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1. TITLE OF THE INVENTION
O METHOD OF GENERATING TRANSFER CURVES FOR ADAPTIVE CONTRAST ENHANCEMENT

2. DETAILED DESCRIPTION OF THE INVENTION

0 BACKGROUND OF THE INVENTION

[001]0 The present invention relates generally to contrast enhancement and, more
particularly, to a method for generating transfer curves for adaptive contrast
enhancement.

[002]0 Traditional contrast adjustment methods in displays and TVs do not take i
nto account the input image content and result in unintended average brightness

shifts as well as saturation or clipping.0 For example, poor results are obtaine
d when increasing the contrast on an image that already has good contrast, and p
oor contrast is obtained when the image has a large portion of very bright or ve
ry dark pixels.O Similarly, decreasing the contrast in a non-adaptive approach w
ill "black out" images that already have poor contrast.

[003]0 Therefore, what is desired is a contrast enhancement method that takes in
to account the input image content and avoids the above problems.

O SUMMARY OF THE INVENTION

[004]0 What is provided, therefore, is an adaptive contrast enhancement method t

hat takes into account the content of the input image and uses transfer curves t

o alter pixel luminances. The method generates transfer curves that enhance the
bright pixels in mostly dark images and enhance the dark pixels in mostly brigh

t images.

[005]0 For a dark image, a transfer curve is generated which increases luminance

in high-luminance regions of the image without substantially changing the lumin
ance in the mid- and low-luminance regions of the image.d For a bright image, a
transfer curve is generated which decreases the luminance in the dark areas of t
he image without substantially changing the luminance in the mid- and high-lumin
ance regions of the image.d For a medium-bright image, a transfer curve is gener
ated with increases the luminance in the high-luminance range and decreases the

luminance in the low-luminance range of the histogram without substantially chan
ging the luminance in the medium-luminance range of the image.

[006]0 The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like refer
ence numerals refer to similar elements.

O DETAILED DESCRIPTION OF THE INVENTION

[007]0 Reference will now be made in detail to a particular embodiment of the in
vention examples of which are illustrated in the accompanying drawings.O While t
he invention will be described in conjunction with the particular embodiments, i
t will be understood that it is not intended to limit the invention to the descr
ibed embodiments.O To the contrary, it is intended to cover alternatives, modifi
cations, and equivalents as may be included within the spirit and scope of the i
nvention as defined by the appended claims.
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[008]0 When a digital display device, such as a liquid crystal display (LCD) bas
ed display or a cathode-ray tube (CRT) based display, receives an input image, i
t is desirable to enhance the contrast of the input image before the image is di
splayed for viewing.O Adaptive contrast enhancement refers to a general approach
of analyzing the luminance spectrum of an input image and increasing or decreas
ing luminance in specific luminance ranges in order to enhance output image cont
rast.0 To accomplish this, first a luminance histogram is constructed for the in
put image by counting the number of pixels corresponding to luminance levels ran
ging over the input luminance range (the luminance spectrum).0 Then, output lumi
nance levels are assigned according to a transfer curve, wherein a transfer curv
e is a mapping between input luminance levels and output luminance levels.

[009]0 One approach to adaptive contrast enhancement comprises generating transf
er curves that increase luminance in those image pixels that correspond to the m
ost populated bins in the image histogram.O Using this approach, bright pixels a
re brightened in mostly bright images, and dark pixels are brightened in mostly
dark images.

[0010]0 A novel approach to adaptive contrast enhancement is disclosed herein.O
The fundamental idea is to generate transfer curves that brighten the bright pix
els in mostly dark images, and darken the dark pixels in mostly bright images.O
This approach takes advantage of the fact that the least populated bins in the i
mage histogram represent small image regions which are generally scattered and s
tatistically distributed over the entire image area, as well as the fact that th
e human eye is not disturbed by small luminance adjustments to such regions.O Ad
vantages of this invention include greatly improved image contrast, clearer appe
arance of images to the eye, reduced cost of noise and contouring artifacts incu
rred as a result of using transfer functions, and a strong reduction in non-unif
orm brightness changes during fade-ins and fade-outs in video streams.

[0011]0 Fig. la shows an example medium-bright image and a histogram for the ima
ge.Od Fig.1lb shows an example dark (low-brightness) image and a histogram for the
image.O In the shown histograms, the horizontal axis represents luminance value
s and the vertical axis represents the number of pixels having a given luminance
value.O For example, for the dark scene in Fig. 1b, the luminance histogram ind
icates that most of the pixels have low luminance, while for the medium-bright s
cene in Fig. la the luminance spectrum is wider, indicating a larger number of b
righter pixels.

[0012]0 In the following description, three luminance ranges are used to classif
y images: low-luminance, medium-luminance and high-luminance.O Fig. 1c shows thr
ee example luminance ranges 11, 12 and 13, in accordance with an embodiment of t
he present invention.O The luminance ranges are user-definable and may be chosen
to overlap in order to provide for smooth contrast enhancement.d By way of exam
ple, a low-luminance range of 0% to 40%, a medium-luminance range of 20% to 70%,
and a high-luminance range of 60% to 100% luminance have been found to work wel
1.0 Given a particular choice of luminance ranges, an image is then described as

low-luminance (or low-brightness), medium-luminance (or medium-brightness) or h
igh-luminance (or high-brightness) if "most"™ of the image pixels fall within the
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corresponding luminance range, wherein "most" is quantified by a predefined thr
eshold fraction.O By way of example, threshold fractions in the range of about 5
0% to 95% have been found to work well_O For example, given a low-luminance rang
e of 0% to 40% and a threshold fraction set to 70%, an image having at least 70%
of its pixels in the 0% to 40% luminance range qualifies as a low-luminance ima
ge.O Experimentation allows optimization of the luminance ranges and the thresho
Id fraction for a particular universe of images to be enhanced.

[0013]0 In accordance with one embodiment of the present invention, a histogranm
for a dark image is shown in Fig. 2a and a transfer curve for enhancing the cont
rast in such an image is shown in Fig. 2b.0O The histogram indicates that most of
the pixels are in the low-luminance range. The transfer function increases lum
inance in the high-luminance regions of the image without substantially changing
the luminance in the mid- and low-luminance regions of the image.d The eye is n
ot sensitive to a relatively small loss in detail in the bright areas of the pic
ture resulting from such a luminance increase if these areas cumulatively compri
se a relatively small fraction of the entire image, as is indicated by the small
number of bright pixels in the histogram.d The transfer curve does not substant
ially alter the luminance of the dark regions, since:
(a) Increasing the luminance in dark areas results in an image which would look
as if observed through a "fog", indicating poor contrast;
(b) Decreasing the luminance in darker regions results in loss of detail in thos
e regions, which is not acceptable in darker images, since the darker pixels oft
en represent most of the relevant image content; and
(c) Increasing the gain in the darker regions unnecessarily emphasizes the relat
ively small pixel value disturbances of the darker pixels (present in most image
s), amplifying the inherent noise in the image and resulting in a noisy and grai
ny image.
However, when the display in use comprises a backlight, such as in an LCD or a D
LP (Digital Light Processor) based display, decreasing the luminance in the low-
luminance regions (as shown in Fig. 2b) helps compensate for the backlight and d
eliver a more CRT-like image. When the display in use does not comprise backlig
ht, such as in a CRT or plasma based display, there is less need for decreasing
the luminance in the low-luminance regions, since in such displays dark regions
are due to an absence of light and not created by a process which blocks the bac
klight (as in an LCD or DLP) and may leak some light in the process.

[0014]0 By way of example, Fig. 2c is a low-luminance image showing two actors w
earing dark suits and bright shirts.O Note that while increasing the luminance o
f the relatively small number of bright pixels (such as the white collars which
cumulatively comprise a small fraction of the overall image) may cause some loss

in detail in those image areas (i.e. in the texture of the collars), the human
eye perceives the reduced overall brightness together with the associated white-
stretching as enhanced image contrast.

[0015]0 In accordance with another embodiment of the present invention, a histog
ram for a bright image is shown in Fig. 3a and a transfer curve for enhancing th
e contrast in such an image is shown in Fig. 3b.0 The histogram indicates that m
ost of the image content falls within the high-luminance range of the histogram.
O Accordingly, the transfer function is set to decrease the luminance in the dar
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k areas of the image without substantially changing the luminance in the mid- an
d high-luminance regions of the image.d The eye is not sensitive to a relatively
small loss in detail in the dark areas of the image if these areas cumulatively
comprise a relatively small fraction of the entire image, as is indicated by th
e small number of dark pixels in the histogram.O The transfer curve does not alt
er the luminance in the bright regions of the image, since:

(a) Decreasing the luminance is bright areas results in an image which is less a
ppealing to the eye due to decreased overall image brightness;

(b) Increasing the luminance in bright areas results in loss of detail in those
regions due to clipping, which is not acceptable in bright images, since the bri

ghter pixels often represent most of the relevant image content; and

(c) Increasing the gain in the brighter regions amplifies the inherent noise in

the image and results in a noisy and grainy image.

[0016]0C By way of example, a bright image may depict a scene of a sporting event
on ice (such as a hockey game) having players wearing uniforms with dark detail
s.d In such an image, details in the dark areas of the picture (e.g. the texture
of the uniforms) are not as relevant to a viewer as is following the action of
the game and the movement of the black puck.O For such a bright image, a transfe
r function such as the one shown in Fig. 3b will decrease the luminance of the r
elatively small number of darker pixels (such as the puck, the dark details of t
he players®™ uniforms, the audience), thereby drawing the attention of the viewer
towards those parts of the scene that are more relevant for visually following
the movements.O While such contrast enhancement may result in some loss of detai
I in the dark areas, overall the human eye perceives an enhanced image contrast.

[0017]0 For a medium-bright image, the technique is to increase the luminance in
the high-luminance range and decrease the luminance in the low-luminance range
of the image without substantially changing the luminance in the medium-luminanc
e range of the image.[ Note that medium-bright images encompass a wide variety o
f luminance distributions, as shown in the example histograms of Figs 4a and 4c:
The histogram of Fig. 4a has a larger variance and the histogram of Fig. 4c a s
maller variance, even though both indicate medium-bright images.d The present in

vention preferably distinguishes between such variances as follows.

[0018]0 Fig. 4b is a transfer curve for enhancing the contrast of an image havin
g a histogram as shown in Fig. 4a, according to an embodiment of the present inv
ention.d Since the histogram of Fig. 4a shows a concentration of pixel luminance
s in a relatively narrow range and therefore indicates that the dark and bright

pixels collectively occupy a smaller total area, the transfer curve remains gene
rally linear (i.e. has a slope of about 1 and represents an identity mapping) in
the luminance range occupied by most pixels, while decreasing the luminance of

the low-luminance pixels and increasing the luminance of the high-luminance pixe
Is using "S" shaped curves on each end of the transfer curve.d The result is an

increase in the overall contrast and dynamic range of the image.

[0019]0 Fig. 4d is a transfer curve for enhancing the contrast of an image havin
g a histogram as shown in Fig. 4c, according to an embodiment of the present inv
ention.d Compared to the previous case shown in Figs. 4a and 4b, the histogram o
f Fig. 4c shows a spread of pixel luminances over a wider luminance range and th



(16) JP 2006-146178 A 2006.6.8

erefore indicates that the dark and bright pixels collectively occupy a larger t
otal area.d Therefore, in contrast with the previous case, the transfer curve de
creases the luminance of the low-luminance pixels and increases the luminance of
the high-luminance pixels using slightly slimmer "S" curves at the ends of the

transfer curve, and comprises a more even slope transition in the range between

the two "S" curves.O The result again is an increase in the overall contrast and
dynamic range of the image.

[0020]0C Fig. 5 is a flowchart illustrating a method of adaptively enhancing the
contrast of an image, in accordance with an embodiment of the present invention.
O First, a luminance histogram is constructed 101 for an input image.O If the hi
stogram indicates 102 that most of the pixels have low luminance, a transfer cur
ve is used which increases 103 the luminance of high-luminance pixels in the ima
ge and does not substantially alter the mid- and low-luminance pixels in the ima
ge, such as the transfer curve shown in Fig. 2b.0 Else, if the histogram indicat
es 104 most of the pixels have high luminance, a transfer curve is used which de
creases 105 the luminance of low-luminance pixels in the image and does not subs
tantially alter the high- and mid-luminance pixels in the image, such as the tra
nsfer curve shown in Fig. 3b.0 Else, if the histogram indicates 106 that most of
the pixels have a medium level of luminance, a transfer curve is used which inc
reases 107 the luminance of high-luminance pixels, decreases the luminance of lo
w-luminance pixels and does not substantially alter the luminance of the mid-lum
inance pixels in the image, such as the transfer curve shown in Fig. 4b.0 If the

input image does not fall into of the three categories of low-, high- or medium
-luminance, then the luminance levels of the input image pixels are not altered

108.

[0021]0 One advantageous aspect of the present invention is the greatly improved

image contrast. While the average brightness of the output image may be slight
ly lower, output images appear clearer to the eye.O Focusing on bright pixels in
mostly dark images when increasing luminance allows for over-compensation of th
e bright pixels.O While this may lead to a small loss of detail, confined to a r
elatively small image area represented by the small number of bright pixels, the

result is an image with improved contrast.O In most applications, and especiall
y in moving images (such as a video stream), the loss of such detail is not noti
ceable to the eye and therefore can be traded off for improved image contrast.O
Similarly, a decrease in the luminance levels of darker pixels in a mostly brigh
t image may lead to a small loss of detail, confined to the small area represent
ed by the dark pixels, but the suppression of such dark pixels results in improv
ed image contrast.

[0022]0 Another advantageous aspect of the present invention is the small cost o
f noise and contouring artifacts that are incurred as a result of using the abov
e described transfer functions.O While the techniques may result in some noise a
mplification and contouring artifacts, such side-effects are kept small due to t
he fact that the technique does not substantially alter the luminance of the mos
t significantly represented pixel groups, i.e. the luminance of dark pixels in m
ostly dark images and the luminance of bright pixels in mostly bright images.

[0023]0 Another advantageous aspect of the present invention is a strong reducti
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on in non-uniform brightness changes during fade-ins and fade-outs in video stre
ams.d This also is due to the fact that the technique does not substantially alt
er the luminance levels of dark pixels in mostly dark images and the luminance I
evels of bright pixels in mostly bright images.

[0024]0 For smooth contrast enhancement in a sequence of images (such as in a vi
deo stream), the transfer functions can be applied adaptively based on the image
content of the most recent frames.O One implementation of this technique compri
ses accumulating the histograms of the most recent set of frames and computing t
heir average. Based on the resulting average histogram, an appropriate transfer
function is chosen for contrast enhancement.d When implementing such an averagi
ng technique, a buffer of 5 to 15 frames has been found to work well.

[0025]0 The invention has been described in the context of displaying an image o
n a digital display device.O It should be appreciated that the same techniques c
an be used to limit the adaptive contrast enhancement to a region in the display
.0 By way of example, adaptive contrast enhancement for a movie may exclude the

upper and lower black bands that run horizontally across the display.O By way of
another example, adaptive contrast enhancement may be restricted to a user-defi
nable region of the display, such as a window or a physical region of the displa

y.

[0026]0 Foregoing described embodiments of the invention are provided as illustr
ations and descriptions.O They are not intended to limit the invention to precis
e form described.d Other variations and embodiments are possible in light of abo

ve teachings, and it is thus intended that the scope of invention not be limited
by this Detailed Description, but rather by Claims following.

3. BRIEF DESCRIPTION OF THE DRAWINGS

O Fig. la shows an example medium-bright image and a histogram for the image, in
accordance with an embodiment of the present invention.

O Fig.1b shows an example dark (low-brightness) image and a histogram for the im
age, in accordance with an embodiment of the present invention.

O Fig. 1lc shows three example luminance ranges, in accordance with an embodiment
of the present invention.

O Fig. 2a shows a histogram for a dark image, and Fig. 2b shows a transfer curve
for enhancing the contrast in such an image, in accordance with an embodiment o
f the present invention.

O Fig. 2c is a low-luminance image showing two actors wearing dark suits and bri
ght shirts, in accordance with an embodiment of the present invention.

O Fig. 3a shows a histogram for a bright image, and Fig. 3b shows a transfer cur

ve for enhancing the contrast in such an image, in accordance with an embodiment
of the present invention.

O Figs. 4a and 4c show histograms for medium-bright images, and Figs. 4b and 4d

show corresponding transfer curves for enhancing the contrast in such images, in
accordance with an embodiment of the present invention.

O Fig. 5 is a flowchart illustrating a method of adaptively enhancing the contra

st of an image, in accordance with an embodiment of the present invention.

1. A method for adaptive contrast enhancement of an image, comprising:

O determining whether the image comprises mostly low-luminance pixels; and
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O increasing luminance levels for high-luminance pixels in the image when the im
age comprises mostly low-luminance pixels.

2. A method as recited in claim 1, further comprising generating a luminance his
togram for the image to indicate whether the image comprises mostly low-luminanc
e pixels.

3. A method as recited in claim 1, further comprising receiving the image via a
digital or analog signal.

4. A method as recited in claim 1, further comprising displaying the image on a
display.

5. A method as recited in claim 4, wherein the display is selected from the grou
p consisting of an LCD screen, an OLED screen, a DLP screen, a CRT and a plasma
panel.

6. A method for adaptive contrast enhancement of an image, comprising:

O determining whether the image comprises mostly high-luminance pixels; and

0 decreasing luminance levels for low-luminance pixels in the image when the ima
ge comprises mostly high-luminance pixels.

7. A method as recited in claim 6, further comprising generating a luminance his
togram for the image to indicate whether the image comprises mostly high-luminan
ce pixels.

8. A method as recited in claim 6, further comprising receiving the image via a
digital or analog signal.

9. A method as recited in claim 6, further comprising displaying the image on a
display.

10. A method as recited in claim 9, wherein the display is selected from the gro
up consisting of an LCD screen, an OLED screen, a DLP screen, a CRT and a plasma
panel.

11. An apparatus for adaptive contrast enhancement, comprising:

O a controller for:

O O (a)O receiving an image;

O O (b)O selecting a transfer curve according to a luminance histogram of the im
age; and

O O (c)O enhancing a contrast of the image according to the transfer curve, the

transfer curve for

OO0 a.-.0O increasing luminance levels for high-luminance pixels without substant
ially changing luminance levels for medium- and low-luminance pixels in the imag
e when the image comprises mostly low-luminance pixels;

O 00 b.0Odecreasing luminance levels for low-luminance pixels without substanti
ally changing luminance levels for medium- and high-luminance pixels in the imag
e when the image comprises mostly high-luminance pixels; and

O 00 c.0 increasing luminance levels for high-luminance pixels and decreasing 1
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uminance levels for low-luminance pixels in the image without substantially chan
ging luminance levels for medium-luminance pixels when the image comprises mostl
y medium-luminance pixels.

12. An apparatus as recited in claim 11, the controller further for:
O O (d) generating the luminance histogram of the image.

13. An apparatus as recited in claim 12, further comprising a display for displa
ying the image.

14. An apparatus as recited in claim 13, wherein the display is selected from th
e group consisting of an LCD screen, an OLED screen, a DLP screen, a CRT and a p
lasma panel.
1. ABSTRACT
O Disclosed is a method for generating transfer curves for adaptive contrast enh
ancement.d Transfer curves are generated so as to enhance the bright pixels in m
ostly dark images and the dark pixels in mostly bright images.d For a dark image
, a transfer curve is generated which increases luminance in high-luminance regi
ons of the image without substantially changing the luminance in the mid- and lo
w-luminance regions of the image.d For a bright image, a transfer curve is gener
ated which decreases the luminance in the dark areas of the image without substa
ntially changing the luminance in the mid- and high-luminance regions of the ima
ge.Od For a medium-bright image, a transfer curve is generated with increases the
luminance in the high-luminance range and decreases the luminance in the low-lu
minance range of the histogram without substantially changing the luminance in t
he medium-luminance range of the image.

2. REPRESENTATIVE DRAWING
0O Fig. 5
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