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Abstract: Histogram equalization (HE) is one of the common methods for improving contrast in digital images. 
However, HE may introduce some unnecessary visual deterioration while enhancing image. One of the solutions 
to overcome this weakness is by preserving the mean brightness of the output image. This paper proposes a new 
method, known as dynamic contrast enhancement using multiple and clipped histogram equalization (DCMHE). 
The proposed method first smoothes the global histogram and assigns each partition to a new dynamic range via 
optimal thresholds, and then clipping process is implemented to each sub-histogram. At last step, the 
conventional HE is implemented to each sub-histogram and the output image is normalized to the input mean 
brightness. Simulation results for several test images show that the proposed method enhances the contrast while 
preserving mean brightness. Copyright © 2013 IFSA. 
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1. Introduction 
 

Image enhancement is a process involving 
changing the pixels’ intensity of the input image. 
There are many image enhancement methods have 
been proposed. A very popular and most effective 
technique for image enhancement is histogram 
equalization. Its basic theory lies on mapping the 
gray levels based on the probability distribution of 
the input gray levels. It flattens and stretches the 
dynamic range of the image’s histogram and resulting 
in overall contrast enhancement. Despite of its 
popularity, HE is not very suitable to be implemented 
in consumer electronics, such as TV, video 
surveillance and so on. Because the brightness of the 
input image after HE processed [1-3] is often shifted 
to the mid gray level, some area of the output image 
is too bright or dark, namely resulting in excessive 
contrast enhancement. 

There are already many methods with multiple 
histogram equalization have been proposed to 
overcome the drawback [4]. Image processed by Bi-
HE methods enhances the image contrast 
significantly and may preserve the brightness to some 
extent, but it introduces undesirable artifacts. Such 
as, the earliest improved HE method was proposed by 
Kim in 1997, named brightness preserving bi-
histogram equalization (BBHE) [5]. This method 
divides the image histogram into two parts. The two 
histograms corresponding to the two parts are 
independently equalized. It is mathematically shown 
that the mean brightness of processed image by 
BBHE method locates in the middle of the input 
mean gray level. Next, in 1999, the dualistic sub-
image histogram equalization (DSIHE) [6] was 
proposed by Wan et al. This algorithm is similar to 
BBHE, except the partition value of histogram is the 
median value instead of the mean value. The 
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threshold of the separation is chosen such that two 
histograms have the equal number of pixels. It is 
claim that DSIHE is better than BBHE in terms of 
preserving brightness and entropy of the input image. 
In 2003 and 2007, Chen and Sims separately 
proposed recursive mean-separate histogram 
equalization (RMSHE) [7] and recursive sub-image 
histogram equalization (RSIHE) [8]. These methods 
iteratively utilize the BBHE or DSIHE and all 
produce γ2 pieces of sub-histogram. Then, each sub-
histogram is equalized independently. These two 
methods are good for brightness preserving when the 
value of γ  usually set by users, γ  is not too large; 
otherwise, the output histogram will become exactly 
the input histogram, and there is no enhancement. In 
2010, Chen [9] proposed dynamic quadrants 
histogram equalization plateau limit (DQHEPL) and 
bi-histogram equalization median plateau limit 
(BHEPL-D), which are the extension of the BHEPL 
[10], and these two methods divides all the histogram 
of input image into four sub-histograms, so some of 
the output image may appear excessive enhancement. 
In 2011, Cheng et al [11] proposed a method for 
foggy image contrast enhancement, it is sub-
histogram equalization method applied to the reality. 
In 2012, Mohd et al [12] proposed a method named 
weighted average multi segment histogram 
equalization for brightness preserving contrast 
enhancement (WAMSHE), but the ratio between 
pixels and section of some images is too large, so 
some section of out image also appear excessive 
enhancement. All of these methods have one main 
point in common: they decompose the input image 
histogram into two or more sub-histogram, and then 
equalize the histograms of these sub-images 
independently. In contrast, the major difference 
among these methods is the criteria they used to 
decompose the input image into two or more sub-
images. 

The above methods based on sub-image 
histogram equalization are at the cost of losses 
enhancement to preserve brightness, but these 
methods didn’t obtain very good result. So, in order 
to obtain a better result, this paper propose a new 
method named dynamic contrast enhancement using 
multiple and clipped histogram equalization 
(DCMHE), though this method also is based on sub-
image histogram equalization, it can be adaptively to 
determine the range and segmentation number 
according to the image histogram information, the 
detail will be given in the section 2. To avoid 
excessive enhancement phenomenon, we first smooth 
the global histogram with a one-dimensional filter to 
find optimal thresholds, then the smoothed histogram 
will be partitioned into segments via optimal 
thresholds and remap each partition into a new 
dynamic range. After that, we will clip each sub-
histogram via clipping thresholds and HE is applied 
to each segment independently. In order to preserve 
the brightness of the image, by the normalization of 
the output mean, the mean of the resultant image will 

be close to the input image. With this criterion, 
DCMHE is expected to produce better contrast 
enhancement, and better in preserving the mean 
brightness compared with other HE methods. 

This paper is organized as follows. Section 2 
summarizes fundamental theory of histogram 
equalization and describes the proposed method in 
detail. Section 3 gives the simulation results and 
comparisons with other methods. The conclusion of 
our work is given in section 4. 

 
 

2. Histogram Equalization (HE) 
 
2.1. Typical Histogram Equalization 
 

For a given image X, the goal of HE method is to 
uniformly distribute the histogram of image X over 
the entire range of gray-levels, increasing the image 
contrast. Let )( kXp be defined as the probability 
density function: 
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for k = 0, 1, …, L−1, where kn  represents the 
number of times that the level 

kX appears in the input 
image X and n is the total number of pixels in the 
input image. Base on the probability density function, 
the cumulative density function is defined as: 
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where xX k = , for k=0, 1, …, L−1. Note that 

1)( 1 =−LXc  by definition, HE is a scheme that maps 
the input image into the entire dynamic range by 
using the cumulative density function as a transform 
function. Let’s define a transform function )(xf  
based on the cumulative density function as follows: 
 

 )()()( 010 xcXXXxf L ⋅−+= −  (3) 

 
Then the output image processed by the HE, 

)},({ jiYY = can be expressed as 
 

 )(xfY =  

  }),()),(({ XjiXjiXf ∈∀=        
(4) 

 
The traditional HE has a high performance in 

enhancing the contrast of an image as a consequence 
of the dynamic range expansion. But it can also 
introduce a significant change in brightness of an 
image, which hesitates the direct application of HE 
scheme in consumer electronics. 
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2.2. Dynamic Contrast Enhancement Using 
Multiple and Clipped Histogram 
Equalization (DCMHE) 

 
In order to overcome the drawback introduced by 

the traditional HE, so many variations of HE-based 
methods have been proposed. In this section, we will 
describe the method called dynamic contrast 
enhancement using multiple and clipped histogram 
equalization (DCMHE) in detail. 

 
 

2.2.1. Selection of Optimal Thresholds 
      

Because it is difficult to detect the local optimum 
of the histogram which was not smoothed, we have to 
gain the smoothing histogram before we choose the 
local optimum as the optimal thresholds. In order to 
do so, we use a one dimensional Gaussian filter to 
smooth the original histogram. The Gaussian filter is 
defined by the following equation: 
 

 )2/exp()( 22 σttG −= , (5) 
 
where t is the coordinate relative to the center of the 
kernel, and σ is the standard deviation. In this paper, 
we use a Gaussian filter of size 1x5 and use the local 
maximum as the optimal thresholds. In order to find 
the local maximum, we apply the method in [13] and 
set the initial label of the smoothing histogram as 
follows (if ( )1()( −≥ khkh ) 
then 1)( =kb else 1)( −=kb ). Since there are still 
fluctuations in the calculated signs, a process of 
removing stray signs is applied as the following 
method: 
 

 +++⇒+−+                 �  
−−−⇒−+−                 �  (6) 

 
Then we will find all the values of k from the 

above sequence which meet the conditions 
1)(,...,1)9( ==− kbkb and 1)9(,...,1)1( −=+−=+ kbkb   

( nkkk ,...,, 10 ), as shown in Fig 1. 
 
 

 
 

Fig. 1. Smooth histogram and select separated value. 

As can be seen from the Fig. 1, there are four 
points (local maximums) satisfying the conditions; 
however, at the second point, the local maximum has 
a very small value difference with the local 
minimums in its two sides. In order to enhance image 
better, we need to remove these unobvious local 
maximums, so we set a threshold f to remove these 
points. 
 
 
2.2.2. Map each Partition into a New 

Dynamic Range 
 

We use �0I , 1I , ... , 1−nI to represent the above 
sequence of optimal thresholds. If the original 
histogram before smoothing is in the range of 

maxmin ~ II , then the histogram will be divided into 
(n+1) sections, that is,  [

0min , II ], [
10 ,1 II + ],…, 

[ max1 ,1 II n +− ], and the number of pixels of  each 
section are

nn MMMM ,,...,, 110 −
. Because sub-

histograms with small range will not be enhanced 
significantly by HE as shown in Fig. 2, we can use 
the method in [14] to map each partition into a new 
dynamic range based on the size of each section and 
the number of pixels.  

 
 

 
 

Fig 2. Map each partition into a new dynamic range. 
 
 
The mapping function is described by the 

following equations: 
 

 
1−−= iii lowhighspain                  

)(log10 iiii spainMspainfactor ×=  

∑
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n
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(7) 

 
where ispain  is the range of each section, ihigh  is 
the highest intensity value containing in the sub-
histogram i , ilow is the lowest intensity value in that 
section, and iM  is the total pixels containing in that 

section. Let the irange represent the size of the 
output each section. If we set the first sub-histogram 
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of the output image in the range of [ 0,0 range ], 

then istart and iend can be calculated as follows: 
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2.2.3. Clipped Histogram Equalization 
 

In order to maintain the stability of preserving the 
original brightness and avoid over-enhancement, we 
will further processing sub-histograms respectively, 
i.e., clipping the sub-histograms by the clipping 
threshold iP  used in [15]. The value of clipping 
threshold iP  can be computed by the transformation 
function: 
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where iP  is the mean value of each section, clipping 
histogram can be done as the following operations: 

 
 )()'( iic mhmh =     ( ii Pmh ≤)( )      

iic mh P)'( =                ( ii Pmh ≥)( ),   
(10) 

 
where )'( ic mh represents the clipped histogram, as 
shown in Fig. 3. 

 
 

 
 

Fig. 3. Clip sub-histogram. 
 
 
2.2.4. Equalizing Each Segment 

Independently 
 

After the clipped histogram is obtained, each sub-
histogram can be equalized individually by the 
conventional HE method. Let 'k be gray level of 
output image, which can be computed by the 
transformation function as follows: 

 
],[' *)( upperlower hh
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 (11) 

 

where lowerh and upperh are lower and upper limit of 

sub-histograms, 
],[ upperlower hh

kC represents the 
cumulative probability density of the level k and can 
be obtained as follows: 
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2.2.5. Normalizing the Image Brightness 
 

In this section, we will try to re-shift the mean 
brightness of output image to its original position 
after the equalization process. Assuming that 

im represents the mean brightness of input 

image ),( yxI  and om represents the mean brightness 
of output image ),( yxO , we apply the brightness 
normalization as the following equation: 
 

 
),(),( yxI

m
m

yxO
o

i= , (13) 

 
This normalization will make sure that the mean 

brightness of output image will be closer to the 
original input mean brightness of the image. 

 
 

3. Results and Discussion 
 

In this section, in addition to the proposed 
algorithm DCMHE, we also implemented several 
other improved histogram equalization algorithms 
mentioned above, the iteration number of RMSHE 
and RSIHE is let be two, namely the original image is 
divided into four sub-image. 

In order to show the superiority of the proposed 
algorithm, we used the two measure criterion: the 
mean absolute error between the output image and 
the input image (AMBE) in [4] and the standard 
variance of the difference between the output image 
and the input image (SD) in [16]. We use AMBE to 
measure the stability of preserving the mean 
brightness of images. The smaller the value of 
AMBE, the better this stability. The AMBE is 
defined as follows: 
 

 ][][ YEXEAMBE −= ,
 (14) 

 
where E[X] and E[Y] represent the original and 
enhanced image gray scale averages respectively. In 
order to measure whether the processed image is 
enhanced. We use the SD as a measuring standard 
(the bigger the value of SD, the greater the image 
contrast), the standard variance of the difference 
between the output image and the input image (SD) is 
defined as follows: 

 
 ][][ XSDYSDSD −=  

∑ ×−=
max

min
2 )()(][ lPulISD

,
 (15) 
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where SD [I] represents the SD of image I , SD[Y] 
and SD[X] represent the SD of output image and 
input image respectively, l  represents the gray value 
of image I , u represents the mean gray level, P[l] is 
the probability distribution of gray scale. 

From Table 1, we can see that the AMBE value 
obtained by the proposed algorithm is smaller than 
other algorithms. It is shown that the gray scale 
average in the proposed algorithm has very small 
changes between output image and input image. It is 
also indicated that the proposed algorithm is able to 
maintain the stability of image gray scale average 
very well. Because our algorithm adopts not only the 
advantages of sub histogram equalization, but also 
the idea of clipped histogram equalization, the 
proposed algorithm achieves the good result. 

 
 

Table 1. The AMBE of input and output image. 
 

 Airplane Pout man Rice 
BBHE 12.1257 2.6979 23.7126 8.6479 
DSIHE 6.1938 8.1046 17.6388 3.9744 
RMSHE 6.1521 5.9960 11.9108 0.2923 
RSIHE 6.2408 8.3872 9.5606 0.5201 
DQHEPL 4.4864 5.0279 12.7527 3.0582 
WAMSHE 0.1966 0.4735 0.1350 0.2301 
DCMHE 0.0828 0.1129 0.0168 0.0218 

 
 
In Table 2, some SD values obtained by the 

proposed algorithm (DCMHE) are bigger than those 
achieved by other algorithms (RMSHE, RSIHE, 
DQHEPL and WAMSHE). Note that the larger the 
SD value of output image achieves, the better the 
image is enhanced. However, some SD values 
obtained by the proposed algorithm (DCMHE) are 
smaller than those achieved by the algorithms BBHE 
and DSIHE. This is due to the reason our algorithm is 
a kind of sub-histogram equalization, it has to be at 
the cost of image enhancement to preserve the 
brightness, so the image enhancement effect is 
influenced. 

 
 

Table 2. The SD of output and input image. 

 
 Airplane Pout man Rice 
BBHE 41.7818 49.5527 8.9911 28.5079 
DSIHE 41.9192 50.1927 11.1281 31.3417 
RMSHE 11.9431 12.1677 9.9726 0.4771 
RSIHE 23.4480 15.2694 2.1166 -0.5304 
DQHEPL 11.6272 43.9538 13.9704 23.9391 
WAMSHE 5.3798 30.2906 20.3862 26.2009 
DCMHE 14.4646 54.0127 6.7917 22.6033 

 
 
Fig 4 shows that in the shadow of the images 

processed by the BBHE, RMSHE and RSIHE the 

various degree of excessive enhancement appears. So 
we can not see the outlines of the shadow clearly. In 
the image f, g and h, we can see the effect of image h 
is better than the other two images. 

 
 

  
                 a. Original                              b. BBHE 

  
                  c. DSIHE                            d. RMSHE 

 

                   e. RSIHE                            f. DQHEPL 

 

  g. WAMSHE                             h. DCMHE 

 
Fig. 4. The result of Airplane image enhancement. 

 
 
Fig. 5 shows that the images obtained by the 

RMSHE and RSIHE introduce undesirable artifacts. 
The image h after processed by the proposed 
algorithm is better than others, for example, in the 
picture h the hair contour is more clearly than others, 
so it has better visual effect. 

In the Fig. 6 the backgrounds of image b, c, d, e 
and g appear different degree of halo phenomenon, 



Sensors & Transducers, Vol. 25, Special Issue, December 2013, pp. 211-218 

 216

but this phenomenon didn’t appear clearly in image h 
obtained by the proposed algorithm. 

In Fig 7, we can see that the effect of images 
processed by the algorithms RMSHE and RSIHE 
processed is very poor. Those processed images 

almost have no difference from the original image, 
The algorithms of BBHE DSIHE DQHEPL and 
WAMSHE enhance the image while introducing a 
number of noises, but the image h under our 
algorithm obtains a good effect. 

 
 

    
 

a. Original b. BBHE 
 

c. DSIHE d. RMSHE 

    
 

e. RSIHE f. DQHEPL g. WAMSHE h. DCMHE 
 

Fig. 5. The result of Pout image enhancement. 
 
 

    
 

a Original b. BBHE c. DSIHE d. RMSHE 
 

    
 

e. RSIHE f. DQHEPL g. WAMSHE h. DCMHE 
 

Fig. 6. The result of man image enhancement. 
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a. Original b. BBHE 
 

c. DSIHE d. RMSHE 
 

    
 

e. RSIHE f. DQHEPL g. WAMSHE h. DCMHE 
 

Fig. 7. The result of rice image enhancement. 
 
 

4. Conclusion 
 

To overcome the defects of traditional histogram 
equalization algorithm, this paper proposed a 
dynamic contrast enhancement using multiple and 
clipped histogram equalization (DCMHE). 
Experimental results show that this method is able to 
preserve the brightness of the processed images and 
yields the images with natural appearance. The 
subsequent research work is to select a good method 
to choose the threshold value of f. 

 
 

Acknowledgements 
 

This work was supported by: 
The National Natural Science Foundation of P. R. 

China (No. 61071169); 
The Natural science fund of Anhui province  

(No. 1308085QF100); 
The College students' scientific research training 

project of Anhui University (No. KYXL 2012060); 
The Youth science fund project (No. 61301295) 
The author also gratefully acknowledges the 

helpful of corresponding author Huabin Wang, and 
the comments and suggestions of the reviewers, 
which have improved the presentation. 
 
 
References 
 
[1]. Gonzalez R. C., Woods R. E., Digital Image 

Processing, Prentice Hall, Upper Saddle River, NJ, 
2009. 

[2]. Gonzalez et al., Digital image processing, 2nd Edition, 
Electronic Industry Press, Beijing, 2007, pp. 70- 81. 

[3]. Qiuqi Ruan, Digital image processing, Electronic 
Industry Press, Beijing, 2001, pp. 181- 195. 

[4]. Rajavel P., Image Dependent Brightness Preserving 
Histogram Equalization, IEEE Transactions on 
Consumer Electronics, 56, 2, 2010, pp. 756-763. 

[5]. Kim Y. T., Contrast Enhancement Using Brightness 
Preserving Bi-Histogram Equalization, IEEE Trans. 
Consumer Electronics, 43, 1, 1997, pp. 1-8. 

[6]. Wang Y., Chen Q., Zhang B., Image enhancement 
based on equal area dualistic sub-image histogram 
equalization method, IEEE Trans. Consumer 
Electron, 45, 1, 1999, pp. 68-75. 

[7]. Chen S. D., Ramli A. R., Contrast enhancement using 
recursive mean-separate histogram equalization for 
scalable brightness preservation, IEEE Trans. 
Consumer Electron, 49, 4, 2003, pp. 1301-1309. 

[8]. K. S. Sim, C. P. Tso, Y. Y. Tan, Recursive sub-image 
histogram equalization applied to gray scale images, 
Pattern Recognition Letters, 28, 10, 2007, pp. 1209-
1221. 

[9]. Chen Hee Ooi, Adaptive Contrast Enhancement 
Methods with Brightness Preserving, IEEE Trans. 
Consumer Electronics, 56, 4, 2010, pp. 2543-2551. 

[10]. C. H Ooi, N. S. P. Kong, H. Ibrahim, Bi-histogram 
with a plateau limit for digital image enhancement, 
IEEE Trans. Consumer Electronics, 55, 4, 2009, 
pp. 2072-2080. 

[11]. Cheng L., A fast algorithm for foggy image contrast 
enhancement, in Proceedings of the  International 
Conference on Transportation, Mechanical, and 
Electrical Engineering (TMEE), Changchun, 2011, 
pp. 455-458. 

[12]. Khan, M, F. Khan, E. Weighted average multi 
segment histogram equalization for brightness 
preserving contrast enhancement, in Proceedings of 
the IEEE International Conference on Signal 
Processing, Computing and Control, 2012, pp. 1- 6. 



Sensors & Transducers, Vol. 25, Special Issue, December 2013, pp. 211-218 

 218

[13]. K. Wongsritong, F. Cheevasuvit, Contrast 
enhancement using multi-peak histogram 
equalization with brightness preserving, in 
Proceedings of the IEEE Asia-Pacific Conference on 
Circuits and Systems (APCCAS), 1998, pp. 455-458. 

[14]. Abdullah-Al-Wadud. M., Kabir. M. H, Dewar, M. A. 
A. A Dynamic Histogram Equalization for Image 
Contrast Enhancement, IEEE Transactions on 
Consumer Electronics, 53, 2, 2007, pp. 593-600. 

[15]. T. Kim, J. Paik, Adaptive contrast enhancement using 
gain-controllable clipped histogram equalization, 
Consumer Electronics, 54, 4, 2008, pp. 1803-1810. 

[16]. David Menotti. Laurent Najma, Jacques Facon, 
Multi-Histogram Equalization Methods for Contrast 
Enhancement and Brightness Preserving, IEEE 
Transactions on Consumer Electronics, Vol. 53,  
Issue 3, pp. 1186 - 1194. 

 
___________________ 

 
2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 

 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


