Post age Meter with I nproved Handling of Power Failure Technical Field TQSS
I nveption rel ates gene rally to postage machi nes (also called franklﬁﬁp$
machi nes) and rel ates particutarly to inproved techniques for handling the
. condition of power failure during a franking (postage printing) cycle.

- Background Art A postage neter, by definition, has a nmeans for printing
postage and. a register that accounts for .postage being printed. In sone

countries t hpostaige Meter wriths dmplioved Handldngr ofr Poweri Faiduaeai d

post age val ue. Wen the descending register is depleted the neter does not
permit printing of postage. In other countries the register is an ascending
regi ster representing postage tFechnicaeFiedd nted.

The invention relates generally to postage maéhines (also
called franking machines} and relates particularly to improved
technlques for handllng the condition of power . failure durlng
a franklng (postage prlntlng) cycle.

5 .‘ Backgrbuhd Art

A postage meter, by definition, has a means for printing
postage and a register that accounts for postage being
printed. In some countries: the register is a descending

10 register representing prep&id postage value. When the

' descending register is depleted the meter does not permit

printing of postage. In other countries the register is an
ascending register representing postage that has been printed.
The postal customer is expected to remit funds to the postal

15 authorities based on readings from the'ascending_register.
The term "accounting register" is intended to refer ‘to such
registers.

It is, of course, an important design goal to reduce to

‘an absolute minimum the discrepancy (if any) between what is
20 stored in the register and what has actually been printed.

Error in either direction is unacceptable. If the meter

prints postage and the register fails to account for the

postage, then the postal auﬁhorities'will have been cheated

out of revenue to which they are entitled. If the meter errs
25 in the other direction the customer has lost money.

One area of concern, in the design of a postage meter, is
whether loss of electrical power at an inopportune moment
could result in an error in either dirkction. There is always
the possibility of loss of electrical power, whether due to
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The postal custoner is expected to remt funds to the postal authorities
based on readings fromthe ascending register. The term "accounting
register” is intended to refer to such registers. It is, of course, an

i nportant design goal to reduce to an absolute mi ni mum t he di screpancy (if
any) ~between what is stored in the register and what has actually been
printed. Error in either direction is unacceptable. |f the nmeter prints.
post age rmhn herregi it canplugging the queter oor tteippinggever Hebe t ReWeBst al

aut horit] e]isq +1 echegh gpggt‘ﬁgdé)ﬁ] oS SLVSSWEr {th Wid wédenenl e

entltledz er errs In direction the ¢ stone Q s | ost
nmoney. (Furth@%ﬂ@#ecohb%rn9stﬂlth%tﬁ%%}EHe%fa%F[ﬁﬁﬁ%ﬁﬁp { et her

loss of §b&&ikifhty PONSheRbr 2hehdOEPOLRAE a NPOEIY-be wrongdoer might
5 try repeatedly initiating postage printing cycles and cutting
power during the cycles, in the hopes of gaining some
opportunity to tamper with the meter or otherwise cheat the
postal authorities.

The traditional mechanical postage meter is essentially
10 unaffected by loss of electrical power. In a mechanical
postage meter the ascending and/or descending registers, which
respectively record the cumulative postage printed and the
amount of stored postage remaining to be printed, are
mechanical geared registers. The mechanical positions of the
15 register gears are unaffected by loss and restoration of
electric power. The linkage between the printing means of the
meter and the registers is a purely mechanical linkage, and
that linkage is similarly unaffected by loss of electric
~ power. For example, if the printing means in the pure
20 mechanical postage meter is a print rotor, then the linkage is
a purely mechanical linkage which translates the rotation of
the print rotor into an updating of -the mechanical registers.
If the rotor rotates, then postage has been printed and the
registers will necessarily be updated. If the rotor does not
25 rotate, then postage has not been printed and the registers :
will not be updated.

The advent of the microprocessor prompted makers of
postage meters to replace the function of the pﬁrely
mechanical meter and to add features to the meters. It is

30 unsurprising, then, that the accounting registers, such as the
‘ascending and/or descending registers, are implemented in
electronic memory rather than mechanical memdry, Generally,
nonvolatile memories are used. K
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could result in an error in either direction. There is always the
posskbility of loss of electrical power, whether due to 2 human error in
unpl ugging the nmeter or tripping over the power cord, or due to an
area-w de | oss of power in bad weather. Furthernore, the postal authorities
are concerned about the possibility, however renote, that a woul d-be
wrongdoer mght try repeatedly initiating -postage printing cycles and
cut.ting powerTherdegighedegibion to ube AopiCroprocessey adde opportunity

to tampe, WLih H 06 RERELi8E 25NE" WhEhraiCBhe! NGivaR Bhe AuROFLLEES.

‘advantages that come from the use of a microprocessor.
Features are easjier to add, modifications are often easier to '

5 make, and the parts count is smaller, in comparison to a
traditional pure mechanical postage meter. But not everything
in a mechanical postage meter can be replaced with silicon;
the printing means (typically a print rotor) is necessarily
mechanical even if the rest of the postage meter is

10 electronic. But the decision to use memories that are
electronic, and a printing means that is mechanical, raises
understandable concerns. What happens if the printing process
has begun and then electricallpower is lost? Are there
failure modes or failure sequences that could result in

15 postage being printed without being accounted for? Are there
failure modes that could result in the user being charged for
postage even though it has not been printed? Can a determined
and knowledgeable wrongdoer cause the printing means to print
postage under circumstances in which the accounting memories

20 fail to be updated accordingly?

The postage meter art is filled with approaches to this
problem.

U.S. Pat. No. 4,306,299 discusses a postage meter system
in which the accounting information is kept in volatile memory
25 (memory that would lose its contents upon loss of power) until
' ‘a power monitor has detected that loss of power is imminent,
at which time the contents of the volatile memory are
transferred into nonvolatile memory. A very 1afge
electrolytic capacitor (75,000 uF, Fig. 14b, item 171) is
30 = provided. A circuit monitors the incoming power and when the
power drops below some threshold, the processor (under control
~of its stored program) responds (see. Fig. 20, box 303). The
processor transfers its important inférmation into nonvolatile
memory (Fig. 23) and enters an endless loop (Fig. 23, box

- This Sheet Has Been RT

AV




- .:J'

The traditional nechani cal postage nmeter is essentially unaffected by | oss
of el=wectrical power. In a nechanical postage neter the ascendi ng and/ or

- descending registers, which respectively record the cunul ative postage
~printed and the amount of stored postage remamining to be printed, are
mechani cal geared regi sters. The nechani cal positions of the register gears
are unaffected by loss and restoration of electric power. The |inkage

bet ween 886)pri liti ngmagass iof theeendiessahdophindefinitedyi.s Theusdlzg

nechani gk Lhakagecr2Biythal chpakateri SeSkiibkah! ¥ougahianted br hesscof
fhonsilyLit il jikiy

el ectric power. ting neans e pure mechani cal
_postage ABt®Bp K§°& pﬂﬁnt iB?oﬁl)tﬁeﬁ Fh@ FFﬂRﬁé@rrs a purely mechani cal
| i nkage which translates the rotation of the print rotor into an updating

of the nechanlcal I stersg
. . When pogtage is printed in the meter of U.S. Pat. No.

5 4,306,299, it occurs (apparently) because a mail.piece has
entered the meter and has triggered the print rotor to rotate.
The rotation of the rotor is sensed in software when a
photocell 99 (Fig. 3) detects a slot in a disk mounted on the
rotor shaft. A routine of Fig. 30 updates the accounting )

10 register in volatile memory to account for postage printed.
Some mechanism, apparently undisclosed in Pat. No. 4,306,299,
causes the print rotor to rotate one time in response to some
sort of mechanical trigger, also apparently undisclosed in the
patent. Perhaps a single-revolutibn clutch gives rise to one

15 full revolution of the print rotor.

In the disclosure of Pat. No. 4,306,299, little is said
about what would happen if power were to fail at various
points in a postage printing cycle. For example if power were

- to fail before the slot reaches the photocell but after a
20 print cycle has begun, one can only speculate whether the
processor might never learn that the printing cycle took
place. 1If power were to fail after the slot reaches the
photocell but before the print cycle has finished, one can
only speculate whether the customer will be charged even
25 though perhaps the print cycle never finished.

In such prior-art postage meters it is common practice to
provide a backup or secondary source of electric power for the
processor and related electronics, with the design goal of
providing such power for a time interval that is long enough

30 to permit the prbcessor to do everything necessary to record
and fully account for the postage value that is printed, or is
to be printed. But numerous factors donspire to make such a
" meter a less than adequate solution to the problem.
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If the rotor rotates, then postage has been printed and the registers wll
necessarily be updated. If the rotor does not rotate, then postage has not
- been printed and the registers will not be updated. The advent of the

m croprocessor pronpted nakers of postage neters to replace the function of
the purely nmechanical neter and to add features to the neters. It is
unsurprising, then, that the accounting registers, such as the ascending

and/ or GRear endinpl e editstis prebablngiapistid teldagigmiankienfey ke her
than meeigiiiedlcJRIYY pSRdEiling TRV Uit PR BUifP tdéd: 1In
real life it is not unheard of to encounter circumstances that
could lead to fluctuating power. The meter might be powered,
5 then unpowered briefly, then powered briefly, through several
iterations. This could restlt, in the case of the meter of
Pat. No. 4,306,299, in overcounting. Suppose the rotor gets
stuck in the position in which the slot lines up with the
photocell, and suppose that power is lost and restored
10 repeatedly. In this case the question arises whether the
software might proceed on the assumption that several franking
cycles have occurred.

A second reason why this approach is disfavored is that
. it requires that reserve power be provided that can be assured
15 to last long enough for the entire procedure of booking the
postage to the nonvolatile memory. For example, it is
commonplace to use an electrically erasable programmable read-
only memory (EEPROM) as a nonvolatile memory. But such
memories can only be rewritten a limited number of times. To
20 . avoid the problem of relying on a region of memory that has
failed due to repeated rewriting, a typical strategy is to
have a ring or sequence of memory locations that are written
to one after the other. An additional strategy is to keep a
table that records which memory locations have failed due to_
25 repeated rewriting, and to consult the table in detérmining '
where to write the next item of data. Yet a third strategy is
to write the postage infoimation, and then read it back to be
sure it was written correctly; if the read-back fails then the
storage location is marked “bad” and the information is written
30 elsewhere. The result of all this is that the process of
booking postage, or making an accounting for the .printing of
postage, can take an unpredictable amount of time. After all,
it might turn out that several memory locations, in
succession, cannot be read back succe§9fully.
IS Shee:t Has Been R,
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3 The design decision to use a mcroprocessor and electronic nenories is a
natural one, given the numerous advantages that cone fromthe use of a

- mcroprocessor. Features are easier to add, nodifications are often easier
- to nake, and the parts count is snaller, in conparison to a traditional
pur e. mechani cal postage nmeter. But not everything in a nmechani cal postage
nmeter can be replaced with silicon; the printing means (typically a print
rotor) is neqgesdid Inadecﬁiaraualtrﬁxseau figt lommenplaice Ho maft aydestar s

el ectronic PRI t r and a
printind %r?;g tqgﬁ%ltdiﬁ{réc%am al Ses ﬁ%{%yt(ﬁggbﬁf%nﬁ%ﬁ What
happens ellectimolytiic icapaerikess tﬂmét eigdn lagt thens &%&W%d}ums is
lost? Ay 1f¥88 seconds, to accommodate a postage booking process that

5 may take a non-negligible amount of time to complete. Indeed
it is also commonplace to design the reserve power éupply to
last as long as an entire franking cycle, with the hope of
being able to depend on the processor being in a position to
monitor the rotor movement for the entire printing cycle. As

10 mentioned above, however, the experienced designer will '
attempt to deal not only with the simple case of power being
lost and restored, but with more complicated situations such
as intermittent powef loss and partial power loss.

A very different type of secondary power supply for a
15 postage meter is described in U.S. Pat. No. 5,278,541 entitled
Enhanced Reliability In Portable Rechargeable Devices,
assigned to the same assignee as the assignee of the present
application. In that patent, a power supply is described
'~ which provides power while a postage meter is taken to a post
20 office for refilling (resetting), together with a way of
testing the power subply before the trip to the post office,
to be sure that it will last long enough. But the power
supply for that system is a fairly large nickel-cadmium
battery. '

25 _ For reasons described above, it is thus highly desirable
to provide a postage meter that protects against (1) booking
of postage without the postage being printed, and (2) printing
of postage without booking of thé postége;'and Ehat‘does so
without being vulnerable to intermittent power loss or to -

30 partial power loss, and without requiring a large power
supply. '

\
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‘failure nodes or failure sequences that could result in postage being
printed w thout being accounted for? Are there failure nodes that could
~result in the user being charged for postage even though it- has not been
printed? Can a determ ned and know edgeabl e wrongdoer cause the printing
nmeans to print postage under circunstances.in which the accounting nenories
fail” to be updated accordingly? The postage meter art is filled with

approaches to this probl em pistldsiire WE TAvedkid®d di scusses a postage
meter systemin which the accounting information is kept in volatile nenory
(menory that would lose its contents upon | oss of power) until a power

noni t or has detpedtabe metendrania ouint irotomiratatedtbyyd dEEoRaRGe

content §.;0f ddifor A fiddFab ey Befng started and stopped under

processor control. State variables are established within a
5  nonvolatile memory, a first variable associated with the

completion of booking of the printing of postage and a second
variable associated with the rotation of the print rotor. The
rotor begins in its home position. When a mail piece such as
a letter is detected by a letter sensor, the processor sets

10 ‘the first variable. The second variable is set. At some
point (either before loss of power, or after restoration of
power) the postage value to be printed is booked- into the
accounting register, and the first state variable is cleared.
The rotor motor is started. At some point (either before loss

15 of power, or after restoration of power) the rotor reaches its
home position again. The second state variable is cleared.
In this way, it is possible, even after the loss and
restoration of power, to distinguish between a rotor that is
in its home position because it has not yet printed postage

20 (but needs to do so) and a rotor that is in its ﬁome position
because the printing of postage has been completed. Similarly
it is possible, even after the loss and restoration of power,
to distinguish between accounting registers that are quiescent
because they have not yet had a postage amount booked, and

25 registers that are gquiescent because the booking of postage
has been completed. The postage meter is thus quite unlikely
to print postage that has not been booked, or book postage
that does not get printed, even in the face of power losses at
_unpredictable times, and even in the absence of a large-

30 capacity reserve power supply.

'Brief Description of Drawings

~ The invention will be described with respect to a drawing
in several figures, of which:

N 7
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transferred into nonvolatile nmenory. A very large electrolytic capacitor

- (75,000 [err]F, Fig. 14b, item 171) is provided. A circuit nonitors the

i ncom ng power and when the power drops bel ow sone threshold, the processor
(under control of its stored progran) responds (see. Fig. 20, box 303).

The processor transfers its inportant information into nonvolatile nenory
(Fig. 23) and enters an endless loop (Fig. 23, box 4 336). It remains in
t he endiFdgs llods |a1<$eifmp11itmled pHIt is]7 & iehw 10fe aclposiagiey et eaapaci tor is

chosen %%c%&%ﬁipt%.‘¥he veﬁ%xéﬂi (col. 18, line 61) for the transfer.
Fig. 2 is a 31mp11f1ed cross-section view of the postage meter
of Fig. 1;

5 Fig. 3 is a section perpendicular to the section of Fig. 2;
Fig. 4 is a system diagram showing the bus interconnecting the
processor and other elements of the postage meter;

Fig. 5 is a'perspeétive view of a print rotor accordinglto,the

. invention, including a worm wheel and worm gear;

10 Fig. 6 is a stylized sectional view of the gear train for the
mechanical arrangement of Fig. 5, including the worm gear and
motor; _ _ |
Figs. 7, 8, and 9 are axial views of a radial cam and sensor;
Fig. 10 shows a functional block diagram view of the

15 microprocessor and motor drive;

Fig. 11 is a timing diagram showing signals from rotor sensors
of Fig. 10; '

Fig. 12 is a state diagram showing state variables within the
postage meter according to one embodiment of the invention;

20 Fig. 13 is a flow diagram showing changes of state in a second
embodiment of the invention; and
Fig. 14 is a flow diagram portraying recovery when power is
reapplled after a-loss of power.

Modes for Carrying Out the Invenﬁion'

25 Fig.'l is a simplified partial view of a postage meter
according to the invention. A mail piece 46 follows a paper
path 77, between a print rotor 47 and a surface 45. The rotor
47 rotates once for each mail piece. Fig. 2 is a s1mp11f1ed

_ cross-section view of the postage meter of Fig. 1. The rotor

30 47 may be seen, along with radial cam 44, cam follower 44a,

' and sensor 50. The rotor 47 is within secure housing 72, in
compliance with postal service requirements. Fig. 3 is a
section perpendicular to the section of Fig. 2. The mail
piece 46 may again be seen, which engages letter lever 201.

- 8
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When postage is printed in the neter of U S. Pat. No. 4,306,299, it occurs
(apparently) because a mail piece has entered the neter and has triggered
the print rotor. to rotat-e. The rotation of the rotor is sensed in -software
when a photocell 99 (Fig. 3) detects a slot in a disk nounted on the rotor
. shaft. A routine of Fig. 30 updates the accounting register in volatile
menory. to account for postage printed. Sonme nechani sm apparently

undi scl @teis ichdajes Nche 0B sensms 200k gnd retamtsrthe fraskingne

time i”gﬁﬁﬁﬁﬁﬂ§e to sone sort of mechanical trigger, also apparently
undi scl osed in the patent. Perhaps a single-revolution clutch gives rise to

one full revolution of the print rotor. In the disclosure of Pat. No.

4,306, 299, |igHd €1dtteri sedobtigpke FOrAKI PARED of MYEs N&re to fail at
vartous 08/403,461 entitled Postage Meter With Improved Paper Path,
5 aSsigned to the same assignee as the assignee of thé present
application, and incorporated herein by reference.
Alternatively, the letter sensor could be the optical trigger
of U.§. Pat. No. 5,495,103 entitled Optical Trigger for
Postage Meter, assigned to the same assignee as the assignée
10 of the present application, and incorporated herein by

reference.

Fig. 4 is a system diagram showing the bus
interconnecting the processor 251 and other elements of the
postage meter. The letter sensor is an LED-phototransistor

15 pair 200, which is an input to the processor 251. The
position of the rotor is monitored through an LED~
phototransistor pair 50. The processor 251 can start and stop
the motor 353, which is mechanically coupled with rotor 47.
The processor 251 has a nonvolatile memory 401 which is

20 preferably protected as set forth in a copending patent
application entitled Protection System for Critical Memory
Information, Appl. No. 08/422,435, filed April 14, 1995, and
assigned to the same assignee as that of the present .
application, which is incorporated herein by reference. The

25 memory 401 includes storage locations shown as boxes 402, 403,
and 404 about which more will be said later.

Fig. 5 is a perspective view of a print rotor according
to the invention, including a worm wheel 415 and worm gear
354. Motor 353 is geared to worm gear 354. When the motor
30 353 is started the worm gear 354 rotates, which causes the
worm wheel 415 to turn, taking rotor 47 with it. The
mechanical linkages are preferably those set forth in a
copending patent application entitled Single Motor Setting And

—_—
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points in a postage printing cycle. For exanple if power were to fai

before the slot reaches the photocell but after a print cycle has begun,
one can only specul ate whether the processor might never |earn that the
printing cycle took place. If power were to fail after the slot reaches the
phot ecel | but before the print cycle has finished, one can only specul ate
whet her the custoner will be charged even though perhaps the print cycle

neve_rdf im.'rﬁiﬁkh Imsw&e méwrampgnbstmge 084422, 155, sEickedrAppibcléce to
provi de cku r f f o]

and rel a]tagﬁel% sn%:é&p a%% ?ﬁéj %ﬁ'g q*? d¢ Caé)%%l% E%%hﬁ(gﬁgéﬁf {)r a
time |rnapnkica¢mmnASWhtm@ b olreoxperRt thQ#ﬁiﬁwQ%é%%iﬁrQQF%O eQ%F?thlng

Bffﬁfz ‘a‘r&héé)llés eLPrthé@NSodtade MEEOH Nrd Opré fier AE} adet Vas UdedBBibed in
5 a copending patent application entitled System For Setting
Date Wheels In A Postage Meter, Appl. No. 08/421,902, filed
April 14, 1995, and assigned to the same ass1gnee as that of
- the present application, which is incorporated herein by _
reference. The rotor axle is preferably hollow, - as described
10 in a copending patent application entitled Postage Meter With
Hollow Rotor Axle, Appl. No. 08/421,900, filed April 14, 1995,
and assigned to the same assignee as that of the present

application, which is incorporated herein by reference.

Fig. 6 is a stylized sectional view of the gear train for

15 the mechanical arrangement of Fig. 5, including the worm gear
354 and motor 353. The worm gear 354 is preferably connected
by a one-way clutch 352, so that rotation of the motor 353 in
one direction causes rotation of the print rotor, and rotation
of the motor 353 in the other direction causes setting of the

20 settable elements of the rotor 47. This is described in
detail in the aforementioned Appl. Nos. 08/422, 155 and
08/421,902.

Figs. 7, 8, and 9 are axial views of a radial cam and

sensor, as shown in detail in a copending patent application’

25 entitled Postage Meter with Rotor Movement and Die Cover
Sensor, Appl. No. 08/446,218, filed May 22, 1995, and assigned
‘to the same ass1gnee as that of the present appllcatlon, which
is incorporated herein by reference. When the rotor 47,
omitted for clarity in Figs. 7, 8, and 9, is in its home

30 position, -then the follower 44a is down in Fig. 7. Thus light
passes in the sensor 50. When the rotor 47 is away from its
home position, as in Fig. 8, the follower 44a is up and the
light is blocked in the sensor 50. Later the rotor returns to
its home position as in Fig. 9 and the sensor 50 again permits

- —_— 10
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to be printed. But nunerous factors conspire to nmake such a neter a |ess

t han. adequate solution to the problem 5 For exanple, it is probably
sinplistic to design only for the sinple case of power being | ost and power -
being restored. In real life it is not unheard of to encounter

~circunstances that could lead to fluctuating power. The neter m ght be
powered, then unpowered briefly, then powered briefly, thrqugh several
i terati Qight/Rie pa88 J rBsWHis lwa;t hﬁaesqsamcéssdm s amamib Rpious\o.

4, 506, 299; ¢ RELE OB PG SUBERS ol ot e G536 E1iF Yo MehdreSE 0N 11
47, but, as will be apprec1ated by those skilled in the art,
the sensor 50 cannot determine whether or not the rotor's home
5 position represents a rotor that is about to print postage, or
whether the home position represents a rotor that has just
finished printing postage.

fig. 10 shows a functional block diagram view of the

microprOCessor 251 and motor drive circuitry 206, along with
10 motor 353 and rotor 47. Two rotor position sensors 50, 50a

are provided, again as set forth in the above-mentioned Appl.

No. 08/446,218. Even with both sensors, the signals of which

are shown in Fig. 11, it is not possible to'distinguish

between a home position that precedes the printing of postage,
15 and a home position that follows the printing of postage.

The normal sequence of events for a postage printing
- cycle is as follows. First, the postage meter (also called a
franking machine) is in an idle state. The user may request
that the meter be set for a particular amount of postage
20 value. Then, a mail piece 46 such as an envelope enters the
postage meter, as shown in Fig. 1. Next, the mail piece
strikes the letter lever 201 as shown in Fig. 3. The letter.
sensor 200 provides an output to the processor 251, ‘as shown.
in Fig. 4. The processor 251 “books the postage”, meaning that
25 it updates accounting registers 404 (Fig. 4) such as an
ascending register or deséénding register, to reflect the
- postage being printed. The processor 251 also actuétes the
motor drive 206 (Fig. 10) which starts the motor 353. Then,
as shown in Fig. 6, the motor 353 causes the worm gear'354'to
30 rotate. As shown in Fig. 5, the rotation of gear 354 causes
the worm wheel 415 and the rotor 47 to rotate. When the
braking sensor 50a (Figs. 11, 10) senses that the rotor has
rotated almost all the way, the processor 251 slows down the
motor 353. When the sensor 50 indicates that the rotor 47 is

11
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photocel |, and suppose that power is |lost and restored repeatedly. In this
case,the question arises whether the software m ght proceed on the
assunption that several franking cycles have occurred. A second reason why
this approach i.s disfavored is that it requires that reserve power be
provided that can be assured to last |ong enough for the entire procedure
of booking the postage to the nonvolatile nenory. For exanple, it is

commonplhsee t CHE Hredtes S6it rzs:pléﬁbéﬁ agRd Info iU IR acHe bt 47 renory
(EEPROV) as a nonvol atile nmenory t such nenories can only be rewitten a
limted nunber of tines. To avoid the- problemof relying on a region of
menory tihee imgporftaEntedisiee taddmessdd by ahte tinventddiypiscathest rategy is to

have a i ¥ SR LF LM s BFUYed Q44 L Bowdl la i dhy'dE Yiherous
unpredictable times during the above-described sequence of
5 events. It is desirable to provide for a single loss and
restoration of power, and to provide for the possibility of
numerous losses and restorations of power. When the processor
is powered up, the most common everyday event is that the
processor would_find itself at an idle time. Stated
10 differently, it is anticipated that most often when the meter
' is powered down and powered up, the rotor would be in the home
position with no particular activity taking place other than a
- background idle process}' However, it has to be assumed that
sometimes when the meter is powered up, this will happen when
15 the meter had previously been in the middle of printing
postage. The question then arises, is it possible, even after
- the loss and restoration of power, to distinguish between a
rotor that is in its home position because it has not yet
printed postage (but needs to do so) and a rotor that is in
20 its home position because the printing of postage has been
completed. Similarly the question arises whether it is
possible, even after the loss and restoration of power, to
distinguish between accounting registers that are quiescent
because they have not yet had a postage amount booked, and
25 registers that are quiescent because the booking of postage :
has been completed. '

As described in the background section of the
specification, a prior-art approéch to all of these questions
is simply to attempt to provide a power supply that will

‘30 - continue to provide power to the postage meter, even if

' external power is cut off, for a long enough time to ensure
that the entire process of updating the accounting registers
-can be completed. This then holds out\the hope that it would
never be necessary to wonder whether the booking process has

—
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to one after the other. An additional strategy is to keep a table that
records which nenory | ocations have failed due to repeated rewiting, and
to consult the table in determ ning where to wite the next item of data,
Yet a third strategy is to wite the postage information, and then read it
back-to be sure it was witten correctly; if the read-back fails then the
storage |l ocation is marked "bad" and the information is witten el sewhere.
The resunot qfetaldtaﬂﬁai i tWirithere iy s alafeddyolfiing shesl.ag@utoragraki ng an

Fecount it Sty dife MAORPSS: S) aA Sal JALS JhAU o
_successﬁmumtoﬂaé-mmtsmﬂmsw or partlal power 1085,
that pose a substantial risk that such a reserve power supply

5 = would not permit disambiguation of the pre-booking and post-
' booking conditions of the accounting registers.

Yet another approach to the possibility of loss of power
is that set forth in a copending patent application entitled
Computer Power Fail Return Loop, Appl. No. 07/738,345, filed

10 - July 31, 1991, and assigned to the same assignee as that of
the present appllcatlon, which is incorporated herein by
reference.

With reference to Fig. 12, the technique according to the

invention will now be described. .The stored program of the

15 processor 251 defines storage locations 402 and 403, which are
state variables. Variable 402, called "“booking not done”,
represents the state in which it is necessary for booking to
take place, but the booking has not yet been completed.
Variable 403, called “booking not confirmed”, represents the

20 state in which it is necessary that the rotor be rotated one
time to print postage, but the rotor rotation (called the
‘rotor task”) has not been completed. The sequence of events

in the normal printing of postage will now be described in
detail, with particular reference to Fig. 12.

25 : First, the postage meter is in an idle state, as shown in
-the first row of Fig. 12. The state variables 462, 403 are
both cleared (false) and the rotor 47 is home. Then, a mail
piece 46 such as an envelope enters the postage meter,
striking the letter lever 201,'triggering the letter sensor

30 200. This provides an output to the processor 251, which is
preferably an interrupt. The main consequence of this is that
booking is going to have to take place, and that the rotor is

\
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6 In the face-of all this it is commobnplace to set a design goal of
providing a reserve power supply (e.g:. by a large electrolytic capacitor)
that will last tens or even hundreds of mlliseconds, to accompdate a

post age booking process that nmay take a non-negligi ble amunt of tinme to
conpbete. Indeed it is also commonpl ace to design the reserve power supply
~to last as long as an entire franklng cycle, with the hope of being able to
depend @it tr dees dro btatée n Thicsiits arepresentiad by oW & R L ibl@rent
for thesgntire printing cycle. As nentioned above, however, the experienced
designer “Will attenpt to deal not only with the sinple case of power being
| ost and restored but with nore conplicated situations such :

Next, the processor begins “booking the postage . The

accounting registers preferably store not only the current

5  ascending register and/or descending register contents, but
also historical data that will permit reconstructing the meter
contents in the event of malfunction or tampering. The
accountlng reglsters may be battery-backed static RAM, or - _
EEPROM, or some other nonvolatile technology. The first eventﬁ

10 in the booking of postage is the'setting of the flag or state
variable 402,'indicating that booking is ndt yet done. This
is shown in row 3. The processor 251 continues with the task
of “booking the postage”, meaning that it updates ac?ounting.
registers 404 (Fig. 4) such as the ascending register and/or

15 descending register, to reflect the postage being printed. In
addition, the processor sets the flag or state variable 403,
indicating that booking is not yet confirmed, as shown in row
3.

In row 4, the processor 251 actuates the motor drive 206
20 (Fig; 10) which starts the motor 353, as a result of which the
“rotor home” sensor 50 no longer shows the rotor to be at home,
also shown in row 4.

‘Eventually the rotor again reaches its home (or “base”)
position as shown in row 5. When the sensor 50 indicates that
25 the rotor 47 is home, the processor 251 stops the motor 353
and the rotor 47. The "booking not completed" flag 403 is
- cleared, as shown in row 6.

Turning now to Fig. 13, the franking process is shown
. plctorlally. Most of the time the postage meter is in its
30 idle state 301. A rotor status flag has a status of "OK".

_—
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as intermttent power |oss and partial power loss. A very different type of.
secondary power supply for a postage neter is described in U 'S. Pat. No.
5,278,541 entitled Enhanced Reliability In Portabl e Rechargeabl e Devi ces,
assigned to the sane assignee as the assignee of the present application.
In that patent, a power supply is described which provides power while a
postage meter is taken to a post office for refilling (resetting), together

Wi tB a way OLIﬂ %Stmaﬂml tﬂs@@@ nvelghe/ d}.efpdsa:attjée Iabel tor tpwstposarad)fice,
tssst gms :Je&&ftrfsglti?ﬁ%/ élm%ﬁilgaeg?lals‘i?(%?r c aﬁ?n%f%'r%?ﬁ# ‘{P%e Fleqp'ql'reée]:‘aséogn%;g efs"gc)ér i ngt
above, ishdvn tatus302 ghlThiketaudee sof twane do setodtheydaoaiting t$katerotects -
againSt'Jépléﬁﬁé“ﬁgl“not done", and in this embodiment the "booking
5 confirmed” state variable is Set to "not confirmed". The

actual booking of postage value (based on the amount of

postage that is to be printed on the mail piece) takes place

-in box 304. When the booking of postage value is completed,

then the state variable "booking state" is set to "done”.

10 Those skilled in the art will appreciate that there can
be a plurality-of "booking state" variables, each representing
a sub-task in the overall task of booking the postage. If so,
then each such variable is set prior to the beginning of -its
subtask, and is cleared after its subtask is cleared. For

15 simplicity of description, the term "booking state variable"”

' may be used herein to refer to more than one if more than one

is used. ' |

When all of the tasks and subtasks of the booking of

postage are finished, then control passes to box 305, in which
20  software directs the rotor to start. (In a preferred

embodiment, a software module called the "rotor task" is

called, and is commanded to enter the "franking" state.) The

rotor leaves its home or "base position" location (shown at

306), and rotates. The departure from home is sensed by the
25  rotor home sensor. |

During this time the rotor is not at home and its state
is reported as "not home", as at box 307. '

Eventually (assuming no loss of power or mechanical
malfunction) the rotor again reaches its home or base position
30 (at 308). The rotor position is repdrted to be in a state of
vbase position”, and this status is made available in software
(at 309). Next, the "booking not confirmed" status variable

—_—
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of postage w thout the postage being printed, and (2) printing of postage
wi t haut booki ng of the postage; and that does so.-w thout being vul nerable
tointermttent power loss or to partial power |oss, and w thout requiring
a |large power supply. P. . ,, ~~~~~~~~~ 7 Disclosure of Invention A

" postage nmeter has a print rotor rotated by a notor and the notor is capable
of being started and stopped under processor control. State variables are
establlshedcﬂeahea ¢box 311); and thus by deflnltlon the rotor status

is "ok" (box 312). The system is sald once again to be at
idle (box 301).

Those skilled in the art will appreciate that it is
5 workable to set the flag (Status variable) 402 (booking not
done) first, or to set the flag (status variable) 403 (booking
not confirmed) first, if desired, although it is thought
preferable to set the flag 402 first. Likewise it is thought
preferable to require that the booking task be completed .

10 before the rotor task begins, or alternatively the tasks could
take place concurrently as tasks in a time-shared operating
system. Finally it would be possible to require that the
rotor task be completed before the bookihg task begins. 1In
any of these cases the state variables or flags 402, 403 serve

15 the same important purpose, namely permitting recovering from
power failure as will now be described.

When'the'processor is ‘powered up (see Fig. 14, box 321),
a check is made to see if the “booking not done” flag is set.
If so, then booking is completed (box 322). A check is also

20 'made to see if the rotor is not at home (box 323). If so,
- then the rotor task is started and the motor started (box
324).

Yet another step performed during the power-on'procedure
is to test the rotor's status (box 325). If the rotor status
25  is "base position" then the rotor must have just finished
printing postage. All that remains is to clear .the "booklng
not confirmed"” flag (box 331), clear the rotor state to "ok",
and finish. (This is the counterpart of boxes 310-312 in Fig.
13.)

30 Returning to Fig. 14, box 325, the other outcome is that
' the rotor status is "ok". If so, the "booking confirmed"
status is checked at 326. If the status is that booking is

16
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nonvol atile menmory, a first variable associated with thé conpletion -of
booki ng of the printing of postage and a second vari able associated with
the rotation .of the print rotor. The rotor begins in its hone position.
When a nmail piece such as a letter is detected by a letter sensor, the
processor sets the first variable. The second variable is set. At sone
point (either before | oss of power, or after restoration of power) the

post age conlfienied behen ietd s a@tddng tf@xﬁﬂh@ratmw idofe” @@idttie and the

first state v |abI .cl eared The r st art.ed At sonme poi nt
(eit'herpﬁ’tgﬁe& d@%ﬁgﬁlo%ﬁ- 2 0P 3’ 5’9"5?‘"&0\3@)“ e rotor

reaches ciomilhrmed,pctﬂ'lem aondgaln paﬁsessd:@orhnbxsﬁame v&hiealrokars i eared. In
this wage aﬁltejds RERS itHlef rdt ‘@ﬂsaéatt% e oS 3t bne®S! Ot A P MRS L0

dIStIngUI bet'ween a rot or
rotor reaches home again, and the rotor state is reported as

"base position". Control then passes to box 331, as discussed
above. The “booking not completed” flag is cleared at box 331.
The rotor state is set to "ok", and initializaticn is done..

Those skilled in the art will appreciate how the use of
10 these flags reduces to an absolute minimum the periods of time
| during which loss of power could result in ambiguous
situations. 1In partiéular) recall that the preferred
embodiment has the entire accounting register booking activity
finished prior to the start of the motor for the print rotor.
15 The accounting activity can thus take place relativéiy
quickly, in a way that is unaffected by now long the rotor
rotation might take. As a result, the power supply
electrolytic capacitors need not be oversized to provide tens
or hundreds of milliseconds of power, but need only be large
20 enough to smooth the power and to provide power during the
quite brief times when the state variables need to be set and
cleared. This saves weight and cost and space in the power
supply, but much more importantly it makes the postage meter
robust against intermittent power outages, partial power
25 losses, and the like, since even a repeated power loss which
repeatedly interrupts the booking task or repeatedly
interrupts the rotor task will not disrupt the state
variables. ' '

. The invention has been described with respect to several

- 30 embodiments, but those skilled in thé art will have no
difficulty devising obvious variations and changes to the
embodiments set forth, without deviating in any way from the
invention, which is defined by the claims which follow.

17
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in its hone position because it has not yet printed postage (but needs to

do sor—aﬁd—&—ee%ee—%hat-ls in its hone position because .the printing

posta ted Similarly it is possible, even after the
and r ﬁﬂﬁﬂﬂi@ﬂ to di stingui sh between accounting registers that

are quueseen they have not yet had a postage anmount booked,

regi sters that are qui escent because the booking of postage has been
conpl eted. The postage nmeter is thus quite unlikely to print postage
“has not been booked, or book postag i$ does not ‘get printed, even
face of power | osses at unpredlctabﬁ% t#ts, and even in the absence

of
| oss

and
t hat

in the
of a

| ar ge- capacity reserve power supply. Brief Description of Drawi ngs The

.|nvent|%@'@ﬂ mpe described with respect -to a draw ng

1.. A postage meter having a processor executing a stored
'program, ‘the meter having a print rotor for printing postage
5 value, the rotor rotation defining a home rotor position, the

rotor operatively,coupled with a motor startable and stoppable

by the processer,”the meter further comprising a mail piece
sensor, the meter further comprising a rotor home position

sensor, the meter further comprising a nonvolatile memory, the

- .10 nonvolatile memory comprising an accounting register
~ indicative of the printing of postage value, the nonvolatile
memory further comprising first and second state storage
locations, said meter further comprisings
means responsive to actuation of the mail piece sensor for
15 setting the first state storage location and for commencing
| updating of the accounting register after the first state
storage location has been set; and for setting the second
state storage loeatiqn and for turning on the motor after the
second state storage location has been set; |
20 means responsive to the rotor home position sensor indicating
' arrival o;'the rotor at the home position for turning off the
motor and clearing the second state storage location;
‘means responsive to completion of the updating of the
accounting register for clearing the first state storage
25 location; ' I
and
means responsive to the application of electric power to the
meter, to the condition of the first state storaée location,
to the condition of the second state storage location, and to
30 the conditioh of the rotor home position sensor, such that:
in the event the rotor is in the home position and the second
state-stofage location is ciear, the meter enters a quiet
- state; ' :
in the event the first state storage location is set, the

[ — : 18
* This Sheet Has Bee,

T



in several ‘fi'gures, of_which: 8 Fig. 1 is a sinplified partial view of a
postiﬂw g to the invention; Fig. 2 is a sinplified

Ccros lﬂﬂ"ﬂ fagr t he postage neter of Fig. 1, Fig. 3 is a section
perpendlﬁulaf MOs section of Fig. 2; Fig. 4 is a system di agram show ng
the bus interconnecting the processor and ot her elenments of the postage

neter; Fig. 5 is a perspective viewof a print rotor according to the .
|nventl@mmpluﬂ&xﬂtnpznpdatmngunﬂ thel agwonnddang register and, after

completing the updating of the accountlng register, the first

‘state storage location is cleared and the motor is started-

in the event the rotor is in its home position and the second
5 state storage location is set, the motor is started; and

in the event the rotor is not in its home position, the motor

is started.

2. A method of operation of a postage meter, the postage '
meter having a processor executing a stored program, the meter *

10 having a print rotor for printing postage value, the rotor
rotation defining a home'rotor position, the rotor operatively
coupled with a motor startable and stoppable by the processor,
the meter further comprising a mail piece sensor, the meter
further compr1s1ng a rotor home p051tlon sensor, the meter

15 further comprising a nonvolatile memory, the nonvolatile
memory comprising an accounting register indicative of the
printing of postage value, the nonvolatile memory further
comprising first and second state storage locations, the
method comprising the steps of: '

20 in response to actuation of the mail piece sensor:
setting the first state storage location;.
commencing updating of the accounting register after the first
state storage location has been set;
setting the second state storage location after the first

25 state storage location has been set;

" starting the motor after the second state storage location has
been set;
respondlng to the rotor home position sensor 1nd1cat1ng
arrival of the rotor at the home position by turnlng off the

30 motor and clearing the second state storage location;

' ~ and ' ' | '

resp6nding'to coﬁpletion of the updating of the accounting
register by clearing the first state storage location.

K

3. A method of operation of a postage meter, the poStage

. 19
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L

s a stylized sectional view of the gear train for the mechanica

arrang mm,lmaml“m‘jncl udi ng the worm gear and notor; Figs. 7, 8 and 9
are ax]gn“ ial camand sensor; Fig. 10 shows a functiona
bl ock |agﬁan+V|ém10f the m cr opr ocessor and not or drive; Fig. 11 is a

" timmng diagram showi ng signals fromrotor sensors of Fig. 10; Fig. 12 is a
state di agram show ng state variables wthin the postage neter according to

OPe ?”?ﬁé't@?nha%nbg% i s P GRIISsO; eb_:le@uti%gi a atblred @r@gﬂ:am,sltm: m@tehmnges
i agr amhASLARaR REPECORRY T B5ANBL: FPBAUE, YA Luproing FEDIE, Lol
rotation defining a home rotor position, the rotor operatively
: coupled with a motor startable and stoppable by the processor,
5 the meter further comprising a mail piece sensor, the meter
further comprising a rotor home position sensor, the meter |
further comprising a nonvolatile memory, the nonvolatile
memory comprising an accounting register indicative of the
- printing of postage value, the nonvolatile memory further
- 10 comprising first and second state storage locations, the
method comprising the steps of:
in response to actuation of the mail piece sensor:
setting the first state storage location;
commencing updating of the accounting register after the first
15 - state storage location has been set;
in response to the loss and restoration of electric power,
performing the steps of:
inspecting the condition of the first state storage location,
in the event the first state storage location is set,
20 completing the updating of the accounting register and, after
' completing the updating of the aécounting register, resetting
. the first state storage location. '

4. A method of'operation of a postage meter, the postage

meter having a proceséor executing a stored program, the meter

. 25. having a print rotor for printing postage value, the rotor '
rotation defining a home rotor position, the rotor operatively
“coupled with a motor startable and stoppable by the processor,
the meter further comprising a mail piece sensor, the meter

_ further comprising a rotor home position sensor;ithe meter

30 further comprising a nonvolatile memory, the nonvolatile
memory compr1s1ng an accounting register indicative of the
prlntlng of postage value, the nonvolatile memory further
comprising first and second state storage locatlons, the
method comprising the steps of: :

35 setting the second state stoxage location;
" i )



-Nbdes—fﬁT’CEFF§rH§~EGt the Invention Fig. 1 is a sinplified partial view of
“ﬂﬂ ding to the invention. A mail piece 46 follows a paper
path m int rotor 47 and a surface 45. The rotor 47 rotates
once orcedch "mafl piece. Fig. 2 is a sinplified cross-section view of the
postage neter of Fig. 1. The rotor 47 may be seen, along with radial cam

44, camfoll ower 44a, and sensor 50. The rotor .47 is within secure housing
72,i|1(xnwtéspmmsmﬁtb phethbsseawdceestmm&timnwms.eIéqtrfbipowesection
per pend é%fgrﬁfhéf%# 8€ £ Fig. 2. -The mail piece 46 nmay again be
seen, enga evelr 201.
' 1nspect1ng the condltlon of the second state storage location,
in the event the second state storage location is set,:

5  starting the motor.

5. A postage meter having a processor executing a stored
program,'the meter having a print rotor for printing postage
value, the rotor rotation defining a home rotor position, the
‘rotor operatively coupled with a motor startable and stoppebleﬁ.
10 by the'processor, the meter further comprising a mail piece
sensor, the meter further comprising a rotor home position
sensor, the meter further comprising a nonvolatile memory, the
nonvolatile memory comprising an accounting register
indicative of the printing of postage value, the nonvolatile
15 memory further comprising first and second state .storage
locations, said meter further comprising:
means responsive to actuation of the mail piece sensor for
setting the first state storage location and for commencing
updating of the accounting register after the first state
20 storage location has been set; and for setting the second
| state storage location and for turning qn the motor after the
second state storage location has been set;
means responsive to rotor home position sensor indicating
arrival of the rotor at the home position for turning off the
25 motor and clearing the second state storage location;
and
" means responsive to completion of the updating of the
accounting register for clearlng the first state storage
locatlon. '

30 6. A method of eperation'of a postage meter, the postage
' meter haviﬁg a-pfocessor executing a stored program, the meter
hav1ng a print rotor for pr1nt1ng postage value, the rotor
rotation deflnlng a home rotor p081t10n, the rotor operatively
coupled with a motor startable and stoppable by the processor,

e ——
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9 This changes the outpht of sehsof 200 and starts the franki ng process.
ﬂllmlmm llllﬂlﬂr eferably that of Appl. No. 08/403,461 entitled
z roved Paper Path, assigned to the sane assignee as

The |
Post a

t he -as¢i gheetof" t He present appllcatlon and i ncorporated herein by

reference. Alternatively, the letter sensor could be the optical trigger

U S Pat. No. 5,495,103 entitled Optical Trigger for Postage Meter,

assi gnecthbonblters&mﬁmi gromprds inke aamaiidnpdece skeasprosdine mgllemati on,
and i nC%h?‘%’h%tre%o !@ Eifoq:ro@%%me':?%sﬁi&o %g?ﬁé%ﬁ:e 'eaga{e"’l:@l:;ho""' ng

t he bus |nterconne

10

15

20

25

30

— .

rocessor &nents of t
further comprlslng a nonvolatlle memory, the nonvolatile

memory comprising an accounting register indicative of the
printing of postage value, the nonvolatile memory further
comprising first and second state storage locations, the

‘method comprising the steps of:

in response to actuation of the mail piece sensor:
setting the flrst ‘state storage location;

commencing updating of the accounting register after the flrst:

state storage location has been set;
setting the second state storage location;
starting the motor after the second state storage location has

. been set;

responding to the rotor home pos1t10n sensor indicating
arrival of the rotor at the home position by turning off the

-motor and clearing the second state storage location; and
" responding to completion of the updating of the accounting

register by clearing the first state storage location.

7; A method of operation of a postage méter, the postage
meter having a processdr executing a stored program, the meter
having a print rotor for printing postage value, the rotor
operatively coupled with a motor startable and stoppable by
the processor, the meter further comprisihg a mail piece
sensor, the meter further comprising_a nonvolatile memory, tﬁe
nonvolatile memory comprising an accounting register |
indicative of the printing of postage value, the method
comprlslng the steps of: )
in response to actuation of the mail plece sensor.
commencing updatlng of the accounting register;
completing the updating of the accounting register;

and : _
starting the motor only after the completion of the hpdating
of the accounting register. :
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postage meter. The letter sensor is an LED- phototransistor -pair 200, which
is an input to the processor 251. The position of the rotor is nonitored

t hrough an LED- phototransi stor pair 50. The processor 251 can start and
stop the notor 353, which is mechanically coupled with rotor 47. The
processor 251 has a nonvol atile nmenory 401 which is preferably protected as
set forth in a copending patent application entitled Protect.ion Systemfor
Critical Menmory Information, Appl. Nsbs®Baa&R2, 435, filed April 14, 1995,

and assigned to the same assignee as that of the present application, which
is incorporated herein by reference. The nenory 401 | cl ude or age

| ocat i ons shoﬁ?%@%%@s‘%b?‘l%émpé'ﬁd'eﬁ‘olﬂaé?lg&&t"ng?l c OW'SI"‘e?\?AlI I”rt?e sai d

later. Fig. 5 is a perspective view of a print rotor according
A postage meter has a print rotor rotated by a motor and

the motor is capable of being started and stopped under
processor control. State variables are established within a
5 nonvolatile memory. The rotor begins in its home position.
When a mail piece such as a letter is detected by a letter
sensor, the processor sets a state variable. At some poiﬁt'
(either before loss of power, or after restoration of power )
the postage value to be printed is booked into the  accounting
10 register. The rotor motor is started. At some point (either
before loss of power, or after restoration of power) the rotor
reaches its home position again. A state variable is cleared.
In this way, it is possible, even after the loss and
restoration of power, to distinguish between a rotor that is
15 in its home position because it has not yet printed postage
(but needs to do so) and a rotor that is in its home position
because the printing of postage has been completed. Similarly
it is possible, even after the loss and restoration of power,
to distinguish between acdounting registers that are quiescent
20 because they have not yet had a postage amount booked, and
' registers that are quiescent because the booking of postage
has been completéd. The postage meter is thus quite unllkely -
to print postage that has not been booked, or book postage
that does not get printed, even in the face of power losses at
25 unpredictable times, and even in the absence of a large-
capacity reserve power supply.
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. to the invention, including a wormwheel 415 and worm gear 354. Mdtor 353
is geared to wormgear 354. Wien the notor 353 is started the worm gear
354 rotates, which causes the worm wheel 415 to turn, taking rotor 47 with
it. The mechanical |inkages are preferably those set forth in a copending

. patent application entitled Single Mtor. Setting And 10 Printing Postage
Meter, Appl. No.. 08/422,155, filed April 1/ 8995 and assigned to the sane
assignee as. that of the present application, which is incorporated herein
by reference. Date wheels in the postage netgazpre rably set as

d | bed i
escribed I n 47 44

TN

200 201



a copending patent application entitled System For Setting Date Weels In A

Post age Meter, Appl. No. 08/421,902, filed April 14, 1995, -and assigned to

t he ‘same assignee as that of the present application, which is incorporated

—~herein by reference. The rotor axle is preferably hollow, as described in a
copendi ng patent application entitled PO%? e Meter Wth Holl ow Rotor Axle,

- Appl . No. 08/421,900, filed April 14, 19¢/&and assigned to the sane

assignee as that of the present application, which is indgQporated herein

by reference. Fig. 6 is a stlylized i onat ADQ@w of the fear train for the
nechani cal 2&l~angenent of Filg. [ ing the worm 354 and not or
353. The worm gegr 3':"ips pr nnected | 0 y clutch 352, so -
that rotation of [thefnptor 3 [ i.rection]causes rotation of the -
print rotor , and|r ot ation «—— 200
401—| NVRAM ' 353
>
\ .
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of the motor 353 in the other direction causes setting -of the settable

el ements of the rotor 47. This is described in detail in the af or ement i oned
Appl. Nos. 08/422,155 and 08/421,902. Figs. 7, 8, and 9 are axial views of
a radial cam and sensor, as shown.in detail in a copending patent

application entitled Postage Meter with Rotor Myvenent and -Di e Cover
Sensor, Appl. No. 08/446,218, filed May 223/895, and assigned to the sane
assignee as that of the present application, which is incorporated herein
by reference. Wen the rotor 47, onmitted for clarikty in Figs. 7, 8, and 9,

isinits home position, then th 44a i sgglown in Fig. 7. Thus
| i ght passes in the sensor en th otoR 47 As away fromits hone
position, as in Fig. 8, tpe ) s, U d the
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light is blocked in the sensaor 50. Later the rotor returns to its home
position as in Fig. 9 and the sensor 50 again permts light to pass. In
this way the processor has unanbi guous information about the home or

‘not -home position of the rotor 47, but, -as will be appreciated by those
skilled in the art, the sensor 50 cannot determ ne mheggf or not the
rotor's home position represents a rotof that %g)about o-print postage, or
whet her the hone position pepresents/a Lotbr that has just finished
printing pogtage. Fig. 10 é @l Dbl ock diagram view of the
nicroproces\ 251 and not or : 06, along with

"FIG. 7

[-J4—>50

44q

44b

FIG. 8 44




mot or 353 and rotor 47. Two rotor position sensors 50, 50a are provided,
agaip as set forth in the above-nmentioned Appl. No. 08/446,218. Even with
both sensors, the signals of which are shown in Fig. 11, it is not possible
to dlstanU|sh bet ween a home position that precedes the printing of
postage, and a hone position that follows the printing of postage. The
normal sequence of events for a postage pb/i8ing cycle is as follows.

First, the postage neter (also called a franking nmachine) P40On an idle
state. The user may request that-the neter be set for a pgz(icular anount
of postage valpe _Then a mail piece 46 such as an envel opé enters the
postage meter,|as shown in Fig. 1. Next, the mail piece strikeg the letter

| ever 201 as sfo - o arf output to
the processor P51,| as shomn _
' PF - 209
205 —
- - MOTOR |
pP 71 ORIVE 7
: | 203 - / 204
/ . 206 -
251 3
FIG. 10
s . 209 M7
== \ HOME \ - - HOME
HOME - C—
11 —
= 119 |
50a 210 2Q0 |
BRAKING _A_ o
PHASE
201

FIG. 11



in Fig. 4. The processor 251 "books the postage", neaning that it updates
accounting registers 404 (Fig. 4) such as an ascending register or
descending register, to-reflect the postage being printed. The processor
251 al so actuates the notor -drive 206 (Fig. 10) which starts the notor 353.
Theni as shown in Fig. 6, the notor 353 causes the wormgear 354 to rotate.
As shown in Fig. 5, the rotation of gear'iBKEiauses t he wor m wheel 415 and
the rotor 47 to rotate. Wen the braking sensor 50a (Figs. 11, 10) senses
that the rotor has rotated al nost all the way, the processor 251 slows down
the motor 353. Wien the sensor 50 indicates that the rotor 47 is
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12 hone, 'the processor 251 stops the notor 353 and the rotor 47. The -

i npor,t ant i ssue addressed by the invention is the possibility of |oss of

el ec{rical power at any of nunerous unpredictable times during the

above- descri bed sequence of events. It is desirable to provide for a single
| osstand restoration of power, and to provide for the possibility of
nurrerous | osses and restorations of power. BN the processor is powered
up,” the nost common everyday event is that the processor would find itself
at an'idle tine. Stated differently, it is trcipated that nost] often when
‘the neter is powered down and powered up, t rotor would be in{the hone

"dre process. ﬂﬁwﬁiébéf' : 2"% vaﬁgﬁﬁ@ﬁiﬁa@ ABNE e @ fokoreund

lLETTER SENSOR

| | TRIGGERED
302—.]  BSV=NOT DONE
"] BC = NOT CONFIRMED

.

304—_| POSTAGE VALUE IS BOOKED -
- BSV = DONE

- 305—_ = ROTOR IS STARTED
[ 1
306—_| ROTOR LEAVES BASE POS.
307 —  RSF=NOT HOME

:

308—_| - ROTOR IS HOME
___RSF = BASE POSITION

| 309—1 l
3M—2  BC=TRUE
—4  RsF=0K

FIG. 13



sonetimes when the neter is powered up, this will happen when the neter had
: preV| ously been in the mddle of printing postage. The questlon t hen
arises, is it possible, even after the |oss and restoration of power, to

di st1 ngui sh between a rotor that is in its honme position because it has not
yet prlnted postage (but needs to do. S0) g@lzéa rotor that is in its hone
position because the printing of post age been conpleted. Simlarly the
question ari sg: t _Lgpossible, even after the | oss and restoration
~of power; to (oW U|(§N etween accounting registers that are qui escent
because ‘t hey \Qave not yey/ had appestage—anpunt zegoked, and registers t hat

e ; een conpl eted. As

BASE POSITION

STATUS

? .
' 331
BOOKING -
BOOKINGN\ NO |- | Sonr-g MED
EQBLTEPOS.TAL_ CONF_'?RMED 4 " CONFIRMED
FINISH BOOKING T 332
POSTAL VALUE. = l .
| BOOKING STATE= CSET ROTOR
_DONE TASK STATE
| ROTOR STATUS:=
323 328 OK
START ROTOR
- DONE
329 |ROTORNOT|
\ [HOME |
. , 333
— ROTOR STATE: |

BRING TO HOME
POSITION.

’

|ROTOR REACHES

HOME.

ROTOR STATUS:=
BASE POSITION

330

- FIG. 14



Epecifi ilﬁ&;ygﬁgTSHgﬁéét approach to all of ‘these questions ##747#fy to

, attenpt}'tio prOVI€ é;/ r supply that will continue to provide power to

i -1 he-posit 19 iff external power is cut off, for a | ong enough

" time to nsure that thé dntire process_df updating the accounting registers
can be fonpleted. This then holds out the hope that it would never be
necessaty _to. wonder..whet-Her the booki ng process has 13 not yet started
or whet her iRostagen|Meataaly Wwith stmproved Hendkirg ok Power Fadblerekilled in
the art can generally devise sequences of intermttent power |oss, or
partlal power | oss,

©

Technical Field

The invention relates generally to postage machines (also
called franking machines) and relates particularly to improved
techniques for handling the condition of power .failure during
a franking (postage printing) cycle.

Background Art

A postage meter, by definition, has a means for printing
postage and a register that accounts for postage being
printed. 1In some countries the register is a descending
register representing prepaid postage value. When the -
descending register is depleted the meter does not permit
printing of postage. In other countries the register is an
ascending register representing postage that has been printed.
The postal customer is expected to remit funds to the postal
authorities based on readings from the ascending register.

The term “accounting register" is intended to refer to such
registers.

It is, of course, an important design goal to reduce to
an absolute minimum the discrepancy (if any). between what is
stored in the register and what has actually been printed.
Error in either direction is unacceptable. If the meter
prints postage and the register fails to account for the
'postage, then the postal authorities will have been cheated
out of revenue to which they are entitled. If the meter errs
in the other direction the customer has lost money.

One area of concern, in the design of a postage meter, is
whether loss of electrical power at an inopportune moment
could result in an error in either direction. There is always

the poss1b111ty of 1oss of electrlcal power,"f“”“"”

...........




t hat p
permt
4 he .ac

ose a substantial risk that such a reserve power supply woul d not

di sanbi guation of the pre-booking and post- booking conditions
counting registers. Yet another proach to the possibility of |

of power is that set forth in a copen patent application entitled

Conput
and as
is inc
t echni
progra

er Power Fail Return Loop, Appl. No. 07/738,345, filed July 31,
signed to the sane assignee as that of the present application,

Rupahakegtore i m:m#ugymr g ruhe nWl:tdlr oaf drdippd.ng ovey. the power
ue ,accor t
ords, BF %}l@g £ a %g'#&d%ﬁd Rold lo ?@ﬁv}é‘i des Y Qb athisr st or ed

ocessor nes stora ocatl ons 402 and 403 wh

are st Eurthermsyiess thenpamtial sthaxiitias %I@WW%&@“"’ reBf esen
the st 3bgsibitity] iHowevedieGRafte, ftlatb W hictdd-be wrongdoer might

try repeatedly initiating postage printing cycles and cutting
power during the cycles, in the-hopes of gaining some.
opportunity to tamper with the meter or otherwise cheat the
postal authorities. ' '

The traditional mechanical postage meter is essentially
unaffected by loss of electrical power. 1In a mecﬁanical
postage meter the ascending and/or descending registers, which
respectively record the cumulative postage printed and the
amount of stored postage remaining to be printed, are
mechanical geared registers. The mechanical positions of the
register gears are unaffected by loss and restoration of
electric power. The linkage between the printing means of the
meter and the registers is a purely mechanical linkage, and
that linkage is similarly unaffected by loss of electric
power. For example, if the printing means in the pure
mechanical postage meter is a print rotor, then the linkage is
a purely mechanical linkage which translates the rotation of
the print rotor into an updating of the mechanical registers.
If the rotor rotates, then postage has been printed and the
registers will necessarily be updated. If the rotér does not
rotate, then postage has not been printed and the registers
will not be updated.

The advent of the microprocessor prompted makers of
postage meters to replace the fﬁnction of the purely
mechanical meter and to add features to the meters. It is
unsurprising, then, that the accounting registers, such as the
ascending and/or descending registers, are 1mp1emented in
electronic memory rather than mechanical memory. Generally,
nonvolatile memories are used. '
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t ake place, but the booking has not yet been conpleted. Variable 403,

cal |l ed "booking not.confirnmed", represents the state in which it is

necessary that the rotor be rotated one tine to print postage, but the

rotor rotation (called the "rotor task'3 has not been conpleted. The

i sequence of events in the normal printing of postage wili now be descri bed

in detail, wth particular reference to Fig. 12. First, the postage neter

is in an i dafesiqddhgrt et b td Risd id shidrprcdsdbr léhd The state

vari abl es 402, 403 are both, cleared (f éigg and the .rotor 47 is hone. Then,

a nai | eFeStFondic RemoKies, & A M n Y5 ¢ %’F?uétri king the .

lett ﬁr ddatitalels thatggomenoftdme ties tuse sehsomizfbprideesgonyi des an out put

to the_prqcessor, 251 ' [ S ef 2 e |

conse ng&#élr&s are e&é’{'t%é{ké add STS PE Ye A il ea{féjpéfté';beeﬁ@i@r_ to
make, and the parts count is smaller, in comparison to a

traditional pure mechanical postagé meter. But not everything
in a mechanical postage meter can be replaced with silicon;

the printing means (typically a print rotor) is necessarily
mechanical even if the rest of the postage meter is
electronic. But the decision to use memories that are
electronic, and a printing means that is mechanical, raises
understandable concerns. What happens if the printing process
has begun and then electrical power is lost? Are there
failure modes or failure sequences that could result in
postage being printed without being accounted for? Are there
failure modes that could result in the user being charged for
postage even though it has not been printed? Can a'determined
and knowledgeable wrongdoer cause the printing means to print
postage under circumstances in which the accounting memories
fail to be updated accordingly? '

The postage meter art is filled with approaches to this
problem.

U.S. Pat. No. 4,306,299 discusses a postage meter System
in which the accounting information is kept in volatile memory
(memory that would lose its contents upon loss of power) until
a power monitor has detected that loss of power is imminent,
at which time the contents of the volatile memory are
transferred into nonvolatile memory. A very large
electrolytic capacitor (75,000 uF, Fig. 14b, item 171) is
provided. A circuit monitors the incoming power and when the
power drops below some threshold, the processor (under control
of its stored program) responds (see. fig. 20, box 303). The
processor transfers its important information into nonvolatile
memory (Fig. 23) and enters an endless loop (Fig. 23, box
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booking is going to have to take place, and that the rotor is - 14 going

. to have to rotate. This is represented by row 2 of Fig. 12. Next, the

| processor begi ns "booki ng the postage". The accounting registers preferably
: store not only the current ascending LébLster and/ or descendi ng register
contents, but also historical data that will permt reconstructing-the
nmeter contents in the event of malfunction or tanpering. The accounti ng

regi Slt Qtta_sl)rmy Iltﬁ ﬂélﬁiatiefsy-ihﬁaﬁﬁﬂ eridlidss RAMp dmdesdrdMely. sSfhe Bize
n i

lonvo 2 the e r%%ti%h%afé.{éfto?’% chosen to guarantee at least
20 ms (col. 18, line 61) for the transfer.

When postage is printed in the meter of U.S. Pat. No.
4,306,299, it occurs (apparently) because a mail piece has
entered the meter and has triggered the print rotor to rotate.
The rotation of the rotor is sensed in software when a
phbtocell 99 (Fig. 3) detects a slot in a disk mounted on the
rotor shaft. A routine of Fig. 30 updates the accounting
register'in volatile memory to account for postage printed.
Some mechanism, apparently undisclosed in Pat. No. 4,306,299,
causes the print rotor to rotate one time in response to some
sort of mechanical trigger, also apparently undisclosed in the
patent. Perhaps a single-revolution clutch giveé rise to one
full revolution of the print rotor.

In the disclosure of Pat. No. 4,306,299, little is said
about what would happen if power were to fail at various
points in a postage printing cycle. For example if power were
to fail before the slot reaches the photocell but after a
print cycle has begun, one can only speculate whether the
processor might never learn that the printing cycle took
place. If power were to fail after the slot reaches the
photocell but before the print cycle has finished, one can
only speculate whether the customer will be charged even
though perhaps the print cycle never finished.

In such prior-art postage meters it is common practice to .
provide a backup or secondary source of electric power for the
processor and related electronics, with the design goal of
providing such power for a time interval that is'long enough
to permit the processor to do everything necessary to record
and fully account for the postage value that is printed, or is
to be printed. But numerous factors conspire to make such a
meter a less than adequate solution to the problem.




I n the booking of postage is the setting of the flag or state variable 402,
I ndi cating that booking is not yet done. This is shown in row 3. The
processor 251 continues with the task of "booking the postage”, neaning
that it updates accounting registers 402—(Fig. 4) such as the ascending
regi ster and/ or descending register, to reflect the postage being printed.
In addition, the processor sets the flag or state variable 403, indicating
t hat bduki rexamplmw; jfetisopfobaiply simphismic rto cdegign ronky fiort the

53, e pEE (HRSTE pouEr ey TOUE P noudk Belnd rpgrbran. D e Ne

rotor teak kifeche, 1% ROt swehpard ?6WFQ-e!ﬁ@#ﬁ%@ﬁl?1¥%%m$B?BFe§g§hﬁt

reachegpdd g "d®a (86 £Pd€€uating power. The meter might be powered,
then unpowered briefly, then powered briefly, through several
iterations. This could result, in the case of the meter of
Pat. No. 4,306,299, in overcounting. Suppose the rotor gets
stuck in the position in which the slot lines up with the
photocell, and suppose that power is lost and restored
repeatedly. 1In this case the question arises whether the
software might proceed on the assumption that several franking
cycles have occurred.

A second reason why this approach is disfavored is that
it requires that reserve power be provided that can be assured
to last long enough for the entire procedure of booking the .
postage to the nonvolatile memory. For example, it is
commonplace to use an electrically erasable programmable read-
only memory (EEPROM) as a nonvolatile memory. But such
memories can only be rewritten a limited number of times. To
avoid the problem of relying on a region of memory that has |
failed due to repeated rewriting, a typical strategy is to
have a ring or sequence of memory locations that are written
to one after the other. An additional strategy is to keep a
table that records which memory locations have failed due to
repeated rewriting, and to consult the table in determining
where to write the next item of data. Yet a third strategy is
to write the postage information, and then read it back to be
‘sure it was written correctly; if the read-back fails then the

~storage location is marked ‘bad” and the information is written
elsewhere. The result of all this is that the process of
booking postage, or making an accounting for the printing of
postage, can take an unpredictable amount of time. After all,
it might turn out that several memory locations, in
succession, cannot be read back successfully.
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position as showh in row 5. Wien the sensor 50 indicates that the rotor 47
I's home, the processor 251 stops the notor 353 and the rotor 47. The
"booki ng not conpleted" flag 403 is clegred, as shown in row 6. Turning now
to Fig. 13, the franking process is sh pictorially. Mt of the tinme the
postage neter is inits idle state 301. Arotor status flag has a status of

G 15 If a mail|l piece (envel ope or postage |abel or post card) enters
i the postage #Bt &he ifacer ofgadd thds dt: ds sommonplacenhdmn set Fodespgn

- causes gghivgEepkovifling'd Rederve Powe? supply (e.g. by a large
electrolytic capacitor) that will last tens or even hundreds
of milliseconds, to accommodate a postage booking process'that
may take a hon—negligible amount of time to complete. Indeed
it is also commonplace to design the reserve power supply to
last as long as an entire franking cycle, with the hope of
being able to depend on the processor being in a position to
monitor the rotor movement for the entire printing cycle. As
mentioned above, however, the experienced designer will
attempt to deal not only with the simple case of power being
lost and restored, but with more complicated situations such
as intermittent power loss and partial power loss..

A very different type of secondary power supply for a
postage meter is described in U.S. Pat. No. 5,278,541 entitled
‘Enhanced Reliability In Portable Rechargeable Devices,
assigned to the same assignee as the assignee of the present
application. 1In that patent, a power supply is described
which provides power while a postage meter is taken to a post
office for refilling (resetting), together with a way of
testing the power supply before the trip to the post office,
to be sure that it will last long enough. But the power

‘supply for that system is a fairly large nickel-cadmium
battery.

For reasons described above, it is thus highly desirable
to provide a postage meter that protects against (1) booking
“of postage without the postage being printed, and (2) printing .
of postage without booking of the postége; and that does so
without being vulnerable to intermittent power loss or to
partial power loss, and without requiring a large power
- supply.

PR
-~ .

' . o [FEPLACENENT SHEEY
| 19 NOV 1996

cou.




vari able to "not done", and in this enbodi nent the "booking confirnmed"
. state variable is set to "not confirmed". - The actual booking of postage
" val ue (based on the anount of postage tqat is to be printed on the nail
pi ece) takes place in box 304. \Wen tke—booki ng of postage value is
conpl eted, then the state variable "booking state" is set to "done". Those

skilled in the art wll apprecifte t hat _there ggn be a plurality of
"booki ng state" variabl es, BhSFIPERFEsefii IRYeBLLOB. (ask in the overall task
of booking the postage. If so, then each such variable is set prior to the

ot mpl i ci £y of BOSABE: MSCE A8S: & RELBBOEPRI Lo FAratId, PAoPemOSe) Biised
her ei n tbermbtort asnoapabien ofnbeiingmstartiedn ande sitoppeddunder
- processor control. State variables are established within a

nonvolatile memory, a first variable associated with the
completion of booking of the printing of postage and a second
variable associated with the rotation of the print rotor. The
rotor begins in its home position. When a mail piece such as
a letter is detected by a letter sensor, the processor sets
‘the first variable. The second variable is set. At some
point (either before loss of power, or after restoration of
power) the postage value to be printed is booked into the

accounting register, and the first state variable is cleared.
The rotor motor is started. At some point (either before loss
of power, or after restoration of power) the rotor reaches its
home position again. The second state variable is cleared.

In this way, it is possible, even after the loss and
restoration of power, to distinguish between a rotor that is
in its home position because it has not yet printed postage
(but needs to do so) and a rotor that is in its home position
because the printing of postage has been completed. Similarly
it is possible, even after the loss and restoration of power,
to distinguish between accounting registers that are quiescent
because they have not yet had a postage amount booked, and
registers that are quiescent because the booking of postage
‘has been completed. The postage meter is thus quite unlikely
to print postage that has not been booked, or book postage
"that does not get printed, even in the face of power losses at
unpredictable times, and even in the absence of a large-
capacity reserve power supply.

Brief Descfiption of Drawings

The invention will be described with respect to a drawing
in several figures, of which:
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Wien all of the tasks and subtasks of. the booking of postage are finished,
then control passes to box 305, in which software directs the rotor to
start. (In a preferred enbodi nent, a software nodule called the "rotor
task" is called, and is conmanded to edler the "franking" state.) The rotor
| eaves its hone or "base position" |ocation (shown at 306), and rotates.
The departure fromhone is sensed by the rotor honme sensor. During this

time tpeqgrLoloisi @ Bdmpliifiee partiadls wiest ©f o posbvaged nestemot hone”, as
at box_307. Eventually (assum.ng no |oss of power or nechani cal
mal f un@FFORANge ott(Sﬁ\’/:" %‘dﬁ’ﬁ? nes its home or base position (at 308).
The roFdg.pasiisi an siimprlga'.pﬁracbdz_nqsmeqtiwmt\dteav off "thes pqrfage dreternd
this sb§t§§d,$1qade available in softmarg
Fig. 3 is a section perpendicular to the section of Fig. 2;
Fig. 4 is a system diagram showing the bus interconnecting the
processor and other elements of the postage meter;
Fig. 5 is a perspective view of a print rotor according to the
inﬁention, including a worm wheel and worm gear;
Fig. 6 is a stylized sectional view of the gear train for the
mechanical arrangement of Fig. 5, including the worm gear and
‘motor; . . ,
Figs. 7, 8, and 9 are axial views of a radial cam and sensor;
Fig. 10 shows a functional block diagram view of the
microprocessor and motor drive;
Fig. 11 is a timing diagram showing signals from rotor sensors
of Fig. 10; g '
Fig. 12 is a state diagram showing state variables within the -
postage meter according to one embodiment of the invention;
Fig. 13 is a flow diagram showing changes of state in a second
émbodiment of the invention; and
Fig. 14 is a flow diagram portraying recovery when power is
reapplied'after'a-loss of power.

Modes for Carrying Out the Invention

Fig. 1 is a simplified partial view of a postage meter
according to the invention. A mail piece 46 follows a paper
path 77, between a print rotor 47 and a surface 45. The rotor
47 rotates once for each mail piece. Fig. 2 is a simplified
cross-section view of the postage meter of Fig. 1. The rotor
47 may be seen, along with radial cam 44, cam follower 44a,
and sensor 50. The rotor 47 is within secure housing 72, in
compliance with postal service requirements. Fig. 3 is a
section perpendicular to the section of Fig..2. The mail
piece 46 may again be seen, which engages letter lever 201.

11 A9 NOV 1996




(at 309). Next, the "booking not confirmed" status variable 16 is
cleared (box 311), and thus by definition the rotor status is "ok" (box
312). The systemis said once again to be at idle (box 301). Those skilled
inthe art will appreciate that it is wlrkable to set the flag (status

vari abl e) 402 (booking not done) first, or to set the flag (status

vari abl e) 403 (booking not confirmed) first, if desired, although it is

t houghtThiefchabges t the ebutpet f bfigseéngori 280 . ahd ketaxtsi thesfrasking
prefem¥§éééééfequire t hat the booking task be conpl eted

The letter sensor is preferably that of Appl. No.
08/403,461 entitled Postage Meter With Improved Paper Path,
assigned to the same assignee as the assignee of the present
application, and incorporated herein by reference.
Alternatively, the letter sensor could be the optical trigger
of U.S. Pat. No. 5,495,103 entitled Optical Trigger for
Postage Meter, assigned to the same assignee as the assignee
of the present application, and incorporated herein by
reference. |

Fig. 4 is a system diagram showing the bus
interconnecting the processor 251 and other elements of the
postage meter. The letter sensor is an LED-phototransistor
pair 200, which is an input to the processor 251. The
position of the rotor is monitored through an LED-
phototransistor pair 50. The processor 251 can start and stop
the motor 353, which is mechanically coupled with rotor 47.
The processor 251 has a nonvolatile memory 401 which is
preférably protected as set forth in a copending patent
application entitled Protection System for Critical Memory
Information, Appl. No. 08/422,435, filed April 14, 1995, and
assigned to the same assignee as that of the present

~application, which is'incorporated herein by reference. The
memory 401 includes storagé locations shown as boxes 402, 403,
~and 404 about which more will be said later.

Fig. 5 is a perspective view of a print rotor according
to the invention, including a worm wheel 415 and worm gear
354. Motor 353 is geared to worm gear 354. When the motor
353 is started the worm gear 354 rotates, which causes the
worm wheel 415 to turn, taking rotor 47 with it. The
mechanical linkages are preferably those set. forth in a
copending patent application entitled Singlé Motor Setting And

; | REPLACEMENT SREET
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before the rotor task begins, or alternatively the tasks could take place
concurrently as tasks in a tine-shared operating system Finally it would
he possible to require that the rotor task be conpleted before the booking
task begins. In any of these cases the date variables or flags 402, 403
serve the sane inportant purpose,.nanely pernmtting recovering from power
failure as will now be descri bed. When the processor is powered up (see
Fig. 14Prbntlﬁ§1Ppsaaghembtex,wﬂ@glhoN@ee0£V4ﬂﬁe15500@u¥9duﬁpﬂiim¥4ﬁIag is

:gte | f } ?ﬁa ?ggngﬁgdt q.’hg(r%eli]i%l( gstgﬁg %%%’igﬁ%@ asA Iéﬁ'ciéhe rotg& tas

start edapp&mn&lmt,owhg{c@r tied WM&FGCIY@PI'M IlPéVr referenss or ?jurl ng

the povgha@lsPiACeHe Postage meter are preferably set as described in
a copending patent application entitled System For; Setting
Date Wheels In A Postage Meter, Appl. No. 08/421,902, filed
April 14, 1995, and assigned to the same assignee as that of
the present application, which is incorporated herein by

' reference. The rotor axle is preferably hollow, as described

in a copending patent application entitled Postage Meter with
Hollow Rotor Axle, Appl.. No. 08/421,900, filed April 14, 1995,
and assigned to the same assignee as that of the present
application, which is incorporated herein by reference.

Fig. 6 is a stylized sectional view of the gear train for
the mechanical arrangement of Fig. 5, including the worm gear
354 and motor 353. The worm gear 354 is preferably connected
by a one~way clutch 352, so thaf rotation of the motor 353 in
one direction causes rotation of the print rotor, and rotation
of the motor 353 in the other direction causes setting of the
settable elements of the rotor 47. This is described in
detail in the aforementioned Appl. Nos. 08/422,155 and
08/421,902.

Figs. 7, 8, and 9 are axial views of a radial cam and
sensor, as shown in detail in a copending patent application
entitled Postage Meter with Rotor Movement and Die Cover
Sensor, Appl. No. 08/446,218, filed May 22, 1995, and assigned
"to the same assignee as that of the present application, which
is incorporated herein by reference. When the rotor 47,
omitted for clarity in Figs. 7, 8, and 9, is in its home
position, then the follower 44a is down in Fig. 7. Thus light'
passes in the sensor 50. When the rotor 47 is away from its
home position, as in Fig. 8, the follower 44a is up and the
light is blocked in the sensor 50. Later the rotor returns to
its home position as in Fig. 9 and the ‘sensor 50 again permlts
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Is to test the rotor's status (box 325). If the rotor status is "base
position" then the rotor nust have just finished printing postage. Al that
remains is to clear the "booking not cop irmed"” flag (box 331), clear the
rotor state to "ok", and finish. (This=sthe counterpart of boxes 310-312
in Fig. 13.) Returning to Fig. 14, box 325, the other outconme is that the
rotor status is "ok". If so, the "booking confirned" status is checked at
326. |flightstatpssss t Aot thiskiwvay the prozessori hasdunapbiguesse | s

not hi ng; fEsERSEiIOA BBodRNen@"HohBCor not-home position of the rotor
47, but, as will be appreciated by those skilled in the art,
the sensor 50 cannot determine whether or not the rotor’'s home
position represents a rotor that is about to print postage, or
whether the home position represents a rotor that has just
finished printing postage.

Fig. 10 shows a functional block diagram view of the
microprocessor 251 and motor drive circuitry 206, along with
motor 353 and rotor 47. Two rotor position sensors 50, 50a
are provided, again as set forth in the above-mentioned Appl.
No. 08/446,218. Even with both sensors, the signals of which
are shown in Fig. 11, it is not possible to distinguish
between a home position that precedes the printing of postage,
and a home position that follows the printing of postage.

The normalisequence of events for a postage printing
cycle is as follows. First, the postage meter (also called a
franking machine) is in an idle state. The user may request
that the meter be set for a particular amount of postage
value. Then, a mail piece 46 such as an envelope enters the
postage meter, as shown in Fig. 1. Next, the mail piece
strikes the letter lever 201 as shown in Fig. 3. The letter
sensor 200 provides an output to the prodessor-ZSl, as shown
in Fig. 4. The processor 251 “books the postage”, meaning that
it updates accounting registers 404 (Fig. 4) such as an
‘ascending register or descending.register, to reflect the
postage being printed. The processor 251 also actuates the
motor drive 206 (Fig. 10) which starts the motor 353. Then,
as shown in Fig. 6, the motor 353 causes the worm gear 354 to
rotate. As shown in Fig. 5, the rotation of gear 354 causes
the worm wheel 415 and the rotor 47 to rotate. When the
braking sensor 50a (Figs. 11, 10) senses that the rotor has
rotated almost all the way, the processor 251 slows down the
motor 353. When the sensor 50 indicates that the rotor 47 is
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power-on initialization is conplete. If booking is not confirmed, then
control passes to box 328. The rotor is started, and the rotor state is
"not at honme". Eventually the rotor reaches hone again, and the rotor state
is reported as "base position". Controll2hen passes to box 331, as

di scussed above. The "booking not conpleted" flag is cleared at box 331.
The rotor state Is set to "ok", and initialization is done. Those skilled

in the gy B E&585E B9V LBEpsSEne  nbBFC3%S AgiaT EHECEELEE 27,
absol ute n1n|%ﬂe e pe?%ods of thE ghrlﬁg mﬁlci | oss of power could
result in anblguous situations. In particular, recall that the preferred
enbodi neHy ﬁt@enisseeasa@wéséa bygtﬁéeinbe@kwﬂ ﬂﬁtthety finished

prl or t account.i ng

et ivi tg‘%%%f?ﬁrﬁéyt%& o108 0Bk P61 8 r 1061 Pholler 8¢ hny 'O RGAREBLS

unpredictable times during the above-described sequence of
events. It is desirable to provide for a single loss and
restoration of power, and to provide for the possibility of
numerous losses and restorations of power. When the processor
is powered up, the most common everyday event is that the
processor would find itself at an idle time. Stated
differently, it is anticipated that most often when the meter
is powered down and powered up, the rotor would be in the home
position with no particular activity taking place other than a
background idle process. However, it has to be assumed that
sometimes when the meter is powered up, this will happen when
the meter had previously been in the middle of printing
postage. The question then arises, is it possible,'even after
the loss and restoration of power, to distinguish between a
rotor that is in its home position because it has not yet

" printed postage (but needs to do so) and a rotor that is in
its home position because the printing of postage has been
completed. Similarly the question arises whether it is
possible, even after the loss and restoration of power, to
distinguish between accounting registers that are quiescent
because they have not yet had a postage amount booked, and
registers that are quiescent because the booking of postage
has been completed.

As described in the background section of the
specification, a prior-art approach to all of these questions
is simply to attempt to provide a power supply that will
continue to provide power to the postage meter, even if
external power is cut off, for a long enough time to ensure
that the entire process of updating the accounting registers
can be completed. This then holds out the hope that it would
never be necessary to wonder whether the booking process has
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quickly, in a way that is unaffected by now |long the rotor rotation m ght
take. As a result, the power supply electrolytic capacitors need not be
oversi zed to provide tens or hundreds of_mlliseconds of power, but need
only be |arge enough to snooth the powet3and to provide power during the
‘ quite brief times when the state variables need to be set and cl eared.
. This saves weight and cost and space in the power supply, but nuch nore
i npor t apt! yeitt started lor phwther i has sdrsadyy figsishagd er But 38 powver

Pus 200 enfalied AR, |RRP i Y it BredIdHiP R T R B Do

| oss repea ‘interrupts task or, rep eatedl I nterrupts
t he roSGQuﬁaﬂeS\MQﬂ W@@Qﬂﬁt tHWe}t a]tq,sﬁﬂarqrétﬂa&tl eP‘?"Yﬁferil‘?%%' has been.

descri Ra@dtWigdsd & RWstiahtsitieMilsk that such a reserve power supply
would not permit disambiguation of the pre-booking and post-
booking conditions of the accounting registers.

Yet another approach to the possibility of loss of power
is that set forth in a copending patent application entitled
Computer Power Fail Return Loop, Appl. No. 07/738,345, filed
July 31, 1991, and assigned to the same assignee as that of
the present application, which is incorporated herein by
reference. -

With reference to Fig. 12, the'technique according to the
invention will now be described. The stored program of the
processor 251 defines storage locations 402 and 403, which are
state variables. Variable 402, called "booking not- done",
represents the state in which it is necessary for booking to
take place, but the booking has not yet been completed.
Variable 403, called “booking not confirmed”, represents the

- state in which it is necessary that the rotor be rotated one
time to print postage, but the rotor rotation (called the

“rotor task”) has not been completed. The sequence of events

in the normal printing of postage will now be described in
detail, with particular reference to Fig. 12.

~ First, the postage meter is in an idle state, as shown in

the first row of Fig. 12. The state variables 402, 403 are
both cleared (false) and the rotor 47 is home. Then, a mail
piece 46 such as an envelope enters the postage meter,
striking the letter lever 201, triggering the letter sensor
200. This provides an output to.the processor 251, which is
.preferably an interrupt. The main consequence of this is that
booking is going to have to take place, and that the rotor is
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enbodi nents, but those skilled in the art will have no difficulty devising
obvi ous variations and changes to the enbodi nents set forth, wthout
deviating in any way fromthe invention, which is defined by the clains

whi ch fol | ow W claim 1. A postagbineter havi ng a processor executing
a stored program the nmeter having a print rotor for printing postage

val ue, the rotor rotation defining a honme rotor position, the rotor

oper at igeding ai ek o hratabé Or i Bd t B Pepirek & 08D AbY er by 2h@fpmgessor
t he neﬁs further conpr|3|ng a mai|l piece sensor, the neter

Next, the processor begins “booking the postage”’. The
accounting registers preferably store not only the current
ascending register and/or descending register contents, but
also historical data that will permit reconstructing the meter
contents in the event of malfunction or tampering.  The
accounting registers may be battery-backed static RAM, or
EEPROM, or some other nonvolatile technology. The first event
in the booking of postage is the setting of the flag or state
variable 402, indicating that booking is not yet done. This
is shown in row 3. The processor 251 continues with the task
of “booking the postage”, meaning that it updates accounting
registers 404 (Fig.-4) such as the ascending register and/or
descending register, to reflect the postage being printed. 1In
addition, the processor sets the flag or state variable 403,
indicating that booking is not yet confirmed, as shown in row
3.

.In row 4, the processor 251 actuates the motor drive 206
(Fig. 10) which starts the motor 353, as a result of which the

“rotor home” sensor 50 no longer shows the rotor to be at home,
also shown in row 4.

Eventually the rotor again reaches its home (or "base”)
position as shown in row 5. When the sensor 50 indicates that
-the rotor 47 is home;, the processor 251 stops the motor 353
and the rotor 47. The "booking not completed” flag 403 is
cleared, as shown in row 6.

Turning now to Fig. 13, the franking process is shown
pictorially. Most of the time the postage meter is in its’
idle.state 301. A rotor status flag has a status of "OK".
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further conprising a rotor home position. sensor, the neter further
conprising a nonvolatile nmenory, the nonvolatile nmenory conprising an
accounting register indicative of the pginting of postage val ue, the
nonvol atile nmenory further conprising Eéfst and second state storage

| ocations, said neter further conprising: electronic circuitry responsive
to actuation of the nmail piece sensor for setting the first state storage

| ocati on andff ar madimpicicey (emveliope o fpiostageodabelg aregiostercander the
first shabeestacagedacal hitdias R4 iersthel Yortll! igthhddie gpcond state

storagé I"ocation . g on thenotor after the second state
st or agehpwoagtod0Ras Hhds sauses saftware &o eat the PAHNI S%E% he rot or

home  yariable to "not done”, and in this embodiment the "booking
confirmed"” state variable is set to "not confirmed”. The
actual booking of postage value (based on the amount of
postage that is to be printed on the mail piece) takes place
in box 304. When the booking of postage value is completed,
then the state variable'"booking state” is set to "done".

Those skilled in the art will appreciate that there can
be a plurality of "booking state" variables, each representing
a sub-task in the overall task of booking the postage. If so,
then each such variable is set prior to the beginning of its
subtask, and is cleared after its subtask is cleared. For
simplicity of description, the term "booking state variable"
may be used herein to refer to more than one if more than one
is used. '

When all of the tasks and subtasks of the booking of
postage are finished, then control passes to box 305, in which
soft&are directs the rotor to start. (In a preferred
embodiment, a software module called the "rotor task" is
called, and is commanded to enter the "franking" state.) The
rotor leaves its home or "base position” location (shown at
306), and rotates. The departure from home is sensed by the
rotor home sensor.

During this time the rotor is not at home and .its state
is reported as "not home", as at box 307.

Eventually (assuming no loss of power or mechanical
malfunction) the rotor again reaches its home or base position
(at 308). The rotor position is reported to be in a state of
"base position", and this status is made available in software
(at 309). Next, the "booking not confirmed"” status variable
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position sensor indicating arrival.-of the rotor at the hone position for

turning.off the notor and clearing the 19 second state storage |ocation;
glectronic circuitry responsive to conpletion of the updating of the
accounting register for clearing the fi+s5t-state storage |ocation; and

el ectronic circuitry responsive to the application of electric power to the
meter, to the condition of the first state storage |ocation, to the '
condi t iih okeared stkoxd3tl it caBdothye bycdefinition thet Fetesnatatys of

is "ok" (box 312). The system is said once again to be at
idle (box 301). '

Those skilled in the art will appreciate that it is
workable to set the flag (status variable) 402 (booking not
done) first, or to set the flag (status variable) 403 (booking
not confirmed) first, if desired, although it is thought
preferable to set the flag 402 first. Likewise it is thought
preferable to require that the booking task be completed
before the rotor task begins, or alternatively the tasks could
take place concurrently as tasks in a time-shared operating
system. Finally it would be possible to require that the
rotor task be completed before the booking task begins. 1In
any of these cases the state variables or flags 402, 403 serve
the same important purpose, namely permitting redovering from
power failure as will now be described. )

When the processor is powered up (see Fig. 14, box 321),
a'check is made to see if the “booking not done” flag is set.
If so, then booking is completed (box 322). A check is also

-made to see if the rotor is not at home (box 323). 1If so,

then the rotor task is started and the motor started (box
324).

Yet another step performed during the power-on procedure
is to test the rotor’s status (box 325). If the rotor status

is "base position" then the rotor must have just finished
printing postage. All that remains is to clear the "booking

not confirmed” flag (box 331), clear the rotor state to "ok",

and finish. (This is the counterpart of boxes 310-312 in Fig.
13.) '

Returning to Fig. 14, box 325, the other outcome is that
the rotor status is "ok". If so, the "booking confirmed"
status is checked at 326. If the status is that_booking. is
|REPLACENIENT SHEET
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the rotor hone position sensor, such that: in the event the rotor is in the
i home position and the second state storage |ocation is clear, the neter
| enters a quiet state; in the event the Iirst state storage location is set,
the electronic circuitry conpletes updating of the accounting
regi ster and, after conpleting the updating of the accounting register, the
first state storage location is cleared and the notor isistarted; in the
event tqqmﬂ:immad.i sthen ither®nes msthimn 2nrklide tsedmdiciatendt ehaege

| ocat i ' ’J.rh'}ﬁa[ﬂﬂtién Sf@ré&ﬁblétpéi ¢ '}, ierPgt fdeygptor is not in

its ho p05|t| .
conflrmed, 'then control passes to box 328. The rotor is

started, and the rotor state is "not at home”. Eventually the
rotor reaches home again, and the rotor state is reported as
"base position”. Control then passes to box 331, as discussed
above. The “booking not completed” flag is cleared at box 331.
Thg rotor state is set to "ok", and initialization is done.

Those skilled in the art will appreciate how thé_use of
these flags reduces to an absolute minimum the periods of time
during which loss of power could result in ambiguous
situations. 1In particular, recall that the preferred
embodiment has the entire accounting register booking act1v1ty
finished prior to the start of the motor for the print rotor.
The accounting activity can thus take place relatively
quickly, in a way that is unaffected by now long the rotor
rotation might take. As a result, the power supply
electrolytic capacitors need not be oversized to provide tens

- or hundreds of milliseconds of power, but need only be large
enough to smooth the power and to provide power during the
quite brief times when the state variables need to be set and
cleared. . This saves weight and cost and space in the power
supply, but much more importantly it makes the postage meter
robust against intermittent power outages, partial power
losses, and thelike, since even a repeated power loss which
repeatedly interrupts the booking task or repeatedly
1nterrupts the rotor task will not: disrupt the state
variables.

The invention has been described with respect to several
embodiments, but those skilled in the art will have no
difficulty devising obvious variations and changes to the

7embodiments set forth, without deviating in any way from the
invention, which is defined by the claims which follow.
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the motor is started. 20 2. A nmet hod of operation of a postage neter,
t he—postage nmeter having a processor executing a stored program the neter
havi fig ' for printing postage value, the rotor rotation
dEfmnE"““mmn)“Hr position, the rot®® operatively coupled with a notor
st artrabke &and stsoppabl e by the processor, the nmeter further conprising a
mai | piece sensor, the neter further conprising a rotor honme position

sensor, the neter further conprising a nonvolatile nenory, the nonvolatile
menory conpri sing

c1aims

We claim:

1. A postage meter having a processor executing a stored
program, the meter having a print rotor for printihg postage
value, the rotor rotation defining a home rotor position, the
rotor operatively coupled with a motor startable and stoppable
by the processor, the meter further comprising a mail piece
sensor, the meter further comprising a rotor home position
sensor, the meter further comprising a nonvolatile memory, the
nonvolatile memory comprising an accounting register
indicative of the printing of postage value, the nonvolatile
memory further comprising first and second state storage
locations, said meter further comprising:

means responsive to actuation of the mail piece sensor for
setting the first state storage location and for commencing
updating of the accounting register after the first state
storage location has been set; and for setting the second
‘state storage location and for turning on the motor after the
second state storage location has been set;

means responsive to the rotor home position sensor. indicating
arrival of the rotor at the home position for turning off the
motor and clearing the second state storage location;

means responsive to completion of the updating of the
accounting reglster for clearlng the first state storage
location;

and ' |

‘means responsive to the application of electric power to the
meter, to the condition of the first state storage location,
to the condition of the second state storage location, and to
the condition of the rotor home position sensor, such that:
in the event the rotor is in the home position and the second
state storage location is clear, the meter enters a quiet
state;

in the event the first state storage location is set, the
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countlng regrs I ndi cative of the printing of postage value, the
ﬂ ’ﬁu"ﬂ urther conprising first and second state storage
Bi "l#ﬂ”&d conprising the st §S of: in response to actuation of
the nall plébessensor setting the fir tate storage |ocation; comrencing

updating of the accounting register after the first state storage.location
has been set; setting the second state storage |location after the first

st at e stompigetdscilie arpdatsimg cof sehie adEsunting heedisOsr adhe) aBEesecond
Lt o YA 0F B e AR5 o e SEBE0E [y o 6eL 0 OLnBOFE RS Ui O
state storage location is cleared and the motor is started;
in the event the rotor is in its home position and the second
state storage location is set,.the motor is started; and
in the event the rotor is not in its home position, the motor

is started.

2. A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the meter
having a print rotor for printing postage value, the rotor
rotation defining a home rotor position, the rotor operatively
coupled with a motor startable and stoppable by the processor,
the meter further comprising a mail piece sensor, the meter
further comprising a rotor home position sensor, the meter
further comprising a nonvolatile memory, the nonvolatile
memory comprising an accounting registér indicative of the
printing of postage value, the nonvolatile memory further
comprising first and second state storage locations, the
method comprising the steps of:
in response to actuation of the mail piece sensor:
setting the first state storage location;.
commencing updating of the accounting register after the first
state storage location has been set; ' |
setting the second state storage location after the first
state storage location has been set;
starting the motor after the second staté'storage location has
been set; . |
'responding to the rotor home position sensor indicating
arrival of the rotor at the home position by turning off the
motor and clearing the second state storage location;

-and '
responding to completion of the updating of the accountlng
register by clearing the first state storage location.

3. A method of operation of a postage meter, the postage

—————— e
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21 indrcarrﬁg“EFTTVET_or-ihe rotor at the hone position by turning off the

not or Eﬁ“necond state storage | ocati on; and responding to
eonpl et | ﬂlmm\‘ m“ ‘l ng of the accounting register by clearing the first
stat e storage Fochtl%n : t hod operation of a postage neter, the
postage neter having a processor executing a stored program the met er
havi.ng a print rotor for printing postage value, the rotor rotation

def i ni mg@terhdaving & . grocdssor, éxecuting a stored program, the meter
having a print rotor for printing postage value, the rotor
rotation defining a home rotor position, the rotor operatively
coupled with a motor startable and stoppable by the processor,
the meter further comprising a mail piece sensor, the meter
further comprising a rotor home position sensor, the meter
further comprising a nonvolatile memory, the nonvolatile
memory comprising an accounting register indicative of the
printing of postage value, the nonvolatile memory further
comprising first and second state storage locations, the
method comprising the steps of:
in response to actuation of the mail piece sensor:
setting the first state storage location;

- commencing updating of the accounting register after the first

state storage location has been set;
in response to the loss and restoration of electric power,
performing the steps of:
inspecting the condition of the first state storage location,
in the event the first state storage location is set,
completing the updating of the accounting register and, after
completlng the updating of the accountlng register, resetting
the first state storage location.

4. A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the meter
having a print rotor for printing postage value, the rotor
.rotation defining a home rotor position, the rotor operatively
coupled with a motor startable and stoppable by the processor,
the meter further comprising a mail piece sensor, the meter
further comprising a rotor home position sensor, the meter

- further comprising a nonvolatile memory, the nonvolatile
memory comprising an accounting register indicative of the
printing of postage value, the nonvolatile memory further
comprising first and second state storage locations, the '
method comprising the steps of: '
setting the second state storage location;

I
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rotor operatively coupled with a notor startable and stoppable by the
procﬁmﬂm’m:lmlm!ﬂu"urther conprising a mail piece sensor, the neter
fourt otor home position sensor, the nmeter further
conprisirig & nbnvdl atile menory, the n latile nenory conprising an
accounting register indicative of the printing of postage value, the

nonvol atile nenory further conprising first and second state storage
| ocat i dms reisponssd sl (s rand heestarstidn of ebsparse poweri uati on of

t he mail ece se g the first state storage |ocation; comencing
updatlﬁféﬁoqﬂﬁ?%u: %uﬁﬁ%%é |ster after the first state storage | ocation
has bedmspecting the condltlon of the second state storage location,

in the event the second state storage location is set,

starting the motor.

5. A postage meter having a processor executing a stored
program, the meter having a print rotor for printing postage
value, the rotor rotation defining a home rotor position, the
rotor operatively coupled with a motor startable and stoppable
by the pfocessor, the meter further comprising a mail piece
sensor, the meter further comprising a rotor home position
sensor, the meter further comprising a nonvolatile memory, the
nonvolatile memory comprising an accounting register
indicative of the printing of postage value, the nonvolatile
memory further comprising first and second state storage
locations, said meter further comprising:

means responsive to actuation of the mail piece sensor for
setting the first state storage location and for commencing
updating of the accounting register after the first state
storage location has been set; and for setting the second
state storage location and for turning on the motor after the
second state storage location has been set;

means responsive to rotor home position sensor indicating
arrival of the rotor at the home position for turning off the
motor and clearing the second state storage location;

and '

means responsive to completion of the updating of the
accounting register for clearing the first state storage
location.

6. A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the meter
having a print rotor for printing postage wvalue, the rotor
rotation defining a home rotor position, the rotor operatively
coupled with a motor startable and stoppable by the processor,
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to the | oss and restoration of electric power,
\ ugﬁ “gwgﬁs of : inspecting the condition of the first state
*'n the event the first state storage |ocation is set,
conpletlng t he updatlng of the account regi ster and, after conpletlng

t he updating of the accounting register, resetting the first state storage

| ocation. 4. A nethod of operation of a fostage neter, the postage
thé meter further comprising a mail piece sensor, the meter

further comprising a ¥otor home position seihsor, the meter

further comprising a nonvolatile memory, the nonvolatile

memory .comprising an accounting register indicative of the

printing of postage value, the nonvolatile memory further

comprising first and second state storage locations, the

method comprising the steps of: _

in response to actuation of the mail piece sensor:

setting the first state storage location;

commencing updating of the accounting reglster after the first

state storage location has been set;

setting the second state storage location;

starting the motor after the second state storage location has
~ been set; .

responding to the rotor home position sensor indicating

arrival of the rotor at the home position by turning off the.

motor and clearing the second state storage location; and

responding to completion of the updating of the accounting

register by élearing the first state storage location.

7. A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the meter
having a print rotor for printing postage value, the rotor .
operatively coupled with a motor startable and stoppable by
the processor, the meter further comprising a mail piece
sensor, the meter further comprising a nonvolatile memory, the
nonvolatile memory comprising an accounting register
indicative of the printing of postage value, the method
comprising the steps of:
in response to actuation of the mail piece sensor:
commencing updating of the accounting register;
completing the updating of the accounting register;

and ' - _
starting the motor only after the completion of the updating
of the accounting register. '
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‘met er having a processor executing a stored program the neter having a
print rotor for printing postage value, the rotor rotation defininng a hone
‘rotor position, the rotor operatively gupled with a notor startable and
st oppabl e by the processor, the neter-gurther conprising a nmail piece
sensor, the neter further conprising a rotor hone position sensor, the

net er further conprising a nonvolatile nenory, the nonvol at-ile nmenory
conprising an accounting regi ster iMeS%ga¢te of the printing of postage
val ue, the nonvolatile nenory further conpr|3|ng first and second state

storage loca%;g@zqetﬂgter ug%hC?nBEB%EQQH %l%k%p%foﬁbwer failure

A postage meter has a print rotor rotated by a motor and
the motor is capable of being started and stopped under
processor control. State variables are established within a
nonvolatile memory. The rotor begins in its home position.
When a mail piece such as a letter is detected by a letter
sensor, the processor sets a state variable. At some point
(either before loss of power, or after restoratlon of power)
the postage value to be printed is booked into the accountlng
register. The rotor motor is started. At some point (either
before loss of power, or after restoration of power) the rotor
reaches its home position again. A state varlable is cleared.
In this way, it is possible, even after the loss and
restoration of power, to dlStngUlSh between a rotor that is
in its home position because it has not yet printed postage
(but needs to do so) and a rotor that is in its home position
because the printing of postage has been completed. Similarly
it is possible, even after the loss and restoration of power,
to distinguish between accounting registers that are quiescent
because they have not yet had a postage amount booked, and
registers that are quiescent because the booking of postage
has been completed. The postage meter is thus quite unlikely
to print postage that has not been booked, or book postage .
that does not get printed, even in the face of power losses at
unpredictable times, and even in the absence of a large- :
capacity reserve power supply.

‘Figure 9
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23_seLLjnn t he second state storage |location; in response to the R es:Giiad
ration of electric power, perfornmng the steps of: inspecting the

U j Jﬂ"ﬂﬂﬂfcond state storage | ocation, in the event the second
ion is sety rtingsthe notor--5:~ -~ A postage neter

havrng a processor executlnL . ﬁéter having a print
rotor for printing postage a( e e’rot fota ‘defining a honme rotor
position, the rotor operatlv Yo | eflg’

eflg h*a* ot'ol %tartable and
st oppabl e by the processor,: rye ﬂPf,i"

We claim:

1. A postage meter having a processor executing a stored
program, the meter having a print rotor for printing
postage value, the rotor rotation defining a home rotor
position, the rotor operatively coupled with a motor
startable and stoppable by the processor, the meter
further comprising a mail piece sensor, the meter
further comprising a rotor home position sensor, the
meter further comprising a nonvolatile memory, the
nonvolatile memory comprising an accounting register
indicative of the printing of postage value, the
nonvolatile memory further comprising first and second

state storage locations, said meter further comprising:

electronic circuitry responsive to actuation of the mail
Ipiece sensor for setting the first state storage
location and for commencing updating of the accounting
register after the first state storage location has been
set; and for setti!ng the second state storage location
and for turning on the motor after the second state

storage location has been set;

electronic circuitry responsive to the rotor home
position sensor indicating arrival of the rotor at the

home position for turning off the motor and clearing the
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furt-her conprising a mail piece sensor, the neter further

rotor ensor, the neter further conprising
ﬂﬁu ﬂf@ | e menory conprising an accounting r

of t

first and second state storage l.ocations, said neter furt

el ectronic circuitry responsive to actuation of the nai
setting the first state storage |locatipm and for comenci

conprising a
a nonvol atile
egi ster indicative

post age val ue, the nonvolatile menory further conprising

her conpri sing:
pi ece sensor for
ng updating of the

accounting register after the first state storage |ocation has been

second state storage location;

electronic circuitry' responsive to completion of the

‘updating of 'thg accounting register for clearing the

first state storage location; and

electronic circuitry responsive to the application of
electric power to the meter, to the condition of the
first state storage location, to the condition of the
second state storage location, and to the condition of

the rotor home position sensor, such that:

in the event the rotor is in the home position and
the second state storage location is clear, the

meter enters a quiet state;

in the event the first state storage location is
set, the electronic circuitry completes the
updating of the accounting register and, after
completing the updating of the accounting register,
the first state storage location is cleared and the

motor is started;

in the event the rotor 'is in its home position and
the second state storage location is set, the motor

is started; and

in the event the rotor is not in its home position,

the motor is started.
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24 set; and for setting the second state storage |ocation and for turning
on t ) e second state storage |ocation has been set;

el ecnmnumﬂﬂmumresponsi ve to rotor home position sensor indicating
arrival of Yhé& rdtor at the home position for turning off the notor and
clearing the second state storage |location; and electronic circuitry
responsive to conpletion of the updating of the accounting register for
clearing the first state storage | ocatgaen. 6. A nmet hod of operation of a

postage neter, the postage neter having a processor executing a stored
program the neter having a print rotor for printing postage val ue,

2.

A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the
meter having a print rotor for printing postage value,
the rotor rotation defining a home rotor position, the
rotor operati\'rely.' coupled with a motor startable and
stoppable by the processor, the meter further comprising
a mail piece sensor, the meter further comprising a
rotor home position sensor, the meter further comprising
a nonvolatile memory, the nonvolatile memory comprising
an accounting register indicative of the printing of
postage value,'the nOnvolatile memory further comprising
first and sééond state storage locations, the method

comprising the steps of:
in response to actuation of the mail piece sensor:
setting the first state storage location;

commencing updating of the accounting register
after the first state storage location has been

set;

setting the second state storage location after the

first state storage location has been set;

starting the motor after the second state storage

location has been set;

responding to the rotor home position sensor
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the rotor rotation defining a hone rotor position, the rotor operatively
coupled with a notor startable and stoppable by the processor, the neter

furtkﬁmnﬂmzmﬁmﬂ pi ece sensor, the neter further conprising a:
rotor umgﬁsor the meter further conprising a nonvolatile
nmenory, the‘noMvotaty|e nenory conprising an accounting register indicative
of the printing of postage value, the nonvolatile nenory further conprising

first and second state storage |ocatioms, the method conprising the steps
of : in response to actuation of the mail piece sensor:

indicating arrival of the rotor at the home
position by turning off the motor and clearing the

second state storage location; and

responding to completion of the updating of the
accounting register by clearing the first state

storage location.

3. A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the
meter having a print rotor for printing postage value,
the rotor rotation defining a home rotor position, the
rotor operatively coupled with a motor startable and
stoppable by the processor, the meter further comprising
a mail piece sensor, the meter further comprising a
rotor home position sensor, the meter further comprising
a nonvolatile memory, the nonvolatile memory comprising
an accounting .regis.ter indicative of the printing of
postage value, the nonvolatile memory further comprising
first and second state storage locations, the method

comprising the steps of:
in response to actuation of the mail piece sensor:
setting the first.state storage location;:

commencing updating of the accounting register

after the first state storage location has been
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25 setting the first state storage |ocation;

acco
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i

commenci ng updating of the
regi ster after the first state storage | ocation has been set;

&,MW te storage location; starting the notor after the
| ocation has been set; responding to the rotor hone

posi tion sehsdt isndrcating arrival of the rotor at the home posi tion by
turning off the notor and clearing the second state storage |ocation;

responding to conpletion of the updatisg of the accounting register by

clearing the first state

4.

set;

in response to the loss and restoration of electric

power, performing the steps of:

inspecting'the condition of the first state storage

location,

in the event the first state storage location is
set, completing the updating of the accounting
register and, after completing the updating of the
accounting 'register, resetting the first state

storage location.

A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the
meter having a print rotor for printing postage value,
the rotor rotation defining a home rotor position, the
rotor opera.tively coupled with a motor startable and
stoppable by the processor, the meter further comprising
a mail piece sensor, the meter further comprising a
rotor home position sensor, the meter further comprising
a nonvolatile memory, the nonvolatile memory comprising
an accounting register indicative of the printing of
postage value, the nonvolatile memory further comprising
first ahd second state storage locations, the method

comprising the steps of:

and
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st or-agelocation. .7.._._A nethod of operation of a postage neter, the

havi n
coupl

post a neter _havi ng a processor executing a stored program the neter
émlm, I,”ﬂ ﬂamsor printing postage value, the rotor operatively
. #startabl e and stoppabl e by the processor, the neter

further conprising a nail piece sensor, the neter further conprising a
nonvol atile menory, the nonvolatile menory conprising an accounting
regi ster indicative of the printing of 2RBEPLACEMENT SHEET 26

setting the second state storage location;

in response to the loss and restoration of electric

power, performing the steps of:

inspecting the condition of the second state

storage location,

in the event the second state storage location is

set, starting the motor.

A postage meter having a processor executing a stored
program, the meter having a print rotor for printing
postage value, the rotor rotation defining a home rotor
position, the rotor operatively coupled with a motor
startable and stoppable by the processor, the meter
further comprising a mail piece sensor, the meter
further comprising a rotor home position sensor, the
meter further. comprising a nonvolatile memory, the
nonvolatile memory comprising an accounting register
indicative of the printing of postage +value, the
nonvolatile memory further comprising first and second

state storage locations, said meter further comprising:

electronic circuitry responsive to actuation of the mail
piece sensor for setting the first state storage
location and for commencing updating of the accounting

register after the first state storage location has been

o
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postage val ue, the method conprising the steps of: in response to actuation

of the 1 . - nmrenci ng updati ng of the accounting register;
conpl etin the accounting register; and starting the notor
only aftef"l mm£ Hﬂf#ﬂlof t he updating of the accounting register.
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set; and for setting the second state storage location
and for turning on the motor after the second state

storage location has been set;

electronic circuitry responsive to rotor home position
sensor indicating arrival of the rotor at the home
position for .turning' off the motor and clearing the

second state storage location; and

electronic circuitry responsive to completion of the
updating of the accounting register for clearing the

first state storage location.

6. A method of operation of a postage meter, the postage
meter .having a processor executing a stored program, the
meter having a print rotor for printing postage value,
the rotor rotation defining a home rotor position, the
rotor operatively coupled with a motor startable and
stoppable by the processor, the meter further comprising
a mail piece sensor,. the meter further comprising a
rotor home position sensor, the meter further cofnprising
a nonvolatile memory, the nonvolatile memory comprising
an accounting register indicative of the printing of
postage value, the nonvolatile memory further comprising
first and second state storage locations, the method

comprising the steps of:

in response to actuation of the mail piece sensor:

A
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setting the first state storage location;

commencing updating of the accounting register
after the first state storage location has been

set;
setting the second state storage location;

starting the motor after the second state storage

location has been set;

responding to ‘the rotor home position sensor
indicating arrival of the rotor at the home
position by turning off the motor and clearing the

seéond state storage location; and

responding to completion of the updating of the
accounting register by clearing the first state

storage location.

A method of operation of a postage meter, the postage
meter having a processor executing a stored program, the
meter having a print rotor for printing postage value,
the rotor operatively coupled with a motor startable and
stoppable by the processor, the meter further comprising
a mail piece sensor, .the meter further comprising a
nonvolatile memory,'the nonvolatile memory comprising an

accounting register indicative of the printing of
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postage value, the method comprising the steps of:
in response to actuation of the mail piece sensor:
commencing updating of the accounting register;

completing the updating of the accounting register;

and

starting the motor only after the completion of the

updating of the accounting register.
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Abstract
Postage Meter with Improved Handling of Power Failure

A postage meter has a print rotor rotated by a motor
and the motor is capable of being started and stopped under
processor control. State variables are established within a
nonvolatile memory. The rotor begins in its home position.
When a mail piece such as a letter is detected by a letter
sensor, the processor sets a state wvariable. At some point
(either before loss of power, or after restoration of
power) the postage value to be printed is boocked into the
accounting register. The rotor motor is started. At some
point (either before loss of power, or after restoration of
power) the rotor reaches its home position again. A state
variable' is cleared. In this way, it is possible, even
after the loss and restoration of power, to distinguish
between a rotor that is in its home position because it has
not yet printed'postage (but needs to do so) and a rotor
that is in its home position beca;use the printing of
postage has been completed. Similarly it is possible, even
after the loss and restoration of power, to distinguish
between accounting registers that are quiescent because
they have not yet had a postage amount booked, and
registers that are quiescent because the booking of postage
has been completed. The postage meter is thus quite
unlikely to print postage that has not been booked, or boock
postage that does not get printed, even in the face of
power losses at unpredictable times, and even in the face
of power losses at unpredictable times, and even in the

absence of a large-capacity reserve power supply.
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