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Temporal and Resolution Layering In Advanced Television

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to electronic communication systems, and more particularly to an
5 advanced electronic television system having temporal and resolution layering of

compressed image frames.

2. Description of Related Art _
The United States presently uses the NTSC standard for television transmissions.
However, proposals have been made to replace the NTSC standard with an Advanced
10 Television standard. For example, as of this writing, the Advisory Committee on
Advanced Television Service (ACATS) is proposing that the U.S. adopt digital
standard-definition and advanced television formars at rates of 24 Hz, 30 Hz, 60 Hz, and
60 Hz interlaced. It is apparent that these rates are intended to continue (and thus be
compatible with) the existing NTSC television display rate of 60 Hz (or 59.94 Hz). It is
1s  also apparent that “3-2 pulldown” is intended for display on 60 Hz displays when
presenting movies, which have a temporal rate of 24 frames per second (fps). However,
" while the ACATS proposal provides a menu of possible formats from which to select,
each format only encodes and decodes a single resolution and frame rate. Because the
display or motion rates of these formats are not integrally related to each other,

20 conversion from one to another is difficult.

Further, the current ACATS proposal does not provide 2 crucial capability of compatibil-
ity with computer displays. These proposed image motion rates are based upon historical
rates which date back to the early part of this century. If a “clean-slate” were to be made,
it is unlikely that these rates would be chosen. In the computer industry, where displays
25 could utilize any rate over the last decade, rates in the 70 to 80 Hz range have proven
optimal,. with 72 and 75 Hz bdng'the most common rates. Unfortunately, the proposed
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Unfortunately, t .
within the bandwidth constraints of a conventional 6 MHz broadcast television channel

i - requires compression (or “scalability”) of both frame rate (temporal) and resolution
(spatial). One method specifically intended to provide for such scalability is the MPEG-2
standard. Unfortunately, the temporal and spatial scalability features specified within the
MPEG-2 standard are not sufficiently efficient to accommodate the needs of advanced
television for the U.S. Thus, the current ACATS propésal for advanced television for the

15 U.S. is based upon the premise that temporal (frame rate) and spatial (resolution) layering
are inefficient, and th_erefore discrete formats are necessary.

The present invention overcomes these and other problems of the ACATS proposal.
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The present invention provides a method and apparatus for image compression which
demonstrably achieves better than 1000-line resolution image compression at high frame
rates with high quality. It also achieves both temporal and resolution scalability at this
resolution at high frame rates within the available bandwidth of a conventional television
broadcast channel. The inventive technique efficiently achieves over twice the
compression ratio being proposed by ACATS for advanced television.

Image material is preferably captured at an initial or primary framing rate of 72 fps. An

MPEG-2 data stream is then generated, comprising: ' ’

(1)  abase layer, preferably encoded using only MPEG-2 P frames, comprising a low
resolution (e.g., 1024x512 pixels), low frame rate (24 or 36 Hz) bitstream,

(2) an optional base resolution temporal enhancement layer, encoded using only
MPEG-2 B frames, comprising 2 low resolution (e.g., 1024x512 pixels), high
frame rate (72 Hz) bitstream;

(3)  anoptional base temporal high resolution enhancement layer, preferably encoded
using only MPEG-2 P frames, comprising a high resolution (e.g:, 2kx1k pixels),
low frame rate (24 or 36 Hz) bitstream;

(4) an optional high resolution temporal enhancement layer, encoded using only
MPEG-2 B frames, comprising 2 high resolution (e.g., 2kx1k pixels), high frame
rate (72 Hz) bitstream. '

The invention provides a number of key technical attributes, allowing substantial
improvement over the ACATS proposal, and including: replacement of numerous
resolutions and frame rates with a single layered resolution and frame rate; no need for
interlace in order to achieve better than 1000-lines of resolution for 2 megapixel images
at high frame rates (72 Hi) within a 6 .MHz television channel, compatibility with
computer displays through use of a primary framing rate of 72 fps; and greater robustness
than thé current unlayered ACATS format proposal for advanced television, since all
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frame rate (72 Hz) bitstream 15 ° (3) - an optional base tenporal high
resol uti on enhanqe@eRE 1 8¥dirst preferirel MPEG-2 oodiniephttern. usi ng only

MPEG 2 P franes, conprising a high resolution (e.g., 2kxlk pixels),
5 FIGURE 3 is a second preferred MPEG-2 coding pattern.

FIGURE 4 is a block diagram showing temporal layer decoding in accordance with the
preferred embodiment of the present invention. ’

FIGURE 5 is a block diagram showing 60 Hz interlaced input to a converter that can
output both 36 Hz and 72 Hz frames.

1 FIGURE 6 is a diagram showing a “master template” fora base MPEG-2 layer at 24 or
36 Hz.

FIGURE 7 is a diagfa.m showing enhancement of a base resolution template using
hierarchical resolution scalability utilizing MPEG-2.

FIGURE 8 is a diagram showing the preferred layered resolution encoding process.
15 FIGURE 9 is a diagram showing the preferred layered resolution decoding process.

FIGURE 10 is a block diagram showing a combination of resolution and temporal

scalable options for a decoder in accordance with the present invention.

Like reference numbers and designations in the various drawings indicate like'elements.
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considered as exemplars, rather than as limitations on the present invention.

Goals Of A Temporal Rate Family _

5 After considering the problems of the prior art, and in pursuing the present invention, the
following goals were defined for specifying the temporal characteristics of a future digital
television system:

e Optimal presentation of the high resolution legacy of 24 frame-per-second films.
e Smooth motion capture for rapidly moving image types, sl;ch as sports. '
10 e Smooth motion presentation of sports and similar images on existing analog NTSC
displays, as well as computer-compatible displays operating at 72 or 75 Hz.
e Reasonable but more efficient motion capture of less-rapidly-moving images, such
as news and live drama.
e Reasonable presentation of all new digital types of images through a converter box
15 onto existing NTSC displays.
e High quality presentation of ail new digital types of images on computer-compatible
displays. |
e [f60 Hzdigital standard or high resolution displays come into the market, reasonable
or high quality presentation on these dispiays as well.

20 Sinde 60 Hz and 72/75 Hz displays are fundamentally incompatible at any rate other than
the movie rate of 24 Hz, the best situation would be if either 72/75 or 60 were eliminated
as a display rate. Since 72 or 75 Hz is a required rate for N.LI. (National Information
Infrastructure) and computer apphcanons, elimination of the 60 Hz rate as bemg
fundamentally obsolete would be the most future-looking. However, there are many

25 competing interests within the broadcasting and television equipment industries, and there
is a strong demand that any new digital television infrastructure be based on 60 Hz (and
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Further, the insistence by some interests in the broadcast and television industries on
interlaced 60 Hz formats further widens the gap with computer display requirements.

5 Since non-interlaced display is required for computer-like applications of digital
television systems, a de-interlacer is required when interlaced signals are displayed. There
is substantial debate about the cost and ﬁuality of de-interlacers, since they would be
needed in every such receiving device. Frame rate conversion, in addition to
de-interlacing, further impacts cost and quality. For example, that NTSC to-from PAL

10 converters continue to be very costly and yei conversion performance is not depen&able
for many common types of scenes. Since the issue of interlace is a complex and
problematic subject, and in order to attempt to address the problems and issue of temporal
rate, the invention is described in the context of a digital television standard without
interlace.

15 Selecting Optimal Temporal Rates
Beat Problems. Optimal presentation on a 72 or 75 Hz display will occur if a camera or -
simulated image is created having a motion rate equal to the display rate (72 or 75 Hz,
respectively), and vice versa. Similarly, optimal motion fidelity on a 60 Hz display will
result from a 60 Hz camera or simulated image. Use of 72 Hz or 75 Hz generation rates

20 with 60 Hz displays results in a 12 Hz or 15 Hz beat frequency, respectively. This beat
can be removed through motion analysis, but motion analysis is expensive and inexact,
often leading to visible artifacts and temporal aliasing. In the absence of motion analysis,
the beat frequency dominates the perceived display rate, making the 12 or 15 Hz beat
appear to provide less accurate motion than even 24 Hz. Thus, 24 Hz forms a natural

% temporal common denominator between 60 and 72 Hz. Although 75 Hz has a slightly
higher 15 Hz beat with 60 Hz, its motion is still not as smooth as 24 Hz, and there isno
integral relationship between 75 Hz and 24 Hz unless the 24 Hz rate is increased to
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be done to make film presentable on 75 Hz displays.)

In the absence of motion analysis at each receiving device, 60 Hz motion on 72 or 75 Hz

" displays, and 75 or 72 Hz motion on 60 Hz displays, will be less smooth than 24 Hz

5 images. Thus, neither 72/75 Hz nor 60 Hz motion is suitable for reaching a heterogeneous
display population containing both 72 or 75 Hz and 60 Hz displays.

3-2 Pulldown. A further complication in selecting an optimal frame rate occurs due to the
use of “3-2 pulidown” combined with video effects during the telecine (film-to-video)
conversion process. During such conversions, the 3-2 pulldown pattern repeats a first
10 frame (or field) 3 times, then the next frame 2 times, then the next f:rame 3 times, then the
next frame 2 times, erc. This is how 24 fps film is presented on television at 60 Hz
(acuually, 59.94 Hz for NTSC color). That is, each of 12 pairs of 2 frames in one second
of film is displayed S times, giving 60 images pet second. The 3-2 pulldown pattern is

shown in FIGURE 1. '

15 By some estimates, more than half of all film on video has substantial portions where
adjustments have been made at the 59.94 Hz video field rate to the 24 fps film. Such
adjustments include “pan-and-scan”, color correction, and title scrdlling. Further, many
films are time-adjusted by dropping frames or clipping the starts and ends of scenes to fit
within a given broadcast scheduled. These operations can make the 3-2 pulldown process

20 impossible to reverse, since there is both 59.94 Hz and 24 Hz motion. This can make the

~ film very difficult to compress using the MPEG-2 standard. Fortunately, this problem is
limited to existing NTSC-resolution material, since there is no significant library of.
higher resolution digital film using 3-2 pulldown.

Motion Blur. In order to further explore the issue of finding a common temporal rate
s higher than 24 Hz, it is useful to mention motion blur in the capture of moving images.

Camera sensors and motion picture film are open to sensing a movihg image for a portion
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Li ke reference nunbers and designations in the various draw ngs indicate

like elements,  ru4e duration of each frame. On motion picture cameras and many video cameras, the
duration of this exposure is adjustable. Film cameras require 2 period of time to advance

the film, and are usually limited to being open only about 210 out of 360 degrees, or a

58% duty cycle. On video cameras having CCD sensors, some portion of the frame time

5 is often required to “read” the image from the sensor. This can vary from 10% to 50% of

the frame time. In some sensors, an electronic shutter must be used to blank the light

during this readout time. Thus, the “duty cycle” of CCD sensors usually varies from 50

to 90%, and is adjustable in some cameras. The light shutter can sometimes be adjusted

to further reduce the duty cycle, if desired. However, for both film and video, the most

10 common sensor duty cycle duration is 50%.
Preferred Rate. With this issue in mind, one can consider the use of only some of the

frames from an image sequence captured at 60, 72, or 75 Hz. Utilizing one frame in two,
three, four, efc., the subrates shown in TABLE 1 can be derived.

Rate 172Rate 13Rate 1/4Rate 1/5Rate 1/6Rate

s 75Hz 375 25 . 18.25 15 12.5
72Hz 36 24 18 14.4 12
60Hz 30 20 15 12 10
. TABLE 1

The rate of 15 Hz s a unifying rate between 60 and 75 Hz. The rate of 12 Hz is 2 unifying
20 rate between 60 and 72 Hz. However, the desire for a rate above 24 Hz eliminates these

cates. 24 Hz is not common, but the use of 3-2 pulidown has come to be accepted by the
industry for presentation on 60 Hz displays. The only candidate rates are therefore 30, 36,
and 37.5 Hz. Since 30 Hz has a 7.5 Hz beat with 75 Hz, and a2 6 Hz beat with 72 Hz, it is
not useful as a candidate.
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50% faster and smoother than 24 Hz. The rate of 37.5 Hz is not suitable for use with

either 60 or 72 Hz, so it must be eliminated, leaving only 36 Hz as having the desired

s  temporal rate characteristics. (The motion rate of 37.5-Hz could be used if the 60 Hz

display rate for television can be move 4% to 62.5 Hz. Given the interests behind 60 Hz,

62.5 Hz appears unlikely — there are even those who propose the very obsolete 59.94 Hz

tate for new television systems, However, if such a change wére to be made, the other

aspects of the present invention couid be applied to the 37.5 Hz rate.)

10 The rates of 24, 36, 60, and 72 Hz are left as candidates for a temporal rate family. The
rates of 72 and 60 Hz cannot be used for a distribution rate, since motion is less smooth
when converting between these two rates than if 24 Hz is used as the distribution rate, as
described above. By hypothesis, we are looking for a rate faster than 24 Hz. Therefore,
36 Hz is the prime candidate for a master, unifying motion capture and image distribution

15 rate for use with 60 and 72/75 Hz displays.

As noted above, the 3-2 pulldown pattern for 24 Hz material repeats a first frame (or
field) 3 times, then the next frame 2 times, then the next frame 3 times, then the next
frame 2 times, ezc. When using 36 Hz, each pattern optimally should be repeated in 2
2-1-2 pattern. This can be seen in TABLE 2 and graphically in FIGURE 1.

20 Rate - Frame Numbers
OHz I 2 3 4 S5 6 1 8 9 10
4Hz 1 1 1 2 2 3 3 3 4 4
364z 1t ! 2 3 3 4 4 5 6 6

TABLE 2



di.spl ays, as well as conputer-conpatible displays operating at 72 or 75 Hz.
[err] Reasonable but nore efficient notion capture of |ess-rapidly-noving

i mages, such as news and |ive drama. [err] Reasonabl e
presentation of all new digital types of inmages through a converter box 15
ont o exi sting NTSC displ ays. [err] Hi gh quality presentation of

al | new di gi t alyoloygeser of | mages on conputer-conpati bl e PCT/US97/00902

di spl ays. [err] If 60 Hz digital stafdard or hi gh resol ution

di spl ays cone into the market, reasonable or high quality

resentation on these displays as well 60 d 72/.75
gl splays are funﬂ‘hﬁé#@@@ﬂsglplb%m%lfﬂ 2d 40 %ﬁ?n"yai!q;dﬁ)’gﬁgpyﬁﬁg% material. Gd_%ﬁ
movi e rate of 24 oferiat B RPtorsdt ma;s 19U Gorbiackd, 36z £GP Lo Feabbhalie ©

el i m nat ed as a |sp ay rate ince 72 or 75 Hz is arequired rate
for N.I.I. (Nati crested fomh 60 Mzrwithout motion analysis ead recoastiictign. iaweverrinlogking for

applications, elin nat{ﬁlc)p{ 8:%«%%?%%0%%5% smoother moﬁwwgg%y

obsol ete woul d b& FH? ere are many

conpeting i Bter edbes @4t rand Ipmvkﬂesadsmmw;gbaml lmegtemoaomsmeophnmnta 72 Hz
I ndustries, and there

stron nd t hat an .new di gital
tel evi si on i nf raélisPG&W?fé' {ﬁaié‘élf% n?ﬂfamm er, § motion aptureand
image distribution rate for use with 60 and 72 Hz displays, yielding smoother motion than

24 Hz material presented on such displays.

. Although 36 Hz meets the goals set forth above, it is not the only suitable capture rate.

10 Since 36 Hz cannot be simply extracted from 60 Hz, 60 Hz does not provide a suitable

rate for capture. However, 72 Hz can be used for capture, with every other frame then

used as the basis for 36 Hz distribution. The motion biur from using every other frame

of 72 Hz material will be half of the motion blur at 36 Hz capture. Tests of motion blur

appearance of every third frame from 72 Hz show that staccato strobing at 24 Hz is

18 objedtionabie.' However, utilizing every other frame from 72 Hz for 36 Hz display is not
objectionable to the eye compared to 36 Hz native capture.

Thus, 36 Hz affords the opportunity to provide very smooth motion on 72 Hz displays by

capturing at 72 Hz, while providing better motion on 60 Hz displays than 24 Hz material

by using altemate frames of 72 Hz native capture material to achieve a 36 Hz distribution
20 rate and then using 2-1-2 pulldown to derive 2 60 Hz image.

In summary, TABLE 3 shows the preferred optimal temporal rates for capture and

distribution in accordance with the present invention.

Pre!'erred Rates

Capture Distribution Optimal Display Acceptable Display
25 72Hz 36Hz+36Hz 72Hz 60 Hz

TABLE 3

B L T T L T T P
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Furt her, the insistence by sone interests in the broadcast and television

I ndustries on interlaced 60 Hz formats further wi dens the gap with
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attenpt to addr g9 4R 72 QP bisphysa Hdwesear|if tief dute eyade ilincreased to be in the 75-90%
range, then the 36 Hz samples would begin to approach the more common 50% duty
cycle. Increasing the duty rate may be accomplished, for example, by using “backing
store” CCD designs which have a short blanking time, yielding a high duty cycle. Other
methods may be used, including dual CCD multiplexed designs.

10 Modified MPEG-2 Compression
Fbr efficient storage and distribution, digital source material having the preferred
temporal rate of 36 Hz should be compressed. The preferred form of compression for the
present invention is accomplished by using a novel variation of the MPEG-2 standard.

MPEG-2 Basics. MPEG-2 is an international video compression standard defining 2

15 video syntax that provides an efficient way to represent image sequences in the form of
more compact coded data. The language of the coded bits is the “syntax.” For example,

a few tokens can represent an entire block of 64 samples. MPEG aiso describes a
decoding (reconstruction) process where the coded bits are mapped from the compact
representation into the original, “raw” format of the image sequence. For example, a flag

20 in the coded bitstream signals whether the following bits are to be decoded with 2 discrete
cosine transform (DCT) algorithm or with a prediction algorithm. The algorithms
comprising the decoding process are regulated by the semantics defined by MPEG. This
symtax can be applied to exploit common video characteristics such as spatial redundancy,
temporal redundancy, uniform motion, spatial masking, etc. In effect, MPEG-2 defines

25 a programming language as well as a data format. An MPEG-2 decoder must be able 10
' parse and decode an incoming data stream, but 5o long as the data stream complies with
the MPEG-2 syntax, 2 wide variety of possible data structures and compression
techniques can be used. The present invention takes advantage of this flexibility by
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a canmera or sinmul ated image is created having a notion rate equal
to the display rate (72 or 75 Hz, respectively), and vice versa.
Simlarly, optiwmdrasszion fidelity on a 60 Hz.display will PCT/USS7/80902 t
froma 60 Hz canera or simulated inage. Use 6f 72 Hz or 75 Hz generati on
rates 20 with 60 Hz displays results in a 12 Hz or 15 Hz beat

frequency, respectively. This beat n be_nemv 0 !
anal ysi s, but not F‘Sﬁ“&ééﬂ W@W"e%eﬂgﬁhe% fé‘ﬁé a E’ééa%i‘a, febobeld %ﬂ%bé’ the
| eadi ng to visibl ggtd.hisaadfdand tenporal aliasing. In the absence of

notion anal ysi s, the beat frequency doni nates the perceived display
rate,- making the 12 or 15 Hz beat appear to provide | ess accurate

motion than even in4rdrife 4 IFinRrfPAd Melhod of comprRSSR. M moNHIBED
denom nat or bet V\eé/#%%zaungy%ZmHz. Al t hougﬁ 75 Hz has a sl ightl .
hi gher 15 Hz beat sodnef 6 bdgkgrouns remainsnrejativelyi sublmdvhﬂasaréxnno\%waelam in-zhe

and there 1S 5" foregronnd. "R HaBherhd®hhy? B0 Poukd & YR85 dehP of The Wbne’id rblfundant.

rea
MPEG-2 starts its compression by creating a reference frame called an I (for Intra) frame.

I frames are compressed without reference to other frames and thus contain an entire

frame of video information. I frames provide entry points into a data bitstream for random
access, but can only be moderately compressed. Typically, the data representing I frames

w  isplaced in the bitstream every 10 to 15 frames. Thereafter, since only a small portion of
thel frames that fall between the reference I frames are different from tﬁe bracketing
I frames, only the differences are captured, compressed and stored. Two type of frames
are used for such differences — P (for Predicted) frames and B (for Bi-directional
Interpoiated) frames.

15 P frames generally are encoded with reference to a past frame (either an [ frame or a
previous P frame), and, in general, will be used as a reference for future P frames.
P frames receive a fairly high amount of compression. B frames pictures provide the
highest amount of compression but generally require both a past and a future reference
in order to be encoded. Bi-directional frames are never used for reference frames.

2 Macroblocks within P frames may also be individuaily encoded using intra-frame coding.
Macroblocks within B frames may also be individually encoded using intra-frame coding,
forward predicted coding, backward predicted coding, or both forward and backward, or
bi-directionally interpolated, predicted coding. A macroblock is a 16x16 pixel grouping
of four 8x8 DCT blocks, together with one motion vector for P frames, and one or two

2 motion vectors for B frames.
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PCT/-US97/ 00902 25 Hz. (In European 50 Hz countries, novies are
often played 4% fast at 25 Hz; this can " be done to make film
presentable on 75 Hz displ ays.) In the absence of notion anal ysis
at each recei ving device, 60 Hz notion on 72 or 75 Hz di spl ays, and
75 or 72 Hz IEI‘Qn 60 Hz displays, will be | ess snooth theor®sshos®d

i mages. Thus nel 72/ 75 Hz nor 60 Hz mdtion is suitable for reaching a
heterogeneous di spl ay popul ation contai ning both 72 or 75 Ft and 60
Hz di spl ays. 3-2 Pulldown. A further co Ilcatl n.in g an
optimal -frame r after coding, an MRBEG date bigstream compriseea s¢quenceof u?'lad‘g ned

with video effects durin mawemﬁbpn
process. Duri ng*®8¥afe E‘Bﬁg‘eqsgfgéﬁksﬁ ?gﬁt&érﬁ Hﬁ' &%ﬁn@ggﬁ?g ghtr}rgsleat s a first
10 frame (orgehiadti6l Yestrictionseon thbin placerhenth éimweﬁle:a fiteis pommean dn indpstnial PRASLIGRo x t

frame 3 tines, then the etc. This is how 24 fps
filmis present@d‘aﬁﬁaﬁﬁdemﬂgﬁndﬁgat égﬁﬁgﬁﬁﬁl"ﬁﬁ

5 As an important part of the present invention, an MPEG-2 data stream is created
comprising a base layer, at least one optional temporal enhancement layer, and an
optional resolution enhancement layer. Each of these layers will be described in detail.

Temporal Scalability.

Base Layer. The base layer is used to carry 36 Hz source material. In the preferred
10 embodiment, one of two MPEG-2 frame sequences can be used for the base layer:

IBPBPBP or IPPPPPP. The latter pattern is most preferred, since the decoder would only

need to decode P frames, reducing the required memory bandwidth if 24 Hz movies were

also decoded without B frames.

72 Hz Temporal Enhancement Layer. When using MPEG-2 compressiox, it is possible

15 to embed a 36 Hz temporal enhancement layer as B frames within the MPEG-2 sequence
for the 36 Hz base layer if the P frame distance is even. This allows the single data stream
to support both 36 Hz display and 72 Hz display. For example, both layers could be
decoded to generate 2 72 Hz signal for computer monitors, while only the base layer
might be decoded and converted to generate 2 60 Hz signal for television.

20 In the preferred embodiment, the MPEG-2 coding patterns of IPBBBPBBBPBBBP or
IPBPBPBPB both allow placing alternate frames in a separate stream containing only
temporal enhancement B frames to take 36 Hz to 72 Hz. These coding patterns are shown
in FIGURES 2 and 3, respectively. The 2-Frame P spacing coding pattern of FIGURE 3
has the added advantage that the 36 Hz decoder would only need to decode P frames,

25 reducing the required memory bandwidth if 24 Hz movies were also decoded without

. B frames.
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(actually, 59.94 Hz for NTSC color). That is, each of 12 pairs of 2 franes
I n ene second of filmis displayed 5 tinmes, giving 60 inages per
second. The 3-2 pulldown pattern is: shown in FlI GURE 1. 15 By
sone estimtes, nore than half of all filmon video has substanti al
por tii ons where adj ust rents have been nmade at the 59.94 Hz video
field rate to wiesfAséms film Such lj ust ment s i ncl ud BCT/USI7/00902
"pan- and-scan", color correction, and title scrolling. Further, many
films are tlne adj ust ed by dropplng frames or clipping the starts and ends

of scenes to fit ven hro che

operations can rreﬁ“(’@ef'ﬂé’“&“ﬁt B\Lﬁqﬂaﬁ%ﬁ“’d’r' §§%q§g§&“"" ‘wrpg'ls‘ilgl Izéi'?glé? gacug of

fs. nce therg } s boflfrh;t,&@s %J;ynnweoraﬂoﬁyp@bfmgesmm lsgmenmisauctimmFIGUREa

ilmvery difficult to conpress usin MPEG- 2. st andar d

this problemis appearsto °$qrr§§'°c‘éﬂﬂ‘“!ah‘°gﬂ’f’§ﬂ?? %‘ﬁ%“@g?ﬂnﬁ? P%‘E%hﬁf@?# g;ywmle

since there is nfpr%bﬂgi E:Fcil?ém'r’eﬂﬂfs’-rdh Qfodem 72 Hz colti ﬁfé?-izomﬁﬁiblell%ﬂﬂys This
pu

digital filmusi Mot i on BIur In ord
further explore tmethWMmbst@a@amat%chfpaqhebaieéamsndoneq%ﬁel%r

{han 24 He TSl ol PR A it VL RUF RGBT FOUTSY,
a moving i mage f Owhich ko blbclodiagram showing that a 36 Hz base layer MPEG-2 decoder 50 simply
decodes the P frames to generate 36 Hz output, which may then be readily converted to
either 60 Hz or 72 Hz display. An optional second decoder 52 simply decodes the
10 B frames to generate a second 36 Hz output, which when combined with the 36 Hz output
of the base layer decoder 50 results in a 72 Hz output (2 method for combining is
discussed below). In an alternative embodiment, one fast MPEG-2 decoder 50 could
decode both the P frames for the base layer and the B frames for the enhancement layer.

Optimal Master Format. A number of companies are building MPEG-2 decoding chips
15 which operate at around 11 MPixels/second. The MPEG-2 standard has defined some
“profiles” for resolutions and frame rates. Although these profiles are strongly biased
toward computer-incompatible format parameters such as 60 Hz, non-square pixels, and
interiace, many chip manufacturers appear to be developing decoder chips which operate
at the “main profile, main level”. This profile is defined to be any horizontal resolution
20 up 1o 720 pixels, any vertical resolution up to 576 lines at up to 25 Hz, and any frame rate
of up to 480 lines at up to 30 Hz. A wide range of data rates from approximately 1.5
Mbits/second to about 10 Mbits/second is also specified. However, from a chip point of
view, the main issue is the rate at which pixels are decoded. The main-level, main-profile

pixel rate is about 10.5 MPixels/second.

25 Although there is variation among chip manufacturers, most MPEG-2 decoder chips will
in fact operate at up to 13 MPixe!s/s_ecdnd, given fast support memory. Some decoder
chips will go as fast as 20 MPixels/second or more. Given that CPU chips tend to gain
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PCTAUS97/ 00902 - of the duration of each frame. On notion picture
cameras and many video caneras, the duration of this exposure is
adj~ustabl e. Filmcaneras require a period of time to advance t he
film and are usually limted to being open only about 210 out of 360

degr ees, onssp7 08% duty cycle. On vi c{go caner as havi ng PCTIDSS3@Y S,
some portron o? the frame tine 5 is oft*h required to "read" the inage
fromthe sensor. This can vary from 10%to 50% of the frame tinme. In

sone sensors, an electronic shutter rrust be used to blank the Ii

during this read6¥% improwsmentorsmore fach yrar gt & $erR cogs °W§H%Pgmg§ﬁa§ftf"§“

varies from 50 Mpggchg@wglcﬁ, gn sone caneras. The |ight
shutter can sorrgﬁn%? %gne %JUS egf to further reduce the duty cycle,
I f desired. However, for both filmand video, the nost 10 conmon sensor

(rjnu?]é , Cgﬁleec gﬁr 23}4&3&"3 m%%é"ﬁ sqme ]deslrall'rIE F&Bﬁ&&&%ﬁ%s rﬂ:& Bnd fHeft cbﬁ‘ﬁib%n&:ﬂg

y sone
pixel rates.

5 : Resolution Frame Rate Pixel Rate
X (H2z) (MPixels/s)
640 480 36 11.1
720 486 36 _ 12.6
720 486 30 (for comparison)  10.5

10 704 480 36 122
704 480 30 (for comparison)  10.1
680 512 36 12,5
1024 512 24 . 12.6

TABLE 4

15 All of these formats can be utilized with MPEG-2 decoder chips that can generate at least
12.6 MPixels/second. The very desirable 640x480 at 36 Hz format can be achieved by
nearly all current chips, since its rate is 11.1 MPixels/second. A widescreen 1024x512
image can be squeezed into 680x512 using a 1.5:1 squeeze, and can be supported at
36 Hz if 12.5 MPixels/second can be handled. The highly desirable square pixel

2 widescreen template of 1024x512 can achieve 36 Hz when MPEG-2 decoder chips can
process about 18.9 MPixels/second. This becomes more feasible if 24 Hz and 36 Hz
material is coded only with P frames, such that B frames are only required in the 72 Hz
temporal enhancement layer decoders. Decoders which use only P frames require less
memory and memory bandwidth, making the goal of 19 MPixels/second more accessible.
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frames from an i nmage sequen'ce captured at 60, 72, or 75 Hz. Utilizing one

frame in two, three, four, etc., the subrates shown in TABLE 1 can
be_deri ved. : Rate 1/2 Rate 1/3 Rate 1/4 Rate 1/5
Rate -1/6 Rate 15 75 Hz 37.5 25 18. 25 15
12.5 . ' 72 Hz 36 24 18 14. 4 12
60Hz 30 WO 97128507 15 124. 10 PCT/US97/00902
TABLE 1 _ The rate of 15 Hz is a unlfyl ng rate between 60 and 75

Hz. The rate of 12 Hz is a unlfyl ng 20 rate between 60 and 72 Hz.
However, the desi f ate | r
24 Hz is not comréﬁ 1%?" lhé'ei?é 0 ftgrgglite ?"ﬁ Wﬁggfgé D&%‘%m %3géca£8t€£fgy
t he i ndugbgect Faio filfne 20128 dhs. ormmaﬁﬁawm;d ireuiiray $ 1. 8'I'Memelsds§«:ond which
candi date rates are therefqr Hz_Si nce, 30 Hz has
a 7.5 Hz beat witH#h Wﬁz“'“%ﬁ’ei‘“ﬁtsﬂ?msgﬁ“%‘% H‘a‘f‘g‘Yi‘ma}"tP’P@‘* decoders. ¢
useful as a candi dat e.
All of these formats are shown in FIGURE 6 in a “master template” for a base layer at 24
5 or 36 Hz. Accordingly, the present invention provides a unique way of accommodating
a wide variety of aspect ratios and temporal resolution compared to the prior art. (Further
discussion of a master template is set forth below).

The temporal enhancement layer of B frames to generate 72 Hz can be decoded using a
chip with double the pixel rates specified above, or by using a second chip in parallei with

10 additional access to the decoder memory. Under the present invention, at least two ways
exist for merging of the enhancement and base layer data streams to insert the alternate
B frames. First, merging can be done invisibly to the decoder chip using the MPEG-2
transport layer. The MPEG-2 transport packets for two PIDs (Program IDs) can be
recognized as containing thé base layer and enhancement layer, and their stream contents

1 can both be simply passed on to a double-rate capable decoder chip, or to an appropriately
configured pair of normal rate decoders. Second, it is also possible to use the “data
partitioning” feature in the MPEG-2 data stream instead of the transport layer from
MPEG-2 systems. The data partitioning feature allows the B frames to be marked as
belonging to a different class within the MPEG-2 compressed data stream, and can

20 therefore be flagged to be ignored by 36-Hz decoders which only support the temporal
base layer rate.

Temporal scalability, as defined by MPEG-2 video compression, is not as optimal as the
simple B frame partitioning of the present invention. The MPEG-2 temporal scalability
is only forward referenced from a previous P or B frame, and thus lacks the efficiency
s available in the B frame encoding proposed here, which is both forward and backward
referenced. Accordingly, the simple use of B frames as a temporal enhancement layer
provides a simpler and more efficient temporal scalability than does the temporal

B R . o R S T St emmmeme e e e e s
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PCT/-USQ?/ 00902 The notion rates of 36 and 37.5 Hz becone prine
candi dates for snoother notion than 24 Hz material when presented on
60 .and 72/ 75 Hz displays. Both of these rates are about 50% f ast er

and snobot her than 24 Hz. The rate of 37.5 Hz is not suitable for use with

ei ther 60 or 4350750 it nust be elininated, |eaving only 3Gciiussseobayi ng
the desired “tenporal rate characteri st¥cs. (The notion rate of 37.5
Hz could be used if the 60 Hz di splay rate for television can be

move 4% to 62.5 Hz. G the i hi :
appears unlikel ycalahiﬁm\r/&%aﬂé%’é%ﬁé%- \?ﬁ?fl"ﬂﬁ'ﬁn I‘ﬁfﬁ%ﬁg’w Hzttm? '65&9{ gtz)ggﬂ‘gtzés BS o4
Hz rate f,,grfh%fs\% t&'t%o;rhg&aﬁmﬁ%gmlyl&msﬁn witlf MPBOR2 AT R0Rethedse

to be nade, the © spects thé present invention could be
applied to the 3Fidentifyingzhese)B framhes as anTiphancament layervia dayy pargtioningef ajtproage

are left as candidales, | of oL SRR bl |- The

§ 50/60 Hz Temporal enhancement layer. In addition to, or as an alternative to, the 72 Hz
temporal enhancement layer described above (which encodes a 36 Hz signal), a 60 Hz
temporal enhancement layer (which encodes 2 24 Hz signal) can be added in similar
fashion to the 36 Hz base layer. A 60 Hz temporal enhancement layer is particular useful
for encoding existing 60 Hz interlaced video material.

10 Most existing 60 Hz interlaced material is video tape for NTSC in analog, D1, or D2
format. There is also a small amount of Japanese HDTV (SMPTE 240/260M). There are
also cameras which operate in this format. Any such 60 Hz interlaced format can be
processed in known fashion such that the signal is de-interlaced and frame rate converted.
This process involves very complex image understanding technology, similar to robot

18 vision. Even with very sophisticated technology, temporal aliasing generally will result

| in “misunderstandings” by the algorithm and occasionally yield artifacts. Note that the
typical 50% duty cycle of image capture means that the camera is “not looking™ half the
time. The “backwards wagon wheels” in moﬁes is an example of temporal aliasing due
to this normal practice of temporal undersampling. Such artifacts generally cannot be
" removed without human-assisted reconstruction. Thus, there will always be cases which
cannot be automatically corrected. However, the motion conversion results available in

current technology should be reasonable on most material.

~ Theprice of a single high definition camera or tape machine would be similar to the cost

of such a converter. Thus,_in a studio having several cameras and tape machines, the cost

L] of such conversion becomes modest. However, performing such processing adequately
is presently beyond the budget of home and office products. Thus, -the complex

processing to remove interlace and convert the frame rate for existing material is




rat.es of 72 and 60 Hz cannot be used for a distribution rate, since notion
I s kess snoot h when conveni ng between these two rates than if 24 Hz
‘is.used as the distribution rate, as descri bed above. By

hypot hesis, we are looking fbr a rate faster than 24 Hz. Therefore,

36 Hz is the prinme candidate for a master, unifyringnotion capture and

i mage distribuwoemntésr rate for use with 6Qgand 72/ 75 Hz di SREHYS97/00902

As noted above, the 3-2 pulldown pattern for 24 Hz materi al repeats a first

frame (or fleld) 3 tines, thenthe next farame 2 tinmes, then the
next frame 3 tines, n the vﬁtEFléﬁﬁﬂsuﬁhﬁgxs%
Hz, each pattern Efﬁ ??@Hlﬁgf%“bme ol "m HB‘OZTMSWF&O 2127 pattern

This can be seen jgoc TAEA@Q smdngsmﬁh nmedldc;d lnpuﬂ:ﬁ‘mﬁﬁnd_fas 60 Q@thef soum%(such
Frame Nunbers ]6 §4 4l dr%- lace?

8 .9 10 as non-film vae,g tpae) 2f02 comfrter tfat inc; uies a de-igter ﬁ;\gxcnon ang a
g 64 64 frame rate conversib funktion that chn outpdt 2 36 Hz3ignal (.:BHz base ldyer onlyYand
' 5 a 72 Hz signal (36 Hz base layer plus 36 Hz from the temporal enhancement %ayer)

As an aiternative to outputting a 72 Hz signal (36 Hz base layer plus 36 Hz from the
temporal enhancement layer), this conversion process can be adapted to produce a second
MPEG-2 24 Hz temporal enhancement layer on the 36 Hz base layer which would
reproduce the original 60 Hz signal, although de-interlaced. If similar quantization is used

10 for the 60 Hz temporal enhancement layer B frames, the data rate should be slightly less
than the 72 Hz temporal enhancement layer, since there are fewer B frames.

The vast majority of material of interest to the United States is low resolution NTSC. At

present, most NTSC signals are viewed with substantial impairment on most home

televisions. Further, viewers have come to accept the temporal impairments inherent in

15 the use of 3-2 pulldown to present film on television. Nearly all prime-time television is

made on film at 24 frames per second. Thus, only sports, news, and other video-original

shows need be processed in this fashion. The artifacts and losses associated with

. converting these shows to a 36/72 Hz format are likely to be offset by the improvements
associated with high-quality de-interlacing of the signal. '

20 Note that the motion blur inherent in the 60 Hz (or 59.94 Hz) fields should be very similar
to the motion blur in 72 Hz frames. Thus, this technique of providing a base and
enhancement layer should appear similar to 72 Hz origination in terms of motion biur.
Accordingly, few viewers will notice the difference, except possibly as a slight
improvement, when interlaced 60 Hz NTSC material is processed into a 36 Hz base layer,

25 pius 24 Hz from the temporal enhancement layer, and displayed at 60 Hz. However, those
who buy new 72 Hz digital non-interlaced televisions will notice a small improvement
when viewing NTSC, and a major improvement when viewing new material captured or

i e ————————— 4 it 1o i e e BPRWRA MA 11 S agnrte
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PCT/-US97/ 00902 This relationship between 36 Hz and 60 Hz only
hol ds for true 36 Hz material. 60 Hz material can be "stored" in 36
Hz,-if it is interlaced, but 36 Hz cannot be reasonabl e created from

60 Hz without notion analysis and reconstruction. However, in |ooking for

a newrate fo gk capture, 36 Hz provides slightly snpot hetTnsst/oe02 on
60 Hz than 5 GVdg)lgoes 24 Hz, and provides sﬁﬁ‘stantially better image notion

snoot hness on a 72 Hz di splay. Therefore, 36 Hz is the optinmnumrate

- for a master, unifying notion capture and I mage di stribuiion rat

for use with 60 mmgan&?- m@%%,dmdﬂaﬁﬁ&@ﬁ%@t’ﬁé?‘esﬁ’HFSB’r\"%E}érﬁhsPhYsWﬁl 24
Hz material presgn | achipliRHER 26k WSS Aowbe
goals set forth @B%\%gggp?iggﬁ%%ﬂ?k?% l;lrrgﬁl' {egbic?ggapture raate. 10 °
Since 36 Hz cannfiimémsi nply extracted from 60 Hz, 60 Hz does not provide a

sui tabl e rate for capture. However, 72 Hz can be used for capture,
with every other franme then

The same process can also be applied to the conversion of existing PAL 50 Hz material

5 10 a second MPEG-2 enhancement layer. PAL video tapes are best siowed to 48 Hz prior
to such conversion. Live PAL requires conversion using the relatively unrelated rates of

50, 36, and 72 Hz. Such converter units presently are only affordable at the source of

. broadcast signals, and are not presently practical at each receiving device in the home and

office.

10 Resolution Scalability
It is possible to enhance the base resolution template using hierarchical resolution
scalability utilizing MPEG-2 to achieve higher resolutions built upon a base layer. Use
of enhancement can achieve resolutions at 1.5x and 2x the base layer. Double resolution
can be built in two steps, by using 3/2 then 4/3, or it can be a single factor-of-two step.
15 This is shown in FIGURE 7.

The process of resolution enhancement can be achieved by generating a resolution
enhancement layer as an independent MPEG-2 stream and applying MPEG-2 compres-
sion to the enhancement layer. This technique differs from the “spatial scalability”
defined with MPEG-2, which has proven to be highly inefficient. However, MPEG-2

) contains all of the tools to construct an effective layered resolution to provide spatial
scalability. The preferred layered resolution encoding process of the present invention is
shown in FIGURE 8. The preferred decoding process of the present invention is shown
in FIGURE 9.

Resolution Layer Coding. In FIGURE 8, an original 2kx1k image 80 is filtered in
25 conventional fashion to 1/2 resolution in each dimension to create a 1024x512 base layer
81, The base layer 81 is then compressed according to conventional MPEG-2 algorithms,




used as the basis for 36 Hz distribution. The notion blur fromusing every
ot her frame of 72 Hz material will be half of the notion blur at 36
Hz. capture. Tests of notion blur appearance of every third frame
from72 Hz show that staccato strobing at 24 Hz is 15 obj ecti onabl e.
However, utilizing every other frame from72 Hz for 36 Hz display is not
obj ecti onabl e wootiss0eye conpared to 36 Hz ngjive capture.  PCI/USITOOPRYs,
36 Hz affords the opportunity to provide very snooth notion on 72 Hz

di spl ays by capturing at 72 Hz, while providing better notion on 60

Hz di splays than 24 Hz toL ] [ -Nate Sg.ff Bz
native capture nmna%“%ﬁ base layer.§2 ﬁia%i?@%@h@@%ﬁ@gp&ﬁﬂ@gﬁgg T hen
uii ng i2h 1-2 p]chI I dmd nét?pﬂﬁlﬁdﬂfﬁmw?ﬂdﬂ dbﬁng?xis compressionisteps Thatsame siguaBisEheh

shows the preferred optinal tenpora r capture. an . :

di stribution in MWM@H‘P%@%@%‘F SR%W’F%%#‘EE‘“%“"s‘Z‘m‘ge”-The

Preferred Rates 1024x512 image 83 is expaficdeB(For@xarkbl tlfﬁk@]ir' cation(PX préfedablyi byetar

Accept abl e Di spl ay 2"5 ] exp ' 7équ%%6y +§¥3‘Hz 72sz ey

60 Hz 5" filters such as spline interpolation) to a first 2kx 1k enlargenypnt84

Meanwhile, as an optional step, the filtered 1024x512 base layer 81 is expanded to a
second 2kx1k enlargement 85. This second 2kx1k enlargement 85 is subtracted from the
original 2kx1k image 80 to generate an image that represents the top octave of resolution
between the original high resolution image 80 and the original base layer image 81. The
10 resulting image is optionally muitiplied by a sharpness factor or weight, and then added
to the difference between the original 2kx1k imagé 80 and the second 2kx1k enlargement
85 to generate a center-weighted 2kx1k enhancement layer source image 86. This
enhancement layer source image 86 is then compressed according to conventional
MPEG-2 algorithms, generating a separate MPEG-2 resolution enhancement layer 87
15 suitable for transmission. Importantly, full MPEG-2 motion compensation can be used

during this compression step.

Resolution Layer Decoding. In FIGURE 9, the base layer 82 is decompressed 'using

. conventional MPEG-2 algorithms back to 2 1024x512 image 90. The 1024x512 image

90 is expanded to a first 2kx1k image 91. Meanwhile, the resolution enhancement layer

20 87 is decompressed using conventional MPEG-2 algorithms back to a second 2kxlk

image 92. The first 2kx1k image 91 and the second 2kx1k image 92 are then added to
generate a high-resolution 2kox1k image 93.

Improvements Over MPEG-2. In essence, the enhancement layer is created by expanding
the decoded base layer, taking the difference between the original image and the decode
s base layer, and compressing. However, a compressed resolution enhancement layer may
be optionally added to the base layer after decoding to create 2 higher resolution image
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PCTAUS97/ 00902 It is also worth noting that this techni que of
ufulizi ng alternate frames froma 72 Hz canera to achieve a 36 Hz
distribution rate can profit froman increased notion blur duty

cycle. The normal 50% duty cycle at 72 Hz, yielding a 25% duty cycle at 36
Hz, has been wognssesienonstrated to be acceg%gbl e, and repr e PETIUSIH00902
significant inprovement over 24 Hz on 5 B Hz and 72 Hz displ ays.
However, if the duty cycle is increased to be in the 75-90% range,

then the 36 Hz sanples woul d begi.n to apprgach the nore co n 50%
. c%/cl E: | ncr easi nigt h@@%‘ym%?%%hﬁéag&@%‘m eeding PW@%T é?mm%izng
"backi ng ’ | i ch have a short bl anking tine,

s o SAMSEuRRy depimeats :

yielding a O her met hods may be used, including-
dual CCD nul ti pl ®xe@helentiageament layer difference picture is compressed as its own MPEG-2

stream, with I, B, and P frames. This difference represents the major reason that
s resolution scalability, as proposed here, is effective, where MPEG-2 spatial
scalability is ineffective. The spatial scalability defined within MPEG-2 allows an
upper layer to be coded as the difference between the upper layer picture and the
expanded base layer, or as a motion compensated MPEG-2 data stream of the actua/
picture, or 2 combination of both. However, neither of these encodings is efficient.
1 The difference from the base layer could be considered as an I frame of the
difference, which is inefficient compared to a motion-compensated diﬁ'ere;lce
picture, as in the present invention. The upper-layer encoding defined within
MPEG-2 is also inefficient, since it is identical to a complete encoding of the upper
layer. The motion compensated encoding of the difference picture, as in the present
15 invention, is therefore substantially more efficient.
® Since the enhancement layer is an independent MPEG-2 data stream, the MPEG-2
systems transport layer (or another similar mechanism) must be used to muitiplex the
base layer and enhancement layer. _
®  The expansion and resolution reduction filtering can be a gaussian or spline function,
20 which are more optimal than the bilinear interpolation specified in MPEG-2 spatial
' scalability.
® The image aspect ratio must match between the lower and higher layers in the
preferred embodiment. In MPEG-2 spatial scalability, extensions to width and/or
height are allowed. Such extensions are not allowed in the preferred embodiment due
25 to efficiency requirements.
®  Dueto eficiency requirements, and the extreme amounts of compression used in the
enhancement layer, the entire area of the enhancement layer is not coded. Usually,
the area excluded from enhancement will be the border area. Thus, the 2kxlk
enhancement layer source image 86 in the preferred embodiment is center-weighted.
30 In the preferred embodiment, a fading function (such as linear weighting) is used to
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10: Modi fi ed MLPEG 2 Conpressi on For efficient storage and

di stribution, digital source material having the preferred t enpor al
rate of 36 Hz should be conpressed. The preferred form of conpression for

t he present invention is acconplished by using a novel variation of
t he "MPEG- 2 st andar d. MPEG 2 Basics. MPEG 2 is an international

vi deo conpresswopregmndard defining a 15  _yjdeo syntax that RETEHHER0ZHN
efficient way to represent imge sequences in the form of nor e
conpact coded data. The | anguage of the coded bits is the "syntax" For

exanpl e, a f. Vgﬂ}e9k&e%m§g§kéﬁﬁpga9§§%mhe eeﬁltsﬁfgahpﬁﬁgeh%@%%

MPEG al so descri bes I'n econstruction) proCess whére the
coded bits are mappeasbriérosigt e acsidmabnipt transitions in abe éuapet Mdrenvet, rany mapal or

he coded bi st r eam SHgAM BATHLAAETRRBEABRPE S Sery i s oo By con”
Wi tg. at di scr Ft e . be g}ﬂ&&ﬁ?ﬁl&t{:ﬁ@i&ﬁﬂﬂﬁhﬁ béet) detdiy and tdﬂé}:ﬁlﬂeggidnsavhcreem
prediction algorithm The al gorithns . conpr.j si t he e(i,odin
process are fegul at e@tﬂysﬂﬁé%&rﬁneghﬂ%@ﬁ@%@l jof the asela&r,gyrﬂlax
can be applied to ex‘?ltgé fmagP B ew'.@fﬁg,ﬁ@ﬁf@g&p{*&ﬂi'ﬁ@rwe@%&pﬁbmce.

r edundancy, enpor undancy, uniform notion, spatial masking,
etc. In effect, MPEGnétBpdri inake abSence of gthpr gijeriartherigesarde efsheframe ﬁ%ﬂ’&

ncom ng data St r oaneiFA S0D epsfthent s BrE obdter weighted emBi e MRferF oG,
the MPEG 2 syntax, aThNd (MPEG:3 qasantetery Jdowdr lnyetapradiction) botizontaldavemical offset”
advantage of®this f| BARBRTS, e gs Signe Segaive imapers, RoBbiel with B b BohBEiAr-
tical_subsampling_factor_mé&n” values, can be used to specify the enhancement
layer rectangle’s overall size and placement within the expanded base layer.
® A sharpness factor is added to the enhancement layer to offset the loss of sharpness

which occurs during quantization. Care must be taken to utilize this parameter only
13 to restore the clarity and sharpness of the orginal picture, and not to enhance the
image. As noted above with respect to FIGURE 8, the sharpness factor is the “high
octave” of resolution between the original high resolution image 80 and the original
base layer image 81 (after expansion). This high octave image will be quite noisy,
in addition to containing the sharpness and detail of the high octave of resolution.
20 Adding too much of this image can yield instability in the motion compensated
encoding of the enhancement layer. The amount that should be added depends upon
the leve! of the noise in the original image. A typical weighting value is 0.25. For
noisy images, no sharpness should be added, and it even may be advisable to
suppress the noise in the original for the enhancement layer before compressing
2 using conventional noise suppression techniques which preserve detail.
® Temporal and resolution scalability are intermixed by utilizing B frames for temporal
enhancement from 36 to 72 Hz in both the base and resolution enhancement layers.
In this way, four possible levels of decoding performance are possible with two
layers of resolution scalability, due to the options available with two levels of
20 temporal scalability.
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PCT~US97/ 00902 - devising a novel neans and nethod for tenporal and
resol ution scaling using the MPEG- 2 st andard. MPEG- 2 uses
an dintraframe and an interframe nethod of conpression. In nost video
sceries, the background remains relatively stable while action takes pl ace

inthe 5 weoasispnd. The background may, Jrove, but a greatrolaEe7/00902 he
scene i s redundant. MPEG 2 starts ifQS conpression by creating a
reference frane called an | (for Intra) frame. | franmes are

corrpressed_ w t hout reference to other .fr.a nd t fAL N, '
frame of video TA® %FW{‘WM?&%@‘@E&P Vi O%Mgg'?#tlga%gg t}ﬁzﬁ ofal
bitstream for rgnf@iliy. However, these differences are still consistent with MPEG-2 decoder chips,

although additional logic may be required in the decoder to perform the expansion and

addition in the resolution enhancement decoding process shown in FIGURE 9. Such
s ° additional logic is nearly identical to that required by the less effective MPEG-2 spatial
scalability.

Optional Non-MPEG-2 Coding of the Resolution Enhancement Layer. It is possible to
utilize a different compression technique for the resolution enhancement layer than
MPEG-2. Further, it is not necessary to utilize the same compression technology for the

10 resolution enhancement layer as for the base layer. For example, motion-compensaied
block wavelets can be utilized to match and track details with great efficiency when the
difference layer is coded. Even if the most efficient position for placement of wavelets
jumps around on the screen due to changmg amounts of differences, it would not be
noticed in the low-amplitude enhancement layer. Eurther, it is not necessary to cover the

15 entire image — it is only necessary to place the wavelets on details. The wavelets can have
their placement guided by detail regions in the image. The placement can also be biased
away from the edge.

Multiple Resolution Enhancement Layers. At the bit rates being described here, where 2
MPixels (2048x1024) at 72 frames per second are being coded in 18.5 mbits/second, only
20 a base layer (1024x512 at 72fps) and a single resolution enhancement layer have been
successfully demonstrated. However, the anticipated improved efficiencies avaiiable from
further refinement of resolution enhancement layer coding should allow for multiple
resolution enhancement layers. For example, it is conceivable that a base layer at
512x256 could be resolution-enhanced by four layers to 1024x512, 1536x768, and
2 2048x1024. This is possible with existing MPEG-2 coding at the movie frame rate of 24
frames per second. At high frame rates such as 72 frames per second, MPEG-2 does not
provide sufficient efficiency in the coding of resolution-enhancement layers to allow this

many layers at present.




access, but can only be noderately conpressed. Typically, the data
representing | franmes 10 Is placed in the bitstreamevery 10 to 15
franmes. Thereafter, since only a small portion of the frames that
fali between the reference | frames are different fromthe bracketing -

| frames, only the differences are captured, conpressed and stored. Two
type of franeswo09728507 are used for such difjgrences - P (for PFHUPIPHE

frames and B (for Bi-directional I nt er pol at ed) franes. 15 P
frames generally are encoded with reference to a past frane (either an |
frame or a reV| ?.Hgnfmfrarre), and, in general, will be used as a
reference for fut PIg Fane P frarres receive a fairly high

“amount of conpr esiilizing defuplareat qnlnetmmsxwe\pp@b itHepossible to crearamsingle digisaint

of conpression but generall eq |re bot h Ra f

in order to be en‘BB\%E%I‘miﬁe %ﬁ‘%’c 1=\ ok D %és ‘2&%%{1%53?*%% quIz'd"?'%rgn)rence
frames. 20 FIAUR®D 8| acﬂmm&ﬂua Carf éﬁaiealym;ppahsthe Inemmodlmdeimbd gspect
encoded using intra-frane co

robl ocks wit hi
al so be i ndi ¥i duaigs @fn'c%%lb(&n‘hggﬁd Arfixik mi%eeemﬂﬁ@amm’ te lrifaug'?da"rm’
predi ct ed COdI ng, Eg& Fd predi cted coding, or both forward and backward,
or _di rE8EET onarl y interpol ated, predicted coding. A macroblock is
a 16x16 pi er gr oupi ng of four 8x8 DCT bl ocks, together with one

motion vector for, B f gﬁrﬁegcrsa@gpe%ﬁy He htBr 622) and siHIE BRctibRS {375 & 4/8Y arPmost

frames.
efficient step sizes in resolution layering, it is also possible to use arbitrary ratios to

achieve any required resolution layering. However, using a 2048x1024 template, or

10 something near it, provides not only a high quality digital master format, but also can
provide many other convenient resolutions from a factor of two base layer (1kx512),
including NTSC, the U.S. television standard.

It is also possible to scan film at higher resolutions such as dkx2k, 4kx3k, or 4kxdk.
Using optional resolution enhancement, these higher resolutions can be created from a

15 central master format resolution near 2kxlk. Such enhancement layers for film will
consist of both image detail; grain, and other sources of noise (such as scanner noise).
Because of this noisiness, the usé of compression technology in the enhancement layer
for these very high resolutions will require alternatives to MPEG-2 types of compression.
Fortunately, other compression technologies exist which can be utilized for compressing

20 such noisy signals, while still maintaining the desired detail in the image. Orie example
of such a compression technology is motion compensated wavelets or motion compen-
sated fractals.

Preferably, digital mastering formats should be created in the frame rate of the film if
from existing movies (i.e., at 24 frames per second). The common use of both 3-2 -
5 pulldown and inteﬂac_e would be inappropriate for digital film masters. For new digital
electronic material, it is hoped that the use of 60 Hz interiace will cease in the near future,
and be replaced by frame rates which are more compatible with computers, such as
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PCTAUS97/ 00902 After coding, an MPEG data bitstream conprises a
sequence of |, P, and B franes. A sequence may consist of al nost any
pattern of I, P, and B frames (there are a few m nor semantic
restrictions on their placenent). However, it is comon in industrial
practice wodmssave a fixed pattern (e.g , | BBPBBPBBPBBPBR)T/US97/00902  AS
an inportant part of the present invention, %n MPEG 2 data streamis
created conprising a base |layer, at |east one optional tenporal
enhancenent | ayer, and an '

ption resol utign hancenent | ayer.
Each of these | 2fi% aiiPFQPogRd 'Efé%cﬁ’l‘lﬁi&t nage Mmasters s ould be Tiade at whatevet Haine
rate the images are captured, whether at 72 Hz, 60 Hz, 36 Hz, 37.5 Hz, 75 Hz, 50 Hz, or
other rates. ‘ ’

The concept of a mastering format as a single digital source picture format for all
5 electronic release formats differs from existing practicés, where PAL, NTSC, letterbox,
pan-and-scan, HDTV, and other masters are all generaily independently made from 2 film
original. The use of a mastering format allows both film and digital/electronic shows to

be mastered once, for release on a variety of resolutions and formats.

Combined Resolution and Temporal Enhancement Layers

10 As noted above, both temporal and resolution enhancement layering can be combined.
Temporal enhancement is provided by decoding B frames. The resolution enhancement
layer also has two temporal layers, and thus also contains B frames.

For 24 fps film, the most efficient and lowest cost decoders might use only P frames,

thereby minimizing both memory and memory bandwidth, as well as simplifying the
15 decoder by efiminating B frame decoding. Thus, in accordance with the present invention,

decoding movies at 24 fps and decoding advanced television at 36 fps could utilize a

decoder without B frame capability. B frames can then be utilized between P frames to

yield the higher temporal layer at 72 Hz, as shown in FIGURE 3, which could be decoded

by a second decoder. This second decoder could also be simplified, since it would only
20 have to decode B frames.

Such layering also applies to the enhanced resolution layer, which can similarly utilize
only P and I frames for 24 and 36 fps rates. The resolution enhancement layer can add the
full temporal rate of 72 Hz at high resolution by adding B frame decoding within the
resolution enhancement layer.




Tenporal Scalability. Base Layer. The base layer is used to carry 36
Hz source material. In the preferred 10 enbodi nent, one of two MPEG 2
frame sequences can be used for the base |ayer: | BPBPBP or | PPPPPP.
The latter pattern is nost preferred, since the decoder would only

need to decode P franes, reducing the required nenory bandwi d%%
novi es were WO9M28WIso decoded wit hout B fymnes. raI

Enhancenent Layer. Wen using MPEG 2 conpression, it is possible 15
enbed a 36 Hz terrporal enhancenent |ayer as B frames within the MPEG 2

sequence . bRutibR 884 tetipBial sdaldbltCogiohs &irt dicBid @ illurasEin
This allows the si nﬁoHBSxe@@es Peam ip to supﬁort both 36 Hz display

and 72 Hz displ ayFIGEEE dﬁaﬁﬂﬁ% exayaple, 4‘5@yéh‘§”5céﬁlﬂ°5§1°n of the preposHers ©b an

t 72 Hz
?negﬁ{ abg gecoded %:‘?&x&%ﬁelg Escg'% generate %&‘5‘?’822?( SP Qﬁ@g{/a.:l g?lon

20 In the pref&dvanckdTelnvitiomnfithe presentiEGoN. c odi ng patterns of
| PBBBPBBBPBBBP or | PBPBPBPB both allow placing alternate frames in
a separate stream containing only tenporal enhancnent B frames to

take 36 Hz tp 72 ﬂﬂzrxmexocemmtmm T0224xSTDpikel data streani (coa 20k
and 3, respectlvely. 2- Franme paci ng _¢odi ng . pattern of FI GJ

has the added adv%rﬂ'vezgé mmp&effeeé@ﬂ}hzdlaee%d%w%mta ,basy fﬁé’@ﬂwcﬂea%%deop
frames, 25 T CABGlRnddif s idge? ded B BintwRAR Wikedhited ForZfie il The Wale®

al so decoded wth
resolution decoder 100 can decode at 24 or 36 fps. The output of the base resolution
decoder 100 comprises low resolution, low frame rate images (1024x512 pixels at 24 or

10 36 Hz).

The B frames from the same data stream are parsed out and applied to a base resolution
temporel enhancement layer decoder 102. Approximately 3 mbits/per sec of bandwidth
is required for such B frames. The output of the base resolution decoder 100 is aiso
coupled to the temporal enhancement layer decoder 102. The temporal enhancement layer

15 decoder 102 can decode at 36 fps. The combined output of the temporal enhancement
layer decoder 102 comprises low resolution, high frame rate images (1024x512 pixels at
72 Hz2).

Also in FIGURE 10, a resolution enhancement layer MPEG-2 2kx1k pixel data stream

(comprising only P frames in the preferred embodiment) is applied to. a base temporal
20 high resolution enhancement layer decoder 104. Approximately 6 mbits/per sec of

bandwidth is required for the P frames. The output of the base resolution decoder 100 is

also coupled to the high resolution enhancement layer decoder 104. The high resolution

enhancement layer decoder 104 can decode at 24 or 36 fps. The output of the high

resolution enhancement layer decoder 104 comprises high resolution, low frame rate
25 images (2lox1k pixels at 24 or 36 Hz).
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PCTAUS97/ 00902 Experinents with high resol ution i mages have
suggested that the 2-Frame P spaci ng of FIGURE 3 is optimal for nost
types of inages. That is, the construction in FIGURE 3 appears to
offér the optinmal tenporal structure for supporting both 60 and 72 Hz,

whi | e W 933N0 excellent results on nodern 72 Hz PCT/US97/00902
conput er -conpat i bl e di splays. This 5 cB¥fstruction allows two digital
streans, one at 36 Hz for the base |layer, and one at 36 Hz for the

enhancenment |ayer B franes to achieve 72 Hz. This is illpglgérat ed |n | . GURE
4, whi chThesB &rames &amdhamﬁ%ws parsed-out@nd 5p fes o

whi oh rmy t nen. SEPPEL sehanEERAL Ry ditolir 108 KB RuBRPL BRSPS ﬂ“"’“‘“‘*‘“
di splay. An optusarequtre:bﬁmrsdcfdéc&dms The output pfdb;ecbubseaohmon enhancement layer
decoder 104 is coupled to the high resolution temporal enhancement layer decoder 106.

s The output of the temporal enhancement layer decoder 102 is also coupled to the high

resolution temporal enhancement layer decoder 106. The high resolution temporal

enhancement layer decoder 106 can decode at 36 fps. The combined output of the high

resolution temporal enhancement layer decoder 106 comprises high resolution, high

frame rate images (2kx1k pixels at 72 Hz).

10 Note that the compression ratio achieved through this scalable encoding mechanism. is
very high, indicating excellent compression efficiency. These ratios are shown in TABLE
5 for each of the temporal and scalability options from the example in FIGURE 10. These
ratios are based uponr source RGB pixels at 24 bits/pixel. (If the 16 bits/pixel of
conventional 4:2:2 encoding or the 12 bits/pixe! of conventional 4:2:0 encoding are

15 factored in, then the compression ratios would be 3/4 and 1/2. respectively, of the values
shown.) |

* b B e o ot .




10 - B frames to generate a second 36 -Hz output, which when conbi ned

w t-h the 36 Hz out put of the base | ayer decoder 50 results in a 72
Hz. output (a nethod for conbining is’ di scussed below). In an

al ternative enbodi nent, one fast MPEG 2 decoder 50 coul d - decode
both the P franes for the base |ayer and the B frames for the enhancenent
| ayer. woontssorl Master Format. A nunfer of conpani es RCEUSIHUONZNg
MPEG- 2 decodi ng chi ps 15 whi ch operate at “&round 11 MPi xel s/ second. The
MPEG- 2 standard has defined sone "profile" for resolutions and
frame rates. Although these profiles are strongly biased toward
conput er -i nconpat i iplagef Or mat Resdhaivat eRates uCcDassRae -Hnb/snoMBixelaise Comp.s,
and interlace, many chip manu{@st urers (oiiiedy to be devel ofRatip
decoder chi ps which operate at the "main profile, main |evgkypical)i s
profile is defi ned—te—pe—emy—tror+zontar—Tesorutom 20 0720 pr Xers,
any vertical resol Bason up tUoSTH |ind8 at Gp to 25 Hz, ad§9any fr&f rate

of up to 480 I|ines at up to de r of data r from
apprgm mately 1.5 BaseT °me I\/bﬁP‘éEzpran%tn 332?*?3)m mw%&?ﬁm is Weo
speci fied. However L 11 (5+6)V1 EW the,srgu n i SS|¢8 S
the rate at which 4= Fre—ieri- .

pi xel rate iss abouqﬁétp'r&nﬁ/Pl me&lg/ secomj 25(5+3+5M} houghSllhere I 201
vari ati on anong chipTEamofacturers, nost NVPEG Z decoder chi ps W T

in fact operate at up to 13 MPi xel s/second gi ven fast support nenory. Sone

decoder hgrs Wi Ilﬁooho as fast as 20 MPi xel s/ second or nore. G ven
that CPU chips ten :

CCIR 601  720x486 2997 S 10.5 50

TABLE S

These high compression ratios are enabled by two factors:
10 1) The high temporal coherence of high-frame-rate 72 Hz images;
2) The high spatial coherence of high resolution 2kx1k images;
3) Application of resolution detail enhancement to the important parts of the image
" (e.g., the central heart), and not to the less important parts (e.g., the borders of the
frame).

15 These factors are exploited in the inventive layered compression technique by taking
advantage of the strengths of the MPEG-2 encoding syntax. These strengths include
bi-directionally interpolated B frames for temporal scalability. The MPEG-2 syntax also
provides efficient motion representation through the use of motion-vectors in both the
base and enhancement layers. Up to some threshold of high noise and rapid image

20 change, MPEG-2 is also efficient at coding details instead of noise within an enhance-
ment layer through motion compensation in conjunction with DCT quantization. Above
this threshold, the data bandwidth is best allocated to the base layer. These MPEG-2
mechanisms work together when used according to the present invention to yield highly
efficient and effective coding which is both temporally and spatially scalable.
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PCTAUS97/ 00902 50% i nprovenent or nore each year at a given cost,
one can expect some near-term flexibility in the pixel rate of
MPEG 2 decoder chi ps. TABLE 4 illustrates sone desirable _
resdlutions and frane rates, and their correspondi ng pi xel rates. 5
Resol ution ‘rpatmeshpat € Pi xel Rate PCT/USY7/00802 Y
(Hz) ( MPi xel s/'s) -30-

In comparison to 5 mbit/second encoding of CCIR 661 digital video, the compression

ratios in TABLE 5 are much highef. One reason for this is the loss of some coherence due

to interlace. Interlace negatively affects both the ability to predict subsequent frames and

fields, as well as the correlation between vertically adjacent pixels. Thus, a major portion
s of the gain in compression efficiency described here is due to the absence of interlace.

The large compression ratios achieved by the present invention can be considered from
the perspective of the number of bits available to code each MPEG-2 macroblock. As
noted above, macroblock is a 16x16 pixel grouping of four 8x8 DCT blocks, together

with one motion vector for P frames, and one or two motion vectors for B frames. The

10 bits available per macroblock for each layer are shown in TABLE 6.

Layer Data Rate—mb/s MPixels/s Average Available

(typical) Bits/Macroblk

Base 5 19 68

Base Temporal 8 (5+3) 38 54

High 11 (5+6) 76 37 overall, 20/enh. layer
15 High w/hborder 11 (5+6) 61 46 overall, 35/enh. layer

around hi-res '

center

High Temporal 18 (5+3+6+4) 151 30 overall, 17/enh. layer

High Temporal 18 (5+3+6+4) 123 37 overall, 30/enh. layer
20 wiborder around

hi-res center

Jjor comparison:

CCIR 601 5 - 10.5 122

' TABLE 6




640 480 36 11,1 . 720 486

36 - 12. 6 720 486 30 (for
cojrpari son) 10.5 10 704 480 36

12.2 704 480 30 (for conparison) 10.1

680° 512 36 - 12.5 1024 512
24 wO09712857 12.6 31- PCT/US97/00902
TABLE 4 15 All of these formats can be utilized with MPEG 2 decoder
chips that can generate at | east 12. 6 MPi xel s/ second. The very

desirabl e 640x480 W gﬁg]

current chips, H@ee"%&l b%w%'??g%om?ﬂ#}s{%gb&% ss’%‘ue“&eﬂslgree ; T%ﬁﬂx‘ﬁz
i mage can be squeﬁﬁﬁh thabaseaﬁyhﬁmﬁs isspprpprate, Sinde is yudesizable fanthe base liyer to have
supported at 6 Hz if 1 I xel s/ second ca handl ed he

hi ghly desirable &ﬂﬁ%ﬁéﬁlﬁ%@m le. %ngé’f’%‘&h“ﬁ rha@&%f”fli‘mﬁ‘l‘f 23 irs
achi eve 36 Hz Me&rm&ﬁc%mmwcoaammmmc and Ao%emeﬁatswfo&&x% DCT
MPi xel s/ second. This beconmes nore feasible if Hz and 36 Hz

material is Godedblogksy Thisdenves fopBoE only dcfawi' hﬁﬂtescf’ Adneostiigientso Thys, statisticallyd
in the 72 He most 6@!&?%{:&%‘389%%&8@% k@éﬁe&u%SBBgﬂn%s:b%ﬁd:&ﬂgx@ﬁh&’gﬂﬁ%%

use only P franmes require nenory
the goal of 19 MPirame of arenhantementdayeccessi bl e.

It is easily seen why the MPEG-2 spatial scalability is ineffective at these compression
ratios, since there is not sufficient data space available to code enough DC and AC

10 coefficients to represent the high octave of detail represented by the enhancement
difference image. The high octave is represented primarily in the fifth through eighth
horizontal and vertical AC coefficients. These coefficients cannot be reached if there are
only a few bits available per DCT block.

The system described here gains its efficiency by utilizing motion compensated

15 prediction from the previous enhancement difference frame. This is demonstrably
effective in providing excellent results in temporal and resolution (spatial) layered
encoding. |

Graceful Degradation The temporal scaling and resolution scaling techniques described

- here work well for nomal—mhning material at 72 frames per second using a 2kx1k

20 original source. These techniques also work well on film-based material which runs at 24
fps. At high frame rates, however, wheh a very noise-like image is coded, or when there

are numerous shot cuts within an image stream the enhancement layers may lose the.
coherence between frames which is necessary for effective coding. Such loss is easily
detected, since the buffer-fullness/rate-control mechanism of a typical MPEG-2

25 encoder/decoder will attempt to set the quantizer to very coarse settings. When this
condition is encountered, all of the bits normally used to encode the resolution
enhancement layers can be allocated to the base layer, since the base layer will need as
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PCTAUS97/ 00902 The 1024x512 resol ution tenplate would nost ofteén
be. used with 2.35:1 and 1.85:1 aspect ratio filns at 24 fps. This
material only requires 11.8 MPi xel s/ second, which ~ should fit within
thelimts of nost existing main level-main profile decoders. Al l

of these forngise,BeyShown in FIGURE 6 in a "master tenpl at e"pdRtsedotsose
| ayer at 24 5 or 36 Hz. Accordingly, thé2present invention provides a

uni que way of acconmodati ng a wde variety of aspect ratios and
tenporal resolution conpared to the prior art. (Further di scussi on
of a master’ tenphatyebiisaspessililoin brdertcoedde the stressful material. For example, at between

about 0.5 and 0.33 MPixels per frame for the base layer, at 72 frames per second, the

resultant pixel rate will be 24 to 36 MPixels/second. Applying all of the available bits to

the base layer provides about 0.5 to 0.67 million additional bits per frame at 18.5
s mbits/second, which should be sufficient to code very well, even on stressful material.

Under more extreme cases, where every frame is very noise-like and/or there are cuts
happening every few frames, it is possible to gracefully degrade even further without loss

of resolution in the base 'layer. This éan be done by removing the B frames coding the
temporal enhancement layer, and thus allow use of all of the available bandwidth (bits)

10 for the I and P frames of the base layer at 36 fps. This increases the amount of data
available for each base layer frame to between about 1.0 and 1.5 mbits/frame (depending

on the resolution of the base layer). This will still yield the fairly good motion rendition

rate of 36 fps at the fairly high quality resolution of the base layer, under what would be
extremely stressful coding conditions. However, if the base-layer quantizer is still

18 operating at a coarse level under about 18.5 mbits/second at 36 fps, then the base layer
frame rate can be dynamically reduced to 24, 18, or even 12 frames per second (which

would make available between 1.5 and 4 mbits for every frame), which shouid be able

to handle even the most pathological moving image types. Methods for changing frame

rate in such circumstances are known in the art.

20 The current proposal for U.S. advanced television does not aliow for these methods of
graceful degradation, and therefore cannot perform as well on stressful material as the
inventive system.

In most MPEG-2 encoders, the adaptive quantization level is controlled by the output
buffer fullness. At the high compression ratios involved in the resolution enhancement
25 layer of the present invention, this mechanism may. not function optimally. Various
techniques can be used to optimize the aliocation of data to the most appropriate image

regions. The conceptually simplest technique is to perform a pre-pass of encoding over

B o w—



The tenporal enhancenent |ayer of B franes to generate 72 Hz can be decoded

~uUsiRng a chip with double the pixel rates specified above, or by
using a second chip in parallel with 10 addi ti onal access to the
decoder nenory. Under the present invention, at |east two ways exi st
for ‘merging of the enhancenent and base Iayer data streans to insert the
alternate woB2BAnes. First, nerging cagsbe done invisibl F‘Y‘@’?
decoder chip using the MPEG 2 transport |ayer. The MPEG 2 transport
packets for two PIDs (Program | Ds) can be recogni zed as contai ni ng

the base |ayer ang.eplaRoh BaRinctAdR layeP 05 ghth& Starhtit£aA0 00 Béafdh! Sut Hetails whichn
both be sinply passed on to a double-rate capable decoder chip, or to an

appropriately shouldcbm pregervesd Thairesulss fiogy thel Pre-pess eRacRsiused. ‘°Séfc6¥'rcPdaP‘!"°| S

al so possible to use £dik %0
data stream i nst e3tf B‘Fat‘?’ﬂéggé%ﬁ%%glr (" ia“yer lH’om nmﬁ@é syst ens. )%fte
data partitioni ngThe séttifigd cah hisovbe himﬁcﬂl}f biased 30 be nbe-uniforkeaiventhe image, such that

bel t diff t | t.he. MPEG: 2 t
and can 30 5" { gl TR ALKSUGR i Hieori8n SRR qeRgR, et JERL KT L

only support the pLGraabels at the extredéifdies 85106 frambe. _ Tenpor al
scalability, as defined by MPEG 2 video conpression, is not as optimal as
t he sinple B frane partitiom ng of the present invention. The MPEG 2

temporal scal abi | pley for jeavits af Unbfank e fisfer BERECEC R ‘Ml frdd! BHOMSMEEC"

B frame, and thus I Cl ency aval ranme
encodi ng propos edadl;asmenmamteqmeedband:e dxisting decodens fuaotionavell without such improve-

ref erenced. ACCOI’M%WWJ]G 3 rﬁ?Jthun?pm@eme%ts%@%aﬁéwﬁh%W%aeﬁ'ortmthe

enhancenent | ayer
10 enhancement layer encoder.

Conclusion

The choice of 36 Hz as a new common ground temporal rate appears to be opumal

Demonstrations of the use of this frame rate, indicate that it provides significant

improvement over 24 Hz for both 60 Hz and 72 Hz displays. Images at 36 Hz can be
15 created by utilizing every other frame from 72 Hz image capture. This allows combining

a base layer at 36 Hz (preferably using P frames) and a temporal enhancement layer at

36 Hz (using B frames) to achieve a 72 Hz display.

The “future-looking” rate of 72 Hz is not compromised by the inventive approach, while
providing transition for 60 Hz analog NTSC display. The invention also allows a

20 transition for other 60 Hz displays, if other passive-entertainment-only (computer
incompatible) 60 Hz formats under consideration are accepted.

Resolution scalability can be achieved though using a separate MPEG-2 image data

stream for a resolution enhancement layer. Resolution scalability can take advantage of

the B frame approach to provide temporal scalability in both the base resolution and
5 enhancement resolution layers.




praovi des a sinpler and nore efficient tenporal scalability than does the

t enpor al WO 97/ 28507 - 18-

PCT/ US97/ 00902 scalability defined within MPEG 2. Notwi t hstandi ng,
this use of B franes as the mechani sm for tenporal scalability is
full'y conpliant wth MPEG 2. The two net hods of i1dentifying these B
frames as an @@wpssment | ayer, via data P rtitioni ng or al t RCRUINTI00902
PIDs for the B frames, are also fully co ﬂl ant . 50/ 60 Hz Tenpor al

enhancenment |ayer. In addition to, or as an alternat | ve to, the 72 Hz
2700 e FheriemoncreseRsarkat RS A bigisn GoREss foureno K sia TR
can be added i ncl:ﬁr‘ngﬂ i)ﬂome involved in the U.S. advanced television process that neither resoltmon
nor temporal scalability can be achieved at high definition resolutions within the
approximately 18.5 mbits/second available in terrestrial broadcast. However, the present
s ° invention achieves both temporal and spatial-resolution scalability within this available
| data rate.

It has also been claimed that 2 MPixels at high frame rates cannot be achieved without
the use of interlace within the available 18.5 mbit/second data rate. However, achieves
not only resolution (spatial) and temporal scalability, it can provide 2 MPixels at 72

10 frames per second.

In addition to providing these capabilities, the present invention is also very robust,
particularly compared to the current proposal for advanced television. This is made
possible by the allocation of most or all of the bits to the base layer when very stressful
image material is encountered. Such stressful material is by its nature both noise-like and
15 very rapidly changing. In these circumstances, the eye cannot see detail associated with
the enhancement layer of resolution. Since the bits are applied to the base layer, the
reproduced frames are substantially more accurate than the currently proposed advanced

television system, which uses a single constant higher resolution.

Thus, the inventive system optimizes both perceptual and coding efficiency, while
20 providing maximum visual impact. This system provides a very clean image at a

resolution and frame rate performance that had been considered by many to be

impossible. It is believed that the inventive system is likely to outperform the advanced

television formats being proposed by ACATS. In addition to this anticipated superior

performance, the present invention also provides the highly vaiuable features of temporal
] and resolution layering.
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fashion to the 36 Hz base |ayer. A 60 Hz tenporal enhancenent |ayer is

parti cul ar usef ul for encoding existing 60 Hz interlaced video

mat eri al . 10 Most existing 60 Hz interlaced material is video tape for
NTSC i n anal og, D1, or D2 format. There is also a small anmount of
Japanese HDTV (SMPTE 240/ 260M). There are al so caneras which rate-
in this fornmatwoemsich 60 Hz interl aced fgwsmat can be SPU@Q

known fashi on such that the signal is de-interlaced and frane rate
converted. Thi s process involves very conpl ex i mage under st andi-ng

technol ogy, Simhgrl,tvgﬁ,tgqu’g‘g%gbeg,gﬁxem eh%ﬂ{leﬁee%}wMef%wcaﬂmmm%ad

technology tenp era resul

"mi sunder st andi ngwebat, Fmraﬂl ¥ Olte mhmmnds lmp(m!mmdanlcgtmpufet programisfexequiing RBt e
that the typi ca 50% dut .

canera i s "not | pEEraRgna big-gomps m}{%‘l"?‘pg{‘?glrﬁm Capétaééévﬁg@% s\ﬁazoxm\%\ﬂee S

in movies is an i JBB-Joﬁm%%éhorglaws} ﬁ&aﬂelelements), at leAs) ohéinputrdenics, and
practice of tenpora ersanplin uch artlfacts ﬁrallﬁ nn t be 20
renoved witsout ltieastons outpetideice. FTOBI3MYode ISGRP °th‘8§ 9

cases whi ch HePTE bitpt dnfbr8hsHE TR bur Wxﬁfmoﬁ tsea itgn
conversi on resul t?‘&@%?gﬁ‘r‘%a Bh&’ current technol 1:I(Egy shoul d gBin
reasonabl e on NDshe BRinetd Altput devices, in knoWhdaspionce of a single high
definition canera or tape machine would be simlar to the cost . of
ch a converter. Thus, in a studio having several cameras and tape nachines,
the cost HlchSp#6gHa@as prfrilly imslanemel incdiigh levebprocedural joe cbjectoriegted
such processing apdmgaequmngat o lznguage to communicate with a computer system. However, the programs

10 can be implemented in assembly or machine language, if desired. In any case, the

language may be a compiled or interpreted language.

Each such computer program is preferably stored on a storage media or device (e.g.,
ROM or magnetic diskette) readable by a general or special p_urpose programmable
computer, for conﬁguring and operating the computer when the storage media or device

15 is read by the computer to perform the procedures described herein. The inventive system
may also be considered to be implemented as a computer-readable storage medium,
configured with a computer program, where the storage medium so configured causes a
computer to operate in a specific and predeﬁned manner to perform the functions
described herein. |

20 A number of embodiments of the present invention have been described. Nevertheless,
it will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, while the preferred embodiment uses
MPEG-2 coding and decoding, the invention will work with any comparable standard that
provides equivalents of B frames, P frames, and layers. Further, small deviations (less

s than one Hz) from the precise frequencies and framing rates given above generally would
not significantly impact the present invention. Accordingly, it is to be understood that the




i s<presently beyond the budget of home and office products. Thus, the

conpl ex processing to renove interlace and convert the frane rate
for existing material is - WD 97/ 28507

PCT/ US97/ 00902 preferably acconplished at the origination studio.
This is shown in FIGURE 5, which is a bl ock di agram showi ng 60 Hz
interlaced i MPOO7RESEM caneras 60 or ot her S8ur ces (such PCT ilm
video tape) 62 to a converter 64 that inclUdes a de-interlacer function and
a frame rate conversion function that can output a 36 Hz signal (36

Hz base | ayer only), and 5 12 si gna Hz . e
from the tenpor AVERSORIH Behiobe %@r%.zme spedifi b atﬁ%lgﬁﬁg%&rn%t F"\I/IE&F’Z by thd
outputting a 723°5|§e§ﬁgggﬁpeﬁ§&|dt§mgase | ayer plus 36 Hz fromthe
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t enporal enhancenent |ayer), this conversion process can be
produce a second MPEG 2 24 Hz tenporal enhancenent Iﬁiﬂﬂﬂhﬁﬂ“
Hz. base | ayer which would - reproduce the original 60 *

al tthough de-interlaced. If simlar quantization is used 10 for the 60 Hz
t emporal enhancenent |ayer B franmes, the data rate should be slight ess
than the 72 H/WOSHOAl enhancenent |ayer, sifqice there are f e W& ﬂﬁ??%%ﬁ%
The vast majority of nmaterial of interest to the United States is | ow

resol ution NTSC. At present, nost NISC signals are viewed with
substanti al inpaig IFR gOn nost hone tel evisions. Further, viewers
have conme to accep e tenporal inpairnents inherent in 15 the use of

3-2 pulldown to present filmon television. Nearly all prine-tine

television is . d n filmat 24 frames per second. Thus, only
sports, news, an%?tﬁ%aawggigo-ori-gi nal shows need be processed in

this fashion. The artifacts and | osses associated with converting

th h t 36/ 72 t, | k
oy ovenents L A ipebsbraBiTing 11 Somsnesia videy eTiaRoR, OmPRgS e %39 of
signal. 20 Not ga) Nadpririt@ ﬁﬂéd ﬁﬂag&tﬁs a' ﬂhﬁhﬁﬁbf fAmd @t @R dﬂaal(faimxag e

Hz) fields should be very simlar he notion blur in 72

franes. Thus, this techﬂ%@@ﬂﬂﬂmﬂpwf&tﬁﬁsé fpsad2 fps, and 75 féhhancemant
| houl d 7
ceor di ngl appea_r rs %k%% ce the dﬂ? erH 'd&n{p?és@&iaﬂ}%

Accordi ngly, few vi 0 ence, "except possibly as

sl i ght s i nprovemént a2 bdsedayentcompasagi aﬂ(bmhdmmmduvm refatively low

processed into a 36 Hz bas ?esloﬁ}(xgﬁ and a frame rate selected from one of approximately 24 Hz,
36 Hz, and 37.5 Hz;

(2) optionally, at least one temporal enhancement layer comprising an
encoded bitstream having relatively low resolution and a frame rate

10 selected from one of approximately 60 Hz, 72 Hz, and 75 Hz;

(3) optionally, at least one high resolution enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate
selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz,

(4) optionally, at least one high resolution temporal enhancement layer

15 comprising an encoded bitstream having relatively high resolution and a
frame rate selected from and a frame rate selected from one of approxi-
mately 72 Hz and 75 Hz. '

2. -Themethod of claim 1, wherein the compressed data stream has a bit rate no greater
than about 19 mbit/second.

3. The method of claim 1, wherein the compressed data stream is encoded. using
MPEG-2 compression.

4. The method of claim 3, wherein the base layer is encoded using only MPEG-2
compression P frames.
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25 - plus 24 Hz fromthe tenporal enhancenent |ayer, and di _

Hz. - However, those who buy new 72 Hz digital non-int Sfl ilLl "IIII

televisions will notice a small inprovenent when vi e — n
WO

a maj or inprovenent when view ng new material captured or
97/ 28507 - 20-

PCT/ US97/ 009D 97728507 originated at 72 Hgg Even the decode®CTAISPEO0ES o

| ayer presented on 72 Hz displays wll | ook as good as high quality
digital NTSC, replacing interlace artifacts with a sl ower frame
rate. The sane process can also be applied to the conversion of
existing PAL 50 Hz material 5 to a second MPEG 2 enhancenent |ayer. PAL

vi deo tapes ares beffe SbBYE S EiindS3 witerdii éa2h temporal enhancement layer is encoded using
only MPEG-2 compression B frames.

6. The method of claim 3, wherein each high resolution enhancement layer is encoded
using only MPEG-2 compression P frames.

7. The method of claim 3, wherein each high resolution temporal enhancement layer
is encoded using only MPEG-2 compression B frames.

8. The method of claim 1, furthef including the step of extracting frames for display’at
approximately 60 Hz from the base layer of the compressed data stream using 2 2-1-2
pulldown ratio.

9. Themethod of claim 1, wherein the base layer has a resolution selected from one of
approximately 640x480 pixels, approximately 720%486 pixels, approximately
704x480 pixels, approximately 680x512 pixels, and approximately 1024x512 pixels.

10. The method of claim 1, wherein at least one resolution enhancement layer has twice
the resolution of the base iayer in each dimension.

11. The method of claim !, wherein at least one resolution enhancement layer enhances
pixels of the base layer only in a central region of the base layer.
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tQ.such conversion. Live PAL requires conversion using the re
unrel ated rates of 50, 36, and 72 Hz. Such converter Elmm |E“‘I“‘ Ill/"l"l

are only affordable at the source of br oadcast si gnal s *and ar e mots =+
presently practical at each receiving device in the hone and of fice.
10 - Resol ution Scal ability - It is possible to enhance the bage
resol ution tenplopgmassogi ng hi erarchical resol ygion scal

utilizing MPEG 2 to achi eve higher resolutions built upon a base |ayer. Use
of enhancenent can achi eve resolutions at 1.5x and 2x the base | ayer.

Doubl e resol ution an be..buj ' { Rl info¥mbkidi) o |-2snig|’tﬁélsté¢33
or it can be a sﬂr?gl%mf"aﬁq ;%ﬁ\%{k%nm&ﬂﬁfﬁ This is ShOWﬁél n Fl GU
7. The progess of resol ut| on enhancenent can be achi eved by

generating a resol ution n 2
stream and appl yi ng @PEG‘W‘&%?‘@? e J:gngsourgcf §§{"{§§?fﬁ‘§‘ enh%ﬁ%e%gg%y | iﬁ
This technique differs fgouh PaQe rbﬂhla&gajab]z] & tatiiporal enhancemertilayed tah
MPEG- 2, which has provenlrto% Hﬁ/ i nef fi_ci

contains allsof the toolfanmgm maqmaﬁd&f? \"b"é‘ 9°\§§’8}°88"Y¥§E§ﬁ?f% g
provi de spati al lsﬂﬂinld oﬁﬁtdﬁmmm ﬂ@é{@ﬁﬁﬂj resol ution

encodi ng process of t he p sent nt| on hown in FIGURE 8. The
preferred decodi ng pgb)catesiving allkwbmmdﬁphnmtscﬁpmgl%dlg‘m source pigture

Fl GURE 9.
format.
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Resol ution Layer Coding. In FIGURE 8, an original 2kxlk inmag

filtered in 25 conventional fashion to 1/2 resolution i nI i‘il”lﬂﬂm I,HH"I
to. create a 1024x512 base | ayer 81. The base | ayer 8

conpressed according to conventional MPEG 2 al gorithns,

97/ 28507 -21-
PCT/ US97/ 009080 97728507 generatl ng an MPEG %_base | ayer 82 s@BCTAISYHO0PQ
transm ssion Inportantly, full MPEG 2 noti on conpensati on can be

used during this conpression step. That sarre_ signal is then

83 The o 133 A supartiHHE CHPrRSIB T <3R5 5 * BRYASY Yot TO°
replication, or prgfggatiaminyrasdelested rom onefdﬂappfoainmmymzaspssm fps,cand 75 fps,

i nterpol ati on) to a first 2kxl k enl argenent, 84

including an encoder for encoding and outputting the captnred video frames into a

compressed data stream comprising:

s (a) abase layer comprising an encoded bitstream having relatively low resolution
and a frame rate selected from one of approximately 24 Hz, 36 Hz, and
37.5Hz;

() optionally, at least one temporal enhancement layer comprising an encoded
bitstream having relatively low resolution and a frame rate selected from one

10 of approxxmately 60 Hz, 72 Hz, and 75 Hz;

(c) opnonnlly, at least one high resolution enhancement layer comprising ‘an
encoded bltstream having relatively high resolution and a frame rate selected
from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(d) optionally, at least one high resolution temporal enhancement layer comprising

15 an encoded bitstream having relatively high resolution and a frame. rate
selected from and a frame rate selected from one of approximately 72 Hz and

75 Hz.

THIS SHEET HAS BEEN.
REPLACED
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Meanwhi | e, as an optional step, the filtered 1024x512 base |l ayer 81 is
expanded to a second 2kxl k enl argement 85. This seconmgwmul ""III"IIII
eni argenment 85 is subtracted fromthe original 2kxk i ¢ o0 g s
generate an inmage that represents the top octave of resolution

bet ween the original high resolution inage 80 and the original base |ayer
i mage 81. TheWRP728507; esylting i mage is op;onal Iy mul tipl i edPE}UES7/00902

shar pness factor or weight, and then added " to the difference between
the original 2kxlk inmage 80 and the second 2kxl k enl ar genment 85 to
generate a centgr-yei ghted 2kxl k.enhancenent. | a sQurce_| e 86. [Thi
enhancenent Iayg{' ‘geo‘i? 8t°fﬁﬁ?féu%€°ri°§“ipﬁe§ "%%?&W%&&Ptb‘f%“taﬁumw of
conventi onal fraé30itag iilig) Graimirymate gizord fonhGneof fiptddingtely¥8Eps, 72 fps,
resol uti on enhancenen }?ayégr 87 15 uitable for transm ssion.

| nportantly, full WE‘%?ST S:f9¢ FORPWE RIEEATCHS StUrd R 2 edip readable by appmpyter

this conpression s{gim for conﬁguﬁng'ﬁ@ééﬂrﬁﬁdt&%yﬁt%%o%@ﬁ I Tnh:%@é%ﬁ":y e

t he base | ayer 82 i's deconpressed_usi ng . conventli ona
al gorithnmsShack t ocompuisrsysiem to pasfpsmabe fimetions@f4x512 i mage 90 is

expanded to a firsg,?2 by NVRAD Wit i | ution_enhancement
| ayer 20 87 is&&e%@@ggap&éﬁeﬁg conver??%%g%xﬁfg%&%l 57T CAHETSRE: k
to a second 2kxl k (1) a ibamglay@2coniprisingi ars encdded koitstrexge hading elatitvely $®@ond
2kxl k i mage 92 are then addcﬂ.to gen rate.a hi %h- esol uti on 2kxl k
i mage 93. resohition and a frame rate selected from on approximately 24 Hz,

36 Hz, and 37.5 Hz;

10 (2) optionally, at least one temporal enhancement layer comprising an

encoded bitstream having relatively low resolution and a frame rate
selected from one of approximately 60 Hz, 72 Hz, and 75 Hz;
(3) optionally, at least one high resolution enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate
1s selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(4) optionally, at least one high resolution temporal enhancement layer
comprising an encoded bitstream having relativdy high resolution and a
frame rate selected from and a frame rate selected from one of approxi-
mately 72 Hz and 75 Hz; '

(b) outputting the compressed data stream.

8
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| ipr ovenents Over MPEG 2. In essence, the enhancenent | ayer |
expandi ng t he decoded base | ayer, taking the differen mﬂ&im ||II“I“|
original image and the decode 25 - base |ayer, and conpressin

Wever,
conpressed resol uti on enhancenent | ayer may be optlonally added to
t he ‘base | ayer after decoding to create a higher resolution inmge

WO 97/ 28507 wo 9728507 _ -22- PCTY/US97/00902
PCT/ US97/ 00902 in the decoder. T inventive | ayered resol ution
encodi ng process differs from MEG 2 spatial scalability in several

25 1s own NPEGS Aempuerreatibis gt B PH I SEu A IS PGSR PE
Slc;r glrjlelnlcte represely gﬁﬁmefnférﬁﬁi??ﬁ‘ciﬂ?ﬁbd% a plurality of fraa%e8 lat/dn ififial framing
y, as prop se ere, is effective, where MPEG 2 spati al
rate selected from one of approximately 36 fps, 72 fps, and 75 Eps, where the storage
medium so configured causes a computer to operate in 2 specific and predefined
s manner to perform the functions of
(2) encoding the captured video frames in a compressed data stream comprising:
(1) a base layer comprising an encoded bitstream having relatively low
resolution and a frame rate selected from one of approximately 24 Hz,
36 Hz, and 37.5 Hz; |
10 (2) optionally, at least one temporal enhancement layer comprising an
encoded bitstream having relatively low resolution and a frame. cate
selected from one of approximately 60 Hz, 72 Hz, and 75 Hz,
(3) optionally, at least one high resolution enhancement iayer comprising an
encoded bitstream having relatively high resolution and a frame rate
1s selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;
(4) optionally, at least one high resolution temporal enhancement layer
comprising an encoded bitstream having relatively high resolution and 2
frame rate selected from and a frame rate selected from one of approxi-
mately 72 Hz and 75 Hz;
20 (b) -outputting the compressed data stream.

REPLAGED
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scalability is ineffective. Thé BERMACEMENTSHEET| |ty defi ned
all ews an upper | ayet to be coded as|the differe\lfrm %‘Iﬁﬁ"ﬁ IIII

upper |ayer picture and the - 9]3 Juienggndedi base | ayer

conpensated MPEG 2 data stream|o e actual picture, or a
conbi nati on of both. However, feit-+her—of-ttese ehcodings is efficient.

The difference WoURssle base | gyer coul d be considered as an wcmramm the
di fference, which is inefficient conpared to a notion-conpensat ed

di fference picture, as in the&gresent invention. The

upper -l ayer encoding defined wi t hi n MPEG 2 is al so inefficient,
since it is identical to a conplete MB%D SLQ)[FSt he upper

| ayer. The noti ohresgivehdritde prAtagnadf Burieau dinf P& dukyc 4997 d0840Z,94s in the

present 15 riguidi eheims d.21foprd J8e! 5 anendadt |naw|o}a 46-570f addiegnt .
[err]- Since the enhancerrent"ef"éwpg 2ips ppehepestiént’ REEEs?] data stream the
MPEG- 2 systens transport |ayer (or anot her simlar nmechani sn
nmust be used to mul ti pl ex the base | ayer and enhancenent

| ayer. [er LES I reduction.filtering can
be a gaussian br Sfﬂl ne unéc% 10 né)ﬁg%&% S%Mﬁ?éﬁ%“e QPRFriSing the;strps o gft han
the bilinear inter @l at¢3m\lﬁspe'mnw&'rmmt2 of frahesadt an initial framing rate selected

scal ability. TJW:@ t mat ch between the

| ower and hi gher | ayers | n the bk, T,rig%’er rﬁéﬁ%n’oodl ment. In MPEG 2

spatial scal abilit{® m@#mewmvm!mmwmmmddmm“me

al l oned. 8uch extensiongyare pab lﬁ*‘e’r%ﬂninﬂtm ng el UG w22
eto eff|C|enc qwremgns

to efficiency requirenents. err]
and the extrene anmounts of CIPpHeeRd wéﬁenomofapmmm!ﬁma@mm
| ayer, the entire area of thasd¥dBacenent |ayer is not coded. Usually,

(2) at least one of the following types of layers:
(A)  at least one temporal enhancement layer comprising an encoded
10 bitstream having relatively low resolution and a frame rate selected
to achieve a final frame rate of approximarely 60 Hz, 72 Hz, and
75 Hz when combined with the base layer;
(B) at least one high resolution enhancement layer comprising an
encoded bitstweam having relatively high resolution and a frame rate
15 selected from one of approximately 24 Hz,'36 Hz, and 37.5 Hz:
(C)  atleast one high resolution temporal enhancement layer comprising
an encoded bitstream having relatively high resolution and a frame
rate selected to achieve a final frame rate of approximately 60 Hz, 72
. Hz, and 75 Hz when combined with the high resolution enhancement
20 layers.

2. The method of claim 1, wherein the compressed data stream has 2 bit rate no greater than
about 19 mbits/second.

3. The method of claim 1, wherein the compressed data swream is encoded using MPEG-2
compression.

4. The method of claim 3, wherein the base layer is encoded using only MPEG-2 compression
P frames. :
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the area excluded fro

be the border area. '
enhancenent | ayer sour £ GPRAGRMENT iSHEEThe preferred enbodi mengmﬂ!“mﬂiuj“mm"l
i *

center-weighted. 30 I'nThe prafdrred enbodi nent, a f

(suth as linear weight N ) 0igs o] WO 97/ 28507
-23- 0 P&#’ﬁggg/cosoz "feather" the
!

enhancement MO/728509 oy he | mage and away f rROTVUSHE00902
border edge to avoid rupt transitionsjin the i mage. Mreover, any manual
or aut omat i ¢ net hod of—det i ng regions having detail which
the eye will follow can be utilized to select regions which
need detail andTbe)mmdmfslmgn. wihereineack temparal enhancement layet| &4 ehicbdedusinglonty

requi red. Al of to the level of the base |ayer, so
MPR:-) BBl i Bhithd

al | present. Only the areas of special interest
benefit fromthe enhance- ment |ayer. In the absence of other

criteri-a, the edQﬁesm%oJD&rcgﬁrrx 3, wferé[ixrxl Sac rh?éﬁe mgoqtrtltio%eenhancement layer is encoded without
using MPEG-2 compression B frames.

7. The method of claim 3, wherein each high resolution temporal enhancement layer is encoded
using only MPEG-2 compression B frames. |

8. The method of ciaim 1, further including the step of extracting frames for display at
approximately 60 Hz from the base layer of the compressed data stream using a 2-1-2
pulldown ratio.

9. The method of claim 1, wherein the base layer has a resolution selected from one of
approximately 640x480 pixels, approximately 720x486 pixels, approximately 704x480
pixels, approximately 680x512 pixels, and approximately 1024x512 pixels.

10.” The method of claim 1, wherein at least one resolution enhancement layer has twice the
resolution of the base layer in each dimension.

11.  The method of claim 1, wherein at least one resolution enhancement layer enhances pixels
of the base layer only in a central region of the base layer.
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excluded from enhancengn %.E er - wei ght ed enbodinenfmdescribed
| 0

"l ower _| ayer _predictonjherizontal &ertjcpl offset™ 10

-+

used as signed negative | nORJUL 1997mbj ned wi th the "hori zont'al &vel-

tical _subsanpling_facter]mn" val ues, be used to specify the
enhancenent - WO09728507 { | e's overal |l size and pl 8EEHEONR hi n
t he expanded base | ayef, [err] -ghar pness factor is added to the
enharicenent | ayer to offset the | oss of sharpness whi ch occurs
during quantization nust be taken to u t is. araneter qnly 15
to restore theé cl QW&"Q e R Sassiaaiid ‘E‘W@“%’F"ﬁéﬂﬂp B QP RS Y‘PB"f:
enhance the (a) emﬁ@asafglmgm sahwgcmﬁmmeﬁ‘g atbaselayebRiRh 3,

sharpness factor is the oct ave” 8 resolutlon bet ween t he

i
original high resol uti WPF?%@E‘”S@”&H@GLH% rabgnhancement layer wih-a faming agte of

image 81 (after eXpanS'aﬁﬁ})ax %ﬂlmmﬁﬁ%ﬂzm%ﬁ\ﬁdﬁé bd2€ 1k, Bd WleSdiution of
in addition to containing t arpness and detail of the hlgh oct ave o?

resol’uti®dn. 20 Apprprigpatehh2Q48x HO241pixels: 30d npge can yield instability

in the notion CONREY'S 2lgehiling all su bseq“m di§iiy e imats 8bmihe @&i%ﬁﬂ @%ﬁ?{
The anpunt that shoul d be added depends upon m U sifg) Ievef£ ?ynm;

noise in the original imge. A typical weighting value is 0.25. For
noi sy i mages, no sharpness should be added, and it even may be advisable to
suppress the noise in the original for the enhancenent |ayer before

conpressing 25 usi ng conventional noi se suppression techniques which
preserve detail. [err] Tenporal and resolution scalability are '
interm xed by utilizing B frames .for tenporal enhancenent from

36 to 72 Hz in both the base and resol uti on enhancenent | ayers.

In this way, four possible |evels of decoding performance are possible with
t wo | ayers of resolution scalablllty, due to the options

avail able with two | evels of
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3(2)4_ tenporal scal ?QPE\;’;,A(;E&EAWMEIOJ)OZ WO 97/ 28'?'g<7ase g fHH}II' wu“u “III “ |“|

represent substanti al

scal ability. However,

decoder chi ps,

decoder to peMOAIBWRg 6

enhancenent decodi ng

i noroveme
t He
alth

MPEG- 2 spatial and t
L csare still consistent W|th MPEG- 2
§gﬂu d I gnal logic may be required in the
| ( addition in the PETUSINION
rocess shown in FRGURE 9. Such 5 additional |ogic

is nearly identical t the 1 ess effective MPEG 2 spati al

scal ability.

Opti onal Non- NPEGZ Codi ng of the Resolution

Enhancenent lhyerAn gnparanis fos sempressing yideo information captured in a plurality of frames at an initial
framing rate selected from one of approximately 36 fps, 72 fps, and 75 fps, including an
encoder for encoding and outputting the captured video frames into a compressed data

stream comprising:

S - {(a)

)

10

15

a base layer comprising an encoded bitstream having relatively low resolution and

a frame rate selected frot_n one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

at jeast one of the following types of layers:

(1)  at ieast one temporal enhancement layer comprising an encoded bitstream
having reiatively low resolution and a frame rate selected to achieve a final
frame rate of approximately 60 Hz, 72 Hz, and 75 Hz when combined with
the base layer; ' -

(2)  at least one high resolution enhancement layer comprising an encoded
bitstream having relatively high resolution and a frame rate selected from one
of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(3)  at least one high resolution temporal enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate selected
to achieve a final frame rate of approximately 60 Hz, 72 Hz, and 75 Hz when
combined with the high resolution enhancement layers.
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uti¢l i zeé a different conp~essenr-techr-gue for the resol ution t
| ayer than MPEG{ 2 REPLAGEMENT SHEETs{ not necessary to ut |IIT[I iﬂmmmlmll
] f *

conpr essi on technol ogy |f The 10 resol ut.i on enhancenent d ayer LasSw
the'.base layer. For exgmyl e% M 0 pnsat ed bl ock wavel ets can
be utilized to_natch ardtr@ etal’l sfywth great efficiency when the _

di fference | ay&o?"?sf%d ed _ npst efficient positio CH1S57/00902
pl acenent of wavel ets junps arouhd_gf. the screen due to changing
amounts of differences,—Ttwootd-Tot—be noticed in the

| S.not .nece

15" " Gt 74 e B GSHO Ey HEPE SR Yo, AR RO A A o s a

details. The wavel mi nits franfingrate selected fiokeode ¢ff 19 36dps] 70 \ps akdys tr‘%s, the
regions in the image. The pl acengnt can al so be bi ased away from
the edge. OTRPHIST; RSPEARIERNAE 05,7 BAHA Teadakif by 3 GURRUET JyStem Ang; comprising

rates being descri hegudihsfor ddosinga domputerto: MPi xel s(2048x1024) at 72 franes
per seco are bei 5 mhits/second, only 20 a base | ayer

coded, i n 18.
(1024x512 at 72f ps&gand’“&%tﬂ@?@%‘ﬁm dhhEorepnsised data n
successful |y demonstrat@yl. HobEéClayert Bﬂnﬂiﬁdfhﬂaénégdéd”ﬂf&éﬁﬁ ﬁ;‘{ir%e%i.t | g,slow
. ce ayer

avai l able from further refinenment of resol ution enhanc
codi ng shoul d al | ow for nul tsspiution and a frame rata sefegted Sromeoneof epproximatedy 24 Bz, 366z,

exanple, it is conceivable hasr epase | ayer at 512x256 coul d be
resol uti on-enhanced by four layers to 1024x512, 1536x768, and 25 2048x
1024. This is possi bl e @ t h ableass pacef thefollowingsypes of layershe novie frame rate

of 24 10 frames per sggpndg ﬁ&%&gh&p@:ﬁg@ﬁ%ﬁ%@‘i&?%& rqe:g‘psem%%gd

second, MPEG 2 does not rovi su I CI'ency )
codi ng of resol ution-enhancenentb shavigg stlatinetyt lowsresolution and a frame rate selected

to achieve a final frame rate of approximately 60 Hz, 72 Hz, and
75 Hz when combined with the base layer;
(B)  at least one high resolution enhancement layer comprising an
15 eacoded bitstream having relatively high resolution and a frame rate
selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz:
(C)  atleast one high resolution temporal enhancement layer comprising
"an eacoded bitstream having relatively high resolution and a frame
rate selected to achieve a final frame rate of approximately 60 Hz, 72
20 Hz, and 75 Hz when combined with the high resolution enhancement
layers:
(b) output the compressed data stream.

~
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many | ayers at present. WD 97/ 28507 I HI'III“""II”“'
- 25- LFEW 02 Mast eri ng ﬂl!lﬂi

Utilizing a tenplate atREPLAnm WSQ%‘«EQOOM pi xels, it is possibl« reat e

a single digital novi na |ma?e master format source for a variety of

rel éase formats. As shawn08nJUL 1997 fI GQURE 6, a 2kxl k tenplate can

efficiently SYRPUHSE0%lhg cormon wi desdrden aspect 5 rat i oBCHYSITO®M2 1 and
2.35:1. A 2kxlk tenplfate can also acconmogate |.33:1 and ot her

aspect rati os. Although. inteders (especially the factor of 2) and

sinple fractjons (3/2 & 4/ 3) are most
- 15. Acomputer-readable storage medium, configured with a computer program for compressing

video information captured in a plurality of frames at an initial framing rate selected from
one of approximately 36 fps, 72 fps, and 75 fps, where the storage medium so configured
causes a computer to operate in a specific and predefined manner to:

5 ' (2)  encode the captured video frames in a compressed data stream comprising:

(1) a base layer comprising an encoded bitstream having relatively low
resolution and a frame rate selected from one of approximately 24 Hz, 36 Hz,
and 37.5 Hz;

(2)  atleast one of the following types of layers:

10 (A) at least one temporal enhancement layer comprising an encoded
bitstream having relatively low resolution and a frame rate se.lected
to achieve a final frame rate of lhpproximately 60 Hz, 72 Hz, and
75 Hz;

(B) at least onc high resolution enhancement layer comprising an

15 encoded bitstream havmg relatively high resolution and a frame rate
selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(C)  atleast one high resolution temporal enhancement layer comprising
. an encoded bitstream having relatively high resolution and a frame
rate selected to achieve a final frame rate of approximately 60 Hz, 72
20 Hz, and 75 Hz when combined with the high resolution enhancement
| layers;
(b)  output the compressed data stream.
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efficient step sizes in_resolution lavering, it is also poss
arbiktrary ratios to REPLACEMER[TESIDT fequired resol ution
hd or

However, using a 2048x10Z4+erpl-at-e 0 sonet hi ng nea Euﬁjmi*mﬁmlsmlll

not- only a high quality digital rmaster |format, but al so can provi de
many ot her convenient rledol U8i ddk ¥9bmfaffactor of two base Iaé‘er (1kx512),
i ncl udi ng NTSCGwvotstvesser §. It el evi si on_st gandlar d. It i sPEHEWBMEL| p| e
to scan filmat higher jresol utions such s @%Zk, 4x3k, or 4kx4k.
Usi ng optional resol uti 1es i gher resolutions can be
created froma 15 central master format resolution near 2kxl k. Such
enhancenent | B§er sTHeanethod of etaiil 1, further includéngsthe step bf rphizing baypluralityaif frames at a
grain, and other s rcefT g;tlno;%;ﬁ/(such as scanner noi se). Because
of this noisiness, B AFE Onpr essi on technol ogy i n the enhancenent

| ayer for these very high resolutions will require alternatives to

echnol ogt o5 bki ot TRMEReEaelt 1 fymes Betoiiie Gotep L&TH ﬁ@%ﬁéﬁnﬂﬁgﬁvnsmes
e

signals, whileé stigeforethesiepiofentgdinfe desired detail in the image.

exanpl e of such a conpression technology is notion conpensated

wavel ets or notion conpen- sated fractals. Preferably,

di gi tal maste|s.ng AQdiRidtos fdefatind & 164sEodedsolRidn i@hhriceikBnt/lVee B 2 High febditfion
i f fromexisting novies (1,e., at, 24 franes per second). The common

use of both 3-2 ZSWMW’F%M”‘HE% ace woul d be inappropriate for
digital filmmstegas. Reducih@¥ HidhJedoMtion video image to a lower resolution base layer;

(b) compressing and then decompressing the base layer using at least a base layer
5 interframe compression and decompression method; -
(c)  expanding the decompressed base layer to at least one expanded layer;
(d)  generating at least one resolution enhancement layer as the difference between the
' high resolution video image and a conespondi:;g expanded layer.

19.  The method of claim 18 further including the steps of:
(a)  expanding the base layer;
(b)  generating a sharpness layer as the difference between the high resolution video
image and the expanded base layer, muitiplied by a selected sharpness factor; and
5 () combining the sharpness layer with a corresponding enhancement layer source
image.

20. The method of claims 18 or 19, further including the step of compressing at least one
resolution enhancement layer using an interframe method of compression, independently of
the base iayer.
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el.ectronic material, if _is hoped that the use of 60 Hz inter ” |€“ | ll
in the near future, ced by frane rates rmm Hﬂﬂﬂell
conpatible with conpuf eREPLAgﬁ&‘ENﬁ?#EEP WO 97/ 28507 :
- 26- PCT/ US97/ O 2 72 Hz, as proposed

heré. The digital imape|miB i 89Ful/d be made at whatever frame

rate the i mragasomssorchplured, whet her 72 Hz, 60 Hz, 36 HPCTABMIM2, 75

Hz, 50 Hz, or ot her rates. —EO The concept of a mastering

format as a single dig-al-saurce pictyre Tormat for all 5 el ectronic

rel ease formats differs from existing practlces where PAL, NTSC,

| etterbox, 21. Am&ﬁ&n@mwmmmmmmnmmm&thams@ner ally |
! ndependent ly rra(ag) f rﬂﬂlrﬁ:gfdﬂx@resolunonwdeo image to a lower resolution base layer;

(b) compressing the base layer to a compressed base layer using at least a base kiycr

interframe compression method; and
5 ' (¢)  generating at least one compressed resolution enhancement layer by the steps of:

(1)  decompressing the compressed base layer;

(2) expanding the decompressed base layer;

(3)  generating a corresponding enhancement layer source image as the difference
between the high resolution video image and the expanded decompressed

10 base layer; and |

(4)  compressing each comresponding enhancement layer source image usxng a

corresponding interframe compression mcthod.

22.  The method of claim 21, further including the steps of: :
() expanding the base layer; | _
(b)  generating a sharpness layer as the difference between the high resolution video
image and the expanded base layer, multiplied by a selected sharpness factor; and
5 () combining the sharpness layer with a corresponding enhancement layer source
image.

23.  The method of claim 22, Wheréinlthe selected sharpness factor has a value of about 0.25.

24.  The method of claim 22, further including the step of setting the selected sharpness factor
to zero if the high resolution video image contains significant noise.

25.  The method of claims 21 or 22, further including the step of suppressing noise in the high
resolution video image before compression.

26.  The method of claims 21 or 22, further including the steps of selectively transmitting or
storing the compressed base layer and each compressed resolution enhancement layer as a
combined data stream representing the compressed high resolution video image.
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ori-ginal. The use of a mastering format allows both film and

di g:ttal /el ectroni c sh WQACEMEMT SH@P[ ast er ed once, for re ua(‘)‘&llm !]““ “II‘ “ |I||

vari ety of resol utionsi an Conmbi ned Res

Tenpor al Enhancenent viers 10 ndt ed above, both terrporal and

resol uti on enhancenent] | oy 08 dchﬂmbe donbi ned. Tenpor al
enhancenent i sv@omssated py decodi ng Bif rlanes. The resol ution RHESPA A0 ¢

| ayer al so has two tenporal |ayers, and|thus al so contains B franes.

For 24 fps film the st efficient andll ovst cost decoders might use only
P franes, thereby mi nim zing both nmenory and nenory bandw dth, as
wel | as sinpligfti qglet,,{égloa%fcmgsm%mm&gmw;dfg B frane decodi ng.

Thus, in accordance with the presept invention, decodin VI es .at
24 Tps and decodi K8 advsstdas e CETbYRA 48t SteRm rRrescplipg i COMPRSt] high reSoliion

decoder wi thout B frang, ﬁm%ellty B frames can then be utilized between P
frames to yi el gher tenporal |ayer at 72 Hz, as shown in
FI GURE 3, which cdb) d ggcmgthecompmssegyaglg%bnd decoder. This second

decoder gould als e 1‘@ basé@afesl ONly 20 have to decode
B frarres§ Qc)b Suc Lﬂngrl ng g‘?so appl ies to the enhanced resol ution
| ayer, which can @il dmwnmmmz@mtonecomm wie enbancgment laver: 24 and

36 fps rates. The gesolytian.cNBaNGE R s o ihabdihent layer and the expanded

decompressed base layer as a decompressed high resolution video image.

28.  The method of claim 26, wherein the compressed resolution enhancement layers are
independent MPEG-2 streams within the data stream..

29.  The method of claims 21 or 22, wherein the base layer interframe compression method
includes MPEG-2 compression.

30. Themethod of claim 29, wherein the MPEG-2 compression includes motion compensation.

31.  Themethod of claims 21 or 22, wherein at least one corresponding interframe compression
method includes MPEG-2 compression.

32. Themethod of claim 31, wherein the MPEG-2 compression includes motion compensation.

33.  Themethod of claims 21 or 22, wherein at least one corresponding interframe compression
method includes non-MPEG-2 compression.

34. The method of claim 33, wherein the non-MPEG-2 compression includes motion
compensation.

35. The method of claim 34, wherein the non-MPEG-2 compression is selected from one of
motion compensated block wavelet compression and motion compensated fractal

compression.
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ful-l temporal rate of 72 Hz at high resolution by adding B f '
wthin the r ent | ayer. I[‘Biﬁﬂ Em WE‘““‘
-27- REPLACERIENUSSHEEDOPO2 The conbi c .

and tenporal scal abl ¢ gptToms~for—atecoder are illustrated in

FI GJRE 10. Thi s _exanmpl ¢ a@ oyu&h ah pllocation of the proportions of an
appr oxi mat el 0PI 4/ dec go"@aﬁgﬁst fepm t o achi eve the spagmﬁ%’ﬂwial

| ayered Advanded—-Jel-ewi-si-0n-0 resent i nventi on. 5 I n

he
FI GURE 10, a base | ayjer p p$ data stream (conprising only
P frames in the pref S applledtoabase resol ution
decoder 10036.  The method of claims 21 or 22, wherein the steps of filtering and expansion are performed

using a gaussian or spline function.

MPEG- 2 1024x51

37.  The method of claims 21 or 22, wherein the base layer and the compressed resolution -
' enhancement layers combined have a resolution from about 1.5x to about 2x the resolution
of the base layer. -

38.  Themethod of claims 21 or 22, wherein at least one resolution enhancement layer enhances
pixels of the base layer only in selected regions of the base layer.

39.  The method of claim 38, further including the step of applying a fading function to the
resolution enhancement layer to reduce abrupt transitions between the resolution
enhancement layer with respect to the base layer.

40.  The method of claim 38, wherein the selected region is the central region of the base layer.

4l. A method for capmring and compressing video information with reduced motion blur,
comprising the steps of: _
(a) capgning video images in a plurality of frames at an initial framing rate of
approximately 72 fps at a duty cycle of at least 75%;

S (b)  selecting and compressing alternating frames of the captured video images;
(©) dxsmbtmng:hesclectedmdcomprusedﬁamasanapproxmmelyxﬂzbm
layer of an encoded data stream.
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The-base. - * T osol Lk IRGRLAGEAMENEY SHERT Jan decode. ot eg4f8§ ﬂillml[l[lmﬂlllll |
The

out put of the base resplptt+on qoder 100 conprises | ow reso
| ow frane rate imges I% gt 24 or 10 36 Hz). .
B frames fromthe sane éﬁ#ﬁﬂ%ﬁg arsed out and applied to a_base
resol ution WO”’?@%M llayer decoder 102. Ap T YSTHPeEN,

nbi t s/ per sec of bandw dth I's requilggd for such B frames. The out put
of the base resol uti on-gecoder—100—Tsat so coupled to the tenporal

enhancenent er decod 102. The oral - epnhancenent | ayer, 15

decoder 102 c defidagh °8@PPE§3“'$1@%?B‘P &HWB‘P"’PMFW“

enhancenent ﬂeﬁx@dﬁdeomg&mr Sty lof fahfe & daf infial %““"
?22 pi X # E.JRE

rate images (1024x eI s at Hz) . Al'so in FI
a resol ution enhancenenfomgpeet mmm%@sa%@s,aaéﬂéfm ream

conprising only P, . 8 base
(conp g only regﬁﬁéodxﬂ Ihbea d LS %

tenporal 20 hi g ut| ncerrent ayer ely

6 nbits/ Per sec of n bmmqomwm#rm emoéednvfthmsng Bidérectionally

out put of the base resol uti
hi gh resol ution enhancementq#?i er cec%%gi(r3 ?T““Fhe Wreso?‘gt%%&g‘mma

enhancenent | ayer decoder 1@“!%1’#9(;36@%&@ 03406ap:8&1mp31y 2Rz, 36 Hz and)37.5 He;
high resol ution ?haQ??JMnelt%ﬁéﬂﬁﬁm&e&toﬁy& ggpnﬁgg a bieam encoded

resolution, low frame r

Q.l—‘

without using backward predicted compression P frames and having

10 relatively low resolution and a frame rate selected to achieve a final frame
rate of approximately 60 Hz, 72 Hz, and 75 Hz when combined with the base
layer. ’

43.  Themethod of claim 42, wherein the base layer is encoded using I and P frames and at least
one temporal enhancement layer is encoded using B ﬁ'ame& wherein the P frames and B
frames of the compressed data stream are interleaved and the compressed data stream has
a P frame distance of 2.

44.  The method of claim 42, further including the step of decoding the base layer component of
the compressed data stream using a base layer decoder not capable of decoding B frames.

45.  The method of claim 42. further including the step of decoding at least one temporal
enhancement layer component of the compressed data stream using a temporal enhancement
layer decoder not capable of decoding P frames.

46.  The method of claim 42, wherein the P frames are MPEG-2 P frames.

47. The method of claim 42, wherein the B frames are MPEG-2 B frames.
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b 10 €

25 - I mges (2kxl k pixels at 24 or 36 Hz). ﬁ Emﬁ7

- 28. weF: o HOSTE0002 The B f Wﬁ RIRY AR
sane data stream are parsed’out palied to a high resolukiron v n s =
temporal enhancenent | ayer decoder 1G6.; Approxi mately 4 nbits/per sec of
bandwi dt h is reqgpi OddJULr ¥98cH B frames. The out put of the high
resol uti on eWOM38®En} | ayer decoder 104 is coupl ed PETUSETGN
resol ution tenporal ephancenment Tayer d g 106. 5 The out put of the
t enporal enhancenent Layer_decoder 102 Tso coupled to the high

- resolution terrporal enhancenent | ayer decoder 106. The hi resol ution
t enpor al dhnmethodwf claio §2, wheesin theB M%@@&@M&.Pﬁmsm

mbi ned out put
decoder 106 E(‘inp??"s%d?ﬁ'ﬂ’ﬁ*r gt e B EaRRC Yl B Cin R A i o

pi xel s at 72 Hz) stream in separate MPEG-2 transport packets having different MPEG-2 program identifiers.

49.  The method of claim 42, wherein the B frames are MPEG-2 B frames and the P frames are
MPEG-2 P frames, and the B frames and P frames are contained within the compressed data
stream in separate MPEG-2 classes.

50.  The method of claim 42, further including the step of de-interiacing the phurality of frames
before the step of encoding.

51. A method for capturing and compressing video infommﬁon. comprising the steps of:
(a)  capturing video images in a plurality of frames at an initial framing rate selected
: o from one of approximately 36 fps, 72 fps, and 75 fps;
(b)  encoding the captured video images in a compressed data stream comprising:

5 _ (1)  a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having relatively low resolution and a
frame rate of approximately 36 Hz;

(2)  atemporal enhancemnent layer comprising a bitstream encoded without using
backward predicted compression P frames and having relatively low
10 ' resolution and a frame rate of approximately 24 Hz;
wherein the compressed data stream can be displayed on either a 60 Hz or a 72 Hz video
display after decoding. '

2. The method of claim 51, further including the step of exmracting frames for display at
approxlmately 60 Hz from the base layer of the compressed data stream using a 2-1-2
pulldown ratio.
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1Q - Note that the conpression ratio achieved through thi | lsl IH“'”H“' :
encedi ng nmechanismis v tgi— ndi cati ng excel | entsl ﬂ “ '
efficiency. These rati sﬁﬁlﬁl@%ﬁg&}l g"%ﬁ'ABLE 5 for reac e m s »*
temporal and scal abilifyjoptions from{hg exanple in FIGURE 10. These

ratiros are based upon s$odir qpg gt mgyel b pt 24 bits/pixel. (If %%m
encodi ng or the 12 bi § of

bi t s/ pi xel of WO928507cpnyent i onal 4: 2:
conventional 4:2:0 encaedi fh ggred in, then the conpression
f the vaI ues shown.)

rati os would be 3/4 and 1/2. respectivelly

WO 97/ 28507
PCT/ US97/ 009053- A method for capturing and compressmg v1deo information, comprising the steps of:

(a)  capturing video images in a plurality of frames at an initial framing rate selected
from one of approximately 36 fps, 72 fps, and 75 fps;
(b)  eancoding the capwmired video images in a compressed data stream comprising:
5 - (1)  abase layer comprising a bitstream encoded without using bidirectionally

N UJ)

predicted compression B frames and having reiatively iow resolution and a

frame rate seiected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(2)  atleast one of the following types of layers:
(A) at least one temporal enhancement layer comprising a bitstream
10 encoded withowut using backward predicted compression P frames and
having relatively low resolution and a frame rate selected to achieve
. ' _ - a final frame rate of approximately 60 Hz, 72 Hz, and 75 Hz when
' combined with the base layer;
(B)  at least one high resolution enhancement layer comprising an
1s encoded bitstream having relatively high resolution and a frame rate
’ selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz.

54.  Themethod of claim 53, wherein the compressed data stream further comprises at least one
high resolution temporal enhancement layer comprising a bitstream encoded without using
backward predicted compression P frames and having relatively high resolution and a frame
rate selected to achieve a final frame rate of approximately 60 Hz, 72 Hz, and 75 Hz when

5 combined with the high resolution enhancement layers.

53.  The method of claims 53 or 54, wherein the high resolution enhancement layer is encoded
without using bidirectionally predicted compression B frames.

REPLACED
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Layer Resol ut i.an.._Bate Data Rate - n‘p/ s Mixels/s

(Hz) (typi call) REPLACEMENT SHEET Rati 0 Il mﬂl ||||L|I!|IJ| Ml
(typical) Base 1kx592 36(5 ) 5 ,,37c . L TelOs9
90 - Base Tenp| |1 1 7 + :

113° H gh @éxﬁk‘- 997 | ke 11( 5+6) 75.5

165 5 VPR Lo o 7b 18 (5+3+6+4) PCTIBSD7/00902

201 for cofparison: CCLEg 6501 720x486 29. 97 5

10.5 50 TABLE 5

These hi gh r essi atlos.are enabled by, two, factors: 10, 1) The high
t enpor al ) co %g{rg n g‘ea%)‘gg%foé %?H%?W@!’F 5?'8‘”7?%‘)_{‘?%5@@““’ ComPprising thtestaps of
spatial coherencé)of tippiringeeidéaimagss RkaxpltalityesfeFames at an inith) ﬁé\?ﬂlg Fer- R LNl
resolution detail enhancenent to the igﬁgtaggtgzpa[ts of the inmag

(e.g., the central hePFPne giIpPmximately SR &ps fPortant parts (e.g., the

borders of the (b) encoding UEgtured video images in a compressed data stream comprising:

5 : (1) a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having a resolution of no more than
about 1024x512 and a frame rate selected from one of approximately 24 Hz
and 36 Hz;

(2)  atleastone of the following types of layers:
10 (A) at least one temporal enhancement layer comprising a bitstream
encoded without using backward predicted compression P frames and
having a resolution of no more thar about 1024x512 and a frame rate
' of approximately 72 Hz;

(B)  at least one high resolution enhancement layer comprising an
15 encoded bitstream having a resolution of at least about 1536x768 and

a frame rate selected from one of approximately 24 Hz and 36 Hz.

57.  Themethed of claim 56, wherein the compressed data stream further comprises at least one
high resolution temporal enhancement layer comprising a bitstream encoded without using
backward predicted compression P frames and having a resolution of at least about
1536x768 and a frame rate selected to achievé a final frame rate of approximately 72 Hz

5 when combined with the high resolution enhancement layer.

58.  The method of claims 56 or 57, wherein the high resolution enhancement layer is encoded.
without using bidirectionaily predicted compression B frames.

59.  The method of claim 58, wherein the compressed data stream has a bit rate no greater than
about 19 mbits/second.

60.  The method of claim 58. wherein the compressed data stream provides about 2 MPixels of
frame resolution at an effective display rate of about 72 fps.
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15 - These factors are exploited in the inventive Iayered |

t echni que by taking advantage of the strengths of th %hﬁlﬁ“ mll”“l
encodi ng syntax. These sngpmggb[gw r@mlgg'pe bi - di rectio s x
i nter pol ated B franes {ofp—tetpora ability. The MPEG 2 syntax al so
provides efficient not{oph re en nf t hrough the use of notion-vectors
in both the WO972858% an@]énﬁ&n | ayers. Up to some t hFEYHSA@0WE

hi gh noi se and rapi d i fpaf G2 is also efficient at

codi ng details insteadjof noise within an enhance- ment | ayer

t hrough notion conpens Hon with DCT quantization. Above

t hi s t hreshol @}1. t h&helmethod af claimis$ Wh:rd)nesachdhnndmtbe(tomrdsm dzassmémsis%ﬂlocateda

pr csent i nvent i on FAABRREBr WK burldlP BlBine WE Reb 3R nadfAECt Bt i i e

which is both tenpoumbéryofbitsialinoartd w thy base ddyabisdnsufficient to sausfacwﬁly&ﬁé&ﬁi%es of

30 frames in ItDCT:/:a%z%?e 9i 8«9 ?mages, and if so. allocating all bits ailocated to a high

A1

5 ' resolution enhancement layer to the base layer.

62.  The method of claim 61, further including the step of making a second determination if the
number of bits allocated to the base layer after the first determination is 'insuﬂicient to
satisfactorily encode a series of frames in the captured video images, and if so, allocating all
bits allocated to a temporal resolution enhancement layer to the base layer.

. 63.  The.method of claim 62. further including the step of making a third determination if the
number of bits allocated to the base layer after the second determination is insufficient to
satisfactorily encode a series of frames in the capturcd video i images, and if so, decreasing
the frame rate of the base layer.

64.  The method of claim |, wherein each layer in the compressed data stream is allocated a
seiected number_of bits, further including the step of making a first determination if the
number of bits allocated to the base layer is insufficient to satisfactorily encode a series of
frames in the captured video images, and if so. allocating all bits allocated to a high

5 resolution enhancement layer to the base layer.

65.  The method of claim 64, further including the step of making a second determination if the
number of bits allocated to the base layer after the first determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, allocating all
bits allocated to a temporal resolution enhancement layer to the base layer.
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In-conparison to 5 nmbit/second_encoding of CCIR 601 digital video

conpr essi on r “RE’LMEME&&@'@T& e much higher. One r (ﬂ“‘l&um‘u ”!l‘
is.the | oss of sonme doherence.-due- -- to interl ace. Inte

af fects both the abilfitly to predict subsequent frames and fields, as

vel I" as the correl atijorf b@Bwdldk WRFticql |y adjacent pixels. Thus, a najor
portion 5 wof9728%e7 daijn i n conpressi,on efficiency descri be@#Chmssmomzdue t o

t he absence of interljace. ‘The Iargﬁrconpre55|on rati os achi eved by
t he present inventi onLcan-be-consi-dered t he perspective of the
nunber of bits available to code each MPEG 2 macrobl ock. As not ed

above, macr ol ocKThesmethad ol Gaipi 6| fumgiren inwlwdingthe S1epof ekinP@thifd detéctnination if the

t oget her C ne or two notion

veetors for B fr umbelBEbEiobiled (R baseTiver el Seco @ Nencioation i it o

| ayer are shown isatiSfadbfily@ncode a series of framiea jtethe captured video imgb, anf#s8, de c{@ﬁﬁg
I

MPi xel s/'s Avera ai | abl (typ| ca
Bi t s/ Macr obl k Yhe S5 'eli%@éebasemw 5
68 ‘Base Tenpor al 8 (5+3) 38 54

Hi gh 11 6 . 6. 37 overall, 20/enh.
I ag er 67. A mer.hgg’ ?or)captunng and compressing video information, compnsmg the steps of:
(@)  capturing video images in a plurality of frames at an initial framing rate selected

from one of approximately 36 fps and 72 fps;

(b)  encoding the captured video images in a compressed data stream comprising:

5 (1)  abase layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having a resolution of no mm:e than
about 1024x512 and a frame rate selected from one of approximately 24 Hz
and 36 Hz;

(2)  at least one high resolution enhancement laver comprising an encoded
10 ' bitstream having a resolution of at least about 1536x768 and 2 frame rate
selected from one of approximately 24 Hz and 36 Hz.

68. A method for capturing and compressing video information, comprising the steps of:
(@)  capturing video images in a plurality of frames at an initial framing rate selected
from one of approximately 36 fps and 72 fps;
()  encoding the captured video images in a compressed data stream comprising:
5 (1) a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having a resolution of no more than

about 1024x512 and a frame rate selected from one of approximately 24 Hz

and 36 Hz;
{2)  at least one temporai enhancement layer comprising a bitstream encoded
10 without using backward predicted compression P frames and having a
resolution of no more than about 1024x512 and a frame rate selected to
achieve 2 final frame rate of approximately 72 Hz when combined with the
base layer. |
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15 - Hi gh w border 11 (5+6) 61 4(“ rl | lH“Il”““'
35/ enh. | ayer Q = center j ﬂr'ﬂ

Tenpor al 18(5+3+6+4) %W'gﬁ\'ﬂ%ﬁ!f gﬁEET 30 overall, 17/enh. m L M5 %
H gh Tenpor al 18( 5+3+6§ 123 37 overall, 30/enh. l|ayer 20

w/ bor der ar ound hO8 goLCc99y e for co | :

CCl R 601 WO$7/28507 19. 3 122 "BetrbsSHbose:

TABLE 6 - -59-

69.  The method of claim 68, further including the step of applying a squeezing the base layerto

a lower resolution before encoding.

70.  The method of claim 69, wherein the step of squeezing of the base layer is asymmetrically
' applied to the frames of the captured video images. '
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WD .97/ 28507 - -31-

PCTLUS97/ 00902 The avail abl e nunber of bits to code each
macr obl ock is snmaller in the enhancenent | ayer - than in the base

| ayer. This is appropriate, since it is desirable for the base |ayer to
have as nmuch quality as possible. The notion vector rel;ygj mt%o its
or so, |eavi ngWO®7285025 bits for the nmacrobl ock type co ('a‘gﬁzn ?or
the DC and AC coefficients for all four 8x8 D& 5 bl ocks. This | eaves

Thus, statistically,
obl ock must cone fromthe
It is easily seen
conpr essi on
to code enough
dcliae of detai
The high octave is
hori zontal and

roomfor only a few "strategi c" AC coefficient
nost of the information available for each mac
previ ous frame nhance
why the MPEG 2 spati al lity i
rati os, since there is ficient
DC and AC 10 coefficie
represented by the enhanc
represented primarily in
vertical AC coefficients. ched if there are
only a few bits avail able em descri bed
here gains its efficiencylfby utNi zi prediction

er
ect




ef f-ective in providing excellent results in tenporal and resol ution
(spatial) layered encodi ng. G aceful Degradation The
tenporal scaling and resolution scaling techniques described her e
work well for normal-running material at 72 franes per second using a 2kxlk

20 * "original source. These techniques also work well on fil M@gg_ﬂ%

mat eri al whi clkvO 9Im8sest 24 fps. At high frame rates, en a
very noise-like inmage is coded, or when there are numerous shot
cuts within an i mage stream the enhancenent 288 ers may | ose the

e aactly o geract el atpcrernper A e r @BEHE o o

mechani sm of a typi ~al MPEG.2 25 encoder/decoder WT] attenpt 1o
the quantizer to ver coar B setti s. Wien Bhi s P condiBionis

encountered, all of the bits normallfy u ltt.é gcode he resol ution
enhancenent | ayers can be all ocated €§§ 4 since the base | ayer
will need as pacmg

| !BB IBl'-’. lB B IB P ‘B B B P
!
1 o P I I
I | | | ! |

B B B B B B
Temporal Enhancement Layer, yielding 72 Hz
Fgure, 2. |
Base Temporal Layer @ 36 Hz
b—
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. PSpacing ,"_‘
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| | | { | :
f | l | { l

B B B B B B

P

Temporal Enhancement Layer, vielding 72 Hz
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WD-97/ 28507 - 32-

PCT£US97/ 00902 many bits as possible in order to code the
st-ressful material. For exanple, at between about 0.5 and 0. 33
MPi-xel s per frame for the base |ayer, at 72 franmes per second, the
resaltant pixel rate will be 24 to 36 MPi xel s/second. Applyin he
avai | abl e bi t 3v@ 8728507 the base | ayer provides about 0.5 t . milion
additional bits per frane at 18.5 5 nmbi t s/ second, which should be
sufficient to code very well, even on stressfpg material . Under
nore extreme cases, where every franme is very noise-like d/ o Hhere are
cuts happeni ng every few franmes, it is possibl 0 gracgfully
degrade even further w thout |oss (o) P AF=YSYaY! “fiﬂz iJlthe ase | ayer.

r
enhancenent |ayer, and thus allow use ofgal i Qipg 926¥é’6<¥é? Ie b i dt h
(bits) 10 for the | and P frane t helbase layer at . This
increases the amount of data | abl g for ,each base hg r frame to
endl ng J on t esol ution

bet ween about 1.0 and 1.5
tiRe |fairlly good tion rendition
n..o.f.. base. layer,

ges.o u i

RS § qi t 79 wever,
w : Fat _a 'oa.r;&ﬂlel

¢ aB%‘@eT‘tayr { frame
rate can be dynam cally reduced to 24, 18,l¢ B 2LBS per se(iond
(whi ch _ _ Optional

Figure 4

This can be done by renoving the B franes chlglgg.&ggseLa al

of the base |ayer). Thi
rate of 36 fps at the
under what woul d be

if the base-layer quantizer is sti II
under about 18.5 nbits/second at 36 fps,

\V I

]
60 Hz Interlaced - 64
Cameras / 36 Hz
\ l /
De-Interlacer | Frame Rate
_ - | Conversion
Other 60 Hz . 1 '
Interiaced 1
Sources Convesr rer
{e.g. non-film
video tape) | 72 Hz
@._ §Z:

Figura. 5~




woul d nmake avail able between 1.5 and 4 nbits for every frane), which should

be able to handl e even the nost pathol ogi cal noving i mage types.

Met hods for changi ng franme : rate in such circunstances are known in

the art. 20 The current proposal for U S. advanced tel evision does

not “al l ow for these nethods of graceful degradation, %%ﬁ{s ore
[ e

cannot perfor wee7R88Y on stressful rrgtsrial as the
system In most MPEG 2 encodd s, the adaptive quantization |evel

is controlled by the output buffer fullness. At the high
conpression ratios involved in the resolution enhancenent 25 | ayer of
the present invention, this mechanismnmay not function optinmally. Various
techni ques can be used to optim ze the allocation of data to the nost
appropriate i mage o regi ons. The conceptually sinplest technique is
to performa pre-paa&gof encodi ng over
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WD 97/ 28507 '
PCTL{ US97/ 00902 t he resol uti on enhancenent |ayer to gather

st.atistics and to search out details which shoul d be preserved. The
results fromthe pre-pass can be used to set the adaptive
guantization to optim ze the preservation of detail in the ress %Lljg}
enhancenent | 3@Pp7/28507 The settings can also be artificially biase %o
be non-uniform over the imge, such that 5 i mage detail is biased to
allocation in the main screen regions, and away fromthe macr obl ocks
at the extrene edges of the.frane. Except for |eansimg an
enhancenent - | ayer border ke high franme rat es?8none of t
adj ustments are required, \si Nge eX|st| ng decoders fungfi
such i nprove- ment s\
avai{able with a small extr -e-fdr. |‘Ti T'hE' - “e‘ﬁha?hc’érrer
encoder . Concl usi &h I'l The chgice of 36 Hz |ds
ground tenporal rate appearsjtb er bpt i nai1s2 x 864 Denonstirjpt i dpg of the
use of this franme rate, inditgje %p%g:&\ﬂges signifi a]ﬂ T

H | l I

a1 I MASTER Refemnces | I

AN e e N

1894:1024\ NM28ox {024 / \\

185:1 1 x!D 5:4 1365 x 1024 ’:0-337"1‘024
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| nprovenent over 24 Hz for both 60 Hz and 72 Hz displays. Inmages at 36 Hz

can.be 15 created by utilizing every other franme from 72 Hz inmage
capture. This allows conbining a base layer at 36 Hz (preferably
usi'ng P franmes) and a tenporal enhancenent |ayer at 36 Hz (using B
frafmes) to achieve a 72 Hz display. - The "future-I| ookj ;97;0%’9 of
72 Hz is not WnP¥2BM7sed by t he i'nventi\ﬁgsapproach, whi | e provi di ng
transition for 60 Hz anal og NTSC di splay. The invention also allows a 20
transition for other 60 Hz displays, if other passive-entertai nnent-only
(conput er I nconpati ble) 60 Hz formats under consideration are
accept ed. Resol ution scalability can be achi eved though using a
separate MPEG 2 i mge data stream for a resol uti on enhancenent
| ayer. Resolution scalabilityv can take advantage of the B frame
appr-oach to provifle tenporal scal abilftyghLRoth the base resc? ution and 25
enhancenment resalfiti on | ayef f 1/2 Resolution 5 F
0 inal — e | 1kx512
7 Origina Base Layer
image
Expand MPEG-2
Compress
' ' Send
Lﬁ 8¢ Base
——t= | ayer
2kxtk enlargement MPEG-2
of 1tk x 512 i Decompress
Base Layer ~g
1kx512
Top Qctave - Expand Y‘{
/
Sharpness
Waight
2kx1k enlargement
(0.25typ.) of 1k x 512
\ Enhancement Decompressed
@ Difference
Center
Weighting * 5’5
/ ‘{7
| a2 Compress 2
Enhancement Layer | > -
Source I Send ﬂe.faécﬁ’ﬂ
i e e e - Enhancement
— Layer

Figure 8
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PCTAUS97/ 00902
desirabl e features.

It has been

34

advanced tel evision process that neither resolution

The invention described here achi eves many highly
cl ai med by sone involved in the U S

nor tenpor al

scalability can be achieved at high definition resolutions within the
approxi mat el y WO92887t s/ second available in terrestrial broadCEds97/00902
However, the present s i nvention achi eves both tenporal and
spatial-resolution scalability within this avgjl able data rate.

It has also been clainmed that 2 MPi xels at hi frame rates cannot be
achi eved w t hout the use o 'nkéé%ﬁge wi thin the ﬁpailable 18.5
nbit/second data rate. Ho , \ not opky’resolution
(spatial) and tenporal VY Tl g&sa Plkels at 72 10
frames per second. @ mb,tygyaddition to prﬁvitﬁmzth se capabilities,
the present invention is also very robust, Wcularly conpared to
the current proposal for advanced television. This ¢s nade

job)

Expand
'
Expanded Base Layer
2k x 1k
Enhancement /77
e
(10 mb, typ.) - J MPEG-2
Decompress 2
_ Y 9
Decoded Enhancement
Layer :
2k X 1k

<
e

ATV High Rasoiution
Image
2k x 1k

Figure 9




possi ble by the allocation of nost or all of the bits to the base | ayer
whep very stressful I mge material is encountered. Such stressful
material is by its nature both noise-like and 15 very rapidly changi ng.

I n-these circunstances, the eye cannot see detail associated with

t heenhancenent | ayer of resolution. Since the bits are applied_t SQI"P‘ﬁgﬁase
| ayer, the WO 972858Dr oduce frames are substantially nore ac |f'F

the currently proposed advanced t s/evi si on system which uses a
singl e constant higher resol ution. i , the inventive system
optim zes both perceptual andamdﬂng/e-ﬂv c'é cy, while 20 provi di ng

maxi mum vi sual inpact. Thi spsy xjvery cl ¢epr gegage at a
resol ution and fr ass uapire p rﬂesplnim ‘tlh&ﬁ‘liha been ppppiggesed by nmany to

be i NpossMFEG-2 | ¢ loventive svgtemis likely
to outperformthe gaugypged | No B FramelGapabilyi |f or mats bei ng proposed by
ACATS. |In addition to this nslmalsésbmuperl gr performance, the
present invention al so\pro A p—wee Uab| € features of tenporal 25

and resol ution | ay ek Ddas™ - +
{3mbtyp.) ~ Base Resoiution
 ~ Temporal Enhancement 10”

~ A 1k x 512
Resolution: 1k x 512 72 Hz
Rate: 36 B frames/sec e
18 MPixels/sec.

+

Y

R esolufon Enhancement /l o4

Enhancement 2k x 1k
;a’y;& Resolution: 2k x 1k 24 0r 36 Hz
-2 N Rate: 24 fps & 36(pS | e
No B Frame Capability
(Gmbtyp) | 72 MPixels/sec.
\ .
\ .
~
B-Frames ™ _ \ +
{4mbtyp.) ~
~ a High Resolution
Temiporal Enhancement/’ '
2k x 1k
Resolution: 2k x 1k 72 Hz
Rate: 36 B frames/seC | o 3.
72 MPixels/sec.
Figure (&
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%?Egéimﬁu(ﬂgulmul“ll he |nvent|on may'be |;rpl ementg; ,ﬁuﬁsar (?wa—{;e/(?’]go 2

sof t war 'on of - bot h. However, prefigliatliy, vhe :ﬂf:-] ’L]97
invention is inplenmented in conputer progfans execut| ng on

programmabl e conputers each conprising a processor, a data storage system
(i ncl udi ?Q,AIMS volatile and non-vol atile nmenory and/ or storage

el enent s Ieast one input device, and 5 at | east one output device.
Program ed to input data to performthe functions
descri begﬂ’ﬁg}s “‘isl"u

generate out put information. The output information is

Lol it rthe steps of:
Egghl Sr oé)fr) am ,Asmﬁppﬁg'e PG pﬁx{ggarne%ﬁxﬂe(iﬁ ¥ ViRD mfdﬂm onycofrpsising e

ne

In a hi | evel procedural or, q
ori ent ed @ PIAPhATHE Vided BhigHesde atpmumhmnamcseam RiYp B% e Seke5iEh

system However’, the" prograns 10 | e I n assenbly or
nmachi ne | anguage, |ﬁoxﬂeaeoé@ppr¢ﬁn’e§¥?}'ye£ 7#% rae%ﬁg

"I anguage nay be a
g <r) rerPue |r ggl Sr slt 2{3 gépgﬁgtcgg@g g}egcggg,%d | yideo images nge&net&&dmm)mmm qUTOEiSANg:i S
magpet ic diskette) gpadaplyasdYiagergedinpridingrans pacndgld bl!ﬁtﬁég’e bayiog: Egﬁh‘ﬁﬂye low
resolution and a frame rate selected from one of approximately 24 Hz, 36 Hz,
and 37.5 Hz;
(2) - atleastoneofthe following types of layers:
(A) at least one temporal enhancement layer comprising an encoded
10 S bitstream having relatively low resolution and a frame rate selected |
to achieve a firial frame rate of approXimately 60 Hz, 72 Hz, and
75 Hz when combined with the base layer;
(B) at least one high resolution enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate
1s _ selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;. .
(C)I at least one high resolution temporal enhancement layer comprising
an encoded bitstream having relatively high resolution and a frame
rate selected to achieve a final frame rate of approximately 60 Hz, 72
- Hz, and 75 Hz when combined with the high resolution enhancement

20 _ layers.
2. The method of claim 1, wherein the compressed data stream has a bit rate no greater than
about 19 mbits/second.
- - -7
3. The method of claim 1, wherein the compressed data stream 1S encoded using MPEG-2
compression.
4. The method of claim 3, wherein the base layer is encoded using only MPEG-2 compression

P frames. REPLACED SHEETS SG
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d ’ i‘blrl]UD v UdU YU
conput er an operating the corputer t he storage nedia
or rrgg\” ceulﬁ“L ﬂm. U t he (F:)orrput e? to per]En(;lerth\tlaq"I Pg;ll,r’és 2 %U@e@gT

hérein. may al so be conS|dered to
i‘npl emrented as a corrput er - readabl e stor ag@ medi um conflgur ed with

a conputer program where the storage di um on d cause

computer %0 o method of Céaﬂ@c:f,f"i’b,ef%lﬁ(fag ‘?‘Sle‘?ﬁ‘i‘ﬁ’é?ﬁ?gﬁm ?%Yef)ésr?%?ﬂ?? Aging only
functions SCr i A nunmber of enbodi ments of the
present i nventWﬁ#g\‘}%mB‘%g% 'Egscrl ed. Nevert hel ess, it will be
under stood that various nodifications nmay be nade wi t hout departing from

t he spirit and scope of the inve For .exa
pr of er  ech. ermb BieToethod el 3, wherel P BASSHISHH OB FRIATEEBER By o oA PO

will work with an rabl that provi des equi val ents of
B franes, P fr"h‘?‘P&%M%gﬁ F%WB%S?&E er. smal| deviations (less 25 t han
one Hz) from the precise frequencies and framng rates given above

general ly woul d not significantly inpact the IDr sent i n L on. ded
Accor di ndl.y, i Theimethod éficlaimde whergingas Inkigh resalution temporal e ancement ayer is encode

using only MPEG-2 compression B frames.

8. The method of claim 1, further including the step of extracting frames for display at
approximately 60 Hz from the base layer of the compressed data stream using a 2-1-2

pulldown ratio.

9. The method of claim 1, wherein the base layer has a resolution selected from one of
approximately 640x480 pixels, approximately 720x486 pixels, approximately 704x430
pixels, approximately 680x512 pixels, and approximately 1024x512 pixels.

10.  The method of claim 1, wherein _af least one resolution enhancement layer has twice the

resolution of the base layer in each dimension.

11.  The method of claim 1, wherein at least one resolution enhancemet_n layer enhances pixels
of the base layer only in a central region of the base layer.
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37 bUt. only by the 300 scope of the appended cl ai ns.

12. A method for generating a rhaster format for video information, comprising the steps of:
(a) generating a single digital source picture format having a base layer with a framing
rate of approximately 36 Hz, a temporal enhancement layer with a framing rate of
‘approximately 72 Hz when combined with the base layer, and a resolution of
5 . approximately 2048x1024 pixels; and

(b)  deriving all subsequent display formats from the single digital source picture format.
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initi el ected from one of approxinately 36 fps
fps, and 75 fps; (b) encoding the capwured video inmages in a conpressed
data stream conpri sing: (1) a base layer conprising an encoded,

bi t st r eam havifithhaihfisiforomnpreasing wided lm]t'omlauamdapmred maplurahtyczf framgsat apnitial
sel ect ed rom on appr oxi mate y 24 Hz, 36

at | east one (ﬁfantxhg ritelsblsoﬁednéromypé% °6FPH'8’§’§F%‘C Y 36a§’ %ZEPS aid 7?&5’ S» mdudmg%
optionally, at |east_one te GHdhésSinf® addongpresed data
bi t stream havieﬁ§° "élfaf FW%"?%@%@C | on a% %Vf@{dgrﬁm r at enselaectngp(;t to

achieve a fi n@tr 3ing: of appr oxi rrately 60 Hz 72 Hz, or 75 Hz when
conbined with ﬁe bas Iayer

hi g resol uti qa) enkmbaserhyet cdnayemngenﬁm@ies%&“aﬁemn haEmg [%“V‘}'/ly 18% e diitor iR
encoded bitstream ha relativ HAMRd3I EHz;
sel ect ed drate’sé ea‘?‘f%ﬁ?@r?g%g?s@%y%é}?p ?ﬁ@aﬁﬂ Fz, 36 Hz, and

37.5 He, atle as:ér@ofth@ﬂﬂlbm@wes@ﬁlaymst one hi gh resol uti on
terrporal enha cerrent ayer nprisi n% efﬁ?stream
bi t st ream havi ng r glqt i vatllgastiogh tmmmql'@ncqm@tdayer compn51 an enco

f7r2ama rate selected to Chl eve&%wig,ri r\%mox{ﬁn ngﬁ:ﬁ%ﬁ%l&ﬁﬁ%kﬁ%ﬁﬁnﬂ

en co

i gh
lution enhancenent | 8Y8E Sate of approditfatel2 60 Mk, IR Hi,and75, Hzwvber combined with
coﬁ’gr essed data stream has a total 'bit rate no greater than about 19
nmegabi t s/ second. the base layer;

(2)  at least one high resolution enhancement 1éyer comprising an encoded
bitstream having relatively high resolution and a frame rate selected from one
of approximately 24 Hz, 36 Hz, and 37.5 Hz; |

15 (3)  at least one high resolution temporal enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate selected
to achieve a final frame rate of approximately 60 Hz, 72 Hz, and 75 Hz when

combined with the high resolution enhancement layers.
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3. The nethod o

usi ng
base | al
38 5. The

met

HuIL l! h@ﬁmi wherein the conpressed data TJMS 9efcfBD 90 ?

essi on. 4. The method of cC A 30 1wh i
e ing only MPEG 2 conpression I:I**l ‘e?ng?emshﬂgz
od of claim 3, wherein each.tenporal enhancenent |ayer is

encoded using only

10

15

20

14.

A computer program for compressing video information captured in a plurality of frames at
an initial framing rate selected from one of approximately 36 fps, 72 fps, and 75 fps, the
computer program residing on a media readable by a computer system and comprising
instructions for causing a computer to:

(@) encode the captured video frames ina compressed data stream comprising:

(N a base layer comprising an encoded bitstream having relatively low
resolution and a frame rate selected from one of approximately 24 Hz, 36 Hz,
and 37.5 Hz,

(2)  atleast one of the following types of layers:

(A) at least one temporal enhancement layer comprising an encoded
bitstream having relatively low resolution and a frame rate selected
to achieve a final frame rate of approximately 60 Hz, 72 Hz, and
75 Hz when combined with the base layer;

(B) at least one high resolution enhancement layer comprising an
encoded bitstream having relatively high resolution and 2 frame rate
-selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(C)  at least one high resolution temporal enhancement layer comprising
an encoded bitstream having relatively high resclution and a frame
rate selected to achieve a final frame rate of approximately 60 Hz, 72
Hz, and 75 Hz when combined with the high resolution enhancement

— layers; - _ -
()  output the compressed data stream.
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lrszE(Cj}ﬁ ' ames. 6. e nethod of claim wgei a
N o A 2

resol ution tenporal enhancenent |ayer is-%@ncoded using only MPEG 2

conpression B franes. 8. The method of claim1l1, furth ' '
_ _ ! , er I .
step of gxtragtdoRfpuleraaaable storage metliagn, sonfigured apghr osamEiel I'grg%&ldfﬁ’r‘]gf’%\%ﬁ’tsﬁ‘é‘g

base | ayer’ of the conpressed data stre ' ' ¥ ra
. . . - H u a r 1 iti ;
f9r o-rlr-1hgn (rare'g Podvrdeooh&!ma_llpn\ﬁmlé'li@ﬁr\n ?Wim%gé'e&:%ers %aaé uglmrmejﬁs’%i‘flut | otrge Sse leicgegiﬁé(gn
_ r oxi 4 ' ' A6
pi xel s, appr oS?P‘FrBE1 EFW’%?L”%@&% pﬁ?(gll)zgég ﬂdwa%%r?&%%??%&ﬁz pi xglnggmed

and appr oxi ma speedts i fi " .
| east one r esgﬁjsgis %g&ggﬁiaéﬁtc?r?gﬁt In ?/spetgi;s%rg? ISd FATIT #Fm 1, wherein at
5 (a) . encode the captured vxd%oeﬁl:ames ina compr}:slggd data stream comprising:

(1) - a base layer comprising an encoded bitstream having relatively low

resolution and a frame rate selected from one of approximately 24 Hz, 36 Hz,
and 37.5 Hz;
(2)  atleastone of the following types of layers:

10 (A) . at least one temporal enhancement layer comprising an encoded
bitstream having relatively low resolution and a frame rate selected
to achieve a ﬁﬁal frame rate of approximately 60 Hz, 72 Hz, and
75 Hz;

(B) at least one high resolution enhancement layer comprising an

is encoded bitstream having relatively high resolution and a frame rate
selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(C) atleast one high resolution temporal enhancement layer comprising

. an encoded bitstream having relatively high resolution and a frame

rate selected to achieve a final frame rate of approximately 60 Hz, 72

20 B Hz, and 75 Hz when combined with the high resolution enhancement

layers; _ -

(b)  output the compressed data stream.

" This Sheet Has Been Replaced '
AMENDED SHEET ||||||| (i

MM




resol ut i in each di mension. 7 I9T0
1 Wlneﬁe “Il'”“l ﬂﬂﬂ”“ﬁsol ution Qnﬂancement | ayer en é@;ﬂg%g&g&g 72

he base Iayer eonly in & central region of the base Iayer vV~$2
for generating a master format for video isf ormation, conprising the steps

of : (a) generating a single digital source picture format having a

base | ayers. W tThé rietidd e¥clbiad €, further includingodhe a&prdﬂdapmgyhé%ﬁlurmty af frames at a
t enporal enhancenent | ayer with a framn ng rate of approxi-

mately 72 Hz vy creapf atdeasi’$%-t he base | ayer, and a resol ution of
appr oxi mat el y 2048x1024 pi xel s; -and (b) deriving all
subsequent display formats fromthe single digital source picture format.

gspkﬁgfg/ggg SHEE method of claim 1, further including the step of de-interlacing the plurality of frames
before the step of encoding.

18. | A method for generating at least one resolution enhancement layer from a high resolution
video image, comprising the steps of:
(a) reducing a high resolution video image to a lower resolution base layer;
(b) compressing and then decompressing the base layer using at least a base layer
5 interframe compression and decompression method;
(c)- . expanding the decompressed base layer to at least one expanded layer;
@ generating at least one resolution enhancement layer as the difference between the

high resolution video image and a corresponding expanded layer.

19.  The method of claim 18 further including the steps of:
(a) expanding the base layer; '
(®) generating a sharpness layer as the difference between the high resolution video
- image and the expanded base layer, multiplied by a selected sharpness factor; and
5 (c) coﬁiﬁining the sharpness layer with a corresponding enhancement layer source

image. . -

20. The method of claims 18 or 19, further includiﬁg the step of compressing at least one
resolution enhancement layer using an interframe method of compression, independently of

the base layer.
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n npressing vi deo informtion ke oely R .
pluralit lﬂﬁg Egmnﬂﬂmﬂ initial framng rate selgﬁagﬂﬁvdn‘ng &UG 1997
appr oxi | orss A2 fps and 75 fps, including an encoder for

encodi ng and outputting the captured videasframes into a conpressed data
stream conpri si ng: (a) a base | ayer corrprl sing an encoded bitstream

having rejativglye Qavfdr%‘éﬁlﬁr'ésbﬁ h@ﬂeﬁ:lﬁuﬁmdeo image, compuising dhestens®fi r om

one of approxi natel ,_and 37.5 ; at least ane of the
fol | owi ng typeg)of Iﬁkyﬂmga h1gh resolutmn(qqeob\mqgg,t%p Il‘V”erg’nghét ba&ﬁia Yanpor al

enhancenent |a er conpri 5| n en i
relatively | ow®esof PEﬁ?s ;g;ge?q%? ﬁgr ?%Ba%eola)é%hulstanvgeatalgﬁ{r?;&s ¢ layer

frame ?xlfﬁ%n&f ésg?@hrﬁfétﬁd)df ag@ Hz, 72 Hz, or 75 Hz when
conbined with the ba{:e ayecrow w; optlonally, |.east _one Nhi '
resoution enha)cemgaderatingat leasmm@mngeﬁ eselytien enhancerment layer by T%F?%&h

having relatively high resol ution | ected from one of
approxi mately 24 Hz( 1g536 idscomprgs atgeﬁ&mpn%@aﬂ'agé Fay?xg) optionally, at |east
one high resol uti 0”(i)e”p%&ﬁéndﬁ{glﬁgﬁﬁ&ﬁﬁreésweiseqw:{l sing an

3 generating a corresponding enhancement layer source image as the dlfference
between the high resolution video image and the expanded decompressed

10 base layer; and '
(4)  compressing each corresponding enhancement layer source image using a

corresponding interframe compression method.

22.  The method of claim 21, further including the steps of:
(a) expanding the base layer;
(b)  generating a sharpness layer as the difference between the high resolution video
image and the expanded base layer, multiplied by a selected sharpness factor; and
5 (© combining the sharpness layer with a corresponding enhancement layer source

image.
23.  The method of claim 22, wherein the selected sharpness factor has a value of about 0.25.

24.  The method of claim 22, further including the step of setting the selected sharpness factor
to zero if the high resolution video image contains significant noise.

25.  The method of claims 21 or 22, further including the step of suppressing noise in the high

resolution video image before compression.

26.  The method of claims 21 or 22, further including the steps of selectively transmitting or
storing the compressed base layer and each compressed resolution enhancement layer as 2

combined data stream representing the compressed high resolution video image.
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égfggsgdfhﬂm m“m‘m’!ﬂ'm‘lrel ﬁ't i vely Pi gh resol uti C!in a Tm%az& 0 0 90 2
S 1 achieve a final frane rate ) G
Hz, 72 Hz'» O en conbi ned - il JQ%1997
enhancenent | ayers. " eomRIne wehth E%%sggzemgn '
gPur;ﬁ t?'g?n})uter pr?gram for corrpressi'r"i‘a' video information captured in a

ali ranes at an. i.nitial fram te sel d
appr oxi nal-el y The meghaod of £laim26, Qﬁﬁ’e?glc*“gg}g%gteg’gﬁ%uts:rem © p]; (r)gpa(r)nn(raeg}‘ di ng

on a nedi a readabl . . : g .
e M e
®) decompressing the compre'ssed base layer;
5 (c) expanding the decompressed base layer;
(d)  decompressing at least one compressed resolution enhancement layer;
(e) combining at least one decompressed resolution enhancement layer and the expanded

decompressed base layer as a decompressed high resolution video image.

28. The method of claim 26, wherein the compressed resolution enhancement layers are

independent MPEG-2 streams within the data stream.

29.  The method of claims 21 or 22, wherein the base layer interframe compression method

includes MPEG-2 compression.
30.  The method of claim 29, wherein the MPEG-2 compression includes motion compensation.

31.  The method of claims 21 or 22, wherein at least one corresponding interframe compression

method includes MPEG-2 compression.
32.  The methed of claim 31, wherein the MPEG-2 compression includes motion compensation.

33.  The method of claims 21 or 22, wherein at least one corresponding interframe compression

method includes non-MPEG-2 compression.

34. The method of claim 33, wherein the non-MPEG-2 compression includes motion

compensation.

35.  The method of claim 34, wherein the non-MPEG-2 compression is selected from one of
motion compensated block wavelet compression and motion compensated fractal

compression.
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(1) "a b : iy} Ng an encoded bi t'stream havi QHU&IQ /0090
ol TN, 2= Fram” o el cctee” By - 07 Augagr

foll owi ng types of |ayers: A) optionally, at |east one
tenporal enhancenent |ayer conpri sing an coded
bitstream having rel atively | ow resol ution and a félan:e rate sel ected t

achi eve 86f i naThefmetired oficlains 2 hpt? wheetia the seps of filtesingand sxpansiqn arg pefiormed
conbined with the base.l ayer;. . (B) optionally, at |east one
hi gh resol uti ﬁ‘%@%ﬁ‘fsﬂqlgﬁ&?ﬂ%@ﬂ‘pri sing an- P d

encoded bitstream having relatively high resolution and a frane rate

sel ect ed fromone of approximately, 24 Hz, 36 Hz, ?nd
37.5 Hz; 37. The method of Gpims @ptor PRamhgreinithe baser layeroarid é?? sQrapesser ghsolution
t enporal enhancenent |

bitstream havi achpgp? t/?gn&; cpmineAbays afssalition 51'058 QR 1540 AHBuERE BRGEsolution

frame rate sel Ethsk Mvaghieve a final frame rate of approximately 60 Hz,
72 °dth R Hz, or 75 Hz when conbined with the high
resol uti on enhancenent | ayers; - (b) output the conpressed data stream

38.  The method of claims 21 or 22, wherein at least one resolution enhancement layer enhances

pixels of the base layer only in selected regions of the base layer.

39.  The method of claim 38, further including the step of applying a fading function to the
resolution enhancement layer to reduce abrupt transitions between the resolution

-«

enhancement layer with respect to the base layer.
40.  The method of claim 38, wherein the selected region is the central region of the base layer.

41. A method for capturing and compressing video information with reduced motion blur,
comprising the steps of:
(a) capturing video images in a plurality of frames at an initial framing rate of
appr;ximately 72 fps at a duty cycle of at least 75%; '
5 (b)  selecting and compressing alternating frames of the captured video images;
~ (¢) distributing the selected and compressed frames as an approximately 36 Hz base
layer of an encoded data stream.
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42. A method for capturing and compressing video information, comprising the steps of:
(a) capturing video images in a plurality of frames at an initial framing rate selected
from one of approximately 36 fps, 72 fps, and 75 fps;
(b) encoding the captured video images in a compressed data stream comprising:

5 - (1)  a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having relatively low resolution and a
frame rate selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

) at least one temporal enhancement layer comprising a bitstream encoded

without using backward predicted compression P frames and having

10 relatively low resolution and a frame rate selected to achieve a final frame
rate of approximately 60 Hz, 72 Hz, and 75 Hz when combined with the base

layer.

43.  The method of claim 42, wherein the base layer is encoded using [ and P frames and at least
one temporal enhancement Iaye.r is encoded using B frames, wherein the P frames and B
frames of the compressed data stream are interleaved and the compressed data stream has
a P frame distance of 2.

44.  The method of claim 42, further including the step of decoding the base layer component of
the compressed data stream using a base layer decoder not capable of decoding B frames.

camtmap - -

45.  The method of claim 42, further including the step of decoding at least one temporal
enhancement layer component of the compressed data stream using a temporal enhancement
layer decoder not capable of decoding P frames.

46. The method of cl:aim 42, wherein the P frames are MPEG-2 P frames.

47.  The method of claim 42, wherein the B frames are MPEG-2 B frames.
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fps, 72 fps, and 75 fps, where the storag®8- medium so configured causes a
conputer to operate in a specific and predefined manner to: a.né)a) encode
the captyged Vitdafetho@BE6laind 42, wherkinalsesB dratzesars MREGRJD frpmies the P frames are

1) a base |l ayer conprising an encoded RQitstream having,rel,ati,vel
Fesol Ution anMPEG-2 P frames, and e Bl an P Rameeare Rontaidd vah iCdomp¥ed data
approxi nat el y 24‘H?HZ“F %F%g?gzwé‘égz %sgoﬂéck(ef&)havipépc%iffgl%h Pg/l”é(?@%m% Weniifiérs.

: t
fol |l ow ng type‘g'e nal at ‘| east one
t enporal enhancenent |ayer conprising an encoded

bitstream having relatively | ow resolution and a ' te sel ect to
achi eve #9f i nalhefmethed pﬁcbx};mma\pmm%%iayn%@f?-&&%é frapyes gad ﬁaeeﬂﬂawes are
combined w th d{’{pgﬁ?gﬁ@@‘ﬁ’l ag%?ﬁ#t&e/grfmmes and P framésire cofire@RAtHiN theddorhSrasded dat

~high resol uti conprising an

encoded bi t st rgasmnNaA égigate MPRG-2Q14¢sdsi gh resol ution and a frame rate
sel ected fromone of approximtely 24 Hz, 36 Hz, and
37.5 Hz; (C . optionally, at |east one high resol ution

20 L e ol LB g s o RIS 82 BRI o

bi t st r eamM”havi

frame rate sel&g@%ége@gfg,@y&ng_ final frane rate of approximately 60 Hz,
72 Hz, or 75 Hz when conbined with the high

resol uti on enhancenent |ayers; ,
51. A method for capturing and compressing video information, comprising the steps of:
(a) capturing video images in a plurality. of frames at an initial framing rate selected
lﬁ'om one of approximately 36 fps, 72 fps, and 75 fps;
()  encoding the captured video images in a compressed data stream comprising:

5 (1) ' a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having relatively low resolution and a
frame rate of approximately 36 Hz;

(?)  atemporal enhancement layer comprising a bitstream encoded without using
" backward predicted compression P frames and having relatively low
10 ' resolution and a frame rate of approximately 24 Hz,

wherein the compressed data stream can be displayed on either a 60 Hz or a 72 Hz video
display after decoding. '

52.  The method of claim 51, further including the step of extracting frames for display at
approximately 60 Hz from the base layer of the compressed data stream using a 2-1-2

pulldown ratio.
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(b) “out pu data stream ' : Tldb 97/0090 2
42 16. Ajwuﬂﬂ)mﬂnﬁ;ﬁﬂ"n ng and conpressi ng video Wk Eﬁt,' 2
conpri sing+«the steps '+ . (a) capturing video inmages Iin a HmraFiAyGf‘lggl'
frames at an initial framng rate selected fromone of

approxi mately 36 fps, 72 fps, and 75 fps:#% (b) encoding the captured

! ayer OB | Sifnpethd (oL eABNEISIB oSBT ASE T ASOE: FOUERH TP FEepS OF
R
approxi mately 24 Harond@nésf appiskimétdly 38 fps, 72 fps, and 75 fps;

(b)  encoding the captured video images in 2 compressed data stream comprising:

5 (1)  a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having relatively low resolution and a
frame rate selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(2)  atleast one of the following types of layers: '
(A) at least one temporal enhancement layer comprising a bitstream
10 encoded without using backward predicted compression P frames and
having relatively low resolution and a frame rate selecte(i' to achieve
a final frame rate of approximately 60 Hz, 72 Hz, and 75 Hz when
combined with the base layer;
(B) at least one high resolution enhancement layer comprising an
15 . " encoded bitstream having relatively high resolution and a frame rate

selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz.

54.  Themethod of claim 53, wherein the compressed data stream further comprises at least one
high resolution temporal enhancement layer comprising a bitstream encoded without using
backward predicted compression P frames and having relatively high resolution and a frame
rate selected to achieve a final frame rate of approximately 60 Hz, 72 Hz, and 75 Hz when

5 | combined with the high resolution enhancement layers.

55.  The method of claims 53 or 54, wherein the high resolution enhancement layer is encoded
without using bidirectionally predicted compression B frames.
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(2) at I H enhancenent |ayer conprisin ﬁgﬂm %'Z’rﬁﬂ 90
w t hout : Ilc"m"lmr"m Il1g forward predicted corrpres
L

havi ng rela leve ows resol ution and a frame rate sel ected to
achieve a final frame rate of approxi mately 60 Hz, 72 Hz, or
75 Hz when conbined with the base |ayer. 17. The met hod of cl aim 16,

wher ei nt code R

tenporalglén ﬁdeﬁ@ﬁ&f‘? aﬁ?B ngagncorg\g?gmhg ﬂﬂzg rogxﬁnggén%a Ipal #giiﬁéé&t frames
and B franes ?‘2 captifing VB CinsRes ﬁaﬁelmn@mﬂmes attaexrhﬁm&é‘xmangi ratp gelected
conpressed data stream has a P frame di stance of 2, 3 or 4. 18. The

met hod of cl ai m 16 frofuoneefappraximatehip & fps asd g B%: decodi ng the base | ayer

conmponent of the ressed .da
19. The met hotP)of EP%ﬂdﬁ'i‘grl@‘e CARITSHY, &% ﬁ{%g?mgy\%{ﬂg&%‘?g o%dg cod| ngf at geast
oneg t enpor al phan%%%etlaﬁeaz&hﬁﬁﬁﬁgqnﬁfmeah driedebwithestssingibidirestionatin

by decoding only B franes e nethod of claim 16, erein the P
frames are MPEG 2 P frapeedicted compression B frames and having a resolution of no more than

about 1024x512 and a frame rate selected from one of approximately 24 Hz
and 36 Hz;
) at least one of the following types of layers:

10 (A) at least one temporal enhancement layer comprising a bitstream
encoded without using backward predicted compression P frames and
having a resolution of no more than about 1024x512 and a frame rate
of approximately 72 Hz;

(B)  at least one high resolution enhancement layer comprising an

15 encoded bitstream having a resolution of at least about 1536x768 and

a frame rate selected from one of approximately 24 Hz and 36 Hz.

57.  The methcd of claim 56, wherein the compressed data stream further comprises at least one
high resolution temporal enhancement layer comprising a bitstream encoded without using
backward predicted compression P frames and having a resolution of at least about
1536x768 and a frame rate selected to achieve a ﬁnal_frame rate gf approximately 72 Hz

5 when combined with the high resolution enhancement l'ayer.

58.  The method of claims 56 or 57, wherein the high resolution enhancement layer is encoded

without using bidirectionally predicted compression B frames.

59.  The method of claim 58, wherein the compressed data stream has a bit rate no greater than
about 19 mbits/second. -

60. The method of claim 58, wherein the compressed data stream provides about 2 MPixels of
frame resolution at an effective display rate of about 72 fps.
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21. .T'he rre m”ml"',g"m@ wherein the B'frames are %ﬂl&% rgn?s/ 0 0 90 2
22. The ne wherein the B franmes are w
the P frane 2 P franes, and the B frane qsﬁ?l-@j@lgy
contai ned within the conpressed data streamin separate MPEG 2

transport packets having different MPEG 25brogrami dent ifiers.

43 .

61.  The method of claim 58, wherein each layer in the compressed data stream is allocated a
selected number of bits, further including the step of making a first determination if the
number of bits allocated to the base layer is insufficient to satisfactorily encode a series of
frames in the capmred video images, and if so, allocating all bits allocated to a high

5 resolution enhancement layer to the base layer.

62.  The method of claim 61, further including the step of making a second determination if the
number of bits allocated to the base layer after the first determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, ailocating all

bits allocated to a temporal resolution enhancement layer to the base layer.

63. The.method of claim 62, further including the step of making a third determination if the
number of bits allocated to the base layer after the second determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, decreasing

the frame rate of the base layer.

64.  The method of claim 1, wherein each layer in the compressed data stream is allocated a
selected number of bits, further including the step of making a first determination if the
number of !.aits allocated to the base layer is insufficient to satisfactorily encode a series of
frames in- the captured video ir.ﬁages, and if so, allocating all bits allocated to a high

5 resolution enhancement layer to the base layer.

65.  The method of claim 64, further including the step of making a second determination if the
number of bits allocated to the base layer after the first determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, allocating all
bits allocated to a temporal resolution enhancement layer to the base layer.
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23 The 6, wherein the B franes are ﬁ
t-hePf Wﬂu l" |i 2 P franes, andtherrame Rg

cont ai ne Ln the conpressed data streamin separ *997
24. The method of claim 16, further incl ing the step of de- |nterIaC| ng
the plurality of frames before the step of encodi ng. 25. A nethod for
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f ps; (b) encoding the captured video inmages in a conpressed data stream

conpri si ng: satxsfactonlylepcaddoaames af Grmes imthiesiaptured wides images andfseddecreasing
wi t hout usi ng ect i O redi cted conpression B franes
ng 1 oliRirRRT s ShiPe bl

and having ref% #on and a frame rate of

approxi mately 36 Hz; (2) a tenporal enhancenment |ayer conprising a
bi t st ream encoded vm' t hout using forward predi ct ed conpression
P frameséand haménhgd fer captuviag wnd compressihg viden infodmatién, xomprising the steps of:

of appr oxi mat

Hz;. wher.ei n. t he, ¢ r ed data .str m can
di spl ayed on é)t heFa%f“BEg pidegyimages)in g P(Hf@@% %ﬂ‘ £ %&ff"r?ﬁle"ted
from one of approximately 36 fps and 72 fps;

(b)  encoding the captured video images in a compressed data stream comprising:

5 (1)  a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having a resolution of no more than
about 1024x512 and a frame rate selected from one of approximately 24 Hz
and 36 Hz;

(2)  at least one high resolution enhancement layer comprising an encoded

10 bitstream having a resolution of at least about 1536x768 and a frame rate
selected from one of approximately 24 Hz and 36 Hz.

63. A method for capturing and compressing video information, comprising the steps of:
(@)  capturing video images in a plurality of frames at an initial framing rate selected
from one of approximately 36 fps and 72 fps;
(b)  encoding the captured video images in a compressed data stream comprising:

5 (1) a base layer comprising a bitstream encoded without using bidirectionally
predicted compression B frames and having a resolution of no more than
about 1024x512 and a frame rate selected from one of approximately 24 Hz
and 36 Hz; | .

(2)  at least one temporal enhancement layer comprising a bitstream encoded

10 without using backward predicted compression P frames and having a
| resolution of no more than about 1024x512 and a frame rate selected to

achieve a final frame rate of approximately 72 Hz when combined with the

base layer.
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26. The further including the ste;ﬁ
for di spﬁE"!ﬁ Ilﬁ)lll Hﬁlamml mately 60 Hz fromthe base | @e g
conpr esse atarstyeam using a 2-1-2 pull down

44 27. A nethod for capturing and conpr e§35| ng vi deo |nf ormation,

conprising the steps of: (a) .capturing video imges in a pI urality of
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appr oxi miPely 1 peftod of8inthel Rihed il e S8k S g  guesnding i brsg vie o
video images igloRerREPLASE BeforémtodingSam conpri si ng:

70.  The method of claim 69, wherein the step of squeezing of the base layer is asymmetnca.lly
applied to the frames of the captured video i images.
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(1) a‘base |ayer comprising a bitstream encoded without using 803957 -1
bi di rgctlﬁmll ﬂmH Bt“j!ll conpressi on B frames and haJPa§ COPY
rel ati vel yIRESWI [ and a franme rate sel ected from one
of approximately 24 Hz, 36 Hz, and 37.5 Hz; (2) at |east one of

the follow ng types of |ayers: (A at |
| a) ; east one tenporal
enhancenent |ayer conprising a bitstream encoded ™

wi t hout. using forward predicted conpression P frames and having rel atively
low resolution and a frane rate selected to achieve a final frane rate of
approximately 60 Hz, 72 Hz, or 75 Hz when conbined with the base | ayer;

(B) at | east one high resolution enha ment | ayer conprising an encbded
bitstream having relatively high resolution and a frame rate selected from

'(I)'Rg met hold dAf g fhacﬁdrfr? IZQ?, m%%%%%@%wqegéfmﬁ ,gﬁniﬂ:isinrahrﬂtb @ﬁ Stitz. 28.
ggrrpr i ses at(ajbgaasmmingeiideo imagegyin ar;@y@litm 3? 3@@% jnitial ea 5 ur tec ﬁ% é &’8?“ one
compr easi on P 1 PAREORIRRNGT b5 2aPRE SRR gn recol ution and & frame rate
o oot ed Lo @Fnichustiag b babd o hatges s copIeeAtRSERGIFET NS e, or 16
oo "0 s e R PR B
Ut Hsh OhtdNeflicte8 HokPotR! Jf Mpbaiaiatilye24 Ho BorHz ahd87.8Hz anes.
(2) at least one of the following types of layers:

(A) optionally, at least one temporal enhancement layer comprising an encoded
bitstream having relatively low resolution and a frame rate selected to
achieve a final frame rate of approximately 60 Hz, 72 Hz, or 75 Hz when
combined with the base layer; '

(B)  optionally, at least one high resolution enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate selected
from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(C) optionally, at least one high resolution temporal enhancement layer

| comprising an encoded bitstream having relatively high resolution and a
frame rate selected to achieve a final frame rate of approximately 60 Hz, 72

Hz, or 75 Hz when combined with the high resolution enhancement layers_.

2. The method of claim 1, wherein the compressed data stream has a total bit rate no greater than

about 19 megabits/second.

The method of claim 1, wherein the compressed data stream is encoded using MPEG-2

L2

compression.

4. The method of claim 3, wherein the base layer is encoded using only MPEG-2 compression

P frames.
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45 306. A nethod for capturing and conpressing video infor
comrisina"tne stepe of” (@) Captirtng vt oot e HIHINMIHANIN

approximatel y 36 fps and 72 fps; (b) encodin the capt ur ed
in a conpressed data stream conpri sing: g(1) a bgser| ay\élrdeo i mges

conprising a bitstream encoded w thout using bidirectionally predicted

conpression B frames and having a resolution of no nore than about 1024x512
ggdHZ. a frame rate selected fromone of approximtely 24 Hz and

(2) at least one of the fgjlowing types of layers:
5. The method of claim 3, wherein each temporal enhancement layer is encoded using only

MPEG-2 compression B frames.

6. The method of claim 3, wherein each high resolution enhancement layer is encoded without

using MPEG-2 compression B frames.

7. The method of claim 3, wherein each high resolution temporal enhancement layer is encoded

using only MPEG-2 compression B frames.

8. The method of claim 1, further including the step of extracting frames for display at
approximately 60 Hz from the base layer of the compressed data stream using a 2-1-2 pulldown

ratio.

9. The method of claim 1, wherein the base layer has a resolution selected from one of
approximately 640x480 pixels, approximately 720x486 pixels, approximately 704x480 pixels,
approximately 680x5 12 pixels, and approximately 1024x512 pixels.

10. The method of claim 1, wherein at least one resolution enhancement layer has twice the

resolution of the base layer in each dimension.

11. The method of claim 1, wherein at least one resolution enhancement layer enhances pixels of

the base layer only in a central region of the base layer.

12. A method for generating a master format for video information, comprising the steps of:

(a) generating a single digital source picture format having a base layer with a framing rate
of approximately 36 Hz, a temporal enhancement layer with a framing rate of approxi-
mately 72 Hz when combined with the base layer, and a resolution of approximately
2048x1024 pixels; and

(b) deriving all subsequent display formats from the single digital source picture format.
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(A) at | east one tenporal enhancement |ayer conprising a bitstream

encoded wi t hout using forward predi CtlmluHMJIHE" m“'
frames and having a resol ution of no IS i ﬁz !
._ 5 ;

1024x512 and a frane rate of approximtely
(B) at | east one high resol ution enhancenent |ayer conprising an encoded
bi tstream having a resolution of at |east about 1536x768 and a franme rate
sel ected fromone of approximately 24 Hz and 36 Hz. 31. The nethod of
clai m 30, wherein the conpressed data stream further conprises at |east one
hi gh resol ution tenporal enhancenent |ayer conprising a bitstream encoded

W t hout using forward predicted co Pession P frames and havi ng a
resol uti RR%3r RRPHssike 3 Rforaflon captited P PlufafityofTRLRS besh infial
achi eve gg'f %aa?,b rame rr a?@ o?l gppr oxXi matel?/c‘/PZ Hz when cg}ﬁ%i ned with

the high r e$§emingras selectedfosnenstof anpyaximately 36 fpsTTefpseand d§ fps includingsanzpceder 31,.
wherei n the_hi gh | uf | h t .l ' d i i
b1 ai rect i ondih e e noB AR ABE Asd PEL fafeS 158 °F Somoresset A0 Whedt | 10

32 wherein thaphsng@ressed data streamhas a total bit rate no greater than

about 19 negabits/second. .
%a) a base layer comprising an encoded bitstream having relatively low resolution and a frame

rate selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;
(b) atleast one of the following types of layers:

(1) optionally, at least one temporal enhancement layer comprising an encoded bitstream
‘having relatively low resolution and a frame rate selected to achieve a final frame
rate of approximately 60 Hz, 72 Hz, or 75 Hz when combined with the base layer;

(2) optionally, at least one high resolution enhancement layer comprising an encoded
bitstream having relatively high resolution and a frame rate selected from ohe of
approximately 24 Hz, 36 Hz, and 37.5 Hz;

(3) optionally, at least one high resolution temporal enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate selected to
achieve a final frame rate of approximately 60 Hz, 72 Hz, or 75 Hz when combined

with the high resolution enhancement layers.
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34 . The method of claim32, wherein the conpressed data;s '
about 2 MPi xel s of frane resolution at an effectivefd“mmmmm“a“ﬁs"l"l .
* C L M S *

about 72 fps. :
46 35. The nethod of claim 32, wherein each layer in the ‘conpressed data

streamis allocated a sel ected nunber of bits, further including the
step of making a first determnation if the nunber of bits allocated
to the hase layer is insufficient to satisfactorily encode a series of
frames in the captured video inmages, and if so, allocating all bits
allocated to a high resolution enhancemenl't0 | ayer to the base | ayer.
14. A computer program for compressing video information captured in a plurality of frames at an
_initial framing rate selected from one of approximately 36 fps, 72 fps, and 75 fps, the computer
program residing on a media readable by a computer system and comprising instructions for
causing a computer to: |
(2) encode the captured video frames in a compressed data stream comprising:
(1) a base layer comprising an.encoded bitstream having relatively low resolution and
a frame rate selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;
(2) at least one of the following types of layers£

A) optidnally, at least one temporal enhancement layer comprising an encoded
bitstream having relatively low resolution and a frame rate selected to
achieve a final frame rate of approximately 60 Hz, 72 Hz, or 75 Hz when
combined with the base layer;

(B)  optionally, at least one high resolution enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate selected
from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(C) optionally, at least one high resolution temporal enhancement layer
comprising an encoded bitstream having relatively high resolution and a
frame rate selected to achieve a final frame rate of approximately 60 Hz, 72
Hz, or 75 Hz when combined with the high resolution enhancement iayers;

(b) output the compressed data stream.
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36. The nethod of claim 35, further including the step of naki
determnation if the nunmber of bits allocated to the baqmﬂ@(“ﬁﬂﬂ“ " I“l
the first determination is insufficient to satisfactorilys~encode a s =«
series of frames in the captured video inmages, and if so, allocating al

bits allocated to a tenporal resolution enhancenent |ayer to the base

| ayer. 37. The nethod of claim36, further including the step of making a
third determnation if the nunber of bits allocated to the base | ayer
after the second determination is insufficient to satisfactorily

encode a series of frames in the captured video inmages, and if so,

decreasing the frame rate of the baag | ayer. 38 . The nethod of claim

1, wherein_.each | ayer i h e . ' I ' d
munber of 1 fecomiterepibl AR rhaa oo phdthdth i oSk

i f the nunbekrideb iffotBation captatedds a pRealitpof frandsasan initjab framingirate wélected from ono
satisfactorily encode a series of fra Qtured vi de

and i f so, alof apripFimgtely $6 fps( &2 ﬁaﬁqaeéaggg%{” efta“efﬁsé‘ﬁa%eég% YR SG O éléhn%%?s
layer to theﬁﬁ@?ﬁte{'t%yd?émtein%%pec_fﬁ@ada?ﬂré&ﬁnéﬁmﬁﬁ&kfﬂ:?’& further including

the step of ng a second determnation if the .
(2) encode the captured video frames in a compressed data stream comprising:

(1) a base layer comprising an encoded bitstream having relatively low resolution and

a frame rate selected from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(2) at least one of the following types of layers:

(A) optionally, at least one temporal enhancement layer comprising an encoded
bitstream having relatively low resolution and a frame rate selected to
achieve a final frame rate of approximately 60 Hz, 72 Hz, or 75 Hz when
combined with the base layer; .

(B) optionally, at least one high resolution enhancement layer comprising an
encoded bitstream having relatively high resolution and a frame rate selected
from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(C) optionally, at least one high resolution temporal enhancement layer
comprising an encoded bitstream having relatively high resolution and a
frame rate selected to achieve a final frame rate of approximately 60 Hz, 72
Hz, or 75 Hz when combined with the high resolution enhancement layers;

(b) output the compressed data stream.
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_nunber of bits allocated to the base I |rst determ nation is
I nsufficient to satlsfactorlly61 giﬁ ! H“ [
captured video inmages, and if so, b|t i _""'ﬂ[ m%"'ng"

Eérrggr al hr esol uti on enhancenent Iayer to the base Iayer

. The method of claim39, further including the stepjofl PekiNus ¥98hi |d
determnation if the nunber of bits allocated to the Ha eTayer after
the second determination is insufficient to satisfactdri ‘
series of frames in the captured video inmges, and if so, §

frame rate of the base |ayer. 41. A rreé?od for capturing and corrpre55| ng ;
video information, conprising the steps (a) capturing video inmages

'naplur a1I&| tAy mgIhofi rf&‘}régﬁm%ﬁg &n corr]ﬂptrésging R SmiaRbE, RRIpASHE thelstepopne
.(a) capturing video images in a plurality of frames at an initial framing rate selected from one
of approximately 36 fps, 72 fps, and 75 fps;
(b) encoding the captured video imagesina compressed data stream comprising:

(1) abase layer comprising a bitstream encoded without using bidirectionally predicted
compression B frames and having relatively low resolution and a frame rate selected
from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(2) at least one temporal enhancement layer comprising a bitstream encoded without
using forward predicted compression P frames and having relatively low resolution
and a frame rate selected to achieve a final frame rate of approximately 60 Hz,

72 Hz, or 75 Hz when combined with the base layer.

17. The method of claim 16, wherein the base layer is encoded using I and P frames and at least one
temporal enhancement layer is encoded using B frames, wherein the P frames and B frames of
the compressed data stream are interleaved and the compressed data stream has a P frame

distance of 2, 3 or 4.

18. The method of claim 16, further including the step of decoding the base layer component of the

compressed data stream without decoding B frames.

19. The method of claim 6, further including the step of decoding at least one temporal

enhancement layer component of the compressed data stream by decoding only B frames.

2

o

. The method of claim 16, wherein the P frames are MPEG-2 P frames.
21. The method of claim 16, wherein the B frames are MPEG-2 B frames.
22. The method of claim 16, wherein the B frames are MPEG-2 B frames and the P frames are

MPEG-2 P frames, and the B frames and P frames are contained within the compressed data
stream in separate MPEG-2 transport packets having different MPEG-2 program identifiers.



of- approximately 36 fps and 72 fps; (b) encoding the captured vi
I mges in a conpressed data stream conpri sing: (1) Iﬂiﬂ |! %‘ll "IIIl
conprising a bitstream encoded w thout using bidirectionallly i g i

conpression B franmes and having a resolution of no nore than about 1024x512

and ' a frame rate selected fromone of approximtely 24 Hz and
36 Hz; (2) at |east one high resolution enhancenent | ayer
conprising an encoded bitstream having a resolution of at

| east about 1536x768 and a frane rate selected from one of
approxi mately 24 Hz and 36 Hz. 42. A nethod for capturing and conpressing
video information, conprising the steps 68 (a) capturing video inmages

in a plurali : | Ni-L i.al L 0A S8l
of appr ox HacgryieipSd BE sl 12wkt vl Bl B NIPES. 28 cREIE fd R Rl e
i mages in a .OMPPGESE Gdmdstand derB fameoandrP fungs are contained withih)th@baifpressad d4ta
conprising a bitstream erf\a&gé wi t hout using bidirectionally predicted
conpr essi on BTFmRHSSPAHAY PHFla8ssSesol uti on of no more than about 1024x512
and a franme rate selected fromone of approximtely 24 Hz and

36 Hz; (2) at least one tenporal enhancenent |ayer conprising a
bi t st r eam 2ndddedethdd bolaim 16, further including ghengterf ofr desinterlpeing thet urabityngfifmeess on
P frames and,havi resol ytion of no nore t han about

b5y B s?perd

1024x512 and "8 ncs? Y8cted to achieve a final frame rate of

approxi mately 72 Hz when conbined with the base |ayer.
25. A method for capturing and compressing video information, comprising the steps of:
(a) capturing video images in a plurality of frames at an initial framing rate selected from one
of approximately 36 fps, 72 fps, and 75 fps;
(b) encoding the captured video images in a compressed data stream comprising:

(1) abase layer compriéing a bitstream encoded without using bidirectionally predicted
compression B frames and having relatively low resolution and a frame rate of
approximately 36 Hz;

(2) atemporal enhancement layer comprising a bitstream encoded without using forward
predicted compression P frames and having relatively low resolution and a frame rate
of approximately 24 Hz;

wherein the compressed data stream can be displayed on either a 60 Hz or a 72 Hz video display

after decoding.

26. The method of claim 25, further including the step of extracting frames for display at
approximately 60 Hz from the base layer of the compressed data stream using a 2-1-2 pulldown

ratio.
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43 The nethod of claim42, further including the step of sq i
| ayer to a | ower resol uti on before encodi ng. Diﬁ m l" E‘B ﬂﬁl
48-59 44. The nethod of claim43, wherein the step of sque MNCs %

base layer is asymetrically applied to the frames of the captured video
i mages.

44

27. A method for capturing and compressing video information, comprising the steps of:
.(a) capturing video images in a plurality of frames at an initial framing rate selected from one
of approximately 36 fps, 72 fps, and 75 fps;
(b) encoding the captured video images in a compressed data stream comprising:

(1) abase layer comprising a bitstream encoded without using bidirectionally predicted
compression B frames and having relatively low resolution and a frame rate selected
from one of approximately 24 Hz, 36 Hz, and 37.5 Hz;

(2) at least one of the following types of layers:

(A) at least one temporal enhancement layer comprising a bitstream encoded
without using forward predicted compression P frames and having relatively
low resolution and a frame rate selected to achieve a final frame rate of
approximately 60 Hz, 72 Hz, or 75 Hz when combined with the base layer;

(B)  at least one high resolution enhancement layer comprising an encoded
bitstream having relatively high resolution and a frame rate selected from one

of approximately 24 Hz, 36 Hz, and 37.5 Hz.

28. The method of claim 27, wherein the compressed data stream further comprises at least one
high resolution temporal enhancement layer comprising a bitstream encoded without using
forward predicted compression P frames and having relatively high resolution and a frame rate

selected to achieve a final frame rate of approximately 60 Hz, 72 Hz, or 75 Hz when combined

with the high resolution enhancement layers.

29, The method of claims 27 or 28, wherein the high resolution enhancement layer is encoded

without using bidirectionally predicted compression B frames.
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30. A method for capturing and compressing video information, comprising the steps of
(@) capturing video images in a plurality of frames at an initial framing rate selected from one
of approximately 36 fps and 72 fps;
(b) encoding the captured vided images in a compressed data stream comprising:
(1) abase layer comprising a bitstream encoded without usi_ng bidirectionally predicted
compression B frames and having a resolution of no more than about 1024x512 and
a frame rate selected from one of approximately 24 Hz and 36 Hz;
(2) at least one of the following types of layers:
(A) at least one temporal enhancement layer comprising 2 bitstream encoded
without using forward predicted compression P frames and having a
resolution of no more than about 1024x512 and a frame rate of approximately
72 Hz;
(B) at least one high resolution enhancement layer comprising an encoded
bitstream having a resolution of at least about 1536x768 and a frame rate

selected from one of approximately 24 Hz and 36 Hz.

31. The method of claim 30, wherein the compressed data stream further comprises at least one
high resolution temporal enhancement layer comprising a bitstream encoded without using
forward predicted compression P frames and having a resolution of at least about 1536x768 and
a frame rate selected to achieve a final frame rate of approximately 72 Hz when combined with

the high resolution enhancement layer.

32. The method of claims 300r 31, wherein the high resolution enhancement layer is encoded

without using bidirectionally predicted compression B frames.

33 . The method of claim 32 wherein the compressed data stream has a total bit rate no greater than

about 19 megabits/second.

34 . The method of claim 32 wherein the compressed data stream provides about 2 MPiﬁcels of

frame resolution at an effective display rate of about 72 fps.



REPLACEMENT
2 7 AUG 1999

35.

SHEET

* c L M S *

46
The method of claim 32, wherein each 'layer in the compressed data stream is allocated a

-selected number of bits, further including the step of making a first determination if the number

36.

37.

38.

39.

of bits allocated to the base layer is insufficient to satisfactorily encode a series of frames in the
captured video images, and if so, allocating all bits allocated to a high resolution enhancement

layer to the base layer.

The method of claim 35, further including the step of making a second determination if the
number of bits allocated to the base layer after the first determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, allocating all

bits allocated to a temporal resolution enhancement layer to the base layer.

The method of claim 36, further including the step of making a third determination if the
number of bits allocated to the base layer after the second determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, decreasing the

frame rate of the base layer.

The method of claim 1, wherein each layer in the compressed data stream is allocated a selected
number of bits, further including the step of making a first determination if the number of bits
allocated to the base layer is insufficient to satisfactorily encode a series of frames in the
captured video images, and if so, allocating all bits allocated to a high resolution enhancemenf

layer to the base layer.

The method of claim 38, further including the step of making a second determination if the
number of bits allocated to the base layer after the first determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, allocating all

bits allocated to a temporal resolution enhancement layer to the base layer.
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40. The method of claim 39, further including the step of making a third determination if the
-number of bits allocated to the base layer after the second determination is insufficient to
satisfactorily encode a series of frames in the captured video images, and if so, decreasing the

frame rate of the base layer.

41. A method for capturing and compressing video information, comprising the steps of:
(@) capturing video images in a plurality of frames at an initial framing rate selected from one
of approximately 36 fps and 72 fps;
(b) encoding the captured video images in a compressed data stream comprising:
(1) abase layer comprising a bitstream encoded without using bidirectionally predicted
compression B frames and having a resolution of no more than about 1024x512 and
a frame rate selected from one of approximately 24 Hz and 36 Hz;
(2) at least one high resdlution enhancement layer comprising an encoded bitstream
having a resolution of at least about 1536x768 and a frame rate selected from one of

approximately 24 Hz and 36 Hz.

42, A method for capturing and compressing video information, comprising the steps of:
(@) capturing video images in a plurality of frames at an initial framing rate selected from one
of approximately 36 fps and 72 fps;
(b) encoding the captured video images in a compressed data stream comprising:
(1) abase layer comprising a bitstream encoded without using bidirectionally predicted
compression B frames and having a resolution of no more than about 1024x512 and
a frame rate selected from one of approximately 24 Hz and 36 Hz;
(2) at least one temporal enhancement layer comprising a bitstream encoded without
using forward predicted corﬁpression P frames and having a resolution of no more
than about 1024x512 and a frame rate selected to achieve a final frame rate of

approximately 72 Hz when combined with the base layer.

43 The method of claim 42, further including the step of squeezing the base layer to a lower

resolution before encoding.
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48-59
44 The method of claim 43 wherein the step of squeezing of the base layer is asymmetrically

.applied to the frames of the captured video images.

45, The method of claim 42, further including the step of squeezing at least one temporal

enhancement layer to a lower resolution before encoding.
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Aaslutfny
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compressicn at high frame mates with high quality. An L S mm%
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optional base resolution femporal enhancement layer (102), o Temporat - Wx512
eacoded using only MPEG-2 B frames, comprising a low A F Resciution: 1kx 512 7202
resolution (e.g., 1024 x 512 pixels), high frame rate (72 Rete: 36 B frames/ses | =P~
Hz) bitstream; (3) an optional base temporal high resolution 18 MPixela/sec.
enhancement layer (104), preferably emcoded using only
MPEG-2 P frames, comprising a high resolution (e.g., 2kxlk
pixgls). lqw frame rate (24 or 36 Hz) bitstream; (4) an 4
optioan] high resolution temporal enhancement layer (106),
enemiedﬂml . uu;ng on;ykxlliPEG-th fnmes.u mcompm' ing a high Y
ution (e.g.,
Laye Resolution: 2xx 1k ”ax’t‘km
WEG2 Rate: 2¢ fps & 38 ips __°.'.>




