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Abstract 
Introduction. Modern materials require a deep understanding of their structure in order to predict their performance 
properties. However, the use of various imaging techniques and programs, such as optical and electron microscopy, is 
limited to two-dimensional images, making it difficult to fully analyze the morphology of materials. Despite research in 
this field, there is still a lack of knowledge about the three-dimensional organization of materials, leading to gaps in our 
understanding of how geometry affects the physical properties of composite materials. ImageJ was chosen for this study 
due to its versatility and ability to support multiple formats, simplifying the process of analysis. It also offers powerful 
tools for automated processing and allows users to extract three-dimensional information from two-dimensional images. 
This is crucial for accurately identifying structural components. The current study aims to fill in the missing information 
by analyzing the morphology of a steel ferrite-martensite composite. The aim of the work is to determine the 3D surface 
structure of the composite, which will improve understanding of its performance characteristics and confirm the 
significance of selecting appropriate visualization techniques. 
Materials and Methods. An image of the microstructure of a steel natural ferrite-martensitic composite (NFMC), 
obtained using a Metam PB–22 optical microscope, was chosen as the starting material for analysis. The microstructure 
in question consists of two phases: the light phase being ferrite and the dark phase being martensite. The ImageJ 
program, which has been adapted to various formats of electron microscopic and metallographic images, was used to 
obtain a wide range of geometric characteristics of the surface. 
Results. A study using ImageJ software on the microstructure of a steel ferrite-martensitic composite revealed a 
characteristic lineage structure consisting of a light phase (ferrite) and a dark phase (martensite). Image processing, 
including scaling and segmentation, led to the conversion to black and white format, allowing for clear visualization of 
the boundaries between the phases and the geometric shapes of the particles. The four-parameter Rodbard calibration 
function provided additional data on area, standard deviation, skewness, and kurtosis, making it difficult to analyze the 
structure. As a result, ferrite occupied 40.8% of the area, while martensite occupied 59.2%. The surface profile revealed 
an alternating pattern of misoriented crystals, and the quantitative information allowed for the creation of a clear 3D 
image of the composite surface.  
Discussion. The thickness of grain boundaries in pixels was found to be thinner in this graphic editor than in others, 
which affected the area and, consequently, the amount of light phase. The change in the quantitative ratio of ferrite-
martensite phases was due to the program's ability to suppress image “noise” and more clearly read the unrecognized 
gray phase, with some of it belonging to the light phase and some to the dark phase.  
With the advancement of technology and the increasing demands for strength and wear resistance, understanding the 
microstructure of materials has become crucial for optimizing their properties. The selection of appropriate imaging 
techniques, such as the use of ImageJ software, not only allows for accurate data on phase distribution, but also contributes to 
a more in-depth analysis of mechanical properties such as hardness and corrosion resistance. These aspects are important in 
the context of the development of innovative technologies where reliability and durability are essential factors. 
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Conclusion. The use of the ImageJ software package for visualization in 2D and 3D graphics and qualitative and 
quantitative analysis of the surface morphology of heterogeneous structural states of materials is a convenient, effective 
and informative way to obtain geometric characteristics of particles of structural components. It is also possible to map 
the shape and size of particles. Automation of this process leads to time and resource savings, minimizing the influence 
of subjective factors on results at different stages of analysis. Identification of the 3D surface structure of composites 
helps to deepen our understanding of their operational characteristics, which is crucial in the context of modern 
technological demands. This knowledge allows us to develop new materials with improved properties such as strength, 
wear and corrosion resistance. Furthermore, it enables us to predict how materials will perform in actual conditions. 
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Аннотация 
Введение. Современные материалы требуют глубокого понимания их структуры для прогнозирования эксплуа-
тационных свойств. Применение различных методик и программ для визуализации, таких как оптическая и 
электронная микроскопия, ограничено двумерными изображениями, что затрудняет детальный анализ морфо-
логии. Несмотря на наличие исследований в этой области, существует недостаток в понимании трехмерной 
организационной структуры материалов, что создает пробелы в знании о влиянии геометрии на физические 
свойства композитов. Программа ImageJ была выбрана для данного исследования благодаря своей многофунк-
циональности и поддержке множества форматов, что значительно упрощает анализ. Она также предлагает 
мощные инструменты для автоматизации процессов и позволяет извлекать 3D-информацию из двумерных 
изображений, что критично для точной идентификации структурных компонентов. Настоящее исследование 
направлено на устранение недостающей информации, фокусируясь на анализе морфологии стального феррито-
мартенситного композита. Цель работы — идентификация 3D-структуры поверхности композита, что позволит 
улучшить понимание его эксплуатационных характеристик и подтвердить значимость выбора подходящих ме-
тодов визуализации. 
Материалы и методы. В качестве исходного материала для анализа было выбрано изображение микрострук-
туры стального естественного феррито-мартенситного композита (ЕФМК), полученное на оптическом микро-
скопе Meтам PB–22. Рассматриваемая микроструктура состоит из 2-х фаз, где светлой фазой является феррит, а 
темной — мартенсит. Использовалась программа ImageJ, адаптированная под различные форматы электронно-
микроскопических и металлографических изображений и позволяющая получить широкий набор геометриче-
ских характеристик поверхности.  
Результаты исследования. Исследование с использованием программного обеспечения ImageJ микрострукту-
ры стального феррито-мартенситного композита выявило характерную строчечную структуру, состоящую из 
светлой фазы (феррита) и темной фазы (мартенсита). Обработка изображений, включая масштабирование и 
сегментацию, привела к преобразованию в черно-белый формат, что позволило четко визуализировать границы 
между фазами и геометрические формы частиц. Четырехпараметрическая калибровочная функция Родбарда 
обеспечила дополнительные данные о площади, стандартном отклонении, асимметрии и эксцессе, что затруд-
няет анализ структуры. В результате отмечено 40,8 % площади, занятый ферритом, и 59,2 % — мартенситом. 
Профиль поверхности показывает чередование слоев из разориентированных кристаллов, а количественная 
информация позволила создать четкое 3D-изображение поверхности композита.  
Обсуждение. Измеряемая в пикселях толщина границ зерен оказывается тоньше, чем в других графических редак-
торах, за счёт чего изменяется площадь и соответственно количество светлой фазы. Изменение количественного 
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соотношения фаз «феррит-мартенсит» связано с тем, что в программе подавляется «шум» изображения и нераспо-
знанная серая фаза прочитывается более чётко: часть её относится к светлой фазе, и часть — к тёмной.  
В условиях современных технологий и высоких требований к прочности и износостойкости, понимание микро-
структуры становится ключевым для оптимизации свойств материалов. Выбор подходящих методов визуализа-
ции, таких как применение программного обеспечения ImageJ, не только позволяет получить точные данные о 
распределении фаз, но также способствует более глубокому анализу механических свойств, таких как твердость 
и устойчивость к коррозии. Эти аспекты важны в контексте роста инновационных технологий, где надежность 
и долговечность материалов играют центральную роль. 
Заключение. Применение программного комплекса ImageJ для визуализации в 2D и 3D графике и качественно-
го и количественного анализа морфологии поверхности гетерогенных структурных состояний материалов явля-
ется удобным, эффективным и информативным способом получения геометрических характеристик частиц 
структурных составляющих. Также возможно проведения картирования формы и размеров частиц. Автомати-
зация процесса приводит к экономии затрат времени и ресурсов, минимизирует влияние субъективных факто-
ров на результат на разных этапах проведения анализа. Идентификация 3D-структуры поверхности композита 
помогает углубить знания о его эксплуатационных характеристиках, что крайне актуально в условиях совре-
менных технологических требований. Это понимание позволяет разрабатывать новые материалы, улучшать их 
характеристики, такие как прочность, износостойкость и устойчивость к коррозии, а также предсказывать, как 
материалы будут вести себя в реальных условиях. 

Ключевые слова: ImageJ, композит, мартенсит, профиль поверхности, пиксель, микроструктура, масштаб  

Благодарности. Авторы выражают благодарность редакции и рецензентам за внимательное отношение к 
статье и указанные замечания, которые позволили повысить ее качество. 

Для цитирования. Дука В.В., Арефьева Л.П. Идентификация морфологии поверхности стального естественного 
феррито-мартенситного композита с использованием программного обеспечения ImageJ. Безопасность 
техногенных и природных систем. 2025;9(3):221–229. https://doi.org/10.23947/2541-9129-2025-9-3-221-229 

Introduction. Currently, many techniques and specialized computer programs are actively used in the field of 
materials science, allowing for the expansion of visualization capabilities for material structures through increased 
resolution. This, in turn, increases the likelihood of predicting operational properties. The morphology of the surface, its 
chemical composition, and structural components are key indicators in the study of the structure of materials, as they 
directly influence material properties, behavior, and performance characteristics. Traditional methods for determining 
surface morphology include several techniques that allow for assessing topography, roughness, structure and defects of 
the surface. These include optical microscopy, scanning electron microscopy, transmission electron microscopy, 
profilometry, and others. However, all these methods, despite their widespread use, only allow for the acquisition of 
two-dimensional images. This limits the information that can be obtained about the surface relief formed by the phase 
composition of the material. Additionally, these methods are typically destructive in nature. At the same time, the use of 
software algorithms based on modern digital technologies allows for the extraction of three-dimensional (3D) 
information from two-dimensional images of structures without losing resolution. This also enables efficient storage 
and quick interpretation of 3D images at both micro- and nano-levels. Electronic 3D structural images enhance the 
reliability of morphological organization of the material due to precision detail. This allows for precise estimation of 
geometric dimensions of structural components and local determination of their physical and mechanical properties, 
minimizing errors. When selecting programs for visualizing 3D images, it is essential to consider the goals and 
objectives of the study, as well as the convenience of working with the interface and its functionality. Currently, there is 
a wide range of image processing applications with a diverse set of capabilities. Among the available software packages 
such as Adobe Photoshop [1], Gimp [2], CellProfiler [3], Huygen [4], Leica QWin [5], Gwyddion, ImageJ stands out 
for its versatility, support for multiple formats, flexibility, performance and automation capabilities. These qualities 
make it especially in demand when working with images [6]. The digital image processing method for analyzing the 
surface relief using the ImageJ program allows extracting 3D information from 2D images obtained through optical 
microscopy without losing resolution [7]. This is particularly important for identifying the morphology of composite 
structural components and then interpreting its properties as a whole. In this study, we use the ImageJ software for the 
first time to study a natural ferrite-martensitic composite [8]. The aim of the work is to identify the surface morphology 
of natural steel ferrite-martensitic composite using ImageJ software.  
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Materials and Methods. The object of the study was an image of the microstructure of a natural ferrite-martensitic 
composite obtained using a Metam PB–22 optical microscope [9].  

To obtain additional information about the structural state of NFMC, the ImageJ program was used. It was adapted 
to various formats of electron microscopic and metallographic images [10]. The program allows you to calculate the 
area, length, volume, perimeter, and angular dimensions of the surface of structural components, including statistical 
indicators both in pixel values and in the SI system [11]. In this case, the geometric characteristics were determined as a 
result of sequential mapping of the structure (Fig. 1) with subsequent integration of the entire image area [12]. 

 

Fig. 1. Sequential mapping of the NFMC structure 

The “Set Measurements” option of the program allows users to calculate both total and relative area of particles in 
structural components, as well as their average size [9–12, 13]. The four-parameter Rodbard calibration function, 
according to Equation 1, accurately identifies the shades of black and white by analyzing the pixel intensity along a line 
inside the image and converts a 2D surface into a 3D image [13, 14]. 

 ,
1

b
a by d

x
c

−
= +

 +  
 

 (1) 

where у — function value; х — independent variable; d — maximum function value (upper asymptote); а — minimum 
function value (lower asymptote); b — parameter that determines the slope (steepness) of the curve; с — value at which 
the function takes a value equal to the midpoint between а and d. 

NFMC is a composite material based on hot-rolled pre-eutectoid 14G2 structural steel with an initial ferrite-pearlite 
lineage structure. After quenching from the inter-critical temperature range (ITR), the structure of such a composite 
consists of alternating layers of ferrite and martensite, which act as a reinforcing component. This structure makes it 
possible to obtain an unusual ratio of high plasticity, viscosity, and strength. 

It is known that in NFMC, the main indicators of mechanical, physical and operational properties are determined by 
the chemical composition and the quantitative phase ratio. The ratio of the volume fractions of ferrite and martensite as 
well as the microhardness of the hardening phase depend on the ITR tempering temperature. It was found that when 
quenched at a temperature of 730°С the volume fraction of the martensitic component did not exceed 25–30%, and its 
microhardness was 735–740 MPa. When quenched at a higher temperature of 780°C, a martensite structure was formed 
with a higher volume fraction of 55–60%, but with a lower microhardness of 450–455 MPa. The decrease in 
microhardness was due to the fact that with an increase in the quenching temperature in the ITR, the amount of carbon 
in martensite decreased [15]. 

Results. Figure 2 a, obtained using a Metam PB–22 optical microscope, shows the characteristic lineage structure of 
NFMC, which consists of layers of a light phase — ferrite, and a dark phase — martensite. However, it was difficult to 
detail the structural components. After preprocessing the image by sequentially scaling, segmentation, and extraction of 
geometric characteristics, ImageJ converted the image to a black-and-white 8-bit format (Fig. 2 b), where each pixel 
was a single byte value in the range from 0 to 255, indicating brightness. This increased the contrast of the image, 
making the geometric shapes of the particles and boundaries between phase layers more visible. This significantly 
expanded the possibilities for structural analysis of 2D images of the heterogeneous morphology of natural ferrite-
martensitic composite [16]. 

https://bps-journal.ru/
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а) 

 
b) 

Fig. 2. NFMC microstructure after hardening from ITR (light area — ferrite, dark area — martensite):  
a — NFMC microstructure before processing in the ImageJ program;  

b — NFMC microstructure after conversion to black-and-white graphics using the ImageJ computer program 

The use of a four-parameter Rodbard calibration function (Fig. 3) made it possible to extract additional information 
on the structural components parameters set in the “Set Measurements” option — the total study area, standard 
deviation, asymmetry, and kurtosis of the pixel image, the fraction of the area and the perimeter of the analyzed phases. 
The values of these parameters, after scaling, are presented in Table 1. 

 
Fig. 3. Rodbard's four-parameter calibration function, 

on the X-axis — distance along the line, on the Y-axis — pixel intensity 

Table 1 
The results of the specified measurements in the “Set Mesurements” dialog box 

Parameter Meaning 
Area (pxl)/(µm2) 313,908 / 66,789 

Standard deviation 124.7 
Skewness 0.4 

Area fraction of the light phase — ferrite (%) 40.8 
Area fraction of the dark phase — martensite (%) 59.2 

Mean gray value 101.0 
Perimeter(pxl)/(µm) 2,248 / 478.3 

Kurtosis –1.8 
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Based on the data obtained, a two-dimensional graph of the profile was constructed (Fig. 4). From this graph, it was 
concluded that a lineage structure was formed on the NFMC surface, the distinctive feature of which was the presence 
of alternating layers of martensite and ferrite consisting of crystals disoriented in space. This could be seen by the local 
maxima and minima in the profile. 

 

Fig. 4. NFMC surface profile  

The use of the “Analyze Particles” function, which was built into the “Set Measurements” option, allowed objects to 
be filtered by size and shape. This made it possible to determine the total and relative areas of the structural components 
in question, as well as their average size. Thus, the total number of dark and light phase particles over the entire image 
area was 1,088, of which 27,316 µm² or 40.8% of the total area of 66,789 µm² was occupied by a light ferritic 
component with an average size of 4.72 µm, and the remaining proportion of 39,473 µm² or 59.2% was occupied by a 
dark martensite phase with an average size of 5.29 µm. Quantitative information about the location and intensity of 
pixels allowed us to obtain a clear 3D image of the NFMC surface profile (Fig. 5) 

 

Fig. 5. 3D image of the NFMC surface profile  
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Discussion. It is known from [17, 18] that the percentage ratio of ferrite and martensite phases after quenching at 
790–800°C averages 35/65–30/70. The quantitative ratio of ferrite and martensite in the image studied in the ImageJ 
program turned out to be, respectively, ∼ 40/60. The deviation of the data obtained from the results of [17, 18] is 
explained by the fact that the ImageJ program processes images based on peak intensity, which makes it possible to 
view grain boundaries more accurately. The thickness of the grain boundaries, measured in pixels, turns out to be 
thinner than in other graphic editors, which, in turn, changes the area and the corresponding amount of light phase. 
The change in the quantitative ratio of the ferrite-martensite phases is due to the fact that the “noise” of the image is 
suppressed in the program, and the unrecognized gray phase is read more clearly: part of it belongs to the light phase, 
and part to the dark one. The results obtained make it possible to more accurately quantify the degree of 
heterogeneity and the location of ferrite and martensite in the studied image. The results are in good agreement with 
the work data and generally correspond to the visual images obtained. 

Conclusion. The ImageJ program offers convenient tools for visualizing and documenting the results of studies on 
heterogeneous structural states of materials with various functional purposes. It allows users to create reports with 
visual illustrations in 2D and 3D graphics formats. A wide range of built-in options enables users to evaluate various 
geometric parameters of particle morphology and, based on this, analyze shape, size, location, quantity, and even 
perform mapping. The use of this software package to study the NFMC surface morphology by processing photographs 
of the microstructure significantly increases the efficiency, accuracy and objectivity of the study. Automating the 
process significantly saves time and human resources, as well as minimizes data variability associated with manual 
processing. The use of such tools is especially beneficial when combined with traditional data collection methods, as it 
allows for a more comprehensive and reliable understanding of the properties and structure of materials. 
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