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SOFTWARE FOR MULTI-SITE DAMAGE VISUALIZATION 

Background. In our time, the improvement of diagnostic systems is mainly focused on increasing the accuracy of 
primary transducers. Standard methods of displaying diagnostic information do not always allow us to uniquely assess 
the technical state of objects. The implementation of new ways of measurements visualizing using the latest informa-
tion and computer technologies, for example, simulation and motion capture systems, is a promising direction for the 
development of tools for monitoring and diagnostic of technical state of engineering objects that are in difficult oper-
ating conditions. 
Objective. The aim of the paper is substantiation and development of software for measurement data visualization for 
multi-class diagnostic system of technical condition of engineering objects. 
Methods. Processing programming language is a new, yet powerful software development tool, including for next-
generation diagnostic systems. 
Results. The algorithm and the software for visualization of complex measurements of stresses and spatial position are 
developed. It provides the processing (transformation) of the recorded in the output file data for correct display on 
the simulation model of the tank, taking into account file data write characteristics, ADC parameters (bit rate, input 
range), the number of information sensors that affects the number of elements of a three-dimensional model for dis-
playing data. 
Conclusions. On the basis of the programming language Processing, which allows working with three-dimensional 
graphics, a program for displaying strain gauge measurements data, pre-recorded into a file, on a geometric model of 
an object is implemented, as well as displaying the current spatial position of the object by visualizing the measured 
angles of the slope of the structure relative to the vertical axis. 
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Introduction 

Monitoring of the technical state (TS) of 

tanks with environmentally hazardous substances 

requires an integrated approach on the basis of de-

velopment and application of diagnostic models of 

the object for the determination and prediction of 

the characteristics of the stress-strain state in real 

conditions of operation, as well as the most effec-

tive for this object methods and technical means of 

control and diagnostics. 

The classical methods for calculating struc-

tural elements for strength are based on the as-

sumption that there are no macroscopic defects in 

the material during the material lifetime, which 

could lead to the destruction of the structure [1]. 

But such an approach is insufficient in solving the 

problems of ensuring the safe operation of objects 

with initial defects in their structural elements. De-

fects and damage in structural elements of vertical 

steel tanks (VST) arise both as a result of techno-

logical and industrial factors, and in the process of 

exploitation of the structure under the influence of 

uncontrolled loads of man-made and/or natural 

origin. 

At the present stage, the problems of storing 

environmentally hazardous substances go beyond 

national boundaries and have a global character, 

since some of the objects are beyond the scope of 

national jurisdiction, for example, in such hard-to-

reach places as Antarctic region. Such facilities in-

clude the cylindrical VST for storage of diesel fuel, 

which was installed at the beginning of 2007 at the 

Ukrainian Antarctic Akademik Vernadsky station. 

For such an object, there are characteristic fea-

tures: difficult access, critical climatic conditions, 

significant dynamic disturbances in the form of 

wind and seismic loads. 

This object represents, on the one hand, the 

most stringent requirements for the safe operation 

of the VST and, on the other hand, the most ad-

verse, critical operating conditions and the possi-

bilities for monitoring its TS. Therefore, ensuring 

the safe operation of tanks with environmentally 

hazardous substances, which are located in hard-

to-reach places and under the influence of loads of 

natural and/or technogenic origin, including tank 

on Vernadsky station, is an important problem that 

can be solved by monitoring and diagnosing the 

current TS using modern diagnostic systems. 
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In our time, the improvement of diagnostic 

systems is mainly focused on increasing the accu-

racy of the primary transducers. Also in recent 

years, the use of advanced technologies for the de-

velopment of diagnostic systems or their compo-

nent parts (blocks) is considered more often. 

Works [2—4] can be considered as an example. In 

these works, systems based on the technology of 

neural networks (mainly for the monitoring of 

landslide processes) have been developed. How-

ever, these systems can be adapted to monitor the 

TS of buildings and engineering structures. 

The implementation of new ways of these 

measurements visualizing using the latest informa-

tion and computer technologies, for example, 

simulation [5] and motion capture systems [6—9], 

is a promising direction for the development of 

tools for monitoring and diagnostic of TS of engi-

neering objects that are in difficult operating con-

ditions. These technologies are not commonly used 

in measuring tools and systems. Therefore, in order 

to improve monitoring and diagnostic systems, it is 

important to find and implement methods for dis-

playing measurement results using the capabilities 

of modern software. 

The main result of the work should be the 

display of complex measurement data in a conven-

ient for understanding form. This is necessary in 

order for the operator-person, even without spe-

cific analysis skills, to make the correct conclusion 

about the object's TS. 

Problem statement 

Developed over the last decade methods and 

technologies of diagnosing both individual elements 

of constructions and complex engineering objects, 

which are in critical operating conditions, allow to 

create diagnostic systems of a new class — complex 

intelligent systems of multi-class diagnostics of 

structures. The requirements for ensuring a high 

level of probability of localization of defects and 

recognition of the current technical state of such 

systems, as well as the availability of a large num-

ber of source information, cause the creation of new 

effective ways of visualizing these measurements. 

Such standard methods for visualizing diag-

nostic information as histograms and graphs do not 

always allow the location of excessive strains, 

cracks or defects that arise in a control object to be 

quickly and effectively localized. Therefore, the 

purpose of the work is the substantiation and de-

velopment of algorithm and software for improve-

ment (based on the simulation) visualization sub-

system of the measurements results for the multi-

class diagnostics system. 

Algorithm and software 

On the basis of the development and complex 

use of methods and tools for non-destructive tes-
ting, the combination of specific mathematical 
models and methods for operative identification of 

vibration, deformation and strength processes in 
the conditions of direct measurements, an auto-
mated multi-class diagnostic system (SMD) was 

developed [10]. 
The developed SMD solves the diagnostic 

problem of the forecast estimation of the TS of the 

object in the early stages of destructive processes 
development by constructing trends with extrapola-
tion of results for each individual diagnostic pa-

rameter. This allows the implementation of a set of 
measures to prevent the destruction of the object. 
The main differences of this SMD from such sys-

tems are: complexity, multichannel, data visualiza-
tion subsystem on the basis of simulation. 

The data visualization subsystem requires the 

creation of specialized software. The main purpose 
of the visualization program of stress measurements 
and angular position of objects should be process-

ing (transformation) of the recorded into a source 
file data for correct display on the simulation 
model, taking into account file data write charac-

teristics, ADC parameters (bit rate, input range), 
the number of information sensors that affects the 
number of elements of a three-dimensional model 

for displaying data and so on. The algorithm of the 
software of complex measurements of stress and 
angular position of objects visualization in accor-

dance with the above-mentioned functional capa-
bilities is shown in Fig. 1 [5]. 

To create software based on the developed al-

gorithm it is necessary to use one of the program-
ming languages. Programming languages, like hu-
man languages, are combined into groups of re-

lated languages. Processing is a dialect of a Java 
programming language [11]; it has almost the same 
syntax, but is supplemented by special commands 

for working with graphics and external devices. 
Like any software, Processing consists of a large 
number of components that work together. It can 

be used for both simple products and for detailed 
research. There are more than 100 extension librar-
ies that allow Processing to be used for sound 

processing, research in the field of machine vision 
and technical calculations. Processing graphics re-
lated to the PostScript system, which served as the 

basis for the PDF format and OpenGL. 
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Due to the large number of advantages, the 

broad functionality and ease of use of the finished 

program, the Processing language was chosen to 

create the main part of the software for visualiza-

tion of strain gauge and survey measurements. 

The physical model of the object was used to 

investigate the effectiveness of the developed soft-

ware. As a physical model of object, a vertical cy-

lindrical steel tank with 0.04 m3 volume was cho-

sen [10]. Tanks of this type are most often used for 

the storage of environmentally hazardous sub-

stances, such as: oil or petroleum products, chemi-

cals, toxic substances, gases. For this physical 

model of the tank, a simplified three-dimensional 

model was created in the CATIA CAD-system. 

Simplification of the model is to exclude consid-

eration of some elements of the design to optimize 

the “calculation time”/“accuracy of results” ratio 

in simulation. Geometric models of additional 

structural elements or known stress concentrators 

can be stored in an element base and introduced 

into the main model as needed. 

The object model consists of five belts and 

five rigidity ribs alternating between each other. 

The rigidity ribs are made in the form of one ele-

ment of the design, and each belt is divided into 

four equal parts (segments), on each of which will 

be installed strain gauge. Consequently, the total of 

twenty structural elements (five belts of four ele-

ments each) must be used to visualize the stresses 

on a three-dimensional model. In general, the 

geometric model of the VST consists of twenty-

seven elements, taking into account the ribs, the 

bottom and the sixth belt (for fixing the lid). 

The CATIA graphical package has a *.CATPro-

duct extension, but because of the features used in 

the program library, this model needs to be con-

verted to the *.obj extension. This action can be 

performed using other geometric modeling tools 

such as: Autodesk Maya, Autodesk 3ds Max, and 

other programs that have advanced file saving and 

exporting capabilities. 

3ds Max (3D Studio Max) is a full-featured 

professional program for creating and editing 3D 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Algorithm of data visualization software for complex measurements of stresses and angular position of objects 
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graphics and animations developed by Autodesk. It 

contains tools for artists and professionals in the 

field of multimedia and works in 32-bit and 64-bit 

Microsoft Windows operating systems. 

Despite all the benefits of this program, the 

mechanisms for creating a model for multi-element 

VST are quite complicated, so building a geometric 

model in the CATIA software and its subsequent 

import into 3ds Max is a rational step. 

Each program in Processing language is exe-

cuted 60 times per second, if this frequency was 

not limited by the programmer manually. There-

fore, due to the discreteness of the data, 60 counts 

of the signal will be displayed every second and the 

analysis of the results will not be possible for the 

human operator. Thus, it is necessary to further 

develop a timer to delay the image on the screen. 

After the program code was complemented by 

the timer, the debugging of the program was per-

formed, which resulted in the removal of errors 

and minor modifications to the code in order to 

facilitate the work with the program. Configuration 

and validation of the program were carried out us-

ing pre-existing data. In this regard, the methodol-

ogy for verifying the efficiency of the code, respon-

sible for visualizing strain gauge measurements, 

consisted of the following steps [5]: 

1) The test data is generated in the mathe-

matical package MATLAB as random integers 

from 0 to 50 arbitrary units. Arbitrary unit is an 

abstract value that corresponds to a certain fixed 

level of stress. 

2) The scale of the result is broken down for 

example on 5 equal intervals corresponding to a 

certain state of the geometric model, which deter-

mines its color*: 

a) 0—10 arbitrary units. Safe operation of the 

structure, the stresses do not exceed the permissible 

values, there is no need for additional control of 

the corresponding segment. Displayed in blue; 

b) 11—20 arbitrary units. Safe operation of the 

structure, increased stress, which is still within the 

permissible limits, there is no need for additional 

control of the corresponding segment. Displayed in 

green; 

c) 21—30 arbitrary units. Risk is increased, 

stresses insignificantly exceed the allowable values, 

there is the possibility of residual deformation, 

there is a need for additional measures to reduce 

the level of stress within the corresponding seg-

ments. Displayed in yellow; 

                                                           
* The color figures see at: 
http://bulletin.kpi.ua/article/view/126466 

d) 31—40 arbitrary units. Dangerous operation 

of the structure, the stresses largely exceed the al-

lowable values, within the corresponding regions 

there is residual deformation, the possibility of 

rapid development and instantaneous cracking, the 

need for additional control by instrumental meth-

ods for the localization of concentration zones of 

stresses within the corresponding segments, the 

need for measures to strengthen the design and re-

duce the level of stress. Displayed in orange; 

e) 41—50 arbitrary units. Emergency condi-

tion, high probability of instantaneous failure of 

the relevant segments due to the disclosure of 

cracks, the destruction of welds, etc., the need for 

complete decommissioning of the object and the 

search for stress concentration zones within the 

corresponding segments using instrumental meth-

ods, the implementation of measures to replace in-

dividual elements, strengthening the structure and 

reducing the level of stress or full utilization of the 

object. Displayed in red. 

3) To test the conformity of the generated 

data with the results of visualization of strain gauge 

measurements, two cases of test data are consi-

dered: 

a) checking all the intervals with the same 

type of data (Fig. 2, a), the input data file is gen-

erated that within each belt of the object stress in 

the arbitrary units does not exceed the correspond-

ing limits; 

b) checking all the intervals by random data 

(Fig. 2, b), the file contains random values of the 

stresses from 0 to 50 arbitrary units for each ele-

ment of the design. 

4) Part (3) was repeated several times for a 

different combination of generated data. 

As a result of configuring, part of the code re-

sponsible for strain gauge measurements visualiza-

tion works without deficiencies. Also in the pro-

gram window, the color scale and the correspond-

ing stress level for each interval were additionally 

added. Depending on the actual data (the number 

of primary transducers, their location, stresses val-

ues, calculated limits, etc.), the program code can 

be changed or expanded to more accurately match 

the tasks. 

The methodology for verifying the efficiency 

of the code, responsible for visualizing survey 

measurements, consisted of the following steps [5]: 

1) To check the conformity of the generated 

data with the results of visualization of the angular 

position, two cases of test data are considered: 

a) checking the angular displacement on each 

axis separately (Fig. 3, a), the input data file is ge-  
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Fig. 2. Strain gauge data visualization results (a) intervals separated by individual belts and (b) random data values 
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Fig. 3. Verification of the angular displacement of the geometric model (a) on one axis and (b) on the three axes at the same time 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Main window 

X‐angle, degrees: 0,000 
Y‐angle, degrees: 0,000 
Z‐angle, degrees: 0,000 

Visualization of complex measurements of 
stress and angular position of the object 

Stress, arbitrary units: 

41‐50 

31‐40 

21‐30 

11‐20 

10‐10  Press “t” to display the tenzometric data

Press “r” to display the rotation data 

X‐angle, degrees: 0,000 
Y‐angle, degrees: 0,000 
Z‐angle, degrees: 0,000 

X‐angle, degrees: 0,000
Y‐angle, degrees: 0,000
Z‐angle, degrees: 0,000

X‐angle, degrees: 0,000 
Y‐angle, degrees: 0,000 
Z‐angle, degrees: 45,000 

X‐angle, degrees: 27,810
Y‐angle, degrees: 37,556
Z‐angle, degrees: 45,562



 ПРИЛАДОБУДУВАННЯ ТА ІНФОРМАЦІЙНО-ВИМІРЮВАЛЬНА ТЕХНІКА 81

 

nerated in such a way that within one visualization 

it contains the angles of inclination of the object 

only by one axis; 

b) checking the angular displacement of the 

three axes at the same time (Fig. 3, b), the file 

contains random values of the angles of inclination 

of the object across all axes within a single visuali-

zation. 

2) Part (1) was repeated several times for a 

different combination of generated inputs. 

The final appearance of the main window is 

shown in Fig. 4. 

As a result of debugging the part of the code 

responsible for visualizing the angular position, in 

the text of the program, a code was added that 

clears the angular displacement variables for each 

axis by repeatedly pressing the "r" key and after 

displaying the last values from the file. Prior to 

this, the data remained in the variables and could 

lead to incorrect visualization. 

Conclusions 

On the basis of the Processing programming 

language, which allows working with three-

dimensional graphics, the software of displaying 

pre-recorded into a file strain gauge measurements 

data on the geometric model of the object has been

implemented. Five intervals of test data have been 

selected: 0—10 arbitrary units, 11—20 arbitrary 

units, 21—30 arbitrary units, 31—40 arbitrary units, 

41—50 arbitrary units. Each gap is displayed with 

its color on the geometric model of the object. The 

developed software also allows visualization of the 

inclination angles (the values of which are pre-

recorded in the file) of the object simultaneously 

on three axes. 

The developed data visualization program of 

complex measurements of stresses and angular po-

sition of objects works without crashes and can be 

recommended for testing and use in diagnostic 

equipment, in particular in SMD. It is expedient to 

use the developed software (with necessary exten-

sions) for the continuous on-line visualization of 

the measured data directly from the primary trans-

ducers. The software is designed in such a way that 

a person without specialized analysis skills will be 

able to diagnose the technical condition of the ob-

ject. 

In future studies, it is necessary to develop an 

algorithm for automating the change of a geomet-

ric model when visualizing various measurement 

results, for example, vibration and stress. It is also 

need to consider creating a dynamic model that 

will reflect any changes in the technical condition 

of the object. 
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С.О. Цибульник 

АЛГОРИТМІЧНЕ І ПРОГРАМНЕ ЗАБЕЗПЕЧЕННЯ ВІЗУАЛІЗАЦІЇ БАГАТООСЕРЕДКОВОГО ПОШКОДЖЕННЯ 

Проблематика. У наш час удосконалення діагностичних систем зосереджено в основному на підвищенні точності пер-
винних перетворювачів, і стандартні методи відображення діагностичної інформації не завжди дають змогу однозначно оціню-
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вати технічний стан об’єктів. Реалізація нових способів візуалізації даних вимірювань із використанням новітніх інформаційних і 
комп’ютерних технологій, наприклад імітаційного моделювання та систем захоплення руху, є перспективним напрямом розвитку 
засобів моніторингу та діагностики технічного стану інженерних об’єктів, які знаходяться в складних умовах експлуатації. 

Мета дослідження. Обґрунтування та розробка алгоритмічного і програмного забезпечення візуалізації даних вимірю-
вань для системи багатокласової діагностики технічного стану інженерних об’єктів. 

Методика реалізації. Мова програмування Processing є новим, але потужним інструментом створення програмного за-
безпечення, в тому числі для діагностичних систем нового покоління. 

Результати дослідження. Розроблено алгоритмічне та програмне забезпечення для візуалізації комплексних вимірю-
вань напружень і просторового положення, яке забезпечує обробку (перетворення) записаних у файл вихідних даних для ко-
ректного їх відображення на імітаційній моделі резервуара з урахуванням особливостей запису даних у файл, параметрів ана-
лого-цифрового перетворювача (розрядність, вхідний діапазон), кількості датчиків інформації, яка впливає на кількість елемен-
тів тривимірної моделі для відображення даних. 

Висновки. На основі мови програмування Processing, яка дає змогу працювати з тривимірною графікою, реалізовано про-
граму відображення на геометричній моделі об’єкта даних тензометричних вимірювань, попередньо записаних у файл, а також 
відображення поточного просторового положення об’єкта візуалізацією виміряних кутів нахилу конструкції відносно вертикаль-
ної осі. 

Ключові слова: багатоосередкове пошкодження; системи багатокласової діагностики; імітаційне моделювання; 
Processing. 

С.А. Цыбульник 

АЛГОРИТМИЧЕСКОЕ И ПРОГРАММНОЕ ОБЕСПЕЧЕНИЕ ВИЗУАЛИЗАЦИИ МНОГООЧАГОВОГО ПОВРЕЖДЕНИЯ 

Проблематика. В наше время усовершенствование диагностических систем сосредоточено в основном на повышении 
точности первичных преобразователей, и стандартные методы отображения диагностической информации не всегда позволя-
ют однозначно оценивать техническое состояние объектов. Реализация новых способов визуализации данных измерений с ис-
пользованием новейших информационных и компьютерных технологий, например имитационного моделирования и систем за-
хвата движения, является перспективным направлением развития средств мониторинга и диагностики технического состояния 
инженерных объектов, которые находятся в сложных условиях эксплуатации. 

Цель исследования. Обоснование и разработка алгоритмического и программного обеспечения визуализации данных 
измерений для системы многоклассовой диагностики технического состояния инженерных объектов. 

Методика реализации. Язык программирования Processing является новым, но мощным инструментом создания про-
граммного обеспечения, в том числе для диагностических систем нового поколения. 

Результаты исследования. Разработано алгоритмическое и программное обеспечение для визуализации комплексных 
измерений напряжений и пространственного положения, которое обеспечивает обработку (преобразование) записанных в 
файл исходных данных для корректного их отображения на имитационной модели резервуара с учетом особенностей записи 
данных в файл, параметров аналого-цифрового преобразователя (разрядность, входной диапазон), количества датчиков ин-
формации, которая влияет на количество элементов трехмерной модели для отображения данных. 

Выводы. На основе языка программирования Processing, который позволяет работать с трехмерной графикой, реализо-
вана программа отображения на геометрической модели объекта данных тензометрических измерений, предварительно запи-
санных в файл, а также отображения текущего пространственного положения объекта путем визуализации измеренных углов 
наклона конструкции относительно вертикальной оси. 

Ключевые слова: многоочаговое повреждение; системы многоклассовой диагностики; имитационное моделирование; 
Processing. 
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