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Abstract. One of the main problems faced by engineers, is to ensure the operation of Direct Current motors. In this paper a pattern recognition 
method was used to provide the diagnostics of dc motor. This method is based on a study of acoustic signal. Plan of study of acoustic signals for two 
conditions of Direct Current motor was proposed. Studies were carried out for algorithms of data processing: reflection coefficients and K-Nearest 
Neighbor classifier with Manhattan distance. Developed method can be performed automatically. This system is a significant step towards the 
maintenance-free diagnostic systems of Direct Current motors.  
 
Streszczenie. Jednym z podstawowych problemów, z jakim spotykają się inżynierowie, jest zapewnienie funkcjonowania silników elektrycznych. W 
niniejszej pracy metoda rozpoznawania wzorców została użyta do diagnostyki silnika prądu stałego. Metoda ta oparta jest na badaniu sygnału 
akustycznego. Zaproponowano plan badania sygnałów akustycznych dla dwóch stanów silnika prądu stałego. Badania zostały przeprowadzone dla 
algorytmów przetwarzania danych: współczynników odbiciowych i klasyfikatora K-Najbliższego Sąsiada z metryką Manhattan. Opracowana metoda 
może być wykonywana automatycznie. System ten jest istotnym krokiem w kierunku bezobsługowych systemów diagnostycznych silników prądu 
stałego.(Diagnostyka silnika prądu stałego z zastosowaniem sygnałów akustycznych, współczynników odbiciowych i klasyfikatora K-
Najbliższego Sąsiada). 
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Introduction 

During the past twenty years, there has been a large 
number of researches into the creation of new condition 
monitoring techniques for Direct Current machines, with 
new methods being developed and implemented in 
commercial products for this purpose. The researches and 
developments of newer and alternative diagnostic 
techniques are continuous, however, since condition 
monitoring and fault diagnosis systems should always suit 
new, specific Direct Current machine applications. These 
continuous researches and developments are also 
supported by the fact that no specific techniques may be 
considered generally the best for all the applications that 
exist, since an engineer must treat each motor as a unique 
entity. Therefore, the potential failure modes, mechanical 
load characteristics and operational conditions have to be 
carefully taken into consideration. A diagnostic system 
should be designed for electrical  machine [1]. The main 
methods of diagnostics of imminent failure conditions of 
machines are based on the study of: magnetic field, 
ultrasounds, electric signals, acoustic signals, visually 
selected parts, vibroacoustic signals, infrared signals.  

Influence of selected factors on the properties of the 
steel elements are presented in the literature [2], [3], [4], [5]. 
Nowadays, there are many methods for testing of electrical 
and acoustic signals [6], [7], [8], [9], [10], [11], [12], [13], 
[14]. In this paper, research focuses on acoustic signals of 
selected Direct Current machine. The results of these 
studies can be used to improve the diagnostics of electrical 
machines. 

 
Process of recognition of acoustic signal of Direct 
Current motor 
 The process of recognition of acoustic signal of Direct 
Current motor contains pattern creation process and 
identification process (Fig. 1). At the beginning of pattern 
creation process acoustic signals are recorded. 
Measurements were made by OLYMPUS TP-7 microphone 
and sound card. Obtained audio file contains following 
parameters: sampling frequency is 44100 Hz, number of 
bits is 16, number of channels is 1. Next data are divided. 
Then signals are sampled and normalized. After that filter 
223-235 Hz is used. This filter passes significant amplitudes 

of harmonics [15]. Afterwards Linear Predictive Coding 
algorithm is used. Next data are converted into the 
reflection coefficients. In pattern creation process two 
feature vectors are created. Steps of identification process 
are the same as for pattern creation process. Significant 
change occurs in the classification (Fig. 1). In this step, 
feature vectors are compared with each other (feature 
vector and new feature vector). 
 

 
Fig.1. Process of recognition of acoustic signal of Direct Current 
motor with the use of reflection coefficients and K-Nearest 
Neighbor classifier  
 
Linear Predictive Coding 

LPC (Linear Predictive Coding) analyzes the sound 
signal by estimating the formants, removing their effects 
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from the sound signal, and estimating the intensity and 
frequency of the remaining buzz [16], [17]. It determines a 
set of coefficients approximating the amplitude versus 
frequency function. These coefficients create feature 
vectors which are used in calculations. The model of 
shaping filter is defined as: 
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where p is the order of the filter, ak is prediction coefficient.  
 
Reflection coefficients 
 The LPC to RC block converts linear prediction 
coefficients (LPCs) to reflection coefficients (RCs). This 
block uses backward Levinson recursion to convert linear 
prediction coefficients (LPCs) to reflection coefficients 
(RCs). For a given N-th order LPC vector LPCN=[1, aN1, 
aN2,…, aNN], the block calculates the N-th reflection 
coefficient value using the formula γN= -aNN. The block then 
finds the lower order LPC vectors, LPCN-1,  LPCN-2,… , LPC1, 
using the following recursion [18]. 
for p = N, N – 1,..., 2, 
γp= app 
F=1- γp

2 
ap-1,m=(ap,m / F) - (γp ap,p-m / F), 1≤m<p 
end 
Finally, γ1= -a11, the reflection coefficient vector is [γ1,  γ2, …, 
γN]. In the literature, 10-20 LPC coefficients are considered 
[14]. It is assumed that the number of coefficients is 10. 
LPC coefficients are converted into reflection 
coefficients. The number of coefficients is the same. 
These coefficients are used in next calculations (Fig. 2, 3). 

 
Fig. 2. Absolute value of reflection coefficients of faultless Direct 
Current motor  

 
 

Fig. 3. Absolute value of reflection coefficients of Direct Current 
motor with shorted rotor coils 

K-Nearest Neighbor classifier 
In the literature there are many methods of classification 

[19], [20], [21], [22], [23], [24]. K-Nearest Neighbor Classifier 
is based on training set and identification set. K-Nearest 
Neighbor Classifier uses feature vectors to identify the type 
of acoustic signal. Pattern is a vector of features x=[x1, 
x2,…, xn]. Classes of patterns are denoted as w1, w2,…, wM, 
where M is the index number of the class. Training set 
contains feature vectors x1, x2,…, xj.  

Identification set contains new feature vectors y1, y2,…, 
yj. Next the least distance is calculated between feature 
vectors (feature vector of new sample and feature vector of 
specific category). Manhattan distance is the measure of 
distance between two points (vectors). For vectors y and x 
with the same length n it is expressed as follows: 
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where y and x are feature vectors, y=[y1, y2,…, yn], x=[x1, 
x2,…, xn]. 
 

It should be noted that the K-Nearest Neighbor classifier 
compares the number of k nearest neighbors (feature 
vectors) and selects the class that has the most of them 
(k=2n-1, n=1, 2, …,  ). The research will be conducted 
for the parameters k=1, k=3, k=5. 
 
Investigations of acoustic signals of Direct Current 
motor  

Direct Current motor had following operation 
parameters: PN = 13 kW, UN = 75 V, IN  = 200 A, UfN = 220 
V, IfN  = 4 A, nN = 700 rpm. It was assumed that each group 
of three loop rotor coils is shorted through resistance Rbz = 
7.7 mΩ. Direct Current motor connected with external 
resistance produced the load torque. The additional 
resistance was used in short-circuit to avoid damage of 
rotor winding. Investigations were conducted for acoustic 
signal of faultless Direct Current motor and acoustic signal 
of Direct Current motor with shorted rotor coils.  

Pattern creation process was conducted for 10 one-
second samples. 60 new one-second samples were used in 
identification process. Efficiency of acoustic signal 
recognition was defined as: 
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where: E – efficiency of acoustic signal recognition, N1 – 
number of correctly identified samples, N – number of all 
samples.  

 
 

 
Fig. 4. Efficiency of acoustic signal recognition of Direct Current 
motor depending on k parameter 
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Studies have been conducted in a room without any 
interferences, and other failures. Figure 4 shows efficiency 
of acoustic signal recognition of Direct Current motor 
depending on k parameter. The best results were obtained 
for k=1 and k=5. The efficiency of acoustic signal 
recognition of faultless Direct Current motor was contained 
in the range of 93.3-96.7%. The efficiency of acoustic signal 
recognition of Direct Current motor with shorted rotor coils 
was 83.3%. 
 
Conclusions 

This paper proposes an automatic fault diagnostics for 
Direct Current motor. This diagnostics is based on patterns 
recognition of acoustic signals. Techniques of feature 
extraction and classification were used. Reflection 
coefficients were used to extract features. K-Nearest 
Neighbor classifier was applied to classify feature vectors. 
The researches and obtained results prove the 
effectiveness of the proposed method of diagnosis of a 
Direct Current motor. Efficiency of acoustic signal 
recognition of Direct Current motor was contained in the 
range of 83.3-96.7%. The experimental implementation of 
the diagnostic method provides new and efficient means of 
monitoring of electrical equipment.  
 

ACKNOWLEDGMENTS 
The research has been partly supported by AGH University 
of Science and Technology, grant nr 11.11.120.612 (Adam 
Głowacz). 
The research has been partly supported by AGH University 
of Science and Technology, grant nr 11.11.120.815 (Witold 
Głowacz). 
 

REFERENCES 
[1] Dumitru Negrea M., Electromagnetic Flux Monitoring for 

Detecting Faults in Electrical Machines, PhD. Dissertation, 
Helsinki University of Technology, 2006 

[2] Suliga M., The Influence of the High Drawing Speed on 
Mechanical-Technological Properties of High Carbon Steel 
Wires, Archives of Metallurgy and Materials, Vol. 56, Issue 
3/2011, pp. 823-828 

[3] Żaba K., The Influence of Temperature and Time of Exhibition 
on a Change of Al-Si Coating Thickness and Surface Texture 
on the Steel Plates, Archives of Metallurgy and Materials, 
Volume 55, Issue 1/2010, pp. 151-160 

[4] Derlecki S., Kuśmierek Z., Dems M., Szulakowski J., 
Właściwości materiałów magnetycznych i ich wpływ na 
konstrukcję maszyn elektrycznych, Przegląd 
Elektrotechniczny (Electrical Review), Vol. 86, n. 4/2010, pp. 
83-86 

[5] Madej M., The Tribological Properties of High Speed Steel 
based Composites, Archives of Metallurgy and Materials, 
Volume 55, Issue 1/2010, pp. 61-68 

[6] Gutten M., Jurcik J., Brandt M., Polansky R., Mechanical 
effects of short-circuit currents analysis on autotransformer 
windings, Przegląd Elektrotechniczny (Electrical Review), n. 
7/2011, pp. 272-275 

[7] Kudelcik J.,Gutten M., Virdzek P., Measurement of electrical 
parameters of breakdown in transformer oil, Przegląd 
Elektrotechniczny (Electrical Review), n. 8/2011, pp. 159-162 

[8] Głowacz Z., Automatic Recognition of Armature Current of DC 
Motor with Application of FFT and GSDM, Archives of 
Metallurgy and Materials, Vol. 56, Issue 1/2011, pp. 25-30 

[9] Kurek J., Osowski S., Diagnostic feature selection for efficient 
recognition of different faults of rotor bars in the induction 
machine, Przegląd Elektrotechniczny (Electrical Review), Vol. 
86, n. 1/2010, pp. 121–123 

[10] Sułowicz M., Borkowski D., Węgiel T., Weinreb K., Specialized 
diagnostic system for induction motor, Przegląd 
Elektrotechniczny (Electrical Review), Vol. 86, n. 4/2010, pp. 
285-291 

[11] Sapiński B., Matras A., Krupa S., Analiza generatora z 
magnesami trwałymi i cewką z uzwojeniem foliowym dla 
tłumika MR przy okresowych wymuszeniach kinematycznych, 
Przegląd Elektrotechniczny (Electrical Review), Vol. 86, n. 
4/2010, pp. 280-284 

[12] Głowacz Z., Zdrojewski A., Analiza spektralna sygnałów 
silnika komutatorowego prądu stałego zasilanego ze źródła 
napięcia stałego, Przegląd Elektrotechniczny (Electrical 
Review); 82 (2006) n. 11, 76–79 

[13] Niedziejko P., Dobrowolski A., Krysowaty I., Współczesne 
metody analizy dźwięku serca, Przegląd Elektrotechniczny 
(Electrical Review), n. 9a/2011, pp. 1-7 

[14] The MARF Development Group, Modular Audio Recognition 
Framework v.0.3.0-devel-20050606 and its Applications, 
Application note, Montreal, Quebec, Canada, 2005 

[15] Głowacz A., Diagnostyka maszyny prądu stałego oparta na 
rozpoznawaniu dźwięku z zastosowaniem LPC i GSDM, 
Przegląd Elektrotechniczny (Electrical Review), Vol. 86, No. 
6/2010, pp. 243-246 

[16] Itakura F., Line spectrum representation of linear predictive 
coefficients of speech signals, Journal of the Acoustical 
Society of America, 57(1), 35, 1975 

[17] Zhu X. and Wyse L., Sound Texture Modelling and Time-
Frequency LPC, Proc. 7th International Conference on Digital 
Audio Effects, Naples, Italy, 2004, pp. 345–349 

[18] http://www.mathworks.com 
[19] Szczebiot R., Cieślik S., Application of genetic algorithm for 

optimal placement of wind generators in the MV power grid, 
Przegląd Elektrotechniczny (Electrical Review), n. 3/2011, pp. 
198-200 

[20] Skrzat A., Fuzzy Logic Application to Strain-Stress Analysis in 
Selected Elastic-Plastic Material Models, Archives of 
Metallurgy and Materials, Vol. 56, Issue 2/2011, pp. 559-568 

[21] Pietrowski W., Application of Radial Basis Neural Network to 
diagnostics of induction motor stator faults using axial flux, 
Przegląd Elektrotechniczny (Electrical Review), n. 6/2011, 
pp.190-192 

[22] Glavas Z., Unikic F., Lisjak D., The Prediction of the 
Microstructure Constituents of Spheroidal Graphite Cast Iron 
by Using Thermal Analysis and Artificial Neural Networks, 
Archives of Metallurgy and Materials, Volume 55, Issue 
1/2010, pp. 213-220 

[23] Gomółka Z., Kwiatkowski B., Pękala R., Bezinwazyjna 
diagnostyka uzwojeń magnesujących przy użyciu sztucznych 
sieci neuronowych, Przegląd Elektrotechniczny (Electrical 
Review), n. 8/2011, pp. 66-69 

[24] Mahdiyeh Eslami, Hussain Shareef, Azah Mohamed: 
Application of artificial intelligent techniques in PSS design: a 
survey of the state-of-the-art methods, Przegląd 
Elektrotechniczny (Electrical Review), n. 4/2011, pp. 188-197 

 
Authors: 
mgr inż. Adam Głowacz, AGH Akademia Górniczo-Hutnicza, 
Wydział Elektrotechniki, Automatyki, Informatyki i Elektroniki, 
Katedra Automatyki, al. Mickiewicza 30, 30-059 Kraków, E-mail: 
adglow@agh.edu.pl;  
mgr inż. Witold Głowacz, AGH Akademia Górniczo-Hutnicza, 
Wydział Elektrotechniki, Automatyki, Informatyki i Elektroniki, 
Katedra Automatyki, al. Mickiewicza 30, 30-059 Kraków, E-mail: 
wglowacz@agh.edu.pl. 
 

 



<<
  /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 1.50000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /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 <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


