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The invention realtes to a rotor movement

sensing system for use in a postage meter having a rotor

for printing postage by cyclic rotation thereof.

In any electronic postage meter it is important
that the electronic registers faithfully reflect the actuai
mechanical printing of postage by the print rotor. 1In
nearly all instances of the printing of postage, electric

) power is available for the entirety of the print cycle and
the processor, which controls and monitors printing of

postage, is able to decrement and increment the descending

’

4b and ascending registers accordingly.

Most of the time, when the rotor is not in motion

(because it is not printing postage) the rotor is in or very

near to a "home" position. It is standard to have a sensor
that indicates to the processor that the rotor is in the
home position. A typical sensor arrangement is to place a

permanent magnet on a disk attached to the rotor shaft. A

Hall-efféct sensor is positioned so that the sensor is "on"
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It is also standard to have a ratchet or other

mechanical arrangement coupled to the rotor shaft so that

the rotor cannot be moved very far backwards.

However, a

number of design constraints limit how tightly the ratchet

performs its task.

For example, at the end of a print

cycle, it is not uncommon that the rotor may reach the home

position (as expected) but may also go slightly past the

home position due to rotational inertia or due to drag from

a large item being franked.

If the nmeter is toc be

satisfactory to the user, the ratchet must permit the slight

reverse rotation back te the home position.

The design of the meter must necessarily take into

account, however, the prospect that power may fail

unexpectedly. The processor may thus be in the situation of

not having quite enough information to distinguish whether

or not. a print cycle has occurred.

For example, one of the

indications to the processor that a print cycle has begun is

the home sensor turning off.

has moved from the home position.

This indicates that the rotor

But if power is lost

after the home sensor has turned off, then later when the

processor again has power the processor may find that the

home sensor is again on.

due to either of two mechanical sequences.

This could have happened, however,

On the one hand, the rotor may indeed have printed

a print cycle, finished while processor powver was absent.

This would result in the home sensor again being on.

On the other hand, the rotor might merely have

moved slightly past the home position, and then dropped

backwards again to the home position, all while processor

power was absent.

This, too, would result in the home
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“power is available for the entirety of the print cycle and
whi ch controls and nonitors printing of postage, is able to decrenent and

i ncrenent the descending and ascending registers accordingly.

Most of the tine, when the rotor is not in notion (because it is not

printing postage) the rotor is in or very near to a "honme" position. It is

standard to hasé@sér SRasArbeihfadn.i Nthicakesito ftoharmprenedmeok t hat the rotor

is in the hone position. A typical sensor arrangenent is Rolplace a
movement could, as described above, arise due to a slight

t he processor,

overrun of a previous print cycle.

The difficulty, however, is that without more
information the processor is not capable of distinguishing

which mechanical segquence actually occurred. There is the

difficﬁlty, then that the meter designer would not know
whether or not to program the processor to increment and

decrement the ascending and descending registers in the face

io0 of such sensor inputs. This presents the possible problem

that the amount of postage actually printed may fail to

correspond perfectly with the information in the descending

and ascending registers.

One prior-art approach to this problem is that
% 15 found in U.S. Pat. No. 4,253,015 to McFiggans et al. ("the

‘015 patent"). As described in Figs. 1 and 3 of that

patent, there is provided a counter gear 61 that is twice as

large as a gear 60 on the rotor shaft; the counter gear 61

o rie pAa i AT
v e

has an angular velocity at all times half that of the rotor

20 {(also called a "drum" in this patent). Depending on whether

the rotor has finished an even-numbered or odd-numbered
printing cycle, the counter gear 61 will be in cone of two

orientations. Two holes 62 and 63, located at different

radii on the counter gear 61, will trigger one of two

- S mseE
”—;u.\mm‘-&w s
g i it

25 sensors 67 or 66 respectively, permitting the processor 120

to know whether the print cycle just finished was an
odd~-numhered cne or an even-numbered one.
This approach has a number of drawbacks, chief

among them that it requires a large counter gear which takes

up space in the meter, which adds tc the count of moving

parts, and which adds to the inertial moment that must

accelerate and decelerate with each print cycle. The
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i per manent magnet on a disk attached to the rotor shaft. A Hall-effect
sensor is positioned so that the sensor is "on" when the rotor is inits

L honme position. rf a print cycle is "in progress, the processor can confirm
the conpletion of the

approach degrades t#e mechanical reliability of the meter,
adds to the parts and assembly cost, and adds to wear due to
use.
It would thus be desirable to have a way of
5 providing sensor information to the processor to resolve
ambiguities regarding rotor movement during times when the
processor has been unpowered, all without unduly degrading

reliability and increasing parts and assembly cost.
The invention is defined in claim 1 and preferred

10 features are recited in the claims dependent thereon.

In summary, the new rotor sensing concept employs
changes to hardware and software of the meter.
In hardware, an additional sensor is provided to
sense the magnet on the disk when the rotor is substantially
i5 past the home position. This additional sensor is
positioned far enough past the home position that the
above-~mentioned ratchet will have ensured that the rotor
must continue forward to completion of a print cycle. It
would not, however, be workable simply to use a second
20 Hall-effect sensor at this location, with the second sensor
{like the home sensor) continuously mon%tored by the
4‘ processor. The reason is that the time interval required
for mechanical movement of the rotor to the second sensor
would be long enough that power failure night render the
25 processor incapable of detecting the output of the second
sensor. To make the second sensor useful for its intended
purpose, the second sensor is selected to be a so-called
magnetic memory element ("MME") sensor. The MME sensor has
a maghetic memory element with substantial magnetic '
30 hysteresis. When the disk magnet passes near the memory
element, the memory element is magnetized. The

magnetization of the memory element persists long after the

i
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cycle by sensing the return of the rotor to the honme position.
Is al so standard to have a ratchet or other nechanical arrangenent
upled to the rotor shaft so that the rotor cannot be noved very far
ckwards. However, a nunber of design constraints Iim't how tightly the
ratchet perforns |ts task. For exanple, at the end of pri nt
permanent magnet of the disk has passed. A Hall-effect
sensor is positioned at the memory element so that it
provides a signal to the processor indicative of the
magnetization of the memory element. Preferably the signal
5 is provided to the processor both as a discrete (polled)
input and alsc as an interrupt. A solenoidal winding is
provided around the memory element. The processor has an
output which, when asserted, causes a substantial current to
flow through the winding, whereby the memory element is
10 demagnetized. |
In another embodiment of the invention, a reed
switch is employed to sense movement of the rotor past a
particular angular position. A flip-flop provides a
3 bistable means backed up by a lithium cell or other reliable
% 15 source of power, and the output of the flip~flop provides a
i datum for the processor.
F Several changes are made in software to effect
the new rotor sensing concept.. An interrupt routine is
provided responsive to the signal from the second sensor, so
20 that during a routine franking cycle the processor responds
to the interrupt, makes record in nonveolatile memory of the
occurrence of the printing cycle, and energizes the winding.
‘ This interrupt routine is executed for each franking cycle
when power is continuously available, which is the normal
25 and expected situation.
. Of course, the remaining situation to be provided
i for in software is the application of pcwer to the processor
i under circumstances where there is reason to suspect that a '
A print cycle toock place during a power outage. The power-up
' routine of the software, then, has a step of noting whether
the second sensor is on. If it is, then the processor

assumes (and this assumption is one in which the designer
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I's not unconmmon that the rotor may reach the hone position (as

but may also go slightly past the hone position due

to

inertia or due to drag from a large itembeing franked. If the

_The processor then clears the memory element by energizing
the winding, and makes record of the printing cycle in

nonvolatile memory.

The invention can be put into practice in various ways
an embodiment of which will now be described by way of example
with refreence to the accompanying drawings, in which:

Fig. 1 shows the rotor shaft, disk, and the home
and MME sensors;

Fig. 2 shows the home sensor;

Fig. 3 shows the MME sensor;

Fig. 4 is a timing diagram for signals to and from
the sensors;

Fig. S shows a symbolic egquivalent for the MME
sensor;

Figs. 6-95 are flowcharts showing variocus software
provisions relating to the MME sensor;

Fig. 10 shows an overall processor system
configuration;

Fig. 11 shows a reed-switch embodiment of the
invention in side view;

Fig. 12 is a schematic diagram of the reed-switch
embodiment; and

Fig. 13 is a timing diagram for the reed-switch

embodiment.

An overview of the postage meter in accordance
with the invention is shown in Fig. 10. Processor 70
controls nearly all functions of the meter, responding to

user inputs at keyboard 72 and providing information to the
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unexpectedly. The processor may thus be in the situation of not having
qui te enough information to distinguish whether or not, a print cycle has
occurred. For exanple, one of the indications to the processor that a
print cycle has begun is the hone sensor turning off. This indicates that
the rotor has noved fromthe hone position. But if power is |lost after
the hone seersait Hasplayr hied Ghé prichessdraf @risnmearatigelyred@sshr agai n has

power t hetgr%%eﬁgogoar}%yam %qsgf'a%t b')[,h&giggpeouie%prwhiiéhazglgion on. This could
have happéned.® HoWeVer, _
provides operative coupling to memory 73, I/0 ports 74, and
other devices omitted for clarity from Fig. 10. Postage is
5 printed by a rotation of print drum or rotor 77, which
contains.print wheels settable under processor control by
setting means, not shown in Fig. 10 for clarity. Mechanical
locking, also omitted for clarity from Fig. 10, is provided
so that when the rotor 77 moves away from the home position
10 the print wheels are locked into place. As a result, if a
print cycle is found to have occurred during a time of loss
of pewer, due to the locking there is little doubt about the 5
position of the print wheels, and thus little doubt about

the amount of postage that was printed. Ratchet means, also

15 omitted for clarity from Fig. 10, limits the extent to which

rotor 77 may be moved in a direction other than that shown.
The rotor turns on shaft 14, which is held by journal and
thrust bearings, not shown. :
In Fig. 10, disk 13 may be seen, preferabhly |
20 positioned at the other end of shaft 14. Sensors 11 and 17

are disposed near the disk 13. Sensor 11, the "home" sensor

‘ about which more will be said below, gives a discrete input i

via line 75 to one of the input lines at the I/0 ports 74.
Sensor 17, the MME sensor about which more will be said
25 below, gives a discrete input via line 76 to one of the
inbut lines at the 1/0 ports 74, and also preferably
provides an interrupt to the processor 70.
Turning now to Fig. 1, the disk 13 is seen in plan
from a point of view at the rotor 77 (not shown in Fig. 1).
30 It will be appreciated that due to the change in point of
view, the normal direction of rotation for disk 13 as shown

in Fig. 1 is counterclockwise. Shaft 14 is shown in cross

-7 heet Has Been Replaced

" T




- to either of two nmechani cal sequences. On the one hand, the
ior may i ndeed have printed a print cycle, finished while processor

wer was absent. This would result in the hone sensor again being on.
g3t he other hand, the rotor might nerely have noved slightly past the
e position, and then dropped backwards again to the hone position, all
| e processipn. pHakk-afdschlresner thAefinegod "NoRrd ROELHIT" PR t he hone

disk 13, and permanent magnet 10 is located on disk 13

proximate to sensor 1l1. A second sensor 17, the MME sensor,
is positioned as shown.
S Fig. 2 shows sensor 11 in a section taken through
disk 13. Sensor 11, which as mentioned above is preferably
a Hall-effect senser, is preferably mounted to a printed
circuit board 15 and, when the rotor is in the home
position, permanent magnet 10 is quite nearby. Fig. 3 shows
10 sensor 17 in é section parallel to but displaced from the
section of Fig. 2. Sensor 17 is likewise preferably mounted
‘*’ to the same printed circuit board 15. In this figure disk
13 is shown having rotated so that magnet 10 is nearby to
sensor 17; it will be appreciated that Figs. 2 and 3 show
15 things that do not happen simultaneously since magnet 10
cannot simultaneously be adjacent to both sensors 11 and 17.
The second sensor 17 differs from home sensor 11l
not only in its location but also in provision of the
magnetic memory element (MME) 16, which has substantial
20 magnetic hysteresis. When the disk magnet 10 passes near
the memory element 16, the memory element 16 is magnetized.

The magnetization of the memory element 16 persists long

g after the permanent magnet 10 of the disk 13 has passed.

The Hall-effect sensor 17 is positioned at the memory
25 element 16 so that it provides a signal to the processor 70

(hot shown in Fig. 3) indicative of the magnetization of the
memory element 16. In Fig. 3 may also be seen a solenoidal
winding 18 around the memory element 16. The pracessor 70

§ has an output 80 (shown in Fig. 10) which, when asserted,

{ causes a substantial current toc flow through the winding 18,

whereby the memory element 16 is demagnetized.
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: sensor agai n being on. (
:descri bed above, arise due to a slight
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This slight forward-and-back novenment

It will be appreciated by those skilled in the art
that design considerations may prompt any of a number of
locations for the Sensors 11, 17 and magnet 10. Cost is
reduced if a circuit board 15 is already nearby, so that the
Sensors 11, 17 may be mounted directly to that circuit board
15, providing both mechanical mounting and electrical
connections. This also prompts placing the sensors 11, 17
in a plane parallel to a main plane of the chassis of the
meter, so that both may be placed on a single circuit board
15 rather than on two Separate circuit boards. The
elevation of the single circuit board 15 and the diameter of
the disk 13 are chosen SO as to make angle 91, shown in Figq.
1, as large as desired. Angle 91 is selected to satisfy a
number of constraints including that the angle be great
enough that the ratchet does not permit a backwards movement
of the rotor 77 back to the home position.

Turning now to Fig. 4, there is shown a timing
diagram for various of the signals of the rotor sensing
concept. The top line shows the output of sensor 11, which
is high when the rotor begins in a home position, angd is
again high when the rotor has returned to a home position at
22. The duration Bf one complete print cycle is thus seen
to correspond to interval 20. Those skilled in the art will
appreciate that the high output of sensor 1l may persist for

a long time if a long time passes between franking cycles,

‘as will sometimes happen during the Course of a day. Those

skilled in the art will also appreciate that the rise and
fall of the signal from sensor 11 do not coincide precisely
with the rotor’s being in the home position. Rather, to
allow from some variation in the magnet, the Hall-effect
sensor, and their geometric relationship, the system is set

Up so that the rise of the signal precedes the arrival of

- 9 -
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% overrun of a previous print cycle. The difficulty, however, is
L that without nore I nformati on the processor is not capabl e of

% di stinguishing whi ch nechani cal sequence actually occurred. There is the
b difficulty, then that the nmeter designer would not know whether or not to
L program the processor to increnent and decrenent the ascendi ng and

{ descendi ngneegbedrert dnd hbfe fpagerionf asueh setsenei nut sr fhei s presents the
{ possi bl e problem -

signal follows the departure of the rotor from the home
position.

The next line shows the ocutput of the sensor 17.

5 At 21, the output rises, which means the rotor has moved by
approximately the angle 91 so as to bring magnet 10 nearby
to sensor 17. In the normal course of events (that is, in
the abhsence of loss of power) the processor 70 will receive
an interrupt at time 21. Then, at time 23, processor 70
10 generates the current pulse to winding 18 (see Fig. 3) via

line 80 (see Fig. 10). The interval between 21 and 23 is
mostly a result of the latency time of the
interrupt-handling routine of the processor. The pulse is
held until time 24, which may be a fixed interval or may be
15 an interval determined by the downgoing transition 25 as
detected by the processor.
Fig. 5 shows in functicnal block form an
eguivalent circuit for the sensor shown in Fig. 3. The

sensor is not, of course, a counter because it does not

20 distinguish between successive print cycles. If it were to
indicate a high level, the high level would only indicate

that at least one print cycle had cccurred but would not

A
! provide any count of print cycles. The sensor may be

thought of as a D~type flip~flop which is set at 10/, reset

25 by 18‘, and providing an output at 17/. The block 16’ is
comparable to the memory element 16 with its hysteresis
which gives rise to bistability.

Those skilled in the art will readily appreciate
that numerous variations could be devised to embody the

30 invention without deviating from it.

For example, instead

of a using a magnet and a magnetic memory element, one could

use a mechanical latch that is triggered by rotor movement
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7t hat the anount of postage actually printed may fail to correspond

and ascendi ng regi sters.
found in U S. Pat. No.
4,253,015 to McFiggans et al. ("the '015 patent"”). As described in Figs. 1
and 3 of that patent, there is provided a counter gear 61 that is twce as
large as a @eshqPlnge tNe rHoOnasbaflonrd hee eouptey tgearswitch has an angul ar

velocity at all tinmes half that of the rotor . _
Triggering of the mechanical latch would give rise to a

switch signal like that of sensor 17. The mechanical latch
would be made so as to be resettable, as by energizing a

5 soleﬁoid to mové the mechanical latch back to its reset
position. Generally, one skilled in the art could employ
any bistable device that is set by movement of the rotor
past a predetermined angle, and that is capable of being
reset by an electrical signal.

10 It will also be appreciated that while the sensor
is depicted herein as coupled directly with the rotor, it
would be possible to couple the sensor in any of a range of
indirect means, including coupling to any indicator of rotor
movement. Other means that are thought inferior to the

15 disclesed embodiment but nonetheless within the scope of the
invention would include: coupling the sensor to rollers
elsewhere in the envelope feed path; coupling the sensor to
movement sensing means elsewhere in the feed pathk; and
coupling the sensor to mechanical elements that are in turn

20 coupled to the rotor.

The software of the rotor sensing system, stored

in memory 73 shown in Fig. 10, will now be discussed.

e

Fig. 6 shows in block diagram form the main
routine that is being executed most of the time when the
25 meter is powered. As will be appreciated, the main routine
. repeats itself over and over again. Loss of repetition of
the main routine is preferably detected and remedied by a

watchdog circuit, not shown. Dashed line 51 portrays the

1
!
}
|
i

shift in program flow that occurs if an interrubt is

30 received at the processor 70 via line 76 from sensor 17. At

52 a nonvolatile record is made of the cccurrence of the

franking cycle. At 53 the processor energizes the winding
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o called a "drumt in this patent). Depending on whether the rotor
hed an even-nunbered or odd-nunbered printing cycle,
in one of two orientations. Two holes 62 and 63, |ocated at
radii on the counter gear 61, w-ll trigger one of two
r 66 reaspestierehyjchperetitiiongrdtenpriocesgaraih2fouttizekh®w whet her t he

t cycle JUSt finished was an odd-nunbered one or an even-nunbered one.

where it was interrupted.

Those skilled in the art will appreciate the
normal and standard steps taken in the interrupt service
routine of blocks 52 and S3. The first instruction of the
routine is preferably disabling interrupts, followed by a
masking of selected interrupts including the sensor-17
interrupt, followed by a re~enabling of interrupts. After
the winding 18 has been energized, the sensor~17 signal is
tested, and barring the unexpected persistence of the
sensor-17 signal, the sensor-17 interrupt is again unmasked
and/or re-enabled.

Those skilled in the art will also appreciate that
nothing in the rotor sensing system requires that resetting
of the MME 16 by energizing winding 18 take place prior to
the end of the print cycle. While the resetting is so
portrayed in Fig. 4 and in Fig. 6, the syster could just as
well permit these tasks to wait until after the rotor has
again returned to its home position without deviating in any
way from the system concept.

In contrast to the normal, fully-powered
circumstance of Fig. 6, routines will now be described to
provide for the possibility that at the time of power-up, a
print cycle may have taken place. At Fig. 7, the meter'’s

software with respect to powerup is shown in one embodiment.

‘At 55, interrupts are disabled. At S4, the meter is

initialized, preferably including a test of the print wheels
of rotor 77 to determine what positions they were in. The
print wheel positions are noted for later reference, and are
compared with what the processor had noted the print wheel
pesitions to be prior to the last previous loss of power.

At 57, the processor 70 polls the condition of the MME
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Thi s approach has a nunber of drawbacks, chief anong them that

it

requires

| arge counter gear which takes wup space in the neter, which adds to the
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sensor 17 via line 76 (Fig. 10) and I/O port 74. At 58, a
branch is made in the normal case, namely if no
unaccounted-for print cycle has been detected, namely a jump
to block 56. If, however, an unaccounted-for prinf cycle
has been detected (as indicated by MME sensor 17), then
blocks 52 and 53 are executed analogously to like-numbered
blocks of Fig. 6. (Those skilled in the art will also
appreciate that it may be helpful for troubleshooting or
maintenance to make a nonvolatile record of the occurrence
of power-up together with the sensor 17 having been set.)
Block 56 re-enables interrupts, and control passes to the
main routine of Fig. 6.

Fig. 8 shows the software configuration if a
different approach is taken than that of Fig. 7. In Fig. 8,
no attempt is made to disable interrupts. Instead, the
signal from sensor 17, which is present from the moment of
power-up, causes an interrupt to coccur guite early on in
processor execution of the initialization routine 54. The
interrupt branches via 51 and the interrupt servicing
routine of blocks 52 and 53 takes place much as in Fig. 6.
Eventually contreol returns to the initialization routine 54
and eventually passes to the main routine of Fig. 6.

Fig. 9 shows yet another software configuration if
a different approach is taken than that of Figs. 7 and 8.
In box 55 interrupts are disabled, and in box 54 the meter
is initialized. In box 56 interrupts are re-enabled and
contrel may pass to the main routine of Fig. 6. But if the
signal from sensor 17, which may happen to be present from
the moment of power-up, is present, then this causes an
interrupt to occur right away after block 56, essentially at
the start of the main routine of Fig. 6. There, the

interrupt branches via 51 and the interrupt servicing
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approach degrades the nmechani ca

parts and assenbly cost, and adds to wear due to use.
her approach is found in EP-A-0499725 whi ch di scl oses an increnental
ti on encoder providing quadrature output signals which contain

' or mat i on, of % |ncre ntal ositjon of _a print_ wheel
woul FOERE B °§F‘?a%f & 5

905%1 of Eventually control
returns te the main routine of Flg. 6.

In an alternative embodiment of the invention, a
reed switch is employed to sense movement of the rotor past
a particular angular position. A flip~flop provides a
bistable means backed up by a lithium cell, and the output
of the flip~flop provides a datum for the processor. Fig.
11 shows the switch arrangement relative to the rotor 13,
with magnet 10, Hall-effect switch 11, and reed switch 17,
all mounted to a printed circuit board, omitted for clarity
in Fig. 11. The elements of Fig. 11 correspond to those of
Fig. 1 for the embodiment previously discussed.

Fig. 12 is é schematic diagram for the alternative
embodiment. During normal operation the circuit is powered
by the same +5V source 110 that powers the rest of the
meter. Lithium cell 112, preferably a 3.4 V cell, can also
power the circuit reliably; isolation is provided by diodes
111, 114 and the power is smoothed by electrolytic capacitor
115. Optionally lithium cell 112 may also provide data
backup for RAM, not shown in Fig. 12, via line 113.

Capacitor 121, preferably a highly stable
Capacitor, is charged through resistor 117. If magnet 10
nears reed switch 17, capacitor 121 is discharged through
resistor 120. This defines high and low outputs on line
124, which serves as a setting input to an RS flip-flop
Composed of nand gates 118, 119. Nand gates 115, 199 are
Powered by line 116. As a consequence, the state of the
flip-flop is preserved despite any changes in the level of
the +5V power supply at 110. The flip-flop, which is of
Course a bistable device, receives a reset input via line 80
from an output of the I/0 port 74, part of which seen at the

lower left of Fig. 12. The output of the flip-flop is
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sumarfy;

concep changes to hardware and

Hall-effect sensor 11 alsoc provides an input via line 75 to
an input of the I/0 port 74.

It will be appreciated that in Fig. 12, the
interrupt to the processor is not from the sensor 17 but
rather from the sensor 11. This differs from the embodiment
disclosed above, in which the interrupt comes from the
sensor 17. Those skilled in the art will appreciate that
either embodiment could, in principle, use either sensor to
provide an interrupt to the processor without deviating in
any way from the invention.

Fig. 13 shows a timing diagram for signals
occurring during rotor rotation in the alternative

embodiment. The diagram corresponds in many ways to the
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timing diagram of Fig. 4 for the first embodiment. The top
line shows the output of sensor 11, which is high when the
rotor begins in a home position, and is again high when the
rotor has returned to a home position at 22. The duration
of. one complete print cycle is thus seen to cbrrespond to
interval 20.

The next line shows the output of the sensor 17.
At 21, the output falls, which means the rotor has moved so
as to bring magnet 10 nearby to reed switch 17. Then, at
time 23, processor 70 generates the reset signal via line 80
(See Fig. 12). The interval between 21 and 23 is mostly a
result of the latency time of the interrupt~handling routine
of the processor. The pulse is held until time 24, which
may be a fixed interval or may be an interval determined by

the downgoing transition 25 as detected by the processor.
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In hardware, an additional sensor is provided to sense the magnet on the
di sk when the rotor is substantially past the hone position. This
‘addi ti onal sensor is iti

positioned far enough past the hone position that the
above-nentioned ratchet will have ensured that the rotor nust continue
forward to conpletion of a print cycle. It would not, however, be workable
sinply to use a sexonte dyaitencidfscthe siagsorupat coming Foemtthen, with t he
second sensor glike t he hone senso

| r) cthJnu usIEy noni tored by the
sensor 11 instead of the sensor’'17 1s changes 1n

%
H
5
3
I
H

particular detail some of the software-~driven activities of
3 Figs. 6-9.
3

PO B

In Fig. 6, the arrival of the interrupt at 51

e

¢ 5 prompts making a nonvolatile record that it was suspected a
% franking had occurred (to provide for the case where power
% fails while the rotor continues to move) If, while the

% software is in block 52, the second switch 17 is triggered
% then the reset pulse of line 80 is generated in block S3,

} 10 and the nonvolatile record is updated to show the normal and

qi tidy progress of the franking activity.

If the software arrangement of Fig. 7 is

considered, it will be seen that the polling of the

flip-flop contents (block 57) suffices toc determine that the

15 sensor 17 must have been triggered at some time prior to the

present instance c¢f power having been applied. Thus it is

assumed that franking took place, and the reset pulse cof

line 80 is generated in block 53.

In the case now being discussed where the output
H
! 20 of the bistable device does not generate an interrupt, then

the software arrangement of Figs., 8 and 9 is inapplicable.

Those skilled in the art will appreciate that

while the circuit is shown using a reed switch and a

Hall-effect switch, other sensing technologies could be used

25 without departing from the invention.

i
Likewise, numerous '

other bistable storage technolegies could be employed other

than the particular nand-gate flip-flop shown in Fig. 12

Those skilled in the art will readily appreciate

that while the steps described above are described as

30 occurring in software that is executed by a processor, the

steps could just as well be accomplished by random logic

circuitry dedicated for that purpose.
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rocessor. The reason is that the tine interval required for nmechani cal I
pvenent of the rotor to the second sensor would be | ong enough that power
ailure mght render the processor incapable of detecting the output of

he second sensor. To make the second sensor useful for its intended ~
Purpose, the second sensor is selected to be a so-call ed ~magmetit nmenory
g ement ("MVE") sensor. The MVECsengor has Hlilim}'{iiﬁmﬁellird
1 1. A rotor movement sensing system for use in a
2 postage meter having a rotor for printing postage by cyclic é
3 rotation thereof, and having a register relating to postage ;
4 printed by the rotor, the rotor position between postage :
5 printing cycles defining a home position, the sénsing system
6 comprising: ;
7 bistable means having an output, a setting
8 input and a resetting input, the setting input operatively
] coupled to the rotor sc as to set the bistable means upon j
10 rotation of the rotor by a first predetermined angle past é
11 the home position, and ;
12 means responsive to the output for changing %-
13 the register contents and for actuating the resetting input. ; é

1 2. The rotor movement sensing system of claim 1

2 wherein:

3 the bistable neans comprise a magnetic

4 memory element, 2 Hall-effect sensor and a solenoid

S adjacent the magnetic memory element,

6 the setting input comprises a permanent

7 magnet operatively coupled with the rotor,

8 the output comprises the output of the

9 Hall-effect sensor, and

10 the resetting input comprises leads of the

11 solenoid.

\\Il\l\\ \\\l\\ Il\\\ \\l\l I \Il\




. a nagﬁetic menory el ement with substantial magnetic st r§§$§&myh@mmﬁhe
» di sk magnet passes near the nenory elenent, the rrermr % \H‘\a‘

magneti zed. The nmagnetization of the nmenory el enent pe
t he

1 3. The rotor movement sensing system of claim 1

2 wherein:

3 the bistable means comprise a flip-flop with
4 a reliable source of power,

5 the setting input comprises a permanent

6 magnet operatively coupled with the rotor,

7 the output comprises the output of the

8 flip~-flop, and

9 the resetting input comprises a signal to a

10 reset input of the flip-flop.

1 4. The rotor movement sensing system of claim 1,
2 2 or 3 wherein:
3 the means responsive to the cutput comprises

4 a microprocessor executing a stored progran.

1 5. The rotor movement sensing system of claim 1,2,3 or 4
2 further comprising ratchet means operatively coupled with

3 the rotor whereby the rotor cannot move oppositely to the

4 direction for printing postage by more than a second

5 predetermined angle, and wherein the first predetermined
€ angle is selected to be greater than the second

7 predetermined angle.

i1 6. The rotor movement sensing system of claim 4 or 5
12 wherein the output further comprises an interrupt to the

3 processor, and wherein the stored program further comprises

an interrupt routine.

-~18~
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per manent magnet of the disk has passed. A Hall-efféct ~sensor is
positioned at the nenory elenent so that it prOV|dg§g@a5thahRmammhe

processor indicative of the nagnetization of the

Preferably the signal is provided to the processor rete
(polled) input and also as an interrupt. A solenoid |ng |s provi ded
around the nenory el enent. The processor has an output which, when
asserted, causes a substantial current to flow through the w nding,

wher eby t he menory element is
7. A rotor movement sensing system of any of claims 1

to 6, further including means responsive to application
of power to the meter for making record of the occurrence

5 of the output being present upon the application of
power. |

1 8. A method for use in a postage meter having a
2 rotor for printing postage by cyclic rotation thereof, and

3 having a register relating to postage printed by the rotor,
4 the rcotor position between postage printing cycles defining
5 a home position, the sensing system comprising bistable

6 means having an output, a setting input and a resetting

7 input, the setting input oﬁeratively coupled to the rotor so
8 as to set the bistable means upon rotation of the rotor by a
9 first predetermined angle past the home position, the method

comprising the step of changing the register contents
20 and actuating the resetting input.

9. The method of claim 8 including applying power to
the meter and determining the state of the output and if
the output is present changing the register contents and
{ 25 actuating the resetting input.

1 10. The method of claim 8 or 9 wherein the bistable

2 meéans comprises a magnetic memory element, and a Hall-effect
3 sensor and a solenoid adjacent the magnetic memory element,

4 the setting input comprises a permanent magnet operatively

5 coupled with the rotor, and the output comprises the cutput
(] of the Hall-effect sensor, the step of actuating the
7 resetting input further comprising the step of applying

8 current to the solenoid.
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demagneti zed. I n anot her enbodi nent of the invention,

a reed
swtch is enployed to sense novenent of the rotor past a particular
angul ar position. Aflip-flop provides a bistable nmeans backed up by a

lithiumcell or other reliable source of power, and the__out put. of the

flip-flop provides a datumfor the processor. - -7 Several changes
are nade in software to effect Been Replaced

.

1 11. The method of claim 8 or 9 wherein the bistable

means comprises a flip-flop with a reliable source of power,

PRI I

3 the setting input comprises a permanent magnet operatively i
4 coupled with the rotor, and the output comprises the output g

§
5 of the flip-flop, the step of actuating the resetting input L
6 %

further comprising the step of applying voltage to a reset

7 input of the flip-flop.

12. The method of any of claims 8 to 11 wherein the
2 determining step further comprises the step,

if the output

-
-

3 is present,

of making record of the occurrence of the output

4 being present upon the application of power.

1 13. The method of any of claims 8 to 12 wherein the meter
2 further comprises a processor, and the output further

3 conprises an interrupt to the processor, and wherein the

4

i
R
method further comprises responding to the interrupt. i

*
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t he neM/rotor sensing concept. An interrupt Toutine is provi ded responsive
to the signal fromthe second sensor, so that during a routine frank

cycle the processor responds to the interrupt, makes record in nonvol avil e
menory of the occurrence of the printing cycle, and energi zes the w ndi ng.
This interrupt routine is executed for each franking cycle when power is.-:
continuously available, which is t normal and expected situation.

O course, the remaining situationto be provided

ABSTRACT

ROTOR MOVEMENT SENSING SYSTEM

A rotor movement sensing system is provided for use

in a postage meter to permit detection of the printing of
postage even in the event that power is lost during the .
printing cycle. A sensor is provided to sense the magnet i'
on a disk when the rotor is substantially past its home
position. When the disk magnet passes near a memory g
element, the memory element is magnetized. A Hall-effect i
1 sensor is positioned at the memory element so that it ﬁ
4 . . : |
i provides a signal to the processor indicative of the
i magnetization of the memory element. A solencidal
*, 15 winding 1is provided around the memory element. The
i processor has an output which causes a current to flow
: through the winding, whereby the memory element is
demagnetized. A flip-flop provides a bistable latch

backed up by a lithium cell, and the output of the flip-

20 flop provides a datum for the processor.

.._,.-,—-:.—-——
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software is the application of power to thep %essor under
kst ances where there is reason to suspect t print cycle took ~~
during a power outage. The power-up

W
=
H

o P

° |
|
10 (" %;:}_ ;
pf‘jo i ’ ; g
i
A
I3 1o : |
! (7 8 13 ;’
1D Ny

< — i /10 ;

/
IS

Fra. 2 /5
j F-l'rj, 23

Sheet Has Been Replaced

I

il




‘fine of the software, then, has a step of notlﬁg' ether the second
gsor is on. If it is, then the processor assune and this assunption is

£ in which the designer has high confidence) that a printing cycle did
43k c place. The processor then clears the nenory el enent by energizing

b wi ndi ng, and nakes record of the printing cycle in nonvolatile nenory.
i nvention can be put into practice in various ways
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t enbodi nent of which will now be described by \A&/@? exanple wth

reence to the acconpanyi ng draw ngs, in which: Fig. 1 shows

rotor shaft, disk, and the hone and MVE sensors; Fig. 2
Fig. 3 shows the MVE sensor;

jows t he home sensor;
g. 4is atimng diagramfor signals to and from the sensors;

g' S shows a synbolic equivalent for the MMVE
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nsor; S.
ovi si ons rel at ‘Hé’b't- t he MVE sensor
essor systam L(:an yguration;

bodi nent of the

emati c di agramypf the reed-sw tch
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enbodi nent; and Fig. 13 is atimng dia yfor the reed-switch
enbodi nent . An overvi ew of the pos ter in accordance
with the invention is shown in Fig. 10. Processor 70

To windingG g

F{ﬁ. 10
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controls nearly all functions of the neter, re ing to user
ts at keyboard 72 and providing information to z%@f ser at display 71.
to the keyboard and di splay by

‘?processor 70 is operatively coupl ed
gtal bus 79, which al so provi des operative coupling to menory 73, 1/0

s 74, and

/7

I/

|
|
i
|
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devices omtted for clarity fromFig. 10. PS?i?/ printed by a
-ion of print drumor rotor 77, which cont ai |nt wheel s settable

§r processor control by setting neans, not shown in Fig. 10 for
Mity. Mechanical | ocking, also omtted for clarity fromFig. 10, is
#gyi ded so that when the rotor 77 noves away fromthe honme position

¢ print wheels are locked into place. As a result, if a print cycle is
found to have occurred during a time of |oss of power, due to the | ocking

there is little doubt about the

® v

Ll'fAIUm

o —1I

N
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ern

#tage that was printed. Ratchet neans,

10,
than that shown.
t hrust bearings,

er
r nal

be seen,

tion of the print wheels, and thus little do€i§7g§%ut t he anmount of

al so omtted far clarity from
rotor 77 may be noved in a direction

limts the extent to which
turns on shaft 14, which is held by

and

The rotor

not shown. In Fl.g% 10, disk 13

preferably positioned at the other end.of -shaft-14. Sensors

and 17

is Sheet Has Been Replaced
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are di sposed near the disk 13. Sensor 11, the "honme" sensor U5k *hi ch
~nmore will be said below, gives a discrete input via line 75 to one of the
“input lines at the I/O ports 74. Sensor 17, the MMVE sensor about which
nore will be said below, gives a discrete input via line 76 to one of the
input lines at the I/O ports 74, and_ahso preferably provides an interrupt
to the processor 70. Turning nowto Fig. 1, the disk 13 is seen
in plan froma point of viewat the rotor 77 (not shown in Fig. 1).

ROTOR MOVEMENT SENSING SYSTEM

7 o s
.V P oa,
v Y% L Sy |
;’/ LB ™ ’
) . 5/¢L{‘(4 ;

The invention realtes to a rotor mcvement
sensing system for use in a postage meter having a rotor

for printing postage by cyclic rotation thereof.

In any electronic postage meter it is important
that the electronic registers faithfully reflect the actual
mechanical printing of postage by the print rotor. In
nearly all instances of the printing of postage, electric
power is available for the entirety of the print cycle and
the processor, which contrels and monitors printing of
postage, is able to decrement and increment the descending
and ascending register; accordingly.

Most oflthe time, when the rotor is not in motion
(because it is not printing postage) the rotor is in or very
ﬂear to a "home" position. It is standard to have a senscr
that indicates to the processor that the rotor is in the
home position. A typical sensor arrangement is to place a
permanent magnet on a disk attached to the rotor shaft. A
Hall-effect sensor is positioned so that the sensor is “on"
when the rotor is in its home position. If a print cycle is

in progress, the processor can confirm the completion of the

heet Has Been‘l‘Taced ThIS is the replacement shoet
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It wll be appreciated that due to the change in point-of - -vi-ew —-t-he--nor nal
direction of rotation for disk 13 as showmn in Fi g.Thqsghgetﬁgstﬂwegne]{ec o%kvm' se.

T e MRARa

cycle by sensing the return of the rotor to the home

-2 -

position.

It is also standard to have a ratchet or other
mechanical arrangement coupled to the rotor shaft so that
the rotor cannot be moved very far backwards. However, a
number of design constraints limit how.tightly the ratchet
performs its task. For example, at the end of a print
cycle, it is not uncommon that the rotor may reach the home
pesition (as expected) but may also go slightly past the
home position due to rotational inertia or due to drag from
a large item being franked. If the meter is to be
satisfactory to the user, the ratchet must permit the slight
reverse rotation back to the home position.

The design of the meter must necessarily take into
account, however, the p;ospect that poﬁer may fail
unexpectedly. The processor may thus be in the situation of
not having quite enough information to distinguish whether
or not. a print cycle has occurred. For example, one of the
indications to the processor that a print cycle has begun is
the home sensor turning off. This indicates that the rotor
has moved from the home position. But if power is lost
after the hcome sensor has turned off, then later when the
processor again has power the processor may find that the
home sensor is again on. This could have happened, however,
due to either of two mechanical segquences.

On the one hand, the rotor may indeed have printed
a print cycle, finished while processor power was absent.
This would result in the home sensor again being on.

On the other hand, the rotor might merely have
moved slightly past the home position, and then dropped
backwards again to the home position, all while processor

power was absent. This, too, would result in the home

This is the replacemsnt sivoet
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section. Hall-effect sensor 11 defines a "home" position on disk 13, and
-permanent magnet 10 is |located on disk 13 proximte to sensor 11. A
second sensor 17, the MVE sensor, is positioned as shown. Fig.
2 shows sensor 11 in a section taken through disk 13. Sensor 11, which as
menti oned above is preferably

- 3 -

sensor again being on. This slight forward-and-back
movement could, as described above, arise due to a slight
overrun of a previous print cycle.

The difficulty, however, is that without more
information the processor is not capable of distinguishing
which mechanical sequence actually occurred. There is the
difficulty, then that the meter designer would not know
whether or not to program the processor toc increment and
decrement the ascending and descending registers in the face
of such sensor inputs. This presents the possible problem
that the amount of postage actually printed may fail to
correspond perfectly with the information in the descending
and ascending registers.

One prior-art approach to this problem is that
found in U.S. Pat. No. 4,253,015 to McFiggans et al. ("the
‘015 patent"). As described in Figs. 1 and 3 of that
patent, there is provided a counter gear 61 that is twice as
large as a gear 60 on the rotor shaft; the counter gear 61
has an angular velocity at all times half that of the rotor
(also called a “"drum" in this patent). Depending on whether
the rotor has finished an even-numbered or odd-numbered
printing cycle, the counter gear 61 will be in one of two
orientations. Two holes 62 and 63, located at different
radii on the counter gear 61, will trigger one of two
sensors 67 or 66 respectively, permitting the processor 120
to know whether the print cycle just finished was an
odd-numbered cne or an even-numbered ohe.

This approach has a number of drawbacks, chief
among them that it regquires a large counter gear which takes
up space in the meter, which adds toc the count of moving
parts, and which adds to the inertial moment that must

accelerate and decelerate with each print cycle. The

is Sheet Has Been Re ‘aced This is the replacement sivoet
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a Hall-effect sensor, is preferably nounted to a printed ¢cifcuit board 15
and, when the rotor is in the home position, pefRRAG&N.TGEhaLP IS quite

‘nearby. Fig. 3 shows sensor 17 in a section para splaced from
the section of Fig. 2. Sensor 17 is |likew se pre Hlnu m: to the

sane printed circuit board 15. In this figure dIS havi ng
rotated so that magnet 10 is nearby te 4sensor it will be appreciated
that Figs. 2 and 3 show things that do not happen si mul t aneousl y since
magnet 10 approach degrades the mechanical reliability of the meter,

adds to the parts and assembly cost, and adds to wear due to
use.

It would thus be desirable to have a way of
providing sensor information to the processor to resolve
ambiguities regarding rotor movement during times when the
processor has been unpowered, all without unduly degrading
reliability and increasing parts and assembly cost.

The invention is defined in claim 1 and preferred
features are recited in the claims dependent thereon.

In summary, the new rotor sensing concept employs
changes to hardware and software of the meter.

In hardware, an additional sensor is provided to
sense the magnet on the disk when the rotor is substantially
past the home position. This additional sensor is
positiocned far enough past the home position that the
above-mentioned ratchet will have ensured that the rotor
must continue forward to completion of a print cycle. It
would not, however,' be workable simply to use a second
Hall-effect sensor at this location, with the second sensor
(like the home sensor) continuously mon%tored by the
processor. The reason is that the time interval required
for mechanical movement of the rotor to the second sensor
would be long enough that power failure might render the
processor incapable of detecting the output of the second
sensor. To make the second sensor useful for its intended
purpose, the second sensor is selected to be a so-called
magnetic memory element (“MME") sensor. The MME sensor has
a magnetic memory element with substantial magnetic
hysteresis. When the disk magnet passes near the memory
element, the memory element is magnetized. The

magnetization of the memory element persists long after the

Thie is the repiacemstit shoel
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cannot simul taneously be adjacent to both sensors 11 and 17. The
second sensor 17 differs fromhonme sensor 11 not only in its |location but
also in provision of the nmagnetic menory elenment (MVE) 16, which has
substantial nmagnetic hysteresis. Wen the di sk magnet 10 passes near the
menory el ement 16, the nenory elenment 16 is nmagnetized. The magnetization
of the nmenory elenent 16 persists |ong Safter the permanent nagnet 10 of
t he di sk 13 has passed.
permanent magnet of the disk has passed. A Hall-effect
sensor is positioned at the memory element so that it
provides a signal to the processor indicative of the
magnetization of the memory element. Preferably the signal
is provided to the processor both as a discrete (polled)
input and also as an interrupt. A solenoidal winding is
provided around the memory element. The processor has an
output which, when asserted, causes a substantial current to
flow through the winding, whereby the memory element is
demagnetized.
In another embodiment of the invention, a reed
switch is employed to sense movement of the rotor past a
particular angular position. A flip-flop provides a
bistable means backed up by a lithium cell or other reliable
source of power, and the output of thg flip-flop provides a
datum for the processor.
Several changes are made in software to effect
the new rotor sensing concept. An interrupt routine is ,
provided responsive to the signal from the second senseor, so
that during a routine franking cycle the processor responds
to the interrupt, makes record in nonvolatile memory of the
occurrence of the printing cycle, and energizes the winding.
This interrupt routine is executed for each franking cycle
when power is continuously available, which is the normal
and expected situation.
0f course, the remaining situation to be provided
for in software is the application of power to the processor
under circumstances where there is reason to suspect that a
print cycle took place during a power outage. The power-ug
routine of the software, then, has a step of noting whether

the second sensor is on. If it is, then the processor

assumes (and this assumption is one in which the designer

This is the replacemant siheet
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The Hal | -effect sensor 17 is positioned at the nmenory, elenent 16 so that
it provides a signal to the processor 70 (not shown in Fig. 3) indicative
‘of the magnetization of the nenory elenent 16. In Fig. 3 may al so be seen
a solenoidal wnding 18 around the nenory el enment 16. The processor 70
has an output 80 (shown in Fig. 10) which, when asserted, causes a
substantial current to flow through theéwnding |la, whereby the nenory
el enent 16 i s denmgneti zed.

has high confidence) that a printing cycle did take place.

The processor then clears the memory element by energizing
the winding, and makes record of the printing cycle in

nonvolatile memory.

The invention can be put into practice in various ways
an embodiment of which will now be described by way of example
with refreence to the accompanying drawings, in which:

Fig. 1 shows the rotor shaft, disk, and the home
and MME sensors;

Fig. 2 shows the hcome sensor;

Fig. 3 shows the MME senscr;

Fig. 4 is a timing diagram for signals to and from
the sensors;

Fig. 5 shows a symbolic egquivalent for the MME
sensor;

Figs. 6-9 are flowcharts showing various software
provisions relating to the MME sensor;

Fig. 10 shows an overall processor systen
configuration;

Fig. 11 shows a reed-switch embodiment of the
invention in side view;

Fig. 12 is a schematic diagram of the reed-switch
embodiment; and

Fig. 13 is a timing diagram for the reed-switch

embodiment.

An overview of the postage meter in accordance
with the invention is shown in Fig. 10. Processor 70
controls nearly all functions of the meter, responding to

user inputs at keyboard 72 and providing xnrormation to the
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tt wiLL be appreaciated by those skilled in the art  that design
consi derations may pronpt any of 4 nunber of Locations for the sensors
it 17 and [err] 10. Cost is This Sheet Has Been Replaced

user at display 71. The processor 70 is operatively coupled

to the keyboard and display by digital bus 79, which also
provides operative coupling to memory 73, I/0 ports 74, and
other devices onmitted for clarity from Fig. 10. Postage is
printed by a rotation of print drum or retor 77, which
contains print wheels settable under processor control by
setting means, not shown in Fig. 10 for clarity. Mechanical
locking, also omitted for clarity from Fig. 10, is provided
so0 that when the rotor 77 moves away from the home position
the print wheels are locked into place. As a result, if_a
print cycle is found to have occurred during a time of loss
of power, due to the locking there is little doubt about the
position of the print wheels, and thus little doubt about
the amount of postage that was printed. Ratchet means, also
omitted for clarity from Fig. 10, limits the extent to which
rotor 77 may be moved in a direction other than that shown.
The rotor turns on shaft 14, which is held by journal and
thrust bearings, not shown.

In Fig. 10, disk 13 may be seen, preferably
positioned at the other end of shaft 14. Sensors 11 and 17
are disposed near the disk 13. Sensor 11, the "home" sensor
about which more will be said below, gives a discrete input
via line 75 to one of the input lines at the I/O ports 74.
Sensor 17, the MME sensor about which more will be said
below, gives a discrete input via line 76 to one of the
input lines at the I/O ports 74, and also preferably
provides an interrupt to the processor 70.

Turning now to Fig. 1, the disk 13 is seen in plan
from a point of view at the rotor 77 (not shown in Fig. 1).
It will be appreciated that due to the change in point of
view, the normal direction of rotation for disk 13 as shown
in Fig. 1 is counterclockwise. Shaft 14 is shown in cross
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reduced it a circuit board L5 is already nearby, sc that the 5
11, 17 may be FRYQLE directly to that circult board LS, providing

bot h nechani ca

Sensors

’ ¢ lacehct r i cal connections. This al so pronpts
pl aci ng the Sem%ﬂﬂ,] in a plane parallel to a main plane at the
chassis of the that both nmay be placed an a single circuit

board 10

13 rather than on two separ@te circuit boards. The

el evation of the single circuit board 13 and the diameter of
13 are chosensesc%igg.toHarlT?Ifeeffaeréglseen%%r showa; Lo i Ghopen position on

disk 13, and permanent magnet 10 is located on disk 13
proximate to sensor 1l1. A second sensor 17, the MME sensor,
is positioned as shown.

Fig. 2 shows sensor 11 in a section taken through
disk 13. Sensor 11, which as mentioned above is preferably
a Hall-effect sensor, is preferably mounted to a printed
circuit board 15 and, when the rotor is in the home
position, permanent magnet 10 is quite nearby. Fig. 3 shows
sensor 17 in a section parallel to but displaced from the
section of Fig. 2. Sensor 17 is likewise preferably mounted
to the same printed circuit board 15. 1In this figure disk
13 is shown having rotated so that magnet 10 is Aearby to
sensor 17; it will be appreciated that Figs. 2 and 3 show
things that do not happen simultaneously since magnet 10
cannot simultaneously be adjacent to both sensors 11 and 17.

The second sensor 17 differs from home sensor 1l
not only in its location but also in provision of the
magnetic memory element (MME) 16, which has substantial
magnetic hysteresis. When the disk magnet 10 passes near
the memory element 16, the mémory element 16 is magnetized.
The magnetization of the memory element 16 persists long
after the permanent magnet 10 of the disk 13 has passed.

The Hall-effect sensor 17 is positioned at the memory
element 16 so that it provides a signal to the processor 70
(hct shown in Fig. 3) indicative of the magnhetization of the
memory element 16. In Fig. 3 may also be seen a solenocidal

winding 18 around the memory element 16. The processor 70

. has an output 80 (shown in Fig. 10) which, when asserted,

causes a substantial current to flow through the winding 18,

whereby the memory element 16 is demagnetized.

t he di sk
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1., as large as desired. Angle 9L is selected to satisfy a nunber
to constraints including tat that angle be great 15 enough that the

‘ratchat does not porait a backwards novenent of the rotor 77 back to
t he heat position. Turning nowto Fig. 4, there is shown a
timng di agram for various of the signals of the rotor sensing

concept. The top Lina shows the outpugs ef sensor 1. whics 20 I's high

when the totor begins in a [err] position and is
chrough angle 91. The latch would be coupled to a switch.

Triggering of the mechanical latch would give rise to a
switch signal like that of sensor 17. The mechanical latch
would be made so as to be resettable, as by energizing a
soleﬁoid to mové the mechanical latch back to its reset
position. Generally, one skilled in the art could employ
any bistabie device that is set by movement of the rotor
past a predetermined angle, and that is capable of being
reset by an electrical signal.

It will also be appreciated that while the sensor
is depicted herein as coupled directly with- the rotor, it
would be possible to couple the sensor in any of a range of
indirect means, including coupling to any indicator of rotor
movement. Other means that are thought inferior to the
disclosed embodiment but nonetheless within the scope of the
invention would include: coupling the sensor to rollers
elsewhere in the envelope feed path; coupling the sensor to
movement sensing means elsewhere in the feed path; and
coupling the sensor to mechanical elements that are in turn
coupled to the rotor.

The software of the rotor sensing system, stored
in memory 73 shown in Fig. 10, will now be discussed.

Fig. 6 shows in block diagram form the main
routine that is being executed most of the time when the

~ meter is powered. As will be appreciated, the main routine
repeats itself over and over again. Loss of repetition of
the main routine is preferably detected and remedied by a
watchdog circuit, not shown. Dashed line S1 portrays the
shift in program flow that occurs if an interrupt is
received at the processor 70 via line 76 from sensor 17. At
52 a nonvolatile record is made of the occurrence of the

franking cycle. At 53 the processor energizes the winding
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again high when the rotor has returned to a hone position at

duration of one conplete print cycle is thus seen

interval 20. Those skilled in the art wll

22. The

to correspond to
appreciate that the high

out put of sensor 11 may persist for 25 alongtimeif along tinme passes
bt ween ranking cycl es. as will [err] happen during the course of a
skilled, in the art -witll -al so appreciate that the rise
of the S|gnal from sensor 11 do not coincide precisely
with the rotor'taebeiteg 2R theehfne ppspisingj i SRablMdy thegfail °f the

day.

and

Those
Cal |

signal follows the departure of the rotor from the home
position.

‘ The next line shows the output of the sensor 17.
At 21, the output rises, which means the rotor has moved by
approximately the angle 91 so as to bring magnet 10 nearby
to sensor 17. In the normal course of events {that is, in
the absence of loss of power) the processor 70 will receive
an interrupt at time 21. Then, at time 23, processor 70
generates the current pulse to winding 18 (see Fig. 3) via
line 80 (see Fig. 10). The interval between 21 and 23 is
mostly a result of the latency time of the
interrupt-handling routine of the processor. The pulse is
held until time 24, which may be a fixed interval or may be
an interval determined by the downgoing transition 25 as
detected by the processor.

Fig. 5 shows in functiocnal block form an
eguivalent circuit for the.sensor shown in Fig. 3. The
sensor is not, of course, a counter because it does not
distinguish between successive print cycles. If it were to
indicate a high level, the high level would only indicate
that at least one print cycle had occurred but would not
provide any count of print cycles. The sensor may be
thought of as a D-type flip-flop which is set at 10’, reset

by 18‘, and providing an output at 17‘’. The block 16’ is

'comparable to the memory element 16 with its hysteresis

which gives rise to bistability.

Those skilled in the art will readily appreciate
that numerous variations could be devised to embody the
invention without deviating from it. For example, instead
of a using a maqnet.and a maghetic memory element, one could

use a mechanical latch that is triggered by rotor movement
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30 allow fromsone variation in the nagnet, the Hall -effect sensor,
and their geomatric relationship, the systemis Set up so that the
rise of the signal precedes the arrival of

- 11 -

It will be appreciated by those skilled in the art
that design considerations may prompt any of a number of
locations for the sensors 11, 17 and magnet 10.  Cost is
reduced if a circuit board 15 is already nearby, so that the
sensors 11, 17 may be mounted directly tc that circuit board
15, providing both mechanical mounting and electrical
connections. .This also prompts placing the sensors 11, 17
in a plane parallel to a main plane of the chassis of the
meter, so that both may be placed on a single circuit board
15 rather than on two separate circuit boards. The
elevation of the single circuit board 15 and the diameter of
the disk 13 are chosen so as to make angle 91, shown in Fig.
1, as large as desired. Angle 91 is selected to satisfy a
number of constraints including that the angle be great
enough that the ratchet does not permit a bﬁckwards movement
of the rotor 77 back to the home position.

Turning now to Fig. 4, there is shown a timing
diagran for various of the signals of the rotor sensing
concept. The top line shows the ocutput of sensor 11, which
is high when the rotor begins in a home position, and is
again high when the rotor has returned to a home position at
22. The duration of one complete print cycle is thus seen
to correspond to interval 20. Those skilled in the art will
appreciate that the high output of sensor 1l may persist for
a long time if a long time passes between franking cycles,

‘as will sometimes happen during the course of a day. Those
skilled in the art will alsoc appreciate that the rise and
fall of the signal from sensor 11 do not coincide precisely
with the rotor’s being in the home position. Rather, to
allow from some variation in the magnet, the’ Hall-effect
sensor, and their geometric relationship, the system is set

up so that the rise of the signal precedes the arrival of
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- 10 - the rotor at the hone position, and so that the fall of the

signal follows the departure of the rotor fromthe hone posi tion. .

The next line shows the output of the sensor 17. At 21, the output rises,
whi ch nmeans the rotor has noved by approximately the angle 91 so as to
bring magnet 10 nearby to sensor 17. In the normal course of events (that

s, in - 12 -
the rotor at the home position, and so that the fall of the
signal follows the departure of the rotor from the home
position.

The next line shows the output of the sensor 17.
At 21, the output rises, which means the rotor has moved by
approximately the angle 91 so as to bring magnet 10 nearby
to sensor 17. In the normal course of events (that is, in
the absence of loss of power) the processor 70 will receive
an interrupt at time 21. Then, at time 23, processcr 70
generates the current pulse to winding 18 (see Fig. 3) via
line 80 (see Fig. 10). The interval between 21 and 23 is
mostly a result of the latency time of the
interrupt-handling routine of the processor. The pulse is
held until time 24, which may be a fixed interval or may be
an interval determined by the downgoing transition 25 as
detected by the processor.

Fig. 5 shows in functional block form an
equivalent circuit for the sensor shown in Fig. 3. The
sensor is not, of course, a counter because it does not
distinguish between successive print cycles. If it were to
indicate a high level, the high level would enly indicate
that at least one print cycle had occurred but would not
provide any count of print cycles. The sensor may be
thought of as a D-type flip~flop which is set at 10’, reset
by 18‘, and providing an output at 17‘. The block 16’ is
comparable to the memory element 16 with its hysteresis
which gives rise to bistability.

Those skilled in the art will readily appreciate
that numerous variations could be devised to embody the
invention without deviating from it. For example, instead
of a using a magnet and a magnetic memory element, one could

use a mechanical latch that is triggered by rotor movement

Thig s
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t he absence of

| oss of power) the processor 70 will receive an-interr

at time 21. Then, at tinme 23, processor 70 generates the current puls
wi nding 18 (see Fig. 3) via line 80 (see Fig. 10). The interval betwe
21 and 23 is nostly a result of the latency tine of the

I nterrupt-handling routine of the processor. The pulse is hel d unti |

24, which may be a fixed interval or ra¥3be an interval determ ned by
downgoi ng transition 25 as

through angle 91. The latch would be coupled to a switch.
Triggering of the mechanical latch would give rise to a
switch signal like that of sensor 17. The mechanical latch
would be made so as to be resettable, as by energizing a
solehoid to move the mechanical latch back to its reset
position. Generally, one skilled in the art could employ
any bistable device that is set by movement of the ;otqr
past a predetermined angle, and that is capable of being
reset by an electrical signal.

It will also be appreciated that while the sensor
is depicted herein as coupled directly with the rotor, it
would be possible to couple the sensor in any of a range of
indirect means, including coupling to any indicator of rotor
movement. Other means that are thought inferior to the
disclosed embodiment but nonetheless within the scope of the
invention would include: coupling the sensor to rollers
elsewhere in the envelope feed path; coupling the sensor to
movement sensing means elsewhere in the feed path; and
coupling the sensor to mechanical elements that are in turn
coupled to the rotor. |

The software of the rotor sensing system, stored
in memory 73 shown in Fig. 10, will now be discussed.

Fig. 6 shows in block diagram form the main
routine that is being executed most of the time when the
meter is powered. As will be appreciated, the main routine
repeats itself over and over again. Loss of repetition of
the main routine is preferably detected and remedied by a
watchdog circuit, not shown. Dashed line 51 portrays the
shift in program flow that occurs if an interrupt is
received at the processor 70 via line 76 from sensor 17. At
52 a nonvolatile record is made of the occurrence of the

franking cycle. At 53 the processor energizes the winding

f?‘.ﬁ ::.'3 tﬁ:::e’ Py :}504-..». ‘?@f
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detected by the processor. Fig. 5 shows in functional bl 66'k"'—'i‘_'orm
an equivalent circuit for the sensor shown in Fig. 3. T{gpﬁeetmm@ﬁm

of course, a counter because it does not distinguish b
print cycles. If it were to indicate a high |evel, thglﬂﬂﬁmﬂgm
only indicate that at |east one print cycle had occurr not
provi de any count of print cycles. The sensor may be thought of as a
D-type flip-flop which is set at 10", reset

18, after which execution returns to the main routine 50

where it was interrupted.

Those skilled in the art will appreciate the
normal and standard steps taken in the interrupt service
routine of blocks 52 and 53. The first instruction of the
routine is preferably disabling interrupts, followed by a
masking of selected interrupts including the sensor-17
interrupt, followed by a re-enabling of interrupts. After
the winding 18 has been energized, the sensor-17 signal is
tested, and barring the unexpected persistence cf the
sensor-17 signal, the sensor-17 interrupt is again unmasked
and/or re-enabled.

Those skilled in the art will also appreciate that
nothing in the rotor sensing system reguires that resetting
of'the MME 16 by energizing winding 18 take place prior to
the end of the print cycle. While the resetting is so
portrayed in Fig. 4 and in Fig. 6, the system_could just as
well permit these tasks to wait until after the rotor has
again returned to its home position without deviating in any
way from the system concept.

In contrast to the normal, fully-powered
circumstance of Fig. 6, routines will now be described to
provide for the possibility that at the time of power-up, a
print cycle may have taken place. At Fig. 7, the meter’s
software with respect to powerup is shown in one embodiment.
‘At 53, interrupts are disabled. At 54, the meter is
initialized, preferably including a test of the print wheels
of rotor 77 to determine what positions they were in. The
print wheel positions are noted for later reference, and are
compared with what the processor had noted the print wheel
positions to be prior to the last previous loss of power.

At 57, the processor 70 polls the condition of the MME
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by 18', and pro dé n @I 17'.  The block 16" is conparable to
t-he nmenory eIe ysteresis which gives rise to bistability.
Those skilled in [Headlly appreciate that nunerous variations
coul d be devi sed It i nvention w thout deviating fromit. For
exampl e, instead of a using a nmagnet and a magnetic nenory el enment, one
could wuse a nechanical latch that is t+rifgered by rotor novenent

sensor 17 via line 76 (Fig. 10) and I/O port 74. At 58, a

branch is made in the normal case, namely if no

unaccounted-for print cycle has been detected, namely a jump

to block 56. If, however, an unaccounted-for prinf cycle

has been detected (as indicated by MME sensor 17), then

blocks 52 and 53 are executed analogously to like-numbered

blocks of Fig. 6. (Those skilled in the art will also

appreciate that it may be helpful for troubleshooting or

maintenance to make a nonvolatile record of the occurrence

of power-up together with the sensor 17 having been set.)

Block 56 re-enables interrupts, and control passes to the

main routine of Fig. 6.

Fig. 8 shows the software configuration if a

diffefent approach is taken than that of Fig. 7. In Fig. 8,

no attempt is wmade to disable interrupts. Instead, the

signal from sensor 17, which is present from the moment of

power-up, causes an interrupt to occur quite early on in

processor execution of the initialization routine 54. The

interrupt branches via 51 and the interrupt servicing

routine of blocks S2 and 53 takes place much as in Fig. 6.

Eventually control returns to the initialization routine 54

and eventually passes to the main routine of Fig. 6.

Fig. 9 shows yet another software configuration if

a different approach is taken than that of Figs. 7 and 8.

Inibox 55 interrupts are disabled, and in box 54 the meter

is 'initialized. In box 56 interrupts are re-enabled and

control may pass to the main routine of Fig. 6. But if the

signal from sensor 17, which may happen to be present from

the moment of power-up, is Present, then this causes an

interrupt to occur right away after block 56, essentially at

the start of the main routine of Fig. 6. There, the

interrupt branches via 51 and the interrupt servicing

inklﬁ‘herﬁma“ﬁmeﬂtsh&ﬂ
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t hrough angle 91. The latch would be coupLed to a switch. Triggéering 'O'f )
the mechanical latch would give rise to a swtch signal Thisl§beet i3 BeddlfRepi
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- 16 -

routine of blocks 52 and 53 takes place. Eventually control

returns to the main routine of Fig. 6.

In an alternative embodiment of the invention, a
reed switch is employed to sense movement of the rotor past
a particular angular position. A flip-flop provides a
bistable means backed up by a lithium cell, and the output
of the flip-flop provides a datum for the processor. Fig.
11 shows the switch arrangement relative to the rotor 13,
with magnet 10, Hall-effect switch 11, and reed switch 17,
all mounted to a printed circuit becard, omitted for clarity
in Fig. 11. The elements of Fig. 11 correspond to those of
Fig. 1 for the embodiment previously discussed.

Fig. 12 is a schematic diagram for the alternative
embodiment. During normal operation the circuit is powaered
by the same +5V source 110 that powers the rest cf the
meter. Lithium cell 112, preferably a 3.4 V cell, can also
power the circuit reliably; isolation is provided by diodes
111, 114 and the power is sméotbed by electrolytic capacitor
115. Optionally lithium cell 112 may alsc provide data
backup for RAM, not shown in Fig. 12, via line 113.

Capacitor 121, preferably a highly stable
capacitor, is charged through resistor 117. If magnet 10
nears reed switch 17, capacitor 121 is discharged through
resistor 120. This defines high and low outputs on line
124, which serves as a setting input toc an RS flip~flop
comﬁosed of nand gates 118, 119. Nand gates 118, 199 are
powered by line 116. As a consequence, the state of the
flip-flop is preserved despite any changes in the level of
the +5V power supply at 110. The flip-flop, which is of
course a histable device, receives a reset input via line 80
from an output of the I/O port 74, part of which seen at the

lower left of Fig. 12. The output of the flip-flop is

Tl te b Sray e me Per et d o i
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woul d be made so as to be resettable, as by energizing a solenoid to nove
t he nmechanical latch back to its reset position. Generally, one skilled in
the art could enploy any bistable device that is set by novenent of the
rotor past a predetermi ned angle, and that is capable of being reset by
an electrical signal. : It will also be appreciated that while the
sensor s depicted herein as coupl ed dixectly with the rotor, it

provided via line 76 to an input of the I/O port 74, another
part of which is seen at the lower right of Fig. 1l2.
Hall-effect sensor 1l alsc provides an input via line 75 to
an input of the I/0 port 74.

It will be appreciated that in Fig. 12, the
interrupt to the processor is not from the sensor 17 but
rather from the sensor 11. This differs from the embodiment
disclosed above, in which the interrupt comes from the
sensor 17. Those skilled in the art will appreciate that
either embodiment could, in principle, use either sensor to
provide an interrupt to the processor without deviating in
any way from the invention.

Fig. 13 shows a timing diagram for signals
occurring during rotor rotation in the alternative
embodiment. The diagram corresponds in many ways to the
timing diagram of Fig. 4 for the first embodiment. The top
line shows the output of sensor 11, which is high when the
rotor begins in a homé_position, and is again high when the
rotor has returned to a home position at 22. The duration
of. one complete print cycle is thus seen to correspond to
interval 20.

The next line shows the output of the sensor 17.
At 21, the output falls, which means the rotor has moved so
as to bring magnet 10 nearby to reed switch 17} Then, at
time 23, processor 70 generates the reset signal via line 80
(see Fig. 12). The interval between 21 and 23 is mostly a
result of the latency time of the interrupt-handling routine
of the processor. The pulse is held until time 24, which
may be a fixed interval or may be an interval determined by

the downgoxng transxtian 25 as detected by the processor.

This Sheet Has Been Replaced This is the replacemeant sheet

IR oaes -5 OEC 108




woul d be possible to couple the sensor in any of a range of indirect
neans, includin o e ?1indicator of rotor novenent. O her neans
t hat are thought e disclosed enbodi nent but nonet hel ess

wi thin the scope i on woul d include: coupling the sensor to
rollers elsewhere in the envel ope feed path; coupling the sensor to
movenent sensing nmeans el sewhere in theleed path; and coupling t he sensor
to nmechanical el enent Stft ke syscepnhes e dAEBTBPY GOPRBI Gy P

sensor 11 instead of the sensor 17, this changes in

particular detail some of the software-driven activities of
Figs. 6-9. In Fig. 6, the arrival of the interrupt at 51
prompts making a nonvolatile record that it was suspected a
franking had occurred (to provide for the case where power
fails while the rotor continues to move). If, while the
software is in block 52, the second switch 17 is triggered,
then the reset pulse of line 80 is generated in block 53,
and the nonveolatile record is updated to show the normal and
tidy progress of the franking activity.

- If the software arrangement of Fig. 7 is
considered, it will be seen that the polling of the
flip~flcop contents (block 57) suffices to determine that the
sensor 17 must have been triggered at scme time prior to the
present instance of power having been applied. Thus it is
assumed that frank}nq took place, and the reset pulse of
line 80 is generat;d in block S53.

In the case now being discussed where the output
of the bhistable device does not generate an interrupt, then
the software arrahgement of Figs. 8 and 9 is inapplicable.

Those skilled in the art will appreciate that
while the circuit is shown using a reed switch and a
Hall-effect switch, other sensing technologies could be used
without departing from the invention. Likewise, numerous
otﬁer bistable storage technologies could be employed other
than the particular nand-gate flip-flop shown in Fig. 12.

Those skilled in the art will readily appreciate
thgt while the steps described above are described as
occurring in software that is executed by a processor, the
steps could just as well be accomplished by random logic

circuitry dedicated for that purpose.
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The software of the rotor sensing system stored in nmenory 73 shown in
Fig. 10, wll now be discussed. Fig. 6 shows in block diagram
formthe main routine that is being executed nost of the time when the
meter is powered. As will be appreciated, the nmain routine repeats itself
over and over again. Loss of repetition of the main routine is preferably
detected and renedied by a watchdog crré@i+, not shown. Dashed |ine 51
portrays the B
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1. A rotor movement sensing system for use in a
postage meter having a rotor for printing postage by cyclic
rotation thereof, and having a register relating to postage
printed by the rotor, the rotor position between postage
printing cycles defining a home position, the sensing systen
comprising:

bistable means having an output, a setting
input and a resetting input, the setting input operatively
coupled to the rotor so as to set the bistable means upon
rotation of the rotor by a first predetermined angle past
the home position, and

means responsive to the ocutput for changing

the register contents and for actuating the resetting input.

2. The rotor movement sensing system of claim 1

wherein:

the bistable means comprise a magnetic
nemory element, a Hall-effect sensor and a sclenoid
adjacent the magnetic memory element,

the setting input comprises a permanent
magnet operatively coupled with the rotor,

the output comprises the output of the
Hall-effect sensor, and

the resetting input comprises leads of the

solenaid.

* ¢ L Mm s = .

Y

t\ "P ““g’fi




shift in programflow that occurs if an interrupt is received at the
processor 70 via line 76 fromsensor 17. At 52 a nonvolatile record is
~made of the occurrence of the franking cycle. At 53 the processor
energi zes the w nding e

heet Has Been Replaced

T

3. The rotor movement sensing system of claim 1

wherein:

the bistable means comprise a flip-flop with
a reliable source of power,

the setting input comprises a permanent
magnet operatively coupled with the rotor,

the output comprises the output of the
flip-flop, and

the resetting input comprises a signal to a

reset input of the flip-flop.

4. The rotor movement sensing system of claim 1,
2 or 3 wherein:
the means responsive to the output comprises

a microprocessor executing a stored program.

5. The rotor movement sensing system of claim 1,2,3 or 4
further cemprising ratchet means operatively coupled with
the rotor whereby the rotor cannot move oppositely to the
direction for printing postage by more than a second
predetermined angle, and wherein the first predetermined
angle is selected to be greater than the second

predetermined angle.

6. The rotor movement sensing system of claim 4 or 5
wherein the output further comprises an interrupt to the
processor, and wherein the stored program further comprises

an interrupt routine.
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-12 - LS, after which execution returns to the main routine 50 where it
was i nterrupted. Those skilled in the art wll apprébFate*the~~

normal and standard steps taken in the interrupt service THiSHAb: RS 19 Jaced
]iﬁym &

bl ocks 52 and 53. The first instruction of the routine
disabling interrupts, followed by a maski ng of selected i , ,ﬂ

I ncl udi ng the sensor-L7 - 21 -

7. A rotor movement sensing system of any of claims 1
to 6, further including means responsive to application
of power to the meter for making record of the occurrence
of the output being present upon the application of

power.

8. A method for use in a postage meter having a
rotor for printing postage by cyclic rotation thereof, and
having a register relating to postage printed by the rotor,
the rotor position between postage printing cycles defining
a home position, the sensing system comprising bistable
means having an output, a setting input and a resetting
input, the setting input operatively coupled to the rotor so
as to set the bistable means upon rotation of the rotor by a
first predetermined angle past the home position, the method

comprising the step of changing the register contents
and actuating the resetting input.

9. The method of claim 8 including applying power to
the meter and determining the state of the output and if
the ocutput is present changing the register contents and

actuating the resetting input.

10. The method of claim 8 or 9 wherein the bistable

means comprises a magnetic memory element, and a Hall-effect
sensor and a solencid adjacent the magnetic memory element,
the setting input comprises a permanent magnet operatively
coupled with the rotor, and the output comprises the output
of the Hall~effect sensor, the step of actuating the
resetting input further comprising the step of applying

current to the solenoid.
S This g the replacemsnt sheet
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interrupt, followed by a re-enabling of interrupts. After the wi nding 18
has been energi zed, the sensor-17 signal is tested, and barring the
*unexpect ed. persi stence of the sensor-17 signal, the sensor-17 imnterrupt -
I s agai n unmasked and/ or re-enabl ed: Those swmgggygﬂgégykéﬁéw

will also appreciate that nothing in the rotor sensing Systmﬂﬁm#mmm
0

that resetting of the MVE 16 by energi22i rRg wi ndi ng 18 t ake
the end of the print cycle. Wile the resetting is so

11. The method of claim 8 or 9 wherein the b istable
means comprises a flip-flop with a reliable source of powver,
the setting input comprises a permanent magnet operatively
coupled with the rotor, and the output comprises the ocutput
of the flip-flop, the step of actuating the resetting input
further comprising the step of applying voltage to a reset

input of the flip-flop.

12. The method of any of claims 8 to 11 wherein the
determining step further comprises the step, if the output

is present, of making record of the occurrence of the output

being present upon the application of power.

13. The methed of any of claims 8 to 12 wherein the meter

further comprises a processor, and the output further
comprises an interrupt to the processor, and wherein the

method further comprises responding to the interrupt.
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portrayed in Fig. 4 and in Fig. 6, the systemcould just as well permt
t.hese tasks to wait until after the rotor has again returned to its hone
position without deviating in any way fromthe system concept.

In contrast to the normal, fully-powered circunstance of Fig. 6, routines
wi |l now be-described to provide for the possibility that at the tine of
power-up, a print cycle may have takenxyd ace. At Fig. 7, the neter's

ABSTRACT

ROTOR MOVEMENT SENSING SYSTEM

A rotor movement sensing system is provided for use
in a postage meter to permit detection of the printing of
postage even in the event that power is lost during the
printing cycle. 2A sensor is provided to sense the magnet
on a disk when the rotor is substantially past its home
position. When the disk magnet passes near a mnmemory
element, the memory element is magnetized. A Hall-effect
sensor is positioned at the memory element so that it
provides a signal to the processor indicative of the
magnetization of the memory element. A solenoidal
winding is provided around the memory element. The
processor has an output which causes a current to flow
through the winding, whereby the memory element is
demagnetized. A flip-flop provides a bistable latch
backed up by a lithium cell, and the output of the flip-
flop provides a datum for the processor.

FIGURE 10
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software with respect to powerup is shown in one enbodi ment. At 55,
l.nterrupts are disabl ed. At 54, the neter is initialized, preferably
including a test of the print wheels of rotor 77 to determ ne what
positions they were in. The print wheel positions are noted for |ater
reference, and are conpared with mhat_t?e processor had noted the print
wheel positions to be prior to the |ast~previous |oss of power. At 57,
the processor 70 polls the condition of the MVE
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- 13- sensor
is made in the nornal

17 via line 76 (Fig.

case,nanely if no

10) and 1/0 port 74. At 58, a

unaccount ed-f or

branch
print cycle has

been detected, namely a junp to block 56. If. however, an
unaccounted-for print cycle
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has been detected (as indicated by MVE sensor 17), then bl ocks 52 and 53

are executed anal ogously to |ike-nunbered bl ocks of Fig. 6. (Those
skilled in the art will also appreciate that it may be hel pful for

t roubl eshooti ng or mai nt enance to nake a nonvol atile record of the
occurrence of power-up together with the sensor 17 havi ng been set.)

Bl ock 56 re-enables interrupts,and contr@l -passes to the mai n routine of
Fig. 6.
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Fig. 8 shows the software configuration if a different approach is taken

than that of Fig.7. In Fig. 8,
| nst ead, the signal from sensor

no attenpt is nmade to disable interrupts.
17, which is present fromthe nonment of

power - up, causes an interrupt to occur quite early on in processor
execution of the initialization routine 54. The I nterrupt branches via 51
and the interrupt servicing routine of4bl ocks 52 and 53 takes pl acenuch

Eventual |y contr ol

V.
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as in Fig. 6.
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and eventual ly passes to the main routine of Fig. 6. Fig. 9
shows yet another software configuration if a different approach is taken
than that of Figs. 7 and 8. |In-box 55 interrupts are disabled, and in box
54 the meter is initialized. In box 56 interrupts are re-enabled and
control may pass to the main routine of Fig. 6. But if the signal from

sensor 17, which may happen to be presents from the nonent of power-up, is
present, then this causes an
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3

interrupt to occur right away after block 56, essentially at the start of
the main routine of Fig. 6. There, the interrupt branches via 51 and the
i'nterrupt servicing - 14 -
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routi ne of blocks 52 and 53 takes place. Eventually control returns to
the main routine of Fig. 6. In an alternative enbodi nent of the

i‘nvention, a reed switch is enployed to sense novenent of the rotor past

a particular angular position. A flip-flop provides a bi st abl e neans
backed up by a lithiumcell, and the output of the flip-flop provides a
datum for the processor. Fig. 11 shows7the switch arrangenent relative to

the rotor 13,

wi th magnet 10, Hall-effect switch 11, and reed switch 17,
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all nounted to a printed circuit board, omtted for clarity in Fig. 11.
The el enents of Fig. 11 correspond to these of Fig. 1 for the enbodi nent
previ ously discussed. Fig. 12 is a schematic diagramfor the
alternative enbodi nent. During normal operation the circuit is powered
by the sane +SV source 110 that powers the rest of the neter. Lithi um
cell 112, preferably a 3.4 V cell, can-aBse power t hehi Sheeitab BEIReakte
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111, 114 and the power is snoothed by electrolytic capacit(ﬁﬂﬂu%if%.
Optionally lithiumcell 112 nmay al so provide data backup for RAM not
shown in Fig. 12, via line 113, Capacitor 121, preferably a
Ki ghly stable capacitor, is charged through resistor 117. If magnet 10
nears reed switch 17, capacitor 121 is discharged through resistor 120.
This defines high and | ow outputs on line 124, which serves as a setting
input to an RS flip-flop conposed of nand-gates 118, 119. Nand gates 118,

199 are

ROTOR MOVEMENT SENSING SYSTEM

NANAS

i ,
? pa.___'“jﬁjfﬁﬂnﬁkmg-m- )

The invention relates to a rotor movement sensing
system and method adapted for use in a postage meter having
a rotor for printing postage by cyclic rotation thereof.

In any electronic pastage meter it is important
that the electronic registers faithfully reflect the actual

mechanical printing of peostage by the print rotor. In

[l

nearly all instances of the printing of postage, electric

pcwer is available for the entirety c¢f the print cycle and
the processor,'which controls and meonitors p:inting of
postage, 1is able to aecrement and increment the descending
and ascending registers accordingly.

Most of the time, when the rotor is not in motion
(because it is not printing postage) the rotar is in or very
ﬁea: to a "home" pasition. It is standard to have a sensor
that indicates to the processor that the rotor is.in the
ﬁome position. A typical sensar arrangement is to place a
permanent magnet on a disk attached to the rotor shaft. A
Hall-effect sensor is positioned so that the sensar is "on"
when the rotor is in its home position. If a print cycle is

in progress, the pracessor can confirm the completicn of the
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powered by line 116. As a consequence, the state of the  flip-flop is
presesved despite any changes in the level of the +5v power supply at 110.

The flip-flop,

which is of course a bistable device, receives a reset

input via line 80 froman output of the I/O port 74, part of which seen at

t he

e

left of Fig. 12. The output af othe dip- flop S

cycle by sensing the return of the rotor tao the home
pasition.

It is alse standard to have a ratchet or other
mechanical arrangement coupled to chelrctor shaft so that
the rotor cannot be moved very far backwards. However, a
number of design constraints limit how tightly the ratchet
performs its task. For example, at tﬁe end of a print
cyéle. it is not uncommon th;t the rotor may reach the home
position (as expected) but may alse go slightly past the
home pesition due to rotational inertia or due to drag from
a large item being franked. If the meter is toc be
satisfactory to the user, the ratchet must permit the slight
reverse rotation back to the home peosition. -

The design of the meter must necassarily take into
.account, however, the prospect that perr may fail
unexpactedly. The processor may thus be in the situation of
not having quite encugh information to distinguish whether
or not. a print cycle has occuxred. For example, one of.the
indications to the processcor that a print cycle has begun is
the home sensor turning off. This indicates that the rotor
has moved from fhe home position. But if.power is lost
after the home sensor has turned off, then later when the
processor again has power the processor may find that the
home sensor is again on. This could have happened, however,
due to either of twec mechanical sequences.

On the one hand, the rotor may indeed have printed
a print cycle, tinisned.while processor power was absent.
This would result in the home sensor again being on.

On the other hand, the rotor might merely have
moved slightly past the home position, and then dropped
backwards again to the home position, all while processor

pover was absent. This, too, would result in the homa
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sensor again being on. This slight forward-and-back
movement could, as described above, arise due toc a slight
overrun of a previous print cycle.

The difficulty, however, is that withcut more
information the processor is not capable of distinguishing
which mechanical sequence actually occurred. There is the
difficulty, then that the meter designer would not know
whether or not to program the processor to increment and
décrement the ascending and descending registers in the face
of such sensor inputs. This presents the possible problen
that the amount of postage actually printed may fail to
correspond perfectly with the information in the descending
and ascending registers.

One prior-art approach to this problem is that
found in U.S. Pat. No. 4,253,015 to McFiggans et al. ("the
’015 patent"). As described in Figs. i and 3 of that
patent, there is p;ovided a2 counter gear 61 that is twice as
large as a gear 60 on the rotor shaft; the counter gear 61
has anlangular velocity at all times half that of the rotor
(also called a “"drum" in this patent). Depending on whether
the rotor has finished an even-numbered or odd-numbered
printing cycle, the counter gear 61 will be in one of two
orientations. Two holes 62 and 63, located at different
radii on the counter gear 61, will trigger one of two
sensors 67 or 66 respectively, permitting the proceésor 120
to know whether the print cycle just finished was an
odd-numbered_cne or an even-numbered one.

This approcach has a number of drawbacks, chief
among them that it requires a large counter gear which takes
up space in the mater, which adds toc the count of moving
parts, and which adds to the inertial moment that must
accelerate and decelerate with each print cycle. The
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provided via line 76 to an input of the I1/O port 74, another part of

which is seen at the lower right of Fig. 12. Hal | -effect sensor 11 al so
provides an input vialine 75 to an input of the 1/0 port 74.
It will be appreciated that in Fig. 12, the interrupt to the processor is

not fromthe sensor 17 but rather fromthe sensor 11. This differs from
t he enbodi nent di scl dsed above, in which the interrupt conmes fromthe
sensor 17. Those sfddoaeal ddyrhbes ahk Médnanagar eeiniRiibatot che meter,

adds to the parts and assembly cost, and adds to wear due to

use.
Another approach is found in EP-A-0499725 which

discloses an incremental position encoder providing
quadrature outpui signals which contain lnformatlon;of the

actual} lncreméntal posztlon of a prlnt wheel.

PR i iy

It would thus be desirable to have a way of
providing sensor information to the processor to resclve
‘amhigu ities regarding rotaor movement during times when the
processor has been unpowered, all without unduly degrading

reliability and increasing parts and assembly cost.
The invention is defined in claims 1 and 8 and
. preferred features are recited in the claims dependent
thereon.

In summary, the new :otof sensing concept employs
changes to hardware and software of the meter.

In hardware, an additional senscor is provided to
sense the magnet on the disk when the rotor is substantially
past the home position. This additional sensor is
positicned far enough past the home position that the
above-mentioned ratchet will have ensured that the rotor
must continue forward to completion of a print cycle. It
wauld not, however, be workable simply toc use a second
Hall-effect sensor at this location, with the second sensar
(like the home sensor) continuously mon%tored by the
processar. The reason is that the time interval required
for mechanical movement of the roter to the second sensor
would be long encugh that power failure might render the
processor incapable of detecting the output of the second
sensor. To make the second sensor useful for its intended
purpose, the second sensor is selected to be a so-called

magnetic memory element (“MME") sensor. The MME sensor has
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ei ther enbodi nent could, in principle, use either sensor to provi de an
Interrupt to the processor without deviating in any way fromthe
i.nvention. Fig. 13 shows a timng diagramfor signals occurring
during rotor rotation in the alternative enbodinment. The di agram

corresponds in many ways to the timnggdiagramof Fig. 4 for the first
enbodi ment. The top |ine shows the output of sensor 11, which is high when
t he a magnetic memory element with substantial magnetic

nysteresis. When the disk magnet passes near the memary
element, the memory element is magnetized. The
magnetization of the memory element persists long aftar the
permanent magnet of the disk has passed. A Hall-effeact
sensor is positioned at the memory element so that it
provides a signal to the processor indicative of the
magnetization of the memory alement. Preferably the signal
is provided to the processor both as a discrete (polled)
}nput and alse as an interrupt. A solencidal winding is
ravided around the memory element. The processor has an
output which, when asserted, causes a substantial current to
flow through the winding, whereby the memory element is
demagnetized. |

In another embodiment of the invention, a reed
switch is employed to sense movenent of the rotcr past a
particular angular pesition. A flip-flop provides a
bistable means backed up by a lithium cell or other reliable
scurce of power, and the output of the flip-flop provides a
datun for the processor.

Several changes are made in software to effect
the new rotor sensiﬁg concept. An interrupt routine is
provided responsive to the signal from the second sensor, so
that during a routine franking cycle the processor responds
to the interrupt, makes record in nonveolatile memory of the
occurrence of the printing cycle, and energizes the winding.
This interrupt routine is executed for each franking cycle
when power is continucusly available, which is the normal
and expected situaticon.

Of course, the remaining situation to be provided
for in software is the appljication of pcwer to the processar
under circumstances where there is reason to suspect that a

print cycle took place during a power cutage. The power-up
This is the replacement sheet
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rotor begins in a honme position, and is again high when the rotor has
returned to a hone position at 22. The duration of.one conplete print
cycle is thus seen to correspond to interval 20. The next line

shows the
t he rotor
Then, at

(see Fig.

out put of the sensor 17. At 21, the output falls, which neans

has noved so as to bring magnget. 10 nearby to reed switch 17.
time 23, processor 70 generates the reset signal via line 80

12). Teacidd @rvehe Bokweaie, 2thand nd3 4 stepsef ynoging whether

the sacond sansor is on. If it is, then the processor

assumes (and this assumption is one in Which the designer
nas high confidence) that a printing cycle did take place.
The processor then clears the memory element by energizing

the winding, and makes record of the printing cycle in

nonvolatile memory.

The invention can be put into pracﬁice in various ways
an embodiment of which will now be described by way of example
with refreence to the accompanving drawings, in which:

Fig. 1 shows the rotor shaft, disk, and the home
and MME sensors;

Fig. 2 shows the home sensor;

Fig. 3 shows the MME senscr;

Fig. 4 is a timing diagram for signals to and from
the sensors;

Fig. S shows a symbaolic egquivalent for the MME
sansor;

Figs. 6-9 are flowcharts showing various software
praovisiaons relating tg the MME sensor;

Fig. 10 shows an overall processor systen

cenfiguration;

Fig. 11 shows a reed-switch embodiment of the
invention in side view;

Fig. 12 is a schematic diagram of the reed-switch
enbodiment; and |

Fig. 13 is a timing diagram for the reed-switch

enhodiment.

An overview of the postage meter in accordance

with the invention is shown in Fig. 1Q. Processor 70
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result of the latency tine of the interrupt-handling routine of the
processor. The pulse is held until tine 24, which may be a fixed interval

or nmay be an interval determ ned by the downgoing transition 25 as
detected by the processor. ;

controls nearly all functions of the meter, responding to

user inputs at kayboard 72 and providing information tao tha
user at display 71. The processar 70 is agperatively coupled

to the keyboard and display by digital bus 79, which also
provides operative coupling te memory 73, /0 ports 74, and
other devices omitted for clarity from Fig. 10. Postage is
printed by a rotation of print drum or reotor 77, which
contains print wheels settable under processor cantrol by
setting means, not shown in Fig. 10 for clarity. Mechanical
locking, also omitted for clarity from Fig. 10, is provided
sa ghat when the rotor 77 moves away from the home pasitisn
the print wheels are locked into place. As a result, if a
print cycle is found to have occurred'during a time of loss
of power, due to the locking there is little doubt about the
position of the print wheels, and thus liztle doubt about
the amount of pastage that was printad. Ratchet means, also
caitted for clarity from Fig. 10, limits the extant ta which
roter 77 may be maoved in a direction other than that shown.
The rotsr turns on shaft 14, which is held by iournal and
thrust bearings, not shown.
In Fig. 10, disk 13 may be seen, preferably

pesitioned at the other end of shaft l14. Sensors 1l and 17

re disposed near the disk 13. Sensor 11, the "home" sensor
about which more will ﬁe said below, gives a discrete input
via line 75 to cne of the input lines at the :/o ports 7s.
Seasar 17, the MME sensor about which more will be said
belaw, gives a discrete input via line 76 to one of the
input lines at the X/0 ports 74, and also preferably
provides an interrupt to the processor 70.

Turning now to Fig. 1, the disk 13 is seen in Elan

from a point of view at the rotor 77 (net shown in Fig. 1).
It will be appreciated that due to the change in point of
view, the normal direction aof ratation for disk 13 as shaown

in Fig. 1 is countarclockwise. Shaft 14 is shown in cross
This is the raplacemsa! sheed
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- 16 - If the systemhas the interrupt comng fromthe sensor
11 instead of the sensor 17, this changes in particul ar detail sonme of
the software-driven activities O Figs. 6-9. In Fig. 6, the arrival of
the interrupt at 51 pronpts making a nonvolatile record that it was
suspected a franking had occurred (to provide for the case where power
fails while the rotor continues to nove). |If, while the

- 8 -

section. Hall~-effect sensor 1l defines a "home" position on
disk 13, and permanent magnet 10 is located on disk 13
proximate to sensor 1ll. A second sensor 17, the MME sensor,
is positioned as shown.

Fig. 2 shows sensor 11 in a section taken through
disk 13. Sensor 11, which as mentioned above is preferably
a Hall-effect sensor, is preferably mounted to a printed
circuit board 15 and, when the rotor is in the home
posi&ion, permanent magnet 10 is.quite nearby. Fig. 3 shows
sensor 17 in a section parallel to but displaced from the
section of Fig. 2. Sensor 17 is likewise preferably mounted
to the same printed circuit board 15. In this figure disk
13 is shown having rotated so that magnet 10 is nearby to
sensor 17; it will be appreciated that Figs. 2 and 3 show
things that do not happen simultaneocusly since magnet 10
cannet simultanecusly be adjacent to both sensers 11 and 17.

The second.sensor 17 differs from home sensor 1l
not only in its location but alsc in provision of the
magnetic memory element (MME) 16, which has substantial
magnetic hysteresis. When the disk magnet 10 passes near
the memory element 16, the memory element 16 is magnetized.
The magnetization of the memory element 16 persists long
after the permanent magnet 10 of the disk 13 has passed.

The Hall-effect sensor 17 is positioned at the memory.
element 16 so that it provides a signal to the processer 70
(ho: shown in Fig. 3) indicative of the magnetization <¢f the
memery element 16. In Fig. 2 may also be seen a sclenaidal
winding 18 around the memory element 16. The processor 70
has an output 80 (shown in Fig. 10) which, when asserted,
causes a substantial current to flow through the winding 18,

whereby the memory element 16 is demagnetized.
This is the replacement sheet
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software is in block 52, the second switch 17 is triggered, t hen the

reset- pulse of line 80 is generated in block 53, and the nonvol atile
record i s updated to show the nornal and tidy progress of the franking
activity. If the software arrangenent of Fig. 7 is

considered, it will be seen that the polling of the flip-flop contents
(block 57) suffices to determne that theg . sensor 17 nust have been
triggered at sone tinme prior to the present instance of power having been

applied. Thus it is It will be apprtciatud-by those skilled in the art
that dasign considarations may prompt any of a number af
locatians for tha sensars L1, 17 and magnet 10. C3st is
reducad 12 a cirsuit bdeard 13 is already n;a:by, sa that cha

b 3enN30r3 ll. 17 may be aountad dirsctly to that circult board

13, providing both mechanical aocunting and elactrical

.connections. This alaq prompes placing the sensars L1, 17
in a plane parallel to & sain plane ef the chassis of the

aeter, 30 that bath may be placad an a single circuit boazd

1Q 13 zather than on %we separata circuit boards. The

elevation of the sinqglae circuit Beard 18 and the dismetsr of

the disk 1] are chosen so as =a maka angle 91, shown ia Pig.

L, as lécge &3 dasired. Angle 91 is salecZed tg satisty a

Nuznberx of caonstraints including that the angle be great
encugh that the ratchet does not permit a backvards acvezent
af the rator 77 Back to the honme pesition.

13

Turning new ta Fig. 4, thezs (s shown a tining

diagram for varicus of the signals of the rotor sensing

concagt. The top lina shows the output of sansor 1il, which

30 i3 high vhen tha ratar bdegins in a home pasition, and is
again nigh vhnen the rotor das returned to a homa gosition ac

32. The durazian of one complete print cycle is thus seen

Lo correspond to {aterval 20. Those skilled in the are will

appreciate that the Aigh cutput of senser 1l may persist faor
23 a long time if a long tine passes betwean franking cycles,
as will somatises happen durinq':nc course ¢f a day. Those
skilled in the art will alse dppreciate that the rise and
fall of the atqnf} from sensor 11 da not coincide precisely
with tha rotor’s being in tha home position. Rather, to
3¢ allow from some variation itn the magnet, the Hall-effect
Sansor, and thelr gecmetric rslacionsnip, the system is sget

UP 3a Chat the rise of the signal precedes the arrival of
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assuned that franking took place, and the reset pul se of line 80 is

generated in bl ock 53. In the case now being di scussed where the
out put of the bistable device does not generate an interrupt, then the
software arrangenent of Figs. 8 and 9 is inapplicable. Those

skilled in the art wll appreciate that while the circuit is shown using a
reed swtch and a Hall-effect swtch, other sensing technol ogi es could be

used - 10 -
the rotor at che.home position, and so that the fall of the
signal follows the departure of the rotor from the home
position.

The next line shows the output of the sensor 17.
At 21, the output rises, which means the rotor has moved by
approximately the angle 91 so as tc bring magnet 10 nearby'
to sensor 17. In the normal course of events {that is, in
the absence of loss of power) the processor 70 will receive
an ‘interrupt at time 21. Then, at time 23, processor 70
generates the current pulse to winding 18 (see Fig. 3) via
line 80 (see Fig. 10). The interval between 21 and 21 is
mostly a result of the latency time of the
interrupt-handling routine of the processor. The pulse is
held until time 24, which may be a2 fixed interval or may be
an interval determined by the downgoing transiticn 25 as
detected by the processor.

Fig. 5 shows in functional block form an
eguivalent circuit for the sensor shown in Fig. 3. The
sensor is not, of course, a counter because it does not
distinguish between successive print cycles. If it were to
indicate a high level, the high level would only indicate
that at least one print cycle had occurred but would not
provide any count of print cycles. The sensor may be
thought of as a D-type flip-flop which is set at 10’, reset
by 18‘, and providing an output at 17‘. The block 16¢ is
‘comparable to the memory element 16 with its hysteresis
which gives rise to bistability.

Those skilled in the art will readily appreciate
that numerous variations could be devised to embody the
invention without deviating frow it. For example, instead
of a using a magnet and a magﬁetic memory element, one could
use a mechanical latch that is triggered by rotor movement
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w t hout departing fromthe invention. Likew se, nunerous other bistable

st orage technol ogi es coul d be enpl oyed other than the particul ar nand-gate
flip-flop shown in Fig. 12. Those skilled in the art w il

readi |y appreciate that while the steps described above are described as
occurring in software that is executed.byja.processor, the steps could
just as well be acconplished by randomlogic circuitry dedicated for that

purpose. through angle 31. The latch would be coupled to a switch.

Triggering of the mechanical latch uou;d give rise to a
switch signal like that of sensor 17. The mechanical latch
would be made so as to be resettable, as by energizing a
solehcid to move the mechanical latch back to its reset
position. Generally, one skilled in the art could employ
any bistable device that is set by movement of the rotor
past a predetermined angle, and that is capable of being
reset by an electrical signal.

‘. It will also be appreciated that while the sensor
is depicted herein as coupled directly with the rotor, it
wauld be possible ta couple the sensor in any of a range of
indirect means, including coupling to any indicator of roter
movement. Other means that are thought inferior to the
disclosed embodiment but nonetheless within the scope of the
invention would include: coupling the sensor to rollers
elsewhere in the envelope feed path; coupling the sensor to
movement sensing means elsewhere in the feed pat&; and
coupling the sensor tc mechanical elements that are in turn
coupled to the rotor.

The software of the rotor sensing system, s;ored
in memory 73 shown in Fig. 10, will now be discussed.

Fig. 6 shows in block diagram form the main
routine that is being executed most of the time when':he
meter is powered. As will be appreciated, the main }outine
repeats itself over and over again. Loss of repetition of
the main routine is preferably detected and remedied by a
watchdeg circuit, not shown. Dashed line 51 portrays the
shift in program flow that cccurs if an interrupt is
raceived at the processor 70 via line 76 from sensor 17. At
52 a nonvolatile record is made of the occurrence of the

franking cycle. At 51 the processor energizes the vinding
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1. A rotor novenent sensing system adapted for use in a postage neter .
having a rotor (77) for printing postage by cyclic rotation thereof; and
having as register relating

-12 .
18, after which execution recurns to the main routine 50
where it was interrupted.

Those skilled in the art will appreciate the
naormal and standard steps taken in the interrupt service
routine of bleocks 52 and 53.  The first instructien of the
routine is preferably disabling interrupts, followed by a
masking of selected interrupts including the sensor417
interrupt, followed.by a re-enabling of interrupts. After
the winding 18 has been energized, the sensor-17 signal is
teéted, and barring the unexpected persistence of the
sensor-17 signal, the sensor-17 interrupt is again unmasked
and/er ra-enabled;

Those skilled in the art will also appreciate that
nothing in the rotor sensing systen requires that resetting
of the MME.ls by energizing winding 18 take place prior to
the end of the print cycle. Whiie the resaetting is so
portrayed in Fig. 4-and in Fig. 6, the system could just as
well permit these tasks to walt until after the rotor has
again returned te its home position without deviating in any
way from the system ccncept..

In cont&as: to the AOtmal, fully-powered
ircumstance of Fig. 6, routines will now be described to
provide for the possibility that at the time of power-up, a

print cycle may have taken place. At Fig. 7, the meter’s
software with respect to powerup is shown in one embodiment.
At 55, interrupts are disabled. At 54, the meter ié
inicialized, preferably including a test of the print wheels
of rotar 77 to determine what positions they were in. The
print wheel positions are noted for later reference, and are
compared with what the processor had noted the print wheal
positions to be prior to the last previous loss of power.
At 57, the praocesscr 70 polls the condition of the MME
This is the répéasemsm shoed
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to postage printed by the rotor, the rotor position between postage
printing cycles defining a home position, characterized in that the

sensi ng system conpri ses: _ _ bi stabl e neans (16, 16')
having an output (Q ( 17. 17'), a setting input 10. I0[err]) anda

resetting input (R) 18. 18'), the setting input operatively coupled to the
rotor (77) so as to set the bistable peans_upon rotation_of the rotor by

a first predet ernsaed7anghelpastst g, DO Ran0T)di S¥kr 330 Ar sa, a
means responsiyve to the output of the bistable neans (16, 16') for
changi ng the r 85F 3 ertScBAR RS CBRPTaR Lagdtmt PARe hel fr@get ting i nput .

unaccounted-for print cycle has been detected, namely a jump
to block S6. 1IFf, ycuever, an unaccounted-for prihh cycle
has been detected {as indicated by MME sensor 17), then
blocks 52 and S3 are executad analogously to like-numbered
blocks of Fig. 6. (Those skilled in the art will alse

~ appreciate that it may be helpful for troubleshooting or
maintenance toc make a nenvolatile record of the occurrence
of power-up together with the sensor 17 having been seat.)
Block 56 re—-enables interrupts, -and contrel passes to the
main routine of Fig. s. .

. Fig. 8 shows the software configuration if a
different apprcachﬁi§ taken than that of Fig. 7. “In Fig. 8,
no attempt is made to_gisable 1nterrupts.mfrnstead, the

' signal from sensqr 17, which is piesent rom the moment of
| power-up, causes_én_interruﬁﬁ £o occur.quice.early on in
processor execution of the initializa;icn routine 54. The
interrupt branches via 51 and the interrupt servicing
rqutine of blocks 52 and 53 takes pPlace.much as in Fig. 6.
Eventually control returns to the initialization routine 54
and eventually passes to the m2in routine of Fig. 6.
Fig. 9 shows yet another software configuration if
a2 different approach is taken'than that of Figs. 7 and 8.
Iniﬁox 55 interrupts are disabled, and in box 54 the:meter
is initialized. 1In bex S6 interrupts are re-enabled and
control may pass to the main routine of Fig. 6. But if thec
signal from sensor 17, which may happen to be present from
the moment of power-up, is present, then this-causes an
interrupt to occur right away after block 56, essentially at
the start of the main routine of Fig. 6. There, the

interrupt branches via S1 and the 1nterrup:‘servicinq

v
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2. The rotor novenent sensing systemof claim]l wherein:

the brstable nmeans conprises a magnetic nenory elenent (16), a Hall -
effect sensor (17) and a solenoid (18) adjacent to the magnetic nmenory
el enent the setting input conprises a permanent

magnet (16) operatively coupled wth the rotor,
the output conprises the output of the-Hdd| -effect sensor (17), and

the resetting J,0pite GRMBIASES sheads s3f c1hs $2b8801 keklally control

returns to the main routine of Fig. 6.

In an alternative embodiment of the invention, a
reed switch is employed to sense movement of the rotor past
a particular angular position. A flip-flop provides a
bistable means Sacked up by a lithium cell, and the output
of the flip-flop provides a datum for the processor. Fig.
11 shows the switch arrangement relative ta the rotor 13,
with magnet 10, Hall-effect switch 11, and reed switch 17,
all mdunted to a printed circuit board, omitted for clarity
in Fig. 11. The elements of Fié. 11 correspond toc those of
Fig. 1 for the embodiment previously discussed.

Fig. 12 is a schematic diagram for the alternative
enbodiment. During normal operation the circuit is powered
by the same +5V source 110 tha:t powers the rest of the
meter. Lithium cell 112, preferably a 3.4 V cell, can also
power the circuitc rel;ably; isclation is provided by diodes
111, 114 and the power is smaothed by electrolytic capacitor
115. oOptionally lithium cell 112 may also provide data
backup for RAM, not shown in Fig. 12, via line 113.

Capacitor 121, preferably a highly stable
capacitor, is charged through resistor 117. If magnet 10
nears reed switch 17, capacitor 121 is discharged through
resistor 120. This defines high and low outputs on line
124, which serves as a setting input to an RS flip~flop
ccmﬁosed of nand gates 118, 115. Nand gates 118, 199 are
powered by line 116. As a conseéuence, the state of the
flip-flop is preserved despite any changes in the level of
the +5V power supply at 110. The flip-flop, which is of
course a bistable device, receives a reset input via line 80
from an output of the I/0 port 74, part of which seen at the
lower left of Fig. 12. The autput of the tlip-flap is

This is the replacemeant sheét
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3. The rotor novenent sensing systemof claim]l wherein:
the btstable nmeans conprises a tlip-flop (16'), with a reliable source of

-15 -

provided via line 76 to an input of the I/0 port 74, another
part of which is seen at the lower right of Fig. 12.
Hall-effect sensor 11 also provides an input via line 75 to
an input of the I/0Q port 74.

It will be appreciated that in Fig. 12, the
interrupt to the processor is not from the sensor 17 but
rather from the senscor 11. This differs from the embodiment
discldsed above, in which the interrupt comes from the
sensor 17. Those skilled in the art will appreciate that
either embodiment could, in principle, use either sensor to
provide an interrupt to the processor without deviating in
any way from the invention.

Fig. 13 sheows a_timing diagram for signals
occurring during rotor rotation in the alternative
embodiment. The diagram corresponds in many ways to the
timing diagram of Fig. 4 for the first embodiment. The top
line shows the dutput of sensor 11, which is high when the
rotor begins in a homé;position, and is again high when the -
rotor has returned to a home position at 22. The duration
of. one complete print cycle is thus seen to correspond to
interval 20.

The next line shows the output of the sensor 17.
At 21, the output falls, which means the rotor has moved so
as to bring magnet 10 nearby to reed switch 17. Then, at
time 23, processor 70 generates the reset signal via iine 80
(see Fig. 12). The interval between 21 and 23 is mostly a
result of the latency time aof the interrupt-handling routine
of the processor. The pulse is held until time 24, which

may be a fixed interval or may be an interval detaermined by

the downgoing transition 25 as detected by the processor.
Thig is the replacement shoe
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18 pomer the setting input conprises a
pernanent mmagnet ( 10') operatively coupled wth the rotor,

- 6 -

If the system has the interrupt coming (rom the
sensor 11 instead of the sensor 17, this changes in
particular detail some of the software-driven activities of
Figs. 6-9. In Fig. 6, the arrival of the interrupt at Sl
prompts making a nonvolatile record that it was suspected a
franking had occurred (to provide for the case where paower
fails while the rotor continues to move). If, while the
software is in block 52, the second switch 17 is triggered,
then the reset pulse of line 80 is generated in block §3,
and 4he nonvolatile record is updated to show the normal and
tidy progress of the franking activity.

If the saftware arrangemenf of Fig. 7 is
considered, it will be seen that the polling of the
flip-flép contents (block 57) suffices to determine that the
sensor 17 must have been triggered at some time pricr to the
present instance of power having been applied. Thus it is
assumed thaws f:ank}ng toock place, and the reset pulse of
line 80 is generated in block '53.

In the case ncw being discussed where the output
af the bistable davice dges not genarate an interrupt, then
the software arrangement of Figs. 8 and 9 is inapplicable.

| Those skilled in the art will appreciate that
while the circuit is shown using a reed switch and a
Hall-effect switch, other sensiqg technologies coulg be used
without departing from the invention. Likewise, numerous
other bistable storage technologies could be employed other
than the particular nand-gate flip-flop shown in Fig. 12.

Those skilled in the art will readily appreciate
that while the steps described above are described as
occurring in software that is executed by a processor, the
steps could just as well be accomplished by random logic

circuitry dedicated for that purposa.
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t he out put conprises the output of the flip-flop (Q, and
the resetting input conprises a signal (18 ) to a reset input of the

flip-flop 4. The rotor novenent sensing systemor claim
1, 2 or 3 wherein: t he neans responsive to the out put of
the bistable neans (16, 16') conprises a m croprocessor executing a stored
program 5. The rotor novenemnt sensing systermof claim
1,2,3 or 4 -17 -
CLAIMS
1. A rotor movement sensing system adapted for use in a postage meter

having a rotor (77) for printing postage by cyclic rotation thereof, and having u register relating
to postage printed by the rotor, the rotor position between postage printing cycles defining a

home position, characterized in that the sensing system comprises:

bistable means (16, 16°) having an output (Q) (17, 177), a setting input (10,
10°) and.a resetting input (R) (18, 18"}, the setting input operatively coupled to the rotor (77) so
as to set the bistable means upon rotation of the rotor by a first predetermined angle past the

home position, and

means responsive 1o the output of the bistable means (16, 167) for

changing the register contents and for actuating the resetting input.

2. The rotor movement sensing system of claim | wherein:
the bistable means comprises a magnetic memory element (16), a Hall-

effect sensor (17) and a solenoid (18) adjacent 1o the magnetic memory element,

the setting input comprises a permanent magnet (16) operatively coupled

with the rotor,

the output comprises the output of the Hall-effect sensor (17), and

the resetting input comprises leads of the solenoid (18).

3. The rotor movement sensing system of claim | wherein:

the bistable means comprises a flip-flop (16°), with a reliable source of

This is the replacement sheet
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further conprising racchet nmeans operatively coupled with the rotor

wher eby the rotor cannot nove oppositely to the direction for printing
postage by nore than a second predet erm ned angle, and wherein the first
pr edet er m ned angle is selected to be greater than the second

predet erm ned angl e. 6. The rotor novenent sensing system
of claim4 or 5 wherein the output further conprises an interrupt to the
- 18 -
power,

the setting input comprises a permanent magnet (10°) operatively coupled

with the rotor,

the output comprises the output of the flip-flop (Q), and

the resetting input comprises a signal (187) to a reset input of the flip-lop

4. The rotor movement sensing system of claim 1, 2 or 3 wherzin:
the means responsive 1o the output of the bistable means (16, 167)

comprises 2 microprocessor executing a stored program.

5. The rotor movament sensing system of claim 1,2,3 or 4
further cemprising racchet means operatively coupled with
the rctor whereby the TOICr cannot move ogpositely to the
directiern for printing postage by more than a second
predeternined angle, and wherein the £irst predetermined
angle is selected to be greater than the second

predeternminec angle.

6. The rotor movement sensing system of claim 4 or 5
wherein the output furcher comprises an interrupt to the
processor, anc whecein the stored program further comprises

an Ioterrust routine.

e e e oy
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processor. and wherein the stored program further conprises an interrupt

routine.

- 19 -

7. A roter movement sensing system of any of claims 1

to 6, further including means responsive to application

of power to the meter faor making recard of the occurrence

cf the output being present upon the application of

power.

8. A method adapted for use in a postage meter haviny a rowr (77) tor

printing postage by cyclic rotation thereof, and having a register relating (o postage printed by

the rotor, the'rotor position between postage printing cycles detining a hume position,

characterized in that the sensing system comprises bistable means ({6, 16) huving an output (Q}
(17,177, a seating input (10, 10°) and a resetting input (R) (18, 1R"), the setting input being

operatively coupled to the rotor whereby the method comprises the step of settiny the bistable

means upon rotation of the rotor by a first predetermined angle past the home position. and

further comprises the step of changing the register contents and actuating the reseiting input in

response (o the output of the bistable means {Q) (14, 16°).

9. The method of claim 8 including the further step of applying power to the

meter and determining the state of the output and if the output is present changing the register

contents and actuating the resetting input.

10. The method of claim 8 or 9 whersin the bistable

means cozprises 2 magnetic memary element, and a Hall-effect
Senscr and a solengid adjacent the magnetic memory element,
Che settiing input comprises a permanent magne:-cpe:a:ivelY
coupled with the raotor, and the Bu:pu: comprises Che output
Jf the Hall-e:teéc sensor, the step of actuating the
resetting input further comprising the step of applying

Culrent to the solenaid.
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7. A rotor novenent sensing system of any of claimms 1 to 6,
further including neans responsive to application of power to the neter
for maki ng record of the occurrence of the output - being present upon

the application of power . 8. A met hod adapted for
use in a postage neter having a rotor (77) for printing postage by
cyclic rotation thereof, and having a register relating it) postage printed
by the rotor, the rotor position'b@@méen postage printing cycles
defining a hone position, characterized in that the sensing system
conprises bistable neans ( 16, 16) having an output [err] (17. 17", a

setting input (10. In ) and a resetting input ( R) ( 18, 18 ) the setting
i nput bei ng

11. The method of claim 8 or 9 wherein the b istable
means comprises a flip-flop with a2 reliable source of power,
the setting input ccmprisés a permanent magnet aperatively
coupled with the rotor, and the output comprises the output
of the flip-flop, the step of actuating the resetting input
ﬁur:he:.camprising the step of applying voltage to a reset

input of the flip-flop.

12. The methed of any of claims 8 to 11 wherein the

determining step further compricses the step, if the output
is present, of making record of the occurrence cf the output

being present upon the applicaticn of power.

13. The method of any of claims 8 to 12 wherein the meter

further comprises a precessor, and the cutput further
comprises an interrupt to the processor, and wherein the

method further comprises responding to the interrupt.
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operatively coupled to the rotor whereby the nethod conprises the step of
settibg the bistable means upon rotation of the rotor by a first
predet erm ned angl e past the hone position. and further conprises the
step of changing the register contents and actuating the rescting input
response to the output of the bistable neans [err] (16: 16').

9. The nmethod of claim8 including the further step of applying power to
t he nmeter and determning the state of the output and if the output is
present changi ng the register cont ents 2nd- actuating the resetting input.

in

ABSTRACT

ROTOR MOVEMENT SENSING SYSTEM

A rotor movement sensing system is provided for use
in a postage meter to permit detection of the printing of
postage even in the event that power is lost during the
printing cycle. A sensor is provided to sense the magnet
on a 8isk when the rotor is substantially past its home
position. When the disk magnet passes near a memory
element, the memory element is magnetized. A Hall-effect
sensor is positioned at the memory element so that it
provides a signal to the processor indicative of the
magnetization of the memory element. A solenoidal
winding is provided around the memory element. The
processor has an output which causes a current to flow
through <the winciing, whereby the memory element is
demagnetized. A flip-flop provides a bistable latch
backed up by a lithium cell, and the output of the flip-
flop provides a datum for the processor.

FIGURE 10
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10. The method of claim8 or 9 wherein the biszable nmeans conprises a
magnetic nenory el ezent, and a Hall-effect sensor and a sol enoi d adj acent
the magnetic nmenory elenent, the setting input conprises a pernanent
magnet operatively coupled with the rotor, and the output conprises the
output of the Hall-effect sensor, the step of actuating the resetting

i nput further conprising the step oflappLying current to the sol enoid.
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- 20 - 11. The method of claim8 or 9 wherein the b istable
means conprises a flip-flop with a reliable source of power,
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the setting input conprises a permanent magnet operatively coupled with
the rotor, and the output conprises the output of the flip-flop, the step
of “actuating the resetting input further conprising the step of applying

voltage to a reset input of the flip-flop. . 12. The net hod of
any of clains 8 to 11 wherein the determ ning step further conprises the
step, if the output 3
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I's present, of making record of the occurrence of the output being present
upon-the application of power. 13. The nethod of any of
claims 8 to 12 wherein the neter further conprises a processor, and the
output further conprises an interrupt to the processor, and wherein the
met hod further conprises responding to the interrupt.
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