wo 2015/127206 A1 [N 00O 0 O A Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/127206 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

27 August 2015 (27.08.2015) WIPOIPCT
International Patent Classification:
GO6T 11/00 (2006.01)
International Application Number:
PCT/US2015/016822

International Filing Date:
20 February 2015 (20.02.2015)

Filing Language: English
Publication Language: English
Priority Data:

61/942,475 20 February 2014 (20.02.2014) US

Applicant: KONICA MINOLTA LABORATORY
U.S.A. INC. [US/US]; 2855 Campus Dr., Suite 100, San
Mateo, CA 94403 (US).

Inventor: HUNG, Po-Chieh; 2855 Campus Dr., Suite 100,
San Mateo, CA 94403 (US).

Agents: WATANABE, Yuichi et al.; Osha Liang LLP,
909 Fannin Street, Suite 3500, Houston, TX 77010 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: IMAGE PROCESSING TO RETAIN SMALL COLOR/GRAY DIFFERENCES

/900 /904 /912 /916 Vo
Frame : RGE Edge Ucs § Frame
memory : i » enhance : > : memory
{input} : ucs ment RGH {output)

Edge
enthancement
information in

ucs

4908

FIG. 9

(57) Abstract: A method for encoding a monochrome or color image. The method includes receiving an image and adjusting the im-
age based on a global uniform macro-type color space. The image is modified spatially based on a local uniform micro-type edge
characteristic that includes a just-noticeable difference (JND), and the image is outputted.



WO 2015/127206 PCT/US2015/016822

IMAGE PROCESSING TO RETAIN SMALL COLOR/GRAY
DIFFERENCES

BACKGROUND

[0001] In the medical field, color images are often used for whole slide images
(WSI) in pathology. Further, monochrome images or grayscale are used within
the medical field as well. The encoding of grayscale images within the medical
field often utilizes the Grayscale Standard Display Function (GSDF) in
accordance with the Digital Imaging and Communications in Medicine
(DICOM) Standard which was developed according to the procedures of the
DICOM Standards Committee. The GSDF function relates noticeable
differences (JND) in luminance to a JND index. While the GSDF is not
intended for medical color images, color images may be displayed on

standardized grayscale displays.

[0002] However, non-medical images are often encoded according to uniform
color space, for example the CIE L*a*b* color space designed to match the
Munsell Color System, an empirically defined uniform color space. Thus,
there could be advantages to a method and a device for encoding monochrome
and color images according to a global uniform macro-type color space, while
at the same time modifying the image spatially, based on a local uniform

micro-type edge characteristic.

SUMMARY OF INVENTION

[0003] In general, in one aspect, the invention relates to a method for encoding
a monochrome or color image. The method includes receiving the image and
adjusting the image based on a global uniform macro-type color space. The
method also includes modifying the image spatially based on a local uniform
micro-type edge characteristic comprising a just-noticeable difference (JND),

and outputting the image. The method may also include converting, before the
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[0004]

[0005]

modifying of the image, the image from a first global uniform macro-type color
space into a second global uniform macro-type color space, and converting,
after the modifying of the image, the image from the second global uniform
macro-type color space into the first global uniform macro-type color space. In
one or more embodiments, the local uniform micro-type edge characteristic is

in the second global uniform macro-type color space.

In general, in another aspect, the invention relates to a non-transitory
computer readable medium (CRM) storing instructions for encoding a
monochrome or color image. The CRM instructions include receiving the
image and adjusting the image based on a global uniform macro-type color
space. The CRM instructions also include modifying the image spatially based
on a local uniform micro-type edge characteristic comprising a just-noticeable
difference (JND), and outputting the image. The CRM instructions may also
include converting, before the modifying of the image, the image from a first
global uniform macro-type color space into a second global uniform macro-
type color space, and converting, after the modifying of the image, the image
from the second global uniform macro-type color space into the first global
uniform macro-type color space. In one or more embodiments, the local
uniform micro-type edge characteristic is in the second global uniform macro-

type color space.

In general, in another aspect, the invention relates to a device for
encoding a monochrome or color image. The deVice includes a first memory
that receives an image, and an image adjustment section that adjusts the
image based on a global uniform macro-type color space. The device also
includes an image modification section that modifies the image spatially
based on a local uniform micro-type edge characteristic comprising a just-
noticeable difference (JND), and a second memory that receives an output

image. In one or more embodiments, the image adjustment section may,
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[0006]

[0007]

[0008]

[0009]

[0010]

[0011]

[0012]

before the modifying of the image, convert the image from a first global
uniform macro-type color space into a second global uniform macro-type
color space and, after the modifying of the image, convert the modified image
from the second global uniform macro-type color space into the first global
uniform macro-type color space. In one or more embodiments, the local
uniform micro-type edge characteristic is in the second global uniform macro-

type color space.

Other aspects of the invention will be apparent from the following

description and the appended claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a flowchart for encoding an image in accordance with one

or more embodiments of the invention.

FIG. 2 illustrates a GSDF curve defined by the Digital Imaging and
Communications in Medicine (DICOM) Standard in accordance with one or

more embodiments of the invention.

FIG. 3 illustrates a computation of the difference of each pair of L*
values of JND indexes in accordance with one or more embodiments of the

invention.

FIG. 4 shows an edge enhancement gain parameter in accordance with

one or more embodiments of the invention.

FIG. 5 illustrates an edge enhancement as a function of spatial frequency
and the use of a kernel matrix in accordance with one or more embodiments

of the invention.

FIG. 6 shows a “Contrast-EdgeEnhancement” curve in which the local
contrast is obtained from a kernel matrix in accordance with one or more

embodiments of the invention.
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[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

FIG. 7 illustrates an example of edge enhancement in accordance with
one or more embodiments. FIG. 7 shows that little or no edge enhancement is
applied to a large edge, while a small edge is enhanced depending on the

characteristics of JND color difference.

FIG. 8 illustrates a flowchart for encoding an image in accordance with

one or more embodiments of the invention.

FIG. 9 shows a device for encoding an image in accordance with one or

more embodiments of the invention.

FIG. 10 shows a device for encoding an image in accordance with one

or embodiments of the invention.

FIG. 11 shows a computer system in accordance with one or more

embodiments of the invention.

DETAILED DESCRIPTION

Specific embodiments of the invention will now be described in detail
with reference to the accompanying figures. Like elements in the various
figures are denoted by like reference numerals for consistency. Further, the
use of “Fig.” in the drawings is equivalent to the use of the term “Figure” in

the description.

In the following detailed description of embodiments of the invention,
numerous specific details are set forth in order to provide a more thorough
understanding of the invention. However, it will be apparent to one of
ordinary skill in the art that the invention may be practiced without these
specific details. In other instances, well-known features have not been

described in detail to avoid unnecessarily complicating the description.

In general, embodiments of the invention relate to a method and device
for encoding an image. The method for encoding an image may include

adjusting the image based on a global uniform macro-type color space and
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[0021]

[0022]

modifying the image spatially based on a local uniform micro-type edge
characteristic. As used herein, the term uniform macro-type color space
refers to a macro-type color space such as, e.g., SRGB, Adobe RGB, CIE
L*a*b*, and CIE L*u*v*. One of ordinary skill would appreciate that other
uniform color spaces may be used without departing from the scope of the
present disclosure. Further, as used herein, the term local uniform micro-type
edge characteristic refers to the local characteristic of image features, e.g., the
presence of edges and the distribution of features within a local just-
noticeable difference (JND) equalized tonal curve. One of ordinary skill
would appreciate that other local uniform micro-type edge characteristics may

be used without departing from the scope of the present disclosure.

In accordance with one or more embodiments, FIG. 1 shows a flow
chart illustrating a method for encoding an image. Specifically, FIG. 1
illustrates the image encoding flow for a monochrome image. Monochrome
refers here to a grayscale image, but could also refer to an image of a single
color only. Further, the monochrome image may be received by several
methods. For example, the monochrome image could be received after
capture of shades of black by a sensor. Alternatively, the monochrome image
could be received after post-processing of a color image. Other methods of
receiving the monochrome image may be used without departing from the

scope of the present disclosure.

In Step 100 of FIG. 1, a monochrome image is received. The image
data of the received image is converted from intensity (or density) into
lightness L values in step 104. Next, the maximum luminance value (in
cd/m?) of the display or of the adjusted light source for observing a printed or
a transparent image is defined in step 108. As referred to above, a Just-
Noticeable Difference (JND) is a luminance difference of a given target under
given viewing conditions that the average human observer can perceive.

Further, a JND index is the input value to the Grayscale Standard Display
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[0023]

[0024]

[0025]

Function (GSDF), such that one step in the JND index results in a luminance
difference that is a JND. Accordingly, in step 112, JND indexes are
calculated into L" values, based on the GSDF curve defined by the Digital

Imaging and Communications in Medicine (DICOM) Standard and as shown

in FIG. 2.

In step 116 of FIG. 1, the difference of each pair of L* values of IND
indexes is computed as is shown in FIG. 3. Next, in step 120 of FIG. 1, an
edge enhancement gain parameter is defined by dividing “JND difference”
over “average JND difference,” wherein the JND index “673” corresponds to
a luminance of 400 cd/m? which is the typical luminance of “white” on a
display. In accordance with one or more embodiments, the edge enhancement

gain parameter is shown in FIG. 4.

In step 124 of FIG. 1, an edge enhancement is applied. As shown in
FIG. 5, to primarily affect the higher spatial frequencies, a difference between
a center pixel value and an average value of accumulated pixel values
surrounding the center pixel in a kernel matrix is determined for the edge
enhancement. The kernel matrix is, for example, a 3x3 pixel matrix or a 5x5
pixel matrix, and a bigger kernel is generally preferred in terms of spatial
characteristics. However, other kernel matrices may also be used without

departing from the scope of the present disclosure.

In step 124 of FIG. 1, a “Contrast-EdgeEnhancement” characteristic
curve is prepared. In accordance with one or more embodiments, FIG. 6
shows a “Contrast-EdgeEnhancement” curve in which the local contrast
obtained from a kernel matrix is on the horizontal axis and a standard
deviation gain (SDgain) is on the vertical axis. FIG. 6 illustrates how larges
edges receive less or no edge enhancement. Further, in one or more
embodiments, the local contrast is based on a kernel matrix in JND space. In

other embodiments, the local contrast may be based on a uniform color space.
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[0026]

[0027]

[0028]

In yet other embodiments, the local contrast may be based on another criteria

without departing from the scope of the present invention.

In step 124 of FIG. 1, the equation (1) reproduced below is applied to
the image. The local contrast may be calculated by standard deviation of a
local area, for example the local kernel matrix shown in FIG. 5. In equation

(1), SDgain refers to standard deviation gain and o denotes a coefficient.

n n
20 2 Py

P’ =a-SDegain-(JNDgain—1)(P.  —X=—=1x=" +P (1)
Y g ( 8 )( X,y (2I’Z+1)2 ) xy

The effect of the above equation on the modified image is illustrated in
FIG. 7. Little or no edge enhancement is applied to a large edge, while a
small edge is enhanced depending on the characteristics of the JND color
difference against the macro-type color space. In other words, an edge
enhancement may be applied by a predefined amount when the edge is
smaller, and an edge enhancement may be reduced by a predefined amount

when the edge is large. In step 128, the image is outputted.

In accordance with one or more embodiments, FIG. 8 shows a flow
chart illustrating a method for encoding an image. Specifically, IIG. 8
illustrates the image encoding flow for a color image. The method for
encoding a color image may include some of the steps involved in encoding a
monochrome image, as described above in reference to FIG. 1. In accordance
with one or more embodiments, the method for encoding a color image may
include additional steps as shown in FIG. 8. As will be described below, the
method for encoding a color image may include applying edge enhancement
for three axes, such as “luminance, R-G, Y-B,” Y, Cr, Cb,” etc. Further,
JND data for chroma direction (i.e. R-G, Y-B) can be calculated by the CIE

deltaE*zooo color difference formulae.
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[0029]

[0030]

In step 800 of FIG. 8, a color image is received. The image data of the
received image is converted from intensity (or density) into L*a*b* values in
step 804. In accordance with one or more embodiments, a color management
system (i.e. an ICC scheme) can be used for the conversion in step 804 of
FIG. 8. Next, the maximum luminance value (in cd/m2) of the display or of
the adjusted light source for observing a printed or a transparent image is
defined in step 808. As discussed above, a Just-Noticeable Difference (JND)
is a luminance difference of a given target under given viewing conditions
that the average human observer can perceive. Further, a JND index is the
input value to the Grayscale Standard Display Function (GSDF), such that
one step in the JND index results in a luminance difference that is a JND.
Accordingly, in step 812, IND indexes are calculated into L* values, based on
the GSDF curve defined by the Digital Imaging and Communications in
Medicine (DICOM) Standard and as shown in FIG. 2. Further, in step 814 of
FIG. 8, based on the CIE deltaE*zooo color difference formula, the color

difference calculated by the formula can be used for the a* and b* axes.

In step 816 of FIG. &, the difference of each pair of L* values of IND
indexes is computed as is shown in FIG. 3. Further, the difference of each
pair of a* values and b* values is checked in Step 818. When there is no
corresponding value, the method for encoding a color image may include
interpolating a corresponding value. Next, in step 820 of FIG. 8, an edge
enhancement gain parameter is defined by dividing “JND difference” over
“average JND difference” for three axes, wherein the JND index “673”
corresponds to a luminance of 400 cd/m* which is the typical luminance of
“white” on a display. In accordance with one or more embodiments, the edge
enhancement gain parameter is shown in FIG. 4. In step 824 of FIG. §, an
edge enhancement is applied. As shown in FIG. 5, to primarily affect the
higher spatial frequencies, a difference between a center pixel value and an
average value of accumulated pixel values surrounding the center pixel in a

kernel matrix is determined for three axes for edge enhancement. The kernel
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[0031]

[0032]

matrix is, for example, a 3x3 pixel matrix or a 5x5 pixel matrix and a bigger
kernel is generally preferred in terms of spatial characteristics. However,
other kernel matrices may be used without departing from the scope of the

present disclosure.

In step 824 of FIG. 8, a “Contrast-EdgeEnhancement” characteristic
curve is prepared. In accordance with one or more embodiments, FIG. 6
shows a “Contrast-EdgeEnhancement” curve in which the local contrast
obtained from a kernel matrix is on the horizontal axis and SDgain on the
vertical axis. FIG. 6 illustrates that edges that are steep, receive less or no
edge enhancement. Further, it is understood, that in one embodiment, the
local contrast is based on a kernel matrix in JND space. In other
embodiments, the local contrast may be based on a uniform color space. In
yet other embodiments, the local contrast may be based on another criteria
without departing from the scope of the present invention. In step 824 of FIG.
8, equation (1) discussed above, is applied to the image. The local contrast
may be calculated by standard deviation of a local area, for example the local
kernel matrix shown in FIG. 5. The effect of equation (1) on the modified
image is illustrated in FIG. 7. Little or no edge enhancerﬁent is applied to a
large edge, while a small edge is enhanced depending on the characteristics of

JND color difference. In Step 828, the image is outputted.

In accordance with one or more embodiments, FIG. 9 shows a hardware
implementation of a device for encoding an image. Specifically, FIG. 9
illustrates a device independent approach with 3D look-up table (LUT) and
interpolation. Image data from a frame memory 900 (a first memory for
receiving an image) is received by a RGB-to-UCS conversion block 904.
Data from the RGB-to-UCS conversion block 904 is fed into an “edge
enhancement information in UCS” block 908 and into an edge enhancement
block 912. The output from the “edge enhancement information in UCS”

block 908 is provided as input to the edge enhancement block 912. The
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[0033]

[0034]

[0035]

output from the edge enhancement block 912 is provided as input to a UCS-
to-RGB conversion block 916, which in turn provides image data to the frame
memory 920 (a second memory for receiving the output image). In
accordance with one or more embodiments, the edge enhancement block 912
may include an image adjustment section for adjusting the image based on a
global uniform macro-type color space. The edge enhancement block 912
may further include an image modification section for modifying the image

spatially based on a local uniform micro-type edge characteristic.

In accordance with one or more embodiments, FIG. 10 shows a further
hardware implementation of a device for encoding an image. Specifically,
FIG. 10 illustrates a device dependent approach with 3D look-up table (LUT)
and interpolation. Image data from a frame memory 1000 (a first memory for
receiving an image) is received by an “edge enhancement information in
RGB” block 1004 and into an edge enhancement block 1008. The output
from the “edge enhancement information in RGB” block 1004 is provided as
input to the edge enhancement block 1008. The output from the edge
enhancement block 1008 is provided as input to a frame memory 1012 (a
second memory for receiving the output image). In accordance with one or
more embodiments, the edge enhancement block 1008 may include an image
adjustment section for adjusting the image based on a global uniform macro-

type color space. The edge enhancement block 1008 may further include an

- image modification section for modifying the image spatially based on a local

uniform micro-type edge characteristic.

In accordance with one or more embodiments, the coefficient o in
equation (1) may be used to enhance or to blur edges. In the former case, o is

larger than one and in the latter case, o is smaller than one.

In accordance with one or more embodiments, the GSDF may be

changed depending on the intensity of the display or environment. In yet

10
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[0036]

[0037]

[0038]

further embodiments, a brightness adjustment and edge enhancement

characteristics are synchronized.

In accordance with one or more embodiments, Fourier transformation
may be used before adjusting spatial frequency followed by inverse Fourier
transformation. In yet other embodiments, Fast Fourier Transformation may

be used.

In accordance with one or more embodiments, the CIE deltaE*zooo color
difference formulae may be used to estimate JND in the chroma directions. In
yet other embodiments, Macadam’s ellipse may be used to estimate JND in

the chroma directions.

Embodiments of the invention may be implemented on virtually any
type of computer regardless of the platform being used. For example, as
shown in FIG. 11, a computer system 1100 includes one or more processor(s)
1102 (such as a central processing unit (CPU), integrated circuit, etc.),
associated memory 1104 (e.g., random access memory (RAM), cache

memory, flash memory, efc.), a storage device 1106 (e.g., a hard disk, a solid

state memory drive (SSD), an optical drive such as a compact disk drive or

digital video disk (DVD) drive, a flash memory stick, etc.), and numerous
other elements and functionalities typical of today’s computers (not shown).
The computer system 1100 may also include input means 1110, such as a
keyboard, a mouse, or a microphone (not shown). Further, the computer
system 1100 may include output means, such as a monitor 1108 (e.g., a liquid
crystal display (LCD), a plasma display, or cathode ray tube (CRT) monitor).
The computer system 1100 may be connected to a network 1112 (e.g., a local
area network (LAN), a wide area network (WAN) such as the Internet, or any
other type of network) via a network interface connection (not shown). Those
skilled in the art will appreciate that many different types of computer
systems exist, and the aforementioned input and output means may take other

forms. Generally speaking, the computer system 1100 includes at least the

11
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[0040]

[0041]

minimal processing, input, and/or output means necessary to practice

embodiments of the invention.

Further, in one or more embodiments of the invention, one or more
elements of the aforementioned computer system 1100 may be located at a
remote location and connected to the other elements over a network. Further,
embodiments of the invention may be implemented on a distributed system
having a plurality of nodes, where each portion of the invention may be
located on a different node within the distributed system. In one embodiment
of the invention, the node corresponds to a computer system. Alternatively,
the node may correspond to a processor with associated physical memory.
The node may alternatively correspond to a processor or micro-core of a
processor with shared memory and/or resources.  Further, software
instructions in the form of computer readable program code to perform
embodiments of the invention may be stored, temporarily or permanently, on
a tangible computer readable storage medium, such as a compact disc (CD), a
diskette, a solid state memory device (SSD), a tape, memory, or any other

non-transitory tangible computer readable storage device.

In addition, one or more embodiments of the invention may be realized
in an embedded computer system. Further, one or more embodiments of the
invention may be realized in an erasable programmable read only memory
(EPROM), programmable logic device (PLD) or in another hardware

solutions.

While the invention has been described with respect to a limited number
of embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart from
the scope of the invention as disclosed herein. Accordingly, the scope of the

invention should be limited only by the attached claims.

12
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CLAIMS

What is claimed is:

1. A method for encoding an image, comprising:
receiving the image;
adjusting the image based on a global uniform macro-type color space;
modifying the image spatially based on a local uniform micro-type edge
characteristic comprising a just-noticeable difference (JND); and

outputting the image.

2. The method of claim 1, wherein the image comprises at least one of monochrome

image and color image.

3. The method of claim 1, wherein the global uniform macro-type color space

comprises at least one of SRGB, Adobe RGB, CIE L*a*b*, and CIE L*u*v*.

4. The method of claim 1, further comprising:

converting, before the modifying of the image, the image from a first global
uniform macro-type color space into a second global uniform macro-
type color space; and

converting, after the modifying of the image, the image from the second global
uniform macro-type color space into the first global uniform macro-type
color space,

wherein the local uniform micro-type edge characteristic is in the second global

uniform macro-type color space.

5. The method of claim 1, further comprising:
enhancing an edge by a first predefined amount when the edge is smaller than a
first predefined parameter; and
reducing an edge by a second predefined amount when the edge is larger than a

second predefined parameter.

13



WO 2015/127206 PCT/US2015/016822

6. The method of claim 5, wherein when a setting of a brightness level of a display

device is changed, the first predefined parameter and the second predefined

parameter are changed.

7. The method of claim 5, wherein when a setting of a brightness level of a display
device is changed, the first predefined amount and the second predefined amount

are changed.

8. A non-transitory computer readable medium (CRM) storing instructions for
encoding an image, the instructions comprising functionality for:
receiving the image;
adjusting the image based on a global uniform macro-type color space;
modifying the image spatially based on a local uniform micro-type edge
characteristic comprising a just-noticeable difference (JND); and

outputting the image.

9. The CRM of claim 8, wherein the image comprises at least one of monochrome

image and color image.

10.The CRM of claim 8, whercin the global uniform macro-type color space

comprises at least one of SRGB, Adobe RGB, CIE L*a*b*, and CIE L*u*v*.

11. The CRM of claim 8, wherein the instructions further comprise functionality for:
converting, before the modifying of the image, the image from a first global
uniform macro-type color space into a second global uniform macro-
type color space; and
converting, after the modifying of the image, the image from the second global
uniform macro-type color space into the first global uniform macro-type

color space,
wherein the local uniform micro-type edge characteristic is in the second global

uniform macro-type color space.

12. The CRM of claim 8, wherein the instructions further comprise functionality for:

14
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enhancing an edge by a first predefined amount when the edge is smaller than a
first predefined parameter; and
reducing an edge by a second predefined amount when the edge is larger than a

second predefined parameter.

13.The CRM of claim 12, wherein when a setting of a brightness level of a display
device is changed, the first predefined parameter and the second predefined

parameter are changed.

14. The CRM of claim 12, wherein when a setting of a brightness level of a display

device is changed, the first predefined amount and the second predefined amount

are changed.

15. A device for encoding an image, comprising;:
a first memory that receives an image;
an image adjustment section that adjusts the image based on a global uniform
macro-type color space;
an image modification section that modifies the image spatially based on a
local uniform micro-type edge characteristic comprising a just-
noticeable difference (JND); and

a second memory that receives an output image.

16. The device of claim 15, wherein the image comprises at least one of monochrome

image and color image.

17.The device of claim 15, wherein the global uniform macro-type color space

comprises at least one of SRGB, Adobe RGB, CIE L*a*b*, and CIE L*u*v*.

18. The device of claim 15, wherein the image adjustment section:
before the modifying of the image, converts the image from a first global
uniform macro-type color space into a second global uniform macro-

type color space; and

15
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after the modifying of the image, converts the modified image from the second
global uniform macro-type color space into the first global uniform
macro-type color space,

wherein the local uniform micro-type edge characteristic is in the second global

uniform macro-type color space.

19. The device of claim 15, wherein the image modification section:
enhances an edge by a first predefined amount when the edge is smaller than a
first predefined parameter; and
reduces an edge by a second predefined amount when the edge is larger than a

second predefined parameter.

20.The device of claim 19, wherein when a setting of a brightness level of a display
device is changed, the first predefined amount and the second predefined amount

are changed.
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