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The present invention relates to a method and to an apparatus
for synchronising clocks being connected to a network system.

Background

Many devices (in particular white goods or brown goods) in a
household may contain a clock. Some systems allow to connect all
these devices and the related clocks to a common bus or network.
The commands for controlling the clocks are in general limited
to reading or writing a given time or to broadcasting the time
of a given clock to one dedicated device or to the entire system
or to a part of the system.

An example home bus system is described in Esprit Home Systems
Specification 1.1, ESPRIT project 6782.

In such known systéms it is not specified in which manner a
clock should react if it receives the time broadcast by another
clock. So, it is possible to initialise all clocks to a given
time (e.g. by a user action, which creates a 'write time' broad-
cast to the entire system), but due to tolerances in the differ-
ent clocks, so achieved synchronisation will not be maintained.
Regular broadcasting by a special device 'master clock' has the
disadvantage of. introducing one device with different capabili-
ties. In case there are several master clocks, conflicts may oc-
cur and the advantages of a high precision clock will fade away
if a lower precision master clock overrides it,

Invention

It is one object of the invention to guarantee initial synchro-
nisation and keeping of synchronisation between real time clocks
in a bus connecting distributed devices. This object is reached

by the methods disclosed in claims 1 and 3. ¢ -
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goods) i'n a household may contain a clock. Sone sys- tens allow to connect

all,these devices and the related clocks to a common bus or network. The
connands for controlling fhe clocks are in general limted to reading or
witing a given time or to broadcasting tBe tinme of a given clock to one
dedi cated device or to the entire sys- temor to a part of the system An
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which utilises the inventive method. This object is reached by
the apparatus disclosed in claims 11 and 12.

A good'synchronising system should care about the precision of
different clock types:

« non initialised

e display only, no timer included

¢ battery driven low precision

« B50Hz driven .

e« quartz driven

e official time distributed via radio (for a specific time zone)
e user intervention

This list can be interpreted as a list of priorities, user
intervention having the highest. Higher priority clocks should
set the time of lower priority clocks (in case there are tuners
in the system which receive the time from different time zones,
it is supposed that only the time of one time zone will be
transmitted to the rest of the system).

The first proposal for solving the problem is as follows:

» every clock broadcasts {datagram distribution) its time peri-
odically |

¢ the broadcast period is dependent on the precision (higher pre-
cision leads to a shorter period)

+ every clock which receives a broadcast updates its time

e« every clock which receives a broadcast resets its counter of
the broadcast period _

¢ user intervention initiates an immediate broadcast

In this manner only the clock with the highest precision broad-
casts its time to the system, but whenever it fails the next
lower precision clock takes over the broadcasting automatically.
The broadcast periods are defined as factorial periods of a pre-
selected time period, e.g. a minute (e.g. 5, 6, 12, 15, 20, 30,
60 seconds), and are synchronised to the prese{gggggitime unit.
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ti-on 1,093 AT#Y THprbFeR?36782. In such known systems it is not specified in
whi ch manner a clock should react if it receives the tinme broadcast by
anot her clock. So, it is possible to initialise all clocks to a given tine
(e.g. by a user action, which creates a 'wite tine' broadcast to the
entire systen), but due to tolerances i+ the different clocks, so achieved
synchroni sation will not be main- tained. Regul ar broadcastlng by a speci al

devi ce TH@s; all clocks displaying hours (hh) and minutes (mm) only
will receive their time with no extra cost.

Another proposal is, that all devices will broadcast the time
with an equal period (say one minute), but with a different
phase (in seconds, e.g. highest precision clock at hh:mm:50,
next lower precision clock at hh:mm:52, etc.; or highest preci-
sion clock at hh:mm:00, next lower precision clock at hh:mm:02,
etc.), but only if no broadcast was received in the preceding
time period. In the latter case, traffic on the network is
independent of the precision of the different clocks. The dis-
plays are either slightly out of time or will need internal sec-
ond counting capability. ’

In both proposals, time broadcasting may be done to the entire
system or to a group, or subgroup, of clocks only.

A disadvantage of the both above described kinds of synchronis-
ing is that the risk of collisions between two devices of equal
precision is enhanced (causing higher traffic on the network),
at least on media without collision avoidance (e.g. current car-
rier transmission on power lines), or if repetition is handled
in the lower protocol layers only.

According to the invention, there are two proposals:

Phase of transmission depends on precision

e every clock receiving a time broadcast of the same or higher
precision class does not broadcast for a certain amount of time
(e.g. N minutes). The precision class of the broadcaster can be
easily derived from the phase of the time broadcast (e.g. sec-
onds count}.

e this amount of time (e.g. N minutes) is a random or pseudo-ran-
dom value, depending on some internal state of the instance of
this device (and not only on the present time). Two possibili-
ties: these values may be changed perlodlcally or after each

transmission.
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ter clock' has the disadvantage of introducing one de- vice with different
capabilities. In case there are several master clocks, conflicts may occur
and-t he advantages of a high precision clock will fade away ir a | ower
preci - sion nmaster clock overrides it. Frédm EP-A-0 548 381 a nethod for
synchroni sing clocks in hierarchically subdivided conputer networks is

known. Ther&nisn@Peof S PERtsston GLoskaP' oM §88ckBion

s every clock receiving a time broadcast of any precision class
does not broadcast for a certain amount of time (e.g. N min-
utes) .

e this amount of time (e.g. N minutes) is a random or pseudo-ran-
dom value, it depends a.o. on the precision of this clock, so
that higher precision clocks will wait (in average) for a
shorter time.

In principle, the inventive method is suited for synchronising
clocks being connected to a network system, whereby:

- said clocks may belong to different precision classes;

- the time of every clock is broadcast within said network sys-
tem after expiry of a pre-selected time period, whereby a higher
of said precision classes is associated with a shorter time pe--
riod and time period counting means are related to each of said
clocks;

- every clock which receives said broadcast updates its time and
the related time period counting means are reset,

or whereby:

- said clocks may belong to different precision classes;

- the time of every clock is broadcast within said network sys-
tem having a pre-selected phase, which is related to said preci-
sion class in such a way that the broadcast time related to a
higher of said precision classes is earlier, and having a pre-
selected broadcast time period, which is independent of said
precision class;

- the time of a specific clock is broadcast only, when the clock
has received no related time from a clock belonging to a higher
precision class; .

- every clock which receives said broadcast updates its time.

Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.
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a conputer which is positioned at the highest hierarchi- cal level. This
clock is the master clock of the system and synchronises all clocks at the
néxt | ower hierarchi- cal |evel by sending tinmestanps. The clocks at the
sec ond | ower hierarchical level are synBhronised by tines-

In principle the inventive apparatus for synchronising clocks
being connected to a network system is related to a method
according to any of claims 1 to 10 and includes:

- a clock which may belong to different precision classes;

- bus interface means which broadcast the time of said clock
within said network system after expiry of a pre-selected time
period, which is related to said precision class in such a way
that a higher of said precision classes is associated with a
shorter time period, whereby time period counting means are re-
lated to said clock;

- interrupt means which interrupt time transmission from said
clock to said bus interface méans during a certain time period
after each reception of time information by said bus interface
means, whereby the time of said clock is broadcast only, when
the bus interface means have received no related time from a
clock belonging to a higher precision class and whereby the time
of said clock is updated when receiving said broadcast time in-
formation and said time period counting means are reset,

or includés:

- a clock which may belong to different precision classes;

- bus interface means which broadcast the time of said clock
within said network system having a pre-selected phase, which is
related to said precision class in such a way that the broadcast
time related to a higher of said precision classes is earlier,
and having a pre-selected broadcast time period, which is inde-
pendent of said precision class;

- interrupt means which interrupt time transmission from said
clock to said bus interface means during a certain time period
after each reception of time information by said bus interface
means, whereby the time of said clock is broadcast only, when
the bus interface means have received no related time from a
clock belonging to a higher precision class and whereby the time
of said clock is updated when receiving said broadcast time in-
formation.

Advantageous additional embodiments of the inventive apparatus
are resulting from the respective dependent claim.
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-2 tanps éﬁlc% are broa&cast by a sub-nmaster clock a next hlgher gve

Therefore, not all clocks in the systemare synchronl ﬁQﬂhﬁ a tlne

stanp nessages. In GB-A-2 022 881 a progranmmed d|g| ck S

di scl osed, which is arranged to functiorg as a master ster
|g|tal

clock or a slave clock. It is revealed, that the pro

secondar¥ cl,ock
w:.ng

Preferred embodiments of the invention are described with refer-
ence to the accompanying drawing, which shows in:
Fig. 1 .

Preferred embodiments

In a real system there is some delay in datagram distribution
{routers, time for medium access). This delay may vary consider-
ably over the time. For this reason every clock should reset its
internal time only in case of major and/or repeated differences
to the time received. But this can be left to the designer of
the clock - nevertheless the choice should be made keeping in
mind the time difference between broadcasts of different preci-
sion classes, so that it is guaranteed that every clock will be
overwritten, at least on the long term, by broadcasts of higher
precision classes.

The distribution of time in the described manner is not limited
to the time of day. E.g. the date may be distributed with the
time in every time period, or could be distributed only on
longer periods, but only by the device which succeeded to dis-
tribute its time.

A intermal clock CLK continuously distributes the local time in-
side a device (coffee machine, cooker, dish washer, washing ma-
chine, heating system, air conditioner, FM receiver, TV set,
VCR). A bus interface unit BIU receives time information RXVE
from a bus. Time information TXMIT is sent to the bus only when
the controlled switch CSW1 is closed. This switch is controlled
by a delaying block DBL which interrupts time transmission
during a certain time period after each reception of time infor-
mation (and possibly allows transmission only at fixed intervals
corresponding to the internal time).

Incoming time information RXVE is allowed to set the intermal
clock CLK only when a second controlled switch CSW2 is closed.
This switch may be closed continuously in a simple embodiment,



_ D93/072I-Ha-151093
mﬁf! be used in a systemwhere identical units are con- nected in daisy
chain to provide a continuously updated real tinme count at rempte |ocations
stich as in an airport, hospital, school, etc.. Each unit sends its updated
real time count in serial data format to7the next unit of the daisy chain.
Each unit ating as a slave clock checks whether there is a malfunction at

Enge- Previ ous, I65d €lortt! 5K by L AT & 5g PRSI 3f { e ASc Hr FBEE €FT CHRLKNVBBA- 2
pares the internal {output of CLK) and the received time and al-
lows updating only when a significant difference over a certain
period is detected.

Supplementary blocks D1, D2 compensating the delay of time
distribution within the network may be included.

Advantageously, in a bus system with more than one real time
clock initial synchronisation will be achieved without user in-
tervention (if at least one of the clocks is initialised).
Synchronisation will be kept, while highest precision clocks
take priority over lower precision ones. Even if the controlling
clock fails, the next lower priority clock will automatically
take over the task of controlling the system. Updating is still
possible by manual intervention from any point of the system.
Bus traffic is kept low.

-
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f'uhcti‘on s detected. Invention It is one object of the invention to

guarantee initial synchronisation and keeping of synchroni on be- tween’
réal time clocks in a bus connecting distributed devices. ﬂ"mum

reached by the nethods dis- closed in clgains 1 and 3. It i'§ r"wl‘”m?”m
obj ect of the invention to disclose an

Claims

1. Method for synchronising clocks (CLK} being connected to a
network system, characterised in:

- said clocks may belong to different precision classes;

- the time of every clock is broadcast ({(TXMIT) within said net-
work system after expiry of a pre-selected time period,
whereby a higher of said precision classes is associated with
a shorter time period and time period counting means are re-
lated to each of said clocks;

- every clock which receives said broadcast (RXVE) updates its
time and the related time period counting means are reset.

2. Method according to claim 1, characterised in that every clock
(CLK) receiving a time broadcast of any precision class does
not broadcast its time within a further time period which is
higher than said pre-selected time period.

3. Method for synchronising clocks (CLK) being connected to a
network system, characterised in:

- said clocks may belong to different precision classes;

- the time of every clock is broadcast (TXMIT) within said net-
work system having a pre-selected phase, which is related to
said precision class in such a way that the broadcast time
related to a higher of said precision classes is earlier, and
having a pre-selected broadcast time period, which is inde-
pendent of said precision class;

- the time of a specific clock is broadcast only, when the clock
has received no related time from a clock belonging to a
higher precision class;

- every clock which receives said broadcast (RXVE) updates its
time.

4. Method according to claim 3, characterised in that every clock
(CLK) receiving a time broadcast of the same or higher preci-
sion class does not broadcast its time within a further time
period which is higher than said pre- selected time period.
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apﬁaratd%gﬂﬁ?%%ID??T%gégg?he inventive method. This ob ject is reached by
the apparatus disclosed in clains 11 and 1 2. A go S|ng system
sfiqul d care about the precision of different clock Ml ”m

ven | ow

initialisec [err] display only, no timergincluded [ErrF
preci si on
5. Method according to any of claims 1 to 4, characterised in
that said further time period is a random or pseudo-random
value, depending on some internal state of a device to which
the clock (CLK) belongs and depending not only on the present

time, whereby these values are changed periodically or after
each time broadcast.

6. Method according to any of claims 1 to 5, characterised in
that said time is broadcast (TXMIT) only to a part of the
clocks belonging to said network system.

7. Method according to any of claims 1 to 6, characterised in
that said pre-selected time period is a factorial period of a

minute.

8. Method according to any of claims 1 to 7, characterised in
that in case tuners related to said clocks (CLK) receive the
time of different time zones, one of said zone times is se-
lected for broadcasting within said network system. |

9. Method according to any of claims 1 to 8, characterised in
that when evaluating the internal time of a clock (CLK) and
the time broadcast within said network system the delay of
time distribution within said network system is compensated
using appropriate delay means (D1, D2).

10 Method according to any of claims 1 to 9, characterised in
that digitallfilter means (FI) compare the internal time of a
clock (CLK) and the time (RXVE) broadcast within said network
system and allow (CSWQ) updating only when a difference ex-
ceeding a pre-selected threshold over a pre-selected observa-
tion period is detected.

11 Apparatus for synchronising clocks being connected to a net-
work system, related to a method according to any of claims 1
to 10 and including:

- a clock (CLK)} which may belong to dlfferent precision classes;

This Sheet Has Been Reﬁlaced
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[éfr] ’SOFE driven [err] quartz driven [err] official tinme distributed

T s 5

12

13

10

bus interface means (BUI} which broadcast (TXMIT) the time of
said clock within said network system after expiry of a pre-
selected time period, which is related to said precision class
in such a way that a higher of said precision classes is asso-
ciated with a shorter time period, whereby time period count-
ing means are related to said clock;

interrupt means (DBL, CSW1) which interrupt time transmission
from said clock to said bus interface means during a certain
time period after each reception of time information (RXVE) by
said bus interface means, whereby the time of said clock is
broadcast only, when the bus interface means have received no
related time from a clock belonging to a higher precision
class and whereby the time of said clock is updated when re-
ceiving said broadcast time information (RXVE) and said time

period counting means are reset.

Apparatus for synchronising clocks being connected to a net-
work system, related to a method according to any of claims 1
to 10 and including:

a clock {CLK) which may belong to different precision classes;
bus interface means (BUI) which broadcast (TXMIT) the time of
said clock within said network system having a pre-selected
phase, which is related to said precision class in such a way
that the broadcast time related to a higher of said precision
classes is earlier, and having a pre-selected broadcast time
period, which is independent of said precision class;
interrupt means (DBL, CSW1) which interrupt time transmission
from said clock to said bus interface means during a certain
time period after each reception of time information (RXVE) by
said bus interface means, whereby the time of said clock is
broadcast only, when the bus interface means have received no
related time from a clock belonging to a higher precision
class and whereby the time of said clock is updated when re-
ceiving said broadcast time information (RXVE).

Apparatus according to claim 11 or 12, characterised in that
digital filter means (FI) compare the internal time of said
clock (CLK) and the time (RXVE) broadcast within said network
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[érr] 93 Intervention This list can be interpreted as a |list of

priorit | es user intervention having the highest. Hi gher (Uﬂ'w ml“uﬂ

should set the time of lower priority clocks (in case ther ﬂﬂ””"’

t he system whi ch receive the tinme fromidif- ferent tinme zones, “itt

supposed t hat onIy the tine of one tinme zone will be transmtted to the

rest of the st)_/ g‘) . )
system an allow updating of the clock time only when a dif
ference exceeding a pre-selected threshold over a pre-selected

observation period is detected.
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THe frrg?369gﬁgsg S%OESIV|ng the problemis as fol- lows: every clock
broadcasts (datagramdistribution) its time periodically the broadcast
period is dependent on the precision (higher precision leads to a shorter
perlod) [err] every clock which receives a broadcast updates its tine

Abstract

Many devices (in particular white goods or brown goods) in a household may
contain a clock. Some systems allow to connect all these devices and the related
clocks to a common bus or network. The commands for controlling the clocks are
in general limited to reading or writing a given time or to broadcasting the time of
a given clock to one dedicated device or to the entire system or to a part of the
system. In such known systems it is not specified in which manner a clock should
react if it receives the time broadcast by another clock. It is possible to initialise all
clocks to a given time but due to tolerances in the different clocks, so achieved
synchronisation will not be maintained. Regular broadcasting by a special device
'master clock’ has the disadvantage of introducing one device with different ca-
pabilities. In case there are several master clocks, conflicts may occur and the ad-
vantages of a high precision clock will fade away if a lower precision master clock
overrides it. '
One solution is, that only the clock with the highest precision broadcasts its time
to the system, but whenever it fails the next lower precision clock takes over the
broadcasting automatically. The broadcast periods are defined as factorial periods
of a preselected time period.

Another possibility is, that ali devices will broadcast the time with an equal period
but with a different phase and only if no broadcast was received in the preceding

time period.

Fig.1
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[erF] ‘revery clock which receives a broadcast resets its counter of the
br,oadcast period [err] _user intervention initiates an inmredi ate broadcast
I n {hip98¥@72rl only the clock with the highest precision broadcasts its
time'to the system but whenever it fails the next |ower precision clock

t akes over the broadcast- ing automaticdl fyl. The broadcast periods are
defined as factorial periods of a preselected tine period, e.g. a
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a network system

The present invention relates to a method and to an apparatus
for synchronising clocks being connected to a network system.

Back UT)

Many devices (in particular white goods or brown goods) in a
household may contain a clock. Some systems allow to connect all
these devices and the related clocks to a common bus or network.
The commands for controlling the clocks are in general limited
to reading or writing a given time or to broadcasting the time
of a given clock to one dedicated device or to the entire system
or to a part of the system.

An example home bus system is described in Esprit Home Systems
Specification 1.1, ESPRIT project 6782.

In such known systems it is not specified in which manner a
clock should react if it receives the time broadcast by another
clock. So, it is possible to initialise all clocks to a given
time (e.g. by a user action, which creates a 'write time' broad-
cast to the entire system), but due to tolerances in the differ-
ent clocks, so achieved synchronisation will not be maintained.
Regular broadcasting by a special device ‘master clock' has the
disadvantage of . introducing one device with different capabili-
ties. In case there are several master clocks, conflicts may oc-
cur and the advantages of a high precision clock will fade away
if a lower precision master clock overrides it.

Invention

It is one object of the invention to guarantee initial synchro-
nisation and keeping of synchronisation between real time clocks
in a bus connecting distributed devices. This object is reached
by the methods disclosed in claims 1 and 3.
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or hi gheREPLAERMENT SHEET ock at hh: nm 00, next | ower preci si on

cl ock at hh:mm OR. f€étc.)), but onjyjif no broadcast was received in the

preceding tine péer o?,glpgglggylat r case, traffic on the network is

i ndependent of thejp

eci st on of }h different clocks. The displays are
2

It is a further object of the invention to disclose an apparatus
which utilises the inventive method. This object is reached by
the apparatus disclosed in claims 11 and 12.

A good synchronising system should care about the precision of
different clock types:

¢« non initialised

+« display only, no timer included

e battery driven low precision

e 50Hz driven '

e quartz driven

'«  official time distributed via radio (for a specific time zone)

e« user intervention

This list can be interpreted as a list of priorities, user
intervention having the highest. Higher priority clocks should
set the time of lower priority clocks (in case there are tuners
in the system which receive the time from different time zones,
it is supposed that only the time of one time zone will be
transmitted to the rest of the system).

The first proposal for solving the problem is as follows:
» every clock broadcasts {datagram distribution) its time peri-
odically

"« the broadcast period is dependent on the precision (hlgher pre-

cision leads to a shorter period)

+ every clock which receives a broadcast updates its time

« every clock which receives a broadcast resets its counter of
the broadcast period _

» user intervention initiates an immediate broadcast

In this manner only the clock with the highest precision broad-
casts its time to the system, but whenever it fails the next
lower precision clock takes over the broadcasting automatically.
The broadcast periods are defined as factorial periods of‘a pre-
selected time period, e.g. a minute (e.g. 5, 6, 12, 15, 20, 30,
60 seconds), and are synchronised to the preselected time unit.
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ei ther slightl MAOEMENTnﬁH%ﬂ need internal second counting
capability. In}{b Dp“%éTE' ty ne broadcasting nay be done to the entire
systemor to ayg Ogﬁsﬁﬂﬂ% up of clocks only. A disadvantage of the
bot h above des r|b S of yhchronising is that the risk of collisions
bet ween two deyi eti sion is &nhanced (causing higher

Then, “¢locks displaying hours (hh) and minutes (mm) only

will receive their time with no extra cost.

Another proposal is, that all devices will broadcast the time
with an equal period (say cne minute), but with a different
phase (in seconds, e.g. highest precision clock at hh:mm:50,
next lower precision clock at hh:mm:52, etc.; or highest preci-
sion clock at hh:mm:00, next lower precision clock at hh:mm:02,
etc.}, but only if no broadcast was received in the preceding
time period. In the latter case, traffic on the network is
independent of the precision of the different clocks. The dis-
plays are either slightly out of time or will need internal sec-
ond counting capability. )

In both proposals, time broadcasting may be done to the entire
system or to a group, or subgroup, of clocks only.

A disadvantage of the both above described kinds of synchronis-
ing is that the risk of collisions between two devices of equal
precision is enhanced (causing higher traffic on the network),
at least on media without collision avoidance (e.g. current car-
rier transmission on power lines), or if repetition is handled

in the lower protocol layers only.
According to the invention, there are two proposals:

Phase of transmission depends on precision

« every clock receiving a time broadcast of the same or higher
precision class does not broadcast for a certain amount of time
(e.g. N minutes). The precision class of the broadcaster can be
easily derived from the phase of the time broadcast (e.g. sec-
onds count).

e this amount of time (e.g. N minutes) is a random or pseudo-ran-
dom value, depending on some internal state of the instance of
this device (and not only on the present time). Two possibili-
ties: these values may be changed periodically or after each

transmission.
[
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traffic on the netREPMLAGEMENT SHEE: [on nedia without collision avoi dance
( current cafrf{er-tTransnissijorf on power lines), or it repetitionis
andled in the | pwer cg? | ay-{ ers only. According to the invention,
there are two pr pasg%?tgh g

every clock recej ving—a—tine-b-gadcast of #he sane of higher precision
cl ass does not bfoadcast for a

af |transm ssion depends on precision [err]

Frequency of transmission depends on precision

« every clock receiving a time broadcast of any precision class
does not broadcast for a certain amount of time (e.g. N min-
utes) .

e this amount of time {(e.g. N minutes) is a random or pseudo-ran-
dom value, it depends a.c. on the precision of this clock, so
that higher precision clocks will wait (in average) for a

shorter time.

In principle, the inventive method is suited for synchronising
clocks being connected to a network system, whereby:

- said clocks may belong to different precision classes;

- the time of every clock is broadcast within said network sys-
tem after expiry of a pre-selected time period, whereby a higher
of said precision classes is associated with a shorter time pe-
riod and time period counting means are related to each of said
clocks;

- every clock which receives said broadcast updates its time and
the related time period counting means are reset,

oxr whereby:

- said clocks may belong to different precision classes;

- the time of every clock is broadcast within said network sys-
tem having a pre-selected phase, which is related to said preci-
sion class in such a way that the broadcast time related to a
higher of said precision classes is earlier, and having a pre-
selected broadcast time period, which is independent of said
precision class;

- the time of a specific clock is broadcast only, when the clock
has received no related time from a clock belonging to a higher
precision class;

- every clock which receives said broadcast updates its time.

Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.

—_—
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In principle the inventive apparatus for synchronising clocks
being connected to a network system is related to a method
according to any of claims 1 to 10 and includes:

- a clock which may belong to different precision classes;

- bus interface means which broadcast the time of said clock
within said network system after expiry of a pre-selected time
period, which is related to said precision class in such a way
that a higher of said precision classes is associated with a
shorter time period, whereby time period counting means are re-
lated to said clock;

- interrupt means which interrupt time transmission from said
clock to said bus interface means during a certain time period
after each reception of time information by said bus interface
means, whereby the time of said clock is broadcast only, when
the bus interface means have received no related time from a
clock belonging to a higher precision class and whereby the time
of said clock is updated when receiving said broadcast time in-
formation and said time period counting means are reset,

or includes:

- a clock which may belong to different precision classes;

- bus interface means which broadcast the time of said clock
within said network system having a pre-selected phase, which is
related to said precision class in such a way that the broadcast
time related to a higher of said precision classes is earlier,
and having a pre-selected broadcast time period, which is inde-
pendent of said precision class;

- interrupt means which interrupt time transmission from said
clock to said bus interface means during a certain time period
after each reception of time information by said bus interface
means, whereby the time of said clock is broadcast only, when
the bus interface means have received no related time from a
clock belonging to a higher precision class and whereby the time
of said clock is updated when receiving said broadcast time in-
formation.

Advantageous additional embodiments of the inventive apparatus
are resulting from the respectlve dependent claim.
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may be changed peri

Preferred embodiments of the invention are described with refer-
ence to the accompanying drawing, which shows in:
Fig. 1 .

Preferx odimen

In a real system there is some delay in datagram distribution
{routers, time for medium access). This delay may vary consider-
ably over the time. For this reason every clock should reset its
internal time only in case of major and/or repeated differences
to the time received. But this can be left to the designer of
the clock - nevertheless the choice should be made keeping in
mind the time difference between broadcasts of different preci;
sion classes, so that it is guaranteed that every clock will be
overwritten, at least on the long term, by broadcasts of higher
precision classes.

The distribution of time in the described manner is not limited
to the time of day. E.g. the date may be distributed with the
time in every time period, or could be distributed only on
longer periods, but only by the device which succeeded to dis-
tribute its time.

A intermal clock CLK continuously distributes the local time in-
side a device {coffee machine, cooker, dish washer, washing ma-
chine, heating system, air conditioner, FM receiver, TV set,
VCR). A bus interface unit BIU receives time information RXVE
from a bus. Time information TXMIT is sent to the bus only when
the controlled switch CSW1 is closed. This switch is controlled
by a delaying block DBL which interrupts time transmission
during a certain time period after each reception of time infor-
mation (and possibly allows transmission only at fixed intervals
corresponding to the internal time).

Incoming time information RXVE is allowed to set the internal
clock CLK only when a second controlled switch CSW2 is closed.
This switch may be closed continuously in a simple embodiment,
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sion of this clock, so that higher precision clocks will wait (In average)
for a shorter tine. REPLACEMENT SHEET 5- In principle, the inventive
nmethod is suited for syn-

or can be controlled by a digital filter circuit FI which com-
pares the internal (output of CLK) and the received time and al-
lows updating only when a significant difference over a certain
period is detected.

Supplementary blocks D1, D2 compensating the delay of time
distribution within the network may be included.

Advantageously, in a bus system with more than one real time
clock initial synchronisation will be achieved without user in-
tervention (if at least one of the clocks is initialised).
Synchronisation will be kept, while highest precision clocks
take priority over lower precision ones. Even if the controlling
clock fails, the next lower priority clock will automatically
take over the task of controlling the system. Updating is still
possible by manual intervention from any point of the system.
Bus traffic is kept low.
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Method for synchronising clocks (CLK) being connected to a
network system, characterised in:

said clocks may belong to different precision classes;

the time of every clock is broadcast (TXMIT) within said net-
work system after expiry of a pre-selected time period,
whereby a higher of said precision classes is associated with
a shorter time period and time period counting means are re-
lated to each of said clocks;

every clock which receives said broadcast (RXVE) updates its
time and the related time period counting means are reset.

Method according to claim 1, characterised in that every clock
{CLK) receiving a time broadcast of any precision class does
not broadcast its time within a further time period which is
higher than said pre-selected time period.

Method for synchronising clocks (CLK} being connected to a
network system, characterised in: '
said clocks may belong to different precision classes;

the time of every clock is broadcast (TXMIT) within said net-
work system having a pre-selected phase, which is related to
said precision class in such a way that the broadcast time
related to a higher of said precision classes is earlier, and
having a pre-selected broadcast time period, which is inde-
pendent of said precision class;

the time of a specific clock is broadcast only, when the clock
has received no related time from a clock belonging to a
higher precision class;

every clock which receives said broadcast (RXVE) updates its
time.

Method according to claim 3, characterised in that every clock
(CLK) receiving a time broadcast of the same or higher preci-
sion class does not broadcast its time within a further time
period which is higher than said pre-selected time period.
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Method according to any of claims 1 to 4, characterised in
that said further time period is a random or pseudo-random
value, depending on some internal state of a device to which
the clock (CLK) belongs and depending not only on the present
time, whereby these values aré changed periodically or after

each time broadcast.

Method according to any of claims 1 to 5, characterised in
that said time is broadcast (TXMIT) only to a part of the
clocks belonging to said network system.

Method according to any of claims 1 to 6, characterised in
that said pre-selected time period is a factorial period of a

minute.

. Method according to any of claims 1 to 7, characterised in

that in case tuners related to said clocks (CLK) receive the
time of different time zones, one of said zone times is se-
lected for broadcasting within said network system.

. Method according to any of claims 1 to 8, characterised in

that when evaluating the' internal time of a clock (CLK) and
the time broadcast within said network system the delay of
time distribution within said network system is compensated
using appropriate delay means (D1, D2).

Method according to any of claims 1 to 9, characterised in
that digital filter means (FI) compare the internal time of a
clock (CLK) and the time (RXVE) broadcast within said network
system and allow (Csﬁ2) updating only when a difference ex-
ceeding a pre-selected threshold over a pPre-selected observa-
tion period is detected.

Apparatus for synchronising clocks being connected to a net-
work system, related to a method according'to any of claims 1
to 10 and including:

a clock (CLK) which may belong to different precision classes;
S
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bus interface means I) which broadcast (TXMIT) the time of
said clock within said network system after expiry of a pre-
selected time period, which is related to said precision class
in such a way that a higher of said precision classes is asso-
ciated with a shorter time period, whereby time period count-
ing means are related to said clock;

interrupt means (DBL, CSW1l) which interrupt time transmission
from said clock to said bus interface means during a certain
time period after each reception of time information (RXVE) by
said bus interface means, whereby the time of said clock is
broadcast only, when the bus interface means have received no
related time from a clock belonging to a higher precision
class and whereby the time of said clock is updated when re-
ceiving said broadcast time information (RXVE) and said time

period counting means are reset.

Apparatus for synchronising clocks being connected to a net-
work system, related to a method according to any of claims 1
to 10 and including:

a clock {(CLK) which may belong to different precision classes;
bus interface means (BUI) which broadcast (TXMIT) the time of
said clock within said network system having a pre-selected
phase, which is related to said precision class in such a way
that the broadcast time related to a higher of said precision
classes is earlier, and having a pre-selected broadcast time
period, which is independent of said precision class;
interrupt means {(DBL, CSW1) which interrupt time transmission
from said clock to said bus interface means during a certain
time period after each reception of time information (RXVE) by
said bus interface means, whereby the time of said clock is
broadcast only, when the bus interface means have received no
related time from a clock belonging to a higher precision
class and whereby the time of said clock is updated when re-
ceiving said broadcast time information {(RXVE).

13 Apparatus according to claim 11 or 12, characterised in that

digital filter means (FI) compare the internal time of said
clock (CLK) and the time ({(RXVE) broadcast w1th1n sald network
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system and allow updating of the clock time only when a dif-
ference exceeding a pre-selected threshold over a pre-selected

observation period is detected.
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ABSTRACT OF THE DISCLOSURE

METHOD AND APPARATUS FOR SYNCHRONISING CLOCKS BEING CONNECTED
TO A NETWORK SYSTEM

Many devices {in particular white goods or brown goods) in a household may
contain a clock. Some systems allow to connect all these devices and the related
clocks to a common bus or network. The commands for controlling the clocks are
in general limited to reading or writing a given time or to broadcasting the time of
a given clock to one dedicated device or to the entire system or to a part of the
system. In such known systems it is not specified in which manner a clock should
react if it receives the time broadcast by another clock. It is possible to initialise all
clocks to a given time but due to tolerances in the different clocks, so achieved
synchronisation will not be maintained. Re'guiar\broadcasting by a special device
‘master clock' has the disadvantage of introducing one device with different ca-
pabilities. In case there are several master clocks, conflicts may occur and the ad-
vantages of a high precision clock will fade away if a lower precision master clock
overrides it.

One solution is, that only the clock with the highest precision broadcasts its time
to the system, but whenever it fails the next lower precision clock takes over the
broadcasting automatically. The broadcast periods are defined as factorial periods
of a preselected time period.

Another possibility is, that all devices will broadcast the time with an equal period
but with a different phase and only if no broadcast was received in the preceding

time period.

Fig.1

R
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Method and Apparaktus for
conznected to a network gystem

synchronising clockas belng

The present izventicn relates to a methed and tc an apparatus
£or synchronising
system.

clocks being conmected ta a znetwork

Backzroungd
Many devices {in particular white goods cr brown goads) iz a
household may contain a cleck. Some systems alleow to comnect
all these devices and the relacad clocks to a common bus or
raecwork. The commands for controlling the clocks are in
general limited to reading or writing a gilven time or to
broadcasting the time of a given clock to ome dedicated
device or to the entire system or to a part of the system.
An example home bus system is described in Esprit Home
Systems Specification 1.1, ESPRIT project 6782.
In such known systems it is not specified in which manner a
clock should react if it receives the time broadcast by
.another clock. So, it is possible to initialise all clocks
*to a given time (e.g. by a user action, which creates a

| 'write time' broadcast to the entire system),

but due to

tolerances in the different clocks, so achieved
synchronisation will not be maintained. Regular broadecasting
by a special device 'master clock' has the disadvantage of
intrecducing one device with different capabilities. In case
there are several master clocks, conflicts may occur and the
advantages of a high precision clock will fade away if a
lower precision master clock overrides it.

From EP-A-0 548 381 a method for synchronising clocks in
hierarchically subdivided computer networks is known.

There is one high precision clock provided in a computer
which is positioned at the highest hierarchical level. This
clock is the master clock of the system and synchronises all
clocks at the next lower hierarchical level by sending
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timestamps. The clocks at the seccnd lower hierarchical
level are synchronised Ly timestamps which are broadcast by
a sub-master clock of the zext higher level. The zafgre, not
all clocks in the system aTe synchrsnised by ideztical time
stamp messages,

In GB-A-2 022 881 a programmed digital secondary clock is
disclosed, which is arranged to functicn ag a mastsr clock,
a sub-mastar cleck cx a slave clock. It is revealed, that
the programmed digital secondary cleck will be used in
system where identical uniks are ccnnected in daisy chain to
provide a cocntinuously updatad real time count at ramote
locations such as in an airport, hospital, schocl, etc..
Each unit sends its updated real time count in serial data
format to the next unit of the daisy chain. Each unit acting
as a slave clock checks whether thers is a maifunccion a:
the previous master clock and starts operating as a master
clock when a malfunction is detected,.

Inventior

It is one ocbject of the invention to guarantee inicial
syncaronisation and keeping of synchronisation between real
time clocks in a bus connecting distributed devices. This
object is reached by the methods disclosed in claims 1 and
3.

—
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It is a further object of the invention te disclose an apparatus
wiich utilises the inventive method. This object is reached by
the apparatus disclesed ia claims 11 and 12.

A gocd syuchronising system shculd care abecut the precision of
different clock types:

e ron initialised

« display only, nro timer included

« Dbattery driven low precision

e 50Ez driven

* gquartz driven

+« official time distributed via radio (for a specific time zone)
« user intexventior

This list can be interpreted as a list of priorities, user
incervention having the highest. Highexr priority clocks should
set the time of lower priority clocks (in case there are tuners
in the system which receive the time from different time zonmes,
it is supposed that only the time of one time zone will be
transmitted to the rest of the system).

The first proposal ﬁor solving the problem is as follows:

« every clock broadcasts (datagram distribution) its time peri-
odically

» the broadcast period is dependent on the precision {higher pre-
cision leads to a shorter period)

e every clock which receives a broadcast updates itg time

» evary clock which receives a broadcast resets its counter of
the broadcast period

e user intervention initiates an immediate broadcast

In this manner only the clock with the highest precision broad-
casts its time to the system, but whenever it fails the next

lower precision clock takes over the broadcasting automatically.
The broadcast periods are defined as factorial periods of a pre-
selected time period, e.g. a minute (e.g. S, §, 12, 15, 20, 30,
60 seconds), and are synchronised to the preselected time unit.
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Thean, all clocks displayiag hours (hh) and minutes (mm} cnly
ill receive their zime with no axtra cost.

Ancther prceposal is, that ail devices will broadcast the time
will an equal pericd (say c<ne minuts), but with a éifterent
phase (in seccnds, e.g. highest precisicn clock at hh:mm:50,
next lower precigicrn clock at bBh:mm:52, ezc.; or highest preci-
sion clock at hh:mm:00, nex: lower precision clack at hh:mm:02,
etcs.), but only if no broadcast was received in the prsceding
time period. In tha latter case, traZfic on the network is
independent of the precisicn ¢f the different clocks. The dis-
plays are either slightly cut of time or will need intermal sec-
ond ccunting capability.

In baoth proposals, time kroadcasting may be done to the entire
system or tOo a group, or subgroup, of clocks only.

A disadvantage of the hoth above described kinds of synchronis-
ing is that the risk of collisions between two devices of equal
pracision is enhanced (causing higher traffic on the network),
at least on media without collision avoidance {(e.g. current car-
rier transmission on power lines), or if repetition is handled
in the lower protocol layers only.

According to the invention, there are two proposals:

Phase of transmission depends on precision

+ every clock receiving a time broadcast of the same or higher
precision class does not broadcast for a certain amount of time
{e.g. N minutes). The precision class of the broadcaster c¢an be
easily dexived from the phase of the time broadcast (e.g. sec-
onds count).

o« this amount of time (e.g. N minutes) is a random or pseudo-ran-
dom value, depending on some internal state of the instance of
this device (and not only on the present time). Two possibili-

ties: these values may be changed periodically or after each
transmission. —_— - ———— .
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Frequeacy of traasmission depends oo precisioa

« everv clock receiving a time broadcast of any precision class
does nct broadcast for a cestain amount of time (e.g. N min-
utes).

e this amcunt of time (e.g. N minutes) is a random or pseudo-ran-
dcm value, it depends a.o. on the precisica of this clock, 39
thaz higher precisisn clocks will wai: (in average) for a
ghcrter time.

In principle, the invexntive method is suited for synchronising
clocks being connected to a network system, whereby:

- said clocks may beleng to cifferent precision classes;

- the time of every clock is brsadcast within said network gys-
tem after expiry of a pre-selected time period, whereby a higher
of said precision classes is associated with a shorter time pe-
ricd and time period counting means are related to each of said
clocks;

- every clock which receives said broadcast updates its time and
the related time peried counting means are resec,

or whereby:

- said clocks may belong to different precision classes;

- the time of every clock is broadcast within said network sys-
tem having a pre-selected phase, which is related to said preci-
sion class in such a way that the broadcast time related to a
higher of said precision classes is earlier, and having a pre-
selected broadcast time period, which is independent of said
precision class;

- the time of a specific clock is broadcast only, when the clock
has received no related time from a clock belonging to a higher
precision class;

- every clock which receives said broadcast updates its time.

Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.
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Ia priaciple the ‘ﬂvent4vn apparatus for synchrcorising clocks
beizg cemnected tc a gecwerk system is relaced to a methed
accerding o any of claimsg Xt 10 and iacludes:

- & clock whick may belerng ts diffarant precision clagses;

- Pus iInterface means which brcadcast the time of said clock
within said netwcrk syscem aStes exgiry of a pre-selected time
pericod, which is related to said precisicn class in such a way
trat a higkher of said prscisicn classes is associated with a
shorier time pexicd, whersby time pericd cournting means are re-
lacted to said clock;

- interTupt means which interwupt time transmissiorn from said
clock to said bus interface meacs during a certair time period
after each racspticn of time information by said bus interface
means, whereby the time of said clock is broadcast only, when
the bus iaterface means have received no related time from a
clock belomging to a higher precision class and whereby the time
of said clock is updated when resceiving said broadcas:t time in-
formation and 9aid time period countizg means are reset,

or includes:

- @ clock which may belong to different precision classes;

- bus interface means which broadcast the time of said clock
within said network system having a pre-selected phase, which is
related to said precision class in such a way that the broadcast
time related to a higher of said precision classes is earlier,
and having 2 pre-selected broadcast time period, which is inde-
pendent of said precision class;

- interrupt means which interrupt time transmission from said
cleck to said bus intexrface means curing a certain time periocd
after each reception of time information by said bus interface
means, whereby the time of said clock is broadcast orly, when
the bus interface means have received no related time from a
clock belonging to a higher precisicn class and whereby the time

of said clock is updated when receiving said broadcast tlme ip-
formation.

Advantageous additional embodiments of the inventive apparatus
are resulting from the respective dependent claim.
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Drawing

Preferved embedimerzs of the irvention are desgcribed with refer-
ence to the accompanying drawing, which shows in:
Pig. 1 .

refars emb

In a rasal system there is scme delay in cdatagram distribution
(routers, time for medium access). This delay may vary consider-
ably over tre time. Fcr this reason every clock should reset its
intezrnmal time only in case of major and/cr repeated differences
to the time received. But this can be left to the designer of
the cleck - nevertheless the choice should be made keeping in
nind the time differsnce between broadcasts of different preci-
sicn classes, so that it is guaranteed that every clock will be
overwritten, at least on the long temm, by broadcasts of higher
precision classes.

The distribution of time in the described manner is not limited
to the time of day. E.g. the date may be distributed with the
time in every time period, or could be distributed only on
longer periocds, but omly by the device which succeeded to dis-
tribute its time.

A internal clock CLK continuously distributes the local time in-
side a device {(coffee machine, cooker, dish washer, washing ma-
chine, heating system, air conditioner, FM receiver, TV set,
VCR). A bus interface unit BIU receives time infocrmation RXVE
from a bus. Time information TXMIT is sent to the bus only when
the controlled switch CSW1 is closed. This switch is controlled
by a delaying block DBL which interrupts time transmission
during a certain time period after each reception of time infor-
mation {and possibly allows transmission only at fixed intervals
corrasponding to the internal time).

Incoming time information RXVE is allowed to set the internal
clock CLK only when a second controlled switch CSW2 is closed.
This switch may be closed continucusly in a smmple embodiment,
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whi ch succeeded to distribute its tine. -8 - Alinternal clock CLK
continuously distributes the o cal tinme inside a device (coffee nmachine
cooker di sh washer, washi ng machi ne, heating system air condi-

8

or caz be comtrolied by a digital filter circuiz FI which com-

pares the intermal {ocucpus cf CLK) az=d the received time and al-
lows updating cnly when a significant difference over a certain

pericd is detectad.

Supplementary tlocks D1, D2 ccmpensating the dalay of time
istribution within the netwerk may be included.

Advantagecusly, ia a bus syster with mer= than one real time
clock initial synchzonisation will be achiaved without user ia-
tervention (if at least one of the clocks is initialised).
Synchronisation will be kapt, while highest pracision ¢locks
take priority over lower precision ones. Even if the contralling
lock 2ails, the next lower priority clock will automatically
take aver che task of controlling the system. Updating is still
possible by manual intarventicn f£rom any paoint of the system.
Bus traffic is kept low.
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1. Mechod for symchrenigiag clacks (CLK) beirg cemnacted to

a paLwark systenm,
choosizng said czlocks to

clagses;

proadcasting the rime of every cicck

petwork gystem alter
pericd,

counting meaxs are

chazacrar

wheraby a higher cf
asgsociated with a shorter
reiated £2

isad by the steps of:
pelong ts diffsrect pracisien
(TMoT) withia said

expiry ©f a pre-selectad time
said precision classes is
time perizd and time pexicd

each of said clocks,

whereby withain these steps every clock which receives

gaid broadcast (RXCE)

updates

izg time and the raslated

time pericd counting means are resat.

2. Merthod accerding to claim

.

1, characterised iz that evexy clock

(CLK) receiving a time broadcast of any precision class does

not broadcast its time witkin a furcher time pericd which is

higher than said pre-selected time pericd,

3. Mechod for synchronising clocks (CLR)! keing cconected €
a network gystem, characterised by the stesps of:

choosing said clocks o
classes;

broadcasting the time of
network system having

belong to different pracision

every clock (TXMIT) within said
a pre-selectad phase, which is

broadcasting the time of a specific clock only,

related to- said precision class in such a way that the
broadcast time related to a bigher of said precision
clagses is earlier, and having a pre-selected broadcast
time period, which is independent of said precision
class;

when the
clock has received no related time from a clock
belenging to a higher precisicn class;

whereby within these steps every clack which receives said

broadcast (RXVE) updates its time.

4, Method according to claim 3, characterised in that every clock
{CLK} receiving a time broadcast of the same or higher preci-
ion class does not broadcast its time within a further time

period which is higher than

gaid pre- selec:ed time period.
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I ncoming tine irff qEppAGEMENRSHEETS jal | owed to set the imternal—eteeck CLK

only when a secdnd~eent+otted—3sW tich CSW2 is cl osam'g‘g”m mlm“ﬂiy be
cl osed conti nuous-} |y i LAplie tenbodi nent, or by a
digital filter cj rcu&tj Egg\/\ﬁ’gﬁ cgnpares the internalec (Qu g sOf v CLK) and

the received ti nd allows.-updatyi ng only when a significant difference
over a certain pgeriod is de- tected. :

10

5. Methcd accerding to azy of claims 1 ta 4, characterised in
that said further time period is a razdem or pseudo-randem
value, depending on some internal state of a device to which
the clock {CLX) balongs and dapeadizg not only on the present
time, whereby these values ars changed periodically oy after
each time brcadcast.

6. Method accozding to any of claims 1 tc 5, characteriged ia
that said time is breadecast (TXMIT) orly to a part of the
clocks kelonging to said network system,

7. Method according to anmy of claims 1 tg 6, characteriged iz

that said pra-selected time perxicd is a factorial pericd of a
minute.

8. Method according to aay of claims 1 to 7, characterised in
that in case tuners related to said clocks (CLX) receive the
time of different time zones, one of said zorme times is se-
lected for broadcasting within said network system.

9. Method according to any of claims 1 to 8, characteriged in
that when evaluating the incernal time of a clock (CLK) and
the time broadcast within said network system the delay of
time distribution wichin said network system is compensated
using appropriate delay means (D1, D2).

10 Method according to any of claims 1 to 9, characterised in
that digital filter means (FI) compare the intermal time of a
¢lock (CLK) and the time (RXVE) broadcast within said network
system and allow (CSW2) updating only when a difference ex-
ceeding a pre-selected threshold over a pre-selected observa-
tion period is detected.

11. Apparatus for synchronising clocks being connected to 2
network systam, according co the ﬁechod of any of claimg
1,2 and 5 to 10 and including:

a clock (CLX) which belongs to one precision class out of a
plurality of different precision classes:

— -
—
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Suppl.ement ary bl ock
wi thin the network§
nore than one real %
wi t hout user inter\&

qﬁga ing the delay of tine dlstrrbutlon

: 1 Advant ageously, in a bus s
i cl ock i n| i 4l sychroni sati mm‘“g“‘iuﬁ j&‘(
¢ i FEB B98I dadt one of the c sed) .
1 be kept, whil i ghest precisioh cf ocks 't ake priority
§ of-omes. bven if ghe controlling clock fails, the next

' ' “ . n
tus izterface mearns {3UI) which ase capable tg broadcast

(‘ taa k]

™ =mhe time of said clock wizhin said znetwork

over | ower preci-

system after expiry ¢f a pre-selected time pericd, which
is walated co said cre precisicn classe in such a way
that a higher ¢ said gprecisicn classes isg asscciatad
with a shorsmer time peziod, whersby time period csuating
means aTes relatad tz gaid clock;

interTupt means (DJBL, CSW.) which aze cagpable te intarrupt
time transmission frzom said ciack tco said bus intarface
means during a certain time pericd alter each raception
cf time informaticn {(XRXVE) by said kus interface means,
weersby the time of said cleck is broadcast only, when
the bus interface means have raceived no related Cime
from a clock belonging to a higher precision class and
whereby the time of said clock 1s updated when receiving
said broadcast time informaticn (RXVE) and said time
pericd cournting means are reset.

12. Apparatus for synchronising clocks keing conrectad to a
network system, according to the method of any of claims
3 to 10 and including:

a clock {CLK) which belcngs to one precision class ocut of a
plurality of different precision classeas;

bug interface means (BUI) which are capable to broadcast
{(TEMIT) the time of said clock within said network
system having a pre-selected phase, which is related to
said one precigion class in such a way that the
broadcast time related to a higher of gaid precision
clagses is asarlier, aad having a pre-selected broadcast
time pericd, which is independent of said precisicn
class;

interrupt means {DBL, CSW1l) which are capanle te interrupt
time transmisgion from said clock to said bus interface
means during a certain time period after each reception
of time informaticn (RXVE) by said bus interface means,
whereby the time of said clock is broadecast only, when
the bus interface means nave received no related time
from a clock belonging to a higher precision class and
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T




Iomek priority clock will automatically take over the task of controlling
the system Updating is still possible by manual intervention from any

12
whersby the time of said clock is updated when receivipg
said broadcast time irnformatiocn (RXVE) .

13 Apparatus according to claim 11 or 12, characterised in that
digital filter means (FI) compars the intermal time of said
clock (CLK) and the time (RXVE) broadcast within said natwork
system and allow updating of the cloex time only when a dif-
feTence exceeding a pre-selacted thrashold aver a pre-selected
cbservation pericd is detectad.

/
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Clalns 1. Method for synchronising clocks (CLK) being con- nected to a
nétwork system characterised by the steps of: choosin id clocks to
bel ong to different pre- cision classes: broadcasting thggpﬂ R of--evary
clock (TXMT) within said network system after expiry MENT Sh{'. n

CLK D1 | cswe

4 F
Pl F
CcsSwi | DBL
D2
TXMIT RXVE
Fig.1 e
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METHOD AND APPARATUS FOR SYNCHRONISING CLOCKS BEING

CONNECTED TO A NETWORK

Description

Tha present invention relates o a method and o an
apparatus for synchronising clocks being connected to
a netwark system.

Background

Many devices (in particular white goods or brawn
goods) in a househoid may contain a clock. Some sys-
lems allow to connect all these devices and the related
clocks to @ common bus or network. The commands for
controlling the clocks ara in general limitad to reading
or writing & given time or to broadcasting the time of &
given clock to one dedicated device or to the entirs sys-
tam or to a part of the system. An example homa bus
system is described in Esprit Home Systemns Spacifica-
tion 1,1, ESPRIT project 8782. In such known systems
it is not spacified in which manner a clock should react
if it receives the time broadcast by ancther clock, So, it
is possible 10 Initiallse all clocks to a given time (.9, by
a user action, which creates a ‘write time' broadcast to
the entire systam), but due to tolerances in the different
clocks, so achieved synchronisation will not be main-
tained. Regular broadcasting by & special device 'mas-
ter cleck’ has the disadvantage of introducing one de-
vice with diffgrent capabilities. In case thare are several
master clocks, conflicts may occur and the advantages
of a high precision clock will fade away if a lower preci-
sion master clock overrides it.

From EP-A-Q 548 381 & method for synchronising
clocks in hierarchically subdivided camputer networks
is known. There is ons high precision clock provided in
& computer which is pasitionaed at the highest hierarchi-

cal level. This clock is the master clock of the system
ond eynohronicoc all clocke at the navt lmwar hiarar~hi.

cal level by sgnding timestamps. The clocks at the sec-
ond lower hiararchical level arg synchronised by times-
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every clock (CLK) receiving a tine broadcast of any precisj cl ass does
not broadcast its time within a further tinme period which

said pre- selected tinme period. 3. Method for synchronisin
bei ng con- nected to a network system characterised by th
choosing said clocks to belong to different pre-

-2 -

tamps which are broadcast by a sub-master clock of the
next higher lgvel. Therefore, not all clocks in the system
are synchronised by identical time stamp messages.

lnGB-A-2022 881 a programmed digital secondary
clock is disclosed, which is arranged to function as @
master clock, & sub-master clock o a slave clock, it is
revealed, that the programmaed digital secondary clock
will be used in a systam whare identical units are con-
nected in daisy chain te provide a continuously updated
real tims count at remote locations such as in an airpor,
hospital, school, ete.. Each unit sends its updated real
time count in serial data format to the next unit of the
daisy chain. Each unit acting as a slave clock checks
whether there is a malfunction at the previous master
clock and starts operating as amaster clock when a mal-
function is detectad.

lnvention
It is one object of the invention 16 guarantes initial

synchronisation and keeping of synchronisation be-
tween real time clocks in a bus connecting distributed
devices. This objec! is reached by the methods dis-
closed in claims 1 and 3.

It is a further object of the invention to disclose an
apparatus which utilises the inventive methad, This cb-
ject is reachad by the apparatus disclosed in claims 11
and 12,

A good synchronising system shoutd carg about the
pracision of diffarent clock types:

* non initialisec

» display only, no timer included

* battery driven low precision

* 5§QHz driven

* quartz driven

* official time distributed via radio (for a specifi c time

Zone) T



ci sion cl asses; broadcasting the time of every clock (TXMT) wthin said
network system having a pre-select- ed phase, which is | B&] 'ls§ T

precision class in such a way that the broadcast tine r- REPAAL her
of said precision classes is ear- lier, and having a pre¢-$elected broadgapt
time period, which is independent of sai d precision 27 MAY 1998

-3 -

¢ user intarvention
This list can be interpreted as a list of pricrities, user
intervention having the highast. Highar priority clocks
shouid set tha time of lowar priority clocks (in case thera
are tuners in the system which receive the time trom dit-
ferant time zones, it is suppased that only the time of
one time Zone will be transmitted to the rest of the sys-
tam).

The first proposal for soiving tha problem is as fol-
lows:

« egvary clock broadcasts {datagram distribution) its
time periodically

« the broadcast period is dependent on the pracision
(higher precision leads to a shorter period)

o avery clock which receives a broadcast updates its
tima

* every clock which recaives a broadcast resets its
counter of the broadcast period

* user intervention initiates an immediate broadcast

In this manner anly the clock with the highest precision
broadcasts its time to the system, but whanever it fails
the naxt lower precision clock takes over the broadcast-
ing automatically. The broadeast periods are defined as
factorial periods of a preselected time period, 8.g. a -
minute (8.g. 5. 6, 12, 15, 20, 30, 60 seconds), and are
synchronised to the preselected time und.

Then, alf clocks dispiaying hours (hh) and minutes
{mm) only will recsive their time with no extra cost.

Another proposal is, that all devices will broadeast
the time with an equal period (say one minuta). but with
a different phase (in seconds, e.g. highest precision
clock at hh:mm:50, naxt lower precision clock at hh:mm:
52, atc.; or highast precision clock at hh:mm:00, next
lower precision clock at hhimm:02, ete.), but only if no
broadcast was received in the preceding timae period. in
the latter case, traffic on the network is independent of
the precision of the dilferent clocks. The displays are



cl ass;

preci si on

- 10- broadcasting the tine of a specific clock o
cl ock has received no related tine froma clock belonging t

-4 -
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either slightly out of tima or will need intemal second
caunting capability.

In both proposals, time broadcasting may ba done
to the enlire system or to a group, or subgroup, of clocks
only,

A digadvantage of the both abeve described kinds
of synchronising is that tha risk of collisions batween two
devicas of equal precision is enhanced (causing higher
traffic on the network), at least on media withou! coitision
avoidance (e.Q. currant carrier transmission on power
lings), or if repetition is handled in tha lower protacol fay-

ers only.
According to the invention, there are two proposals:

Phasa of lransmission depends on precision

o every clock receiving a time broadcast of the same
or highar precision class does not broadcast for a
certain amount of tme {a.g. N minutes). The preci-
sion class of the broadceastar can be easily derived
from the phase of the time broadcast (9.9. seconds
count). '

= this amount of time {e.g. N minutes) is a random or
pseudo-randam value, depending on some internal
state of the instance of this device (and not only on
the present time). Two possibilities: these values
may be changed pariodically or after each transmis-
sion. :

Frequercy of transmission depends on pracision

¢ evary clkock receiving a time broadcast of any pre-
cision class does notbroadcast far a cartain amount
of time (e.g. N minutes).

» this amount of time (e.g. N minutes) is a random or
pseudo-random value, it depends a.0. on the preci-
sion of this clack, so that higher precision clocks will
walt {In average) for a shorter time.




cl ass; whereby within these steps every clock which receipres~sart-brogucas
(RXVE) updates its time. 4. Method according to claim 3, cﬁg%&ﬁEMrEmeﬁ%Eﬁ
that every clock (CLK) receiving a tine broadcast of thejsgme or higher
preci sion class does not broadcast its time within a furtthqr 4 frngapegepd
whi ch i s higher

-5 -

In principle, the inventive methad is suited for syn-
* ehronising clocks being connacted to a network system,
whereby:

- said clocks may belong to different precision class-
es;

- the time of avary clock is broadcast within said net-
work system after expiry of a pre-gelectad time pe-
ricd, whereby a higher of said precision ciasses IS
associated with & shorter time pericd and time pe-
riod counting means are related to each of said
clocks;

- every clock which receives said broadcast updates
its tima and the related time period counting means

arg resat,

or whareby:

-  said clocks may belong tb different precision class-

es;

- tha time of avery clock is broadcast within said net-
work system having a pre-selected phase, which is
related to said precision class in such a way thatthe
broadeast time related ta a highar of said precision
classas is sarliar, and having a pre-selected broad-
cast time period, which s independent of said pre-
cision class;

- the time of a specific clock is broadcast only, when
the clock has received no related time from a clock
belcnging to a higher precision class;

- every clock which receivas said broadeast updatas
its time.

Advantageous additional embodiments of the in-
vantive method are resulting from the respeclive da-
pendent claims.

In principie the inventive apparatus for synchronis-
ing clocks being connected to & network system is re-
lated to a methed according to any of claims 110 10 and




than said pre-selected time period. 5. Method according to a@gp@ﬁcmmnﬁﬁﬂ
to 4, charac- terised in that said further time period is a dom-of
pseudo-random val ue, depending on some inter- nal state of evi ce tg

whi ch the clock (CLK) be- |ongs and depending not only on t ge“f‘ tm
wher eby these val ues are changed periodgcally or after each gi -

of includes:

- & clock which may belong to differant precxsuon
classes;

- bus interface means which broadcast the time of
said clock within said network system having a pre-
selected phase, which is related to said precision
class in such a way that the broadcast time related
to a higher of said pracision classes is eardier, and
having a pre-selected broadcast time period, which
is independent of said precision class;

- interrupt means which interrupt time transmission
from said clock to said bus interface means during
a certain time period after each racsption of ime
information by said bus interface means, whereby
the tima of said clock is broadeast only, when the

bus interface means have received no rglated time
from a clock belonging to a higher pracision class
and whersby the time of said clack is updated when
receiving said broadcast time information,

Advantagecus additionai embodiments of the in-
ventive apparatus are resulting from the respective de-
pendant claim. '

Drawing

Preferred erribodiments of the invention are de-
scribed with refersnce to the accompanying draw:ng.
which shows in; T

an. 1. This Sheet Has Been Repla

M lill

In & real system there Is soms deiay In datagram
distribution (routers, time for medium access). This de-
lay may vary considerably overthe time. For this reason
evary clock should reset its intemal time only in cass of
major and/or repeatad differences to the time received.
But this can be left to the designer of the clock - never-

Prafsrfed embodiments



6. Method according to any of clains 1 to 5, charac- terised in that said

time is broadcast (TXMT) only to a part of the clocks belonging t

0 said

network sys- tem 7. Method according to any of clainms 1 to 6 ﬁ@w@]- SHEEYJ
(0]

terised in that said pre-selected tinme period is a factorial Ber

m nute. 8. Method according to any of cLayns 1 to 7, charac-

thelass the choica should be mada keeping in mind tha

27 MAY 1998

time difference between broadcasts of different praci-

sion classaes, so that it is guaranteed that avery clock
will be averwritten, at least on the long tarm, by broad-
caasts of higher precision classaes.

The distribution of time in the described manner is nat
limited to the time of day, E.g. the date may be distrib-
utad with the time in avery tima period, or could be dis-
tributed only on longer periods, but only by the device
which succeedsd to distribute its time.

A intamnal clock CLK continuausly distributes tha lo-
~al fima ingida 2 davica (rnffas marhina ronkar dish
wagher, washing maching, heating system, air condi-
tioner, FM receivar, TV sat, VCR). A bus interface unit
BlU receives time information RXVE from a bus. Time
information TXMIT is sant to the bus only when the con-
trolled switch CSW1 is closed. This switch is controlled
by a delaying block DBL which intarrupts time transmis-
sion during a certain time period aftsr each reception of
time information (and possbly allows transmission only
at fixed intervals corresponding to the internal time).
incoming time information RXVE is allowed to set the
intemal clock CLK only when a second controlled switch
CSW2 s closed, This switch may be closed continuous-
ly n a simple embodiment, or can be controlled by a
digital filter circuit Fl which ¢compares the intamal (output
of CLK} and tha received time and allows updating only
when a significant differance over a cenain period is de-
tectad.

Supplementary blocks D1, D2 compensating the delay
ot time districution within the network may be included.

Advantageously, in a bus system with more than
ong real time clock initial synchronisation will be
achisvad without user intervention (if at least one of the

clecks is initialised). Synchronisation will be kept, whi...
highest pracision clocks take priority over lower preci-
sion ones. Even if the controliing clock fails, the next
lower pricrity clock will automatically take over the lask
of controlling the system. Updating is stxﬂ pcssuhle by
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terised in that in case tuners related to said clocks (CLK) reeei HEF
ifferent time zones, one of said zone tines is sel ectétEPﬁ-bﬁEMENT S

time of i
broadc#sting with- in said net wor k system 9. Method accofd

of cl-ai 1 to 8, charac-
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manual intarvantion from any point of the system. Bus

Iraffic is kapt low,

Claims

1. Methaod for synchronising clocks (CLK) being cen-
nected to & network system, characterised by the
steps of:

chooging said elocks 10 helong to differant pre-
cision classes;
proadcasting the tims of gvery clock (TXMIT)
within said network system after expiry of a pre-
salected lime period, whereby a higher of said
precision classes is asscciated with & shorter
time period and time period counting means arg
~related o each of said clocks, whareby within
thesa steps every clock which receives said
broeadeast (RXCE) updates its time and the re-
lated time pericd counling means are resal.

2. Method accordingto claim 1, characterised inthat
every clock (CLK) receiving a time broadcast of any
oracision class daes not broadcast its time within a
futher time period which is higher than aaid pre-
selected time period.

3. Maethod far synchronising clocks {CLK) being con-
nectad to a network systam, characterissd by the
stens nf

choosing said clocks to belong to different pre-
cision classes;

broadcasting the time of evary clock (TXMIT)
within said network system having a pre-gelect.
ed phasg, which is relatad to said precision
class in such a way that the broadcast time re-
latedto a higher of said orecision classas is ear-
lier, and having a pre-sslected ‘broadcast time

cet Has Been RT‘laced
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terised in that when eval uating the_internal—tie-ofa clock (CLK) and the

ti me broadcast within said network systemthe t| me di stpt-but mm SHEE
within said network systemis conpensziiaﬁ m ﬁ ﬂnl priate d I&PH

(D1, D2). 10. Method according to any 9, charac- rised in

t
that digital filter nmeans (Fl) conpare “the |nternal time of a cliock $GLigAY 1998
and the tine (RXVE) -8 -
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manual intervention from any point of the system, Bus
traffic is kept low,

Claims

1. Methad for synchronising clocks (CLK) being con-
nected to a netwark system, charactsrised by the
steps of:

choosing said clocks 16 helong to diffarent pre-
cision classes,

broadcasting the time. of every clock (TXMIT)
within said network system after expiry of a pre-
salected time period, whereby a higher of said
precision classas is associated with & shorter
tima period and time period counting means are
relatad to each of said clocks, whareby within
these stops every clock which receives said
broadeast (RXCE) updates its time and the re-
lated time pericd counting means are reset.

2. Method according to ciaim 1, characterised in that
every clock (CLK) receiving a time broadcast of any
oracision class does not broadcast its time within a
further time period which is higher than said pre-
selected time period. B

3. Maethod for synchronising clocks {CLK) being con-
nectad 10 a network system, characterised by the
stens nf’

choosing said clocks to belong to different pre-

cision classes;

broadcasting the time of evary clack (TXMIT)

within said network system having & pre-select.

ed phasa, which is relatad to said precision/
class in such a way that the broadcast time 18- s Sheet B e\ii\‘\vw

lated 10 a higher of said orecision classes is ear- \\“\\\\\“\\\\

lisr, and having 8 pre-selected broadcast time



broadcast within said network system and al |l ow (CSW2) updat
di fference exceeding a pre-select ed @Shol d over a pre- eh@ﬂﬁtﬁbﬁﬂfﬁ{kﬁ

vation period is detected. 11. Appa oni sing ¢l ocks being
connect- ed to a network system accer M t hod a®7d\lA‘bIm8’rB
1,2 and 5 to 10 and including: a clock (CLK)" eI ong$ §o one precisipn
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period, which is independent of said precisian
- class;

broadcasting the time of a specific ciock only,

when the clock has received no related time

from a clock belonging to a higher precision

class;

wheraby within these steps every clock which

receives said broadcast (RXVE) updates its

lime.

4. Mathod according to claim 3, characterised in that
every clock (CLK) receiving a time broadcast of the
same or higher precision class does not broadcast

its ime within a further tima pericd which is higher
than said pre-selected time pariod.

5. Method according {o any of claims 1 ta 4, charac-
terised in that said further time period is a randem
ot pseudio-random value, depending on some inter-
nal state of a device to which the clock (CLK) be-
longs and depending not only on the present time,
wheraby these values are changed pericdically or
aftar each time broadeast.

6. Mathod according to any of claims 1 to §, charac-
terlsed in that said time is broadcast (TXMIT) only -
to & part of the clocks belonging to said networl sys-
tem.

7. Method according lo any of claims 1 to 6, charac-
terised In that aaid pre-selectad time period is a
lactorial period of a minute.

8. Method according to any of claims 1 to 7, charac-
terised in that in case tunars related 1o said clocks
(CLK) racaive the time of diffarent lime zones, one
of sald Zona times is selacted for broadcasting with-
in said network system,

This Sheet Has Been Replaced
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class out of a plurality of different precision classes; bus

within said network system after exm
which is related to said one preciS|o

means (BU) which are capable to broadcast l leibﬂthe tinme o
said precision classes is associ ated mnth a

9

10.

11.
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Method according to any of claims 1 to 8, charac-
terlsed In that when evaluating the internal time of
a clock (CLK) and the time broadcast within said
network system the delay of time distribution within
said network system is compensated using appro-
priate delay means (D1, D2).

Method according to any of claims 1 to S, charac-
terlsed in that digital filter means (Fl1) compare the
intemal time of & clock (CLK) and the time (RXVE)
broadcast within said network system and allow
(CSW2) updating only when a diffarance exceeding
& pre-selactad threshold over a pra-sslected obsar-
vation paeriod is detected.

Apparatus for synchronising clocks being connect-
ed to a natwork system, according to the methed of
any of claims 1,2 and § to 10 and including:

a clock (CLK) which belongs to one precision
class out of a plurality of different precision
classes;
bus interfaca means (BUI) which are capable
to broadeast (TXMIT) the time of said clock
within said network system after expiry of a pre-
selected time period, which is related to said
one precision classe in such a way that a higher
of said precision classes is associated with 2
ghorter time period. whereby time period count-
ing means are reiated to said clock;
interrupt means (DBL, CSW1) which ara capa-
ble to interrupt time transmission from said
clock to said bus interface means during a cer-
rain time period after each reception of time in-
formation {(RXVE) by said bus interlace means, —
wheraby the time of said clock is broadcast on-
iy, when the bus interface means have received
no related time from a clack belonging to 2 high-
or pracision class and wheraby the time of said

HIIII
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clock is updated when receiving said broadeast
- time information (RXVE) and said lime period
counting means are resat.

12. Agparatus for synchronising clocks bsing connect-
ed to a network system, accarding to the method of
any of claims 3 to 10 and including:

a clock (CLK) which balangs to one pracision
class out of a plurality of ditferent precision
classes; -

bus interfacs means (BUI) which are capable
lo broadeast (TXMIT) the time of said clock
within said network system having a pre-select-
ed phass, which is related to said one pracision
class in such a way that the broadcast time re-
lated to a higher of said precision classes is ear-
ligr, and having a pre-selected broadcast time
period, which is independent of said precision
class;

interrupt means (DBL, CSW1) which are capa-
ble to intarrupt time transmission from said
clock to said bus interface means during a car-
tain time period after each reception of time in-
formation (RXVE) by said bus interface means,
whereby the time of said clock is broadcasi on-
ly, when the bus interface means have raceived
no related time from a clock belonging to a high-
&r precision class and whereby the time of said
clock is updated when receiving said broadcast
time information (RXVE).

13. Apparatus according to claim 11 or 12, character-
ised In that digital filter means (Fl) compare the in-
temal time of said clock (CLK) and the time (RXVE)
broadcast within said network system and allow up-
dating of the clock time only when a difference ex-
ceeding a pre-selected threshold over a pre-salect-

INng a cer-

od obsarvation pariod is detectad.
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|y, when the bus interace neans have received no related time froma clock
bel onging to a high- er precision class and whereby the tine of said -
12 - clock is updated when receiving said broadcast
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METH :_ TUS FOR SYNCHRONISING
1 CLOCKS BEING CONNECTED TO ANETWORK SYSTEM

Description

The present invention relates to a method and to an
apparatus for synchronising clocks being connected to
a network system.

Background

Many devices (in particular white goods or brown
goods) in a household may contain a clock. Some sys-
tems allow to connect all these devices and the related
clocks to a common bus or network. The commands for
controlling the clocks are in general limited to reading
or writing & given time or to broadcasting the time of &
given clock to one dedicated device or to the entira sys-
tam or to a part of the system, An example home bus
system is described in Esprit Home Systerns Spacifica-
tion 1,1, ESPRIT project 8782. In such known systems
it is not spacified in which manner & clock should react
if 4 receives the time broadcast by another clack. So,
is possible 1o initialise all clocks to a given time (8.0. by
a user action, which creates a ‘write time' broadcast to
the entire system), but due to tolerances in the different
clocks, so achieved synchronisation will not be main-
tained. Regular broadcasting by & special device ‘'mas-
ter clock' has the disadvantage of introducing one de-
vice with different capabilities. In case there are sevaral
master clocks, conflicts may occur and the advantages
of a high precision clock will fade away il a lower preci-
sion mastar clock overrides it.

From EP-A-0 548 381 a method for synchronising
clocks in hisrarchically subdivided computer networks
is known. There is one high precision clock provided in
a computer which is positioned at the highest hierarchi-
cal ievel. This clock is the master clock of the system
and synchronises all clocks at the next lower hierarchi-
cal level by sending timestamps. The clocks at the sec-
ond lower hierarchical level are synchronised by times-
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includes:

- a elock which may belong 1o different pracision
classes;

- bus interface means which broadcast the time of
said clock within said network system after expiry
of a pre-selected time period, which is related to
said precision class in such a2 way that a higher of
said precision classes is associated with a shorter
time period, whereby time period counting means
are related 1o said clock:
interrupt means which interrupt time transmission
from saig clock to said bus interface means during
a certain time period after each reception of time
information by said bus interface means, whereby
the time of said clock is broadcast only, when the
bus interface means have received no ralated time
from a clock belonging to a higher pracision class
and whereby the time of said clock is updated when
receiving said broadcast time information and said
time period counting means are resat,

ot includes:

- & tlock which may belong to different precision
classes; '

- bus interface means which broadcast the time of
said clock within said network system having a pre-
selected phase, which is related to said precision
class in such a way that the broadcast time related
to a higher of said pracision classes is earlier, and
having a pre-selected broadcast time period, which
is independent of said precision class;

- interrupt means which interrupt time trmnsmission
from said clock to said bus interface means during
a certain time period after each raception of time
information by said bus interface means, whereby
the tima of said clock is broadeast only, when the
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;
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bus interface maans have received no rgigted time

trom a clock balonging to a higher precision class
and whereby the time of said clock is updated when
recsiving said broadcast time information.

Advantageous additionsl embodiments of the in-
ventiva apparalus are resulting from the respective de-

pendent claim.

Drawing
Preferred embediments of the invention are de-

-gcribed with reference 1o the accompanying drawing,

which shows in:
Fig. 1.

Proferrsd embodiments

In & real system there is some delay in datagram

distribution {routers, time for medium access). This de-
lay may vary considerably over the time. For this reason
every clock shouid reset its intemnal time only in case of
major and/or repeated differences {o the time received.
But this can be lett to the designer of the clock - never-
thelass the choice should be made keeping in mind the
time difference between broadeasts of different preci-
sion classes, so that it is guaranteed that every clock
will be overwritten, at least on the long term, by broad-
casts of higher precision classes.
The distribution of time in the described manner is nat
limited to the time of day. E.g. the date may be distrib-
uted with the time in every time period, or could be dis-
tributed only on lenger periods, but only by the devica
which succeeded to distribute Its time.

r- ta
d bus
when
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whereby the tigre~of E?&TC ts updated when receiving said broadcast

time informt i‘orﬁffm. 1: paratus according to claim111l or 12,

character- isgd §in that digitdl {filter magEs_ (FI') conpare the in- ternal

time of said c i:kg(gﬂ:gn W98 tlhg tine (RXVE) ‘broadcast within said network
system and al | pw up-

Ainternal clock CLK continuously distributes the lo-
sl time inside 3 device (coffee machina cooker dish
washer, washing machine, heating system, air condi-
tioner, FM receivar, TV set, VCR). A bus interiace unit
BIU receives time infonmation RXVE from a bus. Time
information TXMLT ia sent to the bus only when the con-
trolled switch CSW1 ig closed. This switch is controlied
by a delaying block DBL which interrupts time transmis-
sion during a certain time period after sach reception of
tirme information (and passbly aliows transmission only
at fixed intervals corrssponding to the internal time).
Incoming time information RXVE is allowed to set the
intemal clock CLK only when a second controlled switch
CSW2 is closed. This switch may be closed continuous-
ly in 2 simple embodiment, or can be controlled by a
digital filter circuit Fl which compares the intamal (output
of CLK) and the received time and allows updating oniy
when a significant difference over & cantain period is de-
tected.

Supplementary blocks D1, D2 compensating the delay
of time distrivution within the netwark may be included.

Advantageously, in @ bus system with more than
one real tme clock initial synchronisation will be
achieved without user intervention (if at ieast ona of the
clocks is inttialised), Synchronisation will be kept, whils
highest precision clocks take priority over lower preci-
sion ones. Even if the confroliing clock fails, the next
lower priority clock will autematically take over the task
of controliing the system. Updating is still passible by
manual intervention from any point of the system, Bus
traffic is kept low.
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1. Method for synchronising clocks (CLK) being con-
nected to & natwork system, charecterised by the
steps of:

choasing 8aid clocks to belong to different pre-
cision classes,

broadcasting the time of every clock (TXMIT)
within said network system after expiry of a pre-
salected time period, whereby a higher of said
precision classes is associated with & shorter
time period andtime period counting means are
related to each of said clocks, whareby within
these steps every clock which receives said
broadeast (RXCE) updates its time and the re-
lated time period counting means are reset.

2. Method according to claim 1, characterised in that
every clock (CLK) receiving a time broadcast of any
precision class does not broadcast its time within 8
further time period which is higher than said pre-
selected time period. '

3. Method for synchronising clocks {CLK) being con-
nected 10 a network system, characterised by the
steps of

choosing said clocks to belong to different pre-
cision classes;

broadceasting the time of evary clock (TXMIT)
within said network system having & pre-gelect.
ed phase, which is related to said precision
class in such a way that the broadcast time re-
iated 10 a higher of said precision classes is ear-
lier, and having @ pre-selectsd broadcast time
period, which is independent of said precision
class,

a difference ex- ceeding a Sﬂfg"é%l:r
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4.

7.

broadeasting the time of a specific clock only,
when the ciock has received no related time
from a clock belonging to a higher precision
class;

whaeraby within these steps every clock which
receives said broadcast (RXVE) updates its
time.

Method according to claim 3, characterised in that
every clock (CLK) receiving a time broadcast of the
same or higher precision class does not broadcast

its time within & lurther time period which is higher
than said pre-selected time period.

Method according to any of ciaims 1 to 4, charac-
terised in that said further time period is a random
o pssudio-random value, depending on some inter-
nal state ol a device to which the clock (CLK) be-
longs and depending not only on the present ime,
wheraby these vaiues are changed periodically or
after each time broadcast.

Method according to any of claims 1 to 5, charac-
terised In that said time is broaacast (TXMIT) only
to a part of the clocks belonging to said network sys-
tom,

Methed according to any of claims 1 to 6, charao-
terised In that said pre-selected time period is a
factorial period of a minute.

Method according to any of elaims 1 to 7, charac-
terised in that in case tuners related 10 said clocks
(CLK) receivs the time of different lime zones, one
of said zone times is selected for broadcasting with-
in said network system.
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Method according to any of claime 1 to B, charac
terlsed In that when evaluating the intemnal time of
a clock (CLK) and the time broadcast within said
network system the delay of time distribution within
said network sysiom is compensated using &ppro-
priate delay means (D1, D2).

Method according to any of claims 1 1o 8, charac-
terlsed in that digital filter means (Fl) compare the
intemal time of & clock (CLK) and the time (RXVE)
broadcast within said network system and allow
(CSW2) updating only when a differance exceeding
a pre-selected threshold over a pre-salected obser-
vation period is detected,

Apparatus for synchronising clocks being connect-
d t0 & natwork system, according to the method of
any of claims 1,2 and 5 to 10 and including:

a clock {CLK) which belongs to one precision
class out of a plurality of different precision
classes,

bus intertace means (BUI) which are capable
to broadeast (TXMIT) the time of said clock
within said network system after expiry of a pre-
selscted time period, which is related to said
one precision classe in such a way that a higher
of said precision clesses is asscociated with
ghorter time period, whereby time period count-
ing means are retatad to said clock;

intercupt means (DBL, CSW1) which are capa-
ble to interrupt time transmission from said
clock to said bus interface means during a cer-
tain time period afier each reception of time in-
formation (RXVE) by said bus interlace means,
whereby the time of said clock is broadcast on-
ty, when the bus interface means have recoived
no related time from a clock belonging to 2 high-
or pracision class and whereby the time of said
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clock is updated when receiving said broadcast
time information {RXVE) and said lime period
counting means are resat.

12. Apparatus for synchronising clocks being connect-
ed 1o & network system, according to the method of
any of claims 3 lo 10 and including:

a clook {CLK) which belongs to one pracision
class out of a plurality of different precision
classes;

bus interface means (BUI) which are capable
lo broadcast (TXMIT) the time of said clock
within said network system having a pre-select-
ed phass, which is related 10 said one precision
class in such a way that the broadcast time re-
latedto a higher of said precision classes is ear-
lier, and having a pre-selected broadcast time
period, which is independent of said precision
class;

interrupt means (OBL, CSW1) which are capa-
ble o interrupt time transmission from said
clock to said bus interface means during a cer-
tain time period after each reception of time in-
formation (RXVE) by said bus interface means,
whereby the time of said clock is broadcast on-
ly, when the bus interface means have received
no related time from a clock belonging to a high-
er pracision class and whereby the time of said
clock is updated when receiving said broadcast
time information (RXVE).

13. Apparatus according to claim 11 or 12, character-
ised In that digital filter means (Fl) compare the in-
temal time of said clock (CLK) and the time (RXVE)
broadcast within said network system and allow up-
dating of the clock time only when & difference ex-
ceeding a pre-selacted threshold over a pre-salect-
ed cbsarvation period is detected.
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ABSTRACT OF THE DISCLOSURE

METHOD AND APPARATUS FOR SYNCHRONISING CLOCKS BEING CONNECTED
TO A NETWORK SYSTEM

Many devices (in particular white goods or brown goods) in a household may
contain a clock. Some systems allow to connect all these devices and the related
clocks to a8 common bus or network. The commands for controlling the clocks are
in general l[imited to reading or writing a given time or 1o broadcasting the time of
a given clock to one dedicated device or to the entire system or to a part of the
system. In such known systems it is not specified in which manner a clock should
react if it receives the time broadcast by another clock. It is possible to initialise all
clocks to a given time but due to tolerances in the different clocks, so achieved
synchronisation will not be maintained. Re'gular‘broadcasting by a speciél device
‘master clock’ has the disadvantage of introducing one device with different ca-
pabilities. In case there are several master clocks, conflicts may occur and the ad-
vantages of a high precision clock will fade away if a lower precision master clock
overrides it.

One solution is, that only the clock with the highest precision broadcasts its time
1o the system, but whenever it failg the next lower precision clock takes over the
broadcasting automatically. The broadcast periods are defined as factorial periods
of a preselected time period.

Another possibility is, that all devices will broadcast the time with an equal period
but with a different phase and only if no broadcast was received in the preceding

time period.

Fig.1



