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& (57) Abstract: A video noise reduction technique is presented. Generally, the technique involves first decomposing each frame of

& the video into low-pass and high-pass frequency components. Then, for each frame of the video after the first frame, an estimate
of a noise variance in the high pass component is obtained. The noise in the high pass component of each pixel of each frame
is reduced using the noise variance estimate obtained for the frame under consideration, whenever there has been no substantial

a motion exhibited by the pixel since the last previous frame. Evidence of motion is determined by analyzing the high and low pass
components.
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VIDEO NOISE REDUCTION

BACKGROUND

[001] Online video conferencing has attracted more and more interest recently
due to the improvements in network bandwidth, computer performance and
compression technologies. Webcams are getting popular with home users,
allowing them to chat with families and friends over the Internet for free. However,
the quality of webcams varies significantly from one to another. Beside common
issues caused by poor lighting conditions and sensor color drifting/desaturation,
low-end webcams often exhibit significant sensor noises. These noises are
visually annoying, and can have negative impact on many post processing
algorithms such as compression, object tracking/recognition, among others.

SUMMARY

[002] It should also be noted that this Summary is provided to introduce a
selection of concepts, in a simplified form, that are further described below in the
Detailed Description. This Summary is not intended to identify key features or
essential features of the claimed subject matter, nor is it intended to be used as
an aid in determining the scope of the claimed subject matter.

[003] The present technique for video noise reduction generally involves first
decomposing each frame of the video into low-pass and high-pass frequency
components. Then, for each frame of the video after the first frame, an estimate
of the noise variance in the high pass component is obtained. This is followed by
reducing the noise in the high pass component of each pixel for each frame using
its obtained noise variance estimate whenever there has been no substantial
motion exhibited by the pixel since the last previous frame. Evidence of motion is

determined by analyzing the high and low pass components.
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[004] The foregoing general video noise reduction technique can also be
implemented in schemes where motion compensation techniques are employed to
produce reference and predicted frames (and sometimes bi-directional frames).
These techniques involve the use of motion vectors that can be used to assist in
the noise reduction process. Still further, in cases where the transmittal of the
frames of a video can be delayed, or the video can be processed offline, a
backward updating operation based on the present technique can be applied to

eliminate possible ghost effects caused by occluded regions.

[005] It is noted that while the foregoing limitations in existing video systems
described in the Background section can be resolved by a particular
implementation of the present video noise reduction technique according to the
present invention, this is in no way limited to implementations that just solve any
or all of the noted disadvantages. Rather, the present technique has a much
wider application as will become evident from the descriptions to follow.

[006] In addition to the just described benefits, other advantages of the present
invention will become apparent from the detailed description which follows
hereinafter when taken in conjunction with the drawing figures which accompany
it.

DESCRIPTION OF THE DRAWINGS

[007] The specific features, aspects, and advantages of the present invention
will become better understood with regard to the following description, appended

claims, and accompanying drawings where:

[008] FIG. 1 is a diagram depicting a general purpose computing device

constituting an exemplary system for implementing the present invention.

[009] FIG. 2 is a flow diagram generally outlining one embodiment of a process
for reducing noise in the frames of a video in accordance with the present video

noise reduction technique.
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[0010] FIG. 3 is a flow diagram generally outlining one embodiment of a process
for reducing noise in the high pass component of a video frame on a pixel by pixel
basis when no substantial motion is exhibited by the pixel as part of the present

video noise reduction technique.

[0011] FIG. 4 is a flow diagram generally outlining one embodiment of a process
for computing the noise variance estimate for each frame of a video as part of the

present video noise reduction technique.

[0012] FIGS. 5A-B are a continuing flow diagram generally outlining one
embodiment of a process for reducing noise in the frames of a video encoded
using motion compensation in accordance with the present video noise reduction

technique.

[0013] FIGS. 6A-C are a continuing flow diagram generally outlining one
embodiment of a process for reducing noise in the frames of a video, which
includes backward updating to alleviate ghosting caused by occlusions in
accordance with the present video noise reduction technique.

[0014] FIG. 7 is a flow diagram generally outlining one embodiment of a process
for backward updating which can be employed as part of the present video noise
reduction technique.

DETAILED DESCRIPTION

[0015] In the following description of embodiments of the present invention
reference is made to the accompanying drawings which form a part hereof, and in
which are shown, by way of illustration, specific embodiments in which the
invention may be practiced. It is understood that other embodiments may be
utilized and structural changes may be made without departing from the scope of

the present invention.
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1.0 The Computing Environment

[0016] Before providing a description of embodiments of the present video noise
reduction technique, a brief, general description of a suitable computing
environment in which portions thereof may be implemented will be described.
The present technique is operational with numerous general purpose or special
purpose computing system environments or configurations. Examples of well
known computing systems, environments, and/or configurations that may be
suitable include, but are not limited to, personal computers, server computers,
hand-held or laptop devices, multiprocessor systems, microprocessor-based
systems, set top boxes, programmable consumer electronics, network PCs,
minicomputers, mainframe computers, distributed computing environments that

include any of the above systems or devices, and the like.

[0017] Fig. 1 illustrates an example of a suitable computing system environment.
The computing system environment is only one example of a suitable computing
environment and is not intended to suggest any limitation as to the scope of use
or functionality of the present video noise reduction technique. Neither should the
computing environment be interpreted as having any dependency or requirement
relating to any one or combination of components illustrated in the exemplary
operating environment. With reference to Fig. 1, an exemplary system for
implementing the present technique includes a computing device, such as
computing device 100. In its most basic configuration, computing device 100
typically includes at least one processing unit 102 and memory 104. Depending
on the exact configuration and type of computing device, memory 104 may be
volatile (such as RAM), non-volatile (such as ROM, flash memory, etc.) or some
combination of the two. This most basic configuration is illustrated in Fig. 1 by
dashed line 106. Additionally, device 100 may also have additional
features/functionality. For example, device 100 may also include additional
storage (removable and/or non-removable) including, but not limited to, magnetic
or optical disks or tape. Such additional storage is illustrated in Fig. 1 by
removable storage 108 and non-removable storage 110. Computer storage
media includes volatile and nonvolatile, removable and non-removable media

implemented in any method or technology for storage of information such as
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computer readable instructions, data structures, program modules or other data.
Memory 104, removable storage 108 and non-removable storage 110 are all
examples of computer storage media. Computer storage media includes, but is
not limited to, RAM, ROM, EEPROM, flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the desired information
and which can accessed by device 100. Any such computer storage media may
be part of device 100.

[0018] Device 100 may also contain communications connection(s) 112 that
allow the device to communicate with other devices. Communications
connection(s) 112 is an example of communication media. Communication media
typically embodies computer readable instructions, data structures, program
modules or other data in a modulated data signal such as a carrier wave or other
transport mechanism and includes any information delivery media. The term
“‘modulated data signal” means a signal that has one or more of its characteristics
set or changed in such a manner as to encode information in the signal. By way
of example, and not limitation, communication media includes wired media such
as a wired network or direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media. The term computer readable

media as used herein includes both storage media and communication media.

[0019] Device 100 may also have input device(s) 114 such as keyboard, mouse,
pen, voice input device, touch input device, etc. Output device(s) 116 such as a
display, speakers, printer, etc. may also be included. All these devices are well
know in the art and need not be discussed at length here.

[0020] Of particular note is that device 100 can include a camera 118 (such as a
digital/electronic still or video camera, or film/photographic scanner), which is
capable of capturing a sequence of images, as an input device. Further, multiple
cameras 118 could be included as input devices. The images from the one or
more cameras are input into the device 100 via an appropriate interface (not
shown). Howevers, it is noted that image data can also be input into the device

5
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100 from any computer-readable media as well, without requiring the use of a

camera.

[0021] The present video noise reduction technique may be described in the
general context of computer-executable instructions, such as program modules,
being executed by a computing device. Generally, program modules include
routines, programs, objects, components, data structures, etc. that perform
particular tasks or implement particular abstract data types. The present
technique may also be practiced in distributed computing environments where
tasks are performed by remote processing devices that are linked through a
communications network. In a distributed computing environment, program
modules may be located in both local and remote computer storage media

including memory storage devices.
[0022] The exemplary operating environment having now been discussed, the
remaining parts of this description section will be devoted to a description of the

program modules embodying the present video noise reduction technique.

2.0 The Video Noise Reduction Technigue

[0023] The present technique provides an effective and efficient way to reduce
the noise in the frames of a video. After noise reduction, the video can be fed into
a video encoder where it has been found there can be saving in bit rate of around

5-75% depending on the original video noise level.

[0024] In general, the present technique decomposes videos into low and high
frequency components, and reduces the noise in the high-pass component. In
one embodiment, this is implemented as shown in Fig. 2. The procedure begins
by selecting a frame of the video (200) and then decomposing the selected frame
into low-pass and high-pass frequency components (202). In addition, for each
frame after the first, an estimate of the noise variance in the high pass component
of the selected frame is obtained (204). A previously unselected pixel of the
selected frame (excluding the first) is then selected (206), and it is determined if
there is evidence of any substantial motion associated with the selected pixel

6
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since the last previous frame (208). Generally this can be accomplished by
analyzing the high pass component of the selected pixel in the current frame, and
the low pass component of the selected pixel in the current and previous frame. If
substantial motion has not occurred, the noise is reduced in the high pass
component of the selected pixel using the noise variance estimate (210).
Otherwise the high pass component of the selected pixel is not changed. ltis
then determined if all the pixels of the selected frame have been selected (212). If
not, actions 206 through 212 are repeated. When all the pixels have been
considered, it is determined if the selected frame is the last frame (214). Ifitis
not, the procedure is repeated by repeating actions 200 through 214. Ifitis the
last frame, the procedure ends.

[0025] As noted, the foregoing technique can employ the low pass components
in the current and preceding frame in order to determine if motion has occurred
and so whether a particular pixel under consideration will undergo noise reduction.
This unique aspect of the technique, among others, will be described in more
detail in the sections to follow.

[0026] In addition, it is noted that the foregoing technique employs a unique and
simple model for automatically estimating the noise variance in the high pass

component. This will also be described in more detail in the sections to follow.

2.1 Decomposing A Video Frame

[0027] In one embodiment of the present video noise reduction technique, each
frame of the video is decomposed into low-pass and high-pass frequency
components by first generating the low pass component |,y (t) for each pixel using
a low pass filter (where t refers to the frame number). For example, a box filter or
Gaussian filter could be used. The high pass component Inign(t) for each pixel is
then generated by subtracting the low pass component of the pixel from the
original pixel of the video frame under consideration. Thus,

Inigh(£) = 1(t) - liow(t)- (1)
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2.2 Finding Evidence Of Substantial Motion

[0028] As indicated previously, noise reduction is applied to a pixel in a frame
only when there has not been substantial motion exhibited by that pixel based in
part on the pixel’s condition in the immediately preceding frame. This motion
determination is generally accomplished on a pixel-by-pixel basis using both the
low pass and high pass components by determining if two conditions are met.
First, it is determined whether the pixel under consideration satisfies a condition
that the absolute value of the difference between the high pass component pixel
value and an initial value of I is less than a first prescribed multiple of the noise
variance estimate. I represents an estimate of the high pass component
intensity of the pixel under consideration as it would exist without noise. The
aforementioned first prescribed multiple can generally range between about 3 and
5, however, a value of 5 was used with success in tested embodiments of the
present technique. Thus, for tested embodiments, the first condition involved
whether:

| Tnigh(t) — Let (t-1)|< 59, (2)

where 0 is the aforementioned noise variance estimate.

[0029] The second condition involves, for the pixel under consideration, whether
the absolute value of the difference between the low pass component associated
with the current frame and the low pass component computed for the frame
immediately preceding the current frame is less than a second prescribed multiple
of the noise variance estimate. The second prescribed multiple can generally
range between about 0.5 and 2.0, however, a value of 1.25 was used with
success in tested embodiments of the present technique. Thus, for tested
embodiments, the second condition involved whether:

| Ilow(t)- Ilow(t-1)|< 1.250, (3)

where Ij,(t-1) refers to the low pass component of the correspondingly located

pixel in the frame coming just before the current frame being processed.
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[0030] The first condition ensures the noise associated with a pixel is not too
large as to make the motion determination unfeasible. The second condition
ensures there has been no big intensity changes, which would be indicative of

motion.

[0031] Each pixel in each frame after the first frame (t=0) of the video is tested
using the foregoing two conditions. For the second frame (t=1) of the video, L.y is
initialized as the high pass component of the correspondingly-located pixel in the
first frame (i.e., L = Lnign(t=0)). As will be described shortly, it may be refined as
part of the noise reduction procedure. For all subsequent frames, the initial I for
a pixel is set to the final 1.y of the correspondingly-located pixel of the immediately
preceding frame, and is used to determine if the foregoing conditions are satisfied.
In the preceding equations, as well as those to follow, the initial 1.y for a frame will
be designated as I.«(t-1) since it comes from the immediately preceding frame (t-
1). Likewise, the final L.« for a frame will be designated as L.«(t).

[0032] As for the noise variance estimate 9, it is initialized for use in the second
frame as a prescribed value. This value can range between about 3 and 20,
depending on the prior knowledge about the noise level. However, in tested
embodiments a value of 10 was employed with success. For all subsequent
frames, 3 is computed as will be described shortly. It is noted that a single
estimate of d is used for all the pixels of a frame for efficiency.

[0033] If a pixel satisfies both the foregoing conditions it is deemed that no
substantial motion has occurred since the immediately preceding frame.

Otherwise, it is deemed that substantial motion has occurred.

2.3 Reducing The Noise

[0034] If a pixel exhibits evidence of substantial motion, the noise associated
with the high pass component of that pixel cannot be reduced. However, if no
substantial motion is evident, this noise can be reduced. Given this, the following
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technique can be used to reduce the noise in the high pass component of a pixel

under consideration using the noise variance estimate.

[0035] Referring to Fig. 3, for each pixel of a video frame under consideration, in
one embodiment it is first determined whether both of the previously-described
conditions are satisfied by the pixel (300). If so, the I is set to a value
representing the product of the initial I. and a prescribed weighting factor a,
added to the product of one minus the weighting factor and the high pass
component pixel value (302). Thus, for each pixel,

Iesﬁ(t) =q Iest(t-l) + (l-(x) Ihigh(t). (4)

[0036] If either condition is not met, then the final 1. for the pixel under
consideration is set to the high pass component pixel value Ing(t) of the pixel
(304). The value of the pixel under consideration is then set to a pixel value
representing the sum of the final I.;; and the low pass component pixel value
(306). Thus, for each pixel in the frame under consideration,

() = Tese(t) + Tiow(t), (5)

where I’(t) is a noise reduced pixel value.

[0037] In one embodiment of the present video noise reduction technique, the
prescribed weighting factor a is set as N/(N+1), where N is number of consecutive
frames back from and including the current frame where the pixel satisfies both
the aforementioned first and second conditions (i.e., exhibited no substantial
motion). In an alternate embodiment a prescribed fixed value of the weighting
factor is used for convenience. For example, in tested embodiments, a fixed a

value of 7/8 was employed for the weighting factor.

2.4 Estimating The Noise Variance

[0038] As indicated previously, a noise variance estimate is obtained for each
frame considered after the first frame of the video, and this estimate is used in the

10
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calculation associated with the next frame in determining whether a pixel satisfies
the aforementioned first and second conditions. As indicated previously, the
estimate is obtained from the immediately preceding frame. The noise variance is

estimated for the immediately preceding frame as follows.

[0039] In one embodiment of the present technique, the noise variance estimate
is computed for each frame (after the first) as shown in Fig. 4. First, a previously
unselected pixel of the frame under consideration is selected (400). It is then
determined if the selected pixel satisfies both the first and second conditions
(402). If not, the next pixel is considered by repeating actions 400 and 402. If the
pixel does satisfy both conditions, then the square of the difference between the
I« and the high pass component value for the selected pixel is computed (404). It
is then determined if all the pixels of the frame under consideration have been
selected and processed (406). If not, then actions 400 through 406 are repeated.
When all the pixels have been considered as described above, a mean square
difference is computed from the squares of the differences computed for the pixels
satisfying both the first and second conditions (408). The noise variance estimate
for the frame under consideration is then set to a value representing the square
root of the mean square difference (410). Thus,

5 = sqrt(mean {(Les: - Lign(t))’} (6)

3.0 The Video Noise Reduction Technigue With Motion Information Available

[0040] Modern video codecs make use of similarity across frames to improve
coding efficiency, often termed motion compensation. Generally speaking, in
motion compensation there are reference frames and predicted frames. Predicted
frames are first predicted from the reference frames using motion vectors, and the
residue is then coded. If motion vectors are available, it is possible to extend the
present technique to provide noise reduction in both the reference and predicted
frames of a video. In general, the technique is the same except that the 1. from
the reference frames is used to construct an initial 1. for its associated predicted

frames based on the motion vectors.
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[0041] In one embodiment, this is implemented as shown in Figs. 5A-B. First, a
frame of the video is selected (500) and then decomposed into low-pass and high-
pass frequency components (502). In addition, for each frame after the first
reference frame, an estimate of the noise variance in the high pass component of
the selected frame is obtained (504). A previously unselected pixel of the
selected frame (excluding the first reference frame) is then selected (506), and it
is determined if the selected pixel satisfies a first condition that the absolute value
of the difference between the high pass component pixel value and an initial value
of I« is less than a first prescribed multiple of the noise variance estimate (508).

If not, the L. is set to the high pass component value of the selected pixel (510).
If the first condition is satisfied, then it is determined whether the selected pixel
satisfies a second condition that the absolute value of the difference between the
low pass component associated with the frame currently under consideration and
the low pass component computed for the frame immediately preceding the
current frame is less than a second prescribed multiple of the noise variance
estimate (512). If not, the Iy is set to the high pass component value of the
selected pixel (510). However, if the second condition is also satisfied, the 1. for
the selected pixel is set to the product of the initial I.sx and a prescribed weighting
factor, added to the product of one minus the weighting factor and the high pass
component pixel value (514). In this case, the initial I.i for a pixel of the first
prediction frame of the video coming immediately after the first reference frame is
set to the high pass component pixel value of the pixel in the first reference frame
identified as corresponding to the pixel of the first prediction frame via the set of
motion vectors associated with it. In addition, the initial 1. for a pixel of each
reference frame after the first reference frame is set to the I.4 of the
correspondingly-located pixel of the immediately preceding prediction frame. And
finally, the initial 1. for a pixel of each prediction frame coming after the first
prediction frame is set to the I of the pixel in its associated reference frame
identified as corresponding to the pixel of the prediction frame under consideration
via the set of motion vectors associated with it. Once the I, for a pixel has been
computed, the current value of the selected pixel is replaced with the sum of the
pixel's I and the pixel’s low pass component value (516). It is then determined if
all the pixels of the selected frame have been selected (518). If not, actions 506
through 518 are repeated. When all the pixels have been considered, it is

12
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determined if the selected frame is the last frame (520). If it is not, the procedure
is repeated by repeating actions 500 through 520. If it is the last frame, the
procedure ends.

[0042] The foregoing version of the present technique is also applicable to video
codecs employing bi-directional frames that are predicted from a reference frame
preceding the bidirectional frame and a prediction frame coming after the
bidirectional frame. This prediction is accomplished by combining a set of motion
vectors from both the associated reference and prediction frames. The only
difference in the present procedure is how the initial I is set for a pixel of a bi-
directional frame. More particularly, the initial I for a pixel of the first bidirectional
frame of the video coming immediately after the first reference frame is computed
as the combination of the high pass component pixel value of the pixel in the first
reference frame identified as corresponding to the pixel of the first bidirectional
frame via the set of motion vectors associated with the first reference frame and
the I.s Of the pixel of the associated prediction frame identified as corresponding
to the pixel of the first bidirectional frame via the set of motion vectors associated
with the prediction frame. Similarly, the initial I for a pixel of each bidirectional
frame coming after the first bidirectional frame is computed as a combination of
the I of the pixel in the associated reference frame identified as corresponding to
the pixel of the bidirectional frame under consideration via the set of motion
vectors associated with the reference frame and the I of the pixel in the
associated prediction frame identified as corresponding to the pixel of the
bidirectional frame under consideration via the set of motion vectors associated

with the prediction frame.

4.0 The Video Noise Reduction Technigue With Backwards Updating

[0043] If the transmittal of the frames of a video can be delayed a number of
frames, or if a completed video can be processed offline, it is possible to enhance
the previously described embodiments of the present technique to eliminate
possible ghost effects due to occluded regions. For example, assume a
background wall is partially occluded by a person. If the person leaves, the
previously-described first and second conditions would not be satisfied at the

13
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instance un-occlusion occurs, owing to the motion. Accordingly, no noise
reduction would take place in the affected frame(s). In addition, the averaging
aspects of computing an I for a pixel would take a few frames to take full effect.
During this period, the un-occluded region would be slightly noisier than the parts
that were never occluded, creating a ghosting effect. Performing a backward
updating of the I values for the aforementioned period can alleviate this problem.

[0044] In one embodiment of the present video noise reduction technique, the
backward updating is implemented as shown in Figs. 6A-C. The noise in the
frames of the video is reduced in the forward direction as described in the
previous embodiments. More particularly, the procedure begins by selecting a
frame of the video (600) and then decomposing the selected frame into low-pass
and high-pass frequency components (602). An estimate of the noise variance in
the high pass component of the selected frame is obtained for each frame after
the first (604). A previously unselected pixel of the selected frame (excluding the
first) is then selected (606), and it is determined if the selected pixel satisfies a
first forward updating condition that the absolute value of the difference between
the high pass component pixel value and an initial value of I is less than a first
prescribed multiple of the noise variance estimate (608). If not, the Iy is set to the
high pass component value of the selected pixel (610). If the first forward
updating condition is satisfied, then it is determined whether the selected pixel
satisfies a second forward updating condition that the absolute value of the
difference between the low pass component associated with the frame currently
under consideration and the low pass component computed for the corresponding
pixel in the frame immediately preceding the current frame is less than a second
prescribed multiple of the noise variance estimate (612). If not, the I.« is set to the
high pass component value of the selected pixel (610). However, if the second
forward updating condition is also satisfied, the I for the selected pixel is set to
the product of the initial I and a prescribed weighting factor, added to the
product of one minus the weighting factor and the high pass component pixel
value (614). Once the I« has been computed, the current value of the selected
pixel is replaced with the sum of the pixel’s I.;; and the pixel’s low pass component
value (616).

14
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[0045] It is then determined whether the selected pixel, or a correspondingly-
located pixel in any of a prescribed number of frames plus one in the sequence of
frames preceding the selected frame, failed to satisfy either the first or second
forward updating conditions (618). If so, the selected pixel is designated as a
candidate for backward updating (620). If not, no action is taken. Either way, it is
also determined whether the selected pixel has a correspondingly-located pixel in
any of the prescribed number of frames in the sequence of frames preceding the
current frame that is designated as a backward updating candidate (622). If it
does not, then no backwards updating is necessary and the procedure skips to
action 632. However, if it does, it is then determined if the selected pixel has
satisfied a first backward updating condition in that it has satisfied both the first
and second forward updating conditions and the correspondingly-located pixel in
each of the prescribed number of frames minus one in the sequence of frames
preceding the selected frame also satisfied both the first and second forward
updating conditions (624). If this is not true, it is determined if the selected pixel
has satisfied a second backward updating condition in that it fails to satisfy either
the first or second forward updating conditions (626). Otherwise, action 626 is
skipped. If it is determined the selected pixel satisfied either the first or second
backward updating condition, then for the prescribed number of frames starting
with the selected frame and moving back in the sequence of frames preceding the
selected frame, the first frame where the selected pixel or a correspondingly-
located pixel in a preceding frame satisfied both the first and second forward
updating conditions, is identified (628). If neither backward updating condition is
satisfied, no backwards updating is done and the procedure skips to action 632.
Next, for each frame starting with the identified frame and moving back to each
frame preceding the identified frame in turn, up to the prescribed number of
frames back from the selected frame or up to the first frame encountered where
the correspondingly-located pixel did not satisfy both the first and second forward
updating conditions, whichever is first, backward updating is applied to the
selected pixel or a correspondingly-located pixel in a frame preceding the selected
frame, as the case may be (630). It is then determined if all the pixels of the
selected frame have been selected (632). If not, actions 606 through 632 are
repeated. When all the pixels in the selected frame have been considered, it is
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determined if the selected frame is the last frame (634). If it is not, the procedure
is repeated by repeating actions 600 through 634. If it is the last frame, the
procedure ends.

[0046] As for the prescribed number of frames that the foregoing procedure 100ks
back, in one embodiment, the number is fixed. For example, in tested
embodiments, the prescribed number of frames was set to 10 frames. It is noted,
however, that each frame included in the prescribed number of frames results in a
measurable amount of improvement in a pixel’s signal-to-noise ratio. Thus, it is
possible in an alternate embodiment to set the prescribed number of frames to the
number of frames that will produce the improvement in the signal-to-noise ratio

needed to achieve a target ratio.

[0047] As for the backward updating task, this is generally just the present video
noise reduction technique applied in a reverse order of frames. More particularly,
referring to Fig. 7, the backward updating task involves first decomposing the pixel
under consideration into low-pass and high-pass frequency components (700).
The I« of the pixel is then set to a value representing the product of the pixel's
initial I.;c and the aforementioned prescribed weighting factor, added to the
product of one minus the weighting factor and the high pass component pixel
value (702). Here again, the initial I for a pixel is set to the I of the
correspondingly-located pixel of the frame considered immediately before the
current frame under consideration. Next, the current pixel value of the pixel is
replaced with a pixel value representing the sum of the pixel's new L. and its low
pass component pixel value (704).

50 Other Embodiments

[0048] In the foregoing description of the embodiments of the present video
noise reduction technique, the pixel intensity was referred to as if it were a single
entity. This is true in the case of gray scale images. However, in color video
frames, each pixel intensity is actually a combination of individual color intensities.
For example, when a Red-Green-Blue (RGB) color model is used to characterize
the pixel color, there is a red color channel intensity, green color channel intensity
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and blue color channel intensity. In view of this, when the noise in a color video
frame is being reduced, the present technique involves repeating the foregoing
noise reduction procedures for each color channel. It is further noted that this
repetition of the procedures per color channel also applies to other color models
and color space characterizations of the pixel intensities.

[0049] It should also be noted that any or all of the aforementioned embodiments
throughout the description may be used in any combination desired to form
additional hybrid embodiments. Although the subject matter has been described
in language specific to structural features and/or methodological acts, it is to be
understood that the subject matter defined in the appended claims is not
necessarily limited to the specific features or acts described above. Rather, the
specific features and acts described above are disclosed as example forms of

implementing the claims.
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Wherefore, what is claimed is:

1. A computer-implemented process for reducing noise in a video
comprising a sequence of video frames, comprising using a computer to perform
the following process actions:

decomposing each frame of the video into low-pass and high-pass
frequency components (202),
for each frame of the video after the first,
obtaining an estimate of the noise variance in the high pass
component (204), and
on a per pixel basis, reducing the noise in the high pass
component using the noise variance estimate (210) whenever there has been no
substantial motion since the last previous frame as determined by analyzing the
high and low pass components.

2. The process of Claim 1, wherein the process action of reducing the
noise in the high pass component using the noise variance estimate on a per pixel
basis, comprises an action of determining whether the pixel under consideration
satisfies a set of conditions, comprising,

whether the pixel under consideration satisfies a first condition that
the absolute value of the difference between the high pass component pixel value
and an initial value of Iy is less than a first prescribed multiple of the noise
variance estimate, wherein I represents an estimate of the high pass component
intensity of the pixel under consideration as it would exist without noise, and

whether the pixel under consideration satisfies a second condition
that the absolute value of the difference between the low pass component
associated with the frame currently under consideration and the low pass
component computed for the frame immediately preceding the current frame is
less than a second prescribed multiple of the noise variance estimate.

3. The process of Claim 2, wherein the first prescribed multiple of the
noise variance estimate ranges between about 3 and about 5, and the second
prescribed multiple of the noise variance estimate ranges between about 0.5 and
about 2.0.
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4. The process of Claim 2, wherein the first prescribed multiple of the
noise variance estimate is 5, and the second prescribed multiple of the noise

variance estimate is 1.25.

5. The process of Claim 2, wherein the initial I, for a pixel of the
second frame of the video is set to the high pass component pixel value of the
correspondingly-located pixel in the first frame and the initial 1. for a pixel of each
frame after the second frame of the video is set to the I of the correspondingly-
located pixel of the immediately preceding frame, and wherein the process action
of reducing the noise in the high pass component using the noise variance
estimate on a per pixel basis, further comprises the actions of:

for each pixel of the video frame under consideration,

setting the Iy to a value representing the product of the initial
I« and a prescribed weighting factor, added to the product of one minus the
weighting factor and the high pass component pixel value, whenever the first and
second conditions are satisfied, and

setting the Iy to the high pass component pixel value,
whenever either the first or second condition is not satisfied,

replacing the current pixel value with a pixel value

representing the sum of the I and the low pass component pixel value.

6. The process of Claim 5, wherein the process action of obtaining the
estimate of the noise variance in the high pass component for each frame of the
video after the first, comprises the actions of:

for each video frame after the first frame,

computing the square of the difference between the I and
the high pass component pixel value, for each pixel where the first and second
conditions are satisfied,

computing a mean square difference from the squares of the
differences computed for the pixels where the first and second conditions were
satisfied,

setting the noise variance estimate to a prescribed value for
the second frame of the video, and
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setting the noise variance estimate to a value representing
the square root of said mean square difference computed for the immediately
preceding video frame, for each frame after the second frame of the video.

7. The process of Claim 6, wherein the prescribed initial value of the

current noise variance estimate is 10.

8. The process of Claim 5, wherein the prescribed weighting factor is
set to N/(N+1), wherein N is the number of video frames including the current
frame back to the last video frame where the pixel under consideration does not
satisfy both the first and second conditions.

9. The process of Claim 5, wherein the prescribed weighting factor is
set to a fixed value of 7/8.

10.  The process of Claim 1, wherein the process action of decomposing
the video frame into low-pass and high-pass frequency components, comprises
the actions of:

generating the low pass component using a low pass filter; and
generating the high pass component by subtracting the low pass

component from the video frame under consideration.

11.  The process of Claim 10, wherein the low pass filter is one of (i) a
box filter, and (ii) a Guassian filter.

12.  The process of Claim 1, wherein each frame of the video is a color
frame and the intensity value of each pixel comprises a combination of the
individual intensity of each of a group of color channels, and wherein all the

process actions are performed separately on each color channel.
13. A computer-implemented process for reducing noise in a video

comprising a sequence of video frames, comprising using a computer to perform

the following process actions:
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decomposing each frame of the video into low-pass and high-pass
frequency components (602),
for each frame of the video after the first,
obtaining an estimate of the noise variance in the high pass
component (604), and
on a per pixel basis, reducing the noise in the high pass
component using the noise variance estimate whenever the pixel under
consideration satisfies a set of conditions comprising,

a first forward updating condition that the absolute
value of the difference between the high pass component pixel value and an initial
value of Iy is less than a first prescribed multiple of the noise variance estimate
(608), wherein 1.y represents an estimate of the high pass component intensity of
the pixel under consideration as it would exist without noise, and

a second forward updating condition that the absolute
value of the difference between the low pass component associated with the
frame currently under consideration and the low pass component computed for
the frame immediately preceding the current frame is less than a second
prescribed multiple of the noise variance estimate (612).

14.  The process of Claim 13, further comprising a process action of
performing a backward updating operation for pixels in a group of frames, wherein
the backward updating operation comprises the actions of:

whenever a pixel under consideration in the current frame under
consideration fails to satisfy either the first or second forward updating conditions
or a correspondingly-located pixel in any of a prescribed number of frames plus
one in the sequence of frames preceding the current frame under consideration
fails to satisfy either the first or second forward updating conditions, designating
the pixel under consideration as a candidate for backward updating; and

whenever a pixel under consideration in the current frame under
consideration has a correspondingly-located pixel in any of the prescribed number
of frames in the sequence of frames preceding the current frame that is
designated as a backward updating candidate,

determining if the pixel under consideration has satisfied a

first backward updating condition in that it has satisfied both the first and second
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forward updating conditions and the correspondingly-located pixel in each of the
prescribed number of frames minus one in the sequence of frames preceding the
current frame under consideration also satisfied both the first and second forward
updating conditions,
whenever the pixel under consideration fails to satisfy the first
backward updating condition, determining if the pixel under consideration has
satisfied a second backward updating condition in that it fails to satisfy either the
first or second forward updating conditions, and
whenever the pixel under consideration satisfies either the
first or second backward updating condition,
identifying the prescribed number of frames starting
with the current frame and moving backward in the sequence of frames preceding
the current frame,
identifying the first frame wherein the pixel under
consideration or a correspondingly-located pixel in a preceding frame satisfied
both the first and second forward updating conditions, in the identified prescribed
number of frames, and
applying backward updating to the pixel under
consideration or a correspondingly-located pixel in a frame preceding the current
frame, as the case may be, for the identified first frame and each frame preceding
the identified first frame in the identified prescribed number of frames, in turn, up
to the first frame encountered where the correspondingly-located pixel did not
satisfy both the first and second forward updating conditions, wherein backward
updating of the pixel under consideration or a correspondingly-located pixel in a
frame preceding the current frame comprises,
decomposing the pixel under consideration into
low-pass and high-pass frequency components,
setting the I of the pixel under consideration to
a value representing the product of an initial I.ss and a prescribed weighting factor,
added to the product of one minus the weighting factor and the high pass
component pixel value, wherein the initial I for a pixel is set to the 1. of the
correspondingly-located pixel of the frame immediately preceding the current

frame under consideration, and
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replacing the current pixel value of the pixel
under consideration with a pixel value representing the sum of the IL.;; and the low

pass component pixel value.

15.  The process of Claim 14, wherein the prescribed weighting factor is

set to a fixed value of 7/8.

16.  The process of Claim 14, wherein the prescribed number of frames

is set to 10 frames.

17.  The process of Claim 14, wherein the prescribed weighting factor is
set to N/(N+1), wherein N is the number of video frames including the current
frame back to the last video frame where the pixel under consideration does not

satisfy both the first and second conditions.

18.  The process of Claim 16, wherein each frame included in the
prescribed number of frames results in a known amount of improvement in a
pixel’'s signal-to-noise ratio, and wherein the prescribed number of frames is set to
the number of frames that will produce improvement in the signal-to-noise ratio

needed to achieve a target ratio.

19. A computer-implemented process for reducing noise in a video
comprising a sequence of video frames comprising reference frames and
predicted frames that are predicted from an associated reference frame using a
set of motion vectors and residue values, comprising using a computer to perform
the following process actions:

decomposing each frame into low-pass and high-pass frequency
components (502);
for each frame after the first reference frame,
obtaining an estimate of the noise variance in the high pass
component (504), and
on a per pixel basis, determining whether the pixel under

consideration satisfies a set of conditions comprising,
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a first condition that the absolute value of the
difference between the high pass component pixel value and an initial value of I
is less than a first prescribed multiple of the noise variance estimate (508),
wherein I represents an estimate of the high pass component intensity of the
pixel under consideration as it would exist without noise, and

a second condition that the absolute value of the
difference between the low pass component associated with the frame currently
under consideration and the low pass component computed for the frame
immediately preceding the current frame is less than a second prescribed multiple
of the noise variance estimate (512), and

for each pixel of the video frame under consideration,

setting the I to a value representing the product of
the initial I.;c and a prescribed weighting factor, added to the product of one minus
the weighting factor and the high pass component pixel value, whenever the first
and second conditions are satisfied (514), wherein the initial I.for a pixel of a first
prediction frame of the video coming immediately after the first reference frame is
set to the high pass component pixel value of the pixel in the first reference frame
identified as corresponding to the pixel of the first prediction frame via the set of
motion vectors associated therewith, and the initial 1.« for a pixel of each reference
frame after the first reference frame is set to the Iy of the correspondingly-located
pixel of the immediately preceding prediction frame, and the initial 1.y for a pixel of
each prediction frame coming after the first prediction frame is set to the Iy of the
pixel in its associated reference frame identified as corresponding to the pixel of
the prediction frame under consideration via the set of motion vectors associated
therewith;

setting the Iy to the high pass component pixel value,
whenever either the first or second condition is not satisfied (510), and

replacing the current pixel value with a pixel value

representing the sum of the .« and the low pass component pixel value (516).

20. The process of Claim 19, wherein the sequence of video frames
further comprises bidirectional frames that are predicted from an associated
reference frame preceding the bidirectional frame and an associated prediction
frame coming after the bidirectional frame, using a set of motion vectors from both
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the associated reference and prediction frames, and wherein the process action of
setting, for each pixel of the video frame under consideration, the I to a value
representing the product of an initial I.; and a prescribed weighting factor, added
to the product of one minus the weighting factor and the high pass component
pixel value, whenever the first and second conditions are satisfied, further
comprises, in the case of a bidirectional frame:

computing the initial 1. for a pixel of a first bidirectional frame of the
video coming immediately after the first reference frame as a combination of the
high pass component pixel value of the pixel in the first reference frame identified
as corresponding to the pixel of the first bidirectional frame via the set of motion
vectors associated with the first reference frame and the I of the pixel of the
associated prediction frame identified as corresponding to the pixel of the first
bidirectional frame via the set of motion vectors associated with the prediction
frame; and

computing the initial 1.5 for a pixel of each bidirectional frame coming
after the first bidirectional frame as a combination of the 1.y of the pixel in the
associated reference frame identified as corresponding to the pixel of the
bidirectional frame under consideration via the set of motion vectors associated
with the reference frame and the I of the pixel in the associated prediction frame
identified as corresponding to the pixel of the bidirectional frame under

consideration via the set of motion vectors associated with the prediction frame.
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