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DEBLOCKING FILTER FOR ENCODER/DECODER 
ARRANGEMENT AND METHOD WITH 

DIVERGENCE REDUCTION 

RELATED APPLICATIONS 

[0002] This is a continuation-in-part of US. patent appli 
cation Ser. No. 09/064,397, ?led on Apr. 22, 1998 (Docket 
No. 8X8S.208PA). 

FIELD OF THE INVENTION 

[0003] The present invention relates to data compression 
and decompression in an encoding/decoding system. The 
present invention has particular application for image cod 
ing/decoding systems Where communicating terminals 
employ reconstruction algorithms based on previously 
decoded images. 

BACKGROUND OF THE INVENTION 

[0004] Videocommunication equipment, such as video 
conferencing systems and videophone devices, have enabled 
people to communicate visually Without having to travel to 
a common location. As a result, communication participants 
can be separated by large distances. 

[0005] Atypical videoconferencing uses a video camera to 
capture a series of images of a target, such as a meeting 
participant or a document. The series of images is encoded 
as a data stream and transmitted over a communications 

channel to a remote location. For eXample, the data stream 
may be transmitted over a phone line, an integrated services 
digital netWork (ISDN) line, or the Internet. The encoding 
process is typically implemented using a digital video coder/ 
decoder (codec), Which divides the images into blocks and 
compresses the blocks according to a video compression 
standard, such as the H.263 and H.261 recommendations by 
the Telecommunication Standardization Sector of the Inter 
national Telecommunication Union (ITU-T). In standards of 
this type, a block may be compressed independent of the 
previous image or as a difference betWeen the block and part 
of the previous image. 

[0006] In a typical videoconferencing system, the data 
stream is received at a remote location, Where it is decoded 
into a series of images, Which may be vieWed at the remote 
location. Depending on the equipment used, this process 
typically occurs at a rate of one to thirty frames per second. 

[0007] In some videoconferencing applications, it is desir 
able to transmit a high quality still image. Until the image is 
completely received and decoded, the receiving terminal is 
often unaWare of its content. Some decoders decode and 
display a block only after they have received the complete 
image. With the image being transmitted as a series of 
blocks, considerable delay is often involved in transmitting 
the entire image. For eXample, in applications Where the 
available bandWidth for transmitting data is small, transmis 
sion of a 352x288 piXel image may require up to a minute. 
In order to transmit still images more quickly, the image may 
be highly compressed. 

[0008] The above-mentioned Telecommunication Stan 
dardiZation Sector recently revised ITU-T H.263 recommen 
dation by appending thereto Annex J: Deblocking Filter 
Mode. This anneX describes an optional loop ?lter (also 
referred to as block edge ?lter or deblocking ?lter) to be 
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used Within the prediction loop used for coding in each of 
the send and receive terminals in image communicating 
system. The main purpose of the loop ?lter is to reduce 
blocking artifacts. Such artifacts often appear at boundaries 
betWeen different image blocks. The above-mentioned 
anneX, not unlike other recommendations by the ITU, Was 
adopted after much research and consideration for the pur 
pose of providing communicating image terminals of vari 
ous types and manufacturers the ability to communicate 
images accurately. 
[0009] In connection With the present invention, a signi? 
cant discovery has been made. After intense research, it has 
been discovered that respective implementations of tWo 
image communication terminals, each fully compliant With 
the above-mentioned anneX to the ITU-T H.263 recommen 
dation result in visually apparent artifacts Which result from 
divergence betWeen sending and receiving terminals. Such 
artifacts appear as long as the loop ?lter portion of AnneX J 
is used, irrespective of Whether the other portions of AnneX 
J (Unrestricted Motion Vectors, 4MV) are also used. The 
response by the ITU-T Was one of surprise. 

SUMMARY OF THE INVENTION 

[0010] Generally, the present invention provides methods 
and arrangements for the removal or reduction of divergence 
artifacts betWeen the transmitting codec and the receiving 
code. In one general embodiment of the invention, a method 
for transmitting a representation of an image from a ?rst 
terminal to a second terminal uses a communications chan 

nel on Which communication has been established betWeen 
the ?rst terminal and the second terminal. The method 
operates each of the ?rst and second terminals using an 
inverse transformer loop having a decoding algorithm that 
accumulates at least one error, and selectively uses a loop 
?lter in the inverse transformer loop based on at least one 
predetermined condition. In a more speci?c embodiment, 
the predetermined condition includes at least one of: sur 
passing a quantiZation parameter threshold; and processing 
chroma channel data. 

[0011] In another method embodiment, the present inven 
tion provides a method for encoding and decoding a repre 
sentation of an image for communication betWeen a ?rst 
terminal to a second terminal. The method comprises: oper 
ating each of the ?rst and second terminals using an inverse 
transformer loop having a decoding algorithm; and prevent 
ing unacceptable accumulation of an error Within the inverse 
transformer loop by at least one of: pre-processing input data 
before using the inverse transformer loop to process the 
input data; using the inverse transformer in the loop accord 
ing to a bit-exact speci?cation betWeen the encoder and 
decoder in the resepctive ?rst and second terminals; using 
the inverse transformer in the loop according to one of a 
plurality of bit-eXact speci?cations betWeen the encoder and 
decoder in the respective ?rst and second terminals and 
negotiating a common decision on the particular speci?ca 
tion through encoder/decoder negotiation; providing a quan 
tiZation value in the inverse transformer loop that takes into 
account that the effect of the quantiZation values on loop 
?lter divergence so as to be less prone to divergence; 
adjusting or providing transform coefficients to limit diver 
gence; choosing an encoding mode for macro-blocks of 
input data; modifying the encoder to refresh portions of the 
image that are diverging; modify the loop ?lter character 
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istics so that inverse transform mismatches are not ampli 
?ed; applying the loop ?lter to input data corresponding to 
a frame buffer image just before sending to a display circuit 
Without Writing back the results to a frame buffer in the loop. 

[0012] Certain other aspects of the invention are directed 
to encoding and decoding equipment and circuits con 
structed and arranged to operate according to the above 
methodology. 

[0013] The above summary is not intended to characteriZe 
each embodiment of the present invention. Other aspects of 
the present invention Will become apparent upon revieW of 
the ?gures and corresponding “Detailed Description”. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Various aspects and advantages of the present 
invention Will become apparent upon reading the folloWing 
detailed description of various embodiments and upon ref 
erence to the draWings in Which: 

[0015] FIG. 1 illustrates a videoconferencing system 
implementing an embodiment of the present invention; 

[0016] FIGS. 2, 2A and 2B illustrate in block diagram 
form various additional embodiments of an encoding 
arrangement according to the present invention; 

[0017] FIG. 3 illustrates in block diagram form an 
embodiment of a decoding arrangement, according to the 
present invention, that is useful for decoding images sourced 
from the encoding arrangement of FIG. 2 and generally 
consistent With other ones of the illustrated encoding/decod 
ing methods and processes discussed beloW; 

[0018] FIG. 4 illustrates in block diagram form another 
embodiment of an encoding arrangement according to the 
present invention; 

[0019] FIG. 5 illustrates in block diagram form another 
embodiment of an encoding arrangement according to the 
present invention; 

[0020] FIG. 6 illustrates in block diagram form another 
embodiment of an encoding arrangement according to the 
present invention; 

[0021] FIG. 7 illustrates in block diagram form another 
embodiment of an encoding/decoding arrangement accord 
ing to the present invention; 

[0022] FIGS. 8A and 8B illustrate in graphic form char 
acteristics of respective transform loops according to par 
ticular embodiments of the present invention; and 

[0023] FIG. 9 illustrates in block diagram form another 
embodiment of an encoding/decoding arrangement accord 
ing to the present invention. 

[0024] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of example in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiment described. On the contrary, the invention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 
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[0025] Detailed Description 

[0026] The present invention is believed to be applicable 
to a variety of systems and arrangements that transmit and 
decode compressed images. The present invention has been 
found to be particularly advantageous in videoconferencing 
applications in Which the reconstruction algorithms of the 
compressor encoder and compressor decoder are not iden 
tical. A particular example application is an application 
intending to be compliant With the ITU-T H.263 Annex J 
recommendation Where the accuracy of the prediction opera 
tion at the communicating terminals is de?ned using statis 
tical data, rather than a bit-exact or operation-speci?c meth 
odology at both ends. While the present invention is not 
necessarily limited to such applications, an appreciation of 
various aspects of the invention is best gained through a 
discussion of example arrangements operating in this type of 
application. 
[0027] In connection With the present invention, it has 
been discovered that the nature of the ITU-TH.263 Annex J 
recommendation permits the accumulation of seemingly 
negligible differences betWeen transmitting codec’s predic 
tion frames and the receiving codec’s prediction frames, 
therefore resulting in signi?cant distortion of the receiving 
codec’s decoded images. This occurs even though mis 
matched inverse transformations, in this case IDCTs, are 
compliant according to ITU-T H.263 Annex A (“Inverse 
Transform Accuracy Speci?cation”). 

[0028] The problem can be best understood by referring to 
an example image-communication system, such as the vid 
eoconferencing system 10 of FIG. 1 and the other illustrated 
encoding and decoding arrangements. 

[0029] FIG. 1 illustrates an example videoconferencing 
system 10 particularly suited for use in connection With the 
present invention. A ?rst videoconferencing station 12 
includes a ?rst terminal 14 that receives images from a 
camera 16. The images are processed by a codec in the 
terminal 14 and are transmitted over a communications 
channel 20. For example, the images may be transmitted 
over a telephone line, an ISDN line, an Internet channel, or 
a similar communications netWork. The images are then 
received by a second videoconferencing station 22, includ 
ing a second terminal con?gured to be compatible With the 
?rst terminal. To facilitate the discussion beloW, the ?rst and 
second terminals 14 and 24 are respectively referred to as 
local and remote terminals. It should be understood, hoW 
ever, that the features described can be incorporated into 
either or both terminals. The remote videoconferencing 
station 22 may further include a camera 26 and a codec 28. 
The remote videoconferencing station 22 receives the 
images over the communications channel 20 from the local 
videoconferencing station 12 and decodes them using the 
codec 28. The decoded images may be displayed on a 
display monitor 30. In this manner, meetings can be con 
ducted, for example, With participants separated by long 
distances With all meeting participants able to see each other. 

[0030] FIG. 2 illustrates another embodiment of an encod 
ing arrangement 300 that is particularly suited for use in the 
present invention. An original image is stored in a memory 
301, such as a frame buffer. The original image is received 
by a summing element 302, Which is con?gured and 
arranged to calculate difference information representing the 
difference betWeen the original image and an image stored 
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in a memory 304, such as a frame buffer. When no image is 
initially stored in the memory 304, the original image is 
passed to a transformation block 306, Which transforms the 
image into coef?cient data selected from a continuous range 
of values. In the illustrated example, the transformation 
block 306 performs a discrete cosine transform (DCT) on 
the original image. To encode a stream of images, the 
original image is replaced With successive frames after 
encoding each frame. 

[0031] The coef?cient data is further transformed by a 
transformation block, illustrated as a quantizer 308, Which is 
controlled by a coding control block 310. The quantizer 308 
maps the coefficient data to a discrete set of values by 
dividing the continuous range of values into a set of non 
overlapping subranges. Each subrange is mapped to a single 
value, such that Whenever a coef?cient falls Within a given 
subrange, the quantizer 308 generates the corresponding 
discrete value. The size of the subranges and the quality of 
the quantization are controlled by the coding control block 
310. 

[0032] The quantized data thus generated is encoded by an 
encoding block, illustrated as a Huffman encoder 312. For 
eXample, the quantized data may be encoded as a run length 
vector. The encoded data is stored in a memory 314 for 
transmission over a communications channel 316. 

[0033] The quantized data is also received by a transfor 
mation block 318. The transformation block 318, imple 
mented as an inverse quantizer in the illustrated eXample, 
maps the quantized data to a continuous range of values. The 
quality of the inverse quantization is controlled by the 
coding control block 310. A second transformation block 
320 further transforms the quantized data using an inverse 
discrete cosine transform (IDCT) to reconstruct the image as 
it Would be seen at a remote videoconferencing station. 

[0034] Using a loop ?lter 303 to smooth out transitions at 
image block boundaries, the reconstructed image is incor 
porated into the image previously stored in the memory 304 
by a summing element 322, and the image thus produced is 
stored in the memory 304 as the neW reference frame for 
encoding the neXt frame. The memory 304 provides the 
reconstructed image to the summing element 302, and the 
process is repeated, either by continuing to encode succes 
sive frames of video, or by progressively improving a single 
still image. 

[0035] FIG. 2A illustrates another eXample embodiment 
of a decoding arrangement 350. The functional blocks 
illustrated in FIG. 2A correspond and perform as described 
in connection With the corresponding blocks of FIG. 2, With 
certain eXceptions relating to the coding control block 310 of 
FIG. 2. In FIG. 2A, the coding control block 310‘ is used not 
only to control the quality of the quantization and inverse 
quantization as discussed in connection With FIG. 2, but 
also to determine When the characteristics of the incoming 
data merit use of the deblocking ?lter 303‘ of FIG. 2A. In 
accordance With the present invention, it has been discov 
ered that divergence can be reduced by disabling the 
deblocking ?lter for those frames With picture or average 
quantizations that are less than a selected threshold. 

[0036] Further, in connection With the present invention it 
has been discovered that the perceptual advantage provided 
by the deblocking ?lter is present only at higher quantiza 
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tions. For eXample, the perceptual advantage provided by 
the deblocking ?lter is present When the quantization param 
eter (PQUANT) is at least ?ve. 

[0037] Accordingly, in the eXample decoding arrangement 
350 of FIG. 2A, the coding control block 310‘ is coupled to 
an enable/disable port of the deblocking ?lter 303‘. The 
coding control block 310‘ uses a comparator block 315 to 
determine Whether or not PQUANT is less than the selected 
threshold, “?ve” in this instance. The selected threshold is 
checked on a frame-by-frame basis (after encoding each 
frame) or, alternatively, using an average of a number of 
previously coded frames. In a particular embodiment, sev 
eral previously coded frames are used to form the average. 
Using this data How arrangement, the coding control block 
310‘ monitors PQUANT and uses the average PQUANT 
value over some number of frames in order to compare With 
the threshold. This provides for less-frequent enable/disable 
transitions for the deblocking ?lter. 

[0038] Any of the above-described embodiments of FIG. 
2A is advantageous because each realizes a signi?cant 
reduction in both divergence artifacts and computation. 

[0039] FIG. 2B illustrates yet another eXample embodi 
ment of a decoding arrangement 370 in Which a deblocking 
?lter 303“ includes an enable/disable port controlled by a 
channel selector 372. The channel selector 372 includes 
conventional channel selection addressing for sequentially 
selecting the luma channel and chroma channels for each 
frame in the memory 301. In addition, the channel selector 
372 disables the deblocking ?lter 303“ When the chroma 
channels of the memory 301 are selected for encoding. This 
implementation realizes an elimination of prominent diver 
gence artifacts, including a lack of signi?cant blockiness. 
Although luma-based divergence artifacts remain, such arti 
facts are much less severe than chroma-based artifacts. 

[0040] Alternatively, the processing of the luma and 
chroma channels for each frame in the memory 301 is 
performed on a parallel-path basis (not shoWn), rather than 
the above-described sequential or alternating luma/chroma 
channel processing method. In this alternative implementa 
tion, a deblocking ?lter is used only for the portion of the 
encoding arrangement that encodes the luma channel data, 
and not for the portion of the encoding arrangement that 
encodes the chroma channel data. 

[0041] According to other eXample embodiments of the 
present invention, tWo or more of the above criteria are used 
at the same time to minimize and/or remove divergence 
artifacts in the encoding arrangement. In one implementa 
tion, for eXample, the deblocking ?lter is disabled When 
PQUANT is less than the selected threshold and/or When 
chroma channel data is being encoded. 

[0042] FIG. 3 illustrates another eXample embodiment of 
a decoding arrangement 400, also including a loop ?lter like 
the loop ?lter of FIG. 2, that is also particularly suited for 
use in the present invention. A data stream received over a 
communications channel 402 is stored in a memory 404, 
implemented as a buffer in the illustrated eXample. A 
decoder, illustrated as a Huffman decoder 406, decodes the 
data stream into image data and provides the image data to 
a transformation block 408. The transformation block 408, 
implemented as an inverse quantizer in the illustrated 
eXample, maps the image data to a continuous range of 
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values. A second transformation block 410 further trans 
forms the continuous value using an inverse discrete cosine 
transform (IDCT) to reconstruct the difference information 
received from the local terminal. A summing element 414 
integrates the difference information into the image previ 
ously stored in a memory 412, depicted as a frame buffer, 
and the image is ?ltered by a loop ?lter 411 (constructed 
similar to the loop ?lter 303 of FIG. 2). The image thus 
produced is stored in the memory 412 and displayed by a 
display device 413. Additional data received over the com 
munications channel 402 is integrated into the stored image 
to improve its quality. 

[0043] It has been discovered in connection With the 
present invention that visually apparent divergence artifacts 
occurs and that the visual artifacts Worsen over time When 
the ITU-T H.263 AnneX J loop ?lter is used in the case 
Where the encoder IDCT differs from the decoder IDCT. 
Differences betWeen sending codec and receiving codec 
IDCTs may arise due to difference in hoW many bits of 
precision are used in the arithmetic operations of the speci?c 
implementation of the IDCT, even though both IDCTs are 
H.263 AnneX A compliant. Furthermore, the artifacts do not 
occur if the loop ?lter is turned off. It is therefore likely that 
the loop ?lter may enhance the mismatch betWeen encoder 
and decoder IDCT. 

[0044] To reproduce these described divergence artifacts, 
reference may be made to document Q15-D-41 submitted to 
the ITU-T Study Group 16 (paper dated Apr. 13, 1998). 
These divergence artifacts Were discovered using the fol 
loWing setup: 

[0045] Encoder: UBC encoder tmn-3.1.2 using their 
?oating point IDCT, With AnneX J enabled. For sim 
plicity, only enable loop ?lter With AnneX J, and keep 
unrestricted motion vector mode and four motion vec 
tor modes OFF. 

[0046] >tmn -i raWseq -B bs-q I-a 0 -b 99 -q 2 -A 2 
-k 0 -1 

[0047] Decoder: UBC decoder tmndec-3.1.2 using a 
modi?ed ?Xed-point IDCT. The ?Xed-point IDCT Was 
modi?ed to make it H.263 AnneX A compliant and is 
listed in AppendiX A. 

[0048] >tmndec -o4 -X - 1 bs-q I -j 

[0049] Test sequence: A one hundred frame natural 
sequence shoWing a stationary color grid is included in 
a ?le entitled “raWseq” as discussed in the above 
referenced paper submitted to the ITU-T. 

[0050] The above simulations Were used on the included 
dataset for QP values ranging from 1 to 31. Included in 
ql5d4lab.tar.gZ are coded bitstreams Where AnneX J is both 
on and off (bs-ql-j, bs-ql), With QP=1. 

[0051] For loW QPs (O<QP<5), obvious divergence pat 
terns appear along edges. For QP=1 (bs-ql-j) a vertical line 
along the right edge of the yelloW patch, as Well as spots 
along the 8x8 block boundaries in the loWer right blue patch 
appear. When QP is increased, the patterns become blurred, 
but divergence patterns are still noticeable along the edges 
of the green center-loW patch and the blue right-loW patch up 
to QP=4. 

[0052] Note that the INTRA MB refresh rule (threshold= 
132 coded MBs) does not prevent artifacts With the test 
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sequence since the threshold is not reached. In general, even 
if the threshold is reached, divergence may have already 
leaked into other MBs under the folloWing conditions: (1) 
uncoded blocks that border coded blocks are ?ltered based 
on the piXels in the coded blocks; these uncoded blocks are 
not ?Xed by the refresh since their threshold are never 
triggered; and (2) MVs of neighboring MBs may reference 
areas of divergence, the neighboring MBs are not ?Xed by 
the refresh if they stop referencing the refreshed MB. 

[0053] Condition (1) is speci?c to the loop ?lter and gives 
rise to an interesting scenario. Refreshing a MB may not 
even ?X divergence Within the refreshed MB since the loop 
?lter may immediately pull in divergence errors just outside 
the MB boundaries. 

[0054] The observed visual artifacts indicate that the loop 
?lter is not stable in a control sense; i.e., a small difference 
in the encoder/decoder is ampli?ed by the ?lter. This ampli 
?cation is demonstrated for a speci?c range of the ?lter in 
the folloWing eXample. 

[0055] The deblock equations are: 

Cl=clip(C-di) 

d1 =UpDoWnRamp(d, STRENGTH) 

d2=clipdI((A—D)/4, d 1/2) 

[0056] Consider the case Where A=D, and for simplicity 
no clipping is required. Then the equations are: 

dI=UpDoWnRainp((C—B)/2, STRENGTH) 
d2=0 

[0057] Note that only B and C get updated by the deblock 
?lter. 

[0058] Assume the encoder has 

C’—B’>0 

[0060] and that there is a slight encoder/decoder IDCT 
mismatch such that 

and the decoder has 

[0061] If these (d‘, d“) are in the negative slope range of 
the UpDoWnRamp, then di‘>di“. NoW since 

C1'—B1'=(C’—B’)—2d1' 
C1"—BI"=(C"—B")—2d1" 

[0062] the encoder/decoder mismatch after the deblock 
?lter Will be: 
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[0064] Which implies that the ?lter ampli?es the encoder/ 
decoder mismatch. 

[0065] The present invention addresses this discovered 
problem using one or more of the embodiments that are 
discussed beloW. 

[0066] According to one implementation, the present 
invention provides a method for encoding and decoding 
involving the use of an inverse transform that is speci?ed 
bit-exactly in encoder and decoder. For example, the encod 
ing/decoding arrangement of FIGS. 2 and 3 provide this 
approach, using a speci?ed bit-exact match. This avoids 
encoder/decoder inverse transform mismatch, thereby elimi 
nating divergence artifacts. 

[0067] According to another implementation, the present 
invention provides a method for encoding and decoding 
involving the use of an inverse transform that is speci?ed 
bit-exactly in encoder and decoder, as described above, but 
the inverse transform is selected at the run-time from a set 
of available inverse transforms. The comunicating terminals 
then negotiate to reach a common inverse transform so that 
encoder/decoder inverse transforms are matched, thereby 
eliminating divergence artifacts. FIGS. 2 and 3 illustrate an 
alternative encoding/decoding arrangement, according to 
the present invention, using an optional inverse transform 
selector at each end to provide the appropriate matching. 

[0068] According to another implementation, the present 
invention provides a method for encoding and decoding 
involving the step of pre-processing image data before 
encoding in the loop. For example, by applying a ?lter to the 
entire image, or selectively in regions that may give rise to 
divergence artifacts, any potential inverse transform mis 
match from being signi?cantly enhanced by the loop ?lter is 
prevented to reduce divergence artifacts. Such an implemen 
tation is shoWn in FIG. 4, Where the input data supplied by 
the camera 450 is ?ltered at ?lter 452 before presentation to 
the encoder 454 to avoid divergence build-up. 

[0069] According to another implementation, the present 
invention provides a method for encoding and decoding 
involving the use of a modi?ed encoding arrangement to 
reduce errors. Example implementations include one or 
more of the folloWing: an encoding arrangement that selects 
a quantization value Which is less prone to divergence; an 
encoding arrangement that adjusts transform coef?cients to 
limit divergence; an encoding arrangement that adjusts the 
encoding mode decision for macroblocks; and an encoding 
arrangement that uses combinations of the above 
approaches. Such an implementation is shoWn in FIG. 5, 
Where an anti-divergence encoding adjustment block 460 is 
used to provide one or more of these adjustments or selec 
tions. 

[0070] As shoWn by Way of example in the encoding 
arrangement of FIG. 6, another embodiment of the present 
invention involves the encoding arrangement determining at 
block 470 Which portions of the image are diverging. The 
portions are INTRA coded (refreshed) to terminate any 
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divergence. The refresh is accomplished by coding the 
regions in INTRA mode, With no dependencies on previous 
reference data. 

[0071] In yet another embodiment of the present invention 
and as shoWn by Way of example in FIG. 7, a conventional 
encoding arrangement is modi?ed as above to refresh por 
tions of the image that are diverging and coding the regions 
in INTRA mode, but based on information conveyed from 
the decoder via a feedback channel, such as a channel 472 
carrying control data betWeen encoder refresh controller 474 
and decoder deblocking feedback controller 476. The infor 
mation may include, for example, copies of the decoder’s 
reference frame at a particular time, or portions thereof. This 
similarly terminates divergence artifacts before they become 
signi?cant. 
[0072] According to another implementation and as 
shoWn by Way of example in FIGS. 8A and 8B, the 
modi?ed set of loop ?lter characteristics shoWn in FIG. 8B 
are used rather than the ITU-T set of FIG. 8A so that inverse 
transform mismatches are not ampli?ed. One or more of the 
loop ?lter equations, the strength table, and the de?nition of 
the UpDoWnRamp curve, are adjusted to reduce loop ?lter 
ampli?cation of inverse transform mismatch. 

[0073] In another embodiment, the encoding arrangement 
is adaptively modi?ed depending on the motion in the scene. 
Amore particular embodiment involves such adaptive modi 
?cation applied non-uniformly to luma and chroma compo 
nents of the image data. In an alternative particular embodi 
ment, such adaptive modi?cation is applied uniformly to 
luma and chroma components of the image data. Using 
either of these particular implementations, the adjustments 
to the encoder behavior reduce divergence artifacts. 

[0074] According to yet another implementation imple 
mentation and as shoWn by Way of example in FIG. 9, the 
loop ?lter is applied to the frame buffer image just before 
sending the data to a display circuit, but the results are not 
Written back to the frame buffer. This moves the loop ?lter 
out of the codec loop and preserves some of the bene?ts of 
deblocking, but any deblocking ampli?cation of inverse 
transform mismatch is not fed back to avoid error build up 
and to eliminate divergence artifacts. 

[0075] Accordingly, the present invention provides vari 
ous implementations that solve a signi?cant problem dis 
covered in connection hereWith. According to particular 
implementations, an encoding/decoding method and 
arrangement uses an inverse transform loop having a decod 
ing algorithm that: is susceptible to accumulating error due 
to inverse transformer mismatch With the method and 
arrangement providing control to maintain the accumulation 
beloW an acceptable threshold; and/or eliminates the possi 
bility of such an error being accumulated Within the loop. 

[0076] For further information concerning the construc 
tion and operation of the encoding and decoding compo 
nents and blocks illustrated in connection With the ?gures, 
reference may be made to US. patent application Ser. No. 
08/944,311, ?led Oct. 6, 1997, and No. 09/005,053, ?led 
Jan. 9, 1998 (Docket Nos. 11611.14USI1, and 
11611.51USO1), incorporated by reference in their entirety. 

[0077] The various embodiments described above are pro 
vided by Way of illustration only and should not be con 
strued to limit the invention. Those skilled in the art Will 
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readily recognize various modi?cations and changes Which 
may be made to the present invention. For example, various 
ones of the above approaches to eliminating or reducing 
artifacts are compatible and can therefore be combined. 
Such modi?cations may not strictly folloW the above dis 
cussion of the exemplary embodiments and applications. 
HoWever, these modi?cations do not depart from the teach 
ing, or the true spirit and scope, of the present invention. The 
invention is set forth in the folloWing claims. 

What is claimed is: 
1. A method for transmitting a representation of an image 

from a ?rst terminal to a second terminal using a commu 
nications channel, comprising: 

operating each of the ?rst and second terminals using an 
inverse transformer loop having a decoding algorithm 
that accumulates at least one error; and 

selectively using a loop ?lter in the inverse transformer 
loop based on at least one predetermined condition. 

2. A method, according to claim 1, Wherein said at least 
one predetermined condition includes at least one of: sur 
passing a quantization parameter threshold; and processing 
chroma channel data. 

3. A method, according to claim 1, Wherein said at least 
one predetermined condition includes a quantization param 
eter threshold approximately equal to 5. 

4. A method, according to claim 3, Wherein said quanti 
Zation parameter threshold being equal to 5 corresponds to 
an average of several quantiZation parameters. 

5. A method, according to claim 1, further including 
refreshing. 

6. A method for encoding and decoding a representation 
of an image for communication betWeen a ?rst terminal and 
a second terminal, comprising: 

operating each of the ?rst and second terminals using an 
inverse transformer loop; and preventing unacceptable 
accumulation of an error Within the inverse transformer 
loop by at least one of: pre-processing input data before 
using the inverse transformer loop to process the input 
data; using the inverse transformer in the loop accord 
ing to a bit-exact speci?cation betWeen the encoder and 
decoder in the respective ?rst and second terminals; 
using the inverse transformer in the loop according to 
one of a plurality of bit-exact speci?cations betWeen 
the encoder and decoder in the respective ?rst and 
second terminals and negotiating a common decision 
on the particular speci?cation through encoder/decoder 
negotiation; providing a quantiZation value in the 
inverse transformer loop that is less prone to diver 
gence; adjusting or providing transform coef?cients to 
limit divergence; choosing an encoding mode for 
macro-blocks of input data; modifying the encoder to 
refresh portions of the image that are diverging; modi 
fying the loop ?lter characteristics so that inverse 
transform mismatches are not ampli?ed; applying the 
loop ?lter to input data corresponding to a frame buffer 
image just before sending to a display circuit Without 
Writing back the results to a frame buffer in the loop; 

Sep. 13, 2001 

selectively using a loop ?lter in each inverse trans 
former loop based on at least one predetermined con 
dition. 

7. A method, according to claim 6, Wherein said at least 
one predetermined condition includes at least one of: sur 
passing a quantiZation parameter threshold, and processing 
chroma channel data. 

8. An image communication terminal having a circuit 
constructed and arranged to operate according to claim 6. 

9. An image communication terminal having a circuit 
constructed and arranged to operate according to claim 1. 

10. An image communication terminal having a circuit 
constructed and arranged to operate according to claim 2. 

11. An image communication terminal having a circuit 
constructed and arranged to operate according to claim 3. 

12. For communicating a representation of an image 
betWeen a ?rst terminal and a second terminal using a 
communications channel, an arrangement in at least one of 
the terminals, comprising: 
means for operating the terminal using an inverse trans 

former loop having a decoding algorithm that accumu 
lates at least one error; and 

means for selectively using a loop ?lter in each inverse 
transformer loop based on at least one predetermined 
condition. 

13. For communicating a representation of an image 
betWeen a ?rst terminal and a second terminal using a 
communications channel, an arrangement in at least one of 
the terminals, comprising: 
means for operating the terminal using an inverse trans 

former loop; and 

means for preventing unacceptable accumulation of an 
error Within the inverse transformer loop by at least one 
of: pre-processing input data before using the inverse 
transformer loop to process the input data; using the 
inverse transformer in the loop according to a bit-exact 
speci?cation betWeen the encoder and decoder in the 
respective ?rst and second terminals; using the inverse 
transformer in the loop according to one of a plurality 
of bit-exact speci?cations betWeen the encoder and 
decoder in the respective ?rst and second terminals and 
negotiating a common decision on the particular speci 
?cation through encoder/decoder negotiation; provid 
ing a quantiZation valuer in the inverse transformer 
loop that is less prone to divergence; adjusting or 
providing transform coef?cients to limit divergence; 
choosing an encoding mode for macro-blocks of input 
data; modifying the encoder to refresh portions of the 
image that are diverging; modifying the loop ?lter 
characteristics so that inverse transform mismatches 
are not ampli?ed; applying the loop ?lter to input data 
corresponding to a frame buffer image just before 
sending to a display circuit Without Writing back the 
results to a frame buffer in the loop; selectively using 
a loop ?lter in each inverse transformer loop based on 
at least one predetermined condition. 

* * * * * 


