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speed data rate. Cunently the capsule endoscope proclucts
have the data rates of I-2 Mbps, but the data rate more
than 20 Mbps is rcquired to send in-body images to an
out-body receiver for a future capsule endoscope.
Considering overload from the data coding, the data rate
should be increased up to 40 Mbps. The third issue is that
the capsule endoscope should suppoft bidir.ectional
comrnunications. To move the capsule to the area w.here
much more monitoring is needed and to administer a
medicine there, we should control the capsule endoscope.
The last issue is a small size. The capsule endoscope
should be as small as possible, not to provide
inconvenience to the patients, because it is swallowed into
the mouth and gets out through the internal organs. All
these are very imporlant issues which should be carefully
considered in designing the capsule endoscope.

2.2 Frequency Band

Conventional capsule endoscope products use the MICS
frequency band of 402-405 MHz. The MICS band is
allocated by FCC (Federal Communications Commission)
in 1999 for implantable medical device use [7]. In the
MICS band, the implantable devices can communicate at a
low data rate due to naffow bandwidth, and so cannot
suppolt real-time image communications. For the capsule
endoscope supporling the data rate of40 Mbps. a new and
wide frequency band needs to be allocated instead of the
MICS band.

Freguency ( l ,4Hz): 450 322 750 902 928 2400 2450
tsM r i i

ffi@3
l.{r;dB't l i
l /Mhl. : : ]  |

N{ffi: @rEEEB02.15.,la
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Low-power
Trilsmission

(Korea/Japan):

Figure 2. The liequency band allocation.

As shown in Fig. 2, in Europe and America, an IEEE
802.15.4a Sub-GHz band for UWB applications is
allocated to 250-750 MHz. In Korea and Japan, an
unlicensed low-power transmission band is up to 322MHz.
These two bands have the same regulat ions on the ElRp
(Effective Isotropically Radiated power). Therefore, the
common liequency band of 250-322 MHz can be used ibr
the r.vireless capsule endoscope. In Korea, 317-32g MHz
lias been used by a beeper signal band, so the frequency
band of 250-3 l0 MHz can be proposed for 40 Mbps in-
body con-rmunications.

2.3 Modulation

In the capsule endoscopes, low-power consumption is
extremely important since they operate at least for several

houls r,vith small-sized batteries. Therefore, in sele(
modulat ion techniques, iower power consumption h
higher priority. When the modulation techniques
compared, many tradeoffs should be considered.
instance, an increase of fansmitted power leadt
substantial DC power consumption. Coherent modul:
requires addit ional l-2 dB SNR (Signal-ro-Noise Rr
compared to non-coherent modulation.

2.3.1 MSK, PSK

MSK (Minimurn Shift  Keying) modulat ion is a kin
coherent FSK rnodulation which reduces high-o
harmonics by removing phase discontinuity in Oel
(Offset Quadrature Phase Shift Keying) modulation.

onrn@cvr
VCO

Figure 3. A block diagram of the GMSK transmitter.

Figure 3 shows a simplified block diagram of
GMSK (Gaussian MSK) transmitter. A GMSK siena
obtained through a VCO (Voltage Controlled OsJla
with a Caussian-flltered control signal. To obtain linear
a PLL (Phased Locked Loop) module is require<l, br-
results in a complex system and slow start-up. The Gtr1
modulation is bandwidth-effi cient but energy-ins16r1..,

PSK (Phase Shift Keying) modulation is one of
linear modulation techniques. The phase of the carrier
the QPSK takes one of equally spaced four shifts, sucl
0, x/2, n,3nl2 where each phase value corresponds I
unique pair of message bits. Figure 4 shows an examplt
the QPSK transmitter block diagram. As shown in the I
4, two up-converters are used for I and e channels oi
QPSK transmiffer, which will increase power consumpl
The QPSK modulation technique is spectrally efficient :
used in CDMA handset applications, but it is not effeci
in the power consumption.
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Figure 4. A block diagram of the QPSK transmitter
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Processor) blocks require high level combination at the
two-environment boundary. The ADS (Advanced Design
System) Ptolomy offers signal processing simulation,
while analog/M sirnulation is oft'ered by either a circuit
envelope or high-fiequency SPICE (transient) simulator.
In the ADS software, we may utilize Ptolemy co-
simulation to find the best design topology.

DATA

Envelope
Detector

Figure 7. A block diagram ofthc OOK transmittcr and rsceivcr.

OOK system can be effectively used for 40 Mbps wirele..
capsule endoscope with the center lrequency of 280 MHz.
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tff
Figure 8. The simulation results of the OOK transmitter and

rcccir er.

Figure 7 shows a block diagram of the OOK
transmitter and receiver. The carrier signal is generated
from a VCO, and then a high-speed switch, which is
controlled by input data, rnodulates the carrier signal.
While propagating through the human body, the
transmitted signal fiom an antenna attenuates due to in-
body loss mechanism. ln our simulation, the path loss
which includes radiation loss, body loss and antenna gain
is set to 68 dB [0]. The received signal at an out-body
receiver is restored by an envelope detector. Figure 8
shows the simulation results of the OOK transmitter and
receiver. From the simulation results, it is known that the
OOK system is very suitable for the high-data-rate in-body
communication.

4 Conclusions

We propose the new ffequency band of 250-310 MHz
for the wireless capsule endoscope with high data rate of
40 Mbps, which can meet the wolldwide EIRP regulations.
And we compare various modulation techniques, and
suggest that the OOK is the best modulation for a low-
power and high-speed capsule endoscope. Also we
introduce the co-simulation technique and verifo that the
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