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SYNCHRONIZATION OF A TIMEPIECE TO A REFERENCE TIME

This {nvention relates to improvements of the synchronization of a
timepiece to a referenca time, and in particular, relates té an improved
method and apparatus for synchronizing a t1me§1ece to such a time,

5 In this specification, the tarm "timepiece” refers to, a horological
davice for keépjng and/or displaying time, an@/or for generating a signal
which in turn may result in a display of time:

Timekeeping devices have been in usa for sohe 3,500 years. Mechanical
timepieces have been in aexistence for 900 years, and clocks have been
10 known since the fourtsenth century.

Every location on a particular degree of léngitude has the same local
time, and it follows that such a location has a slightly different time
from that in a town or village a few kilometres to the sast or wast. In
the days before improved communications Andgtransport, such places wers
15 1isolated, and thers was no need to impose any time standerd. With the
coming of the railways, and subsequantly the telegraph, 1t became both
necessary and possible to impose a single standard time for an entire
country (such as the United Kingdom) or for each of a number of time
zones extending across a country {such as the United States of America
20 and Australia).

Australia 1s divided into three time zones: Eastern Standard Time [EST]
(Queensland, New South wé1as, the Austra11aﬁ Capital Tarritory, Victoria
and Tasmania), Central Standard Time [CST] (South Australia and the
Northern Territory) and Western Standard Time [WST] (Westarn Australia).
- 25 Some States have adopted Day1jgh£ Saving, ad@anc1ng clocks ans hour ahead
of tho relevant-Standard time for a pariod df some months between spring
and autumn each year. Others have not, which results in there ‘being up

' to fiva time zones 1in Australia during the period in which Daylight
-Saving operates. In the spring to autimn period of 1994/1995, a

30 different set of five time zanes was created by the decisions of New
South Wales and Victoris to return-to Eastefn Standard Time on different
dates. Naw South Wales has subsequent1y agreed to use the same dates as
victoria and Tasmania for the end of Daylight Saving, however, there are
st111 difficulties for persons, particulanly business persons, In the
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various Stataes and Territories which ara normally in the one_tfme zone.

Despite the problams caused by having between three and five.time zones,

and the twice-yearly change of the time régime in all but three of the

eight Statss and Territories, most timepieces in Australia oparate
independently of each other, and require a manual operation to correct

and change the time displayed, and day and data when appligable.

In Australia, Telstra Corporation is respons1b1e for providing reference
times, producing the "pips" heard on the hour {on the half-hour in South
Australia and tha Northern Territory) on some radio stations, providing
the dial-up “"speaking clock”, and prov1d1nd equivalent facilities for
computer users via modems. Telstra also hes a representative on the
National Time Committes, although as has been mentioned sarlier in this
spec1f1cation, the States have powers over such things as whether or not

a part1cu1ar State adopts Daylight Saving, and the entry and exit dates
to and from Daylight Saving.

There- are in existence in Australia installations of a plurality of
clocks, operating on a "mastar-slave” basis, where a master clock is
connected by electrical cabling to a number of slave clocks, wh1dh are
controlled by the master clock and as a result all show the same t1me.,
Such installations- may :be found in Tlocations such as hospitals and
airport term1na1s.i They are cumbersome, and expensive to construct, and
are only useful whera no slave clock is very far from the master clock.

The concept of using a radio signal to carry time information was first
published some forty years ago. In US-A-4, 264 398 by Lemelson, published

on 27 May 1980, there 1s disclosed a ‘' method and apparatus for

automatically setting timep1acas in a time zane. The method involved the
setting of a timepiece -,such as a watch worn by a traveller passing from
one time zone to another - by the transmissfon of a time-related signal,
which results in the timepiece displaying ér being able to display. the
correct time for the time zone in which the ﬁimepiece 18 located. -

AU-B-83677/91 (843824) by NEC Corporation, |[publiished on 12 March 1992,
relates to time-keeping apparatus which lutilises a cellular mobile
communications system as a source of transpitted signals which cause a
correct time to be displayad on a timepiece which 1s adapted to be
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modntad on a vehicle or to be personally carried,

The Federal Republic of Garmany has in operation a system called the
Gorman Radio Clock. A powerful VLF transmitter broadcasts signals which
are received by a large number of clocks throughout Europa (much of which
oparates on Central European Time), and which synchronizes those clocks,
bringing each of them to the correct time. '

There is clearly a need for a system in Australia and other countries
which 1s able to remotely synchronize and reset timepieces. For example,
it is essantial to be able to maintain the correct time on timepiecaes -
most of which have digital displays - which éra associated with personal
gomputers, cash registers, fax machines, ;automated taller machines
(ATMs), debit and cradit card tarminals, and §0 on. This is particularly
so for accurate records of such things as cﬁedit card transactions, ATM
transactions, faxes sent and received, and so'on, as well as dealing with
the problems caused by Daylight Saving chatf\ges. Many of thea present
clocks used in such applications drift a1ar@1ng1y over ralatively short
periods of time. 1In addition, there is rareiy any structure in place to
check and correct the time shown on such a timepiece; it is also quite

common for such ¢locks to not ‘be reset for and/or after Daylight Saving
changes.

It 1s an object of this invention to provides an improved system for the
synchronization of a timepiece to a raferenca time.

The invention brov1des a method of synchronizing a timeplieca to a

refarenca time, including the steps of:

25
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gensrating a dignal which includes 1Pformafion relating to said
referance time; - :

transmitting said signal from a transm!ttar;
raceiving said signal at or in the vicinity of said timepiece;
processing said signal to enable said|timepiece to display a time,

or genarate an output representative qf said time, said time being
the correct time for a preset zone, logality or offset.
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The 1invention also provides-apparatus for synchronizing a timepiece to a
refsrence time, including: '

means to receive and decode & transmitted signal, said signal
including infofmation relating to said reference time;

5 méans to extract from the dascoded sigﬂa] information relating to
the correct time for a preset time zone, locality or offset; and

maans to display or to output said coréect timea.

The invention further provides a timepiece adapted to be synchronized to
a reference time, including: :

10 recelvar maans adapted to receive 2 §1gna1 ¢ontaining time Zzona
data for a plurality of time zones;

control circuitry for decoding said signal; and
Tocality switch means for sejecting one of ‘a number of
predetermined time régimes; -

J .

15 - such that said circuitry sends to a display, or to other apparatus, a

time signAl ropresentativa  of the correkt time for the selected
predetermined time régimes.

The invention also provides a timepiece adabted to receive and decode a
sfgnal containing time zone data for a numbdr of time -zones, and data on
20 daylight saving changes, including: : '
‘means to store said data on day1ighﬂ saving changes so0 that the
time alteration consequent upon said ichanges may be effected for

that timepieca on a stated time and date,.éven if no further signal
is received.

25 The invention further provides a mathod | of setting a timepiece in

.accordance with a signal containing data on jdaylight saving time changes,
including: T '




transm1tt1n§ said signal;

roceiving said signal at or in the vicinity of a timepiece;
decoding said signal;

storing said data; and _ 5 p

5 setting, at a time and on a date corlt.amed in sald data, said
timepiace to a new time. :

The 1invention also provides a methed of syn#hroniz1ng a timepiece to a

refarence time, including the staps of:

generating a signal which includes 14format1on relating to said
10 referance time; ;

transmitting said signal from a transm1?ter;

- receiving said signal at or in the 91c1h1ty of said timepiece; and
process1ng'sa1d signal to enable said ?1mépiece to disp1ay a time,
or generate an output representative'af said time, said time baing

16 the correct time for a praset zone, locality or offset.
. . 1
The invention also provides apparatus for syhchronizing a timepiece to a
referance time, inctuding:

means to receive and decode a trangmitted signal, said signal-" ~
including information raelating to said|reference time: '

20 © means to extract from the dacbdad s1;na]-1nfoﬁmnt1on relating to
the correct time for a praset zone, logality or offset: and

means to display or to output said corfect time.

The invention further provides a method of s#nchroniz?ng a t1mépiece to a
reference time, including the steps of:
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generating a signal which includes information relating to said
reference time; '

transmitting said signal from a transmitter;

receiving said signal at or in the vicinity of said timepiece; and
. ]
5 processing said signal to enable said timepiece to display a time,
,or generats an output representative of said time, said time being
the correct time for a presst zone, 1oc511ty or offset.

The invention also provides apparatus for syrichronizing a timepieca to a
raference time, including:

10 means to receiva and decode a transp1tted signal, said signal
including information relating to said referance time;

means to extract from the decoded signal information relating to
“the correct time for a preset zane, locality or offset: and

means to display or to output said . corrsct time.

15 The invention further provides a method of synchronizing a timepiece to a
raference time, 1nclud1ng the staps of:

‘generating a first signal;
_trap§m1tt{ng said first signa]:
rece;v1n§”;é€;-f;}sf'éignél;
20 compésing a-secohd signa] consequentiupon receipt of sa;d %1rs£

signal, said second signal 1nc1ud1h9,1nformation relating to the
precise time of receipt of said-fir&tw*igha1:'and

transmitting said second signal.

The invention alsa provides a system for synchrdnizing.a timepiece to a

25 reference - timepiece, sald system includiing means .connected tc a
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transmitter, said transmitter being adapted to transmit a first signal to
a-timepiece; said means being adapted to raceive said first signal and to
compose a second signal including information on the precise time of
receipt of said first signal, said second signal being adapted to be
transmitted by said transmitter. '

The invention further provides a system for Syhchron1z1n9.a timepiece to
a reference time, said system including:

means to generate a first signal;
transmission means to transmit said first signal;

monitor means connacted to said monitér means for receiving said
first signal and for composing a secfnnd signal related to said
first signal, said signal thereaftar being transmitted by said
transmission meang; and

-means associated with sajd timepiece for commeﬁc1ng a count and
receipt of said first signal, and'fbr using the information from
said count and from information contaihed in said second signal to
genarate accurate time. ‘ o

An embodiment of the invention will be deséribed in detail hareinafter
“with reference to the accompanying drawings, 'in which:

Fig 1. is a block diagram of one Bmbodiment of a method and
apparatus for synchronization of a t1m4p1ece to a reference time;

Fig“2, is a block diagram of the signal genaration and transmission
‘aspact of the arrangement of Fig. 1; and

Fig. 3 18 a circuit d1a§ram of one embpdiment of recé1v1ng/décod1n9
apparatus.,

The block diagram of Fig. 1 represents an arrangement which utilises the
Telstra Radio Paging Network (RPN). The RPN 1= adapted to send messages
to paging davices carried by persons, Although at the present time the
RPN doas not service tha entire area of Australia, it can reach sbma 80%
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of the population, and Telstra i3 committéd to an expansion of the
network. The network is currently operadod by sending signals by

landlines to master transmitters, which re1ay‘s19na1s to a larger number
of slave transmitters. In the future, signa?* may be transmitted from an
Earth station to a geosynchronous satellite, kh1ch in turn will tranamit

the signals to the territory of Australia. i
i

a
*

Fig. 1 shows signal generating apparatus 10,!wh1ch will be describad in
mors detail in relation to Fig. 2. A sigrnal - preferably an encoded
and/or encrypted signal - will be prepared using apparatus 10, and then
sent to the RPN signal distribution centre for transmission from the RPN
transmitters. Such transmissions could be mafe 1n a number of ways. The
transmission could be a continuous traksm1ss1on, or a periodic
transmisston during daylight hours, or at night, Praeferably, the
transmission would ba arranged to take placg in the sarly hours of the
morning, whan a paging netwerk's normal 1oadlis at its lightest and as a
result transmitting capacity for the time signal is readily available.
The encoding/encryption of the  signal 1s§ necaessary to ensure that
unlicensed or non-accredited timepieces are'ﬁot able to decode the signal
for time correction and other operations: A decoding key may ba
1ncorporated as an integral part of electronhc circuitry in a t1mepieca.

or may be in the form of software. It may aﬂso take the form of a Smart
Card.

The signal generatad by apparatus 10, which {ncludes a real time message,
is “sent to the RPN signal ‘distribution cehtre 12. According to the
chosen option amongst those already discusied, the signal is sent for
transmission to a plurality of transmitters,:two of which are shown at 14
and 16. Although it is envisaged that eagh of the transmitters will
transmit the same signal at the sama time, 1t 1is qu1fe; 1ikely that
transmitters will send signals at different times. However, each
transmitted signal will ba a real time signa}. Such transmitters are, as
discussed previously, normally used to transmit signals which area adapted
to bs received by paging devices (not shown). Timepieces . 18 and 22 are
located remotely from transmitters 14 and 16, but each is in’ range of at
least ono transmitter. It may well be that timepiece 18 {s 1n the

Western Standard Time zone, and timepiece 2P is in the Eastern Standard
Time zone.
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Timepiecas 18 and 22 preferabiy include airadio racaivar and'control
ctrcuitry (shown in Fig, 3), such that a time message signal transmitted
from transmitter 14 or 18 is received by the!receiver and decoded by the
control circuitry to synchronize a clock me&han1sm in the timepiece to
adjust the mechanism to the correct time. fhe clock may have an analog
display (20) or a digital display (24). Alﬁernativer. the output from
the contro} circuitry may consist of outpqt means such as a digita1
signal, which may be directly or 1ndirect1§ interfaced to a parsonal
computer, slave clocks, cash register or otﬁer alectronic equipment for
the purpose of conveying correct time and/dr time synchronizing, which
may also include year, day and date 1nfurmat1bn

The ¢lock mechanism’s circuitry may be so arﬂanged that the time (and the
day, date and year information if they eJe included) 1s able to be
synchronized as a result of receiving thL aforementioned sigrnal to
maintain the accuracy of the mechanism, or for updating the time for
changes such as the entry 1into or the departbre from Daylight Saving, or
for the occasional corrections to UTC (Co~orQ1nated Universal Tima) time.
As far as ‘the latter is concerned, thars arE regular agreed corrections
to time, often by the addition of a 1eep—second on a predeterminad date.
While UTC time - which is equ1va1ent to Greeﬂwich Mean Time - s referred
to throughout the specification and c]aims, Jocatl time, .which 1s in
itself derived from UTC time, may well be ststituted when accurate time

is being sourced, and any reference to UTC ‘time may be seen to include
local time.

In Fig. 't, timepiece 18 is, or is connecteb to, an analog clock whose
display shows that the time is 10:07 Westbrn Standard Time. In the

praceding twenty-four hours, a signal has bden received from transmitter .

14 or 18 to correct the time on the display. Timepiece 22 is associated
with a digital display, which shows the time!to be 12:07:41 EST. It also
has received a signal within the last twenty-four hours to correct the

time.

Thera ars many variations to tha hasic scheme described in relation to
Fig. 1. The tima transmissions from transmittars 14,16 could be spacific
to a particular time zone. Thus, transmitter 14, Tocated in Wastarn
Australia, and all other transmitters in that tima zone, could transmit a

signal which related only to the Westarn Stapdard Time zbne. Transmitter
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1&;?fﬁﬁiﬁéd in the £ST area, and any othar trénsmitters in that zone, may
only transmit a signal ralavant to that zone.' Of courss, for ather areas
of the world, a single time zone may include é number of countries.

Howaver, the preferred approach would bef to have a common signal
transmitted from all transmitting sites within the region concernad,
which in the Australian context means the whble country. Such a signal
would contain a message giving the corract tiLe for all time zones in the
region, and would also include a code which wpuld allow a decoding device
to assign the corract time to t_'.he corract 1ola'l1ty code so that when the
time message is recaived and decoded the corTect time for the particular
time zone 1s determined.

As a preference, the device would 1ncludJ a switch or a series of
switches which could be termed "locality switches”. The locality switch
could be set to program the time transmissioL decoder 1n the radio ¢lock
mechanism to keep the time for any Ioca11ty'1nc1udad in the information
transmitted By the signal. In normal use thh switch would be set to the
position for the time zone in which the élock mechanism 18 located.

Howaver, by setting the: switch to another podition, a display of tha tima
in another zone may be obtained. . A permaant setting of the switch to
anothar zona - a zone anywheara in the wlr1d - would be usafu1 _1n
locations whare 1t 1s desired ta know! the time in that zone.
App?icatibnshcould be at'airports; in financLa1 dealers’ offices -and the
1ike. In addition, in a place such as Brokgn Hi11, which despite being
in New South Wales has h1stor1ca11y oparated on Central Australian Time,
a timepiece locality switch could be sef to CST. This would be
accomplished by comprehensive inforpation bging included in time signal
transmissions. A loc§1ity §w1tch may take lthe form of a single multi-

position switch, a series of switqhes.- a !push-button arrangement, or
software means. '

Some persons 1ika to oparate with a clock which displays a time which is
in advance of the correct time. For example| a persan may wish to have a
clock which is five minutes ahead of the [actual time. Means may be

- provided such that tho ¢lock mechanism mhy display, instead of the

correct time for a zone or locality, a timp which is in advance or in
retard of that time. It may be possible tr salect such an alternative
display by providing one or more settings on{the locality switch,
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Fig. 2 1s a block diagram in more detail of hhe transmission part of the
approach of Fig. 1. A source 28 of accurata'time, for exampis an atomic
clock or an on-line modem feed of correct £1ma. which i commercially
available, provides an output to a modem ipterface 28, which in turn
outputs to a master time encader 30. A peAsonal computer interface 32
also outputs to master time encoder 30, and _ontro1s the preparation and
output of the encoded signal to the RPN 12, : ‘

The master time encoder 30 produces an enczfed and ancryptad real time
message containing an identity code (ID), UTC time accurate to within 100
milliseconds or bettar, the digital inverse Jf the previous UTC time, UTC
date (with year, day of year, day of week, day of month and month of year
redundant coding, date of next (if any) leap-second update, and tima zone
data consisting of data for a plurality of time zones, for example up to
sixteen time zones made up of the time for each time 20ne 1in plus or
minus desired intervals from UTC tims, togetﬂer with date (1f any) of the
next Daylight Saving change and the d1rect40n of that change for that
time zone. The digital inverse of the previous UTC time 1s sent as well
as real time UTC, to enable a comparison of the two pieces of information
to be made by control c¢ircuitry at the t1m%p1ece, as a monitoring and
checking measura. A preferred intarval from' UTC time may be 30 minutes,
as throughout the world most if not a11-t1ma:zones are reckonsed in half-
hour or hour intervals from UTC time. It'is preferred that a single
signal, containing time zone data on s1xteen:t1me zones, be transmitted.

- Although at present there is only a maximum of eight time zones in place

25

30

35

in Australia during any one per1od, should lother areas be covered, the
signal would have the capacity to service th se areas. '
]

Information on the next Daylight Saving cha1:e(s) 1§ sent in advance of
the earliest date, to enable the timeptece tb reset the time, even 1f it
does not receive a regular signal immediately after the.change, or the
preceding few signals. the information in¢ludes at Teast the date on
which the change is to occur, and if requifed the time of the change,
together with the direction and magnitude of the change. Such Daylight
Saving information'may be routinely transmitted as part of each signal
transmission, and may be stored by the timepiece and used by it to
automatically effact the correct time adjuatment for Dayliéht saving when
the real tima in the t1mep1eca corrssponds tp the time and data that has
been routinaly conveyed to the t1mepiece nd stored. Following the



10

15

20

25

30

12

.change of the time in the t1m5p1ece to,bf“??ﬁﬁ'tﬁe Déylight Saving time

the signal format would be reconfigursd to rqutinely include 1nformgtjon__
about the next correspondence between raeal time and the Daylight ngihg-
time change required tima for the purpose' f changing the time at the
correct Daylight Saving adjustment time, . '
: i
By using such a system of sending informatiion in advance on Daylight
Saving changes, the requirement that the timepiece receive a specific
signal transmission ta initiate a Daylight! Saving change is removed.
Furthermore, the requirement that a Daylight Saving change signal be
transmitted at a precise time to initiate thJ changs 15 also removed. It
follows that if for some reason a signal 1s hot transmitted or received,

such a change will sti111 be made.

The real time generated time code signal is ﬂed via a real time handshake
system to the RPN 12 for broadcast through transmitter 14. The handshake
takes the form of the master encoder requesting (A) tha RPN for
permission to feed data for transmission, an: acknowledgment (B) from the

RPN 12, and the feading of data (C) from the gncoder 30 to the RPN 12.

The format of the real time message to be_trinsm?ttad may be:

(ID><T1m3></Time><Date><Leap~Second-Daqe><T1ma Zone Data>

signat s transmftted 1s for it to be trapsmitted six times within a
twenty-four hour period, with intervals of about five minutes betwaen
each transmission. It 1s envisaged that Jhs preferred single signal,
céntaining real time data on 16 time zones,:would-transmit in about 4.5
seconds. Preferably, the first’transm{ssiLn would commence at around
02:00:30 EST. That enables the handshake to!take place immediately after
02:00:00, and the protocols of ‘that mean tﬁtt transmission may commence

within a few milliseconds, consistent with an fmmediate acknowledgment of
the request.

The preferred manner in which 1t has baen SUT?GStOd that the time message

The circult of Fig. 3 1s that of a "recejvid
be regarded as a variant of timepiece 18 or
mechanism consists of a conventionaf radio

recaiving arrangement 34, The front . end

g clock mechanism” which may
timepiace 22 of Fig. 1. The
frequency pager “front end”
34 provides efither tha raw

-



10

15

- 20

25

13

POCSAG data or other data or decoded POCSAG message data to a
micreprocessor, microcomputer or similar probessing unit. POCSAG s an
acronym for the Post Office Code Standardizatiion Advisory Group.

An input signal processing unit decodes the time data signal to reproduce
the original time, date, 1aap-second date adjustment timg offsets to UTC

time, the next Daylight Saving date, and the direction of change, for
muTtiple time 2o0nes. :

The time processing unit also receives external inputs at power up that
instruct the processing unit what kind of ouﬂput_configuration to assume;
examples are pulse, serial, LCD, parallel buJ. master or slave. The time
processing unit alsoc receives inputs from a Lime zone or locality switch
to set the time zone or time locality to whiéh displayed and/or outputted
times are to be set. A user adjustment 1npu?s to the processor to allow
for user setting of time, date and alarm timd and date information. Time
zone, time, date, alarm and other data may%aIso be set and altered by
means_of software commands recelved by parallel or serial 1npgt means.

The processor maintains a raal time c1ock mechan1sm synohronized with. UTC
time and date, der1ved from the decoded rpd1o pager recaived signa1

Inttially the real " time c1ock mechanism 1s 'set with the received time.
For saveral days following, the real time M111 not be reset with the -
latest received .time. 1Instead, the latest recaived time will be stored

~and an adjustment will subsequently made to]the displayed and outputted

times. Thus, the real time clock mechanism
after several days an accurate calculation o
of the c1ogk machanism’s drift will he m
mechanism to self-calibrate, even in the
signal. It will accord1ng1y be possible

111 be allowed to dr1ft, and
the direction and ma9n1tude

-—-o—-:h——t—

iabsence of a time message
‘or manufacturers to produce

.

_ qost-effsct1ve re11able ¢locks which will maintatin accuratq time evan in

30

35

tha absence of rece1v1ng a radia time mgss ge signal for saveral days.
This feature caters for the temporary lack gf such a $ignal as a result
of storm activity (thundarstorms causing slectrical activity), powar
failure at the trénsmittar. temporary location of a timepiece in a
location where it cannot be reached by a signai, temporary lacation of a
timepisce out of ranga of a transmitter, - .and so on.. In such

.circumstances it can also be seen that| the practica of sending
‘information “on” Dayl4yht Saving changes. well| ahead of the earliest date

de. That will enable the.



10

15

20

25

30

14

for any of those changes, enablss a timepiecd tc he resst to the new time
régime even if 1t has not received a signal for some time,

Each timepiece, especially timepieces 22 having a digital display, may
disph:y,' upon salection, the date and time !of the next Daylight Saving
changs. _In addition, a timepiece may show t;hat it is in Daylight Saving
mode. Furthermore, the display may indicate'that the timépiece is out of
range of a transmitter; a simpls "Out Of Rl{nge" message would suffice.
In addition, the display may alsc indicate tt?at tha displayed ﬂmé 13 not
accurate, when it has not been corrected fz‘:»r some time or at all, for
whatever raason. It may be that the timepiece has never been in
offective range, or log-term disturbances hLve prevented a good signal
being received. In such cases, a message 4uch as “Unraliable Time” or
“Bad Time" would be shown. :

An onboard clock mechanism memory will maintain time zone offset and
daylight saving data (date and direction of changes), date, leap-second
date, alarm mods, alarm time and dats, time and oscillator adjustment
constants, configuration mode, a history buf‘far_ of réce‘lvad time message
radio signals, together with matching onboard real time clock time.

Time and date for the time 2zone se-'lecte‘d'-shaﬂ be displayed and/or
outputted and/or made available 1n one or more of several formats as

" selected by the confi'gurat‘lon mode 1nputs_ te the processor. Some

possible ways in which outputting of the time and date may take place are
as follows: : '

Pulsas at one—second intervals for ana?log clocks. = Such pulses may
be temporarily halted or fast stepped! in order to synchronize an
analog clock to real timé.-'Outbdi Im' one-minute or one-hourly
pulses may also be provided. -Reset output and “reset dons" output
provide the 1logic to reset the Tands of the clock to a
. predetermined posﬂ’.ion. !
. . !
An asyhchmnous serial communication! output with or without a
parity bit. Interfacing to connected| electronics may be via TTL
logic levels RS232, RS422, RS485, infrqred or optical means.

A half-duplex asynchronous sertal cogmunications interface which
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sands tima, date and other data upop a request from connected
alectronics. Interfacing to connecting alectronics may be via TTL
logic levels, RS232, RS422, RS486, infrared or optical means.

LCD display attached either d1rect1y¢ or via LCD display drive

olectronics. ' . « :

Parallel bus outputs.

A parallel bus intarface which sends time, date and other data upon
a requsest from connected electronics.

The processor also checks for errors in received radio pager data, loss
of RF signal, low battery voltage and the lagk of radio time update after
several days, Errors are indicated by saveral output signals including
buzzer, low power, out of range and data errjr; and/or by status register
accessible in half-duplex serial mode or pargllel bus mode, or errors may
be indicated in several ways on the LCD d1spﬂay.

The q?rcu1try of the module operates as foflows,when_the unit 1is first

powersd up. when power f{s applied, for ?example when a battery is
1n;grted, the unit will stay in a powerad'up mode until time message
signals are received, subseqhent}y powering off until ths next

’ iransmiss1on is due. If, however, the timeiece is manually set after

initial power wup, 1t will then power - Jff until the next signal
‘transmission 1s duse. The unit is provlded with a battery-gaving
capacitor, such that if a battery is repladad within about a minute of
removing the old one, the unit will not behaka as if it has been powered
up. b

A power management unit within the proces%or keeps power usage to a-
minimum, This 1s considered to be of importance in the marketing of any

- battery-powered timepiece. It is intended that any such timepiece would

30

hava a 11fe of at least a year, before battdry replacement is necessary.
It follows that power usage must bo kept to|a minimum. The .radic pager
front 34 1s powsred off axcept for an average of 12 minutes per.day
between 02:00:00 and 02:25:00. This is|accomplished by a polling
facility. The front end is powered up dally to receive the group of
signals. If a predetermined numbher ‘of pod - signals in a group is
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received {(for example, two gocd signals in 4 group of three signals, or
thres in a group of six signals) the front ehd wil) power off, not being
required to. deal with any subsaquently-tranJmittad signal. 1In general,
alectronics not in active use ara powered dowp.

Tha processor also maintains a watchdog tider. When qpe analog clock
moda is not being used or half-duptex serial or parallel bus modes are in
use, then unless a valid input from connakted elactronics other than
front and 34 within a given time period (fLr example 25 hours) then a
roset output is pulsed high or low in order &o reset external machanisms
or alectronics, A valid input is either a lese input of defined maximum
duration limits to the "reset done” input, or a valid software input
command on efther the parallel bus or serfa1f1hputs.

The module of Fig. 3 is adapted to form the tore of a radio pager clock.
Among the many vartations on the basic thame:of a radio pager clock, one
may find analog clocks, LCD, LED and mechanidal f1lip panej wall, dask and
bedside clocks, clock plug~in boards for PCJ, clocks which connect to a
PC via the keyboard connector, RS232 serially interfaced time for general
use and connection to computers, and clock Jn1ts on a8 RS485 bus. Apart
from taking the form of a plug-in circuit' board for insertion into a
vacant slot in a PC, the module may be iLcorporated into a separate
stand-a]one unit which 18 connected to one of the communications ports of
the PC or adapted to be wired into the PC k1rcu1try or included- as an
integral part of the PC.circuit board design. Software may also be
instalied on a PC for the purpose of having the PC internal clock slaved
to the time message signal to maintain corregt time and date.

It 1s envisaged that reference timepieces w
locations,

11 be located at particular

so that transm1ssibn_delay§1hay be  adjusted for, Clearly, |
there will be measurable and d1?far1ng delayyg between the generation of a
particular signal and the receipt thersof by'a timepiece. The reference

‘timapieces, which may be located 1n.each tr:tsm1tter head, would be used

to quantify particular delays so that a com nsatory adjustment could be

factored into the signal. If the paging
geosynchronous satellite, path difference
Australia would be nagligible, and it may t
signal adJustmeni'

natwork transmitted from a
to different places in
en be able to make a singla
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Among the applications of the time synchronikzed timepiece of the prasant
invention, one may snvisage a digital time display on a pager, in a motor

vehicle, as a part of a wristwatch, as part of airconditioning controls,

sacurity entrance controls, as part of !time—1ocks for safes, on
telaphones and in elevators, :

N 4
Modifications which have bean envisaged 1ﬁr1ude tha use of single or
multiple transmitters in and around Australfa, the use of TV and/or AM,

FM and shortwave radio transmitters., The ti*e message sfgnal may also be
transmitted from a satellite,

Another embodiment of the present inventioﬁ ralates to the previously-
described system using the Telstra Radio Paging Network, or a similar

network. It is also applicable to any other suitable type of signal-
transmitting infrastructurs.

The approach has been to provide a 'ro&l time' signal to enable
timaplecas to be synchronized to a refarencd time. It has already baen
acknowledged that true real time s1gna1bing is difficult 1f not
impossible to achieve due to transmission delays, and for that reason the
provision 6f monitoring apparatus in, on of near transmitter heads is
suggested as a way to adjust for factors sUcﬁ as the difference distances
- and henca- signal transmission times - 4etween a transmitter and a

. number of timepiaces. . '

In add1t16n,'th§re can be problems in the transmission of signals from a
paging network. Generally, messages are! sent to a network via a
telephone systém, and enter a queuse. Depqnd{ng on the number of messages
already 1in the queue, there could -be quite a delay before a time
synchronization signal is transmitted. In lboth Australia and in other
countries, it may not be technically faasiblg to 'queue-jump’ with a t1me
synchronization signal. Even {if it were possible, some paging- network
aperators may not be prepared to allow queu 'jump1ng. After all, their
main business 1s the transmission of messagé to.pag1n9 devices.

One embodiment of this invention attempts to overcome such problems by
providing s monitor within transmission r nge of a transmitter which
monitor s adapted to receive aignal transmilssions from that transmitter
head. The monitor is preferably connected 1n some way to the
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transmitting network, and to be abla to sendla massage on the network. A

monitor may be physically at

atternatively, could be connectad via a i
known fixed delay.

placed

In its simplest form, the embodiment envi

the

transmittaer gite, or

hk such as a modem, with a

sages transmitting a first

signal, which may be regarded as a start si

gnal or ’mark’. That first

signal or mark would be sent to the paging ndtwork as genera11y'dascr1bed

earliar in this spscification, and may well

ait in a queue before being

transmitted. A typical queus delay may be about five minutes.

The receipt of the mark signal by a timepibce would start an internal
countar within the timepieca. The signal 1% also notad by the monitor,

which 1s in the transmitting coverage are# of the transmitter.
monitor notes the precise time the first si?nal (mark) was recaivsd by

it. The monitor would then compose a $

information on the precise time of receiptfof the first signal.

The'

cond signal which includes
That

second signal would then be sent to the trankm1tter for transmission. A

timapiecs, on receiving the second signal L

accurate tima sent by the second signal

counter, to provide an extremely accurat

ould apply that precise or

ﬂo the olapsed time on the

time or display on the

timaepiece or in any other way already envisaded by this specification.

. Lo i
The second signal may be sent at any tima kfter the first signal, the

only limiting factor being. a desire to limit
It 15 quite un11ke1y'1n any paging network tH
minutes wouid occur between the genaration
transmission. It is accordingly suggested ¢
timepiece should be gated “on”
transmission is expected.

for about

By way of example, a first signal could be s
hour  period, 1ncluding a preferred transmiss
to cater for Daylight Saving changes,
specification.

1
as

L -

battery use in a timepiece.
at a delay of more than five
bf the first signal and its
hat in this embodiment each
ten minutes, each time a

nt at four t1mes.1n each 24~
on around 2:00 am local time
discussed earlier 1in this

Some, or each first signals could be a simp1L signal, or a mere mark, or

could include all of the information (and mor

:disQuSsqd-in this spacification, Héve.t'Rega

a) which signals, praviously

rdlass of the content of the

-
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first signal, each sacond signal would hav? to contain at TJeast  the
precise time information referred to sarlier. '

A preferment could involve a first signal b41ng a simpla, short signal,
with the corresponding second signal conth1n1ng all other nacassary
and/or desired information. The second signﬁl, each signal, or the first
signal, could contain additional ‘lnf‘crmatwn.i

i
Paging transmitters tend to be arranged in groups to cover various
localities. For example, the greater Melbourne area may hava five
transmitters. They may all send thair timd synchronization signals at
the same time. However, transmissions in the Gippsland arsa of rural
Victoria may be uprelated in time to those foL the Melbourne area.

There may be a circumstance were a mobifle timepfece moves between
different areas during the pariod between l first signal (mark) and a
second signal. Such a timepiece may race1be a “Melbourne mark"™ and a
"Gippsland second signal” or correction. Theg timepiece would end up with
an 1incorract time. To avoild such a clrcumstance. each group of
transmitters may include an identification éode with each transmission,
so that correct ffirst signals may be cortelated with correct second
signal correctfons/caltﬁrat1bﬁs. The usae of,such a "tag” 1n an ID cade
would prevent tha m1§-appl1cat1on of a corréction to the wrong area, and
snsure that the appiicab]e correction for thé area in which the timepiece
is located, would -be made. This also spplibs to afixed timepiece which
may receive signals from a transmitter’ located in, or broadcasting to, a

It 15 envisaged that.w1th this non real tjme variant, Daylight Saving
pre-alerts would still be included in each gfoup of transmissions so that
even if a timepiece does not receive its mesgage at 2:00 am Jocal time on

the appropriate day 1t.will still a1ready.c07;ect the time on the correct
date. '

As has been stated some or all and/or addjticnal information, to that
discussed in general earlier in this specification, may be included 1in
one or both signals.  Such things as the pre-alert Daylight Saving
corraction and the date are included in that information, as s the
facility for time zone data for a plurality|of time zones to ba included
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in a signal transmitted in cne time zone. .

When using a paging natwork to transmit the kignal used to synchronize a
timepiace to a reference time in accordanc4 with this invention, there
may also be the provision of a second cap cdde and a message containing
information which is of personal or generai applicatiof, and meang to
receive such slements. Thus, even such things as advertisements could be
sant via the systam, and displayed on the fimepiece display. This may
involve the adaption of any display to repre ent an alphanumeric message.

As each timepiece is individually address=b1e. a signal with such a
second cap code could be sent to a particular timepiece, with a message
for 1ts owner. Such a message could be & biirthday greeting, a reminder
or the 1ikae, which would be displayad on thei imepiecs.
i

Furthearmora, 1t should bhe noted that 1h the event that 1n"any
jurisdiction thers was a changa in time z&ne policy - such has been
discussed in South Australia, with a suggesied move to Eastern Standard

Time - 1t would be possible to download a software set to a timepiece, to
: !
cater for such a policy change. '

One desirable form of unit capable of rap1J deployment in a particular
area for tha provision of signals according to this invention transmitted
via & paging network is a "Paging Time MastLr Generating Unit”. Such a
unit, which could be tocated 1in a box .or 14 something 11ke a suitcase,
would preferably include a computer such as An‘IBH-compatibla PC, a modem
which 1s adaptad to communicate with the|paging network and with a
telephone network for providing ‘faxed érrgr reports and the Tike, a
monitor for receving signals broadcast from a paging network transm1ttef;
and g source .of accurate time.

Such a unit may be easily located on or in tHe vicinity of a transmittar,
and with minimal connections may commence the transmission of timep1éce-
synchronizing signals in accordance with this 1nvention; The computar,
which of course {s run on propf1etary softwara, raceivas data from the
transmitter, and also accurate time. The lattar may be obtained from an
atomic clock which may also be included i the unit, but 1t {13 more

convanient to obteain accurate time via the| modem from an on-line time
service such as Telstra’s Compuline.
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The unit carries out the method af this 1njent1on as described in this
sepcification, and connects with the paging etwork, preferably through a
dial-up connection using the modem. With the Paging Time Master
Generating Unit, and with some timepieces adpated to be synchronized in
accordance with the invention, it would be pdssible to go to a particular

time 2one, and/or a particular country, and ﬁtart a time *synchronization
systam virtually immediately. l

1
Clearly, a system other than a paging nekwork could be used. For
example, signals could be sent on a tellevisicn or radio network.

However, paging networks. are mors su1tab1e,ias they are geared to be a
telephone messaging service, ]

Preferably, timepiece hardware and/or softhre would ba able to oparata

with both real time signals and with the 4rrangement envisaged by tha
present invention, ' :

15 The claims -form part of the disclosure of thﬂs specification.
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CLAIMS: }
1, A method of synchronizing a timepi%ca to a reference time,
including the staeps of:

[
generating a s1gnél which includes 14formation relating to said
rafarance time;

transmitting said signal from a transmi?ter;

receiving said signal at or in the v1c1b1ty of said timepiecs;
processing said signal to enable said £1m9p1ece to display a time,
or generate an output representative of said time, said time being

the correct time for a preset zone, loc 11ty or offset.

2. A method according to claim 1, wher?in sald sighal 1s encoded
and/or encrypted. :

3.  A method accor&ing to claim t or c1aid 2, in which said signal is

transmitted from a plurality of transm1tters; but not nacessarily at the
same time. ' :

4. A method according to any preceding clatm, wherein said signal is
transmitted only once in a twenty-four hour period.

5. A method according to any one of claimg { to 3, wherein said signal

ts transmitted a number.of times in a periqgd of time, each twenty-four
hours. '

6. A method gccording to claim 5, wherein each transmission 15 spaced

. from tha succeeding transmission by a predetqrmined period of time.

7. A method according to claim 6, whereif said signal is transmitted

six times,' with an 1{nterval of about |five minutas between each
transmission.

8. A method according to any one of cldims 5 to 7, wherein once a
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predetarmined number of good signails 13 recf1veq, no_furﬁherfprocessing
takes place. ' R
i .

9. A method according to any one of cilaims 5 to 8, wherein the
transmissions commence in the esarly hours aof lthe morning, local tima,
M
5 10. A method according to any preceding| claim, wherein the s1gnai

contains the following information: ! -

an identity code;

UTC time: i

the digital inverse of the previous UTG time;

10 UTC date;

.dats of'next (if any) lsap-second updaqe; and

time zone data.

11. A method according to‘any one of c¢lai 5 1 to 9, wherein the signal
contains the following information:

15 | Qn 1dent1ty_code;.
1oc;; tiqe: .

tha digita] inversa of local time;

the local date; ; . -_. N R

date of next (if any) leap~second updaﬁe;.and

20 time zona data.

12. A method according to any one of cla1m§ t to 9, wherein the format
of tha signal is:

<ID><Time>¢/Time><Date><Leap-Second Datle><Time Zone Data>
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13. A method according to claim 10, claim
time zone data includes data for each of a
zonas.

14, A mathod according to claim 13, wherei
16.

-

11 or claim 12, wherein the
qradetarmined number of time

i
n!the predetermined number is

15. A method according to claim 13 or claim 14, wherein the signal is
comprised of the time for each zone in plug or minus intervals from a

refarence time, together with date (if any)
change and the direction of change.

nf the naxt daylight saving

16. A method according to claim 15, whereip said reference time 1is UTC

time.

17. A method according to claim 15, wh{ré said reference time 1is

correct local time.

18. Apparatus for synchronizing a £1mepiece "to a reference time,

including:
" means to receive and decode a tran
including information relating to said

1m1tted signal, said signal
reference time; .

means to extract from the decoded s1jna1 information relating to

the correct time for a presat time zon

s locality or offset: and

means to display ar to output said cornrect time.

19. Apparatus ac¢cording to claim 18, flrther i{ncluding means for

calculating the drift of said timepiece

derivative thersof, thus enabling said
calibrating. '

20. Apparatus according to claim 18 or

jover ‘a" period of time by

. comparing the time of said timepisce witH said reference time or a

timepiece to - become salf-

claim 19, further including

means to ansure that when said apparatus 1I powerad up, said apparatus

remains in a signal recaive mode until the n

Xt sjgnal transmission takes

placas, unlass thara occurs a& manual tiﬁa-seit1ng operation.
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‘that in the absence of a specific signal, a 4

such that said circuitry sends to a displly

21,
including a locality switch which i3 adapted

Apparatus according to any one of (

Iy

laims 18 to 20, further
to be set to a particular

zone, locality or offset, thus causing the cprrect time for that zone,

locality or offset to be displayed.

22,

Apparatus according to any one of ¢laims 18 tea 21, further

including moans adapted to store daylight saying change information, so

made on the date and at the time specified for

23, Apparatus according to any one of
in¢luding means to facilitate the display of
next daylight saving change.

24. Apparatus according to any one of
including means to facilitate the display of
daylight saving time.

25. Apparatus according to any one of
including means to facilitate the display of
time is not re]1uble.

26. Apparatus according to any one of
including means to facilitate the display of
is out of range of a transmitter of the said

claims

claims

claims

signal.

ime carrection can still ba
that change.

claims 18 to 22, funhor'
" the date and time of the

18 to 23, further
the fact that the time is

18 to 24, further
the fact that the displayed

18 to 25, further
the fact that the timepiace

27. A timepiece adapted to be synéhréhﬁzéd' to a raference time,

including:

receiver means adapted’.to receive a s
data for a plurality of time zones; '

fgnal containing time zone

~ control circuitry for decoding said signal; and

locality switch means for salact
predeterminad timo rdgimes;

time signal representative of the corréc

ng one

of a number of

, or to othar apparatus, a
t time for the selacted
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pradetermined time rdgimes.

28.

A timepiece adapted to receive and dec
Zone data for a numbar of time zones, a

changes, including:

29.

means to store said data on daylight

time alteration consequent upon said

that timepiece on a stated time and dat

i3 received.

[

R O A R

j:e a signal containing time

data on daylight saving

4
saving changes so that the
Tranges may be effected for
» even if no further signal

A method of setting a timepiece 1nl accordance with a signal

10 containing data on daylight saving time changrs, including:

15

30.

incliuding the steps of:

20

25

transmitting said sfignai;

receiving said signal at or in the vicirity of a timepiece;

decoding said signal;

storing sald data; and

sattfng,. at a2 time and on a date cqnt.a‘lned 'in said data, said

timepiece to a new time.

o
- .
. o .

A method of synchronizing a timepiece to a referangé t1me,:

gensrating a signal which 1includes 1
raference time;

transmitting said signal from a transmi
receiving said signal at or in the vici
processing said signal to aenable said

or ganerata an output represantative o
the correct tima for a preset zone, log

hformation relating to satd

tter:

nity of said timepiece; and

.timepiece to display a time,

f said time, said time being
fality or offset.
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31. Apparatus for synchronizing a t1mepﬂeca to a reference time,
including: '

means to receive and decode a transmitted signal, said signal
in¢luding information relating to said peference tima;

]
means to extract from the dacoded signal information relating to
the corract time for a praset zone, locplity or offset; and

means to display or to output said corrPct time.

32. A method of synchronizing a timepiece to a reference time,
including the steps of:

generating a'f1rst signal;
transmitting said first signal;

recaiving said first signa1:

composing a 'second signal consequent lupon receipt of said first
signal, said second signal including !information relating to the
precise time of receipt of said first gignal; and

transmitting said second signal.

33. A method according to claim 32, whereip said signal 1is transmitted

' w{thtﬁ.g:pgedetermtned time jhtérVa1 from t f transmission of said first

signal.

34. A method according to ¢laim 32 or claim 33, wherein both said first
signal and said second signal include additignal information.

35. A method according to claim 32 or cfaim 33, wherein said first
signal is merely a mark, and said second includes all other information.

36. A method accor&ing to any one of ¢lgims 32 to 35, wherein said
timepiece, on recelpt of said first signal, commences a count, and on

receipt of said sacond.s1gpa1, uses said count and information in said



10

15

20

25

—

L

sacond signal to generate accurate time.

37. A system for synchroniziﬁg a timspiacL to a refarence timeplece,
gajd system 1nc1uding means connected to a transmitter, said transmitter
being adapted to transmit a first signal to & timepisce, said means being
adapted to receive said first signal and [to.compose & second signal
including information on tho precise time| of receipt of said first

signal, . said sacond signal being adapted |to be transmitted by said
transmitter,

transmitted within a predetermined time after the transmission of said

38. A system according to claim 37, wh:Fm said second signal is
first signal.

39. A system for synchronizing a timepiecr tc a refersnce timae, said
gsystem including:

_means to generate a first signal;

transmission means to transmit said first signal;
‘monitor means connected to sald monitbr means for réceﬂv#ﬁéréaid
~ first signal and for composing a seqond signal related to said

- first signal, said ‘signal thereafteri being transmitted. by said
transmission means: and

means associated” with said timepiece |for commencing a count and
receipt of sai& first signal, and for using the 1information from
said count and from information contaiped 1n~satd second signal to
generate accurate time. - ' |

40. A system according to claim 39, further including means associated
S

with said receiver for correlat1n§ whethar |said second signal and said

_ first signal relate to the same transmitting| area, such that if they are

30

not., ihe sacond signal is discounted,

41. A method of synchronizing a timepfece to a referance time,

substa_nuany as haretn described, with reference to the accompanying
drawings. '
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ece to a reference time,

substant1£11y "as herein described, with reference to the accompanying

drawings.

43. A system for synchronizing a timep]

ece to a reference time,

substant{ally as harein described, with rafarence to the accompanying

drawings.

44 A timeplece, substantially as herein Hescribed with refarenca to

the accompanying drawings.

45.. A method of satting a timepiece, substrntially as hersin described

with reference to the accompanying drawings.




