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IMAGE PROCESSING CIRCUIT AND METHOD FOR MODIFYING A PIXEL 

VALUE 

5 Technical Field: 

10 

The invention relates generally to electronic and computer circuits, and relates 

more particularly to an image processing circuit and method for modifying a pixel. 

value. For example, one can use such a circuit and method to remove contour 

artifacts from an electronic image that has undergone "lossy" compression. 

Background of the Invention: 

Undesirable visible artifacts such as contour artifacts are sometimes present 

in a decompressed electronic image. Quantization during the compression of the 

image often causes losses in image information; hence the term "lossy 

15 compression". Unfortunately, these losses may cause pixel-value errors during the 

decompression of the image, and these errors may cause visible artifacts in the 

decompressed image. Contour artifacts are line patterns that resemble the contour 

lines in a geographical map, and are typically more noticeable in the lower-intensity, 

i.e., darker, regions of the decompressed image than in the higher-intensity, i.e., 

20 brighter, regions of the image. 

Unfortunately, some imag·e-processing techniques such as gamma correction 

can increase the visibility of artifacts such as contour artifacts. Generally, gamma 

correction increases the contrast in the bright regions of an image· relative to the 

contrast in the dark regions of the image. That is, brightness changes in the bright 

25 regions·are amplified with respect to brightness changes in the dark regions. For 

example, a brightness change of 1 lumen in a bright region may be gamma 

corrected to 1.5 lumens, but a brightness change of 1 lumen in a dark region may be 

unchanged or gamma corrected to less than 1.5 lumens. The actual gamma­

correction algorithm used depends on variables such as the characteristics of the 

30 image display device. Image processing circuits use gamma correction to 

compensate for the human eye's non-linear brightness response. The human eye is 

more sensitive to brightness changes in dark image regions than it is to brightness 

changes in bright image regions. That is, the human eye perceives a change of 1 
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lumen in a dark region as ~.ing a larger change than a change of 1 lumen in a bright 

region. Therefore, gamma correction allows the hum~n eye to perceive a.linear or 

nearly linear contrast scale across the entire brightness range of an image. But 

unfortunately, gamma correction often effectively increases the quantization levels in 

5 the dark regions relative to the quantization levels in the bright regions, and thus may 

increase the visibility of existing contour artifacts. 

Overview of Image-Compression/Decompression Techniques 

To help the reader understand the concepts discussed above and the 

10 concepts discussed below in the Description of the Invention, following is a basic 

overview of image-compression/decompression. 

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 

memory space, it is often necessary to compress the digital data that represents the 

15 image. For example, 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. 

Furthermore, to reduce data traffic and transmission time to acceptable levels, an 

20 image may be compressed before being sent over the internet. Or, to increase: the 

image-storage capacity of a CD-ROM or computer server, an image may. be 

compressed before being stored thereon. 

Such image compression typically involves reducing, the number of data bits 

necessary to.represent an image. Unfortunately, many compression te<?hniques are 

25 lossy. That is, visual information contained in the original image may be lost during 

compression. As stated above, this loss of information may cause noticeable 

differences, often called visual artifacts, in the decompressed image. In many cases, 

these artifacts are undesirable, and thus significantly reduce the visual quality of the 

decompressed image as compared to the visual quality of the original image~ 

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

Pictures Experts Group (MPEG) compression standards, which include MPEG-1 and 

MPEG-2, are discussed. For purposes of illustration, this discussion is based on 

using an MPEG 4:2:0 format to compress images represented in a Y, Ce, CR color 
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space. But the basic cancepts discussed also apply to other MPEG formats, images 

represented in other color spaces, and to other block~based compression standards 

such as the Joint Photographic EXperts Group (JPEG) standard, which is often used 

to pompress still images. Furthermore, aHhough many details of the MPEG 

5 standards and the Y, Ce, CR color space are omitted for brevity, these details are 

well-known and are disclosed in a large number of available references. 

Referring to Figures 1 - 3, the MPEG standards are often used to compress 

temporal sequences of images, i.e., video frames, such as found in a television 

broadcast. Each video frame is divided into regions called macro blocks, that each 

10 include one or more pixels. Figure 1A is a 16-pixel-by-16-pixel macro block 10 

having 256 pixels 12. In the MPEG standards, a macro block is always 16x16 pixels, 

atthough other compression standards may use macro blocks having other 

dimensions. In the original video frame, each pixel 12 has a respective luminance 

value Y and a respective pair of color-. i.e., chroma-, difference values Ce and CR. 

15 Referring to Figures 1A-1D, befOre compression of the frame, the digital 

luminance M and chromaoodifference (Ce and CR) values that will be used for 

compression, i.e., the pre-compression values, are generated from the original Y, Ce, 

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

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

20 its original luminance value Y. But to reduce the amount of data to be compressed, 

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

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

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. For example, one can set a 

25 pre-compression Ce value equal to the average of the original Ca·values for the four 

pixels 12 in a respective group 14. Thus, referring to Figures 18-10, the pre­

compression Y, Ce, and CR values generated for the macro block· 1 O are arranged as 

one 16x16 matrix 17 of pre-compression Y values (equal to the original Y value for 

each pixel 12), one BxB matrix 18 of pre-compression Ce values (equal to one 

30 derived Ce value for each group 14 of four pixels 12), and one Bxs 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 caH the matrices 18 and 20 and 

the 8x8 quadrants of the matrix 17 nblocks" of values. Furthermore, because it is 
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convenient to perform the ~mpression transforms on.8x8.blocks o.f pixel values 

instead of on 16x16 blocks, the macro block 17 of pre-compression Y values is 

subdivided into four 8x8 blocks 22a - 22d, which respectively correspond to the 8x8 

blocks A - D of pixels 12 in the macro block 1 a. Thus, still referring to Figures 1 B -

5 1 D, six 8x8 blocks of pre-compression pixel values are generated for each macro 

block 10: four 8x8 blocks 22a - 22d of pre-compression Y values, 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 diagram of an MPEG compressor 30, which is 

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

1 O 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

compression 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 or 

will be displayed. The encoder 3o assigns ea.ch:ofthe stored frames to a respective 

20 group, called ·a Group Of Pictures (GOP), and labels each frame as either an intra (I) 

frame or a non-intra (non-I) frame. For example, each GOP may include.three I· 

frames and twelve non-I frames for a total of fifteen :frames. 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. 

25 The encoder 30 does not, however, encode a non-I frame with reference to a frame 

in a different GOP. 

Referring to Figures 1 and 2, during the encoding of an I frame, the 8x8 

blocks (Figures 18-1D) ofthe pre-compression Y, Ce, and CR values that represent 

the I frame pass through a summer 34 to a Discrete Cosine Transformer (OCT) 36, 

30 which transforms these blocks of values into respective 8x8 blocks of one DC (zero 

frequency) coefficient and sixty-three AC (non-zero frequency) coefficients. That is, 

the summer 34 is not needed when the ~needer 30 encodes an I frame, and thus the 

pre-compression values pass through the summer 34 without being summed with 
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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 quantization value and provides the quantized AC and 

DG coefficients on paths 40 and 42, respectively. A prediction encoder 44 

5 predictively encodes the DC coefficients, and a variable-length coder 46 converts the 

quantized AC coefficients and the quantized and predictively encoded DC 

coefficients into variable-length code words, such as Huffman code words. These 

code words compose the encoded data that represent the pixel values of the 

encoded I frame. A transmit buffer 48 then temporarily stores these codes to allow 

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

conjunction with Figure 3). Alternatively, if the encoded data is to be stored instead 

of transmitted, the coder 46 may provide the variable-length code words directly to 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 

15 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 

(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. 

20 Because MPEG encoding is lossy-some information is lost due to the quantization 

of the AC and DC OCT coefficients -the pixel values of the decoded I frame will 

often be different than the pre-compression pixel values of the original l frame. 

Therefore, using the pre-compression I frame as a reference frame during encoding 

may cause additional artifacts in the decoded non-I frame because the reference 

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

frame used for encoding (pre-compression I fra~e). 

Therefore, to generate a reference frame for the encoder 30 that will be 

similar to or the same as the reference frame for the decoder (Figure 3), the encoder 

includes a dequantizer 50 and an inverse OCT 52, which are designed to mimic the 

30 dequantizer and inverse OCT of the decoder. The dequantizer 50 dequantizes the 

quantized OCT coefficients from the quantizer 38, and the inverse OCT 52 

transforms these dequantized OCT coefficients into corresponding 8x8 blocks of Y, 

Ce, and CR pixel values, which together compose the reference frame. Because of 
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the losses incurred during q_uantization, however,· some or all of these decoded pixel 

values may be differentthan their corresponding pre-compression pixel values, and 

thus the reference frame may be different than its corresponding pre-compression 

fr~me as discussed above. These decoded pixel values then pass through a 

5 summer 54 - used when generating a reference frame from a non-I frame as 

discussed below-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 least two ways: in the manner discussed above 

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

1 o then saves and transmits the resulting code having the fewest bits. Thus, this 

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

fewest bits. 

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

· relative position changes in the preceding or succeeding frames. For example, a 

15 ·horse exhibits relative motion if it gallops across the screen. Or, if the camera 

foilows the horse, then the background exhibits relative motion with respect to the 

horse; Generally, each of the succeeding frames ·in which the object appears 

contains at least some ofthe same macro blocks.as the preceding frames .. · But such 

matching macro blocks in a succeeding frame often occupy respective frame 

20 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 each of the successive frames, and thus exhibit zero motion. In either 

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

25 tell the decoder "the macro blocks R and Z of frame 1 (non-I frame) are the same as 

{or similar to) the macro blocks that are in the lo.cations S and T, respectively, of 

frame O (reference frame)." (Frames 0 and 1 and macro blocks R, S, T, and Z not 

shown)." This "statement" is encoded as respective motion vectors {one pointing 

from R to S, another.pointing from Tto Z) having respective locations values that 

30 indicate the relative movements of the respective macro blocks from one frame to 

another. For a relatively fast-moving object, the relative movements, and thus the 

location values, are relatively large. Conversely, for a stationary or relatively slow-
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moving object or backgroun~ scene, the relative movements, and thus the location 

values, are relatively small or equal to zero. 

Still referring to Figure 2; during the encoding of a.non-lframe, a motion 

p~dictor 58 compares the pre-compression Y values -the Cs and CR are not used 

5 during motion prediction - of the macro blocks in the non-I frame to the decoded Y 

values of the macro blocks in -the reference I frame and identifies matching macro 

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

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

reference frame and the location of the matching macro block within the reference 

1 o frame. Thus, as discussed below in conjunction with Figure 3, during decoding of 

these motion-encoded macro blocks of the non-I frame. the decoder uses the motion 

vectors to obtain the pixel values of the motion-encoded macro blocks from the 

matching maero blocks in the reference frame. The prediction encoder 44 

predictively encodes the motion vectors, and the coder 46 generates respective code 

15 words for the encoded motion vectors and provides these code words to the transmit 

buffer48. 

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

macro block in the reference I frame are often similar but not identical, the encoder 

30 encodes these differences along with the motion vector so that the decoder can· 

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

·.values of the matching macro block in the reference frame to the summer 34, which. 

effectively subtracts, on a pixel-by-pixel basis, these Y values from the pre­

compression Y values of the non-I macro block being encoded. These differences, 

which are called residuals, are arranged in 8x8 blocks and are processed by the 

. 25 OCT 36, the quantizer 38, the coder 46, and the buffer 48 in a manner similar to that 

·discussed above, except that the quantized DC coefficients of the residual blocks are 

coupled directly to the coder 46 via the line 40, and thus are not predictively encoded 

by the prediction encoder 44. 

In addition, it is possible to use a non-I frame as a reference frame. When a 

30 non-I frame will be used as a reference frame, the quantized residuals from the 

quantizer 38 are respectively dequantized and inverse transformed by the 

dequantizer 50 and inverse OCT 52, respectively, so that this non-I reference frame 

will be the same as the one used by the decoder for the reasons· discussed above. 
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The motion predictor 58 proY.ides to the summer 54 the decoded Y values of the 

reference frame from which the residuals were generated. The summer 54 adds the 

respective residuals from the inverse OCT 52 to these decoded Y values of the 

ref~rence frame to generate the respective Y values of the non-I reference frame. 

5 The reference-frame buffer 56 then stores the reference non-I frame along with ·the 

reference I frame for use in motion encoding subsequent non-I frames. 

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

ensure that the transmit buffer 48, which typically transmits the encoded frame data 

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

1 o conditions occur, errors may be introduced into. the encoded data stream; For 

example, if the buffer 48 overflows, data from the coder 46 is lost. Thus, the rate 

controller 60 uses feedback to adjustthe quantization scaling factors used by the 

quantizer 38 based upon the degree of fullness of the transmit buffer 48. 

Specifically, the fuller the buffer 48, the larger the controller 60 makes the scaling 

15 factors, and thus the fewer: data bits the coder 46 generates. Conversely, the more 

empty the buffer 48, the smaller the controller 60 makes the scaling factors, and thus 

the more data bits the coder 46. generates. This-continuous adjustment ensures that 

the buffer 48 ·neither overflows nor underflows. 

·· Figure 3 is a block diagram af a conventional MPEG decompresser 60, which 

20 is more commonly called a decoder 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 coder 62 decodes the variable-length code words received from the 

encoder 30 (Figure 2). A prediction decoder 64 decodes the predictively decoded 

25 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 52 of Figure 2, transforms 

the dequantized coefficients into pixel values. The decoded pixel values pass 

through a summer 68 (which is used during the decoding of motion-predicted macro 

30 blocks of non-I frame 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 decoded I-frame is used as a reference frame, it is also 

stored in the reference-frame buffer 74. 
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For motion-predicted !'hacro blocks of non-I frames, the decoder 62, 

dequantizer 65, and inverse OCT 68 process the residual coefficients as discussed 

above for the coefficients of the I-frames. In addition, the prediction encoder 64 

de~odes the motion vectors, and a motion interpolator 76 provides to the summer 68 

5 the pixel values from the reference-frame macro blocks to which the motion vectors 

point. The summer 68 adds these pointed-to pixel values to the residual pixel values 

to generate the pixel values of the decoded macro blocks, and provides these 

decoded pixel values to the frame;;reorder buffer 70. If the encoder 30 (Figure 2) 

uses the decoded non-I frame as a reference frame, then this decoded non-I frame 

10 is stored in the reference-frame buffer 74. 

Referring to Figures 2 and 3, although described as including multiple 

functional circuit blocks, the encoder 30 and the decoder 60 may be implemented in 

hardware, software, or a combination of both. For example, the er.icoder 30 and the 

decoder 60 are often implemented by respective processors that perform the 

15 functions of the respective circuit blocks. 

More detailed discussions of the MPEG encoder 30 and the MPEG decoder 

60 of Figures 2 and 3, respectively, and of the MPEG standard in general are 

available in many_ publications including, "Video Compression" by Peter D. Symes, 

McGraw Hill, 1998, which is incorporated by reference. ·Furthermore, other well-

20 known block-based compression techniques are available for encoding and 

decoding video and still images. 

SUMMARY OF THE INVENTION 

In one aspect of the invention, an image processing circuit compares a pixel 

25 value to a threshold value and modifies the pixel value if the pixel value has a 

predetermined relationship to the threshold value. 

In another aspect of the invention, an image processing circuit generates a 

random number and combines the random number with a pixel value. 

Such image processing circuits can be used to remove artifacts such as 

30 contour artifacts from a decoded electronic image. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A is a conventional macro block of pixels. 

PCTJUS99/1470J 

Figure 1 B is a conventional block of pre-compression Y values. that 

re~pectively correspond to the pixels in the macro block of Figure 1A. 

5 Figure 1 C is a conventional block of pre-compression Ca values that 

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 block of Figure 1A. 

Figure 2 is a block diagram of a conventional M~EG encoder. 

1 O Figure 3 is a block diagram of a conventional MPEG decoder. 

Figure 4 is a block diagram of a pixel circuit according to an embodiment of 

·· the invention. 

Figure 5 is a flow diagram of the operation of the pixel circuit .of Figure 4 

according to an embodiment of the invention. 

15 Figure 6 is a diagram of respective portions of two sequential video frames 

that the pixel circuit of Figure 4 can process according to an embodiment of the 

invention. 

DETAILED DESCRIPTION OF THE INVENTION 

20 . : Figure 4 is a block diagram of a pixel circuit 100 according to an embodiment 

of the invention. The pixel circuit 100 modifies pixelvalues in a decoded electronic 

image to reduce the visibility of artifacts such as contour artifacts. Specifically, the 

human eye is more sensitive to patterned noise such as quantization (discussed 

above in conjunction with Figures 1 and 2) than it is to random noise. Because 

25 quantization causes contour artifacts, the pixel circuit 100 introduces random noise 

into an image to make contour artifacts less visible or invisible to the human eye. 

Because, as stated above, contour artifacts are more noticeable in dark image 

regions than in bright image regions, the described embodiment of the circuit 100 

introduces random noise into only the dark image regions to reduce the processing 

30 time. In other embodiments, however, the circuit 100 may introduce random noise 

into the bright regions as well. 

The circuit 100 includes a threshold comparator circuit 102, which compares 

the pixel values (both chrominance and luminance values) of each pixel in an image 
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to a respective threshold val~e. The circuit 102 provides the pixel values that are 

below the threshold value (the dark pixel values) to a first input tenninal 104 of a 

combiner 106, which is a summer in one embodiment. and provides the pixel values 

th~t are above the threshold value (the bright pixel values) to a first input terminal 

5 108 of an image buffer 110. 

A random-number generator 110 has input and output terminals 114 and 116, 

respectively, and generates a respective random number for each pixel location in 

the image whose pixel values the circuit 102 is processing. In one embodiment, the 

output tenninal 116 is connected to the input tenninal 114 to fonn a feedback loop. 

1 O An optional truncator circuit 120 truncates the random number to a desired size. The 

truncator 120 (or the random-number generator 112 if the truncator 120 is omitted) 

provides the random numbers to a second input 122 of the combiner 106. Thus, for 

each pixel location, the generator 12 provides a respective random number to the 

combiner 106, which combines the random ~umber with a respective dark pixel 

15 value to generate a modified dark pixel value. If a pixel location has a bright pixel 

value instead of a dark pixel value, then the generator 112 may still generate a 

random number for the pixel location even though the combiner 106 does not use 

the random number to modify a pixel value. 

A clipper circuit 124 receives the modified dark pixel value from the combiner 

20 106 on an input terminal 126, and determines whether the modified pixel value falls 

outside of a predetennined range of pixel values. If the modified pixel value does fall 

outside of the range, then the clipper circuit 124 "clips• the modified pixel value so 

that it falls within the range, thus preventing register overflow from generating . 

erroneous modified pixel values. If the modified pixel value does not fall outside of 

25 the range, then the clipper circuit 124 does not alter the modified pixel value. The 

circuit 124 provides the clipped and unclipped modified pixel values to a second 

input 128 of the image buffer 1101 which stores the bright pixel values and the 

modified dark pixel values in the proper order for display on a display device (not 

shown). 

30 Referring to Figure 4 and the flow diagram of Figure 5, the operation of the 

pixel circuit 100 according to an embodiment of the invention is discussed. 

Referring to block 138 of Figure 5, the threshold comparator 102 receives a 

pixel value, which can be a pixel luminance value or a pixel chrominance value. In 
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one embodiment, the pixel v_alues are 8 bits, and thus range from O - 255. ·. 

Furthermore, the comparator 102 can receive the pixel values-in any order. For 

example,·the comparator 102 can receive and process.all the luminance pixel values 

of an image and then process all the chrominance values of the image. Or, the 

5 comparator 102 can receive and process all pixel values (luminance and 

chrominance) for a first pixel location, then all pi~el values for a second pixel 

location, and so on.· 

Next, referring to block 140, the comparator 102 determines whether the pixel 

value is less than the respective threshold value .. In one embodiment, the· circuit 102 

10 compares all the luminance pixel values to a luminance threshold value and all of the 

chrominance pixel values to a chrominance threshold value. In another 

embodiment, the circuit 102 compares luminance and chrominance pixel values to 

the same threshold value. In yet another embodiment, the comparator 102 uses a 

different threshold value for each pixel location. Furthermore, although the threshold 

15 value may be any number, in one embodiment it is.within a range of 50-80. In 

addition, although described·as determining whether the pixel value is less than the 

threshold value, the circuit 102 may be constructed to determine whether the pixel 

value· is less than or equal to, greater than, or greater than or equal to the threshold 

value depending on the type of artifact being reduced. ; 

20: Referring to block 142, if the pixel value is not less than the threshold value, 

then the comparator. 102 determines,thatthe pixel value is a bright pixel value, and 

effectively generates a respective modified pixel value equal to the bright pixel value. 

(Although the modified pixel value merely equals the unmodified bright pixel value, it 

is called a modified pixel value for consistency within the flow diagram). Referring to 

25 block 144, the comparator 102 provides the modified pixel value to the input terminal 

108 of the buffer 110 for ~torage therein. 

If, however, the pixel value is less than the threshold value, then referring to 

block 146, the comparator 102 determines that the pixel value is a dark pixel value 

and the combiner 106 combines this dark pixel value with a random value from the 

30 generator 112 (and the optional truncator 120 if present) to generate a modified pixel 

value. In one embodiment, the combiner 106 sums the dark pixel value with the 

random value to generate the modified pixel value. The operation of the generator 

112 is discussed in greater detail below. 
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Next, referring to block 150, the clipper circuit 124 determines wheth.er the 

modified dark pixel value from the. combiner 106 is within the proper range. If the 

modified pixel value is within range, then, referring to block 144, the circuit 124 

p~sses the modified pixel value through to the input terminal 128 of the buffer 11 O for 

5 storage therein. If, however, the modified pixel value is out of range, then, referring 

to block 152, the circuit 124 sets the modified pixel value to an-in-range value before 

providing the modified pixel value to the buffer 110. For example, in one 

embodiment, if the proper pixel-value range is 0 - 255 and the modified pixel value is 

less than o, then the circuit 124 sets the modified pixel value equal to 0. Likewise, if 

1 O the modified pixel value is greater than 255, then the circuit 124 sets the modified 

pixel value equal to 255. 

Referring to bl9ck 154, the pixel circuit 100 determines whether there are 

more pixel values to process. If not, then the pixel circuit 100. ends its routine until 

more pixel values are provided. If, however, there are more pixel values to process, 

15 then, referring to block 138, the threshold comparator receives the next pixel value 

and the process repeats the above-described steps starting at block 140. 

Referring again to Figure 4, the operation of the random-number generator 

112 according to an embodiment of the invention is discussed. The generator 112 

generates random numbers according to a random-number equation, which in one 

20 embodiment is: 

(1) random number= (1664525 x seed+ 1013904223) mod 232 

Although the generator 112 may generate a different random number for each pixel 

25 value, in one embodiment, the generator .112 generates a different random number 

for each pixel location within an image. Thus, in such an embodiment; ea~h random 

number is used to modify all dark pixel values (luminance and chrominance) for a 

respective pixel location.· To generate these different random numbers, one provides 

a different seed number for each pixel location. In one embodiment, one provides an 

30 initial seed number to the input terminal 114 to generate a first random number for a 

first image. This first random number then feeds back to the input terminal 114 via a 

feedback path 118, and thus acts as the seed number to generate the next random 

number. This feedback continues until a random number is generated for each pixel 
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location in the image. Such feedback reduces the processing time and power as 

compared-to providing a new non-feedback seed value on the input terminal 114 for 

each random number. To generate the first random number for the next image, one 

in~y provide a new initial seed value or feed back the last random number generated 

5 for the previous·image. 

Because the random numbers generated by the random-number generator 

112 are rather large, the optional truncater 120 may be included in the circuit 100 to 

reduce the random numbers to a desired size before providing them to the combiner 

106. For example, in one embodiment, the truncater 120 reduces all of the random 

10 numbers to three bits (two magnitude and one sign) such that the truncated random 

numbers have one of the following values: -3, -2, -1, 0, 1, 2, 3. 

Referring to Figures 4 and 6, the operation of the random-number generator 

112 is discussed for generation of both temporally variant random noise and 

temporally invariant random noise. Figure 6 is a pixel diagram of two video frames 

15 160 and 162 from the same sequence of video frames. To allow the pixel circuit 100 

to process video frames using temporally variant random noise, the generator 112 

generates different random numbers for the same respective pixel locations in 

different video frames. For example, the generator 112 generates different random 

numbers for pixel locations aoo and boo, different random numbers for pixeHocations 

20 ao1 and bo1. and so on. Thus, the random noise pattern varies from frame to frame. 

Because the frames represent a scene at different times, the random noise pattern 

varies with time, and thus is temporally variant. Conversely, to allow the pixel circuit 

100 to .process video frames using temporally invariant random noise, the generator 

112 generates the same random numbers for the same respective pixel locations in 

25 different video frames. For example, the generator 112 generates the same random 

number for the pixel locations aoo and boo. the same random number for the pixel 

locations ao1 and bo1. and so on. Thus, because the random noise pattern is the 

same from frame to frame, it does not vary with time. Although processing a 

sequence of video images with temporally invariant random noise yields a visually 

30 different result than processing the sequence of video·images with temporally variant 

random noise, both techniques typically provide similar levels of reduction in the 

visibility of contour artifacts. 

14 
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In one embodiment; _the random-number generator 112 generates temporally 

variant random noise b~1,, 4sing the feedback technique. de~cribed above and using a 

different initial seed val~~ for each video frame. For e~~~ple, suppose the pixel 

cir~uit 100 processes the frame 160 before the frame 162. The generator 112 uses 

5 a first initial seed value to generate the random number for the pixel location aoo, 

feeds back the aoo random number as the seed value for the pixel location ao1. and 

so on. After the circuit 100 is finished processing the frame 160, the generator 112 

uses a second initial seed value that is different than the first initial seed value to 

generate the random number for the pixel location boo. The generator 112 feeds 

1 O back the boo random number as the seed value for the location bo1. and so on. 

Because the generator 112 uses different initial seed values for the frames 160 and 

162, the random number for a00 does not equal the random number for boo, the 

random number for ao1 does not equal the random number for bo1. and so on. 

Therefore, the random noise pattern for the frame 160 is different from the random 

15 noise pattern for the frame 162. This is typically true even if the optional truncater 

120 causes some of the pixel locations in the frame 160 to have the same truncated 

random numbers as the respective pixel locations in the frame 162. 

In another embodiment, the random-number generator 112 generates 

temporally invariant noise by using the feedback technique described above and 

20 using the same seed value for each video frame. For example, suppose the pixel 

circuit 100 processes the frame 160 before the frame 162. The generator 112 uses 

an initial seed value to generate the random number for the pixel location a00, feeds 

back the &oo random number as the seed value for the pixel location a01 , and so on. 

Aft~r the circuit 100 is finished processing the frame 160, the generator 112 uses the 

25 same initial seed value to generate the random number for the pixel location b00• 

The generator 112 feeds back the boo random number as the seed value for the 

location bo1t and so on. Because the generator 112 uses the same initial seed value 

for the frames 160 and 162, the random number for aoo equals the random number 

for b00, the random number for a01 equals the random number for b01, and so on. 

30 Therefore, the random noise pattem for the frame 160 is the same as the random 

noise pattern for the frame 162. 

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

of the invention have been described herein for purposes of illustration, various 
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modifications may be made _without deviating from the spirit and scope of the 

invention .. For example, the pixel circuit 100 (Figure 4) can modify all the pixel. 

values, bright and dark, instead of only the dark pixel values. Furthermore, although 

th~ pixel circuit 100 is described using various functionalcircuit blocks, it may be 
5 implemented in software, hardware; or a combination of both. For example, the pixel 

circuit 100 may be a processor, or may be a part of a larger image processing circuit 

that is implemented with one or more processors. Processors that one can use to 

implement the circuit 100 include the Map1000 processor developed by Equator 

Technologies, the Pentium or Celeron processors developed by Intel, and the K-6 

10 processors developed by Advanced Micro Devices (AM[)). 

16 
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What is claimed:· 

. . . ~ . 

1. An image processing circuit, comprising: 

a pixel circuit operable to, 

compare a pixel value to a threshold value, and 

modify the pixel value if the pixel value has a predetermined 

relationship to the threshold value. 

2. The image processing circuit of claim 1 wherein the pixel value 

1 o comprises a luminance pixel value. 

3. The image processing circuit of claim 1 wherein the pixel value 

comprises a chrominance pixel value. 

15 4. The image processing circuit of claim 1 wherein the threshold value is 

within a range of approximately 50 - 80. 

5. The image processing circuit of claim 1 wherein the compensation. 

value comprises a randomly generated value. 

20 

6. The image processing circuit of claim 1 wherein the compensation 

value comprises a randomly generated value within a range of-3 - 3. 

7. The image processing circuit of claim 1 wherein the pixel circuit is 

25 further operable to: 

30 

determine whether the sum of the pixel and compensation values is within a 

predetermined range of pixel values: and 

set the pixel value equal to a value within the range if the sum is outside of the 

range. 

8. The image processing circuit of claim 1 wherein the· pixel circuit is 

operable to modify the pixel value if the pixel value is less than the threshold value. 

17 
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9. The image pro_~essing circuit of claim 1 wherein the pixel circuit 

comprises. a processor. 

10. The image processing circuit of claim 1 wherein the pixel circuit is 

5 operable to modify the pixel value by adding a compensation value to the pixel value. 

11. An image processing circuit, comprising: 

a pixel circuit operable to, 

generate a random number, and- · 

10 combine the random number with a pixel value. 

15 

12. The .image processing circuit of claim 11 wherein the pixel circuit is 

further operable to truncate the random number before combining the random 

number with the pixel value. 

13. The image processing circuit of claim 11 wherein the pixel circuit is 

further operable to clip the pixel value if the pixel value is outside of a predetermined 

range. 

20 14. The image processing circuit of claim 11 wherein the pixel circuit is 

operable to add the random number to the pixel value . 

. 15. An image processing circuit, comprising: 

. a pixel circuit operable to, 

25 compare a first pixel value to a first threshold value, the first pixel value 

30 

corresponding to a pixel location in a first video frame, 

add a first compensation value to the first pixel value if the first pixel value is 

less than the first threshold value, 

compare a second pixel value to a second threshold value, the second pixel 

value corresponding to the pixel location in a second video frame, and 

add a second compensation value to the second pixel value if the second 

pixel value is less than the second threshold value. 

18 
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16. The image processing circuit of claim 15 wherein the first and second 

pixel values comprise respective luminance pixel values. 

17. The image processing circuit of claim 15 wherein the first and second 

5 pixel values comprises respective chrominance pixel values. 

18. The image processing circuit of claim 15 wherein the first and second 

threshold values are within a ·range of approximately 50 - 80. 

1 O 19. The image processing circuit of claim 15 wherein the first threshold 

15 

value equals the second threshold value. 

20. The image processing circuit of claim 15 wherein the first and· second 

compensation values comprise respective randomly generated numbers. 

21. The image processing circuit of claim 15 wherein the first 

compensation value equals the second compensation value. 

22. The image processing circuit of claim 15 wherein the first and second 

20 compensation values comprise respective randomly generated numbers within a 

range of -3 - 3. 

-23. The image processing circuit of claim 15 wherein the pixel circuit is 

further operable to: 

25 compare the first sum of the first pixel and first compensation values and the 

second sum of the second pixel and second compensation values to zero; and 

·set the first pixel value equal to zero if the first sum is less than zero and set 

the second pixel value equal to zero if the second sum is less than zero. 

30 24. An image processing circuit, comprising: 

a pixel circuit operable to, 

generate a first random number using a first seed number, 

compare a first pixel value to a first threshold value, 
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add the first random number to the first pixel value if the first pixel value is 

less than the first threshold value, 

generate a second random number using a second seed number, 

compare a second pixel value to a second threshold value, and 

5 add the second random number to the second pixel value if the second pixel 

value is less than the second threshold value. 

25. The image processing circuit of claim 24 wherein the pixel circuit is 

operable to: 

10 truncate the first random number before adding the first random number to the 

first pixel value; and 

truncate the second random number before adding the second random 

number to the second pixel value. 

15 26. The image processing circuit of claim 24 wherein the second seed 

20 

number equals the first random number. 

27. The image processing circuit of claim 24 wherein the second seed 

number equals the first seed number. · . ·· · 

28. The image processing circuit of claim 24 wherein the pixel circuit is 

·operable to: 

truncate the first random number before adding the first random number to the 

first pixel value; 

25 truncate the second random number before adding the second random 

number to the second pixel value; 

set the second seed number equal to the untruncated first random number. 

29. The image processing circuit of claim 24 wherein the pixel circuit is 

30 operable to generate the first and second random numbers using the following 

equation: 

random number= (1664525 x seed number+ 1013904223)mod 232
• 
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30. The image pro_cessing circuit of claim 24 wherein: 

the first pixel value corresponds to a first pixel location in an image; and 

the second pixel value corresponds to a second pixel location in ~he image, 

th~ second pixel location contiguous with the first pixel location. 

31. An image processing circuit, comprising: 

a pixel circuit operable to, 

generate a first random number using a first seed number, 

compare a first pixel value to a first threshold value, the first pixel value 

corresponding to a starting pixel location in a first video frame 

add the first random number to the first pixel value if the first pixel value is 

less than the first threshold value, 

generate a second random number using a second seed number, 

compare a second pixel value to a second threshold value, the second pixel 

value corresponding to a starting pixel location in a second video 

frame, and 

add the second random number to the second pixel value if the second pixel 

value is less than the second threshold value. 

20 32. The image processing circuit of claim 31 wherein the second seed 

number equals the first seed number. 

33. The image processing circuit of claim 31 wherein the pixel circuit is 

further operable to:· 

25 generate a third random number using a third seed number; 

compare a third pixel value to a third threshold value, the third pixel value 

corresponding to an ending pixel location in the first video frame; 

add the third random number to the third pixel value if the third pixel value is 

less than the third threshold value; and 

30 set the second seed number equal to the third random number. 

34. An image processing circuit, comprising: 

a pixel circuit operable to, 
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generate a fi~t random number, 

add the first random number to a first pixel value, 

generate a second random number, and 

add the second random number to a second pixel value. 

35. The image processing circuit of claim 34 wherein the pixel circuit is 

operable to generate the first and second random numbers from respective first and 

second seed numbers. 

1 O 36. The image processing circuit of claim 34 wherein the pixel circuit is 

operable to: 

generate the first random number from a seed number; and 

generate the second random number from·the first random number. 

15 37. The image processing circuit of claim 34 wherein: 

20 

the first pixel value corresponds to a pixel location in a first.video frame; 

the second pixel value corresponds to the pixel location in a second video 

frame; and 

the first random number equals the second random number. 

38. The image processing circuit of claim 34 wherein: 

th~ first pixel value corresponds to a starting pixel location in a first video 

frame; 

the second pixel value corresponds to the pixel location in a second video 

25 frame; and 

the first random number does not equal the second random number. 

39. A circuit, comprising: 

a comparator having a pixel-value input terminal and first and second pixel-

30 value output terminals; 

a random-number generator having a seed input terminal and a random­

number output terminal; 
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a combiner having a 'first input terminal coupled to the first pixel-value output 

terminal, a second input terminal coupled to the random-number output terminal, and 

a combiner output terminal; and 

an image buffer having a first input terminal coupled to the second pixel-value 

5 output terminal and having a second input terminal coupled to the combiner output 

terminal. 

40. The circuit of claim 39 wherein the comparator is operable to receive a 

pixel value on the pixel-value input terminal, provide the pixel value on the first pixel-

1 O value output terminal if the pixel value is less than a threshold value, and provide the 

pixel value on the second pixel-value output terminal if the pixel value is greater than 

the threshold value. 

41. The circuit of claim 39 wherein the random.;number output terminal is 

15 coupled to the seed input terminal. 

42. The circuit of claim 39 wherein the combiner comprises a summer. 

43. The circuit of claim 39, further comprising a random-number truncator 

20 · disposed between the random-number generator and the combiner, the truncator 

having an input terminal coupled to the random-number output terminal of the: 

random-number generator and having an output terminal coupled to the second 

input terminal of the combiner. 

25 44. The circuit of claim 39, further comprising a clipper disposed between 

the combiner and the image buffer, the clipper having an input terminal coupled to 

the combiner output terminal and having an output terminal coupled to the second 

input terminal of the image buffer. 

30 45. A method, comprising: 

comparing a pixel value to a threshold value; and 

modifying the pixel value if the pixel value has a predetermined_ relationship to 

the threshold value. 
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46. · The method of claim 45, further comprising: 

generating a random number; and 

setting the compensation value equal to the random number. 

47. The method of claim 45, further comprising: 

generating a random number; 

PCT/US99/14701 

truncating the random number to a m~mber within a range of-3 - 3; and 

setting the compensation value equal to the truncated random number. 

48. The method of claim 45, further comprising: 

determining whether the sum of the pixel and compensation values is within a 

predetermined range of pixel values; and 

setting the pixel value equal to a value within the range if the sum is outside of 

15 the range. 

49. The method of claim 45 wherein the· modifying comprises modifying the 

pixel value if the pixel value is less than the threshold value. 

20 50. The method of claim 45 wherein the modifying comprises adding a 

compensation value tothe pixel value . 

. 51. A method. comprising: 

generating a random number; and 

25 combining the random number with a pixel value. 

52. The method of claim 51, further comprising truncating the random 

number before combining the random number with the pixel value. 

30 53. The method of claim 51, further comprising clipping the pixel value if 

the pixel value is outside of a predetermined range. 
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54. A method, COIT!prising: 

comparing a first pixel value to a first threshold value, the first pixel value 

corresponding to a pixel location in a first video frame; 

adding a first compensation value to the first pixel value if the first pixel value 

5 is less than the first threshold value; 

10 

comparing a second pixel value to a second threshold value, the second pixel 

value corresponding to the pixel location in a second video frame; and 

adding a second compensation value to the second pixel value if the second 

pixel value is iess than the second threshold value. 

55. The method of claim 54 wherein the first threshold value equals the 

second threshold value. 

56. The method of claim 54 wherein the first and second compensation 

15 values equal the same randomly generated number. 

57. The method of claim 54, further comprising: 

comparing a first sum of the first pixel and first compensation values to zero; 

setting the first pixel value equal to zero if the first sum is less zero; 

20 comparing a second sum of the second pixel and second compensation 

values to zero; and 

setting the second pixel value equal to zero if the second sum is less than 

zero. 

25 58. A method, comprising: 

generating a first random number using a first seed number; 

comparing a first pixel value to a first threshold value; 

adding the first random number to the first pixel value if the first pixel value is 

less than the first threshold value; 

30 generating a second random number using a second seed number; 

comparing a second pixel value to a second threshold value; and 

adding the second random number to the second pixel value if the second 

pixel value is less than the second threshold value. 
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59. . The method of claim 58 wherein:· 

the generating the first random number comprise~ truncating the first random 

nu~ber; and · 

5 the generating the second random number comprises truncating the second 

random number. 

60. The method of claim 58 wherein the second seed number equals the 

first random number. 

10 

61. The method of claim 58 wherein the second seed number equals the 

first seed number. 

62. The method of claim 58 wherein the generating the first and second 

15 random numbers comprises generating the first and second random numbers 

according to the following equation: 

··random number= (1664525 x seed number+ 1013904223)mod 232
• 

63. A method; comprising: 

20 generating a first random number using a first seed .number; 

comparing a first pixel value to a first threshold value, the first pixel value 

corresponding to a starting pixel location in a first video frame; 

adding the first random number to the first pixel value if the first pixel value is 

less than the first threshold value; 

25 generating a second random number using a second seed number; 

30 

comparing a second pixel value to a second threshold value, the second pixel 

value corresponding to a starting pixel location in a second video frame; and 

adding the second random number to the second pixel value if the second 

pixel value is less than the second threshold value. · 

64. The method of claim 63, further comprising setting the second seed 

number equal to the first seed number. 

26 



I lllllll llllll lllll lllll II llll · 
* C L M S * 

W000/02381 PCT/US99n4701 

65. The method of claim 63, further comprising: 

generating a third random number using a third seed number; 

comparing a third pixel value to a third threshold value, the third pixel value 

co~responding to an ending pixel location in the first video frame; 

5 adding the third random number to the third pixel value if the third pixel value 

is less than the third threshold value; and 

setting the second seed number equal to the third random number. 

66. A method, comprising: 

1 O generating a first random number: 

adding the first random number to a first pixel value; 

generating a second random number; and 

adding the second random number to a second pixel value. 

15 67. The method of claim 66 wherein the generating the first and second 

random numbers comprises generating the first and second random numbers from 

respective first and second seed numbers. 

68. The method of claim 66 wherein: 

20 the generating the first random number comprises generating the first random . 

number from a seed number; and 

the generating the second random number ·comprises generating the second 

random number from the first random number. 

25 69. The method of claim 66 wherein: 

the first pixel value corresponds to a pixel location in a first video frame; 

the second pixel value corresponds to the pixel location in a second video 

frame; and 

the generating the second random number comprises generating the second 

30 random equal to the first random number. 
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70. The method ofclaim 66 wherein: 

the .first pixel value corresponds to a starting pixel location in a first video 

frame; 

the second pixel value corresponds to the pixel location in a second video 

5 frame; and 

10 

the generating the second random number comprises generating the second 

random number unequal to the first random number. 
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