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RECURSIVE NOISE REDUCTION SYSTEM
AND METHOD FOR FILM-BASED VIDEO

BACKGROUND

This section is intended to introduce the reader to various aspects of
art which may be related to various aspects of the present invention that
are described below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better understanding
of the various aspects of the present invention. Accordingly, it should be
understood that these statements are to be read in this light, and not as
admissions of prior art.

To optimize the appearance of video images derived from film on a
television display, it is common practice to upconvert video that originated
as 24 or 30 frames per second (fps) film to a higher frame rate video
format. Such an upconversion process entails duplicating existing frames
and using them more than once to increase the frame rate. Noise that
exists in the original 24 fps domain (i.e., recursive noise) becomes more

difficult to remove after the upconversion process.

Conventional recursive noise reduction systems reduce noise in
upconverted video frames by generating a noise reduction (NR) correction
signal for each upconverted video frame based on the difference between
the current frame and the previously filtered video frame. Such systems,
however, typically fail to provide effective noise correction for video frames
that do not immediately follow a film frame boundary. An improved system
and method of providing recursive noise correction in a video system is

desirable.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
FIG. 1 is a block diagram of an electronic device in accordance with

an exemplary embodiment of the present invention;

FIG. 2 is a block diagram showing an exemplary upconversion
process in accordance with an embodiment of the present invention;

FIG. 3 is a diagram of an exemplary frame recursive noise reduction

system in accordance with an embodiment of the present invention;

FIG. 4 is a graph representation showing expected performance of a
recursive noise reduction system in accordance with an exemplary
embodiment of the present invention relative to expected performance of a
conventional recursive noise reduction system; and

FIG. 5 is a process flow diagram illustrating a method in accordance
with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
One or more specific embodiments of the present invention will be

described below. In an effort to provide a concise description of these
embodiments, not all features of an actual implementation are described in
the specification. It should be appreciated that in the development of any
such actual implementation, as in any engineering or design project,
numerous implementation-specific decisions may be made to achieve the
developers’ specific goals, such as compliance with system-related and
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business-related constraints, which may vary from one implementation to
another. Moreover, it should be appreciated that such a development effort
might be complex and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.

Exemplary embodiments of the present invention relate to a recursive
noise reduction system that updates noise reduction correction signals
based on differences between the current video frame and a previously
filtered video frame. More specifically, embodiments of the present
invention update noise reduction correction signals based only on
comparison with video frames on a frame boundary between a plurality of
upconverted video frames created from a film frame and a subsequent
plurality of upconverted video frames created from another film frame.
Selectively updating the noise reduction correction signal in this manner
results in provision of effective noise reduction correction signals for every
upconverted video frame, including noise reduction correction signals for
upconverted video frames not immediately following a film frame boundary.

Turning now to the figures, FIG. 1 is a block diagram of an electronic
device in accordance with an exemplary embodiment of the present
invention. The electronic device is generally indicated by reference
numeral 100. The electronic device 100 (e.g., a television, a portable DVD
player or the like) comprises various subsystems represented as functional
blocks in FIG. 1. Those of ordinary skill in the art will appreciate that the
various functional blocks shown in FIG. 1 may comprise hardware elements

(including circuitry), software elements (including computer code stored on
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a machine-readable medium), or a combination of both hardware and
software elements.

A signal source input 102 may comprise an antenna input, an RCA
input, an S-video input, a composite video input, or the like. Those of
ordinary skill in the art will appreciate that, although only one signal source
is shown, the electronic device 100 may have multiple signal source inputs.
The signal source input 102 is adapted to receive a signal that comprises
video data and, in some cases, audio data. The signal received by the
signal source input 102 may comprise a broadcast spectrum (e.g., if the
signal source input 102 comprises an antenna) or a single channel of video
and/or audio data (e.g., if the signal source input 102 comprises a DVD
player or the like).

A tuner subsystem 104 is adapted to tune a particular video program
from a broadcast signal received from the signal input source 102. Those
of ordinary skill in the art will appreciate that input signals that are not
received as part of a broadcast spectrum may bypass the tuner 104,
because tuning is not required to isolate a video program associated with
those signals.

The electronic device 100 may include an audio subsystem 106. The
audio subsystem 106, which may comprise an audio amplifier, may be
adapted to play audio data associated with video data being displayed by
the electronic device 100.

A processor 108 is adapted to control the overall operation of the
electronic device 100. A memory 110 may be associated with the
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processor 108 to hold machine-readable computer code that enables the
processor 108 to control the operation of the electronic device 100.

A video processor 112 comprises an upconversion system and a
recursive noise reduction system in accordance with an exemplary
embodiment of the present invention. Those of ordinary skill in the art will
appreciate that functionality provided by the video processor 112 could
either be located externally from the processor 108 or incorporated into the
processor 108.

Exemplary embodiments of the present invention relate to the
removal of recursive noise that is inherently present in video data filmed at
a rate in the range of about 24 fps to 30 fps. When film video is
upconverted to a higher frame rate (for example, 60 fps for MPEG video),
frames at the lower frame rate are duplicated. One typical conversion
scheme known as the 3:2 pulldown technique alternates between
duplicating film frames three times or two times. In other words, a first film
frame is duplicated three times, a second film frame is duplicated two times
and so on. Another upconversion technique is known as 2:2 pulldown, in
which all film frames are duplicated twice. When processing MPEG video
data that has been upconverted, the video processor 112 takes into
account the fact that video frames were duplicated. In so doing, the video
processor 112 operates under the assumption that recursive noise of
duplicated frames is the same. Accordingly, a noise correction signal
applied by the video processor 112 is updated only at frame boundaries
between pluralities of MPEG frames corresponding to individual film
frames. For a given film-based video sequence, the recursive noise
reduction system accepts an upconverted video frame as an input, applies
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a noise reduction correction signal to the upconverted video frame, and
outputs a filtered video frame.

The filtered video frames produced by the recursive noise reduction
system may be relayed to a display subsystem 114 for external viewing.
The display subsystem 114 may comprise a liquid crystal (LCD) display, a
liquid-crystal-on-silicon (LCOS) display, a digital light projection (DLP)
display or any other suitable display type.

FIG. 2 is a block diagram showing an exemplary upconversion
process in accordance with an embodiment of the present invention. As
will be appreciated by one of ordinary skill in the art, a 3:2 pulldown
technique entails creating 60fps progressive video from a 24fps film source.
In FIG. 2, four film frames 202, 204, 206 and 208 are upconverted into four
pluralities of progressive video frames, respectively indicated by the
reference numerals 212, 214, 216 and 218. Film frame boundaries of the
pluralities of progressive video frames are indicated by reference numerals
220, 222 and 224. Film frame boundary information is typically available for
use in accordance with embodiments of the present invention because
frame recursive noise reduction is typically performed at the same time as
the inverse 3:2 pulldown processing. If this is not the case, the film frame
boundaries (e.g., 220, 222 and 224) may be detected through video frame
differencing in accordance with an exemplary embodiment of the present
invention.

Each upconverted progressive video frame is duplicative of the film
frame from which it was created. The 3:2 pulldown technique uses a 3-2-3-
2 cadence. That is to say, half of the film frames are upconverted into
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three progressive video frames, while the other half are upconverted into
two progressive video frames. In addition, the pluralities of three
progressive video frames alternate with the pluralities of two progressive
video frames. The 3-2-3-2 cadence of the 3:2 pulldown technique is
illustrated in FIG. 2. For example, film frame 202 is upconverted into the
plurality of three progressive video frames 212. Subsequently, film frame
204 is upconverted into a plurality of two progressive video frames 214.
Then, film frame 206 is upconverted into the plurality of three progressive
video frames 216. Finally, film frame 208 is upconverted into the plurality of
two progressive video frames 218. In an exemplary embodiment of the
present invention, the video processor 112 (FIG. 1) may be adapted to
maintain the 3-2-3-2 cadence for an entire video sequence inputted into the

upconversion system.

FIG. 3 is a diagram of an exemplary frame recursive noise reduction
system in accordance with an embodiment of the present invention. The
recursive noise reduction system is generally indicated by reference
numeral 300. The recursive noise reduction system 300, which may
comprise a portion of the video processor 112 (FIG. 1), implements a
process for applying a noise reduction correction signal to an upconverted
video frame in accordance with an exemplary embodiment of the present
invention. Generally, the recursive noise rediction system 300 accepts an
upconverted video frame 302 as an input, applies a noise reduction
correction signal to the upconverted video frame, and outputs a filtered
video frame 304.

The process implemented by the recursive noise reduction system
300 is described in further detail below. A frame delay buffer 306 stores a
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previously-filtered video frame 308. The previously-filtered video frame 308
is the filtered video frame that most recently occurred at a film frame
boundary. The upconverted video frame 302 and the previously-filtered
video frame 308 are processed by the differencing block 310 to produce a
difference signal 312. Subsequently, the difference signal 312 is
processed by a nonlinear processing block 314 to produce a noise
reduction correction signal 316. The noise reduction correction signal 316
and the upconverted video frame 302 are processed by a summation block
318 to produce the filtered video frame 304, which is the output of the
system. If the filtered video frame 304 occurs at a film frame boundary, a
film frame boundary control signal 320 is enabled, and the filtered video
frame is copied into the frame delay buffer 306 for use as the previously-
filtered video frame 308 in the next iteration of the system process. If the
filtered video frame 304 does not occur at a film frame boundary, the film
frame boundary control signal 320 is disabled, and the previously-filtered
video frame 308 stored in the frame delay buffer 306 is unchanged.

By copying a filtered video frame to the frame delay buffer 306 only
when a film frame boundary occurs, the present invention produces
effective noise reduction correction signals for all upconverted video
frames. This selective copying technique renders the present invention
superior to conventional systems. Indeed, conventional systems copy all
filtered video frames to a frame delay buffer, resulting in ineffective noise
reduction correction signals for any upconverted video frames that do not
immediately follow a film frame boundary.

If desired, the recursive noise reduction system 300 can be adjusted
to function identically to conventional noise reduction systems in certain
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instances. This can be accomplished by permanently enabling the film
frame boundary control signal 320 so that a filtered video frame 304 is
invariably copied into the frame delay buffer 306 for use as the previously-
filtered video frame 308 in the next iteration of the system process. By
adjusting the recursive noise reduction system 300 in this manner, it will
function identically to conventional systems. That is, all filtered video
frames will be copied into the frame delay buffer 306 instead of only video

frames at film frame boundaries.

Enabling the recursive noise reduction system 300 to function
identically to conventional systems in certain instances could permit the
system to operate in both “improved film mode” and “standard mode.”
Operating the system in “improved film mode” would entail copying filtered
video frames into the frame delay buffer 306 only at film frame boundaries
in accordance with embodiments of the present invention. Operating the
system in “standard mode” would entail copying all filtered video frames to
the frame delay buffer 306 in accordance with conventional recursive noise
reduction systems. While film-based video received via digital broadcast or
digital cable (i.e., ATSC or QAM) ideally would be processed in improved
film mode, video received via analog broadcast or analog cable ideally
would be processed in standard mode. Thus, the adaptability of the
recursive noise reduction system 300 renders it viable for use with a broad
range of video types.

FIG. 4 is a graph representation showing expected performance of a
recursive noise reduction system in accordance with an exemplary
embodiment of the present invention relative to expected performance of a
conventional recursive noise reduction system. The graph, which is
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generally referred to by the reference number 400, illustrates the relative
advantages of the recursive noise reduction system in accordance with
embodiments of the present invention when applied to a film-based video
sequence. Specifically, the graph 400 includes a first row 402, a second
row 404, a third row 406 and a forth row 408. Each row includes data that
is associated with data from the other rows based on alignment in the
graph 400. The first row 402 includes blocks that represent a film-based
video sequence including numerous frames. The second row 404 includes
blocks with indicators that represent which of the frames in row 402 receive
effective noise reduction and non-effective noise reduction using
conventional systems. The third row 404 includes a graphical line 409
indicating which frames are at film frame boundaries and which are not.
Specifically, the film frame boundaries are indicated by the steps 410 in the
graphical line 409. The fourth row 408 represents which of the frames in
row 402 receive effective noise reduction using an exemplary embodiment
of the present invention.

As illustrated by row 404 in the graph 400, the noise reduction
correction signal applied to film-based video frames by conventional
recursive noise reduction systems is effective only for video frames
immediately following the film frame boundaries. Indeed, because
subsequent frames within a series may be the same, noise reduction is
diluted in conventional systems. However, the noise reduction correction
signal applied to video frames by a system in accordance with an
exemplary embodiment of the present invention is effective for all video
frames, as illustrated by row 408.
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FIG. 5 is a process flow diagram illustrating a method in accordance
with an exemplary embodiment of the present invention. The process is
generally indicated by reference numeral 500. At block 502, the process
begins. At block 504, a first film frame having a first frame rate and a
second film frame having the first frame rate are received. At block 5086,
the first film frame is converted into a first plurality of video frames having a
second frame rate. At block 508, the second film frame is converted into a
second plurality of video frames having the second frame rate, wherein the
first plurality of video frames is positioned adjacent the second plurality of
video frames at a border between the first plurality of video frames and the
second plurality of video frames. At block 510, a noise reduction correction
signal is updated only on the border between the first plurality of video
frames and the second plurality of video frames. The process ends at
block 512.

While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of
example in the drawings and will be described in detail herein. However, it
should be understood that the invention is not intended to be limited to the
particular forms disclosed. Rather, the invention is to cover all
modifications, equivalents and alternatives falling within the spirit and scope
of the invention as defined by the following appended claims.
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What is claimed is:

1. A method, comprising:

receiving a first film frame having a first frame rate and a second film
frame having the first frame rate;

converting the first film frame into a first plurality of video frames
having a second frame rate;

converting the second film frame into a second plurality of video
frames having the second frame rate, wherein the first plurality
of video frames is positioned adjacent the second plurality of
video frames at a border between the first plurality of video
frames and the second plurality of video frames; and

updating a noise reduction correction signal only on the border
between the first plurality of video frames and the second
plurality of video frames when operating in a first mode.

2.  The method recited in claim 1, comprising updating the noise
reduction correction signal for each of the first plurality of video frames and
the second plurality of video frames when operating in a second mode.

3.  The method recited in claim 2, comprising outputting the one of
the second plurality of video frames after correction as a filtered video

frame.

4.  The method recited in claim 1, wherein converting the first film
frame into the first plurality of video frames comprises employing 3:2
pulldown processing.
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5.  The method recited in claim 1, comprising detecting the first
border via video frame differencing.

6.  The method recited in claim 1, comprising storing at least a one
of the first plurality of video frames adjacent the border in a buffer for
comparison with at least a one of the second plurality of video frames.

7.  The method recited in claim 1, wherein converting the first film
frame into the first plurality of video frames comprises employing 2:2
pulldown processing.

8. The method recited in claim 1, comprising:

receiving a third film frame having the first frame rate;

converting the third film frame into a third plurality of video frames
having the second frame rate, wherein the second plurality of
video frames is positioned adjacent the third plurality of video
frames at a second border;

updating the noise reduction correction signal based on a difference
between a one of the second plurality of video frames adjacent
the second border and a one of the third plurality of video
frames; and

not updating the noise reduction correction signal based on a
difference between any of the third plurality of video frames.

9.  The method recited in claim 1, comprising receiving the first film
frame via a digital broadcast.
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10. The method recited in claim 1, wherein the acts recited in claim
1 are performed in the order in which they are recited in claim 1.

11.  An electronic device, comprising:
a video signal source that is adapted to receive video data having a
first frame rate; and
a video processor that is adapted to:
convert video frames of the video data into corresponding
pluralities of frames at a second frame rate, wherein each
of the pluralities of frames at the second frame rate has a
border with another of the pluralities of frames at the
second frame rate; and
update a noise reduction correction signal based on differences
between the frames of video data only at the border
between the pluralities of frames at the second frame
rate when operating in a first mode.

12. The electronic device recited in claim 11, wherein the video
processor is adapted to update the noise reduction correction signal for
each of the first plurality of video frames and the second plurality of video
frames when operating in a second mode.

13. The electronic device recited in claim 11, wherein the video
processor is adapted to perform 3:2 pulldown processing.

14. The electronic device recited in claim 11, wherein the video
processor is adapted to perform video frame differencing.
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15.  The electronic device recited in claim 11, comprising a buffer
configured to store frames adjacent the border for comparison with other

frames.

16. The electronic device recited in claim 11, comprising a
summation block adapted to produce a filtered video frame based on the

noise reduction correction signal.

17. The electronic device recited in claim 11, wherein the video
signal source is adapted to receive a digital broadcast.

18. The electronic device recited in claim 11, wherein the electronic

device comprises a television.

19.  An electronic device, comprising:

means for receiving a first film frame having a first frame rate and a
second film frame having the first frame rate;

means for converting the first film frame into a first plurality of video
frames having a second frame rate;

means for converting the second film frame into a second plurality of
video frames having the second frame rate, wherein the first
plurality of video frames is positioned adjacent the second
plurality of video frames at a border between the first plurality of
video frames and the second plurality of video frames; and

means for updating a noise reduction correction signal only on the
border between the first plurality of video frames and the
second plurality of video frames when operating in a first mode.
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20. The electronic device recited in claim 19, comprising means for
updating the noise reduction correction signal for each of the first plurality
of video frames and the second plurality of video frames when operating in
a second mode.
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