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matting conventions, e.g., phase encoded (PE ID), double-density phase
encoded (DPE ID), group BACKGROUND OF THE INVENTION
code recorded (GCR ID), apply to a given tape. Each of these standard
formats includes a The present invention relates to block pattern   5
scheme for encoding user data which permits er- detection circuit, and,
more particularly, to such  rors to be detected and, if possible,
corrected. For circuit providing for improved error handling in a  example,
a nine-track tape drive permits the sys- streaming tape drive system.
tern to add an error-detection parity bit to each Streaming tape drives are
bulk data storage    eight-bit word of user data. The more complex and
retrieval devices which are used, for example,  10  group code recording
rearranges sets of seven in conjunction with a host computer. Basic perfor-
user bytes into sets of ten bytes with error correc- mance criterion
include the amount of information  tion codes, with additional bytes added
for residu- that can be stored on a tape medium and the rate  als and
cyclical redundancy check bytes. at which information can be written onto
and read     Furthermore, user end-of-file marks, which can from the tape.
In general, performance is improved   15  be a single character, are
converted to tape marks increasing the density, i.e., the amount of in-
which comprise a predetermined pattern repeated formation stored per unit
length of tape, and the  for many consecutive flux spaces. For example, in
speed at which the tape travels across read and   GCR format, a tape mark
consists of activity in write heads of the streaming tape drive system.
tracks 1, 2, 4, 5, 7 and 8 and erasure in tracks 3, 6 However, increases in
speed and density con-  20  and 9, this pattern being repeated for 250 to
400 strain the tolerances available to the tape drive  flux spaces. This
conversion makes file boundaries system and the tape itself. Errors become
more    far less vulnerable to noise than would be the case frequent as the
tolerance constraints become more  if the file boundary character were
simply recorded difficult to meet and maintain. Generally, these  as a one
character record. errors occur as bits of information as read turn out  25
According to the format selected, preambles, to be different than they were
intended to have   postambles, and embedded marks can be added been
written. Since the value of information is   to identify block boundaries
and permit synchro- greatly diminished when its integrity is uncertain,
nization across parallel data channels. For example, error handling ability
emerges as an additional im-  a preamble to a block of user data can be
used by portant performance specification for high-perfor-  30  de-skew
circuitry to ensure that the channels of mance streaming tape drive
systems.               digital data corresponding to the tracks of flux
data As a prelude to a discussion on error handling,  are synchronized with
respect to each other so that consideration is given to the form in which
informa-  the individual bits of a word are processed as such, tion is
stored on the tape media.  Basically, informa-  and not as bits of
preceding or succeeding words. tion is stored as magnetic flux levels in a
magnetic  35  Other types of system data can be written media. To achieve
the desired higher speeds and   along with the foregoing. For example,
automatic densities, the information can be stored in parallel  read
amplification (ARA) bursts can be used to For example, each bit of a
nine-bit "word"  automatically set gain levels within the tape drive can be
assigned to a respective track of a nine-  system. Such ARA bursts can be
identified as such track tape so that all bits of the "word" are simulta-
40  by ARA ID marks. neously available during retrieval. The tape is then
As an illustration of how system data can en- configured as a series of
nine-bit words.         hance error handling, once the format is deter-
Since the "user" data supplied and requested   mined from an ID mark, the
error codes can be by the host computer is generally unintelligible to
used to flag errors in otherwise unintelligible user the streaming tape
drive system, little error han-  45 data. Additionally, the preambles to
data blocks11 dling could be performed if only user data were   can be used
for synchronization, as indicated stored on the tape. Therefore, a
streaming tape   above. When a gap is detected following a block drive
system typically adds information intelligible  before a postamble is
detected, this can indicate to it, providing the capability of evaluating
the in-  that a full-width drop-out has occurred within the tegrity of the
read and write operations.    so  data block. Generally, the included
system data For example, the user data can be made more    generates a set
of acceptable recognizable pat- manageable by formatting it into blocks
separated  tems, deviations from which can be used to flag by "gaps". The
user data generally includes data  errors. proper, which is recorded within
data blocks, and     The system data is applied by the tape drive file end
markers, which are recorded as tape   55  system during write operations by
a write formatter marks. Since formatting conventions can vary, a   section
of a write subsystem. The system data is flexible tape drive system can
apply identification  then checked by the read subsystem during a read
marks during write operations identifying which for-  operation, or during
a write operation in verify 2    



3                 EP 0 268 744 B1                       4 mode. In either
case, it is the read subsystem      on the tape, block detect circuitry,
and read/format which performs the checking; the read head can be
circuitry. positioned upstream of the write head so that in-      Of these
sections of the read subsystem, the formation is read after it is written
to verify that the  block detect circuitry which identifies, locates and
system data conforms to the conventions being   5   verifies data block
types and inter-block gaps, is implemented.
central to a tape drive system's error handling. For Of course, system data
is not immune to er-     example, a "drop-out" within a block of data can
rors, so it is important that the tape drive system  cause a gap to be
erroneously detected. Con- be able to distinguish user data and system
data,   versely, noise or a "drop-in" can cause a block to even when errors
are present. However, while sys-  10  be erroneously detected within a gap.
Likewise, tern data can include so much noise as to be       data blocks,
tape IDs and marks can be confused unidentifiable, it is still
distinguishable from user  with each other, or rendered incomprehensible to
data by the absence of preambles and postambles.   the system. Such errors
generally require re-tries Once an error is detected, a strategy for ad-
which significantly impair system throughput, or dressing the error must be
implemented, usually in  is   may result in an unrecoverable read error.
conjunction with a drive controller which controls     Once it is
determined that a re-try is required, the transfer of the tape in response
to information  the drive controller subsystem polls various sec- from the
read subsystem and other sources. Viable   tions of the read subsystem to
determine the loca- options include: correcting the error in-stream, at-
tion of the portions to be re-tried. Given the high tempting a correction
by re-writing or re-reading   20  speed and flux densities of
state-of-the-art sys- the pertinent portion of the tape, and passing the
tems, the delays involved in determining positions defective data with an
error flag.                  after the drive controller acknowledges an
error During write-with-verify operations, re-writing is  detection would
not permit the precision in posi- usually implemented even for easily
correctable    tioning required for re-tries. errors. A second error can
render a correctable  25    Accordingly, the drive controller polls the
read one-bit error uncorrectable. Therefore, correctable  subsystem for
tape positions during routine events errors should be corrected while the
original user  such as the occurrence of a gap-to-block boundary. data is
available to build in tolerance for subse-  However, even with this tactic,
positioning errors quent errors.
occur due to the delays in acknowledgement of During read operations,
in-stream correction is  30  boundary detections by the drive controller,
which preferred where possible because it has minimal    generally is
performing multiple tasks at once. impact on the speed of operation. Errors
that can-     Thus, what is needed is block detect circuitry not be
corrected In-stream generally result in re-  providing for improved error
handling by a stream- tries, which are relatively time consuming. If the
ing tape drive system. This block detect circuitry error remains
uncorrected despite re-tries, the error  35  should provide more positive
identification of block can be flagged to warn the user or to initiate a
types to minimize unnecessary re-tries, and de- shut-down or other
"drastic" error procedure ac-    crease the likelihood of an unrecoverable
read er- cording to the strategy implemented.                  ror.
Further, the block detect circuitry should pro- Of course, when a re-try is
necessitated, cor-  vide block delimiter signals to provide more pre-
rection is not guaranteed. Re-reading cannot cor-  40  cise positioning
when re-tries are required. rect severe errors due to damaged media, for
ex- ample. However, there are other problems inherent  SUMMARY OF THE
INVENTION in the re-try operation itself. In order to re-try a portion of
the tape, a streaming tape drive must       Block detect circuit according
to claim 1 for a correctly position itself so that just after it re-starts
45  streaming tape drive system  includes a pattern and regains operating
speed it is just in front of the  decoder, a thresholding means, and a
state ma- portion to be retried. Mis-positioning can be waste-  chine. The
pattern decoder is designed to distin- ful in that portions of tape not
needing a re-try can  guish Instantaneous data patterns in a data stream be
wastefully re-read. More seriously, positioning  of parallel synchronized
data channels. Succes- errors can confuse the system  into treating one
50  sions of decoded patterns are analyzed by the block as another,
compounding the original error.  thresholding means to provide pattern
determina- Much of the error-handling responsibility falls  tions. The
detect state machine progresses through on the read subsystem which detects
and iden-       a network of states in response to received control tifies,
system data, user data and gaps. A read     signals including thresholded
pattern detections. system can include, by way of example, analog   55
These components cooperate to provide precise circuitry associated with the
read head, analog-to-  determinations of block boundary positions and
digital conversion means, de-skew circuitry for syn-  block types.
chronizing data streams arranged in parallel tracks    The state machine
provides outputs reflecting 3    



5                 EP 0 268 744 B1                    6 the current state of
the state machine. These out-  levels to these determinations. In this
realization, puts reflect historical pattern data which can be  the block
read/verify section can have access to used to effect more precise
determinations as to  state machine outputs so that block-types can be the
presence and types of blocks by favoring more  determined using the
historical output of the state probable sequences over less probable
sequences.   5   machine. This principle can be extended to suppress deter-
All four of the thresholding sections can be minations of a pattern for
durations in which that  implemented using standard counters. Preferably,
pattern cannot occur.                             some stochastic
sophistication is implemented in In particular, the states of a state
machine can  the block/gap filter and the tape mark detector to include
states assigned to two sets. One set can   10  render these sections and
those that receive their represent states corresponding to the
determination  outputs less vulnerable to noise. that a pattern of a first
type is detected, and the   Stochastic thresholding takes advantage of re-
other set can represent states corresponding to a  dundancy and
standardized minimum lengths for determination that a pattern of a second
type is  certain patterns. A very short pattern of activity detected. The
state machine output can be used to  15  between two relatively long
patterns of inactivity uppress transitions of a qualified thresholded pat-
should be interpreted as noise. A bi-directional tern detect signal while
the state machine is in a  counter would be counting down until the noise
is state within the first set. in the meantime, the last  detected, then
count up for a short distance, but transition of the qualified signal can
be used to  then return to the downward count. The net effect trigger a
position capture corresponding to the   20  is that the noise is filtered
out of the gap. boundary between the first and second pattern.        In
this vein, the block/gap filter can incorporate This approach can be
extended to provide mul-  a bi-directional "up/down" counter. This counter
tiple pattern type transition signals. For example,  can be used to count
up during block detections gap-to-block and block-to-gap boundaries can be
and to count down during gap detections. A signaled. These signals can be
used, for example,  25  "block" would be indicated at the section output to
initiate position captures that a drive controller  when an upper threshold
is attained, and a "gap" can access to provide precise positioning during
would be indicated whenever the counting down re-tries.
reaches a lower threshold. More specifically, the state machine can in-
The  advantage of this stochastic thresholding is dude first set of states
corresponding to a readi-  30  that small drop-outs in a block and small
drop-ins ness to detect a block, a second set of states     in a gap are
less likely to longer impair block/gap corresponding to a determination
that a block is  determinations. In the more conventional approach,
present, and a third set of states corresponding to  using only a
unidirectional counter for consecutive a determination that block has just
past. The output  spaces, a few "well-spaced" drop-ins could prevent of the
state machine can then be used to suppress  35  a gap from being recognized
as such. a qualified thresholded signal so that no transitions  The tape
mark detector also is concerned with occur while the state machine is in
either the    redundant patterns of minimum duration, and so cond or third
set of states, during which a detec-  advantageously can incorporate some
sophistica- tion of a block can be presumed erroneous. Thus,  tion in
stochastic thresholding. Accordingly, a bi- the qualified thresholded
signal can be used to  40  directional counter can be advantageously imple-
edge trigger a position capture representing a gap-  mented in tape mark
determinations. to-block boundary.                                    The
block/gap meter uses the filtered output of In addition, a second qualified
thresholded sig-  the block/gap determination section as its input; nal can
be suppressed only during the third set of  thus, a uni-directional counter
can be employed. states to trigger position captures of block-to-gap   45
The verify counter is used almost exclusively for boundaries. Thus, the
front and back boundaries of  write operations which require that even
minor er- each block can be precisely determined to provide  rors be
corrected, and therefore can use a uni- for accurate positioning during
re-tries.         directional counter to make consecutive counts In one
realization of the present invention, the  only. thresholding function is
performed by four sections  50  There are several advantages provided by
the of the block detect circuitry: 1) a block/gap filter  present invention
summarized above and detailed dedicated to block versus gap detections; 2)
a    below. The on-board state machine allows other block/gap meter for
measuring the length of a     components to make real-time determinations
with current block or gap; 3) a tape mark detector     an historical
perspective. The historical state out- dedicated to tape mark detection;
and 4) a verify  55  puts can also be used to provide more reliable counter
for encoding block lengths for use by a   block-type determinations by
resolving ambiguities block read/verify section in making final determina-
against determinations known to be improbable in tions as to block type and
assigning confidence   view of the state machine output. 4    



7                 EP 0 268,744 B1                   8 For example, even
with stochastic thresholding,  incorporated in the block detect circuitry
of FIG. 1. sufficient noise makes it difficult to determine reli-  FIGURE
7, which comprises FIGS. 7A and 7B, ably the presence of a gap. However, if
the state  is a logic circuit diagram for a block/gap filter machine
indicates that this activity occurs within a  incorporated in the block
detect circuitry of FIG. 1. minimum gap length after a data record end mark
5   FIGURE 8, which comprises FIGS. 8A and 8B, has been detected, then the
determination of gap  is a logic circuit diagram  for an alternative is
confirmed and a re-try or unrecoverable error,  block/gap filter
incorporable in the block detect that would otherwise occur, can be
averted.       circuit of FIG. 1. The historical state outputs can be used
by the   FIGURE 9, which comprises FIGS. 9A and 9B, block/gap filter in
providing boundary position trig-  10  is a logic circuit diagram for a
block/gap meter gers by suppressing activity of trigger signals while
incorporated in the block detect circuit of FIG. 1. it is known that the
event of interest cannot occur.  FIGURE 10, which comprises FIGS. 10A and
The last transition before suppression can then be  10B, is a logic circuit
diagram for a verify counter used to effect a position capture that can be
used  incorporated in the block detect circuit of FIG. 1. by the drive
controller to very precisely position   15  FIGURE 11 is a logic circuit
diagram for a during re-tries. The precision afforded is greater  block
read/verify section incorporated in the block than in prior systems since
the trigger is made in  detect circuit of FIG. 1. real-time and on the
basis of historically based      FIGURE 12 is a block diagram of a command
determinations.                                   and status port used for
interfacing with the block In addition, the implementation of the block/gap
20  detect circuit of FIG. 1. thresholder and the use of stochastic
thresholding make the block/detect circuitry less vulnerable to
DESCRIPTION OF THE PREFERRED EMBODI- noise. The stochastic thresholding
prevents, for ex-  MENTS ample, several evenly spaced bit-long errors from
impairing block or gap or tape mark recognition   25  In accordance with
the present invention, block and forcing re-tries. The use of the block/gap
filter  detect circuit 10 comprises a state machine 20, a provides for more
reliable determinations by the  pattern decoder 30, a tape mark detector
40, a block/gap meter sections which receives its output.  block/gap filter
50, a block/gap meter 60, a verify Thus, in accordance with the present
invention,  counter 70, and a block read/verify circuit 80, as block detect
circuitry provides for more reliable  30  shown in FIG. 1. The block detect
circuit 10 pro- block-type recognition, more reliable block bound-  vides
for better error handling in the tape drive ary positioning triggers, and
reduced vulnerability  system 100 for storage and retrieval of data on a to
noise. A. tape drive system incorporating such  magnetic media tape 102 for
a host computer 99, block detect circuitry makes fewer errors in rec-
shown in FIG. 2. ognition of block types, endures fewer re-tries due   35
The context of the block detect circuit 10 is the to noise, and more
accurately positions when re-  tape drive system  100, which includes a
drive tries are required. Other advantages and features  mechanism 110 for
transferring the magnetic me- are apparent from the following description
in view  dia tape 102 across a read/write head assembly of the accompanying
figures.                      112 between a supply reel 114 and a take-up
reel 40  116. A drive controller 120 controls the motion of BRIEF
DESCRIPTION OF THE DRAWINGS                 reels 114 and 116. The block
detect circuitry 10 monitors track activity for the streaming tape drive
FIGURE 1 is a block diagram of block detect    system 100 so that a tape
read/write strategy can circuit in accordance with the present invention.
be implemented by the drive controller 120 for the FIGURE 2 is a schematic
illustration of a   45  system. streaming tape drive system  incorporating
the        Flux levels stored on the tape 102 are con- block detect circuit
of FIG. 1.                   verted by the read head of assembly 112 into
FIGURE 3, which comprises FIGS. 3A, 3B, and    voltages which are processed
and converted to 3C, is a state diagram for a hardware state ma-   discrete
binary voltage levels by analog circuitry chine incorporated in the block
detect circuit of  so  and A/D converter 130, which includes at its output
FIG. 1.                                           a bank of phase lock
loops. The output of the FIGURE 4 is a logic circuit diagram of the
phase lock loops is directed to a digital formatter hardware state machine
referred to in FIG. 3.     140. This transfer is buffered by a read FIFO
bank FIGURE 5 is a logic circuit diagram of a pattern  142, which comprises
parallel first-in first-out shift decoder incorporated in the block detect
circuitry  55  registers. of FIG. 1.
In the illustrated tape drive system 100, data is FIGURE 6, which comprises
FIGS. 6A and 6B,     stored on tape 102 in nine parallel tracks which are
is a logic circuit diagram for a tape mark detector  processed in parallel
by the analog circuitry and 5    



9                 EP 0 268 744 B1                    10 A/D converter 130
and the formatter 140. Due to    ever, in verify mode, there is no data
output to the mechanical misalignments in the tape drive system  buffer.
Also, more stringent thresholds are applied, 100 and in the tape 102
relative to the head 112,  since errors can be corrected by rewriting. and
due to deformations in the tape 102, these        The inputs to the block
detect circuitry 10 parallel tracks can become skewed relative to each   5
include TA[1:9], DTCLK, FSPACE, SOK, DREND, other. Accordingly, de-skew
circuit 144 is provided  DVER[0:1], CMD[0:2], RESETD, RDNR  DEN to
coordinate the timings of the nine tracks on the  GCLR, and VCLR , as shown
in FIG. 1. These basis of preamble patterns to data record blocks  signals
function as follows. The digitized and de-skewed track activity data
TA][1:9] is nine channels of "track activity" as is then analyzed by the
block detect circuitry 10  10  provided via the de-skew circuitry 144.
These nine which identifies, locates and measures blocks of   channels
carry the user and system data in the track activity and intervening gaps.
Since the de-  form of data blocks separated by inter-block gaps. skew
circuit 144 operates on data blocks it can   It is the blocks of activity
in these nine channels forward a synchronization valid signal to the block
that the block detect circuitry 10 is designed to detect circuitry 10 to
identify data blocks. The   15  identify and locate. k detect circuitry 10
marks the boundaries of      DTCLK is a "detect clock" timing signal from
the data blocks and distinguishes gaps, tape       the de-skew circuit 144
originally established by marks, tape density IDs, and other non-data
pattern  the phase-locked loops in the analog and A/D con- types, and
assigns verify levels to these determina-  version circuit 130 of the
streaming tape drive tions.                                        20
system 100. DTCLK serves as the clock input to all Those blocks identified
as host computer data  seven sections of the detect circuit 10 of FIG. 1.
can be processed by a read/formatter 146 of the       FSPACE is a "flux
space" signal indicating formatter 140. The read/formatter 146 receives de-
DTCLK cycles during which data is valid. FSPACE skewed track activity data
from the de-skew circuit  is input to enable ports of the pattern decoder
30 144 in parallel with the block detect circuit 10. The   25  and the
thresholding sections 40-70. With respect read/formatter 146 decodes the
track activity data  to these sections 30-70, FSPACE and DTCLK func-
identified as user data by the de-skew circuitry 1.  tion together as a
data strobe. Based on embedded error codes, error correc-       SOK is a
"synchronization okay" used to deter- tion is performed and detected but
uncorrected     mine whether a detected block reflects user data, errors
are flagged. Decoded host computer data is  30  as opposed to system data.
When a specific pre- directed from the formatter 140 to a data buffer 150
amble pattern is detected in sufficient channels by for transfer to the
host computer 99. Uncorrected  the de-skew circuit 144, SOK is generated by
the error conditions flagged by formatter 140 are ac-  de-skew circuit 144,
to indicate that user data is cessed by the drive controller 120 which can
effect  synchronized across channels. a re-try
by issuing the appropriate commands to  35  DREND is a "data record end"
signal used to the drive mechanism 110.                          identify
the end of a block of user data. When the As part of the error detection
and correction  read/formatter 146 determines that sufficient chan- -ocess,
the read/formatter 146 provides a verify    nels include a specific data
block postamble, level for data record blocks to the block detect   DREND
is generated to indicate the end of the circuitry 10. Postambles are
detected and flagged   40  respective data record. for the block detect
circuit 10 to indicate the end of  DVER[0:1] is a pair of "data verify"
signals a data record block.                               used to
establish the verification level of a data The tape drive system  100 also
includes a      record. DVER[0:1] is generated by the read format- write
formatter 160 and write electronics 170. Dur-  ter 146 as error detection
and correction is per- ing a write operation, data is transferred from the
45  formed. The four values transmittable over the two host computer 99
through the data buffer 150 to    DVER lines are: 00 = no status, 01 = hard
error, the write formatter 160. After formatting and the  10 corrected
error, and 11 perfect read without inclusion of system data, the
information is directed  error detection. to the write electronics 170. The
write electronics   CMD[0:2] is a set of "command" signals for 170 converts
the output of the write formatter 160   so  determining transitions within
the state machine 20. to analog form so that the write head of assembly.
These commands are forwarded via the command 112 can convert the
information to flux levels to be  and status port 90, FIG. 12, from the
drive control- stored on the passing magnetic tape 102.           ler 120.
Three bits are used by the command The write head is upstream of the read
head so  register to distinguish five messages: 000 "no op- that, in a
verify mode, the information can be read  55  eration", 001 STR "stream
read command", 010 from the tape 102 after it is written. In the verify
GWC "gap wait command", 011 SUC "start-up mode, operation is similar to
read mode operation  read command", and 111 "command clear". The from the
perspective of the read subsystem. How-   stream  read command is used when
the block 6    



11                EP 0 268 744 B1              12 detect circuitry is to
detect and read the next block.  command and status port 90 whence it is
acces- The start-up read command is dedicated to normal  sible by the drive
controller 120. start-ups after reset, while the gap wait command
VER[0:1] is a pair of signals indicating "verify is limited to use after a
reset issued within a "gap"  level". The specific interpretation is
dependent on which was to short to be verified as such.    5   CBT[0:3].
These signals are characterized in great- RESETD A is a "reset not" signal
used to reset  er detail in connection with the discussion of the the state
machine 20, and is also forwarded to    block read/verify circuit 80,
below. reset the de-skew circuit 146. It is encoded by a     DATA" is a
"data not" output from  the value in a set-up register of the command and
block/gap filter 50 to the read formatter 146 indicat- status port 90 as
loaded by the drive controller  10  ing whether a block or a gap is
current. 146.                                                  P1CLK is a
"first position clock" signal used to RDNR A is a "read" or "verify not"
signal     trigger position captures locating gap-to-block which functions
to set the tolerance to which the  boundaries. P1CLK leads DATA by one
DTCLK pattern decoder 30 must adhere in encoding pat-   cycle until
suppressed according to a state ma- tems. The tolerances are stricter for
verify mode   15  chine output indicating that a block is present or since
there is an opportunity to correct the errors  has just ended. The last
rising edge of the P1CLK by re-writing. During read mode, the tolerances
are  before suppression is used to trigger position cap- relaxed, since the
tape drive system 100 must take  ture circuitry. The position so captured
is acces- the incoming data as it is given and interpret it as  sible to
the drive controller 120 to permit precise best it can.
20  positioning during re-tries. DEN is a "density" select signal used by
the      P2CLK is a "second position clock" signal pattern decoder 30 to
determine whether the de-   used to trigger position captures locating
block-to- coding scheme should be for PE or GCR encoded     gap boundaries.
P2CLK leads DATA by one signals. likewise, the DEN is used to select appro-
DTCLK cycle until suppressed according to a state priate thresholds for the
tape mark detector 40, the   25  machine output indicating that a block has
just block/gap filter 50, and the block/gap meter 60.  ended. Together,
P1CLK and P2CLK serve to de- GCLR is a "gap clear not" signal used for
limit blocks so that the servo controller 120 can clearing the block/gap
filter 50 and the block/gap  effect precise positioning during re-tries.
meter 60.                                            DET is a "detect"
signal accessible to the drive VCLR is a "verify clear not" signal used for
30  controller 120 via the command and status port 90 >   clearing the
verify counter 70.                   indicating whether a block is current
or just past. Other illustrated set-up signals include the fol-
Essentially, DET follows the suppression of P1CLK. lowing. IDLE is a signal
to the de-skew circuitry     CMP is a "complete" signal accessible to the
transmitted from the set-up register. FORWD,     drive controller 120
indicating whether a block has also stored in the set-up register, is a
"forward not"  35  just past. Essentially, CMP follows the suppression
signal used to indicate whether the tape 102 is   of P2CLK. moving in a
forward or reverse direction.             FGAP is a "filtered gap" signal
accessible to The various commands and statuses are stored   the drive
controller 120 indicating whether or not a in respective registers and are
addressed along the  gap is current. FGAP essentially follows DATA, SS4
and the A[0:3] lines between the drive con-  40  but is output from the
block/gap meter 60. troller 120 and the command and status port 90,
BGAP is a "big gap" signal accessible to the shown in FIG. 12. Commands are
written or status  drive controller 120 indicating whether. the current is
read according to the value of R/W . The com-  block or gap has attained a
pre-programmed mands and status are communicated between the     threshold
at the block/gap meter 60. FGAP and port 90 and the drive controller 120
along an eight-  45  BGAP are stored in a flag register of the command bit
bus D[0:7]. The remaining inputs to the com-  and status port 90. mand and
status port 90 from the drive controller     SFG is a "short front gap"
identifier output 120 include a power valid PVALID signal, and sys-  from
the state machine 20 along a three bit bus to tem clocks ECLK and QCLK, all
serving conven-    the flag register of the command and status port tional
functions.                             50  90. A short front gap is flagged
during a state The outputs from the block detect circuitry 10  machine
transition when a block is detected before include DATA, P1CLK, P2CLK,
CBT[0:3], VER-      a minimum gap length has been verified. This flag
[0:1], DET, CMP, FGAP, BGAP, SFG, SBG, NBD        is transmitted as 010, as
indicated in FIG. 3A. and BOVR. The significance of these is as follows.
SBG is a "short back gap" identifier differing CBT[0:3] is a set of signals
indicating "current  55  from SFG only in that it occurs after a block has
block type", such indication being a major function  ended and no stream
command has been issued. It of the block detect circuitry 10. This
information is  is transmitted as 101, as indicated in FIG. 3C. output from
the block read/verify circuit 80 to the   NBD is a "noise before detect"
identifier in- 7    



13                EP 0 268 744 B1                   14 dicating that
activity detected was probably noise  an actual tape mark, and despite
noise, the tape within a gap. This flag issues when activity too  mark
detector 40 should count up to a pre-pro- short to be a meaningful block is
followed by a lack  grammed threshold at which It issues a tape mark of
activity over too short a duration to qualify as an  detect signal TMDET to
the detect state machine inter-record gap, which is in turn followed by the
5   20. detection of another block. NBD is transmitted as    The block/gap
filter 50 receives the raw gap 011, as indicated in FIG. 3B.
signal DGAP from the pattern decoder 30, counting BOVR is a "block overrun"
identifier indicating  up consecutive flux spaces either as gap or as that
a block has been detected before a stream    block. When a density
dependent threshold is met, command has been issued. BOVR is transmitted
10   a "filtered gap" signal FGAP is toggled appro- as 110, as indicated in
FIG. 3C.                  priately. A "not data" signal DATA, the FGAP In
addition to the foregoing error flags, a trans-  signal delayed one DTCLK
cycle, is also provided. mission of 001, as indicated in FIGS. 3A, 3B and
The filtered gap signal is used with a DSTATE- 3C, clears the most recent
command, i.e., STR,    [3:7] input from the detect state machine 20 to SUC
or GWC, and issues a TCLR to reset tape   15  provide the two tape
positioning clocks. P1CLK shark detector 40.
marks a gap-to-block boundary and P2CLK marks Considered in the context of
the described    a block-to-gap boundary. As indicated above, these tape
drive system 100, the block detect circuitry 10  signals trigger position
capture circuity, not shown, functions to monitor track activity signals
TA[1:9]  to record the respective boundary positions for from the de-skew
circuitry 144. Track synchroniza-  20  eventual access by the drive
controller 120. The tion and end of data signals are monitored to     use
of the block/gap filter 50 makes the block delimit de-skewed user data
blocks. Blocks of track  detect circuit 10 less vulnerable to noise within
activity and inter-block gaps are recognized as   gaps and dropouts within
blocks. This is another such, gap noise and small dropouts within blocks
factor in the present invention's ability to render being filtered.
25  unnecessary certain re-tries. The incidence of gap-to-block and
block-to-gap    The block/gap meter 60 measures and en- boundaries are
noted so that their positions can be  codes the length of the block or gap
currently precisely recorded by position capture circuitry, not  being read
from the tape 102. More specifically, it shown, to provide the drive
controller 120 a means  counts up consecutive flux spaces indicated by the
to accurately position the drive mechanisms 110  30  filtered gap signal
FGD. Transitions between gaps during re-tries. Block types are identified,
and the  and blocks are indicated when FGD and DATA identifications
verified. On read after write, verifica-  are different, this condition
resetting the block/gap tion that non-data blocks meet American National
meter 60. The measured length is coded to provide Standards institute
(ANSI) standards is performed.  block length signals BGLEN[0:2] for the
detect The role of each of the eight sections of the  35  state machine 20.
block detect circuitry in performing these functions  The verify counter 70
validates IDs and marks as follows. The pattern decoder 30 of the block
written on the tape by counting consecutive flux etect circuitry 10
determines the type of track  spaces during a constant block type reading
BT- activity being read from the tape. The track activity  [0:2] from the
pattern decoder 30. The result is a signals TA[1:9] from the de-skew
circuity 144 are  40  verify level VL[0:3] which is directed to the block
analyzed to yield detect type signals DT[0:1] for  read/verify circuit 80.
The verify counter 70 also the tape mark detector 40, a "detected gap"
signal  outputs a block type delayed signal BTD[0:2], DGAP for the
block/gap filter 50, and block type  which is BT[0:2] delayed two DTCLK
cycles. signals BT[0:2] for the verify sections 70 and 80.   The block
read/verify circuit 80 uses the verify All of these determination are made
once per  45  level VL[0:3], the block type reading BT[0:2], the FSPACE
strobe. However, for reliable determina-   current detect state DSTATE[3:7]
for the detect tions to be made, the patterns must be evaluated  state
machine 20, and data verify signals DVER- over time.
[0:1] from the read/formatter 146 to generate sig- The tape mark detector
40 examines the detect  nals representing the current block type CBT[0:31
type signals DT[0:1] over time to determine wheth-  50  and a verify type
VER[0:1]. These latter signals are er in fact a tape mark has been
detected. The     directed to the command and status port 90. detect type
signal DT[0:1] provides four values      The command and status port 90
interfaces the corresponding to tape mark, ID, data block and    block
detect circuit 10 with the drive controller 120. miscellaneous/unknown. The
tape mark detector 40  It receives setups and commands and returns sta-
counts up tape mark detections, counts down de-  55  tus and flags.
tections known not to be tape marks, e.g. data       The detect state
machine 20 oversees the blocks   and   IDs,  and   idles   during
reading of blocks from the tape 102. When given a miscellaneous/unknown
detections. In response to  read command, the detect state machine 20 waits
8    
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block, performs block type detec-  lowing a block read. These include gap
check tion, waits for the end of the block, then checks the  11100, gap
check 11101 and the trap for block inter-block gap. The detect state
machine receives  overrun 11111. the synchronization valid signal SOK, the
data       State transitions occur based on the present record end DREND,
the tape mark detect signal   5   state and the value of thirteen
conditions codes. TMDET, and the block/gap length signals BGLEN-   These
conditions codes are: [0:2]. In addition, command signals CMD[0:2] and
GWC       Gap wait command reset signal RESET  are received via the com-
from detect command register mand and status port 90.
STR       Stream command The detect state machine 20 generates detect  10
from detect command register state signals DSTATE[0:7] which are latched as
SUC       Start-up read command status bits by the command and status port
90.               from detect command register Some of the detect state
signals DSTATE[3:7] are    BLK     In block used by the block/gap filter 40
and the block               from block/gap meter read/verify circuit 80, as
indicated above. The de-  15  MTMB   In block > maximum length of tape tect
state machine 20 also sets detect flags in the          mark command and
status port 90. These detect flags              from block/gap meter are
"short front gap" SFG, "noise before detect"    MPB      In block > maximum
length for a NBD, "short back gap" SBG, and "block overrun"
postamble BOVR.                                       20              from
block/gap meter GAP      In gap STATE MACHINE
from block/gap meter MTMG   In gap > length of maximum tape The operation
of the detect state machine is             mark described in greater detail
with reference to the   25      from block/gap meter flow chart of FIG. 3.
The detect state machine 20   SGRP    In gap > 0.1 inch oversees the
reading of each recorded block, on             from block/gap meter the
tape 102. The beginning of each block is de-    BGAP    In gap > 0.25 inch
tected, the block read, and then the gap following          from block/gap
meter the block is found. Inter-block gaps are verified and   30  SOK  Sync
OK a block overrun condition trapped.                          from de-skew
circuitry The state machine 20 provides for 18 states     DRE      Data
record end with 8-bit outputs. The lower three bits DSTATE-           from
read/formatter [0:2] of the detect state outputs represent the com-  TM
Tape mark detect mand clear and error flags. The remaining five bits  35
from tape mark detector DSTATE[3:7] of the output identify the current
state  E      Else of the state machine 80. These are the five bits
Upon certain state transitions output codes are transmitted to the
block/gap filter 50 and the block  directed to a detect flag register in
the command read/verify circuit 80.                          and status
port 90. As indicated earlier, these One block is read for each pass
through the  40  codes are command clear (001), short front gap state
diagram of FIG. 3. Reading occurs in three  SFB (010), noise before detect
NBD (011), short phases. Except for a reset state 00000, all state  back
gap SBG (101) and block overrun BOVR machine states are contained by one of
these     (110), In addition, most of the states include else phases. The
first phase, pre-detect, encompasses  loops E, indicating that the state is
retained until a the gap wait 00010, gap verify 00101, block wait  45
condition code permitting a state transition is re- 00100, wait for detect
00110, and block wait 01000.  ceived. These states occur prior to the
detection of a      The most common sequence of states should block.
be error-free detecting, reading and checking gaps The second phase, read,
encompasses states    after data blocks. Beginning with the reset state in
three groups. Which of the groups of states is  so  00000 of FIG. 3, this
path is entered upon receipt used depends on the block type detected. The
of a start-up read SUC command via the status and data block read states
are wait for read termination  command port 90. The SUC command initiates a
10100, gap check 10101, gap wait 10110, gap      transition to the block
wait state 00100. Upon the before end of data 11001, and data record end
receipt of a block start command BLK from the 11000. The tape mark read
states are gap wait  55  block/length meter 60, a transition is made to the
10000, and gap check 10001. The other block read  wait for detect state
00110. states are gap wait 01100 and gap check 01101.      A
synchronization valid signal SOK from the The third phase involves checking
the gap fol-  de-skew circuitry initiates the second phase with 9    
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state 10100. A data record  reading the current block. Accordingly, a
transition end DREND signal from the read/formatter initiates  is made back
to wait for read termination 10100. a transition to gap wait state 10110.
When the   This is an error condition which could be signalled onset of a
gap is signalled by GAP from the      by the state machine 20. However, in
the present block/gap meter 70, a one DTCLK cycle transition   5
embodiment, the read/formatter 146 is arranged to through a data record end
state 11000 is made to  signal this error on the basis of its reading of
the the gap check state 11100 of the third phase of the  block along with
DATA state machine 20.                                   If a data record
end DRE is detected instead of A stream command STR from the command
a block, a full-width drop-out is again presumed. and status port 90
returns the system to phase 1,  10  This error condition can also be
signalled by the and more specifically, to the gap verify state
read/formatter using DATA . The transition is 00101. Along with the stream
command, a com-    made to data record end state 11000, which mand clear
001 is issued to clear the commands,  causes the main state machine path to
be re- and TGLR  is issued to reset the tape mark de-  entered. tector 40.
A big gap BGAP signal from  the  is      If neither a data record end DRE
or a block lock/gap meter 60 causes a transition to block    BLK are
indicated, and the gap that caused gap wait state 00100, which was accessed
previously  check state 10101 to be entered is measured to be from the
reset state 0000. Thus, the progression  greater than 0.25 inches, then it
can be assumed from block wait state 00100 to gap check state   that a
full-width drop-out wiped out the end of a 11100 and back to gap verify
state 00101 is reiter-  20  data block. A transition is made to gap before
end ated during normal operation.                    of data 11001, which
is a state which can only be At the end of a data file, a tape mark can be
entered under an error condition. Therefore, this detected during normal
operation. Thus, a tape   error can be signalled by the state machine
output, mark detect TM condition code in response to a   but can also be
signalled by the read/formatter TMDET from the tape mark detector 40 causes
a   25  using DATA. transition from the wait for detect state 00110 to a
Like the data record end state 11000, this gap gap wait 10000 in the second
group of states of the  before end of data state 11001 is exited after one
second phase of the state machine 20. A GAP      DTCLK cycle. In this case
the transition is to gap condition code causes a transition to the gap
check  check state 11101, rather than gap check state state 10001. When the
block/gap meter 60 attains  so  11100. The difference between these two
third- the appropriate threshold, a MTMG code signals    phase gap check
states is gap check state 11101 that the gap following the tape mark has a
length  indicates that a greater than 0.25" gap BGAP has greater than a
maximum tape mark, and effects a  already occurred, while gap check state
11100 transition to gap check 11100.                   indicates that this
length has not been achieved. If A stream command STR causes the main state
as  while in gap check state 11100, a BGAP is re- machine to re-enter the
main path. As the stream  ceived, a transition is made to gap check 11101.
command is issued, command clear 001 clears the      As in the case of gap
check 11100, a stream nmands and causes TCLR to reset the tape     command
STR causes a transition to the phase 1 mark detector.
gap verify state 00101 so the main path can be The state machine includes
many branches to  40  entered. If on the other end, while in either third-
handle alternative situations. For example, if, while  phase gap check
11100 or 11101 a BLK is de- in gap wait state 10110, which can only be
entered  tected before a stream command STR is received, when a data record
end DRE is detected, the block  a block overrun state 11111 is entered. As
the continues for a length greater than a maximum    block overrun state is
entered from gap check postamble, i.e. condition code MPB is issued, then
45  11100, a short back gap SBG 101 error signal is an inter-record gap
presumable was obscured by   issued; as the block overrun state is entered
from noise, or the DRE was a false indication. In either  gap check 11101,
a block overrun BOVR 110 is case, it is appropriate to re-initiate the
search for a  issued. In either case, BOVR 110 is continuously new data
record end. Thus, the MPB code initiates  issued once block overrun state
11111 is entered. a transition back to the wait for read termination   50
A RESETD is required to effect a transition from 10100.
this state to reset 00000. In another example, if, while in wait for read
In the event a block is detected so that the termination state 10100, a gap
GAP is detected   machine is in wait for detect state 00110, but no before
a data record end DRE, a transition is made  SOK or TM condition code has
been received, one to gap check 10101. If, before the detected gap   55
can assume that an error has occurred. However, measures a quarter inch, a
block is detected, it is  the block read/verify circuit 80 could indicate
that presumed that the detected gap was really a full-  an ID or other
specialized tape mark is being width drop-out and that the system should
still be  detected. After an in block longer than maximum 10    
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code MTMB, a transition is      In some implementations, it might be
desirea- made to gap wait state 01100 in the third branch of  ble to
reserve the start-up command SUC for situ- the second phase of the state
machine 20.        ations in which the system is in a gap known to be If a
gap is in fact detected, a transition is made  of minimum standard size,
i.e. at least 0.25 inches to gap check state 01101. If the block turns out
to   5   long. Therefore, provision can be made to exit the be a "big gap"
BGAP, then a transition is made to  reset state 00000 with a gap wait
command GWC, the third-phase gap check state 11101, whence the  effecting
entry to a gap wait state 00010. In this main state machine path can be
entered. If instead,  case, a short gap command SGAP indicating a gap a BLK
is detected again before he gap reaches the  of at least 0.1 inches could
be used to exit the gap BGAP threshold, then a drop-out in an unknown   10
wait state 00010 and enter block wait state 00100. block type is presumed,
and a transition is made    The state machine 20 is implemented in hard-
back to gap wait 01100 in this third branch of   ware within the block
detect circuitry 10 to permit phase two.
real-time feedback of state data. The state data The synchronization valid
signal SOK is given  represents historical sequences as outlined above. a
high priority among the condition codes. The  15  The state machine outputs
then provide a historical effect is that if it is asserted anytime during
the  perspective to pattern determinations by the states in the tape mark
or unknown block type    block/gap filter 50 and the block read/verify
circuit branches of the second phase, a transitions is   80, as indicated
above. made to first branch of the second phase. More      The hardware of
the state machine 20 com- specifically, the transition is to wait for read
ter-  20  prises a look-up table ROM 211, a programmable mination state
10100. Thus a TM or unknown de-  logic array (PLA) 213, and an octal D-type
flip-flop termination can be superceded by an indication   215, as shown in
FIG. 4. The PLA 213 and the flip- from the read/formatter 146 that the
present block  flop 215 are clocked by DTCLK and cleared by is a data
block.                                 RESETD from the command and status
port 90. While in the wait for detect state 00110, if a   25  The 15 bits
of addressing for the ROM are divided gap is detected before the block
attains the length  as follows. A0-A2 receive the BGLEN[0:2] input of a
maximum tape mark, and if SOK and TM are    from the block/gap meter 60.
A3-A5 indirectly re- not asserted, then a transition is made to block wait
ceive CMD[0:2] from the drive controller. TMDET state 01000, still in phase
1. This state always  from the tape mark detector 40 is received at A6;
indicates a error condition. If the gap attains BGAP   30  SOK from the
de-skew circuitry 144 is received at length, a transition is made directly
to third-phase  A7; and DREND from the read/formatter 146 is gap check
11101. This sequence indicates either   received at A8. The previous state
is input at A9- that the detected block effecting the transition to  A14
from the output of flip-flop 215. wait for detect state 00110 was noise or
that a     The current state is represented by the upper block was largely
obliterated. In either case, a   35  five output ports D3-D7 of the ROM
211. These stream command STR effects re-entry to the main  five bits are
directed to the block/gap filter 50 and path.
the block read/verify circuit 80 as indicated above. On the other hand, if
before BGAP length is   Error conditions and command clear are output
attained, a block BLK is again detected, the pre-  from the lower three
output ports D0-D2. Thus, the vious BLK effecting entry to wait for detect
state  40  current state and the error codes are a function of 00110 is
presumed to reflect noise. Accordingly, a  the previous state, the current
command, the cur- noise before detect error code NBD 011 is issued,  rent
block/gap length, and the status of TMDET, and the wait for detect state
00110 is re-entered.  SOK and DREND. As indicated above, the stream command
STR       PLA 213 comprises two functional sections, a can effect
transition to the gap verify state 00101 of  45  command section and a flag
section. The com- phase 1 from either third-phase gap check state  mand
section latches commands along CMD[0:2] 11100 or 11101. The stream command
STR can       as received via the command and status port 90. also effect a
transition to this gap verify state  The flag section decodes inputs from
ROM 211 at 00101 from the reset state 00000 or from the block  "next state"
in-ports NST0-2 into the respective wait state 00100, provided a block has
not yet  50  error flags: block overrun BOVR, short back gap been detected.
SBG, noise before detect NBD and short front gap Also as indicated above,
the normal exit from  SFG. The flag section also decodes a 001 input to the
gap verify state 00101 is via a BGAP condition  activate TCLR  and reset
CMD0-2 out-ports. code to block wait state 00100. However, this block  The
lower three bits of commands are sent wait state 00100 can be skipped if
BLK is issued  55  from the PLA outputs CMD0-2 to the ROM 211. before BGAP.
Since this indicates a shorter than  CR[0:2] inputs to the ROM 211 remain
active until normal gap has occurred, a short front gap SFG   the state
machine 20 is in a state that can acknowl- 010 Is issued in this instance.
edge the applied command. Once a command is    21                EP 0 268
744 B1                   22 



acknowledged and acted upon, it is cleared,       automatic amplification
control burst. Predeter- To illustrate a command sequence, when a
mined patterns of activity and non-activity would be stream command is
issued while the state machine  decoded as respective tape marks and
recording 20 is in gap check state 11100, the command is   format 10s, such
as phase encoded recording, received at CRO-2 in-ports of PLA 213, and
trans-   5   double-density phase encoded recording, and mitted from the
CMD0-2 out-ports of PLA 213 to in-  group code recording, the patterns for
which are ports A3-5 of ROM 211. At the same time, the state  standardized.
11100 is output from 1Q-5Q of the flip-flop 215 to   The outputs of the ROM
311 and the D-type in-ports A10-14 of ROM 211. The ROM then out-
flip-flop 313 include three functional groups. The puts 00101001,
indicating a command clear 001   10  first is a single line detect gap DGAP
output distin- and gap verify state 00101.                      guishes a
gap from other. The DGAP output from The command clear 001 activates TCLR
the pattern decoder 30 is a raw unfiltered gap from the PLA outport TCLR
and sets CMD0-2 high.   detect signal. It is valid when and only when there
TCLR  resets the tape mark detector 40, while the  is no activity in any of
the nine tracks. In other high CMD outputs activate CMDCLR   which   15
words, when there are no flux reversals in the clears the command register
of the command and    current flux space, DGAP is valid. DGAP is pro-
status port 90. This in turn drives lines CMD[0:2]  vided for use by the
block/gap filter 50. low, which in turn drives PLA in-ports CR0-2 low,
The second group transmitted along, a three which in turn drives PLA
out-ports CMD0-2 low,    bit bus BT[0:2] distinguishes six block types.
releasing  CMDCLR A. The low  outputs from   20  Three of these are
recording format IDs, i.e., PE ID, COM0-2 of the PLA 213 are also received
by the    DPE ID and GCR ID. The remaining three are used ROM at A3-6.
to represent, respectively, data blocks and auto- matic record
amplification (ARA) bursts, ARA iden- PATTERN DECODER
tification marks, and data/unknown. 25     The data/ARA block type has
activity in all nine The pattern decoder 30 serves to identify and  tracks.
An ARA burst is provided for automatic read encode instantaneous track
activity data. It is pro-  amplification for read electronics with the
capability grammed to recognize predetermine patterns such   of
automatically setting gain. The end of an ARA as all tracks active
representing a data block, no  burst is typically marked with an ARA ID,
which tracks active representing an inter-block gap, cer-  30  has activity
in some tracks and erasure in others. tain tracks active representing tape
marks and var-   Data/unknown is any activity that does not fit ious ID
marks.                                    the previous categories. It may
be a data record As shown in FIG. 5, the pattern decoder 30    with one
track dropped out, it might be another comprises a look-up table ROM 311
and an octal   type of block that has been corrupted. D-type flip-flop 313.
The inputs to the ROM 311  35  Finally, ROM 311 provides, at outputs A0-A2,
a include the track activity lines TA[1:9]. At any given  two-bit
"detect-type" group DT[0:1], which distin- moment, the current pattern of
track activity deter-  guish tape mark patterns, data blocks, ID patterns
nines nine lowest bits A0-A8 in the addressing    and other. This output is
used by the tape mark scheme for the ROM 311.
detector 40. The two other active inputs A9 and A10 are  40 tied to the
read/verify RDNR  mode select signal  TAPE MARK DETECTOR and the density
mode select signal DEN. These two bits can be considered as selecting which
of     The tape mark detector 40 determines if the four tables within the
ROM 311 is active. The nine  block currently being read from the tape is a
tape tracks of flux activity determine the address within  45  mark. The
tape mark detect circuit utilizes the the active table, and the eight-bit
value at that  detect type signals DT[0:1] from the pattern de- address is
output at 00-07.                       code circuit along with the flux
spacing strobe from The octal D-type flip-flop 313 latches this out-  the
de-skew circuitry. put as clocked by the DTCLK input when enabled
Flux spaces which match that of a tape mark by the FSPACE signal which
serves as a data valid  50  are counted up, while flux spaces which match
strobe at input G of the D-type flip-flop 313. Since  those of an ID or
data block are counted down. this G input is active low, inverter 315 is
included  Flux spaces which are gap or unrecognizable are to give the
appropriate sense to the FSPACE sig-  ignored. When a density dependent
count thresh- nal.                                              old is met,
the tape mark detect signal (TMDET) is The ROM 311 maps channel activity to
pattern  55  asserted for detect state machine 20. The TMDET types. For
example, the absence of track activity in  flag is set until cleared by
TCLR  . all tracks is decoded as a gap. Activity in all tracks  The tape
mark detector 40 comprises cas- is decoded as a data block, or a
synchronization or  caded bi-directional counters 411 and 413 to per- 12
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mit counts up to the 128 used in the illustrated    The block/gap filter 50
comprises cascaded bi- embodiment to verify tape marks in GCR format,
directional counters 511 and 513, a look-up table as shown in FIG. 6.
inverter 415 and NOR gate 417  ROM515 and an octal D-type flip-flop 517, as
provide the logic to implement an up count on a  shown in FIG. 7. inverter
519 serves to provide the tape mark detection, a down count on a block or
ID   5   proper sense to the DGAP signal so that the coun- detection, and a
"hold" otherwise. The counting is  ters 511 and 513 count up when a block
is de- governed by the detect clock DTCLK and FSPACE    tected and count
down when a gap is detected. strobe.
FSPACE functions as an enable through the The logic at the tape mark
detector, i.e., com-  logic including NAND gate 521, whereas NAND prising
inverter 419, and NAND gates 421, 423 and  10  gate 523 functions to
disable upward counts when 425, is designed to select either the QB or the
QD  a programmed upper threshold is achieved. Both output of counter 413 as
the source for the tape  counters are clocked by DTCLK, as is the flip-flop
mark detect TMDET output of the tape mark sec-   517. GCLR  drives the ACLR
inputs of the coun- tion 40. This selection is a function of the recording
ters 511 and 513, which are thus set to zero when format, as Indicated by
the DEN signal.      15  GCLR ^ is active. The logic associated with the
flux space strobe  The Q outputs of counter 511 provide the four FSPACE
input, i.e., comprising inverter 427 and  lower bits of addressing for ROM
515, while the Q NAND gate 429, is tied to enables ENP of the      outputs
of counter 513 provide the next higher four counters 411 and 413. This
matter logic is also      bits of addressing. Considering the 13 bits of
ad- used to stop the count when the selected threshold  20  dresses A0-A12
on ROM 515 as constituting thirty- is achieved. On a tape mark detect clear
TCLR   two pages of 256 addresses, page selection is command, both counters
are reset by activating the  effected by DEN, DSTATE[5:7] and a filtered
gap LOAD enables of the counters while all load inputs  detect signal FGD.
FGD is output 00 of ROM 515 are tied to ground.
synchronized by the flip-flop 517. Thus, the FGD The use of the up/down
counters effects a   25  serves as a feedback signal to ROM 515 so that
stochastic determination of pattern type. This is  page selection is a
function of the previous output contrasted with conventional approaches
which    of the ROM 515. count consecutive spaces. These latter can be con-
Thus, the lower 8 bits of addressing for ROM fused by intermittent noise
which breaks consecu-  515 are used to determine whether a threshold is
tive detections frequently enough to prevent the  30  attained. The lower
threshold is zero, whereas the predetermined threshold from being attained.
higher threshold is selected according to DEN at In the present stochastic
implementation, drop  A8. Depending on the value fed back at A12, the ins
or drop outs within the tape mark merely delay  output of the ROM 515
changes either only when the decision as to whether it is a tape mark. On
the  the predetermined upper threshold is attained, or other hand, patterns
belonging to an alternative  35  only when the counters count down to zero.
The block type are counted down, decreasing the prob-  effect is that, once
a block is detected, the counter ability that a tape mark will be
determined. This  must count down to zero for FGD to be changed to helps
prevent the erroneous recognition of non-  indicate a gap is detected;
likewise, once a gap is tape marks as tape marks.
detected, the counters must attain the upper In GCR, activity in at least 5
of tracks 1, 2, 4, 5,  40  threshold for a block to be indicated by FGD. 7,
and 8 with erasure in tracks 3, 6, and 9 incre-  As in the case with the
tape mark detector 40, ments the tape mark detect counters. A tape mark
this system handles noise quite effectively. Drop- is indicated upon a
count of 128, which provides an  outs during a block cause only a temporary
delay output at QD of counter 413. In PE, activity in at  in the
determination of a block, and likewise for a least 2 of tracks 2, 5 and 8
with erasure in tracks 3,  45  gap, noise causes only slight delays in
determina- 6, and 9 increments the tape mark detect counters.  tions. In
contrast, in the case of a conventional In this format, a tape mark is
indicated by a high  consecutive flux space approach, evenly distributed
output at QB of counter 413, representing a count  noise could prevent a
gap from being detected at of 32.
all. Activity patterns looking like an ID or a data  50  FGD is fed back
through the flip-flop 517 so block (activity in 8 of the 9 tracks)
decrement the  provide a replica, DATA, delayed one DTCLK tape mark detect
counter. Other activity patterns  cycle. As indicated above, this DATA
signal is including gaps do not effect the count. The count  required by
the read/formatter 146. Also provided cannot decrement below zero nor
change once the  are P1CLK and P2CLK which are inverted, at in- detect
count has been reached.              55  verters 525, and synchronized, at
flip-flop 517, ver- sions of ROM 515 outputs 01 and 02, respec- BLOCK/GAP
FILTER                                 tively. Depending on the output of
the state machine 13    25                EP 0 268 744 B1
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20, output 01 of ROM 155 either matches output   lines DSTATE[5;7] at
inputs A9-A11, the imme- 00 of ROM  155 or is held low. Thus, when
diately prior output from 00, received at A12, the DSTATE[5:7] = 011-111,
output 01 is held low, so  density format DEN at A8, and a delayed detected
that P1CLK is held high; under the same con-     gap signal DGAP at A7. The
address A0-A6 within ditions, DET is high. When DSTATE[5:7] = 001-   5
the selected table is determined by the value in the 010, output 01 matches
output 00 so that P1CLK   counter. is an inverted version of FGD; under
these con-     The logic including exclusive-OR gate 557 is ditions DET is
low.                              designed to rest the counter 553 whenever
the When the state machine 20 is in pre-detect    detected signal switches
between a gap in a block. phase 1, P1CLK is active, and when the state  10
This switching is effected by exclusive ORing the machine 20 is in read
phase 2 or gap check phase  detected signal with its replica delayed one
cycle, 3, P1CLK is inactive. Thus, the last transition of  having been fed
back across octal D-type flip-flop P1CLK occurs on the most recently
detected gap-  551. to-block boundary. Accordingly, P1CLK can be and    The
block/gap filter 55 uses the detect clock is used to trigger a position
capture identifying the   15  DTCLK and flux space strobe FSPACE for
timing. cation of the beginning of the current block.     A gap filter
clear signal GCLR  resets the counter Likewise, when DSTATE[5:7] = 110-111,
out-    to zero and clears feedback from the ROM at Al 2 put 02 is held low
so that P2CLK is held high;   as commanded by the drive controller 120 via
port inder the same conditions, CMP is high. When       90. DSTATE[5:7] =
001-101, output 02 is an inverted  20  Output 00 basically tracks the
thresholds as version of the output at 01 so that P2CLK repli-  they are
attained by the counter. After a delay is cates FGD; under these
conditions, CMP is low.   introduced by the flip-flop 551, this output
yields When the state machine 20 is in pre-detect   the filtered gap signal
FGD. An additional one phase 1 or read phase 2, P2CLK is active, while
DTCLK cycle delay introduced in a like manner during gap check phase 3,
P2CLK is inactive. Ac-  25  yields the DATA A signal, which is output along
cordingly, the last transition of the P2CLK before  with FGD from the
block/gap filter 55. suppression marks a block-to-gap boundary. Thus,
The FGD signal is also fed back to the Al 2 P2CLK serves as a trigger to
capture a block end  input of the ROM 555 where it is used as a higher-
boundary. The P1CLK and P2CLK triggers are not   order table-select
addressing bit. This input is subject to the delays involved in
interrupting the  30  qualified by the DSTATE[5:71 inputs to generate drive
controller 120, and so accordingly, the    the P1CLK and P2CLK which are
generated at block/gap filter 50 provides for more precise de-  ROM outputs
01 and 02 and made synchronous limitations of block positions. This in turn
provides  by the flip-flop 551. Inverters 559 and 561 primarily more
greater accuracy during re-tries.           serve as drivers, but also give
the desired sense to The 03 output of ROM 515 is fed back to  35  P1CLK and
P2CLK, respectively. NAND gate 523 to suppress upward counts while
The block detect DET signal from ROM output the upper threshold is
maintained. Output DET    03 and the block complete signal CMP from ROM om
04 is basically a block detect signal which is  output 04 are also derived
from the DSTATE[5:7] active while P1CLK is suppressed. Block complete
inputs. DET is active during phases 2 and 3, and signal CMP from output 05
is active while P2CLK   40  CMP is active during phase 3 of state machine
20. is suppressed. CMP and DET are basically de-     Thus, P1CLK is active
only when both DET and codings of the detect state to be stored in a flag
CMP are inactive, and P2CLK is active unless CMP register of the command
and status port 90 so the  is active. drive controller 120 can determine
the phase of the  NAND gate 563 serves to disable the counter state machine
20 at any time.               45  553 when FSPACE is inactive or when the
ripple The bloc/gap filter can be implemented so as  carry output RCO of
counter 553 is active. NOR to count consecutive flux spaces using an uni-
gate 565 serves to reset the counter 553 when directional counter. For
example, the alternative  GCLR  is asserted or when DATA and FGD are
block/gap filter 55 of FIG. 8, comprises an octal D-  unequal, indicating a
new block or gap has just type flip-flop 551, a counter 553 and a look-up
50  begun. NAND gate 567 permits the feedback loop table ROM 555. The
flip-flop 551 serves to latch  to Al 2 of ROM 555 to be reset when GCLR  is
inputs and to produce delayed versions of appro-  asserted. Inverter 569
gives the proper sense to priate signals. The counter 553 serves to
evaluate  GCLR  as input to NOR gate 565. block and gap detections over
time to filter out the  By way of example, when entering a GCR effects of
small drop-outs and drop-ins.     55  block, DATA  changes from 1 to 0
after 68 con- The ROM 555 can be considered as compris-     secutive flux
spacings of any track activity. This ing multiple look-up tables. The table
is selected as  threshold was chosen because it is just larger than a
function of the output of the state machine 20 via  1/3 of the minimum
block size. When exiting a 14    27                EP 0 268 744 B1
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GCR block, DATA changes from 0 to 1 after 68     signal delayed one DTCLK
cycle, this arrangement consecutive flux spacing of no track activity. This
serves to reset the counters 611 and 613 when a threshold was chosen
because it is just larger than  transition is made between a gap and a
block 1/3 of the minimum block size and also larger than  determination.
NOR gate 619 allows either the out- the read formatter's pipeline for
detecting gap be-   5   put of EXOR gate 617 or GCLR  to reset the fore a
data record end.                           counter 611 and 613. DTCLK and
FSPACE provide When entering a PE block, DATA changes        the strobes
for the counters 611 and 613. AND from 1 to 0 after 22 consecutive flux
spacings of  gate 621 serves to desable counter 613 when its any track
activity. This threshold was chosen be-  ripple carry output RCO indicates
the counter's cause it is just larger than 1/3 of the minimum   10  limit
has been reached. block size. When exiting a PE block, DATA           The
inputs to the ROM 615 include 8-bits of changes from 0 to 1 after 44
consecutive flux     count, DATA, and DEN. The format density DEN spacing
of no track activity. This threshold was  serves to select threshold levels
appropriately. The chosen because it is just larger than 1/3 of the  DATA
selects tables according to whether a gap minimum block size and also
larger than the read   15  or a block is present. The FGAP signal from 03
is formatter's pipeline for detecting gap before a data  essentially DATA
and is latched by the command record end.
and status port 90. The "big gap" signal BGAP In either format, the new
determination of gap  from 04 Is sent to the command and status port 90 or
block is reflected by FGD, and one DTCLK       when the count represents
that a minimum stan- cycle later, by DATA.   These two signals are  20
dard gap or block size has been met. The state provided to the block/gap
meter 60.               machine 20 receives the three-bit bus BGLEN[0:2]
encoding the presence of a gap or block and BLOCK/GAP METER
encoding length for use by the state machine 20. The block/gap meter 60
measures the length of  25  VERIFY COUNTER the block or gap currently being
read from the tape 102. Generally, the block/gap meter 60 deals with    The
verify counter 70 validates IDs and tape lengths longer than those
considered by the       marks written on the tape. The verify counter re-
block/gap filter 50 and provides an encoded length  ceives the current
block type BT[0:2] from the to tell the state machine 20 when it has been
in a   30  pattern decoder and counts consecutive flux block or gap for a
particular length. This informa-  spaces to determine the verify level
VL[0:3] for the tion is used primarily for time-out types of features.
block read/verify circuit 80. The  encoded  lengths  are  output along
The verify counter 70 comprises cascaded block/gap length lines BGLEN[0:2].
These lines en-  counters 711 and 713 and a look-up table ROM code the
following conditions used by the state  35  715. The inputs to this section
include DTCLK, machine 20: in block BLK, in block greater than   FSPACE, a
verify count clear VCLR from the maximum tape mark MTMB, in block greater
than     command and status port 90, and the three-bit maximum postamble
MPB, in gap GAP, in gap        block type BT[0:2] signal from the pattern
decoder greater than maximum tape mark MTMG, in gap       30. Additional
logic including a D-type flip-flop 717, greater than 0.1 inch SGAP, and in
gap greater  40  exclusive OR gates 719, 721 and 723, OR gates than 0.25
inch BGAP. The function of these signals  725 and 727, and NOR gate 729
logically combine is indicated in the state diagram of FIG. 3.     the
detect type signals with replicas delayed on Outputs to the command and
status port 90 are  DTCLK so that the counters are cleared whenever DATA
and BGAP. DATA is just passed through      detect type DT[0:2] changes.
from the block/gap filter 50, whereas BGAP stands  45  OR gate 731 ensures
that the higher order for big gap and becomes valid in a gap greater
counter 713 is enabled whenever the lower order than 0.25 inches. This
threshold is chosen because  counter 711 is enabled or outputting a carry
from it is great enough for the drive controller 120 to  RCO. NAND gate 733
is used to inhibit counting position during retries. The drive controller
120 can  when the higher order counter reaches its capacity. poll the
command and status port 90 for the status  50  The ROM 715 simply encodes
12 bits of coun- of the BGAP signal to determine whether there is a  ter
output into four bits of verify levels VL[0:3]. gap large enough for it to
position around.       These verify levels are joined by delayed block As
shown in FIG. 9, the block/gap meter 60    type signals BTD[0:2], which are
twice delayed comprises cascaded counters 611 and 613 and a     versions of
the detect type signal BT[0:2] at out- look-up table ROM 615. The FGD and
DATAA   55  puts 5Q-7Q of flip-flop 717 as inputs to the block from gap
filter 60 are operated upon by an exclu-  read/verify section 70. sive OR
gate 617 at the input of the block/gap meter section. Since DATA is simply
the FGD      BLOCK READ VERIFY    29                EP 0 268 744 B1
30 The block read/verify circuit 80 makes the final  ognition is required.
determinations as to block type and assigns verify 



levels to these determinations. The state machine  Claims 20 inputs are
given priority in assigning block types, with DSTATE[5:7] = 101, which only
occurs   5   1. Block pattern detection circuit comprising: after a
synchronization valid signal SOK from the     a pattern detector (30) for
providing a pattern de-skew circuitry 144, indicating a data block. In
detection signal characterizing a received this  case, the  DVER[0:1 ]
input from  the           stream of parallel channels of data at the time
read/formatter 146 determines the verify level VER-   of a data strobe,
said pattern detector (30) [0:1]. One function of the DSTATE[3:5] input is
to  10  including means for receiving a stream of par- distinguish between
data records and ARA bursts,      allel channels of data and for receiving
a data which are not distinguished in the BT signals.        strobe, said
pattern detection signal nominally In all cases other than a data record,
the VL-    discriminating between data pattern types in- [0:3] Input from
the verify counter determines the    cluding at least a first pattern type
and a final verification level. DSTATE[5:7] = 100 is used   15  second
pattern type; indicate a tape mark. All other block type deter-    a
thresholding means (40) for providing quali- minations are based on the
block type signal BTD-    fied and unqualified pattern determination sig-
[0:2] from the verify counter 70.                     nals in response to
thresholds attained as pre- The OSTATE, DVER, VL and BT inputs are
determined statistical functions over time of a collectively translated by
a look-up table ROM 811   20  received pattern detection signal, said
threshol- into four bits of complete block types CBT[0:3]       ding means
(40) including input means for along with two bits of verification
VER[0:1]. The     receiving pattern detection signals (DT [0:1]) outputs
are made synchronous to DTCLK at D-type       provided by said pattern
detector (30), said flip-flop 813.
thresholding means (40) including means for Generally, the highest of the
four levels of  25  receiving a qualifying input, said thresholding
verification is that required in verification mode,   means (40) being
arranged so that said un- while the next highest is that required in read
qualified pattern determination signal under- mode. The lower levels of
verification generally      goes a transition each time an attained thresh-
require re-tries even in read mode.                   old indicates a
change in pattern has been 30      determined, said thresholding means (40)
be- COMMAND AND STATUS PORT                                ing arranged so
that said qualified pattern de- termination undergoes a transition for
thresh- The command and status port 90, shown in           olds attained
except when an active qualifying FIG. 12, is addressed by the drive
controller 120 in  input is received; and a conventional manner. The SS4
signal enables  35   a state machine (20) for providing a qualifying the
port 90, while address lines A[0:3] select       input to said thresholding
means (40), said mong the setup, command, status and flag regis-      state
machine (20) being arranged to receive ers of the port. Commands are
written to these          plural control input signals including a signal
registers and status read from the registers along    which is derived
according to a predetermined data bus D[0:7], as determined by the
read/write  40  function from said unqualified pattern deter- line R/W. A
power valid line PVALID, and system     mination signals from said
thresholding means clocks ECLK and QCLK are also received by the
(40), said state machine (20) being designed to port 90.
progress through a network of states as a Some of the setups are available
to other com-    function of previous state and received control ponents
such as FORWD, which permits reading   45    signals, said qualifying
signal being a function during tape movement in reverse, and idle, which
of the state of said state machine (20) so that is directed to the de-skew
circuitry 144. The re-    the response of said qualified pattern deter-
maining register addresses store bits the meanings    mination signal to
thresholds attained by said for which have been detailed above.
tresholding means (40) can be qualified as a In accordance with the
foregoing, block detect  50  function of the state of said state machine
(20). circuitry providing for improved error handling In an incorporating
tape drive system has been present-  2. The block pattern detection circuit
of claim 1 ed. As is apparent to those skilled in the art, the   wherein
said state machine (20) includes a first present invention provides for
different selections   set of states nominally representing said first and
arrangements of sections, as well as many   55    pattern type and a second
set of states nomi- modifications to the sections as described. Further-
nally representing said second pattern type, more, the present invention
can be used in other      said state machine (20) being designed to out-
signal processing applications where pattern rec-     put an active
qualifying input to said threshol- 16    29                 EP 0 268 744 B1
30 The block read/verify circuit 80 makes the final  ognition is required.
determinations as to block type and assigns verify 



levels to these determinations. The state machine  Claims 20 inputs are
given priority in assigning block types, with DSTATE[5:7] = 101, which only
occurs   5   1. Block pattern detection circuit comprising: after a
synchronization valid signal SOK from the      a pattern detector (30) for
providing a pattern de-skew circuitry 144, indicating a data block. In
detection  signal characterizing a received this  case, the  DVER[0:1]
input from  the            stream of parallel channels of data at the time
read/formatter 146 determines the verify level VER-    of a data strobe,
said pattern detector (30) [0:1]. One function of the DSTATE[3:5] input is
to  10  including means for receiving a stream of par- distinguish between
data records and ARA bursts,       allel channels of data and for receiving
a data which are not distinguished in the BT signals.         strobe, said
pattern detection signal nominally In all cases other than a data record,
the VL-     discriminating between data pattern types in- [0:3] input from
the verify counter determines the     cluding at least a first pattern type
and a final verification level. DSTATE[5:7] = 100 is used   is  second
pattern type; indicate a tape mark. All other block type deter-   a
thresholding means (40) for providing quali- minations are based on the
block type signal BTD-      fled and unqualified pattern determination sig-
[0:2] from the verify counter 70.                       nals in response to
thresholds attained as pre- The DSTATE, DVER, VL and BT inputs are
determined statistical functions over time of a collectively translated by
a look-up table ROM 811   20  received pattern detection signal, said
threshol- into four bits of complete block types CBT[0:3]        ding means
(40) including input means for along with two bits of verification
VER[0:1]. The      receiving pattern detction signals (DT [0:1]) outputs
are made synchronous to DTCLK at D-type        provided by said pattern
detector (30), said flip-flop 813.
thresholding means (40) including means for Generally, the highest of the
four levels of  25    receiving a qualifying input, said thresholding
verification is that required in verification mode,    means (40) being
arranged so that said un- while the next highest is that required in read
qualified pattern determination signal under- mode. The lower levels of
verification generally       goes a transition each time an attained
thresh- require re-tries even in read mode.                    old
indicates a change in pattern has been 30      determined, said
thresholding means (40) be- COMMAND AND STATUS PORT
ing arranged so that said qualified pattern de- termination undergoes a
transition for thresh- The command and status port 90, shown in
olds attained except when an active qualifying FIG. 12, is addressed by the
drive controller 120 in  input is received; and a conventional manner. The
SS4  signal enables  35    a state machine (20) for providing a qualifying
the port 90, while address lines A[0:3] select         input to said
thresholding means (40), said among the setup, command, status and flag
regis-       state machine (20) being arranged to receive cers of the port.
Commands are written to these        plural control input signals including
a signal registers and status read from the registers along     which is
derived according to a predetermined data bus D[0:7], as determined by the
read/write  40   function from said unqualified pattern deter- line R/W. A
power valid line PVALID, and system     mination signals from said
thresholding means clocks ECLK and QCLK are also received by the
(40), said state machine (20) being designed to port 90.
progress through a network of states as a Some of the setups are available
to other com-      function of previous state and received control ponents
such as FORWD , which permits reading   45    signals, said qualifying
signal being a function during tape movement in reverse, and idle, which
of the state of said state machine (20) so that is directed to the de-skew
circuitry 144. The re-      the response of said qualified pattern deter-
maining register addresses store bits the meanings     mination signal to
thresholds attained by said for which have been detailed above.
tresholding means (40) can be qualified as a In accordance with the
foregoing, block detect  so  function of the state of said state machine
(20). circuitry providing for improved error handling in an incorporating
tape drive system has been present-  2. The block pattern detection circuit
of claim 1 ed. As is apparent to those skilled in the art, the    wherein
said state machine (20) includes a first present invention provides for
different selections    set of states nominally representing said first and
arrangements of sections, as well as many   55     pattern type and a
second set of states nomi- modifications to the sections as described.
Further-   nally representing said second pattern type, more, the present
invention can be used in other       said state machine (20) being designed
to out- signal processing applications where pattern rec-      put an
active qualifying input to said threshol- 16    ding means (40) when within
a state of the           said thresholding means (40) provide a second
second set.                                         type determination
signal verifying the pres- ence of a block of said second type by output- 



3. The block pattern detection circuit of claim 1        ting a second type
signal when a treshold is wherein said thresholding means (40) is de-   5
attained as a function of pattern detection sig- signed to provide for a
second qualified thresh-     nals received from said pattern detector, and
old determination signal, said state machine         comprise (20)
including first, second and third sets of       a mark thresholder (40)
including means for states, said qualifying input to said threshol-
receiving pattern detection signal from  said ding means (40)
distinguishing among said  10        pattern detector (30); first, second
and third sets of states, said first   a block/gap filter (50) for
providing thresholded and second qualified signals being responsive
block/gap signals as a function of pattern de- to threshold attainments
while said state ma-        tection signals received from said pattern de-
chine (20) is in a state in said first set, said    tector (30), said
block/gap filter (50) including first and second qualifeid signals being
non-  15    means for receiving pattern detection signals responsive to
threshold attainments while said       from said pattern detector (30);
state machine (20) is in a state of said third       a block/gap meter (60)
for providing block/gap set, said first qualified signal being non-re-
length signals encoding attained durational sponsive to threshold
attainments while said        thresholds for said thresholded block/gap
sig- state machine (20) is in a state of said second   20  nals, said
block/gap meter (60) being designed set.
to be reset each transition of the received thresholded block/gap signal,
said block/gap 4. The block pattern detection circuit of claim 1
meter (60) including means for receiving a wherein said thresholding means
(40) includes       thresholded  block/gap  signal  from   said a pattern
meter (60) for outputting signals re-  25  block/gap filter (50);
presenting duration thresholds for a given pat-      a block pattern meter
(70) for providing a tern determination, said state machine (20) be-
block-length   signal   encoding   attained ing responsive to said
durational signals in that    durational thresholds for a pattern detection
some of the states of said state machine (20)        signal received from
said pattern detection are attained as a function duration thresholds   30
(30); and received from said pattern meter (60).               a block type
circuit (80) for providing outputs reflecting block type determination and
validity 5. The block pattern detection circuit of claim 1        levels
for such determinations, said block type wherein said thresholding means
(40) includes        determinations being a function of received a
bi-directional counter (411, 413), said bi-  35    pattern detection
signals and received state directional counter (411, 413) counting up until
signals, said verification signals being a func- a predetermined upper
threshold is attained for      tion of said block type determinations and
re- each detection of said first pattern type, said      ceived durational
thresholds, said block type bi-directional counter (411, 413) counting down
circuit (80) being arranged to receive pattern until a lower threshold is
attained for each   40     detection signals from one of said block pat-
detection of said second pattern type, said         tern meter (70) and
said pattern detector (30), unqualified pattern determination signal under-
said block type circuit (80) being arranged to going a transition each
first time one of said       receive durational thresholds from said block
thresholds is reached following an attainment        pattern meter (70),
said block pattern meter of the other of said thresholds.            45
(70) having an input for receiving state signals; said state machine (20)
being arranged to re- 6. The block pattern detection circuit of claim 1
ceive plural control input signals including wherein said first pattern
type represents the       block/gap length signals from said block/gap
presence of data, and said second pattern type       meter (60), and second
type determination sig- represents the absence of data.             so
nals from said mark thresholder (40), said state machine (20) being
designed to progress 7. The block pattern detection circuit of claim 1,
through a network of states as a function of wherein said pattern detection
signals of said       previous state and received control signals, pattern
detector (30) nominally discriminate at      said state signals being a
function of the state least between blocks of data and gaps be-  55
of said state machine (20), said state machine tween blocks of data, and
within blocks, at          (20) including means for transmitting state sig-
least between a first, second and other types        nals to said block
type circuit (80). of data blocks; 17    33                 EP 0 268 744 B1
34    *    C   L   M   S    * 8.  The block pattern detection circuit of
claim 7      das unqualifizierte Muster-Erfassungssignal je- wherein said
block/gap filter (50) includes input  desmal dann eine Umwandlung erfahrt,
wenn means for receiving state signals output from      ein erhaltener
Schwellwert angibt, daB eine 



said state machine (20). said state machine         Musterveranderung
ermittelt wurde, und wobei (20) including a first set of states
representing   5  die Schwellwert-Vorrichtung (40) weiter so an- nominally
gap-before block states, a second        geordnet ist, daB die
qualifizierte Musterermitt- set of states representing nominally within-
lung dann eine Umwandlung fMr erhaltene block states, and a third set of
states repre-     Schwellwerte erfahrt, wenn nicht eine aktive senting
gap-after-block states, said block/gap     qualifizierende Eingabe
empfangen wird, und filter (50) further including means for outputting   lo
mit gap-to-block and block-to-gap positioning sig-      einer
Zustands-Maschine (20) zum Uefern el- nals, said  gap-to-block  positioning
signal       ner  qualifizierenden   Eingabe   an   die changing values
each change in pattern deter-       Schwellwert-Vorrichtung  (40),  wobei
die mination by said block/gap filter (50) provided    Zustands-Maschine
(20) so angeordnet ist, daB said state machine (20) is in a state in said
first  15  sie mehrere Steuer-Eingangssignale empfangt, v    set of states,
said block-to-gap positioning sig-   einschlieflich eines Signals, das
gemaB einer nal changing values each time pattern deter-       vorgegebenen
Funktion von den unqualifizier- minatlon changes by said blocklgap filter
(50)     ten   Muster-Erfassungssignalen   von  der provided said state
machine (20) is in one of      Schwellwert-Vorrichtung (40) abgeleitet ist,
die said first and second sets of states.      20       Zustands-Maschine
(20) so ausgelegt ist, daB sie gemaB einer Funktion des vorherigen Zu- 9.
The block pattern detection circuit of claim 7      stands und empfangener
Steuersignale durch wherein said mark thresholder (40) includes a       ein
Netzwerk aus Zustanden fortschreitet, und bi-directional counter (411, 413)
so that when a   wobei das qualifizierende Signal einer Funktion
predetermined upper threshold is attained, said  25  des Zustandes der
Zustands-Maschine (20) mark thresholder (40) signals that a second'
entspricht, so daBi das Ansprechen des qualifi- pattern type is detected
and when a predeter-      zierten Muster-Erfassungssignals auf mit der
mined lower threshold is reached counting in        Schwellwert-Vorrichtung
(40)   erhaltene the opposite direction said mark thresholder
Schwellwerte als eine Funktion des Zustands (40) signals that no second
pattern type is  so    der Zustands-Maschine (20) qualifiziert werden
detected.                                           kann. Patentansprilche
2. Schaltung fUr nach Anspruch 1, be! der die Zustands-Maschine (20) einen
ersten Satz Zu- 1. Schaltung zum Erfassen von Blockmustern, mit  35
stande aufweist, der nominell den ersten Mu- einem Musterdetektor (30), der
ein Muster-Er-       stertyp darstellt, und einen zweiten Satz Zu-
fassungssignal liefert, welches einen empfan-       st~nde aufweist, der
nominell den zweiten Mu- VX   genen Strom von Daten aus parallelen Kanalen
stertyp darstellt, wobel die Zustands-Maschine zum  Zeitpunkt eines
Daten-Abtastimpulses           (20) so aufgebaut ist, dal sie eine aktive
quai- qualffiziert, wobei der Musterdetektor (30) eine   40  flzierende
Eingabe an die Schwellwert-Vorrich- Vorrichtung zum  Empfangen eines
Stromes            tung (40) ausgibt, wenn sie sich in einem Zu- von Daten
aus parallelen Kandlen und zum            stand des zweiten Satzes
befindet. Empfangen eines Daten-Abtastimpulses. auf- weist, und wobel das
Muster-Erfassungssignal    3  Schaltung nach Anspruch 1, bei der die
nominell zwischen  Datenmusterarten unter-  4s      Schwellwert-Vorrichtung
(40) so aufgebaut ist, scheidet, die mindestens elne erste Musterart
daB sie ein zweites qualifiziertes Schwellwert- und eine zweite Musterart
umfassen,                 Erfassungssignal liefert, die Zustands-Maschi-
einer Schwellwert-Vorrichtung (40) zum Uefern       ne (20) einen ersten,
einen zweiten und einen qualifizierter und unqualifizierter Muster-Erfas-
dritten Satz Zustande aufweist, wobei die qua- sungsignale abhangig von als
vorgegebene   60       lifizierende Eingabe der Schwellwert-Vorrich-
statistische Zeitfunktion eines empfangenen         tung (40) zwischen dem
ersten, dem zweiten Muster-Erfassungssignals erhaltenen Schwell-        und
dem dritten Satz Zustande unterscheidet, werten, wobei die
Schwellwert-Vorrichtung (40)      das erste und das zweite qualifizierte
Signal eine Eingabevorrichtung zum Empfangen von           auf die
erhaltenen Schwellwerte ansprechen, vom  Musterdetektor (30) gelieferten
Muster-  55    wenn die Zustands-Maschine (20) in einem Erfassungssignalen
(DT [0:1]) und eine Vor-         Zustand des ersten Satzes ist, das erste
und richtung zum  Empfangen einer qualifizierten        das zweite
qualifizierte Signal auf die erhalte- Eingabe aufweist und so angeordnet
ist, dall        nen Schwellwerte nicht ansprechen, wenn die    35
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Zustands-Maschine (20) in elnem Zustand des        Funktion der vom
Muster-Detektor (30) emp- dritten Satzes ist, und das erste qualifizierte
fangenen Muster-Erfassungsignale, wobei das Signal auf die erhaltenen
Schwellwerte nicht       BlockWLOcken-Filter (50) eine Vorrichtung zum
anspricht, wenn die Zustands-Maschine (20) in      Empfangen der
Muster-Erfassungssignale vom 



einem Zustand des zweiten Satzes ist.      s       Muster-Detektor (30)
aufweist, eine BlockWLOcken-Meflvorrichtung (60) zum 4. Schaltung nach
Anspruch 1, bei der die              Uefern von
BlockWLUcken-Langensignalen, die Schwellwert-Vorrichtung (40) eine
Muster-Mefl-     die erhaltonen Dauer-Schwellwerte fOr die vorrichtung (60)
zum Ausgeben von Signalen         Schwellwert-Block/L~cken-Signale
kodieren, aufweist, welche fflr eine gegebene Musterer-  10  wobei die
BlockWLOcken-Melvorrichtung (60) mittlung Dauer-Schwellwerte darstellen,
wobel      so aufgebaut ist, daB sie bei jedem Obergang die
Zustands-Maschine (20) auf diese Dauer-        des empfangenen
Schwellwert-BlocklLcken- Signale anspricht, so daB einige der Zustande
Signals zurOckgesetzt wird, und wobei die der Zustands-Maschine (20) als
eine Funktion       Block/LUcken-Mefivorrichtung (60) eine Vor- der von der
Muster-Meflvorrichtung (60) emp-  is   richtung zum  Empfangen eines
Schwellwert- fangenen Dauer-Schweliwerte erhalten werden.
Block/Lfcken-Signales vom Block/LUcken-Filter (50) aufweist, 5. Schaltung
nach Anspruch 1, bei der die             eine Blockmuster-Melvorrichtung
(70) zum ,.>     Schwellwert-Vorrichtung (40) eonen bidirektio-     Uefern
eines Blockilngensignales, das die er- nalen Zahler (411, 413) aufweist,
der bidirektio-  20  haltenen  Dauer-Schwellwerte fUr ein vom nale Zahler
(411, 413) aufwarts z2hlt, bis ein     Muster-Detektor (30) empfangenes
Muster-Er- vorgegebener Schwellwert fOr jede Erfassung
fassungssignal kodiert, und einen Blockart- des ersten Mustertyps erreicht
ist, der bidirek-   Schaltkreis (80) zum Llefern von Ausgangssi- tionale
ZUhler (411, 413) abwarts zahIt, bis ein   gnalen, die die
Blockart-Ermittlung und den unterer Schwellwert flr jede Erfassung des   25
Galtigkeitspegel fUr diese Ermittlung wiederge- zwelten Mustertypes
erreicht ist, wobel das        ben, wobel die Blockart-Ermittlungen elne
unqualifizierte Muster-Erfassungssignal bei je-    Funktion der empfangenen
Muster-Erfassungs- dem ersten Mal eine Umwandlung erfihrt, bei
signale und der empfangenen Statussignale dem einer dieser Schwellwerte
nach dem Er-         sind, die Verifikationssignale eine Funktion der
reichen des anderen der Schwellwerte erreicht  3o  Blockart-Ermittlungen
und der empfangenen K)      wurde.
Dauer-Schwellwerte sind, der Blockart-Schalt- kreis (80) so angeordnet !st.
daD er Muster- 6. Schaltung nach Anspruch 1, bei der der erste
Erfassungsignale von einer der Blockart-Vor- Mustertyp die Anwesenheit von
Daten und der        richtungen (70) und dern Muster-Detektor (30) zweite
Mustertyp die Abwesenheit von Daten   35    empfangt, der
Blockart-Schaltkreis (80) so an- darstellt.
geordnet ist, daB or Dauer-Schwellwerte von der Blockmuster-Mefivorrichtung
(70) emp- K  7. Schaltung nach Anspruch 1, bei der. die             fingt,
die Blockmuster-Melvorrichtung (70) ei- Muster-Erfassungssignale des
Muster-Detek-         nen Eingang zum Empfangen von Statussigna- tors (30)
nominell mindestens zwischen Daten-  4o  len aufweist, und blocks und
LUcken zwischen Datenblocks und         wobei die Status-Maschine (20) so
angeordnet innerhalb von Blocks mindestens zwischen ei-      ist, dae  sie
mehrere Stouer-Eingangssignale nem ersten, einem zweiten und anderen Typen
empfangt, einschliefltch der Block-LUcken- von Datenblocks unterscheiden,
Langensignale von der BlocklLUcken-MeBvor- die Schwellwert-Vorrichtung (40)
elne zweite  45   richtung (60) und eines Ermittlungssignales
Erfassungssignal-Art liefert, die die Anwesen-     zweiter Art von der
Markier-Schwellenschal- heit eines Blocks der zweiten Art verifiziert,
tung (40), und die Status-Maschine (20) so indem sie ein Signal der zweiten
Art ausgibt,      aufgebaut ist, daB sie als eine Funktion des wenn ein
Schwellwert als Wine Funktion der         vorherigen Zustands und
empfangener Steuer- vom Muster-Detektor empfangenen Muster-Er-  so
signale durch ein Zustandsnetz fortschreitet, fassungssignale erhalten
wurde, und bei dem        wobel die Zustandssignale eine Funktion des die
Schwellwert-Vorrichtung  (40) folgende        Zustands der
Zustands-Maschine (20) sind und Merkmale aufweist:
die Zustands-Maschine (20) eine Vorrichtung eine Markler-Schwelienschaltung
(40) mit einer     zum  Obertragen der Zustandssignale zum Vorrichtung zum
Empfangen des Muster-Erfas-  55    Blockert-Schaltkreis (80) aufweist.
sungssignals vom Muster-Detektor (30), oenen BlocklL-cken-Filter (50) zum
Liefern von  8, Schaitung nach Anspruch 7. be! der das
Schwellwert-Block/LUcken-Signalen  als  elne       BlockdL~cken-Filter (50)
elne Vorrichtung zum    37                EP 0 268 744 B1
38 *   C    L   M   S     * Empfangen der von der Zustands-Maschine
d'entree pour recevoir des signaux (DT 0:1)D (20) ausgogebenen
Zustandssignale aufweist,       de detection de configuration fournis par
ledit die Zustands-Maschine (20) einen ersten Satz      d6tecteur (30) de
configuration, ledit moyen Zustande aufweist, die nominal LUcke-vor-
(40) d'4tablissement de seuil incluant des 



Block-Zustinde darstellen. einen zweiten Satz   5  moyens pour recevoir une
entrde qualifiante, Zust~nde, die nominal lm-Block-Zustande dar-      ledit
moyen (40) d'etablissement de seuil etant stellen, und einen dritten Satz
Zustande, die     agenc6 d'une maniere telle que ledit signal
L~cke-nach-Block-Zustande darstellen, wobei       non qualifid de
determination de configuration das BlocklL~cken-Filter (50) ferner eine
Vor-     est soumis a une transition chaque fois qu'un richung zum Ausgeben
von LUcke-zu-Block-  70     seuil atteint indique qu'une variation de
confi- und  Block-zu-L~cke-Positioniersignalen  auf-     guration a Mte
detormin6e, ledit moyen (40) weist, das Liicke-zu-Block-Positioniersignal
sei-  d'6tablissement de souil 6tant agencd d'une non Wert mit jeder
Anderung der Muster-Er-        manibre telle que ladite determination
qualifide mittlung durch das Block/LUcken-Filter (50) an-   de
configuration est soumise a une transition dert. wenn die Zustandsmaschine
(20) in ei-  75   pour des soulls atteints sauf lorsqu'une entr~e J nem
Zustand des ersten Zustandssatzes ist,         qualiflante est regue; et
und das Block-zu-W.lcke-Positioniersignal sei-        une machine d'6tat
(20) prevue pour four- nen Wert jedesmal dann indert, wenn die
nir une entree qualifiante audit moyen (40) Muster-Ermittlung    sich
durch    das         d'etablissement de seuil, ladite machine d'etat
Block/Lcken-Filter (50) Andert, vorausgesetzt,  20  6tant agencee pour
recevoir plusieurs signaux daB die Zustands-Maschine (20) im ersten
d'entr6e de commande incluant un signal qui odor im zweiten Zustandssatz
ist.                 est d~rivd selon une fonctlon predeterminee a partir
desdits signaux non qualifi6s de d6termi- 9. Schaltung nach Anspruch 7, bei
der die             nation de configuration provenant dudit moyen
Markier-Schwellenschaltung (40) eonen bidirek-  25  (40) d'stablissement de
seuil, ladite machine tionalen Zahler (411, 413) aufweist, so daf
d'dtat (20) 4tant rdalisde de maniere & progres- dann, wenn- oine
vorgegebene obere Schwelle       ser & travers un reseau d'6tats en
fonction erreicht ist. diese Markier-Schwellenschaltung    d'un 6tat
pr~c6dont et de signaux de comman- (40) anzeigt, daB ein zweiter Mustertyp
orfasst   do regus, ledit signal qualifiant 6tant une fonc- ist, und wenn
beim Zahlen in die entgegenge-  30  tion de l'Ntat de ladite machine d'etat
(20) de setzte Richtung ein unterer Schwellwert er-       telle sorte que
la reponse dudit signal qualifi6 reicht ist, die Markier-Schwellenschaltung
(40)   de ddtermination de configuration A des seuils anzeigt, daB kein
Muster zweiter Art erfasst ist.  atteints par ledit moyen (40)
d'6tablissement de soull. pout etre qualifide on tant que fonction
Revendlcatlons                                5       d l'etat de ladite
machine d'etat (20). 1. Circuit de. ddtection de configuration de blocs  2.
Circuit de detection de configuration de blocs tf   comprenant:
selon la revendication 1 dans loquel ladite ma- un d6tecteur (30) de
configuration prdvu       chine d'etat (20) Inclut un premier jou d'etats
pour fournir un signal de d6tection de configu-  4o  representant
nominalement ledit premier type ration caractnrisant une sequence rogue de
de configuration et un deuxibme jeu d'etats canaux paralleles de donnees &
I'instant d'un     reprssentant nominalement ledit deuxieme dchantillonnage
de donnees, bedit d6tecteur       type de configuration, ladite machine
d'6tat (30) de configuration incluant des moyens pour    (20) etant
realisee de maniere a envoyer une recevoir une sequence de canaux
parallbles de   4s  entr~e. qualifiante active audit moyen (40) donndes et
pour recevoir un echantillonnage       d'etablissement de seuil lorsqu'elle
est dans de donnoes. ledit signal de d~tection de confi-   un 6tat du
deuxi6me jou. guration discriminant nominalement entre des types de
configurations de donn6es incluant au  3. Circuit de ddtection de
configuration de blocs moins un premier type de configuration et un   50
solon la revendication 1 dans lequel ledit deuxibme type de configuration;
un moyen          moyen (40) d'6tablissement de souil est realise (40)
d'6tablissement de seuil pour fournir des    de maniere A foumir un
deuxieme signal quali- signaux qualifies et non qualifies de determina-
116 d'6tablissement de seuil, ladite machine tion de configuration on
reponse a des seulls     d'6tat (20) incluant un premier, un deuxibme et
atteints en tant quo fonctions statistiques pr6-  55  un troisibme joux
d'6tats, ladite entr6e quali- determinees dans le temps d'un signal regu de
fiante envoy6e audit moyen (40) d'6tablisse- detection de configuration,
ledit moyen (40)      ment de souil distinguant parmi lesdits pro-
d'6tablissement de seull incluant un moyen        mier, deuxieme et
troisibme jeux d'4tats, ledit 20    39                EP 0 268 744 B1
40 premier et ledit deuxieme signaux qualifi6s       blocs de donn6es;
dtant sensibles a ce que des seuils ont Mt4          ledit moyen (40)
d'6tablissement de seuil atleints alors quo ladite machine d'6tat (20) est
fournit un deuxieme signal de determination de dans un dtat dudit premier
jeu, ledit premier et  type verifiant la presonce d'un bloc dudit ledit
deuxibme signaux qualifi6s n'4tant pas   5  deuxibme type en envoyant un
signal de 



sensibles a ce qu'un seuil a ete atteint tandis   deuxieme type lorsqu'un
seuil est atteint on quo la machine d'6tat (20) est dans un dtat       tant
quo fonction de signaux de d~tection de dudit troisieme jeu, ledit premier
signal qualif!6  configuration regus dudit detecteur de configu- n'4tant
pas sensible a ce qu'un seuil a dtd       ration, et comprend: atteint
pendant quo ladite machine d'6tat (20)  io    un dispositif (40)
d'6tablissement de seull est dans un 6tat dudit deuxieme jou.
de marques incluant un moyen de r6ceptlon de signal de detection de
configuration depuis 4. Circuit de detection de configuration de blocs
ledit d~tecteur (30) de configuration; selon la revendication 1 dans lequel
ledit            un filtre blocfintervalle (50) pour fournir des moyen (40)
d'etablissement de soull inclut un   15  signaux a seull dtabli
bloclintervalle on fonction dispositif de mesure (60) de configuration pour
de signaux de detection de configuration regus fournir des signaux
reprdsentant des seuils de    dudit d~tecteur (30) de configuration, ledit
filtre duree pour une determination donn6e de confi-     bloctintervalle
(50) Incluant un moyen de re- guration, ladite machine d'6tat (20) etant
sensi-  ception de signaux de detection de configura- ble auxdits signaux
de duree en ce quo cer-  2o   tion provenant dudit detecteur (30) de
configu- tains des dtats de ladite machine d'etat (20)     ration; sont
atteints en fonction de seulls de durde          un  dispositif  de  mesure
(60)  de regus depuis ledit dispositif de mesure (60) de   bloc/intervalle
pour fournir des signaux de Ion- configuration.
guours blocAntervalle encodant des soulls de 25      dureo  atteints  pour
lesdits  signaux 5. Circuit de d6tection de configuration de blocs
bloctintervalle a seull dtabli, ledit dispositif de solon la revendication
1 dans lequel ledit        mesure (60) bloc/intervalle 6tant pr~vu pour
moyen (40) d'etablissement de seuil inclut un     8tre restaure a chaque
transition du signal compteur bidirectionnel (411, 413), ledit comp-   regu
blocdintervalle a seull dtabli, lodit disposi- tour bidirectionnel (411,
413) effectuant un   30  tif de mesure (60) de blocrintervalle incluant un
comptage croissant jusqu'h ce quo soit atteint    moyen  pour  recevoir
dudit  filtre  (50) J>    un seuil supdrieur prdddtermin6 pour chaque
bloctintervalle un signal blocmintervalle A seull d~tection dudit premier
type de configuration,    6tabli; ledit compteur bidirectionnel (411, 413)
effec-       un dispositif de mesure (70) de configura- tuant un comptage
decroissant jusqu'a ce   36     tion de blocs pour fournir un signal de
Ion- qu'un seuil inf~rieur soit atteint pour chaque    gueurs de blocs
encodant des seulls de durde d~tection dudit deuxibme type de configura-
atteints pour un signal de d~tection de configu- tion, ledit signal non
qualifi6 de determination  ration regu dudit d~tecteur (30) de configura-
de configuration 6tant soumis a une transition    tion; et chaque premibre
fois quo l'un desdits seuils  40      un circuit (80) de type de blocs pour
four- est atteint aprbs quo l'autre desdits seulls a    nir des sorties qui
reffitent une determination Mtd atteint.
de type de bloc, et des niveaux-de validite pour de telles determinations,
lesdites d6termi- 6. Circuit de d~tection de configuration de blocs
nations de type de blocs dtant une fonction solon la revendication 1 dans
lequel ledit pre-  45  des signaux de d6tection de configuration re- mier
type de configuration repr~sente la prd-     9us et de signaux d'etat
regus, lesdits signaux soncoe de donn6es et ledit douxibme type de       de
verification 6tant une fonction desdites de- configuration repr6sente
l'absence de don-        terminations de type de blocs et des souils de
nies.                                             duree regus, ledit
circuit (80) de type de blocs 60      6tant agenc4 pour recevoir des
signaux de 7. Circuit de d~tection de configuration de blocs     d~tection
de configuration depuis l'un desdits seion la revendication 1, dans lequel
lesdits     dispositifs de mesure (70) de configuration de signaux de
d6tection de configuration dudit       blocs et depuis ledit d6tecteur (30)
de configu- d~tecteur (30) de configuration discriminent      ration, ledit
circuit (80) de type de blocs 6tant nominalement au moins entre des blocs
de   55     agence pour recevoir des souils de durde de- donnees et des
intervalles entre blocs de don-    puis ledit dispositif (70) de mesure de
configu- n~es et, & I'int6rieur des blocs, au moins entre  ration de blocs,
ledit dispositif (70) de mesure un premier, un deuxibme et d'autres types
de      de configuration de blocs comprenant une en- 21    41
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ladite machine detat (20) etant agencee pour recevoir plusieurs signaux
d'entree de commande incluant des signaux de longueurs blocrintervalle
depuis ledit dispositif de mesure   5 



(60) de bloc/intervalle, et des deuxibmes si- gnaux de determination de
type provenant du- dit dispositif (40) d'6tablissement de seuil de marque,
ladite machine d'6tat (20) etant pr6- vue pour progresser a travers un
rdseau   io d'etats en fonction de signaux d'etat prdce- dents et de
signaux de commande regus, les- dits signaux d'etats 6tant une fonction de
l'etat de ladite machine d'etat, ladite machine d'etat (20) incluant un
moyen pour transmettre des   15 signaux d'etats audit circuit (80) de type
de blocs. IL  Le circuit de d6tection de configuration de blocs selon la
revendication 7 dans lequel ledit  20 filtre (50) de bloc/intervalle inclut
un moyen d'entree pour recevoir une sortie de signaux d'etat depuis ladite
machine d'6tat (20), ladite machine d'6tat (20) incluant un premier jou
d'6tats representant nominalement des 4tat$  25 d'intervalle-avant-bloc, un
deuxieme jeu d'etats repr6sentant nominalement des etats a l'intW- rieur du
bloc, et un troisieme jou d'etats repre- sentant des dtats
d'intervalle-aprbs-bloc, ledit filtre (50) de blocrintervalle incluant en
outre  30 des moyens pour envoyer des signaux de po- K)   sitionnement
d'intervalle-a-bloc et de bloc-a- intervalle, ledit signal de
positionnement * - d'intervalle-b-bloc changeant de valeur a cha- que
modification de la ddtermination de confi-  36 guration par ledit ffltre
(50) de bloc/intervalle pourvu quo ladite machine d'dtat (20) est dans un
etat dudit premier jou d'6tats, ledit signal de positionnement de
blocAntervalle changeant de valeur chaque foWs qu'une determination de   40
configuration est modifiee par ledit filtre (50) de bloc/intervalle pourvu
quo ladite machine d'6tat (20) est dans l'un des premier et deuxib- me jeux
d'etats. 45 9. Circuit de d6tection de configuration de blocs selon la
revendication 7 dans lequel ledit dis- positif (40) d'dtablissement de
seull de marque inclut un compteur bidirectionnel (411, 413) de sorte que,
lorsqu'un seuil superieur pr6ddter-  50 minW est atteint, ledit dispositif
(40) d'6tablisse- ment de seull de marque signale qu'un deuxib- me type de
configuration est detect6 et, lors- qu'un seuil inf6rieur predeterrnin6 est
atteint en comptant dans le sons oppos6, ledit dispositif  55 (40)
d'6tablissement de seull de marque signa- le qu'aucun deuxibme type de
configuration n'est detect6. 22    


