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ABSTRACT

Within engineering and building projects, strain and displacement are significant
characteristics. Outside of the lab, however, measuring these parameters necessitates a
tough choice between established procedures, as precision, simplicity, and cost must all be
considered. Digital Imaging Correlation (DIC) is a technique that has the potential to be
great for studying crack propagation and structural deformation in real-world applications
since it is a cheap, easy, and precise solution. DIC has traditionally been used on grayscale
photos captured with monochromatic cameras, but with the development of digital colour
cameras, Color DIC may now be used on colour images.Color pictures are predicted to
provide more information, hence the same subset size for Color DIC should produce better
results than typical grayscale DIC. The influence of varying sizes of speckles in speckle
patterns and different forms of deformation on the performance of Color DIC and
grayscale DIC is investigated in this study. Images were numerically created and speckle
patterns and deformations were simulated. The findings imply that, in general, colour DIC
produces superior outcomes than grayscale DIC. The amount of improvement in Color
DIC performance is determined on the size of the speckles that escape the image and the
type of deformation. In most cases, improvement is greatest for small subset sizes and
diminishes as the subset size grows larger.It was also discovered that for complicated and
nuanced deformation circumstances, grayscale DIC outperforms colour DIC if the selected
subset is greater than a specified subset size, commonly referred to as "ideal subset size."



ABSTRAK

Terikan dan anjakan adalah merupakan ciri yang paling penting dalam projek kejuruteraan
dan bangunan. Mengukur parameter ini di luar makmal memerlukan pilihan yang amat
sukar antara prosedur yang telah ditetapkan, kerana ketepatan, kesederhanaan, dan kos
mesti dipertimbangkan. Korelasi Pengimejan Digital (DIC) merupakan penyelesaian yang
murah, mudah, dan tepat untuk mengkaji perambatan retak dan ubah bentuk struktur dalam
aplikasi dunia sebenar. Warna DIC kini boleh digunakan pada imej berwarna dengan
pembangunan kamera warna digital. DIC secara traditional telah digunakan pada photo
skala kelabu yang ditangkap dengan kamera monokromatik, tetapi dengan pembangunan
kamera warna digital, gambar berwarna dapat diramalkan dan memberi lebih banyak
maklumat, oleh itu saiz subset yang sama untuk warna DIC sepatutnya menghasilkan
keputusan yang lebih baik daripada DIC skala kelabu biasa. Pengaruh pelbagai saiz bintik
dalam corak bintik dan bentuk ubah bentuk yang berbeza terhadap prestasi DIC Warna dan
DIC skala kelabu disiasat dalam kajian ini. Imej telah dicipta secara berangka dan corak
bintik dan ubah bentuk telah disimulasikan. Penemuan menunjukkan bahawa, secara
amnya, DIC berwarna menghasilkan hasil yang lebih baik daripada DIC skala kelabu.
Jumlah peningkatan dalam prestasi DIC Warna ditentukan pada saiz bintik-bintik yang
terlepas daripada imej dan jenis ubah bentuk. Dalam kebanyakan kes, penambahbaikan
adalah yang terbaik untuk saiz subset yang kecil dan berkurangan apabila saiz subset
semakin besar. la juga mendapati bahawa untuk keadaan ubah bentuk yang rumit dan
bernuansa, DIC skala kelabu mengatasi DIC warna jika subset yang dipilih lebih besar
daripada saiz subset yang ditentukan, biasanya dirujuk sebagai "saiz subset yang ideal."
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CHAPTER 1

INTRODUCTION

1.1 Background

DIC or known as digital image correlation is a non-contact technique for
capturing an image on a project surface area using the high speed camera to
undertake the image analysis investigations to obtain patterns of deformation
modifications and measurements. It employs the optical approach, which involves
tracking and registration the image for precision and accuracy in 2D and 3D which
are fixed in the event of a change in the image. This method is widely used,
particularly in the domains of the engineering and science. The measuring of
distortion in a section of a material is critical in engineering, especially when
dealing with external loads.

A research group at the University of South Carolina has been developing a
method for measuring surface deformation using digital image correlation methods
since the 1980s. After that, several researchers modified the approach to improve
resolution, accuracy, and solve the disadvantages mentioned above. This technology
is now used to solve a variety of problems, including structural mechanics, high-
temperature deformation measurement, biomaterials, wood products, and inverse
stress analysis. In latest days, this technique has begun to be applied to deformation

measurement which use pictures from SEM, AFM, and X-ray microtomography.



The high-speed camera will be angled at 90 degrees to the cable or rope to
complete this process. Changes in the cable will be captured and transformed into
photos. After that, the image will be loaded into the MATLAB and DIC programme.
The image will undergo modifications that the DIC may detect in terms of
deformation, contour, and other factors.

The fundamental principle of digital image correlation is presented in this
article. The method's efficiency is then demonstrated by measuring the
displacement field toward the cable or rope using the procedure. All of the data,
such as yield strength, will be calculated using the value strain obtained through the
DIC approach. Because the measurement can be done quickly and easily, the

technology is predicted to be widely used in a variety of fields.

1.2 Problem Statement

The evaluation of a material structure is critical when choosing the right
material for a certain sector. The material's deformation can be seen with the naked
eye, but it's impossible to tell how the material deforms from phase to phase until
it's deformed. Although the most up-to-date technology can operate the material, it
is prohibitively expensive for a small business to own.

An analytical study on ropes or cables used in industry will be conducted
using digital image correlation (DIC). With these findings, it will be possible to
integrate DIC into the market as well as develop appropriate tools for industrial

usage in trying to analyse material performance.



1.3 Research Objective

The main aim of this research is to analyse the data deformation of material
and its characterization. Specifically, the objectives are as follows:
a) To apply the image from high speed camera for the digital image
correlation(DIC).
b) To implemented the deformation and strain analysis using the digital image

correlation(DIC) method.

14 Scope of Research

The application of digital image correlation (DIC) in the investigation of
material structure (rope/cable) is the focus of this research. Numerous tests, such as
the izod test, the charpy test, and others, have been used to explore the material's
structure for a long time. The industrial sector may acknowledge the utility of DIC in
appraising materials and structural durability testing in the future. Deformation on the
cable will be done using digital image correlation to ensure that the DIC can be used

to produce values and deformation parameters for each mechanical structure.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Design, selection, and characterization of materials, as well as stress and
failure analysis, are all parts of structural integrity(Felippa, 2004). Additive
manufacturing, non-damage assessment, fracture mechanics, and damage are all
examples of material characterization and processing. Material characterization is
critical in the engineering industry because it uses a large number of materials in
every structure of public-use items(A. F. Ab Ghani et al., 2016). Each material has its
own level of durability and application. A product's future difficulties will be caused
by improper material choices. Many factors need to be taken while evaluating
materials to ensure that the material's performance is safe to use, including yield
strength, deformation, structural rigidity, and others(Gorszczyk et al., 2019).

Each material has it own characteristic depend to their own capability to
undergo the test of failure. To be identified the material characteristic, there would be
many test that can be done to able to determine it (Tavares, 2015). For example, in the
laboratory, one can make a tensile test to determine the tensile value for each material
that need to be study (Felippa, 2004). Based on the value that obtain from each

experiment, needs to do some calculation for the stress and strain.



The purpose to obtain those stress and strain data were important as it can
identify the material durability to certain load that apply to it (Motamedi, 2019). So
that, this can be a safety measurement for engineer to improvise the product for the
future planning. In this modern technology, there were many method that can be used
to run the analysis for each material strength such as SolidWork software, Catia and
many else (Felippa, 2004). In this case study is to use the Digital Image Correlation

(DIC) to run the analysis. Hence, there also many methods that can be used such as:
2.2 Moire Techniques

The moire method is a technique for determining material stress and strain.
The principle of in-plane moire method is a principle that is related to this moire
method (Melin, 1995). The in-plane Moire fringes are formed by the interference of
two sets of gratings that are in direct contact. The gratings are created to order and are
arranged in high density, dark, and light bands. The range between any of the two
grating pitches, each of which was labelled "p." Typically, the grating lines are
parallel and facing each other in a straight state. However, forming the grating line in

a circular condition is not impossible (Eindhoven et al., 2022)

Figure 2.1 Moire between two grating with different pitch
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Figure 2.2 Principle of moire interferometry (undeforemed specimen)

Consider two grating lines, one of which is stationary on the specimen that
will deform and then the other of which is the grating's reference line, to utilize the
Moire method to measure deformation (Eindhoven et al., 2022). When the current is
in a direction perpendicular to the scar, an increase in the moire fringes will result in a
displacement of the scar bleach on the specimen part compared to the reference scar
(Cubreli et al., 2021) . The scar field p of each Moire edge represents the
displacement p, with the frequency of the scar determining the sensitivity to each
displacement. The frequency increase is used to boost the sensitivity with each shift

(Melin, 1995).
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Figure 2.3 Analysis of moire fringe pattern on double edge specimen.

Shear interferometry is another method that is employed in the Moire method.
Since the object beam will interfere with its replica and cause it to be deep within a
tiny shear value, shear interferometry does not require a reference beam. The
distribution of slow variations in the object's phase, as well as the interferogram's
edges, contain information about the phase function's derivation. However, various
Moire implementations of the edge technique in interferometry have been covered in
the previous section, where it is an instrumental error rejection that switches from

finite to infinite edge detection mode.

23 Digital Speckle Pattern Inteferometry

Digital speckle pattern interferometry, or DSPI, is an optical measurement
technique that combines speckle pattern interferometry with electronic detection and
processing (Andrés et al., 2013). It has been widely used in the investigation of a wide
range of physical parameters in engineering structures, including displacement,

vibrations, strains, and surface profiles.
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Figure 2.4 Optical Setup for the DSPI



Figure 2.5 Phase map obtained by comparing then corrosion state after 180s

Beam expansion is created by two solid-state lasers with different
wavelengths to illuminate the tested object. Scattered light reflects on the object's
CCD plane as it passes through the shear device and into the picture (Andrés et al.,
2013). A Michelson interferometer mirror that has been changed to tilt at a smaller
angle, where the image captured on the CCD camera is emitted by shear, is

responsible for the spatial frequency shift in the spatial frequency domain.

2.3.1 Static Speckle and Speckle Shear Fringe Analysis

There are two methods for static speckle and shear fringes: phase of differences
technique (PDM) and difference of phases method (DPM) . Use single frames in
the distorted state of the object instead of five altered frames in the un-deformed
state for PDM. It employs a phase-shifted correlation fringe pattern, in which the
phase-shifted intensity is subtracted from either the un-deformed or deformedstates,
or vice versa(Cubreli et al., 2021) . The DPM, on the other hand, relied on phase

correlation rather than speckle intensity correlation. The phase maps will be




calculated individually for the deformed and un-deformed states utilizing phase

shifting techniques for the DPM.

2.3.2 Quasi-Dynamic Speckle and Shear Fringe Analysis

The quasi-dynamic response of an item can be investigated on different loads,
as well as the deformation and gradient, using the 'phase of differences'
method(Hossack, 1998). Figures below demonstrate speckle correlation and
speckle correlation patterns obtained from a dual function DSPI system at different

times.

Figure 2.6 (a) (b) Speckle Correlation

2.4 Holographic Inteferometry

Three-dimensional images can be created using holographic technology. This
holographic technology can be used in art as well as commercial applications such as
souvenirs and credit cards (Cubreli et al., 2021) . As a result of the holographic ability
to record and reconstruct light waves, a 3D image is obtained. It will compare the two
light waves that emanate from the same object before and after distortion using
holographic inteferometry. The two light waves will collide, causing an optical effect
to occur on the fringe pattern, which will provide information about the object's

deformation (Hossack, 1998).This complete field data is critical because it may be



used in mechanical experiments to calculate deformation, stress, and strain for the

visible region of a loaded item.

Digital holographic interferometry (DHI), which is regarded as one of the most
precise. Holography, also known as wavefront reconstruction, use the recording and
reproducing the amplitude and phase variations throughout a wavefront. When
monochromatic light enters the eyes or any other optical device, the amplitude and
phase of the fluctuation over the input aperture are the only data provided(Dhirubhai
et al., 2015). As a result, the waveform will be holographically reconstructed to be
equivalent to the original optic wave.

When compared to traditional optical interferometry approaches, the usage of
a hologram provides a distinct benefit. Comparing holograms made of the same object
under different conditions at different dates can reveal structural changes. The full
object surface would be captured, allowing the displacement effects of the object to be
seen in their entirety. The real-time hologram allows for immediate monitoring of
minute changes in an object as it is stressed(Dhirubhai et al., 2015). The hologram of
the object to be researched was overlaid on the actual object. When the object is
subjected to stress conditions, any deformation in the surface will be visible as fringe
interference patterns. The degree and direction of deformation are revealed in great

detail by measuring these patterns(Brooks, 1969).

2.5 Finite Element Analysis(FEA)

Finite element analysis (FEA) is a method of simulating a part's or assembly's
behaviour under specific circumstances in order to assess this using the finite element

method (FEM) (Jagota et al., 2013). Engineers utilize FEA to help them model
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physical processes and so reduce the requirement for actual prototypes, while also
allowing for component optimization as part of the project's design process (Analysis,
2018).

To comprehend and quantify the impacts of real-world conditions on a part or
assembly, FEA employs mathematical models. These simulations will be carried out
using specialized software that allows engineers to discover potential design flaws

such as tension and weak points (Davila, 2020).

Typical load application

Femur and fully dense Femur and femoral stem
Intact femur
femoral stem with cellular structure

111

0.58 mm 0.43 mm 0.56 mm
(target) (gap from target : -25% ) (gap from target : 3%
B e
Maximum displacement of the femoral head

Figure 2.7 Analysis using the FEA

2.6 Result Digital Image Correlation On The Concrete Beams

The failure parameter can always be detected using the DIC by running it via
software. Digital Image Correlation (DIC) is a vision-based technique that employs
picture recognition and mapping technologies to properly measure 2D image
variances(Mousa et al., 2021). With photos of the targeted system taken at different
times, DIC can be used for routine or long-term observation. Images from various
periods can be visually inspected with software, and deformations can be calculated

from the data.
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Time application techniques are less definable and exact than DIC. DIC also
uses classic electronic imagery, which can be used with civil construction procedures
to give precise mathematical assessments of components or systems in traditional
outdoor settings (Ahmad & Firincioglu, 2020).Furthermore, because the targeted
system's existing layer has appropriate photographic texture, no specialized lighting is

required, and in some cases, DIC can function even without specific surface preparing.

Figure 2.8 Crack on the beam before analysis

Figure 2.9 Crack on the beam before analysis

Figure 2.9 shows that using a marker pen to identify such cracks is possible,
though it is a time-consuming and disorganized operation. Inside the speckled zone, a

single photograph taken before cracking appeared and another taken after cracking

12



appeared can be used to determine the overall actual quantity and quality of cracks
(Mousa et al., 2021). This method has several advantages in effective detection that
grow without causing touch. It also provides useful information regarding where
fracture dispersion detectors can be attached, as well as exact crack calculations, even

in cases when crack margins are poorly defined.

Figure 2.10 Analysis for the deformation

The contour and all the tensile values can be obtained by running it through
the software. Cross-correlation as a method of assessing changes in data methods has
been known for a long time and has been applied to electronically imaging since the
1970s (Ahmad & Firincioglu, 2020). Researchers in the 1980s inspired the first
investigations, basis, and framework in DIC approaches in mechanics. Subset-based
DIC approaches, such as 2D and 3D ideas, were established around this time and have
not seen significant changes since then. A novel global finite element-based technique
for the DIC correlation algorithm has been created as computer computing powers

have improved.
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2.7 Result On Structural Health Monitoring the Bridges Structure Using DIC

The use of low-cost, easily implemented, and sufficiently precise monitoring
systems is a crucial approach to long-term civil infrastructure cost-effective
management. These requirements are met by the Digital Image Correlation (DIC)
(Ahmad & Firincioglu, 2020). Because of their enormous size, DIC sensors are an
ideal alternative to traditional sensors for civil and structural monitoring because they
allow assessments to be carried out without interfering with system functionality and
can reach locations that are difficult to reach without the use of special machinery
such as scaffolds and trucks(Mousa et al., 2021). Many researchers have realized the
efficiency and applicability of vision-based and DIC approaches for diverse SHM
applications over the last two decades. Bridges are the most studied civil engineering
systems due to their strategic importance and security implications. The following is a
current state-of-the-art review of the latest SHM application for multiple bridge

infrastructures using the DIC approach.

2.7.1 Concretes Bridges

Arch, Reinforced Slab, Beam and Slab, Box Girder, Integral, and Cable-
Stayed Bridges are the different types of concrete bridges. One of Lee and
Shinozuka's first projects, in 2006, involved a concrete bridge with metal container

girders, which will be discussed further under the bridge superstructure section.
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Figure 2.11 Setup on the Concretes bridges

In this experiment, a heavyweight was suspended from a bridge. Photographs
of the girder surface before and after deformation were taken using a single electronic
camera (Mousa et al., 2021). The results showed that the DIC-recorded deflections
agreed with those reported with the Linear Variable Differential Transformer (LVDT),
implying that the proposed technique could eliminate the influence of camera motion.
created an innovative prototype pairing optimization technique up-sampled cross-
correlation using Fourier transform to extract displacements in real-time from video
images.

The findings revealed that increased imagery resolution of less than 1 mm could
be achieved with ease by just changing the up-sampling value. The displacements
observed by the single camera coincided with measured displacements acquired from
the high-performance laser sensors, according to a field test conducted on a railway
and pedestrian bridge (Eichhorn, 2019). The vision-based method has a number of
advantages, including the ability to extract structural deflections from a single

measurement at any position, as well as its ease of use and low cost.
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2.7.2  Suspension Bridges

Another application for infrastructure, particularly cable-stayed bridges, was
the monitoring of hanger cables. Ji et al. were among the first to propose using a
combination of 2D- and 3D-DIC techniques to measure vibrations of cables holding a
pedestrian bridge using optical sensors in 2008. The proposed strategy studied a series
of photographs captured from a vibrating wire and inputted the intensity of optical
variance of a targeted region of reference to determine the wire displacement using a
single commercially available camera device with no camera calibration required
prior to testing. The results of the experiments show that the method can accurately
measure cable vibration and pipe motion. Furthermore, by obviating the need to
append a target to the optical flow, this strategy enables for straightforward

implementation.

2.7.3 Strain Measurement In Friction Stir Weld (FSW) Sample

Friction Stir welding is a solid-state welding technique for combining metals
that involves plasticizing and consolidating materials along the bond line with the use
of heat energy generated by localized friction forces. This welding procedure is used
in a variety of aerospace applications, and it is frequently used to evaluate the welded
zone for weld integrity. The material parameters of the weld samples, such as the
Young's modulus and yield stresses, were also determined using the SPDIC tool's
stress-strain  graphs. Furthermore, the pseudo coloured strain contour maps
highlighted the location of maximal strain, allowing fracture initiation in the sample

to be predicted.
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4.8k 6.4k 8.0k 9.6k 11.2k 116.0k | Fractured |

Figure 2.12 Sample of analysis on the structure

To be able analyse the data, some equipment need to be focus on it used. By

using the best equipment, the result analysis of data will be great and easy to get.

2.8 CAMERA

Camera is used to capture images or record any video. However, to obtain the
good result, the camera that need to be use d high speed camera. A high-speed camera
is one that can capture moving images with exposures of less than 1/1,000 second and
frame rates of more than 250 frames per second. Early elementary cameras used film
to record high-speed events, but these were gradually replaced by entirely electronic
devices that used either a charge-coupled device (CCD) or a CMOS active pixel
sensor to record over 1,000 frames per second onto DRAM, which could then be
replayed slowly to conduct research the motion for scientific inquiry of transient

phenomena.

2.8.1 LaVision camera

For strain and deformation analysis, LaVision offers a broad array of cameras.

We offer high-resolution and high-frame-rate cameras, relying on your requirements.
17



The Imager M-lite is a high sensitivity, high - definition USB 3 camera series,
equipped with the newly developed CMOS sensors with improved image quality and
low readout noise. Models with resolutions ranging from 2 to 16 million pixels are

available.

Figure 2.13 Lavision Camera

2.8.2 Photron and Phantom cameras

The programme fully integrates the Photron and Phantom cameras, which have
CMOS sensors with frame rates of several kHz and the best spatial resolution.
LaVision's high-speed cameras, including all of its other cameras, are ready for use in
time-resolved applications involving extremely high strain rates, such as impact or

explosion.

Figure 2.14 Photron and Phantom camera



CHAPTER 3

METHODOLOGY

3.1 Introduction

The approach that was employed in this report will be discussed in this chapter.
The methodology section of the report describes how the study was carried out, the
research methodologies utilized, and the justifications for using those approaches. a
discipline's set of methods, rules, and postulates such as a specific procedure or series
of procedures exhibiting library research methodology. The problem is a massive
rethinking of educational methods. It refers to the procedures or strategies used to find,
select, process, and evaluate information about a certain subject. The methodology
portion of a research article allows the reader to critically examine the study's overall

validity and dependability.

3.2  Project Planning

The goal of project planning is to make sure the research or project runs
smoothly. Flow charts can aid with the process of implementing each step one at a

time for better order.
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33 Proposed Methodology

START

EQUIPMEMNT SETUF

FAILURE TEST ON
MATERIAL

L

DIC iMAGE USING
NCOER/MATLAB

AMALYSIS
DA fIMAGE

RESULT FAILURE ANALYSIS

REPORT WRITTING
END
Figure 3.1 Flow Chart Process
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3.3.1 DIC Validation

Validation is a one of the process that need to be run before proceed with the
post processing and failure test on the real material. Each product or material must
undergo the confirmation through series of the simple experiment step so that can be
conclude either the material in the right term of it properties. This need to be run to

ensure that all the specification of material and it experiment archive a good result.

3.3.2 DIC Characterization

Characterization for DIC is on DIC system for small biological specimens
based on a high speed camera and original image correlation algorithm. Each material
has it own characteristic to ensure it stability to use. Below are the some of the detail
for the cable for crane.

Table 3.1 Specification detail for the steel wire ropes for crane

Specification Details

« High carbon steel wire

Material s : g

e Galvanize steel wires or Stainless
steal wires

Siandard Complying with EN-10264 or other
CUSLOIT SPacs.

Tensile Strength 1370 N/mm? up to 2260 Nimm®
« Bright phosphate wire

Coating « (Galvanized wire

+  Other custom coating

0.3mm to 4mm or thicker diameter upon
request

Wire Diameter

Rotating or rotation resistant wire ropes,

Structure ;
compacted & non compacted wire ropes

21



3.3.3 Post Processing

In this process will be discuss on how the analysis of DIC be made by using the Ncorr.

Below are the program flow that need to be follow :

1. Reference images need to be set.

Lookin [ ). sample12

~
Recent Places

=

Deskiop
= i ohtcfrp_00.tif ohtcfrp_01.tif ohtcfrp_02.tif ohtcfrp_03.tif
=

Libraries

A

&

ohtefrp_04.tif ohtcfrp_05.6if ohtcfrp_06.1if ohtcfrp_07.tif

File name: [ohectrp o0t i Open |
Files oftype: [image fles (jpg. . png bmp) 2 ~] Cancel

File Region of Interest Analysis PIot

| Program State Referance Image
Reference Image__5¢

NOTSET |
MOT SET
NOT SET
NOT SET
NOT SET
NOT SET

-~ Current imaga(s)

~ Region of Interest

Name: ohictrp_0D.f
Resohtion: 400 % 1040

Figure 3.3 Reference image been selected

2. Set the current image(s)
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File| Region of Interest Analysis Plat

|
Load Reference Image | Reference Imag

Load CurrentImage(s) >I
Load Data |

1= 4

Save Data
Clear Data
SetHandle
Reinstall
Exit
[ I

Load All {(memary heavy)
Load Lazy (slower but less memary)

Figure 3.4 Choosing the Load Lazy for Current image

Lookir: ‘ | samplel2

=P
RecentPlaces
L
Desktop

g

ohtcfrp_04.tif

| ohtcfrp_08.1if

ohtcfrp_05.tif

oElp,DQ.ﬁ'

ohtcfrp_06.4if

ohtefrp_10:if

ohtcfrp_07.tif

_oh(c!rp,l Trif

File name:

{[°ontcip_ta i *ohtchip_01 i *ohtctp_02 i *ohictrp = |

Open [ 1 I

Files of type: [image files (jpg. 1. png, bmp)

| Cancsl

Figure 3.5 Select current images

| File Region of Interest Analysis Plot

— Reference Imag

— Program Stat

DIC Parameters
DIC Analysis
Displacements
Strains

NOT SET
NOT SET

Region of Interest

Mame: ohtefrp_00f
Resolution: 400 x 1040

— Curent Imag

Name: orteirp_11 it
Resolution: 400 x 1040

Figure 3.6 Images been selected

3. Region of interest setting(ROI)
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sample ROI

Figure 3.7 Different between ROI and sample

Look in: | | sample12 j - ck Ev

-~
Recent Places,
Desktop

Ao,
— ohtcfrp_08.tif ohtcfrp_09.tif ohtcfrp_10.tif ohtcfrp_11.4if
Libraries

*l

Computer

<

roi.tif

File name |rm.(i1 L[ | Open
| Cancel

Files of type: |Image files (.

_—

Figure 3.9 Drawing ROI

4. DIC parameter setting
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— Subset Op — Radius P

st o Subsel Location: Zaomed i subset:
A [—
Subset Spacng: (3

A1 f—

— herative Solver Options ——

Ditf Nom €0 (16-006
ferstion 210 (50

- Multithreading Options

N Treesds 8

— High Strain Analysis-
[ Enabie step Analysis
|Seed Propagation -

Auto Propagation

Ste ¥

Discontinuous Analysis—
( Bt

MWenu

L ]

Cancel Naite: ohtctrp_0041

Figure 3.10 Subset radius & subset spacing

5. DIC analysis

— Region Options————  — Belect Ré_;gmr‘
Region(s) Set. 00t 1

Select Region |

" Cancel -

Mame: ohtcfrp_00 i

Figure 3.11 Regions selection
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— Seed Opt — Select Reg
Seed(s) et 4 of 4

et Seedds ]

Mame: ohtcfrp_00

Figure 3.12 Wrong selection of seed place

— Seed Optione — Belect Req
Seerliz) et dof 4

Set Seeds J

~ Men

Mame: ohtcfrp_00 tif

Figure 3.13 Right seed region

26



Location of Reference Subsst Appraoximste Location of Current Subset

Transformed Current Subset

#01 Genase Newlon Rerations: 5
Mot of difference vector 53867007
Gorresation Coaffoirt: o000ss7s7
Theead: 4 C=][ 2
Name: ohicirp_00if Name: ohicip_11 5t =] [

Figure 3.14 Preview for seed region

6. Format displacement

Reference beme: o _001
‘Current Mame: oHcfrp_11 41

Figure 3.15 Format displacement
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Units opti

Units:
# of Units:
Unitsfpixel : 0:031791

SetLine

Load Calbration Imags

’—ZnnmfPani

Name: htcfrp_00 5t

Figure 3.16 Image calibration

— Units Qptions - -~ Proview—
[oauracowson ] | | uasspacemert
st q -0.2
B W 03
'~ Formatiing Otions
04
-05
06
07
-08
09
1
Retererce ame: crestvn_001
Gurent Nams: ttc1rp_11 5
——————————————

Figure 3.17 Unit and value setting

7. Calculate Strain

~— Strain Optl

StrainRedus: 15

£ il 2]
— Vitw Gitions:
Lagrangian

UDispiacament

Discontinuous Analysis
Subset Truncaion

Displacement - pixels

Zoom/Pan
ol Bl e
| Zoom Pan

Menu

Reference Name: obicirp_00:tif
Current Name: ohtcfr_11 5

Frven
Cancel
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Figure 3.18 Strain analysis

Figure 3.19 Strain plotting

Figures below show the sample of loading flexural for the Ncorr or MatLab analysis.

Figure 3.20 earlier image before failure

Figure 3.21 Image that almost failure
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Figure 3.22 Specimen after failure

After undergo the analysis , the images will be display in the contour so that it will be

easy to see the failure part either with the specification of deformation value.

Figure 3.23 Analysis of deformation for the loading flexural

Reference Name: 4115273m 070 g
Cumgnt Name: 4115273m_075.jpg

Anghysis type: rmgular

RG-DIC Radus: 25 | Strain Rads: 19 | Subset Spacing: 8

Diffnaern Cuisff: 1e-08 | lteravos Cutnli: 50 | Theesds: 4

Step Analysis: Disabled

RG-DIC Subwet Truncation: Cisabled | Strain Subset Truncation: Enabled
Image Comespondences: [0 10]

Units/poels; 0. 22845 mm pecels

Comelxtion Cosfficient Cutoff: 1 0554

Radial Lans Digtortion Coafficient,

Mo 0.0025 | Median: 0.0004 | Min: .0008

Figure 3.24 Data analysis for the loading flexural
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3.3.4 Experimental Setup

Experimental setup is on how to manage the DIC from the taking images till get
the analysis of the data for the correlation.
1. Principle

From the data obtain, the value of yield strength for the material or cable will be
able to calculate by using the data .Stress relates to the forces operating on the
component, whereas strain defines how the component deforms in reaction to the
stress relative to its undefined condition. The following are the assumptions used in

linear stress calculations:

[1]

and this presupposes...

stiffness * displacement = force
As a result, the component's reaction to stress is determined by both stiffness and
geometry, and the material qualities have an immediate impact on this computation.
To determine how a component will react to stress, we must first determine the
strain that the result will experience. Strain is attributed to the difference in the

original item's size/shape and is computed as follows:
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The connection between stress and strain is linear until it reaches the point of
failure, which is referred to as UTS (ultimate tensile strength). Young's modulus (the
elastic modulus) defines this linear relationship as follows:

modulus of elasticity = longitudinal stress / strain

o

y = —
S

[3]
The slope of the graph displayed for the stress/strain relationship is determined

by this relationship.

Strain hardening Necking

Ultimate strength e

/L/ Fracture

/ Yleld strength

/ Run

&
Jd

Ri
Young's modulus = Slope -

e

Figure 3.25 Stress Strain graph

2. Equipment

a) CABLE

This cable will go through a dic procedure, in which our camera holding the
weight will record the cable's durability. Depending on everyday use, each material
has a different level of durability. Using existing tools, the cable video recordings will

be transformed into images for study.
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Figure 3.26 Cable and Crane that will be used for DIC

b) SOFTWARE
To run the DIC analysis, it will use the MATLAB R2022a software which has

already synchronize with the digital image correlation.

MATLAE

RA022a

Figure 3.27 Matlab R2022a

3.4 Limitation of Proposed Methodology

Limitation is a some difficulty that encounter during the whole process of project.
In this task, placing the right subset and choose the right subset size is one of the

difficulty. By choosing the right size and placing, the problem that the worst region of

the surface pattern will be influences the performance of DIC across the entire image.

To avoid the limitation, a Dynamic subset selection(DSS) algorithm is proposed to
optimize the subset size for each of the point in an image before optimizing the

correlation parameters.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

This chapter presents the results and analysis on the cable including the validation
on the brass displacement. Then, the Matlab software are used with triangle equations to
establish a distance for brass to differentiate the value of real image and Matlab value.
Case studies are performed to validate the applicability of the proposed system with real

data.

4.2 Results and Analysis

4.2.1 Strain Analysis

Table 4.1 Value for the Matlab Ncorr Settings

Subset radius
43
Subset spacing 3
Number of threads 5
Seed
2
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Radius spacing

20

Table 4.2 Analysis Strain

UAND V

U-displacements.

0.045
0.04
0.035
0.03
0.025
0.02
0.015
Reference Name: MV_DD3101251 jpg
Current Name: MV_003101251.j0g
Anaysis type: reguiar
RG-DIC Radius: 43 | Subset Spasing: 3
Diffnorm Curtof: 1e-06 | Iteration Cutoff: 50 | Threads: 2
Step Analysis: Dissbled
RG-DIC Subsst Truncation: Disabled
Image Correspondences: [0 5]
Units/pixels: 0.50827 mmipixels
Comelation Coefficient Cutaff: 0.0183
Radial Lens Distortion Goef fisient: 0
Meax: 0.0540 mm | Median: 0.0205 mm | Min: 0.0108 mm
U —_—
0.04
0.035
0.03
0.025
! |
- 0.02
| -
Reference Name: WV_001101281.jpg
‘Current Name: MV_003101321.ipg
Anatysis typs: reguisr
RG-DIG Radius: 43 | Subset Spacing: 3
Diffnorm Cutoff: 1608 | Iteration Cutof: 50 | Threads: 2
Step Anslysis: Disabled
RG-DIC Subset Truncation: Disabled
Image Gomespondances: [0 5]
Units/pixels: 0.50627 mmipbxels.
‘Comelation Coefficient Cutoff: 0.0183
Readisl Lens Distortion Cosfficient:
= B

Masc: 0.0423 mem | Median: 0.0347 mm | Min: 0.0171 mm

| V-displacements

o
-0.0058
-0.01
-0.015
-0.02
-0.025
-0.03

Reference Name: MY_003101251.jog

Gument Name: MV_003101281 jpg

Analysis type: regular

RG-DIC Radius: 43 | Subset Spacing: 3

Diffnorm Cutoff: 12-06 | Iteration Gutoff: 50 | Thresds: 2

Step Analysis: Disabled

RG-DIC Subset Truncation: Disabied

Image Conrespondances: [0 5]

Units/pixels: 050827 mmipicels.

‘Garelation Goafficient Gutaft: 0.0183

Radial Lens Distortion Coafficient: 0 -

Max: 00033 mim | Median: .0083 mm | Min: -0.0364 mm !

[ Vodisplacements — ]

-0.008
-0.01
-0.015
-0.02
-0.025

Referance Name: MV_003101281 jpg

‘Gurent Name: MV_003101321.jpg

Analysis type: reguiar

RG-DIC Radius; 43 | Subset Spacing: 1

Diffrorm Cuof: 1608 | Iteration Cutoff: 50 | Threads: 2

‘Step Anatysis: Dissbled

RG-DIC Subset Truncation: Disabled

Image Conrespondences: [0 £]

Units/pixels: 050627 mmpixels.

‘Gonelation Gosfficient Gutof: 0.0183

Radisl Lens Distortion Cosfficient 0

=B

Maxc: 0.0027 mm | Median: -0.0171 mm | Min; 0.0314 mm
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U-displacements. [FV-dspacements
B 001
003
-0.02
002
-] -
0.01 -0.04
-0.05
o
-0.06
Reference Name: MV_003101251.ipg Reference Name: MV_003101251 jpg
‘Current Name: MV_033101351 jog Current Name: WV_003101351 jog
Anaiysis type: requiar Anlysis typs: sequlsr
RG-DIC Radius: 43 | Subset Spacing: 3 RG-DIC Radius: 43 | Subset Spacing: 3
Diffnorm Cutoff: 1608 | heration Cutoff: 50 | Thresds: 2 Diffrorm Cutoff: 1608 | lieration Cutof. 50 | Threads: 2
Step Analysis: Diszbled Step Ansiysis: Disabled
RG-DIC Subset Truncation: Disabled RG-DIC Subset Truncation: Disabled
Image Comespondences: [0.5] Imsge Comespondnces: [0.5]
Unitsipixsle: 0.50627 menipixele Units/pixels: 050827 mawpixels
Conelation Goefficient Cutof: 0.0183 Gorrelation Goefficient Cutof: 0.0183
Radial Lens Distortion Cosfficent; § Radial Lens Distortion Coefficient: 0
Vs 0.0291 mm | Mesian: 00203 mm | Min: 0.0082 mm | G Wax: -0.002% mm | Median: -0.0313 mm | Min; 0.0870 mm | 2
U-displacements. Vdisplacements
-0.03
0.04
-0.05
-0.06
-0.07
Referencs Name: MV_003101261 jpg Refarance Name: MV_00¥101261 jpg
‘Cument Name: MV_003101381 jpg ‘Curent Name: MV_003101281 jpg
Anaiysis type: reguiar Analysis type: regular
RG-DIC Radius: 43 | Subset Spacing: 3 RE-DIC Radius: 43 | Subset Spacing: 3
Dif fnorm Cutof: 1608 | Iteration Cutoff: £0 | Threats: 2 Difrorm Catoff: 1608 | Iteration Cutoff: 0 | Threads: 2
L Step Anatysis: Disabies
RG-DIC Subsst Truncation: Disabizt RG-DIC Subset Truncation; Disabled
o et & 51 Image Corespondences: [0 51
Units/pinels: 050627 mmipixels Uit pixele: 0.50627 mon/pizels.
‘Camelation Cosificient Cutoif: 0.0183 Conslation Coef ficient Cutoff: 0.0183
Rasisl Lans Distortion Cosfficient: 0 e Radial Lens Distorson Coeffigient.
Vaic: 00555 mem | Median: 0.0256 man | Min: 0.0084 mm g ¢ Maxc -0.0248 mm | Mesian: -0.0471 mam | Min: -0.0808 mm |
U-ssplacements — ettt = v e AL g%
1 v v
0.02 )
; | -0.04
0.01
-0.05
-0
. d . &
007
001 0.08
-0.09
Reference Name: UV_003101281 jog Reference Name: WV_003101281 g
Coment Name: MY_003101411. 03 Cument Name: MV_003101411 jpg
Araiysis type: reguiar Anaiysis type: reqular
RG-DIC Radius: 43 | Subsel Spaceg 3 RG-DIC Radus: 43 | Subset Spacing 3
Difénerm Cutoff: 108 | Iteration Catoff: 50| Threads: 2 Diffmom Culof: 1608 | lteration Catof: 50 | Threads: 2
Step Avalysis: Dissbied Step Analysis: Dissbied
RG-DIC Subset Truncation: Disaties RG-DIC Subset Trumcation: Disabied
Image Comespondences: [0 5] Image Correspondences: [0 £]
Uniss/pixes: 050827 memipixels Urits/pixels: 0.50827 mewpiels
Coreiation Cosfficest Cutoff: 00183 Comeiation Coeffisent Cutof: 0.0183
Radal Lens Distorton Coafficient: 0 Radial Lans Distorton Coatficant: 0
<[ =

Mx 0.0292 mm | Median: 0,005 mem | Min; -0.0221 mm

Max: D.0171 mm | Median: -0.0818 mem | Min: 00388 mm
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Exx and

Eyy

Exx Green-Lagrangian

Reference Name: WV_D03101281 jog
Cument Name: MV_003101291 jog

Analysis type: reguiar

RG-DIC Radivs: 43 | Strsin Radus: 20 | Subsst Spacing: 3

Ditfnorm Cutofi: 18.08 | taration Cutoff: 50 | Thraads: 2

Step Analysis: Dissbied

RG-DIC Subset Truncation: Disabled | Straim Subset Truncation: Disabled
image Comespandences: [0 5]

Units/poceds: 0.50827 mmvpoels
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4.2.2

Validation distance different between real image and Matlab value.

Table 4.3 Real Data Value

REAL IMAGE (mm)

First image

27.00

Last image

46.84
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Figure 4.1 First and last real image

Figure 4.2 MatLab Data
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Movement of brass
during strain

Figure 4.3 Overlay Image

DATA CALCULATION

Calculation:

Triangle Similarity:

__(PxD)

[4]

where, F = focal length
P = apparent width/height in pixels
D = distance camera from the object
W = real width/height of the object

FIRST IMAGE:
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P (52.86pixel x 40.00mm)
B 27.00mm

F = 78.31pixel

focallength X real distance of the object X image distance
object distace X sensor height

Distance of object =

78.31pixel x 27.00mm X 52.86pixel

A0mm = Object distance X (97)

Object length = 28.81 mm

Table 4.4 Focal and Object length

Focal length(pixel) Object length(mm)
FIRST IMAGE 78.31 28.81
LAST IMAGE 109.76 48.94

Table 4.5 Data Comparison

REAL DATA MATLAB DATA
FIRST IMAGE 27.00 28.81
LAST IMAGE 46.84 48.94
Percentage:
real data
x 100

0= matlab data

[5]

Table 4.6 Percentage
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Percentage (%)

FIRST IMAGE 93.72

LAST IMAGE 95.71

Average percentage:

93.72 +95.71
2

=94.72%

The average true value percentage according to the MatlLab statistics is 94.72%.
(which it is can be considered as mostly success for the validation of real image using
MatLab software). The accuracy of the data increases with the value percentage. One
inaccuracy that could result in a different outcome is when a measurement in MatlLab's
point-to-point mode is not aligned, which would result in a different measurement of the
value and a lower percentage.

The correlation of digital images is employed for strain analysis. The digital image is
easier to analyse than any other type of examination, such a strain gauge. A common
technique for calculating the strain on an object is the strain gauge. It requires a strain
gauge, often measured using a Wheatstone bridge that is related to the strain, that works
on the principle of resistance change. Although purchasing the equipment (high speed
camera) will be more expensive initially, the subsequent job will be lot simpler. The image
of the data will be analysed as it is being collected using software (MatLab and Ncorr),

which may be downloaded from the website.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

From the objective that been stated earlier, high speed camera are obtain to take the
image or video for the analysis in this research. High speed camera that been used are
been put on the horizontal with the tools(cable/brass) to record the changes that happen on
the cable and brass when force are been put on it. In addition, to analyse the analysis of
strain and also the validation of data, the Matlab and Ncorr software are been used to proof

the concept.

There were so many method that can be used for the analysis, but the Matlab were
much better due to the accessibility of the software is much better compare to others.
Compare to moire method in the literature review earlier, principle of in-plane moire
method is a principle that is related to moire method(scar field p of each Moire edge
represents the displacement p, with the frequency of the scar determining the sensitivity to

each displacement).

This study can be continued after stating the problem and the goal at the outset by
conducting numerous literature reviews to support the decision to use MatLab and Ncorr to
conduct strain analysis. The validation process is then utilized to demonstrate the reliability
of the cable's manufacturing method. To complete the Matlab process, good data will be

collected. After a thorough analysis, a report will be written.
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5.2 Recommendations

For future improvements, accuracy of the strain estimation results could be

enhanced as follows:

1) By analyze the data for the real time cable instead of in the laboratory

analysis

i1) Comparing the real data strain graph(theory) with the data taken in real life

situation.
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