
;e3e n <6TnV   , METHOD AND SYSTEM FOR CONTRAST ENHANCEMENT OF DIGITAL
VIDEO FIELD OF THE INVENTION 5 The present invention relates to a method
and system for enhancing the overall picture contrast of digital video
signals by using an automatically configurable mapping function that is
automatically selected from a predetermined set of mapping functions based
on set criteria. 10 BACKGROUND OF THE INVENTION The need for video contrast
enhancement may arise due to the picture contrast distortions caused by
transmission limitations or the limitations of video capturing devices or
media, 15 Examples of video signals requiring contrast enhancement are
video pictures that are too dark, too bright, too low in contrast or are
over contrast. Mapping functions are normally used to map the original
luminance values for each respective pixel in a picture or video frame into
new respective values. Figures 1 to 4 20 illustrate different examples of
such mapping functions. In Figures 1 to 4, the horizontal axis represents
the original luminance values of those pixels in a picture and the vertical
axis represents the adjusted pixel luminance values using each mapping
function based on each pixel's original lumination value. The mapped output
picture generally improves the contrast of the picture, and give a better
subjective quality. 25 In US Patent Nos 5,388,168 and 6,259,472, the
mapping functions generated are based on the normalised Cumulative Density
Function ("CDF") of the picture histogram. In US Patent 6, l48,103, mapping
functions are generated by comparing the histogram for the current picture
being processed with the CDF of previously processed histograms 30
corresponding to earlier field pictures. In US Patent 5,937,090, the
original picture is first quantised and then the CDF of the quantised
picture histogram is used to generate the  



-2 mapping functions. In US Patent 5,546,134, some pre-determined types of
mapping curves are used, and the average brightness level in the video
input signal is used to decide the type of curve to be used. In US Patent
5,808,697, each picture is divided into blocks and the average luminance
level of each block, determined over a series of frames or 5 pictures, is
used to select an appropriate mapping function for that block, and an
enhancer maps each pixel in that block according to both the selected
mapping function for that block and the mapping functions selected for
adjacent areas, and the mapping results are combined by a weighted-average
processor. 10 It is known that mapping functions generated by the CDF of
the picture histogram tend to over-enhance or over-correct the contrast,
resulting in over-contrast pictures. Mapping functions that are generated
by picture pre-processing, for example performing quantisation or
filtering, may involve complex processing which can be slow to process. 1 ~
As for the selection of predetermined types of mapping curves using only
the average brightness of blocks in each picture, the technique may be too
simplistic and lack the accuracy required for determining the most
appropriate mapping function to be used. Methods that divide a picture into
blocks and select mapping functions for each block according to its
difference with the average block luminance level can be highly complex 20
and flickering could also result. For any existing system that has
selectable or switchable mapping functions in place but lack an automatic
mapping functions selection mechanism, the existing techniques described
above either require too complex design changes to such a system or the 25
mapping function selection method is too simplistic and lacks accuracy. A
need therefore exists for a method and apparatus for enhancing the overall
picture contrast of video signals to provide better subjective quality,
which also overcomes the shortcomings associated with over-correction and
complexity using existing techniques. 30  



-3 SUMMARY OF THE INVENTION An object of the invention is to enhance the
overall picture contrast of digital video signal so that it gives a better
subjective quality, without introducing artefacts that degrade the 5
picture quality. Another object of the invention is to enhance the picture
contrast without introducing flickering. The present invention provides a
method for enhancing the contrast of video pictures including the steps of:
10 (i) receiving an input video signal; (ii) extracting a picture from said
input video signal; (iii) determining an active window for said picture;
(iv) calculating a histogram for luminance values of pixels in said active
window of said picture; 15 (v) determining characteristics of said
histogram; (vi) selecting one suitable mapping function from a plurality of
mapping functions based on the determined characteristics of said
histogram; and (vii) mapping the luminance value of each pixel in said
picture in accordance with said selected mapping function. 20 Preferably,
after step (v), the step of step (v)(a) for determining whether said
picture is part of a smooth scene sequence. Preferably, after step (v)(a)
the step of step (v)(b) preventing the selection of a new 25 mapping
function where said picture is part of a smooth scene sequence. Preferably,
step (iii) determines said active window for said picture by including only
pixels from said picture that do not form part of any black bars at the
boundaries of said picture. 30 Preferably, step (v) includes the step of
calculating the weighted difference between the 



-4 value of each said bin of said histogram and the corresponding value in
the same said bin of an earlier histogram relating to an earlier processed
picture. Preferably, step (v) includes the step of determining, for said
histogram containing a 5 maximum number of M bins, where M is an integer,
where each said bin in said histogram are sequentially numbered, n,
according to the pattern n, n+1, n+2 and so on, where n is greater than or
equal to zero, the sum of Q consecutive bins by taking the sum of Q
consecutive terms, starting from the term n = 0 for a11 terms of n except
for the terms of n greater than the term (M n). 10 Preferably, step (vi)
includes the step of determining from said histogram, whether said picture
is low in contrast, and if said picture is determined to be low in
contrast, determining whether a Grey Stretch mapping function is suitable
for correcting said contrast, and where said picture is not low in
contrast, determining whether said picture is 15 over contrast. Preferably,
if said Grey Stretch mapping function is suitable for correcting said
contrast, then a Grey Stretch mapping function is selected and associated
parameters for said Grey Stretch mapping function are determined and
applied to said Grey Stretch mapping 20 function, and wherein if said Grey
Stretch mapping function is not suitable, determining whether a White
Stretch mapping function is suitable for correcting said contrast.
Preferably, if said White Stretch mapping function is suitable for
correcting said contrast, then a White Stretch mapping function is selected
and associated parameters for said White 25 Stretch mapping function are
determined and applied to said White Stretch mapping function, and wherein
if said White Stretch mapping function is not suitable, a Black Stretch
mapping function is selected and associated parameters for said Black
Stretch mapping function are determined and applied to said Black Stretch
mapping function. 30 Preferably, if said histogram is over contrast, a
Black and White Stretch mapping function is selected and associated mapping
parameters are determined and applied to said Black   -5 and White Stretch
mapping function, and wherein if said Black and White Stretch mapping
function is not suitable, a Black Stretch mapping function is selected and
associated parameters for said Black Stretch mapping function are
determined and applied to said Black Stretch mapping function. 5 BRIEF
DESCRIPTION OF THE DRAWINGS Preferred embodiments of the present invention
are herein described, by way of example only, with reference to the
accompanying drawings, wherein: 10 FIG. 1 is an example of a mapping curve
for the Grey-Stretch ("GS ") mapping function; FIG. 2 is an example of a
mapping curve for the Black-Stretch ("BS") mapping function; FIG. 3 is an
example of a mapping curve for the White-Stretch ("WS") mapping 15
function; 



FIG. 4 is an example of a mapping curve for the Black & White Stretch
("B&WS") mapping function; FIG. 5 is a block diagram showing the main
components and process flow of the Contrast Enhancer; 20 FIG. 6 is a
diagram showing an example of a 16-band low-complexity output histogram
data; FIG. 7 is a flow diagram showing the algorithm used for processing a
picture histogram and for selecting a suitable mapping curve based on the
picture histogram; FIG. 8 is a diagram showing an example of the histogram
output of a low-contrast 25 picture that requires a Grey-Stretch mapping
curve for contrast enhancement; FIG. 9 is a diagram showing an example of
the histogram output of a low-contrast dark picture that requires a
White-Stretch mapping curve for contrast enhancement; FIG. 10 is a diagram
showing an example of the histogram output of an over contrast picture that
requires a Black & White-Stretch mapping curve for contrast 30 enhancement;
and   -6 FIG. 11 is a diagram showing an example of the histogram output of
a picture that a Black-Stretch curve can be used to improve the contrast.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 5 Figure 5 is a block
diagram of a contrast enhancement device showing the main components
thereof as indicated as Contrast Enhancer 59. Preferably, the Contrast
Enhancer 59 has a Histogram Data Circuit 51, Black Bars Detector Module 56,
Scene Change Detector 57, a Mapping Functions Decision Module 58 and a
Picture Mapping 10 Circuit 55. The Histogram Data Circuit 51 receives a
digital input video signal 50 and generates a histogram corresponding to
each picture or frame extracted from the digital input video signal 50. The
generated histogram represents the varying degrees of luminance of the
pixels in each picture. The generated histogram may be of higher complexity
for greater accuracy, for example representing the 8-bit grey-level output
of the 15 current picture using a 256-band histogram, or alternatively be
of lower complexity 



allowing faster processing, for example using a 16-band histogram similar
to the one shown in Figure 6. As shown in Figure 6, each band 60 (or bin)
in the histogram has equal thickness and 20 spreads across the full range
of brightness (or the respective input gray level for each pixel) as
represented by the horizontal axis 61 (or the brightness axis). The height
of each band represents the proportion of pixels in a picture having
luminance intensities within the different predefined ranges for each
respective band. The region 62 to the left of the generated histogram
represents the darkest portions or pixels of a picture while the region 25
63 to the right of the generated histogram represents the brightest
portions of a picture. After generating a histogram, the Histogram Data
Circuit 51 passes the histogram bin values to the Mapping Functions
Decision Module 58. The exemplary descriptions of the embodiments of the
invention in this specification 30 assume that the Histogram Data Circuit
51 generates a 16-band histogram (or a histogram with 16 bins), where the
first bin is labelled as bin 0 and the last bin is labelled as bin 15.
As shown in Figure 5, the Black Bars Detector 56 also receives the digital
input video signals 50 and processes the signal to detect any horizontal or
vertical black bars which may occur at the boundaries of each picture, for
example, the black bars caused by the 5 letter-boxing effect. The Black
Bars Detector 56 extracts the active window information, or those pixels of
each picture representing the actual image to the exclusion of those pixels
representing the black bars contained in the picture. The active window
information is passed to the Histogram Data Circuit 51 to serve as the raw
data for generating a histogram for that picture. The exclusion of pixels
corresponding to the black bars enables 10 a more accurate histogram to be
generated to reflect the true luminance of those pixels in the picture
comprising the actual image. As a result, the presence of black bars in a
picture does not affect the histogram calculations performed by the
Histogram Data Circuit 51 and also do not affect the type of mapping
function selected by the Mapping Function Decision Module 58 to enhance the
picture. The Mapping Functions Decision Module 58 includes a 15 Temporal
Filtering Block 52, Histogram Analysis Block 53 and a Curve & Parameter
Decision Block 54. Active window information for each picture is also
passed to both the Temporal Filtering Block 52 and Histogram Analysis Block
53 in the Mapping Functions Decision Module 58. 20 The Scene Change
Detector 57 also receives the digital input video signal 50 and processes 



the signal to trigger a flag (the "Scene Change Flag") to be set, thus to
indicate whether a scene change is occurring in the current picture being
processed The status of the Scene Change Flag is used by the Curve &
Parameters Decision Block 54 in the Mapping Function Decision Module 58 to
decide whether a new type of mapping function should be 25 selected for
enhancing the picture being processed. Generally, the Temporal Filtering
Block 52 filters the histogram data (or the bin values from one histogram)
provided by the Histogram Data Circuit 51 to reduce fluctuations in the
histogram data that will lead to flickering. The fluctuations of the
histogram refers to 30 the fluctuations in the time domain (or otherwise
known as temporal fluctuations), for example, the histogram data of the
current field picture can be quite different from the   _g_ previous field
pictures even though the overall contrast of these field pictures looks
similar. Note that it is not the fluctuation of the histogram data that
causes flickering, but the fast changes in the selection of mapping
functions in response to the fast changes (or fluctuations) in the
histograms for field pictures. The Histogram Analysis Block 53 5 computes
some statistical information (as described further below) based on the
field picture being processed, which is then used by the algorithm in the
Curve & Parameters Decision Block 54 to decide which type of mapping curve
to use on the field picture and also to determine the values of the
different parameters for the selected mapping curve. The Curve & Parameters
Decision Block 54 passes the mapping curve selection together 10 with the
associated parameter settings to the Picture Mapping Circuit 55. The
Picture Mapping Circuit 55 then uses those selections and settings to
generate a specifically calibrated mapping curve and applies that mapping
to the field picture derived From the digital input video signal 50 to
create a new mapped field picture released as the output video signal 510.
15 In the Temporal Filtering Block 52, the histogram data received from the
Histogram Data Circuit 51 is temporally filtered to prevent any rapid
fluctuations of the range and gain settings corresponding to the selected
mapping curve, which may result in flickering. An adaptive filter is used
so that it can quickly adapt to sudden changes of the histogram and 20 also
to permit only small or no changes to the parameter settings for the
selected mapping curve (or mapping function) for minor changes in the
histogram. Thus only large variations in histograms will result in an
emphasis on the current histogram of the current (or incoming) field
picture, whereas small histogram variations will result in an emphasis on
the filtered histograms of the previously processed field pictures. The
adaptive filter is 25 implemented by adjusting the weighting of both the
previous filtered histogram (being the histogram corresponding to a
previous field picture processed immediately before the current field
picture) and histogram corresponding to the current field picture according
to the differences between the two histograms. A preferred implementation
of the adaptive weighting computation according to the histogram
differences can be described by way of 30 the following pseudo-code:   -9
Fori=Otol.S{ diff += ABS(curr histobin(i) - histobin(i)) weight = (diff *
WEIGHT NIAX + num~ixels_per win) l (2 * num~ixels_per win) 5 Listing 1
where i is the bin number in the histogram numbered from 0 to 15 (assumed
to be 16 for the above example); ABS() is an absolute function; curr
histobin(i) is the input bin value corresponding to the i`" bin of the
picture histogram for the current field picture; histobin(i) 10 is the
filtered output bin value corresponding to the i'h bin from the temporally
filtered histogram of the most recently processed field picture;
num~ixels~ner win is the number 



of pixels per active field window passed into the Histogram Data Circuit
51; diff is the absolute value of the difference between the value in each
bin in the current picture histogram and the value of the corresponding bin
of the filtered histogram bin output; 15 weight is the estimated weighting
or emphasis to be given to the histogram data of the current or incoming
field picture; and WEIGHT MAX defines the maximum value of weight for a
range of estimated weight values. A higher value of diff will lead to a
higher weight value (i.e. more emphasis on the histogram of the incoming
field picture). 20 Note that the term (num~ixels_per win * 2) defines the
maximum range of diff, and the rounding-up of weight is done by adding
num-pixels~er win in the equation. To minimise rapid fluctuations in the
histogram, it is preferable to set the value of WEIGHT lflAX to 50 and the
value of weight to be any integer between 0 and 50. A higher value of
WEIGHT ~1~AX means a larger number of previous field picture histogram 25
data will be taken into the filtering process. If the value of WEIGHT ILIAX
is set too high, this results in high latency or slowness in adapting to
the changes in contrast in the field picture. However, if the value of
WEIGHT MAX is set too small, this leads to very drastic changes of the
mapping functions and thus causes flickering, which defeats the purpose of
filtering. Typically, the value of WEIGHT MA.X may be set within the values
20 to 100 30 inclusive. The range of values for weight depends on the value
for WEIGHT MAX. The computed weight value will always be within 0 to WEIGHT
MAX inclusive.   -10 Listing 1 is to compute the estimated weight value and
is the first part of the filtering process. The second (or main) part of
this filtering process is provided in Listing 2, which makes use of the
weight value to perform the required filtering. The variables referred to 5
in Listing 2 correspond to the same variables in Listing 1. Fori=OtolS{
histobin(i) _ (curr histobin(i) * weight + histobin(i) * (~i'EIGHT MA.X -
weight) l WEIGHT MAX 10 } Listing 2 The Histogram Analysis Block 53
receives the values corresponding to each of the bins in the input
histogram from the Temporal Filtering Block 52. Each input bin value
represents 15 the number of pixels in each respective bin. The Histogram
Analysis Block 53 performs certain statistical calculations on the current
histogram bin values to determine the 



approximate shape and distribution of the histogram. The first step of the
calculations in the Histogram Analysis Block 53 involves calculating 20 the
sum of the values in consecutive histogram bins. The summation process
starts from calculating the sum of two consecutive bins, denoted as Hist
sum2(i), and preferably stops after the completion of calculating the sum
of seven consecutive bins, denoted as Hist sum7(i). More than seven bins
may be summed if desired, but this would be more appropriate for higher
complexity histograms. 25 For example, assuming that the input histogram
has 16 bins which are consecutively labelled from bin 0 to bin 15, the
process of calculating the sum of two consecutive bins involves adding the
value from a first bin (e.g. bin 0) to the value of a second bin (e.g. bin
1) being the next consecutive bin immediately adjacent to the
aforementioned first bin. 30 Preferably, the process begins from the lowest
bin number (i.e. bin 0) and is repeated for each consecutive bin (i.e. for
bins 1, 2, 3... and so on) until the sum has been calculated for   the
second last bin (i.e. bin 14). The sum of two consecutive bins means that
every addition must be between two consecutive and immediately adjacent
bins (e.g. between bins 0 and 1; 1 and 2; 2 and 3, and so on). The process
for calculating the sum of two consecutive bins preferably starts from bin
0 and then proceeds in a sequential pattern 5 starting from bins 1, 2 and 3
and so on until the sum has been calculated for the second last bin (i.e.
bin 14), which corresponds to the last possible bin that the sum of two
consecutive bins can be calculated. Similarly, for calculating the sum of
three consecutive bins, the value from a first bin (e.g. 10 bin 0) is added
to the value of a second bin (e.g. bin 1) and the total between the first
bin and second bin is then added to a third bin (e.g. bin 2). Similarly,
the sum of three consecutive bins means that every addition must be between
three consecutive bins, each of the bins in the set of three bins being
immediately adjacent to at least one of the other bins in the same set. For
example, a sum of three consecutive bins may be made between 15 bins 0, 1
and 2. Another example is the sum between bins 1, 2 and 3. Assuming there
to be 16 bins in the histogram, each bin being labelled from bin 0 to bin
15, the process for calculating the sum of three consecutive bins
preferably starts from bin 0 and then proceeds in a sequential pattern
starting from bins 1, 2 and 3 and so on until the sum has been calculated
for the third last bin (i.e. bin 13), which corresponds to the last
possible bin 20 that the sum of three consecutive bins can be calculated.
In general terms, where the input histogram has a maximum number of M bins,
where M is an integer, and each of the bins are sequentially numbered
according to the pattern n, n+1, n+2 and so on, where n is a positive
integer starting from zero, the sum of Q consecutive 25 bins is calculated
by taking the sum of Q consecutive terms, starting from the term (n = 0),
for a11 terms of n except for the terms of h greater than the term (l'l~-
n). Likewise for the consecutive sums of 3, 4, S, 6, and 7 bins may be
respectively calculated from the range of i terms indicated as follows: 30
Hist sum3(i), for terms of i = 0 to 13;   - 12 



Hist sum~l(i) , for terms of i= 0 to 12;Hist sum~(i) , for terms of i= 0 to
11;Hist sum6(i) , for terms of i= 0 to 10; andHist sum7(i) , for terms of
i= 0 to 9; 5 Thus for the case of Hist sum7(i), the algorithm calculates
the sum of seven consecutive histogram bins, starting from the first bin
(i.e. bin 0) for each consecutive bin (i.e, bins 1, 2, 3 and so on) and not
stopping until after the sum starting from the first bin to the tenth bin
(i.e. bin 9). Phrased another way, Hist sum7(i) represents the sum of the
bin values for 10 bins 0 to 6; 1 to 7; 2 to 8; 3 to 9; 4 to 10; 5 to 11; 6
to 12; 7 to 13; 8 to 14; and 9 to 1 S. The second step of the calculations
performed by the Histogram Analysis Block 53 involves identifying whether
the input histogram is heavily concentrated around particular bins, or
whether there are any narrowly and heavily concentrated histogram bins.
This is 15 done by checking all the sets of Hist sum N(i), where preferably
N in this step satisfies the condition 2 _< N <_ 7 . For example (assuming
N = 7) if any of the sums for Hist sum7(i) exceeds a certain predefined
threshold (i.e. sum7 thres in this example), the histogram is said to be
heavily 20 concentrated. For example, if any of the sums for Hist sum7(i)
(e.g. Hist sum7(=1)) exceeds a certain pre-determined threshold (i.e. sum7
thres), the histogram is said to be heavily concentrated at bins 4 to 10.
The maximum value of the sums for Hist sum7(i) (denoted as max7 sum) that
exceeded the threshold is determined and the corresponding position, i,
(denoted as max7~nosition) is also determined using the pseudo-code
provided 25 in Listing 3: max7 sum = 0 Fori=Oto9{ If (Hist sum7(i) > sum?
thres) { 30 If(Hist sum7(i) > max7 sum) { max7 sum = Hist sum7(i)   -13
mcxz7~osition = i r 5 Listing 3 The maximum value (generically expressed as
max~'~l sum) which exceeds the threshold (generically expressed as sarmN
thres) and also the respective i position and the, generically expressed,
maxN_position, for each set of sums for Hist sa~mN(i) are preferably 10
determined for values of N where 2 <_ N <_ 7 using the pseudo-code provided
in Listing 3. The example in Listing 3 assumes that N= 7. The threshold
value, generically expressed as sumN thres, is also referred to as the
contrast-sensitivity associated with the value of N. The highest threshold
value 15 corresponding to the highest value of integer N is preferably
calculated in accordance with Equation 1. The number of pixels per active
field window is equal to the sum of all the values in all the Gins of the
histogram. contrast-sensitivity = 90% x number of pirels per active window
Equation 1 



20 Based on the threshold value for the highest value of N, the threshold
values corresponding to smaller values of N can be determined by pegging to
the contrast-sensitivity of a threshold value corresponding to the highest
value of N. Thus in the example where the values of N fall within the range
2 <_ N <_ 7 , it is preferable that the corresponding 25 thresholds for
each value of N are set according to Listing 4. Preferably, the threshold
values corresponding to values of N smaller than the largest value of N
becomes progressively smaller as the value of N decreases. Preferably
further, there is a consistent difference between adjacent threshold
values. 30 sum? thres = contrast-sensitivity sum6 thres =
contrast-sensitivity - 3%   -14 sums thres = contrast-sensitivity - 6%
sum~t thres = contrast-sensitivity - 9% sum3 thres = contrast-sensitivity
-12% sum2-thres = contrast-sensitivity -1,5% 5 Listing 4 The third step of
the calculations performed by the Histogram Analysis Block 53 involves
estimating the average brightness of the field picture using the bin inputs
from the corresponding picture histogram which is later used in the Curve &
Parameters Decision 10 Block 54.. Preferably, the average brightness, est
avg brightness, is estimated using the pseudo-code provided in Listing 5:
Fori=Otol~ { Sum += histobin(i) * (i+1 ) 15 } est avg brightness = Sum * 16
/ (num~ixels_per win) Listing 5 where histobin(i) refers to each of the
temporally filtered output bins of current picture 20 histogram (assuming
that a 16-band histogram is used and that i = 0 to 15 corresponds to each
of the bins in the 16-band histogram). Certain parameters calculated by the
Histogram Analysis Block 53 are passed to the Curve 



& Parameters Decision Block 54 for deciding whether the histogram belongs
to one of the 25 "histogram distorted" pictures which can be corrected or
enhanced using one of the four predetermined types of mapping curves. The
Curve & Parameters Decisions Block 54 also determines the strength or the
steepness of each of the chosen type of mapping curve. Figure 7 is a
diagram showing the algorithm used for processing a picture histogram and
30 for selecting a suitable mapping curve based on the picture histogram.
The algorithm reflects the processing performed by the Mapping Functions
Decision Process 58. Step 70    -15 in Figure 7 corresponds to the
processing performed by the Temporal Filtering Block 52 and step 71
corresponds to the processing performed by the Histogram Analysis Block 53.
As shown in step 71, the Histogram Analysis Block 53 calculates and passes
to the Curve & Parameters Decision Block 54 a set of sums for N consecutive
bin values, Hist sum~'~'(i), 5 the largest total in each of the consecutive
sums corresponding to each value of N, maxN sum, and the band where the
maximum sum occurs, maxN~osition. At step 72, the Curve & Parameters
Decision Block 54 decides whether to allow a change in the type of mapping
curve being used to enhance the current picture, and also 10 determines any
changes to the parameter settings for each mapping curve. Generally, even a
one-step change of gain of the same curve could result in a noticeable
change in the stream of enhanced pictures when the scene is very slow and
smooth. An example is when there is a smooth panning or transition from
dark to bright in a same 15 scene. A change of curve, range or gain due to
the threshold method will naturally occur and it is noticeable due to the
smooth transition in the same scene. The difference (denoted as diff), in
the histograms between the current and previous field picture (denoted as
curr histobin() and prey histobin() respectively) is first calculated 20
according to the pseudo-code shown in Listing 6 and normalised (denoted as
Norm Diff) within a range of 0 to 50 inclusive (which correspond to the
range of values for 



WEIGHT MAJ~: Fori =OtolS { 25 diff += ABS(curr histobin(i) - prey
histobin(i)) Norm Diff = (diff * WEIGHT MAX + num~ixels~er win) l (2 *
num~ixels~er win) Listing 6 30 where num_pixels-per win represents the
number of pixels in each window. Note that in Listing 6 the difference,
diff, represents the actual difference between the current and   -16
previous non-filtered field picture histogram, rather than the difference
between the current and previous filtered field picture histogram as was
computed for the weighting in the picture histogram by the Temporal
Filtering Block 52 (see Listing 1). 5 To minimise any noticeable change in
a slow scene transition due to imperfections or insufficiency of the
mapping curves, a change of the range (or gain) or of the type of mapping
curve used is not allowed during a smooth scene transition. A smooth scene
transition is normally indicated by a Norm Diff value this is less than
WEIGHT MA.Xl4 and where there is no associated scene-change detected by the
Scene Change Detector 57, 10 as indicated by the status of the Scene Change
Flag. The computed value of Norm Diff in Listing 6 has a range from 0 to
WEIGHT ILIAX. A higher value of Norm Diff (i.e. close to the value of
WEIGHT ~>~ indicates a large difference between the current picture and
previous pictures (i.e, the scene transition is not smooth). Similarly, a
low value of Norm Diff (i.e. much lower than the value of WEIGHT iLlA.f)
indicates only small 15 differences between the current picture and
previously processed pictures (i.e. the scene transition is smooth).
Therefore, the threshold value is preferably set at YVEIGHT MAXl4. When the
Scene Change Detector 57 detects a change in scene in the current field
picture, the Scene Change Flag is set the Boolean value of "TRUE". Where no
scene change has been detected, the Scene Change Flag is set the Boolean
value of "FALSE". Thus the logic 20 in step 72 to deciding whether to allow
a change in the type of mapping curve being used is expressed as the
pseudo-code provided in Listing 7: If (No-scene-change &dc (Norm Diff <
WEIGHT ~uAXl4)) THEN-> No switch of type of curve, no change in parameter
settings are allowed 25 Listing 7 A decision on whether the field picture
histogram is low in contrast is made in step 73. Generally, a low-contrast
picture will have a narrow-shaped histogram. Based on this assumption, the
algorithm first decides whether the histogram is low in contrast. Figure 8 



30 shows a typical narrow-shaped histogram.   -17 In the current example
described above which uses a 16-band histogram, the histogram is said to be
in low-contrast if any one of the nine sums calculated for Hist sum7(i)
exceeds the contrast-sensitivity threshold value. In general terms, a
histogram is in low-contrast if any of the sums calculated for Hist
sumlV(i), for the largest value of N, exceeds the 5 corresponding
contrast-sensitivity threshold value. If an input picture is low in
contrast, the picture may be enhanced by using one of either the Grey
Stretch ("GS"), Black Stretch ("BS") or White Stretch ("WS") enhancement
curves. The decision depends on where the narrow-shaped histogram is found
on the 10 horizontal axis (or brightness axis) of the histogram (item 61 in
Figure 6). The position of the maximum sum value for Hist sumN(i) that
exceeds the contrast-sensitivity threshold value, or the value
maxlV_position for the greatest value of N, is used to decide which
enhancement curves is to be used. 15 In step 74, if the narrowly
concentrated histogram is located at the middle region of the horizontal
axis (i.e. it is not near the extreme dark and extreme bright area of the
histogram), the GS curve is chosen to spread the histogram in an attempt to
improve the contrast level of the picture. In the current example, the GS
curve is chosen if the max7-position (range from 0 to 9) is between the
values 2 to 4 inclusive. Figure 9 shows a 20 typical histogram example of a
sequence for which the GS curve will be chosen at step 75. If the GS curve
is suitable for correcting the histogram, the GS curve is selected and
associated parameters for the GS curve is calculated in step 75. With
reference to Figure 1, one of the parameter settings (defined as the range
setting) is the steepness of the slope 25 of the middle segment 11 of the
GS mapping curve. A steeper slope will stretch the histogram wider apart to
increase the contrast. Therefore the range setting depends on the
"narrowness" or concentration of the histogram. In the current example,
this can be decided by looking at the values of the Hist sum2(i), Hist
sum3(i) and Hist sum4(i) measured by the Histogram Analysis Block 53. Note
that one or more of the nine sums for 30 Hist sum7(i) has exceeded the
contrast-sensitivity threshold level. An example of a very low-contrast
picture (having a narrowly concentrated histogram) such as that shown in 



-18 Figure 8, is when max2 sum > 0 (i.e. any one of the Hist sum2(i)
exceeds sum2 thres). A steeper middle-segment slope of the curve can then
be used. The cross-over point 13 of the middle-segment slope is preferred
to occur at the average luminance value of the picture on the horizontal
axis 14. The average picture brightness can be estimated 5 (est avg
brightness) by the algorithm in the Histogram Analysis Block 53. Another GS
curve parameter setting to be decided is the left-segment 10 and
right-segment 12 slopes of the GS curve. This setting is defined as the
gain setting, and depends on the histogram levels at both ends of the
brightness axis (e.g. item 61 in Figure 6). For 10 example, the three
extreme left bins (found by Hist sum3(0)) and the three extreme right bins
(found by Hist sum3(13)) can be used to determine the steepness of the
left-segment slope 10 and right segment slope 12 respectively. For a low
value of Hist sum3(0), which indicates a small quantity of dark pixels in
the picture, a less steep left-segment slope would be set. Less steep means
that the left-segment slope 10 is more horizontal. 15 Conversely, a high
value of Hist sum3(0) would yield a steeper left-segment slope 10. Likewise
for a low value of Hist sum3(13), which indicates a small quantity of
bright pixels in the picture, a less steep right-segment slope would be
set. Conversely, a high value of Hist sum3(13) would yield a steeper
right-segment slope 12. 20 If according to step 74 a GS curve is not
appropriate for the current picture, the next step is to try to use a WS
curve for correction in step 76. In step 76, if the narrowly shaped
histogram is located very close to the dark area (i.e. near the extreme
left), the W S curve is chosen to improve the visibility of dark area
details. In 2~ the current example, a WS curve is used if the condition in
Listing 8 is satisfied: if { (mar7~osition < 2) and ((Hist sum2(0) *2) >
hum pixels-per win) } Listing 8 30 where num_pixels_per win represents the
number of pixels in each window. For large values of N, max7~osition can be
replaced by a more general expression, maxN-position,   -19 corresponding
to the largest value of N in the current picture histogram. Preferably,
where 



an input histogram has B bins, the largest value of IV is an integer value
one less than half the value of B. For example, for 16 bins the maximum
value of IV may be 7. S The next criteria checked is whether the sum of the
first 2 bins is more than 50% of the histogram. This means that most of the
pixels are heavily concentrated very closely to the dark area, and an
example of such a histogram is shown in Figure 9. If the WS curve is
suitable for correcting the histogram, the WS curve is selected and 10
associated parameters for the WS curve is calculated in step 77. With
reference to Figure 3, the inflection point 31 of the WS curve occurs
preferably at the average brightness 33. The gain setting of the WS curve
decides how high the inflection point 31 of the curve should be. The
estimated average brightness of the histogram (est avg brightness)
calculated by the Histogram Analysis Block 53 can be used to decide the
gain settings. For 15 example, typically when a WS curve is chosen, the
value of est avg brightness is generally quite low. Thus, a very low value
of est avg brightness results in a higher gain setting. A not too low value
of est avg brightness results in a lower gain setting. Minimal gain is
achieved for a high value of est avg brightness. An example of a very low
value of est avg brightness is a value less than 30, and a very high value
of 20 est avg brightness is a value higher than 100. However if, according
to step 73, the picture was not low in contrast, a decision is made to
determine whether the picture is over-contrast in step 78. In step 78, the
algorithm detects any heavily concentrated histogram at the far left and
right areas, which indicates that the 25 sequence is over-contrast. Figure
10 is an example of an over-contrast histogram. In the current example, the
value of Hist sum~l(0) (corresponding to the low brightness area) and the
value of Hist sum4( 12) (corresponding to the high brightness area) are
preferably used in making the decision in step 78. More generally, it is
preferable to use Hist sum~(0) and Hist sum4(P) to make the decision in
step 78, where P is fourth last term in a picture 30 histogram containing
at least four bins. Preferably, Hist sum4(0) and Hist~sum~( 12) are used
for a 16-band histogram. If, for example, the histogram has 32 bands (or
bins), then it   -20 would be preferable to use Hist sum8(0) and Hist
sum8(24), being the respective sums taken at the lowest and highest
luminance extremes of histogram. If the sum of the consecutive bin values
for both the high brightness and low brightness areas exceed a predefined
threshold, defined as B&WS sensitivity, and the absolute difference between
5 the two are smaller than the difference threshold, defined B& WS diff
thres (which indicates that both areas are possibly equally heavy), then
the B&WS curve is chosen to stretch the histogram towards the central area
of the brightness axis 61. Example values of B&WS sensitivity and B&WS diff
thres are set at 90% and 25% of the 10 number of pixels per window
respectively. Figure 10 shows an example of histogram that 



is over contrast. If the Black and White Stretch ("B&WS") curve is suitable
for correcting the histogram, the B&WS curve is selected and associated
parameters for the B&WS curve is calculated 15 in step 79. With reference
to Figure 4, the range of the B&WS curve defines the positions of the
corresponding inflections points of the left segment 40 and right segment
43. The position of the left 40, centre 42 and right 44 segments fall into
place upon determine the two inflection points 41 43. A higher range means
that the inflection points occur more towards the centre and a lower range
means the inflection points occur more towards the 20 far ends (or away
from the centre). Therefore the range setting determines where the maximum
stretch (i.e. the inflection points 41 and 43) will occur. The gain
indicates how high or low each of the two inflection points 41 43 should be
(i.e. to determine how steep should the slopes of the left 40, centre 42
and right 44 segments should be). 25 To determine the range setting in step
79, the positions of the most concentrated areas of brightness at the far
left and right of the histogram is first determined. Preferably, the
maximum value from either of Hist sum2(0), Hist sum2(1 ), Hist sum2(2) and
Hist sum2(3) is used to determine the position of the maximum concentrated
area at the far left of the histogram, and is further used to set the
position of the left-segment 30 inflection point 41. Similarly, it is
preferable that the maximum value from either of Hist sum2( 11 ), Hist
sum2(12), Hist sum2( 13) and Hist sum2(14) is used to determine the   -21
position of the maximum concentrated area at the far right of the
histogram, and is further used to set the position of the right-segment
inflection point 43. The inflection points 41 43 will typically occur at
the most concentrated areas of the histogram, which also provides the basis
for determining the maximum stretch. 5 The gain of the curve may depend on
the amount of dark or bright pixels at the 2 heavily concentrated area. A
high gain can set if the percentage amount of dark or bright pixels is
high. With reference to Figure 4, the gain indicates how high or low each
of the two inflection points 41 43 should be. A high gain means the
inflection points 41 43 are 10 further away from the dotted line 45.
Therefore if the percentage amount of dark pixels is high, the inflection
point 41 will be placed higher (i.e. more vertically upwards compared to
the current indicated position in Figure 4). If the percentage amount of
bright pixels is high, the inflection point 43 will be placed lower (i.e.
more vertically downwards compared to the current indicated position in
Figure 4). 15 If step 76 decides that the WS curve is not suitable for
correcting the histogram, and likewise, step 78 decides that the B&WS curve
is also not suitable for correcting the histogram, the BS curve is selected
by default and the associated parameters for the BS curve is calculated in
step 710. The BS curve is the default curve, chosen when no other 20 curve
has been chosen, and can be effectively used to make the dark pixels darker
to increase the contrast of pictures. With reference to Figure 2, the
inflection point 21 of the curve is preferred to occur at the average
brightness position (represented by est avg brightness) 23 on the input
brightness 25 axis 24. The inflection point 21 is also preferably limited
to a maximum value, BS Average upper limit, which is preferably set at 100.
It is preferable that the value of BS Average,upper limit is set a value
with 70 to l20, inclusive. Figure 11 shows an example of a histogram that a
BS curve can be used to improve the contrast. 30 With reference to Figure
2, the steepness of the left-segment slope 20, defined as the gain setting
is to be set in step 79. A high gain means a steeper slope 20 is set. The
BS curve is 



-22 targeted for sequences with a high overall brightness or has few dark
areas. The quantity of dark pixels in the field picture is used to
determine the range and gain settings, which preferably depends on the
percentage of dark pixels in the picture. Using the current example, the
gain settings may be decided based on the percentage amount of 5 Hist
sum=f(0) compared to all pixels in the histogram ranging between 2
predefined percentage thresholds, the BS th_low and BS th_high. If the
percentage of Hist sum4(0) compared to a11 pixels in the histogram is less
than the BS th low threshold, the maximum gain can be set (i.e. a steepest
slope is set). However if the percentage of Hist sum4(0) compared to a11
pixels in the histogram is equal to or higher than the BS th high
threshold, 10 the minimum gain or zero gain is set (which means no
inflection at all). A minimum gain setting means the mapping curve has no
inflection at all (i.e. slope 20 coincides with the dotted line 25 in
Figure 2 and forms a straight line with slope 22). This straight line 22 24
' is at an angle of 45 degrees to the horizontal X-axis. An example of
maximum gain is where slope 20 is at an angle of 65 degrees to the
horizontal X-axis. For those percentage 15 values of Hist sum4(0), compared
to a11 pixels in the histogram which fall within the BS th low and BS th
high thresholds, a plurality of discrete gain setting positions are
provided to correspond to each discrete and evenly spaced threshold
intervals between the BS th low and BS th high thresholds. For example, the
number of discrete gain settings can be any number between 15 and 50,
inclusive. Where, for example, Hist sum4(0) 20 indicates a lower percentage
of dark pixels within the threshold range which falls within the range of
one of the intervals closer to the BS th low threshold, this translates
into a particular discrete low gain setting corresponding to that interval.
Alternatively where, for example, Hist sum4(0) indicates a higher
percentage value of dark pixels within the threshold range which falls
within the range of one of the intervals closer to the 25 BS th high
threshold, this translates into a particular discrete high gain setting
corresponding to that interval. Example values of BS th low and BS th high
may be 0 percent and 10 percent respectively. 30   f 



- 23  It is further preferable that the low complexity algorithm for the
Mapping Functions Decision Process 58, as shown in Figure 7, be implemented
in software made to run on a simple programmable controller or processor.
When the algorithm in Figure 7 is 5 implemented in software, it can be
flexibly applied a software add-on to any existing systems with
switchable/selectable mapping functions. This invention could also be
applied to digital still pictures. 10 Many modifications will be apparent
to those skilled in the art without departing from the spirit and scope of
the invention.   y -24 CLAIMS: 1. A method for enhancing the contrast of
video pictures including the steps of: (i) receiving an input video signal;
5 (ii) extracting a picture from said input video signal; (iii) determining
an active window for said picture; (iv) calculating a histogram for
luminance values of pixels in said active window of said picture; (v)
determining characteristics of said histogram; 10 (vi) selecting one
suitable mapping function from a plurality of mapping functions based on
the determined characteristics of said histogram; and (vii) mapping the
luminance value of each pixel in said picture in accordance with said
selected mapping function. 15 2. The method of claim 1 wherein after step
(v), said method includes the step of: step (v)(a) determining whether said
picture is part of a smooth scene sequence. 3. The method of claim 2
further including after the step of step (v)(a): step (v)(b) preventing the
selection of a new mapping function where said picture is part of a smooth
20 scene sequence. 4. The method of claim 1 wherein step (iii) determines
said active window for said picture by including only pixels from said
picture that do not form part of any black bars at the boundaries of said
picture. 25 



5. The method of claim 1 wherein step (v) includes the step of calculating
the weighted difference between the value of each said bin of said
histogram and the corresponding value in the same said bin of an earlier
histogram relating to an earlier processed picture. 30 6. The method of
claim 1 wherein step (v) includes the step of determining, for said   - 25
histogram containing a maximum number of ~~l bins, where M is an integer,
where each said bin in said histogram are sequentially numbered, n,
according to the pattern n, n+l , n-~-2 and so on, where n is greater than
or equal to zero, the sum of Q consecutive bins by taking the sum of Q
consecutive terms, starting from the term n = 0 for a11 terms of h 5 except
for the terms of n greater than the term (ll~l n). 7. The method of claim 1
wherein step (vi) includes the step of determining from said histogram,
whether said picture is low in contrast, and if said picture is determined
to be low in contrast, determining whether a Grey Stretch mapping function
is suitable for 10 correcting said contrast, and where said picture is not
low in contrast, determining whether said picture is over contrast. 8. The
method of claim 7 wherein, if said Grey Stretch mapping function is
suitable for correcting said contrast, then a Grey Stretch mapping function
is selected and 15 associated parameters for said Grey Stretch mapping
function are determined and applied to said Grey Stretch mapping function,
and wherein if said Grey Stretch mapping function is not suitable,
determining whether a White Stretch mapping function is suitable for
correcting said contrast. 20 9. The method of claim 7 wherein, if said
White Stretch mapping function is suitable for correcting said contrast,
then a White Stretch mapping function is selected and associated parameters
for said White Stretch mapping function are determined and applied to said
White Stretch mapping function, and wherein if said White Stretch mapping
function is not suitable, a Black Stretch mapping function is selected and
associated 25 parameters for said Black Stretch mapping function are
determined and applied to said Black Stretch mapping function. 10. The
method of claim 7 wherein if said histogram is over contrast, a Black and
White Stretch mapping function is selected and associated mapping
parameters are 30 determined and applied to said Black and White Stretch
mapping function, and wherein if 



said Black and White Stretch mapping function is not suitable, a Black
Stretch mapping   - 26  function is selected and associated parameters for
said Black Stretch mapping function are determined and applied to said
Black Stretch mapping function. 11. The method of claim 1 wherein step (v)
includes the step of temporally filtering the 5 value of each said bin of
said histogram. 12. The method of claim 6 wherein step (v) includes the
step of determining the maximum sum for each said calculated sum of Q
consecutive bins. 10 I3. The method of claim 12 wherein step (v) includes
the step of determining the corresponding bin position for said maximum sum
of each said calculated sum of Q consecutive bins. 14. The method of claim
13 wherein said value of Q ranges between 2 and ((~LI/2) - 1 ).
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