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INTRODUCTION
In seismically active areas often occurred earth-
quakes that produce very similar waveforms
(multiplets). A high level of similarity between
the waveforms is a clear indication of events
generated in a small seismogenetic volume,
with similar source mechanisms. In this work,
we have defined a new dissimilarity measure
taking inspiration from a simple observation:
a seismic signal is characterized by the over-
lapping of several wave trains (seismic phases)
which, because of their different travel path, ar-
rive at the recording point at different times.
They relate to both body waves and surface
waves. The body waves concerning the irro-
tational component of the displacement field
(P) propagate faster than those concerning the
solenoidal one (S) and even more than the sur-
face or guided waves.

DISSIMILARITIES DEFINITIONS
We recall that the cross correlation between two vectors x1 and x2, both of length n, is so defined

Rx1,x2
(k) =

{
Rx1,x2

(k) =
∑n−k−1

i=0 (x1(i+ k)− µx1
)× (x2(i)− µx2

) if k ≥ 0

Rx2,x1(−k) otherwise

for k = 1− n, .., n− 1, and where µx1
and µx2

indicate the means of x1 and x2 respectively. Conse-
quently, the cross correlation dissimilarity between x1 and x2 is

δR(x1, x2) = 1− 1

σxσy
max

k=1,..,2n−1
Rx1,x2(k − n). (1)

Where σx and σy are the standard deviations of x1 and x2 respectively. A good dissimilarity mea-
sure for seismic signals: (a) should give high weight to the difference among the initial part of
the signals, (b) should be low sensitive to background and impulsive noise, (c) should be capa-
ble of detecting where two wave shapes are similar regardless of magnitude . All these properties
can be satisfied by a dissimilarity that take into account the evaluation of the difference between
cumulative energies. Given two vectors x1 and x2 both of the same length n, and let s1 and s2

be their cumulative sums si(k) =
∑k

r=1 x2
i (r)∑n

r=1 x2
i (r)

(i = 1, 2), we can calculate their absolute difference
sd(k) = |s1(k)− s2(k)|. Finally, the new proposed dissimilarity, called cumulative shape dissimilarity
δs is defined as

δs(x1, x2) =
∑
k

|sd(k + 1)− sd(k)|
maxj |sd(j + 1)− sd(j)|

. (2)

Note that δs represents the sum of the derivative of the difference between the cumulative sums of
x1 and x2. In the next figures we report 4 signal events (event 1,6,32 and 79 of the Palermo earthquake
dataset) also reporting their cumulative sums and pairwise dissimilarities.
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Finally, we show the value of |sd(i + 1) − sd(i)| used to compute δs(x1, x2). Such example shows
how similar shapes have lower dissimilarity values.

DATASETS
Palermo earthquake dataset: in December
2009, to better monitoring the seismicity of the
Palermo 2002 epicentral area, the Gibilmanna
OBSLab of INGV installed an Ocean Bottom
Seismometers with Hydrophone (OBS/H) near
the epicentral area of the mainshock, at a depth
of about 1500 m. The OBS/H recorded sev-
eral teleseismic and regional earthquakes and
about 250 local micro-events not located by the
on land network. This dataset is composed
by 95 signals of length 3000 sample points. A
gold solution was provided by an expert taking
into consideration both its knowledge about
the phenomena and the result of a hierarchi-
cal clustering algorithm using cross correlation
dissimilarity.
Bursts dataset: between April 7 and May
8 2010, was carried out a multidisciplinary
geophysical investigation in the framework of
the MEDOC project. The seismic energy was
produced by airgun bursts operating on the
Sarmiento de Gamboa vessel, located at con-
stant distance between them, placed at different
distances from the OBS/H, and recorded with
high signal to noise ratio. It is finally composed
by the Up-Down component of 919 signals of
maximum length 12000 sample points. We cut-
ted the signals to 1000 points to catch the mean-
ingful part of the simulated burst.

EVALUATION
In order to test the performance of the proposed
dissimilarity, we have adopted Homogeneity
(H), Separation (S) and Adjusted Rand
(AR) as cluster validation indices. Note that
in the case of the Palermo earthquake dataset the
AR index can be computed by the availabil-
ity of a gold clustering solution. Moreover
in order to evaluate the proposed dissimilar-
ity on a controlled dataset, we have proposed a
new validation index called Dissimilarity
Optimality index (do) which make use
of the sort of data items, defined as:

do =
n∑

i=1

|i− j − 1|
N − 2

with j = argmin
1≤k≤N,k 6=i

δ(xi, xk)

EXPERIMENTAL RESULTS
The performance of dissimilarities on bursts dataset has been measured by using the do: the values
of the index for the cross correlation dissimilarity and the cumulative shape dissimilarity are 0.0033
and 0.0071 respectively. Both values are very close to 0 and their difference is very small.
The performance dissimilarities on Palermo earthquake dataset has been measured by using H, S and
AR.

The adopted gold solution has been suggested by the spatial distribution of the hypocenters of the
acquired data, resulting in 4 clusters. Such clusters had finally been splitted into 9 clusters with
a variable number of events, by using the average link clustering algorithm in conjunction with
the cross-correlation dissimilarity. The first result is that the partitioning computed by the average
link clustering in conjunction with the cumulative shape dissimilarity is perfectly equal to the gold
solution (AR=1). We report in the above figure the homogeneity and separation indices of the two
dissimilarities for different partitionings of K clusters ranging between 2 and 20. The results show
that the cumulative shape and the cross-correlation have almost the same separation ability, but the
first outperform the latter in term of homogeneity. By the way, the most important advantage is in
terms of computational cost: cumulative shape is O(n) while cross-correlation is O(n2).
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