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Description

TECHNICAL FIELD

[0001] The present invention relates to an apparatus
for receiving data in a human body communication sys-
tem that can improve the quality of received information
and grasp the position information of a sensor in the hu-
man body by using plural receiving electrodes.

BACKGROUND ART

[0002] Various sensors for collecting medical informa-
tion in the human body have been developed and used,
herein, not only a technique for collecting information in
the human body but also a technique for transmitting col-
lected information to the outside of the human body are
very important.

[0003] In a general data transmitting method, there is
a communication cable method applied to an endoscope
developed for observing the stomach and intestines. In
the communication cable method, a cable made of a con-
ducting wire or an optic fiber is inserted into the human
body through throat of a patient. The communication ca-
ble method has high reliability and high data quality, how-
ever, a patient may suffer from severe pain during an
endoscope operation.

[0004] Inorderto solve the above-mentioned problem,
Given Imaging LTD. in Israel has developed a capsule
type endoscope called M2A. When a patient swallows
the capsule type endoscope like a tablet, image data in
the human body photographed by a camera of the en-
doscope is transmitted to a receiving unit located outside
the human body, and then displayed in a monitor.
[0005] However, because the M2A employs a radio
wave method as a signal transmitting method, power
consumption is increased, an operational time is re-
duced, and receiving sensitivity is deteriorated due to
interference of various electric waves from the outside
ofthe humanbody. In addition, because the M2A requires
a radio transmitter such as a converter circuit for con-
verting an image signal into a high frequency and an an-
tenna for signal transmission, a volume is increased and
production cost is high, and also the high frequency may
be harmful to the human body. Accordingly, the present
applicant has developed a human body communication
system capable of transmitting data about the inside of
the human body to the outside of the human body with
a low frequency current by using the human body as a
conductor.

[0006] In the human body communication system, an
electric potential difference between transmitting elec-
trodes that are formed on the surface of the capsule type
endoscope put in the human body generates a current.
As the current flows through the human body, it induces
the voltage between two receiving electrodes installed
on the surface of the human body, and accordingly a
receiving apparatus canreceive dataregarding the inside
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of the human body.

[0007] Figure 1 shows a human body communication
system including a capsule type endoscope and two re-
ceiving electrodes. As depicted in Figure 1, a capsule
type endoscope 10 is located inside the human body 1,
and a receiving apparatus 20 is located outside the hu-
man body. A transmitting electrode 11 is formed on the
surface of both ends of the capsule type endoscope 10,
and the receiving apparatus 20 is connected with two
receiving electrodes 30 contacted to the surface of the
human body. After medical information collected by the
capsule type endoscope 10 is signal-processed, when
electric potential difference occurs between the two
transmitting electrodes 11, a current flows through the
human body 2 since the two transmitting electrodes 11
are contacted with each other through body fluids and
form a closed-loop. The current flowing on the surface
of the human body induces a voltage between the two
receiving electrodes 30 installed on the surface of the
human body. The induced voltage is in proportion to the
current and distance between the two receiving elec-
trodes 30. The receiving apparatus 20 located outside
the human body senses a signal transmitted from the
capsule type endoscope 10 in the human body by the
induced voltage.

[0008] However, when only the two receiving elec-
trodes are used, if a direction of the current is vertical to
an aligning direction of the receiving electrodes, voltage
is not induced or a small amount of voltage is induced in
the receiving electrodes. Accordingly, the receiving ap-
paratus outside the human body may not receive accu-
rately a signal transmitted from the capsule type endo-
scope in the human body.

[0009] In more detail, as illustrated in Figure 1, when
the capsule type endoscope 10 is located in an (A) di-
rection, the aligning direction of the two receiving elec-
trodes 30is coincided with the direction of the transmitting
electrode 11. In this case, a maximum current flows be-
tween the two receiving electrodes 30, so that the receiv-
ing apparatus 20 obtains good receiving sensitivity. How-
ever, when the capsule type endoscope 10 is located in
a (B) direction, the aligning direction of the two receiving
electrodes 30 is vertical to the direction of the transmitting
electrode 11. In this case, a current does not flow be-
tween the two receiving electrodes 30, so that the receiv-
ing apparatus 20 can not receive a signal transmitted
from the capsule type endoscope 10. Briefly, because
the receiving electrode 30 is fixed and aligning direction
of the transmitting electrode 11 is varied at any time, re-
ceiving sensitivity is varied as time elapses, a transmitted
signal may be lost, and accordingly quality of receiving
information is lowered.

[0010] In addition, when only the two receiving elec-
trodes are used, position of the capsule type endoscope
in the human body can not be detected, and accordingly
the capsule type endoscope can not be used efficiently.
For example, if we know a current position of the capsule
type endoscope when the capsule type endoscope
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catches an abnormal symptom in the digestive organs,
an accurate operation and remedy can be performed.
US4987897 describes a body bus medical device com-
munication system.

WO00/22975 describes a method for delivering a device
to a target location.

EP1260176 describes an array system and method for
locating an in vivo signal source.

EP0667115 describes an in vivo video camera system
and an autonomous video endoscope.

US4278077B describes a medical camera system.
US6240312 describes aremote controllable, micro-scale
device for use in in vivo medical diagnosis and/or treat-
ment.

KR200289669 describes a two-way communication te-
lemetry capsule.

TECHNICAL GIST OF THE PRESENT INVENTION

[0011] The invention is as defined in the appended
claims. In order to solve the above-mentioned problems,
it is an object of the present invention to provide an ap-
paratus for receiving data in a human body communica-
tion system, which are capable of receiving data with
optimum sensitivity and extracting position information
of a capsule type endoscope in the human body to use
the position information as medical information.

[0012] An apparatus for receiving data in a human
body communication system in accordance with the
present invention comprises plural receiving electrodes
installed on the surface of the human body, the plural
receiving electrodes receiving data from a capsule type
endoscope located inside the human body; a switching
means for selecting a pair of receiving electrodes se-
quentially among the plural receiving electrodes; a
processing means for processing a voltage value of a
pair of receiving electrode selected by the switching
means; amemory for storing the processed value; acom-
paring-operating means for calculating a maximum value
among values stored in the memory; an image process-
ing means for performing image processing for the max-
imum value; and a control means for controlling the
switching

[0013] means and the comparing-operating means to
provide the maximum value to the image processing
means.

BRIEF DESCRIPTION OF DRAWINGS

[0014] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.

[0015] In the drawings:

Figure 1 is a diagram for showing problems occurred
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in data receiving in the conventional human body
communication system;

Figure 2 is an exemplary view illustrating plural re-
ceiving electrodes installed on the surface of the hu-
man body in accordance with the present invention;
and

Figure 3 is a block diagram illustrating a receiving
apparatus in accordance with the present invention.

DERAILED DESCRIPTION OF THE INVENTION

[0016] Hereinafter, the preferred embodiment of the
present invention will be described with reference to ac-
companying drawings.

[0017] Figure2isa plane view illustrating plural receiv-
ing electrodes installed on the surface of the human body.
As depicted in Figure 2, eight receiving electrodes are
respectively installed on the surface of the human body,
for example, the chest, the navel, an upper portion of the
back, a lower portion of the back, the axillae and the
sides. When current generated by electric potential dif-
ference between transmitting electrodes 11 of a capsule
type endoscope 10 reaches plural receiving electrodes
through the human body, a voltage is induced between
the two receiving electrodes in proportion to the current
and distance between the two receiving electrodes.
[0018] With reference to Figure 2, considering receiv-
ing electrodes 1 and 2 as a pair of receiving electrodes,
the greatest voltage is detected between receiving elec-
trodes 1 and 2. That is because an aligning direction of
the transmitting electrode 11 is coincided with that of the
receiving electrodes 1 and 2 and also distance between
the capsule type endoscope 10 and the receiving elec-
trodes is the shortest. On the other hand, considering
receiving electrodes 3 and 4 or receiving electrodes 7
and 8 as a pair of receiving electrodes, a voltage is not
detected between the receiving electrodes. That is be-
cause an aligning direction of the transmitting electrode
11 of the capsule type endoscope 10 is vertical to an
aligning direction of the receiving electrodes. In addition,
considering receiving electrodes 5 and 6 as a pair of re-
ceiving electrodes, voltage between the receiving elec-
trodes 5 and 6 is less than that between the receiving
electrodes 1 and 2. Thatis because an aligning direction
of the transmitting electrode 11 of the capsule type en-
doscope 10 is coincided with an aligning direction of the
receiving electrodes, but distance between the capsule
type endoscope 10 and the receiving electrodes 5 and 6
is farther than that between the capsule type endoscope
10 and the receiving electrodes 1 and 2.

[0019] As described-above, by measuring and com-
paring voltages between each pair of receiving elec-
trodes, we select the receiving electrodes 1 and 2 to ob-
tain better receiving sensitivity from the fact that the volt-
age between the receiving electrodes 1 and 2 is the great-
est. In addition, we know the capsule type endoscope is
located closer to the receiving electrodes 1 and 2 from
the fact that a voltage of the receiving electrodes 1 and
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2 is greater than that of the receiving electrodes 5 and 6.
[0020] An accurate position of the capsule type endo-
scope 10 in the human body can be extracted by com-
paring and operating voltages sensed in each pair of re-
ceiving electrodes at predetermined time-intervals. Also,
a moving path, speed and direction, etc. of the capsule
type endoscope in the human body can be known by
processing an extracted position of the capsule type en-
doscope 10 sequentially.

[0021] Inthe embodiment of the presentinvention, flat-
arranged plural receiving electrodes are described, how-
ever, the present invention is not limited by that. Itis pos-
sible to extract three-dimensional position and direction
of the capsule type endoscope 10 by distributing plural
receiving electrodes onto the up/down, front/back and
left/right of the human body.

[0022] Figure 3 is a block diagram illustrating a receiv-
ing apparatus having plural receiving electrodes in ac-
cordance with the present invention. As depicted in Fig-
ure 3, N receiving electrodes are respectively connected
to afirst switching circuit 21 and a second switching circuit
22 of a receiving apparatus 30. An output line of the first
switching circuit 21 is connected to a plus (+) terminal of
adifferential amplifier 23, and an output line of the second
switching circuit 22 is connected to a minus (-) terminal
of the differential amplifier 23. Under the control of a con-
trol circuit 28, the switching circuits 22, 23 respectively
select only one among inputs from the N receiving elec-
trodes.

[0023] The operation of the receiving apparatus 30 will
be described in detail. First, when the first switching cir-
cuit 21 selects the receiving electrode 1 and the second
switching circuit 22 selects the receiving electrode 2, a
signal voltage between the receiving electrodes 1 and 2
is transmitted to the differential amplifier 23 to be ampli-
fied. The amplified signal passes a band pass filter 24
where noise is removed. The signal passing the band
pass filter 24 is converted into a digital signal in an A/D
converter 25 and is stored in a memory 27. Next, as the
first switching circuit 21 maintains the receiving electrode
1, the second switching circuit 22 selects the receiving
electrode 3. And then a signal voltage between the re-
ceiving electrodes 1 and 3 is stored in a different address
of the memory 27 through the above-mentioned process.
Continuously, as the first switching circuit 21 maintains
the receiving electrode 1, the second switching circuit 22
selects the receiving electrode 4, 5, ... and N, and then
signal voltages between the receiving electrode 1 and
the other receiving electrodes are sequentially stored in
the memory 27.

[0024] Likewise, as the first switching circuit 21 main-
tains selection of the receiving electrode 2, the second
switching circuit 22 selects the other receiving electrodes
1, 3, ... and N sequentially, and then signal voltages be-
tween the receiving electrode 2 and the other receiving
electrodes are sequentially stored in the memory 27. As
described above, if the first switching circuit 21 selects
the receiving electrode 3, 4, ... and N sequentially and
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the second switching circuit 22 selects the otherreceiving
electrodes sequentially, finally the (N=1)2 number of sig-
nal voltages are stored in the memory 27. Of course,
signal voltages between the receiving electrodes may be
sampled several times (more than two times) for an av-
erage value to be stored. Or, an average value of a volt-
age waveform for a certain time may be stored. In addi-
tion, in order to reduce memory capacity and processing
time, once-selected pair of receiving electrodes is no
longer selected and the only ,C, number of a pair of re-
ceiving electrodes may be selected.

[0025] A comparing-operating circuit 29 compares sig-
nal voltage values stored in the memory 27 and obtains
the greatest value. From that result of the comparing-
operating circuit 29, it can be known a direction of the
capsule type endoscope 10 is similar to an aligning di-
rection of the pair of receiving electrodes in which the
greatest value occurs. In addition, the comparing-oper-
ating circuit 29 may extract a three-dimensional position
of the capsule type endoscope 10 by comparing and op-
erating signal voltage values stored in the memory 27
and store it again in the memory 27.

[0026] The control circuit 28 selects the pair of receiv-
ing electrodes in which the greatest voltage occurs as
communication electrodes, and accordingly a signal
transmitted from the capsule type endoscope 10 in the
human body can be received with the best receiving sen-
sitivity. In more detail, a signal of the pair of receiving
electrodes in which the greatest receiving voltage occurs
is processed in an image processing circuit 26.

[0027] The above-described a pair of receiving elec-
trodes combining procedure, signal voltage processing
procedure, comparing-operating procedure and opti-
mum pair of receiving electrodes selecting procedure,
etc. are proceeded at a very quick speed (within 10msec)
and repeated at regular time-intervals (per 5 seconds).
Accordingly, information transmitted from the capsule
type endoscope 10 can be always received through an
optimum pair of receiving electrodes. In addition, a mov-
ing path, a speed and a direction of the capsule type
endoscope 10 in the human body can be measured by
storing calculated position information in the memory 27
sequentially.

INDUSTRIAL APPLICABILITY

[0028] Inthepresentinvention,information transmitted
from a capsule type endoscope using the human body
as a communication conductor can be received with op-
timum receiving sensitivity to a receiving apparatus hav-
ing plural receiving electrodes. Accordingly, it is possible
to improve quality of received information, grasp a mov-
ing path, a speed and a direction of the capsule type
endoscope in the human body and use them as medical
information.

[0029] The embodimentsaspects and examples which
do not fall within the scope of the claims are provided for
illustrative purpose only and do not form part of the
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present invention.
[0030] Theinventionis definedinthe claims as follows:

tially.

11 6. The apparatus of claim 5, wherein a moving path, a
speed and a direction of the sensor can be extracted
5 from the position information.
Claims
1. Anapparatus (30) for receiving data in a human body Patentanspriiche
communication system, comprising:
10 1. Vorrichtung (30) zum Datenempfang von in einem

a) plural receiving electrodes installed on the
surface of the human body, the plural receiving
electrodes receiving data from a capsule type
endoscope located inside the human body;

Kommunikationssystem fiir den menschlichen Kor-
per, die Folgendes umfasst:

a) mehrere empfangende Elektroden, die auf

b) a switching means for selecting a pair of re- 15 der Oberflache des menschlichen Kérpers an-
ceiving electrodes (1, 2) sequentially among the gebracht sind, wobei die mehreren empfangen-
plural receiving electrodes; den Elektroden Daten von einem kapselartigen
c) a processing means for processing a voltage Endoskop empfangen, das im Inneren des
value of a pair of receiving electrode (1, 2) se- menschlichen Kérpers vorliegt;
lected by the switching means; 20 b) ein Schaltmittel zur sequenziellen Auswahl
d) a memory (27) for storing the processed val- eines Paars von empfangenden Elektroden
ues; (1,2) unter den mehreren empfangenden Elek-
e) a comparing-operating means (28) for calcu- troden;
lating a maximum value among the values c¢) ein Verarbeitungsmittel zur Verarbeitung ei-
stored in the memory (27); 25 nes Spannungswerts eines Paars von empfan-
f) an image processing means (26) for perform- genden Elektroden (1, 2), die von dem Schalt-
ing image processing for the pair of receiving mittel ausgewahlt wurden;
electrodes having the maximum value; and d) einen Speicher (27) zur Speicherung der ver-
g) a control means (28) for controlling the switch- arbeiteten Werte;
ing means and the comparing-operating means 30 e) einvergleichendes Betriebsmittel (28) zur Be-
to provide the maximum value to the image rechnung eines maximalen Werts unter den im
processing means. Speicher (27) gespeicherten Werten;
f) ein Bildverarbeitungsmittel (26) zur Durchfiih-
The apparatus of claim 1, wherein the switching rung von Bildverarbeitung fiir das Paar von emp-
means includes a first switching circuit (21) and a 35 fangenden Elektroden, die den maximalen Wert
second switching circuit (22) to which the plural re- aufweisen; und
ceiving electrodes are connected respectively. g) ein Steuerungsmittel (28) zur Steuerung des
Schaltmittels und des vergleichenden Betriebs-
The apparatus of claim 1 or claim 2, wherein the mittels, um den maximalen Wert fiir das Bildver-
processing means includes: 40 arbeitungsmittel bereitzustellen.
a) a differential amplifier (23) for amplifying a Vorrichtung nach Anspruch 1, wobei das Schaltmit-
voltage output from the switch means; tel einen ersten Schaltkreis (21) und einen zweiten
b) a band pass filter (24) for removing noise in Schaltkreis (22) einschlie3t, mit denen die mehreren
the amplified signal; and 45 empfangenden Elektroden (N) jeweils verbunden
c) an A/D converter (25) for converting the noise- sind.
removed analog signal into a digital signal.
Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
The apparatus of any of claims 1 to 3, wherein the bei das Verarbeitungsmittel Folgendes einschlieft:
values stored in the memory (27) are averages of 50
voltage values sampled more than two times or are a) einen Differenzverstarker (23) zur Verstar-
averages of voltage waveforms for a certain time. kung eines Spannungsausgangs von dem
Schaltmittel;
The apparatus of any of claims 1 to 4, wherein the b) einen Bandpassfilter (24) zur Entfernung von
55

comparing-operating means calculates position in-
formation of a sensor from the position of a pair of
receiving electrodes (1, 2) corresponding to the max-
imum value and stores it in the memory (27) sequen-

Rauschen in dem verstarkten Signal;

und
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c) einen A/D-Wandler (25) zur Umwandlung des
rauschfreien analogen Signals in ein digitales
Signal.

Vorrichtung nach einem der Anspriiche 1 bis 3, wo-
bei die in dem Speicher (27) gespeicherten Werte
Durchschnittswerte von Spannungswerten sind, die
mehr als zweimal aufgenommen wurden, oder
Durchschnittswerte von Spannungswellenformen
flr eine bestimmte Zeit sind.

Vorrichtung nach einem der Anspriiche 1 bis 4, wo-
bei das vergleichende Betriebsmittel Positionsinfor-
mation eines Sensors von der Position eines Paars
von empfangenden Elektroden (1, 2) entsprechend
dem maximalen Wert berechnet und diese in dem
Speicher (27) sequenziell speichert.

Vorrichtung nach Anspruch 5, wobei ein Bewe-
gungsweg, eine Geschwindigkeit und eine Richtung
des Sensors aus der Positioninformation gewonnen
werden kdnnen.

Revendications

Appareil (30) servant recevoir des données dans un
systéme de communication associé a un corps hu-
main, comportant :

a) plusieurs électrodes de réception installées
sur la surface du corps humain, lesdites plu-
sieurs électrodes de réception recevant des
données en provenance d’un endoscope du ty-
pe capsule endoscopique se trouvant a l'inté-
rieur du corps humain ;

b) un moyen de commutation servant a sélec-
tionner une paire d’électrodes de réception (1,
2) de maniere séquentielle parmi lesdites plu-
sieurs électrodes de réception ;

¢) un moyen de traitement servant a traiter une
valeur de tension d’une paire d’électrodes de
réception (1, 2) ayant été sélectionnée par le
moyen de commutation ;

d) une mémoire (27) servant a stocker les va-
leurs traitées ;

€) un moyen de comparaison et d’opération (28)
servant a calculer une valeur maximum parmi
les valeurs stockées dans la mémoire (27) ;

f) un moyen de traitement d’image (26) servant
a effectuer un traitement d’image pour la paire
d’électrodes de réception ayant la valeur
maximum ; et

g) un moyen de commande (28) servant a com-
mander le moyen de commutation et le moyen
de comparaison et d’opération pour fournir la
valeur maximum au moyen de traitement d’ima-

ge.
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2,

Appareil selon la revendication 1, dans lequel le
moyen de commutation comprend un premier circuit
de commutation (21) et un deuxiéme circuit de com-
mutation (22) auxquels lesdites plusieurs électrodes
de réception (N) sont connectées respectivement.

Appareil selon la revendication 1 ou la revendication
2, dans lequel le moyen de traitement comprend :

a) un amplificateur différentiel (23) servantaam-
plifier une sortie de tension en provenance du
moyen de commutation ;

b) un filtre passe-bande (24) servant a éliminer
le bruit dans le signal amplifié ; et

¢) un convertisseur analogique-numérique (25)
servant a convertir le signal analogique exempt
de bruit en un signal numérique.

Appareil selon I'une quelconque des revendications
1 a 3, dans lequel les valeurs stockées dans la mé-
moire (27) sont des moyennes de valeurs de tension
échantillonnées plus de deux fois ou sont des
moyennes de formes d’ondes de tension pendant
un certain temps.

Appareil selon I'une quelconque des revendications
1 a4, danslequelle moyen de comparaison etd’opé-
ration calcule des informations de position d’'un cap-
teur depuis la position d’'une paire d’électrodes de
réception (1, 2) correspondant a la valeur maximum
et les stocke dans la mémoire (27) de maniére sé-
quentielle.

Appareil selon la revendication 5, dans lequel une
trajectoire de mouvement, une vitesse et une direc-
tion du capteur peuvent étre extraites en provenance
des informations de position.
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