Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme
d'Industrie Canada

An agency of
Industry Canada

CA 2462486 A1 2004/10/01

(21) 2 462 486

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1

(22) Date de depot/Filing Date: 2004/03/30

(41) Mise a la disp. pub./Open to Public Insp.: 2004/10/01

(30) Prionte/Priority: 2003/04/01 (10/404,708) US

(51) ClL.Int.”/Int.CIL.Y HO4N 9/64, HO4N 9/73

(71) Demandeur/Applicant:
AVID TECHNOLOGY, INC., US

(72) Inventeur/Inventor:
GONSALVES, ROBERT, US

(74) Agent: SMART & BIGGAR

(54) Titre : CORRECTION AUTOMATIQUE DE COULEUR POUR DES SEQUENCES D'IMAGES
54) Title: AUTOMATIC COLOR CORRECTION FOR SEQUENCES OF IMAGES

/ 10Z / 106 / 104 - 108
/“(~|; 7 : Image / Repres;:ntat?ve Er:rmge
[/ e p / ”9”% S&!@Ct@fﬁ 7/ Em{)g@ And!yzer
_ | |
i
110
v Z
Z/ Results //
ji6& 174 i1e
L / . / o //
{ . Coalar | / ~ j E Parameter |
1 Corractor [~ / Farameters /< s Calculator |
18
7 \!ﬂ
o .
00— Color  /
Correcied
Clip /
L.
(57) Abréegée/Abstract:

Automatic color correction Is applied to a scene or

clip, including a seguence of images, In a motion picture by selecting a

representative image of the scene, analyzing the image and adjusting parameters of a color correction operation that is performed
on the sequence of images Iincluded In the scene. This operation can be repeated automatically for all scenes or for selected

scenes In the motion picture. The parameters may

be adjusted to automatically color balance the image while maintaining

substantially constant contrast. Analysis of the representative image may Iinclude identifying an offset of a peak In a two-

dimensional histogram of the colors Iin the representat
adjusted according to this offset. Separate histograms
of the representative image. Analysis of the represen
luminance Iinformation In the representative image. Tt

ive Image from a white point. Parameters of a color correction operation are
and offsets may be determined for shadows, midtones and highlight regions
tative image may Iinclude determining a one-dimensional histogram of the
e darkest level and the brightest level In the Image are used to balance the

Image. In particular, the histograms for color channels

INn the Image, such as red, green and blue, are adjusted to match the darkest

level and brightest level identified by the luminance histogram.
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ABSTRACT

Automatic color correction is applied to a scene

or clip, including a segquence of images, 1n a motion picture

by selecting a representative image of the scene, analyzing

H
-

the image and adjusting parameters of a color correction

operation that i1is performed on the seguence of 1mages

included in the scene. This operation can be repeated

automatically for all scenes or for selectea scenes 1n the
motion picture. The parameters may be adjusted to
automatically color balance the image while maintaining

.
phiubh

substantially constant contrast. Analysis of the

i}
B

foset of a

representative image may 1nclude identifving an oj

peak 1n a two-dimensional histogram of the colors in the

pur—
p—

representative 1mage from a white point. Parameters of a

color correction operation are adjusted according to this

PP

offset. Separate histograms and offsets may be determined

for shadows, midtones and highlight regions of the

representative image. Analysis of the representative image

may 1nclude determining a one-dimensional histogram of the

luminance information in the representative image. The

darkest level and the brightest level in the image are used

to balance the image. In particular, the histograms for
color channels in the image, such as red, green and blue,

are adjusted to match the darkest level and brightest level

1dentified by the luminance histogram.
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AUTOMATIC COLOR CORRECTION FOR SEQUENCES OF IMAGES

BACKGROUND

Images that are captured usging a camera generally
have several kinds of color problems. For example, if the

5 camera 1s not properly white balanced, images tend to have a

]

= there 1s insufficient lighting in the

—

red or blue cast.

scene, 1lmages tend to be dark and show little contrast.

Also, 1f light reflects off objects in the scene, other
objects tend to have a color cast associated with the

10 rzreflected light.

These and other color problems commonly are fixed
using color correction tools on a computer workstation.

These tools allow a user to select one or more image

processing functions to apply to an image and to adjust

15 parameters of these functions. Currently available color

correction tools are powerful, but tend to have a steep

learning curve.

To reduce the learning curve and the time required

to manipulate the image processing functions, there are some

20 automatic tools for color correction. Such tools analyze an
image and adjust parameters of a color correction operation

to improve the color in the image. An example of such a

tool 1s the PHOTOSHOP software from Adobe Systems

Incorporated of Menlc Park, California. An example kind of
25 Iunction that may be provided is automatic color balancing.

Using automatic color balancing, a histogram of the red,

blue and green channels is created. The nistogram is then

stretched so that it matches the end points of the range of

vaiues for each channel or the minimum and maximum values

30 from among the red, green and blue channels. Such automatic
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color balancing generally also improves the contrast of the

image, which 1s generally desirable.

However, color correction for video, which is a

F

sequence of images, 1s more complicated. Although 1t may be

possible to analyze and correct geparately every ilmage 1n a
sequence of 1mages, such analysis and correction would
consume significant processing resources. On the other

hand, 1t may be undesirable to apply contrast modifications

developed by analysis of one image to other images. A
change in contrast in one image may not be appropriate to
apply to another image. Also, the change in contrast to the

other 1mage may negatively impact its quality.
SUMMARY

Automatic color correction 1s applied to a scene
or clip, including a sequence of images, in a motion picture

by selecting a representative image of the scene, analyzing

)

the 1mage and adjusting parameters of a color correction

cperatiocn that is performed on the sequence of images

included in the scene. This operation can be repeated

automatically for all scenes or for selected scenes in the
motion picture. The parameters may be adjusted to
automatically color balance the image while maintaining

substantially constant contrast.

Analysis of the representative image may include
identifying an offset of a peak in a two-dimensional
histogram of the colors in the representative image from a

white point. Parameters of a color correction operation are

adjusted according to this offset. Separate histograms and

offsets may be determined for shadows, midtones and

P

highlight regions of the representative image.
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Analysis of the representative image may include

¢
L.

che luminance

determining a one dimensional histogram o:
information in the representative image. The darkest level

and the brightest level in the 1mage are used to balance the

5 1image. In particular, the histograms for color channels in

the image, such as red, green and blue, are adjusted to

match the darkest level and brightest level identified by

the luminance histogram.

Accordingly, in one aspect, a method, computer

10 program product and system are provided for automatic color

correction of a sequence of images. An indication of one or

more representative images 1n the sequence of images is

received. Characteristics of the one or more representative
images are analyzed. Parameters for a color correction

15 operation are determined according to the analyzed
characteristics of the one or more representative images.
The color correction c¢peration is applied with the

determined parameters to the sequence of images.

In another aspect, a method, computer program

20 product and system are provided for analyvzing

characteristics of one or more representative images from a

sequence of images. A two-dimensional histogram of colors

in the representative image is generated, wherein the two-

dimensions include a white point. An offset between a peak

25 wvalue in the two-dimensional histogram and the white point

18 determined.

In another aspect, a method, computer program

product and system are provided for analyzing

characteristics of one or more representative images from a

30 sequence of images. A histogram of luminance in the

representative image is generated, whereby the histogram

3
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indicates a darkest value and a brightest wvalue.

Adjustments to histograms of colors in the representative

image are determined so as to match a darkest value and a

brightest value for each color to the darkest value and

brightest value for the luminance.

In another agspect, a system 1is provided for

automatic color correction of a sequence of images. The

cem 1ncludes an lmage analyzer having an input for

p——

SYS

receiving an 1ndication of one or more representative images

in the sequence of images and an output for providing

information indicative of characteristics of the one or more

representative images. A parameter calculator has an input

for receiving the information indicative of characteristics

of the one or more representative images and an output for

providing parameters for a color correction operation
according to the analyzed characteristics of the one or more
representative 1lmages. A color corrector has a first input
for recelving the parameters and a second input for
receiving the sequence of images and an output for providing
the sequence of images color corrected according to the

determined parameters.

In another aspect, a method, computer program
product and system is provided for automatic color

correction of a sequence of clips of video information. An

indication of a representative image for each clip in the
sequence 1s received. Characteristics of the

representative image for each clip are analyzed. Parameters
for a color correction operation for each clip are

determined according to the analyzed characteristics of the

representative image for the clip. The color correction

operation with the parameters determined for the clip 1is

applied to each clip.



CA 02462486 2004-03-30

77787-7178

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a data flow diagram of an example gsystem

"orms automatic color correction on a clip O

—
a
iy

that per:

motion picture.

5 Fig. 2 is a flow chart describing how automatic

color correction may be performed on a set of c

b |

ips.

Fig. 3 illustrates a vectorscope histogram display

of an example 1input 1mage.

Fig. 4 illustrates a vectorscope histogram display

10 of an output image after automatic correction.

Fig. 5 i1llustrates a color wheel interface for

setting color correction parameters.

tl

Fig. 6 1llustrates the color wheel interface of

Fig. 5 with color correction parameters set.

7 1llustrates 1s a flowchart describing how a

15 Fig.
two-dimensional chrominance histogram of an image may be

used to set color correction parameters.

Fig. 8 1llustrates red, green and blue channel

histograms of an example input image.

20 Fig. 9 illustrates red, green and blue channel

histograms of an output image after autcmatic correction.

Fig. 10 illustrates a curves interface for setting

Color correctlon parameters.

13

Fig. 11 i1llustrates the curves interface of

25 Fi1g. 10 with color correction parameters set.
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Fig. 12 1llustrates 1s a flowchart describing how

—

a one-dimensional luminance histogram of an image may be

used to set color correction parameters.

DETAILED DESCRIPTION

-

5 Referring now to Fig. 1 a data flow diagram of an

example system 100 that performs automatic color correction

on a clip of a motion picture will now be described. A clip

102 represents a sequence of images. Typically, the

sequence of 1mages 1s stored in a data file. The clip

10 references the data file and a range of images within the

data file to define what images are part of the c¢lip in the

motion picture. A motion picture is generally defined by a

S

equence of such clips.

To periorm automatic color correction on a clip
15> 102, one or more representative images 104 from among the
lmages in the clip 102 is selected by an image selector 106.

There are a variety of ways that the representative images

104 may be selected by the image selector 106. For example,

but not limited to these examples, an image may be selected
20 from the middle of the clip. Every n-th image in the

sequence may be selected. Every image in the clip also may

be selected.

The representative image is input to an image
analyzer 108. The image analyzer produces results 110 that
2> are used by a parameter calculator 112 to determine what

parameters 114 to use for color correction. The image

analyzer may generate, for example, but not limited to, a
two-dimensional chrominance histogram (in a manner described
below) or a one-dimensional luminance histogram (in a manner

30 described below). The parameter calculator may determine,

for example, but not limited to, an offset between a peak in

6
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a chrominance histogram and a white point from which a

corresponding offset for a color correction operation can be

determined {(in a manner described below).

Glven the determined parameters 114 for an

appropriate color correction operation, a color corrector

e

116 uses those parameters and applies the color correction

operation toc all of the images in the clip 102. The color

corrector thus produces the color corrected clip 118.

Referring now to Fig. 2, a flow chart describing

how automatic color correction may be performed on a set of

clips, such as a sequence or clips or a selected set of

clips, will now be described. The process involves

P-

receiving (200) the set of clips. One of the clips is

selected (202). The selected clip is automatically

corrected (204), using the process described in connection

with Fig. 1. After the selected clip is corrected, if any

clips 1n the received set remain, as determined at 206, then

the next clip is selected (202) and the process is repeated.

Such automatic correction of a set of clips enables, for

example, an editing system to automatically process and

correct a sequence of clips, perhaps even all clips in a

program that is being edited.

An example technique for analyzing an image and
generating color correction parameters will now be described

1n connection with Figs. 3-7. This technigue usesgs a two-

dimensional chrominance histogram of the representative

1mage and determines an offset of a peak in the histogram

from a white point. The inverse of this offset may be

applied to and displayed by, for example but not limited to,

color wheels for each of shadow, midtone and highlight

regions of an image.
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Fig. 3 1llustrates a vectorscope histogram display

of an input image. In this display, the wvectorscope 300 has
a white point 302 at the center of the display. The
vectorscope provices a two-dimengional histogram of the

colors 1in the image, as 1ndicated by 304. An approximate

center of this higtogram, however, 1g notably offset from

the center 302 of the vectorscope and represents a color
cast in the image. To correct this image, the vectorscope

histogram of the corrected image would appear as shown in

Fig. 4. Notably, the histogram 402 in the vectorscope 400

in Fig. 4 is approximately centered on the white point 404.

One way to correct an image 18 to use hue offsets

(as specified using coloxr wheels) as shown in the color

ﬁ

wheel i1nterface 500 of Fig. 5. This interface includes a

color wheel 502 for shadow regions of an image, a color

wheel 504 for midtone regions of the image and a color wheel
506 for highlight regions of an image. There are a variety

of ways for specifying the shadow, midtone and highlight

regions, and the invention is not limited thereby. The

1nitial settings of the hue offsets on the color wheels,

shown in Fig. 5, are zero, or no offset, and the crosshairs

508, 510 and 512 are at the centers of the respective color

wheels 502, 504 and 506.

Fig. 6 1llustrates a color wheel interface 600

with color correction parameters set to provide the

correction that is illustrated by the vectorscope display in

Fig. 4. The corrected settings of the hue offsets on the

color wheels, shown in Fig. 6, are represented by the

crcesshalrs 608, 610 and 612 which are at an offset from the

centers of the respective color wheels 602, 604 and 506.

Notably, the offset between the center of the histogram in

the vectorscope of Fig. 3 and the white point is

8
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approximately the opposite direction and same magnitude of
the hue offsets shown in Fig. 6. How such hue offsets are

determined will now be described in connection with Fig. 7.

Fig. 7 illustrates is a flowchart describing how a

two-dimensional chrominance histogram of an image may be
used to set color correction parameters. Experimentation
has revealed that a histogram for midtone wvalues can be

unreliable. Histograms are developed only for shadow and

highlight values and a correction parameter for midtones is
derived from the correction parameters for shadows and

highlights.

In Fig. 7, shadow and highlight histograme are

initialized (700) to zero. 1In particular, each value in a

1

two-dimensional array indexed by the Cr, Cb values of a

pixel 1s set to zerc. Two such arrays are initialized, one

for shadows and one for highlights. Each histogram is then
populated (702) with the pixel values from the image. Each

pixel value is converted to Y, Cr, Cb components, and the

Cr, Cb components are used to access the arrays for both

shadows and highlights. In general a histogram is simply a

count of values. Instead of merely incrementing a count for

the Cr, Cb value of the pixel, the luminance component (v)

1s used to weight the value added to the histogram. In

general, a weight can be assigned to each luminance value %

for each of the shadows, midtones and highlights. The

welight should be a high value if the luminance value V
indicates that the pixel is strongly in a shadow, midtone or

highlight region. The weight should be a low value if the

luminance value y indicates that the pixel is not strongly

1n the shadow, midtone or highlight region. In one

implementation, the weight for the shadow histogram is 255-y

and the weight for the highlight histogram is Y.

O
-
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After the shadow and highlight histograms are

created for the representative image, they may be filtered

(704 ) éb reduce the likelihood that nolise affects the

determination of the offset. Such a filter may be, for
example but not limited to, a low-pass filter such as a
three-by-three tent filter. Filtering also may be performed
based on the distance of a pixel from the center. For

example, each value for each cell in each two-dimensional

histogram may be scaled by the sum of one less the distance

from the center. Such filtering helps limit the effect of a

large colored object in the 1mage on the histogram.

After the shadow and highlight histograms are

filtered, the Cr and Cb wvalues corresponding to the largest
value in each histogram are identified (706). These pairs
of values (herein called Cr shadow, Cb shadow and

Cr highlight, Cb highlight) represent the ociffset of the

2l

colors in the i1mage from a white point for the shadow and
highlight regions of the image. The midtone offset

(Cr_midtone, Cb midtone) may be estimated (708) from the

offsets of the shadows and highlights. This offset may be

estimated by, for example but nct limited to, summing the

shadow offset with the highlight offsets. In particular,
Cr midtone = Cr_shadow + Cr _highlight and Cb midtone =

Cb _shadow + Cb highlight.

Thege offsets are then converted to color

correction parameters, depending on the color correction

operation to be performed. For example, but not limited to
this example, the color correction operations may be a hue

offset applied to each of the luminance regions of shadows,

midtones and highlights. Such offsets may be applied

through and/or displayed in, for example but not limited to,

a color wheel interface such as shown in Fics. 5 and 6. In

10
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automatic color correction of multiple clips the userx

interface, such as the color wheeis, may be hidden from the

F
-
Ly

-

fsets to hue and saturation

user. To convert the o

adjustments, the offsets are first converted (710) to polar
5 coordinates to obtain the hue (an angle) and saturation (a

magnitude) that correspond to each pair of Cr and Cb offset

values. The hue 1s then 1inverted (712). For example, if

the hue 1s represented in degrees, then 180 is added to the

nue. The offsets for the color correction operation are

10 then set (714) to the computed saturation and inverted hue.

This particular form of color correction maintains

the luminance substantially constant. The nonlinearity of
the color correction operations performed using hue offsets
on luminance regions may introduce a slight change in

15 luminance.

Another example technique for analyzing an image
and generating color correction parameters will now be
described in connection with Figs. 8-12. This technique
uses a one-dimensional luminance histogram of the

20 representative image and determines the maximum and minimum
luminance values. The red, green and blue channel values

are then stretched and translated so that the minimum values

for red, green and blue channels match the minimum and
maximum luminance values. These values may be applied

25 through and/or displayed by, for example but not limited to,
a curves interface that operates on red, green and blue

channels, or on a levels interface (not shown).

Fig. 8 illustrates red, green and blue channel

histograms of an example input image. In this display, a

30 histogram 800, 802 and 804 is provided, respectively for

each of the red, green and blue channels. The histogram

11
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provides a one-dimensional nistogram of each channel that

defines the image. Each histogram indicates a number (by

the y-axis) of pixels having a particular value (x-axis) for
the corresponding component. In the green and blue
histograms in Fig. 8, a significant number of values exceed
the highest legal value, and alsco are significantly higher
than the red values. Therefore, a blue and green color cast

can be expected.

To correct only the color balance in this image,
without modifying the contrast, the histogram of each

channel 900, 902 and 904 would appear as shown in Fig. 9.

il

Fi1g. 9 illustrates red, green and blue channel histograms o
an output i1mage after automatic correction. WNotably, each
histogram in Fig. 9 has the same maximum and minimum values,
as shown at 906 and 908 respectively. As described in more
detail below, these minimum and maximum values 906 and 908

are determined according to the minimum and maximum values

cf a luminance histogram of the image.

One way to correct such an i1mage is to use curves

that map input values of a channel to new output values of

the same channel, for example by using a curves interface

1000 as shown in Fig. 10. This interface includes a curve

1002 for the red channel, a curve 1004 for the green channel

and a curve 1006 for the blue channel. The initial settings

for the curves, shown in Fig. 10, provide an identity

mapping.

Curves allow a user to manipulate one or more

function curves that adjust individual components of pixels

cf an image, such as red, green, blue components. One or

more points may be added to the curve, or may be moved, to

modify the function that it performs. Thus, the curves

12
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allow a user to perform a mathematically nonlinear

adjustment to a color component. These curves are

particularly useful for color correction because a large

number of color problems in an image are nonlinear problems

created at the time of acquisition of the i1mage, and these
problems are typically introduced in the red, green and blue

components of pixels of the 1mage.

p—
mand

Fig. 11 1llustrates the curves interface of

Fig. 10 with color correction parameters set to provide the

correction that 1s i1llustrated by the histograms in Fig. 10.
The corrected settings for the histogramg, shown in Fig. 11,
are represented by the points 1108, 1110 and 1112 of the
curves 1102, 1104 and 1106, respectively, which are at an

ctffset from the original endpoints of those curves in

Fig. 10. How such modifications to the curves are

determined will now be described in connection with Fig. 12.

Fig. 12 illustrates is a flowchart describing an
example process for how a one-dimensional luminance

histogram of an imace may be used to set color correction

parameters. Histograms for the red, green and blue channels

and for luminance are initialized (1200). In particular,

each value in a one-dimensional array, indexed by the

. "

possible values for each channel, or for luminance, is set

LO zero. Four such arrays are initialized, one for the red

——t

channel, one for the green channel, one for the blue channel
and one for luminance. Each histogram is then populated
(1202) with the pixel values from the image. If the input

image is represented using red, green and blue values, the

luminance value is computed for each pixel. These

histograms represent a count of each pixel having a

particular value for red, green, blue and luminance, and are

not weighted.

13
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After generating the histograms, the minimum value

and maximum value for each histogram is determined (1204).
That 1s, the lowest red, green, blue and luminance wvalue for
which there is a pixel is identified. Also, the largest

5 red, green, blue and luminance value for which there is a

pixel also is identified. The minimum value and maximum

value may be forced to correspond to a certain minimum

number of pixels to aveid an anomalous pixel from causing an

lncorrect minimum or maximum to be obtained.

10 Given the minimum and maximum values for each of

the red, green and blue channels and luminance, the color
correction parameters may be determined (1206). For
example, 1f the color correction operations is performed
using curves, a slope and offset defining the curve for each

15 channel is determined using the minimum and maximum values
of the channel and the minimum and maximum luminance values.
In particular, the following set of equations (Equation 1)

may be used:

RedSlope = (LumMax - LumMin) / (RedMax - RedMin)
20 RedOffset = LumMin - RedSlope*RedMin
GreenSlope = (LumMax - LumMin) /(GreenMax - GreenMin)

GreenOffset = LumMin - GreenSlope*GreenMin

BlueSlope = (LumMax - LumMin) / (BlueMax - BlueMin)

BlueOffset = LumMin - BlueSlope*RlueMin

25 These values may be used to create look up tables for

performing the color correction operation.

In the processes of Figs. 7 and 12, it may be
desirable to analyze an image, for example, generate a

14
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histogram, with only a portion of the i1mage data. Foxr
example, image data in certain spatial or color ranges may

be excluded. A test can be performed to determine 1if a

pixel 1s 1in an excluded spatial or color range, and if the

pixel 1s to be excluded from analysis it i1g not added to the

histograms used in Figs. 7 or 12. A color range that may be

excluded i1ncludes, but is not limited to, illegal or clipped

values. A color range that is selected by a user, such as
by manual specification or by specifying an image processing
operation, also may be excluded from analysis. A spatial
range that may be excluded includes, but is not limited to,
the edges of the image, such as an 8-pixel boundary on the
left, top, right and bottom of the image. Such a boundary
elimlnates black lines at the top and bottom and ramped
values at the left and right sides of an image, which are
typically found in a number of video formats. A spatial
area that 1s selected by a user, such as by manual

specification or by specifying an image processing

operation, also may be excluded from analysis. Such spatial

and color ranges also may be excluded from color correction

as well as from the analysis.

A percentage value, between zero percent and one
hundred percent, also can be used to control the extent of

the changes through automatic balancing. A user interface

could be provided for allowing a user to specify a

percentage amount of balancing to be performed. The

percentage value would limit the hue offset and saturation

or curve slope and offset that are computed as the color

correction parameters. For example, the RedMin, RedMax,

GreenMin, GreenMax, BlueMin and BlueMax values may be

adjusted prior to utilizing Equation 1, above, by the

following set of equations (Equation 2), given a value (AR)

between 0 and 1 -
15
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RedMin = AR*RedMin + (1-AB)*LumMin

CGreenMin = AR*CGreenMin + (1-AB)*LumMin

8

BlueMin = AB*RlueMin + (1-AB)*LumMin

RedMax = AB*RedMax + (1-AR)*LumMax

GreenMax = AR*GreenMax + (1-AB) *LumMax

—

BlueMax = ABR*RlueMax + (1-AR)*LumMax

By using these kinds of operations for automatic

balancing, the luminance and thus the contrast in the image

remains substantially the same. Thus, a separate control

for contrast adjustment may be combined with this automatic

balancing.

As one example, a master curve interface may Dbe

pp—

provided i1n the interface of Figs. 10 and 11. The master

J""‘

curve allows the user to manipulate simultaneously all of

the compeonents of an image with & single function curve. A

change to the master curve that would result 1iIn maximizing

the breadth of all of the red, blue and green channel

histograms would maximize the contrast of an image.

Therefore, in addition to computing the changes to the red,
green and blue curves, a change to the master curve can be
computed. A percentage value can be used to control the

.

amount of this change petween zero percent and one hundred

gride

percent. The percentage could be a 50% contrast change, for

example. A user interface could be provided for allowing a

user to specify a percentage amount of contrast change. For

example, such a percentage value (AC) that varies between 0

and 1 may be used to modify the LumaMin and LumaMax values

used 1in Equations 1 and 2, above, using the following set of

equations (Egquation 3):

16



10

15

20

25

30

CA 02462486 2004-03-30

77787-778

LumMin = AC*ILumMin + (1-AC) * LumMirnLimit; and

LumMax AC*TumMax + (1-AC) * LumMaxLimit,

t

where LumaMinLimit and LumaMaxLimit represent the

limit of the range of legal values for luminance, and

tvpically are 16 and 235 respectively.

A user interface could be provided to allow a user

to set a percentage for both of the automatic balancing and

automatic contrast adjustment, which could be treated as a

default wvalue for an automatic correction operation.

A user 1interface also could be provided to allow a

user to cycle through viewing a clip using different amounts

of balancing and/or contrast. For example, a user interface

may have a putton for performing an automatic correction

function. If the button is pressed multiple times on the
same clip, each time would perform the automatic correction
function with a different percentage of correction. For
example, automatic correction could cycle through 100%, 75%,

50%, 25% and then no correction.

=

The various components of the system described

herein may be implemented as a computer prcecgram using a
general-purpogse computer system. Such a computer system

typically includes a main unit connected to both an output

device that displays information to a user and an input

device that receives input from a user. The main unit
generally includes a processor connected to a memory system
via an interconnection mechanism. The input device and

output device also are connected to the processor and memory

system via the interconnection mechanism.

One or more output devices may be connected to the

computer system. Example output devices include, but are
17
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not limited to, a cathode ray tube (CRT) display, ligquid

crystal displays (LCD} and other video output devices,
printers, communication devices such as a modem, and storage
devices such as disk or tape. One or more input devicesgs may
be connected to the computer system. Example input devices
include, but are not limited to, a kevboard, keypad, track
ball, mouse, pen and tablet, communication device, and data
input devices. The invention is not limited to the

particular input or output devices used in combination with

the computer system or to those described herein.

The computer system may be a general purpose
computer system which 1s programmable using a computer

programming language, such as “C++", Visual Basic, JAVA or

other language, such as a scripting language or even
assembly language. The computer system may also be

specially programmed, special purpose hardware. In a

general -purpose computer system, the processor is typically

a commercilally available processor, such as various

Intel, AMD, Cyrix, Motorola, and

procegssors availlable from
IBM. The general-purpose computer also typically has an
operating system, which controls the execution of other

computer programs and provides scheduling, debugging,

input/output control, accounting, compilation, storage

assignment, data management and memory management, and
communication control and related services. Example
operating systems include, but are not limited to, the UNIX

operating system and those available from Microsoft and

Apple Computer.

A memory system typically includes a computer
readable medium. The medium may be volatile or nonvolatile,

writeable or nonwriteable, and/or rewriteable or not

rewriteable. A memory system stores data typically in

18
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binary form. Such data may define an application program to

be executed by the microproccessor, or information stored on

the disk to be processed by the application program. The

invention is not limited to a particular memory system.

A gystem such as described herein may be

———

implemented in software or hardware or firmware, or a
combination of the three. The various elements of the
system, either individually or in combination may be
implemented as one or more computer program products in

which computer program instructions are stored on a computer

readable medium for execution by a computer. Various steps

of a process may be performed by a computer executing such
computer program instructions. The computer system may be a

multiprocessor computer system or may include multiple

computers connected over a computer network. The components
shown in Fig. 1 may be separate modules of a computer

program, Or may be separate computer programs, which may be

operable on separate computers. The data produced by these
components may be stored 1n a memory system or transmitted

between computer systems.

Having now described an example embodiment, it
should be apparent to those skilled in the art that the

foregoing is merely illustrative and not limiting, having

been presented by way of example only. Numerous

modifications are within the capabilities of one of ordinary

skill in the art and are contemplated as falling within the

r-

scope of the invention.
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CLAIMS:

1. A method for auvtomatic color correction of a

sequence of 1mages, comprising:

recelving an indication of one or more

5 representative images in the seguence of images;

analyzing cheracteristics of the one or more

representative 1mages;

determining parameters for a color correction

F

operation according to the analyzed characteristics of the

10 one or more representative images; and

applying the color correction operation with the

F

determined parameters to the sequence of images.

2 . The method of claim 1, wherein analyzing
characteristics of the one or more representative images

15 comprilses:

generating a two-dimensional histogram of colors
in the representative image, wherein the two-dimensions

1nclude a white point; and

determining an offset between a peak value in the

20 two-dimensional histogram and the white point.

3. The method of claim 2, wherein determining

parameters comprises:

using the determined offset to determine an offset

F

for color correction of the image.

25 4. The method of claim 2, wherein generating the two-

dimensional histogram comprises:

20
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for each pixel, determining a weignting for the

pixel with respect to its classification as a shadow or

highlight;

generating a two-dimensional histogram for each of
5 shadows and highlights using the determined weightings for

each pixel.

P.

5. The methed of claim 4, wherein determining

parameters comprlses:

using the determined offset for shadows to

10 determine an offset fcor cclor correction of shadows;

using the determined offset for highlights to

determine an offset for color correction of highlights; and

using the determined offsets for shadows and

highlights to determine an otffset for color correction of

15 midtones.

6 . The method of claim 1, wherein analyzing
characteristics of the one or more representative images

comprises:

generating a histogram of luminance in the

20 representative 1mage, whereby the histogram indicates a

darkest value and a brightest wvalue.

7. The method of claim 6, wherein determining

parameters comprises:

=

determining adjustments to histograms of colors in

25 the representative image to match a darkest wvalue and a
orightest value for each color to the darkest value and

brightest value for the luminance.
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8. A computer program product, comprislng:
a computer readable medium;

computer program instructions stored on the

computer readable medium that, when executed by a computer,

5 1nstruct the computer to perform a method for automatic

il

color correction of a seguence of images, comprising:

receliving an 1indication of one or more

representative i1mages in the sequence of imaces;

analyzing characteristics of the representative

10 1mage;

determining parameters for a color correction
operation according to the analyzed characteristics of the

representative 1lmage; and

applying the color correction operation with the

15 determined parameters Lo the sequence of images.

0. The computer program product of claim 8, wherein
analyzing characteristics of the one or more representative

images comprises:

generating a two-dimensional histogram of colors

20 1n the representative image, wherein the two-dimensions

include a white point; and

determining an offset between a peak value in the

two-dimensicnal histogram and the white peint.

10. The computer program product of claim 9, wherein

25 determining parameters comprises:

using the determined offset to determine an offset

for color correction of the image.
22
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11. The computer program product of claim 10, wherein

. g

generating the two-dimensional histogram comprises:

for each pixel, determining a weighting for the
pixel with respect to its classification as a shadow or

highlight; and

generating a two-dimensional histogram for each of

shadows and highlighte using the determined weightings for

each pixel.

12. The computer prcegram product of claim 11, wherein

determining parameters comprises:

using the determined offset for shadows to

determine an offset for color correction of shadows;

using the determined offset for highlights to

determine an offset for color correction of highlights; and

using the determined offsets for shadows and
highlights to determine an offset for color correction of

midtones.

13. The computer program product of claim 8, wherein

~

analyzing characteristics of the one or more representative

1mages comprises:

generating a histogram of luminance in the

representative image, whereby the histogram indicates a

darkest wvalue and a brightest wvalue.

14 . The computer program product of claim 13, wherein

determining parameters comprises:

determining adjustments to histograms of colors in

the representative image to match a darkest value and a
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brightest wvalue for each color to the darkest wvalue and

brightest wvalue for the luminance.

15. A method for analyzing characteristics of one or

more representative images from a sequence of 1mages,

comprlsing:

generating & two-dimensional histogram of colors
in the representative image, wherein the two-dimensions

include a white point; and

determining an offset between a peak value 1n the

two-dimensional histogram and the white point.

16. The method of claim 15, wherein generating the

two-dimensional histogram comprises:

for each pixel, determining a weighting for the
pixel with respect to 1ts classification as a shadow or

highlight; and

generating a two-dimensional histogram for each of

shadows and highlights using the determined weightings for

each pixel.

17. A computer program product, comprising:

a computer readable medium;

computer program instructions stored on the

computer readable medium that, when executed by a computer,

instruct the computer to perform a method for analyzing

characteristics of one or more representative images from a

-~

sequence of ilmages, comprising:
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generating a two-dimensional histogram of colors

in the representative image, wherein the two-dimensions

include a white point; and

determining an offset between a peak value in the

two-dimensional histogram and the white point.

18. The computer program product of c¢leaim 17, wherein

generating the two-dimensional histogram comprises:

for each pixel, determining a weighting for the

pixel with respect to itse classification as a shadow,

midtone or highlight; and

generating a two-dimensional histogram for each of

shadows, midtones and highlights using the determined

weightings for each pixel.

19. A method for analyzing characteristics of one or
more representative images from a sequence of images,

comprising:

generating a histogram of luminance in the
representative 1mage, whereby the histogram indicates a

darkest value and a br:ghtest value; and

determining adjustments to histograms of colors in
the representative 1mage to match a darkest value and a

brightest value for each color to the darkest value and

brightest value for the luminance.
20 . A computer program product, comprising:
a computer readable medium;

computer program instructions stored on the

computer readable medium that, when executed by a computer,
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instruct the computer to perform a method for analyzing

characteristics of one or more representative images from a

sequence of 1mages, comprising:

generating a histogram of luminance 1in the

representative image, whereby the histogram indicates a

darkest value and a brightest valiue; and

determining adjustments to histograms of colors in

the representative i1mage to match a darkest value and a
brightest value for each color to the darkest value and

brightest value for the luminance.

21 . A system for automatic color correction of a

sequence of images, comprising:

arl 1mage analyzer having an input for receiving an
indication of one or more representative images in the
sequence of i1mages and an output for providing information

indicative of characteristics of the one or more

representative images;

a parameter calculator having an input for

i

recelving the information indicative of characteristics of
the one or more representative images and an output for
providing parameters for a color correction operation

according to the analyzed characteristics of the one or more

representative images;

a color corrector having a first input for
receiving the parameters and a second input for receiving
the sequence of images and an output for providing the

sequence of images colcr corrected according to the

determined parameters.
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22 . A method for automatic color correction of a

sequence of clips of video information, comprising:

recelving an 1indication of a representative 1mage

for each clip 1in the seguence;

5 analyzing characteristics of the representative

image for each clip;

determining parameters for a color correction

operation for each clip according to the analyzed

characteristicse of the representative i1mage for the clip;

10 and

applying to each clip the color correction

operation with the parameters determined for the clip.

23. A system for automatic color correction of a

gequence of images, comprising:

15 means for recelving an indication c¢f one or more

representative images in the sequence of images and

analyzing characterist:.cs of the one or more representative

images ;

means for determining parameters for a color

20 correction operation according to the analyzed
characteristics of the one or more representative images;

and

means for applying the color correction operation

with the determined parameters to the sequence of images.

25 24. A system for analyzing characteristics of one or

more representative images from a sequence of images,

comprising:
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means for generating a two-dimensional histogram

of colors in the representative image, wherein the two-

dimensions include a white point; and

means for determining an offset between a peak

value 1n the two-dimengional histogram and the white point.

25. A gystem for analyzing characteristics of one or

more representative i1mages from a seguence of i1mages,

comprising:

means for generating a histogram of luminance in
the representative 1mage, whereby the histogram indicates a

darkest value and a brightest wvalue; and

means for determining adjustments to histograms of

colors in the representative i1mage to match a darkest value

M sl

and a brightest wvalue Zor each color to the darkest wvalue

and brightest value for the luminance.

26. A computer program product, comprising:

a computer readable medium;

computer program instructions stored on the
computer readable medium that, when executed by a computer,

ingtruct the computer to perform a method for automatic

color correction of a sequence of clips of wvideo

information, comprising:

receiving an indication of a representative image

for each clip in the seqguence;

analyzing characteristics of the representative

image for each clip;
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determining parameters for a color correction

operation for each clip according to the analyzed

—

characteristics of the representative image for the clip;

and

applyving to each c¢lip the color correction

operation with the parameters determined for the clip.

27 . A system for automatic color correction of a

sequence of clips of video information, comprising:

means for receiving an indication of a

representative 1mage for each c¢lip in the sequence;

means for analyzing characteristics of the

representative image

e

.

for eacn clip;

means for determining parameters for a color

correction operation

Lor each clip according to the analyzed

characteristics of the representative image for the clip;

and

means for applying to each clip the color

correction operation with the parameters determined for the

clip.

SMART & BIGGAR
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