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Abstract: The organs motion has been as a matter of challenge for radiation therapy experts; hence the aim of this study was to sense 
the abdominal motion during breathing and converted into electric signal in order to be mimic and synchronize the organ motion during 
radiotherapy. The integrated silicon pressure sensor MPX4250 has been constructed and the human breathing pressure has been probed 
by the sensor and converted into voltage: the generated voltage during inhalation increases from zero (0) volt up to about 5 volts as 
maximum and the correlation between breathing pressure and the generated volts shows the following equations: y = 0.02x + 0.26 (for 
inhalation) and: y = - 0.02x + 0.26 for (exhalation). The general breathing mechanism gives a saw tooth curve voltage that could be used 
to express a synchronized abdominal organs motion during radiotherapy. 
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1. Introduction 
 
The physiological motion of the abdomen due to breathing 
(Inspiration and Expiration) induced organs motion during 
radiation therapy [1-3] and the expansion of the abdominal 
wall produced by the action of the diaphragm [4-6]. The 
diaphragm contracts, the abdomen is forced down and 
forward, and the rib cage is lifted. (b). the intercostals 
muscles also contract to pull and rotate the ribs, resulting in 
increasing both the lateral and anterior–posterior (AP) 
diameters of the thorax [7], such motion during radiation 
therapy will degrade the efficiency of treatment as well as the 
prognosis, as the radiation therapy error will not exceeds 
±5% [8, 9]. The degradation or this error occur due to that: 
the growth target volume (GTV) moves partially side away 
from the radiation field i.e. receiving insufficient radiation 
dose as well as the critical organ (sensitive organs) could be 
displaced into the radiation field and will be destroyed by 
radiation. Therefore, the aim of this paper is to pick up the 
abdominal physiological motion and converted to electrical 
signal by using a designed sensor circuit (sensor is a device 
that detects a change in a physical stimulus and turns it into a 
signal which can be measured or recorded) [10], in order to 
be fed to the diaphragm of treatment system (Co-60 
teletherapy unit) to synchronize the radiation field size with 
the movement of the tumor or target volume during radiation 
therapy. The problem arise due to physiological motion 
during radiotherapy has been mention by Neicu et al, [11] 
and George et al, [12] in which they attempted to solve it by 
converting the infrared reflection to electric signal, however 
the signal generated is so week, noisy and distorted as seen in 
Figure (1). 
 

 
Figure 1: The output Signal of the infrared surface motion 

reflection. The three curves in each plot correspond to 
infrared reflector measured patient surface motion in the SI, 

AP, and ML directions [11, 12] 
 
Other attempt introduced by Sitharama et al, [13] to manage 
the organ motion problem in radiotherapy was the utilization 
of innovated real time diaphragm sensor excerpted from the 
fundamental of net work sensor. On the other hand 
Seungwoo et al, [14] used a target-tracking radiation-therapy 
(RT) system that tracks the movement of a treatment target 
resulting from internal organ movement. The developed 
radiation-therapy system determines the limit of the MLC 
(multileaf collimator) movement range with an acquired 
maximum displacement value of target movement during the 
radiotherapy planning stage and moves the MLC to 
continuously detect and synchronize the displacement of the 
abdominal by using a Charged Coupled Device (CCD) 
camera monitoring system during real-time RT treatment. In 
the same realm of trying to manage the problem of 
respiration motion in radiation therapy, Jun et al, [15] 
introduce a concept of Synchronized Moving Aperture 
Radiation Therapy (SMART), that superimposing the tumor 
motion. The basic idea of SMART is to synchronize the 
moving radiation beam aperture formed by a dynamic 
multileaf collimator (DMLC) with the tumor motion induced 
by respiration; however with this concept a shower of 
electron being ejected and leading to skin burn. 
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In this work, the researcher would like to introduce a new 
idea in radiotherapy field by converting the abdominal 
motion during breathing into electrical signal using pressure 
sensor in order to be fed to collimator and synchronize its 
motion with the target volume during radiotherapy session. 
 
2. Materials 
 
2.1 Piezoelectric Pressure Sensor 
 
Piezoelectric Pressure sensor which is Integrated Silicon 
Pressure Sensor) is used because of small form factor and 
high reliability of on–chip integration make the pressure 
sensor a logical and economical choice for the system design. 
The piezoelectric effect is electromechanical interaction 
between the mechanical and the electrical state in crystalline 
materials with no inversion symmetry [16]. The sensor 
consists of thin film metallization, and bipolar semiconductor 
processor to provide an accurate, high level analog output 
signal which is proportional to the applied pressure. The 
internal component construction of the piezoelectric sensor is 
shown in Figure (2). 
 

 
Figure 2: Schematic symbol and electronic model of a 

piezoelectric sensor 
 
2.2 Signal Conditioning 
 
Signal conditioning means manipulating an analog signal in 
such a way that it meets the requirements of the next stage 
for further processing [6], commonly use in analog-to-digital 
converters ADC. In control engineering applications, it is 
common to have a sensing stage (which consists of a sensor), 
a signal conditioning stage (where usually amplification of 
the signal is done) and a processing stage (normally carried 
out by an ADC and a micro-controller). Operational 
amplifiers (op-amps) are commonly employed to carry out 
the amplification of the signal in the signal conditioning 
stage. Signal conditioning can include amplification, 
filtering, converting, range matching, isolation and any other 
processes required to make sensor output suitable for 
processing after conditioning [17]. Filtering is the most 
common signal conditioning function, as usually not all the 
signal frequency spectrum contains valid data. Figure (3) 
bellow shows the internal stages contents of the integrated 
silicon pressure sensor (sensor + signal conditioning circuit). 
 

 
Figure 3: Internal construction stages of the integrated 

silicon pressure sensor MPX4250, response up to 250 Kpa to 
generate 5 V as maximum 

 
2.3 Filtering with integrated pressure sensor (IPS) 
 
Figure (4) shows the integrated pressure sensor (IPS) 
connected to filtering devices for more processing for next 
stage (Microcontroller). 
 

 
Figure 4: Shows the integrated filtering with integrated 

pressure sensor (IPS) 
 
3. Method 
 
The pressure sensor element in Figure (3) attached to the 
chest wall of a volunteered person in a normal breathing rate, 
hence being stimulated by the breathing action i.e. increasing 
pressure during inhalation and decreasing pressure during 
exhalation, an analogue signal voltage has been generated as 
a result and respectively, and undergoing amplification to 
increase the resolution of the signal, and its signal-to-noise 
ratio. Such generated voltage signal has been plotted versus 
breathing pressure. 
 
4. Results 
 

 
Figure 5: Shows the increasing generated voltage during 

inhalation 
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Figure 6: Shows the decreasing generated voltage during 
exhalation (negative pressure indicates the abdominal wall 

retracted down by exhalation pressure 
 

 
Figure 7: Shows the state of generated voltage during 

inhalation and exhalation 
 
5. Discussion 
 
Figure (5) shows the generated voltage during inhalation. In 
which there is increasing generated voltage following the 
increasing pressure caused by inhalation mechanism, the 
relationship between the generated voltage and the inhalation 
pressure could be fitted in the equation of the form: y = 0.02x 
+ 0.26, which is so significant as R2 = 1.  
 
Figure (6) shows the decreasing generated voltage during 
exhalation (negative pressure indicates the abdominal wall 
retracted down by exhalation pressure. The correlation 
between the generated voltage and the exhalation pressure 
could be fitted in the equation of the form: y = - 0.02x + 
0.26, which is significant as R2 = 1. It appears that the 
generated voltages have equal equation but different 
direction which indicate and synchronize the mechanism of 
breathing.  
 
Figure 7 shows the state of generated voltage during 
inhalation and exhalation. The inhalation generates the 
positive direction volts and the exhalation generates the 
negative direction volts and the general relationship shoed a 
polynomial equation of the form: y = 7E-5x2 + 1.09. Such 
generated voltage could be used to express the mechanism of 
the breathing and further more to synchronize the abdominal 
organs motion during radiotherapy, although the breathing 
pressure will vary from person to another however due to 
high sensitivity of the integrated silicon pressure sensor, all 

the signal range could be detected as breathing pressure and 
converted to voltage. 
 
6. Conclusions 
 
The physiological motion of the abdomen caused by 
breathing mechanism could be successfully converted into 
electrical signal and further more could be utilized to 
synchronize between abdominal organs motion and the 
radiotherapy field which is stand as one of radiotherapy 
problem, with high resolution and high signal to noise ratio 
which would be matching to next stage of analog digital 
converter (ADC) by using integrated silicon pressure sensor 
and then being programmed using (Microcontroller). 
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