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Description

FIELD OF THE INVENTION

[0001] The present invention relates to digital signal processing.

BACKGROUND

[0002] Noise is a common problem in digital images, and digital signal processing (DSP) algorithms may be used to
decrease noise in digital images. For example, the noise may be random, unwanted fluctuations in pixel values that
make the image look grainy. There are several de-noising algorithms currently available that aim to decrease digital
image noise; however these algorithms tend to have problems separating noise and data. This is especially problematic
when a digital image has fine details in a low contrast region.
[0003] Most de-noising algorithms tend to perform well on uniform areas in a digital image, but typically have substantial
problems eliminating noise on edges and contours in a digital image, and in detail-rich areas of a digital image, without
blurring the digital image. Here, detail-rich areas may include closely situated pixels that exhibit varying contrast levels.
The problems of eliminating noise may lead to a loss of information.
[0004] What is needed are techniques that solve the issues described above without adversely affecting other char-
acteristics of an image.
[0005] EP 1 289 309 A1 discloses a noise filter for Bayer pattern image data in which an interpolation algorithm joins
together the digital information provided by differently colored adjacent pixels in the Bayer pattern. The filter includes a
noise level computation block for operating directly on the Bayer pattern data set for each color channel. Given a target
pixel T0 and its eight neighboring pixels T1, T2, ..., T8, the method determines a set of eight coefficients Ki, which weigh
the similarity between T0 and each of the eight neighboring pixels Ti.
[0006] The article "Directional weighting-based demosaicking algorithm for noisy CFA environments" by Hung-Yi Lo
et al., IEEE International Conference on Multimedia, 2006, pages 489-492, discloses a noise reduction technique in
which a current pixel is filtered depending on a degree of similarity between the current pixel and a weighted average
of its neighboring pixels. When determining a directional weight Wi, only one additional color channel is involved, in
addition to the color channel of the pixel of interest.
[0007] EP 1 315 367 A2 discloses a method and system for noise filtering a digital image, wherein a filtered pixel value
of a first color component at a first pixel location is adjusted using information indicative of a difference in pixel values
of a second color component at second pixel locations adjacent to the first pixel location.

BRIEF SUMMARY

[0008] The present invention is defined by the independent claims. The dependent claims concern optional features
of some embodiments of the invention.
[0009] This invention relates to digital signal processing. A system according to an embodiment of this invention
reduces noise in an image containing pixels. The system includes a distance calculator, a weight calculator, and a de-
noised pixel calculator. The distance calculator compares a value of a first pixel with values of a set of other pixels,
where the first pixel and the set of other pixels are each of a first color, and compares values of pixels neighboring the
first pixel with values of further pixels neighboring the set of other pixels, where the pixels neighboring the first pixel and
the further pixels neighboring the set of other pixels are one of the first color, a second color, and a third color. The
weight calculator determines, for each pixel in the set of other pixels, a weight based on results of the distance comparator.
And finally, the de-noised pixel calculator calculates a de-noised pixel value based on the weights of each pixel in the
set of other pixels, and replaces the value of the first pixel with the de-noised pixel value.
[0010] A method according to an embodiment of this invention reduces noise in an image containing pixels. The
method includes comparing a value of a first pixel to values of a set of other pixels, where the first pixel and the set of
other pixels are each of a first color. The method also includes comparing values of pixels neighboring the first pixel to
values of further pixels neighboring the set of other pixels, where the pixels neighboring the first pixel and the further
pixels neighboring the set of other pixels are one of the first color, a second color, and a third color. The method further
includes determining, for each pixel in the set of other pixels, a weight, calculating a de-noised pixel value based on the
weights of each pixel in the set of other pixels; and replacing the value of the first pixel with the de-noised pixel value.
[0011] According to the system and the method of the present invention, noise is reduced in pixels in uniform areas
of an image, in pixels along edges and contours in the image, and in pixels that lie in detail-rich areas, while preserving
their contrast.
[0012] Further embodiments, features, and advantages of the invention, as well as the structure and operation of the
various embodiments of the invention are described in detail below with reference to accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0013] Embodiments of the invention are described with reference to the accompanying drawings. In the drawings,
like reference numbers may indicate identical or functionally similar elements. The drawing in which an element first
appears is generally indicated by the left-most digit in the corresponding reference number.

FIG. 1 is a diagram that illustrates an example system suitable for implementing an embodiment of the present
invention.
FIG. 2 is a diagram of a module of the example system according to an embodiment of the present invention.
FIG. 3 is a more detailed diagram of the module of the example system according to an embodiment of the present
invention.
FIG. 4 is a detailed diagram of a component of the module of the example system according to an embodiment of
the present invention.
FIGS. 5A-B are example image windows according to an embodiment of the present invention.
FIG. 6 is a diagram of an example distance calculator according to an embodiment of the present invention.
FIGS. 7A-7B are diagrams of an example parameter selector according to an embodiment of the present invention.
FIG. 8 is a diagram of an example weight calculator according to an embodiment of the present invention.
FIG. 9 is a diagram of an example weight adder according to an embodiment of the present invention.
FIG. 10 is a diagram of an example maximum weight identifier according to an embodiment of the present invention.
FIG. 11 is a diagram of an example minimum power-of-2 calculator according to an embodiment of the present
invention.
FIGS. 12A-B are diagrams of an example middle weight calculator according to an embodiment of the present
invention.
FIG. 13 is a diagram of an example weighted average calculator according to an embodiment of the present invention.
FIG. 14 is a diagram of an example mobile device according to an embodiment of the present invention.
FIG. 15 is a diagram of an example computer system according to an embodiment of the present invention.
FIG. 16 is a flowchart of a method for reducing noise in an image according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0014] In the following description, for the purposes of explanation, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be apparent, however, that the present invention may
be practiced without these specific details. In other instances, well-known structures and devices are shown in block
diagram form in order to avoid unnecessarily obscuring the present invention.
[0015] Techniques are disclosed herein for processing signal data. The signal data can be represented by a number
of different signal matrices, with each matrix representing a different portion of the signal. For example, each signal
matrix is configured to contain entries that correspond to a set of pixels in an image sensor. The signal data may comprise,
for example, audio data or other signal data other than image data.
[0016] FIG. 1 is a diagram illustrating a system 100 suitable for implementing an embodiment of the present invention.
As an example, not to be limiting, system 100 may be an image signal processing (ISP) chain. In an embodiment, ISP
chains include modules that run algorithms to process RAW images, outputting final images (e.g., JPEG images, TIFF
images, etc.) that are saved in non-volatile memory. As shown in FIG. 1, system 100 includes an analog gain module
102, a black level correction module 104, a bad pixel correction module 106, a green-red/green-blue (GRGB) compen-
sation module 108, a white balance and digital gain module 110, a lens shading correction module 112, a fixed-pattern
noise (FPN) and random noise removal module 114, a de-noiser module 116, a digital auto focus module 118, a de-
mosaicing module 120, a sharpening module 122, a color correction matrix module 124, a gamma correction module
126, and a JPEG compression module 128. Note that these ISP modules are not required to implement the de-noising
algorithm presented in this application.
[0017] In an embodiment, analog gain module 102 receives an image 180 from an image sensor, not shown, that
detects image 180. In an alternate embodiment, analog gain module 102 receives image 180 from memory coupled to
the image sensor that detects image 180. The memory can be flash memory, magnetic disks, optical disks, or other
such storage mediums. The image sensor converts an optical image into an electrical signal to create image 180. The
image sensor can be one of several different kinds of color image sensors, such as, for example, a BAYER sensor, a
Foveon X3 sensor, a 3CCD sensor, etc. A BAYER sensor, for instance, passes red, green, and blue light to pixels,
forming an interlaced grid that is sensitive to the three colors. A BAYER sensor can utilize a BAYER filter, which is a
specific arrangement of green, red, and blue color filters to cover each pixel. The BAYER filter is described in greater
detail below with respect to FIG. 5. For the purposes of clarity, not to be limiting, system 100 is described herein as if
the image sensor is a BAYER sensor.
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[0018] Analog gain module 102 can apply a gain to image 180 to compensate for any dark portions of image 180 that
may result while using a low exposure time. Analog gain module 102 applies the gain before an analog-to-digital (A/D)
conversion occurs. Analog gain module 102 passes a modified version of image 180 to black level correction module 104.
[0019] In an embodiment, black level correction module 104 removes a floor value from image 180. As an example,
black level correction module 104 removes from image 180 a "dark current" that is output from the image sensor. Black
level correction module 104 passes a further modified version of image 180 to bad pixel correction module 106.
[0020] Bad pixel correction module 106 locates "burned" pixels within image 180 that produce very low or very high
false values. In an embodiment, bad pixel correction module 106 then replaces those "burned" pixels with a "smart"
average of image 180’s environment. Bad pixel correction module 106 passes a further modified version of image 180
to GRGB compensation module 108.
[0021] In an embodiment, GRGB compensation module 108 compensates for differences that may occur between
green pixel values in pixel lines that contain both green and red pixels, and green pixel values in pixel lines that contain
both green and blue pixels. As an example, pixel values are 12 bits and represent the intensity of the chosen color.
GRGB compensation module 108 passes a further modified version of image 180 to white balance and digital gain
module 110.
[0022] White balance and digital gain module 110 applies a gain to each green, red, and blue pixel value to balance
the colors and compensate for lighting conditions and light levels, while maintaining each pixel’s dynamic range. In an
embodiment, white balance and digital gain module 110 passes a further modified version of image 180 to lens shading
correction module 112.
[0023] In an embodiment, lens shading correction module 112 compensates for a lens shading profile by increasing
the luminance of pixels placed far from the middle pixel. Lens shading correction module 112 passes a further modified
version of image 180 to fixed-pattern noise (FPN) and random noise removal module 114.
[0024] FPN and random noise removal module 114 removes random noise and fixed-pattern noise from image 180.
In an embodiment, FPN and random noise removal module 114 passes a further modified version of image 180 to de-
noiser module 116.
[0025] In an embodiment, de-noiser module 116 effectively removes noise from at least a portion of image 180, while
preserving pixel values near and on edges and contours, and in detail-rich areas, with as minimal impact as possible
on contrast. As used herein, edges and contours refer to those regions in image 180 where an abrupt change in pixel
values occurs, regardless of the pixels’ spatial location. And as used herein, detail-rich areas refer to pixels of image
180 that lie in close proximity and exhibit varying contrast levels. De-noiser module 116 replace the center or middle
pixel of the portion of image 180 that is being processed with an average of other pixels in its vicinity. These neighboring
pixels are similar to the middle pixel in value and have similar environments. De-noiser module 116 is described in
greater detail below with respect to FIGS. 2-13. De-noiser module 116 passes a further modified version of image 180
to digital auto focus module 118.
[0026] Digital auto focus module 118 increases the contrast of image 180. Digital auto focus module 118 is described
in greater detail in co-owned U.S. Patent Application Serial No. 11/970,427, entitled "Techniques for Adjusting the Effect
of Applying Kernels to Signals to Achieve Desired Effect on Signal," filed on January 7, 2008, which is incorporated
herein by reference in its entirety. In an embodiment, digital auto focus module 118 passes a further modified version
of image 180 to de-mosaicing module 120.
[0027] In an alternate embodiment, not shown, de-noiser module 116 is included within digital auto focus module 118.
In this case, FPN and random noise removal 114 passes the further modified image 180 to digital auto focus 118.
[0028] De-mosaicing module 120 performs an interpolation, such that image 180 becomes a complete RGB image
where every pixel has three color channel values. In an embodiment, de-mosaicing module 120 passes a further modified
version of image 180 to sharpening module 122.
[0029] Sharpening module 122 enhances the contrast of pixels in image 180. In an embodiment, digital auto focus
module 118 differs from sharpening module 122 in that digital auto focus module 118 compensates for a point spread
function. Sharpening module 122 passes a further modified version of image 180 to color correction matrix module 124.
[0030] Color correction matrix module 124 controls the color accuracy and color saturation of image 180. In an em-
bodiment, color correction matrix module 124 passes a further modified version of image 180 to gamma correction
module 126.
[0031] Gamma correction module 126 applies a gamma curve to image 180. In an embodiment, gamma correction
module 126 passes a further modified version of image 180 to JPEG compression module 128.
[0032] JPEG compression module 128 compresses image 180 from a full BMP image to a JPEG image that can then
be saved to a non-volatile memory, such as, for example, flash memory. Any compression other than JPEG, such as
GIF, can also be used to compress image 180.
[0033] Each of analog gain module 102, black level correction module 104, bad pixel correction module 106, GRGB
compensation module 108, white balance and digital gains module 110, lens shading correction module 112, FPN and
random noise removal module 114, de-noiser module 116, digital auto focus module 118, de-mosaicing module 120,
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sharpening module 122, color correction matrix module 124, gamma correction module 126, and JPEG compression
module 128 can be implemented in hardware, software, or any combination thereof.
[0034] FIG. 2 illustrates a diagram of de-noiser module 116 according to an embodiment of the present invention. As
shown in FIG. 2, de-noiser module 116 includes a distance calculator 210, a weight calculator 220, and a de-noised
pixel calculator 230. In an embodiment, de-noiser module 116 evaluates a single portion of image 180 at a time, identified
as image window 202. For example, image window 202 can be a 7 by 7 matrix of pixels. If de-noiser module 116 is
implemented as a standalone module, then seven line buffers are used to store the seven lines of pixels from image
window 202 to allow for a pipelined implementation. If de-noiser module 116 is implemented as an addition to digital
auto focus module 118, then no additional line buffers are required since digital auto focus module 118 also uses line
buffers to store pixels of image 180. As an example, digital auto focus module 118 can have nine reusable line buffers.
A more detailed description of image window 202 is given below with respect to FIGS. 5A-B.
[0035] In an embodiment, distance calculator 210 calculates a difference in values between a pixel at the center or
middle of image window 202 and pixels neighboring the middle pixel. A more detailed description of these pixels is
provided below with respect to FIGS. 5A-B. A more detailed description of the difference calculations are provided below
with respect FIG. 6.
[0036] In an embodiment, weight calculator 220 calculates weights for each pixel that neighbors the middle pixel. The
weights are dependent on the differences calculated in distance calculator 210. The weight calculations are described
in greater detail below with respect to FIG. 8.
[0037] In an embodiment, de-noised pixel calculator 230 uses the weights generated by weight calculator 220 to de-
noise the middle pixel. De-noised pixel calculator 230 outputs a new pixel value to replace the original middle pixel value.
De-noised pixel calculator 230 is described in greater detail below with respect to FIGS. 4 and 9-13.
[0038] Note that de-noiser module 116 can process several times, receiving a different image window 202 each time.
In an embodiment, de-noiser module 116 processes until each pixel in image 180 has appeared as the middle pixel in
image window 202 and has been replaced with a de-noised value. Once all pixels in image 180 have been de-noised
and had their values replaced, image 180 is processed by the remaining modules of the ISP chain. In another embodiment,
de-noiser module 116 processes until a set number of pixels in image 180 have been de-noised.
[0039] Note also that if de-noiser module 116 is incorporated within digital auto focus module 118, then de-noiser
module 116 passes the de-noised middle pixel value to the rest of digital auto focus module 118 for further processing
of image 180 before another image window 202 is processed.
[0040] FIG. 3 is a more detailed diagram of de-noiser module 116 according to an embodiment of the present invention.
Specifically, FIG. 3 illustrates components of de-noiser module 116 interacting to generate a de-noised pixel value for
each middle pixel. As shown in FIG. 3, in addition to distance calculator 210, weight calculator 220, and de-noised pixel
calculator 230, de-noiser module 116 also includes a parameter selector 340 and a threshold adjuster 350. In an em-
bodiment, de-noiser module 116 receives inputs image window 202 and de-noise enable signal 308. De-noise enable
signal 308 controls whether de-noiser module 116 is enabled or disabled. De-noise enable signal 308 is received from
another module in system 100 or from a source outside of the ISP chain. Example systems including components outside
of the ISP chain are described below with respect to FIGS. 14 and 15.
[0041] Several signals can be derived from image 180 and image window 202, including, for example, image noise
level 304 and middle pixel value 306. Image noise level 304 is a metric that is correlated to the level of noise in image
180. In an embodiment, this metric is calculated in a preceding module of system 100 and input to de-noiser module
116. In another embodiment, image noise level 304 is calculated during a preview mode, where the preview mode does
not result in image 180 being saved to non-volatile memory. Alternatively, image noise level 304 is estimated using
knowledge of digital and/or analog gains and an exposure time that were applied to image 180. In an embodiment,
middle pixel value 306 is a value of the middle pixel in image window 202.
[0042] Parameter selector 340 stores several de-noising parameter profiles. In an embodiment, parameter selector
340 uses image noise level 304 to determine which parameter profile to apply to image window 202. As an example,
not to be limiting, five parameter profiles are defined, where a first parameter profile is chosen for a very low noise level,
a second parameter profile is chosen for a low noise level, a third parameter profile is chosen for a medium noise level,
a fourth parameter profile is chosen for a high noise level, and a fifth parameter profile is chosen for a very high noise level.
[0043] Each parameter profile defines a number of threshold values and constants used by distance calculator 210,
weight calculator 220, and de-noised pixel calculator 230. In an embodiment, parameter selector 340 passes nine
constants, spatial_w values 360a-i, to distance calculator 210; threshold values 362a-d, signal threshold values 378a-
d, and signal result values 380a-e to threshold adjuster 350; result values 364a-e to weight calculator 220; and sum
threshold value 366 and low weight threshold value 368 to de-noised pixel calculator 230. These threshold values and
constants are described in more detail below with respect to FIGS. 6-8 and 12A-B.
[0044] In an embodiment, threshold adjuster 350 uses signal threshold values 378a-d, signal result values 380a-e,
and middle pixel value 306 to adjust threshold values 362a-d, outputting adjusted threshold values 376a-d. In an alternate
embodiment, middle pixel value 306, as well as the values of the middle pixel’s neighboring pixels, are used in the
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adjustment calculation. A more detailed description of threshold adjuster 350 is provided below with respect to FIGS.
7A-B. Threshold adjuster 350 passes adjusted threshold values 376a-d to weight calculator 220.
[0045] In an embodiment, distance calculator 210 uses image window 202 and spatial_w values 360a-i to calculate
environment distances 370a-h. Distance calculator 210 passes environment distances 370a-h to weight calculator 220.
[0046] Weight calculator 220 uses result values 364a-e, environment distances 370a-h, and adjusted threshold values
376a-d to determine environment weights 372a-h. In an embodiment, weight calculator 220 passes environment weights
372a-h to de-noised pixel calculator 230.
[0047] In an embodiment, de-noised pixel calculator 230 uses sum threshold value 366, low weight threshold value
368, environment weights 372a-h, and image window 202 to determine a de-noised pixel value 374 for the middle pixel
of image window 202. De-noised pixel calculator 230 sends de-noised pixel value 374 to multiplexor 382, which is
controlled by de-noise enable signal 308. If de-noiser module 116 is a standalone module and enabled, multiplexor 382
passes de-noised pixel value 374 through. Otherwise, if de-noiser module 116 is a standalone module and disabled,
the original pixel value, middle pixel value 306 is passed through. If de-noiser module 116 is a standalone module,
multiplexor 382 controls whether a full de-noised pixel image or image 180 passes through instead of a single pixel.
[0048] FIG. 4 is a detailed diagram of de-noised pixel calculator 230 according to an embodiment of the present
invention. As shown in FIG. 4, de-noised pixel calculator 230 includes a weight adder 402, a maximum weight identifier
404, a minimum power-of-2 calculator 406, a middle weight calculator 408, and a weighted average calculator 410. In
an embodiment, weight adder 402 takes environment weights 372a-h and finds their sum. Weight adder 402 sends this
sum in the form of environment weight sum 412 to minimum power-of-2 calculator 406 and middle weight calculator
408. Weight adder 402 is described in greater detail below with respect to FIG. 9.
[0049] Maximum weight identifier 404 receives environment weights 372a-h and identify the largest environment
weight. In an embodiment, maximum weight identifier 404 passes its result to middle weight calculator 408. Maximum
weight identifier 404 is described in greater detail below with respect to FIG. 10.
[0050] In an embodiment, minimum power-of-2 calculator 406 calculates the smallest power-of-2 that is larger than
environment weight sum 412. The result, minimum power-of-2 414, is forwarded to middle weight calculator 408. Minimum
power-of-2 calculator 406 is described in greater detail below with respect to FIG. 11.
[0051] Middle weight calculator 408 adjusts minimum power-of-2 414 according to several conditions to ensure a
weight of the middle pixel is not too small. Middle weight calculator 408 also calculates the weight of the middle pixel.
In an embodiment, both calculations are dependent on sum threshold value 366, low weight threshold value 368, envi-
ronment weight sum 412, minimum power-of-2 414, and maximum environment weight 416. A middle weight 418 and
an updated minimum power-of-2 420 is sent to weight average calculator 410. A more detailed description of middle
weight calculator 408 is provided below with respect to FIGS. 12A-B.
[0052] In an embodiment, weighted average calculator 410 uses environment weights 372a-h, image window 202,
middle weight 418, and updated minimum power-of-2 420 to calculate de-noised pixel value 374, which replaces the
original middle pixel value. Weighted average calculator 410 is described in greater detail below with respect to FIG. 13.
[0053] FIGS. 5A-B display an example image window 202 according to an embodiment of the present invention. As
shown in FIG. 5A, image window 202 consists of seven lines, lines 502, 504, 506, 508, 510, 512, and 514, totaling 49
pixels. In an embodiment, a minimum size for image window 202 is a 7 by 7 matrix. The pixel identified by X9 is also
known as the middle or center pixel of image window 202. Pixels X1, X2, X3, X4, X5, X6, X7, and Xg are those pixels that
neighbor the middle pixel and are used in determining the eventual de-noised middle pixel value.
[0054] In an embodiment, an environment is defined around each pixel that is used to determine the de-noised pixel
value and defined around the middle pixel. Each environment is a 3 by 3 matrix of pixels. For example, the environment
of X1 comprises pixels E1_11. E1_21, E1_31, E1_12, E1_13, E1_23, E1_33, and X1. Image window 202 can comprise nine
environments. Note that the environments overlap as there are several pixels that are common to two or more environ-
ments. As an example, the third pixel in line 506, from left to right, is common to the environments of X1, X2, X4, and X9.
[0055] As shown in FIG. 5B, each pixel in image window 202 represents a single color. In this case, each pixel is either
red I, green (G), or blue (B). According to the BAYER pattern, each line comprises either alternating red and green pixels
or alternating blue and green pixels. X1 through X9 are all the same color, in this case blue. This property holds true no
matter which color is represented by X1 through X9. Also, a color at a given location in one environment corresponds to
the same color at the same relative location in another environment. For example, the third pixel in line 506, from left to
right, is red and corresponds to the bottom right corner of the environment of X1. Likewise, the fifth pixel in line 510, from
left to right, also is red and also corresponds to the bottom right corner of an environment, in this case X9’s environment.
As is described below, this property is important for the difference calculations of distance calculator 210.
[0056] FIGS. 6-13 illustrate hardware diagrams of de-noiser module 116 and reference those pixels of image window
202 displayed in FIGS. A-B. In an embodiment, the following hardware implementations are designed in a way that
minimizes the required gate count. However, this is not meant to be limiting, as other hardware implementations can be
used to carry out the present invention.
[0057] FIG. 6 is a detailed diagram of distance calculator 210 according to an embodiment of the present invention.
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As shown in FIG. 6, distance calculator 210 includes at least subtractor blocks 602a-i, absolute value blocks 604a-i,
barrel shifters 606a-i, and adder blocks 608a-d, 610a-b, 612, and 614. In an embodiment, the components shown in
FIG. 6 are used to calculate one of environment distances 370a-h. An additional seven identical blocks can be present
in distance calculator 210 to calculate environment distances 370a-h in parallel. In an alternate embodiment, not shown,
each environment distance 370a-h is calculated serially, such that the components shown in FIG. 6 calculate each
environment distance 370a-h one at a time. As described herein, it is assumed the components shown in FIG. 6 calculate
environment distance 370a.
[0058] Environment distances 370a-h are calculated by subtracting the pixel values of the environment of the middle
pixel from pixel values of one of the environments of a pixel neighboring the middle pixel. In an embodiment, the
components shown in FIG. 6 physically represent the following formula used to determine environment distances 370a-h:

where Dk refers to one of the eight environment distances 370a-h, Spatial_W[I,j] refers to one of the nine spatial_w
values 360a-i, Ey refers to a pixel value in the environment of Xy, k runs from one to eight, and i and j determine the
position within a 3 by 3 pixel matrix. Note that an absolute value of the difference is taken to ensure no environment
distance 370a-h is negative.
[0059] In an embodiment, spatial_w values 360a-i function as weights used to apply varying degrees of importance
to pixels based on their location within the environment. Spatial_w values 360a-i are organized as 3 by 3 pixel matrices.
In an embodiment, each spatial_w value 360a-i is a power-of-2 and a base two logarithm of each spatial_w value 360a-
i is stored in a register (not shown) coupled to each respective barrel shifter 606a-i. This allows barrel shifters 606a-i to
function as multipliers or dividers, where the absolute value of the difference between E9_xy and E1_xy is bit shifted to
the right if the corresponding spatial_w value 360a-i is less than one, and bit shifted to the left if the corresponding
spatial_w value 360a-i is greater than one.
[0060] The sum of spatial_w values 360a-i corresponds to the dynamic range of environment distances 370a-h. For
example, if spatial_w values 360a-i sum to one, then environment distances 370a-h have a dynamic range of one,
meaning environment distances 370a-h are of the same bit resolution as the pixel values of image window 202. If
spatial_w values 360a-i sum to 16, then environment distances 370a-h have a dynamic range 16 times greater than
when the sum is one. While a smaller dynamic range is preferred, since it requires fewer bits to represent environment
distances 370a-h and reduces the gate count, there is no restriction on the sums or dynamic range. Note that it is possible
to decrease the dynamic range, while maintaining weights that are powers-of-2, by multiplying spatial_w values 360a-i
by ©, ¨, etc. Table 1 below gives four examples of possible spatial_w values 360a-i.

In an alternate embodiment, as shown in the right-most example of Table 1, spatial_w values 360a-i are not powers-of-
2. This can require implementing the multiplication of weights by the absolute values, as shown in Equation (1), in a
more complex way. For example, multipliers and/or adders can be used along with barrel shifters 606a-i to carry out the
multiplication. Overall, spatial_w values 360a-i are adjusted as necessary to achieve a desired level of de-noising.
[0061] Note that while Equation (1) describes finding differences in pixel values, environment distances 370a-h are
dubbed "distances" since they represent how close each environment of those pixels neighboring the middle pixel, X1
through X8, are to the environment of the middle pixel. If, for example, the environments of X3 and X9 are almost identical
in terms of pixels values, then environment distance 370c, or D3, receives a very low value. However, if the opposite is
true, then environment distance 370c receives a very high value.
[0062] As an example, not to be limiting, the pixel values, Ek_xy, extend up to 12 bits, resulting in at most a 12 bit value
reaching barrel shifters 606a-i. Those values stored in the registers coupled to barrel shifters 606a-i are up to three bits,
meaning the absolute values are shifted to the right or left up to 7 bits. The bit resolution of shift values 624a-i is dependent
on the bit resolution of the absolute values received by barrel shifters 606a-i, in this case 12 bits. Each sum value that

Table 1

1 2 3 1 2 3 1 2 3 1 2 3

1 1/16 1/8 1/16 1/16 1/16 1/16 2 1 2 3 2 3

2 1/8 ¨ 1/8 1/16 © 1/16 1 4 1 2 5 2

3 1/16 1/8 1/16 1/16 1/16 1/16 2 1 2 3 2 3
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follows an adder, first sums 626a-d, second sums 628a-b, third sum 630, and environment distance 370a, has a maximum
bit resolution that is one bit higher than the maximum bit resolution of the two values added together. Therefore, in this
case, the maximum bit resolution of first sums 626d is 13 bits, the maximum bit resolution of second sums 628a-b is 14
bits, the maximum bit resolution of third sum 630 is 15 bits, and the maximum bit resolution of environment distance
370a is 16 bits.
[0063] Once environment distances 370a-h have been calculated, environment weights 372a-h are calculated by
weight calculator 220. In an embodiment, environment weights 372a-h is computed by comparing environment distances
370a-h with threshold values. However, prior to these comparisons, the threshold values can be adjusted.
[0064] FIGS. 7A-B illustrate more detailed diagrams of threshold adjuster 350 according to an embodiment of the
present invention. As shown in FIGS. 7A-B, threshold adjuster 350 includes comparators 702a-d, multiplexor logic 704,
and right barrel shifters 750a-d. As shown in FIG. 7A, a signal level of image window 202 are used to determine the
proper adjustments. This signal level is input a of comparators 702a-d. In a first embodiment, this signal level is middle
pixel value 306. In a second embodiment, not shown, this signal level is a weighted average of X1 through X9. As an
example, the following equation is used to calculate the signal level in this embodiment: 

where Wi is a power-of-2. The sum of Wi is normalized to a nearest power-of-2 if it is not originally a power-of-2 to avoid
divisions. In a third embodiment, not shown, this signal level is a found according to the following equation: 

In a fourth embodiment, not shown, this signal level is found according to the following equation: 

[0065] Once the signal level is determined, it is compared with each signal threshold value 378a-d. Again, as described
above, these signal threshold values 378a-d originate based on image noise level 304. As an example, signal threshold
values 378a-d are 150, 300, 500, and 800, respectively, for ten bit pixel values. Comparators 702a-d determine whether
the signal level is larger than the respective signal threshold value 378a-d and send their respective comparator results
708a-d to multiplexor logic 704. In an embodiment, comparator results 708a-d are one bit values and function as an
address that is used to determine signal level factor 710. For example, if the signal level is larger than signal threshold
values 378a-b, but not signal threshold values 378c-d, then the address is 1100. In this case, signal result value 380c
is used as signal level factor 710. It follows that one of signal result values 380a-e becomes signal level factor 710. As
an example, signal result values 380a-e are sixteen, eight, four, two, and one, respectively, for 10 bit pixel values. Note
that signal result values 380a-e are inversely proportional to the signal level. In an embodiment, signal result values
380a-e have a maximum bit resolution of eight. The following equation is used to calculate signal level factor 710:

where SRVa-b refer to signal result values 380a-e, respectively, STVa-d refer to signal threshold values 378a-d, and MAX
is one less than a value determined by the maximum bit resolution of the signal level.
[0066] As shown in FIG. 7B, signal level factor 710 is used to scale threshold values 362a-d. In an embodiment, if
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threshold values 362a-d and signal level factor 710 are powers-of-2, then right barrel shifters 750a-d are sufficient to
properly divide threshold values 362a-d by signal level factor 710. In this case, threshold values 362a-d are bit shifted
to the right by a base two logarithm of signal level factor 710 to produce adjusted threshold values 376a-d. In an alternate
embodiment, if threshold values 362a-d and/or signal level factor 710 are not powers-of-2, then additional hardware,
such as, for example, adders and multipliers, is necessary to carry out the division. The following equation is represented
by the components of FIG. 7B: 

After being calculated, adjusted threshold values 376a-d are sent to weight calculator 220.
[0067] FIG. 8 is a more detailed diagram of weight calculator 220 according to an embodiment of the present invention.
As shown in FIG. 8, weight calculator 220 includes comparators 802a-d and multiplexor logic 804. In an embodiment,
the components shown in FIG. 8 are used to calculate one of environment weights 372a-h. An additional seven identical
blocks are present in weight calculator 220 to calculate all environment weights 372a-h in parallel. In an alternate
embodiment, not shown, each environment weight 372a-h is calculated serially, such that the components shown in
FIG. 8 calculate each environment weight 372a-h one at a time. As described herein, it is assumed the components
shown in FIG. 8 calculate environment weight 372a.
[0068] In an embodiment, comparators 802a-d determine whether adjusted threshold values 376a-d are larger than
environment distance 370a and their comparator results 808a-d to multiplexor logic 804. Note that environment distance
370a corresponds to environment weight 372a, environment distance 370b corresponds to environment weight 372b,
and so on. Comparator results 808a-d are one bit values and function as an address that is used to determine environment
weight 372a. For example, if environment distance 370a is larger than adjusted threshold value 376a, but not adjusted
threshold values 376b-d, then the address is 1000. In this case, result value 364b is used as environment weight 372a.
It follows that one of result values 364a-e becomes environment weight 372a. As an example, result values 364a-e are
32, 16, eight, two, and one, respectively. Note that having power-of-2 result values 364a-e lowers the gate count as
extra hardware is not necessary for future multiplications. Note also that result values 364a-e are in descending order
since small environment distances 370a-h represent closer environments in a distance-metric sense. It follows that
environment weights 372a-h should be inversely proportional to environment distances 370a-h so that environments far
from the middle pixel’s environment in a distance-metric sense have a smaller effect on de-noised pixel value 374. In
an embodiment, result values 364a-e have a maximum bit resolution of eight and are stored in registers. The following
equation is used to calculate environment weight 372a: 

where RVa-b refer to result values 364a-e, respectively, ATVa-d refer to adjusted threshold values 376a-d, and MAX is
one less than a value determined by the maximum bit resolution of environment distances 370a-h. As an example, for
spatial_w values 360a-i that sum to one and a pixel value bit resolution of 12 bits, MAX is 4095. Note Equation (7) applies
to the calculation for any environment weight 372a-h.
[0069] Note that the structure shown in FIG. 8 is similar to the structure shown in FIG. 7A. In an embodiment, not
shown, weight calculator 220 and threshold adjuster 350 share the same structure to complete their respective tasks.
[0070] In an alternate embodiment, not shown, environment weights 372a-h are calculated using more complex equa-
tions. As examples, the following five equations can be used to create inverse relationships between environment
distances 370a-h and environment weights 372a-h:
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where σ and a are some constants, and k goes from one to eight to cover each environment weight 372a-h and envi-
ronment distance 370a-h pair. Note that Equations (8)-(12) require a larger gate count than the design of FIG. 8 in
implementation.
[0071] Once the environment weights 372a-h have been determined, a process to find de-noised pixel value 374 is
initiated. FIGS. 9-13 present more detailed diagrams of de-noised pixel calculator 230 and illustrate how finding de-
noised pixel value 374 is accomplished. However, the weight of middle pixel value 306, middle weight 418, is required
prior to finding de-noised pixel value 374. In a first embodiment, middle weight 418 is a value based on the sum of
environment weights 372a-h, environment weight sum 412. In this embodiment, environment weight sum 412 is calculated
by weight adder 402.
[0072] FIG. 9 is a more detailed diagram of weight adder 402 according to an embodiment of the present invention.
As shown in FIG. 9, weight adder 402 includes adders 902a-d, 904a-b, and 906. Adders 902a-d receive environment
weights 372a-h, summing two environment weights 372a-h at a time to produce first sums 910a-d. As an example,
environment weights 372a-h have a maximum bit resolution of eight bits, meaning first sums 910a-d have a maximum
bit resolution of nine bits. Adders 904a-b sum first sums 910a-d two at a time to produce second sums 912a-b. In an
embodiment, second sums 912a-b have a maximum bit resolution of 10 bits. Finally, adder 906 sums second sums
912a-b to produce environment weight sum 412, which has a maximum bit resolution of 11 bits. In an embodiment,
environment weight sum 412 is sent to both minimum power-of-2 calculator 406 and middle weight calculator 408. The
calculation used to find environment weight sum 412 is represented by the following equation: 

where Wk represents one of environment weights 372a-h.
[0073] At a same or different time, maximum weight identifier 404 calculates maximum environment weight 416. FIG.
10 is a more detailed diagram of maximum weight identifier 404 according to an embodiment of the present invention.
As shown in FIG. 10, maximum weight identifier 404 includes comparators 1002a-d, 1004a-b, and 1006. Comparators
1002a-d each receive a pair of environment weights 372a-h and determine which environment weight 372a-h in the pair
is larger. Comparators 1002a-d pass through the larger environment weight 372a-h to comparators 1004a-b as first
largest 1010a-d. Comparators 1004a-b then each determine which first largest 1010a-d is larger, and pass their results
to comparator 1006 as second largest 1012a-b. Comparator 1006 then determines which second largest 1012a-b is
larger, resulting in maximum environment weight 416. Note that first largest 1010a-d, second largest 1012a-b, and
maximum environment weight 416 have the same maximum bit resolution as environment weights 372a-h. In an em-
bodiment, maximum environment weight 416 is sent to middle weight calculator 408. The calculation used to find max-
imum environment weight 416 is represented by the following equation: 

where Wk represents one of environment weights 372a-h.
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[0074] In order to minimize the gate count, minimum power-of-2 414 is calculated by minimum power-of-2 calculator
406 before middle weight 418 is determined. FIG. 11 is a more detailed diagram of minimum power-of-2 calculator 406
according to an embodiment of the present invention. As shown FIG. 11, minimum power-of-2 calculator 406 includes
right barrel shifters 1102a-k, comparators 1104a-k, inverters 1106a-k, and adder 1108. In an embodiment, environment
weight sum 412 is received by each right barrel shifter 1102a-k and bit shifted to the right by the indicated number to
produce shift values 1110a-k. For example, shift value 1110c is equivalent to environment weight sum 412 bit shifted
to the right by two bits. If a maximum bit resolution of environment weight sum 412 is 11 bits, then a maximum bit
resolution of shift value 1110a is 11 bits, a maximum bit resolution of shift value 1110b is 10 bits, a maximum bit resolution
of shift value 1110c is nine bits, and so on.
[0075] Each shift value 1110a-k is checked to see if it equals zero by comparators 1104a-k, resulting in one bit results
1112a-k. In an embodiment, results 1112a-k are high if the respective shift value 1110a-k equals zero, and are low if
not. These results 1112a-k is inverted by inverters 1106a-k and aggregated together to form inverted results 1114. As
an example, inverted results 1114 is 11 bits, with an inverted result 1112a functioning as the least significant bit and an
inverted result 1112k functioning as the most significant bit.
[0076] Finally, adder 1108 adds one to inverted results 1114, resulting in an 11 bit minimum power-of-2 414. Note
FIG. 11 is not meant to be limiting, as any viable schematic design is used to find minimum power-of-2 414. As an
example, a more complicated design uses a base two logarithm of environment weight sum 412 to determine minimum
power-of-2 414. In this case, a calculation of minimum power-of-2 414 is represented by the following equation: 

where ceil rounds the result of the base two logarithm to the nearest integer. In an embodiment, minimum power-of-2
414 is sent to middle weight calculator 408. With minimum power-of-2 414, middle weight calculator 408 computes
middle weight 418.
[0077] FIGS. 12A-B are more detailed diagrams of middle weight calculator 408 according to an embodiment of the
present invention. As shown in FIGS. 12A-B, middle weight calculator 408 includes comparators 1202 and 1214, mul-
tiplexor logic 1204 and 1218, left barrel shifter 1210, subtractors 1212 and 1220, and left barrel shifter 1222. Before
outputting middle weight 418 and a possible updated minimum power-of-2 420, middle weight calculator 408 checks
several end cases to ensure de-noised pixel value 374 is eventually calculated correctly.
[0078] FIG. 12A illustrates a first condition used to check an end case. Comparator 1202 compares minimum power-
of-2 with sum threshold value 366 to determine which is larger, outputting comparator result 1206 to multiplexor logic
1204. In an embodiment, comparator result 1206 is a one bit value that functions as an address used to identify which
data input becomes a intermediate minimum power-of-2 1208. In this case, minimum power-of-2 414 and sum threshold
value 366 also function as data inputs to multiplexor logic 1204. As an example, if minimum power-of-2 414 is larger
than sum threshold value 366, then comparator result 1206 is low, resulting in minimum power-of-2 414 becoming
intermediate minimum power-of-2 1208. Essentially, intermediate minimum power-of-2 1208 becomes the larger of the
two multiplexor logic 1204 data inputs. In an embodiment, both minimum power-of-2 414 and sum threshold value 366
have a maximum bit resolution of 11 bits, meaning intermediate minimum power-of-2 1208 also has a maximum bit
resolution of 11 bits.
[0079] The purpose of the first condition is to treat an end case where each environment weight 372a-h receives a
very low value, such as, for example, one or two, resulting in a low environment weight sum 412. A low environment
weight sum 412 eventually leads to a low middle weight 418, as described below, such that the relative percentage of
environment weights 372a-h to a weighted average of environment weights 372a-h and middle weight 418 is high. In
an embodiment, a low relative percentage of environment weights 372a-h to the weighted average of environment
weights 372a-h and middle weight 418 is actually desired. For example, if environment weights 372a-h receive the
values of zero, zero, zero, zero, zero, one, one, and one, respectively, environment weight sum 412 is three, and minimum
power-of-2 414 is four, then middle weight 418 is one, according to Equation (18) below, and is thus only ¨ of the total
weighted average. On the other hand, the other pixels X1 through X8 receive a % share even though it is not desirable
to give such weight to these pixels considering the low environment weights 372a-h indicate their environments are not
close to the middle pixel’s environment. As an example, sum threshold value 366 is 16. As is shown below, this results
in middle weight 418 being 13/16 of the total weighted average.
[0080] FIG. 12B illustrates a second condition used to check an end case. Subtractor 1212 subtracts environment
weight sum 412 from intermediate minimum power-of-2 1208, sending its result to input a of comparator 1214. Left barrel
shifter 1210 bit shifts maximum environment weight 416 to the left by low weight threshold value 368. In an embodiment,
low weight threshold value 368 has a maximum bit resolution of three bits and is stored in a register. Maximum environment
weight 416 is then bit shifted to the left by as much as seven bits. The bit shifted maximum environment weight 416 is



EP 2 297 695 B1

12

5

10

15

20

25

30

35

40

45

50

55

sent to input b of comparator 1214.
[0081] In an embodiment, comparator 1214 determines which input is larger, sending to comparator result 1216 to
multiplexor logic 1218. Comparator result 1216 is a one bit value that functions as an address identifying a data input
to multiplexor logic 1218. Input 1 is intermediate minimum power-of-2 1208 bit shifted to the left by one bit and input 0
is just intermediate minimum power-of-2 1208. In an embodiment, input 0 has a maximum bit resolution of 11 bits,
matching intermediate power-of-2 1208, however input 1 has a maximum bit resolution of 12 bits due to the left bit shift.
The input chosen by comparator result 1216 becomes updated minimum power-of-2 420, where updated minimum
power-of-2 420 has a maximum bit resolution of 12 bits. Essentially, updated minimum power-of-2 420 remains the
same as intermediate minimum power-of-2 1208 if a difference between intermediate minimum power-of-2 1208 and
environment weight sum 412 is larger than low weight threshold value 368 multiplied by maximum environment weight
416. Else, updated minimum power-of-2 420 becomes double intermediate minimum power-of-2 1208.
[0082] The purpose of this condition is to treat an end case where the difference between intermediate power-of-2
1208 and environment weight sum 412 is a positive low value. As described below with respect to Equation (18), the
positive low value results in middle weight 418 being too small. For example, if environment weight sum 412 is 30 and
intermediate power-of-2 1208 is 32, then middle weight 418 is two. This causes problems similar to those described
above with respect to the first condition. To ensure middle weight 418 receives a higher value, intermediate power-of-
2 1208 is compared to a baseline value, in this case low weight threshold value 368 multiplied by maximum environment
weight 416, and adjusted if it is too low. The following equation numerically represents the operations carried out in
FIGS. 12A-B: 

where MP2 in the first condition is minimum power-of-2 414, MP2 in the second condition is intermediate minimum
power-of-2 1208, STV is sum threshold value 366, and L WTV is low weight threshold value 368.
[0083] Once updated minimum power-of-2 420 has been found, middle weight 418 can be calculated. In an embodi-
ment, subtractor 1220 subtracts environment weight sum 412 from updated minimum power-of-2 420, resulting in middle
weight 418. The following equation is used to represent that calculation of middle weight 418: 

where MP2 is updated minimum power-of-2 420. Since updated minimum power-of-2 420 has a maximum bit resolution
of 12 bits and environment weight sum 412 has a maximum bit resolution of 11 bits, middle weight 418 has a maximum
bit resolution of 11 bits. In an embodiment, both middle weight 418 and updated minimum power-of-2 420 are sent to
weighted average calculator 410.
[0084] In a second embodiment, not shown, the middle weight 418 is set to a value that is a multiple of maximum
environment weight 416. For example, the following equation presents an algorithm for finding middle weight 418: 

where b is any integer one, two, three, four, etc. stored in a register by parameter selector 340. In an embodiment, it is
preferred that b be a power-of-2 to reduce gate counts.
[0085] Equation (19) ensures that middle weight 418 receives at least b times the highest weight of its surrounding
pixels X1 through X8. The value of b is adjusted according to the level of de-noising desired. However, an eventual sum
of weights is not necessarily a power-of-2, which would require a division to be performed, for example, by weighted
average calculator 410.
[0086] Note that if the environment weight sum 412 is zero, then middle weight 418 receives a value of one. For
example, this occurs if at least one of result values 364a-e is 0. Note also that updated minimum power-of-2 420 is a
power-of-2, since it then becomes easier to normalize a final weighted average, as described below, without having to
perform a division operation.
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[0087] FIG. 13 is a more detailed diagram of weighted average calculator 410 according to an embodiment of the
present invention. As shown in FIG. 13, weighted average calculator 410 includes a multiplier 1304, left barrel shifters
1306a-h, adders 1308a-d, 1310a-b, 1312, and 1314, and a right barrel shifter 1316. The components in FIG. 13 illustrate
a design that is used to calculate a weighted average of the pixel values of X1 through X9.
[0088] Each left barrel shifter 1306a-h takes as input a pixel value of one of the middle pixel neighbors, and bit shifts
each to the left by the base two logarithm of the pixel’s respective environment weight 372a-h, resulting in left shift values
1324a-h. For example, the pixel value of X1 is bit shifted to the left by the base two logarithm of environment weight
372a to create left shift value 1324a. Assuming 12 bit pixel values, the base two logarithms are up to three bits, meaning
each pixel value is shifted to the left by up to seven bits. Left shit values 1324a-h then have a maximum bit resolution
of 19 bits.
[0089] Since middle weight 418 is not necessarily a power-of-2, multiplier 1304 is required to perform the same
functionality as left barrel shifters 1306a-h. In an embodiment, multiplier 1304 multiplies middle pixel value 306, X9, by
middle weight 418, resulting in multiplied value 1322. Since middle pixel value 306 is 12 bits and middle weight 418 has
a maximum bit resolution of 11 bits, multiplied value 1322 has a maximum bit resolution of 23 bits.
[0090] Adders 1308a-d add pairs of left shift values 1324a-h to find first sums 1326a-d, which has a maximum bit
resolution of 20 bits. Adders 1310a-b receive first sums 1326a-d, resulting in second sums 1328a-b that have a maximum
bit resolution of 21 bits. Adder 1312 sums second sums 1328a-b to calculate third sum 1330, which has a maximum bit
resolution of 22 bits. Adder 1314 then adds third sum 1330 to multiplied value 1322, sending the sum to right barrel
shifter 1316, the sum having a maximum bit resolution of 23 bits. Note that the sum has a maximum bit resolution of 23
bits because, in this case, the sum of weights cannot be larger than 2048.
[0091] Finally, right barrel shifter 1316 bit shifts the sum to the right by the base two logarithm of updated minimum
power-of-2 420. In an embodiment, the base two logarithms have a maximum bit resolution of four bits, meaning the
sum is shifted to the right by as much as 16 bits. The output of right barrel shifter 1316 is de-noised pixel value 374. If,
after bit shifting, the bit resolution of de-noised pixel value 374 is greater than the bit resolution of all other pixel values,
in this case 12 bits, then de-noised pixel value 374 is scaled down to the bit resolution shared by the other pixel values.
The weighted average calculation is represented by the following equation: 

 where environment weights 372a-h and middle weight 418 sum to a power-of-2, avoiding complex division calculations.
[0092] As described above, it is possible to control the level of de-noising by configuring the constants and threshold
values determined by parameter selector 340. As an example, the following parameters is used for a first, second, and
third parameter profile, assuming a 12 bit pixel resolution:

[0093] FIG. 14 illustrates a block diagram for an example mobile device 1400 in which embodiments of the present
invention may be implemented. Mobile device 1400 comprises a camera assembly 1402, camera and graphics interface
1480, and a communication circuit 1490. Camera assembly 1402 includes a camera lens 1436, image sensor 1472,
and image processor 1474. Camera lens 1436, comprising a single lens or a plurality of lenses, collects and focuses
light onto image sensor 1472. Image sensor 1472 captures images formed by light collected and focused by camera

Table 2

Param. Profile 360a-i 380a-e 378a-d 362a-d 364a-e 366 368

1 1/16 1/16 1/16 150,300,500,800 16,8,4,2,1 60,80,130,250 32,4,2,1,0 16 2
1/16 © 1/16
1/16 1/16 1/16

2 1/16 1/8 1/16 150,300,500,800 16,8,4,2,1 60,80,130,250 32,8,2,1,0 16 1
1/8 © 1/8
1/16 1/8 1/16

3 1/16 1/8 1/16 150,300,500,800 16,8,4,2,1 100,140,180,350 32,16,8,2,1 16 1
1/8 © 1/8
1/16 1/8 1/16
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lens 1436. Image sensor 1472 may be any conventional image sensor 1472, such as a charge-coupled device (CCD)
or a complementary metal oxide semiconductor (CMOS) image sensor. Image processor 1474 processes raw image
data captured by image sensor 1472 for subsequent storage in memory 1496, output to a display 1426, and/or for
transmission by communication circuit 1490. The image processor 1474 may be a conventional digital signal processor
programmed to process image data, which is well known in the art.
[0094] Image processor 1474 interfaces with communication circuit 1490 via camera and graphics interface 1480.
Communication circuit 1490 comprises antenna 1412, transceiver 1493, memory 1496, microprocessor 1492, input/out-
put circuit 1494, audio processing circuit 1406, and user interface 1497. Transceiver 1493 is coupled to antenna 1412
for receiving and transmitting signals. Transceiver 1493 is a fully functional cellular radio transceiver, which may operate
according to any known standard, including the standards known generally as the Global System for Mobile Communi-
cations (GSM), TIA/EIA-136, cdmaOne, cdma2000, UMTS, and Wideband CDMA.
[0095] The image processor 1474 may process images acquired by the sensor 1472 using one or more embodiments
described herein. The image processor 1474 can be implemented in hardware, software, or some combination of software
and hardware. For example, the image processor 1474 could be implemented as part of an application specific integrated
circuit (ASIC). As another example, the image processor 1474 may be capable of accessing instructions that are stored
on a computer readable medium and executing those instructions on a processor, in order to implement one or more
embodiments of the present invention.
[0096] Microprocessor 1492 controls the operation of mobile device 1400, including transceiver 1493, according to
programs stored in memory 1496. Microprocessor 1492 may further execute portions or the entirety of the image process-
ing embodiments disclosed herein. Processing functions may be implemented in a single microprocessor, or in multiple
microprocessors. Suitable microprocessors may include, for example, both general purpose and special purpose mi-
croprocessors and digital signal processors. Memory 1496 represents the entire hierarchy of memory in a mobile com-
munication device, and may include both random access memory (RAM) and read-only memory (ROM). Computer
program instructions and data required for operation are stored in non-volatile memory, such as EPROM, EEPROM,
and/or flash memory, which may be implemented as discrete devices, stacked devices, or integrated with microprocessor
1492.
[0097] Input/output circuit 1494 interfaces microprocessor 1492 with image processor 1474 of camera assembly 1470
via camera and graphics interface 1480. Camera and graphics interface 1480 may also interface image processor 1474
with user interface 1497 according to any method known in the art. In addition, input/outputcircuit 1494 interfaces
microprocessor 1492, transceiver 1493, audio processing circuit 1406, and user interface 1497 of communication circuit
1490. User interface 1497 includes a display 1426, speaker 1428, microphone 1438, and keypad 1440. Display 1426,
disposed on the back of display section, allows the operator to see dialed digits, images, called status, menu options,
and other service information. Keypad 1440 includes an alphanumeric keypad and may optionally include a navigation
control, such as joystick control (not shown) as is well known in the art. Further, keypad 1440 may comprise a full
QWERTY keyboard, such as those used with palmtop computers or smart phones. Keypad 1440 allows the operator to
dial numbers, enter commands, and select options.
[0098] Microphone 1438 converts the user’s speech into electrical audio signals. Audio processing circuit 1406 accepts
the analog audio inputs from microphone 1438, processes these signals, and provides the processed signals to trans-
ceiver 1493 via input/output 1494. Audio signals received by transceiver 1493 are processed by audio processing circuit
1406. The basic analog output signals produced by processed audio processing circuit 1406 are provided to speaker
1428. Speaker 1428 then converts the analog audio signals into audible signals that can be heard by the user.
[0099] Those skilled in the art will appreciate that one or more elements shown in FIG. 14 may be combined. For
example, while the camera and graphics interface 1480 is shown as a separated component in FIG. 14, it will be
understood that camera and graphics interface 1480 may be incorporated with input/output circuit 1494. Further, micro-
processor 1492, input/output circuit 1494, audio processing circuit 1406, image processor 1474, and/or memory 1496
may be incorporated into a specially designed application-specific integrated circuit (ASIC) 1491.
[0100] Figure 15 is a block diagram that illustrates a computer system 1500 upon which one or more embodiments
of the invention may be implemented. Computer system 1500 includes a bus 1502 or other communication mechanism
for communicating information, and a processor 1504 coupled with bus 1502 for processing information. Computer
system 1500 also includes a main memory 1506, such as a random access memory (RAM) or other dynamic storage
device, coupled to bus 1502 for storing information and instructions to be executed by processor 1504. Main memory
1506 also may be used for storing temporary variables or other intermediate information during execution of instructions
to be executed by processor 1504. Computer system 1500 further includes a read only memory (ROM) 1508 or other
static storage device coupled to bus 1502 for storing static information and instructions for processor 1504. A storage
device 1510, such as a magnetic disk or optical disk, is provided and coupled to bus 1502 for storing information and
instructions.
[0101] Computer system 1500 may be coupled via bus 1502 to a display 1512, such as a cathode ray tube (CRT), for
displaying information to a computer user. An input device 1514, including alphanumeric and other keys, is coupled to



EP 2 297 695 B1

15

5

10

15

20

25

30

35

40

45

50

55

bus 1502 for communicating information and command selections to processor 1504. Another type of user input device
is cursor control 1516, such as a mouse, a trackball, or cursor direction keys for communicating direction information
and command selections to processor 1504 and for controlling cursor movement on display 1512. This input device
typically has two degrees of freedom in two axes, a first axis (e.g., x) and a second axis (e.g., y), that allows the device
to specify positions in a plane. The computer system 1500 may further include an audio/video input device 1515 such
as a microphone or camera to supply audible sounds, still images, or motion video, any of which may be processed
using the embodiments described above.
[0102] Various processing techniques disclosed herein may be implemented to process data on a computer system
1500. According to one embodiment of the invention, those techniques are performed by computer system 1500 in
response to processor 1504 executing one or more sequences of one or more instructions contained in main memory
1506. Such instructions may be read into main memory 1506 from another machine-readable medium, such as storage
device 1510. Execution of the sequences of instructions contained in main memory 1506 causes processor 1504 to
perform the process steps described herein. In alternative embodiments, hard-wired circuitry may be used in place of
or in combination with software instructions to implement the invention. Thus, embodiments of the invention are not
limited to any specific combination of hardware circuitry and software.
[0103] The term "machine-readable medium" as used herein refers to any medium that participates in providing data
that causes a machine to operation in a specific fashion. In an embodiment implemented using computer system 1500,
various machine-readable media are involved, for example, in providing instructions to processor 1504 for execution.
Such a medium may take many forms, including but not limited to storage media and transmission media. Storage media
includes both non-volatile media and volatile media. Non-volatile media includes, for example, optical or magnetic disks,
such as storage device 1510. Volatile media includes dynamic memory, such as main memory 1506. Transmission
media includes coaxial cables, copper wire and fiber optics, including the wires that comprise bus 1502. Transmission
media can also take the form of acoustic or light waves, such as those generated during radio-wave and infra-red data
communications. All such media must be tangible to enable the instructions carried by the media to be detected by a
physical mechanism that reads the instructions into a machine.
[0104] Common forms of machine-readable media include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, or any other magnetic medium, a CD-ROM, any other optical medium, punchcards, papertape, any other
physical medium with patterns of holes, a RAM, a PROM, an EPROM, a FLASH-EPROM, any other memory chip or
cartridge, a carrier wave as described hereinafter, or any other medium from which a computer can read.
[0105] Various forms of machine-readable media may be involved in carrying one or more sequences of one or more
instructions to processor 1504 for execution. For example, the instructions may initially be carried on a magnetic disk
of a remote computer. The remote computer can load the instructions into its dynamic memory and send the instructions
over a telephone line using a modem. A modem local to computer system 1500 can receive the data on the telephone
line and use an infra-red transmitter to convert the data to an infrared signal. An infra-red detector can receive the data
carried in the infra-red signal and appropriate circuitry can place the data on bus 1502. Bus 1502 carries the data to
main memory 1506, from which processor 1504 retrieves and executes the instructions. The instructions received by
main memory 1506 may optionally be stored on storage device 1510 either before or after execution by processor 1504.
[0106] Computer system 1500 also includes a communication interface 1518 coupled to bus 1502. Communication
interface 1518 provides a two-way data communication coupling to a network link 1520 that is connected to a local
network 1522. For example, communication interface 1518 may be an integrated services digital network (ISDN) card
or a modem to provide a data communication connection to a corresponding type of telephone line. As another example,
communication interface 1518 may be a local area network (LAN) card to provide a data communication connection to
a compatible LAN. Wireless links may also be implemented. In any such implementation, communication interface 1518
sends and receives electrical, electromagnetic or optical signals that carry digital data streams representing various
types of information.
[0107] Network link 1520 typically provides data communication through one or more networks to other data devices.
For example, network link 1520 may provide a connection through, local network 1522 to a host computer 1524 or to
data equipment operated by an Internet Service Provider (ISP) 1526. ISP 1526 in turn provides data communication
services through the world wide packet data communication network now commonly referred to as the "Internet" 1528.
Local network 1522 and Internet 1528 both use electrical, electromagnetic or optical signals that carry digital data
streams. The signals through the various networks and the signals on network link 1520 and through communication
interface 1518, which carry the digital data to and from computer system 1500, are example forms of carrier waves
transporting the information.
[0108] Computer system 1500 can send messages and receive data, including program code, through the network(s),
network link 1520 and communication interface 1518. In the Internet example, a server 1530 might transmit a requested
code for an application program through Internet 1528, ISP 1526, local network 1522 and communication interface 1518.
[0109] The received code may be executed by processor 1504 as it is received, and/or stored in storage device 1510,
or other non-volatile storage for later execution. In this manner, computer system 1500 may obtain application code in
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the form of a carrier wave.
[0110] Data that is processed by the embodiments of program code as described herein may be obtained from a
variety of sources, including but not limited to an A/V input device 1515, storage device 1510, and communication
interface 1518.
[0111] FIG. 16 is a flowchart of a method 1600 for calculating a de-noised pixel value for a middle pixel of an image
window according to an embodiment of the present invention. While method 1600 is described with respect to an
embodiment of the present invention, method 1600 is not meant to be limited to the present invention and can be used
in other applications. In an example, method 1600 is used to calculate de-noised pixel value 374 of FIG. 3. However,
method 1600 is not meant to be limited to de-noised pixel value 374. As shown in FIG. 16, method 1600 begins at stage
1602 where an image window is received. In an embodiment, the image window is at least a portion of an image being
processed by an ISP chain and received by a de-noiser module. The image window consists of pixel values aligned in
rows and columns. Once stage 1602 is complete, method 1600 proceeds to stage 1604.
[0112] At stage 1604, a middle pixel and pixels that neighbor the middle pixel are identified. The neighbor pixels are
those pixels within a pixel of the middle pixel. In an embodiment, the middle pixel has eight neighbor pixels. Differences
in pixel values between the middle pixel and the neighbor pixels are calculated. In an embodiment, these differences
numerically explain how close or far an environment of a given neighbor pixel is to an environment of the middle pixel,
and are referred to as environment distances. Once stage 1604 is complete, method 1600 continues to stage 1606.
[0113] At stage 1606, threshold values that are later used to determine environment weights may be adjusted. In an
embodiment, the threshold values are adjusted based on a signal level of the image window. Once stage 1606 is
complete, method 1600 continues to stage 1608.
[0114] In a first alternate embodiment, not shown, stage 1606 can occur before stage 1604. In a second alternate
embodiment, not shown, stage 1604 and stage 1606 can occur simultaneously.
[0115] At stage 1608, the environment distances calculated in stage 1604 and the threshold values adjusted in stage
1606 are used to calculate environment weights for each neighbor pixel. In an embodiment, the environment weights
and inversely related to the environment distances since smaller environment distances are more desirable. Once stage
1608 is complete, method 1600 proceeds to stage 1610.
[0116] At stage 1610, a weight for the middle pixel is determined. In an embodiment, this weight is dependent on the
weights of the neighboring pixels. For example, the middle pixel weight is dependent on the sum of the neighbor pixel
weights, the largest neighbor pixel weight, and a minimum power-of-2 that is greater than the sum of neighbor pixel
weights. Once stage 1610 is complete, method 1600 continues to stage 1612.
[0117] At stage 1612, the de-noised pixel value is calculated. In an embodiment, the de-noised pixel value is based
on a weighted average of all the weights. For example, each weight of the neighbor pixels and the middle pixel is
multiplied by their respective pixel values and summed. The sum is then divided by the total sum of the weights. In an
embodiment, this calculated de-noised pixel value replaces the original pixel value of the middle pixel in the image
window. Once stage 1612 is complete, method 1600 proceeds to stage 1614.
[0118] At stage 1614, a condition is checked to determine whether further pixels in the image from which the image
window originated need to be de-noised. If more pixels need to be de-noised, then method 1600 jumps back to stage
1602, where a new image window is received. If no more pixels need to be de-noised, then method 1600 ends.
[0119] In the foregoing specification, embodiments of the invention have been described with reference to numerous
specific details that may vary from implementation to implementation. Thus, the sole and exclusive indicator of what is
the invention, and is intended by the applicants to be the invention, is the set of claims that issue from this application.
Hence, no limitation, element, property, feature, advantage or attribute that is not expressly recited in a claim should
limit the scope of such claim in any way. The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense.

Claims

1. A method, implemented in an image processor apparatus, for reducing noise and preserving contrast of an image,
the image having pixels, wherein each pixel represents a single color, the method comprising:

(a) comparing a value of a first pixel (X9) to values of a set of other pixels (X1-X8), wherein the first pixel (X9)
and the set of other pixels (X1-X8) are each of a first color;
(b) for each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8), comparing values of at least two pixels
(E9_11-E9_33) neighboring the first pixel (X9) to values of at least two further corresponding pixels (E1_11-E1_33;
E2_11-E2_33; ...; E8_11-E8_33) neighboring the other pixel (X1; X2; ...; X8), wherein one of the at least two pixels
(E9_11-E9_33) neighboring the first pixel (X9) is of a second color and the other of a third color, and wherein one
of the at least two further corresponding pixels (E1_11-E1_33; E2_11-E2_33; ...; E8_11-E8_33) neighboring the other
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pixel (X1; X2; ...; X8) is of the second color and the other of the third color;
(c) determining, for the first pixel (X9) and for each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8), a weight
(418; 372a-h) based on results of steps (a) and (b);
(d) calculating a de-noised pixel value (374) based on the weights (418; 372a-h) of the first pixel (X9) and each
pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8); and
(e) replacing the value of the first pixel (X9) with the de-noised pixel value (374).

2. The method of claim 1, wherein step (d) comprises:

summing the weights (372a-h) of each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8);
calculating a lowest power of two (414) that is greater than the sum of the weights (412); and
calculating the de-noised pixel value (374) as a function of the lowest power of two (414) and the sum of the
weights (412).

3. The method of claim 2, wherein the lowest power of two (414) is adjusted prior to calculating the de-noised pixel
value (374) if a difference between the lowest power of two (414) and the sum of the weights (412) is lower than a
predetermined value.

4. The method of claim 2, wherein the lowest power of two (414) is adjusted prior to calculating the de-noised pixel
value (374) if the lowest power of two (414) is lower than a predetermined value.

5. The method of claim 2, wherein calculating the de-noised pixel value (374) comprises:

calculating a weighted average of the weights of each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8) and
the weight (418) of the first pixel (X9), wherein the weight (418) of the first pixel (X9) is based on the lowest
power of two (414) and the sum of the weights (412); and
setting the de-noised pixel value (374) equal to the weighted average.

6. The method of claim 5, wherein the weighted average is calculated by shifting bits in a register (1316).

7. The method of claim 1, wherein step (a) comprises:
calculating, for each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8), a difference between the value of the
first pixel (X9) and the value of the other pixel (X1-X8).

8. The method of claim 7, wherein step (b) comprises:

for each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8), calculating, for each pixel of the at least two
pixels (E9_11-E9_33) neighboring the first pixel (X9), a difference between the value of the pixel (E9_11-E9_33)
neighboring the first pixel (X9) and the value of a corresponding pixel of the at least two further pixels (E1_11-E1_33;
E2_11-E2_33; ...; E8_11-E8_33) neighboring the other pixel (X1; X2; ...; X8),
wherein location, relative to the first pixel (X9), of the pixel (E9_33) neighboring the first pixel (X9) and location,
relative to the other pixel (X1; X2; ...; X8), of the corresponding pixel determines which of the at least two further
pixels (E1_11-E1_33; E2_11-E2_33; ...; E8_11-E8_33) corresponds to the pixel (E9_11-E9_33) neighboring the first
pixel (X9).

9. The method of claim 8, wherein the calculated differences of steps (a) and (b) are based on a spatial weight matrix
(360a-i).

10. The method of claim 8, wherein step (c) comprises:

adjusting a threshold value (378a-d), wherein the adjustment is based on a signal level, and wherein the signal
level is dependent on at least one of the value (306) of the first pixel (X9) and the values of the set of other
pixels (X1-X8);
comparing the adjusted threshold value (376a-d) and the calculated differences of steps (a) and (b); and
determining the weight (372a-h) of each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8) based on the
comparison.

11. The method of claim 1, further comprising:
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(g) outputting the image for further processing by the image processor apparatus.

12. The method of claim 1,
wherein step (a) comprises defining a first environment comprising the first pixel (X9) and the at least two pixels
(E9_11-E9_33) neighboring the first pixel;
wherein step (b) comprises, for each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8),

defining an environment comprising the other pixel (X1; X2; ...; X8) and the at least two pixels (E1_11-E1_33;
E2_11-E2_33; ...; E8_11-E8_33) neighboring the other pixel (X1; X2; ...; X8), and
determining a difference value (370a-h) that numerically represents how close the environment defined for the
other pixel (X1; X2; ...; X8) is to the environment defined for the first pixel (X9);

wherein step (c) comprises:

determining at least one threshold value (376a-d);
comparing the at least one threshold value (376a-d) to each of the difference values (370a-h) determined in
step (b); and
for each pixel (X1; X2; ...; X8) in the set of other pixels (X1-X8), determining the weight (372a-h) for the other
pixel (X1; X2; ...; X8) based on the comparison of the at least one threshold value (376a-d) to the difference
value (370a-h) determined for the other pixel (X1; X2; ...; X8).

13. The method of claim 12, wherein determining the at least one threshold value (376a-d) comprises adjusting an initial
threshold value (362a-d) based on a signal level factor (710) to produce the at least one threshold value (376a-d).

14. A system (100) for reducing noise and preserving contrast of an image, the image having pixels, the system being
adapted for performing the method of any of claims 1-13, the system comprising:

a distance calculator (210) that is adapted for performing steps (a) and (b);
a weight calculator (220) that is adapted for performing step (c); and
a de-noised pixel calculator (230) that is adapted for performing step (d).

15. A computer program product for use with a computing device, the computer program product comprising a tangible
computer usable medium, having computer readable program code embodied thereon, for causing an image proc-
essor to perform the steps recited in any of claims 1-13.

Patentansprüche

1. Verfahren, das in einer Bildverarbeitungsvorrichtung implementiert ist, um in einem Bild Rauschen zu reduzieren
und den Kontrast zu erhalten, wobei das Bild Pixel aufweist, wobei jedes Pixel eine einzige Farbe repräsentiert,
wobei das Verfahren umfasst:

(a) ein Wert eines ersten Pixels (X9) wird mit Werten eines Satzes anderer Pixel (X1-X8) verglichen, wobei das
erste Pixel (X9) und der Satz anderer Pixel (X1-X8) jeweils Pixel einer ersten Farbe sind;
(b) für jedes Pixel (X1; X2; ...; X8) in dem Satz anderer Pixel (X1-X8) werden Werte mindestens zweier Pixel
(E9_11-E9_33), die dem ersten Pixel (X9) benachbart sind, mit Werten mindestens zweier weiterer entsprechender
Pixel (E1_11-E1_33; E2_11-E2_33; ...; E8_11-E8_33), die dem anderen Pixel (X1; X2; ...; X8) benachbart sind, ver-
glichen, wobei eines der mindestens zwei Pixel (E9_1-E9_33), die dem ersten Pixel (X9) benachbart sind, ein
Pixel einer zweiten Farbe ist und das andere Pixel ein Pixel einer dritten Farbe ist, und wobei eines der mindestens
zwei weiteren entsprechenden Pixel (E1_11-E1_33; E2_11-E2_33; ...; E8_11-E833), die dem anderen Pixel (X1;
X2; ...; X8) benachbart sind, ein Pixel der zweiten Farbe und das andere Pixel ein Pixel der dritten Farbe sind;
(c) für das erste Pixel (X9) und für jedes Pixel (X1; X2; ...; X8) in dem Satz anderer Pixel (X1-X8) wird, beruhend
auf Ergebnissen der Schritte (a) und (b), eine Gewichtung (418; 372a-h) bestimmt;
(d) ein Pixelwert (374) mit weniger Rauschen wird berechnet, und zwar beruhend auf den Gewichtungen (418;
372a-h) des ersten Pixels (X9) und jedes Pixels (X1; X2; ...; X8) aus dem Satz anderer Pixel (X1-X8); und
(e) der Wert des ersten Pixels (X9) wird durch den Pixelwert (374) mit weniger Rauschen ersetzt.

2. Verfahren nach Anspruch 1, bei dem Schritt (d) umfasst:
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die Gewichtungen (372a-h) jedes Pixels (X1; X2; ...; X8) in dem Satz anderer Pixel (X1-X8) werden aufsummiert;
eine kleinste Zweierpotenz (414), die größer als die Summe der Gewichtungen (412) ist, wird berechnet; und
der Pixelwert (374) mit weniger Rauschen wird als Funktion der kleinsten Zweierpotenz (414) und der Summe
der Gewichtungen (412) berechnet.

3. Verfahren nach Anspruch 2, bei dem die kleinste Zweierpotenz (414) angepasst wird, bevor der Pixelwert (374) mit
weniger Rauschen berechnet wird, wenn eine Differenz zwischen der kleinsten Zweierpotenz (414) und der Summe
der Gewichtungen (412) kleiner als ein vorbestimmter Wert ist.

4. Verfahren nach Anspruch 2, bei dem die kleinste Zweierpotenz (414) angepasst wird, bevor der Pixelwert (374) mit
weniger Rauschen berechnet wird, wenn die kleinste Zweierpotenz (414) kleiner als ein vorbestimmter Wert ist.

5. Verfahren nach Anspruch 2, bei dem das Berechnen des Pixelwerts (374) mit weniger Rauschen umfasst:

ein gewichteter Durchschnitt der Gewichtungen jedes Pixels (X1; X2; ...; X8) in dem Satz anderer Pixel (X1-X8)
und der Gewichtung (418) des ersten Pixels (X9) wird berechnet, wobei die Gewichtung (418) des ersten Pixels
(X9) auf der kleinsten Zweierpotenz (414) und der Summe der Gewichtungen (412) beruht; und
der Pixelwert (374) mit weniger Rauschen wird auf den gewichteten Durchschnitt gesetzt.

6. Verfahren nach Anspruch 5, bei dem der gewichtete Durchschnitt berechnet wird, indem Bits in einem Register
(1316) geschoben werden.

7. Verfahren nach Anspruch 1, bei dem Schritt (a) umfasst:
für jedes Pixel (X1; X2; ...; X8) aus dem Satz anderer Pixel (X1-X8) wird eine Differenz zwischen dem Wert des ersten
Pixels (X9) und dem Wert des anderen Pixels (X1-X8) berechnet.

8. Verfahren nach Anspruch 7, bei dem Schritt (b) umfasst:

für jedes Pixel (X1; X2; ...; X8) aus dem Satz anderer Pixel (X1-X8) wird, für jedes Pixel der mindestens zwei
Pixel (E9_11-E9_33), die dem ersten Pixel (X9) benachbart sind, eine Differenz zwischen dem Wert des Pixels
(E9_1-E9_33), das dem ersten Pixel (X9) benachbart ist, und dem Wert eines entsprechenden Pixels der min-
destens zwei weiteren Pixel (E1_11-E1_33; E2_11-E2_33; ...; E8_11-E8_33), die dem anderen Pixel (X1; X2; ...; X8)
benachbart sind, berechnet,
wobei ein Ort, relativ zu dem ersten Pixel (X9), des Pixels (E9_11-E9_33), das dem ersten Pixel (X9) benachbart
ist, und ein Ort, relativ zu dem anderen Pixel (X1; X2; ...; X8), des entsprechenden Pixels bestimmen, welches
der mindestens zwei weiteren Pixel (E1_11-E1_33; E2_11-E2_33; ...; E8_11-E8_33) demjenigen Pixel (E9_11-E9_33)
entspricht, das dem ersten Pixel (X9) benachbart ist.

9. Verfahren nach Anspruch 8, bei dem die berechneten Differenzen der Schritte (a) und (b) auf einer räumlichen
Gewichtungsmatrix (360a-i) beruhen.

10. Verfahren nach Anspruch 8, bei dem Schritt (c) umfasst:

ein Schwellwert (378a-d) wird angepasst, wobei die Anpassung auf einem Signalpegel beruht, und wobei der
Signalpegel von zumindest einem der folgenden Werte abhängt: der Wert (306) des ersten Pixels (X9) und die
Werte des Satzes anderer Pixel (X1-X8);
der angepasste Schwellwert (376a-d) und die berechneten Differenzen der Schritte (a) und (b) werden vergli-
chen; und
die Gewichtung (372a-h) jedes Pixels (X1; X2; ...; X8) in dem Satz anderer Pixel (X1-X8) wird beruhend auf dem
Vergleich bestimmt.

11. Verfahren nach Anspruch 1, ferner umfassend:

(g) das Bild wird zur weiteren Verarbeitung durch die Bildverarbeitungsvorrichtung ausgegeben.

12. Verfahren nach Anspruch 1,
wobei Schritt (a) umfasst, dass eine erste Umgebung definiert wird, die das erste Pixel (X9) und die mindestens
zwei Pixel (E9_11-E9_33), die dem ersten Pixel benachbart sind, umfasst;
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wobei Schritt (b) umfasst, dass, für jedes Pixel (X1; X2; ...; X8) in dem Satz anderer Pixel (X1-X8),

eine Umgebung definiert wird, die das andere Pixel (X1; X2; ...; X8) und die mindestens zwei Pixel (E1_11-E1_33;
E2_11-E233; ...; E8_11-E8_33), die dem anderen Pixel (X1; X2; ...; X8) benachbart sind, umfasst, und
ein Differenzwert (370a-h) bestimmt wird, der nummerisch angibt, wie nahe die für das andere Pixel (X1; X2; ...;
X8) definierte Umgebung an der für das erste Pixel (X9) definierten Umgebung liegt;

wobei Schritt (c) umfasst:

mindestens ein Schwellwert (376a-d) wird bestimmt;
der mindestens eine Schwellwert (376a-d) wird mit jedem der in Schritt (b) bestimmten Differenzwerte (370a-
h) verglichen; und
für jedes Pixel (X1; X2; ...; X8) in dem Satz anderer Pixel (X1-X8) wird die Gewichtung (372a-h) für das andere
Pixel (X1; X2; ...; X8) bestimmt, und zwar beruhend auf dem Vergleich des mindestens einen Schwellwerts
(376a-d) mit dem für das andere Pixel (X1; X2; ...; X8) bestimmten Differenzwert (370a-h).

13. Verfahren nach Anspruch 12, bei dem das Bestimmen des mindestens einen Schwellwerts (376a-d) umfasst, dass
ein anfänglicher Schwellwert (362a-d) beruhend auf einem Signalpegelfaktor (710) angepasst wird, um den min-
destens einen Schwellwert (376a-d) zu erzeugen.

14. System (100), um in einem Bild Rauschen zu verringern und den Kontrast zu erhalten, wobei das Bild Pixel aufweist,
wobei das System zur Ausführung des Verfahrens nach einem der Ansprüche 1-13 eingerichtet ist, wobei das
System aufweist:

eine Abstands-Berechnungseinheit (210), die zur Ausführung der Schritte (a) und (b) eingerichtet ist;
eine Gewichtungs-Berechnungseinheit (220), die zur Ausführung von Schritt (c) eingerichtet ist; und
eine Berechnungseinheit (230) für Pixel mit weniger Rauschen, die zur Ausführung von Schritt (d) eingerichtet ist.

15. Computerprogrammprodukt zur Verwendung mit einer Recheneinrichtung, wobei das Computerprogrammprodukt
ein körperliches von einem Computer nutzbares Medium aufweist, auf dem computerlesbarer Programmcode auf-
gebracht ist, um eine Bildverarbeitungseinrichtung zur Ausführung der in einem der Ansprüche 1-13 genannten
Schritte zu veranlassen.

Revendications

1. Un procédé, mis en oeuvre dans un appareil processeur d’images, destiné à la réduction de bruit et la conservation
d’un contraste d’une image, l’image possédant des pixels, dans lequel chaque pixel représente une couleur unique,
le procédé comprenant :

(a) la comparaison d’une valeur d’un premier pixel (X9) à des valeurs d’un ensemble d’autres pixels (X1-X8), le
premier pixel (X9) et l’ensemble d’autres pixels (X1-X8) étant chacun d’une première couleur,
(b) pour chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8), la comparaison de valeurs d’au
moins deux pixels (E9_11-E9_33) voisins du premier pixel (X9) à des valeurs d’au moins deux autres pixels
corresponds (E1_11-E1_33, E2_11-E233, .., E8_11-E833) voisins de l’autre pixel (X1, X2, .., X8), un des au moins
deux pixels (E9_11-E9_33) voisins du premier pixel (X9) étant d’une deuxième couleur et l’autre d’une troisième
couleur, et un des au moins deux autres pixels corresponds (E1_11-E1_33, E2_11-E233, .., E8_11-E833) voisins de
l’autre pixel (X1, X2, .., X8) étant de la deuxième couleur et l’autre de la troisième couleur,
(c) la détermination, pour le premier pixel (X9) et pour chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres
pixels (X1-X8), d’un poids (418, 372a-h) en fonction de résultats des opérations (a) et (b),
(d) le calcul d’une valeur de pixel débruité (374) en fonction des poids (418, 372a-h) du premier pixel (X9) et
de chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8), et
(e) le remplacement de la valeur du premier pixel (X9) par la valeur de pixel débruité (374).

2. Le procédé selon la Revendication 1, dans lequel l’opération (d) comprend :

la sommation des poids (372a-h) de chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8),
le calcul d’une puissance la plus faible de deux (414) qui est supérieure à la somme des poids (412), et
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le calcul de la valeur de pixel débruité (374) sous la forme d’une fonction de la puissance la plus faible de deux
(414) et de la somme des poids (412).

3. Le procédé selon la Revendication 2, dans lequel la puissance la plus faible de deux (414) est ajustée avant le
calcul de la valeur de pixel débruité (374) si une différence entre la puissance la plus faible de deux (414) et la
somme des poids (412) est inférieure à une valeur prédéterminée.

4. Le procédé selon la Revendication 2, dans lequel la puissance la plus faible de deux (414) est ajustée avant le
calcul de la valeur de pixel débruité (374) si la puissance la plus faible de deux (414) est inférieure à une valeur
prédéterminée.

5. Le procédé selon la Revendication 2, dans lequel le calcul de la valeur de pixel débruité (374) comprend :

le calcul d’une moyenne pondérée des poids de chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels
(X1-X8) et du poids (418) du premier pixel (X9), le poids (418) du premier pixel (X9) étant basé sur la puissance
la plus faible de deux (414) et la somme des poids (412), et
la définition de la valeur de pixel débruité (374) égale à la moyenne pondérée.

6. Le procédé selon la Revendication 5, dans lequel la moyenne pondérée est calculée par le décalage de bits dans
un registre (1316).

7. Le procédé selon la Revendication 1, dans lequel l’opération (a) comprend :
le calcul, pour chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8), d’une différence entre la valeur
du premier pixel (X9) et la valeur de l’autre pixel (X1-X8).

8. Le procédé selon la Revendication 7, dans lequel l’opération (b) comprend :

pour chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8), le calcul, pour chaque pixel des au
moins deux pixels (E9_11-E9_33) voisins du premier pixel (X9), d’une différence entre la valeur du pixel
(E9_11-E9_33) voisin du premier pixel (X9) et la valeur d’un pixel correspondant des au moins deux autres pixels
(E1_11-E1_33, E2_11-E2_33, .., E8_11-E8_33) voisins de l’autre pixel (X1, X2, .., X8),
dans lequel l’emplacement, par rapport au premier pixel (X9), du pixel (E9_11-E9_33) voisin du premier pixel (X9)
et l’emplacement, par rapport à l’autre pixel (X1, X2, .., X8), du pixel correspondant détermine lequel des au
moins deux autres pixels (E1_11-E1_33, E2_11-E2_33, .., E8_11-E8_33) correspond au pixel (E9_11-E9_33) voisin du
premier pixel (X9).

9. Le procédé selon la Revendication 8, dans lequel les différences calculées des opérations (a) et (b) sont basées
sur une matrice de pondération spatiale (360a-i).

10. Le procédé selon la Revendication 8, dans lequel l’opération (c) comprend :

l’ajustement d’une valeur seuil (378a-d), l’ajustement étant basé sur un niveau de signal, et le niveau de signal
étant basé sur au moins une valeur parmi la valeur (306) du premier pixel (X9) et les valeurs de l’ensemble
d’autres pixels (X1-X8),
la comparaison de la valeur seuil ajustée (376a-d) et des différences calculées des opérations (a) et (b), et
la détermination du poids (372a-h) de chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8) en
fonction de la comparaison.

11. Le procédé selon la Revendication 1, comprenant en outre :

(g) la production en sortie de l’image pour un traitement complémentaire par l’appareil processeur d’images.

12. Le procédé selon la Revendication 1,
dans lequel l’opération (a) comprend la définition d’un premier environnement comprenant le premier pixel (X9) et
les au moins deux pixels (E9_11-E9_33) voisins du premier pixel,
dans lequel l’opération (b) comprend, pour chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8),

la définition d’un environnement comprenant l’autre pixel (X1, X2, .., X8) et les au moins deux pixels (E1_11-E1_33,
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E2_11-E2_33, .., E8_11-E8_33) voisins de l’autre pixel (X1, X2, .., X8), et
la détermination d’une valeur de différence (370a-h) qui représente numériquement la proximité de l’environ-
nement défini pour l’autre pixel (X1, X2, .., X8) de l’environnement défini pour le premier pixel (X9),

dans lequel l’opération (c) comprend :

la détermination d’au moins une valeur seuil (376a-d),
la comparaison de la au moins une valeur seuil (376a-d) à chacune des valeurs de différence (370a-h) déter-
minées à l’opération (b), et
pour chaque pixel (X1, X2, .., X8) dans l’ensemble d’autres pixels (X1-X8), la détermination du poids (372a-h)
pour l’autre pixel (X1, X2, .., X8) en fonction de la comparaison de la au moins une valeur seuil (376a-d) à la
valeur de différence (370a-h) déterminée pour l’autre pixel (X1, X2, .., X8).

13. Le procédé selon la Revendication 12, dans lequel la détermination de la au moins une valeur seuil (376a-d)
comprend l’ajustement d’une valeur seuil initiale (362a-d) en fonction d’un facteur de niveau de signal (710) de
façon à produire la au moins une valeur seuil (376a-d).

14. Un système (100) destiné à la réduction de bruit et à la conservation d’un contraste d’une image, l’image possédant
des pixels, le système étant adapté de façon à exécuter le procédé selon l’une quelconque des Revendications 1
à 13, le système comprenant :

un calculateur de distance (210) qui est adapté de façon à exécuter les opérations (a) et (b),
un calculateur de poids (220) qui est adapté de façon à exécuter l’opération (c), et
un calculateur de pixel débruité (230) qui est adapté de façon à exécuter l’opération (d).

15. Un produit de programme informatique destiné à une utilisation avec un dispositif informatique, le produit de pro-
gramme informatique comprenant un support tangible utilisable par ordinateur, possédant du code de programme
lisible par ordinateur incorporé sur celui-ci, destiné à amener un processeur d’images à exécuter les opérations
décrites dans les Revendications 1 à 13.
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