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I. Background of the Invention

a. Field of the Invention
The present invention relates to the support of video frame
retrieval and scanning in a disk-array-based video server.

b. Related Art

In a video on demand (hereinafter, VOD) system, multimedia
streams (movies) are stored on a storage server and played out to
an end user (receiving) station upon request. The multimedia
streams consist of compressed video and audio. The prevalent
standard for the video is MPEG (Moving Picture Experts Group).
Inter-frame compression techniques such as MPEG provide significant

advantages in storage and transmission, and consequently they are

universally accepted for VOD applications.

During normal playout, data blocks belonging to the multimedia
stream are retrieved from the storage system and transmitted to the
receiving station. The receiving station decodes the incoming
stream and plays it out. 1In general, it is desirable to provide

the user with VCR--like search functions such as "fast-forward"

(also called "scan forward") in a VOD system. There are several
conventional approaches to implementing this fast-forward
(hereinafter, FF) function, some of which mimic the scan operation
of an analog VCR or movie projector. However, each of these
approaches imposes additional resource requirements on the system
as explained below, where for ease of exposition, it is assumed
that the movie has to be scanned at three times of the normal
playout rate. |
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5 and the network. It also requires additional resources at the
end station to process the incoming data.

The storage system retrieves and transmits every third frame
to the end station. This solution requires a significant
amount of additional system resources. The multimedia file

10 must now be indexed to retrieve individual frames, and the
amount of retrieved data is higher than normal due to the
structure of the inter-frame coding.

The system switches over to a separately coded FF stream to
provide the scan operation. This solution, though eliminating

15 any additional read bandwidth or network bandwidth, is
extremely expensive in terms of storage cost.
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It is an object of this invention to support fast-forward and
fast-backward (scanning) video frame retrieval in a

"scan-forward") in a VOD system There are several conve%?% Has Been Replaced |
. approaches to inplenenting this fast-forward (hereinafter, rFrj ,mwmi”

disk-array-based video server.

5 It is a further object of this invention to support variable
speed scanning in video server.

To avoid the previously described drawbacks, the present

~invention provides a system and method for performing variable

speed scanning or browsing, wherein a uSer controls the playout

10 speed of a movie, which does not require additional disk or network
bandwidth resources.

In a preferred embodiment, the method provides for variable
speed scanning operations for an MPEG video stream. The method
satisfies the constraints of the MPEG decoder (in the users set-top

15 box) and require a minimum of additional system resources. The
embodiments of the present invention include (a) a storage method,
(bl) a segment sampling method, (b2) a segment placement method,
and (c) a playout method, where (bl) and (b2) are two alternatives
for segment selection. Thus, two sets of solutions are provided to
20 support variable speed scanning in a disk-array-based video server:
One using (a), (bl) and (c), and the other'using (a), (b2) and (c).

An MPEG video stream is composed of three types of frames:

intra frames (I), predictive frames (P) and interpolated frames

(B) . The storage method divides a stream of MPEG video frames into

25 media segments. Each segment comprises consecutive frames beginning

with an I frame and ending before another I frame. Allocation and

retrieval of the multimedia stream is in units of segments.

Consecutive segments are stored on different disks in the disk
array.
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station. In order to preserve smooth operation during the FF mode,
n consecutive segments in the scan sequence reside in n different
disks.

The segment sampling method, which selectively retrieves

segments from a disk array where segments are placed in a

round-robin manner, supports segment sampling for FF retrieval, at
any FF rate desired by viewers. The segments sampled by this
method are uniformly distributed with a minimal variation on the
number of - segments skipped between every £&two consecutive
retrievals. '

The segment placement method is an alternative to the segment
sampling method for segment selection. In contrast to the segment

sampling method (that is used for a disk-array-based video server

where segments are placed in a round-robin manner) the segment
placement method allocates segments to disks judiciously such that
no special provision is needed for sampling and the segments can be
completely uniformly sampled in an scanning mode for some
pre-determined scanning speeds.

The playout method operates the receiving station to play out
the retrieved video stream for scanning retrieval. This method, by
selectively parsing the incoming media stream and adjusting
presentation time-stamps, minimizes the buffer space and the
transmission bandwidth required by the server and the end station.
These, and other objects, features and advantages of this invention
will become apparent from the following detailed description of the
invention taken in conjunction with the accompanying drawings.
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Fig. 1 shows a disk-array-based multi-media video server in a
network;

Fig. 2 is a block diagram for the procedure of fast-forward
retrieval using the segment sampling method;

Fig. 3 1is a block diagram for the procedure of fast-forward
retrieval using the segment placement method;

Fig. 4 shows a sequence for of MPEG frames;

Fig. 5 shows a disk array where video segments are stored in a
round robin manner;

Fig. 6 is a detailed flow diagram for a segment sampling method
program;

Fig. 7 shows an example for the segment sampling method;

Fig. 8 is a detailed flow diagram for a segment placement method

program;
Fig. 9 shows an example for the segment placement method; and,

Fig. 10 is a block diagram for the playout procedure.
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video data is stored in the dlSk array 102 and transmitted to the
end client stations 103 over the network 104 upon request. The
5 movies (videos) are stored on the disks 102. The video server 100
includes a processor (cpu) 101 which executes tasks under control
of a cyclic schedular 106. These tasks include a retrieval task
150 which retrieves videos from the disks 102, a storage task 152
which stores videos temporarily in the memory buffer 105 and a
10 transmission task 154 which transmits videos to client stations 103

by way of a communication network 104 via a network interface 107.

Each of the client stations 103 includes a network interface
which provides bi-directional communication between the client
station 103 and the video server video the communication network.

15 The client stations also each include processor {cpu) 109 which
receives videos via a client station network interface 108 into a’
playout buffer 110. Each client station 103 also includes a

decoder 111 which receives movies from the playout buffer and
decodes them for performance on the clients display equipment (such

20 as a television set) and a control interface 112 which receives
control commands (including scan speed control commands) from a
user via a remote controller 114. These commands are communicated
to the video server via the network interface 108 and the network
104.

25 The video server 100 can be embodied using any processor of
sufficient performance for the number of video streams to be
supported. For example, a small capacity video server could be
embodied using an RISC System/6000 TM system while a larger
capacity server could be embodied using an ES/9000 TM system (both

30 available from International Business Machines Corporation of
Armonk, New York). The disk array 102 can be of the RAID level 5
type. The communication network 103 can be, for example, a fiber
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conposed of three tgfe gf franmes: intra franes , Ictive fra
and convention ntra-red 1nterface The cllents send commands to
5 the server 103 by way of the network 104. In accordance with an

embodiment of the present invention, the client can control the
scan speed of the video (along a continuou$ spectrum) by depre531ng
particular buttons on the remote controller 114.

| For clarity, the example of fast forward operations will be

10 used in this description. It should be understood however that the
described principals apply equally to fast backward (FB)
operations.

Fig. 2 illustrates one way to achieve the FF retrieval in a
disk-array-based video server, using a storage method 10, a segment
15 sampling method 15, and a playout method 20 according to an
embodiment of the present invention. The storage method 10 divides
a stream of MPEG video frames into media segments. Each segment
comprises consecutive frames beginning with an I frame and ending
before another I frame. Allocation and retrieval of the multimedia
20 stream is in units of segments. The segment sampling method 15
selectively retrieves segments from a disk array where segments are
placed in a round robin manner and performs fast forward (FF)
retrieval at any fast forward speed desired by viewers. The
playout method 20 causes the end station to play out the retrieved
25 video stream from fast forward retrieval and maintains the same
buffer space and transmission bandwidth requirement as in the
normal play operation.

Fig. 3 illustrates another way to achieve the FF retrie&al in

a disk-array-based video server, using the storage method 10, the

30 segment placement method 35, and the playout method 20 accordihg to
another embodiment of the present invention. The storage method

10 and the playout method 20 are the same as used in conjunction
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retrieval of the nultinmedia streamis in units of 4 segnents

Consecut | wetsegimnt ﬁne&h@dstcﬂﬁ e@Ign di fferpnt @e%lfrx%n't” phec&hSe alehoa 35
Duri ng noggy% géa ou ne nE g segnent IS retrieved
cace se@ments isk judiciously such that segments can be
completely uniformly sampled in an FF mode for some predeterminead
FF speeds.

5 The various tasks and programs used to control scanning will
now be described by reference to FIGs. 4-10.

Fig. 4 shows a sequence of MPEG video frames 1-8 that is

composed of intra frames (I), predictive frames (P), and
interpolated frames (B). The storage order of the frames, which
10 differs from the temporal order, reflects the order in which the

frames have to be delivered to the decoder. In the MPEG stream P
frames depend on I frames, and B frames depend upon both I and P
frames. Hence, it is not possible to play out B frames without the
corresponding I and P frames. It is therefore not possible to play
15 out every third frame to achieve 3X playout since this subset would
include B frames without the corresponding anchor I or P frames.

For the foregoing reasons, the present storage method divides
an MPEG video stream into media segments. Each segment includes
consecutive frames beginning with an I frame and ending before

" 20 another T frame. Allocation and retrieval of the multimedia stream
is in units of segments. Consecutive segments are stored on
different disks in the disk array 102.

The segment sampling method of the retrieval task 150 will now

be described. Consider a disk-array-based video server of the type

25 shown in FIG. 1 in which there are n disks. For the maximal

throughput during the normal (standard playback speed) operation,

video segments S0-S29 are stored in the disk array 102 in a

round-robin manner so that n consecutive segments can be retrieved

in one round. Formally, when there are n disks, segment g is

30 stored in .disk k=f1(g,n) where fl(g,n) = g mod n. Fig. 5
illustrates an example round-robin segment placement when n=10.
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ween every two corsecutive rie
normal speed we would in average sample one segment out of m

segments. For example, if the FF speed m equals 3, segments s0,
s3, s6 and s9 will be retrieved from disk 0, disk 3, disk 6 and
disk 9, respectively, in Fig. 5, while skipping segments sl1, s2,
s4, s5, s7 and s8. The complete sampling procedure will be
described in more detail later by reference to the segment sampling
method.

To provide the best output during FF, the segments sampled
should be as uniformly distributed as possible. For example, to
double the speed, one can simply select even segments while
skipping the odd ones. However, it can be verified that this
method, while uniformly sampling the segments, will not obtain the
maximal throughput when there are an even number of disks in the
array (such as the situation in Fig. 5 where n=10). Specifically,
where only the even segments are selected, only half of the disks
(i.e., disks with even numbers) participate in the segment
retrieval whereas the other half disks (i.e., disks with odd
numbers) remain idle. Consequently, to develop an FF video segment
retrieval scheme in a disk array where segments are stored in a
round-robin manner, we not only want to sample the segments as
uniformly as possible but also need to ensure that the maximal
throughput is attained. Such a procedure is described below.

Fig. 6 is a flow chart of a program in the retrieval task 150
for determining, for each disk, which video segment to retrieve in
an FF mode. Suppose the number of disks in the array is n and the
FF speed desired is m times as the normal operation. Let Icm(n,m)
denote the 1least common multiple of m and n. For example
lcm(3,9)=9. Let z=nm/lcm(n,m), for notational simplicity. To
facilitate the description, an FF segment retrieval for n=9 and m=3
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The segnent pl acenent nethod Is an alternative tothe segnent
method for segnent selection. © In contrast to the segne i Egﬂle

met hod (that is used for a disk-array-based video server whe

pl aced in a round-robin manner) the segnent placenent met hod aIIocates
segnent s to dISkS lously such that no specia rovisign i s _needed far
sanpl i ng1& géb%le]rﬂ suianw%%r%o%? e?%‘me'gﬁ?f S?Fr?'}egﬁﬁpgé& ﬁ‘ﬁ‘ rg\ﬁ%e with
scannlng*nsde for sonme pre-detern ned scanni ng speeds. The pl ayout nethod
operates the receiving station to play out the retrieved video stream for

scanning retrieval . This method, by selectively parsing the
Referrlng now to qu 6, the round number of segment
retrieval, r, equals one in the beginning (step 60). Depending on
5 whether r is an odd number or an even number, each disk will use

proper formulas to determine the segment to retrieve (step 70).
The case that r is an odd number corresponds to the first half of
the zig-zag curve resulting from the segments retrieved, such as
the line formed by segments 0*, 10* and 20* in the first round of
10 Fig. 7. On the other hand, the case that r is an even number
corresponds to the second half of the zig-zag curve, such as the
line formed by segments 29*, 37* and 45* in the second round .of
Fig. 7. Specifically, if r is an odd number, segment g will be
retrieved from disk k, where g is uniquely determined by steps 80
15 and 85. If r is an even number, segment g will be retrieved from
disk k, where g is uniquely determined by steps 90 and 95. After
segment g is retrieved from disk k retrieves in step 100, if more
video segments are needed (step 105), go to step 110 and increase
the round number r by one. Otherwise, this procedure ends in step
20 120.

Referring again to Fig. 7, the example for n=9 and m=3 is
provided and those segments retrieved are marked with *'s. Instead
of retrieving segments whose numbers are multiples of three (which
would make disks 1, 2, 4, 5, 7 and 8 idle), the segment sampling

25 scheme described in Fig. 6 shifts the video segments retrieved in
some retrievals. For example, segment 10 is fetched instead of
segment 9, and'segment 20 is fetched instead of segment 19. Such
shifting, though making the segments retrieved not perfectly
uniformly distributed, ensures that the maximal throughput is

30 achieved. The group of segments retrieved in the first round of
retrieval in Fig. 7 consists of segments 0, 10, 20, 3, 13, 23, 6,
16 and 26, which are then displayed in the order of 0, 3, 6, 10#,
13, 16, 20#, 23, 26, where # indicates a shift for retrieved
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second round of retrieval in Fig. 7 are segments 45, 37, 29, 48,

40, 32, 51, 43, and 35, which are then displayed in the order of

29, 32, 35, 37#, 40, 43, 45#, 48, 51. It can be seen from Fig. 7

5 that the segments retrieved form a zig-zag curve. The number of

shifts in a zig-zag is 2nm/lem(n,m) - 2, which is the minimum among

all FF schemes that could achieve the maximal throughput in a

disk-array-based video server where segments are stored in a

round-robin manner.

10 The segment placement method will now be described. As shown
in Fig. 2 and Fig. 3, the segment placement method is an
alternative to the segment sampling method previously described.
In contrast to the segment sampling method (which selectively
retrieves segments from a disk array in which segments are stored

15 in a round-robin manner) the segment placement method allocates
segments to disks judiciously such that no special provision is
needed for sampling and the segment can be completely uniformly *
sampled in an FF mode for some pre-determined FF speeds. Consider
an FF operation in which the playout rate is m times as the normal

20 playout rates. In this FF mode, the sequence of retrieved segments
from a given starting segment i is {i, i+m, i+2m, i+3m, ...}. Since
n media segments are retrieved in each round, the segments to be
retrieved are {(r-1)nm, (r-1)nm+m, (r-1)nm+2m, ceer
(r-1)nm+(n-1)m}, where r is the round number of segment retrieval.

25 It 1is necessary to ensure that these segments be mapped to
different disks so as to have the maximal throughput. The segment
placement function £2(g,n), defines a mapping from media segment g
to a disk k, where k is a number ranging from 0 to n-1 in the disk
array with n disks.

30 Assuming that m is a sub-multiple of the number of disks n,
the mapping function can be defined as follows: f2(g,n) = (g +
[g/n]) mod n. The first term (g) represents a regular scattering of
the segments on the n disks and the second (g/n) represents a skew
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Referring now to Fig. 8 (which shows a flow chart of a segment
5 placement program in the retrieval task 150), the round number of
segment retrieval, r, equals one in the beginning (step 200). In
the r-th round, disk k will locate its i-th disk (i.e., segment
number g) to retrieve, where the numbers i and g are uniquely
determined by steps 210 and 220, respectively. After segment g is
10 retrieved from disk k in step 230, if more video segments are
needed (step 240), go to step 250 and increase the round number r

by one. Otherwise, this procedure ends in step 260.

Referring now to Fig. 9, the placement of video segments in a

disk array with 6 disks when the required FF speed is three times

15 = as the normal operation is given. This layout of media segments

across n disks ensures smooth retrieval for playout at different FF

speeds if the FF speed-up m is a sub-multiple of the number of

disks n. The layout ensures that the media segments to be

retrieved in a round all reside in different disks, so that the

20 load imposed on the storage system by the retrieval process in the
FF mode is identical to the load under normal operation. '

The playout method is now described. During the normal speed
playout, video data is retrieved from the disk in rounds. 1In each
round one media segment is retrieved from each disk in the disk

25 array. The data 1is buffered temporarily in the server and
transmitted at a fixed rate to the end station. In the FF mode, the
server retrieves segments based on either the procedure in Fig. 2
or the one in Fig. 3. Referring now to Fig. 10, the processing
steps of the receiving station that has the responsibility of

30 parsing the incoming stream and creating a valid input stream for
the decoder are given. The receiving end station 103 receives the
incoming segment stream from the video server 100 in step 300, and
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Fig. 8 is a detailed flow diagramfor a segnent placenent aSB“quM“*d
Fi-g. 9 shows an exanple for the segnent placenent nethod, and I’ ’H"
bl ock di agram for the playout procedure. REPLACENMENT SHEET
Det ai |l ed Description of A Preferred Enbodi nent Fig. 1 shows a

di sk-arr gt-dased (hieemediuee 2POme¥NBiSl Bo not have the associated anchor
| frames in step 310. Note that although the media segment begins
with an I frame, it contains B frames that have an anchor frame
outside the media segment. These B frames are located immediately

5 after the I frame as shown in Fig. 4, and are ignored since they
| depend on the last P frame in the preceding media segment which is
not retrieved. In step 320 the receiving station adjusts :the
presentation time-stamps embedded in the stream. The presentation
time-stamp determines the time at which a video frame is to be

10 displayed. It has to be adjusted to compensate for the skipped
segments and also for the dropped B frames, so as to reflect the
correct playout time. Video frames are then played out in step 330.

This playout policy results in a piecewise continuous playout
sequence. It allows the viewer to examine scenes in order to
15 quickly locate the scene of interest. Since the segment sizg is
fixed, no additional buffer or transmission bandwidth is required
for the stream. The segment maintains the average data rate of the
stream, and hence it is acceptable to the end station decoder.

Now that the invention has been described by way of the

20 preferred embodiment, various modifications and improvements will

occur to those of skill in the art. Thus, it should be understood

that the preferred embodiment has been provided as an example and

not as a limitation. The scope of the invention is defined by the
appended claims.
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video data is stored I n the disk array. 102 and transmtted to
client stations 103 over the-.network 104 upon request. The rmf/'% Hm%“Hl“
are stored on the disks 102. .The vi-deo.-server 100 includes a pr

(cpu) 101 which executes tasks under control of a cyclic schedul ar 106.

These tasks include a retrieval task 150 _which retrieves videos fromthe

di sks 102, a storage task 152 which st oFepIMPeos tenporarily in the nenory
buffer 105 and a transm ssion task 154 which transmts videos to client
stations 103 by way of a conmunication network 104 via a network interface

107. Each &f thed cimediodst &fi oReTE0ZMiRG| LAY PLhelVREARDILG eFPPEEE WAFBRAN1NG

provi ges bppdrheebhandah GORTHNL Ydre DRINIn at least one data stream is
3 provided from a mass storage media, comprising the steps of:

receiving, by the video server, a performance request from a viewer
for showing a particular video;

6 transmitting a first data stream carrying the particular video from °
the video server to reception equipment at the viewer's location;

receiving, by the video server, a scanning request including

9 control data indicative of a scanning speed;

10 . identifying, as a function of the control data, particular frames

11 of the video to be retrieved from the mass storage media;

12 transmitting, to the viewers 1location, a second data stream

13 consisting essentially of only the particular frames, instead of

14 the first data stream. '
1 2. The method of Claim 1 wherein the frames are identified and
2 encoded intra (I) frames, predictive frames and interpolated frames
3 and stored in the mass storage media as units of retrieval each of.
4 the units of retrieval comprising consecutive ones of the frames
5 beginning with an I frame and ending before another I frame.

1 3. The method of Claim 1 wherein mass storage media is a disk
2 array, the particular frames are also identified as a function of
3 a number of disks in the array, the frames of the video are
4 distributed among a plurality of disks in the disk array and
] wherein a plurality of the frames are retrieved from the disks in
6 parallel.

Y0994 -052 -14 -
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the client station 103 and the video server video the communi
networ k. The client stations also each include processor (cﬂu)
receives videos via a.client station network interface 108 i'nt
110. Each-client station 103 also includes a decoder 111 which

buf f er

'Ehj' Sheet Has Been Replaced

A

recei ves novies fromthe playout buffer and decodes them for performance on
the clients di%%:ay equi pnent (such as a television set) and a control

i nt eff ace 4112

ecet8ed| QEsCaim rblwhsagiaiandde( shoradermediani s paredh oyt rafl

comands) dfisk® AndS VomPd A dEL e LPUKO | &Fed 145 J§§§Fi89€f§8d§8@{ %é*:ames

net
4

A U R W N

|

A R W

10
11
12

13
14

eo.server via'the network 1nterface 108  an

co nicated to hhe Vﬁgi . .
rk 16#ong the disks in the array as a function of a number of disks in

the array and at least one predetermined scanning rate.

5. The method of Claim 1 wherein mass storage media is a disk
array, and wherein the frames of the video are distributed among a
plurality of disks in the disk array and such that the particular
frames are distributed evenly among the disks and wherein the total
number of frames retrieved is the same as for transmission of the
first data stream.

6. The method of Claim 3 wherein the frames are stored as
segments on the media and wherein each of the segments comprises a
sequence of consecutive frames which can be decoded as a unit.

7. A video-on-demand system, comprising:

a user station having a video decoder, a control interface for
receiving scan speed control commands from a user and a first
network interface for receiving video data from the video server
and for communicating the scan speed control commands to the video
server;

a video server having a mass storage media, a second network
interface for sending the video data to the user station and for
receiving the control commands from the user station; and,
processing logic responsive to the control commands, for
identifying particular frames of a video to be retrieved from the
mass storage media and provided to the user station; and

a communication network, coupled to the first network interface and
the second network interface.

Y0994-052 a5 [
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This Sheet Has Been Replaced .'
The_vi deo server 100 can be enbodi ed using any processor of s

performance for the nunber of video streans to be ‘support ed.

a smal | capacity video server coul d be énbodi ed using an RISC Syste

TM system whil e a | arger capacity server could be enbodi ed using an ES/ 9000
TM syyst ers (bot’ﬂ’heiv\ﬁid@iﬂcm-fd@mddlts%fsﬂﬁxﬂ Qﬂalcﬂ?md r'vesméﬁqm @ frames are

REP CENE ET 7 Cbr oration of Ar W, Yor k disk.array 102
can S ore as segm nts on the meHDa and wherelh eac of the sé&ments
3 comprises a sequence of consecutive frames which can be decoded as
4 a unit by the user station.
1 9. A video server, comprising:
2 a mass storage media for storing a plurality of videos;
3 a network interface for sending video data to a user, for receiving

a request for performance of one of the videos and scan speed
control commands from the user; and,

processing logic responsive to the control commands, for
identifying particular frames of the one of the wvideos to be
retrieved from the mass storage media and provided to the user,
wherein particular frames of the video are skipped as a function of
speed information embedded in the scan speed control commands. :

O WV W O

10. The video server of Claim 9 wherein the frames of the one of
the videos are identified and encoded as intra (I) frames,
predictive frames and interpolated frames and stored in the mass
storage media as units of retrieval each of the units of retrieval
comprising consecutive ones of the frames beginning with an I frame

< JR S I~ FCR O Y

and ending before another I frame.

11. The video server of Claim 9 wherein mass storage media is a
disk array, the particular frames are also identified as a function
of a number of disks in the array, the frames of the video are
distributed among a plurality of disks in the disk array and
wherein a plurality of the frames are retrieved from the disks in

oY U B W

parallel.

12. The video server of Claim 9 wherein the storage media is an
array of disks and wherein the frames a distributed among the disks

N

Y0994 -052 ' -16-
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exanple, a.fiber optic network or a conventional bi- direction
network. The client stations 103 can be enbodied as a set- top
Renote control 114 and the control l|ogic can be coupled by way of a

Conxe;t ' QHaE?é n%}ffayr%i d MBS ofTBenBibaRt S5 S@IWk & OTATBIHES at&atw%n%era\eer

of the RAID level 5 type. The communication network 103 can. G&is SﬁEH“aiBeli‘lieii‘ced

103 e network 104. 1n accordance wth an enbodi nent of _the
pre$ent iﬁ@éht%ﬁ PYRdeErFBhRed aFCRYHE R sw@ QRS HEed & NPREAY gdayout
(al gng asgesli nuous spectrum by depressing particular buttons on the
renote controller 114. For clarity, the exanple of fast forward operations
W ll be used in this description. It should be understood however

1 13. The video server of Claim 9 wherein the mass storage media is

a disk array, and wherein the frames of the video are distributed
evenly among disks in the disk array such that the number of frames
retrieved during scanning is the same as for transmission of a

(52BN S VS BN

video stream at normal playout speed.

14. The video server of Claim 9 wherein the frames are stored as
segments on the media and wherein each of the segments comprises a
sequence of consecutive frames which can be decoded as a unit by a

N N S

user station.

Y0994 -052 B -17-
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t hat, the described principals apply equally to fast backwar dTH et Has Been Replaced
opérations. Fig. 2 illustrates one way to achieve the FF retri 'HI““ “‘ || l‘ |
di sk-array-based video server, using a storage nethod 10, a s =
sanpling method 15, and a playout nethod 20 according to an enbodi nent of

the presery inved) serd&, S‘E&ﬁﬁ’%ﬁ‘%md 10 divides a stream of MPEG

video franes into nedia segnents. segnent conprises consecutive
frames beginning with an I frane and endi ng before another | frane.

Al ati oih aiddyet giaksohathggnulgiumd & sigreaByissi StoPb8StRérs €8BS h
The segnent sanpl i ng nethos 15 s§{ectively.retrLeVes s%%yents froma disk
arra%s/ mé[}%VIS%%h{lg a}:grs aa.éldt e array “1n units of trival comprising

4 consecutive intra (I) frames, predictive frames and interpolated

5 frames, each unit of retrieval comprising consecutive ones of the
6 frames beginning with an I frame and ending before another I frame;

7 a network interface for sending video data to a user, for receiving
a request for performance of one of the movies and scan speed
9 control commands from the user; and,
10 processing means responsive to the control commands, for
11 identifying particular frames of the one of the movies to be
12 retrieved from the mass storage media and provided to the user,
13 retreival means for retrieving the particular frames of the one of
14 the movies from the disks in parallel groups of the frames, -
15 wherein the number of frames retrieved in parallel from the disks
16 during scanning is the same as for transmission of a video stream
17 at normal playout speed.

N

Y0994 -052 : -18-
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station to play out the retrieved video streamfrom fast for
and mai ntains the same buffer space and transm ssion bandw dth requirenent

as in the normal play opepg&PRACT OF B ﬁn&ié&g]ds%ﬁ% another way to
y-g Vi

achieve the FF retrieval in a disk-arra ase eo server, using the

in a round robin nmanner and perforns fast forward (FF) retrTiaySheet Has Replaced
fast forward speed desired by viewers. The pl ayout nethod ZOW‘T “t IlmF

FRAME SAMPLING SCHEME FOR VIDEO SCANNING IN A
VIDEO-ON-DEMAND SYSTEM

A system and method for performing variable speed scanning or
browsing, wherein a user controls the playout speed of a movie,
10 which does not require additional disk or . network band&idth
resources. In a preferred embodiment, the method provides“for
scanning operations for an MPEG video stream. The method satisfies
the constraints of the MPEG decoder (in the users set-top box) and
require a minimum of additional system resources. The embodiments
15 of the”present invention include (a) a storage method, (bl) a
segmenf'sampling method, (b2) a segment placement method, and (c)

a playout method, where (bl) and (b2) are two alternatives for

segment selection. Thus, two sets of solutions are provided to
support vriable speed scanning in a disk-array-based video server:
20 One using (a), (bl) and (c), and the other using (a), (b2) and (c).

Y0994-052 -19-

IBM Eunfidential

]



stoerage nethod 10, the segnent placenent nethod 35, and t lrgis Shegtlk laced ]
nmet-hod .20 accordi ng to anot her enmfgedi nent of the pre Qﬁ\lﬁm
The storage nethod 10 and the pl ayout %%@ are the same

conjunction with the nethod of FIG 2. ment pl acenment net od 35

al l ocates segments to disks judiciously such that segnents can be

conpletely uniformy sanpl ed in an FF node for sone predeterm ned FF

speeds. The various tasks and prograns fub8d tlo control scanning will now be
described by reference.to FIG., 4 - 10. Fig. 4 shows a sequence of MPEG

video franmes 1-8 that|is corrposmmojgg\jgmtra frames (1), predictivg franes

(P), and CYCLIC SCHEDULER
-3. RETRIEVAL TASK 150

-b. STORAGE TASK 152
-C. TRANSMISSION TASK 154

MEMORY BUFFER L y0s

- SEGHENT _
STORE _ _ 104

105~

104

COMMUNICATION
NETHORK

103,
I
NETHORK |-~ 108
INTERFACE
112 : . 111
; i
CONTROL - [PLavouT A
INTERFACE @ BUFFER | \DECODER
L C
110
REWOTE |, . 109
CONTROL CLIENT STATION
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: 6

‘interpolated franes (B). The storage order of the frames, TisSldatHiis BéeaReplaced _J

‘fromthe tenporal order, reflects the ot in which the frjr,m”mn Lﬁﬁ
delivered to the decoder. In the MPEG stream P frames depen

and B frames depend upon both I and P franes. Hence, it is not p033|

play out B frames wi thout the corresponding I and P franmes. It is therefore
not possible to play out every third frame to achi eve 3X playout since this

subset would include B franes wi thout the corresponding anchor | or P

frames. For the foregoing reasons, tf’fl' re%ent storage net hod divi des an

MPEG vi deo streaminto nedia segnents. Each segnent includes consecutive

frames beginning with an | frane

USE THE STORAGE METHOD T0 /10

DIVIDE THE VIDEQ STREAM
INTO SEGMENTS

15

USE THE SEGMENT
SAMPLING METHOD

2
USE THE PLAYOUT
NETHOD

FIG. 3

USE THE STORAGE METHOD TO ’,r'3°
DIVIDE THE VIDED STREAM
INTO SEGMENTS

WSt T seeen
PLACEMENT METHOD

|

40
USE THE PLAYOLT
HETHOD
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on different disks in the disk array 102®4% segrment sanpl i

the retrieval task 150 will now be described. Consider a disk-array-bas
video - 9 server of the type shown in FIG 1 in which there are n di sks.
For the maxi mal throughput during the normal - (standard pl ayback speed)
operation, video segnents S0-S29 are stored

FIG. 4

and ehdl ng before another | frame. Allocation and retrieval aSBeenRe laced G
muktimedia streamis in units of segmentsisConsecutive segrre /j’

RELATION BETWEEN I, P AND B FRAMES

TYPICAL FRAME SEQUENCE:
1BBPBBPBBPBBPBBI

STORAGE ORDER
IPBB. ..

FIG. &

EE()
0
Dﬁ()/

519
_ 529
S N~

DISK 9 DISK ¢ 0ISK 9

(@@@

IBM Confidential



i n the di sk .array 102 in a round-robin mapner so that N CTHRSShed Hmﬂﬂznkelmxd i]
segnents can be retrieved in one round: mﬁ sspral 1y, mhen the :
segment g is stored in disk k=fl (g,n) where fl=(g,n) =

il lustrates an exanpl e round-robi n segnent pl acenent mhen 0 achleve

the FF feature, one has to appropriately sanple sone segnents onIy, whi | e
ski ppi ng the others. The sanpling rate depends upon the FF speed desired.

If the FF speed is mtines f}-:gg ? speed, we-ggoul d in average sanpl e one
segnent out of m segnents. exanpl e, ifpthErFF speed m equal s 3,
segnents [err] and s9 will be retrieve disk 0, disk 3, disk 6 and

di sk 9, respectivety—rmr—rog—>5;

70

YES ND

0 9
j= (-1 + (K MOD ) | j =r2-1 - (K HOD Z)

/35 195
g=j%icm (nm +X g=7j%icm Inm +K

FNe (m (n MODnt)JLgJMUDM) £ N (m-(n MUDm) % MDD)

441/'100

RETRIEVE SEGMENT g
FROM DISK K

AETRIEVE
NORE
SEGMENT?
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whi | & ski ppi ng segnents sl, s2, s4, s5, s7 and s8. The hr e “ﬁ@ Lﬂ-
procedure will be described in nore detabk |ater by referef ﬂ ﬁﬁ
segnent sanpling nethod. To provide t he'™ B out put during nts
sanpl ed should be as uniformy distributed as possible. For exanple, to
doubl e the speed, one can sinply select even segnents while skipping the

odd ones. However, it can be verified that this nmethod, while uniformy

sanpling the segnents, will not obtai Frge raxi mum throughput when there
are an even nunber of disks in the array (such as the situation in Fig. 5

wher e n:10).'SpecificalIWTBﬁgﬁﬁe—Fqu;TqFrgqeplggp%Epyﬁjfﬂe sel ected, only
hal f of the disks (i.e., -

iSTROUND [oOx[ 1 ]21i3%|4]5]|6%]7 B]

SEGMENTS | 9 [10%| 41 | 12 |13%| 14| 15 |16%| 17
RETRIEVED (x} | 18 | 19 [20%] 21 [ 22 [23¢] 24 | 25 | 26%]
2ND ROUND | 27 | 28 |29%| 30 | 31 |32%| 33 | 34 | 35%
SEGMENTS | 36 |37%| 38 | 39 40| 41 | 42 |43%( 44
RETRIEVED (x} [4D%| 46 | 47 | 48%) 49 | 50 |51%| 52 | 53

A FAST RETRIEVAL FOR n=3 AND #=3

200

i=(r-t)n+ (k HOD m) 2

220
g=in+ (k- (imom) WO P~

RETRIEVE SEGMENT g |_—230
FROH DKk [

240

RETRIEVE
YES At

N, Hi
SEGMENTS?

%60 N

ST0P
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di.sks .wi th even nunbers) participate in the segnent retri h ReagR da N
other half disks (i.e., disks with odd'ﬁ@@aﬁrs) remain .idl ,
to devel op an FF video segnent retrieval schenme in a disk -
segnents are stored in a round-robin manner, we not only want to sanplethe
segnents as uniformy as possible but also need to ensure that the

REPLACEMENT SHEET 10 nmaxi mal throughput is attained. Such a procedure is
descri bed

s, 9
v S

C_ I OOl
S '

- SGk

517
DISK 0 DISK 4 DISK 2 DISK 3 DISK 4 DISK 5 ‘

FIG. 10

. o
RECEIVE INCOMING SEGHENT
STREAN FROM THE VIDEO SERVER

IENORE INTERMEDIATE FRAMES THAT
D0 NOT HAVE CORRESPONDING ANCHOR FRAMES

320

ADJUST THE PRESENTATION TIME STAMPS
EMBEDDED IN THE STREAM FOR SEGMENTS

330

["PLAY OUT VIDEO SEGHENTS
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below. Fig. 6 is a flow chart of a programin the retrieva
det.erm ning, for each disk, which video segnent to retrieve
-“Stippose the nunber of disks in the array is n and the FF sp

times as the normal operation. Let 1lcm (n,m denote the | east common

multiple of mand n. For exanple 1cn(3,9)=9. Let z=nm lcm(n,nm, for

notational sinplicity. To facilitate the_description, an FF segnent

retrieval for n=9 and m=3 is given in Fi-g= 7, where the segnents retrieved

are marked with *'g. Referring nowto Fig. 6, the round nunber of segnent

retrieval, r, eqHRRAME SAMPLING SQHEMEcBORNVADEO(ECANNING)IN A
VIDEO-ON-DEMAND SYSTEM

I. Background of the Invention

a. Field of the Invention

The present invention relates to the support of video
frame retrieval and scanning in a disk-array-based wvideo
server.

b. Related Art

In a video on demand (hereinafter, VOD) system,
multimedia streams (movies) are stored on a storage server
and played out to an end user (receiving) station upon
request. The multimedia steams consist of compressed
video and audio. The prevalent standard for the video is
MPEG (Moving Picture Experts Group). Inter-frame
compression techniques such as MPEG provide significant
advantages in storage and transmission, and consequently
they are universally accepted for VOD applications.

_ During normal playout, data blocks belonging to the
multimedia stream are retrieved from the storage system
and transmitted to the receiving station. The receiving
station decodes the incoming stream and plays it out. 1In
general, it is desirable to provide the user with VCR-like
search functions such as "fast-forward" (also called
"scan-forward") in a VOD syétem. There are several
- conventional approaches to implementing this fast-forward
_ (hereinafter, FF) function, some of which mimic the scan
; operation of an analog VCR or movie projector. However,
" each of these approachés imposes additional resource
requirements on the system as explained below, where for
ease of expositionj it is assumed that the movie has to be
scanned at three times of the normal playout rate.



* _ . REPLACEMENT SHEET
Dependi ng on whether r is an odd nunber or an even nunber, €ach dlikz%nﬁj
use proper fornmulas to determ ne the segnent to retrieve (stiepad). ). .2 0. VN,
case that r is an odd number corresponds to the first half

curve resulting fromthe segnents retrieved, such as the line forned by
segnents 0*, 10* and 20* in the first round of Fig. 7. On the other hand,

the case that r is an even nunber corresponds to the second half of the

zi g-zag curve, such as the line formed by segnents 29*, 37* and 45* in the
second round of Fig. 7. Specifically, if2r is an odd nunber, segment g wll

be retrieved fromdisk k, where g is uniquely determi ned by steps 80 and

85. If r is an even nunber, segnent g will be
The multimedia stream is retrieved and transmitted at 3X

of the normal playout rate, and the end station filters
and plays out the data. This solution requires additional
resources (3X the normal rate) at the storage system, the.
memory buffers, and the network. It alsc requires
additional resources at the end station to process the
incoming data.

The storage system retrieves and transmits every third
frame to the end station. This solution requires a
significant amount of additional system resources. The
multimedia file must now be indexed to retrieve individual
frames, and the amount of retrieved data is higher than
normal due to the structure of the inter-frame coding.

The system switches over to a separately coded FF stream
to provide the scan operation. This solution, though
eliminating any additional read bandwidth or network
bandwidth, is extremely expensive in terms of storage
cost.



.

retrieved fromdisk k, where g is uniquely determ ned by stenggbAgﬁﬁEggsﬁEET

After segment g is retrieved fromdisk k retrieves in step 10@, i_f]rlzmge'[ 1995
vi deo segnments are needed (step 105), go to step 110 and ingt 2t Heround

nunber r by one. Otherwi se, this procedure ends in step 120. Referring
again to Fig. 7, the exanple for n=9 and m=3 is provided and those segnents
retrieved are marked with *'s. REPLAC%NENT SHEET 11

IT. Summary of The Invention

It is an object of this invention to support fast-
forward and fast-backward (scanning) video frame retrieval
in a disk-array-based video server.

It is a further object of this invention to support
variable speed scanning in video server.

To avoid the previously described drawbacks, the
present invention provides a system and method for
performing variable speed scanning or browsing, wherein a
user controls the playout speed of a movie, which does not
require additional disk or network bandwidth resources.

In a preferred embodiment, the method provides for
variable speed scanning operations for an MPEG video
stream. The method satisfies the constraints of the MPEG
decoder (in the users set-top box) and require a minimum
of additional system resources. The embodiments of the
present invention include (a) a storage method, (bl) a
segment sampling method, (b2) a segment placement method,
and (c¢) a playout method, where (bl) and (b2) are two
alternatives for segment selection. Thus, two sets of
solutions are provided to support variable speed scanning
in a disk-array-based video server: One using (a), (bl)
and (c), and the other using (a), (b2) and (c).

An MPEG video stream is composed of three types of
ffames: intra frames (I), predictive frames (P) and
interpolated frames (B). The storage method divides a
gstream of MPEG video frames into media segments. Each
segment comprises consecutive frames beginning with an I
frame and ending before another I frame. Allocation and
retrieval of the multimedia stream is in units of



1)

| nst ead of retrieving segnments whose nunbers are multiples
could make disks 1, 2, 4, 5 7 and 8 idle), the segment sa
described in Fig. 6 shifts the video segnents retrieved in

| REPLACEMENT SHEET

Fetrrevars.

For exanple, segnent 10 is fetched instead of segnent 9, and segnent 20 is

fetched instead of segnent 19. Such shifting, though meking the segnents

retrieved not perfectly uniformy distributed, ensures that the maxinal

t hroughput is achi eved. The group of segfients retrieved in the first round

of - retrieval in Fig. 7 consists of segnents 0, 10, 20, 3, 13, 23, 6, 16 and

erent

26, which are then_displayed in the order of 0, 3, 6 O#, 13, 16, 20#, 23,
26, where # PRIFEREEs a @%{1 %0 died

FCYLIVE BPIBGRES s Bgfe FLoTe

- disks in the disk array.

During normal playout, one media segment is retrieved
from each disk in a disk array with, say n, disks. These
n segments are buffered in memory and transmitted at a
fixed rate to the receiving station. In order to preserve
smooth operation during the FF mode, n consecutive
segments in the scan sequence reside in n different disks.

The segment sampling method, which selectively
retrieves segments from a disk array where segments are
placed in a round-robin manner, supports segment sampling
for FF retrieval, at any FF rate desired by viewers. The
segments sampled by this method are uniformly distributed
with a minimal variation on the number of segments skipped
between évery two consecutive retrievals.

The segment placement method is an alternative to the
segment sampling method for segment selection. In
contrast to the segment sampling method (that is used for
a disk-array-based video server where segments are placed
in a round-robin manner) the segment placement method
allocates segments to disks judiciously such that no
special provision is needed for sampling and the segments
can be completely uniformly sampled in an scanning mode
for some pre-determined scanning speeds.

The playout method operates the receiving station to
play out the retrieved video stream £for scanning
retrieval. This method, by selectively parsing the
incoming media stream and adjusting presentation time-
stamps, minimizes the buffer space and the transmission
bandwidth required by the server and the end station.
These, and other objects, features and advantages of this



nunbers.
retrieval

which are then displayed in the order of 29, 32, 35, 37#, 40 —43-—454# 49

REPLACEMENT SHEET

Under this scheme, the segnents retrieved in the gecon rgfgﬁﬂqhgs

in Fig. 7 are segnents 45, 37, 29, 48, 40, 32, 51, &thgb ____________ 99
ASH :

£

51. It can be seen fromFig. 7 that the segnents retrieved forma zig-zag
curve. The nunber of shifts in a zig-zag is 2nmlcm(n,mM - 2, which is the
m ni mum anong all FF schenes that could gchieve the maxi mal throughput in a
di sk-array-based video server where seg ts are stored in a round-robin
manner. The segnent placenment nmethod will now be described. As shown in

Fig. 2 and Fii%ve%ti%:&ﬁg&ﬂ”ﬁ@&oﬁ{e;%ﬂén%ﬂp thd 8817LLehdY i1t he

segnent sanpling ne

ret h previ ous ] )
description of the invention taken in conjunction with the

accompanying drawings.
III. Brief Description of the Drawings

Fig. 1 shows a disk-array-based multi-media video server

in a network;

Fig. 2 is a block diagram for the procedure of fast-
forward retrieval using the segment sampling method;

Fig. 3 is a block diagram for the procedure of fast-
forward retrieval using the segment placement method;

Fig. 4 shows a sequence for of MPEG frames;

Fig. 5 shows a disk array where video segments are stored
in a round robin manner;

Fig.-G is a detailed flow diagram for a segment sampling
method program;

Fig. 7 shows an example for the segment sampling method;

Fig. 8 is a detailed flow diagram for a segment placement
method program;

Fig. 9 shows an example for the segment placement method;
and,

Fig. 10 is a block diagram for the playout procedure.
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described. In contrast to the segnent sanpling nethod (whic
retrieves segnents froma disk array in which segnents are
round-robi n manner) the segnent placerment method all ocates §

O—th.
2

di sks judiciously such that no special provision is needed for sanpllng and
the segnent can be conpletely uniformy sanpled in an FF node for sone
pre-determ ned FF speeds. Consider an FF operation in which the playout
rate is mtimes as the normal playout rat®s. In this FF node, the sequence
of retrieved segments froma given starting segnent i is {i, i+m i+2m

| +3m }IV. Detailed Description of A Preferred Embodiment

Fig. 1 shows a disk-array-based video server 100, wherein
video data is stored in the disk array 102 and transmitted to
the end client stations 103 over the network 104 upon request.
The movies (videos) are stored on the disks 102. The video
server 100 includes a processor (cpu) 101 which executes tasks
under control of a cyclic schedular 106. These tasks include
a retrieval task 150 which retrieves videos from the disks
102, a storage task 152 which stores videos temporarily in the
memory buffer 105 and a transmission task 154 which transmits
videos to client stations 103 by way of a communication
network 104 via a network interface 107.

Each of the client stations 103 includes a network
interface which prov1des bi-directional communication between
the client station 103 and the video server video the
communication network. The client stations also each include
processor (cpu) 109 which receives videos via a client station
network interface 108 into a playout buffer 110. Each client
station 103 also includes a decoder 111 which receives movies
from the playout buffer and decodes them for performance on
the clients display equipment (such as a television set) and
a control interface 112 which receives control commands
(including scan speed control commands) from a user via a
remote controller 114. These commands are communicated to the
video server via the network interface 108 and the network
104.

The video server 100 can be embodied using any processor
of sufficient performance for the number of video streams to
be supported. For example, a small capacity wvideo server
could be embodied using an RISC System/6000 TM system while
a larger capacity server could be embodied using an ES/9000
TM system (both available from International Business Machines
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12 Since n

medi a segments are retrieved in each round, thej|REFAGEMENT HHEET

r'is the round nunber of segment retrieval. It is necessaryjtRetensar
t hese segnents be mapped to different disks so as to have the—reaxtmal
The segnent placenent function f2(g,n), defines a mapping from

retrieved are {(r-1)nm (r-1)nmrm (r-1)nm2m .... (r-l)nwm(n-l)fj%me!ggs
<LRa

t hr oughput .

nmedi a segnent g to a disk k, where k is a nunber

the disk array with n disks. Assuming that mis a sub-nultiple of the
nunber of disks n, the mapping function can be defined as follows: f2(g,n)

Corporation of Armonk, New York). The disk array 102 can be
of the RAID level 5 type. The communication network 103 can
be, for example, a fiber optic network or a conventional bi-
directional cable network. The client stations 103 can be
embodied as a set-top box. _The'Remote control 114 and the
control logic can be cdupled by way of a conventional infra-
red interface. The clients send commands to the server 103
by way of the network 104. In accordance with an embodiment
of the present invention, the client can control the scan
speed of the video (along a continuous spectrum) by depressing
particular buttons on the remote controller 114.

For clarity, the example of fast forward operations will
be used in this description. It should be understood however
that the described principals apply equally to fast backward
(FB) operations.

Fig. 2 illustrates one way to achieve the FF retrieval
in a disk-array-based video server, using a storage method 10,
a segment sampling method 15, and a playout method 20
according to an embodiment of the present invention. The
storage method 10 divides a stream of MPEG video frames into
media segments. Each segment comprises consecutive frames
beginning with an I frame and ending before another I frame.
Allocation and retrieval of the multimedia stream is in units
of segments. The segment sampling method 15 selectively
retrieves segments from a disk array where segments are placed
in a round robin manner and performs fast forward (FF)
retrieval at any fast forward speed desired by viewers. The
playout method 20 causes the end station to play out the
retrieved video stream from fast forward retrieval and
maintains the same buffer space and transmission bandwidth
requirement as in the normal play operation.

ranging fromO to n-1 in
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(g +[g/n]) nod n. The first term(g) represents a regul ar sgaBERKAGGIENT SHEET
segnents on the n disks and the second (g/n) represents a skew fact ?r Ucll-t‘ggs
can be shown that f2(g,n) maps the segments {(r-1)nm (r-1)nRete:.. L& Yl MW

(r-)nm2m ..., (r- 1)nmt(n-1)nm} to different disks for =any i

Referring now to Fig. 8 (which shows a flow chart of a segment pl acerrent
programin the retrieval task 150), the round nunber of segnent retrieval,
r, equals one in the beginning (step 200)8 In the r-th round, disk k will

locate its i-th disk (i.e., segnent nunber g) to retrieve, mhere t he
nunbers i and g quel.y rn1ned ste s 210 and respectively.
After segnent g |s§fe[§r e’SIE]d“EI‘ &f s1B1eY Way 2o "Gchifdve’ “RRE! ¥

retrieval in a disk-array-based video server, using the
storage method 10, the segment placement method 35,
and the playout method 20 according to another
embodiment of the present invention. The storage method 10
and the playout method 20 are the same as used in conjunction
with the method of FIG. 2. The segment placement method 35
allocates segments to disks judiciously such that segments can
be completely uniformly sampled in an FF mode for some
predetermined FF speeds. '

The various tasks and programs used to control scanning
will now be described by reference to FIGs. 4 - 10.

Fig. 4 shows a sequence of MPEG video frames 1-8 that is
composed of intra frames (I), predictive frames (P), and
interpolaEed frames (B). The storage order of the frames,
which differs from the temporal order, reflects the order in
which the frames have to be delivered to the decoder. 1In the
MPEG stream P frames depend on I frames, and B frames depend
upon both I and P frames. Hence, it is not possible to play
out B frames without the corresponding I and P frames. It is
therefore not possible to play out every third frame to
achieve 3X playout since this subset would include B frames
without the corresponding anchor I or P frames.

For the foregoing reasons, the present storage method
divides an MPEG video stream into media segments. Each
segment includes consecutive frames beginning with an I frame
and ending before another I frame. Allocation and retrieval
of the multimedia stream is in units of segments. Consecutive
segments are stored on different disks in the disk array 102.

The segment sampling method of the retrieval task 150
will now be described. Consider a disk-array-based video
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step 230, if nore video segnents are needed (step 240), go t
i ncrease the round nunber r by one. Qtherw se, this procedur
260. Referring nowto Fig. 9, the placenent of video segnent
array with 6 disks when the required FF speed is three tinmes as the nornal
operation is given. This |ayout of nedia segnments across n disks ensures
snmooth retrieval for playout at different9F$3speeds I f the FF speed-up mis
a sub- multiple of the nunber of disks n=The |l ayout ensures that the nedia
segnents to be retrieved in a round all reside in

server of the type shown in FIG. 1 in which there are n disks.

For the maximal throughput during the normal (standard
playback speed) operation, video segments S0-S29 are stored
in the disk array 102 in a round-robin manner so that n
consecutive segments can be retrieved in one round. Formally,
when there are n disks, segment g is stored in disk k=£1 (g,n)
where £l=(g,n) = g mod n. Fig. 5 illustrates an example
round-robin segment placement when n=10.

To achieve the FF feature, one has to appropriately
sample some segments only, while skipping the others. The
sampling rate depends upon the FF speed desired. If the FF
speed is m times the normal speed, we would in average sample
one segment out of m segments. For example, if the FF speed
m equals 3, segments s0, s3, 86 and s9 will be retrieved from
disk 0, disk 3, disk 6 and disk 9, respectively, in Fig. 5,
while skipping segments sl, s2, s4, 85, s7 and s8. The
complete sampling procedure will be described in more detail
later by reference to the segment sampling method.

To provide the best output during FF, the segments
sampled should be as uniformly distributed as possible. For
example, to double the speed, one can simply select even
segments while skipping the odd ones. However, it can be
verified that this method, while uniformly sampling the
segments, will not obtain the maximum throughput when there
are an even number of disks in the array (such as the
situation in Fig. 5 where n=10). Specifically, where only the
even segments are selected, only half of the disks (i.e.,
digks with even numbers) participate in the segment retrieval
whereas the other half disks (i.e., disks with odd numbers)
remain idle. Consequently, to develop an FF video segment
retrieval scheme in a disk array where segments are stored in
a round-robin manner, we not only want to sample the segments
as uniformly as possible but also need to ensure that the
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storage systemby the retrieval process in the FF node is identicqlgbgcrqsgs
| oad under normal operation. The playout nethod is now descl|ilgsel:..... hFedeoFhgeeeserees ,

t he normal speed playout, video data is retrieved fromthe grsk_tm tounds.
In each round one nedia segnent is retrieved fromeach disk in the disk
array. The data is buffered tenporarily in the server and transmtted at a
fixed rate to the end station. In the FFloode, the server retrieves
segnents based on either the procedure i Fig. 2 or :

maximal throughput is attained. Such a procedure is described

below.

Fig. 6 is a flow chart of a program in the retrieval task
150 for determining, for each disk, which video segment to
retrieve in an FF mode. Suppose the number of disks in the
array is n and the FF speed desired is m times as the normal
operation. Let 1cm (n,m) denote the least common multiple of
m and n. For example 1cm(3,9)=9. Let z=nm/lcm(n,m), for
notational simplicity. To facilitate the description, an FF
segment retrieval for n=9 and m=3 is given in Fig. 7, where
the segments retrieved are marked with *’s.

Referring now to Fig. 6, the round number of segment
retrieval, ¥, equals one in the beginning (step 60).
Depending on whether r is an odd number or an even number,
each disk will use pfoper formulas to determine the segment
to retrieve (step 70). The case that r is an odd number
corresponds to the first half of the zig-zag curve resulting
from the segments retrieved, such as the 1line formed by
segments 0%, 10* and 20* in the first round of Fig. 7. On the
other hand, the case that r is an even number corresponds to
the second half of the zig-zag curve, such as the line formed
by segments 29*%, 37* and 45* in the second round of Fig. 7.
Specifically, if r is an odd number, segment g will be
retrieved from disk k, where g is uniquely determined by steps
80 and 85. If r is an even number, segment g will be
retrieved from disk k, where g is uniquely determined by steps
90 and 95. After segment g is retrieved from disk k retrieves
in step 100, if more video segments are needed (step 105), go
to step 110 and increase the round number r by one.
Otherwise, this procedure ends in step 120.

Referring again to Fig. 7, the example for n=9 and m=3
is provided and those segments retrieved are marked with *’s.
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the one in Fig. 3. Referring nowto Fig. 10, the processing s?eps 0
ation that has the responsibility of parsing th b&gonﬂna 0

recei ving st

stream and creating a valid input streamfor the decoder ar
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receiving end station 103 receives the incom ng segnent stream from t he
100 in step 300, and discards internediate franes that do not

vi deo server

have t he associ ated anchor franmes in ste

segnent begi

ns with an | franme, it contai-As B franes that have an anchor

frame outside the nmedia segnent. These B franes are |ocated i medi ately

after the |
the last P f
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segment sampling scheme described in Fig. 6 shifts the video
segments retrieved in some retrievals. For example, segment
10 is fetched instead of segment 9, and segment 20 is fetched
instead of segment 19. Such shifting, though making the
segments retrieved not perfectly uniformly distributed,
ensures that the maximal throughput is achieved. The group
of segments retrieved in the first round of retrieval in Fig.
7 consists of segments 0, 10, 20, 3, 13, 23, 6, 16 and 26,
which are then displayed in the order of 0, 3, 6, 10#, 13, 16,
20#, 23, 26, where # indicates a shift for retrieved segment
numbers. Under this scheme, the segments retrieved in the
second round of retrieval in Fig. 7 are segments 45, 37, 29,
48, 40, 32, 51, 43, and 35, which are then displayed in the
order of 29, 32, 35, 37#, 40, 43, 45#, 48, 51. It can be seen
from Fig. 7 that the segments retrieved form a zig-zag curve.
The number of shifts in a zig-zag is 2nm/lem(n,m) - 2, which
is the minimum among all FF schemes that could achieve the
maximal throughput in a disk-array-based video server where
segments are stored in a round-robin manner.

The segment placement method will now be described. As
shown in Fig. 2 and Fig. 3, the segment placement method is
an alternative to the segment éampling method previously
described. In contrast to the segment sampling method (which
selectively retrieves segments from a disk array in which
segments are stored in a round-robin manner) the segment
placement method allocates segﬁents to disks judiciously such
that no special provision is needed for sampling and the
segment can be completely uniformly sampled in an FF mode for
some pre-determined FF speeds. Consider an FF operation in
which the playout rate is m times as the normal playout rates.
In this FF mode, the sequence of retrieved segments from a
given starting segment i is {i, i+m, i+2m, i+3m, ..... }.

1310. Note that although the nedia

on
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In step 320 the receiving station adjusts the presentation tﬁ?ﬁ#ﬁﬁﬁ%ﬁ%?SHEET.
enbedded in the stream The presentation time- stanp deterfn s_tlllez.tﬁﬁi[ew
which a video frane is to be dISp| ayed. It has to be adj SI?% .............................

conpensate for the skipped segnents and al so for the dropped B franes, so
as to reflect the correct playout tine. Video frames are then played out
in step 330. This playout policy results in a piecew se continuous playout
sequence. It allows the viewer to exam e scenes in order to quickly |ocate
the scene of interest. Since the segnment size is fixed, no additional

buf fer or tgans s gnabandl e 15 Leguifed fiQed N SLLEAM rdiFas R
segments to be retrieved are {(r-1)mm, (r-1)nm+m, (r-1)nm+2m,
eses 2 (r-l)nm+(n-1)h}, where r is the round number of segment
retrieval. It is necessary to ensure that these segments be
mapped to different disks so as to have the maximal
throughput. The segment placement function £2(g,n), defines
a mapping from media segment g to a disk k, where k is a

number ranging from 0 to n-1 in the disk array with n disks.

Assuming that m is a sub-multiple of the number of disks
n, the mapping function can be defined as follows: f2(g,n) =
(g +Ig/n]) mod n. The first term (g) represents a regular
scattering of the segments on the n disks and the second (g/n)
represents a skew factor. It can be shown that f2(g,n) maps
the segments {(r-1)mm, (r-1l)nm+m, (r-l)nm+2m, ... , (r-
1)nm+ (n-1)m} to different disks for any r.

Referring now to Fig. 8 (which shows a flow chart of a
segment placement program in the retrieval task 150), the
round number of segment retrieval, r, equals one in the
beginning (step 200). In the r-th round, disk k will locate

"its i-th disk (i.e., segment number g) to retrieve, where the
"numbers i and g are uniquely determined by steps 210 and 220,
respectively. After segment g is retrieved from disk k in
step 230, if more video segments are needed (step 240), go to
step 250 and increase the round number r by one. Otherwise,
this procedure ends in step 260.

Referring now to Fig. 9, the placement of video segments
in a disk array with 6 disks when the required FF speed is
three times as the normal operation is given. This layout of
media segments across n disks ensures smooth retrieval for
-playout at different FF speeds if the FF speed-up m is a sub-
multiple of the number of disks m. The layout ensures that
the media segments to be retrieved in a round all reside in
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station decoder. 14 CLAIMS 1. A nethod of performng vari
scanni ng operations in a video server wherein at |east one d
provi ded froma nass storage nedia, conprising the steps of: receiving, by
the video server, a performance request from

_ 13
different disks, so that the load imposed on the storage

system by the retrieval process in the FF mode is identical

to the load under normal operation. The playout method is now
described. During the normal speed playout, video data is
retrieved from the disk in rounds. In each round one media
segment is retrieved from each disk in the disk array. The

data is buffered temporarily in the server and transmitted at

a fixed rate to the end station. In the FF mode, the server
retrieves segments based on either the procedure in Fig. 2 or

the one in Fig. 3. Referring now to Fig. 10, the processing
steps of the receiving station that has the responsibility of

parsing the incoming stream and creating a valid input stream
for the decoder are given. The receiving end station 103

receives the incoming segment stream from the video server 100

in step 300, and discards intermediate frames that do not have

the associated anchor frames in step 310. Note that although
the media segment begins with an I frame, it contains B frames

that have an anchor frame outside the media segment. - These

B frames are located immediately after the I frame as shown
in Fig. 4, and are ignored since they depend on the last P
frame in the preceding media segment which is not retrieved.

In step 320 the receiving station adjusts the presentation
time-stamps embedded in the stream. The presentation time-

stamp determines the time at which a video frame is to be

displayed. It has to be adjusted to compensate for the

skipped segments and also for the dropped B frames, so as to

reflect the correct playout time. Video frames are then
played out in step 330. '

This playout policy results in a piecewise continuous
playout sequence. It allows the viewer to examine scenes in
order to quickly locate the scene of interest. Since the
segment size is fixed, no additional buffer or transmission
bandwidth is required for the stream. The segment maintains
the average data rate of the stream, and hence it is
acceptable to the end station decoder.
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a viewer for showng a particular video; transmtting a fir

dat a tream
carrying the particular video fromthe video server to recegl pa: eq|2p _______ t1995
at the viewer's location; receiving, by the video server, a

request including control data indicative of the viewer's selection “of a
scanni ng speed from a sel ectabl e range of scanning speeds faster than a
normal pl ayout speed; based at least in part on the control data and a
nunber of storage devices included in the mass storage media, identifying
particular franmes of the video to be retrieved fromthe mass storage nedi a;
and,

Now that the invention has been described by way of the
preferred embodiment, various modifications and improvements
will occur to those of skill in the art. Thus, it should be
understood that the preferred embodiment has been provided as
an example and not as a limitation. The scope of the

invention is defined by the appended claims.
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i nstead of the frames that woul d have bee had t

transmtting, to the viewer's location, This8 B Eﬁﬂ' ea iﬁﬁﬁ%%'ﬁh@ﬁa
particular frames selected as a function d scapming. s '
i B9, SPEOLT 9%,

continued at a normal playout speed. 2. The nethod of Claim1 wherein the
frames are identified and encoded as intra (lI) franes, predictive franes,

and interpolated franes and stored in the mass storage nedi a

as units of

retrieval, each of the units of retrievaIEionprising consecutive franes

beginning with an | frame and endi ng befmxxMsanot her | frame.
of claim1l wherein . the storage nedia is an

3. The net hod

1. A method of performing any of variable speed scanning
operations in a video server wherein at least one data stream
is provided from a mass storage media, comprising the steps
of:

receiving, by the video server, a performance request from a
viewer for showing a particular video;

transmitting a first data stream carrying the particular video
from the video server to reception equipment at the viewer'’s
location;

receiving, by the video server, a scanning request including
control data indicative of a scanning speed;

-identifyiﬁg, as a function of the control data, particular
frames of the video to be retrieved from the mass storage
media;

transmitting, to the viewers location, a second data stream
consisting essentially of only the particular frames, instead
of the first data stream.

2. The method of Claim 1 wherein the frames are identified
and encoded intra (I) frames, predictive frames and
interpolated frames and stored in the mass storage media as
units of retrieval each of the units of retrieval comprising
consecutive ones of the frames beginning with an I frame and
ending before another I frame.

3. The method of Claim 1 wherein mass storage media is a
disk array, the particular frames are also identified as a
function of a number of disks in the array, the frames of the
video are distributed among a plurality of disks in the disk

| A A R
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array of disks and conprising the furtherj pa o e “Fﬁ_iin the frames

anong the disks in the array as a functi Iof i skater. 112 0CT 1995...
array and at | east one predeterm ned sca . 15 4. ' =

claiml1l wherein nmass storage nedia is a disk array, and rein the
particular franes of the video are distributed evenly anong the disks. 5.
The nmethod of claim1l wherein the franes:ﬁge stored as

ar—

array and wherein a plurality of the frames are retrieved from
the disks in parallel.

4. The method of Claim 1 wherein the storage media is an
array of disks and comprising the further step of distributing
the frames among the disks in the array as a function of a
number of disks in the array and at least one predetermined
scanning rate.

5. The method of Claim 1 wherein mass storage media is a
disk array, and wherein the frames of the video are
distributed among a plurality of disks in the disk array and
such that the particular frames are distributed evenly among
the disks and wherein the total number of frames retrieved is
the same as for transmission of the first data stream.

6. The method of Claim 3 wherein the frames are stored as
segments on the media and wherein each of the segments
comprises a sSequence of consecutive frames which can be
decoded as a unit.

7. A video-on-demand system, comprising:

a user station having a video decoder, a control interface for
receiving scan speed éontrol commands from a user and a first
network interface for receiving video data from the wvideo
server and for communicating the scan speed control commands
to the video server;

a video server having a mass storage media, a second network
-interface for sending the video data to the user station and
for receiving the control commands from the user station; and,
processing logic responsive to the control commands, for
identifying particular frames of a video to be retrieved from
the mass storage media and provided to the user station; and

O O
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segments on the nmedia and wherein each of the segnents _cer
of consecutive frames which can be deceﬁsﬂ=a§“§iﬁﬁ££€%§N '
perform ng scanni ng operations, conpri iﬁyﬁiﬁﬂtﬁ_éﬁ§ of : §tlatLng A Vi deg as
bl ocks of data distributed anong a plurality vi ces; perform ng
the video for a user at a nornal playout=Speed; receiving a scanning
request fromthe user; responsive to the scanning request, identifyig
particul ar bl ocks of the data to be retriéved fromthe storage devices and
provi ded to the user; and,

a communication network, coupled to the first network
interface and the second network interface.

8. The video-on-demand system of Claim 7 wherein the frames
are stored as segments on the media and wherein each of the
segments comprises a sequence of consecutive frames which can
be decoded as a unit by the user station.

9. A video server, comprising:
a mass storage media for storing a plurality of videos;

a network interface for sending video data to a user, for
receiving a request for performance of one of the videos and
scan speed control commands from the user; and,

processiné logic responsive to the control commands, for
identifying particular frames of the one of the videos to be
retrieved from the mass storage media and provided to the
user, wherein particular frames of the video are skipped as
a function of speed information embedded in the scan speed

control commands.

.~ 10. The video server of Claim 9 wherein the frames of the one
of the videos are identified and encoded as intra (I) frames,
predictive frames and interpolated frames and stored in the
mass storage media as units of retrieval each of the units of
retrieval comprising consecutive ones of the frames beginning
with an I frame and ending before another I frame.

11. The video server of Claim 9 wherein mass storage media
is a disk array, the particular frames are also identified as
a function of a number of disks in the array, the frames of
the video are distributed among a plurality of disks in the
disk array and wherein a plurality of the frames are retrieved

\
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retrieving the particular blocks of thegatinsblnR: 1@&, r REPLACEMENT SHEET

parallel groups, wherein the quantlty retr inp

f or provision to the user in response mmmu uﬁﬂ ues Date t.hb Ss e - |
as the quantity of blocks retrieved i perforna

video at the normal playout speed. 7. The nethod of Claim6 wherein each of

the bl ocks of the data each consist essentially of an intra (1) frame, a

predi ctive frames and an interpol ated frafes in consecutive order,

beginning with an I franme and endlng before another | frane. 8. The nethod

of daimb5 erein.th orjn rises
rom t e éiéks in ara el.

12. The video server of Claim 9 wherein the storage media is
an array of disks and wherein the frames a distributed among
the disks in the array as a function of a number of disks in
the array and at least one predetermined scanning speed other
than a normal playout speed. |

13. The video server of Claim 9 wherein the mass storage
media is a disk array, and wherein the frames of the video are
distributed evenly among disks in the disk array such that the
number of frames retrieved during scanning is the same as for
transmission of a video stream at normal playout speed.

14. The video server of Cléin19 wherein the frames are stored
as segments on the media and wherein each of the segments
comprises’ a sequence of consecutive frames which can be
decoded as a unit by a user station.

15. A video server, comprising:

an array of disks having a plurality of movies stored therein,
each movie being stored in the array in units of retrival
comprising'consecdtive intra (I) frames, predictive frames and
interpolated frames, each unit of retrieval comprising
congecutive ones of the frames beginning with an I frame and
ending before another I frame;

a network interface for sending video data to a user, for
receiving a request for performance of one of the movies and
scan speed control commands from the user; and,

processing means responsive to the control commands, for
‘identifying particular frames of the one of the movies to be
retrieved from the mass storage media and provided to the

/
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the step of distributing the blocks afs&he Hasa ﬁ ” t he orage_ devi ces
Mg 95@:.[1!.331.691?1.]3&;.-.

I n a round robin sequence. 16 9. T alm6
storing conprises the step of distrib ﬂlﬂﬂlﬂﬂ uﬁu s of t
storage devices as a function of a par ng| speed.

19

e

user,

retreival means for retrieving the particular frames of the
one of the movies from the disks in parallel groups of the
frames, wherein the number of frames retrieved in parallel
from the disks during scanning is the same as for transmission
of a video stream at normal playout speed.

O g
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inferface and the second network interface. 8. The vi deo-on denandh?/%tﬁqggs
of Claim7 wherein the franes are stored as segnents on the nedat antlé:
wherein each of the segnents conprises a sequence of consecut =:
whi ch can be decoded as a unit by the user station. 9. A video server,
conprising: a nmass storage nedia for stati ng a plurality of videos; a
network interface for sending video da’t_-i\-Gto § user, for
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receiving a request for performance of one of the videos and. |5®ERLAGEMENT SHEET
control commands fromthe user; and, processing |ogic responsjfve to e
cobntrol’ commands, for identifying particular franes of the o E@F“PAEQ"HCIJSQE‘

videos to be retrieved fromthe nass storage nedia and provided to the
user, wherein particular frames of the video are skipped as a function of
speed i nformation enbedded in the scan2speed control commands. 10. The
video server of Claim9 wherein the frames of the one of the videos are
identified and encoded as intra (1) Eﬁﬂges predictive franmes and
interpolated franes and stored in th sszgtorage media as units of
retrieval each of the units of
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retrieval conprising consecutive ones of the frames begi nning| w an 1
frame and ending before another | frame. 11. The vi deo server

O |
wherein nmass storage nedia is a disk array, the particular fr BlteC L2 ACT. 1985,
identified as a function of a nunber of disks in the array, the franmes of '
the video are distributed anong a plurality of disks in the disk array and
wherein a plurality of the franes are rdtri eved 18 fromthe disks in

parall el .
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12. The video server of Claim9 wherein the storage nedia i9
di sks and wherein the franes a distrihuted anong the di sks
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a function of a nunber of disks in the array and at |east o =i :

scanni ng speed other than a normal playout speed. 13. The video server of

Claim9 wherein the mass storage rrediege

franes of the video are distributed

such that the nunber of frames retrieved durin

transmi ssion of a video stFd@o a nor nal

Is a disk array, and wherein the
nly anong disks in the disk array
gsﬁcanning is the sane as for

speed. 14. The video

server of Claim9 wherein the frames are|3$to d as segnents on the nedia

and wherein each of the segnents
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conpri ses a sequence of consecutive frames which can be decod | RERLACEMENT SHEET

by a User station. 15. A video server, .conprising: an array o I sks '
a plurality of novies stored therein, each novie being stored: i'g?t‘f he*lg'\rﬂa@?fm'

inunits of retrival conprising consecutive intra (I) frames, predictive
frames and interpolated franmes, each urBt of retrieval conprising
consecutive ones of the franmes beginning with an | franme and endi ng before
another | frame; a network interface fg_r endi ng video data to a user, for
receiving a request for performance of - of the novies and scan speed
control commands fromthe user; and
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processi ng means responsive to the control conmands, for i dehtRERLAREMENT SHEET
particular frames of the one of the novies to be retrleved fifomth
storage nedia and provided to the 19.user, - retreival et oﬂ-m '995
retrieving the particular franes of the one of the novies fromTtThe drsSKS TN
paral |l el groups of the frames, wherein the nunber of franes retrieved in
parallel fromthe di sks during scanmlu;és the sane as for transm ssion
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of a video stream at normal pl ayout speed.
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ABSTRACT OF THE DISCLOSURE

FRAME SAMPLING SCHEME FOR VIDEO SCANNING
IN A VIDEO-ON-DEMAND SYSTEM

A system and method for performing variable speed scanning or
browsing, wherein a user controls the playout speed of a
movie, which does not require additional disk or network
bandwidth resources. In a preferred embodiment, the method
provides for scanning operations for an MPEG video stream. The
method satisfies the constraints of the MPEG decoder (in the
users set-top box) and require a minimum of additional system
resources. The embodiments of the present invention include
(a) a storage method, (bl) a segment sampling method, (b2) a
segment placement method, and (c) a playout method, where (bl)
and (b2) are two alternatives for segment selection. Thus,
two sets of solutions are provided to support vriable speed
scanning in a disk-array-based video server: One using (a),
(bl) and -(c)', and the other using (a), (b2) and (c).
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CLAIMS

1. A method of performing variable speed scanning
operations in a video server wherein at least one data
stream is provided from a mass storage media, comprising
the steps of:

receiving, by the video server, a berformance request from
a viewer for showing a particular video;

transmitting a first data stream carrying the particular
video from the video server to reception equipment at the
viewer's location;

receiving, by the video server, a scanning request
including control data indicative of the viewer's selection
of a scanning speed from a selectable range of scanning
speeds faster than a normal playout speed;

based at least i part on the control data and a number of

storage devices included in the mass storage media,

identifying particular frames of the video to be retrieved
from the mass storage medla; and,

transmitting,'to the viewer's location, a second data stream
including the particular frames instead of the frames that
would have been transmitted had the video continued at a

" normal playout speed.

2. The method of Claim 1 wherein the frames are identified
and encoded as intra (I) frames, predictive frames, and
interpolated frames and stored in the mass storage media as
units of retrieval, each of the units of retrieval
comprising consecutive frames beginning with an I frame and
ending before another I frame.

3., The method of claim 1 wherein the storage media is an
array of disks and comprising the further step of
distributing the frames among the disks in the array as a
function of a number of disks in the array and at least one
rredetermined acanning rate.
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4. The method of claim 1 wherein mass storage media is a
disk array, and wherein the particular frames of the video
are distributed evenly among the disks.

5. The method of claim 1 wherein the frames are stored as
segments on the media and wherein each of the segments
comprises a sequence of consecutive frames which can be
decoded as a unit.

6. A method of performing scanning operations, comprising
the steps of:

storing a video as blocks of data distributed among a
plurality of storage devices;

performing the video for a user at a normal playout speed;
receiving a scanning request from the user;

responsive to the scanning request, identifyig particular
blocks of the data to be retrieved from the storage devices
and provided to the user; and,

retrieving the particular blocks of the data from the
storage devices in parallel groups, wherein the quantity of
the blocks retrieved in parallel for provision to the user
in response to the scanning request is the same as the
quantity of blocks retrieved in parallel for performance of
the video at the normal playout speed.

7. The method of Claim 6 wherein each of the blocks of
the data each consist essentially of an intra (I) frame, a
predictive frames and an interpolated frames in
consecutive order, beginning with an I frame and ending
before another I frame.

8. The method of Claim 6 wherein the storing comprses
the step of distributing the blocks of the data among the
storage devices in a round robin seuence.
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9. The method of Claim 6 wherein the storing comprises
the step of distributing the blocks of the data among the
storage devices as a function of a particular scanning
speed.
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