A 00 O 0

WO 03/046892 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

)\

o e~
(i8] U5~

(10) International Publication Number

5 June 2003 (05.06.2003) PCT WO 03/046892 A2
(51) International Patent Classification’: G11B Jonathan, Barton; 631 Sandreed Court, Larimer County,
Fort Collins, CO 80525 (US).
(21) International Application Number: PCT/US02/38050
(74) Agents: GALLENSON, Mavis, S. et al.; LADAS &

(22) International Filing Date:
26 November 2002 (26.11.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/994,429 26 November 2001 (26.11.2001) US

(71) Applicant: NVIDIA CORPORATION [US/USJ; 2701
San Tomas Expwy., Santa Clara, CA 95050 (US).

(72) Inventors: VAN WELZEN, James, Lewis; 1349 Car-
nation Circle, Boulder County, Longmont, CO 80503
(US). FALARDEAU, Brian, Dennis; 5008 Carter Court,
Boulder County, Boulder, CO 80301 (US). WHITE,

31

34

PARRY, 5670 Wilshire Boulevard, Suite 2100, Los Ange-
les, CA 90036-5679 (US).

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE,
SG, SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ,
VC, VN, YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Buropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

[Continued on next page]

(54) Titlee METHOD AND SYSTEM FOR DVD SMOOTH REWIND

100 /102 f104 fl()ﬁ
Audio | __ Audio
Br\l?e CPy Codec Amplifiers
(Content (Decoding (Audio (Audio
Storage) Engine) Rendering) Medium)
/‘110 f1]2
Display | | Display
Controller Visual
(Video Medium)
Rendering)
KIOS
Memory (= 7 Video Frame Buffers)

(57) Abstract: Aspects of performing
smooth backwards playback in a DVD
system are described. The aspects include
reconstructing frame data for every frame in
a set of frames of an original playback, the
set of frames preceding a currently displayed
frame. Further included is the utilization of
at least seven frame buffers to store frame
data during the reconstructing step. The
reconstructed frame data is then displayed
in reverse order of the original playback for
the set of frames. Further aspects include
receiving a signal indicating selection of a
single frame reverse function. Still further
aspects relate to performing smooth search
transitions in a DVD system including:
calculating an instantaneous frame rate,
adjusting a timestamp of a frame based on
the calculated instantaneous frame rate, and
displaying the frame according to the adjusted
timestamp.



wO 03/046892 A2 NN 0000 00O O

ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, For two-letter codes and other abbreviations, refer to the "Guid-
TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, ance Notes on Codes and Abbreviations" appearing at the begin-
GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.

Published:
—  without international search report and to be republished
upon receipt of that report



10

15

WO 03/046892 PCT/US02/38050

METHOD AND SYSTEM FOR DVD SMOOTH REWIND

CROSS-RELATED APPLICATIONS

The present application is related to application serial no. ,

entitled "Method and System for DVD Single Frame Sticpping Backwards," and application

serial no. , cntitled "Mcthod and System for DVD Smooth Search

Transitions,” assigned to the assignee of the present application, and filed on the same date.

FIELD

The present writing relates to DVD players, and more particularly to

reverse playback and smooth search transitions in DVD players.

BACKGROUND
The DVD (Digital Versatile Disk) format was designed by various members of the

consumer electronics industry as a means of storing high quality audio-video content (¢.g., 2
feature length film) on a single disk. To facilitate such efficient storage, the DVD funuat uscs
contemporary compression technologics to reduce the sizes of the vidco and audio bit streams
comprisiny the content.

The DVD format employs the [SO MPEG-2 standard to compress video. MPEG-2
represents video content as a compressed series of frames. Each frame is 4 rectangular array of
picture elements (pixels) depicting the content at a particular instant in time. Thus playback

consists of decompressing and then displaying this series of frames.

<1-
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In conventional DVD players, the playback of DVD content is typically implemented
in one of three ways: using dedicated hardwaire, using a software implementation, or using a
combination of software and hardware.. The most common or conventional implementation
takes the form of a consumer electronics components with limited resources targeted
exclusively at DVD playback. Less comunou or conventional implementatione take the form of
PC-based jmplcinentations, or Game Consoles (e.g., Sony PLAYSTATION?. and Microsoft X-
BOX) which, because they target multiple functions, tend to Havé xﬁore extensive resources.

Although the user primarily plays DVD content forwards and at the display rate of the
original content, there are circumstances where a user may want to display frames either
backwards or at a rate other than the normal display rate or both backwards and at a rate other
than the normal display rate. These include playback features popularized by VCRs, €.g., slow
motion, backwards play, single frame stepping forwards and backwards, as well as fast forward
and rewind at various rates. The realization of alternate forms of playback, however, is
hindered by both the nature of MPEG-2 compression and of typical DVD players.

The MPEG-2 video standard employs three types of compressed frames: intra-frames.
(I-frames), predictive frames (P-ﬂames), and bi-directionally predictive franss (B-framecs). I-
frames have no dependencics. Thus, an I-frame is sclf-contained and includes all information
nccessary to reproduce the associated original frame. P-frames may have forward
dependencies, i.e., a P-fraroe is nqt self-contained. It may re-use information from ﬂlc
preceding decompressed referencé frame (where a reference frame is either an I-frame or
another P-frame). Thus, a playback imple,mcntétion must decode reference frame preceding a
P-frame before it decodes the P-frame itself and must kecp the preceding reference frame

resident in memory throughout the decoding of a P-frame. For the B-frames, B-frames are not
2.
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self-contained and may have forward and backward dependencies, such that it may re-use

information from either the preceding or the subsequent decompressed reference frame. Thus,

a playback implementation must decode the reference frames both preceding and following a

B-frame before it decodes the B-frame itself and must keep both the preceding and subsequernt
reference frames resident in memory throughoul the decoding of a B-frame.

In summary, & playback implemcntation respecte the dependencies between frames by
decoding a frame’s references before decoding the frame 1tself It als§ keeps the required
references in memory until all frames requiring the references are decoded.

Nonﬂﬂly, a playback imﬁlémentation maintains four frame buffers (i.e., arrays of
memory) of MPEG-2 video at any one time:

(1)  currently decoded ﬁ‘ame

(2)  forwards reference. The reference preceding the currently decoded frame.
Sometimes co-incident with the cﬁrremly displayed frame.

3) backwards reference. The reference following the cuwrrently decoded frame.

(4)  currently displayed frame. This is distinct from thc; currently decoded frame to
prevent the player from updating a frame whﬂe it is being displayed which causes an
undesirable visual artifact called “learing”.

Tl suaintcnarice of only four or five frame buffers helps to limit the memory resources used in
a DVD player, while providing su.fﬁcient forwards playback. Four (or even five) frames,
however, is normally not sufficient for smooth backwards playback of MPEG-2. Rather, DVD
players currently avoid decoding P or B frames when playing backwards and only decode the
self-contained I-frames. This Jeads to decoding less than 10% of the frames and subsequently

to jerky, low frame-rate, backwards play. Further, decoding only the I-frames prevents DVD
3.
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playe.rs from single stepping frames backwards. While an implementation could repeat a
process of starting from the last I-frame and progressing forward using only four frames, the
process is laborious, requiring repetition for every new backwards frame at the nomd ‘
playback speed, which requires deéod'mg capacity far in excess of even current PC-based
implementations.

b‘u:therl;n(_)re, most DVD players oulput to televisions or oth& displays with fixed
display ratcs. Tor instance, the PAL and NTSC teleQiéion standatds mandate display rates of .
25 and 29.97 frames per second. This is sufficient for normal speed playback which is limited,
by the DVD standard, to PAL andiTS'C rates. This limitgﬁon, however, prevents higher
frame rate display during fast fomfard orrewind. For instance, if the player produces 60
frames of video per second in a 2X fast forward mode only 30 (i.e,, every other frame decoded)
may be displayed on an NTSC television. Further, givéﬁ fixed frame rates, these players
cannot smoothly vary the rate in a transition from one rate (say normal speed) to another (say

2X speed).

Accordingly, what is needed are a system and method for smooth rewind, single frame

/ stepping backwards, and smooth séarch transitions in a DVD implementation. The present

invention addresses such a need.

SUMMARY )

Aspects of performing sméoth backwards playbaék- in 2 DVD system are descdged. |
The aspects include reconstructing frame data f(;r every frame in a set of frames of an original
playback, the set of frames preceéing a currently displayed frame. Further included is the

utilization of at least seven frame buffers to store frame data during the reconstructing step.
" .
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The reconstructed frame data is then displayed in reverse order of the original playback for the
set of frames.

Further aspects include receiving a signal indicating selection of a single
frame reverse function. Still further aspects relate to performing smooth search
transitions in a DVD system including: calculating an instantaneous frame rate,

adjusting a timestamp of a frame based on the calculated instantaneous frame

rate, and displaying the frame according to the adjusted timestamp.

Through the present invention, a smooth backwards playback is achieved. The
reconstruction of preceding frame data to achieye the reverse playback occurs in a rﬁanner
consistent with forward decoding of frame data. The reconstruction furllier occurs through
provision and success{ul utilization of a sufficicnt number of frame b;xffers. These and other
advantagcs of the aspects of the present invention are more readily understood in conjunction

with the following detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a block Aiagraxn of a DVD player system with at least seven frame
buffers in accordance with the present invention.

Figure 2 illustrates an example of I-, P-, and B- frames representing an original
sequence of 24 frames.

Figure 3 illustrates a block flow diagram for smooth reverse playback in the DVD
player system in accordance with ﬁxe .present invention.

Figure 4 illustrates an example step-by-stcp reconstruction diagram for the original
sequence of frames in accordance with the present inventiqn.

Figurc § illustrates a block flow diagram for a single frame backwards playback in

accordance with a further aspect of the present invention.
5.
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Figure 6 illustrates a block flow diagram for smooth frame search transistions mn

accordance with another aspect of the present invention.

DETAILED DESCRIPTION

The present invention relates to smooth backwards playback in a DVD player system.
The following description is presented to enable one of ordinary skill in the art to muke and usc
the invention and is provided in the context of a putent application anc-i its requirements.
Various modifications to the prefcrred embodiment and the géneﬁc principles and features
described herein will be readily api:arent to ﬁnsc skﬂled iii..t};e art Thus, the present invention
is not intended to be limited to the embodiment shown but is to be accorded the widest scope

consistent with the principles and features described herein.

The presént inVentio'n‘ provides aspects of displéy'mg all frames, i.e., not just the I-
frames, during the backwards playback in a DVD player. These aspects include smooth
rewind, single frame stepping backwards, and smooth search transitions. Figure ] illustrates a
block diagram of a DVD player system for implementing the aspects of the present invention.
Actual implementations of this DVD player include but are not limited to PC-based DVD
players and game console-based lDVD systems (e.g., Sony PLAYSTATION, Microsoft X-
BOX). As shown, the DVD plaj'cr system includeés a.DVb Drive (content storage) 100, a
decoding engine 102,e.8., a CPU, for prrfonning the processing of the present invention, an
Audio Codec (andio rendering) 104, Audio Amplifiers (gudio medium) 106, Memory 108,
comprising at least 7 video frame buffers, Display Contro‘lier (video rendering) 110, and a
Display 112 (visual medium). In a preferred emi)odiment, the at least 7 frame buffers are
allocated either from system memory or the video memory of any resident graphics hardware,

as is well appreciated by those skilled in the art.
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Smooth Rewind

The DVD standard for the operation of the DVD player system prescribes that I-frames
occur no less frequently than every 12 frames, as demonstrated by an example sequence of 24
original frames shown in Figure 2.l In accordance with the present invention, smooth
backwards playback of such a sequ;nce occurs as described with reference to the overall block
flow diagram of Figure 3 aud the stcp-by-step rcconstruction diagram.of Figure 4. Referring to
Tigurc 3, to provide for the reverse playback from a currently displayed frame. reconstruction
oceurs from a last I-frame ‘pre’ccdinlg a currently displayed frame to the frame immediately
preceding the cufrenﬂy displayed ﬁame (step 114). The process further includes utilizing at
least 7 frame buffers to support thc reconstruction (step 1 165. The data is displayed from
memory in reverse order to provic;e a smooth playback of all the frames (step 118).

By way of example, for the process of Figure 3, a sequence of 24 original frames, as
shown in Figure 2, is reconstructed as demonstrated by the step-by-step diagram of Figure 4.
In the diagram of Figure 4, at each step, a de;'ode is begun on a frame indicated in italicized
type with the decode completed at:the start of a next frame decode, a frame indicated in
boldfaced type is displayed, and a frame indicated with strikethrough type is released from
memory. kFrame numbers indica%ed in normal type arc held in mmemory.

In the example of Figure 4; the process of reverse playback begins with a first framne,
124, a3 the one immediately preceding a cunént]y displayed frame. The I-frame preceding 24
is determined to be 112, which is shown as being decoded in step i). With 112 decoded in step
2), it is able to provide the reference data for the frame P15, which starts its decode. With PlS
decoded in 3), it is able to provide the reference data for the frame P18, which starts its decode.

In 4), P18 is decoded and'pr_ovi'dés the reference data necessary for starting the decode of frame
. & _'7_ . :
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P21. In 5), the data needed for frame 124 is present and its decode is started. Continuing with
6), the 124 frame is displayed, and its data, toéether with the data from P21, provides the
needcd reference data to begin the decode of frame B23. Thus, in 7), the decoded B23 datais
displayed and the decode of B22 begins. With B22 decoded and displayed in 8), the memory
for B23 and 124 data is released, sfnce neither will be used in any fmiher decode. Further,
since the next preceding frame P21 is already decoded, a next preceding I frame, 10, is located
and decoded in 8). Thc data decoded for P21 is displayed in 9), while the decode for the B20
frarr;c is begun and the memory for B2‘2 is released. Tn 10), B20 is displayéd while the decode
of B19 is begun. In 11), B19Gis di‘éplayed, the'memory' for B20 and P21 is released, ana the

decode of P3 is begun. In 12), P18 is displayed, the decode of B17 is begun, and the memory

for B19 is released. With B17 decgoded, it is displayed in 13), while the decode of B16 begins.

Thel decoded B16 is displayed in i£4); allowing the release of memory for its reference P18.
Also in 14), the memory for B17 is released and the decode of P6 is begun. In 15), P15 is
displayed, the decode for B14 is begun, and the memory for B16 is released. Once decoded,
B14 is displayed in 16), and the décodc for Bl3 is begun. Bl? is then displayed in 17), the
memory for B14 and P15 is released, and the decode of P9 occurs. In 18), 112 is finally
displayed, the'memory for BI3 'is:'released, énd the decode of B1 1 begins.

The process demonsiratc;i by Figure 4 is cﬁclic’. Thus, continuing with steps 19-30
would repeat steps 7-18 except on differently numbered frames, where the indices for the
frame number are decremented by 12 every cycle, as is well appreciated by those skilled in the
art. Further, in each step of the diagram. there a¥e never more than 7 frames being stored in
memory. For example, in step i), only 1 buffer is allocated to store 112. In step 4, four buffers

are allocated to store [12, P15, P18, and P21. In step 10), seven buffers are allocated to store
:, . -8‘ . . "
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-IO, 112, P15, P18, B19, B20, and P21. Thus, the reconstruction for backwards playback need

not use more than 7 frame buffers during any one step. Of course, more buffers could be used
if available and desired.

The decode process of the:'f present invention opcrates on sets of 12 frames, since the
DVD standard prescribes that I-ﬁ;:::\mes occur no less frequently than every 12 frames. Ata
high level, the player appears to de:code, the sets in reverse order. At a low level, the player

decodes each frame within a set in forwards order, which computationally is well within the

existing capacity of a DVD player system, as represented in Figure 1.

Single Frame Stepping Backwér’dég |

| In a further aspect, the reverse playback is modified fo allow the DVD player system to
display one frame at a time in reverse order. Thc implvemexita_tioin occurs as described above
for smooth rewind, with the following differences, as shown in Figure 5. The DVD player
system waits for a signal from the user to step the frame backward (step 120) before starting
the reconstruction of a preceding frame (step 121). The data is storcd utilizing one of the at
least seven frame buffers (stcp 122) Once récoﬁs&ucted; the frame is displayed (step 123) énd

the process returns to step 12() tn:await another signal indicating selection for single frame

IEVCISE.

Smooth Search Transitions

In yet another embodiment, the present invention provides for smooth search

_transitions in 2 DVD player system, i.e., transitions between one playback rate and another

without a noticeable jerk. The lih‘iited frame rates of some displays, such as televisions, force
;’4 i . -9-
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DVD players to make the transition between one display rate and another abruptly. However,
the framne rates of PC displays, for example, are flexible and thus, 2 PC-based DVD player
system can make the transition between display rates smoothly. Thus, the aspect of smooth
search transitions preferably is utiliz;:d in a DVD player system that provides data to displays
that do not have limited frame rates

In order to achieve smooth wansition between display rates, the prosent invention
linearly interpolales between one ratc aﬁd another over a brief transition interval. Thus, with a

given starting rate (r0), a new rate (r1); the time the player is aware of the eminent transition

(t0), and the time of the scheduled ‘t;taiﬁition (ﬁ:), the transition interval is defined to be the

time between t0 and tl+(t1‘-t0), Wthh providés a' suﬁici‘em interval to maintain the overall
average rate and in turn keeps audi; and video insync. A parametric equation R(t) is defined
for the rate over the interval Wher; the parametric u varies from 0 to 1, where 0 represents t0
and 1 represents t1+(t1-t0).

U=(now-10)/t1-10)

R(t)=r0+u(r1-r0)

Figure 6 illustrates a block flow diagram qu performmg smooth search transitions. As

shown, an instantaneous rate is calculated for every frame using the frame’s original timestamp

as input (i.e., the “now” variable ébove) (step 124). The resulting rate is then used to calculate

an adjusted timestamp for the frame (step 126). The‘fm'meis then displayed according to the
adjusted timestamp (step 128). T hus, when the DVD player system delivers the frames with
the adjusted timestamps, it appears visually as a smooth increase or decrease in playback speed

when transitioning between speeds (e.g., 0.5X, 1X, 2X, 4X, 8X), rather than the typical jerk.

. -10-
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As a final summary, this writing has disclosed smooth backward playback

in a DVD system. This smooth playback involves a number of aspects.

The aspects include reconstructing frame data for every frame in a set of frames of an original
playback, the set of frames preceding a currently displayed trame. Further included is the
utilization of at least seven frame buflcry (o store fiame data during the reconstructing step.
The reconstructed frame data is then displayed in reverse order of thel originaj playback for the

Further aspects include receiving a signal indicating selection of a single

set of frames.

frame reverse function. Still further aspects relate to performing smooth search

transitions in a DVD system including: calculating an instantaneous frame rate,

adjusting a timestamp of a frame based on the calculated instantaneous frame rate, and

displaying the frame according to the adjusted timestamp.

Although the present invention has been described in accordance with the

embodiments shown, one of ordinary skill in the art will readily recognize that there could be
variations to the embodiments and those variations would be within the spirit and scope of the

present invention. Accordingly, many modifications may be made by one of ordinary skill in

20

25

the art withoul departing from the spirit and scopce of the appended claims.

11-
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CLAIMS

. What is claimed is:

1. A method for performing smooth backwards playback in a DVD system, Lhe method
comprising;: A

(o) reconstructing frame data for every frame in a set of framés of an original playhack,
the set of frames preceding a currently displayed frame;

(b) utilizing at least seven frame buffers to store frame data during the reconstructing

step; and
(©) displéying the reconstructed frame data in reverse order of the original playback for .

the set of frames.

2. The method of claim 1 wherein the set of frames further comprises frames between
a first frame immediately preceding the currently displ‘ayed-frame and an I-frame immediately

preceding the first frame,

3. The method of claim 2 whercin the reconstructing step (a) further comprises

decoding frame data forward to the first frame from the I-frame.

4. The method of claim 3 further comprising repeating steps (a), (b), and (c) for a next

set of frames preceding the I-frame.

-12-
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5. The method of claim 3 wherein the utilizing step (b) further comprises controlling

reallocation of the at least seven frame buffers based on the displaying of reconstructed frame

data of frames having dependencies.

6. A method for performing sinooth backwards playback in 2 DVD system, the method

comprising:
providing sufficient memory to store reconstructed frame data of every frame between

a first frame preceding 2 cunentlygdisp'layed frame gnd an I-frame preceding the first frame;

and

displaying the reconstructed frame data for smooth reverse playback of every frame

from the first frame backward to the I-frame.

7. The method of claim 6 wherein providing sufficient memory further comprises

providing at least seven frame buffers.

8. The method of claim 6 further compﬁsing decoding the frame data forward from the .

I-fraune to the first frame.

9. The method of claim 8 further comprising continuing to store and display for frames

preceding the I-frame fo continue the smooth reverse playback.

13-
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10. The method of claim 7 further comprising controlling reallocation of the at least-

seven frame buffers based on the displaying of reconstructed frame data of frames having

dependencies..

11. ADVD player system with siouth reverse playback capabilities, the system
gpmpﬁsing:
a decoding engine for reconstructing frame data for every frame in a set of frames ofan..

original playback, the set of frames preceding a currently displayed frame;
at least seven frame buffers for storing frame data during the reconstructing; and

a display device for displaying the reconstructed frame data in reverse order of the -

orjginal playback for the set of frames.

12. The DVD player system of claim 11 wherein the set of frames further comprises
frames between a first frame immediately preceding the currently displayed frame and an I-

frame immediately preceding the first frame.

13. The DVD player system of claim 12 wherein the decoding cngine further decodes

frame data forward to the first ﬁ'ame from the I-frame.

14. The DVD player system of claim 13 wherein the decoding engine further continues

the reconstructing for a next set of frames preceding the I-frame.

14
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15. The DVD player system of claim 13 wherein the decoding engine further controls
reallocation of the at least seven frame buffers based on the displaying of reconstructed trame

data of frames having dependencies.

5 - 16. The DVD player systcm of claim 11 wherein the DVD player system further

comprises a PC-based DVD player.

17. The DVD player system of claim 11 wherein the DVD player system further
comprises a game console-based DVD player.
10
18. The DVD player system of Claim 11, wherein:
said display device is further for displaying frames in forward order; and
said decoding engine is further for calculating an instantaneous frame
rate, adjusting a timestamp of a ffame based on the calculated instantaneous
15 frame rate, and providing the frame to the display device according to the

adjusted timestamp.

19. The DVD player of Claim 11, wherein:
the decoding engine is further for receiving a signal indicating selection of
20 a single frame reverse function and for reconstructing frame data for a preceding

frame of said original playback; and

the display device is further for displaying the reconstructed frame.

-15-
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20. The DVD player of Claim 19 wherein the decoding engine is further
for determining whether another selection of the single frame reverse function

has occurred.

16-
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