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ESTIMATION OF MATERIALS MICROSTRUCTURE PARAMETERS
USING COMPUTER PROGRAM SigmaScan Pro

List of symbols:

S — area of the object
L — perimeter of the object
l,.x — maximal overall dimensions of the object (distance between the most distant
points of the object)
lin — minimal overall dimensions of the object (perpendicular line to [, and such that
the rectangle achieved comprises the object)
L, — maximal diameter of the object horizontally
Ly, — maximal diameter of the object vertically
— minimal distance of the contour from the center of mass of the object
R, — maximal distance of the contour from the center of mass of the object
r; — distance of the object pixel from the center of mass of the object
[; — minimal distance of the pixel from the object contour
d; — distance of pixels from the center of mass
n — amount of pixels of the contour
i — pixels number of the object

1. INTRODUCTION

Image analysis consists generally in morphological, geometrical and arithmetical
transformations of the image to make it measurable in a specified way, and then consists in
measurement of values of our interest. Opportunities for transformations of the image and
for measurements depend on software applied.
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There is a plenty of very good and advanced image analysis software. One of such
programs is SigmaScan Pro (SPSS ScienceTM) [1] that can be used for analysis in scope of
quantitative metallography. The characteristic of SigmaScan Pro program as well as the
assessment of its potential regarding measurements of microstructure of metals and alloys
have been already presented by the authors in previous works [2—4] and also in other
publication [5].

The results of subsequent tests within the range of application of SigmaScan Pro
to measure a single phase granular microstructure, a dispersed microstructure and micro-
structures of complex morphology formed during the cementite spheroidization process in
pearlite are presented in this paper.

2. SINGLE PHASE MICROSTRUCTURE

The measurement possibilities of SigmaScan Pro regarding a single phase microstruc-
ture will be presented on the example of size and homogeneity of an austenite grain assess-
ment for 40Cr7 steel (0.4% C, 1.8% Cr, 0.08% V, 0.06% Al and 0.036% N). Specimens of
steel were heated at 900°C and 1200°C for 40 min. and quenched in water. Examples of
microstructures of steel with revealed grain boundaries of austenite existing at austenitising
temperatures are shown in Figure 1.

a)

Fig. 1. Microstructure of 40Cr7 steel with revealed austenite grain boundaries after austenitising at
the temperatures: a) 900°C; b) 1200°C

At the austenitising temperature 900°C the austenite grains are small and uniform
(Fig. 1a) whilst at 1200°C an abnormal grains growth occurred (Fig. 1b).

The image preparation for measurement (intensity calibration, distance calibration
etc.) has been presented in details by Stasko and Adrian [6]. For each variant regarding an
austenitising temperature the grain chords length has been measured using a semi-automatic
method [3, 6]. Quantitative analysis of the microstructure were carried out to determine:
the mean grain chords length [, the standard deviation of chords length s(/), and the hetero-
geneity coefficient v defined as the ratio s(/)//. The results of the analysis of obtained date
are presented in Table 1.
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Table 1. Results of statistical analysis of austenite grains chords length (z-number of grains measured)

T,°C n I, um s(0). tm v
900 645 5.64 3.31 0.59
1200 846 30.86 41.24 1.34

Presented data show high value of heterogeneity coefficient, for austenite chords
lengths at 1200°C (v = 1.34), in comparison with 900°C (v = 0.59). Cumulative curves for
chord lengths and linear fraction of L; of chord lengths were calculated. Results of analysis
are presented in Figure 2.
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Fig. 2. Cumulative curves for chords lengths and linear fractions chord lengths of austenite grains at
temperatures of 900 and 1200°C

It is worthy emphasizing significant difference in cumulative curves for chords length /,
and linear fraction of L;. In case when austenite grains size is uniform, (7' = 900°C) there
is practically no difference between both curves. When austenite grains size is nonuniform
(T = 1200°C) both curves are quite different. Cumulative curve for L; is more practical,
because on the base of this curve there is available information what fraction of grains is for
specific size. For example in specimen heated at 1200°C number of austenite grains with
chord lengths, [ > 100 pum is 8%, whilst their fraction is 35%.

3. DISPERSED MICROSTRUCTURE

The investigations have been carried out for Fe-0,67% C carbon steel. A dispersed
microstructure achieved by the cementite coarsening (the annealing at 700°C / 150 h) has
been assessed quantitatively (Fig. 3). The preparation of image for measurements (intensity
calibration, distance calibration, morphologic transformations etc.) was according to the
previously presented way [4]. In case of particle distribution construction, special attention
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should be given to particle sections cut through the edge of a particle image. In order to
assure a correctness of the measurement a ,protective frame” technique has been used.
Position of each object of the image (of section of a particle) is defined by its center of mass;
only the objects for which the center of mass is inside the “protective frame” are taken for
measurement [7].

Generally, n = 1215 measurements of diameters of particles sections have been execut-
ed (Fig. 4). Test of goodness of fit (X2 Pearson test) was performed in order to compare
empirical and theoretical distributions (using Statgraphics 5.1). It was stated that diameters
of cementite particles sections are subject to the Weibull distribution (significance level
o = 0,05; p-value = 0.415).
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Fig. 3. Dispersed microstructure, Fig. 4. Histogram of particles sections diameters

Fe-0.67%C steel approximated with Weibull distribution

4. MICROSTRUCTURES ACCOMPANYING SPHEROIDIZATION
OF CEMENTITE IN PEARLITE

Characteristic of image objects regarding shape

Describing a microstructure it is often necessary to consider also the shape of objects.
To describe the shape quantitatively shape factors can be used. To determine them we apply
results of direct measurements of the image (area, perimeter, center of mass coordina-
tes etc.).

The rules of construction of shape factors are very diversified. Ones refer a real object
shape to a certain standard (e.g. to a circle), others have quite empiric character [7, 8]. How-
ever, apart from the construction method, the shape factors should be independent on
change of the object position, its orientation and size. Various factors fulfill those expecta-
tions in a different level. Information about shape contained in one number which is a deter-
mined shape factor — regarding to real state — has always synthetic and reduced character.
Nevertheless, such a method of shape description is very useful in practice, as it enables
identification of the object class determined in advance, determination of a similarity of
unidentified object for particular identified classes, description of shape object changes
resulting from processes proceeded (e.g. spheroidization) etc. [8].
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SigmaScan Pro program offers three parameters destined to describe a shape, as
follows:

— Shape factor, calculates how circular an object is. A perfect circle has a shape factor
of 1, and a line has a shape factor approaching 0,

4rS
Shape Factor = —— ey
LZ
— Compactness factor; in case of a circle it is 4, it can be a good elongation measure,
2

Compactness = 5 )

— Feret diameter, calculates the diameter of a fictitious circular object that has the same
area as the object being measured, it depends on a size of the object,

Feret Diameter =, fﬁ €©))
b

Three factors mentioned above have been used for the quantitative description
of microstructures achieved from spheroidizing annealing of the Fe-0,7% C alloy during
50 and 800 hours (Fig. 5).

) Wy W22 22 oming WU T 0907 .0 0p°
wi\aln' “ZZEZ =5 PG oy 4
W A S /%0 e 0 /
v ‘ﬂ\'\\.tf%////’éj iy & oo g ///y& Yo
(RIS~ e "Wy 79 % 7
Wi MEZZ = 220 (o 2% 4
N A 8 i LA p
Wi 2 26 1 vy % P S
“.\l'\\w“.o_w,’/’/',/' BT = 259 M'/// ”’,/ 10 um
Wil e o 5 “000 0
N CZ=Z22= 7 -~ LY/ /A WL R

Fig. 5. Microstructures of steels annealed at temperature 700°C during: a) 50 hours; b) 800 hours

The list of the shape factors most often applied in image analysis is presented in Table 2.

As result of cementite spheroidization in pearlite of eutectoid steel some very complex
microstructures come into being (Fig. 5). Besides the areas where spheroidization took
place, there are also others observed in which are well kept plates or all colonies of lamellar
pearlite. There was the attempt of quantitative description of such a microstructure type
with the help of shape factors.
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Table 2. List of selected shape factors [7, §]

Malinowska Factor

Factor Formula Remarks/comment
I It assumes a small value for elongated objects, is
Feret Factor Rp ‘Li characterized by a large variability. It is easy to
v calculate, but susceptible to a change of scale
It is characterized by a medium range of values, its
L

values are larger for objects of elongated shape. It
does not show a big influence on a scale changes
and a figure turn

Circulation Factor (1)
(in SigmaScan Pro

It calculates the diameter of a fictitious circular
object that has the same area as the object being

Compactness Factor

Compactness = 5

it corresponds Re1 = 8 measured. It depends strongly on the object size;
to a parameter T it does not differentiate shapes of the objects.
of Feret Diameter) (accessible in SigmaScan Pro)
It determines a diameter of the circle with a pe-
. . L rimeter equal to the perimeter of the object ana-
Rop ==
Circulation Factor 7 x lyzed; it depends strongly on the object size; it does
not differentiate shapes of the objects
2 Its values are larger for objects of elongated shape

(for a circle =4m).
(accessible in SigmaScan Pro)

For a circle =1, for a line =0.

Danielsson Factor

4mS
Shape Factor = ——
Shape Factors I? (accessible in SigmaScan Pro)
7 min It reflects well circulation of the object; for a circle
Lpl Lp, = .
R max it is one
I For figures with a very “jerked” edge the factor will
Lp, Lpy= % be of a low value; for regular figures it reflects well
an elongation of the object
I Lps= Imax For regular figures it reflects well an elongation of
P3 T lnin the object
R S It d t sh h by the ch f scale and
.o B = oes not show changes by the change of s
- 2 . :
Blair-Bliss Factor 2myr; the turn of the object examined
i
$ It is characterized by a large range of variability;
Rp = it is neither too resistant to a scale change nor the

object turn; time for the factor calculation is tens
times longer than in case of other factors

Haralick Factor

It is characterized by a very low variability range;
it is not being deformed either through a shape
change or an object turn
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Preparation of the image for measurement was according to the previously presented
way [4]. As the aim of the analysis is not a distribution of particle sizes, it was unnecessary
to use procedure of the ,,protective frame” (like in the case of a dispersed structure). It was
sufficient to apply a procedure of deleting edge objects, i.e. only those particles are taken
into account that are fully included in the image. Accessible in SigmaScan shape factors of
the analyzed microstructure have been determined. The values of those factors and their
distributions (Tab. 3, Fig. 6) depend on a degree of progress of the spheroidization process.

Table 3. Changes of average values of shape factors together with spheroidizing
annealing time

Annealing Shape Factor Compactness Feret Diameter (3)
time, h (@) (@) um
50 0.47 49.58 0.46
800 0.57 27.16 0.87
a) b)
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Fig. 6. Comparison of Shape Factor distributions of the microstructure after 50 and 800 hours of
annealing: a) histograms, b) Box and Whisker plots

5. SUMMARY

The analysis made in this and previous works [2—4] is the proof for rich measurement
possibilities of SigmaScan Pro relating to microstructures of metals and alloys. The set of
tools offered by the program for preparation of the image for measurement, built-in calcula-
tion sheet, friendly interface, acceptable equipment requirements etc. enables a number of
application in range of quantitative microstructure analysis.

The financial support from the Polish Ministry of Science and Higher Education, con-
tract no. 11.11.110.405 is gratefully acknowledged.

39



(1]

[2]

(3]

(4]

[5]

[6]

[7]

(8]

REFERENCES

Fox E., Ulrich C.G.: SigmaScan Image Measurement Software. User’s Manual, 1995

Matusiewicz P, Czarski A.: Stereologia fazy dyspersyjnej z wykorzystaniem mozliwosci pomiarowych
SigmaScan“Pro. XXX Szkota Inzynierii Materiatowej, Krakow — Ustron Jaszowiec 1-4 X 2002, p. 199-203

Matusiewicz P, Wegrzyn M., Czarski A.: Stereologia mikrostruktury jednofazowej z wykorzystaniem
mozliwosci pomiarowych SigmaScan®Pro. XXXI Szkota Inzynierii Materiatowej, Krakéw — Krynica 7-10 X
2003, p. 143-146

Matusiewicz P., Czarski A., Adrian H.: Quantitative microstructure analysis with SigmaScan Pro. 9th Euro-
pean Congress on Stereology and Image Analysis and 7th International Conference on Stereology and Ima-
ge Analysis in Materials Science STERMAT, Zakopane, 10-13 V, 2005, p. 131-138

Stasko R., Adrian H.: Wptyw mikrododatkow V+Al i V+Ti na wielko$¢ ziarna austenitu stali 40H2G
z podwyzszona zawarto$cia azotu. XXXII Szkota Inzynierii Materiatowej, Krakow — Krynica 28 IX-10 X
2004, p. 171-178

Stasko R., Adrian H.: Zastosowanie programu SigmaScan Pro 5 do ilo§ciowej analizy mikrostruktury meta-
li. Problemy wspotczesnej techniki w aspekeie inzynierii i edukacji. Krakow — Biatka Tatrzanska 16-18 XI
2005, p. 223-228

Wojnar L., Kurzydtowski J.K., Szala J.: Praktyka analizy obrazu. Polskie Towarzystwo Stereologiczne,
Krakow, 2002

Tadeusiewicz R., Korohoda P.: Komputerowa analiza i przetwarzanie obrazéw. Wydawnictwo Fundacji
Postepu Telekomunikacji, Krakow, 1997

Received
June 2007




<<
  /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
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


