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processor can execute long enough to move back into the window. Any
processor which moves This invention is in the field of local area    ahead
of the window must enter an idle state until networks in which a plurality
of physical modules  the Master Pseudo Time advances enough for the of the
network communicate with one another   5    processing element to move back
into the win- over a network bus, and more particularly relates  dow. to
methods and apparatus of synchronizing the      In a local area network the
requirements men- timing subsystems of each of the modules so that  tioned
above are achieved by the apparatus as they are synchronized within a
predetermined      characterized in claim 1 and by the method as degree of
accuracy.                          10   described in claim 15. Preferred
modifications A computerized plant management system is       and details
can be taken from the dependent described in prior EP-A2 138 135 filed
October 1,  claims. 1984, published April 24, 1985 and entitled Plant   The
present invention provides both method Management System.
and apparatus for synchronizing to a desired The disclosure of this prior
Application is   15   degree of accuracy the timing subsystems with hereby
incorporated by reference into this        which each module central
processor unit application. Such a system is composed of a       (MCPU) of
each physical module of a local area plurality of physical modules having
varying      network is provided. In such a network each capabilities and
functionalities which communi-   physical module is the peer of every other
physi- cate with one another over a common communi-  20   cal module, and
the physical modules of a net- cation medium, or local control bus, to form
a    work communicate with each other over a token-passing local area
network. Each of the     common, dually  redundant, communication physical
modules of the network is the equal, or  medium, i.e., two coaxial cables.
Each physical peer, of the other, and each of the modules       module
which is connected to the cables of the includes at least a module central
processor unit  25   communicaton medium  has the capability of (MCPU), and
a module memory unit (MMU).           transmitting bit serially binary data
over these Additional controllers and devices are added to a  two cables at
a relatively high bit rate and of physical module to provide it with the
ability to  receiving such signals transmitted by another perform desired
functions. A network of this type  module. The MCPU of each physical module
provides a distributed data processing environ-   30   includes a source of
clock signals, and each ment with a concomitant increase in reliability
source of clock signals, or pulse, produces clock over centralized systems
since if one module fails,  signals at substantially the same frequency.
the network as a whole is not disabled as would     The MCPU's clock
signals are applied to its be the case with a failure of a centralized
system.  associated timing subsystem. ,Each timing sub- Reliability is also
improved by permitting redun-   35   system produces three timing signals
with each dancy of the physical modules of the network to   timing signal
having a different period, one for the extent necessary to achieve desired
system    fine timing, or resolution, a second for syn- availability. Such
a token-passing local control  chronization, and a third for determining
the network consisting of a plurality of different types  current, or real
time to the nearest second. Each of physical modules also permits
functional   40   timing subsystem keeps track of, or counts, the
capabilities to be added or deleted incrementally.  number of fine
resolution and synchronization One of the requirements for a computerized
timing signals produced by it since the most plant management system is
that of timing the     recently produced real timing signal, or one
occurrence of events with a high degree of prec-  second rollover,
occurred. Each timing subsystem sion. A centralized timing system which
could be   45   also keeps track of the current time in terms of used to
satisfy the timing requirements of such a  years, months, days, hours,
minutes and seconds plant management system would do so to the        which
is expressed in seconds. Each timing sub- detriment of the systems'
objectives of improved  system counts the number of fine resolution
reliability through redundancy at the module      timing pulses since the
previous synchronization level, of minimizing the cost of the system, and
of   50  timing pulse rollover, or mark. In addition each providing
additional capabilities, or modifi-     timing subsystem generates certain
status infor- cations, to the network through the addition and  mation
concerning its operation. deletion of physical modules since a centralized
The timing subsystems of at least two of the timing subsystem could not
readily satisfy these  MCPU's of the network are provided with a driver
objectives.                                  55   circuit which when the
timing subsystems is US-A--43 92 196 describes a multi-processor
enabled by its associated MCPU permits that emulation  system, where  time
alignment         timing subsystems to periodically transmit timing between
the individual processors is accom-       information. Timing information
is included in a plished by using a time window established in a   timing
frame which timing frames are transmitted local pseudo-time accumulator at
each processor   60   over one of the two cables of the systems com- and a
time reference. During the run time, any    munication medium. One of the
two timing sub- processor which is within the time frame of the   systems
equipped with a driver circuit is desig- window may continue execution. Any
processor      nated as the master and the other as the slave. which falls
behind the window must halt the       The master timing subsystem transmits
over one advance of the Master Pseudo Time until the    65   of the two
cables and the slave over the other. The 2   
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the system is operating       the modules but at a different
non-conflicting properly periodically transmit a timing frame, a
frequency. set of 12 characters in the preferred embodiment,    It is still
another object of this invention to the bits of which are transmitted over
the cables   provide a distributed timing subsystem for a plant of the bus
bit serially at a relatively low frequency.    5    control network in
which each of the timing The frequency at which timing frames are trans-
subsystems can be synchronized with the fre- mitted is chosen so as not to
interfere with the    quency of the source of A.C. electric power for the
transmission of the higher bit rate signals which   system. are also
transmitted over the cables of the bus by    Other objects, features and
advantages of the the physical module. Each timing frame includes   10
invention will be readily apparent from the follow- a synchronization code,
a special set of binary     ing description of a preferred embodiment
signals, information as to the number of syn-       thereof taken in
conjunction with the accompany- chronization timing signals that have
occurred, or  ing drawings, although variations and modifi- have been
produced since the previous one           cations may be affected without
departing from second rollover, or mark; the current, or real time    15
the spirit and scope of the novel concepts of the in seconds; and status
information.                 disclosure, and in which: A timing frame is
transmitted by the master and     Figure 1 is a schematic block diagram of
a local slave timing subsystems for each synchronization    area control
network. timing signal produced by it. The receipt of a        Figure 2 is
a block diagram of the relevant synchronization code of a timing frame by a
20   portions of a physical module of a local area plant physical modules
connected to the local control     control network. network bus is timed to
coincide with the produc-     Figure 3 is a block diagram  of the timing
tion of a synchronization timing signal by the      subsystem of a MCPU.
timing subsystem, master or slave. Each timing        Figure 4 illustrates
the format of a timing frame. subsystem, including the master and the
slave,   25   Figure 5 is the format of a synchronizing charac- alternately
receive timing frames from each of the  ter, or code, the first character
of the timing frame two cables of the communication medium. Each
illustrated in Figure 4. timing subsystem other than the master can be
Figure 6 illustrates the information stored in the commanded to synchronize
its production of its      register file of each timing subsystem.
synchronization timing signals with the receipt of   30  Figure 7 is a
schematic block diagram illustrat- the synchronizing code of each timing
frame         ing how each timing subsystem produces various received from
the cables of the LCN bus, and to     timing signals, the relationship
between the tim- synchronize its current real time with that of      ing
signals, and the manner of keeping track of received timing frames.
time to the required degree of accuracy. Each timing subsystem also has the
capability,   35  Figure 8 illustrates the wave forms used to when enabled,
of synchronizing its internal sense   transmit timing information over the
local control of time with the frequency of its A.C. power        network
cables. supply. In addition, each timing subsystem has        Figure 9
illustrates the internal registers and the the ability to determine if the
master or slave, or  informational content of these registers utilized both
timing subsystems are operating within   40   by each of the timing system
of the MCPU of each specified limits of accuracy. The slave if it detects
physical module of a local area network. that the master timing subsystem
is operating out     The architecture of local area network 10 in of
specified limits of accuracy will cease to syn-  which the method of this
invention is practiced chronize on the timing frames transmitted by the
and the apparatus of this invention is incor- master and thereafter will
operate as a master   45   porated is illustrated in Figure 1. Physical
relying on its MCPU's module clock as its source    modules 12-00 to [err],
where n is an integer of accurate timing signals.
greater than one, communicate with each other It is therefore an object of
this invention to    over local control network (LCN) bus 14. In net-
provide improved methods and apparatus for          work 10, each of the
modules 12 is the equivalent, synchronizing the timing subsystems of the
so   or the peer, of the others, and all modules 12 MCPU's of each physical
module of a local area      receive all signals transmitted over bus 14 by
any network plant control system.                       of the other
modules. It is another object of this invention to provide   Each module
12, such as module 12-04 which is method and apparatus for providing timing
infor-    illustrated in Fig. 2 includes a bus interface unit mation to
each module of a distributed local   55   (BIU) 16-04 and a transceiver
18-04 which con- control network with the required degree of         nects
BIU 16-04 to dually redundant LCN buses accuracy, with the desired degree
of reliability    14-A and 14-B. BIU 16-04 is capable of transmit- through
redundancy, and at minimum cost.            ting binary data over buses
14-A and 14-B and of It is yet another object of this invention to
receiving data from buses 14-A and 14-B. Trans- provide method and
apparatus for synchronizing    60   ceiver 18-04, in the preferred
embodiment, is the timing subsystems of the modules of a local
transformer coupled to each of the buses 14-A area plant control network in
which synchroniza-    and 14-B. In the preferred embodiment each of tion
signals are transmitted  by designated         the buses 14-A and 14-B is a
coaxial cable with the modules over the same cables that are used to
capability of transmitting bit serially data at a five transmit all other
types of information between   65   megabit/second rate. BIU 16-04 is
provided with a 3  



5              EP 0185 348 B1                     6 very fast microengine
18-04. In the preferred      other modules over one of the LCN buses such
as embodiment, microengine 18-04 is made up of bit    LCN-B, cable 14-B as
illustrated in Figure 2. slice components so that it can process eight bits
Another input to each timing subsystem 48, such in parallel, and can
execute a 24 bit microinstruc-  as timing subsystem 48-04, is timing
information tion from its programmable read only memory    5    which is
transmitted over LCN cables 14-A or 14-B (PROM) 20-04 in 200 nanoseconds.
and which is received through transceiver 18-04, Five megabit signals
received from either of    receiver 52-04 and driver 54-04 of BIU 18-04.
LCN buses 14-A or 14-B are transmitted by trans-   Timing pulses from
module power supply 34-04 ceiver 18-04 and receiver circuitry 22-04 to
receive  which are a function of the frequency of the FIFO register 24-04.
Microengine 18-04 examines   10   external source of A.C. electric power
applied to the data stored in register 24-04 and determines if  power
supply 34-04 are used by timing subsys- the information is addressed to
module 12-04, If   tem 48-04 to correct longer term frequency drift of the
data is an information frame, the received     the clock pulses produced by
clock 44-04. data is transferred by direct memory access         In Figure
3 the components of a timing subsys- (DMA) write circuitry 26-04 by
conventional direct   15  tem 48 with which each MCPU 32 of each module
memory access techniques to module 12-04's         12 of system 10 is
provided are illustrated. Timing module memory unit (MMU) 28-04 over module
subsystem  48 includes a single chip micro- bus 30-04.
processor 56 such as an Intel 8051. MCPU pro- MMU 28-04 and MCPU 32-04
communicate             cessor 32 can transmit to its timing subsystem 48
with each other and BIU 16-04 by means of   20   over MCPU bus 38 commands
and data, such as module bus 30:04. Other functions of BIU 16-04     "clock
set" data through command register 58. are described in prior EP-A2 0137438
published     Commands consist, in the preferred embodiment, April 17,1985
entitled Method for Passing a Token  of a six bit byte and data consists of
an 8 bit byte, in a local-area Network, which application is     the bits
of which are transmitted in parallel over a assigned to the same assignee
as this invention.   25   14 conductor bus connecting MCPU bus 38 and The
disclosure of the above identified application  command register 58. is
hereby incorporated by reference into this       The format of the coded
timing information application.
transmitted by timing subsystem 48; namely, Each and every physical module
12 of local      timing frame 60, is illustrated in Fig. 4. A timing area,
or control, network 10 such as module 12-04   30   frame 60 is periodically
transmitted over buses illustrated in Figure 2 includes a BIU 16, a trans-
14-A and 14-B respectively by timing subsystems ceiver 18, a module memory
unit 28, an MCPU 32,    48 designated as the master and the slave. Timing
and a power supply 34, which converts either 50    frames 60 so transmitted
are received by the or 60 [err] A.C. to the necessary D.C. voltage levels
transceiver 18, receiver 52 and driver 54 of each utilized by the
components of a module 12.   35   physical module 12 and are applied by
driver 54 Communication between MCPU processor 36-        to 2:1
multiplexer 62 with which each timing 04, a Motorola 68000 microprocessor
in the pre-    subsystem 48 is provided. n normal operation, ferred
embodiment, and  other functional          multiplexer 62 alternately
transmits to micro- elements of MCPU 32-04 is via local micro-
processor 56 timing frames 60 received from bus processor bus 38-04. Module
bus interface   40   14-A and bus 14-B. A third input to micro- element
40-04 provides the communication link        processor 56 is the 9.6
megaherz (MHz) clock between local bus 38-64 and module bus 30-04.
pulses produced by module clock 44. The fourth Processor 36-04 executes
instructions fetched      input to microprocessor 56 is an A.C. reference
from either its local memory 42-04, in the pre-   timing signal, or pulse,
produced by module ferred embodiment an EPROM, or from MMU 28-   45   power
supply 34. In the preferred embodiment 04. Processor 36-04 has a crystal
controlled clock  this pulse is a repetitive substantially rectangular
44-04 which produces clock pulses, or timing      signal at twice the
frequency of the external A.C. signals substantially at a rate of 9.6x
[err] in the  power supplied to power supply 34. Micro- preferred
embodiment. Input/output (I/O) port 46-  processor 56 uses the A.C.
reference timing signal 04 provides communication between MCPU 32-04   so
from module power supply 34 when commanded and equipment external to module
12-04 to per-     by its MCPU processor 36 to synchronize its mit program
loading, and the diagnosis of errors,  internal sense of time with that of
the frequency or faults, for example.                            of the
A.C. power applied to module power Each MCPU 32 such as MCPU 32-04 also
supply 34. includes a timing subsystem  48-04 which, in   55   One way
microprocessor 56 communicates response to clock signals from module clock
44-    with its associated MCPU processor 36 is by 04 produces fine
resolution, sychronization, and   precisely spaced, or timed, interrupts at
50 m sec. real time, timing signals. The real time timing    and 1 second
intervals, which interrupts are pro- signals occur, or are produced, at one
second      duced by interrupt generator 63. In addition intervals so that
each timing subsystem 48 has   60   microprocessor 56 communicates through
regis- the capability of producing, or having available  ter file 64 and
MCPU bus 38 with MCPU processor the current or real time in seconds. Any
timing    36 of MCPU 32. subsystem 48 which is provided with a timing
Register file 64 stores eight 8 bit bytes of data, subsystem  driver 50,
such as 50-04, has the       the format of which as is illustrated in
Figure 6. capability of transmitting timing information to   65   Register
file 64 includes an accumulated seconds  
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interpolation register 68, and a    The contents of CRAS 86 are incremented
by one status register 70. Accumulated second register     each time
counter 78 produces a one second (ASR) 66 contains 4 bytes of data,
representing     timing signal. the current time in terms of years, months,
days,     In Figure 9, the internal registers of micro- hours, minutes, and
seconds, of the current cen-    5    processor 56 of each timing subsystem
48 and the tury, expressed in seconds in the preferred         format of
the data stored in them are illustrated. embodiment. The current time is
loaded into         These internal registers are, in the preferred register
66 on initialization of a timing subsystem  embodiment, addressable memory
locations of 48 and is updated each second thereafter. Interpo-  the
internal random access (R.A.M.) memory of lation register 69, a two byte
register, has stored   10    microprocessor 56, which memory locations in
it the number of fine resolution timing signals,  function as registers.
Set time register (SET) 90 is produced since the last one second rollover.
The    a 4 byte register into which at initialization, or period of a fine
resolution timing signal, in the   upon a time information update, 4 bytes
of time preferred embodiment, is 100 microseconds ([err]      data from
MCPU processor 36 are entered. The sec.). The contents of register 68 are
updated    15   communication between MCPU processor 36 and every 100 [err]
sec. Status register 70, another two    its associated timing subsystem 48
is through byte register, contains a status word, the infor-   command
register 58. The contents of course mational content of which will be
explained         resolution accumulated seconds (CRAS) register below.
88 and course resolution interpolation register Each timing subsystem  48
of an MCPU 32   20   (CRIR) 82 were described previously with respect -
maintains its own, or its internal, sense of time.  to each timing
subsystem  48's procedure for To do this each microprocessor 56 performs
the      producing, or maintaining, its own internal sense operations and
stores in designated registers its   of time. "internal sense of time".
Referring to Figure 7,      Another internal register is status word (STS)
clock signals from  module clock 44 having a   25   register 92. STS
register 92 is a 2 byte register frequency of 9.6x[err].05% [err], in the
preferred      which contains the present status of its timing embodiment,
are divided by twelve by counter 72     subsystem 48. Bit 00, the least
significant bit, if to produce internal timing signals having a 1.25 p
set, indicates that a time set operation is in sec. period. The 1.25 p sec.
signals are divided by  progress. If the timing subsystem 48 is function-
timer counter 74 to produce fine resolution timing    30   ing as a source
of timing signals, either master or signals having a period of 100 [err]
sec. The 100 p     slave, then the time information being transmit- sec.
fine resolution timing signals are in turn     ted in the timing frame 60
contains new divided by 500 by counter 76 to produce syn-        "seconds"
information. Bit 00, when set, indicates chronization timing signals having
a period of 50   that the expected time image stored in expected
milliseconds (m sec.). Finally, the 50 m sec.   35   time image register 98
has new second infor- signals are divided by 20 by counter 78 to produce
mation that will be written into accumulated real time timing signals
having a period of one     seconds register 88 at the next 1 second mark.
It is second.                                             also set when a
time set command is received by The 100 p sec. fine resolution signals from
a timing subsystem 48 from its MCPU processor counter 74 are applied to
accumulated ticks regis-   40   36, or from a received timing frame 60. Bit
00 is ter (ATR) 80 and course resolution interpolation    reset when the
first 50 m sec. interrupt is issued register (CRIR) 82. ATR 80, in the
preferred        following the 1 second interrupt atwhich the new
embodiment, is a two byte register in which is      seconds information is
read into course resolu- stored the number of 100 [err] sec. signals, or
tion accumulated seconds register 88. Bit posi- periods, in the present, or
current, 50 m sec.   45   tions 03, 02, and 01 identify cable status. If
bit period. CRIR 82 is also a two byte register in      positions 01 and 02
are both zeros, the timing which is stored the number of 100 m sec.
periods,   subsystem did not receive a timing frame 60 from or signals in
the present, or current, one second   either cable during the previous 50 m
sec. period. period.                                             If bit
position 01 is a 1 and bit position 02 is a 0, Synchronization timing
signals having a 50 m    50   the timing subsystem received a timing frame
sec. period are applied to accumulated syn-         from LCN-A cable during
the most recent 50 m chronization timing signal register (ASTS) 86.
sec. period. If bit position 01 is zero and bit ASTS 86 is a one byte
register in which is stored   position 02 is a one the timing subsystem the
number of 50 m sec. periods, or timing          received a timing frame
from LCN-B during the signals, in the current one second period. One   55
most recent 50 m sec. period. If bit 03 is set, then second, or real time,
timing signals produced by    the timing subsystem is receiving timing
frames counter 78 are applied to course resolution         alternately from
cable 14-A and 14-B. Bit 04, if set, accumulated seconds register (CRAS)
88. CRAS        indicates that the timing subsystem  has been 88 is a four
byte register in which is stored the   enabled to transmit by its MCPU
processor 36 and current, or real, time in seconds. This data con-   60
as a result it will transmit a timing frame 60 every stitutes the current
time in terms of years,        50 m sec. If bit position 04 is cleared,
timing months, days, hours, minutes and seconds of the     subsystem 48 is
not transmitting. Bit positions 05 current century. On initialization, the
current time  and 06, contain the number of errors detected on to the
nearest second is loaded into CRAS 88 from   the cable identified by bit
positions 01 and 02 set time register 90 which is illustrated in Figure 9.
65   during a one second interval. This field is set to 5 



zero just prior to presenting the first 50 m sec.  the next timing frame 60
received or transmitted interrupt following the posting of a 1 second
by a timing subsystem 48. interrupt. Bit 07, when set, denotes that at the
Transmit mailbox TXMBOX register 100 is a 12 time of posting an interrupt,
a prior interrupt had  byte register that holds the 12 bytes of an not been
acknowledged by MCPU processor 36.   5    encoded timing frame 60, which
timing frame 60 Bit 07 will remain set until the posting of the first  will
be transmitted by a master or slave timing interrupt following a status
change interrupt       subsystem over the local control network buses which
indicates that the queued interrupts have     14A or 14B when the next 50 m
sec. or 1 second been serviced by MCPU 56. Bits 08 and 09 contain   timing
signal, or interrupt, is produced by micro- the number of errors detected
in the A.C. ref-   10   processor 56 and interrupt generator 63. erence
timing signals produced by module power        Microprocessor 56 of timing
subsystem 48 does supply 34 during a 1 second interval if syn-        not
generate directly the code written into its chronization with the frequency
of the A.C. power   TXMBOX 100. The method of producing the supply has been
commanded by MCPU processor         coded data of a timing frame 60 is to
translate 56. This field is set to zero prior to presenting the    15
each nibble, four bits of data, from ETI register 98 first 50 m sec.
interrupt following each 1 second   and the least significant four bits of
status register interrupt. Bits 10 and 11 identify received         92 by
conventional table look-up techniques into message error status. If Bits 10
and 11 are both    a set of binary digits in which no two logical zeros
zeroes, no errors were detected in the timing       occur in sequence. This
technique allows the frame 60 received during the past 50 m sec. If  20
transmission of one nibble per byte of the NRZ Bytes 11 and 10 are a zero
and a 1 respectively,    code. The NRZ zero interval following each logical
then a communication error such as a parity error,  one allows the use of
the trailing edge of the NRZ or an error in the number of bits in a timing
frame  code as a signal which generates a negative going was detected in a
timing frame received during      sinusoidal shaped pulse on the line to
restore its the previous 50 m sec. period. If bit 11 is a 1 and   25   D.C.
level. The reason for this is that local control bit 10 is a zero, an
invalid data code was detected  network cables 14-A and 14-B cannot support
D.C. in the timing frame received during the past 50 m   wave forms, thus
simple NRZ transmissions sec. period. When bit positions 11 and 12 are both
cannot be used. This limitation is overcome by logical ones, an invalid
time update was detected   transmitting wave forms on cables 14-A, 14-B in
during the previous 50 m sec. period.         30   which a logical zero
corresponds to a positive Bits 12 and 13 provide synchronization infor-
going sinusoidal pulse followed by a negatively mation. If bits 12 and 13
are both zeroes, the      going sinusoidal pulse. A logical 1 is the
absence timing subsystem is not enabled to synchronize      of such a pulse
pair. on received timing frames or with A.C. reference      In Figure 4,
the format of a timing frame 60 is timing signals from its power supply 34.
If bit 13 is   35   illustrated, each character contains one nibble, or a
zero and bit 12 a 1, the timing system  is        four bits, of usable
data. Eight characters of synchronized to the frequency of its A.C. power
accumulated seconds information are included supply. If bit 13 is a one and
bit 12 a zero, the   within each timing frame 60. The least significant
timing subsystem is synchronized with the receipt   nibble (LSN) is
transmitted first and the most of synchronizing codes of received timing
frames.   40   significant nibble (MSN) is transmitted last. The Bits 15
and 14 identify the mode of operation of    status character is coded data
representing the the timing subsystem.If bits 15 and 14 are both     least
significant 4 bits of status re zeroes, the timing subsystem is operating
in the      In Figure 5, the format of the synchronization master clock
source mode. If bit 15 is a zero and   code, or character, 102 is
illustrated. The first bit, a bit 14 is a 1, the timing subsystem is
operating in   45   logical zero, is a start bit, and the last bit is a
stop the slave clock source mode. If bit position 15 is a  bit. The stop
bit identifies the end of the character 1 and bit position 14 is a zero,
the timing subsys-  being transmitted bit serially and is always a tem is
functioning in the listener only mode. If bit  logical 1. The next to last
bit position is a parity positions 15 and 14 are both ones, the timing
bit. subsystem is in its local mode of operation.  so      Timing
subsystems 48 of each physical module Receiver Mailbox (RCMBOX) 94 is a 12
byte         12 of local control network 10 have two possible register in
which each timing frame as received is  configurations. If they are
designed to transmit stored. Received time image (RTI) register 96 is a
timing frames 60 the format of each of which is 6 byte register in which
the decoded, or translated  illustrated in Figure 4, they are provided with
a data from a timing frame 60 stored in receiver   55   timing subsystem
driver 50. If they are intended mailbox 94 is placed. The expected time
image       to merely receive timing frames from LCN bus 14, (ETI) register
98 is a 5 byte register in which is  then a timing subsystem driver 50 is
omitted. written the number of 50 m sec. that have elapsed   Otherwise, all
timing subsystems are the same in the 1 second period as well as the number
of     and function as described above. seconds constituting the current
time. The source   60  A timing subsystem 48 is placed into its local of
the number of 50 m sec. loaded into register 98  mode of operation
following initialization. When is the content of accumulated
synchronization       in this mode of operation, a timing subsystem 48
timing signal (ASTS) register 86 incremented by     can be synchronized to
the frequency of its power 1, so that the contents of ETI register 98 will
supply 34, if commanded to do so by its asso- correspond to the timing
information included in   65   ciated MCPU processor 36, and if the
frequency of 6 
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its power supply 34 is within  expect a 50 m sec. synchronizing interrupt
when specified limits. If a timing subsystem  48 is    its count reaches
500. To do this, timing subsys- instructed by its associated MCPU processor
36     tem 48 must identify the synchronizing code 102 not to synchronize
its internal sense of time with  when it is received from one of the two
LCN the A.C. reference timing signals produced by    5    cables LCN-A or
LCN-B, and produce a 50 m sec. power supply 34, it will cease doing so.
Zero time  interrupt and reset its ATR 80 to zero. for the first 50 m sec.
period is established when   The incoming timing frame 60 is buffered in
the local mode is selected during initialization. If  registers 94 and 96
to permit examination to the A.C. reference timing signals are valid, the
determine if it has the proper length, has the right power line
synchronization  interrupt service   to   parity, and to check for
reasonableness as to the routine notes the number of 100 [err] sec.
interrupts  informational and content except when a time set in a 50 m sec.
period at which the fifth or the sixth  is in progress which is denoted by
a logical 1 in A.C. reference timing signal is received from      status
bit position 00. The count contained in the power supply 34. If A.C. power
supply 34 is        ATR 80 at the time the first character, the syn-
connected to 50 [err] power, the fifth A.C. reference   15   chronizing
code 102, is received is checked to see timing signal will occur once each
50 m sec.      if it is 5003. If it is, the timing of the receipt of
period. If 60 [err] power is connected to power       code 102 is
considered to be valid, and ATR 80 is supply 34, the sixth A.C. reference
timing signal  set to zero as described above. The four bytes of occurs
once each 50 m sec. period. The power line  timing data contained in a
timing frame 60 are frequency synchronization (PLFS) interrupt ser-   20
obtained by decoding the eight characters of vice routine (ISR) performs a
measurement of the   accumulated seconds of a timing frame temp- time at
which the 5th or 6th A.C. reference timing  orarily stored in register 96.
signal is received by comparing the current value    Interpolation register
68 is updated with the of ATR 80 with the expected value contained in
contents of register 82 each 100 p sec. except line synchronization
measurant reference register   25   when the ATR 80 count is 501, 502 or
503 i.e. (LSMR) 84. LSMR 84 is loaded with the contents     synchronizing
code 102 is late. In this case the of the ATR 80 by the PLFS ISR upon the
1st receipt  contents of course resolution interpolation regis- of an A.C.
reference timing signal after timing    ter (82) remain at the 500th count
for the current subsystem 48 is instructed to synchronize its      50 m
sec. period and no update of the interpola- internal sense of time to the
frequency of the A.C.   30   tion register 68 is performed. When ATR 80
power source. The contents of counter 74 is        reaches 504 and if the
synchronizing code 102 has adjusted by 50 [err] sec., when required, so
that the  still not been received, the contents of register value of the
ATR 80 count at the receipt of each   (82) is incremerited by 4 and is used
to update successive 5th or 6th A.C. reference timing signal  interpolation
register 68. is the same as the original value contained in the   35  CRAS
register 88 is updated if a time set time LSMR 84.
frame is received so that the interrupt presented The internal sense of
time of timing subsystem   to MCPU processor 36 by its timing subsystem 48
48 is found in course resolution interpolation     at the one second mark
is denoted a status register 82 and course resolution accumulated
change interrupt. Finally, status register 92 is second register 88. Both
are set to zero during   40   updated. It should be noted that
interpolation initialization. During the servicing of each 50 m  register
68 is updated at each 100 [err] sec. except as sec. interrupt, registers 82
and 88, are updated by  described above. If the synchronizing code 102 is
the timing information in expected time image      received late,
interpolation register 82 remains table 98. In between each 50 m sec.
interrupt,     frozen at a count which represent the 500th 100 [err] CRIR
80 is incremented each 100 [err] sec. a maxi-  45   sec. count of the
current 50 m sec. period until the mum of 500 times. The contents of course
resolu-   first 100 [err] sec. interrupt occurs following the tion
interpolation register 82 is presented each   receipt of the character, or
at the 504th 100 [err] sec. 100 m sec. to its associated external register
file  count of the present 50 m sec. period, whichever register 68. The
contents of accumulated seconds   comes first. If the synchronizing code
occurs at a register 88 is presented to its external register file   50
ATR 80 count of 497, 498 or 499, ATR 80 is set to 68 at the completion of
each one second period.    zero, the course resolution interpolation
register External status register 70 is updated each 50 m   82 is
incremented by 3,2 or 1 respectively and this sec. and the proper interrupt
vector generator     data is used to update interpolation register 68.
address provided to interrupt generator 63 in      Information loaded into
accumulated seconds preparation for the posting of the next interrupt   55
register 66 is a copy of the accumulated seconds request to MCPU processor
36.                      portion of the course resolution timetable
internal A timing subsystem 48 which is operating in the  registers 88 and
82. local mode may be requested at any time to           There are two
methods of synchronizing the synchronize its internal sense of time with
receipt  operation of the timing subsystem, one is power of timing frames
transmitted over cables 14A and   60   line synchronization and the other
is received 14B, or to switch to the receive cable mode; of if it  message
synchronization. A master clock timing is provided with a timing subsystem
driver 50 to   subsystem, an unlocked slave timing subsystem, the slave
clock source mode. When such a change    and timing subsystem  which are
selected to of mode is ordered, a timing subsystem 48 must     operate in
local only mode may be synchronized adjust its internal accumulated ticks
register 80 to   65   to the power line frequency if the timing of the 
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the external source of A.C. electric   valid, and  not on  received  timing
frame power is accurate, or valid. If not valid, the      interrupts.
internal sense of time, the contents of registers 82  The 100 [err] sec.
time or count from CRIR 82 is and 88, rely on clock signals produced by
module    written into interpolation register 68 at each 100 [err] clock 44
which have an accuracy of [err].05%. Slave    5    sec. interrupt. External
status register 70 is clock timing subsystems and listener, or receive
updated near the end of each 50 m sec. period, only, timing subsystems 48
synchronize their        and accumulated seconds register 66 is updated
internal sense of time by producing internal syn-   at each one second
interrupt. A timing subsystem chronization interrupts upon the receipt of
the     48 will produce and transmit to its MCPU pro- synchronizing code
102 of each timing frame 60.   10   cessor 36 by means of interrupt
generator 63 an Synchronization means an adjustment of the        interrupt
at each 50 m sec. and one second internal sense of time of a timing
subsystem 48;    interval. Each interrupt includes a vector which is
namely, by updating the content or count, of ATR    a function of the time
at which the interrupt 80 to match that of the master or slave source of
occurs and if a time or status change is being each timing frame 60 as
received. Externally of a    15   reported. The three vector numbers
correspond timing subsystem 48, synchronization means an       to a 50 m
sec. interrupt, a one second interrupt, adjustment to interpolation
registers 82 and 68,    and a status change interrupt. A status change
every 50 m sec.; and, if needed, an adjustment to   interrupt may be
presented at either a 50 m sec. or accumulated seconds register 88 and 66
at each      one second period in lieu of a 50 m sec. or one one second
rollover. The 50 m sec. portion, or   20   second interrupt. If a previous
interrupt request content of ETI register 98 is determined earlier in  has
not been serviced by MCPU processor 36 each 50 m sec. period by
microprocessor 56          before another interrupt is to be generated, the
updating the contents of CRIR register 82 and       status change interrupt
is queued. When this CRAS register 88 to the time when the next 50 m
occurs, a status bit is set in bit position 07 in sec., or one second
interrupt is to be produced.    25   status register 98 to indicate that
one or more For those timing subsystem 48 which are pro-      interrupts
have not been serviced by MCPU pro- vided with a timing subsystem driver
50, and thus   cessor 36. This status bit will remain set until the are
capable of transmitting a timing frame 60, one  first interrupt following
the presentation of the such transmitter is designated as a slave and the
queued status change interrupt to MCPU 36. other as a master. A slave will,
at approximately   30  In the operation of a timing subsystem  48, 400
[err] sec. prior to an expected 50 m sec. mark, or  errors consist of the
absence of an expected 50 m sec. interrupt, start transmitting the timing
synchronizing interrupts within the allowed win- frame stored in its
transmit mailbox 100. Upon      dow, or time period. Thus , a synchronizing
code receiving a valid interrupt associated with the     of a timing frame
must be received at 50 m receipt of the first character of timing frame 60,
35   sec.[err]300 [err] sec.; and if the timing subsystem is synchronizing
code 102, ATR register 80 is zeroed   synchronized to t    wer line
frequency, then which starts the next 50 m sec. cycle. If the master  the
fifth or sixth A.C. reference timing signal must timing subsystem fails or
is deemed to have         be received at 20 [err] sec of the time it is
failed, a slave timing subsystem will continue to   expected. Other types
of errors are based on the operate using its own internal sense of time
40   contents of a received timing frame 60, either a derived from its
module clock 44 until the detec-   parity error, an incorrect message
length, an tion of the third missing or invalid synchronizing  invalid data
code, or the time data is not that code from the master timing subsystem.
At that      predicted. Status register 92 is updated as errors time a
slave timing subsystem will start syn-       are detected. For error counts
which are less than chronizing to the frequency of the power line if  45
a specified maximum number, no change detect available, and if not
previously commanded to      interrupt, mode change, or change in syn-
disregard it. If no valid power line synchronization  chronization
selection is performed. When an signals are available, a slave timing
subsystem     error limit is reached one or more of the following will
operate using clock signals from its crystal   occurs. A listener, or
receive only, timing subsys- controlled module clock 44.
50   tem 48 will change to local mode of operation Transmit mailbox
register 100 is updated time     upon the loss of cable synchronization. It
may shortly prior to a 50 m sec. mark. TX mailbox 100   then synchronize on
the frequency of its A.C. is reloaded with coded time information from ETI
power supply if valid. A slave timing subsystem register 98 which is equal
to the contents of CRAS  will go from being locked to, or synchronized 88
and the present 50 m sec. count of ASTS    55   with, timing frames
transmitted by the master register 86 incremented by one, plus the lower
timing subsystem to the unlocked slave clock order four bits of status
register 92. If the next  source mode upon the loss of the master cable.
transmission of a timing frame will be on a one     An unlocked slave
timing system will synchronize second boundary, the 50 m sec. count will be
set    on the power line frequency if valid. It will to zero and the
accumulated seconds information   60   continue to receive timing frames
transmitted by will be incremented by one.                        it from
one LCN cable, or not receive from either if If a timing subsystem 48 is
designated as a       the error counts for both cables exceed a pre- master
its function will be the same as that of a   determined level, three in any
one second period slave as described above except that synchroniza-  in the
preferred embodiment. If synchronization 



tion is based on the frequency of its A.C. power if  65   to power line
frequency is lost by a master for any 8    15              EP 0185348 B1
-   16 reason, and or by any timing subsystem in local     adjustment of
the internal sense of time, which mode each such subsystem will continue to
oper-     includes the contents of counter 74 and ATR ate relying on the
its associated module clock 44.  register 80, register 86, and register 88
is made. In all cases the internal sense of time based on the  During
following 50 m sec. cycles, the internal MCPU's crystal clock 44 is assumed
to be correct.    5    sense of time is adjusted as required by 50 [err] A
timing subsystem  operating in a degraded         sec. which is added or
subtracted to the contents mode will remain in the degraded mode until
of counter 74 to maintain synchronization with instructed otherwise by its
module CPU 36.          the frequency of A.C. power supply. A timing
subsystem 48 will produce the follow-      The medium resolution portion of
the internal ing types of internal interrupts. One occurs at 100   to
sense of time is maintained by ASTS register 86. [err] sec. intervals. A
second is an external interrupt  ATR 80 is adjusted by being cleared to
zero when type zero which is a command request interrupt.     a valid
synchronizing interrupt is being serviced. A third is designated as an
interrupt type one      The contents of ASTS 86 is also adjusted when a
which is generated for each falling edge of the     valid synchronizing
interrupt is produced, i.e., A.C. timing reference signal produced by its
15   once every 50 m sec. The internal sense of time is power supply 34.
The fourth interrupt, designated   adjusted to maintain synchronization
with the as a serial data transmit or receive interrupt, is  frequency of
its A.C. power supply by adjusting produced for each of the 12 characters
of a         the contents of fine resolution counter 77 by 50 received
timing frame.                              mu sec. as required. ATR
register 80 also provides Certain operational tasks are scheduled to be
20   the time reference used in determining if syn- executed by
microprocessor 56 once during each      chronization code 102 interrupts
are occurring 50 m sec. period. The tasks executed by micro-      within
the expected window. The line syn- processor 56 depend upon the functional
mode of     chronization measurement register count 84 pro- operation of
its timing subsystem  48. These        vided the reference time used to
determine [err] unique tasks are performed at predetermined   25   timing
reference synchronizing times within a 50 m sec. period. The mode of
occurring within the expected time window. operation, local mode, clock
source mode, and         If a timing subsystem 48 is synchronized to
listener mode determines the tasks to  be           received timing frames
60, and if synchronizing executed and their timing. These tasks include
interrupts produced as the result qf receiving checking received timing
frames 60 for validity,   30   synchronizing codes 102 or produced within
the updating registers 82 and 86, checking for error    expected time
window, the internal sense of time limits or mode changes, processing
commands         as reflected by ATR-80 is zeroed. This establishes for
mode changes, synchronization selection         a new zero time for the
next 50 m sec. period. If a changes or time information updates. Micro-
timing subsystem 48 is synchronized to received processor 56 also updates
TXMBOX 100, pre-   35   timing frames 60, more particularly to the receipt
pares RCMBOX 94 to receive a transmitted timing     of its synchronization
code 102 and a synchroniz- frame 60 and enables interrupt generator 63 so
ing interrupt does not occur by 50 m sec.+400 [err] that it can produce the
appropriate interrupt each  sec., or 50,400 [err] sec. since the previous
syn- 50 m sec. and one second period. In addition        chronizing
interrupt, the interrupt is declared microprocessor 56 updates external
status regis-   40   invalid, ATR register 80 is set to 4, and CRIR 82 is
ter 70, determines the proper vector for the next   incremented by 4. In
addition, interrupt generator interrupt to be produced by interrupt
generator     63 is disabled until later in the next 50 m sec. 63, and
initiates the transmission of timing frames  period, and the error count
for the cable over from 60 at the appropriate time. Not all these tasks,
which that timing frame was transmitted is however, are performed in all
modes of operation    45   incremented by one. of a timing subsystem 48.
It should be noted that interpolation register 82 Each timing subsystem 48
maintains its own        is never incremented beyond the 500th count of a
internal sense of time. When a timing subsystem     given 50 m sec. period.
If a synchronizing code 48 is ordered to synchronize itself to timing
102 is not received, and thus a synchronizing frames received from  LCN-A
and LCN-B, it  50   interrupt is not produced by the 500 through and
monitors the timing frames 60 received to identify  including the 503rd 100
[err] sec. interrupt, interpola- the synchronizing code 102 of each
received       tion register 68 is not incremented beyond 500. If timing
frame 60. If a synchronization code 102      a synchronizing interrupt is
not received by the arrives at the expected time 300 [err] sec. the
504th 100 [err] sec. interrupt, or tick, interpolation internal sense of
time is synchronized to the   55   register 82 and 68 are incremented by
four. internal sense of time of the transmitter, master   Similarly, ATR
register 80 is set equal to four and or slave, by clearing its ATR register
80 to zero.  the appropriate interrupt is generated. The vector A similar
adjustment is required when a clock     number of the last interrupt will
have been pre- subsystem 48 is commanded by its MCPU pro-          viously
established by microprocessor 56 so that cessor 36 to synchronize itself to
the frequency of   60   if this was the third occurrence of the receipt of
an its A.C. power source, more particularly to the     invalid
synchronization code from the same trans- A.C. timing signals produced by
its power supply    mitting timing subsystem, the posting of this 34. There
is however, one important difference.     error will be accomplished at the
next 50 m sec. 



When synchronization to the frequency of the        interrupt produced by a
timing subsystem 48. A.C. power supply is initiated, no immediate   65
The process of initiating the transmission of a 9    17              EP
0185348  B1                     18 timing frame 60 by a master and a slave
timing     reference timing signals is valid, the power line subsystem 48
begins at approximately 400 [err] sec.    synchronization interrupt service
routine will prior to the expected 50 m sec. mark. A timing     count the
number of power line interrupts and subsystem 48 which is receiving these
trans-       cause the 100 [err] sec. service routine to adjust fine
missions will generate a synchronizing interrupt    5    resolution counter
74 as required. The internal upon receipt of the synchronizing code 102
which   sense of time, including interpolation register 82 occurs
approximately 400 [err] sec. after the syn-     and internal accumulated
seconds register 88 is chronization code 102 timing frame 60 is loaded
initially set to zero during initialization. Starting at into the master or
slave transmit mailbox 100. As  time zero the following tasks are executed
each 50 a result, the timing subsystem 48 receiving the   10   m sec.
period. Course resolution timetable regis- timing frame 60 produces a
synchronizing           ters 88 and 82 are updated from the contents of
interrupt at the transmitters 50 m sec. and one    expected time image
register 98. This information second marks. These synchronizing interrupts
is presented to registers 66 and 68 of register file should occur within a
margin, or window, of 300   64 at the completion of each 50 m sec. period.
The p sec. of the time each receiving timing subsys-   15  line
synchronization error count is checked and a tern 48 expects to generate
this interrupt.        mode change is made from the line synchroniza- If a
timing subsystem 48 is synchronized to the  tion mode to local mode if the
number of syn- frequency of its A.C. power supply, a check is
chronization errors is at its limit. The command performed to insure that
every 5th A.C. reference  processing routine of microprocessor 56 will
timing signal, if the frequency of the source is 50   20   periodically
check command register 58 for new cycle A.C.; or the 6th A.C. timing
reference signal  commands stored therein. If th  a new com- if the
frequency of the source is 60 cycle A.C. is  mand it is processed.
received, at the same count of ATR register 80. As   The receive
alternately LCN cables A&B and the pointed out supra, A.C. reference timing
signals   enable slave clock source mode commands may are produced by a
power supply 34 at twice the   25   not result in an immediate mode change.
A frequency of the A.C. power supply. If the 5th or  synchronization
character monitor routine is acti- 6th half cycle A.C. references timing
signal; is   vated to time the receipt of the synchronization produced
within the permitted window 200 [err]    code, or character 102 from the
selected cable. sec., but is not produced at exactly the expected  Upon the
next entry into the command pro- time i.e. the contents of register 84 does
not   30   cessing routine microprocessor 56 checks to see if exactly match
the value of ATR 80 at the occurr-   a synchronization code 102 was
detected. If not, a ence of the 5th or 6th A.C. timing reference signal
second attempt is made toroniz a speed up or a slow down indicator is set,
or     tion code 102 of a timing frame 60 on that cable. cleared, as
required by the PLFS interrupt service  Synchronization detection is tested
once again routine of microprocessor 56. This information is   35   during
the next execution of the command pro- used by the 100 [err] sec. interrupt
service routine to  cessing routine. If a synchronization code 102 is
adjust the count of counter 74 by 50 [err] sec. If the  not detected during
the second attempt, the other adjustment value is zero, no adjustment is
LCN cable is selected and two more attempts are necessary, and the 100
[err] sec. interrupt routine will  made to receive a synchronization code
102 from perform no adjustment to counter 74. If the 5th or   40   the
second LCN bus before it is determined that 6th half cycle interrupt is not
within the required  the command cannot be obeyed. Finally, the window, an
error flag is set, and no adjustment is  external status register is
updated and the proper made to counter 74 during the current 50 m sec
interrupt vector generator address is provided to period. The internal
error count for ths power     interrupt generator 63 in preparation for
posting source is incremented by one. If the error is the   45   of the
next interrupt request. third during a one second period, a change detect
A timing subsystem 48 which is operating in the interrupt is generated at
the completion of the    local mode may be requested at any time to present
50 m sec. period.                          switch to the receive timing
frame mode or the A timing subsystem 48 can be placed into the      enabled
slave clock source mode if provided with local mode of operation following
initialization   50   a driver circuit 50. When such a mode change to and
self-test. In this mode of operation syn-      requested, a timing
subsystem must adjust, the chronization is obtained using A.C. reference
contents of its accumulated ticks register ATR 80 timing signals produced
by power supply 34, if     so that it will expect a 50 m sec.
synchronization valid by making adjustments to the count of
interrupt at the proper time. To accomplish this, counter 74 not more often
than once in each 50 m    55   the timing subsystem  must identify the
cable sec. period. If a timing subsystem 48 is ordered by  from which a
timing frame is received check to its associated MCPU processor 36 to
disable its    see if it is valid and then synchronize its internal line
synchronization mode of operation, a timing   sense of time with the
transmitter timing subsys- subsystem  48 no longer uses A.C. reference
tem. timing signals to produce the interrupts needed to   60  The master
clock source mode and the slave synchronize its internal sense of time to
that of  clock source mode differ primarily in the manner the frequency of
its A.C. power supply.            in which modes of operation are selected.
The 



A zero time for the first 50 m sec. is established  master clock source
mode is selected by a MCPU when the local mode of operation is selected
processor 36 issuing the appropriate command to during initialization. If
the frequency of the A.C.   65   its timing subsystem 48. A slave clock
source 10    19              EP 0185348  B1                     20
(unlocked from the master) mode is an automatic    on receives alternately
the masters transmissions fail over mode selected by a slave timing subsys-
and its own over LCN-A and LCN-B. tem after the third detection of an
erroneous        The receive alternately cables A&B command message within
a one second period from the         causes a slave timing subsystem 48,
which is not cable over which the master timing subsystem is    5    locked
to the master, to treat the command in the transmitting timing frames 60.
Synchronization of   same manner as an enable slave mode com- the internal
sense of time of a slave timing        mand. A timing subsystem in master
mode will subsystem 48 in the unlocked from master mode       also respond
to this command as being the same is then with the frequency of the power
A.C.       as an enable master command. A slave timing supply if valid.
Otherwise no synchronization is  10   subsystem  which is synchronized to
timing performed.                                         frames received
from the one cable over which Timing subsystems 48 which are not syn-
the master transmits these receiving this com- chronized to synchronizing
codes 102 of received    mand will then start to receive timing frames
timing frames 60 start each 50 m sec. cycle under   alternately from each
cable. Slave timing subsys- the control of the 100 [err] sec. interrupt
service   15  tems synchronized             and timing routine at the
receipt of the 500th 100 p sec.      subsystems which are listeners only
synchronize interrupt. If synchronization to the power line    their
internal sense of time to the receipt of timing frequency is occurring a
power line synchroniza-    frames received over LCN-A and LCN-B. The tion
interrupt service routine may identify that an  major difference between
the two modes of oper- adjustment to.the internal sense of time is   20
ation is that a listener only [err] subsystem is necessary, then the
adjustments are made to         not required to form and transmit timing
frames counter 74 to slow down or speed up the occurr-     60. If
synchronization is lost, defined as being the ence of the next 100 [err]
sec. interrupt by 50 [err] sec.  receipt of three invalid messages from the
master If power line synchronization is not selected no    within a one
second period for a slave clock adjustment to counter 74 is made.
25   source, and three invalid messages from both Possible commands that
can be issued by an        cables in a one second period for a listener
only MCPU processor 36 to its timing subsystem 48       timing subsystem,
synchronization is switched to are an "enable master mode" command and a
the frequency of the A.C. power line if valid. If not "receive alternately
cables A&B" command.           valid each timing subsystem  relies on clock
When an enable "master mode command" is   30   pulses from its module clock
44 to maintain its received, a timing subsystem 48 will continue to
internal sense of time. Only listener only timing update periodically its
transmit mailbox 100.      subsystems which were previously synchronized
Received timing frames 60 will be checked for      with received timing
frames 60 will change to the validity during the next 50 m sec. period, and
local mode of operation if synchronization is lost. timing frames will be
received alternately from    35   The operation of a slave timing subsystem
which the two cable LCN-A and LCN-B. However, when        has become
unlocked from  the master is in master mode, a timing subsystem 48 does not
described above. synchronize its internal sense of time to the         For
timing subsystems which are synchronized receipt of synchronizing codes of
each timing      to received timing frames 60, (locked slave, and frame 60.
Synchronization if any will continue to   40   listeners) each 50 m sec.
period is started with be based on the frequency of the A.C. power
either the receipt of the synchronizing code 102 of supply.
the current timing frame 60 or the receipt of the When a timing subsystem
48 is commanded to        504 100 [err] sec. interrupt. function in the
slave mode, such a mode changes      The objective of the local to receive
cable requires a synchronization source change from    45   transition
procedure is to provide a change in the that of the frequency of the A.C.
power to that of  synchronization source from the frequency of the the
synchronizing code of received timing frames    power supply or nothing, to
received timing 60. Therefore, to avoid synchronizing on its own    frames
and the interrupts produced when a syn- transmission, a slave timing
subsystem 48 does      chronization code is received. This procedure is not
transmit a time timing frame starting 400 [err]   50   executed when the
command is received from the sec. prior to the completion of a 50 m sec.
period,  timing subsystem's MCPU microprocessor to but uses its monitor
interrupt service routine to   enable slave clock source mode or to receive
adjust its internal sense of time so that it is    alternately cables A&B.
synchronized to its receipt of the synchronization   Concurrently filed
with this application are code 102 of each timing frame 60 from the   55
three applications relating to the transceiver 18, to master. Four attempts
are allowed for synchroniz-  timing subsystem driver 50, and to
synchronizing ing to the timing frame transmitted by a master    the
internal sense of time of a timing subsystem timing subsystem 48. Thus, the
enabled slave        with the frequency of an internal A.C. power clock
source mode command is not implemented        supply. These applications
are entitled Dual Fre- until synchronization with the master is accom-   60
quency Bus Transceiver by Robert L. Spiesman; plished, or until it is
determined that the com-    Timing Subsystem Driver by Robert L. Spiesman; 



mand cannot be completed. During first cycle        and Real Time Clock
Synchronizer by David L. Kirk after synchronizing with the master, a slave
tim-   and Robert L. Spiesman. Each of these applica- ing subsystem copies
the received time into its    tions is assigned to Honeywell Inc. as in
this expected image register 98, and from this point   65   application.
The disclosure of the above identified    21              EP 0185 348B1
22 applications are hereby incorporated by ref-        terized in that the
internal timing signals include erence into this application.
232 bits of time in seconds. From the foregoing it is clear that this
inven-      7. The local area network (10) of one of the tion provide
methods and approached for syn-         preceding claims, in which
chronizing the timing subsystem of each of the    5    a) each module (12)
is adapted to be energized modules of a local area network within a pre-
by a source of A.C. power having a given fre- determined degree of accuracy
and which satisfy      quency;  / the objects of this invention.
b) each module (12) includes a module central processor unit MCPU (32); and
Claims                                         to      c) eac MCPU includes
a clock [err] (44) for producing clock signals, the clock signals of each
1. A local area network (10) comprising a          MCPU having
substantially the [err] period; plurality of physical modules (12) which
com-        characterized in that municate with one another over a network
bus           d) each MCPU (32) includes an associated (14), with each
module (12) including timing    is   digital timing subsystem [err] said
digital means (48) and means (82, 88) for monitoring its    timing
subsystem, in response to clock signals internal timing signals, whereat
each timing         applied to it from the clock means of its asso- means
receiving a timing frame over the network      ciated MCPU, produces bus
(14) synchronizes its internal timing signals      a fine resolution timing
signal (74), with said received timing frame, characterized in   20  a
synchronizing timing signal (76), that      -
and a real time timing signal (78), a) each module (12) includes means for
pro-        and maintains ducing internal clock signals (44), the clock
the current real time (88), signals of each physical module having sub-
the number of fine resolution timing signals stantially the same frequency;
25   (82), b) each timing means responsive to said inter-       and the
number of synchronizing  timing nal clock signals applied to it produces
fine        signals produced by it since the most recent real resolution
(74), synchronizing (76), and real time   time timing signal was produced
(86); (78) timing signals;                                   and the number
of fine resolution timing c) the timing means (48) of one of said   30
signals produced since the last synchronizing modules is selectable to
produce said timing        timing signal was produced (80); frames (60) and
to transmit said timing frames         e) the digital timing subsystem (48)
of one of over the network bus (14) in synchronism with        said MCPU's
(12) is designated as a master the  production  of its synchronizing
timing       timing subsystem for the network, the master signals;
35   timing subsystem transmitting a timing frame d) each timing means (48)
other than the           (60) over the network bus (14) in synchronism
selected one which receives the timing frame         with the production of
its synchronizing timing transmitted over the network bus (14), syn-
signals, chronizes its timing signals with that of the          f) said
timing frame (60) includes a synchroniz- selected timing means transmitting
the timing    40   ing codc (102), the number of synchronizing frame.
timing signals and the current time since the last 2. The local area
network of claim 1, charac-      real time timing signal was produced; and
terized in that the network bus (14) comprises         g) each of the
digital timing subsystems (48) two cables (14A, 14B), and a second timing
other than the master upon the receipt of a means (48) is selected to
produce and to transmit   45   timing frame (60) transmitted over the
network timing frames (60), the first selected timing        bus (14),
synchronizes its means for maintaining means transmitting its timing frames
over one        the current real time and the number of fine cable and the
second over the second cable.          resolution timing signals with the
information 3. The local area network of claim 2, charac-      contained in
each received timing frame. terized in that each timing means (48) when
50      8. The local area network of claim 7, charac- enabled receives
timing frames (60) transmitted     terized in that each of the digital
timing subsys- over the two cables (14A, 14B) alternately, and     tems
(48) can be commanded by its MCPU (32) that the second selected timing
means syn-           to receive timing frames (60) transmitted over
chronizes its internal timing signals to that of the  the two cables
alternately (14A, 14B). first.                                         55
9. The local area network of claim 8, charac- 4. The local area network of
claim 3, charac-      terized in that each digital timing means (48) can
terized in that each timing means (48) has the       be commanded by its
MCPU (32) to synchronize capability of synchronizing its internal timing
its current real time with its frequency of a signals with the frequency of
a source of A.C.       source of A.C. electric power (Fig. 3), and that the
electric power for its module (12).            60    master is normally so
commanded. 5. The local area network of claim 4, charac-        10. The
local area network (10) of one of the 



terized in that the period of the fine resolution,   claims 7 to 9,
characterized in that synchronizing and real time timing signals are
a) each of said timing means (48) maintains respectfully 100 [err] sec., 50
m sec. and 1 second.     the number of fine resolution and synchroniza- 6.
The local area network of claim 5, charac-   65   tion timing signals
produced since the last real 12    21              EP  0185 348 B1
22 applications are hereby incorporated by ref-       terized in that the
internal timing signals include erence into this application.
[err] bits of time in seconds. From the foregoing it is clear that this
inven-     7. The local area network (10) of one of the tion provide
methods and approached for syn-        preceding claims, in which
chronizing the timing subsystem of each of the    5   a) each module (12)
is adapted to be energized modules of a local area network within a pre-
by a source of A.C. power having a given fre- determined degree of accuracy
and which satisfy     quency; the objects of this invention.
b) each module (12) includes a moduule central processor unit MCPU (32);
and Claims                                        10      c) each MCPU
includes a clock [err] (44) for producing clock signals, the clock signals
of each 1. A local area network (10) comprising a         MCPU having,
substantially the [err] period; plurality of physical modules (12) which
com-       characterized in that municate with one another over a network
bus          d) each MCPU (32) including an associated (14), with each
module (12) including timing    15   digital timing subsystem [err] each
said digital means (48) and means (82, 88) for monitoring its   timing
subsystem, in response to clock signals internal timing signals, whereat
each timing        applied to it from the clock means of its asso- means
receiving a timing frame over the network     ciated MCPU, produces bus
(14) synchronizes its internal timing signals     a fine resolution timing
signal (74), with said received timing frame, characterized in   20  a
synchronizing timing signal (76), that
and a real time timing signal (78), a) each module (12) includes means for
pro-       and maintains ducing internal clock signals (44), the clock
the current real time (88), signals of each physical module having sub-
the number of fine resolution timing signals stantially the same frequency;
25   (82), b) each timing means responsive to said inter-      and the
number of synchronizing timing nal clock signals applied to it produces
fine       signals produced by it since the most recent real resolution
(74), synchronizing (76), and real time  time timing signal was produced
(86); (78) timing signals;                                  and the number
of fine resolution timing c) the timing means (48) of one of said   30
signals produced since the last synchronizing modules is selectable to
produce said timing        timing signal was produced (80); frames (60) and
to transmit said timing frames        e) the digital timing subsystem (48)
of one of over the network bus (14) in synchronism with       said MCPU's
(12) is designated as a master the production  of its synchronizing timing
timing subsystem for the network, the master signals;
35   timing subsystem transmitting a timing frame d) each timing means (48)
other than the          (60) over the network bus (14) in synchronism
selected one which receives the timing frame        with the production of
its synchronizing timing transmitted over the network bus (14), syn-
signals, chronizes its timing signals with that of the         f) said
timing frame (60) includes a synchroniz- selected timing means transmitting
the timing    40   ing code (102), the number of synchronizing frame.
timing signals and the current time since the last 2. The local area
network of claim 1, charac-    real time timing signal was produced; and
terized in that the network bus (14) comprises        g) each of the
digital timing subsystems (48) two cables (14A, 14B), and a second timing
other than the master upon the receipt of a means (48) is selected to
produce and to transmit   45   timing frame (60) transmitted over the
network timing frames (60), the first selected timing       bus (14),
synchronizes its means for maintaining means transmitting its timing frames
over one       the current real time and the number of fine cable and the
second over the second cable.         resolution timing signals with the
information 3. The local area network of claim 2, charac-     contained in
each received timing frame. terized in that each timing means (48) when
50      8. The local area network of claim 7, charac- enabled receives
timing frames (60) transmitted     terized in that each of the digital
timing subsys- over the two cables (14A, 14B) alternately, and     tems
(48) can be commanded by its MCPU (32) that the second selected timing
means syn-         to receive timing frames (60) transmitted over chronizes
its internal timing signals to that of the  the two cables alternately
(14A, 14B). first.                                        55      9. The
local area network of claim 8, charac- 4. The local area network of claim
3, charac-    terized in that each digital timing means (48) can terized in
that each timing means (48) has the      be commanded by its MCPU (32) to
synchronize capability of synchronizing its internal timing     its current
real time with its frequency of a signals with the frequency of a source of
A.C.      source of A.C. electric power (Fig. 3), and that the electric
power for its module (12).           60   master is normally so commanded. 



5. The local area network of claim 4, charac-       10. The local area
network (10) of one of the terized in that the period of the fine
resolution,  claims 7 to 9, characterized in that synchronizing and real
time timing signals are        a) each of said timing means (48) maintains
respectfully 100 [err] sec., 50 m sec. and 1 second.    the number of fine
resolution and synchroniza- 6. The local area network of claim 5, charac-
65   tion timing signals produced since the last real 12    23
EP  0185 348  B1                    24 time timing signal was produced; and
increments     chronization code of each timing frame is (78) its means for
maintaining (88) the current real  received by the timing subsystems of the
physical time each time a real time timing signal is pro-    modules (12)
of the network in synchronization duced;
with the production of each synchronizing timing b) selected ones of said
timing means (48)    5    signal produced by the selected timing subsys-
produce a timing frame, each timing frame (60)      tem; and produced by a
selected timing means (48)              c) causing each timing subsystem
other than including a synchronizing character (102) and       the selected
timing subsystem receiving a valid characters defining the selected timing
means       timing frame to synchronize its internal timing current real
time, and the number of synchroniza-   10   signals with that of the
selected timing subsys- tion timing signals produced since the last real
tem. time timing signal was produced;                      16. The method
of claim  15 in which the c) each timing means (48) other than the master
network includes two parallel cables (14A, 14B), when enabled, in response
to the receipt of a       characterized by the steps of: timing frame (60)
transmitted by the master over   15  c) selecting a second timing subsystem
(48) to the network bus (14), synchronizes its production   produce timing
frames (60) one being selected as of fine resolution timing signals with
that of the  the slave and the other as the master timing master so that
the timing means (48) of each        subsystems; module (12) is in
substantial synchronism, within     d) causing each of the two selected
timing a predetermined number of fine resolution timing    20   subsystems
to transmit timing frames over differ- signal, with that of the master and
maintains its   ent ones of said cables (14A, 14B). current real times
substantially equal of that of     17. The method of claim 16,
characterized by the master.
synchronizing the internal timing signals of the 11. The local area network
of claim 10 in which   master with the frequency of a source of A.C. two
timing means (48) are selected to produce   25   electric power. timing
frames (60) one of said selected timing        18. The method of claim 17,
characterized in means being designated as a slave and in which      that
each timing subsystem (48) checks to see if the network bus comprises two
cables (14A, 14B);    timing frames are received within an expected
characterized in that the master transmits timing   time period  a
predetermined window, and frames over one cable of the network bus (14) and
30   synchronizes its internal timing signals to that of the slave
transmits timing frames over the other    the transmitting timing subsystem
only if timing cable.                                              frames
are received within said expected time 12. The local area network of claim
11, charac-   period plus the predetermined window. terized in that each
timing means (48) has the        19. The method of claim 18, characterized
by capability when enabled by its MCPU (32) of   35      e) causing each
timing subsystem synchroniz- synchronizing its means for maintaining its
cur-    ing its internal timing signals to the frequency of rent real time
with the frequency of its source of  an A.C. power supply to check the
frequency of the A.C. power for the module (12).                 the A.C.
power supply to determine if it is within 13. The local area network of
claim 12, charac-   predetermined limits; and terized in that a timing
means (48) is enable to   40  f) causing a timing subsystem  not to syn-
synchronize its means for maintaining its current   chronize its internal
timing signals with the fre- real time with the frequency of the A.C. power
quency of its A.C. power supply if the frequency supply if synchronization
with timing frames (60)   of the power supply falls outside the predeter-
transmitted by the master and slave are lost.       mined limits a
predetermined number of times 14. The local area network of one of the
preced-   45   within a predetermined period of time. ing claims,
characterized in that the maximum         20. The method of one of the
claims 15 to 19, number "m" of modules is m=64.
characterized by the steps of 15. The method of synchronizing the timing
g) selecting the timing subsystem (48) of one of subsystems of the physical
modules (12) of a local  the MCPU's (32) as a Master Timing Subsystem area
network (10) in which the physical modules   50    MTS communicate with one
another over a network           h) causing the MTS to transmit a timing
frame bus (14), whereat each timing subsystem (48) has    (60) over the
network bus (14) to all of the other the capability of maintaining and
monitoring its    MCPU's (32) of the network (10), each timing own internal
timing signals characterized by the    frame (60) including a synchronizing
code (102), steps of:                                     55   the number
of synchronization timing signals a) each timing subsystem producing fine
resol-    since the last real time timing signal was pro- ution (74),
synchronizing (76), and real time (78)  duced by the MTS, and the current
time; timing signals;                                       i) causing said
MTS to time the transmissions of b) selecting one timing subsystem to
produce      each timing frame so that the synchronizing code 



timing frames (60), each timing frame including a   60   of each timing
frame is received by the other synchronization code, causing the selected
timing   modules substantially at the same time as the subsystem to
transmit over the local area network   next synchronization timing signal
is produced by (10) timing frames produced by it and causing the   the MTS;
and selected timing subsystem  to time the trans-         j) causing each
timing subsystem receiving a mission of its timing frames so that the syn-
65   timing frame other than the master to syn- 13    25               EP
0185348 B1                      26 chronize its count of the number of fine
resolu-    nungsquelle vorgegebener Frequenz mit Strom tion timing signals
with that of the MTS, and       versorgt werden kann; its current real time
with that of the MTS.           b) jeder Modul (12) eine
Zentralprozessorein- heit (MCPU) (32) aufweist; Patentanspruche
5      C) jede Zentralprozessoreinheit einen Taktge- ber (44) zur Erzeugung
von Taktsignalen hat 1. Lokales Netzwerk mit mehreren physikali-       und
die Taktsignale aller Zentralprozessoren schen Modulen (12), die
miteinander Ober einen       praktisch die gleiche Periodendauer haben;
Netzwerkbus (14) kommunizieren, wobei jeder         dadurch gekennzeichnet,
dag Modul (12) einen Zeitgeber (48) sowie eine Ein-   :0  d) jede
Zentralprozessoreinheit (32) ein zuge- richtung (82, 88) zur uberwachung
seiner inter-     ordnetes digitales Zeitgebersuntersystem  (48) nen
Zeitsignale aufweist und jeder Zeitgeber        aufweist, welches beim
Eingang ihm von Takt- beim  Empfang eines Zeitrahmens Ober den
geber seiner zugeordneten Zentralprozessorein Netzwerkbus (14) seine
internen Zeitsignale mit     heit zugefuhrten Taktsignale folgende Signale
dem  empfangenen Zeitrahmen synchronisiert,   15   erzeugt: dadurch
gekennzeichnet, dag                           ein Feinauflosungszeitsignal
(74), a) jeder Modul (12) eine Einrichtung (44) zum        ein
Synchronisiersignal (76) sowie Erzeugen eines internen Taktsignals aufweist
ein Echtzeitsignal (78), und die Taktsignale aller Module praktisch die
und folgende Informationen speichert: gleiche Frequenz haben;
20     die laufende Echtzeit (88), b) der auf die ihm zugefuhrten internen
Takt-        die Anzahl (82) der Feinauflosungszeitsignale signale
ansprechende Zeitgeber Feinauflosungs-       (82), (74), Synchronisier-
(76), und Echtzeitsignale        die Anzahl (86) der von ihm seit der
Erzeu- (78) erzeugt;                                        gung des
jungsten Echtzeitsignals erzeugten c) der Zeitgeber (48) eines der Module
aus-   25    Synchronisiersignale, und wahilbar ist, zur Erzeugung der
Zeitrahmen (60)        die Anzahl (80) der seit der Erzeugung des und zu
deren ubertragung Ober den Netzwerk-          letzten Synchronisiersignals
erzeugten Feinauf- bus (14) synchron mit der Erzeugung seiner
Iosungssignale; Synchronisiersignale;                                 e)
das digitale Zeitgeberuntersystem   (48) d) jeder andere Zeitgeber (48)
beim Empfang    30   einer der Zentralprozessoreinheiten  (32) als der Ober
den Netzwerk bus ubertragenen Zeit-         Leitzeitgeberuntersystem  des
Netzwerks rahmen seine internen Zeitsignale mit denjeni-       bestimmt
wird und synchron mit seinen Zeitge- gen des ausgewahiten, die Zeitrahmen
ubertra-        bersignalerl uber den Netzwerkbus (14) einen genden
Zeitgebers synchronisiert.                    Zeitrahmen aussendet; 2.
Lokales  Netzwerk  nach  Anspruch  1,   35        fl der Zeitrahmen (60)
einen Synchronisier- dadurch gekennzeichnet, daB der Netzwerkbus
code (102), die Anzahl der Synchronisiersignale (14) zwei Kabel (14A, 14B)
umfaft und ein            sowie die laufende Zeit seit deir Erzeugung des
zweiter Zeitgeber (48) zur Erzeugung und Ober-      letzten Echtzeitsignals
umfalt; und tragung von Zeitrahmen ausgewihit ist, wobei           g) jedes
der digitalen Zeitgeberuntersysteme, der erste ausgewahite Zeitgeber seine
Zeitrah-   40   ausgenommen das Leitsystem, beim  Empfang men Ober das eine
Kabel und der zweite Zeit-         eines Ober den Netzwerkbus (14)
ubertragenen geber seine Zeitrahmen Ober das zweite Kabel
Zeitrahmens (60) seine Einrichtung zur Aufrech- fubertragt.
terhaltung   der laufenden   Echtzeit und   die 3. Lokales  Netzwerk  nach
Anspruch   2,         Anzahl der Feinauflosungszeitsignale mit der in
dadurch gekennzeichnet, daB  jeder Zeitgeber   45   jedem  Zeitrahmen
enthaltenen Information syn- (48) bei seiner Einschaltung abwechselnd die
chronisiert. Ober die beiden Kabel (14A, 14B) Obertragenen         8.
Lokales   Netzwerk   nach   Anspruch   7, Zeitrahmen (60) empfingt und der
zweite aus-         dadurch   gekennzeichnet, daB   jedes digitale gewahite
Zeitgeber seine intemen Zeitsignale         Zeitgeberuntersystem   durch
seine  Zentralpro- mit denjenigen des ersten synchronisiert.      50
zessoreinheit (32) zum  abwechselnden Empfang 4. Lokales   Netzwerk   nach
Anspruch   3,       der uber die beiden Kabel (14A, 14B) Obertrage- dadurch
gekennzeichnet, daB  jeder Zeitgeber        nen Zeitrahmen einstellbar ist.
(48) seine internen Zeitsignale mit der Frequenz      9. Lokales   Netzwerk
nach   Anspruch   8, einer seinem  Modul (12) zugefuhrten Wechsel-
dadurch gekennzeichnet, daB  jeder digitale Zeit- spannung synchronisieren
kann.                s5   geber (48) durch seine zentrale Prozessoreinheit
5.  Lokales   Netzwerk   nach   Anspruch   4,      (32)  zur
Synchronisierung   seiner  laufenden dadurch gekennzeichnet, daB  die
Periodendauer       Echtzeit mit der Frequenz seiner Wechselstrom- der
Feinauflosungs-, der Synchronizier- und  der     quelle (Fig. 3)
einstellbar ist und  normalerweise 



Echtzeitsignale 100 ps, 50 ms bzw. Is betragt.       das Leitsystem  so
eingestellt ist. 6.  Lokales   Netzwerk   nach   Anspruch   5,   60   10.
Lokales Netzwerk nach einem  der Anspru- dadurch  gekennzeichnet, daB  die
intemen  Zeit-     che 7      bis 9, dadurch gekennzeichnet, daB signale
23' Zeitbits; in Sekunden umnfa~t.            a) jeder der Zeitgeber (48)
die Anzahl der seit 7. Lokales Netzwerk (10) nach  einem  der vor-     der
Erzeugung  des  jungsten  Echtzeitsignales angehenden AnsprOche, bei dem
erzeugten  Feinauflosungssignale und  Synchro- a) jeder Modul (12) von
einer Wechselspan-   65   nisiersignale  speichert und  den  Speicher  (88)
14    27              EP *0185 348 BI                    28 fOr die
laufende Echtzeit bei jeder Erzeugung      Zeitrahmens von den
Zeitgeberuntersystemen eines Echtzeitsignals fortschaltet (78);
der physikalischen Module (12) des Netzwerkes b) der ausgewahite Zeitgeber
(48) einen Zeit-    synchron mit der Erzeugung jedes vom ausge- rahmen (60)
erzeugt und jeder so erzeugte Zeit-    wahiten Zeitgeberuntersystems
erzeugten Syn- rahmen ein Synchronisierzeichen (102) sowie    5
chronisiersignals empfangen wird; weitere Zeichen enthalt, welche die
laufende         c) jedes Zeitgeberuntersystem, ausgenommen Echtzeit des
ausgewahiten Zeitgebers sowie die     das ausgewahite, empfangt einen
gOltigen Zeit- seit der Erzeugung des jOngsten Echtzeitsignals    rahmen
zum  Synchronisieren seiner internen erzeugten Synchronisiersignale
bestimmen;          Zeitgebersignale mit denjenigen des ausgewahl- c) jeder
Zeitgeber (48), ausgenommen der   70  ten Zeitgeberuntersystems. aktive
Leitzeitgeber, beim Empfang eines von         16. Verfahren nach Anspruch
15, wobei das Leitsystem uber den Netzwerkbus (14) Obertrige-    Netzwerk
zwei parallel. Kabel (14A, 14B) umfaSt, nen Zeitrahmens (60) seine
Erzeugung von Fein-     gekennzeichnet durch die Schritte:
auflosungssignalen mit derienigen des Leitzeitge-    d) Auswahl eines
zweiten Zeitgeberuntersy- bers synchronisiert, so daS der Zeitgeber (48)
t5   stems (48) zur Erzeugung von Zeitrahmen (16), jedes Moduls (12) im
Rahmen einer vorgegebe-        wobei das eine System als Leitsystem und das
nen Anzahl von Feinauflosungssignalen mit dem      andere als Folgesystem
arbeitet; Zeitgeber des Leitsystems synchronisiert ist und     e) jedes der
beiden ausgewahlten Zeitgeberun- seine laufende Echtzeit praktisch gleich
der des    tersysteme Obertragt Zeitrahmen uber eines der Leitsystems
aufrechterhalt.                   20   beiden Kabel (14A, 148). 11. Lokales
Netzwerk nach Anspruch 10, bei         17. Verfahren nach Anspruch 16,
gekennzeich- dem zwei Zeitgeber (48) zur Erzeugung von Zeit-     net durch
die Synchronisierung der internen Zeit- rahmen (60) ausgewahit sind, von
denen der eine    gebersignale des Leitsystems mit der Frequenz als
Folgezeitgeber bestimmt ist und bei dem der     einer Wechselstromquelle.
Netzwerkbus zwei Kabel (14A, 14B) umfaSt,  25        18. Verfahren nach
Anspruch 17, dadurch dadurch gekennzeichnet, daB der Leitzeitgeber
gekennzeichnet, daB jedes Zeitgeberuntersystem Zeitrahmen Ober das eine
Kabel des Netzwerkbu-      (48) pruft, ob die Zeitrahmen innerhalb einer
ses (14) und der Folgezeitgeber Zeitrahmen uber     erwarteten Zeitspanne
+f- eines vorgegebenen das andere Kabel Obertragt.
Zeitfensters empfangen werden, und synchroni- 12. Lokales Netzwerk nach
Anspruch  11,   30   siert seine intemen Zeitgebersignale mit denjeni-
dadurch gekennzeichnet, dag jeder Zeitgeber         gen des sendenden
Zeitgeberuntersystems nur nach Aktivierung durch seine Zentralprozessor-
dann, wenn  die Zeitrahmen  innerhalb  der einheit (32) seine Einrichtung
zur Aufrechterhal-  genannten Zeitspanne zuzOglich des vorgegebe- tung
seiner laufenden Echtzeit mit der Frequenz     nen Zeitfensters empfangen
warden. der Wechselstromquelle fOr den Modul (12) syn-   35  19. Verfahren
nach Anspruch 18, dadurch chronisieren kann.
gekennzeichnet, daS                A 13. Lokales Netzwerk nach Anspruch
12,            f) jedes seine internen Zeitgebersignale mit der dadurch
gekennzeichnet, daB ein Zeitgeber (48)      Frequenz einer
Wechselstromquelle synchroni- zum Synchronisieren seiner Einrichtung zur
Auf-    sierende Zeitgeberuntersystem die Frequenz der rechfinriialtung
seiner laufenden Echtzeit mit der   40   Wechselstromquelle darauf hin
uberprOft, ob sle Frequenz der Wechselstromquelle dann aktiviert
innerhalb vorgegebener Grenzen liegt; und wird, sobald die Synchronisierung
mit den von        g) das Zeitgeberuntersystem  seine internen
Leitzeitgeber und Folgezeitgeber Obertragenen      Zeitgebersignale nicht
mit der Frequenz seiner Zeitrahmen ausfalllt.
Wechselstromquelle synchronisiert, falls deren 14. Lokales Netzwerk nach
einem der vorange-   45   Frequenz Ober eine vorgegebene Zeitspanne Nfoer
henden AnsprOche, dadurch gekennzeichnet, daB      als zulassig auBerhalb
der Grenzen liegt. die maximale Anzahl m von Modulen m=64 ist.          20.
Verfahren nach einem der AnsprOche 15 bis 15. Verfahren zum Synchronisieren
von Zeitge-     19, gekennzeichnet durch folgende Schritte:
beruntersystemen der physikalischen Module           h) des
Zeitgeberuntersystem (48) einer der Zen- (12) sines lokalen Netzwerks (10),
in dem die   50   tralprozessoreinheiten (32) wird als Leitsystem
physikalischen Module miteinander Ober einen        MTS ausgewihit;
Netzwerkbus (14) kommunizieren und wobei             i) dieses Leitsystem
Obertrigt Ober den Net- jedes Zeitgeberuntersystem seine internen Zeit-
zwerkbus (14) an alle anderen Zentralprozessor- gebersignale
aufrechterhalten und Oberwachen       einheiten (32) des Netzwerks (10)
einen Zeitrah- kann, gekennzeichnet durch folgende Schritte:  55   men
(60), wobei jeder Zeitrahmen (60) einen a) jedes Zeitgebersystem  erzeugt
Feinaufl8-      Synchronisiercode (102), die Anzahl der seit der
sungssignale  (74), Synchronisiersignale  (76)      Erzeugung des jOngsten
Echtzeitsignals aufgetre- 



sowie Echtzeitsignale (78);                        tenen
Synchronisiersignale sowie die laufende b) ein Zeitgeberuntersystem wird
zur Erzeu-       Ziet umfaBt; gung  von  jeweils einen  Synchronisiercode
60    j) das Leitsystem steuert die ubertragung jedes enthaltenden
Zeitrahmen (60) ausgewihlt und        Zeitrahmens derart, daB der
Synchronisiercode ubertragt die von ihm erzeugten Zietrahmen Ober    jedes
Zeitrahmens von den anderen Modulen das Netzwerk (10); dos ausgewahlte
Zeitgeberun-     praktisch zur gleichen Zeit empfangen wird, zu tersystem
steuert die Obertragung seiner Zeitrah-   der vom Leitsystem das nachste
Synchronisiersi- men derart, daB der Synchronisiercode jedes   65   gnal
erzeugt wird; und 15    29              EP 0185348  B1
30 k) jedes einen Zeitrahmen empfangende Unter-     ris6 en ce que chacun
des moyens de cadence- system auBer dem Leitsystem synchronisiert sel-
ment (48) peutsynchronisersessignauxdecaden- nen Zahistand der
Feinauflisungssignale mit dem    cement internes avec la fr6quence d'une
source des Leitsystems und seine laufende Echtzeit mit    d'dnergie
6lectrique A courant fr6quence d'une der des Leitsystems.
5    source d'energie 6lectrique a courant alternatif pour son module (12).
Revendications                                       5. R6seau local solon
la revendication 4, caract6- rise en ce quo la periode des signaux de
cadence- 1. Reseau local (10) comportant une pluralite de  ment de
resolution fine, des signaux de cadence- modules physiques (12), qui
communiquent entre   10   ment de synchronisation et des signaux de syn-
eux par l'intermediaire d'un rdseau d'alimentation  chronisation de temps
reel sont egales respec- (14), chaque module (12) incluant des moyens de
tivement A 100 ps 50 ms et 1 seconde. cadencement (48) et des moyens
(82,88) servant A     6. Reseau local solon la revendication 5, caracte-
contr6lerlessignauxdecadencementinternesdes        rise en ce quo les
signaux de cadencement moyens de cadencement, chacun des moyens de   15
incluent 232 bits de temps en secondes.
cadencementrecevantunetramedecadencement             7. Reseau local (10)
solon 'une des revendica- par l'interm6diaire du reseau d'alimentation (14)
tions precedentes, dans lequel synchronisant ses signaux internes de
cadence-       a) chaque module (12) est apte A etre excite par ment sur
ladite trame de cadencement recue         une source d'energie A courant
alternatif posse- caracterise en ce quo                         20   dant
une frequence donnee; a) chaque tihodule (12) inclut des moyens pour     b)
chaque module (12) inclut une unite formant produire des signaux d'horloge
internes (44), les  processeur central de module MCPU (32); et signaux
d'horloge de chaque module physique          c) chaque unite MCPU inclut
des moyens for- possedant sensiblement la meme frequence;          mant
horloge (44) servant A produire des signaux b) chacun des moyens de
cadencement sensi-   25   d'horloge, les signaux d'horloge de chaque unite
bles auxdits signaux d'horloge interne, qui lui sont  MCPU possedant
sensiblement la meime periode; appliques, produit des signaux de
cadencement        caracterise en ce quo de resolution fine (74), des
signaux de cadence-     d) chaque unite MCPU (32) inclut un sous- ment de
synchronisation (76) et des signaux de     systeme de cadencement numerique
associe (48), cadencement de temps reel (78);              30   chacun
desdits sous-systemes de cadencement c) les mayens de cadencement (48) de
l'un         numerique produisant, en reponse A des signaux desdits modules
peuvent etre selectionnes de       d'horloge qui lui sont appliqu6es A
partir des maniere a produire lesdites trames de cadence-     moyens
formant horloge de son unite MCPU ment (60) et A transmettre lesdites
trames de      associee, cadencement par l'interm6diaire du reseau d'ali-
35  un signal de cadencement fde resolution fine mentation (14) en
synchronisme avec la produc-     (74), tion de leurs signaux de cadencement
de synchro-     un signal de cadencement de synchfonisation nisation;
(76), et d) chacun des moyens de cadencement (48)           un signal de
cadencement de temps reel (78), autre quo le moyen de cadencement
selectionne,   40   et rnaintient qui reooit la trame de cadencement
transmise par     le temps reel actual (88), I'interm6diaire du r6eoau
d'alimentation (14) syn-   le nombre de signaux de cadencement de chronise
ses signaux de cadencement sur ceux       resolution fine (82) et des
moyens de cadencement selectionnes trans-        le nombre de signaux de
cadencement de mettant Ia trame de cadencement.              45
synchronisation produits par l'unit6 depuis quo le 2. R6seau local salon la
revendication 1, caracte-  signal de cadencementde temps reel le plus
recent rise en ce quo le r6seau d'alimentation (14)       a ete produit; et
comporte deux cdbles (14A, 148) et en ce quo des     le nombre de signaux
de cadencement de seconds moyens de cadencement (48) sont selec-
resolution fine produits depuis quo le dernier tionnes de maniere a
produire et a transmettre des   5o   signal de cadencement de
synchronisation a ete trames de cadencement (60), les premiers moyens
produit (80); de cadencement selectionn6s transmettant leurs       o) le
sous-systeme de cadencement numerique trames de cadencement par
l'intermediaire d'un     (48)del'unedesditesunit6sMCPU(12)estdesign6 cAble
et les seconds moyens de cadencement         en tant quo sous-systAme de
cadencement pilote selectionnes transmettant leur trame de cadence-   55
pour le r6seau, le sous-systAme de cadencement ment par l'intermediaire du
second cAble.          pilote transmettant une trame de cadencement 



3. Reseau local solon la revendication 2, caractd-  (60) par
l'interm6diaire du r6seau d'alimentation rise en ce quo chacun des moyens
de cadence-       (14) en synchronisme avec la production de ses ment (48)
regoit, lorsquitl est valide, des trames de  signaux de cadencement de
synchronisation, cadencement (60) transmises alternativement par   60    f)
ladite trame de cadencement (60) inclut un l'interm6diaire des deux cAbles
(14A, 14B), et quo  code de synchronisation (102), le nombre des les
seconds moyens de cadencement selectionnes     signaux de cadencement de
synchronisation et synchronisent leurs signaux de cadencement
l'intervalle de temps reel qui s'est ecoule depuis internes sur ceux des
premiers moyens.             quo le dernier signal de cadencement de temps
4. RNseau local solon Ia revendication 3, caracte-   65   reel a ete
produit; et 16    31              EP. 0185 348 B1                    32 g)
lors de la reception d'une traine di cadence-  ce que le pilote transmet
des trames de cadence- ment (60) transmise par l'interm6diaire du reseau
ment par l'intermediaire d'un cAble du reseau d'alimentation (14), chacun
des sous-systbmes do   d'alimentation (14) et l'esclave transmet des
cadencement num6rique (48) autre que le pilots     trames de cadencement
par l'interm6diaire de synchronise ses moyens pour maintenir le temps    5
I'autre cable. reel actuel et le nombre de signaux de cadence-      12.
R6seau local selon la revendication 11, ment de resolution avec
l'information contenue     caract6rise en ce que chacun des moyens de dans
chaque trame de cadencement reque.            cadencement (48) peut,
lorsqu'il est valid6 par 8. Reseau local selon la revendication 7,
son unite MCPU (32) synchroniser ses moyens caract6ris6 en ce que chaque
des sous-systemes   Fo   pour conserver son temps reel actuel avec la de
cadencement numerique (48) peut etre corn-      fr6quence de sa source
d'6nergie a courant alter- mande par son unite MCPU (32) pour recevoir des
natif pour le module (12). trames de cadencement (60) transmises alternati-
13. R6seau local selon la revendication 12, vement par l'intermediaire des
deux cAbles (14A,    caracterise en ce que l'un des moyens de caden- 14B).
75   cement (48) peut synchroniser ses moyens ser- 9. Reseau local selon la
revendication 8,         vant a maintenir son temps reel actuel avec la
caract6ris6 en ce que chacun desdits moyens de     frequence de
l'alimentation en 6nergie A courant cadencement numerique (48) pout etre
corn-          alternatif, si la synchronisation avec des trames mande par
son unite MCPU (32) pour synchroni-       de cadencement (60) transmises
par le pilote et ser son temps reel actuel sur la frequence d'une   20
I'esclave sont perdues. source d'6neFgie A courant alternatif (figure 3),
et  14. Reseau local selon l'une des revendications que le pilote est ainsi
commande normalement.       pr6cedentes, caracterise en ce que le nombre
10. Reseau local sulvant l'une des revendica-     maximum "m" de modules
est m=64. tions 7 A 9, caracteris6 en ce quo                   15. Procede
de synchronisation des sous-sys- a) chacun desdits moyens de cadencement
(48)   25   temes de cadencement des modules physiques conserve le nombre
de signaux de cadencement        (12) d'un reseau local (10), dans lequel
les de resolution fine et de signaux de cadencement     modules physiques
communiquent entre eux par de synchronisation produits, depuis quo le der-
l'interm6diaire d'un r6seau d'alimentation (14), nier signal de cadencement
de temps rMel a 6te     tandis que chaque sous-systbme de cadencement
produit; et incremente (78) ses moyens servant a   30   (48) pout maintenir
et contr6ler ses propres maintenir (88) le temps rMel actuel, chaque fois
signaux de cadencement interne, caract6ris6 par qu'un signal de cadencement
de temps reol est      les 6tapes consistant en ce que: produit;
a) chaque sous-systeme de cadencement pro- b) des moyens s6lectionn6s de
cadencement         duit des signaux de cadencement de resolution faisant
partie desdits moyens de cadencement   35   fine (74), des signaux de
cadencement de syn- (48) produisent une trame de cadencement, cha-
chronisation (76) et des signaux de cadencement que trame de cadencement
(60) produite par un       de temps reel (78); moyen de cadencement
selectionne (48) incluant       b) et consistent A selectionner un
sous-systeme un caractere de synchronisation (102) et des       de
cadencement servant A produire des trames de caractbres d6finissant le
temps r4el actuel des   40   cadencement (60), dont chacune contient un
code moyens de cadencement s6lectionn6s, et le nom-      de
synchronisation, amenant le sous-systbme de bre des signaux de c'adencoment
de synchronisa-     cadencement selectionn6 A transmettre, par l'in- tion
produits depuis que le dernier signal de       term6diaire du r6seau local
(10), des trames de cadencement de temps reel a ete produit;
cadencement, qu'il a produites, et amenant le c) lorsqu'il est valid6,
chacun des moyens de   4s   sous-systeme de cadencement s6lectionn6 A
cadencement (48) autres que le pilote synchro-      cadencer la
transmission de ses trames de caden- nise, on reponse a Ia reception d'une
trame de      cement de manibre que le code de synchronisa- cadencoment
(60) transmise par le pilote par       tion de chaque trame de cadencement
soit recu l'interm6diaire du r6seau d'alimentation (14), sa  par les
sous-systbmes de cadencement des prodution de signaux de cadencement de
r6solu-   60   modules physiques (12) du r6seau, en synchroni- tion fine
sur celle du pilote, de sorte que les     sation avec la production de
chaque signal de moyens de cadencement (48) de chaque module
cadencement de synchronisation produit par le (12) sont sensiblement en
synchronisme, dans les   sous-systbme de cadencement selectionne; et
limites d'un nombre pr6determin6 de signaux de       c) amener chaque
sous-systeme de cadence- cadencement de resolution fine, avec les moyens
55   ment autre que le sous-systbme de cadencement 



de cadencement du pilote et conservent ses          selectionn6 A recevoir
une trame de cadencement temps reels sensiblement identiques A coux du
valable pour synchroniser ses signaux de caden- pilote.
cement internes sur ceux du sous-systeme de 11. Reseau local selon la
revendication 10, dans  cadencement selectionne. lequel deux moyens de
cadencement (48) sont   60     16. Procede selon la revendication 15, selon
selectionn6s de manibre A produire des trames de    lequel le r6seau inclut
deux chbles parallbles cadencement (60), l'un desdits moyens de caden-
(14A, 14B) caracterise par les etapes consistent A: cement selectionnes
etant designe comme etant        c) selectionner un second sous-systeme de
esclave, et dans lequel le r6seau d'alimentation    cadencement (48) pour
produire des trames de comporte deux chbles (14A, 14B); caracterise en   65
cadencement (60), l'un des sous-systemes de 17    33               EP
0185348 B1                     34 cadencement etant selectionne comme
etant-le       energie 3 courant alternatif si la frequence de sous-systAme
de cadencement esclave et l'autre     cette derniere se situe a l'exterieur
des limites comme 6tant le sous-systeme de cadencement
prhdkterminhes, un nombre predetermine de fois pilote;
pendant un intervalle de temps predetermine. d) amener chacun des deux
sous-systemes de    5    20. Procedd selon l'une des revendications 15 A
cadencement selectionne 3 transmettre des          19, caracterise par les
etapes consistant a trames de cadencement par l'intermediaire de         g)
selectionner le sous-systeme de cadence- cAbles differents parmi les cAbles
(14A, 14B).     ment (48) de l'une des unites MCPU (32) en tant 17. Procede
selon la revendication 16, caracte-  que sous-systeme de cadencement pilots
MTS, rise par la synchronisation des signaux de caden-   w0  h) amener le
sous-systeme MTS a transmettre cement internes du pilote sur la frequence
d'une   une trame de cadencement (60) par l'interme- source d'energie
electrique A courant alternatif.  diaire du reseau d'alimentation (14) a
toutes les 18. Procede selon la revendication 17, caracte-  autres unites
MCPU (32) du reseau (10), chaque rise en ce quo chaque sous-systeme de
cadence-     trame de cadencement (60) incluant un code de ment (48)
verifie si des trames de cadencement   15   synchronisation (102), le
nombre de signaux de sont recues pendant un intervalle de temps sup-
cadencement de synchronisation depuis que le pose  un creneau predetermine,
et synchronise     dernier signal de cadencement de temps reel a ses
signaux de cadencement internes sur ceux du    ete produit par le
sous-systeme MTS, et le temps sous-systbme de cadencement d'emission uni-
actuel; quement si les trames de cadencement sont   20       i) amener
ledit systeme MTS A cadencer les regues pendant ladite periode de temps
attendue    transmissions de chaque trame de cadencement plus le crenesu
predetermine.                      de maniere que le code de
synchronisation de 19. Procede selon ia revendication 18, caracte-  chaque
trame de cadencement soit recu par les rise en ce qu'il inclut les etapes
consistant A    autres modules sensiblement au meime moment e) amener
chaque sous-systeme de cadence-   25   OU le signal suivant de cadencement
de synchro- ment A synchroniser ses signaux de cadencement     nisation est
produit par le sous-systeme MTS; et interne sur la frequence d'une
alimentation en       j) amener chaque sous-systeme de cadence- energie a
courant alternatif pour contr6ler la     ment, autre que le sous-systeme
pilote, a recevoir frequence de cette alimentation afin de determi-   une
trame de cadencement pour synchroniser la ner si elle se situe dans des
limites predetermi-   30   valeur du nombre de ses signaux de cadence-
nees; et                                           ment de resolution fine
sur celui du sous-systeme f) amener un sous-systeme de cadencement A
MTS, et son temps reel actuel sur celui du sous- ne pas synchroniser ses
signaux de cadencement     systeme MTS. internes sur la frequence de son
alimentation en 35 40 45 50 55 60 65 18    


