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Abstract

Quantitative analysis of the structure of metals and alloys is an important part of modern metal science.
To obtain quantitative data and build dependencies, metallographic image processing programs are used,
oriented both for scientific research and for use in industry. Programs capable of automatically perform-
ing metallographic analysis are of great interest to consumers. When advertising such programs, it is often
claimed that they allow quantitative analysis of the structure with virtually no time. The purpose of this
work was to determine the time spent on quantitative metallographic analysis in some image processing
programs presented on the Belarusian market. Connected and unconnected metallographic objects were con-
sidered. It is shown that automatic quantitative analysis is possible for unconnected objects (powders, cast
iron graphite). The time required is within a minute. For connected objects (structures of metals and alloys
after metallographic etching), the time required to detect objects and obtain digital data is 10—40 min or more,
depending on the complexity of the object, which is unacceptable for factory laboratories that analyze a
large number of samples per shift. Therefore, it is recommended that potential users of metallographic image
processing software always require a substantive demonstration of the automatic measurement capabilities
of the proposed software.
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KonnuecTBeHHbIN aHAMN3 CTPYKTYphl METAJIOB M CIUIABOB SIBJISIETCS BA)KHOW 4YacTbIO COBPEMEH-
HOT0 MeTajuloBeieHus. [l moyyeHusl KOJINYECTBEHHBIX JAAHHBIX U MOCTPOEHUS 3aBUCUMOCTEH HCIOJb-
3yI0TCS MeTamorpaduuecKiue mporpaMmMbl 00pabOTKH N300paKeHNH, OpUEHTUPOBAHHBIC KaK HAa Hay4HBIC
WCCIIeIOBAaHMUs, TaK M JUIsl UCIIOJIB30BaHUS B MPOMBIIIJICHHOCTH. BobIoil HHTEpeC y MOTpeOuTeNs BbI3bI-
BAaIOT MPOTPaMMBbI, CIIOCOOHBIE aBTOMATHYECKH MPOBOJWTH MeTamorpaduueckuii ananus. [Ipu pekname
TaKUX IPOTpaMM 3a4acTyl0 YTBEPKJAEeTCs, YTO OHM MO3BOJIIOT MPOBECTH KOJIMYECTBEHHBIN aHAIN3 CTPYK-
TypBI IIpaKTHYeCcKHu Oe3 3aTpaT BpeMeHH. Llenbio qaHHOM paboTHI SBISUIOCH ONPEe/ICHHE 3aTpaT BPEMEHH
Ha KOJMYECTBEHHBIH MeTaliorpaQuuecKuii aHalu3 B HEKOTOPBIX Mporpammax 00paOOTKH H300pakeHHH,
MpeACTaBICHHBIX Ha OEOPYCCKOM pbIHKE. PaccmarpuBaimuch CBA3aHHBIE M HECBA3aHHBIC MeTaIorpagu-
yeckne o0beKThl. [loka3aHo, 4To A7 HECBA3aHHBIX OOBEKTOB (MOPOLIKH, IpadUT UyryHa) BOBMOXKEH aB-
TOMAaTHYECKUI KOJIMYECTBEHHBIM aHaNu3; 3aTpaThl BPEMEHHU MPU 3TOM COCTABJISIIOT B Mpejaeraax MHHYTHI.
st cBA3aHHBIX OOBEKTOB (CTPYKTYPBI METAJUIOB M CIUIABOB MOCJIE METAILIOrpaguIeckoro TpaBjiIeHus ) 3a-
TpaThl BpEMEHU Ha OOHapyKeHHE OOBEKTOB M MOJyueHHE HU(PPOBBIX JaHHBIX cocTaBisitoT 10—40 MuH n
OoJiee B 3aBUCUMOCTH OT CJIO)KHOCTH OOBEKTa, YTO HEMPHEMIIEMO JUIsl 3aBOJICKUX JIaOOPaTOPHid, KOTOpPBIE
AHATM3UPYIOT OOJBIIOE KOJIMYECTBO 00pa3loB 3a cMeHy. [103TOMy MOTEHUIHUATBHBIM TOTPEOUTENSIM TPO-
rpaMMm 00paboTKu MeTautorpaguyeckux M300paKeHUH pEeKOMEHAyeTcs Bcerga TpeboBaThb MpeaMeTHON
JIEMOHCTPALMF BO3MOXHOCTH aBTOMAaTHYECKUX U3MEPEHHI TIpeAaraeMoro mporpaMMHOTo 00ecreueHHs.
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Introduction

Quantitative imaging of microstructures is an
important part of modern materials science. It allows
the linear dimensions and areas of structural units to
be measured and, based on this, various dependen-
cies to be established, graphs to be created, etc. In
the past, quantitative metallography was based on
manual measurements, which has been the subject
of extensive research. In some cases, where pos-
sible, analogue equipment was used [1], which is
still prescribed in the standards in force, in particular
GOST 21073.4-75 "Non-ferrous metals. Determina-
tion of grain size by the planimetric method".

At present, there are numerous image process-
ing programs that automate the work of a metallur-
gist and provide ample opportunities for quantita-
tive materials science. Metallurgical laboratories are
equipped with metallographic complexes for ana-
lyzing the structure of metals and alloys, of which
computer analysis tools are an important part [2].
At the same time, any possibility that allows to au-
tomate the work of the operator and to minimize
the influence of the human factor in the analysis of
the structure of metals and alloys is very attractive.
Therefore, development in this direction is quite
active [3], not only in materials science, but also
in other branches of sciences [4]. Quantitative pa-
rameters of microstructure, such as grain size, can
also be obtained by methods based on other prin-
ciples, in particular electron backscatter diffraction
(EBSD) [5].

Not only is the number of software products
increasing, but the number of companies and inter-
mediaries involved in selling them is also growing.
Various organizations, especially factories, are of-
fered to purchase programs for quantitative metallo-
graphic analysis of the structure. At the same time,
it is claimed that the software allows automatic pro-
cessing of images of structures and obtaining results
in a minimum of time. After the purchase of such
software, it is often the case that the claimed automa-
tion is not true.

The purpose of this work was to determine the
time spent on quantitative metallographic analysis in
some image processing programs presented on the
Belarusian market.

Materials and methods of experiment

Scale image No. 4 according to GOST 5639-82
"Steels and alloys. Methods of detecting and deter-

mining grain size", as well as images of microstruc-
tures of high strength cast iron and carbon steel and
photographs of structures obtained by scanning elec-
tron microscopy were selected as objects of study.

A metallographic complex based on an MI-1
inverted metallographic microscope was used for
photography and quantitative processing. The image
was captured using a video camera with output to
a personal computer monitor. Image processing
was carried out using the IMAGE-SP program [6],
which allows to measure the area, minimum and
maximum diameter, length, width and average grain
size, as well as some other parameters. The program
was calibrated using a certified object micrometer
(GOST 7513-55). The illustrations available on the
Internet for the STAMS 700 program [7] are also in-
cluded in the consideration. Both programs — SIAMS
and IMAGE-SP — belong to reliable software tradi-
tionally offered for purchase as part of metallograph-
ic complexes for studying the structure of metals and
alloys.

Main part

In order to take measurements in any image pro-
cessing program, the program must specify which
objects are to be processed. To do this, these objects
must be detected and painted in conditional colors
(creating a so-called mask) according to their size.
Detection is done by selecting parts of the image and
adjusting the brightness range.

When studying so-called unconnected objects,
it is possible to automatically detect objects for
analysis [8]. Examples of such objects are powders,
chemical crystals, granules and so on, i.e. a set of
objects in the field of view of a microscope, each of
which can be considered as an individual object. For
them, the position of some structural elements in re-
lation to others is not important; only their presence,
quantity, size and distribution in space are of inter-
est. Unconnected objects can be quantitatively ana-
lyzed in image processing programs in a minimum of
time [9]. Figure 1 shows an example of unconnected
objects (commercial diamond crystals) for which the
dimensions were measured in an image processing
program. The object detection is almost automatic
because the objects and the substrate (slide) differ
significantly in brightness. In principle, an image of
such an object obtained in a bright or dark field can
be considered as binarized, which does not require
any additional processing for quantitative process-
ing. Figure 1 shows the "mask" after the "object de-
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tection" operation; objects that fall within a certain
dimensional interval are painted with a certain color
and are taken into account in the table (on the right in
Figure 1), which shows their linear dimensions, area

and some functions derived from them (perimeter,
conditional diameter, shape factor, etc.). The analy-
sis was carried out "in a few mouse clicks" and the
time required was minimal.

LIS

UM [ MAG.:-1; HV:0; 3B:0;

Bl Patsancysis :BUFFER1[1]- IMAGEos — O SN
| Coloring | Results J
=}
BOGE BE & 8
Parameters Buffer Number Area, % |
M List_ 0 1IMAGEOS 33 7,33
< > |
TP EEE LT ERBa
Parts | Distribution |
| P Min.diameter Max.diameter Perimeter o
65,14 68,66 210,85 61,26
6514 68,66 22578 61,07
59,86 66,9 208,11 60,16
581 73,94 203,45 59,56
6338 63,38 200,77 59,5
6338 63,38 203,01 588
581 65,14 210,05 57 44
56,34 581 191,71 5661
**** 56,34 59,86 181,27 56,05

Figure 1 — Detection of unconnected objects (diamond crystals) in an image processing program

The same applies to the possibility of measur-
ing the size of graphite inclusions in gray cast iron
(Figure 2a), if the section is not etched to the micro-
structure. Due to the large difference in brightness
between graphite and the metal matrix, graphite

_ ol

BUFFERT1 [1] 100% - 2a

inclusions can be considered unconnected objects.
The image in Figure 2a is presented with a blue mask
already applied. The convenience of detecting such
objects makes it possible to create industry-oriented
image processing programs [10].

BUFFER1 [2] 100% - 2aT(1)

M <
MAG. :0; HV:0; 3B:0;

Figure 2 — Detection of unconnected () and connected (b) objects (iron graphite) in an image processing program

The situation changes radically when metallo-
graphic etching is performed. For connected objects,
their position relative to each other and how they
change within the sample is important. In metallog-
raphy, connected objects are the structures of mul-

tiphase alloys, single-phase materials with a grain
structure, etc. In particular, inclusions of graphite in
gray cast iron on a thin section after etching can only
be considered connected objects (Figure 2b). There-
fore, analysis of the structure in automatic mode is
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not possible since other details of the image (in this
case, pearlite) are also recognized by the computer
program as separate objects simultaneously with
graphite. Such an image has to be corrected manu-
ally. The time required for such work is 10-30 min,
which is not sufficient for the factory laboratory,
where hundreds of structures are analyzed per shift.
Real images of the structure are always imper-
fect. A fairly good image of the structure of Steel 3
is shown in Figure 3. The image contains relatively
few defects and the etching shows the structure well
for qualitative analysis. However, the brightness
of the image is uneven and there are areas where
the grain boundaries are not sufficiently devel-
oped by the etchant. These seemingly minor im-
perfections do not allow automatic grain selection.
The stages of image selection are shown in Figure 4

=T )

BUFFER1 [2] 100% - image02(1)

e

M <

um | MAG.:0; HV:0; 3B:0;

® £ X

as the colouring is changed in different bright-
ness ranges. The left, brightest part of the image is
painted first. The grain boundaries are not coloured
and the grains are not fully coloured. On further
attempts to colour all the grains on the left side of
the image, the grains merge with the boundaries
to form a single object, and on the right side, the
grains are separated by the boundaries but are not
fully coloured. The best result for object selection is
shown in Figure 5a. In practice, there are two objects
in the image: red and yellow. "Cutting" into the
grains to get a satisfactory result has to be done man-
ually (Figure 5b). The time required to process the
image was more than 30 min. In such a situation, it is
sometimes quicker to create the image Figure 5 by
manually "outlining" each grain, which is far from
automatic.

_oEd

i Partsanalysiss BUFFER1 [2] - image02(1)
0

Coloring | Results |

5888 |

5632
5376
5120

45664
4608

4352
4096

0 50 100 150 200

‘ Q |:|| Boundary | Area \3 <=value
I:I[ Continuous Diam.[_] 10 <=value<: « | 10

Figure 3 — IMAGE-SP program window, the initial stage of image selection

Figure 4 — Steps in the Object Detection Procedure in IMAGE-SP
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When advertising ordinary software products,
dealers and representatives of development compa-
nies often omit required manual steps. However, in
order to attract a customer, a result similar to that
shown in Figure 5b is usually presented.

i |

Figure 5 — Masks of objects obtained in the image pro-
cessing program: a — automatic execution; b — manual
execution

Image processing software recognizes objects
by their brightness [11]. Black and white (binarized)
images are best suited for this purpose. Figure 6a
shows a black and white image of standard No. 4
GOST 5639-82, for which the "object detection"
operation was performed in the "IMAGE-SP" pro-
gram. Under the condition of ideal image quality (no
"garbage", open grain boundary lines), the detection
of objects (grains) is automatic and the analysis can
be performed "in two clicks". There are, however,
certain peculiarities. The reference structure is indi-
cated by a circle. This used to be done to facilitate
comparison, as we see the structure on a circular field

due to the design of the equipment in the microscope
objective. The grains that are cut off by a circle are
perceived by the program as separate objects. In ad-
dition, although it is technically possible to introduce
the rejection of such objects in automatic mode, it
can be time consuming. The same situation occurs
with any other structure containing, for example,
scratches, which are also perceived by the program
as lines delimiting the object. It should be remem-
bered that the quality of real structures obtained in
the laboratory depends significantly on many factors:
staff qualifications, capabilities of the equipment
used, properties of the sample itself, time allotted for
sample preparation, significance of the results of the
analysis, customer requirements, etc. As a rule, the
quality of the section is neglected as much as pos-
sible in urgent analyses, especially in factory produc-
tion, when the metallographic laboratory must give
an answer within 10-20 min. An example of such a
section is shown in Figure 6. Improvement by any
method is out of the question in this case. In this case,
there is no question of improving it by any methods.

Therefore, we have to admit that the simplest
and most reliable way to determine the grain size is
the comparison method according to GOST 5639-82.
The human eye is quite accurate in determin-
ing whether a structure belongs to a certain value.
An error (or discrepancy) of 1 point declared by
GOST is enough to confirm the correctness of the
results. As a rule, the operator is rarely mistaken in
this case.

When processing images, various filters can be
applied. Here is a partial list: median, white balance,
edge detection, maximum filter, low and high pass
filters, detail enhancement, smoothing, brightness,
differential, etc.

Figure 7 shows some stages of image process-
ing of a single-phase grain structure in the STAMS
700 program [7] using various filters. Despite the
fact that this program is a well-known and reliable
software product, it took 15 steps to restore the grain
boundary mesh, including: local contrast, threshold
segmentation, skeletonization, skeleton decoupling,
fine particle removal, closure, skeletonization, in-
version, transformation , restoration, inversion, clo-
sure, topological skeletonization, masking. Thus,
“automatic” structure analysis requires a certain
amount of time to carry out preparatory operations.
As a result of the processing, each grain of the struc-
ture is marked and ready for measurement [12],
Figure 8.
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Figure 6 — Microstructure standard according to GOST 5639-88, the result of the “object detection” operation (a);
an example of low-quality thin sections; steel 08kp, section, etching (b)

Figure 8 — Images demonstrating the capabilities of the SIAMS 700 program

Direct processing of the image obtained in a  Figure 9 shows the result of identifying objects in
scanning electron microscope also takes a lot of time.  such an image, performed manually within 40 min.
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*¥845 10pm

a

30.0kV x845 10um

Figure 9 — SEM image of the surface of the galvanic coating: a — original; b — with an object detection mask

Measurements of individual objects in the
structure obtained with a scanning microscope (Fig-
ure 10) are not particularly time-consuming and are
often sufficient.

12.0kV x20.0k SE(U)

Figure 10 — Nickel nanoparticles, scanning electron mi-
Croscopy

In [13] the problems of the use of different op-
tions for the processing of a scanning electron micro-
scope image were considered. An automated method
was developed to analyze the shape and size of duc-
tile pits formed during fracture of VT23 and VT23M
titanium alloys. The method is based on the analysis
of the image topology and includes the operations of
smoothing the original fractographic image, convo-
lution with a filter to detect topological ridges, de-
termination of the threshold value with subsequent
skeletonization to identify the boundaries between
the pits, and clustering to isolate connected areas.
Considering the listed sequence of operations, such
image processing also takes a lot of time.

Conclusion

It is noted that the software market offers au-
tomatic data processing programs for quantitative
analysis in metallography.

The possibilities of automatic analysis of con-
nected and unconnected metallographic objects are
considered. It is shown that the time required for
detecting unconnected objects (powders, gray cast
iron graphite) is minimal and can practically be at-
tributed to automatic measurements. The time spent
on data processing for connected objects in some
image processing programs is analyzed. It is shown
that on average the time spent on detecting objects
(grains or phases of metal alloys) is 10—40 minutes,
which is unacceptable for industrial metallographic
laboratories.

Potential users of image processing software are
encouraged to always request a substantive demon-
stration of the automatic measurement capabilities of
the offered software.

Acknowledgments

The work was supported by the Belarusian Re-
publican Foundation for Fundamental Research,
project no. T23MN-003.

References

1. Planimeter. Russian Academy of Sciences, Sibe-
rian Branch. Target program "Electronic Library of the
Siberian Branch of the Russian Academy of Sciences".
[Electronic Resource]. Available from: http://www.nsc.ru/
win/elbib/data/publ cat/412.pdf [Accessed 05.27.2023].

221



Tpubopwvr u memoowl usmepeHul
2023.—T. 14, Ve 3. - C. 214-222
Anna Anisovich et al.

Devices and Methods of Measurements
2023, vol. 14, no. 3, pp. 214-222
Anna Anisovich et al.

2. Anisovich AG. Measurement of Steel Structure
Elements in the Specialized Module of the IMAGE-SP
Image Processing Software. Pribory i metody izmereniy =
Devices and Methods of Measurements. 2020;11(4):279-
288. DOI: 10.21122/2220-9506-2020-11-4-279-288

3. Jastrzebska I, Piwowarczyk A. Traditional vs.
Automated Computer Image Analysis — A Compara-
tive Assessment of Use for Analysis of Digital SEM Im-
ages of High-Temperature Ceramic Material. Materials.
2023;(16):812. DOI: 10.3390/mal6020812

4. Arthur Francisco Aratjo Fernandes, Jodo Ricardo
Rebougas Doreal, Guilherme Jordao de Magalhaes Rosa.
Image Analysis and Computer Vision Applications in Ani-
mal Sciences: An Overview. Front. Vet. Sci., Sec. Live-
stock Genomics. 2020;7. DOI: 10.3389/fvets.2020.551269

5. Lutchenko NA, Arbuz AS, Kavalek AA, Panin EA,
Popov FE, Magzhanov MK. Study of the influence of
large shear deformations and vortex flow of metal on the
formation of an equiaxed ultrafine-grained structure of the
E110 zirconium alloy using the XRP method. Casting and
metallurgy. 2023;(1):128-134.

DOI: 10.21122/1683-6065-2023-1-128-134

6. UP SYSPROG. [Electronic Resource]. Available

from: https://sys-prog.com. [Accessed 05/29/2023].

7. SIAMS. [Electronic Resource]. Available from:
https://siams.com/siams700/ [Accessed 05/28/2023].

8. Panteleev VG, Egorova OV, Klykova EI. Com-
puter microscopy. M.: Tekhnosphere Publishing; 2005.
304 p.

9. Anisovich AG. Possibilities of using dark-field il-
lumination for the analysis of unrelated objects. Casting
and metallurgy. 2013;69(1):116-122.

10. Sachek OA, Chichko AN, Likhousov SG, Maty-
ushinets TV, Chichko OI. Parameterization of images of
microstructures of cast iron with nodular graphite based
on the density function of graphite distribution by inclu-
sion sizes. Casting and metallurgy. 2017;86(1):50-58.

11. Gonzalez R, Woods R. Digital image processing.
M.: Tekhnosphere Publishing; 2005. 1072 p.

12. pharma [Electronic Resource]. Available from:
https://pharma-se.ru/products/sistemy-analiza-izo-
brazheniy/sistema-analiza izobrazheniy-siams-700 [Ac-
cessed 05/28/2023].

13. Konovalenko I, Maruschak P, Prentkovskis O.
Automated Method for Fractographic Analysis of Shape
and Size of Dimples on Fracture Surface of High-Strength
Titanium Alloys. Metals. 2018;8(3):161.

DOI: 10.3390/met8030161

222



