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~ Abstract- Wireless Capsule Endoscopy (WCE) uses an This paper investigates the performance of a WCE
ingestible small capsule-shaped device to detectriais diseases ~qgmmunication system by studying its EM wave praiag.

within the digestive system. It is superior to tradtional endoscopy - - . . .
as WCE lacks the limitations of traditional wired diagnostic tools, This investigation serves to determine signal aéon and

such as the cable discomfort and the inability toxamine highly ~Ccapsule position. There are two main reasons ferptoposed
convoluted sections of the small intestine. Howevea number of research. The first one is that some EM energps®ied by
obstacles still need to be overcome to improve thelinical the organs when waves are transmitted through thmah
applications. This paper attempts to investigate th performance body, which could lead to large signal distortiomsaddition,

of a WCE system by studying its electromagnetic (EMwave : . . .
propagation through the human body, which allows tle capsule’s the human body is a frequency dispersive systemh wit

positioning information to be obtained. The WCE transmission frequeng){ dependent Qielectric properties (i-e”ﬂm"/ity anq
channel model is constructed to evaluate signal a&tuations and conductivity) [3] that influence the electrical amdagnetic
to determine the capsule position. properties of the signal transmission channel. fhmmeters
.  INTRODUCTION change when wide-band signals are applied to tlsteisy
) o which require human body models to simulate thenaig

The use of endoscopes to examine the body's irftergans  yransmission  with frequency dependent  permittiviand
dates back to the_ 19th century [1], where a Maiciersist onqyctivity. Furthermore, positioning of the capsin the
developgd the Llchtlelter to examine human bladéad ;man body can be achieved by studying the EM wave
bowel with candle light. Lgter, various typ_es ofdeacopes propagation of the system, enabling tracking ofitimys and
were developed to examine the body's internal ®gam grientation of the capsule without adding additiosensors.
greater detail. Timely detection and diagnosis extemely This allows more capsule space to be allocated otber
important since the majority of gastrointestinal)(Gncers are components.
curable if _caught early. Surgica_l treatments thtotle use of  £4; the above reasons, this project works througleet
endoscopies were developed into two branches: @&#SPY agpects. Firstly, the level of signal attenuatiom the
for examining the stomach and colonoscopy for th®rt  ansmission system is investigated. Secondly, ENe wave
Each branch developed rapidly in the last two desadpropagation properties of WCE with different traission
eventually culminating in the birth of capsule estlipy. gistances when the transmitting and receiving araerare in
_Compared to earlier techniques, capsule endo§cs>py0n- the same work plane (z=0 plane) are evaluated ghrou
invasive and hence more comfortable to patientscat  gimy|ation. Lastly, the second step is repeatednitht varying
examine deeper Gl tracts in the human body inad#essith \york planes to simulate cases where the transmittind

existing wired endoscopes. _ S receiving antennas are not in the same plag@ ganes).
Wireless Capsule Endoscopy (WCE) is a techniquehich

a small capsule-shaped device containing a videteras LED
lights, a power source and a wireless transmiiengested in

order to detect various diseases within the digestystem (e.g. EM wave propagation of the WCE transmission chaisel
in duodenum, jejunum, ileum, etc.). There are mdifferent  studied by examining signal distortions, extracting WCE’s
types of WCE systems and they are mostly develog®tl |ocation information and determining the capsulesitan.
manufactured by Olympus, Intromedic and Given Im@gi Therefore, a WCE communication system is built with
Although this technique develops very fast, theeestill some transmitter, a receiver and a communication chaimehe
drawbacks limiting the application of WCE. First all, the following subsections.

collected physiological data, such as the Gl trawges, are

insufficient for clinical diagnosis without the sence of A EM wave propagation environment

capsule positioning data. Secondly, most capsutep@avered  The abdominal environment is highly complex andstmall
by an internal battery that restricts the capsul@aturization. intestines, which lie in close proximity, greathyfluence the
Lastly, current systems do not have continuous comea- performance of the capsule. Therefore, the inhomeges
tion due to random orientations of the capsule [2]. human body module is simplified to a homogeneoudybo

. WCE COMMUNICATION SYSTEM MODEL



model which uses muscle material whose relativenjigvity
equals 56 and conductivity equals 0.83 S/m [4]. eBlasn
previous studies, the shape of the body modelndsgth or
elliptical cylinder, does not influence the resutisich. In this
paper, a cylinder with the radius of 100 mm is ussdthe
human trunk model.

B. Trangmitting and Receiving Antennas
To implement the communication system,
transmitting (TX) and receiving (RX) antennas agtested to

operate in the human body environment. The WCE naate

should be less sensitive to human tissue influeasethe EM
wave transmits in the body. Lossy dielectric malesibsorbs a
number of waves and thus attenuates the receivigals
causing strong negative effects on the EM wave ggation. A
much wider bandwidth is required to enable transiois of

high resolution images and large amounts of dathe T

detection of transmitted signal is preferred tarwkependent of
the transmitter’s position and hence, the trangmgittntenna
should have an omnidirectional radiation pattern.

Two sets of transmitting and receiving antennassatected
for the study of the communication system: a pdismiral
antennas designed by Yoon [4] and a pair of plam&nnas
proposed by our group [5].

Width uf metal § T Air
Micral Hight

*u Gap
Connected syith cable: Rl
a, 1alll *~ Antenns

.
.S

Slm’lingﬁius

S|

Jrpund

™ cuble

Figure 1. Top and side views of the spiral antgdha

The top and side views of the spiral antenna arstibted in
Figure 1. By adjusting the parameters, the anteansbe tuned
to work at 403 MHz with 85 MHz bandwidth. In sedctidll,
the spiral antennas are used as TX and RX to ipastthe
signal transmission in the WCE system.

Figure 2. Rolled and planar microstrip line antefsja

A carefully designed planar microstrip antennastaswn in
Figure 2) can also be used in the WCE system. ribllsed up
and attached to the surface of the capsule shelotl as the
transmitter, as shown in the left of Figure 2. Wherking as
receiver, the planar structure (in the right ofufg2) is used.
The center operating frequencies of these two aateare 410
MHz and the bandwidths are more than 180MHz. lised in
section 11I.C to compare with spiral antennas.

suitable

C. Thetwo-port network for WCE communication system

The communication system including the transmifiex),
the intermediate material and the receiver (RX) dan
considered as a two port network as shown in Figure

Y=L

Port 1 Port 2

Figure 3. The two-port network of the WCE system

The terminal of the TX's cable is set as the pqrivhilst
port 2 is at the end of RX's cable. Therefore, S&apeeters can
be used to analyze this system. S11 is the retg® lised to
determine the channel bandwidth. S21 the forwaadstmis-
sion parameter is used to evaluate the signal rrEson
between TX and RX.

A Rdative angle position between TX and RX (z=0 plane)
Antennas are not symmetrical in general; thereftre
influence of the antenna radiation pattern (RPukhalso be
taken into consideration. To test the system, drectibn of
the transmitter with the appropriate radiation grattis chosen.
Excitation signals are supplied into the transmgitiantenna
while signals at the receiving antenna are compaoethe
input signal to check for attenuations. The reaeiselaced in
z=0 plane at different angles, surrounding thesmatter and
separated by 45 degrees each (illustrated in Figure
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The calculated forward transmission parameters &2403
MHz are plotted in below of Figure 5, and compangth the
transmitter’s directivity calculated at differenhgdes in the
examined plane (as plotted in above of Figure 5).
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Figure 5. Radiation pattern’s 2D plot vs. S21 é8M6iz

According to the results shown in Figure 5, the B24lmost
proportional to the radiation pattern of testedeanta plane
when the receiving antenna is placed at differesftjpns. The
unstable forward voltage gain influences the aaouraf
localization results. If the capsule is rotateduaib the center
of the outer shell, errors are introduced to thealiaation
calculations. This influence needs to be taken @upsidera-
tion while performing the localization estimation.

B. Reative Digance between TX and RX (z=0 plane)

At this stage, different offsets between transmitéad
receiver are applied to this system to collect siraulation
results of S21. To perform capsule localizationgnal
transmission distances are swept from 0 to 160 nitim 20
mm steps. With the position of RX fixed, TX is mavin the

human body model to obtain the EM wave propagatic

properties of WCE with different offsets as showrigure 6.

TX.

offset.

[$21|ndB

03 04 05 07 08

Frequency / Gtz

Figure 6. Layouts of TX and RX (offsets: 50, 100450 mm)

The simulation results of S21 at different frequescare
shown in Figure 7.

Figure 7. S21 (in dB) vs. various offsets betwe&rahd RX

It can be observed that within 300 MHz to 500 Mitme
S21 results are regular and do not have suddergebarHence,
these groups of data are used to fit the chanreaister
function and used in the evaluation of the commation
system. Curve fitting is performed based on thest.édean
Square criterion, and the fitted transfer funci®a function of
frequency{) and offset ) as follows:

$21(f,7)(dB) = 20logyo(c1(f)r72 + co(f)) €Y)

where,r is offset in mm, and is frequency in Hzc,(f) and
co(f) are the frequency dependent coefficients:

ci(f) = —18.72f2 + 20.31f — 3.699

c,(f) = 0.0008371f% — 0.0008211f + 0.0001555

S21 calculated from the transfer function and SBthioed
from simulation are compared in Figure 8.
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Figure 8. Fitted transfer function compare withsiged S21
(offset: 40, 100, 120 and 160mm)

Figure 8 reveals the compared S21 results calclfaten
the transfer function and the results achieved imyulation
using Gaussian signal as the excitation signalse@an the
transfer function, the position of TX can be estmia
according to the received signal.

C. ReativePostion between TX and RX (z£0 plane)

Since the position of the capsule endoscope in the
gastrointestinal tract is changing, knowing thensraission
characteristics of the wireless signal in the sagfa@e is not
sufficient. The step in Section 111.B will be reped but with
the TX and RX in different planes so that the laratand
quantity of the receiver and transmitter can becmeined.



Three-dimensional positioning and tracking of thapsule
endoscope is therefore possible.

Moving TX with RX fixed is equivalent to moving RXith
TX. In this study, for the simplicity of modelinghe TX is
fixed at the center of the body model. As RX mosaksg the
z-axis, the radio propagation properties of WCEhwdiifferent
signal transmission distances when the transmittargl
receiving antennas in the different plangQ(zplane) can be
obtained. The forward transmission coefficient &2 Epecific
frequency can be obtained from the simulation, Wwhis
related to the radiation patterns of TX, RX and thigtance
between them.
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Figure 9. The relationship between-RRnd RRx

As illustrated in Figure 9, RR is the directivity of TX at
angled, and RRy is the directivity of RX at angle+6, Spis

Figure 11. S21 VS z for microstrip antenna pair

On the basis of the Friis formula, the total logtween the
transmitter and receiver is related to the distdmetsveen TX
and RX, and the radiation patterns of them. Itssuaned that
there must be a linear relationship between the (B2linear)
and Sp (in linear). Using curve fitting based on the Lieas
Mean Square criterion, the relationship is obtained

0.0056
r

SZl(linear) = ODOOlSRP(linear) -

IV. CONCLUSIONS

This paper investigated the performance of a WCEesy.
Based on this investigation, the capsule’s positign
information can be obtained. The WCE transmissibanael
model was constructed in order to examine sigriahaations
and determine capsule position. The outcome of this
investigation will be useful for researchers torgayut further
research in locating the WCE position within therfaun body.
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the sum of them. @ and S21 are plotted and compared in
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Figure 10. § and S21 VS z for spiral antenna pair
Both SRP and S21 have peak value at z = 0 mm, and

reducing with the increasing z. Irregular valuesS#¥1 are
observed at z = £10 mm, which is probably due todlound
plane shielding effect of the spiral antenna. Bplaeing the
spiral antenna with the microstrip antennas, thegirlar drops
at z = £10 mm disappear as shown in Figure 11.
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