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(54) Abstract Title: Conversion to monochrome image
(57) Provided is a method of obtaining a monochrome 400

image from a colour image, said colour image
comprising a plurality of colour pixels, and having at
least two colour channels, each pixel of said plurality of
colour pixels comprising a value for each colour
channel of said at least two colour channels, said
monochrome image comprising a plurality of
monochrome pixels, each monochrome pixel having a
value for a monochrome channel, the method
comprising:

- calculating a local weighting factor for each colour
channel of each pixel of said colour image;

- calculating said value of said monochrome channel
for each pixel as a sum over said at least three colour
channels of products of said local weighting factor and
said value for each colour channel.

The weighting factor for each channel may be
calculated by calculating a mean channel value for a
block of pixels surrounding a pixel and finding the
difference between the colour pixel vales and the mean
channel value.
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Field of the invention

The present invention relates generally to the field of image processing, and more
specifically to the conversion of a multichannel image to a monochromatic image.

Background

It is often desirable to convert a multichannel image such as a color image to a
monochrome image. This may, for example, be for artistic reasons. Generally
conversion from a color image to a monochrome or grayscale image is achieved by
multiplying the individual channels of the color image by weighting factors and
adding the weighted color channels together for each pixel to give a gray channel
value for each pixel of an image. For example the following equation is used in the
NTSC scheme for color television in the United States to calculate the Y-luminance:

Y=030*R+059*G+0.11*B

Where R is the value of the red channel, G is the value of the green channel and B

is the value of the blue channel.

Conversion from color images to monochrome images using the above method may

result in the loss of chrominance edges not represented in the luminance channel.
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US Patent No. 6473521 shows a method of conversion from a color image to a
grayscale image. When performing the grayscale conversion, color data of objects
in the color image is stored and color data of an object adjacent to an object to be
processed is referred to. As a result of such reference, when it is detected that the
object to be processed and the object adjacent to the object to be processed have
different colors, but are converted to the same density by the grayscale conversion,
the grayscale conversion is performed in such a manner that the boundary between
the objects can be identified. This is achieved by generating a difference in the
grayscale converted value of the objects.

Summary of the invention

In accordance with an embodiment of the present invention there is provided a
method of obtaining a monochrome image from a color image. The color image
comprises a plurality of color pixels and has at least two color channels, each pixel
of the plurality of pixels comprises a value for each color channel of the at least two
color channels. The monochrome image comprises a plurality of monochrome pixels
each pixel has a value for a monochrome channel. The method comprises
calculating a local weighting factor for each color channel of each pixel of the color
image. The method further comprises calculating the value of the monochrome
channel for each pixel as a sum over the at least two color channels of the products

of the local weighting factor and the value for each color channel.

Embodiments of the present invention are particularly advantageous as all color
edges in the color image are preserved in the monochrome image. Thus, methods
consistent with embodiments of the present invention result in monochrome or
grayscale images having maximized contrast. Further, embodiments of the present
invention provide a method of conversion from a color image to a monochrome
image which is non-iterative and uses only local computations. Therefore methods
consistent with embodiments of the present invention can be effectively

implemented on simple hardware.
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In accordance with an embodiment of the present invention, the local weighting
factors are calculated from a local intensity difference value of each color channel of

each pixel with a mean channel level.

In accordance with an embodiment of the present invention, the mean channel level
is calculated from a normalized sum over the at least two color channels over a

region around a pixel under consideration.

In accordance with an embodiment of the present invention, the normalized sum is

spatially weighted.

In accordance with an embodiment of the present invention, the local intensity
difference value for a color channel of the at least two color channels is calculated

by a subtraction of the mean channel level from the value for the color channel.

In accordance with an embodiment of the present invention, the at least two color

channels comprise a red channel, a green channel, and a blue channel.

In accordance with an embodiment of the present invention, the color image is a

multi-spectral image.

In accordance with an embodiment of the present invention, there is provided an
image processing system. The image processing system comprises a weighting
factor calculation module operable to calculate a local weighting factor for each
color channel of each pixel of a color image. The image processing system further
comprises a monochrome channel calculation module for calculating a monochrome
channel value for each pixel as a sum of the products of the local weighting factor of

each color channel and a pixel value of that color channel.

In accordance with an embodiment of the present invention, there is provided a
computer program product comprising computer executable instructions for
performing a method for calculating a value for a monochrome pixel at a location in
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a monochrome image from a color image. The color image comprises a plurality of
pixels and has at least two color channels, each pixel of the color image has a value
for each color channel. The method comprises calculating a mean channel value for
a block of pixels in a region surrounding a location on the color image corresponding
to the location of the monochrome pixel. The method further comprises computing a
difference between a pixel of the color image at the location on the color image and
the mean channel value. The method further comprises calculating a weighting
factor for each color channel from the difference. The method further comprises
calculating the value of the monochrome pixel as a sum of the products for each
color channel of the weighting factor and the value for that color channel of the pixel

at said location on the color image.

Brief description of the drawings

In the following, embodiments of the invention will be described, by way of example
only, and with reference to the drawings in which:

Figure 1 shows a schematic view of a color image,

Figure 2 shows a schematic view of a monochrome image,

Figure 3 shows a block diagram of an image processing system,

Figure 4 shows a flow diagram illustrating steps involved in a method of

converting a color image to a monochrome image,

Figure 5 shows a flow diagram illustrating steps involved in a method of

converting a color image to a monochrome image.
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Detailed description

Fig. 1 shows a schematic view of a color image 100. Color image 100 comprises a
plurality of pixels. Pixel 102 at location (x, y) has values for a red channel, R a green
channel, G and a blue channel, B. Image 100 is formed from a number of pixels
each having three values R, G, and B indicating the values of the three color

channels.

Fig. 1 shows image 100 having pixels such as 102 with three color channels,
however images having two color channels or images having a number of color
channels greater than three may also be processed and converted into a
monochrome image using methods and systems consistent with embodiments of
the present invention. For example, the present invention may be used to convert a
multi-spectral image having a large number of color channels which may be within

the visible range and may also be outside the visible range.

Fig. 2 shows a schematic view of a monochrome image 200. Monochrome image
200 comprises a number of pixels each having a single color channel. Pixel 202 at

the location (x, y) has a single color channel with the value Y.

Fig. 3 shows an image processing system 300 for converting a color image such as
that shown in fig. 1 to a monochrome image such as that shown in fig. 2. Image
processing system 300 comprises weighting factor calculation module 302 and
monochrome channel calculation module 304. Weighting channel calculation
module 302 is operable to calculate a local weighting factor for each color channel
of each pixel of a color image. Thus taking color image 100 in fig. 1 as an example,
weighting factor calculation module 302 would calculate for each pixel a weighting
factor for the red channel, the green channel and the blue channel. Monochrome
channel calculation module 304 uses the local weighting factors calculated by
weighting factor calculation module 302 to calculate a monochrome or gray channel
value for each pixel of the monochrome image. The monochrome channel

calculation module 304 calculates the monochrome channel value for each pixel as
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a sum of the products of the local weighting factor of each color channel and the
pixel value of that color channel.

Image processing system 300 facilitates the conversion of a color image to a
monochrome image in which the monochrome image preserves all color edges of
the color image. This is achieved by the calculation of local weighting factors by
weighting factor calculation module 302. Local calculation of the weighting factors
allows contrasts in any one of the color channels between adjacent pixels to be

preserved in the monochrome image.

Image processing system 300 may be realized as a computer system with the
weighting factor calculation module 302 and the monochrome channel calculation
module 304 implemented as software or hardware components. These may be
implemented as a stand-alone program, or as a plug in or add on to an image
processing application. Image processing system 300 may further be implemented
as a component within an image capture device such as a digital camera or a
scanner. Image processing system 300 may further be implemented as a
component within a printer. In such a case, the printer may receive a color image

and produce a monochrome image for subsequent printing.

Fig. 4 shows a method 400 for converting a color image such as that shown in fig. 1
to a monochrome image such as that shown in fig. 2. In step 402, local weighting
factors are calculated. In step 402 a weighting factor for each color channel is
calculated locally based on intensity difference values or contrast values with
neighboring pixels. In step 404, the monochrome or gray channel is calculated from
the sum of products of the local weighting factors calculated in step 403 and the

values for each color channel.

Fig. 5 shows a method 500 of converting a color image to a monochrome image. In
step 502 a mean channel level for a block of pixels surrounding the pixel in question
is calculated. The mean channel level is calculated in order to measure a local

contrast for each pixel of the pixel in question in the color image with the
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surrounding pixels in the neighborhood. The mean channel level may be calculated
according to the following formula:

M=Y(R +G +B)3

Where the sum is a normalized summation performed over a neighborhood defined
around the pixel under consideration, and R, G and B are the values of the red,
green and blue channels respectively. The summation may be spatially weighted
with pixels in the region surrounding the pixel in question being weighted according
to for example their distance from the pixel in question.

The region over which the mean channel level is calculated for comparison with the
values of each color channel of the pixel in question may be defined by a user input.
The region over which a mean channel level is calculated may vary from a square of
3x3 pixels surrounding the pixel in question to a block as large as a quarter of the
color image. The shape of the region may also be varied for example it may be a
square, a circle, or other shape.

In step 504, the difference between the pixel value for each color channel of the
pixel under consideration and the mean gray level calculated in step 502 is
calculated. Thus a local contrast measure or intensity difference value for each color
channel is obtained. In the case of three color channels the local intensity difference

values are as follows:

Cr =R - M|l

Cq = |G - M]|
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Where C,, C4 and Cy, are the local contrast values, or intensity difference values for
the red, green and blue channels respectively.

From the local intensity difference values obtained in step 506, the local weighting
factors for a pixel are calculated. The local weighting factors may be calculated
according to the following formulae:

a=GCJ/(C,+Cy+Cp);

b=Cgy/(C:+Cgy+Ch);

c=Cp/(Ci+Cg+Cy)

Where a is the local weighting factor for the red channel, b is the local weighting
factor for the green channel and c is the local weighting factor for the blue channel.

It is noted the local weighting factors calculated using the above formulae sum to

one.
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Using the local weighting factors calculated in step 508, the gray or monochrome
channel may be calculated as the sum of the products of the local weighting factors
with the values for each color channel in step 508. The calculation in step 508 may

be made according to the following formula:

Y=aR +bG +cB

The method described above may be implemented as a hardware embodiment, a
software embodiment, or a combination of the two. The method may be
implemented as a computer program product containing computer readable
instructions which when executed on a computer or image processing device cause

the computer or image processing device to execute the methods described above.
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Listof Reference Numerals

400
402
404
500
502
504

506
508

color image

color pixel

monochrome image
monochrome pixel

image processing system
weighting factor calculation module
monochrome channel calculation
module

method

calculate local weighting factors
calculate monochrome channel
method

calculate mean channel level

calculate difference between pixel value

and mean channel level
calculate local weighting factors

calculate monochrome channel
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Claims

. A method (400; 500) of obtaining a monochrome image (200) from a color

image (100), said color image comprising a plurality of color pixels (102),
and having at least two color channels (R,G,B), each pixel of said plurality
of color pixels comprising a value for each color channel of said at least
two color channels, said monochrome image comprising a plurality of
monochrome pixels, each monochrome pixel having a value for a

monochrome channel (Y), the method comprising:

- calculating a local weighting factor for each color channel of each

pixel of said color image (402; 506);

- calculating said value of said monochrome channel for each pixel as
a sum over said at least two color channels of products of said local

weighting factor and said value for each color channel (404; 508).

. The method of claim 1, said local weighting factors being calculated from

a local intensity difference value of each color channel of each pixel with a

mean channel level.

. The method of claim 2, said mean channel level being calculated from a

normalized sum over said at least two color channels over a region

around a pixel under consideration.

. The method of claim 3, said normalized sum being spatially weighted.

. The method of any one of claims 2 to 4, said local intensity difference

value for a color channel of said at least two color channels being
calculated by a subtraction of said mean channel level from said value for
said color channel.
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. The method of any one of the preceding claims 1 to 5, said at least two

color channels comprising a red channel, a green channel and a blue

channel.

. The method of any one of the preceding claims 1 to 5, said color image

being a multispectral image.

. An image processing system (300) comprising:

- a weighting factor calculation module (302) operable to calculate a
local weighting factor for each color channel of each pixel (102) of a

color image (100);

- a gray channel calculation module (304) for calculating a
monochrome channel value for each pixel as a sum of products of
said local weighting factor of each color channel and a pixel value of
that color channel.

. The image processing system of claim 8, said weighting factor calculation

module being further operable to calculate a local intensity difference
value of each color channel of each pixel with a mean channel level, and
to calculate said local weighting factors from said local intensity difference

value.

10.The image processing system of claim 9, said weighting factor calculation

module being further operable to calculate said mean channel level from a
normalized sum over said color channels of said color image over a

region around a pixel under consideration.

11.The image processing system of any one of the previous claims 8 to 10,

said color image comprising three color channels.
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12.The image processing system of any one of the previous claims 8 to 10,

said color image being a multispectral image.

13.The image processing system of any one of the preceding claims 8 to 12,
being a printer and further comprising a printing module for printing the

monochrome image.

14.The image processing system of any one of the preceding claims 8 to 12,
being an image capture device and further comprising an image capture

module for capturing the color image.

15.The image processing system of claim 14, said image capture device

being a digital camera.

16.A computer program product comprising computer executable instructions
for performing a method (500) for calculating a value for a monochrome
pixel (202) at a location in a monochrome image (200) from a color image
(100), said color image comprising a plurality of pixels (102), and having
at least two color channels (R, G, B), each pixel of said color image

having a value for each color channel, the method comprising:

- calculating a mean channel value for a block of pixels in a region
surrounding a location on said color image corresponding to said

location of said monochrome pixel (502);

- computing a difference between a pixel of said color image at said

location on said color image and said mean channel value (504);

- calculating a weighting factor for each color channel from said
difference (506);
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- calculating said value for said monochrome pixel as a sum of
products for each color channel of said weighting factor and said
value for that color channel of said pixel at said location on said

color image (508).

17.The computer program product of claim 16, said mean channel value
being calculated as a normalized sum of said values of said pixels of said

block of pixels over said at least two color channels.

18.The computer program product of claim 17, said normalized sum being
weighted over said block.

19.The computer program product of any one of the preceding claims 16 to
18, said at least two color channels comprising a red channel, a green

channel and a blue channel.

20.The computer program product of any one of the preceding claims 16 to
18, said color image being a multispectral image.



s’ INTELLECTUAL

e e’ PROPERTY OFFICE

Application No:

Claims searched:

15

GB0816456.8 Examiner: Richard Baines

1,8& 16 Date of search: 7 January 2009

Patents Act 1977: Search Report under Section 17

Documents considered to be relevant:

Category|Relevant
to claims

Identity of document and passage or figure of particular relevance

X 1,6,8, 11

US2006/072158 Al

& 13 - 15| (CHRISTIE) - abstract, figure and paragraphs 26, 34, 44 & 78
A - US2005/0207641 Al
(XEROX)
A - US2004/0257378 Al
(XEROX)
Categories:
X Document indicating lack of novelty or inventive A Document indicating technological background and/or state
step of the art.
Y Document indicating lack of inventive step if P Document published on or after the declared priority date but
combined with one or more other documents of before the filing date of this invention.
same category.
&  Member of the same patent family E  Patent document published on or after, but with priority date

earlier than, the filing date of this application.

Field of Search:

Search of GB, EP, WO & US patent documents classified in the following areas of the UKCX .

Worldwide search of patent documents classified in the following areas of the IPC

| HO4AN

The following online and other databases have been used in the preparation of this search report

| Online: WPI, EPODOC

International Classification:

Subclass

Subgroup Valid From

HO4N

0001740 01/01/2006

Intellectual Property Office is an operating name of the Patent Office

www.ipo.gov.uk



	BIBLIOGRAPHY
	DRAWINGS
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

