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1. Introduction
In this chapter, introducing some of the ideas, potentialities, and limitations of swalowable
telemetry capsule systems. The telemetry systems were widely used for animal research
while the subject can do its regular activities [1-9]. Therefore, it is an ideal method to collect
the data of migration path and environmental data. In order to collect the data, the telemetry
system has to be attached or implanted to the subjects and transmits the signal throughout
the antenna. For the human patients, most of physiological signal from outside of the body
did not need telemetry systems, because the signal was easily distorted when the patients
were moving. Therefore, the telemetry systems are used when the device is implant into the
patients and then collect the data. Since the implantation of the device is extremely difficult
work, using the telemetry system is limited for scientific researches and a commercial
medical telemetry device was not advent.
Since the implantable telemetry systems is limited by the regulations and safety issue, the
scientists look forward to develop a disposable capsule that resemble a medical pill and
automatically measure the various philological data after swallow it. There are many frontier
researches about the telemetry capsules. Some of the capsule measured the intraluminal
pressure from inside of the gastro intestine while the capsule goes naturally flow toward to
aboral direction [10-14]. Since the physician gets the intraluminal data, it was hard to assume a
location of the capsule such as the capsule is in the middle of a duodenum or jejunum?
Another capsule can measure pH signals from the gastro intestine. This capsule provides the
meaningful data to diagnosis many diseases such as the gastroesophageal reflux. These
capsules also measure the pH signal while it is naturally flow and does not provide location
information. While most of the capsules was measuring the signal when the capsule was
naturally flow toward to aboral direction, a bravo capsule can stop at the esophagus and
measuring the pH difference [15-19]. Other capsules measures the core temperature [20, 21],
which is a bit higher than skin temperature.
Unlike above applications, a capsule endoscopy is a revolutionary product that captures
inside of the gastro images and transmits it throughout the RF transmitter [22-26]. In order
to get clear images, the data rate of the RF transmitter has to be sufficiently high while the
power consumption is still low that could be active by small coin batteries. The frontier of
this field is Given Image company products and it could monitor not only the small intestine
but also the esophagus and colon.
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Due to success of the capsule endoscopy, there are many trails to develop the capsule that
has surgical operation, medical treatment, and locomotion abilities [27-33]. Most of
researches are focused to give locomotion ability by using a magnet, actuator, and electrical
stimuli. The aim of locomotion research is to observe a suspicious area because the capsule
is naturally goes down to the aboral direction. Other researches do increasing friction to stop
the capsule at the suspicious area [34, 35]. Also, there are many interesting capsules are
developing such as a bleeding detection [36], assembling capsule[37], and biopsy [37].
From above description, application of the swallowable telemetry capsule is abundant and it
is rapidly cutting its edges. In order to transmit the physiological data or control the capsule,
a telemetry system is essential part for stable module. In this chapter, a basic telemetry
methods are describe in 2.1 to 2.2 and describe important points for swallowable capsule in
the 2.6. Therefore, the reader who is familiar of a communication technique should skip the
2.1~2.5 and read the 2.6 directly.

2. Telemetry system
Telemetry is a technology that allows remote measurement, control, and reporting of
information. In order to transmit the data throughout radiation, concept of the modulation
have to be known.
2.1 Modulation methods
Modulation is the process of varying one or more properties of a high-frequency periodic
waveform, called the carrier signal, with respect to a modulating signal. Fig. 1 shows block
diagram of the modulation where the signal is modulated by the carrier signal. There are the
three key parameters of the modulation, which is amplitude, phase, and frequency.
Typically a high-frequency sinusoid waveform is used as carrier signal, but a square wave
pulse train may also occur. Fig. 2 (a) depicts the modulation result that the baseband signal
(m(t)) is up converted by carrier frequency (cos(wct)). The negative frequency is generated
and bandwidth of the signal is remained.

Fig. 1. Block diagram of the modulation.

Fig. 2. Spectrum of frequency up converting.
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Fig. 3 depicts common analog modulation methods that is known as amplitude modulation
(AM), frequency modulation (FM), and phase modulation (PM). The latter two types of
modulation are similar, and belong to the class of modulation known as the angle
modulation.
The AM is characterized by the fact that amplitude of carrier signal is varied in proportion
to the baseband signal. In the fig. 3 (c) depicts modulated AM signal and it could be easily
see the amplitude of the signal is varying with the baseband signal. The FM conveys
information over a carrier wave by varying its instantaneous frequency. In the fig. 3 (d)
depicts the frequency of the carrier signal is changed from the baseband signal. The PM is a
form of modulation that represents information as variations in the instantaneous phase of a
carrier wave. In the fig. 3 (e) depicts that the phase of the signal is varying with the
baseband signal.

Fig. 3. Simple example of the modulated signal.
With using analog modulation system, the super heterodyne system is widely used due to
its simplicity, cheap, and high performance. Fig. 4 depicts the super heterodyne system that
uses frequency mixing or heterodyning to convert a received signal to a fixed intermediate
frequency (IF). With using the IF, it is easily tuning the channel and can reduce performance
of the band filters.
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Fig. 4. Block diagram of traditional super heterodyne detection system.
Unlike analogy modulation, the digital modulation uses digitalized baseband signal and inphase/quadrature (I/Q) modulator, which can actually create the AM, FM, and PM
modulation with in one hardware. The fig. 5 depicts the I/Q modulator and demodulator
system that has two mixer with same carrier signal with –pi/2 lag. The I/Q modulator can
modulate a carrier with a waveform that changes the carrier’s frequency slightly; you can
treat the modulating signal as the phasor. It has both a real and an imaginary parts, or an inphase (I) and a quadrature (Q) part. Now construct a receiver that locks to the carrier, and
you can decipher information by reading the I and Q parts of the modulating signal.

Fig. 5. I/Q modulator and demodulator.
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With help the I/Q modulator, various digital modulation is generated such as BPSK, O-PSK,
GMSK, and QAM. The Fig. 6 depicts that the BPSK signal that vary with input baseband
signal. Unlike analogy modulation, the digital modulation uses digitalized baseband signal
and the modulated signal is discontinued.

Fig. 6. I/Q modulator and demodulator.
2.2 Spread spectrum
A spread-spectrum system is a process other than the information signal to expand, or
spread, the bandwidth of the signal. The spread-spectrum method is that breaks the data
signal into little pieces using some kind of code, and the transmitted signal with wide
bandwidth. Therefore, it is hard to tap and find the signal. There are four types are used for
spectrum spreading such as direct sequence, frequency hopping, time hopping, and
frequency chirp.
Fig. 7 depicts a direct sequence spread spectrum (DSSS) technique is that multiply the data
by the pseudonoise (PN) code, and spreading the energy of the original signal into a much
wider band. The spread signal resemble the white noise, which looks like wide band noise,
and it could be dispreading when PN code is known.

Fig. 7. Diagram of direct-sequence spread spectrum.
Another method to spread spectrum is using frequency-hopping spread spectrum (FHSS).
The FHSS is a method of transmitting radio signals by rapidly switching a carrier among
many frequency channels, using a pseudorandom sequence. Fig. 8 depicts the block
diagram of the FHSS. Unlike the DSSS, the spectrum the FHSS shows vary shape impulses
and disappear immediately.
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Fig. 8. Block diagram of frequency-hopping spread spectrum.
Orthogonal frequency-division multiplexing (OFDM) is a frequency-division multiplexing
(FDM) scheme used as a digital multi-carrier modulation method. A large number of
closely-spaced orthogonal sub-carriers are used to carry data. The fig. 9 depicts the
difference between the spectrum of FDM and OFDM. Since the FDM have to avoid the
superposition its frequency band to other, the OFDM use the sub-carrier are orthogonal to
each other.

Fig. 9. Spectrum difference of the FDM and OFDM.
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The OFDM use an inverse FFT to compute parallel data for giving a set of complex timedomain samples. These samples are then quadrature-mixed to passband in the standard
way. The real and imaginary components are first converted to the analogue domain using
digital-to-analogue converters (DACs); the analogue signals are then used to modulate
cosine and sine waves at the carrier frequency, respectively. These signals are then summed
to give the transmission signal. Above descriptions are depicted in the fig. 10.

Fig. 10. Block diagram of the OFDM.
2.3 Software-Defined Radio spread spectrum
A software-defined radio system (SDR) is a radio communication system where components
that have been typically implemented in hardware such as mixer and detectors. The strong
advantage of the SDR is that it can modulate/demodulate various type of communication
without additional hardware. The fig. 11 depicts the concept of the SDR that it could receive
various modulated signal by one hardware.

Fig. 11. Concepts of the SDR.
Since the concept of the SDR can directly receive the analog signal from the antenna, the
ideal scheme is not completely realized because of limits of the analog to digital conversion
(ADC). The ADC speed and resolution is not high enough to receiver RF or IF stage signal.
Therefore, most of low end SDR use super-heteroine structure and it is depicts in the Fig. 12.
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Recently, many high speed and accuracy ADC is developed and eliminate IF stage and
directly receive the signal from IF signal.

Fig. 12. Block diagram of the SDR.
2.4 Ultra-wideband communication
Ultra-wideband is a radio technology that can be used at very low energy levels for shortrange high-bandwidth communications by using a large portion of the radio spectrum. The
UWB uses high frequency with low power density which is typically -41 dBm/MHz and
does not arrowed to use frequency below 2.6 GHz to reduce possibility of collision. The fig.
13 depicts the FCC indoor mask which is limitation of RF power for the UWB.

Fig. 13. Band width comparison between commercialized communication and UWB.
In order to follow the regulation, most of the UWB signal is generated by nth derivative of
the Gaussian pulse shape. The fig. 14 depicts multiple pulse shapes of the UWB and its
equation is shown as

p(t ) 

A

e( t

2

/2 2 )

2
Where A,t, and σ are amplitude, time and spread of the Gaussian pulse.
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Hence the time which the signal is actually transmitting is very short, the power
consumption of the UWB is very low and it is easy to achieve the time division multiplex
(TDM).

Fig. 14. PSD of higher order derivatives of the Gaussian pulse for UWB indoor systems.
Fig. 15 (a) depicts a conventional RF communication and Fig. 15 (b) depicts a UWB
communication system. Unlike the conventional RF transceiver, the UWB requires less
hardware and can easily convert the analog signal to digital.

(a)

(b)
Fig. 15. UWB communication. (a) Conventional communication. (b) UWB communication.
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2.5 Body Area Network
A Body Area Network (BAN) is a term used to describe the application of wearable
computing devices that transmit data throughout the human body. Since the human body is
a much better transmission medium comparing than air, the transceiver can be activated by
using low power. Therefore, the information can be transmitted to another person when two
people are shaking hands. Since the concept of the BAN is for communication throughout
the surface of the skin, there is a trail for using this technology for the capsule endoscopy.
The company Intromedic reported on a capsule that transmits data by using a BAN. The
capsule has two electrodes that can touch the inside of the gastrointestinal tract and transmit
the data throughout the human body. A receiver was attached at the surface of the human
body using the ECG electrodes.
2.6 Application of a swallowable capsule
In order to design a telemetry system, the RF frequencies have to be chosen based on the
attenuation, data rate, maximum permissible exposure (MPE), and antenna efficiency. Since
the human body mostly consists of saline, the RF power is attenuated in various parts of the
human body. Fig. 16 depicts the attenuation constants for various parts of the human body.
The attenuation is proportionally increased with frequency. Among the various parts of the
human body, the small intestine shows the highest attenuation and the fat shows the lowest
attenuation factor.
An application such as capsule endoscopy, which captures the image from the inside of the
gastrointestinal tract and wirelessly transmits it to the outside, focuses on penetrating the RF
power from the small intestine. Unfortunately, the small intestine attenuates a great deal of
RF power and it is thus necessary to transmit a high RF power from the small capsule. High
RF power will reduce the working time of the capsule endoscopy, and the MPE should be
taken into consideration.

Fig. 16. The attenuation constants for various parts of the human body.
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The MPE is the highest power or energy density of an RF source that is considered safe, i.e.
that has a negligible probability for creating damage. Since the MPE is regulated from the
outside of the body, it could be used as a guideline for the amount of RF radiation inside the
body.

Fig. 17. The maximum permissible exposure regulation.
In order to determine the RF band, the body attenuation, MPE, and data rate have to be
considered. Since the antenna efficiency is extremely low at low frequencies (<100 MHz), the
length of the antenna has to be longer than the size of the small pill. However, the low
frequency modulation requires less power consumption and radiation power because the
human body does not attenuate the low frequency. Therefore, early capsule type telemetry
systems were designed to use the FM method and used a long and flexible antenna. Since
early telemetry systems did not require a high data rate, this was sufficient except for the
repulsion of its shape.
With the advent of capsule endoscopy, the data rate has to be increased so as to be sufficient
enough for transmission of gastrointestinal images. Fig. 18 shows an example of capsule
endoscopes. The analog type can transmit the National Television Standards Committee
(NTSC) format, which is widely used for analog TV transmission, and the physician can
monitor the inside of the gastrointestinal tract as if watching an analog television. Since the
NTSC uses the analog transmission technology, it could provide a high fame rate (30
frame/s) but it is weak to channel noise; further, restoration of the data is impossible. Fig 18
(b) shows digital type capsule endoscope that could transmit 640×480×8 resolution images
by using a digital transmitter. Since a digital receiver can restore the data from
environmental noises, the frame rate of the capsule is reduced to 1 frame/s. Fig. 18 (c) shows
images taken from the ileum and esophagus by using a digital type transmitter capsule.
In order to transmit at a high data rate, the RF frequency has to be increased so as the make
the antenna effective. For capsule endoscopy, the 430 and 1200 MHz the industrial, scientific
and medical (ISM) bands are widely used to transmit the signal. These bands can transmit
higher data rate than the FM band and the human body attenuation is moderate enough to
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allow the signal to penetrate the body. Also, the size of the antenna should be small enough
that it can be inserted into the capsule. For these reasons, the Federal Communications
Commission (FCC) decided to create the Medical Implant Communication Service (MICS)
for the use of the frequency band between 402 and 405 MHz for communication with
medical implants. It allows bidirectional radio communication with pacemakers or other
electronic implant devices.

Fig. 18. Example of capsule endoscopy. (a) NTSC format transmitter. (b) VGA resolution
transmitter. (c) Image taken from the VGA resolution transmitter capsule.
2.4 GHz is widely used for commercial WLAN, and there are many commercial antennas
and transceivers for it. Unfortunately, the body attenuation at the 2.4 GHz is too high that it
could attenuate up to -50 dBm at a 15 cm body thickness. Therefore, the 2.4 GHz band is not
suitable for uses with implants or swallowable telemetry systems. Table 1 summaries the RF
frequency efficiency of the various RF bands.
Most swallowed capsule designs have used conventional modulation such as FM or AM
because of their simplicity. Since capsule telemetry is not widely used, encrypt and spread
spectrums were not taken into account. Also, the concept of the UWB fits well with capsule
endoscopy because the transmitter does not require a large space and power consumption is
lower than that of the conventional transmitters. However, the human body attenuates high
frequency signals, and this cannot be overcome by using equalization. There is one trial
using UWB for capsule endoscopy, and the frequency was reduced to 800 MHz and a
transceiver was implemented. Even though this proposed system violates the regulation of
the UWB, it could be useable if the upper frequency were limited.
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Comparatives
Safety level
MPE [dBm/cm2]
Attenuation
15 cm Body
attenuation [dB/cm2]
Power
transmission
Availability
Antenna Size
efficacy

300 MHz
Range
Best
0
Best

400 MHz
Range

14

15

1.25

Best
ISM Band
Worst

900 MHz
Range
Best
4.78
Good

1200 MHz
Range

20

24

6.02

2400 MHz
Range
Moderate
6.99
Worst
41

Good

Worst

ISM Band

ISM Band

Good

Best

Table 1. RF frequency efficiency of the various the RF bands
Another method is using an OFDM that can transmit a large bandwidth within a limited
frequency band, but it requires FFT/IFFT modules that consume too much power. Since the
capsule uses small batteries that typically have a capacity of less than 100 mAh, it is not easy
to implement a low power FFT/IFFT block.
The SDR method is good for the swallowable capsule because it can support the various
types of transmission signals. When the SDR is developed, patients will only need to receive
signals in one receiver from many transition sources. When the protocols of swallowable
capsule are open, this could become possible.
Table 2 summarizes various types of telemetry systems for capsules. Various modulation
methods, frequencies, and RF power levels were used for various applications. Usually, FM
modulation is used for moderate data rates and AM is used for simple and low power
purposes. In additionally, SDR and UWB appear feasible but their details have not been
fully described.

Power
Modulation consumption
(mW)
FSK
FSK
24
AM
125
AM
-

RF power
(dBm)

Frequency
(MHz)

Data rate
(kbps)

Thone et al.
Chen et al.
Wang et al.
Kfouri et al.
Park et al.
Mackay
et al.
Woo et al.
Lee et al.

144
433
UHF
315

2000
267
250
-

433

-

FM

15.5

-

1200
1200

2000
2000

29.7

-

Intromedic

-

-

SDR
FSK
Manchester
code

-

-

Reference

Table 2. Various types of applications of swallowable telemetry capsule
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3. Conclusion
In this chapter, brief explanations of modern communication strategies are explained and
the limitations of their use in swallowable telemetry systems are described. Selections of the
RF band and modulation methods are described and compared with each other. Since the
human body attenuates high frequency RF power, their use in sophisticated communication
is limited.
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which can be used as a cookbooks for your own telemetry related problems.
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