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SYSTEM AND METHOD FOR IMPROVING THE QUALITY OF

HALFTONE VIDEO USING A FIXED THRESHOLD

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The field of the invention relates to image processing.

Description of the Related Technology

[0002] Halftoning is a technique that transforms continuous-tone images into

binary images. When a continuous-tone video stream needs to be shown on a binary display,

a halftone video may be produced by halftoning each frame in the video stream

independently. However, this process results in artifacts including flicker, i.e., a artifact

between frames that occurs on the display at low fresh rates. Therefore, it is desirable to have

a system and method for reducing artifacts in the halftone video thus improving the quality of

the video.

Summary of Certain Inventive Aspects

[0003] The system, method, and devices of the invention each have several

aspects, no single one of which is solely responsible for its desirable attributes. Without

limiting the scope of this invention, its more prominent features will now be discussed

briefly. After considering this discussion, and particularly after reading the section entitled

"Detailed Description of Certain Embodiments" one will understand how the features of this

invention provide advantages over other display devices.

[0004] In one aspect, a method of processing video data is disclosed. The method

comprises generating halftone data for a first video frame and generating halftone data for a

second video frame. The method further comprises, to reduce at least one visual artifact,

selectively copying the halftone data for the first video frame into the halftone data for the

second video frame, the selective copying being based upon a comparison between a

predetermined fixed threshold and the difference in a human visual system model based

perceptual error of the originally generated halftone data for the second video frame and a



human visual system model based perceptual error of the halftone data for the second video

frame after the copying is done.

[0005] In another aspect, an apparatus for processing video data is disclosed. The

apparatus comprises a memory device having stored therein at least halftone data for a first

and second video frame. The apparatus further comprises a processor that is configured to

communicate with said processor and is configured to reduce at least one visual artifact by

selectively copying the halftone data for the first video frame into the halftone data for the

second video frame with the selective copying being based upon a comparison between a

predetermined fixed threshold and the difference in the human visual system model based

perceptual error of the originally generated halftone data for the second video frame and the

human visual system model based perceptual error of this halftone data after the copying has

been done.

[0006] In another aspect, an apparatus for processing video data is disclosed. The

apparatus comprises means for generating halftone data for a first video frame and means for

generating halftone data for a second video frame. The apparatus further comprises means

for reducing at least one visual artifact by selectively copying the halftone data for the first

video frame into the halftone data for the second video frame, the selective copying being

based upon a comparison between a predetermined fixed threshold and the difference in the

human visual system model based perceptual error of the originally generated halftone data

for the second video frame and the human visual system model based perceptual error of the

halftone data after the copying is done.

Brief Description of the Drawings

[0007] Figures IA and IB are diagrams illustrating one embodiment of a method

of processing halftone video frames to reduce halftone video artifacts.

[0008] Figures 2A-2B are diagrams illustrating a different embodiment of a

method of processing halftone video frames to reduce halftone video artifacts.

[0009] Figure 3 is a flowchart illustrating one embodiment of a method of

processing halftone video frames to reduce halftone video artifacts.



[0010] Figure 4 is a flowchart illustrating one embodiment of a method of

processing halftone video frames to reduce halftone video artifacts.

[0011] Figure 5 is a diagram illustrating the test change made to a pixel of a

output fame.

[0012] Figure 6 is a block diagram illustrating one embodiment of an apparatus

for processing video data.

Detailed Description of Certain Embodiments

[0013] The following detailed description is directed to certain specific

embodiments of the invention. However, the invention can be embodied in a multitude of

different ways. In this description, reference is made to the drawings wherein like parts are

designated with like numerals throughout.

[0014] Certain embodiments as will be described below relate to a system and

method of processing video data. In one embodiment, a halftone video stream including a

sequence of frames is processed to reduce halftone video artifacts under the constraint that

the perceptual error between each frame of halftone video and the corresponding frame of

continuous-tone video satisfies a criteria. This ensures artifact reduction while preserving the

quality of the video. The perceptual error may be estimated based on a human visual system

model. Any human visual system model may be used. The perceptual error between a

halftone video frame and the corresponding continuous-tone video frame may also be

referred to as "the perceptual error of the halftone video frame."

[0015] In one embodiment, the method comprises generating halftone data for a

first video frame and generating halftone data for a second video frame. The method further

comprises, to reduce at least one visual artifact, selectively copying the halftone data for the

first video frame into the halftone data for the second video frame, the selective copying

being based upon a comparison between a predetermined fixed threshold and the difference

in a human visual system model based perceptual error of the originally generated halftone

data for the second video frame and a human visual system model based perceptual error of

the halftone data for the second video frame after the copying is done.

[0016] Figures IA and IB are diagrams illustrating one embodiment of a method

of processing halftone video frames to reduce halftone video artifacts. The halftone frames



includes a sequence of video frames such as frame X and the next frame in sequence X+l . In

one embodiment, the halftone frames are generated by halftoning each frame of the

continuous-tone video independently.

[0017] In the exemplary embodiment, the method receives a halftone video

stream. In another embodiment, the method receives a continuous tone video stream and

generates the halftone video stream by halftoning each frame of the continuous-tone video

independently.

[0018] Each frame includes a set of pixels. Each pixel is referred to by its spatial

coordinates (x,y) within the frame. X and y are the horizontal and vertical coordinates as

shown. In the exemplary embodiment, the pixel 12 of the frame X may by referred to the

pixel (1,1). The pixel 14 is at the corresponding location in the frame X+l. In other words,

the pixel 14 in the frame X+l and the pixel 12 in the frame X have the same spatial

coordinates in their respective frame. In one embodiment, each pixel may be of one of two

values representing bright or dark state when being rendered at a display. The pixels are

drawn as a dark box or a white box depending on its pixel value. In Figure IA, the pixel 12

has a value representing dark state while the pixel 14 has a value representing bright state.

[0019] The halftone frames are duplicated into an output video stream, which is

then processed to reduce the halftone artifact. Figure IA shows the output video frames X

and X+l before a trial change is made to the pixel 14 in the frame X+l. Figure IB shows the

output video frames X and X+l after a trial change is made to the pixel 14 in the frame X+l .

[0020] As a part of the process of reducing the halftone artifact, a trial change is

made to the pixel 14 in the frame X+l by copying the value of the pixel 12 in the frame X

into the pixel 14 in the frame X+l. After the trial change, Figure IB shows that the pixel 14

of the frame X+l has the same value as the pixel 12 of the frame X. Such trial change could

reduce the video artifact such as flickering in the output video stream by improving

consistency between neighboring frames.

[0021] In one embodiment, to preserve the quality of the output video, a check is

then run to ensure that the difference between a perceptual error of the originally generated

halftone data for the output video frame X+l and a perceptual error of the output video frame

X+l after the change, i.e., the frame X+l shown in Figure IB, satisfies a criteria. If the



criteria is met, the change to the frame X+l is kept. Otherwise, the pixel 14 of the frame X+l

is restored to its previous value. As will be described in regard to Figure 4, the check is run

by comparing, the difference in a perceptual error of the halftone video frame X+l and a

perceptual error of the output video frame after the change, and a pre-determined fixed

threshold. The trial change is kept if the difference does not exceed the pre-determined fixed

threshold.

[0022] In one embodiment, all pixels in the frame X+l may be checked in a

particular order to see if a value of the corresponding pixel in the frame X should be copied

to that pixel, following the same process as described above with regard to the pixel 14.

Also, all frames in the output video stream are subject to the same process as described here

with regard to the frame X+l .

[0023] In the exemplary embodiment, data from a frame X of the output video

stream is selectively copied into the next frame X+l of the output video stream. In another

embodiment, data from a frame X of the output video stream may be selectively copied into

the frame X-I of the output video stream, i.e., the frame immediately before the frame X.

[0024] In the exemplary embodiment, the value of a pixel (1,1) of a frame X of

the output video stream is selectively copied into a pixel of the same spatial coordinates in a

neighboring frame of the output video stream.

[0025] Figures 2A-2B are diagrams illustrating a different embodiment of a

method of processing halftone video frames to reduce halftone video artifacts. This

embodiment is similar to the embodiment shown in Figure 1, except when noted otherwise

below. Figure 2A shows the output video frames X and X+l before a trial change is made to

the pixel 18 in the frame X+l. Figure 2B shows the output video frames X and X+l after a

trial change is made to the pixel 18 in the frame X+l .

[0026] As a part of the process of reducing the halftone artifact, the value of the

pixel 18 of the frame X+l of the output video streams is swapped with the value of a

neighboring pixel, e.g., the pixel 16 in the same frame as shown. The trial change thus

changes the value of the pixel 18 as well as the pixel 16.

[0027] In the above Figures 1A-2B the principle of various embodiments of a

method of processing halftone video frames to reduce halftone video artifacts has been



described. Certain exemplary flowcharts will be presented below to illustrate these methods.

For illustration purpose, these flowcharts are using the embodiment shown in Figure 1 as an

example, but these flowcharts should not be limited to the method of Figure 1 only.

[0028] Figure 3 is a flowchart illustrating one embodiment of a method of

processing halftone video frames to reduce halftone video artifacts. Depending on the

embodiment, certain steps of the method may be removed, merged together, or rearranged in

order. The method 30 starts at a block 32, wherein halftone data is generated for a first video

frame of a continuous tone video stream. The halftone data may be generated by halftoning

the first video frame independently.

[0029] The method then moves to a block 34, wherein halftone data is generated

for a second video frame of the continuous tone video stream. The halftone data may be

generated by halftoning the second video frame independently. The first and the second

video frames are next to each other in the continuous tone video stream.

[0030] Next, at a block 36, the method selectively, based on a fixed threshold,

includes the halftone data for the first video frame in the halftone data in the second video

frame to reduce at least one visual artifact. In one embodiment, the method selectively copies

a pixel of the halftone data for the first video frame into the corresponding pixel of the

halftone data for the second video frame, if a criteria is met.

[0031] As will be further described below in regard to Figure 4, the selective

copying is made if the difference in a perceptual error of the originally generated second

halftone video frame and a perceptual error of the second halftone video frame after the

selective copying does not exceed a pre-determined fixed threshold. Particularly, the method

selectively copies the halftone data for the first video frame into the halftone data for the

second video frame, wherein the selective copying is based upon a comparison between a

predetermined fixed threshold and the difference in the human visual system model based

perceptual error of the originally generated halftone data for the second video frame and the

human visual system model based perceptual error of the halftone data after the copying has

been done.



[0032] In one embodiment, the method may receive the continuous tone video

stream and the halftone video stream as input. In that case, the block 34 and 36 may be

removed.

[0033] Figure 4 is a flowchart illustrating one embodiment of a method of

processing halftone video frames to reduce halftone video artifacts. Depending on the

embodiment, certain steps of the method may be removed, merged together, or rearranged in

order. In the exemplary embodiment, the steps below may be performed by a processor

which may be any suitable general purpose single- or multi-chip microprocessor, or any

suitable special purpose microprocessor such as a digital signal processor, microcontroller, or

a programmable gate array.

[0034] The method 40 starts at a block 42, wherein a continuous tone video steam

"c" and a halftone video stream "h" are received. The continuous tone video stream c

includes a sequence of video frames. The halftone video stream h is the halftone data of the

continuous tone video stream c . In one embodiment, the halftone video stream h is produced

by halftoning each frame in the continuous tone video stream c independently.

[0035] The method then moves to a block 44, wherein an output video stream "o"

is generated. It is noted that though the video stream o is called an output video stream, it is

for convenience of description. The video stream o is not sent out for display or further

processing until the completion of the method 40. The output video stream is the duplicate of

the halftone video stream h. A variable "k" is originally set to 1. The variable k is used to

indicate which frame in the output video stream is currently under process.

[0036] Next, at a decision block 46, the variable k is compared with the number

of frames in the halftone video steam h. If the k is no less than the number of frames in the

halftone video stream h, then all frames have been processed. The method moves to a block

48, in which the method stops and the output video stream c is provided for further image

processing or provided to a display for rendering.

[0037] Referring again to the decision block 46, if it is determined that the

variable k is less than the number of frames in the halftone video stream h, the method moves

to a block 52, in which k is increased by 1. At the block 52, a variable "m" is originally set to

1. The variable m is used to indicate how many times a pixel was copied in one round in



which each pixel of the frame k is checked, i.e., in blocks 56-78. In the exemplary

embodiment, the variable m is used as an indicator of whether the current frame k has

converged to a solution such that the method may move to the next frame.

[0038] Next, at a decision block 54, it is determined whether m equals to 0 . If m

does equal to 0, it is determined that no pixel is copied in one round in which each pixel of

the frame k is checked. Since no pixel is copied, the method moves to block 46 to process

the next frame in the output video stream.

[0039] If m does not equal to 0, the method then moves to a block 56. At this

block, a variable "i" is originally set to 0. The variable i is used to indicate the row

coordinate of a pixel currently under process. The variable m is also assigned to 0.

[0040] Moving to a decision block 58, the variable i is compared with the number

of rows in the halftone video frame hk. If the variable i is no less than the number of rows in

the halftone video frame h , then all rows in this frame have been processed, and the method

moves to the decision block 54.

[0041] Returning again to the decision block 58, if it is determined that the

variable i is less than the number of rows in the halftone video frame hk, the method moves to

a block 62, wherein i is increased by 1 so the method start processing pixels in the next row.

At block 62, a variable "j" is originally set to 0 . The variable j is used to indicate the column

coordinate of a pixel currently under process.

[0042] Moving to a decision block 64, wherein the variable j is compared with the

number of columns in the halftone video frame hk. If the variable j is no less than the number

of columns in the halftone video frame hk, then all pixels in row i have been processed. The

method moves to the decision block 58. If the variable j is less than the number of columns

in the halftone video frame hk, then the method moves to a block 66. At block 66, j is

increased by 1 so that the next pixel in row i is under process.

[0043] Next, at a decision block 68, the pixel (i,j) of the kth video frame in the

output video stream, which is referred to as Ok(ij) is processed. The value of the pixel Ok(ij)

is compared to the value of the pixel (i,j) of the (k-l)th frame in the output video frame Ok-1,

which is referred to as Ok-i(ij). The (k-l)th frame is the frame immediately before the kth

frame in the output video steam.



[0044] If the pixel Ok(ij) and the pixel Ok-i(ij) have the same value, then the

method moves to the decision block 64 to process the next pixel.

[0045] If the pixel Ok(ij) and the pixel Ok-i(iJ) do not have the same value, then

the method moves to block 72, wherein the value of the pixel Ok-i(ij) is copied into the pixel

Ok(ij) for a trial.

[0046] Next at a decision block 74, the method evaluates the effect of the trial

change made in block 72. In the exemplary embodiment, the method determines whether the

difference between E
0 k and Ehck is within a pre-determined fixed threshold value T. As will

be further explained below, E
oc k represents the perceptual error between the kth halftone

video frame and the kth continuous-tone video frame, and Ehck represents the perceptual

error between the kth output video frame and the kth continuous-tone video frame.

[0047] If the difference is within the fixed threshold value T, the trial change is

accepted. The method moves to a block 78, wherein m is increased by 1 to indicate that one

more pixel copying is made. At block 78, the method then moves to the decision block 64 to

process the next pixel.

[0048] If the difference is more than the threshold value T, the trial change is

rejected. The method then moves to block 76, wherein the value of the pixel Ok(ij) is set

back to the value of the pixel hk(i,j), which is the pixel (i,j) of the kth frame in the halftone

video stream. The method then moves to the decision block 64 to process the next pixel.

[0049] In the exemplary embodiment, the method evaluates the effect of each trial

change based on the perceptual error between the halftone video frame and the continuous-

tone video frame. The perceptual error indicates the difference between the halftone video

frame and the continuous-tone video frame as perceived by human vision. Such perceptual

error may be calculated based on a model for human visual system (HVS). Any suitable

human visual system model may be used. The value of Eock and kEhc
as described above

with regard to the decision block 74 may be determined in the following equations.

E - E ≤ T
Particularly, the method checks whether oc-k hc-k

[0050] For the halftone frame, , the corresponding error frame is

denoted ehc-k , with its each pixel >- ) defined by



( ' .J) ≡ c k0 , J) - h (/,7) Equation 1

[0051] The corresponding ' perceived error frame e hc k is then defined as

hc,k ≡ hc,k * P Equation 2

[0052] Here * indicates 2-dimensional convolution, and is a point spread

function representing a model of the human visual system. In the exemplary embodiment,

the point spread function is determined by a luminance spatial frequency response function as

proposed by R. Nasanen, "Visibility of halftone dot textures", IEEE Trans. Syst. Man. Cyb.,

vol. 14, no. 6, pp. 920-924, 1984. However, other human visual system models may also be

used.

[0053] The perceptual error between and °k is defined as

M
E

hc,k
≡ Y Y Equation 3

'=1 ./=1

[0054] Similarly, for the output frame, ok , the corresponding error frame

is denoted ohc k , with its each pixel ohc k (i, j ) defined by

°hcjc 0"»J ) ≡ c kQ, J ) - ° k 0">J ) Equation 4

[0055] The corresponding k perceived error frame
oc k is then defined as

Oc,k ≡ e oc,k * P Equation 5

[0056] the perceptual error between ok and °k is defined as

M N

Equation 6
y=i

[0057] In the above flowchart, the output video steam is processed beginning

from the second frame to the last frame of the output video steam. When a frame X is under

process, each round all pixels within the frame is checked one by one to test if a change to the

pixel value may be made. If no pixel is changed within one round, the method moves to the

next frame. In the exemplary embodiment, the pixels in the frame X is processed in a raster

scanning order, i.e., beginning from top to bottom and from left to right. The pixels in a row

Y are processed before pixels in a row immediately below the row Y. Within the row Y, a



pixel Z is processed before the pixel next to the pixel Z on the right side. For each pixel of

the frame X, it is determined whether a value of the pixel at the corresponding location in the

frame immediately before the frame X may be copied and whether the perceptual error

between the output video frame X and the continuous-tone video frame X still remains within

a threshold with such a change. The change is kept if the perceptual error remains within the

threshold.

[0058] In the exemplary embodiment, the pixels within a frame are processed

according to the raster scanning order. It should be noted that the pixels may be processed in

any other order. In the exemplary embodiment, the method moves to the next frame if no

pixel is changed within one round in which all pixels of a frame are checked once. It should

be noted that in another embodiment, the method moves to the next frame if the number of

changes made within one round satisfies a certain criteria, e.g., if the changes made within

one round is less than three times.

[0059] Figure 5 is a diagram illustrating the test change made to a pixel of an

output fame. The frames 32 and 34 are the (k-l)th and the kth frame in the output video

stream. Ok-i(ij), i.e., the value of the pixel 26 of the frame 32, is copied into the pixel 28,

i.e., the corresponding pixel in the frame 34 for a trial. The perceptual difference between the

resulting frame 34 and the corresponding frame Ck in the continuous tone video stream is

then checked to see if it satisfies certain criteria.

[0060] Figure 6 is a block diagram illustrating one embodiment of an apparatus

for processing video data. In the exemplary embodiment, the apparatus 160 receives a

continuous tone video stream as video input and then provides a processed video stream to a

display 166. In another embodiment, the processed video stream as provided by the

apparatus 160 may be subject to further video processing before being provided to the display

166.

[0061] In the exemplary embodiment, the apparatus 160 includes a memory

device 164 which stores the continuous tone video stream and the corresponding halftone

video stream as discussed above. The memory device 164 may also store other data and any

software modules to be executed. The memory device 164 may be any type of storage media

suitable for this purpose.



[0062] The apparatus 160 may further include a control unit 162 configured to

communicate with the memory device and to perform the methods for processing video data

as described above. In the exemplary embodiment, the control unit may be processor which

may be any general purpose single- or multi-chip microprocessor such as an ARM,

Pentium®, Pentium II®, Pentium III®, Pentium IV®, Pentium® Pro, an 8051, a MIPS®, a

Power PC®, an ALPHA®, or any special purpose microprocessor such as a digital signal

processor, microcontroller, or a programmable gate array. As is conventional in the art, the

processor may be configured to execute one or more software modules. In addition to

executing an operating system, the processor may be configured to execute one or more

software applications.

[0063] In the exemplary embodiment, the apparatus 160 receives the continuous

tone video stream and generates halftone data for the continuous tone video stream. In

another embodiment, the apparatus 160 may receive both the continuous tone video stream

and the corresponding halftone video stream. In one embodiment, the halftone video stream

is generated by halftoning each frame of the continuous tone video stream independently.

[0064] The display 166 may be any device that is configured to display an image,

whether in motion (e.g., video) or stationary (e.g., still image), and whether textual or

pictorial. More particularly, it is contemplated that the embodiments may be implemented in

or associated with a variety of electronic devices such as, but not limited to, mobile

telephones, wireless devices, personal data assistants (PDAs), hand-held or portable

computers, GPS receivers/navigators, cameras, MP3 players, camcorders, game consoles,

wrist watches, clocks, calculators, television monitors, flat panel displays, computer

monitors, auto displays (e.g., odometer display, etc.), cockpit controls and/or displays, display

of camera views (e.g., display of a rear view camera in a vehicle), electronic photographs,

electronic billboards or signs, projectors, architectural structures, packaging, and aesthetic

structures (e.g., display of images on a piece of jewelry).

[0065] In one embodiment, the display may be any binary display. In another

embodiment, the display may be an interferometric modulator display. In an interferometric

modulator display, the pixels are in either a bright or dark state. In the bright ("on" or

"open") state, the display element reflects a large portion of incident visible light to a user.



When in the dark ("off or "closed") state, the display element reflects little incident visible

light to the user. Depending on the embodiment, the light reflectance properties of the "on"

and "off states may be reversed. These pixels can be configured to reflect predominantly at

selected colors, allowing for a color display in addition to black and white.

[0066] In one embodiment of the interferometric modulator display, each pixel

comprises a Microelectromechanical systems (MEMS) interferometric modulator. In some

embodiments, an interferometric modulator display comprises a row/column array of these

interferometric modulators. Each interferometric modulator includes a pair of reflective

layers positioned at a variable and controllable distance from each other to form a resonant

optical gap with at least one variable dimension. In one embodiment, one of the reflective

layers may be moved between two positions. In the first position, referred to herein as the

relaxed position, the movable reflective layer is positioned at a relatively large distance from

a fixed partially reflective layer. In the second position, referred to herein as the actuated

position, the movable reflective layer is positioned more closely adjacent to the partially

reflective layer. Incident light that reflects from the two layers interferes constructively or

destructively depending on the position of the movable reflective layer, producing either an

overall reflective or non-reflective state for each pixel.

[0067] The foregoing description details certain embodiments of the invention. It

will be appreciated, however, that no matter how detailed the foregoing appears in text, the

invention can be practiced in many ways. It should be noted that the use of particular

terminology when describing certain features or aspects of the invention should not be taken

to imply that the terminology is being re-defined herein to be restricted to including any

specific characteristics of the features or aspects of the invention with which that terminology

is associated.



WHAT IS CLAIMED IS:

1. A method of processing video data, comprising:

generating halftone data for a first video frame;

generating halftone data for a second video frame; and

to reduce at least one visual artifact, selectively copying the halftone data for

the first video frame into the halftone data for the second video frame, the selective

copying being based upon a comparison between a predetermined fixed threshold and

the difference in a human visual system model-based perceptual error of the

generated halftone data for the second video frame and a human visual system model-

based perceptual error of the halftone data for the second video frame after the

copying is done.

2. The method of Claim 1, wherein selectively copying the generated halftone data

comprises:

generating output data for the first frame, the output data for the first frame

equal to the halftone data for the first frame;

generating output data for the second frame, the output data for the second

frame equal to the halftone data for the second frame; and

to reduce at least one visual artifact, selectively copying the output data for the

first video frame into the output data for the second video frame, the selective copying

being based upon a comparison between a predetermined fixed threshold and the

difference in a human visual system model-based perceptual error of the generated

halftone data for the second video frame and a human visual system model-based

perceptual error of the output data for the second video frame after the copying is

done.

3 . The method of Claim 2, wherein selectively copying the output data comprises

selectively copying a value of a pixel in the output data for the first video frame into the

corresponding location in the output data for the second video frame, the selectively copying

being based upon a comparison between a predetermined fixed threshold and the difference



in the human visual system model-based perceptual error of the generated halftone data for

the second video frame and the human visual system model-based perceptual error of the

output data after the copying is done.

4. The method of Claim 3, wherein the pixel in the output data for the second video

frame is located at a location corresponding to the location of the pixel in the output data for

the first video frame.

5. The method of Claim 3, wherein selectively copying a value of a pixel in the

output data for the first video frame comprises scanning each pixel in the output data for the

second video frame and selectively copying the pixel in the output data for the first video

frame into a pixel in the output data for the second video frame, the selectively copying being

based upon a comparison between a predetermined fixed threshold and the difference in the

human visual system model-based perceptual error of the generated halftone data for the

second video frame and the human visual system model-based perceptual error of the output

data after the copying is done.

6 . The method of Claim 5, wherein scanning each pixel in the output data for the

second video frame and selectively copying the pixel in the output data for the first video

frame is repeated until the number of copying made during a previous round of scanning

meets a predetermined criteria.

7. The method of Claim 6, wherein scanning each pixel in the output data for the

second video frame and selectively copying of the pixel in the output data for the first video

frame is repeated until no copying is made during a previous round of scanning.

8. The method of Claim 5, wherein the pixels in the output data for the second video

frame are processed in a raster scan order starting from top to bottom and from left to right.

9 . The method of Claim 1, wherein the visual artifact comprises flicker.

10. The method of Claim 1, wherein the video data comprises a time sequence of

video frames comprising the first and second video frame.



11. The method of Claim 1, wherein the first video frame immediately precedes the

second video frame.

12. The method of Claim 1, wherein the first video frame is the next frame after the

second video frame.

13. An apparatus for processing video data, comprising:

a memory device having stored therein at least halftone data for a first and

second video frame;

a processor that is configured to communicate with said memory device and is

configured to reduce at least one visual artifact by selectively copying the halftone

data for the first video frame into the halftone data for the second video frame with

the selective copying being based upon a comparison between a predetermined fixed

threshold and the difference in the human visual system model-based perceptual error

of the generated halftone data for the second video frame and the human visual

system model-based perceptual error of this halftone data after the copying has been

done.

14. An apparatus for processing video data, comprising:

means for generating halftone data for a first video frame;

means for generating halftone data for a second video frame; and

means for reducing at least one visual artifact by selectively copying the

halftone data for the first video frame into the halftone data for the second video

frame, the selective copying being based upon a comparison between a predetermined

fixed threshold and the difference in the human visual system model-based perceptual

error of the generated halftone data for the second video frame and the human visual

system model-based perceptual error of the halftone data after the copying is done.
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