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Cancer is one of the diseases which cause the dtigleath rate in XXI century. However, through gear
techniques and equipment used to fight with théealse improved there are still many opportunityebbetter results.
Nowadays, the attention is focused on precise cansecells place estimation. It is important fofeefive cancer
treatment, but also it allows diminishing the unteaheffects as destruction of healthy cells. Onehef promising
techniques in obtaining better spatial and tempsblution of the internal of the human body is ghotoacoustic
imaging. Combination of the acoustics, ultrasoundsmicrowaves by the set of ultrasonic detectors kad to
estimation of the localization of the sources & Waves.

The work presents the utilization of the multipigral classification (MUSIC) algorithm in estimati@f angle
and distance of microwave or photoacoustic wavesces. The technique presented in the work allaavsbetter
prediction of localization of the sources of thdedted waves by the sensors array. The proposditatm of this
technique is detection of sentinel lymph nodes.

1. INTRODUCTION

1.1.PHOTOACOUSTIC AND MICROWAVE DETECTION OF CANCEROUGELLS

Unlike most cells cancerous cells proliferate uricadtably and rapidly, they do not present density
dependent growth and posses ability to spread bgkiong into blood vessels and moving to other
systems [1]. Metastasis which is connected witheaging the cancerous cells leading to abnormal
functionality of tissue or organs is the main reasb the worldwide death [2]. Generally cancer ban
divided into blood (lymphoma and Hodgkin's diseageyolid types (breast, colorectal, and liver) ethi
form tumors [3]. Early detection of the cancerowdiscis helpful in full patient recovery in the
preliminary stadium of the disease. Magneto resom@amaging (MRI), computed tomography (CT), and
positron emission tomography (PET) are the exampldbe existing techniques for tumors detection.
Nowadays cancer is one of the leading cause oivthelwide death, therefore improvements in methods
detecting the cancerous cells is so required. @rtheopromising techniques in obtaining better isppat
and temporal resolution of the internal of the homaody is the photoacoustic imaging [4-6].
Combination of the acoustics, ultrasounds or mienes by the set of ultrasonic detectors can lead to
estimation of the localization of the sources @f Waves.
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Fig. 1. Detection of localization of magnetic naadijtles in tumor cells by magneto-motive ultrasdun

The idea of detecting multiple signals producediagneto-motive ultrasounds generated by iron
oxide nanoparticles injected into examined objdth tumors is presented in Fig.1a.
Nanoparticles which can be injected into the vérasel inside them. They possess ability to petetra
through the veins membranes to lymph nodes andabserbed by sentinel lymph nodes. When
nanoparticles are subjected to pulse magnetic, fiblel magnetic force acts on the particles andecaus
their motion [7,8]. The oscillation frequency ofetiparticles is twice bigger than the field excaati
frequency what is the additional advantage in messeants [8]. The oscillations of the nanoparticdas
be detected by ultrasound receiver, which detesiganses for pulse echo signals [9]. Each of tmetsi
with absorbed nanoparticles can react as the sotfitte waves. Generated waves can be detectdueby t
array of ultrasound receivers as it is presentellign 1b [10,11]. Finding the localization of theaves
impinging on the receiver array can be performeith wiany digital signal processing techniques. Ia th
work we present application of the multiple sigokdssification algorithm to simultaneously estimate
localization of the signal sources.

2. MUSIC ALGORITHM

Problem of finding localization of signal sourcesimportant in disciplines like oceanography,
seismology, radio-astronomy and many others [12,TBfre are numerous techniques allowing to
estimate the localization of the signal sourceg. [Mltiple signal classification (MUSIC) algorithiman
simultaneously provide information about sourceastise and angle of arrival of impinging wave.

The operation of the algorithm, as presented inl[@p are:

» Collect data from sensor array and create dataxmétr
» Calculate eigenstructure ¥fin metric ofX,

» Decide the number of incident signéls

» Calculate the orthogonality-measure spectrum m#}rix
* Pickk picks of matrixP.
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Fig. 2. Visualization of the sensor array and sesigsed in MUSIC algorithm.

Let us consideD spherical signal sources at unknown locations it arbitrary directional
characteristics. Sources are centred around knogaguéncyw,, impinge on the array from locations
6, ...,0pas it is presented in Fig. 2. The waves emittethbysources are impinging on the sensor array
of L elements. Array sensotssD are positioned at arbitrary locations and direias it is shown in
Fig.1. The waveforms detected at the array elemmansists from A incident wave fronts and ndise
Data collected at thieth sensor can be expressed by its complex envelopE?]:

D
X (m) = kZ_:]-ai (., ) s (m) + ry (m) 1)

Where:

i=12,...,L

m=1,2,...,M
wherea(ry, 6y is a steering vectotx1 size) characterized by the sensor arragndé are the unknown
range and bearing of theth source with respect to a reference origifim) is the scalar complex
waveform of thek-th incoming signalp(m)is the additive complex noise vector ddds the number of
shapshots. The complex response initthesensor element to thketh impinging signal can be expressed
as:

2n

. — Gk nynei 4,
3 (k. 6) 7 exp(j y Zk) (2)

wherej is the unitary complex numberjs the wavelength of the impinging waves, apds the distance
from thek-th source to theth sensor defined as:

z§ =1 +d? - 25.d; cosd (3)

where 0 = 6; - 6k, and the radial coordinates of sensgrand sourceki are ¢, ) and €k, 6)
respectively. The directivity pattern of the sessand radiating pattern of the sources and its lsagéh
/ determine thecy coefficients. In case when both the sensors amdces are omnidirectional these
coefficients are independent and can be set to 1.

Because the observation interval between follovaamples is larger than the correlation time the
finite-sampled data covariance matRx(r, §) can be given as [12]:
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I;ex(r,e):i S x(r,8;mx" (r,8;m) (4)
M

m=1

WhereH denotes the complex conjugate transpose. The xrlr, ) is the estimate of true data
covariance matril(r, ) given by:

R (r,0) =A(r,0)RA" (r,8) + o’ (5)

whereR;s is the signal covariance of the sources. Withatiditional assumption that noise components
are stationary and ergodic Gaussian with zero neesariance matrix?l, wheres? is unknown and is
the identity matrix.

In signal subspace techniques, it is possible timage the number of sources by simply observing
the structure of eigenvalues and decide the thiésieiween the sources and noise if signal to naise
is high [12]. In the case when the signal to noate is low it is difficult to determine the diffence
between the eigenvalues of signal and eigenvaliuesise, therefore the model-selection techniqueb s
as minimum description length (MDL) or Akaike infoation criteria (AlIC) can be used to estimate the
number of sources [17,18]. In order to achieverthmber of sources it is required to sort in descend
order the eigenvalues of Ry and find the threshold between noise and sign@neigiues or decide the
number of source®” by minimalization of MDL or AIC criterion. Letipn1, Upnso,...u be the noise
eigenvectors corresponding to tHel§’) smaller eigenvalueBpn:1, Uprso,...Uu. We construct the noise
eigenvectors as:

T
a(r.6) =Eexp(—127”zlmzl:exp(—j27”z2)~-~z—1Lexp(—127”zL) ®)

The near steering vectafr,d), comprises all possible near field steering vestirat is,
z’=r?+d*-2rd, cos@-6) (7)
To search for the location of sources, we const:D orthogonality-measure spectrum,

1
a, (r,0)u U la(r,0)

P(r.0) = (8)

whereH denotes the complex conjugate transpose. The aijeavector matrix |is created from L-D*
smaller noise eigenvectors Bg=[Upr+1 Upr+2 ... U] [12].The peaks of the spectruiR(r,/) are the
locations of the sourcés, 6), k=1,2,...,D.

3. SIMULATIONS

3.1.VARIOUS NUMBER OF WAVE SOURCES

The algorithm described in previous section candsgluo distinguish the angle of incident signals.
Simulation of two waves produced by uncorrelatedrses incident on the array of five sensors is
presented in this section. The wave detected atathey sensor (e.g. piezoelectric sensor) can be
simulated as:

E(x,t) =@, @@ + g,/ o

wherek=w/c=2n/A=wave number and; is the speed of light. The amplitude of the outgovave from

the ultrasound transducerds anda; is the amplitude of the wave reflected from thgeob(e.g. tumor).
The number of positive eigenvector values in loganit scale corresponds to the number of detected
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signals. Fig. 3a shows eigenvalues describing ithreals received on the array in this experimentxtNe
Fig. 3b presents the estimated angle from whichsigeals have come. In this case it was 5 and 20
degrees what is in accordance with the parametéhe simulated wave sources.

3.2.ESTIMATION OF ANGLE OF ARRIVAL OF INCIDENT WAVE

Modified two-dimensional multiple signal classifimn (MUSIC 2-D) algorithm is used to provide
parameters of multiple wave fronts arriving at arteana array. This technique enables to provide
information about number of incident signals, eation of directions of arrival (DOA) of signals
collected by the array elements. There is posgiliihi estimate the number of sources and theirtimca
by pre-processing the signal subspace.
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Fig. 3. Estimation of angle of arriving signal amember of incident signals.
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Fig. 4. Simultaneous estimation of angle of arigviiignal and location of signals’ sources.

Simulations of various numbers of waves incomingmnir arbitrary localizations have been
performed. The example of the simulation of three&s incoming at the array consisting of four ses1so
is presented in Fig. 4a. In the presented simuladmoustic sources of 200 kHz placed at 18 cm,m4 ¢
and 12 cm were exploited. It is possible to find gositions of signal sources with MUSIC algorithm.
Appropriate transformation of orthogonal spacevedi@stimating the number of wave sources. Scanning
the orthogonal space with the angle and directilmwa deriving exact localization of wave sources.

It is possible to estimate the number of incidaghals if the signal to noise ratio is high, the
logarithmic representation of eigenvectors of carare matrix of received signal is presented in &g
Finding the threshold between signal and noisepadesis easy if number of array elements is higher
than number of impinging signals and the receivgdas is stronger than the noise.
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4. CONCLUSIONS

The proposed method for detection of sentinel lymphHes locations is currently the theoretical
benchmark. Changes of the various parameters fosemrrays (such as distance between sensing
elements, number of collected snapshots, numbarray elements, power of input noise) can influence
on the performance of the estimation of wave souocalization. Increasing the number of array
elements can greatly improve resolution for muttiplave sources. With lower noise, the peaks in
orthogonality spectrum become sharper. The preseheglded noise causes a spreading effect on the
peaks. Increasing the number of snapshots bringm@mvement in the estimation of angle and distanc
It is believed that proposed methodology improve tjuality of detecting the localization of sentinel
lymph nodes with photo-acoustic-imaging method.
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