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Method and device for storing data on a record medium and for transferring information

FIELD OF THE INVENTION

The present invention relates in general to the field of storing data on a record
medium. The present invention relates particularly to the field of optical storage, such as CD,
DVD, BluRay, and the invention will be explained hereinafter for the case of BluRay, but it
1s to be noted that this is by way of example only and is not intended to restrict the scope of
the invention. The gist of the present invention is also applicable to other types of recordable
discs, either optical or not, and the gist of the present invention is even applicable to

recordable media other than disc type.

BACKGROUND OF THE INVENTION

Since the technology of optical data storage is general, including the way in
which information can be stored in an optical disc, is commonly known, it is not necessary
here to explain this technology in great detail. It is briefly summarized that an optical storage
disc comprises at least one track, either in the form of a continuous spiral or in the form of
multiple concentric circles, of storage space where information may be stored in the form of a
data pattern. The' storage space is divided into blocks. The data to be written is organized into
data sectors, each sector comprising a user data portion and a header portion. A data sector is
written into a storage block.

For writing information into the storage space of the optical storage disc, or
for reading information from the storage space of the optical storage disc, the storage track is
scanned by an optical beam, typically a laser beam. The actual handling of the storage disc is-
performed by an apparatus that will be indicated as disc drive apparatus. This handling
includes the functions of receiving, holding, and rotating the disc. This handling also includes
the functions of generating the laser beam(s); directing, focussing and displacing the laser
beam(s); suitably modulating the laser beam(s) for writing; sensing the reflected beam(s) for
reading. This handling also includes the functions of error correction, deciding which
information to write at which physical addresses, etc.

The above-mentioned general functions of the disc drive apparatus are known

per se. The present invention is not aiming at improving these general functions; in fact, the
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present invention may be implemented while using the general functions according to the
state of the art. Thercfore, a more detailed description and explanation of these general
functions is omitted here. It suffices to say that the disc drive apparatus has a data input for
receiving data-to-be-stored, and a data output for outputting data-read-from-disc.

Typically, apart from an optical disc as a record medium and a disc drive
apparatus for handling the disc, an optical storage system comprises a host apparatus. The
host apparatus, which may be a PC running a suitable program, or an application of a
consumer apparatus such as a video recorder, is a device which communicates with the disc
drive, sending data and commands to the disc drive instructing the disc drive to write the data
to a certain storage location, or sending commands to the disc drive instructing the disc drive
to read data from a certain storage location, and receiving data from the disc drive. For the
purpose of explaining the present invention, it is immaterial what the host intends to do with
the data. It suffices to say that the host apparatus has a data input for receiving data-read-
from-disc, and a data output for outputting data-to-be-stored. It is to be noted that, when
sending data to the disc drive, the host already sends the data in the form of sectors. .

When a storage system is operating in write mode, the disc drive can only

perform the actual write operation after having received a sector from the host. This

. restriction does not apply in the case of a storage system operating in read mode: while one

sector is being communicated to the host, the disc drive is free to already read a next sector.
This feature allows for a streaming read process, i.e. a continuous flow of data to the host,
which is especially importa.nt in the case of, for instance, audio or video being reproduced
from disc.

Usually, audio and video is also written in a streaming process, and the disc
drive usually writes the disc in a sequential process, i.c. when a block is full, writing
continues at the beginning of the next following block. Based on this fact, a disc drive is
designed to operate in a sequential read mode, where blocks are read in a sequential manner.
In other words, when a block has been read completely, reading continues automatically at
the beginning of the next following block. Such mode of operation is based on the
assumption that this block actually is the next block which the host wants to read: this is
called "sequential access by the host". So, normally, there may be a relatively large distance
between the block currently being read by a disc drive and the block currently being
transferred to the host. The blocks in-between are stored in a block buffer of the disc drive.

In the following, the address of a block which is currently being read by a disc
drive will be indicated as Read Block Address RBA, while the address of a block whose data
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is currently being transferred to the host will be indicated as Transfer Block Address TBA.
The distance between RBS and TBA will be indicated as Block Ahead Distance BAD. In
practice, BAD can be as high as the entire length of a track.

Usually, information is stored sequentially, indeed, and the sequential read
mode is actually the correct way of reading data. However, it may happen that the host
intends to make a jump thus terminating its sequential access. In order to assure the streaming

read process, the host is capable of signalling to the drive his intention to jump, so that the

~ disc drive can already perform the jump and start reading before the host actually requires the

data from the jumped location.

This signalling is executed by the host sending a so-called "set-read-ahead"
command. This command typically has the format JUMP(X,Y) containing two parameters X
and Y which indicate block addresses of jump-start and jump-end, respectively. For the host,
this command has the meaning of saying: "I shall continue to give sequential read commands
until I have finished reading block X; then, I shall wish to continue reading at block Y." For
the disc drive, this command has the following meaning: "I shall continue to sequentially
read blocks and store their contents in my buffer, until I have read and stored block X; then, I
shall make a jump to block Y, and I shall sequentially read blocks from Y onwards."

A read-ahead command as described above is known per se. However, when
this known command was designed, it was assumed that write jumps would always have
been made towards a higher address, so only commands JUMP(X,Y) with Y>X were to be
expected. Current disc drives are programmed to ignore a read-ahead command JUMP(X,Y)
with Y<X, and/or to issue an error message to the host, under the assumption that the host
has made a mistake or that the command has been corrupted in some way. This constitutes a
problem, especially in the case of BD video recorders, where the data can actually be
fragmented and scattered over the entire disc.

Accordingly, an important objective of the present invention is to overcome
the above problems.

Particularly, it is an objective of the present invention to provide a modified
read-ahead command JUMPm(X,Y) with Y<X in such a way that a disc drive modified in
accordance with the present invention will jump back from X to Y only when the command
originates from a host modified in accordance with the present invention. If the host is
designed in accordance with prior art, i.e. not modified in accordance with the present
invention, the disc drive should behave as before, i.¢. ignore the command JUMP(X,Y<X)

and/or issue an error message to the host.
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SUMMARY OF THE INVENTION

According to an important aspect of the present invention, a read-ahead
command contains a sequential access parameter SAP, which may be implemented by one
bit. If the sequential access parameter has a value indicating that the host deliberately signals
a jump to a lower address (i.e. the host is designed in accordance with the present invention
and knows what it is doing), a disc drive designed in accordance with the present invention
will comply. A disc drive not designed in accordance with the present invention may ignore
the sequential access parameter. A host not designed in accordance with the present invention

is not capable of setting the sequential access parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, features and advantages of the present invention will
be further explained by the following descfiption with reference to the drawings, in which
same reference numerals indicate same or similar parts, and in which:

Figure 1 is a block diagram schematically illustrating a data storage system,;

Figure 2 is-a diagram schematically depicting the block structure of the storage
space of a storage medium;

Figure 3A is a diagram schematically depicting a read order in the case of a
forward jump;

Figure 3B is a diagram schematically depicting a read order in the case of a
backward jump;

Figure 4 is a table illustrating a SET-READ-AHEAD command descriptor
block of a read command suitable for use in a read method in accordance with the present
mvention;

Figure 5 is a flow diagram schematically illustrating a process of decision-

making in a disc drive.

DESCRIPTION OF THE INVENTION

Figure 1 is a block diagram schematically illustrating a data storage system 1,
comprising a data storage medium 2, a medium access device 10, and a host device 20. In a
typical practical implementation, the host device 20 may be a suitably programmed personal
computer (PC); it is also possible that the data storage system 1 is implemented as a

dedicated user apparatus such as a video recorder, in which case the host device 20 is the
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application part of such apparatus. In a specific embodiment, the data storage medium 2 is
implemented as an optical disc, for instance a DVD or a BD, in which case the medium
access device 10 is implemented as a disc drive. In the following, the invention will be
described specifically for an optical disc implementation, but it is noted that the present
invention is not limited to optical discs.

The optical disc 2 has a storage space 3, which has the form of one or more
continuous spiral-shaped tracks or one or more tracks in the form of multiple concentric
circles, where information can be stored in the form of a data pattern. Since this technology is
commonly known to persons skilled in the art, this technology will not be explained in
further detail.

In figure 1, a host/drive communication link between host device 20 and disc
dnive 10 is indicated at 5. Likewise, a drive/disc communication link between disc drive 10
and disc 2 is indicated at 6. The drive/disc communication link 6 represents the physical
(optical) read/write operation as well as the physical addressing of blocks 4 of the storage
space 3. The host/drive communication link 5 represents a data transfer path as well as a
command transfer path.

Figure 2 is a diagram schematically illustrating that the storage space 3 is
divided into a large number of blocks 4. Each block has a specific physical address PA.
When the host device 20 wants to access a certain piece of information, it sends a request to
the disc drive 10, indicating the corresponding logical address LA. The disc drive 10

comprises a memory 11, which contains information regarding the relationship between

- logical addresses LA and physical addresses PA, for instance in the form of a look-up table.

Based on this information, the disc drive 10 determines which physical address corresponds
to the required logical address.

Figure 2 illustrates a typical situation during a reading process. The host 20 is
receiving information from a first block having a Transfer Block Address TBA, while the
disc drive 10 is already some blocks further, reading the data from a second block having a
Read Block Address RBA. It should be understood that the host 20 is not accessing the first
block TBA directly, as the figure suggests, but the host 20 receives the data from a data
buffer 12 of the disc drive 10.

Figure 3A is a diagram schematically illustrating that sectors of a data
sequence are not always written in a physically sequential order. In the illustration of figure
3A, a data sequence (for instance a video sequence) comprises sectors A, B, C, which need to

be accessed in this order. Assume a host reading the first sector A. Next sector B is the first
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block after sector A, but third sector C is not located adjacent second sector B, so a jump j1
has to be made. In this case, the jump jl from second sector B to third sector C is a jump to a
higher address.

It is noted that the track 3 main contain one or more further sectors between
sectors B and C, as illustrated, but the storage space between sectors B and C may also be
empty.

Figure 3B is a diagram comparable to figure 3A, illustrating a data sequence
(for instance a video sequence) comprising sectors D, E, F, which need to be accessed in this
order. Assume a host reading the first sector D. Next sector E is the first block after sector A,
but third sector C is not located adjacent second sector B, so a jump j2 has to be made. In this
case, the jump j2 from second sector E to third sector F is a jump to a lower address.

It is noted that the track 3 main contain one or more further sectors between sectors F and D,
as illustrated, but but the storage space between sectors B and C may also be empty.

. In order for the disc drive 10 to maintain its advance with respect to the host

+ 20, the disc drive 10 should also make such jumps j1, }2. However, the disc drive 10 does not

know that the host 10 will make such jumps, so this information should be communicated
from the host to the drive.

For instance, at any time during the reading process of sectors A and B, the
host 20 -can send to the disc drive 10 a "read-ahead" command JUMP(B,C). This command is

known in the state of the art: in response to this command, since the address of C is higher

. than the address of B, the disc drive 10 will jump to sector C when it has completely read -

sector B.

It is noted that, although in this example sectors A and B are adjacent to each
other, the sequence may comprise further sectors between sectors A and B, and the
"read-ahead" command JUMP(B,C) may be given at any time before completing the reading
of sector B.

Likewise, the host knows that after sector E it will want to make a jump back
to sector F. Thus, the host 20 will issuc a "read-ahead" command JUMP(E,F). In this case,
however, since the address of F is lower than the address of E, a prior art disc drive 10 will
ignore this command and will return an error message to the host 20. So, the prior art disc
drive will continue reading sector E1 next to sector E. When the host 20 has actually received
all information of the third sector E, it will request the disc drive to read sector F. The disc
drive 10 will then first have to make a jump to the required track, which takes time, so a

continuous data flow may be impossible.
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It is noted that, although in this example sectors D and E are adjacent to each
other, the sequence may comprise further sectors between sectors D and E, and the
"read-ahead" command JUMP(E,F) may be given at any time before completing the reading
of sector B.

According to the invention, the host sends a modified "set-read-ahead”

' command, indicated as JUMPm(X,Y), which causes the disc drive 10 to perform the jump,

even to a lower address.

There are several practical possibilities envisaged for implementing the
modified "set-read-ahead" command JUMPm(X,Y). First, it is of course possible to define an
entirely new command. However, it is easier to adapt existing commands of an existing
command set. An example of a widely used command set is indicated as MMC3, also
indicated as "Mount Fuji" (see, for instance, www.t10.org: "Multimedia Command Set
Version 3 Revision 10G"). In the following, an example of a suitable modified
"set-read-ahead" command JUMPm(X,Y) will be described.

Figure 4 is a table illustrating a SET READ AHEAD command descriptor
block, adapted in accordance with the present invention to comprise a sequential access
parameter SAP; therefore, this command will hereinafter also be indicated as
JUMPmM(X,Y;SAP). It is noted that the sequential access parameter SAP may comprise more
than one bit, but one bit suffices.

As illustrated by the table in figure 4, the SET READ AHEAD command
comprises 12 bytes of 8 bits each. Byte 0 contains an operation code, bytes 2-5 are used to
indicate the logical block address of the sector from where a jump is to be made (i.e. X), and
bytes 6-9 are used to indicate the logical block address of the sector where the jump should
end (i.e. Y). Byte 11 is a control byte.

Bytes 1 and 10 are reserved for later definition, i.e. they do not have a defined
meaning yet. So, it is possible to use any bit of these bytes as a sequential access parameter
SAP.

In the embodiment as illustrated in figure 4, the first bit 0 of the second byte 1
is used as sequential access parameter SAP.

A host 20 that is not designed in accordance with the present invention will
not set this SAP bit; therefore, such host will always issue a command JUMPm(X,Y;0).

A host 20 designed in accordance with the present invention may always issue a command

JUMPm(X,Y;1). For jumps to a higher address, the host may issue a command
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8
JUMPm(X,Y>X;0), but in any case, for jumps to a lower address, the host will always issue a
command JUMPm(X,Y<X;1).

A disc drive 10 that is not designed in accordance with the present invention
will not consider the SAP bit, and will behave as before: only commands of type
JUMPm(X,Y>X;0) or JUMPm(X,Y>X;1) will be executed, whereas commands of type
JUMPmM(X,Y<X;0) or JUMPm(X,Y<X;1) will result in an error message.

A disc drive 10 designed in accordance with the present invention will
consider the SAP bit. In case SAP=0, commands of type JUMPmM(X,Y>X;0) will be
executed, whereas commands of type JUMPmM(X,Y<X;0) will result in an error message. In
case SAP=1, all commands of type JUMPm(X,Y;1) will be executed, whether Y>X or Y<X.

It is noted that it is not necessary for the disc drive 10 to consider the SAP bit
in case Y>X. Figure 5 illustrates different possibilities for the disc drive 10 for executing a
decision-making process 50 when receiving a jump command JUMPm(X,Y;SAP) [step S1].

First, it is possible that the disc drive 10 considers whether SAP#0 [step 52]; if
s0, the disc drive 10 does not need to compare X and Y but can make the jump X->Y in any
case [step 54]. Otherwise, if SAP=0, the disc drive 10 compares X and Y to check whether
Y>X [step 53]; if so, the disc drive 10 can make the jump X->Y [step 54], otherwise it issues
an error message [step 59].

Alternatively, it is possible that the disc drive 10 first compares X and Y to
check whether Y>X [step 55]; if so, the disc drive 10 does not need to consider the SAP bit
but can make the jump XY in any case [step 54]. Otherwise, if Y<X, the disc drive 10
considers whether SAP#0 [step 56]; if so, the disc drive 10 can make the jump X=2>Y [step
54], otherwise it issues an error message [step 59].

Thus, it should be clear that the present invention succeeds in providing a data
storage system 1 which comprises:

an optical disc 2 having a storage space 3 comprising blocks 4 of storage
locations;

a disc drive 10, suitable for reading information from the disc, the drive being
designed to automatically start reading a next block after having read a previous block;

a host 20, capable of cooperating with the drive;

the host being designed to send commands to said drive, commanding said

drive to read one or more sectors of data from said disc 2;
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the host being designed to send a jump command JUMPm(X,Y;SAP) to said

drive, for instructing said drive to jump to block Y after having read block X, the jump
command JUMPm(X,Y;SAP) including a sequential access parameter SAP;

the drive being designed, in response to receiving a jump command
JUMPm(X,Y<X;SA;P;60), to jump back to block Y after having read block X, the address of
block Y being lower than the address of block X.

It should be clear to a person skilled in the art that the present invention is not
limited to the exemplary embodiments discussed above, but that several variations and
modifications are possible within the protective scope of the invention as defined in the
appending claims.

In the above, the present invention has been explained with reference to block
diagrams, which illustrate functional blocks of the device according to the present invention.
It is to be understood that one¢ or more of these functional blocks may be implemented in
hardware, where the function of such functional block is performed by individual hardware
components, but it is also possible that one or more of these functional blocks are
implemented in software, so that the function of such functional block is performed by one or
more program lines of a computer program or a programmable device such as a

microprocessor, microcontroller, digital signal processor, etc.
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CLAIMS:

1. Host device (20), capable of cooperating with a medium access device (10)
suitable for reading information from a storage medium (2) which has a storage space (3)
comprising blocks (4) of storage locations having addresses (PA), the medium access device
(10) being of a type which automatically starts reading a next block after having read a
previous block;

- the host device (20) being designed to send (5) commands to said medium

- access device (10), commanding said medium access device (10) to read one or more sectors

of data from said storage medium (2);

- the host device (20) being designed to send a jump command
JUMPm(X,Y;SAP) to said medium access device (10), for instructing said medium access
device (10) to jump to block Y after having read block X, the jump command
JUMPm(X,Y;SAP) including a sequential access parameter SAP.

2. Host device according to claim 1, designed to always set the sequential access
parameter SAP#0.
3. Host device according to claim 1, designed to always set the sequential access

parameter SAP to have a first value if Y>X and to have a second value differing from the

first value if Y<X.

4. Host device according to claim 3, wherein the first value is zero.

5. Host device according to claim 1, wherein the sequential access parameter

SAP contains only one bit.

6. Host device according to claim 1, adapted to send said jump command as a

modified SET-READ-AHEAD command.
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7. Host device according to claim 6, wherein the first bit of the second byte of

the modified SET-READ-AHEAD command is used as sequential access parameter SAP.

8. Medium access device (10), suitable for reading information from a storage
medium (2) which has a storage space (3) comprising blocks (4) of storage locations having
addresses (PA), the medium access device (10) being designed to automatically start reading
a next block after having read a previous block;

the medium access device (10) being designed to receive (5) from a host
device (20) a jump command JUMPm(X,Y;SAP) including a sequential access parameter
SAP;

the medium access device (10) being designed, in response to receiving said

jump command JUMPm(X,Y;SAP), to jump to block Y after having read block X.

9. Medium access device according to claim 8, adapted to execute commands of

type JUMPm(X,Y<X;SAP#0).

10. Medium access device according to claim 9, adapted to issue an error message

in response to receiving commands of type JUMPm(X,Y<X;0).

1. Medium access device according to claim 8, adapted, when receiving said
jump command JUMPm(X,Y;SAP), in a first step (52) to determine the value of the
sequential access parameter SAP,- and to make the jump X->Y in any case if SAP#0.

12. Medium access device according to claim 11, adapted, when in the first step it
appears that SAP=0, in a second step (53) to compare X and Y, and to make the jump X->Y

if it appears that Y>X, otherwise preferably to issue an error message.

13. Medium access device according to claim 8, adapted, when receiving said
jump command JUMPm(X,Y;SAP), in a first step (55) to compare X and Y, and to make the
jump XY in any case if Y>X.

14. Medium access device according to claim 13, adapted, when in the first step it

appears that Y<X, in a second step (56) to determine the value of the sequential access
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parameter SAP, and to make the jump X->Y if it appears that SAP#0, otherwise preferably to

issuc an error message.

15. Data storage system (1), comprising:

- a storage medium (2) having é storage space (3) comprising blocks (4) of
storage locations having addresses (PA);

- . a medium access device (10) in accordance with claim 8; and

- a host device (20) in accordance with claim 1.

16. Data storage system according to claim 15, wherein said storage medium is an
optical disc, preferably a CD, a DVD, or a BD, and wherein said medium access device is a

disc drive.
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