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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.
Keywords: multi-site damage; multi-class diagnostic system; simulation; Processing.

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.
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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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Fig. 1. Algorithm of data visualization software for complex measurements of stresses and angular position of objects

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 m® 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
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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,;

¢) 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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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
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C.O. UunbynbHuk

ANTOPUTMIYHE | MPOrPAMHE 3ABE3MNEYEHHSA BI3YANI3ALIT BATATOOCEPEAKOBOIO NMOLWKOMKEHHSA

Mpo6nemaTuka. Y Hal Yac yOoOCKOHANEHHs1 4iarHOCTUYHUX CUCTEM 30CEepPePKeHO B OCHOBHOMY Ha MiABULLEHHI TOYHOCTI nep-
BVMHHUX NepeTBOPOBaYiB, i CTaHAapTHI MeToaM BifobpaxeHHst AiarHOCTUYHOI iHopMaLii He 3aBXaW AaloTb 3MOrY OHO3HAYHO OL|iHI0-
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BaTV TEXHIYHUI cTaH o6’ekTiB. Peani3dauia HoBUx cnocobiB Bidyanisauii AaHUX BUMIPIOBaHb i3 BUKOPUCTAHHSAM HOBITHIX iIHOPMaLLHNX i
KOMIT'OTEPHMX TEXHOIMOFiW, HanpuKnag iMiTauiiHoro MoentoBaHHs! Ta CUCTEM 3aXOMIEHHS PYXY, € NEPCNEKTUBHUM HaNpPsIMOM PO3BUTKY
3acobiB MOHITOPUHIY Ta AiarHOCTMKM TEXHIYHOIO CTaHy iHXeHepHUX 00’eKTiB, siKi 3HaxXoAATbCA B CKNaAHUX yMOBax ekcnnyaTadii.

MeTa pocnimkeHHsA. OBrpyHTyBaHHA Ta po3pobka anropuTMIYHOro i NporpamHOro 3abesneveHHs Bidyanisauii AaHWX BUMIpIO-
BaHb Ans cMcTeMu GaraToknacoBoi AiarHOCTUKM TEXHIYHOIO CTaHy iHXeHepHNX 06’ ekTiB.

MeToguka peanisauii. MoBa nporpamyBaHHs Processing € HOBUM, ane MOTYXHUM iHCTPYMEHTOM CTBOPEHHSI MPOrpamMHoro 3a-
6esneyveHHs, B TOMY Ynchi Ans AiarHOCTUYHMX CUCTEM HOBOTO MOKOSiHHS.

Pe3ynbTatn gocnigxeHHsi. Po3pobneHo anropuTMmiyHe Ta nporpamHe 3abe3neveHHst Ans Bidyanidauii KOMMIEKCHUX BUMIptO-
BaHb Hamnpy>XeHb i NPOCTOPOBOrO MOSIOXKEHHS, ke 3abe3neuvye 06pobKy (NepeTBOPEHHs) 3anMcaHnx y hann BUXigHUX AaHUX NS Ko-
PeKTHOro ix BigobpaXeHHs Ha iMiTauiiHin MoAeni pe3epByapa 3 ypaxyBaHHAM 0COBMMBOCTEW 3anucy AaHux y daiin, napameTpiB aHa-
noro-uncpoBoro nepeTeoptoBaYa (pPo3psaHICTb, BXiAHWI Aiana3oH), KinbKOCTi AaTymkiB iH(bopMaLlii, Ska BNMBae Ha KinbKiCTb enemeH-
TiB TPMBMMIpHOI Mogeni AN BigoOpaXeHHs1 aHWX.

BucHoBku. Ha ocHoBi MOBY nporpamyBaHHS Processing, sika Aae 3Mory npaoBaTtu 3 TPUBUMIPHOIO rpadpikoto, pearnisoBaHo npo-
rpamy BigoGpaXeHHs1 Ha reoMeTPUYHIN Moaeni o6’ekTa JaHUX TEH30METPUYHUX BUMIpIOBaHb, NMONepPeaHbO 3anucaHnx y daiin, a Takox
BigobpaKeHHsA NOTOYHOro MPOCTOPOBOrO MONOXEHHsT 06’eKTa Bidyanisauielo BUMIPSIHUX KyTiB Haxury KOHCTPYKUii BiAHOCHO BepTuKanb-
HOI OCi.

KniouoBi cnoBa: 6GaratoocepefkoBe MOLLKOMKEHHS; cucTemn 6araToknacoBoi [AiarHOCTUKK; iMiTauiHe MOAEeMBaHHS;
Processing.

C.A. UpibynbHumk

AJITTOPUTMUNYECKOE M MPOrPAMMHOE OBECMNEYEHUE BU3YAJTM3ALIMM MHOITOOYAIrOBOIO NOBPEXAEHNA

MpoGnemaTtuka. B Halwe Bpemsa ycoBepLUEeHCTBOBaHWE AMArHOCTUYECKMX CUCTEM COCPefOTOYEHO B OCHOBHOM Ha MOBbILEHUN
TOYHOCTM MEepBUYHbIX NpeobpasoBaTtenen, U cTaHAapTHble MeTOAbl OTOBPaKeHUs AMarHoCTUYeCcKon nHopmMaumm He Bcerga no3sons-
10T OQHO3HAYHO OLEHMBATb TEXHUYECKOE COCTOSHNE 06beKToB. Peanv3auuns HoBbIX CMOCO60B BM3yanusaunmn AaHHbIX M3MEPEHUI C 1c-
Nnosb30BaHWEM HOBEWLLNX MHAOPMALMOHHBIX W KOMMBIOTEPHBIX TEXHOMOMNIA, HanpyMep UMUTALMOHHOTO MOAENMPOBAHUS U CUCTEM 3a-
XBaTa OBWXEHWS], ABNSIETCS NepPCneKkTUBHbIM HanpaBieHnem pasBuTUsi CPeACTB MOHUTOPWHIa U ANArHOCTUKM TEXHUYECKOrO COCTOSIHUS
MNHXEHEPHbIX OOGBbEKTOB, KOTOPbIE HAXOAATCH B CITOXHbIX YCIMOBUSAX SKCMyaTauun.

Llenb uccnepoBanus. O6ocHoBaHMe 1 pa3paboTka anropuTMU4ECKoro 1 NporpamMmMHoOro obecneyveHns Budyanuaaumm AaHHbIX
N3MEpPEHUIA ANt CUCTEMbI MHOTFOKITIACCOBOW AMArHOCTUKM TEXHUYECKOrO COCTOSIHUSI MHXXEHEPHbBIX 0O bEKTOB.

MeToamka peanusauun. A3bik nporpammypoBaHns Processing sSiBMSETCS HOBbIM, HO MOLLUHbIM MHCTPYMEHTOM CO3[aHWUs Npo-
rpamMMHoOro obecneyeHusi, B TOM Yncrne Ans AMarHoCTUYECKUX CUCTEM HOBOTO MOKOMNEHMS.

Pe3ynbTathl uccnepgoBaHuA. PaspaboTtaHo anroputMuyeckoe 1 nporpaMMHoe obecneyeHve Ans BU3yanu3aumm KOMNIeKCHbIX
VN3MEPEHUIN HanpskKeHUn U NpPOCTPAHCTBEHHOrO MOMOXeHWs, koTopoe obecneumBaeT obpaboTky (MpeobpasoBaHue) 3anuCaHHbIX B
aiin NCXOAHbIX AaHHbIX AN KOPPEKTHOTO MX OTOBPaXeHWUA Ha UMWUTaLMOHHOM MOAenu pesepByapa C y4eToM O0COBEHHOCTEN 3anucu
OaHHbIX B ann, napameTpoB aHanoro-undgposoro npeobpasoBartenst (paspsAHOCTb, BXOAHOW AMana3oH), KoNnyecTBa 4aTyMKOB UH-
dopmauun, KoTopast BMMAET Ha KONNMYECTBO 311eMEHTOB TPEXMEPHOW MoAenu Ana 0TobpaXeHns AaHHbIX.

BbiBoabl. Ha ocHoBe si3blka nporpammupoBaHus Processing, KoTopebiii no3sonsieT paboTaTe C TPEXMEPHOW rpachmkon, peanuso-
BaHa nporpaMma oTobpaxeHusi Ha reoMeTpuyecKko Mofenu obbekTa AaHHbIX TEH30METPUYECKUX U3MEPEHWIA, NPpeaBapuUTENbHO 3anu-
CaHHbIX B dhain, a Takke OTOOPaXXeHUs! TEeKyLLLero NMpoCTPaHCTBEHHOTO MOMNOXeHNs obbekTa MyTeM BU3yanv3auuv U3MepeHHbIX YrnoB
HaKMoHa KOHCTPYKLMN OTHOCUTENbHO BEPTUKamNbHOW OCU.

KnioyeBble cnoBa: MHOroo4yaroBoe NoBpeXAaeHWe; CUCTEMbl MHOTOKIacCOBOW AMArHOCTUKW; MMUTaLMOHHOE MOAENUpPOBaHUE;
Processing.
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