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The presence of a notch has a decisive influence on the deterioration of the operational properties of
each type of construction material. The shape of the notch and the stress distribution in the notch
have an influence, in particular with high strains, on the properties of the material tested. To evaluate
these properties, the static characteristics of the test material were determined for various notches.
The work presents the research possibilities offered by the multi-camera 3D image correlation system.
The experiment is based on non-contact measurement of displacements and deformations of axially
loaded samples. The samples are made of aluminum AW-1050A. The measurement was mainly used
to estimate the value of deformations and displacements at various points of the loaded cross-section.
The measurement was performed by following the displacements of the properly prepared outer surface
of the sample.

topics: image correlation system 3D, tensile test, deformation, displacement

1. Introduction

The use of a non-invasive measurement method
makes it possible to detect defects more quickly
without the need for specialist preparation of test
specimens. The advantage of using optical measure-
ment methods of deformation or stress distribution
is the ability to identify changes in the surface of
the test material at the microscale level. This allows
early identification of the process before its dynamic
development [1].

The Q-400 system used with the ISTRA 4D
software is a multifunctional non-contact tool for
measuring the deformation of a tested object in
both two- and three-dimensional coordinate sys-
tems. The principles of the system are based on
relationships existing in the continuous mechanics.
Dimensions and positions of the two points in the
state before and after the deformation are consid-
ered. The correct operation of the system is based
on the appropriate lighting and then the analysis
of the light beam reflected from the surface of the
observed piece before the load and in the subse-
quent steps of the load for the consequence defor-
mations to appear. The digital image correlation
method used images of the object taken at the same
time by several optical cameras with high sensitiv-
ity to deformation and vibration of the object be-
ing observed. This method of measurement is cur-
rently used increasingly to determine the compo-
nents of stresses, deformations or displacements in

Fig. 1. Diagram of surface image analysis before
and after deformation [2].

laboratory conditions, and to identify defects in ma-
chine construction components under the influence
of static loads or dynamic variables over time [1, 3].
Measurement methods allow for easier adaptation
to the measurement of machine parts in their nat-
ural industrial environment under real operating
conditions.

The correlation algorithm tracks the position of
the same points in the source image and the dis-
torted image (Fig. 1). To achieve this square sur-
face containing a set of pixels, it is identified in
the source image and in the position correspond-
ing to the image after the deformation. There are
many parameters that affect the accuracy of the re-
sults. They concern, among other things, the size
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Fig. 2. Characteristic values before (R) and after
(R1) deformation [4].

of the tracked spots, their density, the type of al-
gorithm, the size and the overlap of the set points,
etc. [5]. Well-optimized input parameters allow to
obtain very accurate results.

The principle of the digital image correlation sys-
tem is lighting and analysis of the intensity of light
that is reflected from the surface in the state be-
fore f(x, y) and after deformation f1(x1, y1). In this
way, deformation measurement is carried out for
small surfaces to finally obtain deformations of the
actual surface of the object.

The concept of the digital image correlation
method is based on the principles of continuum me-
chanics. The changes that occur in the dimensions
and position of small linear sections between the two
points in the initial (P,Q) and deformed (P1, Q1)
states are analyzed (Fig. 2).

P1 = (x1, y1, z1) =(
x + u(P ), y + v(P ), z + w(P )

)
(1)

Q1 = (x1 + dx1, y1 + dy1, z1 + dz1) =(
x + u(P ) + u(Q)− u(P ) + dx, y + v(P ) + x(Q)

−v(P ) + dy, z + w(P ) + w(Q)− w(P ) + dz

)
(2)

where u, v, w represent the displacements in the
direction of the axis, respectively x, y, z.

The length of the sections is determined using
|PQ|2 = (ds)

2
= dx2 + dy2 + dz2 (3)

|P1Q1|2 = (ds1)
2

= dx2
1 + dy21 + dz21 . (4)

As a result of using (3) and (4), mathematical trans-
formations become the deformation state compo-
nents, i.e.,
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Fig. 3. View of a sample surface [6].

Fig. 4. Connection diagram of the measuring
system [7].

The surface of the test object is covered with a layer
of white and black paint. The measurement is car-
ried out by tracing the spot surface of the object
under load.

Using two digital cameras, it is possible to per-
form a three-dimensional analysis. When cameras
record the examined object from different sides, the
position of each point of the object is focused on
a specific point of the camera matrix. The posi-
tion of each point of the examined object in the
three-dimensional coordinate system can be calcu-
lated when all recording parameters and the focal
lengths of the lenses are known, and when the po-
sition of both cameras is mutual. In this way, each
point on the surface of the test object, tracked by
both cameras, can be determined in all planes. Al-
gorithms allow to correlate the same point of the ob-
ject plane on all cameras used for the study [4, 6, 8].

Object deformation is determined by observing
the image recorded with a CCD camera. Correla-
tion algorithms make it possible to determine the
maximum displacement with an accuracy of 1/100
of a pixel of the matrix. The correlation algorithm
tracks the position of the same points visible in the
source image and the distorted image. To achieve
this, a square surface containing a set of pixels is
identified in the source image and at a position ap-
propriate for the image after deformation (Fig. 3).

There are many parameters that affect the ac-
curacy of the results. They concern, inter alia,
the size of the tracked spot, its density, the type
of algorithm, the size of the point set, overlapping
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of the point set, etc. Well-optimized input pa-
rameters make it possible to obtain very accurate
results [9, 10].

2. Experimental research

A tensile test is one of the basic tests to deter-
mine the mechanical properties of materials. The
conditions of tensile testing are included in the
PN-EN 10002-1. The research uses a universal test-
ing machine Zwick&Roell Z100 with maximum load
100 kN and precision 1 N force/0.01 mm displace-
ment (without a touch extensometer, Fig. 4). Op-
tical cameras used to record strains in the tension
test are equipped with 50 mm lenses and have max-
imum resolution 2048 × 2048 pixels each. This al-
lowed determining the full size of the analyzed sam-
ple in the working area of the universal testing ma-
chine. A system of three cameras is used in the ex-
periment. The cameras are mounted on the beam
which is supported by two fully adjustable tripods
(Fig. 5). Strain fields are measured for the entire
tension cycle. The trigger mechanism is created in
the Istra4D software for the measurement. Pictures
are made for every time increment ∆t = 0.1 s.

The samples were made of AW-1050A aluminum,
which is characterized by high plasticity and good
corrosion resistance. It is susceptible to cold form-
ing, it is not suitable for machining and it is well
weldable and sensitive to anodizing. The chem-
ical composition of the aluminum alloy is given
in Table I.

Fig. 5. Tension test: universal strength machine
Zwick&Roel Z100, with the Dantec system.

Fig. 6. Geometry of samples.

TABLE IChemical composition.

Mg [%] Mn [%] Fe [%] Si [%] Cu [%] Zn [%] Ti [%]
≤ 0.05 ≤ 0.05 ≤ 0.40 ≤ 0.25 ≤ 0.05 ≤ 0.07 ≤ 0.05

Fig. 7. Tension graph.

Flat samples made of 1.5 mm thick sheet metal
with holes of various geometries cut out were pre-
pared for the tests (Fig. 6). The openings are sym-
metrical in the shape of a rectangle, rhombus and
circle.

The relationship between stresses and defor-
mations were determined for a solid flat sample
and the most important strength parameters were
determined (Fig. 7).

3. Research results

Figure 8 shows the distribution of longitudinal
displacements along the measuring length of the full
sample. The greatest displacements occur in the
upper part of the measuring section. In the follow-
ing Figs. 9 and 10, the constriction in the smallest
cross-section is very clearly visible. The crack for-
mation is visible in the middle of the measuring
section.

Fig. 8. Distribution of displacement in a sample
without a hole.
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Fig. 9. Distribution of displacement in a sample
with a rectangle hole.

Fig. 10. Distribution of displacement in a sample
with a rectangle hole.

Fig. 11. Distribution of displacement in a sample
with a rhombus hole.

Fig. 12. Distribution of displacement in a sample
with a rhombus hole.

Fig. 13. Distribution of displacement in a sample
with a circle hole.

Fig. 14. Distribution of displacement in a sample
with a circle hole.
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Fig. 15. Tensile diagram, transition to plastic
state.

Figures 11 and 12 show cracks in the tops of the
rhombus-shaped hole. Figures 13 and 14 demon-
strate the displacement distributions of samples
with a circular hole. The crack propagation be-
gins in the smallest cross-section. Figure 15 shows
the tensile diagrams and the yield stress for all per-
formed tests. For the full sample, the yield point
was exceeded at a force of about 3700 N while for
the remaining samples with holes at the force from
1800 N to 2300 N.

4. Conclusions

The use of the Dantec Dynamics measuring sys-
tem allowed for the analysis of displacements in all
directions during the rod axial tension test. The
system allowed for a very accurate marking of the
throat and the line of the crack.

The obtained results may constitute a database
for the experimental verification of mathematical
and numerical models of the predicted displace-
ments of the axially tensioned rod.
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