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Abstract
This paper shows a new low-cost technology for the measurement of crack propagation in quasi-fragile materials based on 
a stereo pair of cameras and LED light spots. The two cameras record the displacement experienced by a series of LED 
white lights. For each frame, the X, Y and Z 3D coordinates of all the centroids of the LED points are obtained. From this 
information, it is possible to determine the variation of the distance between any two of them. In this case, 2 strips of 12 
LED lights each were arranged in such a way that the points of both strips coincided in pairs in height. The algorithm made 
it possible to monitor the increase in distance that occurred between each pair of lights at the same height. The paper shows 
the mathematical basis of this technological solution. A test has been carried out by installing this system in a concrete cube 
150 mm side and subjected to a wedge-splitting test. The results show that it is possible to monitor the crack propagation 
(position of the crack front) during the test and to know the crack width too. At present, the accuracy of this technique is 
only limited by the camera resolution and the computer processing capability.

Keywords 3D stereo system · Crack propagation · Steel fibre-reinforced concrete · LED lights

1 Introduction

From a scientific point of view, it is very important to accu-
rately measure and evaluate the cracking mechanisms of 
quasi-fragile materials, such as concrete, mortar or masonry, 
as a basis for understanding and predicting them [1–3]. Most 
fracture models are based on characteristic crack parame-
ters such as length and opening. In addition, in recent years, 
there has been growing interest in the development of frac-
ture mechanics models for non-conventionally reinforced 
concrete [4–7], such as fibre-reinforced concrete (metallic 
or non-metallic) and textile-reinforced concrete. Therefore, 
for the development and validation of robust models, it is 
essential to measure surface cracks continuously and with 
sufficient accuracy.

Nevertheless, this is not a simple task. There are a few 
methods for monitoring crack propagation in concrete and 
other quasi-fragile materials nowadays [8]. In general, all of 
them can be classified into three main groups: (a) manual 
inspection, (b) traditional sensor-based approaches, and (c) 
image analysis-based methods.

Manual methods mainly consist of visual inspection of 
structures. Technicians rely on sketches of cracking patterns 
to determine the origin of cracks and their severity. In addi-
tion, simple tools such as crack width comparators or crack 
gauges are often used. Due to their simplicity and low cost, 
these methods are the most widely used in structural mainte-
nance programmes. However, they have a serious drawback: 
their inherent subjective nature. The result of the inspection 
depends on the knowledge and experience of the specialist, 
and therefore the structural health of the same element can 
change depending on who is analysing it. Hence, they are 
not recommended for quantitative analysis [2].

Crack propagation in concrete can also be monitored 
with traditional sensors, such as strain gauges. The strain 
gauge method (SGM) consists of placing gauges with a 
given orientation along the predicted crack path. When 
the crack passes close to a strain gauge, a decrease in the 
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measured strain occurs. With this method, it is possible 
to determine not only crack propagation, but also other 
parameters related to the fracture mechanics of concrete 
[9, 10]. In addition, specific strain gauges are available 
to determine crack propagation. They consist of a set of 
isolated circuits that are interrupted as the crack prop-
agates [8, 11]. Other sensors are capable of measuring 
crack width at specific points, such as clip-on strain gauges 
or displacement transducers. In addition, there are other 
methods to measure crack propagation, such as those 
based on accelerometers [12], acoustic emission [13, 14] 
or embedded piezoelectric transducers [15].

In contrast to visual inspection techniques, traditional 
sensors provide robust quantitative measurements, making 
it possible to objectively study the evolution of the struc-
tural state of an element. However, these methods require 
expensive equipment (sensors, data acquisition system, data 
processing software). Moreover, sensors can only monitor 
cracks at discrete points. It is, therefore, necessary to esti-
mate the crack trajectory beforehand, which is not always 
successful.

In the last decade, methods based on image analysis have 
reached a high level of development, with numerous papers 
demonstrating their potential application for the measure-
ment of cracking in concrete [2, 3]. As detailed in Mohan 
and Poobal [3], the general process of image analysis tech-
niques for crack detection consists of the following steps: (1) 
acquisition of images of the structure to be monitored. (2) 
Pre-processing of the images to optimise further process-
ing. Typically, these techniques consist of image segmenta-
tion and/or binarization. (3) Image processing using one of 
the image analysis techniques. As a result, the cracks are 
detected and their main parameters, such as length, opening 
and propagation direction, are obtained.

Image analysis comprises a wide range of techniques. 
Amongst those that have attracted most scientific interest 
for concrete crack monitoring are digital image processing 
(DIP) [1, 16, 17], digital image correlation (DIC) [18–21] 
and machine vision [22–24], amongst others. In all these 
cases, a set of cameras capture a sequence of images over 
time, which are analysed. The comparison between images 
can be carried out in different ways. In some cases, prior to 
the start of the test, a series of dots (e.g. small paint drop-
lets) are drawn on the surface of the specimen, and the algo-
rithm identifies each of the dots and their spatial variation 
over time. From the information of the absolute and rela-
tive movements of each of the dots, it is possible to develop 
deformation maps and to identify where the crack runs.

In other cases, it is the texture of the surface (and its 
different colours and/or shades) which serves as a basis for 
evaluating the variation of the surface over time. Generally, 

cracks are identified as lines that are darker than the rest 
of the surface (especially when the surface is naturally or 
artificially illuminated). Finally, the algorithm identifies and 
isolates the cracks.

Their main advantage is their low cost compared to tradi-
tional sensors, as they can monitor the movement of a huge 
amount of points simultaneously. In addition, they are not 
limited by a measurement range and do not need to be placed 
exactly in the path of the cracks, giving them more room 
for manoeuvre than traditional sensors. Finally, they are not 
invasive, as the system is not in contact with the element 
(although the speckles and, sometimes, the reference points 
such as stickers, are placed on the element) [25].

This paper proposes a novel machine vision-based solu-
tion for monitoring crack propagation in concrete. The sys-
tem consists of two elements. On the one hand, a stereo 
camera pair formed by commercially available digital video 
cameras, which records the surface of the concrete element 
to be monitored. On the other hand, two LED strips placed in 
parallel on both sides of the expected trajectory of the crack. 
The captured images are post-processed with an algorithm 
developed by the authors and implemented in MATLAB 
(MathWorks, Natick, MA, USA).

Here, the main difference with the methods based on 
image analysis previously mentioned is that the reference 
points are light emitters. This system makes it possible to 
measure the crack opening, not at a single point, but along 
a line. This is done by monitoring the 3D relative distance 
between the pairs of LED lights on either side of the crack. 
This is, therefore, a very cost-effective solution, as the rela-
tive movement of many points can be monitored with a sin-
gle device. Another added advantage is that it can operate 
under any lighting conditions, as the reference points are 
LEDs. This is especially important in some applications, 
such as long-term tests that can last for days or months.

In this paper, a case of application of the system is 
described, consisting of a fibre-reinforced concrete cube 
subjected to a wedge-splitting test. The paper is structured 
as follows. The test setup is described in Sect. 2. The calibra-
tion process of the stereo camera is detailed in Sect. 3. The 
experimental results and the technological possibilities of 
the solution are presented in Sect. 4. Finally, the conclusions 
are presented in Sect. 5.

2  Experimental setup

A prism was cast to perform this work. The specimen dimen-
sions were 150 mm in height, 150 mm in width and 600 mm 
in length. In this case, steel fibre-reinforced concrete was 
used. Table 1 shows the mix proportion.
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The fibres used were Dramix 3D 55/60 BG (BEKAERT, 
Kortrijk, Belgium), 60 mm in length and 1.05 mm in thick-
ness. The volume of the fibre fraction was around 2% in 
volume. MasterGlenium 51 superplasticizer (BASF, Lud-
wigshafen, Germany) and MasterRoc MS 685 nano-silica 
(BASF, Ludwigshafen, Germany) were used, as well as 
CEM I 52.5 R Portland cement. The characteristic concrete 
compression strength was 69.6 MPa.

Once the concrete prism has reached sufficient strength 
to withstand a disc-cutting operation, one cube 150 mm side 
was extracted from the central part of the prism. The cube 
was then prepared by sawing a groove and a notch on one 
side (Fig. 1). In this case, the groove and the notch were cut 
on the top face along the transverse axis of the prism.

A wedge-splitting test was performed, as characterised by 
Brühwiler and Wittmann [26]. During the test, the follow-
ing parameters were measured: applied load and the crack 
opening displacement (COD). A tension–compression MTS 
244.21 dynamic actuator (MTS, Eden Prairie, MN, USA) 
was used, with a capacity of ± 50 kN. The actuator has a load 
cell MTS 661.20F-02 with a range of ± 50 kN and an error 
of below 1% of the range.

During the test, a vertical load was applied, the displace-
ment was controlled, and the test speed was 0.05 mm/min 
until reaching the maximum load, followed by a speed of 

0.2 mm/min. The vertical force could be disaggregated at 
roller level into two forces: a vertical and a horizontal one. 
Interested readers can find full details of this type of test in 
González et al. [27].

The concrete cube has a series of 12 parallel white 
LEDs couples attached to it. A system formed by two 
cameras (creating a stereo pair) points directly and per-
pendicularly towards the front face of the specimen on 
which the LEDs are placed. Both cameras are Logitech 
Brio (Logitech, Lausanne, Switzerland), capable of 4 K 
resolution (4096 × 2160 pixels) and a frame rate of 30 
fps. In addition, laser distance sensors are also used in 
this test to measure the COD, as a contrast measurement 
to validate the robustness of the new stereo camera-based 
system. These are high-precision laser distance sensors 
manufactured by Wenglor (Tettnang, Germany), with a 
measuring range of 50 mm and an accuracy of 0.01 mm 
(Figs. 2, 3).

Figures 4 and 5 show, in detail, the 12 pairs of LED 
lights arranged in the test tube. On both sides of the con-
crete specimen, a series of 2 LED strips were glued, with 
12 lights each. Both strips were vertically oriented and 
parallel between them, so that two different LEDs were 
horizontally coincident (that is, at the same height). The 
result for the image analysis methodology is the assess-
ment of the 3D spatial coordinates (X, Y, Z) of each one of 
the 24 LEDs, L1 to L12 and R1 to R12. Li and Ri, i = 1 to 12. 
In addition, two small L-shaped metal pieces are attached 
to the cube. On them are the points, R0 and L0, whose dis-
placement is measured with laser distance sensors.

As can be observed, these are placed in such a way 
that, during the test, the crack runs inside the pairs of 
LED lights.

One of the main advantages this solution offers is that 
it is possible to measure the distance between any pair of 
points as long as they are within the field of view of the 
camera pair.

Table 1  Mix proportion

Materials (kg/m3) Mix proportion

Cement 400.0
Fine aggregate 800.0
Coarse aggregate 1080.0
Nano silica 6.0
Water 125.0
Superplasticizer 14.0
Fibres 150.0

Fig. 1  Geometry of the cubic 
specimen. a 3D view and b 
cross-section
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Therefore, for a series of j frames in a video acquired 
during the test, each position pair Lij,Rij(1 ≤ i ≤ 12) 
defines a reading position Cij(1 ≤ i ≤ 12) . Crack opening 
for each one of the reading positions for frame j is given by 

the difference between the Lij and Rij points in that image, 
and the corresponding positions in the first video image 
(that we name as j = 0), i.e. (Eq. 1):

Fig. 2  Experimental device. 
The stereo pair points at the face 
of the concrete specimen where 
two LED strips are placed. This 
system is able to measure the 
3D distance between all pairs 
of LEDs. Simultaneously, two 
laser distance sensors measure 
the COD, taking two metallic 
plates as a reference

Fig. 3  Scheme of the WST. 
General view
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This framework is implicitly assuming that an increase 
in the distance between Lij and Rij (1 ≤ i ≤ 12) is only due 
to the presence of the crack between them, therefore disre-
garding the elastic deformation that might appear between 
both points.

Additionally, both laser distance measurement systems 
are located at both sides of the test specimen and monitor the 
transverse movements (movements in the X axis, as per our 
reference system) of L0j and R0j . L0j,R0j pair define the C0j 
lecture position. The crack opening for this picture position 
would be given by the difference in the horizontal move-
ments from both points.

3  Camera stereo pair calibration

The use of more than one camera, even an array of cameras, 
in different geometric or non-geometric types of arrange-
ment, aimed to infer the 3D information of a scene, is an 
intensively research topic nowadays. The minimum number 

(1)

Cij =

√

(

XLij
− XRij

)2

+
(

YLij − YRij

)2

+
(

ZLij − ZRij

)2

−

√

(

XLi0
− XRi0

)2
+
(

YLi0 − YRi0

)2
+
(

ZLi0 − ZRj0

)2

.

Fig. 4  Picture of the distribution of the 24 light points (12 on the left, 
R1 to R12 and 12 on the right, L1 to L12) and the corresponding meas-
urement points for the laser-based distance measurement system (R0 
and L0)

Fig. 5  Position of R1 to R12, L1 
to L12 and R0 and L0 (dimen-
sions in mm)
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of cameras to be used is two, even though more may be con-
sidered, depending on the application, cost and precision we 
are aiming to [28, 29]. When two cameras are considered, a 
so-called stereo pair is formed.

In this case, the stereo camera calibration is a process 
by which we characterise the intrinsic and extrinsic param-
eters of each one of the cameras, the rotation and translation 
matrix that transforms one into the other, and the inference 
of the 3D world coordinates that allow us to obtain the real 
3D coordinates of any point in the scene the camera pair 
acquired the image of.

Single camera calibration is usually obtained by the 
method presented in Zhang [30]. It is based on the use of 
a planar checkerboard (rectangular structure formed by 
black and white squares ordered as a checkerboard) that is 
presented to each camera in different positions and orienta-
tions. It is recommended that at least ten different positions 
of the checkerboard be used for camera calibration, and all 
the internal black squares should be fully viewed from each 
camera. This method uses the identification of all the corner 
points of the internal squares in the checkerboard images to 
infer the relationship between the camera pixel (u, v) coor-
dinates and the corresponding 3D (X, Y, Z).

A set of correspondences between 2D points of each one 
of the images of the camera pair (xi ↔ x

�

i
) is considered. For 

instance, the corner points for the checkerboard, detected by 
each camera, for each checkerboard position. It is assumed 
that there exist camera matrices, P and P′, and a set of 3D 
points Xi , so that PXi = xi and P�Xi = x�

i
.

The basic tool in the reconstruction of point sets from two 
views is the so-called fundamental matrix, which represents 
the constraint obeyed by image points x and x′ if they are 
to be images of the same 3D point. This constraint arises 
from the co-planarity of the camera centres of the two views. 
Given the fundamental matrix, F, a pair of matching points 
(xi ↔ x�

i
) must satisfy: x�T

i
Fxi = 0 . The fundamental matrix 

estimation method to obtain the scene coordinates is a well-
established method and would consist of the following steps 
[31]: (a) given several correspondences (xi ↔ x�

i
) , find the 

fundamental matrix that accomplishes: x�T
i
Fxi = 0 ; (b) com-

pute the pair of camera matrices (P,P�) from F; (c) obtain the 
3D coordinates of the Xi points by a triangulation process.

The triangulation process assumes that each point in 
an image corresponds to a line in 3D space. Therefore, all 
points on the line in 3D are projected to the point in the 
image. If a pair of corresponding points in two images can 
be found, then they should be the projection of a common 
3D point X. The set of lines generated by the image points 
must, therefore, intersect at X.

As stated above, once the calibration is obtained, we can 
obtain the 3D coordinates that correspond to any pixel posi-
tion of any of the two images that form the camera pair.

4  Experimental results and discussion

In this section, the details of the camera pair calibration and 
the results of a case study are presented.

4.1  Stereo camera pair calibration

Twenty-three images of the checkerboard in different posi-
tions and orientations were used for the stereo camera cali-
bration. From these image pairs, 18 were finally considered 
for the calibration (the rest were discarded because not all 
the corners in the black squares of the checkerboard were 
identified). Figure 6 shows a 3D view of the camera posi-
tions, orientations, and also the different orientations of the 
checkerboard. Numbers in the checkerboards in this figure 
are associated to the total number of images.

Figure 7a shows the images acquired by the left and right 
cameras, for one position of the checkerboard. Figure 7b 
shows a barplot for the so-called re-projection error (in pix-
els) for each camera and image used for the calibration. The 
overall mean error is 1.22, which may be considered as an 
appropriate value (it should ideally be ≤ 1 pixel).

On the other hand, the calibration model for each camera 
was applied to the images acquired by them to undistort 
them. This undistortion process can be obtained because the 
calibration method also estimated the geometric distortion 
created by their optical systems.

Left and right undistorted image pairs (Fig. 8a, b) were 
then used to obtain the so-called disparity map (Fig. 8d). 
This map infers the displacement in pixels between cor-
responding points in both images. We used the method 

Fig. 6  3D plot showing the location and orientation of the camera 
stereo pair, as well as the orientation of the checkerboards used for 
the calibration process, applying the method in Hartley and Zisser-
man [25]
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proposed in Gonzalez-Huitron et al. [32] to compute it, using 
the so-called sum of absolute differences (SAD) criterion 
between blocks of pixels. These blocks are used to find cor-
respondences between images. A 551 × 551 pixels block was 
used in our case. An anaglyph of the pair of images is shown 
in Fig. 8c.

Once a robust disparity map is obtained, the stereo cali-
bration parameters structure is applied to infer the 3D coor-
dinates that correspond to the 2D pixel coordinates for each 
camera image. Figure 9 shows the 3D XYZ physical coordi-
nates of each pixel RGB value has for an image before and 
after breaking up (a frame of the video frame in the second 
10th of the experiment, and a frame just before the end of 
the video, which lasts for 16 min and 34 s).

4.2  Crack measurement

Measuring the 3D real distance between each pair of LED 
centroids ( Li and Ri ) as a function of time would allow to 
analyse the temporal evolution of the crack when propagat-
ing throughout the concrete prism.

To infer the distance between each 
(

Li,Ri

)

 pair, a mask 
was first created with the shape of each LED. This was 
made by identifying those pixels in each image whose col-
our coordinates(R,G,B) ≥ (235, 235, 235) . A mask was cre-
ated from this identification in such a way that those pixels 
accomplishing this inequality were given a value of 1, and 
0 otherwise. From this mask, the centroid of each LED was 
inferred.

Figure 10a shows (in red) the pixels that are identified as 
LED pixels in the image. Figure 10b shows the correspond-
ing mask, as well as the centroid of each LED (with a green 

Fig. 7  a Identification of re-projected points (as per calibration model) in the checkerboard; b re-projection root mean squared error (RMSE) for 
each pair of calibration images

Fig. 8  Stereo pair, anaglyph and disparity map image for the frame 
corresponding to second number 10
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cross each). For each one of these centroid coordinates, i.e. 
(

uLi , vLi

)

 or 
(

uRi
, vRi

)

 , we obtain the corresponding 3D coor-
dinates, i.e. 

(

XLi
, YLi , ZLi

)

 or 
(

XRi
, YRi

, ZRi

)

 , and from them, 
the Euclidean distance accordingly.

Figure 11 shows the distance between the centroids for 
the 12 pairs of LEDs (that is, the COD as a measure charac-
terising the evolution of the crack in the concrete structure), 
as a function of time, as given by the camera stereo pair, and 
the distance change between metallic plates, as measured by 
the laser distance measurement sensors.

First of all, it should be noted that the results obtained, in 
terms of the study of the mechanical properties of concrete, 
in general, are of minor value, since only one test specimen 
has been tested. The interest of this test is focussed on the 
assessment of the technological possibilities offered by the 
solution presented here. In this case, the concrete specimen 
is only a support to evaluate the potential of the system for 
movement monitoring based on artificial vision.

Figure 11 reveals that all curves have an increasing trend 
with time (i.e. throughout the test). The measurements are 
perfectly ordered according to their position. It is satisfied 
thatCi > Ci+1(1 ≤ i ≤ 11) , i.e. the higher the reading posi-
tion, the larger the crack opening. The position curve C0 lies 
approximately between the position curves C1 and C2, which 
makes sense since, geometrically, it lies between the two.

It should be noted that, although the test is performed at 
constant displacement speed (i.e. constant opening speed 
of the thrust rollers), the crack opening at all positions does 
not follow a straight line, but a second degree parabola. In 
particular, a very good fit has been obtained for parabolas of 
the form COD = A ⋅ t2 − B ⋅ t(t ≥ 0) , where A and B are two 
constants depending on the reading position. Table 2 shows 

Fig. 9  3D visualisations corresponding to the 3D pixels of the image for the left camera of the stereo pair for: a frame after 10 s, and b frame 
after 16 min and 34 s

Fig. 10  a Image processing to identify the pixels in the image that 
belong to each LED. b Mask and centroid of each LED in the image. 
This image corresponds to the case where the crack was completely 
developed, and the loading test had finished
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the values of these constants for the different reading posi-
tions, as well as the correlation coefficient of the fit.

Parabolas of the form A ⋅ t2 − B ⋅ t cut the abscissa axis 
at two points, namely 0 and B/A. Between t = 0 and t = B∕A , 
the function takes negative values, and for t > B∕A , it takes 
positive values. From the experimental point of view, this 
means that each reading position shows, throughout the test, 
two stages with different behaviour. Initially (between t = 0 
and t = B∕A seconds), the COD value is negative, which 
means that there is no crack crossing that reading position. 
From the instant t = B∕A onwards, the COD value is posi-
tive, and therefore the crack has crossed that reading position 
already. Table 2 shows the value of B∕A , i.e. the time instant 
from which the crack appears.

Figure 12 shows the B/A values for the different reading 
positions, i.e. the time instant at which the crack crosses 
through them. In this figure, two relevant reading positions 
can be highlighted. The first one is C0, which is the one 
corresponding to the laser distance measurement systems. 
This reading position indicates that the crack appears 200 s 
after the start of the test. The second important reading posi-
tion is C5, since the crack starts at the end of the notch, i.e. 
approximately at this position. This reading position detects 
the crack passage at 167.7 s. Therefore, it can be deduced 
that the crack appears at around 160–170 s. There are read-
ing positions that “detect” the crack earlier than position C5, 
which does not make physical sense and can be explained 
because of the intrinsic error of the measurement system, 
and of the parabolic adjustment itself. Between positions 
C0 and C10 the crack passage times are similar, and no trend 
is observed. A different situation occurs with positions C11 
and C12, where a marked increase in the crack passage time 
is observed.

It is concluded that, in this case, the crack was born 
approximately 170 s after the beginning of the test and that 
it propagates at high speed up to position C10, slowing down 
at that position. From this moment on, the growth rate is 
much slower, taking approximately 160 s to reach position 
C11 and another 160 s to reach position C12.

The accuracy that has been achieved in this application 
case is 0.05 mm. This is an acceptable value, although worse 
than that achieved by traditional sensors. The current limita-
tions of this technological solution are due to the quality of 
the cameras (currently the best cameras record in 4 K, but 
in the near future 8 K and even better cameras will be avail-
able), the capture speed (conventional cameras record at 50 
fps, but there are commercial super slow-motion cameras 

Fig. 11  Variation of the crack 
opening displacement over time, 
measured in the different read-
ing positions

Table 2  A, B and R2 values

Reading 
position

A (mm/s2) B (mm/s) R2 B/A (s)

C1 4.5 ×  10–6 5.6 ×  10–4 0.991 124.4
C2 4.2 ×  10–6 7.1 ×  10–4 0.992 169.0
C3 3.5 ×  10–6 2.2 ×  10–4 0.991 62.9
C4 3.3 ×  10–6 3.3 ×  10–4 0.992 100.0
C5 3.1 ×  10–6 5.2 ×  10–4 0.990 167.7
C6 2.8 ×  10–6 4.5 ×  10–4 0.991 160.7
C7 2.6 ×  10–6 6.2 ×  10–4 0.994 238.5
C8 2.0 ×  10–6 3.2 ×  10–4 0.990 160.0
C9 1.5 ×  10–6 3.0 ×  10–4 0.985 200.0
C10 1 ×  10–6 1.1 ×  10–4 0.965 110.0
C11 9 ×  10–7 3.0 ×  10–4 0.971 333.3
C12 5 ×  10–7 2.5 ×  10–4 0.869 500.0
C0 5 ×  10–6 1.0 ×  10–3 0.999 200.0



 Archives of Civil and Mechanical Engineering (2023) 23:192

1 3

192 Page 10 of 12

that can record at up to 1000 fps) and the post-processing 
capacity of the recording framework. At any rate, the meas-
urement procedure described in this paper is independent of 
all these technical limitations.

An improvement of the recording quality results directly 
in a reduction of the pixel size and consequently in an 
improvement of the accuracy of the solution. Higher readout 
and post-processing frequency will allow higher propagation 
velocities to be evaluated more accurately.

5  Conclusion

This paper describes a novel technological solution for the 
measurement of crack propagation in quasi-fragile materials 
based on a stereo pair of cameras and LED light spots.

The two cameras record, synchronously, all the control 
points, which are materialised by LED lights of a single 
colour (in this case, white LEDs). Using an algorithm devel-
oped by the authors in MATLAB, it is possible to obtain, for 
each frame, the X, Y and Z coordinates of all the centroids 
of the points of light. From this information, it is possible 
to determine the variation of the distance between any two 
points.

In this case, two strips of LED lights were arranged on 
both sides of the expected cracking path in the test. Each 
one of these strips had a total of 12 light points and they 
were arranged in such a way that the points of both strips 
coincided in pairs in height. The algorithm made it possible 
to monitor the increase in distance that occurred between 
each pair of lights, at the same height.

A wedge-splitting test was carried out on a cubic speci-
men to analyse the technological possibilities of this solu-
tion. During the first part of the test, the distance between 

the two remained approximately constant, until it started 
to increase. At this point, it is possible to be sure that 
the crack is passing through this mark. By integrating the 
information provided by the 12 pairs of lights, it is pos-
sible to determine when the crack is passing through each 
of them, i.e. how the crack is progressing.

The solution makes it possible to multiply very consid-
erably the number of points to be measured at a very low 
cost and, therefore, to multiply the information that can be 
obtained. The accuracy provided by the system is around 
0.05 mm. An improvement in camera resolution (over and 
above the current 4 K technology) will allow a reduction 
in pixel size and, by extension, an increase in accuracy. 
On the other hand, an increase in camera capture speed 
and an increase in the post-processing speed of the com-
puter equipment will allow for a more accurate monitoring 
of the evolution of cracking over time. In any case, the 
advantage of the solution shown in this article is that it is 
independent of the technical characteristics of the camera 
and the post-processing equipment.

The technological solution shown in this paper can eas-
ily be extrapolated to the monitoring of real structures. A 
direct application is the monitoring of the evolution over 
time of existing cracks in bridges and buildings made of 
concrete and other quasi-brittle materials. This technology 
can help bridge maintainers to carry out more efficient 
surveillance, minimising sudden structural failures and 
optimising repair costs by avoiding untimely work.

As a non-invasive and cost-competitive solution com-
pared to traditional ones, it could be more easily imple-
mented in real structures to assist in SHM of existing 
structures.

Fig. 12  Time instant at which 
the crack crosses through the 
reading position
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