to expire for the motor step in
progress, as indicated in step 186. The fourth seg-
ment is a routine to output the next motor step and
start its timer, as indicated in step 188. The fifth
segment is a routine to increment the carriage
motor step counter, as indicated in step 190.

The sixth segment, indicated by step 192, is a
routine which inquires if a high-to-low transition
occurred during the time of the last carriage motor
step. If a high-to-low transition did occur, then
program conirol passes to step 194, the seventh
segment, which then returns to the caller of this
routine, either to step 118 or to step 122 or to step
132. If a high-to-low transition did not occur, then
program control passes to step 196.

The eighth segment, indicated by step 196, is
a routine which inquires if a high-to-low transition
should have occurred by this time, based on the
current value of the carriage motor step counter. if
a high-to-low transition should not have occurred
yet, then program control passes back to step 186.
if a high-to-low transition shouid have occurred by
this time, then program control passes to step 198,
the ninth segment, which then exits to the printer
coniroller jam condition routine.

In connection with the operations described
above for carriage home routine and for carriage
motion sensing, the timing strip output signals for
normal carriage movement in printing operations
provide repeated high-to-low or repeated low-to-
high transitions. At normal printing speed, a pre-
ferred timing strip period is 15 milliseconds
wherein a high level is sensed for 10 milliseconds,
a low level is sensed for 5 milliseconds, a high
level for 10 milliseconds, and a low level for 5
milliseconds in repeated sequence.

It is thus seen that herein shown and described
is a carriage drive mechanism that is responsive to
movement of travel of the print head and wherein
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the carriage is driven or advanced to the home
position in one direction of print head travel.

Claims

1. A contro!l system for controlling the move-
ment of a print head (22) mounted on a carriage
(54) in a printer (12) including drive means (46,48)
for moving said carriage (54) in a reciprocal man-
ner along a rectilinear guide path, an elongate
member (68) having a piurality of spaced openings
(72) therealong and secured to the frame of said
printer (12) so as to be fixed relative to said guide
path and detector means secured to said carriage
(54) and positioned to sense said openings (72)
and to provide output signals when said openings
(72) are scanned by said detector means, char-
acterized in that said detector means (74) is ar-
ranged to generate output signals of first and sec-
ond values dependent on whether or not said de-
tector means (74) is sensing one of said openings
(72), a change in said output signals between said
values defining a signai transition and the time
interval between consecutive signal transitions de-
fining a signal transition period, and control means
{76,78,80) for determining whether said carriage
(54) has stopped in a correct predetermined posi-
tion along said guide path, said control means
(76,78,80) being responsive to said output signals
for moving said carriage (54) in a predetermined
direction for verifying said predetermined position
of said carriage (54) dependent upon a pattern of
signal transition periods monitored during said
movement in said predetermined direction and for
determining a jam condition indicating non-motion
of said carriage (54) when a predetermined period
greater than one expected signal transition period
expires without the occurrence of at least one sig-
nal transition. :

2. A control system as claimed in claim 1,
characterized in that said control means (76,78,80)
is arranged, after said carriage (54) stops at a first
position along said guide path, to move said car-
riage (54) a predetermined distance along said
quide path to a second position and then to move
said carriage (54) back to said first position, where-
by if said conirol means (76,78,80) senses the
correct pattern of signal transitions at the correct
signal transition periods, then said first position is
verified as said correct predetermined position, and
if said control means (76,78,80) senses an incorrect
pattern of signal transitions, or incorrect signal tran-
sition periods, a jam condition is established.

3. A control system as claimed in claim 1 or
claim 2, characterized in that said elongate mem-
ber (68) is secured to and formed integral with the
frame (69) of said printer (12) so as to be rigidly
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positioned reiative to said carriage (54).

4. A control system as claimed in any one of
claims 1 to 3, characterized by a printed circuit
board (64) and a ribbon cable (66) coupled to said
carriage (54) for carrying signais from said print
head (22) and said detector means (74) to said
control means (76,78,80).

5. A control system according to any one of
claims 1 to 4, characterized in that said detector
means (74) is an optical sensor (74), including a
light emitting diode and a phototransistor for sens-
ing said elongate member (68) in interruptive man-
ner and oufputting signals indicating motion and
non-motion conditions of said carriage (54).

6. A control system according to any one of
claims 1 to 5, characterized in that consecutive
signal transition periods have different durations.

7. A conirol system according to any one of
claims 1 to 6, characterized in that said elongate
member (68) extends subsiantially across said
printer (12) and is positioned under said carriage
(54).
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FIG. 2
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FIG. 4
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FIG. 6
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