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IMAGE PROCESSING CIRCUIT AND METHOD FOR REDUCING A DIFFERENCE 
BETWEEN PIXEL VALUES ACROSS AN IMAGE BOUNDARY 

Technical Field: 

5 The invention refates generally to electronic and computer circuits, and more 
particutarty;to an image processing circuit and a method for reducing the difference 
between·th·e respective values of a first pixel on one side of an image boundary and 

a second' pixel on the other side of the boundary. For example, such a circuit and 
method can be used to reduce blockiness in an image that has undergone btock-

1 O based digital compression. 

Background of the Invention: 

To electronically transmit a relatively high-resolution image over a relatively 
low-band-width channel, or to electronically store such an image in a relatively small 

15 memory space, it is often necessary to compress the digital data that represents the 
image. For exampfe, High-Definition-Television (HDTV) video images are 

compressed to allow their transmission over existing television channels. Without 
compression, HDTV video images would require transmission channels having 
bandwidths much greater than the bandwidths of existing television channels. 

20 Furthermore, to reduce data traffic and transmission time to acceptable levels, an 
image may be compressed before being sent over the internet. Or, to increase the 
image-storage capacity of a CD-ROM or server, an image may be compressed 
before being stored thereon. 

Such image compression typically involves reducing the number of data bits 
25 necessary to represent an image. Unfortunately, many compression techniques are 

lossy. That is, visual information contained in the original image may be lost during 
compression. This loss of information may cause noticeable differences. often called 

visual artifacts, in the reconstructed image. In many cases, these artifacts are 
undesirable, and thus significantly reduce the visual quality of the reconstructed 

30 image as compared to the quality of the original Image. 

Referring to Figures 1-3, the basics of the popular block-based Movjng 

Pictures Experts Group (MPEG) compression standards, which include MPEG-1 and 
MPEG-2, are discussed. For purposes of illustration, the discussion is based on 
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using an MPEG 4:2:0 format to compress images repr~sented in a Y, Ca, CR color 

space, although the basic concepts discussed also apply to other MPEG formats and 
. . 

images represented in other color spaces, and to other block-based compression 

standards such as the Joint Photographic Experts Grot.1p (JPEG) standard, which is 

5 often used to compress still images. Furthermore, alth()UQh many details of the 

MPEG standards and the Y, C8 , CR color space are omitted for brevity, these details 

are well-known and are disclosed in a large number of E;ivailable references. 

Referring to Figures 1 - 3, the MPFG standards ~re often used to compress 

temporal sequences of images -which are also called video frames - such as 

1 0 found in a television broadcast. Each video frame is divided into areas called macro 

blocks, which each include one or more pixels. Figure 1A is a 16-pixel-by-16..:pixel 

macro block 10 having 256pixels12. In the MPEG standards, a macro ~lock is 

always 16x16 pixels, although other compression stand~rds may use macro blocks 

having other dimensions. In the original video frame, i.e., the frame before 

15 compression, each pixel 12 has a respective luminance value Y and a respective 

pair of color-, i.e., chroma-, difference values Ce and CR. 

Referring to Figures 1A - 1 D, before compression of the frame, the digital_ 

luminance (Y) and chroma-difference (Ce and CR) values that will be used for 

compression, i.e., the pre-compression values, are genE:trated from the original Y, Ce, 

20 and CR values of the original frame. In the MPEG 4:2:0 rormat, the pre-compression 

Y values are the same as the original Y values. Thus, each pixel 12 merely retains 

its original luminance value Y. But to reduce the amoun~ of data to be compressed, 

the MPEG 4:2:0 format allows only one pre-compressio~ Ce value and one pre­

compression CR value for each group 14 of four pixels 12. Each of these pre-

25 compression Ce and CR values are respectively derived from the original Ce and CR 

values of the four pixels 12 in the respective group 14. Thus, referring to Figures 18-

1 D. the pre-compression Y, Ca, and CR values generate(j for the macro block 10 are 

arranged as one 16x16 matrix 16 of pre-compression Y values (equal to the original 

Y value for each pixel 12), one 8x8 matrix 18 of pre-compression Ca values (equal to 

30 one derived Ce value for each group 14 of four pixels 12), and one SxB matrix 20 of 

pre-compression CR values (equal to one derived CR value for each group 14 of four 

pixels 12). It is, however, common in the industry to call "the matrices 16, 18, and 20 

"blocks" of values. Furthermore, because it is convenient to perform the 
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compression transforms on 8x8 blocks of pixel values instead of 16x16 blocks, the 

block 16 o~ pre-compression Y values is subdivided into four 8x8 blocks 22a - 22d, 

which respe~tively correspond to the ~xB blocks A - D of pixels in the macro block 

10. Thus, still referring to Figures 18-10, six 8x8 blocks of pre-compression pixel 

5 data are generated for each macro block 1 O: four 8x8 blocks 22a - 22d of pre­

compression Y values1 one 8x8 block 18 of pre-compression Ce values, and one 8x8 

block 20 of pre.compression CR values. 

Figure 2 is a general block diSgram of an MPEG compressor 30, which is 

more commonly called an encoder 30. Generally, the encoder 30 converts the pre-

10 compression data for a frame or sequence of frames into encoded data that 

represent the same frame or frames with significantly fewer data bits than the pre­

comJ>i:ession data. To perform this conversion, the encoder 30 reduces or eliminates 

redundancies in the pre-compression data and reformats the remaining data using 

efficient transform and coding techniques. 

15 More specifically, the encoder 30 includes a frame-reorder buffer 32, which 

receives the pre-compression data for a sequence of one or more frames and 

reorders the frames in an appropriate sequence for encoding. Thus, the reordered 

sequence is often different than the sequence in which the frames are generated. 

The encoder 30 assigns each of the stored frames to a respective group, called a 

20 Group Of Pictures (GOP), and labels each frame as either an intra {I) frame or a 

non-intra (non-1) frame. The encoder 30 always encodes an I-frame without 

reference to another frame. but can and often does encode a non-I frame with 

reference to one or more of the other frames in the GOP. The encoder 30 does not, 

however, encode a non-I frame with reference to a frame in a different GOP. 

25 During the encoding of an I frame, the BxB blocks (Figures 1 B - 1 D) of the 

pre-compression Y, Ca, and CR values that represent the f frame pass through a 

summer 34 to a Discrete Cosine Transform (Den circuit 36, which transforms these 

blocks of values into respective 8x8 blocks of one DC coefficient and sixty.three AC 

coefficients. That is, the summer 34 is not needed when the encoder 30 encodes an 

30 I frame, and thus the pre-compression values pass through the summer 34 without 

being summed with any other values. As discussed below, however, the summer 34 

is often needed when the encoder 30 encodes a non-I frame. A quantizer 38 limits 

each of the coefficients to a respective maximum value, and provides the quantized 

3 
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AC (nonzero frequency) and DC {zero frequency) c·oefficients on respective paths 40 

and 42. A predictive encoder 44 predictively encodes the DC coefficients, and a 

variable-length coder 46 converts the quantized AC coefficients and the quantized 

and predictively encoded ~C coefficients into variable-le,ngth codes, such as 

5 Huffman codes. These codes form the encoded data theit represent the pixel values 

of the encoded I frame. A transmit buffer 48 then temp~rarily stores these codes to 

allow synchronized transmission of the encoded data to a decoder (discussed below 

in conjunction with Figure 3). Alternatively, iftheencoded data is to be stored 

instead of transmitted, the coder 46 may provide the variable-length codes directly to 

1 O a storage medium such as a CD-ROM. 

If the I frame will be used as a reference (as it often will be) for one or more 

non-I frames in the GOP, then, for the following reasons, the encoder 30 generates a 

corresponding reference frame by decoding the encoded I frame with a decoding 

technique that is similar or identical to the decoding technique used by the decoder 

15 (Figure 3). When decoding non-I frames that are referenced to the I frame, the 

decoder has no option but to use the decoded I frame as a reference frame. 

Because MPEG encoding and decoding are lossy, the pixel values of the decoded I 

frame will often be different than the .pre-compression pixel values of the I frame. 

Therefore, using the. pre-compression I frame ~s a reference frame during encoding 

20 may cause additional differences in the decoded non-I frame because the reference · 

frame used for decoding (decoded I frame) would be different than the reference 

frame used for encoding (pre-compression I frame). 

Therefore, to generate a reference frame for encoding that will be similar to or 

the same as the reference frame used for decoding, the e~co~er 30 includes a 

25 dequantizer 50 and an inverse OCT circuit 52, which are designed to mimic the 

dequantizer and inverse OCT circuit of the decoder (Figure 3). The dequantizer 50 

dequantizes the quantized OCT coefficients from the quantizer 38, and the circuit 52 

transforms the dequantized .OCT coefficients back into corresponding 8x8 blocks of 

Y, C8 , and CR pixel valu~s. Because of the losses incurred during quantization and 

30 dequantization, however, some or all of these decoded pixel values may be 

respectively different than the corresponding pre-compression pixel values. These 

decoded pixel values then pass through a summer 54 (used when generating a 

4 
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reference frame frb~'A non-I frame as discussed be}~w)' to a reference-frame buffer 

56, which stores the reference frame. 

During the encoding of a non-I frame, the encoder 30 initially encodes each 

macro-block of the non-I frame in at lea.st two ways: in the manner discussed above 

5 for I frames. and using motion prediction, which is discussed below. The encoder 30 

then saves and transmits the resulting code having the fewest bits. This technique 

insures that the macro blocks of the non-I frames are always encoded using the 

fewest bits. 

With respect to motion prediction, an object in a frame exhibits motion if its 

1 O relative position changes in the succeeding frames. For example, a horse exhibits 

relative motion if it gallops across the screen. Or, if the camera follows the horse, 

then the background exhibits relative motion. Generally, each of the succeeding 

frames in which 1he object appears contains at least some of the same macro blocks 

of pixels as the preceding frames. But such matching macro bfocks in the 

15 succeeding frame often occupy respective frame locations that are different than the 

respective frame locations they occupy in the preceding frames. Alternatively, a 

macro block that includes a portion of a stationary object (e.g., tree) or background 

scene (e.g., sky) may occupy the same frame location in a succession of frames. In 

either case, instead of encoding each frame independently, it takes fewer data bits to 

20 say "locations X and Z of frame #1 (non-I frame} contain the same macro blocks that 

are in locations Sand T, respectively, offrame #0 (I frame)." This "statement" is 

encoded as a motion vector. For a stationary or relatively slow-moving object or 

background scene, the motion vector is merely set near or equal to zero. 

More specifically and still referring to Figure 2, during the encoding of a non-I 

25 frame, a motion predictor 58 compares the pre-compression Y values (the Cs and CR 

values are not used during motion prediction) of macro blocks in the non-I frame with 

the decoded Y values of macro blocks in the reference frame to identify matching 

macro blocks. For each macro block in the non-I frame for which a match is found in 

the reference frame, a motion predictor 58 generates a motion vector that specifies 

30 the location of the matching macro block in the reference frame. Thus, as discussed 

below in conjunction with Figure 3, during decoding of these macro blocks of the 

non-1 frame, the decoder uses the motion vectors to obtain the pixel values for these 

macro blocks from the matching macro blocks in the reference frame. The predictive 
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encoder predictively encodes .the motion vectors, and the coder 46 generates codes 

for the predictively encoded motion vectors and provide$ them to the transmit buffer 

48. 

Furthermore, because a macro block in the non-I frame and a matching 

5 macro block in the reference frame are often similar but not ·identical, the encoder 30 

encodes these differences ·along the with motion· vector ~o the decoder can account 

for them. More specifically, the motion predictor 58 provides the decoded Y values 

of the matching macro block of the reference frame to the summer 34, which 

effectively subtracts, on a pixel-by-pixel basis, these Y v1:1lues from the pre-. 

10 compression Yvalues of the matching macro block of the non-I frame. These 

differences, which are called residuals, are arranged in 8x8 blocks and are 

processed by the OCT circuit 36, the quantizer 38, the coder 46, and the buffer 48 in 

a manner similar to that discussed above, except thafth~ quantized DC coefficients 
- . . .. ·-·: .· 

'of the residual blocks are not predictriely encoded by the predictive encoder 44. . . 

15 Additionally I it is possible tO 'use a non-I fr~tne a~ ~·reference frame. When 

· the. non-I frame wili be us~~ as a· refereric~ f~~me~ the quantized residuals from ttie 

quantizer 38 ·are respe~tively d~quantized- and inve.rse tlllnsforrried by the 

dequantizer 50 and the inverse·· bet circuft 52 so .. that thi$ non-I reference frame will 

be the same as the one used by the decoder fc>r the reasons discussed above; The 

20 motion predictor 58 provides the decoded Y values of the· reference I frame from . 

which the residuals were gene~ted to the summer 54, wbich adds the respective 
. -

residuals from the circuit 52 to these decoded Yvalues of the ~eference I frame to 

generate the respective Y.values of the reference non.:..1 frame. The reference-frame 

buffer 56 then stores the reference non-I frame along with the reference I frame for 

25 use in encoding subsequent non-I frames. 

Still referring to Figure 2, the encoder 30 also includes a rate controller 60 to 

insure that the transmit buffer 48, which typically transmit$. the encoded frame data 

at a fixed rate, never overflows or empties, i.e.; underflows. If either of these 

conditions occurs, errors may be introduced into the encoded data. For example, if 

30 the buffer 48 overflows, data from the coder 46 is lost Thus, the rate controller 60 

uses feed back to adjust the quantization scaling factors used by the quantizer 38 

based on the degree of fullness of the transmit buffer 48. The· more full the buffer 

48, the larger the controller 60 makes the scale factors, and the fewer data bits the 

6 
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quantizer 40 generatel: Conversely, the more empty the buffer 48, the smaller the 
controller 60 makes the scale factors, and the more data bits the quantizer 40 

generates. This continuous adjustment insures that the buffer 48 neither overflows 
nor underflows. 

5 Figure 3 is a bfock diagram of a conventional MPEG decompresser 60, which 
is more commonly called a decoder 60 and which can decode frames that are 
encoded by the encoder 30 of Figure 2. 

For I frames and macro blocks of non-I frames that are not motion predicted, 
a variable-length decoder 62 decodes the variable-length codes received from the 

1 O encoder 30. A prediction decoder 64 decodes the predictively encoded DC 

coefficients, and a dequantizer 65, which is similar or identical to the dequantizer 50 
of Figure 2, dequantizes the decoded AC and DC coefficients. An inverse OCT 
circuit 66, which is similar or identical to the inverse OCT circuit 52 of Figure 2, 
transforms the dequantized coefficients into pixel values. The decoded pixet values 

15 pass through a summer 68 (which is used during the decoding of motion-predicted 
macro blocks of non-I frames as discussed below) into a frame-reorder buffer 70, 
which stores the decoded frames and arranges them in a proper order for display on 
a video display unit 72. If the I frame is used as a reference frame, it is also stored in 
the reference-frame buffer 74. 

20 For motion-predicted macro blocks of non-r frames, the decoder 62, 

dequantizer 65, and inverse OCT 66 process the residuals as discussed above. The 
prediction decoder 64 decodes the motion vectors, and a motion interpolator 76 
provides to the summer 68 the pixel values from the macro blocks in the reference 
frame that the motion vectors point to. The summer 68 adds these reference pixel 

25 values to the residuals to generate the pixel values of the decoded macro blocks, 
and provides these decoded pixel values to the frame-reorder buffer 70. If the non-I 
frame is used as a reference frame, it is stored in the reference-frame buffer 74. 

A more detailed discussion of the MPEG encoder 30 and decoder 60 of 
Figures 2 and 3, respectively, is available in many publications including ''Video 

30 Compression" by Peter D. Symes, McGraw-Hill, 1998. Furthermore, there are other 
well-known block-based compression techniques for encoding and decoding images. 

Referring to Figure 1A, a problem with block-based compression techniques 
such· as the MPEG standard is that the loss of visuaf information during compression 

7 
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may cause same or all of the respectiv~ bqundaries between the Bx8 pixel blocks A 

- D and between contigue>!JS macro b!ocks 1 O to be noticeaple to a viewer. More 
. ·.· . . .·.• 

specifically, the compression losse~ may cause an abrupt change in the pixel values 

across a boundary, thus making the bpundary visible. ~uch a visible boundary is 

5 often described as "blocky" or as exnibiting a "blocky" a~ifact, and the process of 

reducing the severity of blocky artifacts, i.e., rnaking blocky boundaries invisible to a 
. . ·.• .; 

viewer, is often called deblocking. 

Some references, i~cluding C. Reeve and J. S. Urn, '.'Reduction of Blocking 

Effects in Image Coding," Optical Engineering, Vol. 23, No. 1, Jan/Feb 1984, pp. 34-

10 37, and, N. Ngan, 0; W. Lin, and M. L. Liou, "Enhancem~nt of Image Quality for Low 

· .. Bit RateVideo Coding," IEEE Transactiqns on Circuits andSystems,, Vol. 38, No . 

. . 10, Oct 1991, pp. 1221-1225, disclose deblocking techniques that are implemented 
. .· .. :'· ' . 

,during image encoding. But most images and video sources are encoded according 

to internationally agreed-upon compression standards such as MPEG, so altering 
. . . ·. .· , 

15 the encoding algorithms is impractical if not impossible if ~>ne wishes to design an 

encoding system that complies with one or m()re of these: standards. 

20 

Other references, including T. O'Rourke, R. Stevel'!Sbn, "Improved Image 

. Decompression for Reduced Transform Coqing Artifacts," IEEE Transactions On 

,Circuits And Systems For Video Technologies, Vol. 5, No; .6, Dec 1995, and Y. Yang 

et al, "Projection-Based Spatially Adaptive.·ReconstructionofBlock-Transform 

Compressed Images," IEEE Transactions on Image Processing, Vol. 4, No. 7, July· 

1995, disclose deblocking· techniques that are implemented during image decoding. 

For example, O'Rourke etal. describe a statistical discontinuity-preserved image 

model and a statistical image compressiop model, and a technique for generating 

25 maximum a posteriori (MAP) estimations of boundary pixe.!s given based on these 

two models. O'Rourke then.estimates the values of the b~undary pixels by 

iteratively solving a convex constrained optimization probl~m. ·Similarly, the Yang 

reference assumes that cha~ges in neighboring pixel valu~s. i.e., the values of pixels 

on either side of a boundary~ should be ala minimum, and· then, like O'Rourke, 

30 proceeds to estimate the values of the boundary pixels by ··iteratively solving the 

convex constrained optimization problem. .But such techniqu~s often require too 

much computation time for implementat!on in a real-time system. Additionally, such 

techniques often operate on ~oundaries that are not blocky. Unfortunately, when 

8 
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such techniques arr aj;).plied to bound.?'ries that are ~?t blocky, the quality of the 

image may be degf.ki~ because generally, the as·stf'rlipfien made by such 

techniques is that the difference between a pixel and its neighboring pixels should be 

small. Although such an assumption is correct some of the time, it is frequently 

5 incorrect, particularly in areas of an image including object edges. 

Stilt other references describe deblocking techniques that employ low-pass 

filters along the block boundaries. Unfortunately, such low-pass filtering may lead to 

blurring at the block boundaries. Some of these techniques, such as that described 

in Ramamurthi and A. Gersho, "Nonlinear Space-Variant Post-processing of Block 

10 Coded Images,'' IE.EE. Transactions on Acoustics, Speech, and Signal Processing, 

Vol. ASSP-34, No. 5October1986, pp. 1258-1268, attempt to avoid blurring the 

boundaries by estimating the values of the boundary pixels in the original image and 

then adaptivety choosing different types of filters to preserve the sharpness of the 

boundaries in the original image. Unfortunately, accurately estimating original 

15 boundary values from a highly compressed image may be very difficult because the 

9uality of the decoded image is often inadequate for accurate boundary-vafue 

estimation. Furthermore, like some of the techniques described above, these 

techniques often operate on all of the boundaries in an image whether they are 

blocky or not, and thus may unnecessarily degrade the quality of the image or may 

20 be too computationally intensive for many applications. 

SUMMARY OF THE INVENTION 

f n one aspect of the invention, an image processing circuit includes a 

processor that receives a portion of an image that inctudes a boundary and first and 

25 second contiguous pixels disposed on c:ipposite sides of the boundary, the first and 

second pixels having respective first and second pixel values. The processor 

generates a boundary value from the first and second pixel values, compares the 

boundary value to a comparison value, and reduces the difference between the first 

and second pixel values if the boundary value has a specified relationship to the 

30 comparison value. 

Because such a processing circuit operates on an image after it has been 

decoded, it does not change the way an image is encoded or decoded, and thus is 

compatible with afJ block-based compression standards. Furthermore, the 

9 
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comparison value can be set so that the processing circuit operates only on blocky 

boundaries, and thus does not degrade boundaries that;are·not blocky. Additionally, 
i. 

the processing circuit ca11 operate on a sequence of vid~o frames in real time. 
r . 
' 

BRIEF DESCRIPTION OF THE!DRAWINGS 
: ;'· 

Figure 1A is a conventional macro block of pixels::in· a·n image. 
. J 

Figure 1 B is a conventional block of pre-compres~ion Y values that 

respectively correspond tQ the pixels in the macro block•of Figure 1A. 

Figure 1 C is a conventional block of pre-compres~ion Ce values that 

10 respectively correspond to the pixel groups in the macro::block Of Figure 1A. · 

Figure 1 D is a conventional block of pre-compression CR values that 

· .. ',. respectively correspond to the pixel groups·in the macro'.bloek of Figur~ 1A. 

Figure 2 is a block diagram of a conventional MPlfG encoder. 

Figure ·3 is a block diagram of a conventional MPEG decoder. 

15 Figure 4 is a schematic block diagram of:an-enib~dimentof an imaging 

processing circuit according to the invention~ ·. ··. · , 
. . 

Figure 5 is a flow· chart that explains· the operatic~ of the image processing 

circµit of Figure 4. 

Figure 6 is a detailed view·ofa macro,block having·botindaries that the image 

20 processing circuit of Figure 4 operates on. · ' · 

Figure 7 A is a functional block diagram of an embodiment of a filter that 
" 

reduces the differences in pixel values across vertical image boundaries according to 
I >" 

the invention. 

Figure 78 is a functional biock diagram of an embodiment of a filter that 

25 redtices the differences in pixel values across horizontal image boundaries 

·according to the invention. 

Figure 8A is a functional block diagram of another :embodiment of a filter that 

reduces the differences in pixel values across vertical image boundaries according to 

the invention. 

30 Figure BB is a functional block diagram of another embodiment of a filter that 

reduces the differences in pixel values across horizontal image boundaries 

according to the invention. ·· 

10 
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DETAILED DESCRIPTION OF THE INVENTION· . '..-. ,. -· 

Figure 4 is A sahematic block diagram of an ilfia{fe processing and display 

circuit 80, which includes an Image processing circuit 82 and an image display circuit 

84. The circuit 80 may be used to process and display individual images or a 

5 sequence of video frames. The image processing circult 82 includes a conventional 

storage circuit 86 for storing image data received from a decoder such as the 

decoder 60 of Figure 3. The circuit 82 also includes an image processor 88, which in 

one embodiment includes conventional hardware components (not shown) and 

which reduces the pixel differences across blocky image boundaries as discussed 

10 below. In one embodiment of the invention, the storage circuit 86 is part of the 

decoder. For example, the storage circuit 86 may be the frame-reorder buffer 70 of 

Figure. 3. In another embodiment. the storage circuit 86 is part of the processor 88. 

In yet another embodiment, the processing circuit 82 does not include the storage 

circuit 86, and the processor 88 receives the image data directly from the decoder. 

15 The display circuit 84 includes an image storage circuit 90, which stores the 

processed image data from the processor 88, and includes a display device 92, 

which displays the images stored in the circuit 90. 

Figure 5 is a flow chart that shows the general operation of one embodiment 

of the image processor 88 of Figure 4. For example purposes, the operation of the 

20 processor 88 is discussed with respect to the pixel Y values, it being understood that 

the operation is the same for the pixel Ce and CR values and forthe luminance and 

chroma values of other color spaces. 

In step 100, the processor 88 first calculates a threshold value based on the 

decoded values of some or all ofthe pixels in two contiguous pixel blocks that share 
25 a boundary. Jn one embodiment, the pixel blocks are 8x8, it being understood that 

the pixel blocks may have dimensions other than 8x8. 

Next, In step 102, the processor 88 calculates a boundary value from the 

values of the pixels that lie along the boundary. Although the processor 88 is 

described as performing step 100 before step 102, the order of these steps can be 

30 reversed. 

Then, in step 104, the processor 88 compares the threshold value to the 

boundary value. 

11 
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In step 106, if the boundary value differs from the threshold value in a 

predetermined manner (f1.g., is greater than, is less tha!'t), then the processor 88 

identifies the boundary as blocky, an~ in step 107, filter~::the pixel values that lie 

along the boundary. ln.011e embodiment, the processo~~~8'filters the pixel values by 

5 reducing the differences between the values of pixels on one side of the boundary 

and the values of pixels 0!1 the other side of the bounda'!Y: :jf the boundary value 

does not differ from the threshold value in the predetem)ined way (e.g., is not greater 

than, is not less than), the.n the processor 88 identifies tile ~oundary as not blocky. 

Referring to step 108, the processor 88 then proGesses all of the remaining 

1 o· boundaries of the image in this manner. In one embodirnen.t, the processor 88 starts 
.•: . 

in the upper left corner of the image and works toward t~e lower right corner; 

Referring to step .110, after the processor 88 proees~es all of the. boundaries 

with respect to the Y valu~s. the processor 88 repeats S~E!PS 100 - 108 for the CR 

and Ce v.alues. 

15 Referring. to step 11·2, after the. pr9cessor 88 proc~sses all the boundaries in 

the image with respect to the Ca and CR values, the processor 88 repeats steps 100 
.. · .. . .· . . . '•' 

- 110 for any remaining im_age15~ · · · 

. Therefore, becausEt' the. processor 88 operates on. the boundaries of an image 

after the.image has been decoded, the described de-blocking technique neither 
.·· . .... :. 

20 needs a change in nor makes a: change .to the techniques: used to encode and 

decocje the image, and thus is compatif;>le with any block~based compression 

standard. Furthermore, as: discussed below, because thercalculations of the 

threshold and boundary values and the filtering algorithm are relatively simple, the 

processor 88 can operate on the boundaries fastenoughfor real-time applications 

25 such as the enhancement of HDTV video frames. Additior1ally, experimental 

observation of images compressed using standards such· as !SO/ITU MPEG and 

H.263 indicates that a sign!ficant number of boundaries are hot blocky, and that the 

decoded image is often of the best visual quality when these "unblockyn boundaries 

are left unaltered. Thus, because the processor 88 filters only the boundaries it 

30 identifies as blocky, it does not degrade the quality of the .image by filtering the 

boundaries that are not blocky. 

Referring to Figures ~. 7 A, and 78, the operation of the image processor 88 of 

Figure 4 according to an embodiment of the invention is discussed. Generally, to 

12 
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determine whether.pr not a boundary between two contiguous pixel blocks is blocky, 
the processor 88 chmtfares the respe~tive average i'tughnesses inside the two 

blocks to the roughness at the boundary. That is, the boundary value (step 102 of 

Figure 5) is a function of the roughness at the boundary between the two blocks, and 
5 the threshold value (step 104 Figure 5) is a function of the respective average 

roughnesses inside the two blocks. If the processor 88 identifies a boundary as 

being blocky, then it implements the conventional finite-impulse-response (FIR) 

filters of Figures 7A and 7B to "smoothen" the differences between the values of the 

pixels that lie along and on opposite sides of the boundary. Thust this embodiment 

10 exploits the experimental observation that in a typical real-world image before 

compression, the roughness within a particular block is the same as or is close to the 
respective roughnesses at its boundaries with adjacent blocks. But for reasons 

discussed above, lossy compression schemes may cause a block to have a different 
(typically higher), degree of roughness along its boundaries than within itself, and 

15 this difference in roughness is visible as a blocky boundary. Furthermore, although 
this embodiment is described below with respect to the Y values, it can be used with 

the CR and Cs values and the luminance and chroma values of other color spaces. 

Figure 6 is a 16x16 macro block 120, which includes four 8x8 pixel blocks A -

D. Afthough shown in more detail, the macro block 120 and the blocks A-Dare 

20 similar to the macro block 10 and the blocks A - D of Figure 1A. Each of the pixels 
in the respective blocks A - D has a respective row and column location. For 

example, the pixel a2, 4 in the block A is located at the intersection of row 2 and 
column 4 of the block A. A similar coordinate scheme is used for the blocks 8 - D. 
Furthermore, four boundaries are· respectively located between the blocks A- D. 

25 For example, a boundary 122 is located between the blocks A and 8, and a 

boundary 124 is located between the blocks A and C. The widths of the boundaries 

122 and 124 are exaggerated for Hlustration, but in actuality, the pixels in column 7 of 
block A are contiguous with the respective pixels in column 0 of block 8, and the 
pixels in row 7 of block A are contiguous with the respective pixels in row 0 of block 

30 C. For example, referring to the boundary 122, the pixel ao,1 is contiguous with the 

pixel bo,o. the pixel a1.7 is contiguous with the pixel b1,o. and so on. 

As discussed in conjunction with Figures 1 - 3, because the OCT transform is 

performed on BxB blocks of pixel values, the macro block 120 is divided into the Bx8 
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blocks A- D. Therefore, for example purposes, the processor 88 is described as 

operating on the internal boundaries between the block;s A- D with respect to the Y 
·i" . 

values, it being understood that the processor 88 oper~tes .on the external 
.'' . 

boundaries between macro blocks with respect to the Y va~ues in a similar fashion. 

5 But because ·in the MPEG 4:2:0 format each macro bto9k has associated therewith 

only one BxB block of CR values and one Bx8 block of 08. there are no chroma-,.. . 

difference boundaries within a macro block, and thus t1¥ processor 88 operates only 

on the boundaries between macro blocks with respect to th~ CR and Cs values. Th·e 
.. · .. 

processor 88, however, operates on these boundaries "fith respect to the CR and Ce 
. ~. ' . 

10 values in a manner similar to that described below for t~e · Y values. In other formats, 
. ' 

however, there may be chroma-difference boundaries ~ithin a macro block, in which 

case the processor 88 operates on these boundaries tof Furthermore_, although the 

··macro block 120 is described as being 16x16 and the bfock.s A - D are described as 

being 8x8, the macro block 120 and the blocks A....; D m~y have other dimensions. 

15 Still referring to Figure 6, the operation of the propessor 88 according to this . . 

embodiment of the invention is discussed in detail. For ~xample purposes, the 

operation with respect to the boundaries 122 and 124 a6d the Y values ls discussed, 

it being understood that the :operation is similar with respect to other boundaries -

whether between the blocks A-'D Within·a·macroblock·;120 or between macro 

20 blocks 120-or with respect to the CR and Ce values. ~urthermore, the term "blockn 

as used below is generic to blocks like the blocks A - D .~nd to macro blocks. · 

In this embodiment, the horizontal ~oughness of a··block with respect to the Y 

values equals the average horizontal difference betwee~ the y values of horizontally 

adjacent pixels within the block. ·{Similarly, for the 4:2:0 :rv1PEG format discussed in 

25 conjunction with Figures 1 - 3, the horizontal roughness~s with respect to the CR and 

Ce values equal the·average horizontal differences betw~enthe CR and Ce values, 

respectively, of adjacent pixel groups, like the groups 14':of Figure 1A, within the 

block.) Likewise, the vertical roughness of a block with r~spect to the Y values is 

equal to the average vertical difference between the Y v~lues of vertically adjacent 

30 pixels within the block. (Similarly, for the 4:2:0 MPEG fo~mat discussed in 

conjunction with Figures 1 - 3, the vertical roughnesses ~ith respect to the CR and 

Ce values equal the average vertical differences between the CR and Cs values, 

respectively, of adjacent pixel groups.) For example, the respective horizontal 
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roughnesses RAh and Ran of the blocks A and B of Figure 6. respectively, are 

represented by the :t6itlwing formulas!' t · ' ·· 
l 7 7 

RAh = 
56 

LLI ay,x -ay,x-1 I 
y=Ox.=l 

(1} 

5 (2) 
1 7 1 

Rah = 
56 

L LI by,x - by,x-l I 
y=Ox=t 

where ay.x is the Y value of the pixel in row y and column x of block A, and by.x 

is the Yvalue of the pixet in row y and column x of block B. 

Similarly, the vertical roughnesses RAv and Rev of the blocks A and C, 

respectively, are represented by the following formulas: 

10 (3) 

(4) 

1 7 7 
RAv = 

56 
L LI ay-1,x -ay,x I 
y=lx=O 

I 1 7 
Rev= 

56 
L ~:I Cy-1,x -cy,x I 
y=l.x=O 

where Cy,x is the Y value of the pixel in the row y and column x of the block C. 

Furthennore, the horizontal boundary roughness RAs of the boundary 122 

15 between the blocks A and B is represented by the following formula: 

(5) 

Thus, RAs equals the average difference between the Y values of the 

20 respective pairs of contiguous pixels in column 7 of block A and column 0 of block B. 

Likewise, the vertical boundary roughness RAc of the boundary 124 between 

the blocks A and C is represented by the following formula: 

(6) 
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Thus, RAc equals the average difference between the Y values of the 

respective pairs of contiguous pixels in row 7 of block A and row O of block C. 

It has been experimentally determined that the horizontal boundary 122 is 

blocky if the horizontal boundary roughness RAe excee~s the average of the 
. -

5 horizontal roughnesses Rl.h and Reh by a first predetemiined amount, and that the 

boundary 124 is blocky if the vertical bo~ndary rougtin~ss RAc exceeds the average 

of the vertical roughnesses RAv and Rev by a second p~determined amount. To 

carry out this calculation, the processor 88 calculates the average Y values PA. Pe, 

Pc for the pixels in blocks A, ·a, and C, respectively, .according to the following 

. 10 formulas: 

(7). 

(8) 
. '1 . 7 7 . 
Pa=-. L Lhy,x 

64y.:Ox=O 

15 {9) 
. . 1 7 7 . . . 

Pc=~ L :Ley,.£ 
.64 y=Ox=O , 

20 

The processor 88 identifies the boundary 122 between the blocks A and Bas 

blocky when the following equation is true: 

(10) 

where·Th is an experimentally determined threshold constant. In one aspect of this 

embodiment, Th= 0.05.· M~re specifically, because the hµrnan visual system is more 
. . . 

sensitive to differenees in rtjughness than the to the actual degree of roughness, the 

processor 88 filters the boundary 122 only .if the average. of the horizontal 

25 roughnesses RAn and Reh differs from the tiorizontaf-boundary roughness RAe by 

more than Th divided by 2. The equation 10 can be rewritten as: 
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(11) 

It is convenient to rewrite the equation again so that one can compare a 

boundary value, here the boundary roughness RAa. to a comparison value MAs to 

5 determine whe1her or not the boundary 122 is blocky. In this embodiment, MAB is 

calculated from equation (11} as: 

(12) 

10 Therefore, in this embodiment, the boundary 122 is blocky if: 

(13) 

Thus, the processor 88 identifies the boundary 122 as being blocky and filters 

15 this boundary as discussed below only if the boundary value, here the horizontal­

boundary roughness RAe. is greater than the comparison value, M,.e. 

Similarly, the processor 88 identifies the boundary 124 between the blocks A 

and C as blocky and filters this boundary when the following equation is true: 

20 (14) 

where Tv is an experimentally determined vertical threshold constant. In one aspect 

of this embodiment, Tv = 0.04. 

As with equation (11 ), it is convenient to rewrite equation (15) again so that 

25 one can compare a boundary value, here the boundary roughness RAc. to a 

comparison value MAc to determine whether or not the boundary 124 is blocky. In 

this embodiment, MAc is calculated from equation (15) as: 

(15) 
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Therefore, in this embodiment, the boundary 124 is blocky if: 

5 Although in this embodiment the respective boundary values RAe and ~c 

and comparison values MAe and MAc are functions of the Y pixel values in two 

adjacent blocks of the same image, in other embodiments these values may be 

functions of other data such as the pixel values in nonadjacent blocks in the same 

frame, pixel values in blocks of other frames in a video sequence, motion-vector 

1 O values, or transform-domain values such as OCT coefficients. 

Next, to reduce the undesirable effects that blocky boundaries have on an 

image, the processor 88 implements a filter, such as a FIR filter, to smoothen the 

boundaries that are identified as being blocky. In this embodiment, the filter 

operates on the Y values of the pixels that are contiguous with the blocky boundary. 

15 .. For example, if the processor 88 identifies the boundary 122 as being blocky, then it 

filters the Y values of the 16 .Pixels-· the eight pixels in column 7 of block A and the 

eight pixels in column O of block e·-that are contiguous with the boundary 122. 

· Likewise, if the processor 88 identifies the boundary 124 as being blocky, then it 

filters the Y values of the 16 pixels -the eight pixels in row 7 of block A and the 

20 . eight pixels in row 0 of block C - that are contiguous with the boundary 124. 

More specifically, referring to Figures 7Aand 78; in this embodiment, the 

processor 88 implements a filter that sets the Y value of a filtered pixel equal to a 

function of its y value and the y values of the two. contiguous pixels on either side of 

the filtered pixel in a direction perpendicular to the boundary. 

25 Referring to Figure 7A, for a vertical boundary such as the boundary 122, the 

Y value of the filtered pixel hp1 is set equal to a function of its Y value and the Y 

values of the two horizontally contiguous pixels hpO and hp2. For example, to filter 

the Y value of a boundary pixel a3,7 (hp1), the processor 88 sets the Yvalue of the 

pixel a3.7 equal to a function of the Y values of the pixels a3,s (hpO), a3.7 (hp1 ), and 

30 b3.o (hp2). The processor 88 then filters the Y values of all of the other pixels in 

column 7 of block A and column O of block B in a similar manner to effectively reduce 

the respective differences between the Y values of the pixels in column 7 of block A 
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and the y values of the respective pixels in column 0 of block a. That is, the 

processor 88 smoothens the boundary 122 by reducing the average difference 

between the Y values of the pixels a1.o •.. a7.7 and the Y values of the respective 

pixels bo,o •.• bo.1. 

5 Similarly, referring to Figure 7B. for a horizontal boundary such as the 

boundary 124, the Y value of the filtered pixel vp1 is set equal to a function of its Y 

value and the Y values of the two vertically contiguous pixels vpO and vp2. For 

example, to filter the Y value of a boundary pixel co.4 (vp1), the processor 88 sets the 

Y value of the pixel Co,4 equal to a function of the Y vatues of the pixels ar,4 (vpO), Co.-4 

10 (vp1), and Ct,4 (vp2). The processor 88 then filters the Yvalues of all of the other 

pixels in row 7 of block A and row 0 of block C in a similar manner to effectively 

reduce the respective differences between the Y values of the pixels in row 7 of 

block A and the Y values of the respective pixels in row O of block C. That is, the 

processor 88 smoothens the boundary 124 by reducing the average difference 

15 between the Y values of the pixels ao,1 ••• a1.1 and the Yvalues of the respective 

pixels Co,o .•• Co.1. 
~ 

In one aspect of this embodiment, the processor implements an averaging 

filter that sets the Y value of the filtered pixel equal to the average of its pre-filtered Y 

value and the Y values of the contiguous pixels. For example, in this embodiment, 

20 referring to Figures 7A and 78, hp1filtared = (hpOpre-filterect+ hp1pre-ti1te1ec1 + hp2pre-t11tered)/3 

and vp1fiuered = (vpOpre-filterad + vp1pre-filtered + vp2pre-filterect)l3. As discussed below, the 

processor 88 uses the pre-filtered Y values. of the pixels it filters to avoid reaching a 

result that depends on the order in which the blocks are filtered. Consequently, after 

the processor 88 filters contiguous pixels on either side of a boundary, neither pixel 

25 has a filtered Y value equal to the average of the filtered Y values of the pixels next 

to it. 

For example, referring to Figures 6 and 7 A, the filtering of the Y values of the 

pixel a3.7 and the horizontally adjoining pixel bs.o is described in conjunction with the 

smoothing of the boundary 122 according to an embodiment of the invention. First, 

30 the processor 88 calculates the average Y value for the pixels aJ.s, a3.7, and b3,0 

(hpO, hp1, and hp2). Then, the processor 88 stores this resulting filtered Yvalue for 

a3.1 in a temporary memory location such as in an on-board memory array. Next, 

using the pre-filtered value of B3,1, the processor 88 sets the Y value of the pixel b3,o 
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(hp1) equal to the average Y value for ttie pixels BJ.1; b3.o. and b3,1 (hpO, hp1, and 

hp2) and stores the resulting filtered Y value for b3.0 in ~mother temporary memory 

location. Then, the p_rocessor 88 puts the fil~ered Y val~es ;for 83.7 and b3,0 in the 
- . ~-

. . 

respective memory locations corresponding to the Y values of these pixels. . As 
i 

5 stated above, by using th~ pre-filtered Y values in all fi~ring calculations, the order 
. . 

of filtering, i.e., filtering a .pixel in block A before filtering;a horizontally contiguous 

pixel in block B or vice-versa, has no affect on the tesulf of the filtering. Thus, the 

pixels ao.1- a7.7 and bo.o-b1.o can be filtered in any order;. Also, because the pre­

filtered y values of 83,7 and -b3,o. and not the filtered y values of 83,7 and b3,o, are 
. ~ 

10 used during the filtering of:83,1, the filtered Y value of a3} is not equal to the average 

of the Y value of a3,& and the filtered Y values of 83,1 an~ bs.o. which Yvalues appear 

in the decoded image. Likewise, the filtered Y value of J?3.o is not equal.to the 

average of the Y value of P3.1 and the filtered Y values of a:v and b3.o. 

Similarly, referring to Figures 6 and 78, the filtering of the Y values of the pixel 

15 81.3 and the vertically adjoining pixel c0,3 is discussed in ·?<>njunction with the 

smoothing of the boundary 124 according to an embodi~ent of the invention. First, 

the processor 88 calculates the average pixel. value for the pixels a6,3, a1,3,and Co,3 

(vpO, vp1, and vp2). Then; the· processor 88 stores this resulting filtered pixel value 

for a7.3 in a temporary mernory location. Next, using the pre-filtered pixel value of 

20 the pixel ar,3, the processor 88 sets the value ofthe pixel c0~3 (vp1) equal to the 
: . 

average pixel value for the pixels a7.3; c0,3, and c1,3 (vpO.~,vp1·, and vp2). Therefore, 

for the reasons stated above, this embodiment allows the processor 88 to filter the . . . 

pixels a1.o- a7.7 and co.o- co.1 in any order. Also, the filtered value of a1.3 is not equal 

to the average of the value of as.3.and the filtered values 9t a:,,3 and co,3. and the 

25 filtered value of co,3 is not equal to the average of the value of c1.3 and the filtered 

values of 8r,3 and ca,3. 

Referring to Figures 6, BA, and 88, in another embodiment of the invention, 

the processor 88 uses different roughness and filtering cali::ul_ations to respectively 

identify and smoothen blocky boundaries. One differenc~ between this embodiment 

30 and the previous embodiment discussed above in conjunction with Figures. 7 A and 

78 is that in this embodiment, the processor 88 is often b~tter able to distinguish 
1 

between a sharp edge of an object and a blocky boundary; Furthermore, like the 

previous embodiment. although this embodiment is discussed with respect to the Y 
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values and the boundaries within a macro block, the processor 88 operates on the 

·CR and Ca values ~hci':i~e boundaries tetween macrS bf6cks in a similar manner. 

In this embodiment. the processor 88 implements a minimum.filter to 

determine the degree of blockiness at the block boundaries. The minimum filter 

5 removes the part of the roughness value that does not result from compression 

quantization errors. For example, the horizontal roughness RAs at the boundary 122 

is represented by the foltowing equation: 

10 

(17) 

That is, an element y=i of the summation equals the smaJler of the absolute 

value of By, 1- by,o (the Y values of the pixels a1,7 and by.a, respectively) and T qe, 

which is either an experimentally determined·constant or an adaptive variable related 
' ' ' 

to the quantization coefficients used during the encoding of the image. For example, 

15 if T qe is a constant, then Tqe = 30 has been found to give good results. Alternatively, 

if it is an·adaptive variable, then Tqe is determined according to the possible 

quantization errors. More specifically, it has been discovered that a major cause of 

blocky boundaries is the errors resulting from quantization of the first few coefficients 

of the OCT transform. As discussed above in conjunction with Figure 2, the 
20 quantization circuit 38 quantizes the coefficients from the OCT circuit 36 to reduce 

the number of data bits needed to encode a particular pixel block. The quantization 

circuit 38 applies a respective quantization value to each of the OCT coefficients 

representing a pixel block. In some applications, the quantizer 38 varies the 

quantization values from block to block depending on characteristics such as the 

25 degree of visual detail in a particular block. In other applications, the quantization 

vatues are fixed. Therefore, Tqe is a function of the first three quantization values for 

each of the two blocks that are contiguous with the boundary in question, and in one 

aspect of this embodiment Tqe is represented by the following equation: 

30 {18) 
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where QAo - qA2 and Qso - qs2 are the first three quantization values used during the 

encoding of blocks A and 8, respectiv~ly. 

In a similar manner, the vertical roughness RAc a.t the boundary 124 is 

represented by the following equation: 

(19) 

Here, Tqe is also either a constant or can be repre~ented by the following 

equation: 

(20) 

where qco - qc2 are the first three quantization values used during the encoding of 

block C. 

. 15 The processor 88 also calculates the. horizontal and vertical roughnesses 

within a block in a ditterent manner. In the previous embodiment. to identify a blocky 

boundary, the processor· ea calculates the horizontal and vertical roughnesses Within 

a block by respectively averaging th~ horizontal and vertical differences between· the 

values of all the horizontally and vertically contiguous pixels within the block. But in 

20 this embodiment, instead of computing the average horizontal and· vertical 

differences for the values of every pixel in the block, the processor 88 computes 

these average differences only for values of the two alignments (either rows or 

columns) of pixels adjacent to the block boundary. Accordingly, the horizontal 

roughness RAh of the block A is represented by the following equation: 

25 

(21) 
I 7 

RAh =.,... Ilay,6 .... ay,71 
8y=O 

Thus, the calculation of RAh is simplified by taking the average of the absolute 

values of the differences between the Y values of the horizontally contiguous pixels 

in the last two columns 6 and 7 of block A. 
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In a similar manner, the horizontal roughness Rah of block B is represented by 

the following equatib~:: i; 

(22.) 
l 7 

Rah = - LI by,o - hy,1 I 
8y=O 

Thus, the calculation of Rah is simplified by taking the average of the absolute 

values of the differences between the Y values of the horizontally contiguous pixefs 

in the first two columns O and 1 of block B. 

Similarly, the vertical roughnesses RAv and Rev of the blocks A and c. 
10 respectively, are represented by the following equations: 

(23) 

(24) 

1 7 
RAv =- Ila6,x -a1,x I 

8x=O 

1 7 
Rev = - LI co,x - c1,x I 

8x=O 

The processor 88 identifies the boundary 122 as being blocky if the following 

15 equation is true: 

(25) 

Therefore, in this embodiment, the comparison value MAe is equal to the right-hand 

20 side of equation (25). Furthermore, F and Tbdare determined experimentally, and 

MAX(~Ah· Rah) equals the greater of RAh and Rah· For examp!e. F = 1.4 and Tbd = 8 

have been found to yield good results, although different values may be used. 

25 

Likewise, the processor 88 identifies the boundary 124 as being blocky if the 

following equation is true: 

{26) 
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Here, the comparison value MAc is equal to the right-hand side of equation (26), and 

F = 1.4 and Tbd = 8 work well. although different values may be used. 

Referring to Figures SA and 88, in this embodiment the processor 88 

implements a filter that is different from the averaging fil~er discussed above in 

5 conjunction with Figures 7A and 78. More specifically, ~he processor 88 implements 

a filter that operates on the values of the four pixels adjacent to a boundary, two 

pixels on either side of the boundary. For example, referring to Figure SA, where two 

pixels hpO and hp1 of a first block are on one side of a vertical boundary 130, and 

two pixels hp2 and hp4 of a second block are on the other the other side of the 

1 O boundary 130, the processor 88 filters the values of hpO - hp3 based on fo.ur 

respective functions fhO - fh3 of the pre-filtered values of hpO - hp3. likewise, 

referring to Figure Bb, where two pixels vpO and vp1 of a first block are on one side · 

of a horizontal boundary 132, and two pixels vp2 and vp4 of a second block are on 

the other the other side of the boundary 132, the processor 88 filters the values of 

.15 vpO - vp3 based on four functions fvO - fv3 of the pre.;.filtered values of vpO - vp3. 

For example, referring to Figures 6 and 8A, in one embodiment, if the 

boundary 122 is blocky, the processor 88 filters the Y values of the pixels a1,6 for 

y=O, 1,2,3, ... ,7 (column 6 of block A) according to the following equation: 

a~.6 =fhO= 

20 (27) 0.65a(y,6)p~flltered + 0.2a(y,J)pre-flltered + 

O.lb(y,O)pre-filtered + 0.05b(y,l)pre-~ltered 

where a'1,6 corresponds to the filtered V value of the pixel hpO, i.e., hpOflitered. 

and 8(y,6Jpre.filtered, B(y, 7Jpre-filtered. b(y,OJpre-t;nenu1. and b{y, tJpre.filteled respectively correspond 

to the pre-filtered Y values of the pixels hp0-hp03, i.e., hpOpre-fitterect. hp1pre-fittered. 

25 hp2pre-filtered1 and hp3pre-fi1tered of Figure BA. Thus, a'y,6 equals the filtered Y value of 

the pixel ay,6· 

30 

Similarly, the processor 88 filters the values of the pixels ay,r(column 7 of 

block A), b1.o {column O of block 8), and by,1 {column1 of block B} for y=O, 1,2, ... ,7 

according to the following equations: 
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a;,1 = thl = ~ ~· . ~. 
(28} 0.25acyl)pre-tiltered + 0.3 Sa(y, 7)pre-fil~ered + 

0.26b(y,0)pre-filtered + 0.14b(y,l)pre-filtered 

b~,o = th2 = 
(29) 0.14a(y,6)pre-filtered + 0.26a(y,7)pre-filtered+ 

5 (30) 

0.35b(y,O)pre-fiJtered + 0.25b(y,l)pre-filtered 

b;,1 = fh3 = 
0.05a(y,6)pre-filtered + O.la(y>7)pre-filtered + 

0.2b (y,O)pre-filtered + 0.65b (y,l )pre-filtered 

PCTIUS99/28410 

where a'y,7 corresponds to hp1flltered. and thus equals the filtered Yvalue of the pixel 

ay.7, b'y,o corresponds to hp2nttered. and thus equals the filtered Y value of the pixel by,Ot 

and bY, 1 corresponds to hp3ri1tered. and thus equals the filtered Y value of the pixel 

10 by,1-

Likewise, referring to Figures 6 and 88, if the boundary 124 Is blocky, the 

processor 88 filters the values of the pixels a6,x for x=O, 1,2,3, ... , 7 (row 6 of block A} 

according to the following equation: 

15 {31) 

a6.x = fvO = 

0.65a(6,x)pre-filtered + 0.2a(7,x)pre-filtered + 

O.lc(O.x)pre-filtered + 0.05c(1,x)pre-filtered 

where a'6,x corresponds to the filtered Y value of the pixel vpO, i.e., vpOfittered, 

and Bf6,1e)Pf8-filtered. 8(7,x)JW-liltered. Cto.x)pre-filtered. and Cr1.x)p19·filtered respectively correspond 

to the pre-filtered Y values of the pixels vp0-vp3, i.e., vpOP111.fi1te1ed. vp 1 p19-n1teted• vp2Pf9-

20 filtered. and vp3pte.fille/9d. of Figure 88. Thus, a'G.x equals the filtered value of the pixel 
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Similarly, the processor 88 filters the values of the pixels a1.x, (row 7 of block 

A), co.K• (row 0 of block C), and C1,x, (row 1 of block C) ~r x=O, 1,2, ... , 7 according to 

the following equations: 

a7,x = fvl = 

5 (32) 0.25a(6,x)pre-filtered + 0.35a(7,x)pre-filterfd + 
0.26cco.x)pre-filtered + O.l 4c(l.x)pre-filtered 

10 

Co,x = fv2 = 

(33) 0.14a(6,x)pre-filtered + 0.26a(7,x)pre-tiltered + 
0.35c(O,x)pre-filtered + 0.2Sc(l,x.)pre:-filtered 

ci,x = fv3 = .. 
' . :·. : .. '· .·' .· . 

(34) · 0.05a(6.x.)pre"".'filtered +. O.la(7,x.)p~filtered + 

0.2cco~x.)pte-filtered + 0.6Sc(x,l)pre...;.filtered 

where a'1.x corresponds to vp 1 fikere<S. and thus equals· the filtered Y value of the pixel 

a1.ic. c'o.x corresponds to vp2r11terec1. and: thus equals the filtered Y value of the pixel co.ic. 

and c'1,x corresponds to vp3r;ttered. and lhus equals the' filtered Y value of the pixel c1.x· 

To implement the above filtering equations, the processor 88 conventionally 

15 stores the pre-filtered values ofthe·pixels being filtered. 

From the foregoing it will be appreciated that, although specific embodiments 

of the invention have been described herein for purposes of illustration, various 

modifications may be made without deviating from the spirit and scope of the 

invention. 
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What Is claimed: 

1. An image ~rocessing cird.1i~ comprising: 

a processor operable to, 

receive at least a portion of an image, the portion including a boundary 

and first and second contiguous pixels disposed on opposite sides of the 

boundary, the first and second pixels having respective first and second pixel 

values; 

generate a boundary value from the first and second values; 

compare the boundary value to a comparison value; and 

reduce a differenca between the first and second values if the 

boundary value has a spectfied relationship to the comparison vafue. 

2. The processing circuit of claim 1 wherein the processor is operable to 

redu_ce the difference between the first and second values if the boundary value is 

greater than the comparison value. 

3. The processing circuit of claim 1 wherein the boundary value equals 

the difference between the first and second values. 

4. The processing. circuit of claim 1 wherein the boundary value equats 

the lesser of a predetermined value or an absolute vatue of the difference between 

the first and second values. 

5. The processing circuit of claim 1 wherein the boundary value equals a 

roughness value that indicates the roughness of the boundary. 

6. The processing circuit of claim 1 wherein the image includes first and 

second contiguous pixel blocks disposed on opposite sides of the boundary, the first 

and second pixels respectively disposed in the first and second blocks. 

7. The processing circuit of claim 1 wherein: 

the image includes third and fourth pixels having respective values, the third 

pixel ·contiguous with and on the same side of the boundary as the first pixel and the 
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fourth pixel contiguous with and on the same side of the boundary as the second 

pixel; and 

the processor is operable to reduce the difference between the values of the 

first and second pixels by setting the value of the first pixel equal to the average of 

the values of the first, second; and third pixels and setting the value of the second 

pixel equal to the average of the values of the first, second, and fourth pixels. 

8. The processing circuit of claim 1 wherein: 

the image includes third and fourth pixels having respective values, the third 

pixel contiguous with and on the same side of the boundary as the first pixel and the 

fourth pixel contiguous with and on the same side of the boundary as the second 

pixel; and 

the processor is operable to reduce the difference between the values of the 

first and second pixels by, 

setting the value of the first pixel equal to the sum of a first factor times the 

value of the third pixel, a second factor times the value of the first pixel, a third factor 

times the value· of the second pixel, and a fourth factor times the value of the fourth, 

and 

setting the value of the second pixel equal to the sum of a fifth factor times the 

value of the third pixel, a sixth factor times the value of the first pixel, a seventh 

factor times the value of the second pixel, and an eighth factor times the value of the 

fourth pixel. 

9. The processing circuit of claim 1 wherein: 

the image includes third and fourth pixels having respective values, the third 

pixel contiguous with and on the same side of the boundary as the first pixel and the 

fourth pixel contiguous with and on the same side of the boundary as the second 

pixel; and 

the processor is operable to reduce the difference between the values of the 

first and second pixels by, 

setting the value of the first pixel equal to the sum of a first factor times the 

value of the third pixel, a second factor times the value of the first pixel, a third factor 
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times the value of the second pixel; and a fourth factor times the value of the fourth, 

.and 

setting the value of the second pixel equal to the sum of a fifth factor times the 

value of the third pixel, a sixth factor times the value of the first pixel, a seventh 

factor times the value of the second pixel, and an eighth factor times the value of the 

fourth pixel; and 

the processor is operable to reduce the difference between the values of the 

first and fourth pixels and to reduce the .difference between the values of the second 

and third pixels by, 

setting the value of the third pixel equaf to the sum of a ninth factor times the 

value of the third pixel, a tenth factor times the value of the first pixel, an eleventh 

factor times the value of the second pixel; and a twelfth factor times the value of the 

fourth pixel, and 

setting the value of the fourth pixel equal to the sum of a thirteenth factor 

times the value of the third pixel, a fourteenth factor times the value of the first pixel, 

a fifteenth factor times the value of the second pixel. and a sixteenth factor times the 

value of the fourth pixel. 

10. The processing circuit of claim 1 wherein the first and second values of 

the first and second pixels, respectively, comprise respective luminance values. 

11. An image processing circuit, comprising: 

a storage circuit operable to store at least a portion of an image including a 

boundary and first and second contiguous pixels disposed on opposite sides of the 

boundary, the first and second pixels having respective first and second pixel values; 

and 

a processor coupled to the. storage circuit, the processor operable to generate 

a boundary value from the first and second values, to compare the boundary value to 

a comparison value, and to reduce a difference between the first and second values 

if the boundary value is related to the comparison value in a specified manner. 
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12. The processing circuit of claim 11 wherein the processor is operable to 

reduce the difference between the first and second values if the boundary value is 

greater than the comparison value. 

13. The processing circuit of claim 11 wherein the boundary value equals 

the difference between the first and second.values. 

14. The processing circuit of claim 11 wherein the boundary value equals a 

roughness value that indicates the roughness of the boundary. 

15. The processing circuit of claim 11 wherein the image includes first and 

second contiguous pixel blocks disposed on opposite sides of the bound_ary, the first 

and second pixels respectively disposed in the first and second blocks. 

16. The processing circuit of claim 11 wherein the first and second values 

of the first and second pixels, respectively, comprise respective luminance values. 

17. An image processing circuit, comprising: 

a storage circuit operable to store at least a portion of an image, the portion 

including a boundary and first and·second contiguous pixel blocks disposed on 

opposite sides of the boundary, each block including pixels arranged in alignments 

and orthogonal alignments and having respective values, each pixel in a first 

alignment of the first block being contiguous with a respective pixel in a first 

alignment of the second block; and 

a processor coupled to the storage circuit, the processor operable to generate 

a boundary value from the values of the pixels in the first alignments of the first and 

second blocks, to compare the boundary value to a comparison value, and to reduce 

a difference between the value of a first pixel in the first alignment of the first block 

and the value of a respective first pixel in the first alignment of the second block if the 

boundary value has a specified relationship to the comparison value. 

18. The processing circuit of claim 17 wherein the pixel alignments of the 

first and second blocks each comprise a respective column of pixels and the 
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orthogonal pixel alignments of the first and second blocks each comprise a 
respective row of pixels. 

19. The processing circuit of claim 17 wherein the pixel alignments of the 

first and second blocks each comprise a respective row of pixels and the orthogonal 

pixel alignments of the first and second blocks each comprise a respective column of 

pixels. 

20. The processing circuit of claim 17 wherein the boundary value equals 

an average difference between the values of the pixels in the first alignment of the 
first block and the values of the respective pixels in the first alignment of the second 
block. 

21. The processing circuit of claim 17 wherein the comparison value is a 

function of the average difference between the values of two contiguous pixels in the 

same orthogonal alignment of the first block and the average difference between the 

values of two contiguous pixels in the same orthogonal afignment of the second 

block. 

22. The processing circuit of claim 17 wherein the comparison value is a 

function of the average value of the pixels in the first block and the average value of 

the pixels in the second block. 

23. The processing circuit of claim 17, wherein the processor is operable 
to: 

calculate the respective differences between the values of contiguous pixels 
in the orthogonal alignments of the first block and the respective differences between 

the values of contiguous pixels in the orthogonal alignments of the second block; 

calculate a first-block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the first 

block; 
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calculate a second-block average pixel difference equal to the sum of the 
differences from the second block divided by the number of differences from the 
second block; 

calculate a first-block average pixel value equal to the sum of the values of 
the pixels in the first block divided by the number of pixels in the first block; 

calculate a .second-block average pixel value equal to the sum of the values of 
the pixels in the second block divided by the number of pixels in the second block; 

and 

calculate the comparison value equal to the difference between the product of 
a first factor and the sum of the first- and second-block average pixel differences and 
the product of a second factor and the sum of the first- and second-block average 
pixel values. 

24. The processing circuit of claim 17; wherein the processor is operable 
to: 

calculate the respective differences between the values of contiguous pixels 
in the orthogonal alignments of the first block and the respective differences heh.Veen 
the values of contiguous pixels in the orthogonal alignments of the second block; 

calculate a first-block average pixel difference equal to the sum of the 
differences from the first block divided by the number of differences from the first 
block; 

calculate a second-block average pixel difference equal to the sum of the 
differences from the second block divided by the number of differences from the 
second block; 

calculate a first-block average pixel value equal to the sum of the values of 
the pixels in the first block divided by the number of pixels in the first block; 

calcuf ate a second-block average pixel value equal to the sum of the values of 
the pixels in the second block divided by the number of pixels in the second block; 

and 

calculate the comparison value equal to the absolute value of the difference 
between half of the sum of the first- and second-block average pixel differences and 
0.02 times the sum of the first- and second-block average pixel values. 
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25. The processing circuit of claim 17, wherein the processor is operable 

to: 

calculate the respective differences between the values of contiguous pixels 

in the orthogonal alignments of the first block and the respective differences between 

the values of contiguous pixels in the orthogonal alignments of the second block; 

calculate a first-block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the first 

block; 

calculate a second-block average pixel difference equal to the sum of the 

differences from the second block divided by the number of differences from the 

second block; 

calculate a first-block average pixel value equal to the sum of the values of 

the pixels in the first bJock divided by the number of pixels in the first block; 

calculate a second-block average pixel value equal to the sum of the values of 

the pixels in the second block divided by the number of pixels in the second block; 

calculate the comparison value equal to the difference between the product of 

a first constant and the sum of the first- and second-block average pixef differences 

and the product of a second constant and the sum of the first- and second:..btock 

average pixel values; and 

to reduce the average difference between the values of the pixels in the first 

alignment of the first block and the values of the respective pixels in the first 

alignment of the second block if the boundary value is greater than the comparison 

value. 

26. The processing circuit of claim 17 wherein: 

the first block includes a second alignment of pixels including a second pixel 

that is contiguous with the first pixel in the first alignment of the first block; 

the second block includes a second alignment of pixels that tncludes a second 

pixel that is contiguous with the first pixel of the first alignment of the second block; 

and 

the processor is operable ta reduce the difference between the values of the 

first pixels in the first and second blocks by setting the value of the first pixel in the 

first block equal to the average of the values of the first and second pixels in the first 
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block and the first pixel in the second block and setting the value of the first pixel in 

the second block equal to the average of the values of the first pixel in the first block 

and the first and second pixels in the second block. 

27. The processing circuit of claim 17 wherein: 

the first block includes a second alignment of pixels including a second pixel 

that is contiguous with the first pixel in the first alignment of the first block; 

the second block includes a second alignment of pixels including a second 

pixel that is contiguous with the first pixel in the· first alignment of the second block; 

and 

the processor is operable to reduce the difference between the values of the 

first pixels in the first and second blocks by setting the value of the first pixel in the 

first block to equal the average of the values of the first and second pixels in the first 

block and first pixel in the second block, storing the resulting value of the first pixel in 

· the first block, setting the value of the first pixel in the second block to equal the 

· average of the values of the firstpixel in the first block and the first and second · 

pixels In the second block, and storing the resulting value of the first pixel in the . 

second block. 

28. The·processing circuit.ofclaim 17wherein: 

the first block includes a second alignment of pixels including a second pixel 

that is contiguous with the first ·pixel in the first alignment of the first block; 

the second block includes a second alignment of pixels including a second 

pixel that is contiguous with the first pixel in the first alignment of the second block; 

and 

the processor is operable to reduce the difference between the values of the 

fl~st pixels in the first and second blocks by changing the value of the first pixel in the 

second block to equal the average of the values of the first pixel in the first block and 

the first and second pixels in the second block, storing the resulting value of the first 

pixel of the second block, changing the value of the first pixel in the first block to 

equal the average of the values of the first pixel and second pixels in the first block 

and the second pixel in the second block, and storing the resulting value of the first 

pixel·ofthe second block. 
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29. A processing circuit, comprising: 

a storage circuit operable to store at least a portion of an image, the portion 

including a boundary and first and second contiguous pixel blocks located on 

opposite sides of the boundary, the first and second blocks each including respective 

first and second alignments of pixels having respective values, each pixel in the first 

alignment of the first block being contiguous with a respective pixel in the first 

alfgnment of the second block; and 

a processor coupled to the storage circuit, the processor operabfe to generate 

. a boundary value from the values of the pixels in the first alignments of the first and 

second blocks, to compare the boundary value to a comparison value, and to reduce 

a difference between the value of a first pixel in the first alignment of the first block 

and the value of a respective first pixel in the first alignment of the second block if the 

boundary value has a specified relationship to the comparison value. 

30. The processing circuit of claim 29 wherein the boundary value equals 

the minimum of a predetermined value or the average difference between the va_fues 

of the pixels in the first alignment of the first block and the values of the respective 

pixels in the first alignment of the second block. 

31. The processing circuit of claim 29 wherein the boundary value equals 

the minimum of a constant or the average difference between the values of the 

pixels in the first alignment of the first block and the values of the respective pixels in 

the first alignment of the second block. 

32. The processing circuit of claim 29 wherein the boundary value equals 

the minimum of a predetermined value or the average difference between the values 

of the pixels in the first alignment of the first block and the values· of the respective 

pixels in the first alignment of the second block, the predetermined value being a 

function of quantization performed during encoding of the image. 

33. The processing circuit of claim 29 wherein the comparison value is a 

function of the greater of the average difference between the values of two 
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contiguous pixels in the first block, one pixel in the first alignment and one pixel in 

the alignment, and the average difference between the values of two contiguous 

pixels in the second block, one pixel in the first alignment and one pixel in the 

second alignment. 

34. The processing circuit of claim 29, wherein the processor is operable 

to: 

calculate the respective differences between the values of the pixels in the . 

first alignment of the first block and the values of the contiguous pixels in the second 

· alignment of the first block and calculate the respective differences between the 

values of the pixels in the first alignment of the second block and the values of the 

contiguous pixels in the second alignment of the second block; 

calculate a first-block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the first 

.block; 

calculate a second-block, average pixel difference equal to the sum of the 

differences from the second block divided by the- number of differences from the_ 

second block; and 

calculate the comparison value equal to the greater of the first- and second­

. block average pixel differences. 

35. The processing circuit of claim 29, wherein the processor is operable 

to: 

calculate the respective differences between the values of the pixels in the 

first alignment of the first block and the values of the contiguous pixels in the second 

alignment of the first block and calculate the respective differences between the 

values of the pixels in the first alignment of the second block and the values of the 

contiguous pixels in the second alignment ofthe second block; 

calculate· a first-block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the first 

block; 
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calculate a second-block average pixel difference equal to the sum of the 
differences from the second block divided by the number of differences from the 
second bf ock; and 

calculate the comparison value equal to the sum of a first predetermined 

value and the product of a second predetermined value and the greater of the first­

and second-block average pixel differences. 

36. The processing circuit of claim 29, wherein the processor is operable 
to: 

calculate the respective differences between the values of the pixels in the 

first alignment of the first block and the values of the contiguous pixels In the second 
.. 

alignment of the first block and calculate the respective differences betw~en the 

values of the pixels in the first alignment of the second block and the values of the 
contiguous pixefs in the second alignment of the second block; 

calculate a first-block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the first 

block; 

calculate a second-block average pixel difference equal to the sum of the 

differences from the second bf ock divided by the number of differences from the 
second block; and 

calculate the comparison value equal to B plus 1.4 times the greater of the 
first- and second-block average pixel differences. 

37. The processing circuit of claim 29, wherein the processor is operable to 
reduce the difference between the value of the first pixel in the first alignment of the 
first block and the value of the first pixel in the first alignment of the second block if 
the boundary value is greater than the comparison value. 

38. The processing circuit of claim 29 wherein: 

the second alignment of the first block includes a second pixel that is 

contiguous with the first pixel in the first alignment of the first block; 

the second alignment of the second block includes a second pixel that is 

contiguous with the first pixel in the first alignment of the second block; and 
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the processor:is operable to reduce the difference between the values of the 

first pixels in the first alignments of the first and second blocks by; 

storing the values of the first and second pixels in the first block and of the 

first and second pixels in .the second block, 

setting the value of the first pixel in the first block t:qual to the sum of a first 

value times the value of the second pixel in the first block, a second value times the 

value of the first pixel in the first block, a third value times the value of the first pixel 

in the second block, and a fourth value times the value ofthe second pixel in the 

second block, and 

setting the value of the first pixel in the second block equal to the sum of a 

fifth value times the value of the second pixel in the first bl~ck, a sixth value times the 

value of the first pixel in the first block, a seventh value tinies:the value of the first · 

pixel in the second block, and an eighth value times the value of the second pixel in 

the second block. 

39. The processing circuit of claim 29 wherein: ·· 

the second alignment of the first block includes a second pixel that is 

contiguous with the first pixel in the first alignment of.the first block; 

the second alignment of the second block includes ~ second pixel that is 

contiguous with the first pixel in the first alignment of the· second block; and 

the processor is· operable to reduce the difference b~tween the values of the 

first pixels in the first alignments of the. first and second blt:!cks by, 

storing the values of the first and second pixels in the first block and of 

the first and second pixels iri the second block, 

setting the value of the first pixel in the first block equal to the sum of a first 

value times the value of the second pixel in the first block, a. second value times the 

value of the first pixel in the first block, a third value times the value of the first pixel 

in the second block, and a fourth value times the value of the second pixel in the 

second block, and 

setting the value of the first pixel in the second block:equal to the sum of the 

fourth value times the value of the second pixel in the first block, the third value times 

the value of the first pixel in the first block, the· second value times the value of the 
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first pixel in the seco~ff'Slock, and the first value times'h~ value of the second pixel 
in the second btock 

40. The processing circuit of claim 29 wherein: 

the second alignment of the first block includes a second pixel that is 
contiguous with the first pixel in the first alignment of the first block; 

the second alignment of the second block includes a second pixel that is 
contiguous with the first pixet in the first alignment of the second block; and 

the processor is operable to reduce the difference between the values of the 
first pixels in the first alignments of the first and second blocks by, 

storing the values of the first and second pixels in the first block and of 
the first and second pixels in the second block, 

setting the value of the first pixel in the first block equal to the sum of 0.25 
times. the value of the second pixel in the first block, 0.35 times the value of'the first 
pixel in the first block, 0.26 times the value of the first pixel in the second block, and 
0.14 times the value of the second pixel in the second block, and 

setting the value of the first pixel in the second block equal to the sum of O~ 14 
times the value of the second pixel in the first block, 0.26 times the value of the first 
pixel in the first block, 0.35 times the value of the first pixel in the second block', and 
0.25 times the value of the second pixel in the second block 

41. The processing circuit of claim 29 wherein: 

the second alignment of the first block includes a second pixel that is 
contiguous with the first pixel in the first alignment of the first block; 

the second alignment of the second block includes a second pixel that is 
contiguous with the first pixel in the first alignment of the second block; and 

the processor is operable to reduce the difference between the values of the 
first pixels in the first alignments of the first and second blocks by, 

storing the values of the first and second pixels in the first block and of the 

first and second pixels in the second block, 

setting the value of the first pixel in the first block equal to the sum of a first 
value times the value of the second pixel in the first block, a second value times the · 
value· of the first pixel in the first block, a third value tfmes the value of the first pixel 
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in the second blpck, and a fourth value. times the value of the second pixel in the 

second block, and 

setting the value of the first pixel in the second block equal to the sum of a 

fifth value times the value of the second pixel in the first block, a sixth value times the 

value of the first pixel in the first block, a seventh value times the value of the first 

pixel in the second block, and an eighth value times the value of the second pixel in 

the second block; and 

the processor is operable to reduce the difference between the values of the 

second pixel in the first block and the first pixel in the second block and to reduce the 

difference between the values of the second pixel in the second block and the first 

pixel in the first blo.ck by, 

setting the value of the second pixel in the. first block equal to the _sum of a 

ninth_ value times th~ value of the second pixel in t)1e first block, a tenth value times 

the value of the first pixel in the first block, an eleventh value times the value of the 

first pixel in the second block, and a twelfth value times the value of the second pixel 

_in.the second block, and ... 

setting the value of the ~econd :Pixel in the second .block equal to the sum_ of a 

thirteenth value times tf;le value of the second pixel in th~ first block, a fourteenth 

value times the value of tJle first pixel in the first block, a fifteenth value times the 

value of the first pixel in the second block, and a sixteenth value times the value of 

the second pixel in the second .block. 

42. The processing circuit of claim.29 wnerein:. 

the second alignment of the first block includes a second pixel that is 

contiguous with the first pixel in the first alignment of the first block; 

the second alignment of the second block includes a second pixel that is 

contiguous with the first pixel in the first alignment of the second block; and 

the processor is operable to reduce the difference between the values of the 

first pixels in the first alignments of the fjrst and second blocks by, 

storing the values of the first and second pixels in the first block and of 

the first and second pixels in the second block, 

setting the value of the first pixel in the first block equal to the sum of a first 

value times the value of the second pixel in the first block. a second value times the 
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value of the first pixel in the first block, a third value times the value of the first pixel 

in-the second block, and a fourth value times the value of the second pixel in the 

second block, and 

setting the value of the first pixel in the second block equal to the sum of the 

fourth value times the value of the second pixel in the first block. the third value times 

the value of the first pixel in the first block, the second value times the value of the 

first pixel in the second block, and the first value times the value of the second pixel 

in the second block; and 

the processor is operable to reduce the difference between the values of the 

second pixel in the first bfock and the first pixel in the secondlbfock and to reduce the 

difference between the values of the second pixel in the second block and the first 

pixel fn the first block by, 

- setting the value of the second pixel in the first block equal to the sum of a 

fifth value times the value of the second pixel in the first block, a sixth value times the 

value of the first pixel in the first block, a seventh value times the value of the first 

pixel in the second block, and an eighth value times the value of the second pixel in 

the second block, and 

setting the value of the second pixel in the second block equal to the sum of 

the eighth value times the value of the second pixel in the first block, the seventh 

value times the value of the first pixel in the first block, the sixth value times the value 

of the first pixel in the second block, and the fifth value times the value of the second 

pixel in the second block. 

43. The processing circuit of claim 29 wherein: 

the second alignment of the first block includes a second pixel that is 

contiguous with the first pixet in the first alignment of the first block; 

the second alignment of the second block includes a second pfxel that is 

contiguous with the first pixel in the first alignment of the second block; and 

the processor is operable to reduce the difference between the values of the 

first pixels in the first alignments of the first and second blocks by, 

storing the values of the first and second pixels in the first block and of 

the first and second pixels in the second block, 
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setting ~he value of the first pixel in the first block equal to the sum of 0.25 

times the value of the second pixel in the first block, 0.35 times the value of the first 

pixel in the first block, 0.26 times the valu~ of the first pixel in the second block, and 

0.14 times the value of the second. pixel in tile second block, and 

setting the value of the first pixel in the second block equal to the sum of 0.14 

times the value of the second pixel in the ·first block, o.26 times the value of the first 

pixel in the first block, 0.35 times the value of the first pixel in the second block, and 

0.25 times the value of the second pixel in the second block; and 

the processor is operable to reduce the difference between the values of the 

second pixel In the first block and the first pixel in the second block and to reduce the 

difference between the values of the second pixel in the seeond block and the first 

pixel in the first block by, 

setting the value .of the second pixel in the first block equal to the sum of 0.65 

times the value of the second pixel in the first block, 0.2 times the value of the first 

pixel in the fi.rst block, 0.1 •times the value· of the first pixel in the second block, and 

. 0.05 times the value of the second pixel in the seoond block, and· 

. setting the value of the second pixel in the second block equal to the sum of 

0.05 times the value-of the second pixel in the first block, 0.1 times the value of the 

first pixel in the first block~ 0.2 times the value of the first pixel in the second block, 

and 0.65 times the value of the second pixel in the second block. 

44. The processing circuit of claim 29 wherein the first and second 

alignments of the first block and the first and second alignments of the second block 

each comprise a respective row of pixels. 

45. The processing circuit of claim 29 wherein the first and second 

alignments of the first block and the first and second alignments of the second block 

each comprise a respective column of pixels. 

46. The processing circuit of claim 29 wherein the image comprises a 

video image. 
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47. The processing circuit of claim 29 wherein the image comprises a still 

image. ~-. . , ... 

48. A method, comprising: 

calculating a boundary value from a first value of a firsf pixel and a second 

value of a second pixel, the first and second pixels being contiguous with one 

another and located on opposite. sides of a boundary; 

comparing the boundary value to a comparison value; and 

reducing a difference between the first and second values -if the boundary 

value is related to the comparison value in a specified manner. 

49. The method of claim 48 wherein the reduCing comprises re9ucing the 

difference between the first and second values if the boundary value exceeds the 

comparison value. 

50. The method of claim 48 wherein cafculating the boundary value 

comprises setting the boundary value equar to the difference between the first and 

second values. 

51. The method of claim 48 wherein catculating the boundary value 

comprises setting the boundary value equal to the lesser of a predetermined value or 

an absolute value of the difference between the first and second values. 

52. The method of claim 48 wherein: 

third and fourth pixels have respective values, the third pixel contiguous with 

and on the same side of the boundary as the first pixel and the fourth pixel 

contiguous with and on the same side of the boundary as the second pixel; and 

reducing the difference between the values of the first and second pixels 

comprises setting the value of the first pixel equal to the average of the values of the 

first, second, and third pixels and setting the value of the second pixel equal to the 

average of the values of the first, second, and fourth pixels. 
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53. The method of claim 48 wherein: 

third and fourth pixels have respective values, the third pixel contiguous with 

and on the same side of the boundary as the first pixel and 'the fourth pixel 

contiguous with and on the same side of the boundary as the second pixel; and 

reducing the difference between the values of the first and second pixels 

comprises, 

setting the value of the first pixel equ~ll to the sum of a first value times the 

value of the third pixel, a second value times the value of the first pixel, a third value 

times the value of the second pixel, and a fourth value times the value of the fourth, 

and 

setting the value ofthe second pixel equal to the sum of a fifth value times the 

value of the third pixel, a ~~xth value times the value of the first pixel, a s~venth value 

times the value of the secqnd pixel, and an eighth value times the value of the fourth 

pixel. 

54. The meth\'.)Q of claim 48 wherein: 

third and fourth pixels.have:re$pective values, the third pixel contiguous with 

. and on the same side of the boundary as th.e first pixel and the fourth pixel 

co,ntiguous with and on the,·same side of t~e boundary as the second pixel; 

reducing the differe"ce between the values of the first and second pixels 

comprises, 

setting the value of the first pixel equal to the sum of a: first va:lue times the 

value of the third pixel, a second value times the value of the first pixel, a third value 

times the value of the second pixel, and a fourth value times the value of the fourth, 

and 

setting the value of the second pixel equal to the sum of a fifth value times the 

value of the third pixel, a sixth value times the value of the first pixel, a seventh value 

times the value of the second pixel, and an eighth value times the value of the fourth 

pixel; and 

the method further comprises reducing the difference between the values of 

the first and fourth pixels and reducing the difference between the values of the 

second and third pixels by, 
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setting the value of the third pixel equal to the sum of a ninth value times the 

value of the third pixek'a tenth value times the value of the first pixel, an eleventh 

value times the value of the second pixel, and a twelfth value times the value of the 

fourth pixel, and 

setting the value of the fourth pixel equal to the sum of. a thirteenth value 

times the value of the third pixel. a fourteenth value times the value of the first pixel, 

a fifteenth value times the value of the second pixel, and a sixteenth value times the 

value of the fourth. 

55. A method, comprising: 

calculating a boundary value from the values of pixels in first and second 

alignments of an image. the first and second alignments located on opposite sides of 

a boundary, each pixel in the first alignment being contiguous with a respective pixel 

in the second alignment; 

comparing the boundary value to a comparison value; and 

reducing a difference between the value of a first pixel in the first alignment 

and the value of a respective second pixel in the second alignment if the boundary 

value has a specified relationship to the comparison value. 

56. The method of claim 55 wherein the calcuJating the boundary value 

comprises calculating the boundary. value equal to the average difference between 

the values of the pixels in the first alignment and the values of the respective pixels 

in the second alignment. 

57. The method of claim 55 wherein: 

the image includes first and second pixel blocks located on opposite sides of 

the boundary, each of the bfocks,including pixels arranged in alignments and 

orthogonal alfgnments and having respective values, the first and second afignments 

respectively located in the first and second blocks; and 

the method further comprises calculating the comparison value as a function 

of the average difference between the values of two contiguous pixels in the same 

orthogonal alignment of the first block and the average difference between the 
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values of two contiguous pixels in the same orthogonal alignment of the second 

block. 

58. The method of claim 56 wherein the alignments and orthogonal 

alignments of the first and second blocks comprise respective rows and columns of 

pixels. 

59. The method of claim 55 wherein the alignments and orthogonal 

·alignments of the first and second blocks comprise respective columns and rows of 

pixels. 

60. The method of claim 55, further comprising calculating th~ comparison 

value as a function ofthe average value of the pixels in ~he first block and the 

average value of the pixels in the second block. 

61. The method of claim 55 wherein:· 

the image includes first and second pixel blocks located on opposite sides of 

the boundary, each of-the blocks including pixels arranged in alignments and 

orthogonal alignments and having respective values, the first and second alignments 

respectively· located in ,the first and second blocks; and 

the method further comprises: 

calculating the respective differences between the values of contiguous 

pixels in the orthogonal alignments of the first block and the respective 

differences between the values of contiguous pixels in the orthogonal 

alignments of the second block; 

calculating a first.:.block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the 

first block; 

calculating a second-block average pixel difference equal to the sum of 

the differences from the second block divided by the number of differences 

from the second block; 
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calculating a first-block average pixel value equal to the sum of the 

values of the pixels in the first block divided by the number of pixels in the first 

block; 

calculating a second-block average pixel value equal to the sum of the 

values of the pixels in the second block divided by the number of pixels in the 

second block; and 

calculating the comparison value equal to the difference between the 

product of a first constant and the sum of the first- and second-block average 

pixel differences and the product of a second constant and the sum of the 

first- and second-block average pixel values. 

62. The method of claim 55 wherein: 

the image incfudes first and second pixel blocks located on opposite sides of 

the boundary, each of the blocks including pixels arranged in alignments and 

orthogonal alignments and having respective values, the first and second alignments 

respectively located in the first and second blocks; and 

the method further comprises: 

calculating the respective differences between the values of contiguous 

pixels in the orthogonal alignments of the first block and the respective 

differences between the values of contiguous pixels in the orthogonal 

alignments of the second block; 

calculating a first-block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the 

first block; 

cafculating a second-block average pixel difference equal to the sum of 

the differences from the second block divided by the number of differences 

from the second block; 

calculating a first-block average pixel value equal to the sum of the 

values of the pixels in the first block divided by the number of pixels in the first 

block; 

calculating a second-block average pixel value equal to the sum of the 

values of the pixels in the second block divided by the number of pixels in the 

second block: and 
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calculating the comparison value equal to 1he !=lbsolute value of the 

difference between half of the sum of the first- an<:f second-block average 

pixel differences and 0.02 times the sum of the fir$t- and second-block 

average pixel values. 

63. The method of claim 55 wherein: 

the image includes first and second pixel blocks located on opposite sides of 

the boundary, each of the blocks including pixels arranged in alignments and 

orthogonal alignments and having respective values, the first and. second alignments 

respectively located in the first and second blocks; and 

the method further comprises: 

calculating the respective differences between the values of contiguous 

pixels in the. orthogonal alignments of the first block and the respective 

differences between the values of contiguous pixels in the orthogonal 

alignments of the second block; 

calculating a first-block average pixel difference equal to the sum of the 

differences from the first block divided by the number of differences from the 

first block; 

calculating a second-block average pixel difference equal to the sum of 

the differences from the second.block divided by the number of differences 

from the second block; 

calculating a first-block average pixel value equal to the sum of the 

values of the pixels in the first block divided by the number of pixels in the first 

block; 

calculating a second-block average pixel value equal to the sum of the 

values of the pixels in. the second block divided by the number of pixels in the 

second block; 

calculating the comparison value equal to the difference between the 

product .of a first constant and the sum of the first- and second-block average 

pixel differences and the product of a second constant and the sum of the 

first- and second-block average pixel values; and 

reducing the average difference between the values of the pixels in the 

first alignment of the first block and the values of the respective pixels in the 
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second alignment of the second block if the boundary value is greater than 

the comparison value. 

64. The method of claim 55 wherein: 

the image includes a third alignment having a third pixel that is contiguous 

with the first pixel of the first alignment and includes a fourth alignment having a 

fourth pixe! that is contiguous with the second pixel of the second· alignment; and 

reducing the difference between the values of the first and second pixels 

. comprises setting the va!ue of the flrst pixel equal to the average pf the values of the 

first, second, and third pixels and setting the value of the second pixel equal to the 

average of the values of the first, second, and fourth pixels. 

65. The method of claim 55 wherein the values of the first and second 

pixels comprise respective luminance values. 

66. A method, comprising: 

calculating a boundary value from the values of pixels in first and second 

alignments of an image, the first and second alignments located on opposite sides of 

a boundary, each pixef in the first alignment being contiguous with a· respective pixel 

in the second alignment, the image also including a third alignment contiguous with 

and located on the same side of the boundary as the first alignment and a fourth 

alignment contiguous with and located on the same side of the boundary as the 

second alignment; 

comparing the boundary value to a comparison value; and 

reducing a difference between the value of a first pixel in the first alignment 

and the value of a respective second pixel in the second alignment if the boundary 

value is related to the comparison value in a specified manner. 

67. The method of claim 66, further comprising calculating the boundary 

value equat to the minimum of a predetermined value or the average difference 

between the values of the pixels in the first alignment and the values of the 

respective pixels in the second alignment. 
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68. The method of claim 66, further comprising calculating the boundary 

value equal to the minimum of a constant or the average differenc~ between the 

values of the pixels in the first alignment and the values of the respective pixels in 

the second alignment. 

69. The method of claim 661 further comprising calculating the boundary 

value equal to the minimum of a predetermined value or the average difference 

between the values of the pixels in the first alignment and the values of the 

respective pixels in the second alignment, the predetermined value being a function 

of quantization performed during encoding of the image. 

70. The method of claim 66, further comprising calculating the. comparison 

value as a function of the greater of the average difference·between the values of 

two contiguous pixels in the first and third alignments, respectively, and the average 

difference between the values of two contiguous pixels In the second and fourth 

alignments, respectively. ' -

71. The method of.claim 66, further comprising: 

calculating the respective differences between the values of the pixels in the 

first alignment and the values of the contiguous .pixels in the third alignment; 

calculating the respective differences between the values of the· pixels in the 

second alignment and the values of the contiguous pixels in the fourth alignment: 

calculating a first average pixel difference equal to the sum of the differences 

between the first and third alignments divided by the number of these differences: 

calculating a second average pixel difference equal to the sum of the 

differences between the second and fourth alignments divided by the number of 

these differences; and 

calculating the comparison value equal to the greater of the first and second 

average pixel differences. 

72. The method of claim 66, further comprising: 

calculating the respective differences between the values of the pixels in the 

first alignment and the values of the contiguous pixels in the third alignment; . 
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calculating the respective differences between the values of the pixels in the 

second alignment and the values of the contiguous pixels in the fourth alignment; 

calculating a first average pixel difference equal to the sum of the differences 

between the first and third alignments divided by the number of these d1fferences; 

calculating a second average pixel difference equal to the sum of the 

differences between the second and fourth alignments divided· by the number of 

these differences; and 

calculating the comparison value equal to the sum of a first predetermined 

value and the product of a second predetermined value and the greater of the first 

and second average pixel differences. 

73. The method of claim 66, further comprising: 

calculating the respective differences between the values of the pixels in the 

first alignment and the values of the contiguous pixels in the third alignment; 

calculating the respective differences between the values of the pixels in the 

second alignment and the values of the contiguous pixel~ in the fourth alignment; 

calculating a first average pixel difference equal to the sum of the differences 

between the first and third alignments divided by the number of these differences; 

calculating a second average pixel difference equal to the sum of the 

differences between the second and fourth alignments divided by the number of 

these differences; and 

calculating the comparison vafue equal to 8 plus 1.4 times the greater of the 

first and second average pixel differences. 

74. The method of claim 66 wherein the reducing comprises reducing the 

difference between the values of the first and second plxets if the boundary value is 

greater than the comparison value. 

75. The method of claim 66 wherein: 

the third alignment includes a third pixel that is contiguous with the first pixel: 

the fourth alignment includes a fourth pixel that is contiguous with the second 

pixet; and 

· the reducing step comprises, 
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storing the values of the first, second, third, and fourth pixels, 

setting the value of the first pixel equal to the sum of a first value times the 

value of the third pixel, a second value times the value of the first pixel, a third value 

times the value of the_second pixel, and a fourth value times the value of the fourth 

pixel, and 

setting the value of the second pixel equal to the sum. of a fifth value times the 

value of the third pixel, a sixth value times the value of the first pixel, a seventh value 

times the value of the second pixel, and an eighth value times the value of the fourth 

pixel. 

76. The method of claim 66 wherein: . 

the third alignment includes a third pixel that is contiguous with the first pixel; 
. .. 

the fourth alignment includes a fourth pixel that is contiguous with the second 

pixel; and 

the reducing step comprises, 

storing the values of the first,. second, third, and fourth pixels; 

setting the value. of the first pixel equal to the sum bf a first value times the 

value of the third pixel, a second value times the value of the first pixel, a third value 

times the value .of the second pixel, and a fourth value times the value of the fourth 

pixel, and 

setting the value of the second pixel equal to the sum of the fourth value times 

the value of the third pixel, the third value times the value of the first pixel, the 

second value times the value of the second pixel, and the first value times the value 

of the fourth pixel. 

77. The method of claim 66 wherein: 

the third alignment includes a third pixel that is contiguous with the first pixel; 

the fourth alignment includes a fourth pixel that is contiguous with the second 

pixel; and 

the reducing step comprises, 

storing the values of the first, second, third, and fourth pixels, 
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setting the vaftie of the first pixel equal to the ~\inf of 0.25 times the value of 

the third pixel, 0.35 times the. value of the first pixel, 0.26 times the value of the 

second pixel, and 0.14 times the value of the fourth pixer, and 

setting the value of the second pixel equal to the sum of 0.14 times the value 

of the third pixel, 0.26 times the value of the first pixel, 0.35 times the value of the 

second pixel, and 0.25 times the value of the fourth pixel. 

pixel; 

78. The method of claim 66 wherein: 

the third alignment includes a third pixel that is contiguous with the first pixel; 

the fourth alignment include~ a fourth pixel that is contiguous with the second 

the reducing step comprises, 

storing the values of the first; second, third, and fourth pixels, 

setting the value of the first pixel equal to the sum of a first value times the 

value of the third pixel, a second value times the value of the first pixel, a third value 

times the value of the second pixeli and a fourth value times the value ·of the fourth 

pixelt and 

setting the value of the second pixel equal to the sum of a fifth value ttmes the 

value of the third pixel, a sixth value times the value of the first pixel, a seventh value 

times the value of the second pixel, and an eighth value times the value of the fourth 

pixel; and 

the method further comprises, 

setting the value of the third pixel equal to the sum of a ninth value times the 

value of the third pixel, a tenth value times the value of the first pixel, an eleventh 

value times the value of the second pixel, and a twelfth value times the value of the 

fourth pixel, and 

setting the value of the fourth pixel equal to the sum of a thirteenth value 

times the value of the third pixel, a fourteenth value times the value of the first pixel, 

a fifteenth value times the value of the second pixel, and a sixteenth value times the 

value of the fourth pixel. 
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pixel; 

79. The metho.d of claim 66 wherein: 

the third alignment includes a third pixel that is conti9uous with the first pixel; 

the fourth alignment includes a fourth pixel that is contiguous with the second 

the reducing step comprises, 

storing the values of the first,. second, third, and fourt,h pixels, 

setting the value of the first pixel equal to the sum ofa first value times the 

value of the third pixel, a second value times the value of the first pixel, a third value 

times the value of the second pixel, and a fourth value times the value of the fourth 

pixel, and 

setting the value of the second pixel equal to the sum of the fourth value times 

the value of the third pixel, the third value times the value of:the first pixe!. the 

second value times the value of the second pixel, and the first value times the value 

of the fourth pixel; and 

the method further comprises, 

setting .the value of the third pixel equal to the sum of :a fifth value times the 

value of the third pixel, a sixth value times the value of the. first pixel, a seventh v~lue 

. tim~s the value of the second pixel, and an eighth value times the value of the fourth, 

pixel, and 

setting the value of the fourth pixel equal to the sum of the eighth value times 

the value of the third pixel, the seventh value times the value. of the first pixel, the 

sixth value times the value of the second pixel, and the fifth value times the value of . 

the fourth pixel. 

pixel; 

BO. The method of claim 66 wherein: 

the third alignment includes a third pixel that is contiguous with the first pixel; 

the fourth alignment includes a fourth pixel that is contiguous with the second 

the reducing step comprises, 

storing the values of the first, second, third, and fourth pixels, 

setting the value of the first pixel equal to the sum of 0~25 times the value of 

the third pixel, 0.35 times the value of the first pixel, 0.26 times the value of the 
. . 

second pixel, and 0.14 times the value of the fourth pixel, and. 
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setting the vJiu~ bf the second pixel equal to ~f:ftum of 0.14 times the value 
of the third pixel, 0.26 times the value of the first pixel, 0.35 times the vafue of the 
second pixel, and 0 .25 times the vafue of the- fourth pixel; and 

the method further comprises, 

setting the value of the third pixel equal to the sum of 0.65 times the value of 
the third pixel, 0.2 times the value of the first pixel, 0.1 times the value of the second 
pixel, and 0.05 times the vakJe of the fourth pixel; and 

setting the value of the fourth pixel equal to the- sum of the 0.05 times the 
vaJue of the third pixel, 0.1 times the value of the first pixel, 0.2 times the value of the 

second pixel, and 0.65 times the value of the fourth pixet 

81. The method of claim 66 wherein the first; second, third, and fourth 
alignments each comprise a respective row of pixels. 

82. The method of claim 66 wherein the first, second, third, and fourth 
alignments each comprise a respective column of pixels. 

83. The method of claim 66 wherein the image comprises a video image. 

84. The method of claim 66 wherein the image comprises a non-video 
image. 

85. An image processing circuit, comprising: 

a processor operable to, 

receive at least a portion of an image, the portion including a boundary 
and first and second contiguous pixels disposed on opposite sides of the 

boundary, the first and second pixels having respective first and second pixel 

values; 

determine if the boundary is blocky; and 

reduce a difference between the first and second values if and only if 
the boundary value is blocky. 
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86. A method, comprising: 

determining if a boundary between first and second pixels is blocky, the first 

and second pixels having respective first and second values; and 

reducing a difference between the first and second v~lues if and only if the 

boundary value is blocky. 

87. An image processing circuit, comprising: 

a processor operable to, 

receive at least a portion of a decoded image, the portion including a 

boundary between first and second contiguous pixels; and 

calculate a roughness of the boundary as a function of quantization 

performed during encoding of the image .. · 

88. A method, comprising: 

identifying a boundary between contiguous pixels of a decoded image; and 

calculating a roughness of the boundary as a function of quantization 

performed during encoding of the image. 
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