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correction  schemes impractical and  detection schemes less reliable.
Further, these burst errors This invention relatesto apparatus for and
meth-  may last long enough to corrupt the data of more than ods of
proctecting a system against   corruption or loss  one user. if a burst
error is not detected, myriad prob- of output signal due to a malfunction.
5   lems arise. Even when a burst error is detected, re- In diverse
technical aeas that rely on reliable    transmission Is needed, and it
typically must be In- communication of signals such as telephony signals,
such as telephony and           voked' either manually or by higher layers
of data pro- date transmssion and switching,        processing,    tocol.
Thus, with a grade of service that allows error and process control, it is
common to duplicate--or    bursts caused by protection switching, upgrading
of even    more  extensively replicate-system compo-  the equipment to
operate with the protocol options nents, (e.g.control units,  circuit
packs )in oder  to   that automate retransmission would normally be re-
achieve fault tolerance  and hence reliability.        quired. This may be
very costly for high-speed data The  replicated  components typically
systems. Also; retransmission following a protection either in active mode
(all components are simulte -     switch may cause temporary overload
conditions. For ously  opreating in the same state and    using the   same
15  these reasons, the prevention of data corruption rath- inputs)or  in
"hot"standby mode(all components are  er than the more curing of corrupted
data data    more de- powered up , but are not necessarily but are not
necessarily in the same  state   sirable for high-speed data switching
communication nOF using the sure inputs), or in "cold" standby mode
services. (the non-active components need not  be powered         According
to one aspect of this invention there is up)          20   provided
apparatus as claimed  in claim   1. X      When using  standby components,
some form of       According to another aspect of this Invention testing Of
the  active component or error or w error detection in    there Is provided
a method as claimed In claim 17. the data stream (s) processed by the
active the   active compo-   compo-                     The invention is
directed to solving the data cor- nent, is typically used to determine when
a  switch of        ruption problem of the prior art while offering the op-
system, output(a"protection switch") should  be  made   25  tion of having
duplicated--as opposed to more exten- from the active component to a
standby component              sively replicated--components. Irrespective
of whether the standby component   is hot              Specifically an
arrangement may be provided for or cold, however,the switching action
conventionally        use with replicated signal-handling components-be
results  in a time period during  which data . is corrupt-   they
transmission links, switching nodes, processors, ed.
30  or any other equipment--which eliminates the previ-
Alternatively,having the replicated component having the replicated
component  ously-deecribed corruption of output The arrange- operate in
synchronized active mode can prevent          ment uses either an error
detection mechanism con- date   corruption if three       or more
components are usedd        nected to the outputs of the signal-handling
compo- *  (e.g., by "voting" to determine     the system output).   nents
to detect  errors In the output of any of the com- However, having such
redundancy has other prob-         ponents, or a a 35 detection mechanism
connectedto lerns. These  problems include the  cost of the extra  the
components themselves to detect faulty opera- componant (s)increased
probability  of internal failure  tion of any of the components. The
preferred Imple- (because these   is more equipment to fall) and the as-
mentation employs error detection on the outputs, as sociated increased
maintenance cost , and the      increased maintenance cost and the extra
this will detect not only the effects of faults, but also space and wiring
required to accomodate    the extra   40   other errors such as
noise-induced transient errors, component(s) Therefore,it would be
advantageous and because the time it takes to detect an error Is typ- to
have anarrangement which would use  only two re-  Ically small, For
purposes of this application, both plicated active components,but which
would  retain          faults In components and errors In component out-
the  ability to prevent date  corruption.                    puts will be
subsumed in the term "malfunction." The Additionally,arrangements such as
voting, which   45  malfunctIon detection mechanism generates a mal-
operates  on the   possible output signals      themslves in    function
signal to indicate detection of a malfunction oder to  determine which one
should become  the sys-  at any of the signal-handling components. tern
output. introduce the possibility the possibility that the  arrange-  A
signal delay arrangement is connected to the ments themselves will corrupt
the output  of the signal-handling components. The de- they are intended to
safeguard.                   50  lay arrangement receives the output
signals of the Digitized voice is relatively     tolerant of data cor-
components and outputs them following a delay of . ruption.And,for
low-speed data,if the time   during  time sufficient for the
malfunction-detction mecha- which data is corrupted as a result of
protection      nism to detecta malfunction and to generate the mal-
switching could be  made less than a bit time,either  function signal. A
system output signal generating ar- error correction schemes or error
detection   combined  55  rengement is connected to the delay arrangement
to with minimal retransmission could be  used  effectively   receive
therefrom the delayed output signals. The to  prevent corruption .However
,for high-speed data     generating arrangement outputs a system outputsig-
protection switching causes burst errors which make corresponds to at least
one of the received    EP 0 30 489 B1                 4 



delayed signals. However, the generating arrange-   ing stages 11 arranged
In a switching matrix. An Illus- ment responds to the malfunction signal to
output a   trative system of this type is the fast packet switching -
output signal which corresponds only to re-  system disclosed in U.S.
Patent No. 4,484,326. ceived  delayed signals which are not effected by the
Switching stages 11 are all the same. Each In- malfunction . That is,the
malfunction  signal serves to   5   cludes a switching element 12. For
reliability purpos- block a delayed output signal which is  affected by the
affected by the  es switching element 12 has been duplicated In this
detected malfunction from being  used in generating     Illustrative
example. Each stage therefore Includes the   system output signal, while
the delay arrange-         two switching elements 12 and 13. Both elements
12 ment provides sufficient time for the  malfunction to       and 13 are
normally active at the same time. The be  detected and the requisite
blocking to commence.            10  switching elements are conventional,
each Illustra- The above characterization   makes clear that no
tively being a packet switching node such as is dis- output information is
corrupted or lost  as  a result of    or lost as result of    closed In the
aforementioned patent. the   output of one more  of the  replicated
compo-       Signal link 14, which carries Input signals to a -nents
becoming faulty  and system switching ,              output switching,
stage 11, Is connected to the inputs of each element as a consequence,to
being based    on non-faulty out-  12 and 13. In this Illustrative example,
stage input sit puts. No loss or corruption results because theoutput
nal link 14 is an optical link carrying optical signals, signal delay
introduced  by the  delay arrangement     whereas elements 12 and 13 are
electrical signal- equal or exceeds the time needed to detect the error
switching elements. Hence, link 14 Is interfaced to the condition and to
effect the blocking of the errored sig-  input of each element 12 and 13 by
an optical-to-elec- nal. Futhermore ,the signals on  while which the system
20  trical signal converter 25. Such converters are well output will be
based are not    dierctly  operated on by     known in the art. the
malfuncation-detection mechanism,but are   pro-              Each element
12 and 13 has two outputs. The agating through mechanism while malfunc-
outputs are treated identically--they are each con- tion  detection
occurs,Hence the   arrangement   not         nected to identical
apparatus--and hence the connec- likely to   itself be a corrupter of the
system output        25  tion of only one output will be discussed, with
the un- To further limit the possibility that the   arrange-   derstanding
that the connection of the other output is ment  itself would bring about a
systom that    the same. uses it it is desirable to make parts thereof
as many parts thereof               First outputs of elements 12 and 13 are
connect- as  possible outof  elements. The signal delay  ed to element
output links 15 and 16, respectively. In arrangement and the system output
signal generating   30  this illustrative example, links 15 and 16 also are
opt- arangement are particularly suited for implementa-        ical links.
Hence, they are interfaced to the outputs of tion from passive  part,
particularly from passive opt-   the respective elements 12 and 13 by
electrical-to- ical parta.For example,the delay
arrangement may   optical signal converters 26. Such converters are
comprises lengths of optical fiber and the rating  well-known In the art.
arrangement may comprise optical ANDgates (e.g.,  35    Each link 15 and 16
Is connected to the input of transphasors)  for  selectively
passing-through  or       a respective error-detection circuit 17 and 18,
and to blocking component output signals  The outputs of       the input of
a respective delay line 19 and 20. Error- the AND gates may further be
combined into           detection circuits 17 and 18 may be anydesired
error- outputby: means of an  optical OR gate  (e.g., a cou-   detection
circuits. Many error detection schemes and 7 pler)of another optical AND
gate .               4o  circuits for Implementing them are known In the
art. 'These and other  advantages of the present in-          For example,
a parity error checker may be used to vention  will become apparent from
the  the. following de-   advantage for this purpose. scription of an
illustrative embodiment of the inven-              Links 15 and 16 are
likely to be electrical links tion  considered together with the drawing.
coupled directly to inputs of electrical circuits 17 and 45   18, and
indirectly-via electrical-to-optical conversion Brief Description of the
Drawing circuits 26-to Inputs of delay lines 19 and 20. How- ever, for
purposes of speed and reliability, it would be FIG. I shows in block
diagram form a  switching            preferable to have circuits 17 and 18
be optical cir- system embodying an illustrative  example of the  cuits. In
such an arrangement, links 15 and 16 would invention also shown in block
diagram form;    and  5o   be optical links, connected directly to the
Inputs of cir- FIG.2 is a timing diagram for the operation     of the
cults 17 and 18. The latter, optical Implementation is system of FIG 1
shown In FIG. 1. Should electrical circuits 17 and 18 be used In
conjunction with optical links 15 and 16, Detailed   Description
the links would be coupled to the Inputs thereof by means of
optical-to-electrical conversion circuits FIG,1 illustrates the invention
within the the context   such as circuits 25. of a communication switching
system  10. As is con-         Forreliability purposes, delay lines 19 and
20 are ventional system 10 comprises a plurality of switch-  passive
optical delay lines, such as lengths of optical 3    EP 0 360 489 B1
8 



fiber, The deley of lines. 1.9 and 20 is determined by  and 22 either at
the same time as or ahead of the in- the  time needed. to detect an error
at circuits 17 and  formation whose error status they represent. This de-
18. and effect blocking of the   errored signal at gates   lay time is
designated In FIG. 2 as T 202. 24 and 22. For example, for links 15 and 16
operating   The signal streams output by gates 21 and 22 are at a date
speed of 155  Mbps  using  parity for error de-   5   combined into a
single signal stream by gate 23. If no tection on 32      bit words ,with a
gate speed of approx-         error Is detectd by ciruits 17 and 18, the
signal imately  ,0.01 usec, the delay is about    0.3 usec,or, or  streams
output by gates 21 and 22 are identical, so about 46m(150feet)of optical
fiber.:                          the combined signal stream output by gate
23 Is a du- The outputs of delay lines 19 and 20 are      connect-
plicate of each of its component signal streams. If an ed  to first inputs
of optical AND gates 21and22, re   10  error is detected by circuit 17or18,
the corresponding specially,Second inputs of gate 21 and 22 are    opt-
signal stream Is blocked by the associated gate 21 or ica11y connected  to
outputs of error detection circuits 22, and the signal stream output by
gate 23 is a du- 17 and 18,respectively.The outputs of gates 21 and
plicate of the remaining, error-free, signal. stream In- 22 are  connected
to inputs of an optical   OR gate 23.  put to gate 23. The signal output by
gate 23is desig- The output of  gate 23 is connected to a stage   ouput  15
nated In FIG. 2 as a combined output signal. When an signal link 24 , Link
24 is an optical link like  stage  input, 15  error In the output of one of
the switching elements 12 signal links 14; and gates 21-23 are   optical
elements    and 13 is detected and the corresponding signal Known in the
art.        :  . stream Is blocked, at no time Is the signal stream out-
The  operation  of a switching stage 11,  illustrated  put by switching
stage 11 Interrupted, lost, or other- by the timing diagram of Fig .2,is as
follows .   20   wise corrupted thereby. - e.g speech  or data in digital
form are   conducted by      Of course, It should be understood that
various stage input signal link 14 to both switching nodes 12  changes and
modifications to the Illustrative embodl- and 13.Both nodes switch  the
incoming  signals to  ment described above will be apparent to those skil-
One  of their outputs -illustratively their first output- illustratively
their first outputs-  led in the art from whence the signals are conducted
by element  25 output links 15 and 16 to error-detection circuits 17 and 18
and  delay lines 19 and 20,respectively. The  Claims outputs of nodes 12
and 13 are designated in  FIG  2 as input signal 1 and input signal 2,
respectively.  1. Apparatus for protecting a system against cor- While the
signals are passing through delay lines 19      30
ruptlon or loss of output signal due to a malfunc- and20, error-detection
circuits 17 and 18 process the       tion, having a first and a second
signal-handling received information to determine if an error therein
component (12,13) for performing like signal- has occured,illustratively as
a result of a malfunction            handling functions and adapted to
receive a com- in  the switching elements 12 and 13,and   generate   mon
Input (14) signal, each component being for signal indicative of the
determination. The  error  sig-  35  generating a separate output (15,1 6)
signal from nals generated by  circuits 17 and 18 are   designated
the common input signal, and CHARACTERISED in FIG.2 as error signal 1 and
error signal 2,           error  signal 2,respec-          BY malfunction
detection means (17,18) con- tively
nected to both of the components, for detecting :During the time that no
error Is foundboth error-  occurrence of a malfunction affecting either of
detection circuits 17 and 18 generate error signals  40    the output
signals and generating a malfunction enabling the associated gate 21 and 22
to  pass-           signal to indicate detection of the malfunction;
through  signals received from the associated delay        signal-delay
means (19,20) connected to the first lines 19 and 20. The delayed signals
output by delay    and the second components for receiving the lines 19 and
20 are designated in fig .2 as  delayed,     separate output signals,
delaying the received signal 1 and delayed signal 2,respectively.When an
45     signals while the malfunction-detection means error occurs,
illustratively at point 200    in FIG 2, It         are detecting
occurrence of a malfunction affect- takes some time before its occurence is
detected.          Ing either of the received output signals that are This
time is designated as T201 in fIG 2.  When the       being delayed, and
outputting the received sep- is found,illustratively by error-detection
circuit  arate  output signals after a delay of time suffi- 17, it generate
an output signal disabling the asso-  50    clent for the
malfunction-detection means to de- -ciated gate 21 from passing -through
the received in-       tect a malfunction and to generate the malfunc-
formation,thereby causing the associated  gate 21 to                   tion
signal; and output means (21-23) connected block the  received information.
The signals output by             to the signal delay means for receiving
the de- gates 21 and 22 are designated in FIG . 2 as  output
layed signals and outputting a system output (24) signal 1 and output
signal 2,respectively. Delay lines   55    signal corresponding to at least
one of the re- 19  and 20 are sized to delay information input the thereto
ceived delayed signals, the output means being for the opereting time of
circuits of  17 and 18, so thatthe   responsive to the malfunction signal
for output- :output signals of circuits 17 and 18 arrive  at  gates 21 ting
a signal corresponding only to a received de- 4    5                   EP 0
360 489 B1                  6    (err) 



fiber. The delay of lines 19 and 20 is determined by  and 22 either at the
same time as or ahead of the In- the time needed to detect an error at
circuits 17 and  formation whose error status they represent This de- 18
and effect blocking of the errored signal at gates  lay time Is designated
in FIG. 2 as T 202. 21 and 22. For example. for links 15 and 16 operating
The signal streams output by gates 21 and 22 are et a data speed of I 55
Mbps, using parity for error de-   5   combined into a single signal stream
by gate 23. if no tection on 32 bit words, with a gate speed of approx-
error is detected by circuits 17 and 18, the signal imately Q.01 usec, the
dalay is about 0.3 usec, or  streams output by gates 21 and 22 are
identical, so about 46m(1 50 feat) of optical fiber.              the
combined signal stream output by gate 23 is a du- The output of delay lines
19 And 20 are connect-  plicate of each of its component signal streams. If
an ed to first inputs of optical AND gates 21 and 22, re-  10  error is
detected by circuit 17 or 18, the corresponding spectively. Second inputs
of gates  21 and 22 are opt-  signal stream is blocked by the associated
gate 21 or icaly connected  to outputs of error-detection ciruits  22, and
the. signal stream output by gate 23 Is a du- 17 and 18. repectively. The
outputs of gate 21 and  plicate of the remaining, error-free, signal stream
in- 22 are connected to inputs of an optical OR gate 23.  put to gate 23.
The signal output by gate 23 is desig- The output  of gate  15
15 is connected to a stage output   15   nated in FIG. 2 as a combined
output signal. When an signal link 24. Link 24 is  an optical link like
Stage input  error in the output of one of the switching elements 12 signal
link 14, and gates 21-23 are optical elements  and 13 is detected and the
corresponding signal known in the art
stream Is blocked, at no time is the signal stream out- The operation of a
switching stage 11, ilustrated  put by switching stage 11 interrupted,
lost, or other- by the timing diagram of FIG. 2, is as follows. Signals-
20   wise corrupted thereby. e.g , speech or data- in digital form are form
are conducted by  Of course, It should be understood that various stage
input signal link 14 to both switching nodes 12  changes and modifications
to the illustrative embodi- and 13. Both nodes switch the incoming signals
to   ment described above will be apparent to those skil- one of their
outputs-illustratevely their first outputs--  led in the art. from whence
the signals are conducted by elemnt   25 output links 15 and 16 to
error-detection circuits 17 and 18 and delay lines 19 and 20, respectively.
The  Claims outputs of nodes 12 and 13 are desigated in FIG. 2 as input
signal 1 and input signal 2, respectively.  1. Apparatus for protecting a
system against cor- While the signal are passing through delay lines 19
30  ruption or loss of output signal due to a malfunc- and 20, error
-detection circuits 17and 18 processthe     tion, having a first and a
second signal-handling received Information to determine if an error
therein   component (12,13) for performing like signal- has occurred,
illustratravely as a result of a malfunction  handling functions and
adapted to receive a com- in the switching elements 12 and 13, and generate
mon Input (14) signal, each component being for signals indicative of the
determination. The error sig-  35  generating a separate output (15,16)
signal from nals generated by circuits 17 and 18 are designated      the
common input signal, and CHARACTERISED in FIG. 2 as error signal 1 and
error signal 2, respec-  BY malfunction detection means (17,18) con-
tively.                                                 nected to both of
the components, for detecting During the time that no error is found, both
error-  occurrence of a malfunction affecting either of detection circuits
17 and 18 generate error signals  40  the output signals and generating a
malfunction enabling the, associated gates 21 and 22 to pass-       signal
to indicate detection of the malfunction; through signals received from the
associated delay      signal-delaymeans(19,20)connectedtothefirst lines 19
and 20. The delayed signals output by delay    and the second components
for receiving the lines 19 and 20 are designated in FIG. 2 as delayed
separate output signals, delaying the received signal 1 and delayed signal
2. respectively. When an   45  signals while the malfunction-detection
means error occurs. illustratively at point 200 in FIG. 2, It  are
detecting occurrence of a malfunction affect- takes some time before its
occurrence is detected.      Ing either of the received output signals that
are This time is designated as T 201 in FIG. 2. When the   being delayed,
and outputting the received sep- error is found, Illustratively by
error-detection circuit  arate output signals after a delay of time suffi-
17, it generates  an output signal disabling the asso-   50  cient for the
malfunction-detection means to de- ciated gate 21 from passing-through the
received in-  tect a malfunction and to generate the malfunc- formation,
thereby causing the a associated  gate 21 to    tion signal; and output
means (21-23) connected block the received information. The signals output
by  to the signal delay means for receiving the de- gates 21 and 22 are
designated in FIG. 2 as output     layed signals and outputting a system
output (24) signal 1 and output signal 2, respectively. Delay lines  55
signal corresponding to at least one of the re- 19 and 20 are sized to
delay information Input thereto  ceived delayed signals, the output means
being for the operating time of circuits 17 and 18, so that the  responsive
to the malfunction signal for output- output signals of circuits 17 and 18
arrive at gates 21  ting a signal corresponding only to a received de- 4
7                   EP 0 360 489 B1                 8   (err) 



* C   L   M   S* layed signal which is unaffected  by the malfunc-
malfunction at the first and the second compo- tion
nent, respectively; the output means comprises a first and a second
signal-gating means (21,22) 2.Apparatus as claimed in claim 1  wherein the
mal-     connected to the malfunction-detection means, function -detection
means comprises means   5           each being for receiving the output
signal gener- (17, 18) for generating a first and a  second  a second mal-
ated by, respectivey, the first and the second ,function signal (ERROR
SIGNAL 1,ERROR SIG-      component, and for selectively transmitting the
NAL2)  to indicate detection of a malfunction          received signal, and
each being respectively re- the first and the second component ,
respectively,        sponsive to the first and the second malfunction and
the output means comprises means (21-23)  means a comprise means  (21-23)
10   signal for blocking the received output signal from responsive to the
first and the   malfunc-  being transmitted; the signal-delay means com-
tion signals for transmittins at its output a  its  output a signal
prises a first and a second signal-delay means corresponding only to the
received sig-         (19-20) connected to the-output of, respectively, nal
output by respectively, the second and the             the first and the
second signal-handling compo- first component.
15       nents to receive the output signal generated thereat, and
connected, respectively, to the first 3  Apparatus as claimed 1 wherein the
out-      and the second signal gating means to transmit put  means
comprises signal-  gating  means                 the received output signal
to the signal-gating (21.22) for receiving   the delayed signals and
means, each delay means being for delaying transmitting a signal which
incudes at  one   20  transmission of a received signal propagating of the
received delayed signals,the signal gating       therethrough for a period
of time (T 202) suffi- means  being responsive to the  malfunction  sig-
cient for the connected gating means, when re- nal for blocking the
received delayed signal   ignal which  sponding to a malfunction signal, to
block those is affected by the malfunction from being includ-
component output signals which are affected by the signal transmitted by
the signal-gating       gating   25       the malfunction that is
represented by the re- sponded-to malfunction signal; and the output means
further comprises output signal means Apparatus as claimed in claim 1
wherein the out-           (23) connected to the first and second
signal-get- put means comprise means   (21-23) for output-     Ing means to
receive signals transmitted by the ting  a slected delayed signal which is
30     signal-gating means, for generating a signal cor- unaffected by the
malfunction.                      responding to atleast one of the received
signals. Apparatus as claimed as in claim 1 wherein the  out-  8. Apparatus
as claimed in claim 7 wherein the out- put means comprises means (23)  for
combining      put signal means comprises means (23) for com- the received
delayed into a single signal the received delayed signals  35  bining
signals received from the first and the sec- and  outputting the single
signal ,and                ond signal-gating means into the generated sig-
.(21-22) responsive to the malfunction signal for r         nal. blocking
the received delayed signal which is af- fedted by the malfunction from
being combined   9. Apparatus as claimed in claim 7 wherein the out- into
the single signal.                      put signal means comprises means
(23) for se- lecting one of the signals received from the first Apparatus
as claimed in 1 wherein the sig-            and the second signal-gating
means as the gen- nal delay   means (19,20) operates  seperately
erated signal. from  the malfunction detection means (17,1:8). 45  10.
Apparatus as claimed In claim 7 wherein the mal- . Apparatus as claimed in
claim 1 wherein the first 45         function-detection means comprises
error-de- and the second signal-handling    component              tection
means (17,18) connected to the outputs (12,13) functionally duplicate each
other and       of the signal-handling components for detecting haves a
common signal input (14)and each has a   errors In the output of either
component. signal output (15,16) output for generation thereat an output
signal from an input signal ; the  11. Apparatus a claimed In claim 7
wherein the mal- malfunction -detection means (17,18) detects
function-detection  means  comprises  fault- malfunction at the components
at a point in the  detection means (17,18) connected to the signal
apparatus that preceds receipt of  the output sig-       handling
componentsfordetecting faults in either of the signal-handling components
bythe             component first and   second signal-delay means and
gener- ates a first and a second signal(ERROR SIGNAL       12. Apparatus as
claimed In claim 7 wherein the sig- : 1:, ERROR SIGNAL 2) to indicate
detection of       nal-delay means are optical signal-delay means 5    9
EP 0 360 489 B1                 10 



(1920), the signal-gating means are optical sig-  PatentansprilOhe
nal-gating means, (21 22) and the signal-combin- ing means are optical
signal-combining means            1. Vorrichtung ur Schutz elnes Systems
gegen el- no Verfaischung odor den Verlust oines Aus- 5      gangesignals
aufgrund siner Fohifunktion mit al- 13 Apparatus as  claimed in claim 12
wherein each       nern orsten und elnemn zwelten Signalverarbel- optical
signal-delay means (19,20) is a length of  tungsbautell (12,13), die
gleiche Signalverarbel- optical fiber,each signal -gating means is  an opt-
tungsfunktionen ausf hren und sin gemeinsa- ical AND gate (24.22)and the
signal -combining  met Elngangsugnal (14) aufnehmen, wobel je- means is
either an optical OR gate (23)or an opt-  10  des Bautell sin getrenntes
Ausgangesignal ical AND gate.   ^
(15,16) aus dom gemeinsamen Elngangsuignal *rzeugt, 14. Apparatus as
claimed in claim 7 wherein the signal    gokennzolchnot durch nal- delay
means (19,20) the  signal-gating      sine  an   bolde  Bautoils
angeschalbbte means (21,22)and the signal combining means          15
Fehlfunktions-Detektoroinrichtung (17,18) zur (23) are passive devices.
Feststellung einer Fehlfunktion, die sines der Ausgangosignale
beslntrachtigt, und zur Erzeu- 15, Apparatus as claimed in claim 7  as
claimed in claim 7 wherein each           gung sines Fehifunktlonssignals,
das die Fest- signal-handling components is a digital switching    stoflung
der Fehifunktion anzelgt, ;                        20      sine an das
orate und das zwelte Bautell angeschaltete  Slgnalverzogerungselnrichtung
16 Apparatus as claimed in claim 10 wherein the e er-  (19 20), die die
getrenntbn Ausgangssignale ror-detection means comprises a first and a
esec  smpfingt, dle empfangenon Signale verz8gert, and error -detection
circuit (17,18) each having an  wlhrend die
Fehlfunktlons-Dstektoreinrichtung input connected to the output
respectively  of the   25  des Auftreten oiner Fehifunktion festatelt, die
el1 first and second signal-handling component    nos der emprangenen und
verzogersn Aus- detection error in the the output of the connected
gangssignale beeintrichtigt, und'die empfange- signal-handling component
and  getrennton Ausgangesignale nach elner nal(ERROR SIGNAL1 ERROR SIGNAL
2) to In-        Verzogerungszelt  ausglbt,  die  fOr  die dicate detection
of error.                  30      Fehifunktlons-Detsktoreinrichtung
ausreicht, el- no Fehlfunktlon festzustellen und das Fehifunk- 17, A.
method of protecting a system  against corrup-       tionesignal zu
erzeugen, und tion or loss of output signal due to a    malfunction,  sine
an  die Signalverz8gerungselnrichtung 'the system comprising a pair of
components                angeschaltote Ausgangseinrinhtung (21-23) zum
(12,13) having like signal-handling functions,  ss
EmpfangderverzagertnSignaleundzurAusga- both of which receive a common
input (14) signal           be olnes Systemausgangesignals (24), des we-
and each of which generates from the inputsignal     n     agtans einem der
ompfangenen, verz8gerten a  seperate output (15,16) signal,comprising the
Signals entspricht, wobel die Ausgangeelnrich- steps of .
v                       - - .  : .tung untsr Ansprechen aufdas
Fehlfunktlonssi- monitoring the system to detect :(200) oc-  40      gnai
sin Signal ausgibt, des nurelnem empfange- :                    ,at either
of the dupligate       non, vsrz8gsrten Signal entsprichtdas durchdie ed
components;                 Fohifunktlon unbosintrlchtigt Ist. generating a
malfunction signal(ERROR SIGNAL 1)upon detection of a  malfunction;  2.
Vorrichtung nach Anspruch 1, bel der die delaying (T 202)the output signals
subse-  45   Fohifunktions-Dstektorelnrichtung sine Elnrich- to the
monitoring for a time sufficient   to    tung (17,18) zur Erzougung esnes
erstsn und el- detect a malfunction and generate the malfunc -    nes.
zwelten Fehlfunktionssignals (ERROR Si- tion signal(T201);
GNAL 1, ERROR SIGNAL 2), des die Festsetl- generating a system output
signal(COM-        lung einer Fshifunktlon belm ersten bzw. zwelten BINED
OUTPUT SIGNAL) corresponding to at  50        Bautell anzeigt, und bel dem
die Ausgangseln- :  least one of the delayed output signals;and
richtung sine Einrichtung (21-23) umfaBt, die un- preventing generation of
a system output     tsr Ansprechen auf des vers und des zwelib signal
corresponding to a delayed output     signal         Fehlfunktlonssignal an
lhrem Ausgang eln Signal .affected by a malfunction (OUTPUT SIGNAL 1), I
abglbt, das nur dem empfangenen, verzogerten in response to a generation of
the malfunction  sig-  55  Ausgangsignal des zwelbtn bzw. des ersten nL
'aetlls entapricht. 3. Vorrichtung nach Anspruch 1, bel der die Aus- 6    ;
11              EP 0 360 489 i1                12      (err) garplniFohtyng
elne Signaligattreinrichtung        aufgenomrnenen Ausgangesignals sperren,



(22)lt,; ui dip~d~e .....  votzpert est            da
Slgnaiverz8gerungselnrichtung sine er- riin~pitt und 9In Bigne.l Q.rvt4
Ijidi u/enigstens  ste und sine zweibt Signalverzfgerungsslnrich- >&
tines de Wsfgnommmnhn. wrZO.rtqn 0ignsie           tung (19-20) umfam~t,
die an den Ausgang des ar- ritl4t wgbi die twatetrelnt.h tng unter   5
stan bzw. zweiten SIgnalverarboltungsbautsils wft.osaf day
4hlltfigtlQnshignal dps          angeschaltot sind und des dort erzeugte
Aus- wnpifpnpn9q. 1%esr$  ndqrjy fig Fhuynk-            gangesignal
empfangen, und an die ersta  bzw. tbn  ".al#t:th~ gte 8t'ni gepn
Aiifnahmne    zwelte Signalgattbreinrichtung angeschaltt let, in I199 dwh
dii          rntflunq Qktrs-           um des ernpfangene Ausgangssignal zu
der Si- 9ww .8IgnJ o~n                             f10
gnaigattersinrichtung zu Obertragen, wobel Jade Verz~gerungeeinrichtung die
Obertragung sines V iflut   qg  Anp4rugh 1, bgi der die Aum-
srpfangenen und durchioufenden Signals um oi- g*b*htwt ti, jilhtung (21-23)
zut                  ne Zoltperiode (T 202) varzogert, die fOr die Auq:w
:~nn gwIJt~m srnplsnpnon und              angeschaltet Gattersinrichtung
belm Anspre- "en~g~rton 8ignae sufwgt. de d  h die  15  chon auf sin
Fehifunktlonssignal ausrelcht, um EclVNRM~nW  01  ^tnlhtrahtigtn l.14
dlejenigen Bsautellsusgangslignale zu spearen, die durch die Fehifunktion
beeintrichtigt sind, flfoni9 naj Atrasrh t, a dr die Aus-            wetche
durch des jewelIge Fehifunktionssignal QptfnhtQ tint E1nichtuno (23) zur
Korm-           dargestellt wird, und Ltiwion 4W gmnpfajpgg   vu.Nsrt, n
Signals  20     daB die Ausgangselnrichtung ferner sine an die .*'tuu
etntpft Inal ud wur Auge Odg            ersta   und  zwelbt
Signalgattereinrichtung qb~gvn Ingn4alasgwi qlnp  ithtypnga (?1,.2)
angeschalttte Ausgangssignaleinrichtung (23) ou(twalat, dig wfltr~npr"W
s~aohqnjf iep fhl.vnk-  umfamt, ur  von der Signalgatterainrichtung .l4p
mpfengpf        g, v(ats und                absrtragene Signals zu
empfangen und sin Si- 4woF di FehlfuwiJ4ip 0*rlnttphtp eignal fOr  25
gnal zu arzsugen, des wenigatens einem der tn , pwRIit n U 4.fel ngXgpp,
18Sgnli spenrt      empifangenen Signals entspricht. st  iygrztWg
&.njgrt.   1., api .  die SInal-  6. Vorrichtung nach Anspruch 7, bel der
die Aus- wrqqryngwhinntNbng (1940) ptrannt von
gangsslgnselenrichtung sine Einrichtung (23) zur 4W
Fulfgs~t~gne..yqtg~s~grginragh$~ng (17,16)  so  Kqmbination von Signalon
aufweist, die von der ersten und der zweibtn Signalgatterelnrichtung
empfangen worden sind, zu dern erzeugtan Si- T, W.i g"n  rh Agsgr4gh 1,
gnal kombiniert. 4durh g91cn1icimtIf~ dp d  :.e i  unt d Vwp zwst
$ignaiverarbel-  3s  9. Vorriohtung nach Anspruch 7, bel der die Aus- Irpej
agii (lt1.t$) qgrth genaeltig funktionell    gangsaignaleinrichtung sine
Elnrlchtung (23) INDp-ul  WV vons pIuPn  Fgnajn-              umrfalt, die
sines der von der ersten und der gpng (14      3 gtnP g    ntpgna
Slgnqlaus-        zweibn Signailgattsreinrichtung empFangenen ;  eg(141l.)
;j    p ugug  pines Ayagangasi-       Signals als des erzeugte Signal
auswahit gnfl Svjq pln.tn. Wngpfiegin I aqq.fwgisn,  40 'leA   ft   FwiIf
OWngQp i htung               10. Vorrichtung nach Anspruch 7, bel der die
(+1YIB)   hlw jignqrJ  Wi 4in  L eli en at-
Fehtfunktione-Detbktoreinrichtung sine Fehler- nrn  Pk iP 4q Vg.tynpg ft1t,
deo dem              destktorsinrichtung (17,18) urnfaet, die an den Impa
'i AF Aus Wngns d.t  R1;nelverer-             Ausgang der
Slgnalvesarbeltungsbauteile ange- u ato4 d  jp yuip we  fg  wefb 4n
schaltet tat und Fahler Im Ausgangasignal elens *nbgnngWinrigqunt v.repgl
'nd sin pt-          der Bautelle fesattetit. w         NAL     ugi (1w d.
Fgthiung        11. Vorrichtung nech Anspruch 7, bel der die *Jy ROlNWtIg
M4Ptb. W 9  ;wpi-               Fehifunktona-Deaktorsinrichtung sine
Fehler- tuB syulJ :zelo%       -o
dotektorainrichtung (17,18) urnfalt, die an die Si- bs5~Ls~ jihingJltin
nrpundeinie         gnaiverarbeitungsbautile angeechaltet Ist und p  ij a
nwjlnoitng                         Fehi-r bel aeln der Bautelle festatelit.
a~~at 9igrtuq;lgflrulghng (31',f) upy4*fl. tie ietsu vqrn yajgn ti. ~weltqn
IPW-  1Z Vorrichtung nach Anspruch 7, bel der die Signal- tqll flsifly
A~agmnpJgnsl g    .asngen und to-  5s  verzfgerungselnrichtungen optische
Signalver- 1*1w d*a agpngznzfh Ig,0 Obrtru g,
zagerungsinrilchtungen (19,20), die Signalgat- w'% die 3. Utfier Aj-prgghp
t do. jrtt law.     tereinrichtungen optische Signalgattereinrich- iwuiSg
Fsbifu nliorwuignI olne:0m 0rtgung des    tungen (21,22) und die
Signalkombinlereinrich- 7    13                  EP 0 360 489 1
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1. Apparell pour protiger un systome contre la t'  13. Von~lghtung nah
Anupruch 12, bel derjede opti-      corruption oi la perte d'un signal de
sortie en ml- osba;ign~Ivfrprungelninchtung (19,20) Sin   6     son d'une
anomalle do fonotionnement, ayant un II1w .*e,;nr gptl~hen Fer ig?, Jedo
8Slnslgs-     premieretun second composantde traltmentde tsqrii$tun sin
gjtichos UNDn-qttnr (21.22)        sugnaux (12,13) pour effectuer des
fonctions de Lgt ps'd tie 8igna~m,,blni~erulnQrltung entweder    traltement
de signaux semblables et adaptes aim .gptlaoso OPEFQiQW1> r (2)) cdor eln
opti-      pour recevoir un signal d'entree commune (14), oh  VNP4,t~sr lt,
10      ohaque composant servant A ginirer un signal de sortie siparie
(15,16) & partir du signal d'en- 1A4 Vansl4g htvns sr uAg h 7hber die
Signal-          trie commune, et CARACTERISE PAR des
_rzigswngaoharlplR~uspw ( 1%Z) 4o Sign9al-          moyans dco dtc.tlon
d'anornalle de fonctionno- *         tftge (t14~u nd. di Slgqnslkgmabi
ment (17,18) connsotis aux doux coomposants, ~,~iehl~ngo (-#) *Fy ive Iu;
l*e elnd.   1.      pour detecter l'occurrence d'une anomalle de
fonctionnement affectant l'un ou I'autre des ai 14 Vwu         Rgl AYw*jgi
7.   tar J mt $I-           gnsux de sortle et gnerant un signal d'anomalle
9.ltwravb~l~igabrnti ski *blt~er .Vtrmltt-          de fonctionnement pour
Indlquer la detectlon de hu)Ige)1P**ii        '4 ':.
I'anomalle de fonctionnement; des moyens de 20      temporlsatlon de
signaux (19,20) connectes au #,      ftqg nyh   APjsh tQ, oql [r die. Feh-
premler et au second composant pour recovoir ta|r  ticpruln   9 qin erst~e
und eine zwoito       les signaux de sortie separee, temporlsant les Si- :
ara~tt rbunj (1{7,1#) umnfe~lt, diM e Jo       gnaux regus pendant que ls
moyens de dteoc- zqI0 .In  4 Wnpwa.n den Aypang0 d8es .erstn         tion
d'anomalle defonctionnemrentditectentl'oc- flwv ~wplm' ,   lvhwruqlun
.il verb.un-  25     currence d'une anomalle de fonctionnement af- P,':',,,
U, Jqr i,,mn' A~ujgsypgns  dos           fectanti'unoul'autreds signaux
desortleregus aj'sggoghe);%gp  _lfh h  ilserfltungm4)gzS0lia f116 -  qul
son? tomporises, et sortantles signaux de sor- ,t$!l  qst e*ji tinot '{$91m
,:SIGNAL 1          tie separee rogue apris une temporlsatlon de SRNAL?) Iv
SraeI*gon  .pb4* Feat-           temps suffisanto pour quo lea moyens de
ditec- %si~u!W ~ e, .eh,.l, ,w~~t~  ao      tion d'anomalle de
fonctionnementditectbnt une anomeija do fonctionnement etginirent il signal
-t4?. Varfahran ;r~g~w 'pQytgpsgwn em,          d'anomale d.e
fonctionnement; et des moyens de Vs!fs:hrug oterge~n Vqrlt Girn" A.M n-
sortie (21-23) connects aux moyons de tempo- e-gpglq i    ;gritn~ qjnpr
FeiJfiflt~n, w*O)d O   ddstlon deuignaux pour recovoiries signaux tom-
.eaa' s*b tgpar vgri qqtsie~n (itt) st)nilt 9lol-  35  porlses et sortir un
signal de sortie de systeme *  o1a :igna~ttyiv WjtVnttoon swetot,
(24) correspondant A au noins I'un des signaux die 1liln4o mb's qwo is s
FIngang6pJghnal (1:4)     temporises rogus, le moyen de sortie etant son-
srenptppnsnunsily ;usqdm RinangeslgnallSin          sible au. signal
d'anomalle de fonctionnement getjw~v'sw Ayspn~i ~r (0,ifl ornugen,
poursortinun signal correspondantuniquementi nZIt dw l*rfalllbq~neag~tkh
r~in: ,,      40       un signal temporlse reou qul n'st pas affecti par
Qtsrwqgbmn 4  llti;ur Fetsttellung (200)            I'anomalle de
fonctlionnement. apqr: Fa*tjfAws bi qingni 4or verdqppolten MB;^AqeiM!
:                  ,          2. Apparell solon la revendicatlon 1, dans
lequel le l''y ,,eln. e,  eehlfunlionssgnsls (ERROR           moyen de
detection d'anomallb de fonctionne- ~t4AL I) tqi Fgqtsg5gllyng eLner F
ehifunJrtion;   46  ment co mprend un moyen (17,18) pour generer Vsr,;*gorn
('r~Qw) dmr uagsnsslgnalo.nsch der       un premier et un second signal
d'anomalie de Q. erqahn. g f9 sine ewrelclendo Zult z7ur
fonctlonnoment (SIGNAL D'ERREUR 1, SIGNAL ,e,,le!yng ;liwr F3hifunil.on und
zur Erzou-       D'ERREUR 2) pour Indlquer Is dteoction d'une gqp'sg d
F"lwinttionnqIs (r391),                   anomalle de fonctionnement au
premieret au so- , !O1P.Yq  0ttnwwi, (QQMBI-  so                    cond
composant, respectivement et b moyen do OLTP?                -,Idj8   'ton
wanlgtns elnenm  sortie comprend un moyen (21-23) sensible au ve~rtwnrpteta
Aq^sgeangegnsl oentqprioht und      premier et am second signal d'anomalle
do fono Ve ldndri d.v 1ou~ng 9lno.es Syretmaus-
tionnomentpourtransmettreasasortie unsignal g       ,npit qntgrhsp4 ejtnam
,v~erz,6prte.n.,    correspondant uniquomont a la sortie du signal 4dwbh
sins. Fhlqnkjon  1tgupoelnt ihtlgton Amu-  us  temporisi requ par,
respectivement Ie second et ni n(T ah            NAI1) unterAnopre.
Ie premiercomposent chi%;n, wf: tl. ,wu.,ng 'te  Fpehillfvenktdlonaslql.
$la,!,E;                            ~~~~~~~~~~3. Apparell selon Ia
revondlcatlon 1, dane bequol le 8    15                  EP 0 360 489 B1
16    |1||||||| ll Sll l  ll '"!  j' m~ypn e sortie cqmprqni un moyen de
trans-         cher Is signal de sortie requ d'etre transmis; le niRIon par
part de gigneux (1,") pour rece-        moyen de temporleatlon de signaux
comprend un 



vglr Ipe VOPMu tA  l  41 trm z n*iimotre un ei-    premier et un second
moyen de temporisation de gn.,l gui su'gor yu mg1t;i' n O'Do ;flinux tem-
slgneux (19-20) connectes 0 la sortle, respective- owisbi r9, 1 mon 4 trn
0ign P.Ar por-   5  ment, du premleretdu second composant de trai- ts ~o
ri~ir x ,etnt sme, npii au slignn d'anomale  btment de signaux pour
recevolr le signal de sor- O~e fg tnrpgmqnt .rW om   r   signal ter-
tie qui y oet g6n6r6, ot connect6s, respective- ogj rg gul ut .ffwt pal
rn.lj, we fp fnc-       ment, au premier et au second moyon de trans-
tiDIMAO;t ~~Wo Lnglyj4 Une ls sIegLqi transm b    mission par porte de
signaux pour transmettre le - ')O.; dl nW1 WIW   pWr ate de el-  10
signal de sortile recu au moyen de transmission vex-
par porte de slgnaux, chaque moyon de tempori- sation servant a temporlser
l transmission d'un 4. Aoj~orW  sgj,.n I. revyn41c~t~gn 1, dans loqui le
signal recu 8'y propageant pendant une periode riWgyon <* Art~l cQ.preno un
moyon (21-23)        detemps (T202) suffbsante pourque Is moyen de pg  pyfr
s.pp n      tfep9Ji96 roggu -shleotlonn6  i  transmission per porte
connoct,, riors sensible A q i i'~t W.4ffg* paj I'uW     do fonctt n-
un signal d'anomalle do fonctionnement, bloque hn~mont,.
Ise signaux de sortie des composants qui sont af- fectds par I'anomalle de
fonctionnement qul est 5. Aparoil  lQn Is rve.ndtgatpn 1, dons lquel Ie
repr~sent6o per le signal d'anomalle de fonctlon- moyiqn * or.   r~n Upn
m.yen (2) pour  20          nement auquel 11 est r~pondu; et le moyen de
sor- w42tp~e~ Ig-   !gn4  tjrmppie*s rogus on un sl-  tie comprend on outre
un moyen de signal de sor- gn' .juiiq e Ov t ,ortir l. iIgnJ unjiue, etun
moyen  tie (23) connecte au premier et au second moyen (i2-1,)   uW  eV
ons-jl f'areJq.mft  do fQnc-     de transmission par porte de signaux pour
rece- tio~nj- . .el ppyr .mp~o~iej. olgl s,.,temporls6   voir des signaux
tranemis par is moyen de trans- |egu qd o"  sgpJ 6 paru "t'OJ. mlIl ci.
.fonoonno-  25  mission par ports de signaux, pour g6n6rer un si- r'; d'tre
i    * 4n Ipe ;gneJig uniqu.             gnal correspondant a au mons l'un
des signaux reoue. - ARpipprgi 1lii lac   r OWvn n 1, Unq Iequel Il myg sn
O*pe#.WMWjt pViqn O.-Iauxi (19,20) fono-  8. Apparelt selon la
revendicatlon 7, dans loquel le tjgvlnen$ ,npil   s mqypn do qtgn d'ano-
30      moyon do sIgnal de sortie comprend un moyen "O de Ilngtignnsmn (1
7,17#).                     (23) pour combiner des signaux regus du premier
et du second moyen de transmission par porte de 7. APIWOrl _*w 1a rcvo4rt$
n 1, dens lequel le        signaux dens le signal g6nere. pr -er 9 egqn
om.qn, p wnpgnt de tr*Ilement do S)Vux (1U,10) p0p 49   t nqtjlnnejLlepm.nt
s5  9. Apparell solon Ia revendicatlon 7, dans loquel le rlin lrgqtr qtlt
yne .ntr,^r de signal gommune     moyen de signal de sortie comprend un
moyen (144 ,et QFt .hpg' ,,e, ,rtq.Ce, ,gnel separee     (23) pour
seictilonner l'un des signaux regus du (1:,10) pa:y gd"krp Wi gignp. qe
sc~rto A partir  premier t du second moyen de transmission par dlu~n ~igy~l
',r r  I e. 9yon d'aiomalloi de       porte de signaux cornme signal
g6ner6. feng7t,,h,1'in (7,: 1  P)i..ql  9ngmj.gi dt   40 fgnggfl, , ~r!;ng
a   Qmpg>ntS  yn gnt djopp   10. Apparell solon la revendication 7, dens
lequel le l pproiI ti t    Ir~ o g ,ruptlpn ,  sign-uxdo     moyen'do
detection d'anomaole de fonctionne- I. dew wirnpoSNrte * remet de 0gnewx
ment comprend un moyen de d~tectlon d'erreur pa0Jae pre"FAWt  W ..
wM.Agy.nos doI tmporipa-    (17,18) connect6 aux sorties des composents de
ttgm ~ 9i~,o-. ~t g~V4~n pney  stin  se.ond   45   traltement de signaux
pour d6tecter des orreurs n!~qJ  (gii~i MA    Q'gi'U|yR   1,  2IQNAL
dens la sortie de l'un ou l'autre composant. Q> tR ~ :pgjjp incu ig .l.,a d
'une 4       s fRa~flgnn nu prm. ler et au so-  11. Apparell selon Ia
revendication 7, dans loquel le Q  S Xganpt~ rtp9QI~eem~ent le nmoyen de
moyen de dhtoction d'anomalle de fonctlonne- tgj ^ewf pFnqI "n  mqre*.r~nMr
9n s.TcnO mpyen   so  ment comprend un moyen de d~tection d'errour dib
sfln~mJ~iign  par gsrt- e, d gn~auLx (21,22)   (17,18) connect6 aux
composants de traltement QQQI1P1 XIY rn    4liftqgptin .d'anomalle do
de signaux pour d~tecter des erreurs dens l'un ou fQno#Qnnwn, Ojn q.r'iaqnt
b reoevo~r lo sl-        I'autre composant. grill 4ls ;ds,19 g-fl** .ui~
pagt vnen~tl , Il pr.e- mier st ~q g~pv~ ~mpq~jit, et our t.ransmettre   5
12. Apparell solon la revendication 7, dens lequsl te it!vrtsnkIe ~jre %iL
Qha-gta Ownt re-            moyens de temporisatlon do signaux sont des
,po~ttvamont rnipil.lpaql plemier etv;u s,90ond s1-  moyens de
tbmporisation de slgnaux optiques *~~gJ r.1    mjlt do fgngtIQnnom~nt pjr
e*mp.       (19,20), lee moyene de transmission par porte de 9    17
EP 0 360 489 31                  18    \IX1\ %IIYIlII sapqpc aint ceov
moyens do transmission par              interdiction de genorer un signal
de sortie Pg.Qrto @atigug (21.22), t lee moyens de combl-      du systime
correspondant a un signal de sortie 



nIgpn to tnc qnt dp m         ayo.w w, qrnnbinal-  tbmporis effect6 par uno
anomalle de fonction- S      oto o0q. wA   QI: (2)         '
nement(SIG.LDE SORTIE 1), on rhponso a la -       g6n6ration du signal
d'anomalle de fonctlonne- 13. Appwel:.oln to wev.onllttign 12, dans. lequel
ment. qh~quo rqvp' to t^omp~risatQ1n d, qignau.x, opti- qUIP (X~fl2Q): p1
w' i~nhtutr 4. fil~r o~iquo, 911W,. wn  4. ,m~tr *^ps  n    . n  do Wi-
gn~tx qt iiXi', p~Ig WI'.qplqve (21.22!), e1 1o 10 4. an*Jt*o  a SPUM Wtgit
yno wtsC(1fl nq iQ3weu  rn    7utiq O. 16 APWPi    onhg rwtq n!ptoln
7,T:dans loqual los P        do*   b t prJtlatqin de sigSnyx optiquos   16
(1t2Q)i Lw *.0yqn4e ,n:mwItn pa.r porte de *IflU  (Z2,     t 1* 'ty#  to
ga~ntinai 4%uret() ai t~eetIw itff. mfl 15, AmsIimol qon la r'r.ndgllo n 7,
4an  ioquoi  20 Q1WIq ~lggW- nt te truemont do ignelwx st UPn     4*
ggwp'vflgi n - .wo (1ZI3). 16. Api.s.,irol gotq i~ lrpqn4~I-ion 10,.
dans.lquol lo m9qn  , 4*t.,$ion d'.rriyr ,comprend un pror   a5 Mier et un
IO." p4 qJrclt do dcitoctlon dorreur y4S   ghgws wi mnr4  *n ~   Ala &*utlq
rp      n   di prfo*rot dii sclond Qw mafdo truqu.metflignsux. pQpr depc-
tpr  !Jo *r 4n 44rp. I.a Prtie dM compoesnt de 3o -. {tN  bwR    1, P104
f~~~2 la~   bie Ih ,ditotion d'una 35 IT.  1.'gg6 S4 prgtwt,!n qyn syte
contra la c wj ii  parts d'in signal deo ortle on ral- nn e             d
otpe f tpoilonnement. Io systb- rno gr,n, q ri !n. e wIr de gomp.aants
(12,13) #ymnt tp 1ong      -4 tiApnwnt de  ignw    40o ?at~g~$n. rf~ntt .
401pc n- sjgnai doen- tV I *(14) ..p .to4ils9  * partirdu Q19Ap1 4'*'*4~
yn' sipiI de- wr'le e~paroX (149h~2#1q pqgnnnt* Ioqpos doe: qyfi~ID~npw
4u1  , sl~mopr  ditdctr  45 ro.  gp9-m61               4, !g rion l- t!9~P.
@          w wl. 'nrn. ft~ V UIPNF#re.q 4flg2.gnt.9 4pikl^a; $JFPra~11Q, in
alpunplj,~  d'an~om~ail dpinc- t'pnafpnip t (aiQ>Aj,.    R  1)  Is dItec-
t3ip, tbn 9pq'pttg ffisw$)qnnms,,n~t 50 :: tr4g ' '-          plghounawx de
sor- W1 qp.I   wrvW *sv w"ppOt n* .duroo suf- fig      l p.yr 4~tgtpyyino
;rtomallo de fonctlon- nvipptt gi .,n~rerl  igqf ..i'an'oaiio ,dko fon-
csaoiouion. 4'n siM.. ds o.rte. (SIGNAL 1?l QRFJ tE Q IN~ correspondent
au vngky I9in 4w. 9lrw4   , ggrtiy tampprlofl; ot 10    


