
���������������������������������������������������
�����

���	����������������������������������
�

����������������������������������
��������
	��������������������	��

���������������������•������������������������������������•�

•��������������������•�����••••����������•���

•������������������•�������

��������� �� � ��•���� ��� ����������������������•  ����•��������


������������ ��� ������ �� �� �� ������

•���������� �� �� ��� ����� �

���������������������

€�•������

���#�����0�#����,�2�#�!�&���.�#�,�A
�2�&�#���5�-�0�*�"�a�1���*�#���"�'�,�%���.�3� �*�'�1�&�#�0���-�$

���.�#�,�����!�!�#�1�1��� �-�-�)�1
���3�'�*�2��� �7���1�!�'�#�,�2�'�1�2�1�A���$�-�0���1�!�'�#�,�2�'�1�2�1

12.2%

133,000 165M

TOP 1%154

5,400



2 

Communication Strategies for Various  
Types of Swallowable Telemetry Capsules 

Jin-Ho Cho and Sang Hyo Woo 
School of Electrical Engineering and Computer Science,  

Kyungbook National University,  
South Korea 

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 da ta. 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 wh ile 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 wa s 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 th an 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 swa llowable telemetry capsule is abundant and it 
is rapidly cutting its edges. In order to transmit the physiologica l 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 th roughout 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 respec t to a modulating signal. Fig. 1 shows block 
diagram of the modulation where the signal is modulated by th e carrier signal. There are the 
three key parameters of the modulation, wh ich 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 modu lation 
(AM), frequency modulation (FM), and phase modulation (PM). The latter two types of 
modulation are similar, and belong to th e class of modulation known as the angle 
modulation.  
The AM is characterized by the fact that amplit ude 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 it s 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 in-
phase/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 th e phasor. It has both a real and an imaginary parts, or an in-
phase (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 mo dulation 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 bas eband 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 (O FDM) 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, th e 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 time-
domain 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 hardwa re 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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