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ABSTRACT 

Modeling human blood components and disorders is a complicated task. Few researchers have attempted to automate 
the process of detecting anemia in human blood. These attempts have produced satisfactory but not highly accurate 
results. In this paper, we present an efficient method to estimate hemoglobin value in human blood and detect anemia 
using microscopic color image data. We have developed a logit regression model using one thousand (1000) blood 
samples that were collected from Prince George Hospital laboratory. The output results of our model are compared 
with the results of the same sample set using CELL-DYN 3200 System in Prince George Hospital laboratory, and found 
to be near identical. These results exceed those reported in the literature. Moreover, the proposed method can be im-
plemented in hardware with minimal circuitry and nominal cost. 
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1. Introduction 

Color image analysis techniques are employed in a wide 
range of medical applications including human blood 
testing. Blood testing refers to laboratory analysis of 
blood. A variety of blood tests are accessible to provide 
information about the condition and status of the human 
body. The most regular test is the complete blood count 
(CBC). CBC is a series of tests used to appraise the 
composition and concentration of the cellular compo-
nents of blood [1]. For example, anemia is a disease 
caused by the reduction of red blood cells (RBC) count 
and/or the hemoglobin (Hgb) level in human blood [2]. 

In general, a microscopic color image is a multi-spec-
tral image with one band for each of the three primary 
colors (red, green and blue), assuming that we are work-
ing with RGB color model. Based on this understanding, 
color images are produced by a weighted combination of 
these three primary colors for each pixel. The color of an 
image also depends on the light source illuminating the 
image object and on the color of the surrounding region 
of that object or simply the ambient. At present, color 
images are extensively used in a wide range of applica-
tions and are exploited by researchers and developers in 
almost every aspect of real life applications.  

In this paper, we present a new method for estimating 
hemoglobin level in human blood to detecting anemia 
using microscopic color images.  

The remaining part of this paper is organized as fol-
lows: In Section 2, we introduce the current methods for 
testing CBC and present previous work related to cell 
count, cell analysis, and hemoglobin estimation to pro-
vide the necessary information and appropriate back-
ground for this research. In Section 3 we present the 
proposed model, and finally, in Section 4 we provide our 
results and conclusions. 

2. Previous Related Work 

In this section, we briefly describe the main methods used 
to calculate or estimate human blood components. Table 
1 depicts male and female hemoglobin components and 
their normal ranges as analyzed by CELL-DYN 3200  
System. The CELL-DYN 3200 system is popular and is 
being used by Prince George Regional Hospital (PGRH) 
Laboratory where we obtained the blood samples and 
with which we will compared our output results. 

There are two main types of procedures to compute 
CBC and hemoglobin level: 1) manual; and 2) auto- 
 
Table 1. Hgb reference intervals for CELL-DYN 3200 Sys-
tem 

Parameter Normal range 

Hemoglobin 
132–159 g/L for male * 
123–151 g/L for female 

* The content is taken from Reference [3] 
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mated. The following are some examples on both proce-
dures. 

2.1 Manual Procedures for Determining  
Hemoglobin in Blood 

A manual also called spectrometric procedure is straight- 
forward and requires the use of spectrophotometer. The 
spectrophotometer is a device that measures the mono-
chromatic light transmitted through a solution to deter-
mine the concentration of the light absorbing substance 
in that solution. The light from the lamp passes through 
the prism, which allows light of only a predetermined 
wavelength to pass through the cuvette. The transmitted 
light strikes a detector, where it is converted into electri-
cal energy and presented to the readout device [4]. This 
procedure is satisfactory but requires the presence of an 
attendant and consumes a significant amount of time to 
perform. In short, this method is acceptable but not effi-
cient nor economic. 

2.2 Automated Procedures for Determining  
Hemoglobin in Blood 

The CELL-DYN 3200 System is a modern automated 
CBC analyzer and hemoglobin estimator. It combines 
spectrophotometry and modified cyanmethemoglobin 
method for hemoglobin determination. In the cyan-
methemoglobin method, the whole blood is mixed with a 
solution of potassium ferrycyanide to convert hemoglo-
bin in the ferrous state, to methemoglobin in the ferric 
state, which then reacts with potassium cyanide to form 
cyanmethemoglobin. This final product is also called 
hemiglobincyanide (HiCN). HiCN is very stable and has 
a wide absorption maximum of about 540 nm. The ab-
sorption of the solution at 540 nm is directly proportional 
to the amount of Hemoglobin present in the blood [5]. 
The CELL-DYN 3200 system measures hemoglobin 
within a sample in a hemoglobin Flow Cell. The hemo-
globin dilution that is analyzed in the Flow Cell is a 
mixture of the sample plus reagent. The system takes five 
reference readings. The lowest and highest readings are 
discarded, and the remaining three readings are averaged 
to produce the final hemoglobin reading. This is done to 
eliminate the extreme values. The hemoglobin dilution is 
analyzed at 555 nm in the hemoglobin Flow Cell; the 
system receives, and then saves the results [6]. 

At present, both CELL-DYN 3200 and CELL-DYN 
4000 systems are being used in hospital laboratories in 
around the world. Both systems are considered to be re-
liable. As for the cost of the equipment, both systems are 
considered to be expensive and require attendants pres-
ence compared to the proposed method which is highly 
efficient and inexpensive. 

3. The Proposed Model 

In this section, we introduce the proposed method for 

detecting anemia. A flow chart of this method is shown 
in Figure 1. This method comprises of two main com-
ponents. The first is concerned with the development of 
the logit regression model, (LRM) shown in the upper 
rectangle of the figure and the second component is con-
cerned with testing of new blood samples, shown in the 
lower rectangle of the figure. The major elements of the 
first component are: 1) blood samples collection; 2) cap-
turing microscopic images of the blood samples; 3) im-
age preprocessing and color information gathering; and 4) 
the development of the logit regression model. The sec-
ond component handles detecting anemia, if it exists, in 
new blood samples. The process of doing that are similar 
to those in the model development component except for 
the last step which is the employment of the regression, 
LRM, model. The following is a brief description of the 
proposed method:  

3.1 Blood Samples Collection 

To build our regression model, we have collected one 
thousand (1000) blood samples from Prince George Re-
gional Hospital Laboratory, British Columbia. These 
samples are randomly chosen from the general public 
and we arranged them in a specific numbering scheme so 
as to protect their identity. The blood samples were 
smeared on glass slides by the hospital-automated system. 
At that point, we captured microscopic color images of 
the samples using a digital camera mounted on a micro-
scope with 10 × magnification. Our original plan was to 
use the whole size of sample image for processing but as 
most of the sample images were distorted at the borders 
due to the staining process and the nature of blood smea- 
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Figure 1. Flow diagram of the proposed scheme 
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ring, our choice was to select a segment that is uncor-
rupted of a window size (256 × 256 pixels) from each 
image. The choice of the segments was done randomly. 
The clipped images are saved in a separate file for further 
processing. Figure 2 shows six (6) clipped images from 
the blood samples. The samples shown in the figure are 
of samples 1, 5, 6, 10 and 15. 

3.2 Blood Color Image Analysis 

For each sample image, we calculate the pixels’ color 
information as a function of red, green, and blue (f(R, G, 
B)) using Matlab 7 software. To do so we created three 
planes that represent the three colors (red, green, blue) of 
the pixels’ values of the images. Then, the average of all 
red values, green values, and blue values of the three 
planes were calculated to produce three single values for 
each image: the red value, R, the green value, G, and the 
blue value, B. These three values were stored in a matrix 
of size 3 × N, where N is the number of images as shown 
in Figure 2. In our case N is equal one thousand (1000) 
and hence the size of our matrix is 3 × 1000. In the Fig-
ure 3 the values r1, g1, b1 belongs to sample one 1 and rl, 
gl, and bl belongs to the last sample, which is sample 
number 1000. 
 

 
1 

 
5 6 
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10 15 

Figure 2. Six blood test samples 
 

 

 
Figure 3. RGB analysis of each sample image 

3.3 Building the Model 

Prior to model the data, i.e. the RGB values, we have 
represented them visually to acquaint ourselves with 
some of their statistics and properties. Fore example, we 
plotted their histogram as shown in Figure 4. 

As expected, in most cases, the red color values (plot-
ted in dark blue) is the highest value, followed by green 
color values (plotted in pink), and finally the blue color 
values (plotted in yellow) is the smallest value of the 
three components. Examining the statistics of the hemo-
globin values of the test samples supplied by the Prince 
George Hospital Lab. including the maximum and 
minimum values of the set, we found that the set maxi-
mum value is 185 g/L, and the minimum value is 57.30 
g/L, and the average value is 132.51 g/L. This statistics 
helps determine the range of the set, which facilitates 
modeling the data. The hemoglobin values of 900 sam-
ples histogram is plotted and shown in Figure 5 and the 
last 100 samples are plotted and shown in Figure 6 for 
clarity and ease of tracking. 
 

 

Figure 4. Histogram of the blood samples color ranges 
 

 

Figure 5. Histogram of the hemoglobin values of the 900 
blood samples 
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Figure 6. Histogram of the last 100 blood samples 
 

From the data and the graph in Figure 5, we found 
that there are 10 samples outside the range (75-to-175 
g/L) in the whole set which represent 1.0% of the total 
sample set. Based on this observation, we introduced an 
upper and a lower cut-off threshold values to eliminate 
those extreme values on both end of the range. We did 
that by equating any Hgb value greater than the upper 
threshold value to 175 g/L and any value that is less than 
the lower threshold to 75 g/L. Doing so does not alter 
any sample value group affiliation (i.e., from high hemo-
globin (healthy) to low hemoglobin (anemic). In addition 
such action will create a range of 100 (i.e., 175-75g/L), 
which is easy to use. 

At this point, several modeling methods were consid-
ered. In this paper, we used Eviews-5 software to pro-
duce the Logit regression model for this sample. Using 
Eviews software and the values of the R, G, and B, of the 
samples and if the sample indicates anemia or not, we 
produced the following Logit model: 

L=(e–1.922 + 0.206R – 0.241G + 0.012B)/(1 + e–1.922 + 0.206R – 0.241G + 0.012B) 

Where L is the hemoglobin level and R, G, and B are the 
color values of the blood sample. 

3.4 Detecting Anemia 

To determine if a person is anemic, we take a few drops 
of his or her blood, smear it on a glass and take its pic-
ture using a simple digital camera. Then we calculate the 
R, G, and B values of the image. We plug the values of 
the R, G, and B values in our LRM model and find the 
result. This method is simple and cost effective  

4. Experimental Results 

CBC has been a target for several automations attempts 
by researchers from different fields. None of the pub-
lished paper attempted to model Hgb via regression 
models and images analysis. Zahir and Chowdhry [7] 

have presented a combined method that is based on arti-
ficial neural network (ANN) in conjunction with color 
image analysis. They presented results that are far better 
than those reported in [8]. In this research, Hgb value is 
sought to determine anemia. They reported that the net-
work is trained with fixed training rate of 0.4 and for 
accuracies of 20% and 15%. They claim that accuracies 
below 15% demand more computing time. They added 
that the computing time is about 20 hours to realize an 
accuracy of 5%. The authors did not include explanation 
to support their claims nor that did they explain how can 
they train the NN to improve the results by 10% to 15% 
by increasing the computing time.  

To test the performance and effectiveness of the LRM 
model, we have tested one thousand samples using this 
Logit model and compared them with the results of the 
hospital results and found to be almost identical. Table 2 
depicts the results we obtained and the number of faulty 
samples in each of the hemoglobin ranges shown. This 
Table shows the number of total errors is 65. This pro-
duces a 93.5% efficiency of the model. Out of this total 
38 samples were in the hemoglobin range of 90-100. 
This range is a borderline level and in most cases doctors 
recommend that patients redo the test at a later time and 
recommend a specific diet. If these samples are not 
counted, then the efficiency of our model will be in-
creased from 93.5% to 96.2 % accuracy. In addition, only 
5 samples were at error when the person was anemic and 
the results shows he is not. Although this is a serious 
mistake but it rarely occurred and represent only 0.005% 
of the total sample. 

5. Conclusions 

The literature is scarce when it comes to simple, eco-
nomical, and reliable automated methods for diagnosing 
anemia. There are, however, few methods like cyan-
methemoglobin, which is reliable but very expensive and 
the WHO Hemoglobin Color Scale (HCS) method, 
which is inexpensive but not so reliable. In this paper, we  
 

Table 2. Results of the logit regression model 

HEMOGLOBIN MODEL RESULT 

No. Hgb Range # of Samples # of Errors 

1 0-80 8 1 

2 80-90 29 4 

3 90-100 66 38 

4 100-110 81 15 

5 110-120 104 4 

6 120-130 134 2 

7 130-140 186 2 

8 140-175 392 0 

Total  1000 65 

Sample’ Number 
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introduced a new logit regression based model that uses 
image analysis data to detect anemia. The simulation 
results of the proposed model are significantly higher 
than the published results. For a set of 1000 sample, our 
results show an accuracy of 96.2% if we do not consider 
38 samples on the borderline between anemic and not 
anemic which is a grey area for all testing methods. Con-
sidering all samples, our model accuracy is 93.5%. In 
addition to its high accuracy, the proposed model is easy 
to implement and inexpensive. This model can be build 
in hardware at a cheep cost. 

6. Acknowledgements 

The authors would like to thank Northern Health Author-
ity of British Columbia, Prince George Regional Hospital 
Laboratory for their continued support to this research. 

REFERENCES 

[1] J. B. Henry, “Clinical Diagnosis and Management by 
Laboratory Methods,” W. B. Saunders, Philadelphia, 
2001. 

[2] http://www.nlm.nih.gov/medlineplus 

[3] M. Rendell, M. Anderson, W. Schlueter, J. Mailliard, D. 
Honigs and R. Rosenthal, “Determination of Hemoglobin 

Levels in The Finger Using Near Infrared Spectroscopy”, 
Journal of Clinical & Laboratory Haematology, Vol. 25, 
No. 2, April 2003, pp. 93-97. 

[4] J. P. Greer, J. Foerster, J. N. Lukens, G. M. Rodgers, F. 
Paraskevas and B. Glader, “Wintrobe’s Clinical hema-
tology,” 11th Edition, Lippincott Williams & Wilkins, 
Philadelphia, 2003. 

[5] G. Ongun, U. Halici, K. Leblebicioglu and V. Atalay, 
“Feature Extraction and Classification of Blood Cells for 
an Automated Differential Blood Count System,” Inter-
national Joint INNS-IEEE Conference on Neural Net-
works, Washington DC, Vol. 4, 2001, pp. 2461-2466. 

[6] CELL-DYN 3200 System Training Guide, 2004. 

[7] S. Zahir, C. G. Rejaul and W. Payne, “Automated 
Assessment of Erythrocyte Disorders Using Artificial 
Neural Network,” IEEE International Symposium on 
Signal Processing and Information Technology, Vancou-
ver, 2006, pp. 776-780. 

[8] H. Ranganath and N. Gunasekaran, “Artificial Neural 
Network Approach in Estimation of Hemoglobin in Hu-
man Blood,” International Computer Engineering Con-
ference on New Technologies for the Information Society, 
ICENCO, Cairo, 2004, pp. 341-344. 

 

 

 



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


