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We have investigated new approach to predict mechanical properties for non-homogeneous materials.
The investigation used copy paper 100 gsm as sampling object using image tracking method and based
on bending of cantilever slender beam. The copy paper 100 gsm was shaped on non-homogeneous geo-
metris than placing it with curvature angle variations (0�, 45� and 90�). We snapshot the copy paper sam-
ple using digital camera later tracked the coordinates at several points after divided the beam image into
16 segments. Futhermore, we calculated Modulus Young using elasticity equation for non-homogeneous
beam. The results presented show that it is possible to obtain a good Modulus Young value due to
approach Modulus Young value obtained by direct measurement using tensile strength device. This
method is expected to become a reference for developing Modulus Young estimation for non-
homogeneous geometry materials without direct contact.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 7th International Con-
ference of Advanced Materials Science and Technology 2019.
1. Introduction

Today, the elasticity materials become tremendously important
[1]. Numerous applications of the use mechanical properties of
materials, such as supporting of industrial progress in civil build-
ings, electronics and the food industry, for example in the design
of food packaging resistant to environmental changes such as tem-
perature [2]. Many characterization methods have been used to
understand the properties of materials. At the present, a method
of characterization the elasticity of materials is image processing
[3,4]. This method can be done directly or with the results of the
recording, simple but can provide enough information. In measure-
ment technologies, image processing has become the most impor-
tant to design instrument. The Scanning Electron Microscope
(SEM), the Transmission Electron Microscope (TEM) and the
Atomic Force Microscope (AFM) are measurement methods based
on image processing [5,6,7]. All information in the form of material
structure, morphology and atomic interactions in materials was
presented using this method. The use of these methods requires
high costs. This limitation has become a factor to take into account
when carrying out measurements with a simple method requiring
lower costs. Therefore, a number of alternative measurement
methods that have been developed are also based on image pro-
cessing to replace these measurement methods. In this research,
the image processing method was developed on the folding mate-
rial by applying the cantilever beam principle. The bending profile
of the cantilever beam was taken using a camera and then pro-
cessed using a calculation method to obtain the modulus of elastic-
ity. The dependence of the elasticity on the density parameters and
the cross-section of the cantilever beam becomes the basis for the
development of this measurement method. Therefore, section and
density data based on the bending profile image of each material
obtained can be used to calculate the modulus of elasticity.

In this study, we focus on the principle of cantilever beams that
depend on physical parameters such as the bending moment of
one’s own weight. Each sample is divided into N segments of the
length of each a. The first segment starts at the free end and ends
at the linked end. The bending angles of each segment differ
because they have different bending moments in the sample. The
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bending angle of the jth segment is ɵj, which corresponds to equa-
tion (1) [8].

hj ¼ hj�1 � a3g
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Where Ij is the moment area, Yi is the modulus of elasticity, kj is the
density of the long unity in the jth segment and g is the acceleration
of Earth’s gravity. Equation (1) can also be written as
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The modulus of elasticity calculation for homogeneous material
using equation (2). However, to calculate the modulus of elasticity
for non– homogeneous material, for example the shape of the vari-
able width trapezoid if it is divided into N segments at the tip of
the sample, equation (2) does not meet. Therefore, as a function
of physical parameters in the form of a variable sample width,
equation (2) becomes

Y j � � a3gk
Ij hj � hj�1
� � Xj�1

i¼1

icoshi ð3Þ

In simulation process, using equation (2) to calculate homoge-
neous samples and equation (3) for non-homogeneous samples.
The modulus of elasticity scattered throughout the sample is N.
The data distribution is approximated by the Gaussian function
to obtain the modulus of elasticity between Y and Y + dY, satisfying
the equation

W Yð ÞdY ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffi
2pr2

p exp �ðY � Y
�
Þ
2

2r2

2
4

3
5dY ð4Þ

Then, we fit scattered data using Equation (4) to obtain the
average elastic modulus as well as the standard deviation r [8].

2. Experimental

This research based on the calculation of Modulus Young for
homogeneous material and non-homogeneous materials. The
whole calculation was done using equation (2) for homogeneous
material and equation (3) for non-homogeneous materials. At the
preparation stage, the sample was prepared in the form of rectan-
gular paper with two variations, namely plain and colored (pilox
coated). Next, a trapezoidal paper sample was prepared with the
same treatment as a rectangular sample. The final sample was pre-
pared in a rectangular shape but the density changes throughout
Fig. 1. Illustration of a simple experiment mea
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the sample by coating it with a pilox. Furthermore, a simple exper-
imental method design was made as shown in Fig. 1. The images
result from the experimental was processed image tracking using
video tracker software version 4.94 (open source). The calculation
of experimental data was carried out with the help of VBA for Excel
2016. The development of newmethods in measuring the modulus
of material elasticity was carried out aimed at simulating various
materials that could be measured under various circumstances.
The simple design of the elastic modulus measurement method
is shown in Fig. 1.

Experiment was conducted by varying the angle for each sam-
ple then taking picture using a digital camera. Futhermore, the data
processing with image tracking, fitting equations and simulation to
obtain elasticity modulus.

3. Results and discussion

The development of the measurement methods for modulus of
elasticity, physical parameters which become the object of mea-
surement are density of the material, geometrical shape and curva-
ture angle of each observed material. Physical parameters are
measured, calculated and observed through experiments with a
simple design without any touch to the material being measured.
A series of treatments starts from sample preparation, sample pho-
tography, Image Tracking, simulation until a modulus elasticity
value was obtained that close to the value of the results of the ten-
sile test using a tool. Sample preparation in the form of paper (100
gsm) was measured by varying physical parameters in the form of
geometric shapes, angles of curvature and density of materials.
Measurement of elastic modulus for rectangular (assumed to be
homogeneous material) samples. Assumptions that rectangular
shaped samples were homogeneous have been reported by Makela
and Soren Ostlund, 2003. Measurements were conducted by vary-
ing the curvature angles of 0� and 45�. Assumptions that rectangu-
lar shaped samples were homogeneous were reported by Makela
and Soren Ostlund, 2003. Further measurements were made by
varying the curvature angles of 0� and 45�. Measurement of elastic
modulus for trapezoid-shaped samples (assumed to be non-
homogeneous material). The change widths throughout the sample
form the basis that the geometric shape non homogeneous.
Because the width of the sample is one of the parameters in the
calculation.

The simulation was performed using a total length of A4 paper
L = 0.16 m. The length of the segment was determined as
a = 0.0005 m for all length values. Four teta N angles, namely 0�,
45�, and 90�, were reviewed for each length value. Measurement
of elastic modulus for trapezoid-shaped samples (assumed to be
surement of materials elasticity modulus.



Fig. 3.1. Comparison of the image deflection profile results through image tracking using a video tracker. (a) Rectangular-shaped samples and (b) Trapezoid-shaped samples.

R. Munir, H. Dany Rahmayanti, N. Amalia et al. Materials Today: Proceedings 44 (2021) 3415–3419
non homogeneous material). Fig. 3.1 shows the results of image
tracking using a video tracker by performing mass track points
on each segment that has been divided into 16 segments. The mass
points of each segment consist of two points so that the mass
points obtained in the sample image were 32 coordinates points
on the x-y axis. The deflection profile of the sample was rectangu-
lar (Fig. 3.1(a)) and the sample is trapezoidal (Fig. 3.1(b) shows the
difference in curvature. It was estimated that the influence of the
geometric shape of the different samples. For trapezoid-shaped
samples, the free end was long side and the bound end was short-
est side.

The simulation was performed using a total length of A4 paper
L = 0.16 m. The length of the segment was determined as
a = 0.0005 m for all length values. Four theta N angles, namely 0�,
45�, and 90�, were reviewed for each length value. Measurement
of elastic modulus for trapezoid-shaped samples (assumed to be
non homogeneous material). Fig. 3.1 shows the results of image
tracking using a video tracker by performing mass track points
on each segment that has been divided into 16 segments. The mass
points of each segment consist of two points so that the mass
points obtained in the sample image were 32 coordinates points
on the x-y axis. The deflection profile of the sample was rectangu-
lar (Fig. 3.1(a)) and the sample is trapezoidal (Fig. 3.1(b) shows the
difference in curvature. It was estimated that the influence of the
geometric shape of the different samples. For trapezoid-shaped
samples, the free end was long side and the bound end was short-
est side (Fig 3.2. Fig 3.3).

Young modulus tensile testing or elastic modulus (E) was per-
formed to confirm the results obtained through the Image Tracking
method which simulated with the simulation results (Table 1). We
also testing the results using tensile strength measurement in the
Physics Laboratory of the Bandung Institute of Technology using
the 10KN Universal Testing. From the data in Table 1, we can con-
firm that the proposed method can well estimate the elastic mod-
ulus of materials where the difference of calculation and
measurement almost the same. This result is showen in samples
with 45� curvature angles.

The calculation results for plain paper samples are 2.42 GPa
(curvature angle: 0�); 2.18 GPa (curvature angle: 45�) and
2.32 GPa (curvature angle: 90�) close to value of direct measure-
ment results approximately 1.4–2.1 GPa (see Table 1). We consider
cantilever beam equation that used in this calculation according to
conditions of material profile being measured its elasticity modu-
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lus. The material is sheets paper forming when one end is clamped
and the other end is left dangling it will form a curved profile. For
the papers coated pilox gave results that are not so close to value
elasticity modulus by direct measurements but are still in the same
orde (GPa). This case is due to coatings that are not evenly dis-
tributed throughout sample surface, involved the surface becomes
rigid. Rigid material was difficult to track so cannot be calculated
using image tracking method (curvature angle: 90� for paper
coated by pilox). Based on this work, we assume that image track-
ing measurement method only applies to sheets material forming
or materials that can be curved if one end is clamped and the other
end is left dangling.
4. Conclusion

We have shown that Image Tracking method of bending can-
tilever beams using a series of procedures: tracking images, calcu-
lating bending angles, adjusting bending angles to polynomial
functions, calculating elastic modulus in each segment using dis-
crete equations of bending equilibrium for sample sheets, we can
accurately estimate modulus material elasticity. By testing with
three samples, the procedure was able to estimate elastic modulus
with deviations from the measurement results of less than 10%. By
investigating the bending of cantilevered material placed on the
experimental table, we were able to obtain curvature through
the results of sample shooting. From the curve shown in the previ-
ous section, we can get the elastic modulus value of each sample
without having to contact directly at the time of measurement.
To justify the estimation results, we also measure directly using
tensile test equipment and obtain consistency between the calcu-
lated results and experimental observations. Finally, we also check
the accuracy of estimates and are very confident that accuracy is
acceptable. It is important to mention that this is the first attempt
to estimate the value of the elastic modulus of the material based
on bending cantilever beams with the simplest method.
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Fig. 3.2. Experimental data fitting graph (green colored round shape), theory (orange dashed line) and simulation (blue line) on rectangular sample. (a) Curvature angle 0�
and (b) Curvature angle 45�. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 3.3. Experimental data fitting graph (green colored round shape), theory (orange dotted line) and simulation (blue colored line) on trapezoid-shaped samples. (a)
Curvature angle 0� and (b) Curvature angle 45� (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
The average values of elastic modulus obtained from calculation and direct measurement.

Angle PlainPaper Elasticity Modulus (GPa) PiloxCoated Elasticity Modulus (GPa)
Averaged calculated Averaged measurement Averaged calculated Averaged measurement

0� 2.42 1.4–2.1 5.51 8.716
45� 2.18 1.4–2.1 7.59 8.716
90� 2.32 1.4–2.1 Not bend -
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