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(57) Abstract

Improved magnetic tape transport arrangement
allows rapid and accurate access to selected tape posi-
tions. The tape includes at least one track containing a
recording of an index. The transport has associated with
it a means for indicating tape transport movement, illu-
stratively an aperture (20) in the tape flywheel (14) for
permitting passage oflight (22, 24) to a photosensor (26)
from time to time in accordance with flywheel move-
ment. A processor (30) and associated memory (28) are
connected (31, 29) to the optical system so that the me-
mory (28) registers the apparent position of the tape ba-
sed on the number of times the light beam (22) passes
through the aperture (20). From time to time as the tape
is played the tape head (32) reads digital data and this is
inputted to the processor (30) which corrects the memo-
1y (28) count, if necessary, of the tape position. To move
the tape to a desired location, the intended position is
applied by appropriate means (36) to the processor. The
processor (30) calculates the number of increments nee-
ded to reach the intended position based on the data in
memory (28) and commands a motor (10) and brake
(38) system to move the tape in that direction. The pro-
cessor monitors the memory count which changes each
time the aperture (20) permits the light beam (22) to
pass, and causes brake (38) application prior to reaching
the intended position. The processor thereafter conti-
nues monitoring the memory (28) and controlling the
motor (10) and brake (38) until the desired tape location
is reached. With the disclosed system, inexpensive tape
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transport can be used for accurate and quick tape positioning.
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TAPE TRANSPORT SYSTEM
BACKGROUND OF THE INVENTION

The present invention relates to improwements

in a tape transport system and in a method for decoding
digital data stored on audio tape by an audio tape
recorder. This discloure hereby incorporates by
reference the entire disclosure of the patent application
of Ellis K. Cave, one of the co-inventors hereof,
entitled "Automated Conversation System," having serial
no. and being filed concurrently herewith. .

One of the features of the "Automated
Conversation System" is a brocessor_controlled system
having two tape recorders, one of the tape recorders
having prerecorded on one of its tracks a set of
vocalizations on the particular subject about which the
conversation system is to converse, and on a parallel
track having prerecorded thereon digital data
corresponding to the vocalizations. The Automated
Conversation System accesses various vocalizations using
the digital track for guidance. After a vocalization
(or even during the vocalization), the second tape
recorder records all information from the person
carrying on the conversation.. Such information may be
in the form of vocalizations or can be data transmitted
via a telephone line in the same manner by which a
telephone is placed, i.e. by dialing the telephone for
example.

The present invention in ohe of its aspects
relates to a method and apparatus by which the digital
data stored on the track of the first tape recorder is
decoded for use by a microprocessor.

Another aspect of the invention relates to
achieving a two-way conversation without undue gaps on
behalf of the system. Such gaps would be introduced when
the system is moving the tape on the first tape recorder
to a selected position at which a. vocalization is to be

replayed. Unless the tape recorder can move both
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quickly and éccurately to such a select position, part
of the vocalization will be lost or time will be
wasted while the tape recorder zeros in on the selected
tape position.

It is therefore an object of the present
jnvention to provide an improved method and apparatus
by which a tape can moved to a selected position.

It is another object to provide a method and
apparatus for moving a tape to a selected tape position
in a relatively low-cost audio tape recorder. -

Another object of the present invention is to
provide an improved braking system for a tape transport.

_ Still a further object of the present
invention is to provide a braking system for the tape

" transport in a relatively low-cost audio tape recorder.

BRIEF DESCRIPTION OF THE DRAWINGS

In describing various aspects of the present
invention, reference is made the accompanying drawings.
vhereins

Figure 1A is a sketch representing a view of
means on a portioh of a tape transport for generating

signals as the tape transport moves;
Figure 1B is a sketch representing a side view

of the means of Figure 1 as well as other representative.
portions of a tape deck; and
Figure 2 is a.block diagram of a system

according to various aspects of the present invention.

DESCRIPTION OF A PREFERRED EMBODIMENT

According to one aspect of the invention, a
magnetic recording tape may be prerecorded with digital
data on one of two or more parallel tracks. Each digital
datum identifies its own position on the tape. On the .
other track, audio vocalizations may be prerecorded.

Such prerecording can be done on a tape recorder equipped
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with means on a tape transport for generating signals
based on movement of the transport. For example,
referring to Figure 1A and 1B, a tape recorder having a
motor 10 with a axle 12 can rotate a flywheel 14 via a.
rubber belt 16 to rotate the flywheel about an axis 18, .
The flywheel may include an aperture 20 through which
light passes along an optical path 22 from a light source
24 to a photocell 26. Each time aperture 20 passes
through the optical path, the electrical signal outputted
by photocell 26 changes.

Such electrical signals will represent the
position of the tape in the tape transport. Accorxdingly,
during the prereéording stage, a catalog can be made to
associate the number of counts of changes in the
electrical signal outputtéd by photocell 26 with the
various vocalizations on one track of the magnetic recording
tape. This catalog can be prerecorded along the tape, d
advantageously at the beginning. Advantagiously, the
digital data is also correlated to the vocalizations. .

When the tape is placed in a tape deck .
equipped with the means previously described for
“generating signals based on movement of the tape
transport, the apparant position of the tape can be
monitored by apparatus shown in Figure 2. Signals from
photocell 26 can increment the count.in a storage device
such as a memory 28 directly via lines 29 or via control
means such as a microprocessor 30 via leads 31. The.
count in memory 28 represents the number of occasions
that optical path 22 has been intercepted, and therefore
represents the apparant position of the tape.

When the tape moves in a "read" or playback
position, a playback head 32 will read the audio
vocalizations on one track and the digitalrsignals on
the other track. The digital signals will be applied to
processor 30 which communicates with memory 28 via a
lead or bus 34. Processor 30 updates memory 28 to
correctly reflect the actual position tape which will be

read directly from the tape without any error such agg.
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tape slippage or the like which could cause a miscorre-
lation of the position of the tape transport .
mechanism with the actual position .of the tape.

A command may be given to move the tape to a
particular location.. Such a command can be inputted on
an input lead 36 from a command authority such as a.
system user or a central processing unit at a remote.
location. Alternatively, the command to go to a
particular tépe locatioh can be geperated by processor
30 of its own accord, depending on system organization. -

" When the command is given, prbcesssor 30 determines which
direction the tape must be moved to reach the selected .
position and activatés motor 10 accordingly. The motor
may illustratively be put into a rewind position.
Normally the playback head 32 is not- engaged with the
tape duriﬁg a rewind operation, so the movement of the
tape is monitored by pulses generated by photocell 26.

This method and. apparatus will result in a
more accurate manner than exhibited by prior art devices
because memory 28 will have been recently updated with
the actual tape position which, it will be recalled, was
read directly from the tape by head 32. It is to be
understood that the updating can occur at various times
and with various frequency, although highly accurate .
results will be obtained when the updating is done after
each digital indication of tape position is read.

Another aspect of the present invention relates
to the braking of the tape transport when going to a .
selected position. Referring again to Figure 2, when a
command is generated or inputted to move the tape to a
selected position, processor 30 activates motor 10 to
move the tape toward the selected position. Processor 30
monitors the count of memory 28 and when the count.
approaches the selected position‘count, processor 30
activates a brake 38. .illustrativelf, brake 38 may be.
activated when the number of counts corresponding to the

sensed or determined tape location differs from the

-~
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number of counts corresponding to the selected tape
location by some predetermined number of counts such as
twenty.

Sometime after the braking application,
processor 30 determines the position of the tape by
reading memory 28 or by itself monitoring the number of
counts generated by photodell 26. Processor 30 then
determines whether the tape is at the .selected tépe
position, and if not, then the processor calculates the
difference between the tape position and the selected
tape position and from this difference selects a
subsequent tape posifion. Processor 30 then causes
motor 10 to move the tape toward the Eelectéd“tape
poéition and at the subsequent. tape position again
engaging brake 38. After the tape stops, the processor
determines whether the tape is at the selected tape
position. If it is not, the processor 30 reiterates
the tape position adjustment by determining the new
difference in position, calculating a new subsequent
tape position, restarting motor 10 and rebraking at the
new subsequent position. ]

It will be appreciated that the methods and
apparatus described herein will facilitate the use of
‘relatively inexpensive tape transports such as may be
found in low-cost audio tape recorders or decks for
highly accurate and quick tape positionipg, such as may
be required in telephone banking or other applications
where a machine must communicate with a person. "Other
applications of the present invention will be apparent.
Moreover, it will be clear to those who are skilled in
the art that various modifications and alterations can
be made to the preferred embodiment hereof. It is
therefore intended that the scope of protection afforded

be determined by the appended claims.
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1. A method for decoding modulated digital
data recorded by an audio recorder on audio tape -
comprisingz _

playing the tape to generate signals
corresponding to the data as stored
on tape; then

detecting transitions in the levels of the-
corresponding signals; then

determining the time between the detected
transitions; and then

identifying the aigital data from the time
between said detected transitions.

2. The method of claim 1 further comprising
the step of first filtering the corrésponding signals.
to remove noise therefrom.

3. Apparafus for decoding modulated digital
date stored on audio tape by an audio tape recorder
comprising:

a transition detector coupled to receive
playback signals outputted by the audio
tape recorder and to signal transitions
in said playback signals;

a period counter coupled to said transition
detector for counting the time between
transitions and outputting a count signal;

processor means responsive to said count
signals fdr comparing the time between
transitions against a reference time.

4. The apparatus of claim 3 further comprising

a hysteresis comparator receiving playback signals from
said tape redcorder and having its output coupled to said
transition detector.

5. A method for accurately moving tape to a
tape :transport to a selected position comprising:

first, prerecording a set of marker signals
along a track of the tape, each signal
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identifying its respective position on
-the tape; then

storing in a storage device the relative
posidion of the tape in the tape i:. .
transport By generating sensed position
signals based on occurrences of the tape
transport and counting said sensed
poisition signals; then -
moving the tape from its current position to
the selected position based on the
number by which the count in said
storage device must be incremented to
reach the selected positiony - -

determining the actual tape position by v @&
reading a markerﬂsignal when the tape is
moved; then

adjusting the storage device count in

accordance with the marker signal read
in the step last recited.

6. The mC?thod of claim 5 wherein said
storing step comprises moving an apertured device
associated with the tape transport to intercept and then
clear an optical path in response to movement of the
tape transport and incrementing the count of said
storage device with the occurrence of a selected one of
said interception and clearance of said optical path.

7. The method of cl aim 5 further comprising
storing a catalog associating projected sensed position
signals with said set of marker signals.

8. The method of claim 7 wherein said storing
comprises prerecording said catalog on said tape,
reading said catalog, and storing said catalog in a
memory position.

9. The method of claim 7 wherein said moving
step comprises determining the number and direction by
which said count in said storage device must be

incremented to reach the marker signal for the selected
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position as indicated by said catalog.

10. The method of claim 5 or 9 wherein said
determining step and said adjusting step precede said
moving step. ,

11. The method of claim 5 or 9 wherein said
determining step and said adjusting step follow said '
moving step.

12. A system for accurately moving recording
tape to a selected position comprising:

a magnetic recording tape having a set of
market signals recorded on one track
thereof, each of said marker signals
identifying its respective position on
said tape;

a tape transport engaging said tape;

means associated with said tape transport for
generating signals based on movement
thereof;

a storage device coupled to receive and count
said signals based on movement;

reading means for reading said market signals;

controller means coupled to said first storage
device and to tape transport, said
controller means receiving an indication
of the selected position and determining
how said storage device must be
incremented by movement of the tape from
its apparent position as indicated by the
count stored in said first storage device;

said tape transport being controlling coupled
to said controller means;

said controller means receiving signals from

. said reading means which correspond to
said marker signals;

said controller means being coupled to adjust
the count of said storage device whereby

the count of said storage device is
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updated by said controller means to
accurately represent the position of said
magnetic recording tape despite .
jnaccuracies introdiced into said count
by prior movements of said tape by said
tape transport.
.13. The system of claim 12 wherein said
magnetic recording tape also has recorded thereon a
catalog associating marker signals with anticipated
~ signals based on movement, and wherein said storage
device is also coupled to receive and store said i 1i
catalog, whereby the selected position may be expressed :
in terms of a marker signal correlatea to the selected
position to which said tape is to be moved.

'14. A machine impleﬁented method for braking

a tape transport when moving tape from an initial tape
position to a selected tape position so that the tape
stops at the selected position comprising: '

a) electronically sensiﬁg the.position of
said tape as it moves in the tapé 1.4
transport;

b) electronically directing the tape i: &
transport to begingbraking at a tape
éosition related to said selected tape
position, said first tape position being
intermediate the initial top position
and selected tape position; then

c) determining the position to the tape; then

d) electronically comparing the determined
tape position against the selected tape
position to generate a subsequent tape
position representation intermediate the
determined tape position and the selected
tape position; then ,

e) transporﬁing said tape toward the selected
tape position;

f) braking at said subsequent tape position;
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then

' g) determining the tape position; and

h) if the. determined tape position is not.

' substantially the same as the selected
position, then reiterating the method .
steps (e) through (h). )

157. The method of claim 14 wherein said first
tape position differs from the selected tape position by
an absolute value constant in the system for sensing .
tape_position, . )

16. The m ethod of claim 14 wherein step (a)
includes moving an.aperturéd device associated with the
tape transport to intercept and then clear an optical :.:i
path in response to movement of the tape transport and ..
incrementing the count of a storage device with the '
occurrence of a selected one of said interception.and
clearance of said optical path. ‘

_ 17. The method of claim 16 wheréin said first
tape position corresponds to a count in said storage
device which differs from a count corresponding to the
selected tape position by a predetermined number of
counts.

18. .The method of claim 14 wherein each of
said subsequent tape positions has a predetermined
relationship to the selected tape position and the
relavant determined tape position.

19. The method of claim 14 wherein said .
éubsequent tape positions is the average of the ..
determined tape position and the selected tape position.

S 20. A system for accurately braking a tape
moving from an initial tape position to a selected tape
position in a tape transport comprising:

means associated with the tape transport for
generating signals based on movement of -

- the tape“transport;
a storage device coupled to receive and count

said signals based on movement of the
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tape tfansport;

a brake associated with the tape transport;

a controller means for controlling the
activation of said brake and being
coupled to said storage device to receive
the count stored therein, said controller
‘means also having an input for receiving
a signal correspongint to the selected
tape position; C

said controller means activating said brake
in response to the count of said storage
device reaching a first count
corresponding to a first tape position
intermediate the initial tape position
and the selected tape position, said
controller means then_determihing whether
the count of said storage device - )
corresponds to the selected tape position,
and if not, then generating subsequent
tape position intermediate the court of

said storage device and the selected
tape positibn, activating the tape :
transport, and activating said brake at
said subsequent position, and
reiterating such controlling until the
count in said storage device corresponds
to the selected tape position.
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