International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-1, Issue-5, Oct.- 2014]
ISSN: 2349-6495

Microwave Breast Tumor Detecting and
Targeting Employing Multiswarm Contrast-

Agent-Loaded Bacterial Nano robots
Pagadala Sree Harshaivya. K , B. Jaiganeéh

Dept. of ECE, Saveetha School of Engineering, Saagdniversity, Tiruvallur, Tamilnadu, India

Abstract—The orders and speeds of bio-compatible
flagellated magneto tactic bacteria (MTB) might be
accompanied alongside pre-planned trails deep msitk
human body across external magnetic fields.
Furthermore, a microwave difference agent such as
carbon nanotubes (CNTs) could be loaded onto MTB to
change the dielectric properties of tissues adjadbe
agent. Instituted on these two phenomena, we rifltest
how several aggregations of MTB released into human
breast can be pursued simultaneously and monitored
using the differential microwave imaging (DMI)
technique. We also present novel strategies toctiatsd
localize a breast cancerous mass across the DMilktra
able bacterial propulsion and steering period, amsk an
anatomically realistic breast ideal as a testedctmfirm

the feasibility of this breast cancer diagnostictinogl.
Keywords: flagellated magneto tactic bacteria (MTB)

carbon nanotubes (CNTs), differential microwave
imaging (DMI) technique.
l. INTRODUCTION

Microwave breast imaging aims at differentiatingdmst
tissues based on their dielectric properties, which
sensitive to physiological or pathological factoo$
clinical interest . Nevertheless, the efficacy dfist
modality is significantly affected by strong interénce
due to normal tissue heterogeneities . This chgdlen
could be overcome by using a contrast medium ssch a
carbon nanotubes (CNTSs) to alter the dielectripprtes

of a tumor. These agents can be delivered seléctive
the cancer via systemic administration for noninxes
and specific identification of regions of interddbwever,
only a low volumetric concentration of contrast ratgeis
able to reach cancer cells by using currently atdel
targeting techniques. Recent progress in Nano ichot
has promised a possible remedy for this problemuiin

the prospect of realizing bio-compatible flagelthte
miniature robots combined with the nanometer-sized
magnetisms of magneto tactic bacteria (MTB), whose
directions and displacement speeds can be comtrbie
an external magnetic field. Furthermore, the MTB ba

used to transport contrast agents efficiently ttumor
location in deep regions of human body. The stsafeg
MTB-assisted microwave breast tumor sensing and
targeting was first proposed in , where each tinsingle
swarm of MTB loaded with a Nano composite contrast
agent was injected into the human breast. The MTIB w
align in the direction of an external magneticdiaind its
motion can be tracked by using the differentialnmicave
imaging (DMI) technique proposed. When a particular
swarm trajectory meets a tumor, the contrast agéhibe
unloaded and bound to cancer cell receptors. Once
unloaded, the swarm will no longer be visible by DM
which only tracks difference in the tissue microeav
properties due to the agent. Thus, the site whbee t
contrast agent eventually accumulates will corradpim
an MTB footprint “sink” inside breast. The currembrk
extends the results in by considering multiple
aggregations of MTB, which are administered
simultaneously into the breast at each round afctign
to reduce the sensing time. The DMI algorithm imanc
only estimate the location of the nearest swarm.aAs
result, antennas can be divided into several grobEpsh
group tracks the associated nearest agglomeratfon o
MTB. By applying the prior knowledge of magnetieléls
created, and imposing the constraint that MTB st
must be aligned with magnetic fields, the avergueed
of electromagnetic wave in breast can be approxidat
and the bacterial swarms are tracked. The feayitoli
the proposed solution is studied by using an anatdiy
realistic breast model from the University of Wissm
Computational Electromagnetics (UWCEM) Lab’s breast
phantom repository .
Il. STRATEGY FOR BREAST TUMOR
DETECTION AND LOCALIZATION
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Fig. 1: (a) lllustration of the tumor detecting arrangent
employing a configuration comparable
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Fig.1: (b) Dielectric profile at 1 GHz for the coron
crosssection across the third antenna ring. We aci
concentric magnetic earth lines initiating from e basis
via one of the antennas (marked alongside a ‘+’)oas
the propulsion-and-steiag phase. All eight antenni
probe the breast sequentially alongside t-wideband
pulses across the pursuing phase. Two clumps of
are released simultaneously into the bre

To illuminate our strategies, we ponder

“heterogeneously dense” breast apfom from the
UWCEM repository encompassing one tumor having
median properties of rlignant glandular breast tiss.
We retain the a like 48lement dipole array configuratic
as in that is coordinated above five cylindricaigs
shown in Figurel(a). Our aim in this discovers is

present two-dimensional @) detecting and diagnos
alongside each of the crosectional planes of the rini
employing three-dimensional (3} data. As an exampl
we ponder the crossectional plane of the thirdng from

the top, that passes across the tumor and hadeatdie
profile shown in Figure 1(b). We will merely u
monocratic data from the eight antennas of thel thirg
to elucidate our detecting algorithm, even thoudhlly
3-D multistate DMI way s additionally possible. The
attendance of a difference medium in or adjaceigsae
span will considerably change its innateelectric
properties. Cosider that flagellated MCMTB are
loaded alongside a microwave agent and rele
simultaneously intohuman body from two distin
inoculation locations as illustrated in Figure 1(i#n
external basis creates a magnetic earth by waywifea
allocated close to the biological object below eisation
that determines the association in that the MTB align.
We spread the DMI algorithm counseled in to sev
targets as to be debated in Serving 3. This methaext
utilized to trail the gestures of these two aggloatiens
of Nano robots in usual intervals by noticing ¢
localizing the change in tise dielectric properties in their
proximal regions. If a swarm of bacteria floundeisense
a tumor (i.e., the corresponding MTB trail does
intersect the tumor), the swarm will retain trauegsin
capillary channels in the orders aligned to the metic
earth lines till being accompanied out of humanybddh
the supplementary hand, if the swarm detects artutine
difference medium will be unloaded and attachec
cancer cell receptors. After unloaded, this swarith ne
longer be visible by DMI thi merely tracks contrasts in
tissue microwave properties due to the agent. Tthe
locale whereas the difference agent in the
accumulates will correspond to a “sink” alongside pre
planned MTB trajectory. Several tissue anomaliell
lead to severd MTB footmarks “sinks”. Tumors can |
therefore noticed via this see-is-sensing principle. The
frank sequence of events is methodical as foll
Initialization :Prior to the inoculation procedure,
sequentially send ultraddeband radar pulses froevery
single antenna agent to probe the breast as sho
Figure 1(b), and record the backscatter reply are
single element. These data in the nonexistenc
difference agent will be utilized as the baseliatadn the
DMI procedure at a afterwartage.

Propulsion and steering We design the MTB trails i
the breast established on its geometry and ascetia
inoculation locations on the breast surface. This/ey
design should safeguard that the whole breast énis
obscured alongside suffartly tiny gaps amid borderir
paths to cut fake negatives. We next infuse se
clusters of contrast-ageattached MTB into the brea:
and escort them alongside a magnetic earth fi
enumerated erapd We accept that the result of t
magnetic earthis to escort the swarms alongs
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concentric magnetic gradients generated at onehe
eight antennas as exemplified in Figure .
Tracking: We switch the arrangement setting from
propulsion-andsteering mode to the pursuing mode.
early pace igo send sequentially the alike waveform
the one utilized in the initialization period froevery
single antenna agent and record the correspot
backscatter response. Apply the spread DMI algorith
be debated in Serving 3 to trail several swaror area of
tr. The period+ ought to be retained as short as prob
to minimize the random diffusion of Nano robotstfre
nonexistence of a steady manipulating magneticefobn
the supplementary hand; bught to be long plenty 1
permit adequate buyf backscatter data for preci
pursuing of MTB. In exercise, a tn an order of :
insufficient seconds should be adequate for theying
intention (noting that actual processing of the tugyes
might be gave in the subsequent propul-and-steering
cycle).
Decision-makingWe next choose whether the tun
detecting procedure is finished, given the MTB ksaand
subject to a sequence of criteria: (i) Are
agglomerations of MTB yet in the breast? (ii) HadMI
impression “sink” been observed? (iii) Have all thre-
plannal trails been completed? If the answer is “yes
all of them, we state that tissue malignancies Haaen
prosperously noticed and localized. Otherwise,
arrangement could discharge new agglomerationsTd
or the aged ones can tolerate maneuverreliant on
whether the early populaces are yet present ibriast.
M. TRACKING OF MULTIPLE
AGGREGATIONS OF MTB

Probing
waveforms,

“Rntenna group 1 Antenna group2

\ ]
skin . MTB swarm 2

< MTB swarm 1

« Y
Tissue inhomogeneities Tissue medium

Fig. 2: An interferencgsrone breast channel whereas t
agent-loaded MTB swarms are present in the unke
breast alongside tissue in homogenetities.

In this serving we spread the DMI algorithm couedeh
to notice several innate dielectric adjustmentsvpked
by countless agglomerations of cont-agent-attached
MTB. Lacking defeat of generality, we ponder
interference-prone breast medium asvaion Figure 2

whereas two swarms of bacteria are present in arapt
biological medium generated by healthy breast ¢
heterogeneities. Think a radar arrangement encasins
several spatially varied monocratic antenna agefts,
A2, ---, AZ. Evensingle antenna embodies both a ges
basis allocated an mechanical earth and an obgam
sensor. We will use the subscript z in the purs
discussion to indicate the parameters associatedside
antenna A(z = 1, 2, ---, Z). Presume that they taps
gave by the two clusters of ag-loaded MTB at A are
1,z and 2,z. Attendance of difference agent inkteast
will distort the biological channel reply provokeualy
adjustments in the tissue dielectric properties. Wdee
that merely the late replalongside larger stay than z
min{ 1,z, 2,z} will be influenced. Subsequently, wan
tear all antenna agents into two clusters as show
Figure 2. For every single associate fitting inattenne
cluster k (k = 1, 2), z = k, z. In this method, Bvsingle
cluster merely monitors the alike nearest MTB swe
Therefore, we can apply ueviatingly the DMI
algorithm that is suitable for sinc-target detection and
localization, to compute the tir-of-arrival (TOA) z. If
the MTB trails are projected sL that the two swarms
should be well separated in the breast at eaclog
instant, we can present effortlessly antenna g
given the locations of the dc basis and infusid@ssiThe
data mixture method counseled in merges the °
measurements frondisparate antennas to attain
guesstimate of the target location. This methodudix
needs vision of the averagissue dielectric propertithat
cannot be obtained in a realistic clinical settifithe
counseled tumor detecting way provides an inteng
resolution to the above setback by approxima
simultaneously the mean propagation speed of sigaral
the swarm location.We accept that an antenr, is
pursuing the k MTB swarm. £ is placed at (X y,) and
measures a TOAz = zTO, whereas 0 is the sampling
time. The TOA1z defines a circle concentrated a,
alongside radius,+ v,,/2 whereas v is the average sp
of electromagnetic wave in the breast and is caedeto
the mean tissue permittivity and conductivity. Wedfithe
locale of the k MTB swarm by minimizing the sum «
square of the distances from the swarm to the pmh
intersection of the scope circles closest to itveBi an
average speed of waves v, an optimum no iteri
resolution x,, of the locale of the y, swarm can be
obtained pursuing . Next, we impose the constrdiat
MTB impressions ought to be aligned alongside
hypothetical circular magnetic field lines alongsigdius
R generated by a dc basis placedy.. Consequently, the
average speed v is approximz to v*= argmin[[X(v)-
Xqd]-R] and thecorresponding swarm footmark is giv
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by xk(v*).
V. SIMULATION RESULTS
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Fig. 3: Simulated DMI footprints. The MTB inoculati
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Fig. 3: (c) Detecting period versus angular rans and
mean pace sizé of the directional random walk f
single- and twoswarm administration. The fixe
parameter values aré = 100 3m in the preceding ang
= 30° in the latter.
We use numerical examples to elaborate on the t
detecting strategy highlighted above. Our targetto
simulate probable gestures of the swarms due tc
consented magnetic earth and examination the D

skill to trail their trajectories and senste tumor. Figure
1 displays the layout of the health diagnostic rgeamen
as debated in Serving 2. The inoculation locatians
consistently spaced on the external of t-D cross-
sectional plane of the pntom delineated in Figure
1(b),that is additioally illustrated in Figure 3(a) (marke
alongside circles). Figure 3(a) additionally illaes the
preplanned MTB paths obscuring uniformly the finist
breast interior; the distance amid tadjacent trails is
concerning 5mnthat determines the rescon of this
particular breast survey plan. Two MTB swarms
released into the breast at the alike period, vesetbeir
infusion locations are spaced separately acrossviiode
detecting procedure to safeguard prosperous pursas
indicated in Serving3. We accept that every sing
populace of MTB follows a directional random sti
across the propulsion-arstieering stage. Consequen
every single pace size of swarm varies accordingrt
exponential allocation alongside amean worth , &
assocation at every single pace is uniformly distribu
amid [ - , + ]. Here is the mean association alig
alongside the tangent of the magnetic earth andsunes
the encounter of random directional disturbance/qked
by supplementary gradients (chemois and aero taxis)
and abnormal microvasculature networks. Finally,
accept that the MTB aggregations pursue an isatl
random stroll alongside the alike pace size allooe
across the pursuing stage.The early speeds of
swarms prior to inoculatio are selected as 200 m/s,
cut alongside period in the last pursuing the
consequenceThe periods for the propulsi-and-steering
and pursuing periods arees = 2 min and t = 5 s,
respectively. To simulate the encounter of evenglsi
CNTs-loaded MB swarm on the dielectric properties
breast tissues, we ponder that CNTs change thecttiiel
benefits for one 2x2x2 mm3 cubic voxel concentratt
the point whereas the MTB swarm is present. We
the comparative permittivity and conductivity this
voxel to be 22% and 70% higher than the me
properties of malignant glandular breast tissueis
assumption is motivated by the result of CNTs
malignant tissue consented in . A nornsimulated
detecting procedureo€f 30°, f= 100 m) alongside the
DMI impressions plotted is illustrated in Figurebyi
Examples of the precise locations of MTB across
pursuing period are marked alongside triangles, the
corresponding approximated locations via DMI
marked alongside squares. Think two <ms released
simultaneously from the 1st and the 8th infusiotess
These two populaces of MTB were accompanied by
magnetic fields to move for 2 min and grasped teye
locations whereas the pursuing was performed. L&t
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of pursuing (noting that the displacement of MTBswa
nearly imperceptible in this case due to the shorsuing
duration), the arrangement was switched back to the
propulsion-and-steering mode, whereas the swarms
endured maneuvering and the spread DMI algorithve ga
in Serving 3 was requested to localize the MTB tfoe
preceding pursuing cycle. This procedure was res@pp
periodically. After each of the two swarms left theast,

we released one more agglomeration of MTB from the
inoculation locale subsequent to it, and so on. The
finished good accord amid the precise and apprdgidna
locations of the MTB demonstrates the efficacy lod t
spread DMI method for pursuing the CNTs-loaded
bacteria Nano robots. For well-planned swarm
trajectories, a DMI impression “sink” indicatingethumor
locale will be noted, as delineated in Servingt 2 worth
emphasizing that two supplementary MTB injections a
the bottom of the breast phantom were gave tohads
the early survey design pictured in Figure 3(a).e Th
benefits of the angular range and the mean paeevsiz
alter the tumor detecting period and therefore the
performance of the counseled method. The averatg@dpe
consumed in tumor detecting alongside alongside the
maximum and minimum benefits for and is shown in
Figure 3(c), suitably, for ten autonomous simulasiamf

the MTB pursuing processes. Evidently, by employing
two aggregations of MTB in parallel, momentous
reduction in the period consumed in finishing thedst
surveying is attained as contrasted to the singksis
deployment. Furthermore, the detecting period regah
dispersion rise as the angular range increaseshes
average detecting period and its dispersion aralterted

by disparate values.

V. CONCLUSION
This preliminary discover gave novel schemes for
microwave breast cancer detection alongside theofise
multiswarm bacterial Nano robots. Countless key
assumptions have to be confirmed for these mettwmde
clinically feasible. These contain the efficiency the
MTB as manipulated trackable propulsion and steerin
arrangements, as well as the skill of our spreadl DM
algorithm to notice the MTB swarms established loa t
result of their difference agent cargos insidetisgue.
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