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'METHOD AND APPARATUS FOR REDUCING BREATHING
ARTIFACTS IN COMPRESSED VIDEO

This application claims the benefit of U.S. Provisional Application
No. 60/084,632, filed May 7, 1998.

The invention relates to communications systems generally and, more
particularly, the invention relates to 2 method and concomitant apparatus for

reducing a “breathing” artifact within an encoded information stream.

BACKGROUND OF THE DISCLOSURE

In several communications systems the data to be transmitted is
compressed so that the available bandwidth is used more eﬁidently. For
example, the Moving Pictures Experts Group (MPEG) has promulgated several
standards relating to digital data delivery systems. The first, known as MPEG-1
refers to ISO/IEC standards 11172 and is incorporated herein by reference. The
second, known as MPEG-2, refers to ISO/IEC standards 13818 and is
incorporated herein by reference. A compressed digital video system is described

in the Advanced Television Systems Committee (ATSC) digital television

'standard document A/53, and is incorporated herein by reference.

The above-referenced standards describe data processing and
manipulation techniques that are well suited to the compression and delivery of
video, audio and other information using fixed or variable length digital
communications systems. In particular, the above-referenced standards, and
other “MPEG-like” standards and technigues, compress, illustratively, video

information using intra-frame coding techniques (such as run-length coding,

‘Huffman coding and the like) and inter-frame coding techniques (such as

forward and backward predictive coding, motion compensation and the like).
Specifically, in the case of video processing systems, MPEG and MPEG-like
video processing systems are characterized by prediction-based compression
encoding of video frames with or without intra- and/or inter-frame motion

compensation encoding.
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In a typical MPEG encoder, a received video stream comprising a plurality

of video frames is enc'ode__d according to a predefined group of pictures (GOP)

structure. That is, the received video stream is encoded to produce a GOP

comprising, e.g., an int_rq-coded frame (I-frame), followed by one or more forward
predicted coded frameé (P-frames) and bi-direcﬁonél (i.e., forward and backward)
predicted frames (B-f_ran;es).

Unfortunately, siﬂce motion compensation techniques are not perfect,
predicted frames or piétﬁres may suffer from undesirable visual artifacts such as
error propagation, reduced editing granularity and thé like. Moreover, GOP
structures including sﬁc_':_h predicted frames also suffer from such artifacts. Since
the fidelity of individual frames within a GOP structure tend to degrade after an
initial high quality I-ﬁ'ﬁme, the display of a sequence of GOPs produces a cyclical
visual artifact known as “breathing,” where the cyclical nature of the artifact is
related to the length df {;he GOPs displayed. |

Therefore, it is. _:se_en to be desirable to provide a method and concomitant

apparatus that reduce the above-described “breathing” artifact.

SUMMARY OF THE INVENTION

The invention comprises a method and apparatus for reducing breathing
artifacts in MPEG-like ﬁdeo information streams employing group of pictures
(GOP) or group of fraines (GOF) structures.
Specifically, in a system for processing a sequence of compressed images
arranged according to a group of pictures (GOP) information structure, a method
according to the invention for reducing an inter-GOP visual artifact comprises
the steps of: determining, for a first type of information frame within the GOP
information structure, a respective levél of fidelity degradation; determining, for
a second type of infomaﬁon frame within the GOP information structure, a
respective level of ﬁ.delity degradation; computing, using the determined levels of
fidelity degradation, a ;degradation equalization parélmeter; and processing,
using the computed degradation equalization parameter, one of the first and

second types of information frames such that the first and second types of
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‘information frames k&% levels of fidelity degradatibfi‘within a predetermined

range.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present invention can be readily understood by
considering the following detailed description in conjunction with the
accompanying drawings, in which:

FIGS. 1A through 1C depict graphical representations of relative frame
by frame degradation of one or more parameters associated with video fidelity
within a group of pictures (GOP);

FIG. 2 depicts an embodiment of an MPEG-like decoder according to the
invention;

FIG. 3 depicts a degradation equalization routine according to the
invention for reducing breathing artifacts in a video signal;

FIG. 4 depicts a degradation equalization routine 400 according to the
invention;

FIG. 5 depicts a flow diagram of a GOP equalization routine according to
the invention;

FIG. 6 depicts a flow diagram of a degradation equalization routine
according to the invention;

FIG. 7 depicts a flow diagram of a degradation equalization routine
according to the invention and suitable for reducing breathing artifacts within
the context of a memory-constrained decoder; and

FI1G. 8 depicts a flow diagram of a block level correction control routine
according to the invention.

To facilitate understanding, identical reference numerals have been used,

where possible, to designate identical elements that are common to the figures.

DETAILED DESCRIPTION
The invention will be described within the context of a video decoder,
ilustratively an MPEG-2 video decoder, within a digital television (DTV)
receiver, illustratively an ATSC television receiver. However, it will be apparent

3
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to those skilled in the art that the invention is applicable to any video processing
system, including those systems adapted to DVB, MPEGil and other
information streams. _ |

Specifically, the invention will be primarily des_'crilged within the context of
an MPEG-like decoding 'ij's'tem that receives and decoj_de_gl a compressed video
information stream IN tc'_J'produce a video output stream T,OUT. The invention
operates to reduce a “breathing” artifact that, in the caSe of a video or image
processing system ut111z1ng a group of pictures (GOP) mformatmn structure, 1s
caused by intra-GOP changmg of visual fidelity levels resultmg ina modulatxon
of visual fidelity at the GOP presentation rate. However it will be apparent to
those skilled in the art that the invention has broad applicability to other
information systems having different inter-frame ﬁde_lit');r levels within a group of
pictures (GOP) or group of frames (GOF) information structure.

FIGS. 1A through 1C depict graphical representaﬁons of relative frame by
frame degradation of one or more parameters associated with video fidelity
within a group of pictures (GOP). To the extent that such frame by frame
degradation within a GOP results in a periodic increase and/or decrease in
visual fidelity having a penod approximating the GOP period, the
aforementioned breathmg artifact is produced. If the periodic increase and/or
decrease in visual ﬁdelify is sufﬁciently large, the breathing artifact becomes
noticeable to a viewer when the video sequence mclud.mg the GOP is presented
on a d1sp1ay device.

For example, consider the case of a 30 frames per second (fps)
presentation/display systém responsive to a video information stream comprising
MPEG-like video mformatmn arranged according to a 15 frame GOP exh1b1t1ng
significant intra-GOP changes in visual fidelity (e.g., large quantization
differences between I- and B-frames). Since the GOP comprises a single I-frame
and many B-frames, each half second (15 frame GOP/30 fps) of displayed video
begins with a high ﬁdelity I-frame that is followed by a number of relatively low
fidelity B-frames (and, typically, P-frames). This displéyed sequence of images
may exhibit a pulsating (i.e., breathing) characteristic having a period of ¥
second due to the inter-frame fidelity variations within the GOP.

4
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The inventors K& determined that the primosf
artifacts are 1) inter-frame differences in quantization levels within a GOP; 2)
propagation of half pel motion estimation errors within a GOP; and 3) fidelity

¥ causes of breathing

anomalies introduced by (or characteristic of) a decoder processing a GOP.
Embodiments of the invention addressing all three causes of breathing artifacts
will be disclosed.

FIG. 1A depicts a graphical representation of a frame by frame
degradation of video “sharpness” within a GOP comprising an I-frame followed
by ten P-frames. Sharpness is a function of high frequency response, which is
critical to the accurate presentation of edges and other high contrast luminance
transitions. Specifically, FIG. 1A depicts a sequence of three GOPs (denoted as
101) and a corresponding diagrammatic representation of a sharpness level of
each frame in the GOPs (denoted by reference 102). It can be seen that the
sharpness of a video image is at a maximum for each I-frame in the GOPs, with
a corresponding decrease in sharpness for each successive P-frame. A breathing
artifact is produced due to the gradual degradation and rapid increase in
sharpness level at a rate corresponding to the GOP display rate.

In FIG. 1A, the corresponding decrease in sharpness for each successive
P-frame is caused by half pel interpolation within the motion compensation
circuitry of a decoder processing the GOPs. The half pel interpolator operates to
low pass filter the predicted macroblocks or pel groupings. The relatively linear
degradation of sharpness level depicted in FIG. 1A a is due to the use of
P-frameés within the GOPs and an assumption that the half pel interpolation
error is approximately constant. The shaded portion of the diagrammatic
representation comprises a statistical band of errors within each P-frame falls.
It must be noted that while each I-frame (1, I, and L) is shown as having the
same maximum level of sharpness, the sharpness level of the I-frames is initially
determined by an encoder’s rate controller based on many factors, including a
bit-budget allocated to a GOP. Thus, the level of sharpness and general visual
fidelity of an I-frame varies as necessary depending on requirements at the

encoder.
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FIG.1Ba graphlcal representation of a frame by frame degradation of
video sharpness within a 12 frame GOP comprising an initial I-frame followed
by a repeating sequence of three B-frames and one P-fra.me Since each P-frame
is predicted using the mn_nedlately preceding anchor frar_ne (I- or P-frame), a
relatively linear degrade.fion in sharpness level for the P-frames is shown.
However, since each B—frenxe is predicted using the anchor frames (I-frame or
P-frame) surrounding the B-frame, two half pel interp_eletions are associated
with each B-frame. Thei'efore, each B-frame is shown as having a sharpness
level that is a half pel lower than the least accurate reference frame used to
predict the B-frame. It can be seen that the sharpness gf a video image is at a
maximum for each I-frame in the GOPs, with a varyi_ng .'arnount of degradation
in sharpness for each sneeessive frame in a GOP. A breathing artifact is
produced due to the va_fy_ing amount of degradation and rapid increase in
sharpness'level ata rate corresponding to the GOP display rate.

| In FIG. lB the ﬁrst I-frame (I,) is depicted as having a sharpness level of
maximum (max). The ﬁrst P-frame following that I—frame is depicted as having
a sharpness level of one h__alf pel lower than the maximum. The three B-frames
predicted using the ﬁrs't' I-frame and the first P-frame are depicted as having
sharpness levels of one half pel below the sharpness level of the P-frame.
Slmllarly, the second P—frame after the first I-frame has a sharpness level one
haif pel below the shaz_-_pness level of the first P-frame, from which it is predicted.
Thus, the B-frames predicted using the first P-frame and the second P-frame
have sharpness levels that are one half pel below the second P-frame sharpness
level ' '

FIG. 1C a graphical representation of a frame by frame quantization level
(i.e., granularity).with_in a 12 frame GOP comprising an initial I-frame followed
by a repeating sequenee of three B-frames and one P-frame. Since I-frames are
typically encoded with a finer quantization level than P-frames, and since
P-fram_es are typically eneoded with a finer quantization level than B-frames,
FIG. 1C depicts the change in quantization level of video images produced using
the GOP structure. It can be seen by inspection that the quantization level
starts at a fine level for the initial I-frame (I,) and degrades to a coarser level for
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the B-frames and to a’té‘és coarser level for the P—frém@s Thus, a video image
produced using the GOP structure depicted in FIG. 1C, including the
corresponding quantization granularity levels, will have an increase and
decrease in fidelity based upon the frame-type within the GOP structure used to
produce an individual video frame. This change or modulation of fidelity also
contributes to the aforementioned breathing artifact.

FIG. 2 depicts an embodiment of an MPEG-like decoder 200 according to
the invention. Specifically, the decoder 200 of FIG. 2 receives and decodes a
compressed video information stream IN to produce a video output stream OUT.
The video output stream OUT is suitable for coupling to, e.g., a display driver
circuit within a presentation device (not shown). The MPEG-like decoder 200
examines fidelity indicative parameters associated with the information frames
(e.g., video or image frames) within the compressed video information stream IN
to determine if a resulting decompressed information stream (e.g., a video
stream) will likely exhibit the above-described breathing artifact. In response to
a determination that a breathing artifact is likely to be present, the MPEG-like
decoder 200 modifies a decoded information stream in a manner tending to
attenuate the breathing artifact. Advantageously, the invention can operate
without any knowledge regarding the behavior of the encoder forming the
compressed video stream IN (other than the information within the compressed
video stream IN).

The MPEG-like decoder 200 of FIG. 2 comprises a video decoder 210, a

video processor 220 and a controller 230. Video decoder 210 operatesin a
relatively standard manner to receive and decode the compressed video
information stream IN to produce a decompressed video stream V1. The
decompressed video stream V1 is susceptible to breathing artifact caused by
inter-frame fidelity variations within GOPs and anomalies (or characteristics) of
the video decoder 210 itself, as described above. The decompressed video stream
V1 is coupled to video processor 220 and, optionally, controller 230.

Video processor 220, in response fo a degradation control signal C

produced by controller 230, adapts a degradation level of one or more frames
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within the decoded v1deo stream V1 to produce the video output stream OUT,
illustratively an baseband dlgltal v1deo stream. '

The video processor 220 operates in one of several degradation modes, as
will be discussed in more detail below. Bn_eﬂy, ina n_o;se injection mode of
operation, the video prdcessor 220 injects an amount :of E.'noisse (determined by the
controller 230) into a hlgher ﬁdehty image frame (e. g,, an I-frame) calculated to
reduce an effective quantlzatlon level of the higher ﬁdehty image frame. In this
mode of operation, breathmg artlfacts mduced by large dlﬁ'erences in inter-frame
quantization levels (e. g., per FIG. 1C) are reduced by reducmg inter-frame
quantization level d1fferences toa threshold dlfference level In a filter mode of
operation, the video processor selectively applies low pass filtering (LPF) and
high pass filtering (HPF) to one or more image frames or image frame types
within a GOP. Irz this mode of operation, Breathing artifacts induced by the
propagation of prediction errors are reduced by ﬁlteriog each image frame in a
manner tending to equ_alizé the amount of sharpness degradation among all the
image frames within a GOP. Other modes of operati‘oni-.:Will be discussed below.

Controller 230 receives a fidelity indicative pararneter signal DATA from
video decoder 210 indicative of a, e.g., q\_iantization 1e_v§ls, frame types, GOP
positions and other information regarding video frarrres'within the compressed
video input stream end. Optionally, the eontroller 23,0-1 _.'_receives the
decompressed video stream V1. In addition, controlle_r-230 optionally receives a
signal SOURCE ERROR indicative of errors imparted to the compressed video
information stream IN at the source (i.e., at the encoder).

Controller 230 processes the ﬁdelity indicative parameter signal DATA
and, optionally, the decompressed_ video stream V1 to determine a level of visual
fidelity degradation associated with one or more image frames or image frame
types within one or more GOPs comprising the compressed video information
stream IN. : |

The controller 230 then determines if the variations in image frame or
image frame type degradatlon levels are such that a breathmg art1fact is likely
to be produced by a subsequent presentation of the decompressed video stream
V1. If the identified degradation variations are likely to produce a breathing

8
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artifact (e.g., exceed i threshold difference level), then the controller 230
calculates one or mork degradation equalization pa;‘g;geters, which are then
coupled to the video processor 220 as degradation control signal C. The
operation of the controller 230 will be discussed in more detail below with
respect to FIG. 3.

In the exemplary embodiment of the MPEG-like decoder 200 of FIG. 2,
video decoder 210 comprises an input buffer memory module 211, a variable
length decoder (VLD) module 212, an inverse quantizer (IQ) module 213, an
inverse discrete cosine transform (IDCT) module 214, a summer 215, a motion
compensation module 216, an output buffer module 218 and an anchor frame
memory module 217.

The input buffer memory module 211 receives the compressed video
stream IN, illustratively a variable length encoded bitstream representing, e.g.,
a high definition television signal (HDTV) or standard definition television
signal (SDTV) output from a transport demultiplexer/decoder circuit (not
shown). The input buffer memory module 211 is used to temporarily store the
received compressed video stream IN until the variable length decoder module
212 is ready to accept the video data for processing. The VLD 212 has an input
coupled to a data output of the input buffer memory module 211 to retrieve, e.g.,
the stored variable length encoded video data as data stream S1.

The VLD 212 decodes the retrieved data to produce a constant length bit
stream S2 comprising quantized prediction error DCT coefficients, and a motion
vector stream MV. The IQ module 213 performs an inverse quantization
operation upon constant length bit stream S2 to produce a bit stream S3
comprising quantized prediction error coefficients in standard form. The IDCT
module 214 performs an inverse discrete cosine transform operation upon bit
stream S3 to produce a bitstream S4 comprising pixel-by-pixel prediction errors.
These prediction errors (and associated image degradation) are caused by
encoder-side quantization of the pixel information, as discussed above with
respect to FIG. 1C.

The summer 215 adds the pixel-by-pixel prediction error stream 54 to a
motion compensated predicted pixel value stream S6 produced by the motion

9
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compensation module 216. The motion compensated predicted pixel value
stream S6 will comprise a'predictiqp error c_bmponent (and aséoci_ated sharpness
degradation) that is rela._teldE to the number of pﬂor_prejdiétions used to produce
the bresent pixel value,'as discussed above with respect to FIG. 1A-1B. Thus,
the output of summer 215 is, in the exemplary embodi_mfgnt, a video stream S5
comprising reconstructéd pixel values that are degrad_éti by both quantizétion
errors énd by cumulatiw}é prediction errors, which are discussed above with
respect to FIG. 1A-1C.

The video stream S5 (including quantization and f_p.re_diction errors)
produced by summer 215 is coupled to the anchor fraiﬁg.'i!lemory module 217 and
the output buffer module 218. The anchor frame meﬁbw module 217 is
accessed by the motion compensation module 216 via s1gna1 path S7. The
motion compensation ni'odjﬂe 216 utilizes one or more Si;qred anchor frames (e.g.,
the I-frame or P-frame last frame of video produced at the output of the summer
215), and the motion vector signal MV received from-thfé VLD 212, to calculate
the values for the motion compensated predicted pixel value stream S6.

The video decoder 210 described above also .profh?.ée_s a fidelity indicative
parameter signal DATA indicative of a, e.g., quantizatién levels, frame types,
GOP positions and other information regarding videb flg_'ames within the
compressed video input stream end. Specifically, thésé},and,other fidelity
indicative parameters a’r_,e;'e'xtracted from the compre_ssé_d video information
stream IN by the VLD 212 in a standard manner. qu}_ example, if the
compressed video information stream IN comprises an MPEG video stream, the
VLD 212 examines the information contained in one or'more of the video
sequence header, GOP header, picture headér, slice __header and macroblock
header. The extracted information is coupled to the cor__itroller 230 as the fidelity
indicative parameter signal DATA. |

In the exemplary embodiment of the MPEG-like.decoder 200 FIG. 2, the
controller 230 comprises a microprocessor 234 as well as memorj 238 for storing~
at least one of a degradation equalization routine 300, a quantization
equalization routine 400 and a frequency equalization routine 500. The
operation of these routines will be discussed in detail below with respect to

10
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FIGS. 3-5. The microprocessor 234 cooperates with conventional support
circuitry 236 such as$oWwer supplies, clock circuits; cache mexhory and the like
as well as circuits that assist in executing the software routines. As such, it is
contemplated that some of the process steps discussed herein as software
processes may be implemented within hardware, e.g., as circuitry that
cooperates with the microprocessor 234 to perform various steps. The controller
230 also contains input/output circuitry 232 that forms an interface between the
microprocessor 284, the video decoder 210 and the video processor 220.
Although the controller 230 is depicted as a general purpose computer that is
programmed to perform specific control functions in accordance with the present
invention, the invention can be implemented in hardware as an application
specific integrated circuit (ASIC). Moreover, the controller 230 may be
functionally combined with one or both of the video processor 220 and the video
decoder 210. In fact, it is contemplated by the inventors that a single integrated
circuit comprising substantially all the functionality of the MPEG-like decoder
200 of FIG. 2 will be implemented as a single integrated circuit.

FIG. 8 depicts a degradation equalization routine 300 according to the
invention for reducing breathing artifacts in a video signal. The degradation
equalization routine 300 may be implemented as a control routine within the
controller 230 or, in the case of controller 230 not comprising a general purpose
computing device as depicted, as a logical function between cooperating modules
of the of the MPEG-like decoder 200 of FIG. 2. The degradation equalization
routine 300 is entered at step 302 when, e.g., the video decoder 210 of FIG. 2
begins to receive the compressed video information stream IN. The routine 300
then proceeds to steps 304.

At step 304 the relative degradation levels of received video frames or
video frame types are determined. The relative degradation levels are
determined by evaluating one or more parameters associated with each video
frame or video frame type. Specifically, one or more of various image or video
frame parameters such as frame quantization level (e.g., average of frame
macroblocks), frame type, frame position within GOP, frame spectrum and the
like may be analyzed to determine a degradation level associated a particular
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frame. The degradation level associated with a particular video or image frame
is then compared to, e..g., a nominal or average degradation level associated
with the frames comprising a GOP or a sub-set of the ﬁ‘éines comprising a GOP.
In this manner a degrad’aﬁon variance of a particular ﬁ'gme from a GOP or
sub-GOP mean is determined. The routine 300 then pi_fvb‘@;eeds to step 306.

At step 306 the degradation level and/or degradéﬁbn variance of some or
all of the frames evaluated in step 304 is used to COmpﬁté one or more
degradation equalization parameters for one or more frgines in the GOP. For
example, those frames within the GOP having relativeljr_.high fidelity (i.e.,
relatively low degradation) are degraded in terms of th'e'__one or more frame
parameters analyzed in step 304 such that the inter-ﬁ'ax___ne variance in fidelity
degradation within the GOP is constrained to a level at t;r below a level resulting
in a noticeable breathing artifact. The routine 300 then proceeds to step 308.

At step 308 the degradation equalization parameters computed at step
306 are applied to one or more appropriate frames wit_hih the GOP structure
such that the inter frame degradation variance within f_l___ie GOP structure is
appropriately constrained. Since degrading the fidelity of a video or image frame
is typically easier (in terms of processing complexity ém_i thé like), appropriate
frames will typically comprise those frames having a__lje_latively high fidelity
level. However, in the caée 6f a fidelity parameter that 1s susceptible to
enhancement, appropriate frames may comprise those frames having a relatively
low fidelity level. The ro'u'_tine 300 then proceeds to step _.3 10.

At step 310, a query is made as to whether more frames are to be
processed. If the query at step 310 is answered affirmatively, then the routine
300 proceeds to step 304. If the query at step 310 is answered negatively, then
the routine 300 proceeds to step 312 where it is exited.

It will be noted that one technique used to equaljze degradation levels is
to further degrade one or more relatively high fidelity video or image frames or
frame types. It has been determined by the inventor's that the decrease in
fidelity of, e.g., an I-frame in a GOP, is much less objectionable to a viewer than
the breathing artifact éffectively reduced or removed by the operation of the
invention. Thus, to the extent that a tradeoff is made in terms of shifting or

12
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selectively reducing visual, aural or other information fidelity within one or
more frames of a GOﬁ‘ﬁf}GOF, the resulting processed information stream (e.g.,
video output stream OUT) provides a superior presentétion to the information
consumer.

5 The invention contemplates the use of one or more methods for
determining degradation levels (step 304), computing degradation equalization
parameters (step 306) and applying degradation equalization parameters (step
308). Specifically, in one embodiment of the invention, the degradation

equalization routine 300 of FIG. 3 is adapted to reduce inter-frame variations

10 in quantization levels within 2 GOP to substantially a threshold quantization
variation level. The quantization equalization embodiment is especially well
suited for reducing breathing artifacts related to quantization level variations
between different types (i.e., I-frame, P-frame or B-frame) of video or image
frames, and will be described below with respect to FIG. 4.

15 In another embodiment of the invention, the degradation equalization
routine 300 of FIG. 3 is adapted to reduce inter-frame variations in frequency
domain within a GOP to below a threshold spectrum variation level. The
frequency response equalization embodiment is especially well suited for
reducing breathing artifacts related to the low pass filtering (i.e., reduction in

20 picture sharpness) imparted to predicted video or image frames (i.e., P-frames or
B-frames) due to the propagation of motion estimation errors, and will be
described below with respect to FIG. 5.

A first method involves examining a quantization level parameter
associated with each encoded video frame. Typically, video decoders such a

25 MPEG video decoders produce a GOP structure having a relatively high fidelity
I-frame followed by one or more P-frames and B-frames of diminishing fidelity.
It is important to encode the initial I-frame of a GOP structure at a high fidelity
level since this frame is used to predict subsequent frames within the GOP
structure. Thus, a fine quantization level is typically used by the quantizer in

30 the encoder. Since P-frames are used as anchor frames within a GOP structure
(i.e., P-frames are used to predict subsequent P-frames and immediately

subsequent and prior B-frames), P-frames are quantized at a level typically finer
13



10

15

20

25

30

WO 99/57685 PCT/US99/10204

than the level used for B-frames. As previously noted, variations in quantization
level within a GOP contribute to the undeéirable breathing aftifact. Thus, to
equalize the quantizatie_n levels within a GOP structufeé. it is necessary to
increase the effective quantization level of e.g., the I-fraiﬁ1e and/or one or more of
the P-frames W1th1n a GOP An example of quantlzatmn degradation
equalization will now be described w1th respect to FIG 4

FIG. 4 depicts a degradation equalization rout;ne_ 400 according to the
invention. Specifically, the degradation equalization _rbl_iti.ne 400 of FIG. 4 is
directed to reducing breathing artifacts in a video sigéai‘ related to quantization
level variations betweeix an I-frame within a GOP an_d' af_'_plurality of B;frames
within the GOP. The routine 400 adapts qﬁantizatior; l_e:vels within a GOP
structure such that the fidelity of an I-frame within a GCP is reduced to within a
threshold fidelity level of, illustratively, the average ﬁdehty level of a plurality of
B-frames within the GOP The degradation equahzatmn routine 400 may be
implemented as a control routine within the controller.__230 or, in the case of
controller 230 not comprising a general purpose compuﬁi‘_ng device as depicted, as
a logical function between cooperating modules of the MPEG-like decoder 200 of
FIG. 2. s

The degradation equalization routine 400 is entered at step 402 when,
e.g., the video decoder 210 of FIG. 2 begins to receive the compressed video
information stream IN. The routine 400 then proceeds to steps 404.

At step 404, a quantization parameter associated with an I-frame (Q,) is

determined by, e.g., averaging the quantization level o_f each macroblock within

~ the I-frame in the GOP being processed. Additionally, a quantization parameter

associated with the B-frames (Q,) is determined by, e.g,; averaging the
quantization level of each macroblock within one or mofe B-frames within the
GOP being processed. The determination may be made Wlth respect to, e.g., the
MPEG variable quantizer_scale, which may be found Wlthm the slice layer
header of an MPEG compliant video stream and which has an integer value
between 1 and 31 (assﬁming a constant quantizer table such as the default table
is used). It must be noted that quantizer_scale is also ecljustable at the macro
block layer.

14
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The routine 400 then proceeds to step 406, where a query is made as to
whether the quantizﬁi%“iﬁﬁ parameter associated with: the B-frame Q, is greater
than the sum of quantization parameter associated with the I-frame Q, plus a
quantization parameter threshold amount Q,,. The quantization parameter
threshold level Q,, represents a maximal quantization parameter deviation
between the B-frame quantization parameter Q, and the I-frame quantization
parameter Q, that does not result in a noticeable, quantization difference
attributable breathing artifact.

If the query at step 406 is answered affirmatively, then the routine 400
proceeds to step 408. If the query at step 406 is answered negatively, then the
routine proceeds to step 414, where a query is made as to whether more frames
are to be processed. Ifthe query at step 414 is answered affirmatively, then the
routine 400 proceeds to step 404. If the query at step 414 is answered
negatively, then the routine proceeds to step 416 and exits.

At step 408 the noise within the I-frame and the B-frames is
characterized. That is, the amount of noise expected to be found within an
I-frame having a quantization parameter Q, and within a B-frame having a
quantization parameter Q,is determined with respect to a quantization level
(i.e., step size) producing a noise distribution.

One method for determining the amount of additional noise expected to be
found within a B-frame is by estimating a power density function (pdf) of the
quantized AC coefficients of the B-frame DCT coefficients, and then subtracting
a similarly obtained pdf for the reference frame (e.g., the anchor frame used by
the motion compensation module). In the exemplary embodiment a pdf is kept
for each of 63 AC coefficients within the DCT. Since the Laplacian distribution
is a good approximation of the actual pdf for an AC coefficient, the exemplary
embodiment uses such a Laplacian distribution as the preferred pdf for fitting
the data. However, it will be recognized by those skilled in the art that other
distribution functions may also be employed in practicing invention. Moreover,
any one of several methods may be used to fit the data into the below-described
Laplacian pdf,
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As illustrated in equation 1, the pdf (i.e., pdf(x)) is estimated by computing
the o that minimizes the difference between the actual ‘probability of each
quantization level (computed from the received data) and the probability of that
quantization level if the pd__f was the estimated pdf.

pdf (x)= %e‘“l"l | (equation'D

That is, as illustrated equation 2, minimizing W1th respect to o, where the
summation is over all quantization bins B, p(B,) is the relative frequency of that
10 bin in the received signal, B,,, and B, -are the lower ax__id upper limits of the
quantization bin (i.e., the'iowest and highest values that would be quantized to

that value).

{ > p(B)- Tpdfa (x)dx} (equation 2)
15 . | .. g
Assuming the original (unquantized) pdf follows the estimated
distribution, the pdf of the error is computed by addmg the pdf of the difference
between the original and the reconstruction level for each quant1zat10n bin, as
illustrated in equation 3. - o

20 :
error _ pdf,(x)= 2 pdf, (_x ~ rec(B,))e @y (x) | (equatiah 3)

lif B,  <x<B,
where @, (x)= we « and
' 0 otherw1se

where rec(B)) is the reconstruction level for bin B..

25 The error_pdf is then compared to a (similarly obtained) error pdf for the
reference frame, and an appropriate amount of noise is added to the low noise
frame to reduce the breathing artifact. The added npise would has a similar (or

smaller) variance, and may also have the same pdf as the error pdf.
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At step 410 the characterized B-frame noise of step 408 is scaled to an
appropriate level dep‘@‘?i&mg upon the quantization patameter associated with
the I-frame Q,. That is, the previously determined pdf is scaled according to the
ratio of Q/Q, to produce a scaled pdf.

The routine 400 then proceeds to step 412, where the scaled characterized
noise is injected into the I-frame. In one embodiment of the invention this
injection of noise is realized by injecting a random number bounded by the scaled
quantization level determined at step 410. In this manner the effective
quantization parameter Q, associated with the I-frame is reduced to a
guantization parameter having a value within Q, of the quantization parameter
associated with the B-frames Q,. _

It must be noted that the routine 400 of FIG. 4 may be adapted to
simultaneously or individually address quantization level variations between
I-frames and P-frames and P-frames and B-frames. Moreover, though the
routine 400 is depicted as operating on each GOP individually, the inventors
contemplate that the routine 400 may be modified to operate on a plurality of
GOPs. For example, in the case of a constant bitrate compressed video stream
IN, the average bit budget for each GOP formed by an encoder is substantially
the same. However, in the case of a variable bitrate information stream, the bit
budget for each GOP formed by the encoder may vary as more or less bandwidth
becomes available for use by the encoder. In the variable bitrate case, an
additional variable is used to ensure that the average quantization parameter of
a GOP (Q,,,) does not vary from the average quantization parameter of one or
more preceding and succeeding GOPs by more than a threshold amount.

FIG. 5 depicts a flow diagram of a GOP equalization routine 500 according
to the invention. Specifically, the GOP equalization routine 500 of FIG. 5 is
directed toward reducing breathing artifacts in a video signal caused by
successive half pel interpolations of predicted frames within a GOP, as described
above with respect to FIG. 1.

The routine 500 is entered at stop 502, when, e.g., the video decoder 210 of
FIG. 2 begins to receive the compressed video information stream IN. The
routine 500 then proceeds to step 504, where a sharpness function is determined

17



10

15

20

25

30

WO 99/57685

PCT/US99/10204

using the GOP structure. That is, an estimation of the propagated degradation
in image sharpness is made based upon the types of frames within the GOP and
the number of frames w1thm the GOP. For example, a GOP comprising all
I-frames will suffer no sharpness degradatlon due to half _pel interpolations
(since no predictions are made). Sinﬁlarly, a GOP comp_l'fi__sing a single I-frame
followed by a plurality of P-frames and B-frames will suffer some level of
sharpness degradation aue to half pel interpolations. The sharpness function
determined at stop 504 1s an estimate of the amount of sj_}ich sharpness
degradation as a function of frame position and/or ﬁ'amg,type within the GOP.
The routine 500 then proceeds to step 506. .

At step 506 equalizing filter parameters are calculated The equalizing
filter parameters comprise low pass and/or high pass ﬁlt_er parameters
associated with one or more frames within the GOP. That is, a baseline level of
sharpness is selected (e'.'g., a minimum sharpness levé} as defined by the most
severely sharpness degraded frame, a median sharpnesé__"level defined by an
average sharpness level of all the frames, or a particulai' frame type, within the
GOP and the like). The""equalizing filter parameters-; are determined for each
frame within the GOP Based on the position of the frame and/or frame type such
that the relative difference in sharpness between frames within the GOP is
reduced to below a threshold level, as previously descrlbed with respect to FIG
1. The routine 500 then proceeds to step 508. _

At step 508 the calculated equalizing filter parameters are used to
equalize, as necessary, “one or more of the frames Wlthm the GOP. The routine
500 then proceeds to step 510 where a query is made as to whether additional
GOPs are to be processed. If the query at step 510 is ahswered negatively, then
the routine 500 proceeds to step 512 and exits. If the query at step 510 is
answered affirmatively, then the routine 500 proceeds to step 504, where a
sharpness function related to the hext GOP is calculatad. That is, the routine
500 is repeated for each subsequent GOP. In a case of a fixed GOP structure,
the sharpness function determined at step 504 and the equalizing filter
parameters calculated at step 506 may be reused for each subsequent GOP.
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In one embodiment of the invention “training sequences” are utilized to
characterize the errof ifhparted to a sequence of decoded images by the decoder
itself. For example, if a distortion within a decoded GOP is introduced by a
known factor (e.g., by the motion interpolation filter in the receiver or decoder), a
pre-emphasis filter is computed to compensate for the known factor. To identify
the distortion, a spectrum analysis function is utilized. That is, the actual
spectral characteristic(s) of a training sequence comprising one or more “typical”
decoded video frames compared to an “expected” spectral characteristic(s). The
gpectral characteristics of subsequently decoded video frames are then
“corrected” based on filters obtained from the training sequences. It should be
noted that the “expected” spectral characteristics may be determined with
respect to a second decoder.

The transfer function of the spectral correction filter is determined as the
ratio of the expected spectrum and actual spectrum as a function of frequency.
This is the desired frequency response of the signal. The filter may be
implemented as, e.g., a finite impulse response (FIR) or infinite impulse
response (IIR) filter. For example, in one embodiment of the invention,
coefficients for an FIR filter substantially satisfying the determined transfer
function are calculated, inverted and windowed to a desired number of taps. The
resulting FIR filter is used to process each decoded frame such that the spectral
characteristics of the decoded frame approach the previously-described
“expected” spectral characteristics, thereby equalizing the decoded video output
signal.

FIG. 6 depicts a flow diagram of a degradation equalization routine 600
according to the invention. Specifically, the degradation equalization routine
600 of FIG. 6 is directed towards reducing artifacts imparted to a sequence of
decoded images by, e.g., anomalies within the decoder itself. The routine first
characterizes the decoder using a training sequence. The training sequence
comprises a “gold code” sequence of encoded images that have been previously
been processed using a “known good” decoder to produce an output image

sequence having an associated spectral characteristic. This associated spectral
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characteristic of the known good decoded gold code is denoted as an “expected
spectrum.” o

The routine 600 is entered at step 602, and proceeds to step 604 Where a
training sequence is run. The running of the training sequence comprises the
application to the decoder input (via, e.g., a switch or niultiplex unit) of the
known “gold code” seque’nce of encoded images (e.g., an MPEG~like compressed
video information stream) such that a decoded tra.ining ihformation stream is
produced. The routine 600 then proceeds to step 606, where the decoded
training mformatlon stream is spectrally analyzed to produce a training
sequence spectrum. The routine 600 then proceeds to step 608.

At step 608 the treirxing sequence spectrum compiited at step 606 is
compared to the expected spectrum (i.e., the previously calculated spectrum of
the “gold code” video training sequence as produced by a known good decoder).
Since, broadly speaking, the differences between the treining sequence spectrum
and the expected spectrurn are primarily caused by differences in decoder
behavior, spectral anomalies introduced into the decode_d video information
stream by the decoder may be isolated from spectral eriomalies introduced into
the decoded video stream'by virtue of half pel interpolation, or other
non-decoder error sources. The routine 600 then proceeds to step 610.

At step 610 a query is made as to whether the GOP structure of the v1deo
information stream to be decoded is known (i.e., the n_o_n-traimng compressed
video sequence). If the qiiery at step 610 is answered éfﬁrmatively, then the
routine 600 proceeds to step 612 where a GOP equalizing filter is computed
based upon the spectral variances between the training sequence GOP and a
spectrally analyzed GOP from the compressed video irifo_rmation stream to be
decoded. That is, spectral variations between the “golld.-code” GOP and the
received GOP are compared and used to compute an equalizing filter such that
the spectral variances bei:ween these GOPs are reduced.-to. a level below a
threshold level. The routine 600 then proceeds to step 614, where the computed
GOP equalizing filter is applied to the received GOP. - .

The routine 600 then proceeds to step 6186, whe_re' a query is made as to
whether more GOPs are to be processed. If the query _at step 616 is answered
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affirmatively, then the routine proceeds to step 614 where the computer filter is
applied to the next Géf? Optionally, the routine may proceed to step 612, where
a spectral analysis and comparison function is performed on the next GOP to be
processed, resulting in a new GOP equalizing filter calculation. If the query at
step 616 is answered negatively, the routine 600 proceeds to step 618 and exits.

If the query at step 610 is answered negatively, then the routine 600
proceeds to step 620, where spectral variations between frame types within the
“gold code” training sequence and the received compressed video information
stream are made. That is, spectral variations between, e.g., P-frames within the
gold code training sequence and P-frames within the received video information
stream are compared. Similarly, spectral variations between I-frames and
B-frames may also be compared. The routine 600 then proceeds to step 622.

At step 622 one or more frame-type equalizing filters based upon frame
spectral variances are computed. That is, spectral variations between, e.g.,
P-frames of the gold code training sequence and P-frames of the received
information stream are used to compute a equalizing filter which, when applied
to the P-frames within the received information stream, will reduce the spectral
variations to below a threshold level. The filter selection made for a particular is
also related to the number of I-frames and P-frames preceding the particular
frame within the GOP. For example, since the magnitude of a prediction errors
increases as a prediction error is propagated to later frames within a GOP, the
filter utilized for later frames within the GOP is selected to impart a
correspondingly greater amount of change to the underlying signal. The routine
600 then proceeds to step 624.

At step 624, the frame-type filters computed at step 622 are applied to
each appropriate frame within a received GOP. The routine 600 then proceeds
to step 626, where a query is made as to whether more frames are to be
processed. If the query at 626 is answered negatively, then the routine proceeds
to step 630 and exits. If the query at 626 is answered affirmatively, then the
routine then proceeds to step 628, where the next frame is selected for
processing, and to step 624, were the selected frame is filtered according to the
appropriate frame-type filter computed at step 622. That is, the next frame that
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is selected (i. e., an [-frame, .P-frame or B-frame) is filtered according to an
I-frame spectral equahzmg filter, a P-frame spectral equalizing filter or a
B-frame spectral equahzmg filter, as previously computed at step 622.

The above-descnbed embodiments of the 1nvent10n are directed toward
decoder having sufficient memory resources to store an eéntire GOP for
processing. However, whei'e memory constraints preice;i;t the storage and
processing of an entire GOP structure, the inventors -:co.dtemplate several
methods for reducing the aforementioned breathing artifact

In a first method accordmg to the invention and d1rected to memory
constrained decoders, a single frame within the GOP i is' selected as the “fidelity
reference” frame. The oth_er frames within the GOP are degraded or enhanced as
riecessai'y to conform to a level of fidelity within a threShold level of the fidelity
reference frame. This method will be described in mc_re_:ff detail below with respect
to FIG. 7. | |

In a second method according to the invention ahd directed to memory
constrained decoders, the characteristics of a previod_s',l}{ decoded GOP are used
to adapt a GOP presently being decoded. That is, the characteristics of a first
GOP are determined and stored as that first GOP is prccessed. For example, the
GOP structure itself, quahtization levels utilized in the.GOP and other such
fidelity-related parameters are stored. A second GOP, following the first GOP, is
processed in a manner ut111z1ng the stored parameters determined with respect
to the first GOP. Smce these parameters typically do not change much between,
e.g., GOPs including i images representing a common. scene the assumptions are
useful. Moreover, even in the event of a scene change, e,ny fidelity differences
between the last GOP of a first scene and the first GO:P_ of a second scene will not
be noticeable in view of the actual scene change (i.e., the large visual
discohtinuity caused by the scene change will tend tc n@ask any breathing
artifact due to inaccurate GOP parameter predictions).: These methods according
to the invention and directed to memory constrained -decoders provide an
advantage in that there is no need to wait for a full GOP to be received prior to
decoding the GOP.
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FIG. 7 depicts a flow diagram of a degradation equalization routine 700
according to the invéli#isn and suitable for reducing b;peathing artifacts within
the context of a memory-constrained decoder. The routine 700 is entered at step
702, when, e.g., the video decoder 210 of FIG. 2 begins to receive the compressed
video information stream IN. The routine 700 then proceeds to step 704, where
a portion of the GOP is stored in memory. Specifically, a portion of the GOP
including at least a predetermined reference frame (e.g., the first anchor frame
after an initial I-frame) is stored in memory. Alternatively, only the
predetermined reference frame is stored in memory. The routine 700 then
proceeds to step 706.

At step 706 the stored reference frame is characterized in the manner
previously described by noting, e.g., the quantization step size, position within
the GOP, frame type and other parameters. The reference frame
characterization results in an approximate baseline level of fidelity that other
frames within the GOP will be enhanced and/or degraded to achieve. That is, in
the case of an I-frame having significantly greater fidelity than the selected
reference frame, the I-frame will be processed in a manner that degrades the
fidelity somewhat such that fidelity differences between the I-frame and the
selected reference frame are reduced to below a threshold level. Similarly, if the
fidelity level of the selected reference frame is significantly higher than, e.g.,
one or more B-frames within the GOP, the B-frames will be filtered in a manner
tending to result in an apparent increase in fidelity. For example, the B-ﬁ'ameé
may be subjected to high-frequency enhancement to help offset a low pass
filtering induced by half pel interpolation within the decoder. The routine 700
then proceeds to step 708.

At step 708 the frames within the GOP are processed according to the
characterized parameters of the reference frame. Specifically, in step 708 any
frames stored along with the reference frame are selectively enhanced or
degraded according to the reference frame characteristics determined at step
708. The routine 700 then proceeds to step 710, where a query is made as to

whether more frames exist within the GOP to be processed.
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If the query é.t step 710 is answered affirmatively, then the routine
proceeds to step 716, where the next frame within the GQP is- processed per the
reéference frame characteristics determined at step 7 06 "?I‘he routine 700 then
proceeds to step 710.

If the query at step 710 is answered negatively, -t#en the routine proceeds
to step 712, where a query is made as to whether more _C_rOPs are to be processed.
If the query at step 712 is answered negatively, thanthe routine 700 proceeds to
step 714 and exits. If the query at step 712 is answered:_afﬁrmatively, than the
routine 700 proceeds to step 704, where the routine 700 is repeated for the next
GOP. It must be noted that since GOP to GOP characteristics change relatively
slowly (except for, e.g., scene cuts), the next GOP may be optionally processed
using the characterized reference frame from the pre._ceding GOP.

In another embodiment of the invention, each GOP is processed according
to an average statistical measure of the previous GOP;.'._.:-That is, each GOP is
characterized using one or more of the above-described techniques as the GOP is
being processed. The results of that characterization are used to process the
next GOP. In this manner, the amount of memory required is greatly reduced.
Moreover, since the potential inter-GOP fidelity erro_r. vifill be corrected within
one GOP, there will be little, if any, breathing artifaéts between the last GOP of
a scene and the first GOP of a following scene. .

In another one embodiment of the invention, err_(;r correction ar_ld/or
eqﬁalization is imparted to the decoded video stream oi_i a block by block basis.
Advantageously, block level processing provides greétly enhanced control of the
equalization process. For example, high pass filtering is appropriately applied to
blocks where help-pel interpolatioh was used, but not tb blocks having integer
motion vectors. Blocks having integer motion vectors typically do not included
the previously discussed half pel error component and, therefore, are not
degraded in the previously discussed low pass filtering manner such that an
equalizing high pass ﬁltéring is warranted. Additionally, block by block
processing provides greater control of the equalization._process such that, e.g., the

controller can ensure that an equalization or correction imparted to a block
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never exceeds the quantization step, thereby avoiding the introduction of
excessive distortion mtso a resulting image.

Finally, it should be noted that a * “copy” of the ongmal reference frame, as
decoded by the decoder, may be stored and use as a reference to limit drift to the
desired maximal level, such as one quantizer step.

Thus, in one embodiment of the invention, an “enhanced” reference frame
(i.e., a reference frame comprising blocks having a maximal level of fidelity) is
formed by adding correction information to the “original” or “nominal” reference
frame. The enhanced reference frame is then stored along with the original
reference frame. Each time a correction is made to avoid the breathing artifact,
it is desirable to examine the correction so that the correction itself does not
introduce a new artifact. This may be done by limiting the difference between
the enhanced reference frame and the original reference frame to less than one
quantization step when the DCT of the difference is computed. Thus, in one
embodiment of the invention, a DCT of the difference between a block within the
enhanced reference frame (i.e., a “corrected” block) and a corresponding block
within the original frame is computed. If this difference exceeds a threshold
level, illustratively one quantization step, then the original block is used or,
optionally, the corrected macroblock is reprocessed. Additionally, this process of
controlling the correction imparted to enhanced blocks is used for non-reference
frames.

FIG. 8 depicts a flow diagram of a block level correction control routine
according to the invention. The routine 800 is entered at step 802, and proceeds
to step 804, where a block or macroblock is corrected. The routine 800 then
proceeds to step 806, where the corrected macroblock or block is compared to a
eorresponding uncorrected macroblock or, to produce a different quantity. The
routine 800 then proceeds to step 808, where a discrete cosine transforms (DCT)
is performed on the difference between the corrected and uncorrected macroblock
or block. The routine 800 then proceeds to step 810, where a query is made as to
whether the quantizer step size of the DCT performed at step 808 is greater than
one. If the query at step 810 is answered negatively, then the routine proceeds
to 812 and exits. If the query at step 810 is answered affirmatively, then the
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routine proceeds to step 814 ‘where a query is made as to whether the block or
macroblock should be reprocessed.

If the query at step 814 is answered afﬁrmatlvely, then the routine 800
proceeds to step 804, ‘where the block or macroblock i 1s ;_'eprocessed or
re-corrected. The reprocessing or re-correction at step; 804 utilizes the additional
information of the DCT quantizer step size and DCT inférmation formed at step
808. | e
If the quefy at step 814 is answered negatively, then the routine 800
proceeds to step 816, where the UN-corrected block or n@acroblock is used instead
of the corrected macroblock. The routine 800 then preéeeds to step 812 and
exits. _ - |

Another block-based embodiment of the invent_iqﬁ is similar to that
described above with respect to FIG. 3 or FIG. 4, exce'pt-'.:that the relative
degradation levels are determined with respect to 1nd1v1dua1 blocks, and the
individual blocks are processed in a manner addressmg quantization and/or half
pel prediction degradations. '

Another block-based embodiment of the invenf;idn_ is similar to that
described above with respect to FIG. 7, except that the blocks are processed to
conform to, e.g., the average fidelity levels of the bloc:k,_s_} in a particular frame
type or intra-GOP frame position. E |

In one embodiment of the invention, the correcti_en filter is computed in an
encoder and transmitted to the decoder along with the encod_ed video stream.
The correction filter may comprise an auxiliary stream, an enhancement layer
stream or be included within a user data field. The decoder receives and utilizes
the correction filter data to filter and enhance the pietui'e in the manner similar
to that previously described. However, since in this embodiment the encoder is
responsible for computing a correction factor, the correcﬁion factor will be much
more accurate. It should be noted that in the case ofa decoder not utilizing the
encoder-provided correction factor, the amount of cofreetion is relatively small
(though sufficient to attenuate breathing artifacts) and the non-utilizing decoder

will still be able to decode the received compressed video stream.
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The present invention can be embodied in the form of
computer—implementéd-processes and apparatuses for.practicing those processes.
The present invention also can be embodied in the form of computer program
code embodied in tangible media, such as floppy diskettes, CD-ROMs, hard
drives, or any other computer readable storage medium, wherein , when the
computer program code is loaded into and executed by a computer, the computer
becomes an apparatus for practicing the invention. The present invention can
also be embodied in the form of computer program code, for example whether
stored in a storage medium, loaded into and/or executed by a computer, or
transmitted over some transmission medium, such as over electrical wiring or
cabling, through fiber optics, or via electromagnetic radiation, wherein, when the
computer program code is loaded into and executed by a computer, the computer
becomes an apparatus for practicing the invention. When implemented on a
general-purpose microprocessor, the computer program code segments configure
the microprocessor to create specific logic circuits.

Although various embodiments which incorporate the teachings of the
present invention have been shown and described in detail herein, those skilled
in the art can readily devise many other varied embodiments that still

incorporate these teachings.
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What is claimed is:

1. In a system for procéssing a sequence of cqmpre’ss__cjad images arranged
according to a group of pictures (GOP) information strucfure, a method for
reducing an inter-GOP visual artifact comprising the stéi)s of:

determining (304) for a first type of information frame within said GOP
information structure, a respectlve level of fidelity degradatlon

determining (304), for a second type of 1nformat10n frame within said GOP
information structure, a respective level of fidelity degradatmn,

computing (306) using said determined levels of ﬁdehty degradation, a
degradation equalization parameter; _ _

processing (308), using said computed degradatiog equalization
parameter, one of said first and second types of informa_tion frames such that
said first and second types of information frames have levels of fidelity |

degradation within a predetermined range.

2, The méthod of claim 1, wherein said first type of information frame
comprises one of an intra-coded information frame (I-frame) and a forward
predicted information frame (P-frame), and said second g:ype of information

frame comprises a predictive coded information frame (P-frame or B-frame).

3. The method of claim 1, wherein said level of fidelity degradation is

determined with respect to a level of quantization.

4, The method of claim 1, wherein said first type of information frame has a
higher fidelity level than said second type of .informatio_;i frame, and said step of
processing comprises the steps of:

characterizing (408) a quantization noise paraméter Q, associated with
said second type of information frame; ' _

scaling (410), according to said degradation equalization parameter, said

characterized quantization noise parameter; and

—_ 28

N O R O

v



10

15

20

25

30

WO 99/57685 PCT/US99/10204

injecting (412), into said first information frame, quantization noise

approximating said s_éaled quantization noise parameter.

5. The method of claim 1, further comprising the steps of:

determining, for a third type of information frame within said GOP
information structure, a respective level of fidelity degradation; and

processing, using said computed degradation equalization parameter, said
third type of information frames such that said first, second and third types of

information frames have levels of fidelity degradation within a predetermined

range.

6. In a system for decoding a sequence of compressed video information
frames arranged according to a group of pictures (GOP) information structure, a
method of reducing visual artifacts comprising the steps of:

determining (304) a relative fidelity degradation level of a plurality of said
compressed video information frames within a GOP;

computing (806), using said determined relative fidelity degradation level,
a fidelity degradation equalization parameter; and

applying (808), to one or more compressed video information frames
within said GOP, said computed fidelity degradation equalization parameter
such that said relative fidelity degradation level is reduced to a threshold level.

7. The method of claim 6, wherein said relative fidelity degradation level is
determined with respect to one of a quantization level, a compressed video
information frame type, a relative position of said compressed video information
frames within said GOP, a spectral information distribution of said compressed
video information frames within said GOP and a sharpness level of said

compressed video information frames within said GOP.

8. The method of claim 6, further comprising the steps of:
comparing (608) a spectral information distribution to an expected
spectral distribution;
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calculating (622) a spectral distribution equalization parameter; and

applying (624) said spéctral distribution equalization pé.rameter to said
GOP such that said spectral information distribution and said expected spectral
distribution are within a threshold level.

9. In a system for decoding a sequence of compressed video iﬁfomaﬁon
frames arranged according to a group of pictures (GOP) information structure,
apparatus comprising:

a video processor (220), for processing video information frames (VI) in
response to a control signal (C); and

a controller (230), for generating said control signal in response to indicia
of fidelity of said video information frames; |

said controller determining (304) a relative fidelity degradation level of a
plurality of said compressed video information frames within a GOP, and
computing (306), using said determined relative fidelity degradation level, a
fidelity degradation equalization parameter;

said video processor applying (308), to one or more video information
frames within said GOP, said computed fidelity degradation equalization
parameter such that said relative fidelity degradation level is reduced to a
threshold level.

10. The apparatus of claim 9, wherein said video processor reduces fidelity
levels of relatively high fidelity video information frames by injecting

quantization noise into said relatively high fidelity video information frames.
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