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SUMMARY

In this study we apply Complete En
from a survey at Magoula Almyriotiki, eece where buried structures
are identified but are obscured by noise. istshof a preprocess step (time
zero, dewow, gain and back i EEMD. The modes that
exhibit less noise and at the s houses, were the third and
the fifth IMF. Their summati velope and to extract slices.
From the obtained resul ing further details of the buried
antiquities, suggesting tha PR data when combined with
standard filte orrec

8" Congress of the Balkan Geophysical Society
5-8 October 2015, Chania, Greece



EAGE

Introduction

Complete Ensemble Empirical Mode Decomposition (CEEMD) is a noise assisted and adaptive method
introduced by (Torres et al., 2011). The functionality of CEEMD is based on Empirical Mode
Decomposition (EMD) (Huang et al., 1998), and is similar to Ensemble Empirical Mode Decomposition
(EEMD) (Wu and Huang, 2009) as white noise is inserted into the input data to eliminate EMD’s mode
mixing problem that limits the frequency resolution of the extracted components, called Intrinsic Mode
Functions (IMFs). Additionally, the summation of the resulted IMFs fully reconstrdets ghe original
signal, a feature that EEMD lacks.

CEEMD appears to be a promising tool for processing GPR data and compared t¢ EMD@nd"EEMD
performs better; Random noise is distributed into the first two IMFs and can b& supressed effectively
by a simple subtraction of the corresponding components from the input section(Manataki et al., 2014).
Additionally, in a recent study, the instantaneous attributes from the reSulted,IMFs‘abtained by CEEMD
seem to manifest higher time-frequency resolution than EMD and EEMD (Li etial., 2015).

In this study, we employ CEEMD and instantaneous envelopeon Several GPR lines derived from a
survey conducted at a Neolithic settlement in Thessaly, Greece (whefe bliried structures are located but
were obscured by noise. Depth-slices are extracted andieompared with the original ones. The tesults are
further discussed to better understand the behaviour and the@pabilities of this method to séparate noise
from reflections derived from buried antiquities, and to‘contribute to the literatufe that,tip to this point,
contains very few studies related to CEEMD and GPR.

Complete Ensemble Empirical Mode Déecomposition

The algorithm of CEEMD as proposed by/ (Tomres, et al., 2011),%tarts by making i = 1, ..., I different
white noise realizations and adding them to the original GPR trace, x[i], resulting in x![n] new inputs.
Then EMD is applied on eveny x![n] to extract only the firstIMFs'of thedinputs, IMF{ . The first IMF of
CEEMD will be the ensemble:mean of the resulted first IMFs, as IME, [n] = %Z{zl IMF}. The next step

is to extract the second IMEsp/MF;[nlsis subtracted £rom ‘the original trace as, r;[n] = x[n] — IMF; [n],
and the input to calculaté the/seeond IMF will bedR, [n] = r; [ilsts®, E; (w[n]), where E;(-) denotes an
operator which #€tutns the first IMF of the input'with EMD, while ¢, is a fixed coefficient defining the
white noise amplitudegFhesecond IMF will be the ensemble mean of the resulting first IMFs when
applying EMD6f'R, [n] i.e. IMF,[n] = % !_, E;(Ryfm])-This is an iterative procedure similar to EMD’s
sifting (Huang,et ak, . 1998) through which the rest of the modes are extracted; If k is the number of the
last extracted mode, then for k = 2j.., Kethe tesidues r,[n] = r_,y[n] — IMF,[n] are computed to
make thednput R, [n] = r[n] + &E, (w'[n]) to'obtain the next mode as IMF.,1y[n] = %Z{zl E; (R [nD).
This procedure terminates when the tesidue’r, [n] becomes monotonic, so it is assigned as the last IMF
of\the” decomposition withi\€EEMD. The original signal can be fully reconstructed by summing the
fesulting IMFs. SinceyCEEMD igybased on EMD, it also performs as a time varying bandpass filter
(Flandrin et al., 2005), where the first IMF contains the highest frequencies of the input trace while the
last IMF contains the lowest.

Methodology and Results

The algorithm of CEEMD was implemented in the MATLAB environment using parallel computing to
improve the decomposition execution time (Manataki et al., 2014). The input data were collected within
a grid using a 250 MHz antenna and derived from a GPR survey at Magoula Almyriotiki, a Neolithic
settlement in Thessaly, Greece. This data set consists of 41 scans with 0.5m spacing and exhibits
reflections from buried houses that are overshadowed by noise. First, CEEMD was applied on a
representative section, located at 10m of the survey grid, to examine how the noise and the wall
reflections are distributed into the IMFs. According to our tests, a pre-process step is required,
particularly the application of gain and background removal, because this significantly improves the
decomposition results. The input section is presented in Figure 1a where time zero correction, dewow,
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inverse amplitude decay gain (Tzanis, 2006) and background removal have been applied. Reflections
from buried walls appear at 7m, 15m, 22m, 30m and 35m.
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Figure 1 CEEMD results for the GPR section, where (a) is the input, (b) are the resulted IMF's and (c)
is the summation of IMFs-3 and IMsF-5 which improves the section the most. The colormap is the same
for all images.
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The parameters for CEEMD are 100 noise realizations and 50% noise level of the input traces’ standard
deviation. The latter yielded better decomposition results in respect to the IMFs resolution and is in
contradiction with our findings on a previous study where the best noise level was 20-25% for data
collected by a 400 MHz antenna. The resulting IMFs are presented in Figure 1b. Random noise is
extracted into the first two IMFs, while IMF-3 gathers most of the information related to the walls.
IMF-4 seems to exhibit remaining noise that was not removed with background n01se removal
correction. The rest of the IMFs contain features of lower amplitudes that are difficul
the effort to retain the most of the wanted information while keeping the noise level low,
of IMF-3 and IMF-5 appeared to be the best and the outcome is presented in Fi ere the
improvement over the input section is noticeable.

The procedure described above was applied to the rest of the GPR lines an tantancous envelope
(Spanoudakis and Vafidis, 2010) was calculated on the summation 0 \i! 3a to extract slices.

The results for selective slices where the Neolithic houses are visible d in Figure 2. The
images are significantly improved for all the depths highlighting further d ] related to the houses.The

foundation boundaries are more clear for the slices at 10ns, 12 ns\while the slices at 14ns and
16ns shows better three individual houses (from 15 to 35m) lo ose together'while the one
at 30-35m has two rooms. Another linear feature is idéntified a indicating a remaining wall from

another, most likely, destroyed house.
l4ns 16ns 20ns
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Figure 2 Resulting slices for CEEMD at Magoula Almyriotiki. The first row are the slices of the
preprocess step while on the second row are the corresponding slices for the summation of IMF-3 and
IMF-5. The colormap is the same for all images.

Conclusions

According to our results, CEEMD appears to be suitable tool for improving GPR images but not as a
standalone procedure. A pre-process step of gain and background removal yields better results as
CEEMD comes to further improve the image by removing noise that was highlighted with gain and
which background noise removal failed to suppress. The random noise is concentrated into the first two
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IMFs while the remaining background noise is located at IMF-4. IMF-3 gathers information related to
the buried walls. The summation of IMFs 3 and 5 appeared to retain most of the reflections with less
noise. Further, the slices obtained from the instantaneous envelope on this summation exhibited better
resolution highlighting further details of the buried houses, making the interpretation easier.

The capability of CEEMD to distinguish noise from reflections is associated with the inserted noise
level while the optimum value seems to be related with the system’s central frequency. Thus, further
research is required to determine the optimum noise level and its relationship with the céntral freéquency
as well as the improvement of IMFs’ frequency resolution.
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