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Damage Detection and Characterization in
Composites Using a Geometric Modification

of the RAPID Algorithm
Guillermo Azuara, Eduardo Barrera , Mariano Ruiz , and Dimitrios Bekas

Abstract—Structural Health Monitoring (SHM) of aircraft
structures, which are manufactured more and more using
composite material, is a well-established technique for
increasing reliability and reducing maintenance costs. Imple-
menting damage inspection algorithms that run in dedicated
electronic systems helps reduce big data processing time
with improved results. RAPID (Reconstruction Algorithm for
Probabilistic Inspection of Damage) algorithm, developed
some years ago, provides a technique to identify and char-
acterize damages both in metallic and composite materi-
als. However, this algorithm sometimes provides inaccurate
predictions of the damage location, caused mainly by the
influence of path intersection points among transducers, that
can mask the current location of damages. This work presents a geometrical modification of standard RAPID algorithm
(RAPID-G) that mitigates the influence of the intersection point between sensor paths. The results highlight that the
location of damages improves significantly with this modification of the algorithm.

Index Terms— Structural health monitoring, composite, RAPID, Lamb waves, guided waves, damage detection, damage
characterization.

I. INTRODUCTION

STRUCTURAL Health Monitoring (SHM) systems inte-
grate current non-destructive testing (NDT) techniques in

structures, facilitating their status analysis and monitoring [1].
This implementation reduces maintenance costs and increases
aeronautical structures’ safety and reliability. This technology
aims to achieve the highest level of automation for monitoring
and providing data from structures in real-time. Lamb waves
ultrasound testing [2] is one of the most widely used tech-
niques for damage detection in aircraft structures. These waves
(mechanical elastic) propagate through small thick material,
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while interacting with it and with damages that could exist
within or on it. Lamb waves are generated via electrical
excitation of piezoelectric transducers (PZT). These transduc-
ers can also be used to acquire signals propagating through
structures. When performing these tests, it is advantageous
to use embedded electronic systems, which can generate and
acquire signals in multiple simultaneous channels, as well as
process the acquired data [3]. In recent years, damage imaging
methods, such as phased array imaging [4], [5] or delay-
and-sum [6]–[8], have been widely used to detect damage
position in plate-like structures in lamb wave-based SHM.
However, these methods are not completely appropriate for
composite material analysis, due to their usual anisotropy
in terms of wave’s group velocity. Therefore, we used the
RAPID (Reconstruction Algorithm for Probabilistic Inspection
of Damage) [9], [10] algorithm in this study. This algorithm
is based on the comparison between the obtained signals in
a transmitter-receiver transducers pair and a damage proba-
bility distribution. The geometry of the specimens and the
transducer’s distribution make RAPID algorithm very suitable
to its utilisation [11]. In addition, the use of the standard
algorithm on composites is very extended [12]–[14], as well as
including modifications on the standard algorithm’s parameters
to improve its effectiveness [15]. This algorithm assigns
an elliptical geometrical value to each direct path between
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transducers, resulting in an overlap between different ellipses,
assigning higher values to points with more path intersections.
To avoid this effect, we proposed a geometrical correction for
the algorithm, based on the modification of the damage index
of each point of analysis, in relation to its distance to each
intersection point between paths.

The paper is divided into the following sections: In section II
the materials and the set-up used for the experiment and
the previous characterisation of the analysed materials are
described. Sections III and IV provides the description of the
standard version of RAPID algorithm, and the results obtained
in the laboratory tests for damage detection in composite
materials. Section V describes the main points of the proposal
for the improvement of standard rapid algorithm (RAPID-G:
geometrically modified RAPID), and the new results using this
improved algorithm. Section VI provides the discussion of the
obtained results, and finally Section VII offer the conclusions
that have been reached after the completion of this work.

II. MATERIALS

A. Experimental Set-Up

The system used for performing the experiments consisted
of: a) a host computer where the user can configure the
test parameters and receive the results (in this case a 2D
image of the current state of the structure); b) an electronic
embedded device connected to the host computer, which is
capable of generating excitation signals, as well as acquiring
and processing the resulting data; and c) surface-mounted
PZT sensors on the structure’s surface, connected to multiple
channels of the embedded electronic device (Fig. 1; location
of PZTs used). To get the dataset, some round-robin tests were
performed, which consists of make simple tests (generating a
sinusoidal burst applied to a PZT, and acquiring the signals
received by the rest of PZT sensors) consecutively in all
available channels, alternately changing the excitation channel
between the available transducers [16].

Plates used in the tests are depicted in Fig. 1, and materials’
characteristics are described in Table I. Twelve and eight PZTs
were attached to the surface of thermoplastic-based (TP) and
thermoset (TS) composites, respectively. PZT are DuraAct
transducers with active disc D10 mm x TH 0.2 mm, from
PiCeramic [17], bonded to the surface with an epoxy adhesive
from DELO (AD821).

B. Specimens’ Characterisation

1) Materials’ Wave Propagation Characteristics: Materials’
Lamb waves propagation characteristics depend on the group
velocity for every path direction, both for the thermoplas-
tic and thermoset composites. To calculate the propagation
velocity of the Lamb wave, every path between transducers
was checked, generating a signal from every transducer, which
were acquired in the same way, obtaining for each direction of
propagation a velocity value [18]. The group velocity diagram
obtained for each material is depicted in Fig. 2.

Fig. 1. (a) Thermoplastic matrix specimen; and (b) thermoset matrix
composite material, with their dimensions (units in mm).

TABLE I
MATERIALS’ CHARACTERISTICS

These results showed that the thermoplastic composite was
almost isotropic in terms of group velocity, due to the similar
values in every direction (a), while the thermoset matrix
composite exhibited an anisotropic behaviour (b).

2) Signal Acquisition for Pristine State Material: Signal acqui-
sition from pristine state materials was necessary for signal
comparative analysis with damaged state materials. Signal
generation and acquisition were performed using a round-robin
test, which involved consecutively executing simple tests in all
available channels, alternating excitation channels among the
available transducers, starting from the first one and shifting
through the rest, while acquiring the received signals using all
the other sensors.

The characterisation of each material under baseline con-
ditions occurred by conducting a set of tests using different
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Fig. 2. Group velocity (m/s) obtained from the composite materials.
(a) Thermoplastic matrix composite (quasi-isotropic). (b) Thermoset
matrix composite (anisotropic).

frequency combinations, number of cycles, and windowing
of excitation signals. For both composite materials, baseline
characterization tests were carried out at ambient temperature
and pressure conditions.

3) Damage Generation: Damage exerted on the thermo-
plastic matrix composite was simulated (using blu-tack) and,
thereafter, performed using a visible shallow drill on the
surface (0.8 mm depth and 7 mm diameter). Whereas, the ther-
moset composite was impacted using an Instron CEAST
9350 Drop Tower (Fig. 3). For the impact tests, a 20 J-energy
impact event was performed using an impactor with a mass
of 2.41 kg and 20 mm radius, resulting in a barely visible
impact damage (BVID). The plate was supported in a fixture
using a 200 mm × 200 mm window, and the impact test
was performed at ambient temperature and pressure condi-
tions. The main purpose of the impact tests was to create a
BVID, and not to study the impact properties of composite
materials.

Fig. 3. Instron CEAST 9350 drop tower impact system.

Fig. 4. (a) Analyzed area using C-Scan, with the impact point inside
(x = 5.5 cm, and y = 14.5 cm). (b) C-Scan image of the pristine state.
(c) C-Scan image after impact. All units in cm.

After the impact event, a C-Scan inspection was performed
at the damage location area using a portable ultrasound camera
system, DolphiCam supplied by DolphiTech, Norway. For the
C-scan test, the sound velocity was set at 3070 m/s, and
the inspection depth was at 2.79 mm (plate’s thickness). The
transmit/receive control and on-camera signal processing were
performed by a Field Programmable Gate Array (FPGA).
The excitation frequency was set at 3.8 MHz. An ultrasonic
gel was employed as a coupling medium. To improve the
analysis of the obtained images, a total number of eight was
selected as a signal average. Initially, the received signals were
amplified and filtered by an analog anti-aliasing filter with a
cut-off frequency at 10 MHz. Afterwards, the acquired data
were processed using the FPGA. At the end of the analysing
process, the FPGA performed basic feature extraction on the
signal indices. The studied quantity was time of flight, which,
after the FPGA signal processing analysis, was displayed in
a 2D graph at the DolphiCam software. Fig. 4 shows that the
estimated damage area was approximately 132 mm2. It should
be mentioned the C-scan investigation was performed only in
order to confirm the creation of the BVID.
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Fig. 5. Comparison between a signal of a specimen before and after
damage induction.

III. METHODS

This section introduces the method used initially for the
damage detection in composite materials, the standard version
of the RAPID algorithm.

The RAPID (Reconstruction Algorithm for Probabilistic
Inspection of Defects) algorithm is a data processing algorithm
proposed for damage detection in both metallic and composite
structures [10]. The algorithm is based on two factors: the SDC
(Signal Difference Coefficient), which indicates possible dam-
age existing between a pair of transducers; and the elliptical
spatial distribution Eij, which assigns a value to each point
of analysis according to its position with respect to the path
on a pair of transducers. Two different mathematical methods
have been used: the Correlation Coefficient Method (CCM)
[10], and the Scaling Subtraction Method (SSM) [19], each
has particular properties according to different types of signal
variation [13], [14].

A. Correlation Coefficient Method

The SDC obtained using the Correlation Coefficient Method
depends on the Pearson correlation coefficient ρXY between
the signals [10]. This indicator is not too sensitive to a
signal’s amplitude linear variation, but is a good indicator
of proportionality loss in amplitude, or a phase difference
between both signals (Fig. 5). Furthermore, the correlation
coefficient is sensitive to frequency changes or flight time
variations [19].

B. Scaling Subtraction Method

In this case, SDC was obtained using the Scaling Subtrac-
tion Method (SSM). This value was obtained by calculating
the area between signals from the integration of their squared-
difference [19]. However, the lack of signal scalability due
to amplitude differences in excitation or to the non-linearity
of the material (which causes the acquired signals to be non-
proportional) [20], made it necessary to previously scale the
signals (Fig. 6). The loss of proportionality became evident,
obtaining an indicator of damage according to the non-linearity
of the material.

Once the previous values were determined, it was possible
to obtain the SDC indicator, by integrating signal differences
(Fig. 7). In addition to its sensibility to the material-related

Fig. 6. (a) Signals without scaling. (b) Scaled signals; in red, high ampli-
tude excitation signal (12 VPP), and in black, low amplitude excitation
signal (8 VPP).

Fig. 7. The colored area is the difference calculated by the SSM method
(n = 6 periods).

Fig. 8. Elliptical distribution of the RAPID algorithm.

loss of proportionality, the SSM provided good results with
changes in the amplitude (signal attenuation).

C. Spatial Distribution and Damage Index Calculation

The spatial distribution (elliptical and linearly decreasing
from the direct path, placing the transducers in the foci) con-
siders that the probability of a defect causing signal alteration
is greater the closer it is to the direct path between a pair of
transducers (Fig. 8) [16].

The following equations (1) (2) (3) [10] rule the spatial dis-
tribution, for the point of analysis P(xp, yp) and the transmitter
i and receiver j:

Eij
�
x p, yp

�
=

�
β − Rij

�
x p, yp

�
β − 1

�
(1)

Rij
�
x p, yp

�
=

�
RDij (x p, yp)i f RDij (x p, yp) < β

0 i f RDij (x p, yp) ≥ β
(2)

RDij
�
x p, yp

�
=

�
(x p − xi )

2 + (yp − yi )
2 +

�
(x p − x j )

2 + (yp − y j )
2�

(x j − xi )
2 + (y j − yi )

2

(3)



2088 IEEE SENSORS JOURNAL, VOL. 20, NO. 4, FEBRUARY 15, 2020

Fig. 9. (a) Pristine state of the thermoplastic plate (transducer 1 is
[x = 0, y = 0]). (b) Simulated damage [x = 6.0 cm, y = 17.0 cm]. (c) Real
damage [x = 11.5 cm, y = 12.0 cm]. (d) Detail of the shallow drill (real
damage).

where:

• Eij: is the value of the elliptical distribution in the point
of analysis P(xp, yp).

• β: is the value which limits the size of the ellipse, through
the factor Rij.

• RDij: is the ratio between the distance of the indirect path
and direct path.

Finally, by combining SDC values using CCM or SSM,
the sum of all signal contributions at the point to be analysed
(damage index) was calculated as follows:

P(x p, yp) =
N�

i=1

N�
j=1, j �=i

SDCij Ei j
�
x p, yp

�
(4)

IV. RESULTS

The following paragraphs contain the results obtained from
the processed signals using standard RAPID algorithm.

A. Tests Using Data Comparison From the Structure’s
Pristine State

Damage detection in this type of tests is possible by com-
paring information from the structure’s previous state (pristine
state) to the current state. Thus, the damage can be detected
using any of the two methods for estimating the SDC.

Fig. 10. Results using: (a) CCM indicator; (b) SSM indicator, for
simulated damage; (c) CCM indicator; and (d) SSM indicator, for real
damage (units in cm). Red circles indicate the actual location of the
damage, and black cross points indicated the predicted location of the
damage using the standard RAPID algorithm.

Fig. 11. Results depending on the frequency of excitation, using SSM
indicator for the simulated damage. (a) 250 kHz. (b) 300 kHz. (c) 350 kHz
(position units in cm).

1) Thermoplastic Matrix Specimen: The thermoplastic mate-
rial specimen (using blu-tack in order to simulate a damage,
and then drilling the plate’s surface) is depicted in Fig. 9. The
excitation signal was a sine wave of 1.5 cycles, with 12 VPP
(Volts peak-to-peak) amplitude, and 380 kHz frequency. In
order to obtain the results, previously acquired information
from the pristine state (at same conditions of excitation)
was compared to that from the damaged situation, using the
standard RAPID algorithm.

Fig. 10 depicts the results from the thermoplastic matrix
specimen, which were obtained using both CCM and SSM
indicators. The images show that the damage was located in
an accurate location. This method is very robust and adaptable
to changes in excitation frequency (Fig. 11).
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TABLE II
ABSOLUTE ERROR (mm)

Fig. 12. (a) Impact location in thermoset specimen [x = 5.5 cm, y =
14.5 cm]. (b) Predicted damage location using 1.5 cycles. (c) Predicted
damage location using 4.5 cycles. Red circles indicate the actual location
of the damage, and black cross points indicate the predicted location of
the damage using the standard RAPID algorithm.

The accuracy of the damage location using this method was
high. The absolute error for each result (Total distance = � real

position – predicted position � =
�

ε2
x + ε2

y) is summarized in
Table II.

2) Thermoset Matrix Specimen: After impact, thermoset
specimen tests were performed at controlled room temperature.
The tests were carried out at the same conditions of excitation
as those of the baseline tests. The impact and predicted damage
locations in the thermoset specimen are depicted in Fig. 12.

The obtained deviation from the actual damage location,
calculated in Table III, was very high, which was due to
the higher damage index values obtained in some specific
positions in the analysed area, thus causing an erroneous
prediction of the damage location.

TABLE III
ABSOLUTE ERROR (mm)

Fig. 13. (a) Simulated damage [x = 5.3 cm, y = 12.0 cm]. (b) Real
damage [x = 11.5 cm, y = 12.0 cm].

TABLE IV
ABSOLUTE ERROR (mm)

B. Tests Using Data Only From the Structure’s
Current State

The previous section presented results using information
from the structure’s pristine state. However, it is possible to
detect and locate damages in the structure even without this
information. In this context, and to avoid the lack of the
structure’s previous information, the system performed two
tests with different signal excitation amplitude values (high
level and low level), thereby obtaining two different sets of
data as inputs for the RAPID algorithm.

1) Thermoplastic Matrix Specimen: Fig. 13 depicts thermo-
plastic material specimens, using both simulated and real
damage. Two tests were conducted for damage detection, using
Vhigh = 12 VPP and Vlow = 8 VPP, 35 cycles of excitation,
Hanning windowing, and a frequency of 380 kHz, at room
temperature (25 ◦C ± 2 ◦C). The results are depicted in
Fig. 14, showing an accurate location of the damage. These
results were processed using the SSM indicator, due to the lack
of material scalability when using different amplitude levels,
rendering the CCM indicator inefficient.

The images show that the results were very accurate. The
absolute error value for each axis, as well as the total distance
from the predicted damage to the actual one, are summarised
in Table IV.

2) Thermoset Matrix Specimen: Similarly, thermoset speci-
men tests were carried out using Vhigh = 12 VPP and Vlow =
8 VPP signals, 35 excitation cycles, Hanning windowing, and
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Fig. 14. Predicted damage location for the simulated (a) and real
(b) damage. Red circle indicates the actual location of the damage, and
black cross points to the predicted location of the damage.

Fig. 15. Results from the impacted thermoset matrix composite spec-
imen. Red circle indicates the actual location of the damage, and black
cross points to the predicted location of the damage.

TABLE V
ABSOLUTE ERROR (mm)

350 kHz frequency, on the impacted plate. Fig. 15 depicts the
obtained results.

The image shows that in this case the results are not
accurate. The absolute error value for each axis and the total
distance from the predicted damage to the actual one are
summarized in Table V.

These results, as well as those previously obtained using the
pristine state information, were not appropriate.

Assuming the thermoset specimen results were inaccurate
due to geometrical masking, we propose an algorithm modi-
fication in the following section.

V. PROPOSAL FOR THE IMPROVEMENT OF STANDARD

RAPID ALGORITHM. RAPID-G: GEOMETRICALLY

MODIFIED RAPID

The RAPID algorithm, in its geometrical term, assigns a
bigger value as the number of a path’s intersection points

Fig. 16. Thermoset matrix composite plate. All paths, crossing
in 29 points inside the area where the transducers delineate, are
represented. The selected paths, highlighted in bold, intersect at the point
marked by the red circle.

Fig. 17. Shape function (a) for two values of c. The proposed function
sets a zero slope on the initial point (the intersection point between
paths), and assigns a zero value to the points located beyond the
maximum relative radius (b).

between transducers increases (Fig. 16). In the area near the
intersection point between paths, the sum of the damage index
is higher, especially at the exact point.

The results obtained from the thermoset matrix specimen
showed inaccurate results, using both baseline pristine and
baseline-free processing. To improve the algorithm, and to
decrease the effect of masking, a geometrical modification was
proposed (RAPID-G).

A. RAPID-G Proposal

To avoid the effect of geometrical masking, the shape
function (5) has been proposed, which consists of a negative
exponential function, a quadratic function (which places in
the intersection point a zero slope), and a decreasing linear
function (Fig. 17). The K factor is the vertical axis-intercept,
and the c factor controls the width (or the standard deviation)
of the exponential function:

f (x) =
	

e

2c2 · e
− x2

2c2 · x2 + K



· (1 − x) (5)

This function is located with its origin in the previously
calculated intersection point of two or more paths between
transducers, and its influence reaches a maximum point of
analysis located at a maximum radius defined by the user,
which establishes the correction’s area of influence.
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Fig. 18. Development of the shape function around the vertical axis
placed on the intersection point. The figure shows half surface; the whole
surface is XZ-plane symmetric.

A weight factor for each intersection point is added to
the modification, due to the different number of paths which
concur at the same point, increasing the final value of the
damage index as the number of paths which cross that point
increases.

This modification is applied to each point of analysis,
rendering the sum of all correction values at each intersection
between paths within the area of influence. The resulting (6)
is the combination of (4) and (5):

P
�
x p, yp

�
=
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N�
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�
SDCij
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β − Rij
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where:
M: number of intersection points inside the analysed area;

e
2c2 : this term normalizes the exponential function;
c: width parameter of the exponential function;
K : z-intercept of the correction function;
wk : weight factor, which depends on the number of paths

which cut the intersection point k; and
dk : relative distance from the junction point (xk, yk) to the

point of analysis (x p, yp):
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The development of the function around a vertical axis
placed in the junction point is the modification for a single
intersection point (Fig. 18), symmetric on the y-axis. The total
sum of these modifications alters the final value of the damage
index.

B. Results Using RAPID-G Algorithm

Baseline comparison and baseline-free tests have been car-
ried out to detect damages in the thermoset matrix composite
specimen using the modified algorithm RAPID-G.

Fig. 19. Shape function used for the correction of all tests in RAPID-G.

Fig. 20. Predicted location of the damage after signal processing using
baseline information. Results using the standard RAPID algorithm (left).
Results from the same signals using RAPID-G (right). Red circles point
to the actual damage [x = 5.5 cm, y = 14.5 cm], and black crosses point
to the predicted location of the damage.

1) Tests Using Data Comparison From the Pristine State of
the Structure: The standard RAPID algorithm we performed
did not provide an accurate damage position in the impacted
thermoset coupon, because it was masked by higher damage
index values primarily located at the distribution’s central
point, where the number of paths crossing this point was the
highest (four direct paths).

To avoid this effect, the proposed modification of RAPID
(RAPID-G) was applied. The selected parameters used on the
shape function were K = 0.15, Rmax = 0.05 m, and c =
0.50 (Fig. 19). These parameters were adjusted during signal
processing to obtain the best detection performance.

Using RAPID-G, the obtained results for baseline compar-
ison are depicted in Fig. 20 (a comparison between previous
results and improved results).

The absolute error is calculated in Table VI, using the
distance from the actual damage location (x = 5.5 cm,
y = 14.5 cm) to the predicted location of the damage.
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TABLE VI
ABSOLUTE ERROR (mm)

Fig. 21. Predicted location of the damage using current state information.
(a) Results using standard RAPID. (b) Results using RAPID-G. The red
circles point to the actual damage [x = 55.0, y = 145.0], and black crosses
point to the predicted damage.

TABLE VII
ABSOLUTE ERROR (mm)

The RAPID-G algorithm provides an accurate damage location
prediction in all analysed cases.

2) Tests Using Data Only From the Current State of the
Structure: Comparative tests used the following signal char-
acteristics: Vhigh = 12 VPP and Vlow = 8 VPP, 35 excitation
cycles, Hanning windowing, and a frequency of 350 kHz,
carried out on the impacted thermoset plate. In addition to the
tests performed using baseline information, images obtained
using the standard RAPID method showed masked results.

The shape function modified RAPID algorithm on these
tests was the same as the previous section (K = 0.15, Rmax =
0.05 m, and c = 0.50; Fig. 19). Previous tests on the thermoset
matrix specimen gave an inaccurate prediction (Fig. 15).

Fig. 21 shows results of the baseline-free method, using
both standard RAPID and improved RAPID-G. The error
was calculated from the position of the predicted damage to
the position of the actual damage (Table VII). The RAPID-
G algorithm provided an accurate prediction of the damage
location.

VI. DISCUSSION

Damage detection and localization using standard RAPID
in thermoplastic matrix specimens show accurate results with
respect to the actual location, and compared to the pristine
state information (Table II, absolute error ∼20 mm) or using

only the current state information (Table IV, <15 mm).
However, the results in the thermoset specimen are not good
(Table III; for baseline test and Table V for baseline-free
test, >35 mm). In addition, the maximum value point is
always located in a path intersection point between transducers
(Fig. 12, for the baseline test located at the central point; and
Fig. 15, for current situation test).

These experimental results led the authors of this work
to suspect the negative influence on the damage location
caused by the increase in damage index at the intersection
points between transducers. Based on this fact, a geometric
modification of the standard RAPID algorithm was proposed
and developed. The main goal of this improvement was to try
to counteract the negative effect mentioned above.

The use of the RAPID-G algorithm in thermostable spec-
imens demonstrates that the location of the damage can
be improved with the geometric modification proposed.
In Table VI, the absolute error for the baseline test changed
from >40 mm to <5 mm and, in Table VII, the error changed
from 35 mm to 4 mm for the baseline free test.

VII. CONCLUSIONS

Damage detection and localization in composite materials
using the standard RAPID algorithm is only possible under
specific circumstances. The algorithm calculates the damage
index between two signals from two different states, obtained
through the SDC (Signal Difference Coefficient). The Corre-
lation Coefficient Method (CCM) and the Scaling Subtraction
Method (SSM) can be used to detect and locate damages using
data comparison to the pristine state of the structure, while
only the Scaling Subtraction Method (SSM) is suitable for
characterising damages using data only from the current state
of the structure.

However, some types of damage are masked by high damage
index values caused by geometrical characteristics of the
standard RAPID algorithm.

RAPID-G, the proposed geometrical modification for the
RAPID algorithm described in this paper, avoids this prob-
lem. This modification allows unmasking of slight damages,
in which damage indexes would be lower than the assigned
value to the intersection points by the standard algorithm. This
modification provides good results, using baseline information
as well as only current situation data. The results obtained
show that the accuracy of the location increases considerably
using RAPID-G, in most cases with an accuracy in the order of
half-centimetre with respect to the actual damage. In this study,
RAPID-G was tested in composite plates, but in the future
we aim to test it in bigger and more complex components
and also in metallic structures. This new algorithm, combined
with some type of electronic embedded system, as described
in [3], and using an analysis methodology [21], could provide
a promising platform for applying SHM technologies in this
field [22].
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