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A system (10) for measuring an address in time
between the beginning of a tape (34) and the current
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location of the tape wound around take up (38) and supply SR

(36) reels. Rotational periods (40) of a reel are measured 77 | A I 20 I

and stored at the origin of the tape and at the current
location of the tape. A differential period of the rotation
is determined based on the difference in periods from a
start address and an end address divided by a number of
revolutions (36) of the reel. Thus, a microprocessor (40)
calculates a current address based on the stored periods
and the differential period. A directory (66) can be
created and used for searching a tape based on the above
calculations. Further, the system measures the accuracy
of such a digital clock using a video camera by comparing
a recorded time to a time displayed by the camera.
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METHOD AND APPARATUS FOR DETERMINING
ADDRESSES IN TIME ALONG A RECORDING TAPE
This is application is based on priority of pending U.S. Patent application Serial No.
08/167,285, filed December 15, 1993 which is incorporated herein by this reference as
though set forth in full. ‘

Background of the Invention
This invention relates to apparatus for addressing information stored on a serial media,

such as a magnetic tape. More particularly, the invention relates to a method and apparatus
for addressing the location of a program, such as a television program, stored on a magnetic
tape.

Two general methods for addressing data are used in the conventional art: random
addressing and sequential addressing. The random addressing method is used for various
mass storage media, including long playing (LP) record players, compact disc (CD) drives
and video disc drives for consumer use and hard disc drives, floppy disc drives and optical
disc drives for use with computers. Information is randomly addressed in these mass storage
devices by moving a movable head directly over the area of the mass storage media that
contains the desired information. The random addressing method is also used for addressing
semiconductor memory, such as Dynamic Random Access Memory (DRAM) and Static .
Random Access Memory (SRAM).

The sequential addressing method is used for addressing mass storage devices that can
only be accessed sequentially, including: analog audio tapes used for audio cassette drives;
video tapes used with video cassette recorders (VCRs); digital audio tapes; digital tape drives
and tape backup cassette drives for use with computers; and analog tape drives for
instrumentation purposes. All of these devices use magnetic tape as the storage media. The
advantage of magnetic tape is that it has very low storage cost compared with the storage cost
of random access devices with movable heads and especially low cost compared to
semiconductor memory. The disadvantages and problems of using magnetic tape are
three-fold.

First, to go to a particular location on a tape, the tape must be either advanced or
rewound in a serial or sequential manner. Unless forward or reverse operations can be
performed at very high speed, this can be a time consuming process.

Second, the exact contents and location of records on the tape are not known.
Random access devices, such as a disc drive, can record an index of the device contents at
the beginning of the disc and anytime the index information needs to be accessed, the read
or write head simply skips over to read the index. For magnetic tape, even if the index is
recorded in a reserved area at the beginning of the tape, as is presently done in some video
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tape or computer tape backup systems, its usefulness is limited, due to the time required to
rewind the tape all the way to the beginning, assuming the tape is not at the beginning when
the need arises to search for the index. ‘

Third, the absolute current location of the tape is not known. Most tape drives have
tape counters which only indicate relative location. For example, if a tape cassette is played
and then removed from a tape drive without rewinding, the next time the cassette is inserted
and played by a tape drive, the absolute location of the tape in the cassette will no longer be
known. Attempts have been made to overcome this problem by writing absolute address
marks onto the tape. For example, some recent video tapes use the VHS Address Search
System (VASS) whereby absolute address marks are written at 1 minute intervals onto the
control track of a VHS tape. Another technique in the conventional art is to use a Video
Index Search System (VISS), which can be used to place a mark on the control track of the
tape. For example, a VISS mark can be placed at the beginning of each program; however,
this technique alone does not provide a user information on how to access a program from
a number of programs on a tape.

Another addressing application is for tapes used to back up computer hard discs. A
streaming mode is usually used and a constant stream of data blocks (usually 512 bytes) are
written onto the tape, each block being usually preceded by one or two address bytes. This
provides some addressing, but the addressing resolution decreases as the block size increases.

Knowing the absolute address on a tape is important. For example, assume that there
are 5 programs or records on a tape and each of their starting addresses is known and a user
desires to go to the starting location of program 4. Without knowing the absolute address
of where the tape is currently positioned, the user or the drive has no way of knowing
whether to rewind or fast forward the tape to reach the desired record.

In order for tape drives to compete against random access devices it is important that
these problems be either overcome or ameliorated. There are a large number of users of
video cassette recorders with video cassette tapes, which are not likely to be replaced by a
random access media in the near future. So, providing a method of finding the absolute
address on a video cassette tape would solve a long standing problem in the art.

In the conventional art, there are methods for determining the location on a magnetic
tape. U.S. Patent No. 3,921,220 issued Nov. 8, 1975 to Primosch is for a reel to reel
magnetic tape transport and senses the actual magnetic tape position by either counting
rotations of one tape reel or by comparing the number of rotations of one tape reel with the
number of rotations of a tape drive capstan mechanism. This method has limited accuracy.

A U.S. Patent to d’Alayer de Costemore d’Arc et al., Re. No. 30,939 reissued May
18, 1982, which is a reissue of Patent No. 4,172,231 issued Oct. 23, 1979, determines the
magnetic tape position by using the ratio of the rotational speeds of the two reels of a reel
to reel tape transport. The ratio of the speeds continuously changes as the tape is transferred
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from one reel to the other reel. This method is also not as accurate as desired.

Accordingly, there is a need in the art for an addressing system that provides a fast
and accurate way of searching for the starting points of programs stored on a magnetic tape
and providing random access for a serial media at a much lower cost than random access
media using movable heads or semiconductor memory. There is also a need in the art for
an addressing system that determines the current position on a magnetic tape and provides
a means of homing into the destination address, during a search. The art also needs a system
for determining the end address and lengths of programs as they are recorded.
Summary_of the Invention

According to the present invention, methods and apparatus are provided for
determining addresses in time along a recording tape.

In an embodiment of the present invention, an apparatus for determining an address
in time between a beginning of a tape on a reel and a current location along a recording tape
wound around a hub of a reel includes a means for determining a single rotational period of
the reel near a first location along the recording tape being represented as Tp. A single
rotational period of the reel is determined when the radius of the tape on the reel is
approximately the same as the radius of the reel hub being represented as To and stored.
Also, a differential period between one rotational period of the reel and the next rotational
period of the reel as the recording tape is wound around or unwound from the reel being
represented as dT is determined and stored. A means is included for deriving from Tp, To
and dT, an address in time from the beginning of the tape to the first location on the tape.

In a specific embodiment the means for deriving from Tp, To and dT, an address in
time from the beginning of the tape to the first location on the tape represented as Tc
comprises a processor means for obtaining a value Tc corresponding to the equation Tc =
(Tp*2 - To"2)/(2 * dT).

Another embodiment of the present invention includes a method for determining an
address in time between the beginning of the tape on the reel and the current location along
a recording tape wound around a hub of a reel and includes the steps of measuring single
rotational period of the reel near a first location along the recording tape being represented
as Tp. The next step is storing a single rotational period of the reel when the radius of the
tape on the reel is approximately the same as the radius of the reel hub being represented as
To is stored. Another step is storing a differential period between one rotational period of
the reel and the next rotational period of the reel as the recording tape is wound around or
unwound from the reel being represented as dT. Finally, from Tp, To and dT, an address
in time from the beginning of the tape to the first location on the tape is derived.

In a specific embodiment, the method for deriving from Tp, To and dT, an address
in time from the beginning of the tape to the first location on the tape comprises the step of
calculating a value Tc corresponding to Tc = (Tp*2 - To*2)/(2 * dT). '
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In yet another embodiment of the present invention, an apparatus is provided for
determining a start address for a program recorded on a recording tape wound around a hub
of a take-up reel as the program is recorded. The apparatus includes means for determining
a single rotational period of the take-up reel near a start of the recording of the program
being represented as Ts, means for counting the number of revolutions of the take-up reel
between the start and an end of the recording, the number of revolutions being represented
as N, means for determining a single rotational period of the take-up reel near the end of the
recording of the program being represented as Te, means for determining a differential
period between one rotational period of the take-up reel and the next rotational period of the
take-up reel as the recording tape is wound around or unwound from the take-up reel being
represented as dT by using Ts, N and Te, means for storing a single rotational period of the
reel when the radius of the tape on the reel is approximately the same as the radius of the
reel hub being represented as To, and means for deriving from Ts, N, Te, and To, the start
address being represented by Tsa as the time between the beginning of the tape on the take-
up reel and the start of recording of the program recorded along the recording tape.

In a specific embodiment, the means for determining a single rotational period of the
take-up reel near a start or end of the recording of the program being represented as Ts
additionally comprises a means for generating pulses as the take-up reel rotates, a rotational
period counter means coupled to the means for generating pulses for measuring of a rotation
and a clock coupled to the rotational period counter.

In yet another specific embodiment, the means for determining an average differential
period between one rotational period of the take-up reel and the next rotational period of the
take-up reel as the recording tape is wound around or unwound from the take-up reel, being
represented as dT, additionally comprises processor means for obtaining a value dT
corresponding to dT = (Te - Ts)/N.

In another specific embodiment, the means for deriving from Ts, N, and To, the start
address being represented by Tsa as the time between the beginning of the tape on the take-
up reel and the start of recording of the program recorded along the recording tape
additionally comprises processor means for obtaining a value Tsa corresponding to Tsa =
(Ts*2 - To"2)/(2 * dT).

In another specific embodiment, the means for deriving from Ts, N, Te, and To, the
end address of the program being represented by Tea as the time between the beginning of
the tape on the take-up reel and the end of recording of the program recorded along the
recording tape additionally comprises processor means for obtaining a value Tea
corresponding to Tea = (Te"2 - To*2)/(2 * dT).

In another embodiment of the present invention a supply reel is used rather than the
take-up reel and Tsa and Tea are derived with apparatus similar to the apparatus used with
the take-up reel, except that the means for determining a differential period between one
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rotational period of the supply reel and the next rotational period of the supply reel as the
recording tape is wound around or unwound from the supply reel, being represented as dT,
comprises processor means for obtaining a value dT corresponding to dT = (Ts - Te)/N
rather than dT = (Te - Ts)/N used for the take-up reel.

In another embodiment of the present invention, a method is provided for determining
a start address for a program recorded on a recording tape wound around a hub of a take-up
reel as the program is recorded. The method comprises the steps of determining a single
rotational period of the take-up reel near a start of the recording of the program being
represented as Ts, counting the number of revolutions of the take-up reel between the start
and an end of the recording, the number of revolutions being represented as N, determining
a single rotational period of the take-up reel near the end of the recording of the program
being represented as Te, determining an average differential period between one rotational
period of the take-up reel and the next rotational period of the take-up reel as the recording
tape is wound around or unwound from the take-up reel being represented as dT by using
Ts, N and Te, storing a single rotational period of the reel when the radius of the tape on
the reel is approximately the same as the radius of the reel hub being represented as To, and
deriving from Ts, N, Te, and To, the start address being represented by Tsa as the time
between the beginning of the tape on the take-up reel and the start of recording of the
program recorded along the recording tape.

In a specific embodiment, the step. of determining a differential period between one
rotational period of the take-up reel and the next rotational period of the take-up reel as the
recording tape is wound around or unwound from the take-up reel, being represented as dT,
additionally comprises the step of obtaining a value dT corresponding to dT = (Te - Ts)/N.

In another embodiment of the present invention, a method is provided for indexing
programs being recorded on a recording tape being unwound or wound around a hub of a
reel as programs are recorded thereon including the steps of providing a directory memory
for storing information concerning recorded programs, determining a single rotational period
of the reel near a start of the recording of the program being represented as Ts, counting the
number of revolutions of the reel between the start and an end of the recording, the number
of revolutions being represented as N, determining a single rotational period of the reel near
the end of the recording of the program being represented as Te, determining a differential
period between one rotational period of the reel and the next rotational period of the reel as
the recording tape is wound around or unwound from the reel being represented as dT by
using Ts, N and Te to obtain a value dT corresponding to dT = (Ts - Te)/N if Ts > = Te,
or dT = (Te - Ts)/N if Te < Ts, storing a single rotational period of the reel when the
radius of the tape on the reel is approximately the same as the radius of the reel hub being
represented as To, deriving from Ts, N, and To, the start address being represented by Tsa
as the time between the beginning of the tape on the reel and the start of recording of the
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program recorded along the recording tape by obtaining a value Tsa corresponding to Tsa
= (Ts"2 - To*2)/(2 * dT), and storing the value of Tsa for the program in a directory.

In a specific embodiment, the method additionally comprises for successive locations
along the tape as the program is being recorded the steps of determining a single rotational
period of the reel being represented as Tp near each successive location along the recording
tape, storing a single rotational period of the reel when the radius of the tape on the reel is
approximately the same as the radius of the reel hub being represented as To, storing a
differential period between one rotational period of the reel and the next rotational period of
the reel as the recording tape is wound around or unwound from the reel being represented
as dT, and deriving from Tp, To and dT, an address in time from the beginring of the tape
to each successive location along the recording tape by calculating a value being represented
as Tc according to the equation Tc = (Tp*2 - To"*2)/(2 * dT), and storing each value Tc in
a vertical blanking interval along the recording tape substantially adjacent to the successive
location along the tape at which the corresponding single rotational period of the reel being
represented as Tp was determined.

In another embodiment of the present invention, a method is provided for retroactively
indexing each program recorded on a recording tape wound around a hub of a reel
comprising for each program recorded on the tape the steps of providing a directory memory
for storing information concerning the program positioning the tape to the start of the
program, determining a single rotational period of the reel near a start of the program being
represented as Ts, counting the number of revolutions of the reel between the start and an
end of the program, the number of revolutions being represented as N, determining a single
rotational period of the reel near the end of the program being represented as Te,
determining a differential period between one rotational period of the reel and the next
rotational period of the reel as the recording tape is wound around or unwound from the reel
being represented as dT by using Ts, N and Te to obtain a value dT corresponding to dT =
(Ts - Te)/N if Ts > = Te, or dT = (Te - Ts)/N if Te < Ts, storing a single rotational
period of the reel when the radius of the tape on the reel is approximately the same as the
radius of the reel hub being represented as To, and deriving from Ts, N, and To, the start
address being represented by Tsa as the time between the beginning of the tape on the reel
and the start of recording of the program recorded along the recording tape by obtaining a
value Tsa corresponding to Tsa = (Ts*2 - To*2)/(2 * dT), and storing the value of Tsa for
the program in the directory memory.

In yet another embodiment of the present invention, a method is provided for accessing
a program from an indexed tape wound around a hub of a reel comprising the steps of
providing a directory containing for each program a start address being represented by Tsa
as the time between the beginning of the tape on the reel and the start of recording of the
program recorded along the recording tape, reading the start address Tsa for a program to

-6-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 95/16991 PCT/US94/14301

be accessed from the directofy, determining a single rotational period of the reel at a current
location along the recording tape being represented as Tc, storing a single rotational period
of the reel when the radius of the tape on the reel is approximately the same as the radius
of the reel hub being represented as To, storing a differential period between one rotational
period of the reel and the next rotational period of the reel as the recording tape is wound
around or unwound from the reel being represented as dT, deriving from Tsa,. To and dT,
a single rotational period of the reel at the start address being represented as T, calculating
the number of reel turns between the current address and the start address corresponding to
N=(Ts-T,dT, and forwarding or rewinding the tape by slightly less or slightly more than
N turns, respectively. .

In another embodiment a method is provided for accessing a program from a pre-
recorded tape wound around a hub of a reel comprising steps using a directory stored directly
on the tape and addresses stored directly on the tape.

In a specific embodiment, the method includes the steps of displaying a directory of
programs to a user and selecting a program to access.

In another specific embodiment, the method includes the steps of using a cursor to
select a program to access from the displayed directory.

In another embodiment a method is provided for testing an accuracy of a technique for
locating the position in time along a tape, comprising the steps of recording a displayed time
of a digital clock along a tape, playing the tape, displaying the recorded time, measuring the
position in time along the tape using the technique for locating the position in time along a
tape, and comparing the measured position in time along the tape with the displayed recorded
time. |

In a specific embodiment the steps of recording a displayed time of a digital clock
along a tape and playing the tape additionally comprise the step of using a video cassette
recorder.

In another specific embodiment the step of displaying the recorded time additionally
comprises the step of using a television coupled to the video cassette recorder.
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Brief Description of the Drawings

The features of specific embodiments of the best mode contemplated of carrying out
the invention are illustrated in the drawings, in which:

FIG. 1a is a block diagram illustrating a video cassette recorder including apparatus
for determining an address in time between the beginning of the tape on the reel and the
current location and/or the start of a program recorded along a recording tape wound around
a hub of a reel in accordance with principles of the invention.

FIG. 1b is a block diagram of a rotation period counter and revolution counter in
accordance with principles of the invention.

FIG. Ic is an illustration of a display of a directory in accordance with principles of
the invention.

_ FIG. 2a is an illustrative diagram showing the amount of tape on each reel of a video
cassette tape at the start of a recording session in accordance with principles of the invention.

FIG. 2b is an illustrative diagram showing the amount of tape on each reel of a video
cassette tape at the end of a recording session in accordance with principles of the invention.

FIG. 2c is an illustrative diagram showing the amount of tape on each reel of a video
cassette tape when the tape is wound on the supply reel in accordance with principles of the
invention.

FIG. 2d is an illustrative diagram showing the amount of tape on each reel of a video
cassette tape when the tape is wound on the take-up reel in accordance with principles of the
invention.

FIG. 3 is a flowchart showing the steps employed in determining the start and end
address of a program recorded on a tape in time from the beginning of a tape by measuring
the rotational period of the take-up reel in accordance with principles of the invention. v

FIG. 4 is a flowchart showing the steps employed in determining the start and end
address of a program recorded on a tape in time from the beginning of a tape by measuring
the rotational period of the supply reel in accordance with principles of the invention.

FIG. 5a is a flowchart showing the steps employed in determining the current address
in time from the beginning of a tape on a reel in accordance with principles of the invention.

FIG. 5b is a flowchart showing the steps employed in determining the amount of tape
in time and length on a reel in accordance with principles of the invention.

FIG. 6a is a schematic view of an embodiment for home recorded tapes illustrating
storing VISS marks on a control track and TPA packets each containing a tape identification
number, program number, and absolute address on a vertical blanking interval line and using
a directory memory in accordance with principles of the invention.

FIG. 6b is a schematic view of an embodiment for pre-recorded tapes illustrating
storing VISS marks on a control track, TPA packets each containing a tape identification
number, program number, and absolute address on a vertical blanking interval, and a
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directory on a vertical blanking interval line in accordance with principles of the invention.

FIG. 6¢ is a schematic view of an embodiment for retroactively indexed tapes
illustrating storing VISS marks on a control track and using a directory memory in
accordance with principles of the invention.

FIG. 7 is a schematic conceptually illustrating a directory in accordance with principles
of the invention. _ ‘

FIG. 8a is a schematic conceptually illustrating the information in the D(0) portion of
FIG. 7 in accordance with principles of the invention.

FIG. 8b is a schematic conceptually illustrating the information in the D(1) to D(N)
portion of FIG. 7 in accordance with principles of the invention. .

FIG. 9 is a schematic conceptually illustrating the information in the TPA packet in
accordance with principles of the invention.

FIG. 10 is a flowchart showing the steps employed in using the steps of FIG. 3 or 4
during the recording of a home recorded tape in accordance with principles of the invention.

FIG. 11 is a flowchart showing the steps employed in using the steps of FIG. 3 or 4,
while retroactively indexing a retroactively indexed tape in accordance with principles of the
invention.

FIGs. 12a through 12d are flowcharts showing the steps employed in using the steps
of FIG. 5a for accessing programs recorded on a tape in accordance with principles of the
invention. FIG. 12b shows the steps employed in accessing programs recorded on a home
recorded tape. FIG. 12c shows the steps employed in accessing programs recorded on a pre-
recorded tape. FIG. 12d shows the steps employed in accessing programs recorded on a
retroactively indexed tape.

FIG. 13a through 13d are flowcharts showing the steps employed for accessing
programs recorded on a tape in accordance with principles of the invention. FIGs. 13b, 13c,
and 13d are for accessing programs on home recorded, pre-recorded and retroactively
indexed tapes, respectively.

FIG. 14 is a flow diagram of a method for testing the accuracy of a technique for
locating a position in time along a tape.
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Detailed Description of the Specific Embodiments

FIG. 1a shows an apparatus for determining an address in time beginning between the
beginning of a tape on the reel and the current location on the tape or the start of a program
recorded on a recording tape wound around a hub of a reel in accordance with the principles
of this invention. The single reel rotational period addressing system 10 includes a magnetic
tape cassette 12, which is both written to and read from. The signal source 14 receives -
signals from a cable or a television broadcast station which are sent to the VCR control logic
16 and can be written onto the magnetic tape cassette 12 via the video logic 18 and the
read/write head 22. The VCR control logic 16 also controls the motor control and sensor
20, which operates the winding and unwinding of the reels of the magnetic ¢ape cassette 12
as well as the rotation of capstan 24.

The magnetic tape cassette 12, which can be a video cassette tape, includes a supply
reel 30 and a take-up reel 32. The magnetic tape 34 is wound around supply reel 30 and
take-up reel 32. During recording onto magnetic tape 34 the tape unwinds from supply reel
30 and is wound onto take-up reel 32. The supply reel 30 has a supply reel hub 36 and the
take-up reel 32 has a take-up reel hub 38. As a program is recorded or played, the tape is
passed around capstan 24 which is in close proximity to read/write head 22. The capstan 24
is controlled by motor control and sensor 20 to maintain a constant linear tape speed during
record and play operations. During rewind and fast forward operations the tape speed is not
controlled by the capstan 24 speed but is determined by the supply or take-up reel speeds.
Thus, the rewind and fast forward speeds are not controlled as precisely as the play and
record speeds. The VCR has another speed called search speed, which is controlled by the
capstan 24 and is faster than the play speed.

The VCR control logic 16 is coupled to a microprocessor controller 40, which includes
a processor, memory, and input output logic. The microprocessor controller 40 is
programmed to execute the flow diagrams of FIGS. 3, 4, Sa-b, 10, 11, and 12a-d. The
microprocessor controller is also coupled to a rotation period counter 44 and a revolution
counter 46. The purpose of the rotation period counter 44 is to measure the rotation period
of a reel on the cassette magnetic tape 12. Either the rotation period of the supply reel 30
or the rotation period of the take-up reel 32 can be measured. To measure the rotational
period of supply reel 30, reflected light photo optical detector 48 is located adjacent to supply
reel 30. A plurality of reflective lines 50 are located on the supply reel 30. As the supply
reel 30 rotates the reflected light photo optical detector 48 senses the rotation via the plurality
of reflective lines 50.

In this invention it is only necessary to sense the rotational period and the revolution
counts of either the take-up reel or the supply reel. If the take-up reel is used rather than
the supply reel then reflected light photo dptical detector 52 is used in conjunction with the
plurality of reflective lines 54 located on the take-up reel 32.
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Instead of measuring the rotation period by sensing the reflective lines on the reels,
it is also possible to count pulses, which are sent from motor control and sensor 20. In one
embodiment 8 pulses are sent from motor control and sensor 20 to rotation period counter
44 and revolution counter 46 for each rotation of the supply or take-up reel.

FIG. 1b is a block diagram of an implementation of the rotation period counter 44 and
revolution counter 46 in accordance with principles of the invention. At the béginning ofa
measurement the microprocessor 40 sends a reset command on line 47 to rotation period
counter 44 consisting of clock counter 45 and pulse counter 49. A separate reset command
is sent on line 49 to revolution counter 46. Then the number of reflective lines 50 passing
by reflected light photo optical detector 48 are counted by pulse counter 49. The clock
counter 45 starts counting clock pulses when the pulse counter 49 starts to count and stops
counting clock pulses, when the pulse counter 49 has counted an integral number of pulses,
for example 16 pulses, from optical detector 48. The clock rate of clock 42 is high
compared to the rate of pulses from optical detector 48. To measure the single rotational
period of a reel the microprocessor reads the clock counter 45 and the pulse counter 49
simultaneously. This can be done after one entire rotation, a few rotations, or even a
fraction of a rotation as long as the fraction represents an integral number of pulses from
optical detector 48 which ensures that clock counter 45 is counting clocks for an integral
number of pulses for example, 16 pulses and not 16.5 pulses. The microprocessor calculates
the rotation period by dividing the value read from clock counter 45 by the value from pulse
counter 49 and then dividing by the number of reflective lines 50 around the reel and
dividing by the clock rate of clock 42. Each rotation of the reel the revolution counter 46
increments by one. The microprocessor calculates the number of revolutions by simply
reading the revolution counter, which counts the number of reflective lines 50 passing by
reflected light photo optical detector 48 and dividing by the number of reflective lines 50
around the reel.

As shown in FIG. 1a, a user interfaces with the single reel rotational period addressing
system 10 through three mechanisms: the remote controls 60, the manual controls 62, and
the display 64 which can be a television monitor. The remote controls 60 and the manual
controls 62 can include the normal controls that are in the conventional art for controlling
a video cassette recorder. The remote controls 60 and the manual controls 62 in conjunction
with the display 64 can be used to provide a user interface that allows a user to address a
program on the magnetic tape cassette 12. This can be done by storing a directory to the
programs on the magnetic tape cassette 12 either in directory memory 66 or directly on the
magnetic tape 34. The directory can be retrieved by controller 40 and displayed on a
television monitor.

FIG. Ic is an illustration of a display of a directory on a television screen, such as .
display 64, in accordance with principles of the invention. The user moves a cursor or enters

-11-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 95/16991 PCT/US94/14301

a number corresponding to a program to access a particular program on the tape. For
example, in FIG. 1c MURPHY BROWN is shown highlighted, because a cursor has been
placed on that entry in the index. The user can also enter the number 3 to access MURPHY
BROWN. After selecting a program, the user presses a control button on the remote controls
60 or the manual controls 62 to command the VCR to transport the tape to the address of the
start of the selected program. Details for accessing a program are described below in
relation to FIGs. 12a-12d.

FIGs. 2a through 2d show the amount of tape on each reel of a video cassette tape 12
at various stages of the winding or unwinding of the video cassette tape 12. FIG. 2a is an
illustrative diagram showing the amount of tape on each reel of a video cascette tape at the
start of a recording session. In FIG. 2a are shown the radius of the supply reel hub 70, the
radius of tape on the supply reel at start of program recording 74, the single period of
rotation (Tp) of the supply reel 78, and the single period of previous rotation (Tp+dT) of
supply reel 79. The difference between the single period of rotation (Tp) of the supply reel
78 and the single period of the previous rotation (Tp+dT) of the supply reel 79 is the
differential period or the change of the rotational period between one rotation and the next
rotation on the supply reel 30. The differential period of rotation is related to the thickness
of magnetic tape 34 and the velocity of tape travel which is normally nominally 33.34 mm
per second for SP speed. The thickness of video tape is nominally 19 um for T120 tape.

Also shown in FIG. 2a are the radius of the take-up reel hub 72, the radius of tape on
the take-up reel at start of program recording 76, the single period of rotation (Tp) of the
take-up reel 80 and the single period of the previous rotation (Tp-dT) of take-up reel 81.

FIG. 2b illustrates the amount of tape on each reel of a video cassette tape at the end
of a recording session. If the supply reel is used in conjunction with reflected light photo
optical detector 48 and plurality of reflective lines 50, then the parameters of interest are the
radius of the supply reel hub 70, the radius of tape on the supply reel at end of program
recording 84, the single period of rotation (Tp) of the supply reel 88 and the single period
of previous rotation (Tp-dT) of the supply reel 89. If the take-up reel 32 is used in
conjunction with the reflected light photo optical detector 52 and the plurality of reflective
lines 54, then the parameters of interest are the radius of the take-up reel hub 72, the radius
of the tape on the take-up reel at the end of program recording 86, the single period of
rotation (Tp) of the take-up reel 90 and the single period of the previous rotation (Tp-dT) of
the take-up reel 91. As described before the differential period of rotation is the difference
between the single period of rotation (Tp) of the supply reel 88 and the single period of
previous rotation (Tp-dT) of the supply reel 89 or between the single period of rotation (Tp)
of the take-up reel 90 and the single period of the previous rotation (Tp-dT) of the take-up

reel 91, respectively.
FIG. 2c shows the amount of tape on each reel of a video cassette tape 12 when the

-12-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 95/16991 PCT/US94/14301

tape is wound onto the supply reel and virtually no tape is left on the take-up reel. In this
state, the radius of tape on the supply reel 94 is at a maximum and the corresponding single
period of rotation Tp of the full supply reel 100 is also at a maximum. At the same time the
radius of tape on the take-up reel 96 is at a minimum and is virtually identical to the radius
of the take-up reel hub 72. In this state the single period of rotation To at the hub of the
take-up reel 98 is at a minimum.

Finally, FIG. 2d shows the amount of tape on each reel of a video cassette tape 12
when the tape is wound almost entirely on the take-up reel. In this state, the radius of tape
on the supply reel 104 is virtually identical to the radius of supply reel hub 70. The single
period of rotation To at the hub of the supply reel 108 is minimal, which corresponds to a
maximal rate of rotation for the supply reel. At the same time the radius of tape on the take-
up reel 106 is at a maximum and the single period of rotation Tp of the full take-up reel 107
is at a maximum corresponding to a very slow rate of rotation of the take-up reel.

With the foregoing description of the apparatus of the single reel rotational period
addressing system 10 and the parameters described in FIGs. 2a through 2d, the single reel
rotational period method of deriving addresses on a tape will now be described.

The single reel rotational period (SRRP) method for determining the address on a tape
is a random-access type of address measurement method. A video cassette tape or another
type of tape that uses reels can be inserted into a recorder/player, such as a VCR, at any
random point. There are three parameters in the address measurement. Two of these
parameters can be very accurately measured. The third parameter, the differential period,
can be measured during a recording. As a result, the method measures a recording’s starting
address to an accuracy typically better than 1 minute, which is superior to previous random-
access measurement methods for a tape.

Consider the following notations:

\% = velocity of tape travel, nominaily 33.34 mm/sec for ~ SP speed

d = thickness of video tape, nominally 19 um for T120 tape

lg = length of tape from the beginning of the tape to the start of a recording

To = radius of the take-up reel hub, nominally 13 mm

Tg = radius at the start of a recording, at which Ty is measured

Tp = radius at the end of a recording, at which Tg is measured

T, = rotational period of take-up reel at the hub, i.e. at the beginning of the tape

Ty = rotational period of take-up reel at the start of a recording

Tg = rotational period of take-up reel at the end of a recording

Ng; = number of revolutions of the take-up reel between the start and end of a
recording

N, = number of revolutions of the take-up reel between the beginning of the tape

and the start of a
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recording

dT = differential period, change of rotational period between one period and the next

t = time from the beginning of a tape to the start of a recording, which is the address
definition in this method

The single reel rotational period (SRRP) method assumes the following measurement
scenario. A tape is inserted into a recorder player, such as a VCR, possibly in the middle
of the tape and the address time from the beginning of the tape is not known. The rotational
period of the first revolution Tg is measured using the rotation period counter 44, the
reflected light photo optical detector 48 and the plurality of reflective lines 59 for the supply
reel, or the reflected light photo optical detector 52, and plurality of reflective lines 54 for
the take-up reel. Also, the pulses sent from motor control and sensor 20 can be counted.
The number of revolutions between the start and end of the recording, Ngg, is measured by
using revolution coutiter 46. At the end of the recording, the rotational period of the last
revolution T is measured in the same manner that T is measured.

The average differential period, which is the increase in rotational period per
revolution, is then derived as

dT = (Tg-Ts)/ Ng (1)
Assuming constant thickness of the tape and constant tape velocity, the number of revolutions
from the beginning of the tape to the start of the recording is then:

Nes = (Ts-T,)/dT.

The address in time from the beginning of the tape to the start of the program is then derived
by summing the revolution periods:

t= Ty + (Tp + dT) + (Tp + 2 dT) + ... (T, + Ng dT)

This becomes :

t = (T - T’ )/ (2dD) + (Ts + T, )/2
Since To is about 2.489 seconds and Ts ranges from 2.489 seconds to about 7.597 seconds,
the second term is at most 5 seconds and can be dropped, so the equation becomes:

t = (T - ) / (2 dT). ()
Equations (1) and (2) are the two central equations used in the single reel rotational period
(SRRP) address measurement method.

Another equation, easily derived, relates the tape thickness d to the differential period
dT: |
’ dT =2xd/v. 3)
From equation (2), the accuracy of determining t depends on the three parameters:
Ts, To and dT. It is important to realize that each parameter may contribute to an error in
deriving t in three ways: how accurate that parameter can be measured or known, the
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variability of that parameter due to other factors, and the variability of the parameter due to
time. Each of these parameters are examined below.

The variable T, is calculated by 2 7 1, / v. It is important to realize that the
variability of 1, and v for different cassettes or VCR is not relevant. Rather, what is relevant
is the variability of r; of the same cassette in time and the variability of v for the same VCR
over time. The variability of r, will mainly be due to temperature and should be extremely
small. Since the VCR in PLAY or RECORD mode has highly regulated speed, v’s
variability should also be extremely small. In short, the variability of T, is very small.
Furthermore, considering equation (2), large absolute (i.e. not percentage) error of t occurs
when T is large, e.g. around 7.5 seconds. In this case, T, is about 10% of T,2. Thus the
contribution of error from T, ’s variability is insignificant. In fact, T, need not be measured.
The nominal value of 2.4887 second can be used in all calculations. Measurements indicate
that deviations of actual T, from this is less than 1.3%, creating a constant offset error of at
most 10 seconds in a T120 tape at SP speed.

For a given 1, Ts only depends on v. If v is assumed to have little variability, then
Ts will also have little variability. The only error will be due to the accuracy with which Tj
can be measured. If the VCR can measure time in milliseconds accurately, then T will have
an accuracy of 1/2500 to 1/7500. Together with the accuracy as described above for T, it
means that the error contribution from the numerator in equation (2) is less than 0.04 %.

The parameter dT, in a sense, measures the average thickness between the rg and Ig.
What is really needed in equation 2 is the average value of dT between r, and 5. The major
source of error for equation (2) in fact comes from the assumption that the mean dT between
Is and rp is the same as the mean dT between 1, and 15.

A typical VCR tape may have accumulated tape on the take-up spool in alternate
regions of PLAY and FAST FORWARD. Studies on the variability of dT in the PLAY and
FAST FORWARD regions have been performed, using a FUJI AG120 tape in an RCA
VR520 VCR. The results indicate that dT has a standard deviation of only about 0.25%
between 4 different PLAY regions. However, the'dT of the FAST FORWARD regions is
on the average 1.57% higher than the mean of dT of the PLAY regions. These values can
be used to estimate the errors incurred in the following example. Suppose a tape is inserted
into the VCR at roughly the 1.5 hour point and the tape between 1, and 1, is accumulated 1/3
in PLAY mode and 2/3 in FAST FORWARD mode. Using the PLAY MODE dT to
estimate the start time will thus overestimate by 1.57x2/3 % = 1.05 % , or roughly 0.94
minute,

So far, we have centered on using the take-up reel for measurement. The supply reel

-15-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 95/16991 PCT/US94/14301

can also be used and in fact may be superior to the take-up reel for two reasons. First, the
supply reel accumulates tape mostly at one single speed, the REWIND mode, and therefore
the tension at which the tape is accumulated on the reel is fairly constant. In contrast the
take-up reel accumulates tape at both PLAY speed and the FAST FORWARD speed. Asa
result the dT for the supply reel does not display as large a difference as the take-up reel.
In fact, studies show that the error incurred for the supply reel is typically 1/3 that of the
take-up reel. Second, for a blank tape, the initial Ty can be used to determine the length of
the tape, i.e. the user does not need to enter the length of the tape as part of the tape
initialization process.

The discussion above is about the variability of dT as a result of tape accumulation in
PLAY mode or FAST FORWARD or REWIND modes. Next is a discussion about the
accuracy with which dT can be measured. For each revolution, dT is about 3.5 msec. If
a recording occurs over 40 revolutions (about 5 minutes of recording on the supply reel
around the beginning of the tape), total change in period is about 140 msec. If Tg and Ty
are each measured over one revolution and if the measurement accuracy of the VCR is 1
millisecond, then the two measurements taken (one for T and one for Tg) will contribute an
error of about 1.41 milliseconds, or 1 %. This error will be in addition to that introduced
by the variability of dT. This measurement error can be reduced if Ty and Ty are each
measured as an average over several revolutions instead of one.

Based on the above discussions, the conclusions are: T, can be assumed to be 2.4887
second and does not have to be measured; if a tape machine, such as a VCR, has a clock
accuracy of about 1 millisecond, then Tg and Ty should be measured over several or more
turns to improve on the measurement accuracy of dT; the first and last turn of a recording
should not be used as speed may not be constant yet; the supply reel is preferred over the
take-up reel because it produces less error; if a tape is inserted into the VCR and its current
position needs to be found out instantly (for search and play purpose), the VCR can make
one single turn to find out Tg; and if an average value of dT of the tape is stored, this will
allow calculation of the current position to better than 1.5 % accuracy.

The method of the present invention was tested for accuracy using a FUJI AG 120
tape. A video camera was used to record the time displayed on a digital watch at SP speed
over the whole tape. The tape was then played back on a RCA VR520 VCR and a picture
of the digital watch was displayed on a TV, providing a reference, or absolute address, in
seconds resolution, of the location on the tape. The VCR provided 8 output pulses per
revolution from motor control and sensor 20 for both the supply reel and the take-up reel.
These pulses were fed as interrupts to a computer for timing the completion of each
revolution of each reel. The number of turns on each reel and the corresponding times were
recorded into 2 files, one for the supply reel and one for the take-up reel.

FIG. 14 is a flow diagram of the method used for testing the accuracy of the technique
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for locating a position in time along a tape. In step 600 a camera is used to record a time
displayed on a digital clock along a tape. In step 602 the tape is rewound and played and
in step 603 the recorded time is displayed on a television. Then in step 606 the position in
time along a tape is measured using some technique and in step 608 the measured position
in time is compared with the displayed recorded time. ‘

The tape was played for roughly 15 minutes. During this period, roughly at 2.5
minute intervals, the revolution number was read from the computer screen and the digital
watch time was read from the TV screen. After playing for 15 minutes, the VCR was fast
forwarded to a position of roughly 40 minutes on the tape and played for 5 minutes. The
revolution number and digital time were noted down once at the beginning and once at the
end of this period. The VCR was again fast forwarded to roughly 60 minutes on the tape
and played for 5 minutes and the procedure repeated. The VCR was then fast forwarded to
roughly 110 minutes on the tape. The procedure of noting down the revolution number and
the digital time was repeated 4 times until close to the end of the tape. Finally, at the end
of the tape, the digital time was noted. The data and analysis are presented as follows for

the take-up reel.

TAKE-UP REEL

N Tg(sec) dT(usec) Time(sec) Time (sec) = Delta

video calculated (sec)

58  2.65612 143 1450 - 2.0
3490

102 2.80970 264 264.9 0.9
3491

162 3.01916 439 439.3 0.3
3507

196  3.13840 543 544.2 1.2
3505

250  3.32768 717 719.0 2.0
3487

206  3.48808 874 875.1 1.1

FAST FORWARD 3537

692  4.88858 2539 2550.7 11.7
3502

750  5.09172 2829 2840.3 11.3
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EAST FORWARD 3559

910 5.66118 3694 3714.8 20.8
3508
964  5.85062 4004 4026.3 22.3

FAST FORWARD 3569

1368 7.29258 6687 6733.1 46.1
3503 .
1404 7.41870 6952 6998.1 46.1
3492
1422 7.48124 7086 7131.1 45.1
3514
1436 7.53044 7191 7236.7 45.7

LENGTH OF TAPE : 7368 seconds
T, : 2.4575 seconds

Ts is measured as an average of the revolution periods of 5 revolutions. dT is
computed simply as the difference between T on adjacent rows divided by the difference in
N. For example, the dT between row 1 and 2, 3490 usec., is simply (2.8097 -
2.65612)/(102 - 58).

For the four different PLAY regions, dT has a value of 3500.8 + -9.3 usec., which
is highly constant. It can be seen that the delta between calculated time and real time is
about 1 second within the first 15 minutes PLAY region. The delta jumps to about 11
seconds in the second PLAY region, jumps to about 21 seconds in the third PLAY region,
and then jumps to about 46 seconds in the last PLAY region. Within each region, the delta
is remarkably constant, to within 1 second. The jumps in the delta can be explained in terms
of the increased value of dT in the FAST FORWARD regions between the PLAY regions.

The data and analysis are presented as follows for the supply reel.

SUPPLY REEL
N Ty(sec dT(usec) Time(sec) Time (sec)  Delta

i video calculated (sec)
26 7.51924 7172 7189.6 17.6
3506
40 7.47016 ' 7067 7084.8 17.8
3479
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64 7.38666

3503
78 7.33762

3519
102 7.25316

3530
124 7.17550
FAST FORWARD 3501
371 6.31084

3516
420 6.13854
FAST FORWARD 3502
569 5.61670

3517
623 5.42676
FAST FORWARD 3588
1228 3.25628

3519
1320 2.93252

3510
1366 2.77106

3521
1398 2.65838
T, = 2.4575 seconds

6889

6786

6611

6453

4795

4490

3619

3321

647

362

231

131

6908.2
6805.4
6630.0

6470.5

4810.3

4504.9

36:1.6

3332.9

649.8
354.5
233.4

146.3

PCT/US94/14301

19.2

19.4

19.0

17.5

15.3

14.9

12.6

11.9

2.8

2.5

2.4

15.0

For the four PLAY regions, dT has a value of 3512 + - 14.0 usec., which is highly
constant. Within each PLAY region, the delta between calculated time and the real time is
almost constant. The deltas between calculated time and real time ranges from about 2
seconds to about 19 seconds, which is better than the deltas in the take-up reel.
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FIG. 3 is a flow chart showing the steps employed in determining the start and end
address of a program recorded on a tape. The addresses are in time from the beginning of
a tape.

In the method of FIG. 3 the start address from the beginning of the tape and the end
address of the recording from the beginning of the tape are both determined during the time
that the recording session is occurring. This allows the user to insert a tape into the VCR
without regard to whether or not the tape is rewound. In step 110 the user inserts the tape
into the VCR. In step 112 the user starts the recording session. The reflected light photo
optical detector 52, plurality of reflective lines 54 and rotation period counter 44 are used
to measure the rotational period of the take-up reel near the start of the recording in step
114. As explained above, pulses from motor control and sensor 20 can also be counted.
The rotational period or the single period of rotation of a reel is the amount of time required
for the reel to rotate by 360 degrees. For improved accuracy the rotational period of the
take-up reel can be measured by averaging a number of take-up reel rotational periods near
the start of the recording. In step 116 the number of revolutions of the take-up reel between
the start and end of the recording are measured by using revolution counter 46. Near the end
of the recording the rotational period of the take-up reel is measured in step 118. Again, for
accuracy, the rotational period can be measured by averaging a number of rotational periods
near the end of the recording. Then in step 120 the differential period is calculated in the
manner indicated equation (1), above, which calculates an average differential period. A
predetermined single rotational period of the take-up reel where the radius of the tape on the
take-up reel is approximately the same as the radius of the take-up reel hub is accessed from
storage in step 122. Then in step 124 the address in time from the beginning of the tape to
the start of recording is calculated, according to equation (2), above. In step 126 the time
from the beginning of the tape to the end of the recording can be calculated in the same
manner as the time from the beginning of the tape to the start of the recording by using
equation (2) except that the rotational period of the take-up reel near the end of the recording
is used instead of the rotational period of the take-up reel near the start of the recording.

FIG. 4 is a flow chart showing the steps employed in determining the start and end
address of a program recorded on a tape in time from beginning of a tape by measuring the
rotational period of the supply reel in accordance with the principles of the invention.

The method of FIG. 4 determines the start address from the beginning of the tape and
the end address of the recording from the beginning during the time that the recording
session is occurring. This allows the user to insert a tape into the VCR without regard to
whether or not the tape is rewound. In step 130 the user inserts the tape into the VCR. In
step 132 the user starts the recording session. The reflected light photo optical detector 48,
plurality of reflective lines 50 and rotation period counter 44 or other techniques described
above are used to measure the rotational period of the supply reel near.the start of the
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recording in step 134. In step 136 the number of revolutions of the supply reel between the
start and end of the recording are measured by using revolution counter 46. Near the end
of the recording the rotational period of the supply reel is measured in step 138. Then in
step 140 the differential period is calculated in the manner indicated equation (1), above. A
predetermined single rotational period of the supply reel where the radius of the tape on the
supply reel is approximately the same as the radius of the supply reel hub is accessed from
storage in step 142. Then in step 144 the address in time to the end of the tape from the
start of recording is calculated, according to equation (2), above. In step 145 the address in
time from the beginning of the tape (defined as when the entire tape is on the supply reel)
to the start of the recording is calculated by subtracting from L (the total lergth of tape) the
time from the start of recording to the end of the tape. In step 146 the time to the end of
the tape from the end of the recording can be calculated in the same manner as the time to
the end of the tape to the start of the recording by using equation (2) except that the
rotational period of the supply reel near the end of the recording is used instead of the
rotational period of the supply reel near the start of the recording. In step 147 a subtraction
is performed to calculate the time from the beginning of the tape to the end of recording.

FIG. 5a is a flowchart showing the steps employed in determining the current address
in time from the beginning of a tape on a reel in accordance with the principles of the
invention. In some situations it may be useful to know the current address in time on a tape
even though a program is not being recorded on the tape. To accomplish this the rotational
period of one single turn of either the take-up reel or the supply reel is measured in step 150.
For accuracy the measurement is performed by averaging the periods of several rotations.
In step 151 a predetermined single rotational period of a reel when the radius of the tape on
a reel is approximately the same as the radius of the reel hub is accessed from storage. Also
in step 151 a predetermined differential period between one rotational period of the reel and
the next rotational period of the reel as the tape is wound around or unwound from the reel
is accessed from storage.

The single rotational period of the reel when the radius of the tape on the reel is
approximately the same as the radius of the reel hub and the average differential period can
be measured or assumed to be a value and stored once, as shown in step 148. The single
rotational period of the reel when the radius of the tape on the reel is approximately the same
as the radius of the reel hub is fairly constant for a particular type of cassette, such as a
video cassette tape. The differential period between one rotational period of the reel and the
next rotational period of the reel is not a constant over the entire span as the tape is wound
or unwound from the reel; however, the differential period has a relatively low variance and
an average differential period is sufficient. The differential period can be determined as
shown in equation (3) or be derived as shown in FIGS. 3 or 4.

The address in time from the beginning of the tape is derived in step 152, which
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calculates the time from the beginning of the tape to the current position on the tape
according to equation (2), described above. Step 152 is used when the take-up reel is used.
When the supply reel is used, then step 153 is used to calculate the time from the beginning
of the tape (defined as when the entire tape is on the supply reel) to the current tape address.

For some applications, it is necessary to measure the total length of tape that is in a

“video tape cassette or to know the time from the beginning of the tape to the end of the tape.

One application is to derive the total length of the tape (L) that is used as a parameter in step
153 in FIG. 51. FIG. 5b is a flowchart showing the steps employed in determining the
amount of tape in time and length on a reel. In step 156 the tape is wound entirely onto
either the supply or the take-up reel. Then, the rotational period of either the supply reel or
the take-up reel, respectively is measured in step 157. For accuracy the measurement can
be the average of several rotational periods. In step 158 a predetermined differential period
between one rotational period of the reel and the next rotational period of the reel is accessed
from storage. Again, this predetermined differential period can be an average of the
differential periods over the span of winding or unwinding a tape from a reel. Also in step
158 a predetermined single rotational period of either the supply reel or the take-up reel,
respectively, when the radius of the tape on the respective reel is approximately the same as
the radius of the reel hub is accessed from storage. The predetermined single rotational
period of the reel when the radius of the tape on the reel is approximately the same as the
radius of the reel hub and the average differential period can be measured or assumed to be
a value and stored once, as shown in step 154. In step 159 the length in time from the
beginning of the tape to the end of the tape is calculated in the manner indicated in equation
(2) described above. In step 154 the length of tape in units of length from the beginning of
the tape to the end of the tape can be calculated by multiplying the linear velocity of the tape
with the time between the beginning of the tape and the end of the tape as calculated in step
159.

FIGS. 6a, 6b and 6c illustrate the layout of information on a tape for home recorded
(HR) tapes, pre-recorded (PR) tapes, and retroactively indexed (RI) tapes. Each of these
tape layouts and the method for indexing the tapes will now be described in turn.

FIG. 6a is a schematic view of an embodiment for home recorded tapes illustrating
storing VISS marks on a control track and TPA packets each containing a tape identification
number, program number, and absolute address on a vertical blanking interval line and using
a directory memory in accordance with the principles of the invention. In the case of home
recorded (HR) tapes the VISS marks 180, 182, and 184 are placed on control track 166 at
the start of each program on the tape 34. On VBI line 19, which is one of the VBI lines on
a normal television frame and is designated in FIG. 6a as 167, TPA packets can be written.
The information in a TPA packet is shown in FIG. 9 and includes the tape identification 214,
the program number 216 and the absolute address 218. The tape identification is a number
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that identifies the video cassette tape being used. The program number relates to the number
of the program that is recorded on the tape adjacent to the TPA packet. In FIG. 6a TP;A
indicates a TPA packet for program number 3. For example, the program MURPHY
BROWN, shown in FIG. Ic is program number 3. The absolute address in the TPA packet
is an indication of the time from the beginning of the tape to the location on the tape at which
the particular TPA packet is written. Since the TPA is written in VBI lines across the tape,
the absolute address varies across the tape. '

The foregoing description applies to analog VCR tapes. For digital video tapes the
same techniques can be applied except that an index block is part of each track and can be
used instead of vertical blanking interval lines for storing the TPA packets. -

The directory memory 66 which is coupled to microprocessor 40, as shown in FIG.
la contains a directory 160,as shown in FIG. 6a. The directory information is shown in
FIG. 7, and contains a D(0) portion, which contains certain parameters, and D(1) to D(N)
portlons which are directory entries for each program. The D(0) portion of the directory
161 is shown in more detail in FIG. 8a. As shown in FIG. 8a, a previously measured and
stored predetermined single rotational period of the reel when the radius of the tape on the
reel is approximately the same radius of the reel hub can be stored in location 200. In
location 202 of D(0) a predetermined differential period between one rotational period of the
reel and the next rotational period of the reel as a recording tape is wound around or
unwound from a reel can be stored. The predetermined differential period is an average and
can be derived according to equation (3) above, or calculated as shown in step 120 of FIG.
3 or step 140 of FIG. 4.

Each entry D(1) 162 and D(2) 163 to D(N) 164 is used to store information about a
program stored on the recording tape as shown in FIG. 8b. For example, the program
number 206, the start address 208, the end address 210 and the record speed for that
program 212 can be stored in the directory.

FIG. 10 is a flowchart showing the steps employed during the recording of a home

- recorded tape in accordance with the principles of this invention. The VISS marks 180, 182,

and 184 are placed automatically by the VCR at the start of a program recording. In step
222 the start address of the beginning of the program and the end address of the end of the
program can be determined using the method described in FIG. 5a.

In addition, while the program is being recorded the steps described in FIG. 5a can
be used to continuously derive the address in time of the current position of a tape from the
beginning of the tape. In step 224, the derived current address can be stored onto the VBI
line 19 of the tape as part of the TPA packet on the tape; for example, the derived current
address can be stored in location 218 of the TPA packet format as shown in FIG. 9.

At the end of the recording, the start and end addresses for the program are stored
in the directory in step 228. For example, if program 2, as shown 'in FIG. 6a is being
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recorded, then the start address and the end address of the program on the tape is stored into
location 208 and 210, respectively of D(2) 163 in the directory. The combination of VISS
marks TPA information and the information stored in the directory can be used later to
access the program from the home recorded tape. This is described in further detail below
in the description of FIG. 12, o

FIG. 6b is a schematic of an embodiment for pre-recorded (PR) tapes illustrating
storing VISS marks on a control track, storing TPA packets each containing a tape
identification number, program number, and absolute address on a vertical blanking interval,
and storing a directory in the vertical blanking interval lines in accordance with the principles
of the invention. In FIG. 6b VISS marks 186, 188 and 190 are again placed in the control
track 166 at the start of the programs. This can be done at the time the pre-recorded tape
is produced or copied from a master tape. On a pre-recorded tape the TPA packets 176 are
previously stored onto the tape on vertical blanking interval line 19 which is designated as
167 in FIG. 6b. In the case of pre-recorded tapes the TPA packets will already contain the
appropriate tape identification number, program number and absolute address which, of
course, will change over the length of the tape. The directory 178 has the same information
as directory 160 and is previously stored onto the tape in vertical blanking interval line 20
which is designated as 168 in FIG. 6b. This is a key difference between home recorded and
pre-recorded tapes. In a home recorded tape the directory is stored in directory memory
160. In a pre-recorded tape the directory is stored on the tape in the VBI lines. For a digital
VCR tape the TPA packets and directory are stored in an index block for each track rather
than the VBI lines.

The directory 178 has the same information as described before in FIG. 7 and has a
D(0) entry and D(1) to D(N) entries for each program recorded on the pre-recorded tape.
The directory may be stored in one VBI line 20 or in multiple VBI lines, as required, and
is repeated along the tape length.

The method of using the steps of FIG. 5a for accessing a program on a pre-recorded
tape will be described below in connection with the description of FIG. 12.

FIG. 6¢ is a schematic view and embodiment for retroactively indexed (RI) tapes
illustrating storing VISS marks on a control track and using a directory memory in
accordance with the principles of the invention. As shown in FIG. 6¢, VISS marks 192, 194
and 196 can be placed at the start of each program. Also a directory 160 is stored in
directory memory 66.

FIG. 11 is a flowchart showing the steps employed for retroactively indexing a tape
in accordance with the principles of the invention. A retrdactively indexed tape has programs
which were recorded without any index to the programs being recorded or stored in any
directory. The purpose of retroactively indexing is to create such an index so that the
programs may more easily be accessed. In step 240 the user uses remote controls 60 or
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manual controls 62 to position the tape at the beginning of the first program to be indexed.
The user then inserts a VISS mark on the control track 166 of the tape as shown in step 242.
The program start address is then derived using the steps of FIG. 5a in step 244. The user
is then prompted to enter the program title in step 245. In step 246 the start address and the
title are stored in the directory memory 66 in the location for the program being indexed.
The user can then skip to step 254 to advance the tape to the start of the next program and
repeat steps 242-246. To access the program the user only needs the start address; however
if the user wants to also determine and store the end address of the program, then steps 248 -
252 can be executed. The user uses remote controls 60 or manual controls 62 to fast
forward to the end of the program as shown in step 248. Then, the steps’of FIG. 5a are
used to derive the program end address in time from the beginning of the tape as shown in
step 250. A simplification is to use the start address of the next program as the end address
of the preceding program. In step 252 the end address in time from the beginning is stored
in directory memory 66 in the location for the program being indexed. In step 254 the user
can advance the tape to the start of the next program on the tape using remote controls 60
or manual controls 62 and then continue with the procedure by recycling to step 242. In this
manner the directory for the tape is created in directory memory 66.

FIGs. 12a through 12d are flowcharts showing the steps employed in using the steps
of FIG. 5a to assist in accessing programs recorded on a tape in accordance with the
principles of the invention. FIG. 12b shows the steps employed in accessing programs
recorded on a home recorded tape. FIG. 12c shows the steps employed in accessing
programs recorded on a pre-recorded tape. FIG. 12d shows the steps employed in accessing
programs stored on a retroactively indexed tape.

In general it is not known when inserting a tape into a VCR whether the tape is a
home recorded tape a pre-recorded tape or a retroactively indexed tape. After inserting the
tape into the VCR as shown in step 260, the next step is to determine which type of tape has
been inserted. In step 262 the VBI line 19 is accessed and read from the tape and a tape
identification number is read from the TPA packet. In step 264, it is determined whether
a TPA packet with a tape identification number is present on the tape. Some searching along
the tape for a TPA packet may be performed. If there is no tape identification present on
the tape then in step 267 the user is prompted to respond whether this is a retroactively
indexed tape. If the tape is a retroactively indexed tape, then the next steps are as shown in
FIG. 12d, otherwise this is a nonindexed tape and the VCR operates in a conventional
manner. If the tape identification is present then the tape identification is examined to
determine whether the tape is a home recorded tape or a pre-recorded tape. Pre-recorded
tapes have a unique set of tape identification numbers, which allows them to be distinguished.
If the tape is a home recorded tape then the next steps are as shown on FIG. 12b. However,
if the tape is a pre-recorded tape then the next steps are as shown in FIG. 12c.
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Assuming the tape is a home recorded tape, then in step 280 of FIG. 12b, the tape
identification is read from the tape and used to access the directory for that tape from the
directory memory 66, because the directory memory can store multiple directories for
multiple tapes. In step 282 the information from the directory is displayed to the user on
display 64 and the user selects a program to access via the remote controls 60 or the manual
controls 62. FIG. 1lc shows an example display. The user can select a program by
positioning a cursor or entering a number. For example, as shown in FIG. lc, the user can
use a cursor to select MURPHY BROWN or enter the number 3. In step 286 the steps of
FIG. 5a are used to derive the current address in time from the beginning of the tape. In
step 284, the start address (Tpg) 208 is read from directory memory 66 for the program being
accessed. In step 290 the difference between the current address in time and the start address
in time of the program being accessed is calculated. In step 292 if the difference in the
current address and the start address is positive, then the tape is rewound for the difference
in time and if the difference in time is negative then the tape is fast forwarded for the
difference in time adjusted for rewind or fast forward speeds. At this point the tape should
be positioned near the start of the program. The positioning of the tape can be further
refined for home recorded tape by using the absolute addresses recorded as part of the TPA
packets on the tape and also by using the VISS marks on the tape. Although a TPA packet
may be on the home recorded tape, the absolute address (AA) part of the TPA packet is
optional and may not be used. In step 294 a test is done to see whether the absolute address
is part of the TPA packet. If not, then the next steps is step 300 to determine whether VISS
marks are used. If the absolute addresses are part of the TPA packet, then the next step is
296 which reads the absolute address (AA) from the TPA packet and calculates the difference
between the absolute address of the current position of the tape and the start address of the
program as stored in the directory memory 66. This is used in step 298 to either rewind the
tape or to fast forward the tape for the difference in time adjusted for rewind/fast forward
speeds between the absolute address and the program start address stored in the directory.
At that point, the tape is at the program start address. If VISS marks are used then in step
302 the speed is slowed down to search speed while searching for a VISS mark, because the
control track can not be read at fast forward or rewind speeds. If no VISS mark is found
in step 304 then a search continues to find the next VISS mark. When a VISS mark is found
then program number is checked in steps 305 and 307 to determine whether the program
number read from the TPA packet matches the program number selected by the user. If yes,
then the tape is at the program start, otherwise the VCR will search for the next VISS mark.

If the tape is a pre-recorded tape then the steps of FIG. 12¢ are used. In step 320 the
tape identification is used to access the proper directory for the tape from VBI line 20
designated as 167 in FIG. 6b. In step 322 the directory information is displayed to the user,
as shown in FIG. 1c and the user selects a program to access on the tape. The user can do
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this using the remote controls 60 or the manual controls 62. Then in steps 336 and 338, the
absolute address is read from the TPA packet and a difference between the program address
and the absolute address on the tape is calculated and is used to either rewind or fast
forward the tape to the program start which is performed in step 338. Then in step 339 the
tape is slowed to search speed to search for a VISS mark in step 344 and if a VISS mark is
found then the VCR slows down to play speed to read the program number from the TPA
packet and check for equality with the program number selected by the user. If the program
numbers match, then the tape is at the proper start address, otherwise the tape is forwarded
or rewound in search speed to the next VISS mark until the current program number is
found. .

If the tape is a retroactively indexed tape then, because there are no TPA packets
recorded on the tape, the user is prompted via display 64 to input via the remote controls 60
or the manual controls 62, the tape identification number in step 356 in FIG. 12d. The tape
identification number is a number the user assigned to the tape when retroactively indexing
the tape and is used in step 360 to access a directory for the tape from the directory memory
66. Then in step 362 the directory is displayed to the user on display 64, as shown in FIG.
lc and the user selects a program to access. The user can select a program via remote
controls 60 or manual controls 62. The steps of FIG. 5a are then used to determine the
current address of the tape and time from the beginning of the tape, in step 366. In step 364
the start address for the program to be accessed is read from the directory memory 66. In
step 370 the difference between the current address in time on the tape and the start address
of the program to be accessed is calculated and in step 372 the tape is either rewound or fast
forwarded by the difference in time. A search is done at search speed for a VISS mark in
step 382. Once a mark is found in step 384 then the tape is at the program start.

FIGs. 13a through 13d are flowcharts showing another method to access programs
recorded on a tape in accordance with the principles of the invention. FIG. 13b shows the
steps employed in accessing programs recorded on a home recorded tape. FIG. 13c shows
the steps employed in accessing programs recorded on a pre-recorded tape. FIG. 13d shows
the steps employed in accessing programs stored on a retroactively indexed tape.

In the same manner as shown in FIG. 12a, in FIG. 13b it is determined whether the
tape is a home recorded tape, a pre-recorded tape, or a retroactively indexed tape. The steps
are the same as in FIG. 12a except that if the tape is a home recorded tape then the next
steps are as shown on FIG. 13b, if the tape is a pre-recorded tape then the next steps are as
shown in FIG. 13c, and finally if the tape is a retroactively indexed tape then the next steps
are as shown in FIG. 13d.

Assuming the tape is a home recorded tape, then in step 280 of FIG. 13b, the tape
identification is read from the tape and used to access the directory for that tape from the
directory memory 66. In step 282 the information from the directory is displayed to the user
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on display 64 and the user selects a program to access via the remote controls 60 or the
manual controls 62. FIG. 1c shows an example display. In step 284, the start address (Tps)
208 is read from directory memory 66 for the program being accessed.

In step 486 it is determined whether the absolute address (AA) is part of a TPA
packet in VBI line 19 of the tape. If the absolute address is part of the TPA packet then in
step 488 the TPA packet is read from the tape VBI line to obtain the absolute address Tj,.
The formula shown in step 488 of FIG. 13B is then used to calculate the single rotational
period of tape at the absolute address and this is entered into the parameter Tc. If on this
tape the absolute address is not part of the TPA packet then the single rotational period of
the current address is measured in step 490 by averaging several turns. Then in step 494 the
start address Ty is used in the equation shown in step 494 of FIG. 13b to calculate the
rotational period of the tape at the start address. Then in step 496 the number of turns
between the start address of the program being accessed and the current address is calculated
according to the formula shown in step 496. The in step 498, if N is greater than zero, then
the tape is fast forwarded by slightly less than N turns, or if N is equal or less than zero,
then the tape is rewound by slightly more than the absolute value of N turns. At this point
the tape should be positioned just before the program to be accessed. In step 500 the tape
is slowed down to search speed and a search is performed for a VISS mark in the control
track. In step 502 if a VISS mark is found then in step 504 the tape is slowed down to play
speed and the TPA packet in the VBI line 19 is accessed and the program number is checked
to determine whether it is the proper program number corresponding to the program being
accessed. If it is the proper program number as determined in step 506, then the program
start address has be arrived at as shown in step 508. If the program number is not the
correct program number then in step 510 if the program number is greater than the desired
program number then the tape is rewound a short distance. On the other hand, if the
program number is less than the desired program number than the tape is fast forwarded for
a short distance. Then step 500 is repeated and the tape is slowed down to search speed to
search for a VISS mark in the control track. Once a VISS mark is found then steps 504 and
506 are repeated and if necessary steps 510 and 500 are again repeated. Eventually, in this
method the program start address on the tape is arrived at and the program can be played.

FIG. 13c shows the steps employed in accessing programs recorded on a prerecorded
tape. FIG. 13c is very similar to the method for accessing a program on a home recorded
tape shown in FIG. 13b. The primary difference is that in FIG. 13c steps 486 and 490 of
FIG. 13b have been eliminated. The reason for this is that for a pre-recorded tape it is
known that the absolute address is part of the TPA packet so step 488 is performed and the
result used in step 496 to determine the number of turns of the reel to access the start address
of the program. The remaining steps in FIG. 13c are the same as the corresponding steps

in FIG. 13b.
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FIG. 13d shows the steps employed in accessing programs recorded on a retroactively
indexed tape. In the case of a retroactively indexed tape, absolute addresses are not recorded
in the VBI lines of the tape. Therefore steps 486 and 488 of FIG. 13b are eliminated in the
case of FIG. 13d. In step 490 the rotational period T of the current address is measured
by averaging several turns of the reel. The result of the rotational period measurement is
then used in step 496 to calculate the number of turns of the reel necessary to advance or
rewind to the start address of the desired program. The remaining steps shown in FIG. 13d
are similar to the corresponding steps in FIG. 13b except that steps 504 and 510 are slightly
modified, because a TPA packet with a program number is not present on a retroactively
indexed tape. Thus, instead of searching for the correct program number, the user searches
for the correct program itself.

Thus, apparatus and methods have been described for an addressing system that
provides fast and accurate access to the start and/or end of programs stored on a magnetic
tape. Apparatus and methods have also been described for determining the current position
on a magnetic tape. This is accomplished at a much lower cost than provided by random
access media using movable heads or semiconductor memory. The described embodiments
of the invention are only considered to be preferred and illustrative of the inventive concept
and the scope of the invention is not to be restricted to such embodiments. Various and
numerous other arrangements may be devised by one skilled in the art without departing from
the spirit and scope of this invention. ‘

It is therefore intended by the appended claims to cover any and all such applications,
modifications and embodiments within the scope of the present invention.
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WHAT IS CLAIMED IS:

1. An apparatus for measuring an address in time between a beginning of a tape
on a reel and a current location along a recording tape wound around a hub of a reel
comprising: ‘

means for measuring and storing a single rotational period of the reel near a

first location along the recording tape being represented as Tp;

means for storing a single rotational period of the reel when the radius of the
tape on the reel is approximately the same as the radius of the reel hub being represented as
To; .

means for storing a differential period between one rotational period of the reel
and the next rotational period of the reel as the recording tape is wound around or unwound

from the reel being represented as dT; and
means for deriving from Tp, To and dT, an address in time from the beginning

of the tape to the first location on the tape.

2. The apparatus of Claim 1, in which the means for deriving from Tp, To and
dT, an address in time from the beginning of the tape to the first location on the tape
comprises processor means for obtaining a value Tc corresponding to

Tc = (Tp"2 - To*2)/(2 * dT).

3. The apparatus of Claim 2, additionally comprising means for measuring a
length of tape wound around a hub of a reel.

4. The apparatus of Claim 3, in which the means for measuring a length of tape
wound around a hub of a reel comprises:
processor means for obtaining a value L corresponding to L = v*Tc;
wherein v is a velocity of tape travel.

5. A method for measuring an address in time between a beginning of a tape on

a reel and a current location along a recording tape wound around a hub of a reel comprising
the steps of:

measuring a single rotational period of the reel near a first location along the
recording tape being represented as Tp;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

storing a differential period between one rotational period of the reel and the
next rotational period of the reel as the recording tape is wound around or unwound from the
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reel being represented as dT; and
deriving from Tp, To and dT, an address in time from the beginning of the
tape to the first location on the tape.

6. The method of Claim 5, in which the method for deriving from Tp, To and
dT, an address in time from the beginning of the tape to the first location on the tape
comprises the step of calculating a value Tc corresponding to

Tc = (Tp*2 - To"2)/(2 * dT).

7. An apparatus for measuring a start address for a program-recorded on a
recording tape wound around a hub of a take-up reel as the program is recorded comprising:
means for measuring a single rotational period of the take-up reel near a start
of the recording of the program being represented as Ts;
means for counting the number of revolutions of the take-up reel between the
start and an end of the recording, the number of revolutions being represented as N;
means for measuring a single rotational period of the take-up reel near the end
of the recording of the program being represented as Te;
means for measuring an average differential period between one rotational
period of the take-up reel and the next rotational period of the take-up reel as the recording
tape is wound around or unwound from the take-up reel being represented as dT by using

Ts, N and Te;
means for storing a single rotational period of the reel when the radius of the

tape on the reel is approximately the same as the radius of the reel hub being represented as
To; and

means for deriving from Ts, N, Te, and To, the start address being
represented by Tsa as the time between the beginning of the tape on the take-up reel and the
start of recording of the program recorded along the recording tape.

8. The apparatus of Claim 7, additionally comprising means for deriving from
Ts, N, Te, and To, the end address of the program being represented by Tea as the time

between the beginning of the tape on the take-up reel and the end of recording of the
program recorded along the recording tape.

9. The apparatué of Claim 8, additionally comprising means for subtracting Tsa
from Tea to determine the length of the program.
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10.  The apparatus of Claim 7, in which the means for measuring a single
rotational period of the take-up reel near a start of the recording of the program being
represented as Ts additionally comprises:

means for generating pulses as the take-up reel rotates;

a rotational period counter means coupled to the means for generating pulses
for measuring time for a rotation of the take-up reel; and

a clock coupled to the rotational period counter.

11.  The apparatus of Claim 10, in which the means for counting the number of
revolutions of the take-up reel between the start and an end of the recording, the number of
revolutions being represented as N additionally comprises a revolution counter means coupled
to the means for generating pulses for counting the revolutions of the take-up reel.

12, The apparatus of Claim 7, in which the means for measuring a single
rotational period of the take-up reel near a start of the recording of the program being
represented as Ts comprises:

a plurality of reflective lines on the take-up reel;

optical detector means for sensing the passing of the reflective lines as the
take-up reel rotates;

a rotational period counter means coupled to the optical detector means for
measuring a time for a rotation of the take-up reel; and

a clock coupled to the rotational period counter.

13.  The apparatus of Claim 7, in which the means for measuring an average
differential period between one rotational period of the take-up reel and the next rotational
period of the take-up reel as the recording tape is wound around or unwound from the take-
up reel being represented as dT by using Ts, N and Te additionally comprises processor
means for obtaining a value dT corresponding to

dT = (Te - Ts)/N.

14.  The apparatus of Claim 7, in which the means for deriving from Ts, N, and
To, the start address being represented by Tsa as the time between the beginning of the tape
on the take-up reel and the start of recording of the program recorded along the recording
tape additionally comprises processor means for obtaining a value Tsa corresponding to
Tsa = (Ts*2 - To*2)/(2 * dT).
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15.  The apparatus of Claim 8, in which the means for deriving from Ts, N, Te,
and To, the end address of the program being represented by Tea as the time between the
beginning of the tape on the take-up reel and the end of recording of the program recorded
along the recording tape additionally comprises processor means for obtaining a value Tea

corresponding to
Tea = (Te*2 - To*2)/(2 * dT).

16.  An apparatus for measuring a start address for a program recorded on a
recording tape wound around a hub of a supply reel as the program is recorded comprising:
means for measuring a single rotational period of the supply-reel near a start
of the recording of the program being represented as Ts;
means for counting the number of revolutions of the supply reel between the
start and an end of the recording, the number of revolutions being represented as N;
means for measuring a single rotational period of the supply reel near the end
of the recording of the program being represented as Te;
means for measuring an average differential period between one rotational
period of the supply reel and the next rotational period of the supply reel as the recording
tape is wound around or unwound from the supply reel being represented as dT by using Ts,

N and Te;
means for storing a single rotational period of the reel when the radius of the

tape on the reel is approximately the same as the radius of the reel hub being represented as
To; and

means for deriving from Ts, N, Te, and To, the start address being
represented by Tsa as the time between the end of the tape on the supply reel and the start
of recording of the program recorded along the recording tape.

17.  The apparatus of Claim 16, additionaily comprising means for deriving from
Ts, N, Te, and To, the end address being represented by Tea as the time between the end
of the tape on the supply reel and the end of recording of the program recorded along the
recording tape. '

18.  The apparatus of Claim 17, additionally comprising means for subtracting Tsa
from Tea to determine the length of the program.

19.  The apparatus of Claim 16, in which the means for measuring a single
rotational period of the supply reel near a start of the recording of the program being

represented as Ts additionally comprises:
means for generating pulses as the supply reel rotates;
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a rotational period counter means coupled to the means for generating pulses
for measuring time for a rotation of the supply reel; and
a clock coupled to the rotational period counter.

20.  The apparatus of Claim 19, in which the means for counting the number of
revolutions of the supply reel between the start and an end of the recording, the number of

_ revolutions being represented as N additionally comprises a revolution counter means coupled

to the means for generating pulses for counting the number of revolutions of the supply reel.

21.  The apparatus of Claim 16, in which the means for mearsuring a single
rotational period of the supply reel near the start of the recording of the program being
represented as Ts comprises:

a plurality of reflective lines on the supply reel;

optical detector means for sensing the passing of the reflective lines as the
supply reel rotates;

a rotational period counter means coupled to the optical detector means for
measuring a time for a rotation of the supply reel; and

a clock coupled to the rotational period counter.

22.  The apparatus of Claim 16, in which the means for measuring an average
differential period between one rotational period of the supply reel and the next rotational
period of the supply reel as the recording tape is wound around or unwound from the supply
reel being represented as dT by using Ts, N and Te additionally comprises processor means
for obtaining a value dT corresponding to dT = (Ts - Te)/N.

23.  The apparatus of Claim 16, in which the means for deriving from Ts, N, and
To, the start address being represented by Tsa as the time between the end of the tape on the
supply reel and the start of recording of the program recorded along the recording tape
additionally comprises processor means for obtaining a value Tsa corresponding to Tsa =
(Ts*2 - To*2)/(2 * dT).

24.  The apparatus of Claim 17, in which the means for deriving from Ts, N, Te,
and To, the end address being represented by Tea as the time between the end of the tape
on the supply reel and the end of recording of the program recorded along the recording tape
additionally comprises processor means for obtaining a value Tea corresponding to

Tea = (Te"2 - To*2)/(2 * dT).
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25. A method for measuring a start address for a program recorded on a recording

tape wound around a hub of a take-up reel as the program is recorded comprising:

measuring a single rotational period of the take-up reel near a start of the
recording of the program being represented as Ts;

counting the number of revolutions of the take-up reel between the start and
an end of the recording, the number of revolutions being represented as N;

measuring a single rotational period of the take-up reel near the end of the
recording of the program being represented as Te;

measuring a differential period between one rotational period of the take-up
reel and the next rotational period of the take-up reel as the recording tape is- wound around
or unwound from the take-up reel being represented as dT by using Ts, N and Te;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

deriving from Ts, N, Te, and To, the start address being represented by Tsa
as the time between the beginning of the tape on the take-up reel and the start of recording
of the program recorded along the recording tape.

26.  The method of Claim 25, additionally comprising the step of deriving from Ts,
N, Te, and To, the end address of the program being represented by Tea as the time between
the beginning of the tape on the take-up reel and the end of recording of the program
recorded along the recording tape.

27.  The method of Claim 26, additionally comprising the step of subtracting Tsa
from Tea to determine the length of the program.

28.  The method of Claim 25, in which the step of measuring a differential period
between one rotational period of the take-up reel and the next rotational period of the take-up
reel as the recording tape is wound around or unwound from the take-up reel being
represented as dT by using Ts, N and Te additionally comprises the step of obtaining a value
dT corresponding to dT = (Te - Ts)/N.

29.  The method of Claim 25, in which the step of deriving from Ts, N, and To,
the start address being represented by Tsa as the time between the beginning of the tape on
the take-up reel and the start of recording of the program recorded along the recording tape
additionally comprises the step of obtaining a value Tsa corresponding to Tsa = (Ts*2 -
To*2)/(2 * dT).
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30. The method of Claim 26, in which the step of deriving from Ts, N, Te, and
To, the end address of the program being represented by Tea as the time between the
beginning of the tape on the take-up reel and the end of recording of the program recorded
along the recording tape additionally comprises the step of obtaining a value Tea

corresponding to Tea = (Te*2 - To*2)/(2 * dT).

31. A method for measuring a start address for a program recorded on a recording
tape wound around a hub of a supply reel as the program is recorded comprising the steps
of:

measuring a single rotational period of the supply reel near a start of the

recording of the program being represented as Ts;
counting the number of revolutions of the supply reel between the start and an

end of the recording, the number of revolutions being represented as N;

measuring a single rotational period of the supply reel near the end of the
recording of the program being represented as Te;

measuring a differential period between one rotational period of the supply reel
and the next rotational period of the supply reel as the recording tape is wound around or
unwound from the supply reel being represented as dT by using Ts, N and Te;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To; and

deriving from Ts, N, Te, and To, the start address being represented by Tsa
as the time between the end of the tape on the supply reel and the start of recording of the
program recorded along the recording tape.

32.  The method of Claim 31, additionally comprising the step of deriving from Ts,
N, Te, and To, the end address being represented by Tea as the time between the end of the
tape on the supply reel and the end of recording of the program recorded along the recording

tape.

33.  The method of Claim 32, additionally comprising the step of subtracting Tsa
from Tea to determine the length of the program.

34.  The method of Claim 31, in which the step of measuring a differential period
between one rotational period of the supply reel and the next rotational period of the supply
recl as the recording tape is wound around or unwound from the supply reel being
represented as dT by using Ts, N and Te additionally comprises processor means for
obtaining a value dT corresponding to dT =(Ts - Te)/N.
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35.  The method of Claim 31, in which the step of deriving from Ts, N, and To,
the start address being represented by Tsa as the time between the end of the tape on the
supply reel and the start of recording of the program recorded along the recording tape
additionally comprises processor means for obtaining a value Tsa corresponding to Tsa =
(Ts*2 - To*2)/(2 * dT).

36. The method of Claim 32, in which the step of deriving from Ts, N, Te, and
To, the end address being represented by Tea as the time between the end of the tape on the
supply reel and the end of recording of the program recorded along the recording tape
additionally comprises processor means for obtaining a value Tea corresponding to Tea =
(Te*2 - To*2)/(2 * dT).

37. A method for measuring a length of a tape in a tape cassette having a supply

reel having a hub and a take-up reel having a hub comprising the steps of:

winding the entire length of tape onto either the supply reel or the take-up reel;

measuring a single rotational period being represented as Tp of the reel upon
which the tape is wound;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

storing a differential period between one rotational period of the reel and the
next rotational period of the reel as the recording tape is wound around or unwound from the
reel upon which the tape is wound being represented as dT; and

deriving from Tp, To and dT an address in time from the beginning of the tape
to the end of the tape.

38.  The method of Claim 37, in which the method for deriving from Tp, To and
dT an address in time from the beginning of the tape to the end of the tape comprises the
step of calculating a value Tl corresponding to

TI = (Tp*2 - To"2)/(2 * dT).

39. A method for indexing programs on a recording tape being unwound or wound

around a hub of a reel the method comprising the steps of:

recording a program on the recording tape;

creating a directory of information for programs recorded on the recording
tape; |

measuring a single rotational period of the reel near a start of the recording
of the program being represented as Ts;

counting the number of revolutions of the reel between the start and an end
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of the recording, the number of revolutions being represented as N;
measuring a single rotational period of the reel near the end of the recording

of the program being represented as Te;
measuring a differential period between one rotational period of the reel and
the next rotational period of the reel as the recording tape is wound around or unwound from
the reel being represented as dT by using Ts, N and Te to obtain a value dT cdrresponding
to
dT = (Ts - Te)/N if Ts > = Te,
or dT = (Te- Ts)/N if Te < Ts;
storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being i'epresented as To;
deriving from Ts, N, and To, the start address being represented by Tsa as
the time between the beginning of the tape on the reel and the start of recording of the
program recorded along the recording tape by obtaining a value Tsa corresponding to
Tsa = (Ts"2 - To*2)/(2 * dT); and
storing the value of Tsa for the program in the directory.

40. The method of Claim 39, additionally comprising the steps of:
deriving from N, Te, and To, the end address being represented by Tea as the
time between the beginning of the tape on the reel and the end of recording of the program
recorded along the recording tape by obtaining a value Tea corresponding to
Tea = (Te*2 - To"2)/(2 * dT); and
storing the value of Tea for the program in the directory.

41. The method of Claim 39, additionally comprising for successive locations along

the tape as the program is being recorded the steps of:

measuring a single rotational period of the reel being represented as Tp near
each successive location along the recording tape;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

storing a differential period between one rotational period of the reel and the
next rotational period of the reel as the recording tape is wound around or unwound from the
reel being represented as dT; and

deriving from Tp, To and dT, an address in time from the beginning of the
tape to each successive location along the recording tape by calculating the values being
represented as Tc according to the equation

Tc = (Tp*2 - To*2)/(2 * dT); and
storing each value Tc in a vertical blanking interval along the recording tape
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T J
substantially adjacent to the successive location along the tape at which the corresponding
single rotational period of the reel being represented as Tp was determined;
wherein the stored value Tc can be later retrieved on the vertical

blanking interval to determine a location along the recording *:pe.

42. A method for retroactively indexing each program recorded on a reéording tape
wound around a hub of a reel and a directory memory provided for storing information
concerning recorded programs, the method comprising for each program recorded on the tape
the steps of:

providing a directory memory for storing information concerning the program;

positioning the tape to the start of the program;

measuring a single rotational period of the reel near a start of the program
being represented as Ts;

counting the number of revolutions of the reel between the start and an end
of the program, the number of revolutions being represented as N;

measuring a single rotational period of the reel near the end of the program
being represented as Te;

measuring a differential period between one rotational period of the reel and
the next rotational period of the reel as the recording tape is wound around or unwound from
the reel being represented as dT by using Ts, N and Te to obtain a value dT corresponding
to

dT = (Ts - Te)/N if Ts > = Te,

or dT = (Te - Ts)/N if Te < Ts;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

deriving from Ts, N, and To, the start address being represented by Tsa as
the time between the beginning of the tape on the reel and the start of recording of the
program recorded along the recording tape by obtaining a value Tsa corresponding to

Tsa = (Ts*2 - To*2)/(2 * dT); and '
storing the value of Tsa for the program in the directory memory.

43. The method of Claim 42, additionally comprising the steps of:
for each program recorded on the tape:
deriving from N, Te, and To, the end address being represented by Tea as the
time between the beginning of the tape on the reel and the end of the program recorded along
the recording tape by obtaining a value Tea corresponding to
Tea = (Te*2 - To*2)/(2 * dT); and
storing the value of Tea for the program in the directory memory.
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44. A method for accessing a program from an indexed tape wound around a hub

of a reel, the method comprising the steps of:

providing a directory containing for each program a program identifier and a
start address being represented by Tsa as the time between the beginning of the tape on the
reel and the start of recording of the program recorded along the recording tape

reading the start address Tsa for a program to be accessed from the directory;

measuring a single rotational period of the reel at a current location along the
recording tape being represented as Tc;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

storing a differential period between one rotational period of the reel and the
next rotational period of the reel as the recording tape is wound around or unwound from the
reel being represented as dT;

deriving from Tc, To and dT, an address in time from the beginning of the
tape to the current location on the tape by calculating a value Tca corresponding to

Tca = (Tc*2 - To*2)/(2 * dT);

calculating T1 = Tca-Tsa;

if T1 is > 0, then rewinding the tape for T1 adjusted for rewind speed; and

if Tl is < 0, then fast forwarding the tape for T1 adjusted for fast forward

time.
45. The method of Claim 44, additionally comprising the steps of:
reading an absolute address Taa from the tape;
calculating T2 = Taa-Tsa;
if T2 is > 0, then rewinding the tape for T2 adjusted for rewind speed.
if T2 is < 0, then fast forwarding the tape for T2 adjusted for fast forward
speed.

46. The method of Claim 44, additionally comprising the steps of:
| searching for an index mark; ‘
if an index mark is found then reading a program identifier from the tape and
comparing it to the program identifier for the selected program to insure that the correct
program is accessed.

47. A method for accessing a program from a pre-recorded tape wound around a hub

of a reel, the method comprising the steps of:
providing a directory stored on the tape containing for each program a
program identifier and a start address being represented by Tsa as the time between the
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beginning of the tape on the reel and the start of recording of the program recorded along
the recording tape;
reading an address from the tape;
calculating T2 = Taa-Tsa;
if T2 is > 0, then rewinding the tape for T2 adjusted for rewind speed; and
if T2 is < 0, then fast forwarding the tape for T2 adjusted for fast forward

speed.

48. The method of Claim 47, additionally comprising the steps of:
searching for an index mark; and .
if an index mark is found then reading a program identifier from the tape and
comparing it to the program identifier for the selected program to insure that the correct
program is accessed.

49. The method of Claim 44 or 47, additionally comprising the steps of:
displaying a directory of programs to a user; and
selecting a program to access.

50. The method of Claim 49 wherein the step of selecting a program to access
comprises the step of using a cursor to select a program to access from the displayed

directory.

51. A method for testing an accuracy of a technique for locating a position in time

along a tape, comprising the steps of:

recording a displayed time of a digital clock along a tape;

playing the tape;

displaying the recorded time;

measuring the position in time along the tape using the technique for locating
the position in time along a tape; and

comparing the measured position in time along the tape with the displayed
recorded time.

52. The method of Claim 51 wherein the steps of recording a displayed time of a
digital clock along a tape and playing the tape additionally comprise the step of using a video
cassette recorder.
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53. The method of Claim 52 wherein the step of displaying the recorded time
additionally comprises the step of using a television coupled to the video cassette recorder.

54. A method for accessing a program from an indexed tape wound around a hub

of a reel, the method comprising the steps of:

providing a directory containing for each program a program identifier and a
start address being represented by Tsa as the time between the beginning of the tape on the
reel and the start of recording of the program recorded along the recording tape;

reading the start address Tsa for a program to be accessed from the directory;

measuring a single rotational period of the reel at a current location along the
recording tape being represented as Tc;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

storing a differential period between one rotational period of the reel and the
next rotational period of the reel as the recording tape is wound around or unwound from the
reel being represented as dT;

deriving from Tsa, To and dT, a single rotational period of the reel at the start
address being represented as Ts;

calculating the number of reel turns between the current address and the start
address corresponding to N = (Ts - Tc)/dT;

if N is greater than zero then fast forwarding by slightly less than N turns; and

if N is less than or equal to zero then rewinding by slightly more than N turns.

55. A method for accessing a program from an indexed tape wound around a hub

of a reel, the method comprising the steps of:

providing a directory containing for each program a program identifier and a
start address being represented by Tsa as the time between the beginning of the tape on the
reel and the start of recording of the program recorded along the recording tape;

reading the start address Tsa for a program to be accessed from the directory;

reading a current address Taa from the tape;

storing a single rotational period of the reel when the radius of the tape on the
reel is approximately the same as the radius of the reel hub being represented as To;

storing a differential period between one rotational period of the reel and the
next rotational period of the reel as the recording tape is wound around or unwound from the
reel being represented as dT;

deriving from Taa, To and dT a single rotational period of the reel at the
current address being represented as Tc;

deriving from Tsa, To and dT, a single rotational period of the reel at the start
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address being represented as Ts;
calculating the number of reel turns between the current address and the start

address corresponding to N = (Ts - Tc)/dT;
if N is greater than zero then fast forwarding by slightly less than N turns; and
if N is less than or equal to zero then rewinding by slightly more than N tumns.

56. The method of Claim 54 or 55, additionally comprising the steps of:
searching for an index mark;
if an index mark is found then reading a program identifier from the tape and
comparing it to the program identifier for the selected program to insure that the correct
program is accessed.

57.  The method of Claim 54 or 55 wherein the step of deriving from Tsa, To and
dT a single rotational period of the reel at the start address comprises the step of calculating
Ts = ((2dT * Tsa) + To"2) .

58.  The method of claim 55 wherein the step of deriving from Taa, To and dT a

single rotational period of the reel at the current address comprises the step of calculating
Tc = ((2dT * Taa) + To™2) %.
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