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* GIPSA-lab DIS, Grenoble Institute of Technology, Grengbleance
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ABSTRACT is addressed. Some of the transient signal detection method
(e.g. based on spectrogram, wavelets, complex-timelolistri
tion [1]) [2] provide the detection curve from a representa-

physical environments by electric or acoustic means. An imion of the signal in a transformed space — that is repredente
portant issue in the analysis of this type of signals is teir MOSt often, by the time-frequency plane [3]. In this paper
tection in time. In this paper, we propose a detection methol© Propose a detection method based on a representation of

that is based on the histogram of the phase space distributf analyz_ed signal ?n the t_ime - recurrence rad_ius_plane. We
over time. The method consists in representing the analyzéﬂart (section 2) by discussing the idea of time-distrimyithe

signal in phase space and, then, quantifying the recursafce histogram _of the signal an_d showing its pote.nti.al in detg:ti
the trajectory obtained in this space. In this way, we deaive ransientsignals. We continue (section 3) with improvimig t

time - recurrence radius representation for the signal,aha idea by_first representing the signal in phase space and_ then
lows identification of positions and durations of the transs. CQmP”“”g the local recurrence rate, thus obtaining _the-tlm
Afterwards, we propose a method to obtain a detection curvistributed phase space histogram (TDPSH) of the 5|gnal. we
starting from this representation of the signal. We alssgné present then (section 4) a method to obtain a detchoq curve
here some results concerning the performance of our methdfP™ the TDPSH and then we show some results (section 5).
in the presence of noise on both synthetic and real signals. Ve conclude the paper (section 6) by pointing out conclusion

) _ and directions for future research in this area.
Index Terms— Transient signals, phase space represen-

tation, recurrence plot, detection curve

Burst-type signals constitute an important class of teamtsi
signals, being used especially in the investigation ofoussi

2. TIME-DISTRIBUTED HISTOGRAM

1. INTRODUCTION The histogram of a signal is obtained by dividing the range of
) ) _ signal values in a chosen number of (non-overlapping) bins
Transient signals are generally characterized by verytslwer 5, by summing for each bin the number of samples whose
rations over the observation and they often indicate abruRfy,es lie inside it. However. this gives only global infam
changes or unstable states in the operation of the system thyn ahout the signal, without any time information. Thisica
is bemg_ stud|_ed. In this paper, we c_ieal with a paruculaecasbe solved by replacing every signal sample with the histogra
of transient signals, namely burst signals consisting isg&1 \31ye corresponding to the bin where the value of that sample

or short oscillations. Such signals are encountered inrthe i ;a5 \We obtain thus a time-distributed histogram (TDH):
vestigation of various physical environments using utirds

or electric signals. The general approach of such appbicati TDH(E)(t) — hist® (s(t)), (1)

consists in transmitting a short signal in the environment t

be investigated. This signal usually consists in a pulsg (e. wheres is the signal, andist() is its histogram, computed

Gaussian pulse) or an oscillation (e.g. sine, chirp). Tlgpr using bins of size.

agated signal is then recorded and analyzed, in order totdete  The potential use of the TDH is illustrated in Figure 1.(a),

changes from the original. for a test signal composed of two Gaussian pulses and an
The analysis of transient signals addresses two issues: dexponentially decaying sinusoidal oscillation (plus a B5d

tection (that consists in identifying the time intervalsesa  noise). The figure illustrates the variation 6D H () for

transients are present in the anlyzed signal) and chaizater some range of the parameter During the time intervals

tion (that consists in identifying the characteristic paeters  where transients are present, the density of vertical Biaek

of these transients (e.g. envelope, frequency band, sheyge, in the imagel’ D H (®) () increases, which allows a fairly good

crossing rate, energy)). In this work, only the detectimués visual detection of these transients. If, on the other htre,
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Fig. 1. (a) TDH for a test signal composed of three transients ToPSH (m$§)=3andd=15)
plus a 15dB noise. (b) TDH for noise. 0
analyzed signal only contains noise (Figure 1.(b)), thealis °-°5
inspection of the TDH does not reveal any transient signals.

In the following section we show that extending the idea _
of TDH in phase space leads t@-a representation that has a
better noise robustness, providing thus a more precise-dete
tion of transients. 015
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3. TIME-DISTRIBUTED PHASE SPACE (b)

HISTOGRAM Fig. 2. (@) TDPSH with m = 1 and (b) TDPSH with m = 3 and

Representing a time series (and, in particular, a signal) iff = 19 for the test signal in Figure 1.(a).
phase space is discussed in various papers in literatus. [4,
We will use a representation obtained by the method of deyherers = N — (m — 1)d, N being the number of sam-

lays, that consists in transforming the signatto an ordered  pjes in the original signal. (We must note that by representi
set of vectors (describing a trajectory in phase space)#ta  tne signal in phase space the time coordinate does not remain

by: . exactly the same, as each poinin TDPSH((;? o(t) does

Ui = (s(8), s(t + d), o0y s(t + (m = 1)d)), ) ot correspond to a certain time instant, but to an entire tim
wherem is the dimension of the phase space used for reprenterval, having a size of + (m — 1)d.)
senting the signal and is the time delay between two suc- Inthe case of representing the signal in a mono-dimension-
cessive components of such a vector. Discussion concerat phase space (i.e. with = 1), Rgf}l’d’s) becomes:
ing these two parameters and the way they affect the appear-
ance of the trajectory, as well as various methods for cimgosi Rl(_lj’d’s) =0 (e —|s(i) — s(4)]) - %)
them, can be found in [6]. An intensively studied method [7] '

to analyze this phase space trajectory is the recurrenaixmat 1 herefore, the neighbourhood of poisti) is an interval
that is computed with: of length 2¢, having its center in the value(i). Under

these conditions, the similarity betweehDH () (t) and
R =0 (e~ ||7; - ), (3) TDPSHY , (t) (for fixed values ofn andd) is clear. The

(m,d ! . " .

] o o second has ti]e main advantage of being less sensitive ® nois
where® is the Heaviside step functio,is the recurrence o the first one. Figure 2 illustrates this, for the same tes
radius, and|- || is a nor(m t;a)twe associate to the phase Spacgigna| ysed in Figure 1.(a). This figure also shows that the

As avalue of 1inR;;""*’ means thaf lies in the neigh-  choice of them andd parameters is important. The bottom
bourhood ofv;, summing afterj the elements of the matrix figure (Figure 2.(b)) shows that fon = 3 andd = 15 the
R(m%<) would have for poini the signification of "the num-  representation in the time - recurrence radius plane allows
ber of vectors that are in the neighbourhoodgf We callthe  petter time localization of the transients.
function thus obtained (fO”OWGd by a normalization) time- We have shown so far that the time - recurrence radius
distribut_ed phase space histogram (TDPSH). Its matheataticrepresentation given by the imagejappSH((;)_d) (t) thatis
expression is. obtained for fixed values of the parametersaandd allows a

M good visual detection of the transient signals. In the foithg
(t) = % Z R§f§"d’5), 4) section we propose a method to process this image in order to
j=1

TDPSH{) : :
’ build a detection curve.
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Fig. 4. The detection curve obtained with the TDPSH method
(using the same parameters as in Figure 3), for a range of
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Fig. 3. Detection with TDPSH. (a) The test signal. (b) (@) (b)

TDPSH computed foe = ¢,,; and rescaled. (c) The fi-
nal detection curve (obtained usimg = 3, d = 15, and
Wit = 30).

Fig. 5. (a) ROC curves for detection using the method based
on TDPSH. (b) ROC curves for detection based on the spec-
trogram.

4. DETECTION USING TDPSH e Compute the detection curve so thétj.; = Anv,in

The detection algorithm we propose involves the following whenCy < 0.5, andCaer = Anvmas WhenCy = 0.5.

steps: e Obtain the final detection curve by a median filter-
, () ) ing of Cye: (using a window of sizavyi): Caer =
e Choose from the |mag€DPSH(m7d)(t) the horizon- Filtmea(Caet)-

tal line (L) corresponding te = e,,;, where:

As can be noticed from this description, before using the
M—-1

1 ~ . method the following three parameters must first be chosen:
Eopt = M—-1 Zl ||vi+1 - U’LH' (6) m, d, andwfilt-
(We obtained the value af,,; empirically.) 5. RESULTS
e RescaleL, by dividing it to its maximum valueZ = |n Figure 3 we illustrate the application of the method we
L/ max(L). proposed in the previous section, for the signal in Figu&)1.

Figure 4 shows what happens to this detection curve as the
noise level increases (i.e the signal-to-noise ratio (Stdkds

o Compute the envelopes6f(i.e. Anvi, andAnuv,..,) Values froml 30_dB to -20dB). .
by linear interpolation of the local minima and maxima, A quantitative view on the method is offered by the re-

e Complement.: C =1— L.

respectively. ceiver operating characteristic (ROC) curves shown in Fig-
ure 5. This figure shows, for comparison purposes, also the
e Compute the median-filtered version 6. C; =  ROC curves that we obtained for a detection using the spec-

filtmea(C), using a window of sizev ¢;+. trogram, on the same signal.
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that correspond to each point of the trajectory. We obtained
thus a bi-dimensional representation for the signal, bitipigp

in the time - recurrence radius plane the local recurrenee ra
of the trajectory. This representation, that is in fact aggeh
ized and improved version of the time-distributed histogra

of the signal, allows a good visual detection of the trartsien
We proposed an empirical method to perform this detection

task automatically.

Further, we are planning to develop a technique for deter-
mining the optimum phase space representation parameters,
as they affect the performance of our method. The optimum
choice for the size of the window to be used in the filtering of
the detection curve is also important. Another researacelir
tion consists in experimenting with other phase space repre
sentation techniques (e.g. singular value decomposition)
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