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These objects are achieved by the invention as characterized in claim 1.
Further details are de- This invention relates to synchronizing a digital
scribed in the subclaims. timer with the frequency of a source of A.C.
electric  The present invention provides a method of power such as is
provided by an electric utility.  5   synchronizing a digital timer with
the frequency of Digital timers which maintain current, or real  a source
of A.C. power to provide long term stabil- time, time utilizing clock
signals produced by cry-  ity in accuracy to the real time maintained by
the stal controlled oscillators, or clocks, are well known.  timer with the
desired degree of accuracy. The Relatively low cost clocks of reasonable
accuracy  timer produces internal, fine resolution, synchro- of  .05%, for
example, are satisfactory for digital  10  nization, and real time, timing
signals, with the real timers which are required to maintain real time over
time timing signals having a period of one second. shorter periods of time,
or where precise accuracy  The periods of each of the above timing signals
is is not a requirement. Longer term stability of the  an integral multiple
of the period of the clock clock signals applied to a digital timer can be
signals produced by a crystal control oscillator, or achieved by using
clocks which are more accurate,  15  clock. A.C. reference timing signals
are produced but the cost of achieving a significantly higher   which are a
function of the frequency, 50 or 60 Hz degree of accuracy over long periods
of time,      of the source of A.C. power for the timer. The measured in
weeks, months, or years, as is re-     relationship between the period of a
synchroniza- quired in process control systems is significantly  tion
Period and the period of an A.C. reference high. Thus, there is a need for
a lower cost more  20  timing signal is that the quotient from dividing the
reliable way to achieve long term stability with the  synchronization
period by the period of an A.C. desired degree of accuracy for digital
timers using  reference timing signal is an integer "n". This is
conventional reatively low cost digital clocks.    true whether the
frequency of the source of A.C. A very reliable source of real time timing
in-  power is 60 [err] or 50 [err]. The only difference is in formation
which is generally available is the fre-  25  the value n. Upon
initialization of the timer, the quency of A.C. electric power from public
utilities.  value of n is determined by counting the number of The
utilities, over long periods of time maintain, or  A.C. reference timing
signals produced in a syn- control, the accuracy of the frequency of the
A.C.  chronization period. When the timer is thereafter power such that it
normally does not deviate by    commanded to synchronize on the frequency
of more than one cycle per second over long periods.  30  the source of
A.C. power, it identified and stores as Thus, the frequency of such an A.C.
source is      a reference the number of fine resolution timing available
as a timing reference at essentially no  signals produced in the present
synchronization cost. However, there are two standard frequencies  timing
period when the first A.C. reference timing at which A.C. power is
supplied, 60 cycle and 50   signal is received after being so commanded. On
cycle. Thus a digital timer, or timing subsystem,   35  the receipt of
every n" A.C. reference timing signal that is to be used in equipment
essentially world-  thereafter, the number of fine resolution timing wide
must be able to synchronize itself with a     pulses in the then current
synchronization timing source operating at either frequency if it is to use
period is compared with the reference. Depending the frequency of such
sources as a timing refer-     on the sign and absolute value of the
difference, ence to obtain long term stablility with the desired   40
adjustments are made in the timing of the fine degree of accuracy.
resolution timing signals to minimize the difference. US-A 43 22 831
describes a programmed digi-    If the absolute value of the difference
exceeds a tal secondary clock which functions as a master     predetermined
magnitude an error condition is clock, a sub-master clock or a slave clock.
The    identified. Three error conditions in a single second master clock
maintains an updated real time count  45  causes the timer to stop
synchronizing on the based on a 50 Hz or 60 Hz a.c. line or digital
frequency of its source of A.C. power until again oscillator signal,
displays the count, and serially  commanded to do so. transmits digital
information representative of the    Other objects, features and advantages
of the updated real time count for use by a slave clock.  invention will be
readily apparent from the following The a.c. power source is used for
providing real  so  description of certain perferred embodiments there-
time clock signals.                                 of taken in conjunction
with the accompanying It is therefore an object of this invention to
drawings, in which provide a method of synchronizing a digital timer to
Figure 1 is block diagram of digital timer, or the frequency of a source
A.C. electric power, in    timing subsystem, for practicing the method of
particular which can be used with frequencies of 60   55    this invention.
Hz and 50 Hz as well. Long term stability with the    Figure 2 is a
schematic block diagram of the required degree of accuracy at minimum cost
is a      counters and registers of the digital timer of further task.
Figure 1 2    



3                 EP0187310B1                        4 Figure 3 is a
diagram of a circuit for producing  performance of this invention are also
illustrated. an A.C. reference timing signal;                 Clock signals
from module clock 22 having a fre- Figure 4 illustrates wave forms used to
describe  quency of 9.6 x 106  .05% [err], in the preferred the operation
of the circuit of Figure 3, and    embodiment, are divided by twelve by
counter 26 Figure 5 is a flow chart of the method of this   5   to produce
internal timing signals having a 1.25 invention.
microsecond ([err] sec.) period. The 1.25 [err] internal In Figure 1, timer
10 corresponds to the timing  timing signals are divided by timer counter
28 to subsystem  of a module control processor unit      produce fine
resolution timing signals having a 100 (MCPU) of a local area network
described in con-   [err] sec. period. The 100 [err] sec. fine resolution
timing currently filed EP application 85 116 059.8 = EP-  10  signals are
in turn multiplied by 500 by counter 30 A-0 185 348 entitled METHOD AND
APPARATUS          to produce synchronization timing signals having a FOR
SYNCHRONIZING  THE  TIMING  SUB-              period of 50 milliseconds
([err]). The 50 ms signals SYSTEMS OF THE PHYSICAL MODULES OF A
are multiplied by twenty by counter 32 to produce LOCAL AREA NETWORK.
real time timing signals having a period of one The key component, or
subsystem of timer 10   15  second. is a single chip timer microprocessor
12, an Intel     The 100 [err] sec. fine resolution signals from 8051 in
the preferred embodiment. Timer micropro-  counter 28 are applied to
accumulated ticks regis- cessor 12 receives commands and data from its
ter (ATR) 33 and course resolution interpolation accociated MCPU processor,
which is not illus-     register (CRIR) 34. ATR 33 is a two byte register
in trated in Figure 1, over the MCPU processor's local  20   which is
stored the number of 100 [err] sec. signals, bus 14 by means of command
register 16. Timer      or periods, in the present synchronization period
of microprocessor 12 transmits information to its as-  50 m sec. CRIR is
also a two byte register in which sociated MCPU processor utilizing bus 14
and reg-  is stored the number of 100 [err] sec. periods, or ister file 18
and interrupt generator 20. For a com-  signals, in the present, or
current, or one second plete description of all of the subsystems of timer
25  period. 10, reference is made to the concurrently filed
Synchronization timing signals produced by application identified above.
counter 30 are applied to accumulated synchro- Applied to timer
microprocessor 12 are clock    nization timing signal (ASTS) register 36.
ASTS pulses, or timing signals, from crystal controlled  register 36 is a
one byte register in which are module clock 22. In the preferred
embodiment,  30  stored the number of 50 m sec. period, or synchro- module
clock 22 produces clock pulses having a     nization timing signals,
produced in the current one frequency of 9.6 x 106 Hz [err] .05%. The other
key    second period. One second, or real time, timing input to
microprocessor 12, for the purpose of this  signals produced by counter 32
are applied to invention, are the A.C. reference timing signals   course
resolution accumulated seconds (CRAS) which are produced by module power
supply 24.    35  register 38. CRAS register 38 is a four byte register The
frequency of the A.C. reference timing     in which is stored the current,
or real time. This signals is a function of the source of A.C. electric
data constitutes the current time in terms of years, power applied to
module power supply 24 from a     months, days, hours, minutes, and seconds
of the Conventional source of electric power, such as an  current century
expressed in seconds. electric utility. The frequency of the A.C. power is
40  Figure 3 is a diagram of A.C. reference timing normally either 50 Hz or
60 Hz. In the preferred   generator circuit 40. Fifty or sixty cycle A.C.
power embodiment, the frequency of the A.C. reference    from generator 42
at either 110 or 220 volts is timing signals produced by power supply 24 is
applied across primary coil 44 of step down trans- twice that of the
frequency of the A.C. power      former 46. The wave form A illustrated in
Figure 4 supply. Module power supply 24 also supplies D.C.  45  is that of
the voltage induced across the secondary power at appropriate voltages as
required by the   winding, or coil, 48 of transformer 46. The fre- various
subsystems and components of a physical    quency of this voltage is the
same as that pro- module of which timer 12 is one. The other compo-  duced
by generator 42. The voltage across coil 48 nents of timer 10 illustrated
in Figure 1 are not  is full wave rectified by diodes 50 and 51 and used by
timer 10 in practicing the methods of this  50  produce the wave forms B as
illustrated in Figure 4 inventions.
across resistor 52. The frequency of the voltage Timer 12 maintains its
own, or its internal     across resistor 52 is twice that of generator, or
sense of time. To do this microprocessor 12 per-   source, 42. The voltage
across resistor 52 is ap- forms certain operations and stores in designated
plied to the noninverting input terminal of oper- registers its internal
sense of time. In Figure 2 the   55  ational amplifier 54. The inverting
input terminal of relationship between the various timing signals and
operational amplifier 34 is connected to a reference how they are produced
is illustrated. In addition,  voltage source. Operational amplifier 54
produces the internal registers of timer 12 utilized in the  as its output
square waves C as illustrated in 3    



5                 EP0187310B1                        6 Figure 4 the A.C.
reference timing signal. The A.C.  have occurred. reference timing signal
produced by circuit 40 has      If X is negative and less than 3, timer
micro- a frequency which is twice that of the source of an  processor 12
sets power synchronization adjust- A.C. power applied to module power
supply 24 and   ment (PSADJ) register 62 to instruct timer 12's circuit 40.
5   1000 [err] interrupt service routine (ISR) to adjust Figure 5 is a flow
chart of the power line      counter 28 to produce the next 100 [err]
signal 50 synchronization interruput service routine (PLS ISR)  [err]
earlier and the contents of R5060 register 56 program that is executed by
timer microprocessor   are copied into PSYCNT 60. When these steps are 12
on each high to low transition of an A.C. refer-  completed, the PLS ISR
returns to the interrupted ence timing signal produced, by circuit 40 after
10  progrm. If X is positive and less than 3, the PLS timer microprocessor
12 is commanded by a com-     ISR causes PSADJ register 62 to be set to
instruct mand transmitted to it through command register    the 100 [err].
16 to synchronize on the frequency of its source of   ISR to adjust counter
28 to produce the next A.C. power.
100 [err] sec. signal 50 [err] sec. later, the contents of Upon
initialization which occurs after power is  15   R5060 register are copied
into PSYCNT 60, and first applied, or after a master/clear recovery com-
the PL ISR returns to the interrupted program until mand has been executed,
timer microprocessor 12    the receipt of tthe next A.C. reference timing
signal. determines the frequency of its power supply. To       If X = 0,
PSADJ 62 is cleared and no adjust- do this it counts the number of A.C.
reference     ment is made to counter 28 by the 100 [err] sec. ISR. timing
signals received, more particularly the num-   20  The contents of R5060
are loaded into PSYCNT 60 ber of high to low transitions of the A.C.
reference  and the PLS ISR returns to interrupted program timing signal
received in a 50 m sec. period. The   until the receipt of the next A.C.
reference timing number so received will be 5 if the source of A.C.
signal. power is operating at 50 Hz or will be 6 if it is     If the
absolute values of X [err] or exceeds 3, the operating at 60 Hz. This
number is loaded into  25   PLS ISR causes an error flag bit PWRFG of PSADJ
internal register 56 of timer microprocessor 12 des-  register 62 to be
set. The contents of ATR 33 are ignated as R5060. It is a one byte
register.       copied into LSMR register 58, and the contents of When
timer microprocessor 12 after inialization  R5060 are copied into PSYCNT
60. PLS ISR then is commanded to synchronize to the frequency of    returns
to the interrupted program. If three error its source of A.C. power, it
enters into or starts  30  conditions, i.e. IXI [err] 3 occur in any one
second executing its PLS ISR on each high to low transi-  period, PLS ISR
will be disabled and will remain so tion of the A.C. reference timing
signal. On the first  until timer microprocessor 12 is again commanded
entry into the program, the contents of ATR 33, the  to synchronize on the
frequency of its source of number of 100 [err] sec. periods that have
elapsed or  A.C. power. occurred in the current 50ms.                  35
The PLS ISR checks to determine that every period is written into line
synchronization mea-  5th A.C. reference timing signal for 50 Hz A.C.
surement reference (LSMR) register 58. LSMR reg-   power or every 6th A.C.
reference timing signal for ister 58 is a two byte register. In addition,
the  60 Hz A.C. power occurs at the same relative time contents of R5060
register 56 is copied into power  within each 50 m sec. cycle, or period,
[err] 200 [err] synchronization counter (PSYCNT) 60. At the com-   40  sec.
If the fifth of sixth A.C. reference timing signal pletion of these two
actions, the PLS ISR returns to  occurs within the required  200 [err] sec.
window, a start and waits for the receipt of the next high to  speed up or
slow down indicator is set or cleared low transition of an A.C. reference
timing signal.  in PSADJ register 62. This information is used by On the
second such transition, and each such    the 100 [err] Sec. ISR to adjust
counter 28 by effec- transition thereafter, timer microprocessor 12 en-  45
tively adding or substracting 50 [err] sec. to counter ters or starts
executing it's PLS ISR. The first   28 to speed up or slow down the
production of the action taken is to decrement PSYCNT 60 by 1 and    next
100 [err] sec. timing signal. If no adjustment is to check to see if its
contents are zero. If the   required none is made. If the fifth or sixth
A.C. contents of counter 60 are not zero, the program   timing reference
timing signal is not received within control is returned to the interrupted
routine. Each   50  the required window, an error flag is set in PSADJ time
the contents of PSYCNT 60 equals zero, timer  register 62 and no adjustment
is made to timer 28. microprocessor 12 is commanded by the program
In Figure 2 the registers of timer microproces- to subtract the contents of
LSMR 58 from that of    sor 12 utilized in practicing the method of this
ATR 33 to determine "X". If the absolute value of X  invention are
illustrated. In the preferred embodi- is less than 3, the internal sense of
time of timer  55   ment addressable memory locations of the internal
microprocessor 12 is too slow if X is negative, is  random access memory of
microprocessor 12 are correct if zero, and too fast if X is positive. If
the  used as registers. absolute value of X is [err] 3, an error is deemed
to      From the foregoing it is believed obvious that 4    



7                 EP0187310B1                         8 this invention
provides a method of synchronizing a       during the immediately-preceding
second digital timer to the frequency of a source of A.C.        signal.
electric power to permit the timer to maintain its internal sense of time
very accurately over long    5. The method of claim 3 or 4, characterized
by periods of time with the minimum of complexity    5 and cost.
a) said second number N generated and stored being 5 if the frequency of
the Claims                                                    source of AC
power is 50 Hz, and being 6 if the frequency of the source of AC power is
1. A method of synchronizing a digital timer with  10     60 Hz; the
frequency of a source of AC power, said            b) declaring an error
condition if the ab- timer generating first and second periodic tim-
solute difference X between said first and ing signals, wherein the period
of said second         third numbers equals or exceeds "3"; timing signals
is an integral multiple of the          c) terminating the synchronizing
process if period of said first timing signals, said method   15  the
number of errors declared in a given comprising the steps of:
real time period equals "3". a) generating third periodic timing signals
having a frequency that is a function of the  6. The method of one of the
preceding claims, frequency of said AC power source;
characterized by b) generating and storing a first number that  20
a) producing said first signals from internal represents the number of
times said first           timing signals by means of a first counter
signals occur during the period of said sec-        (28); ond signals;
b) storing in a first register (33) the number c) generating and storing a
second number           of first signals that have been produced N that
represents the number of times said   25     during one period of the
second signal; third signals occur during the period of said       c) upon
initialization; second signals;                                        c1)
counting said third signals produced d) in response to said second number,
gen-             during one of said second signals; erating and storing a
third number that re-            c2) storing the count of step c1) in a
presents the number of times said first sig-   30      second register
(56); nals occur during N consecutive periods of          d) said timing
system (10), when command- said third signals;
ed to synchronize itself with the frequency e) comparing said first and
third numbers;          of its AC power source (42), upon receipt of and
the first one of said third signals copying f) in case said first and third
numbers are  35     the contents of the first register (33) into a not
identical, adjusting the timing of the          third register (58) and
copying the contents occurrence of said first signals such that          of
the second register (56) into a second both said numbers become equal.
counter (60); e) upon receipt of each of said third signals 2. The method
of claim  1, characterized by   40          after said first one declaring
an error condition if the absolute             el) decrementing the second
counter difference X between said first and third num-           (60) by
one; bers equals or exceeds a first determined                e2)
determining if the count of the sec- amount.
ond counter is zero; 45           e3) subtracting the contents of the third
3  The method of claim 2, characterized by                   register (58)
from that of the first register terminating the synchronizing process if
the             (33) to determine the difference X each number of error
conditions declared in any               time the count of the second
counter is given real time timing period exceeds a sec-             zero;
ond predetermined amount.                   so           e4) adjusting the
first counter (28) to cause the next of said first signals to be 4. The
method of one of the preceding claims,                produced earlier if X
is negative and has characterized by comparing the number of
an absolute value of less than "m"; first signals
e5) making no adjustment to the first i) produced between the start of a
second   55         counter (28) if X equals zero; signal and the
generation of the Nth third             e6) delaying the production of the
next of signal occuring after said start, with                 said first
signals if X is positive and has ii) the first number generated and stored
an absolute value of less than "m"; 5    



7                 EP 0 187310 B1                      8 this invention
provides a method of synchronizing a      during the immediately-preceding
second digital timer to the frequency of a source of A.C.         signal.
electric power to permit the timer to maintain its internal sense of time
very accurately over long   5. The method of claim 3 or 4, characterized by
periods of time with the minimum of complexity   5 and cost.
a) said second number N generated and stored being 5 if the frequency of
the Claims                                                    source of AC
power is 50 Hz, and being 6 if the frequency of the source of AC power is
1. A method of synchronizing a digital timer with  10     60 Hz; the
frequency of a source of AC power, said           b) declaring an error
condition if the ab- timer generating first and second periodic tim-
solute difference X between said first and ing signals, wherein the period
of said second        third numbers equals or exceeds "3"; timing signals
is an integral multiple of the         c) terminating the synchronizing
process if period of said first timing signals, said method   15  the
number of errors declared in a given comprising the steps of:
real time period equals "3". a) generating third periodic timing signals
having a frequency that is a function of the  6. The method of one of the
preceding claims, frequency of said AC power source;
characterized by b) generating and storing a first number that  20  a)
producing said first signals from internal represents the number of times
said first          timing signals by means of a first counter signals
occur during the period of said sec-       (28); ond signals;
b) storing in a first register (33) the number c) generating and storing a
second number          of first signals that have been produced N that
represents the number of times said  25     during one period of the second
signal; third signals occur during the period of said      c) upon
initialization; second signals;                                       c1)
counting said third signals produced d) in response to said second number,
gen-            during one of said second signals; erating and storing a
third number that re-           c2) storing the count of step c1) in a
presents the number of times said first sig-  30      second register (56);
nals occur during N consecutive periods of         d) said timing system
(10), when command- said third signals;                                ed
to synchronize itself with the frequency e) comparing said first and third
numbers;         of its AC power source (42), upon receipt of and
the first one of said third signals copying f) in case said first and third
numbers are  35    the contents of the first register (33) into a not
identical, adjusting the timing of the         third register (58) and
copying the contents occurrence of said first signals such that         of
the second register (56) into a second both said numbers become equal.
counter (60); e) upon receipt of each of said third signals 2. The method
of claim  1, characterized by   40          after said first one declaring
an error condition if the absolute            el) decrementing the second
counter difference X between said first and third num-          (60) by
one; bers equals or exceeds a first determined               e2)
determining if the count of the sec- amount.
ond counter is zero; 45           e3) subtracting the contents of the third
3.  The method of claim 2, characterized by                  register (58)
from that of the first register terminating the synchronizing process if
the            (33) to determine the difference X each number of error
conditions declared in any              time the count of the second
counter is given real time timing period exceeds a sec-            zero;
ond predetermined amount.                  so           e4) adjusting the
first counter (28) to cause the next of said first signals to be 4. The
method of one of the preceding claims,               produced earlier if X
is negative and has characterized by comparing the number of
an absolute value of less than "m"; first signals
e5) making no adjustment to the first i) produced between the start of a
second   55        counter (28) if X equals zero; signal and the generation
of the Nth third            e6) delaying the production of the next of
signal occuring after said start, with                said first signals if
X is positive and has ii) the first number generated and stored
an absolute value of less than "m";    9                 EP0187310B1
10 



e7) producing an error signal, and copy-         qui represente le nombre
de fois oO lesdits ing the contents of the first register (33)
premiers signaux apparaissent pendant N into the third register (58); if
the absolute    periodes consecutives desdits troisiemes si- value of X
equals or exceeds m;                  gnaux; e8) copying the contents of
the second   5       e) comparaison desdits premier et troisieme register
(56) into the second counter (60)       nombres; et at the completion of
steps e5, e6, or e7;        f) au cas oO lesdits premier et troisieme and
nombres ne sont pas identiques, ajustement e9) repeating the process
beginning at           de la temporisation d'apparition desdits pro- step
el.                              10         miers signaux de telle sorte
que ces deux nombres deviennent egaux. 7. The method of claim 6,
characterized by selecting the frequency of the said third sig-  2. Proced6
selon la revendication 1, caractdris6 nals twice the frequency of the AC
power           par la declaration d'un etat d'erreur si la diff6- source.
15      rence absolue X entre lesdits premier et troi- sieme nombres est
egale & ou depasse une 8  The method of claim 6 and 7, characterized
premibre valour pr6determinee. In that "m" equals 3. 3. Proc6d6 selon la
revendication 2, caract~ris6. 9. The method according to one of the claims
6   20    par la fin du processus de synchronisation si le and 8,
characterized by                            nombre des etats d'erreur
declares pendant a) selecting the period length of said first     une
periode de temporisation en temps reel signal to 100[err];
quelconque donnee d6passe une deuxieme b) deriving said first signals from
1.25[err]       valeur predetermin6e. internal timing signals by means of
said first  25 counter;                                     4. Procede
selon l'une des revendications prece- c) selecting the period length of
said sec-      dentes, caract6rise par la comparaison du ond signal to 50
msec;                           nombre de premiers signaux d) selecting the
advance or delay of the           i) produits entre Is debut d'un deuxieme
next of said first signals to 50[err].     30         signal et la
gdn6ration du N*11' troisibme signal apparaissant apres ledit d6but, avec
Revendicatlons                                            ii) le premier
nombre g~n"re et stocke pen- dant le deuxibme signal immediatement 1.
Procede de synchronisation d'un circuit de             precedent.
temporisation numerique avec ia frequence   35 d'une source de courant
alternatif, ledit circuit  5. Proced6 selon la revendication 3 ou 4,
caracte- de temporisation g~nerant -des premiers et         ris4 par:
deuxiemes signaux de temporisation periodi-           a) ledit douxieme
nombre N genere et stoc- K>    ques, la periode desdits deuxibmes signaux
de          ke valant 5 si la frequence de la source de temporisation etant
un multiple entier de la  40      courant alternatif est de 50 Hz, etvalant
6 si p6riode desdits premiers signaux de tempori-         la frequence de
la source de courant alter- sation, ledit proced6 comportant les dtapes de
natif est de 60 Hz; b) la declaration d'un 6tat d'erreur si Ia a)
gen6ration de troisiemes signaux de tem-        difference absolue X entre
lesdits premier porisation periodiques ayant une frequence  4s     et
troisieme nombres est egale a ou depas- qui est une fonction de la
frequence de            so "3"; ladite source de courant alternatif;
c) la fin du processus de synchronisation si b) generation et stockage d'un
premier             le nombre d'errours d~clarees pendant une nombre qui
represente le nombre de fois oO         p6riode en temps reel donnee est
egal a lesdits premiers signaux apparaissent pen-  5o     "3". dant la
periode desdits deuxiemes signaux; c) g6n6ration et stockage d'un deuxieme
6. Procede solon une des revendications prece- nombre N qui represente le
nombre de fois        dentes, caracterisd par ou lesdits troisiemes signaux
apparaissent         a) la production desdits premiers signaux a pendant la
periode desdits deuxiemes si-  55       partir de signaux de temporisation
interne gnaux;                                             au moyen d'un
premier compteur (28); d) gen6ration et stockage, en reponse audit
b) le stockage dans un premier registre (33) deuxieme nombre, d'un troisi
me nombre             du nombre de premiers signaux qui ont 6t6    11
EP0187310B1                        12 produits pendant. une pdriode du
deuxibme    9. Proced4 selon l'une des revendications 6 et 8, 



signal;                                          caract~ris6 par c) lors de
l'initialisation;                       a) la s~lection de la longueur de
la periode c1) le comptage desdits troisibmes si-           dudit premier
signal a 100 jiss; gnaux  produits  pendant un  desdits   P         b) la
d~rivation desdits premiers signaux A deuxibmes signaux;
partir de signaux de temporisation interne c2) le stockage du compte de
l'etape c1)         de 1,25 LLs au moyen dudit premier comp- dans un
deuxibme registre (56);                  tour; d) ledit systame de
temporisation (10), lors-      c) la s~lection de la longuour de la pdriode
qu'il est command6 de fagon & se synchro-   10     dudit deuxieme signal a
50 mis; niser avec la frdquence de sa source de            d) la selection
de l'avance ou du retard du courant altematif (42), lors de la rdcepfion
suivant desdits premiers signaux a 50 als. du premier desdits troisibmes
signaux, co- piant le contenu du premier registre (33)    Patentansprlche
dans un troisibme registre (58) et copiant le  15 contenu du deuxieme
registre (56) dans un    1. Verfahren zum Synchronisieren eines digitalen
deuxibme compteur (60);                          Zeitgebers mit der
Frequenz einer Wechsel- e) lors de la r~ception de chacun desdits
spannungsquelle, wobei der Zeitgeber erste troisibmes signaux apres ledit
premier           und zweito periodische Zeitsignale orzeugt und e1) la
d~cr~mentation  du  deuxibme   20      die Periodendauer der zweiten
Zeitsignale ein compteur (60) de un;                          ganzzahliges
Vielfaches der Periodendauer der e2) la determination si le compte du
ersten Zeitsignale ist und das Verfahren fol- deuxieme compteur est egal &
z6ro;            gende Schritte aufweist: e3) la soustraction du contenu du
troisib-       a) Erzeugen dritter Zeitsignale, deren Fre- me registre (58)
de celui du premier re-  25     quenz eine Funktion der Frequenz der gistre
(33) afin de d6terminer la diff6ren-      Wechselspannungsquelle ist; ce X
chaque fois que le compte du                b) Erzeugen und Speichern einer
ersten deuxiome compteur est 6gal & zro;                Zahl, welche
darstellt, wie oft die ersten e4) I'ajustement du premier compteur
Signale wahrend einer Periode des zweiten (28) afin d'amener le suivant
desdits pre-  30   Signals auftreten; miers signaux A etre produit plus t6t
si X       c) Erzeugen und Speichern einer zweiten est n6gative et a une
valeur absolue infe-       zahl N, welche darstellt, wie oft die dritten
rieure a "m";                                    Signale w~hrend elner
Periode des zweiten e5) aucun ajustement du premier comp-
Signals auftreten; tour (28) si X est dgal & z~ro,       35         d) in
Abhdngigkeit von der zweiten Zahl e6) le retard de la production du suivant
Erzougen und Speichern einer dritten Zahl, desdits premiers signaux si X
est positi-        welche darstellt, wie oft die ersten Signale ve et a une
valeur absolue inferieure &          wahrend N aufeinanderfolgenden
Perioden der dritten Signale auftreten; e7) la production d'un signal
d'errour, et  40   e) Vergleichen der ersten und dritten Zah- la copie du
contenu du premier registre         Ion; und (33) dans le troisibme
registre (58); si la     f) im Fall, daB erste und dritte Zahl nicht valeur
absolue de X est 6gale a ou d6-           (2bereinstimmen, Verandern der
Zeit des passe m;                                         Auftretens des
ersten Signals bis beide e8) la copie du contenu du deuxibme   45
Zahlen gleich sind. registre (56) dans le deuxibme compteur (60) & la fin
des etapes 95, e6, ou e7; et  2. Verfahren nach Anspruch 1, gekennzelchnet
e9) la r~petition du processus en com-        durch Angabe eines
Fohlerzustands, wenn die mengant & l'6tape e1.
absolute Differenz X zwischen der ersten und 50      der dritten Zahl
gleich odor groler ist als ein 7. Proc~d6 selon la revendication 6,
caract~ris6       vorgegobener Betrag. par la selection de la frequence
dudit troisibme signal a deux fois la fr~quence de la source de  3.
Verfahren nach Anspruch 2, gekennzelchnet courant altematif.
durch Beenden des Synchronisiervorgangs, 55      wenn die Anzahl der
innerhalb einer vorgoge- 8. Proced6 selon les revendications 6 et 7, carac-
benen Echtzeitperiode angegebenen Fehlerzu- t~ris6 en co que "m" est 6gal b
3.                  stande einen zweiten vorgegebenen  Wert Uberschreitet.
7    13                 EP 0 187 310 B1                    14 Verfahren
nach einem der vorangehenden An-               sten Registers (33) um
jedesmal, wenn 



sprtlche, gekennzelchnet durch Vergleich                 der zweite Zahler
auf Null steht, die Dif- I) der Anzahl der zwischen dem  Beginn
ferenz X zu ermitteln; eines zweiten Signals und der Erzeugung
e4) Verandern des Zahistands im ersten des N-ten nach genanntem Beginn
auftre-   5            Zahler (28) derart, daB das nachste der tenden
dritten Signals erzeugten ersten Si-            ersten Signals frUher
erzeugt wird, falls X gnale mit
negativ ist und einen Absolutwert kleiner ii) der wahrend des unmittelbar
vorangehen-           als "m" hat; den zweiten Signals erzeugten und
gespei-              e5) keine Veranderung des ersten Zah- cherten ersten
Zahl.                     10           lers (28), wenn X gleich Null ist;
e6) Verz6gern der Erzeugung des n~ch- 5. Verfahren nach Anspruch 3 oder 4,
dadurch                 sten der ersten Signals, falls X positiv ist
gekennzelchnet, daB                                      und einen
Absolutwert kleiner als "m" a) die erzeugte und gespeicherte zweite
hat; Zahl N = 5 ist, wenn die Frequenz der  15              e7) Erzeugen
eines Fehlersignals und Wechselspannungsquelle 50 Hz ist, und N
Obertragen des Inhalts des ersten Regi- = 6 ist, wenn die Frequenz der
Wechsel-               sters (33) in das dritte Register (58), falls
spannungsquelle 60 Hz betragt;                         der Absolutwert von
X gleich oder grdler b) sin Fehlerzustand angegeben wird, wenn
als "m" ist; die absolute Differenz zwischen der ersten   20        e8)
Obertragen des Inhalts des zweiten und der dritten Zahl gleich oder gr8Ber
als            Registers (56) in den zweiten Zihler "3" ist;
(60), sobald die Schritte e5, e6 oder e7 c) der Synchronisiervorgang
abgebrochen                abgeschlossen sind; und e9) Wiederho- wird, wenn
die Anzahl der wahrend einer                len des Prozesses beginnend bei
e1. vorgegebenen  Echtzeitperiode angegebe-   25 nen Fehler gleich "3" ist.
7. Verfahren nach Anspruch 6, gekennzelchnet durch Wahl der Frequenz der
dritten Signale 6  Verfahren nach einem der vorangehenden An-
gleich dem  Zweifachen der Frequenz der sprUche, gekennzelchnet durch
Wechselspannungsquelle. a) Ableiten der ersten Signals aus einem   30
internen Taktsignal mit Hilfe sines ersten    a  Verfahren nach Anspruch 6
und 7, dadurch Zahlers (28);
gekennzelchnet, daB m = 3 ist. b) Speichern der Anzahl wahrend seiner Pe-
riode des zweiten Signals erzeugten ersten    9. Verfahren nach Anspruch 6
und 8, gekenn- Signals in einem ersten Register (33);   35      zelchnet
durch c) beim Initialisieren:                             a) Wahl der
Periodendauer des ersten Si- cl) Zahlen der wahrend elnem der zwei-
gnals zu 100 Lws; ten Signals erzeugten dritten Signale;            b)
Ableiten des ersten Signals aus internen c2) Speichern  des Z~hIstands nach
Taktsignalen von 1,25 is mit Hilfe des er- Schritt (c1) in einem  zweiten
Register  40      sten Zahlers; (56);
c) Wahl der Periodendauer des zweiten Si- d) beim Befehl an das
Zeitgebersystem (10)          gnals zu 50 ms; sich mit der Frequenz seiner
Wechselspan-           d) Wahl der Beschleunigung oder Verzoge- nungsquelle
(42) zu synchronisieren und             rung des nachsten der ersten
Signale zu 50 beim Empfang des ersten der dritten Signa-  45      as. le
Obertragen des Inhalts des ersten Regi- sters (33) in ein drittes Register
(58) und Obertragen des Inhalts des zweiten Regi- sters (56) in einen
zweiten Zahler (60); e) beim Empfang jedes auf das erste der  5o dritten
Signals folgenden weiteren dritten Signals el) Verringern des ZAhIstands im
zwei- ten Zfhler (60) um Eins; e2) Feststellen, ob der Zihistand des   55
zweiten Z~hlers Null ist; e3) Subtrahieren des Inhalts des dritten
Registers (58) von demjenigen des or- 8                     I 11111 111111
H    11111 11 1111    


