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ABSTRACT 

This project is to develop a suitable ultrasonic tomography system that can 

identify water and solid flow regime. This project presents the application of the 

ultrasonic tomography in the process and chemical industries. The transmission mode 

with fan shaped beam projection had been implemented. The system is designing non­

invasively that mean the composition in the system can be monitored without 

disturbing the nature of process in the pipe. The transmission mode for sensing 

purpose was implemented by using 4 sensors for transmitters and 4 sensors for 

receivers where 4x4 projections were produced. This project is divided into two parts 

which are hardware and software. The hardware part for electronic measurement 

circuit and fabrication of ultrasonic sensor. For software part is coding to 

micrcontroller and circuit design. The experiments had been conducted show that the 

suitable ultrasonic tomography system can identify water and solid flow regime. 
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ABSTRAK 

Projek ini adalati untuk membuat sistem tomografi ultrasonik yang boleh 

mengenalpasti aliran cecair dan pepejal. Projek ini menbentangkan applikasi 

ultrasonik tomografi di dalam industri kimia dan proses. Kaedah pancaran dalam 

bentuk sinaran kipas secara balikan telah dilaksanakan dalam projek ini. Sistem ini 

direka tidak melibatkan sentuhan atau dengan erti kata lain maklumat mengenai 

komposisi di dalam sistem boleh didapati tanpa menggangu proses semula jadi 

ketika ujian sedang dijalankan. 4 biji pemancar dan 4 biji penerima yang bertujuan 

untuk menghasilkan 4 x 4 pancaran juga telah digunakan. Projek ini terbahagi 

kepada dua bahagian iaitu perkakasan dan perisian. Bahagian perkakasan bagi litar 

pengukuran elektronik dan fabrikasi pengesan ultrasonik. Bagi bahagian perisian 

adalah kod untuk kawalan mikrokontroller dan reka bentuk litar. Eksperimen telah 

dijalankan menunjukkan bahawa sistem tomografi ultrasonik yang sesuai boleh 

digunakan untuk mengenal pasti aliran pepejal dan cecair. 
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CHAPTER I 

INTRODUCTION 

1.1 Problem Statement 

The purpose of this project is to develop a suitable ultrasonic tomography 

system that can identify water and solid flow regime. In the process and chemical 

industries, process to flow product in the pipe consists of multiphase flow likes liquid 

and solid. Sometimes, there has an error in the process because of impurities and 

other things was no need flow in the pipe, then flow process is not smooth. To solve 

the problem, process must be shutdown to maintenance it and it is take a long time 

and high cost. Tomography is the most beneficial technology to solve this problem 

because installation of ultrasonic tomography system will not disturb the process 

being examined or it called non invasive technique. 

The transmission mode for sensing purpose was implemented by using four 

ultrasonic sensors as a transmitter and four ultrasonic sensors as a receiver where 4x4 

projections was produced. This project is divided into two parts which are hardware 

and sofware. The data from hardware was transfer to osciloscope to be analyzed. 
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1.2 Objective of Project 

The objective of this project is 

1) To develope a suitable ultrasonic tomography system that can identify 

water and solid flow regime. 

1.3 Scopes of Project 

The scopes of this project are : 

I. To develop a simple ultrasonic tomography system. 

n. To implement an electronic measurement system for ultrasonic 

tomography system. 

iii. To implement microcontroller unit for controlling ultrasonic projection 

and sample and hold. 

1.4 Organizing of thesis 

The thesis consist of six chapters. In chapter 1, the discussion was more on 

the problem statement, objective of the project and scope of the project. 

Chapter 2 present the literature review of tomgraphy. This chapter discuss 

about basic concept of tomography, types of tomography, and recent work related to 

ultrasonic tomography. 

Chapter 3 present about ultrasonic tomography which 1s discuss about 

introduction of ultrasonic, principle of ultrasound, propagation of 

ultrasound,wavelength and frequency of ultrasound, acoustic impedance, sensing 

mode of ultrasonic and advantage of ultrasonic wave. 
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Chapter 4 is describing about methodology of this project. Explanation about 

hadware and software part this project were presented. 

Chapter 5 present the results obtained from the test profile and experiment. 

The discussion based on the result obtained were explained detail. 

For last chapter, chapter 7 was discussing the conclusion and 

recommendation for the future work that can be done for the future work. 



CHAPTER2 

LITERATURE REVIEW 

2.1 Basic concept of tomography 

Process Tomography is a process of obtaining the plane-section images of a 

Three dimensional object. Process Tomography techniques produce cross-section 

images of the distribution of flow components in a pipeline and it offers great 

potential for the development and verification of flow models and also for process 

diagnostic (Bro¥.'11 et al., 1996). 

4 

Tomography is a radiographic technique that select a level in the body and 

blur out structures below and above plane leaving a clear image of this selected 

anatomy. The simple concept is tomography record cross sectional image of selected 

layer. 

2.2 Types of Tomography 

There are several types process tomography such as electrical capacitance 

tomography (ECT), electrical impedance tomography (EIT) and Ultrasonic 

Tomography. 
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2.2.1 Electrical Capacitance Tomography (ECT) 

Capacitance sensors are now widely used for industrial two-component flow 

measurement. The basic technique of ECT can be described by considering a parallel 

plate capacitor. Electrical capacitance tomography (ECT) is a method for 

determination of the dielectric permittivity distribution in the interior of an object 

from external capacitance measurements. It is a close relative of electrical impedance 

tomography and it is proposed as a method for industrial process monitoring, 

although it has yet to see widespread use. The capacitance between these plates is 

dependent upon the dielectric permittivity, the area of the plates and the distance 

between those plates (Xie et al., 1992). 

2.2.2 Electrical Impedance Tomography (EIT) 

EIT is the most sophisticated impedance sensing system used on electrically 

conducting materials. Electrical impedance tomography (EIT) is a medical imaging 

technique in which an image of the conductivity or permittivity of part of the body is 

inferred from surface electrical measurements. EIT were originally developed for 

clinical application (Davidson et. al., 2004). Electrodes are placed equidistantly into 

the vessel wall at fixed location. In such way, they make electrical contact with the 

fluid inside the vessel but do not affect the normal mass transfer "'ithin the process. 

Based on the obtained measurement, the image reconstruction that changes with time 

can be performed. This technique is being applied to industrial process environment 

where the process uses conducting fluid to carry immiscible fluids and solids, which 

contain different bulk conductivity. 
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2.2.3 Ultrasonic Tomography 

Ultrasonic sensors have been successfully applied in flow measurement 

nondestructive testing and it is widely used in medical imaging (Hoyle and Xu, 

1995). The method involves in using ultrasonic is through transmitting and receiving 

sensors that are axially spaced along the flow stream. Ultrasonic sensor propagates 

acoustic waves within range of 18 kHz to 20 MHz. There are two types of ultrasonic 

signals that are usually used. They are the continuous signal and the pulsed signal 

(Hoyle, 1996). The pulsed system will be used to avoid the standing wave patterns 

that can exist within the pipes. The potential benefits are, it is possible to gain an 

insight into the actual, secondly since ultrasonic tomography is capable on-line 

monitoring, it is opportunity to develop closed loop control systems and finally it can 

be non-invasive and possibly non-intrusive system. 

2.3 Recent Work Related to Ultrasonic Tomography 

Nowadays, research about ultrasonic tomography is increasing time by time. 

There are recent work related to the ultrasonic tomography had been published. 

Zhong Xi Fu, Wu Xi Xiang, Li et.al (2005), presents about specification, 

measurement principle and application of Ultrasonic Tomography Tool (UTT). UUT 

is a device that widely used in the oil industry and can be use-0 to inspect corrosion, 

casing wall damage, casing break off, and casing distortion in the well borehole with 

the maximum environment temperature being 125 °C and the pressure being 60 Mpa. 

UUT can be used to solve that problem. There are application of UUT are for 

calibration test, to check damage and caving in the casing wall, to check break off in 

the casing wall, to check bend distortion of the casing and inspection the quantity of 

perforation. 
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Mohd Hafiz, Ruzairi, et.al (2006) present about the development of non­

invasive ultrasonic tomography for imaging liquid and gas flow. The transmission­

mode approach has been used for sensing the liquid or gas two phase flow. 16-pair of 

ultrasonic sensors have been used which are 16 transmitter and 16 transceiver. By 

using low excitation voltage 20 V, fan shape beam transmitter will emit ultrasonic 

pulse to receiver. The algorithm used to reconstruct the concentration profile for two 

phase flow using a fan shaped beam scanning geometry. Hybrid-binary 

reconstruction algorithm was used to develop a real time ultrasonic transmission 

mode tomography. They also shows the comparison between hybrid-binary 

reconstruction (HBR) algorithm and linear back projection (LBP) algorithm. The 

advantage using HBR algorithm is HBR algorithm improving stability and 

repeatability of reconstruction image, eliminate unused sensitivity and create a binary 

picture. 

Ruzairi, Ng Wei Nyap And Mohd Hafiz (2007) present about the hardware 

development of ultrasonic tomography system used for monitoring the composition 

of water and oil flow. The ultrasonic tomography system consist of the sensor fixture 

design, signal conditional circuit and image reconstruction software. The design of 

the transmitter circuit is to transmit the ultrasonic waves while the design of the 

receiver circuits are to measure the delay propagation time of receiver circuits. 

Measurements from the receiver circuit are captured into the computer by using the 

DAS card. The image reconstruction algorithm got by using linear back projection 

algorithm. 

Nor Muzakir, Mohd Hafiz et.al (2010) present a developement of an 

ultrasonic transmission mode tomography system for the detection small gas bubble 

using higher frequency ultrasonic sensor. Developement of ultrasonic tomography 

system use 16 pair of ultrasonic sensor and fixed inside a sensor jig which is 

designed to hold all the sensors. From their result, the higher frequency of the 

ultrasonic transducer, the better sensitivity but lower penetration depth. By using 

ultrasonic sensors with center frequency of 333 kHz, it can detect small test tube and 

able to succesfully reconstruction the image for small gas detection. 
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CHAPTER3 

ULTRASONIC TOMOGRAPHY 

3.1 Introduction of Ultrasonic 

Ultrasonic waves are high ("ultra") frequency sound ("sonic") waves: they 

vibrate at a frequency above 20 kHz which are too fast to be audible to humans 

( shull, 2002). Ultrasonic devices are used in many fields of measurement, 

particularly for measuring fluid flow rates, liquid levels and translational 

displacements. Ultrasonic is the name given to the study and application of 

ultrasound, which is sound of pitch too high to be detected by the human ear. 

especially of frequencies greater than 20 kHz. Naturally, ultrasound occurs in the 

surroundings where animals such as bats, dolphins and whales are the best-known 

practitioners of ultrasound. 

3.2 Principle of Ultrasound 

There are four basic principle that are used in this project which are 

propagation, wavelength and frequency of ultrasound, acoustic impedance and 

attenuation of the ultrasound. 
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3.3 Propagation of Ultrasound 

Ultrasonic testing is based on vibrations in materials, which is generally 

referred to as acoustics. All material substances are comprised of atoms, which may 

be forced into vibrational motion about their equilibrium positions. Acoustics is 

focused on particles that contain many atoms that move in unison to produce a 

mechanical wave. In solids, sound waves can propagate in four principle modes that 

are based on how the particles oscillate. Sound can propagate as longitudinal waves, 

shear waves, surface waves, and in thin materials as a plate waves. Longitudinal and 

shear waves are the two modes of propagation most widely used in ultrasonic testing. 

The particle movement responsible for the propagation of longitudinal and shear 

waves is illustrated in figure 3.1. In longitudinal waves, the oscillations occur in the 

longitudinal direction or the direction of wave propagation. In the transverse or shear 

wave, the particles oscillate at a right angle or transverse to the direction of 

propagation. 

I I I !llll I I llllll I I I I llift=;>=0~ 
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Figure 3.1 : Direction of wave propagation for Longitudinal wave and Transerve 
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3.4 Wavelength and Frequency of Ultrasound 

Ultrasound travels in the form of a wave, similar to the way light travels. 

However, unlike light waves, which can travel in vacuum, ultrasound requires elastic 

medium such as solid and liquid to travel. The wavelengt~ }. is the length of a 

complete cycle for the ultrasound while the period, Tis the time taken to complete a 

full cycle of the ultrasound and measured in seconds (Blitz, 1971 ). The number of 

cycles completed in one second is called frequency, f and is measured in Hertz (Hz). 

The relationship between period, T and frequency,f of a continuous wave of 

ultrasound as shown as follow: 

f = ~ 
T 

(equation 3 .1) 

The wavelength is directly proportional to the velocity,c of the wave and 

inversly proportional to the frequency of the wave. The relationship is shown as 

follow: 

c = fJ.. (equation 3.2) 

3.5 Acoustic Impedence 

Acoustic impedence is a term that used to described the interaction of 

Ultrasound with material (Ruzairi 2007). The equation for acoustic impedance,z is 

equal to product of density, p and speed of sound,c. The equation given as follow: 

z - pc (equation 3.3) 

The importance to know the acoustic impedance is as follows: 

{i) The determination value of acoustic transmission and reflection at the 

boundary of two materials that have different acoustic impedance. 

(ii) The design of ultrasonic transducers. 

(iii) The absorption assessment of sound in a medium 
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If the difference in impedance at the interface is greater, the amount of energy 

reflected will also be greater. The reflection and transmission coefficient (Ruzairi, 

2008) as given as follows: 

R fl . f'fi . R Pr ~z-Z1] e ect1on coe 1c1ent, = - = -­
Pe 2+Z1 

Transmission coefficient. T = R = Pt = f _ zz, ] 
- Pe li2-Z1 

(equation 3.4) 

(equation 3.5) 

In this project, a related impedance of materials had been chosen. Table 3.1 

shows the acoustic impedance of materials. 

Tabel 3.1 : Acoustic Impedance of materials 

Medium Material 
Acoustic Impedance, 

Z(kg/m2s) 

Experimental column PVC pipe 3.27 x 10° 

Liquid Water 1.5 x 10° 

Solid Steel 45.8 x 10° 

Solid Ceramics/porcelain 13.4 x 10° 

It is very important to know the ultrasonic propagation m all material. 

Instead, the reflection and transmission of the ultrasonic propagation between two 

materials can been known. By presumptuous the ultrasonic energy losses between 

transducer coupling/ PVC pipes are zero, the investigations of ultrasonic wave 

propagation for such array are described as follow : 
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i. Ultrasonic wave propagation from pvc pipe into liquid media 

Given that the acoustic impedance of PVC pipe 1s Z1 = 3.27 x 

106 kg/m2 and for water is Z2 = 1.5 x 106 kg/m2 • By using equation 

3.4 and 3.5 the calculation ofR and T shown as below: 

[
1.5 x 106 - 3.27 x 106] 

R(PVC(water) = 1.5 X 106 + 3.27 X 106 = -0.3711 => -37.11 % 

[ 
2 x 1.5 x 106 

] 
T(PVC(water) = 1_5 X 106 + 3.27 X 106 = 0.6289 => 62.89% 

The negative sign indicates the reversal of the phase relative to the 

indicate wave. 

ii. Ultrasonic wave propagation from liquid into solid media 

a) Acoustic impedance of water is Z1 = 1.5 x 106 kg/m2 and steel is 

Z2 = 45.8 x 106 kg/m2 . Thus the value of Rand T are : 

[
45.8 x 106 - 1.5 x 106

] 
R(water /copper) = 45.8 X 106 + l.5 X 106 = 0.9365 => 93.65% 

T(water /copper) = 100% - 93.65% = 6.35% 

It shows that almost more than 90% ultrasonic wave will be reflected 

when it propogate from liquid to solid media. 
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b) Acoustic impedance of water is Z1 = 1.5 x 106 kg/m2 and ceramics is 

Z2 = 13.4 x 106 kg/m2 . Thus the value ofR and Tare: 

[
13.4 x 106 

- 1.5 x 106
] 

R(water jcerami cs) = 13.4 X 106 + 1_5 X 106 = 0.7987 = 79.87% 

T(water /copper) = 100% - 79.87% = 20.13% 

It shows that almost more than 70% ultrasonic wave will be reflected 

when it propogate from liquid to solid media. 

3.6 Sensing mode of Ultrasonic 

In ultrasonic tomography, it is require an ultrasonic generator, transducers to 

transmit and receive ultrasonic waves and a computerized imaging processing 

system. They are three sensing modes of ultrasonic : 

l. Transmission mode. 

2. Reflection mode. 

3. Diffraction sensing mode. 

In the transmission mode, this approach is assumes straight ray propagation. 

The projections are collected using separate sending and receiving transducers. There 

are several interaction are possible. Each projection may comprise the amplitude, 

phase or time of flight of the signal received. 

For reflection sensing mode, it is also assumes straight line projection like the 

first mode. The ultrasound waves are transmitted into the object and reflected due to 

inhomogeneity of the acoustic properties in the medium. The reflected wave can 

measure and used for image reconstruction. In this mode, each projection contains 

spatial position information as well as amplitude information, so the reconstruction 

algorithm may be slightly different than that of the transmission mode. 
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In diffraction mode, small perturbation approximations are usually employed 

to solve the wave equation for weakly inhomogeneous objects, where the scattered 

signal within the scattered field can be neglected. 

3.7 Advantage of Ultrasonic Wave 

Ultrasonic waves obey the same basic laws of wave motion as lower 

frequency sound waves. However, they have the following advantages: 

1. Non intrusive discrete distances to movmg objects can be detected and 

measured. 

ii. Less affected by target materials and surfaces and not aflected at all by 

colour. 

iii. Solid-state units virtually unlimited, maintenance free life. 

iv. Can detect small objects over long operating distances. 

v. High frequency waves have shorter wavelengths. This means that diffraction 

around an obstacle of given dimension is correspondingly reduced. 

vi. Resistance to external disturbances such as vibration, infrared adiation, 

ambient noise and EM! radiation. 
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CHAPTER4 

METHODOLOGY 

4.1 Introduction of Ultrasonic Tomography system 

This project is consist of hardware system and software system and designed 

like a figure 4.1. The hardware system consist of ultrasonic sensor setup and 

electronic measurement setup. The programming for microcontroller unit was 

implemented in the software system. 

(.) ., 
>.£!. a. a. 

Transmitter ! Receiver I 

Signal Signal 

·I I Generator Conditional Oscilloscope 
Circuit Circuit 

Projection 

Microprocessor 
Unit 

Figure 4.1 : Ultrasonic Tomography System 
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The hardware system includes signal generator circuit, signal conditional 

circuit and microcontroller unit. Microcontroller was used to transmit and control the 

projection of 40 kHz pulses to the signal generator circuit. Signal generator function 

as a comparator. Then, the signal generator circuit will transmit the signal to the 

transmitter. After transmitter transmit the ultrasonic wave through the pipe, then the 

signal will received by receiver. The received signals will then amplify to an 

appropriate voltage level. 

4.2 Hardware System 

In this part, the ultrasonic sensor setup and electronics measurement circuit 

were be pay attention. 

4.2.1 Ultrasonic Sensor Setup 

By using transmission mode and fan shape beam projection technique, the 8 

sensors consist of 4 transmitters and 4 receivers were put side by side non-invasively 

along the periphery of the outer of pipe wall. The fan shape beam geometry firstly 

introduced by Xu et. al. in 1997. The fan shape beam is chosen because of the cover 

area will be bigger for receiver to receive a signal that transmit by transmitter. The 

figure for 4 transmitter and 4 receivers sensor arrangement shows in figure 4.2. 
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Figure 4.2 : Sensor arrangement and diverging area. 

4.2.2 Ultrasonic Transducer 
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In this project, a choosen of ultrasonic transducer must have a several criterias 

such as total beam angle, center frequency, maximum driving voltage and easy to 

mounting and coupling work. For this project, air ultrasonic ceramic transducer, 

model 400ET/R080 from Prowave Electronic Corporation was choose because of its 

characteristic. Firstly, it is closed face construction that useful for ease the mounting 

and coupling work. Secondly, it is durable, sealed construction protects against 

water, heat, humidity and other elements and lastly is environmental rugged. Then it 

capable of driving up l 5V rms with diverging angle of 125 degree. Figure 4.2 above 

show direction of diverging area. 
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4.2.3 Fabrication of Ultrasonic Transducer 

The idea of this project, the ultrasonic transducers are implemented non­

invasively. A several technique had been planed before preserve with the real 

hardware. The final design had been chosen with position of pipe was in vertical as 

shown in figure 4.3. 

Figure 4.3 : Fabrication of Ultrasonic Transducer 

The tranducer ring as shown as figure 4.4 was made by soft rubber with inner 

diameter of ring is 11.5 cm. Acrylic pipe is used for this experiment to get clear 

co_ndition of material in the pipe. Size for acrylic pipe used as shown as figure has 

outer diameter of 11.5 cm and inner diameter is 10 cm. To avoid effect of air gap 

b::e_tw_een acrylic pipe and sensor, greese oil was used. Because of the mediums are 

hqujd and solid, silicon glue was used to make sure there is no leaking at the bottom 

of pip_e. 
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Figure 4.4 : Ultrasonic Transducer Ring 

4.2.4 Electronic Measurement Technique 

The electronic measurement technique consist of 3 circuits which are signal 

generator circuit, signal conditional circuit and microcontroller unit. Figure 4.5 

shows the measurement circuit. 

Signal Conditional 
Circuit 

. .,, 

Microcontroller ~~1 
u nit .--------'--1~_··~~· t -1'1~ 

Signal generator 
Circuit 

Figure 4.5 : Schematic for Electronic measurement circuit 
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4.2.4.1 Microcontroller Unit 

Microcontroller act as a master controller for the hardware system. The 

function of microcontroller is to control signal holding circuit, and as a switching 

circuit for transmitter channel selection for signal generator circuit. In this project, 

the PIC l6F877A from Microchip Technology will chosen as shown as figure 4.6. 

There are some reason for choosing this microchip which are : 

l. Only 35 single-word instructions to learn. 

2. Operating speed: DC - 20 MHz clock input DC - 200 ns instruction cycle. 

3. Up to 8K x 14 words of Flash Program Memory, Up to 368 x 8 bytes of Data 

Memory (RAM), Up to 256 x 8 bytes ofEEPROM Data Memory. 

4. Pinout compatible to other 28-pin or 40/44-pin PIC l 6CXXX and PIC l 6FXXX 

microcontrollers. 

5. 100,000 erase/write cycle Enhanced Flash program memory typical. 

6. 1,000,000 erase/write cycle Data EEPROM memory typical. 

7. Self-reprogrammable under software control In-Circuit Serial Programming 

(ICSP) via two pins. 

8. Single-supply 5V In-Circuit Serial Programming. 

9. Programmable code protection. 

l 0. Power saving Sleep mode. 

40-Pln POIP 

'MCrn/'/P<' - d 1 
RAO:AN{) - rl 'I 
RAFAN'. _ri) 

RA2JAN'2."/n:e~.!0/R£.i= -
RA31AN3.Vi;.a~+ -

RA.4/TOCl<l!C!Ol.IT -
RA....;..AN.t1~c2our -

RfO·'RDJAN5 - 8 
REJ,~AN€­
RE2X3JAN7 -

V~-
OSC!/CLKI ---

0$C,2JCU<O -
RCG'T10SOiT1CKI -

RCl.IT10Sl'CCP2 -
RC2!CCP1 -

RC:YSCK..'SCL - 18 
ROO!PSPO­
RDl!PSPl -

\. _ _,' 4G b- R97·'PGD 

35' ;:I - R8&'PGC 
Yj:J- RBS 
37 - R84 
36 - R83-PGM 

__........ RB2 
- RBl 
- RBO'INT 

-v-:: 
- R07/PSP-7 
- RD&iPSPE 
- RD':~PSP5 
- RD4·-PSP4 
- RCliRX-DT 
- RCS:TX'CK 
- RCSiSOO 
- RLl:SOVSDA 
- RDWSP3 

21 - R02/PSP2 

Figure 4.6 : PIC 16F877 A 40-pin PDIP 
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The companson between PIC16F877A with other PIC16F87XA device family 

shown at table 4.1 : 

Table 4.1 : PIC16F87X device family 

Progrom ~morv o ... MSSP I I EEPROM 10-blt CCP T1moK$ -·· # singl• word SftAM 
(Byt•s~ 

uo 
AiD !ch) jPWM) M~st•r i USART 8116-bit 

Comp.w-.ltOfSj 
Byles 

lnstr~uons !Byt•s) SPI 1'c I I 
Ptet6F873A 72K 4096 192 128 22 5 2 Yes Yes ' Yes ' ' ' I 
~C16FS7.tA 72K 40% 192 128 ,, 

' 2 Yes Yt-s Yes ' ' ' I 

P1Cl6F876A 14 3K 6192 366 256 n ,, 2 Yes Yf'S Yes ~ l .' I 
PtC16F877A 14: 3K 819~ 368 256 33 8 ' ,., Yes Yes 2 l ' I 

The schematic diagram and real circuit of microcontroller unit was shown in 

figure 4.7 and figure 4.8. The output of microcontroller unit that produce +SV 

voltage and 40 kHz frequency that has been programmed using PIC C Complier as 

shown as figure 4.9. 

01 

"' .• 
~ RESET 

1 

"! ' ,.-•. ~,--, 

°': "T•·C'•· ';> 

" ,~_ .. ' :, .. _ . ..,,,"'-· 

"--·-· 

Figure 4.7: Schematic Diagram ofMicrocontroller Unit 
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Figure 4.8 : Real Circuit of Microcontroller Unit 

Figure 4.9: Output of Microcontroller Unit 

~Signal Generator Circuit 

For signal generator circuit, the excalibur low noise high speed prec1s10n 

mnplifie.rs o_r low noise speed op-amp, IC TLE2141 CP from Texas Instrument was 

serecren to be implementing as a comparator in the signal generator circuit. The 

pmpns:e rtf signal generator circuit is to generate a frequency 40 kHz at every 100 Hz 

m lilms dei.ay. Figure 4.10 show the signal generated by transmitter. Without this 

delay fune the reverberation effects will totally finish before new excitation is 

acfiYated and can avoid the overlapping echoes at receiver. Figure 4.10 show the 
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signal generated by transmitter.Figure 4.1 1 shows the schematic diagram of signal 

~rater circuit while Figure 4.1 1 is the real signal generator circuit. 

40 kHz 100 Hz - ~ ; 

~ ~ ~ - - ~ - -

~ - - -
Tx1 Tx2 Tx3 Tx4 

- _ne frame scanning 

Figure 4.10 : Generated signal by transmitter. 

R1 

... 
U1 

TXI 

.. 
Rl .... 

Figure 4.11 : Schematic diagram of Signal Generator Circuit 

Figure 4.12 : Real Signal Generator Circuit 
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The comparator was designed such that : 

If v+ > Vref then Vout - + Ycc 

lf v+ < Vref then Vout 

(equation 4.1 ) 

.... .. .. (equation 4.2) 

Where 

Vref = (lk / lk+l lk) X 12 V = 1 V ..... ... (equation 4.3) 

As a r.esult, the comparator will generate 24 Vp-p tone burst at 40 kHz with 

rexetberation delay of 1 Oms. It can shown in Figure 4.13 after connected with 

transmitter. 

Figure 4.1 3 : Output for signal generator circuit. 
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.;:&:3 Signal Conditioning Circuit 

S-ignal conditonal circuit consist of two part which are the amplifier part and 

~"lii""'e~and hold part as shown in Figure 4.10. 

Figure 4.14 : Real Signal Conditional Circuit 

Eo.r amplifier part, dual audio operational amplifier, LM833 from Motorola 

was use because of the high speed op-amp with excellent phase margin and stability. 

'fhls dual amplifier IC utilizes new circuit and processing techniques to deliver low 

is 1u'gh speed and wide bandwidth without increasing external components or 

de.cr:ea:slng stability. The LM833 is internally compensated for all closed loop gains 

and I"\ {imizing for alJ preamp and high level stages in HiFi systems. The LM833 is 

~~c"'-~tin compatible with industry standard dual operational an1plifiers. 

Function of amplifier part is to get voltage gain. It was designed in two stage 

illve'rling amplifleI with gain for every stage is -33. Thus, it produces a gain with 

UlX9:. Th:e yaln:e of gain voltage is important in order to keep the signal always in the 

tmfde~ Tf not, it will influence the signal to clip at positive and negative 

sa.tu:raiion level. This schematic diagram of amplifier circuit is shown in figure 4.15 

and t:xamp1e output of signal from signal conditional circuit that represent in blue 

~is slrn sin figure 4.16. 
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Rl8 
R17 

.'" 

U68 
USA 

...Ill.))". 

'· 

Figure 4.15 : Schematic diagram of two stage of inverting amplifier 

Figure 4.16 : Example output signal conditioning circuit 

Tu. this part, the value of time of flight and the first highest peak of signal was 

measur_e:d. Figure 4.17 shows the measurement technique to get value of time of 

filglit and first highest peak voltage from the received signal. 

.. . . . . . . . . . . . 
naf · : · · · · : . . . . 

Figure 4.17 : Measurement technique of receiver signal 
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The time of flight measured starting from first transmitted signal pulse to the 
first signal received at the receiver. The first highest voltage measured at first highest 
peak voltage at the received signal. 

4.3 Software Systems 

The softwares will use for this project are Proteus Professional 7.8 for 

designing and simulating circuit and PIC C Compiler for programming the 

microcontroller. 

4.3.1 Timing in Programming. 

Time for one time execute is important to get precise time fram for each 

controlled instruction to microcontroller. For this project, 1 OMhz crystal oscillator is 

used. 

Clock Frequency : 10 MHz 

I . T. 4 4 0 4 nstruct10n ime : k 
10 

MHz - • us Cloe Frequency 

4.3.2 Signal Projection 

The purpose of signal projection is to produce dual pulse 40 kHz waveform at 

every 100 Hz. Programming to produce this pupose was apply by using PIC C 

complier programmer. Example of program for channel one transmitter is shown in 

figure 4.17. 



C".ltp:.lt_b :-x::. 
delay_·.;.s -

O-.J.tput_b :,x.:;: 
::ielay_·.;..s _ 

C:.lt:.p:;.t_C :x.:::_ 
dela1·_·..;_,s _ 

o~tp:.lt_C :x:: 
delay_·.;..9 -

Figure 4.18 : Program for channel 1 Transmitter 

Port B was used as a transmitter port with : 

PortBO=Channel 0 

PortBl=Channel 1 

PortB2=Channel 2 

PortB3=Channel 3 

4.3.3 Signal Conditioning 
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After receiver receive the signal from transmitter, the signal was sent to signal 

conditional circuit. This process is important to get the value of apropriate time of 

flight (TOF) and the first highest peak of signal. TOF were considered just after the 

signal is projected by transmitter. 
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CHAPTERS 

RESULTS AND DISCUSSION 

5.1 Introduction 

Some experiments have been conducted in this project. The purpose of the 

experiments is conducted to find out whether there are any changes in the graph in 

the oscilloscope in term of different materials used. The signals from one 

transmitter's channel in the corresponding receiver's channel are taken using a digital 

oscilloscope and being captured to provide a better view during the analysis session. 

Material used for liquid and solid medium as shown in Table 5.1. The acoustic 

impedance of PVC pipe that used for this purpose was neglected so that the 

ultrasonic can penetrate through PVC pipes. 

Table 5.1 : Material used for the project. 

Medium Material Size (mm) 

Liquid Water 

Solid Ceramics/porcelain 21x14 

Solid Steel 19 x 12 

5.2 Result for full liquid with solid 

Based on the table 5.1, the material is used are water as a liquid medium and 

ceramics and steel as a solid medium. 
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S.2.1 Water 

From the data take from experiments in the table 5.2 and 5.3, graph for first 

highest peak value of receivers and time of flight for water was plotted as shown as 

Figure 5.1 and 5.2. 

eak value at receivers (water mV 

Tx2 Tx3 Tx4 

Rx3 

Rx4 520 

Table 5.3 : Time offli ht (water) ( s) 

Tx3 Tx4 

Rxl 109 

Rx2 

Rx3 

Rx4 IOI 108 

800 

700 
> 600 E 
:i; 500 .. -~ 400 

300 

200 

"' M M ..,. ..... ..,. ..... 
x x x x x x x 
"f ..... 

0:: 0:: 0:: "f 0:: 0:: 

.:. ,.:. ,.:. m ff, .. 
~ x x x x x ?2 ,_ ,_ ,_ ,_ ,_ 

Transmitter to Receiver 

Figure 5.1 : First highest peak value at receivers (water) (mV) 
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a: a: a: a: a: a: a: a: 
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Figure 5.2 : Time of flight (water) (µs) 

From the graph in figure 5.1 and 5.2, it it shows that there is a difference 

between sensors first highest peak voltage and time of flight although no object 

exists in the pipe. Most probably, the difference is due to imperfection acoustic 

coupling that's been attached between the sensor and the outer pipe wall. The most 

different value is at transmitter Tx 1 for first highest peak voltage. Besides, the 

sensor surface has to keep perpendicular to the pipe wall, so that the transmitted 

acoustic energy will beam perfectly through the pipe. 

S.2.2 Water and Ceramics 

Figure 5.3 shows the position of ceramics/porcelain in the PVC pipe. From 

the data take from experiments in the table 5.4 and 5.5, graph for first highest peak 

value of receivers and time of flight for water and ceramics was plotted as shown as 

Figure 5.4 and 5.5. 
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Tx1 

Rx1 Rx4 

CeramicstPorcelain 

\ I • I 
I 

Tx2q Tx4 

\ 
I watec 

Rx2 Rx3 

Tx3 

Figure 5.3 : Position of ceramic in the PVC pipe 

Table 5.4: First highest peak value at receivers (water and ceramics} (mV) 

Tx3 Tx4 

Rxl 440 300 

Rx2 520 

Rx3 

Rx4 

Table 5.5 : Time of flight (water and ceramics) ( (µs) 

Tx3 Tx4 

Rxl 110 ll l 

Rx2 114 

Rx3 

Rx4 
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Figure 5.4: First highest peak value at receivers (water and ceramics) ( (mV) 
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Figure 5.5: Time of flight (water and ceramics) (µs) 

From the graph in figure 5.4 and 5.5, the value of voltage and time that 

received by the receiver is depending on the location of the sensor and medium. 

Figure 5.4 shows that at Tx2-Rx4 and Tx4-Rxl, there has a different value which is 

the peak voltage for ceramics lower than water. This means the ceramics is blocking 

the transmitted signal from being projected to the receiver, so the voltage will reduce. 

The lowest value of voltage is at T x4-Rx I because the ceramics block all transmitted 

signal Tx4 and reflect it before reach at receiver. In figure 5.5, at Tx2-Rx4, time of 

flight for ceramics higher than water because ceramics block all the transmitted 

signal and being reflected by the ceramics and pipe wall before reach at the receiver. 

The other value is same with water, although ceramics have blocked the transmitted 

signal but not fully blocked and the rest can move directly to the receiver. 
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S.2.3 Water and steel 

Figure 5.6 shows the position of ceramics/porcelain in the PVC pipe. From 

the data take from experiments in the table 5.6 and 5.7, graph for first highest peak 

value ofreceivers and time of flight was plotted as shown as Figure 5.7 and 5.8. 

Tx1 

Rx1 Rx4 

Wat6' 

Rx2 Rx3 

Tx3 

Figure 5.6 : Position of steel in the PVC pipe 

Table 5.6 : First highest peak value at receivers (water and steel) (mV) 

Txl Tx2 Tx3 Tx4 

Rxl 520 300 

Rx2 520 

Rx3 

Rx4 300 

Table 5.7: Time of flight (water and steel) (µs) 

Txl Tx2 Tx3 Tx4 

Rxl 112 110 

Rx2 115 

Rx3 

Rx4 126 
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Figure 5.7: First highest peak value at receivers (water and steel) (mV) 
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Figure 5.8 : Time of flight (water and steel) (µs) 

From the graph in figure 5.7 and 5.8, the value of voltage and time that received by 

the receiver is depending on the location of the sensor and medium. Figure 5.7 shows 

that at Tx2-Rx4 and Tx4-Rxl, there has a different value which is the peak voltage 

for ceramics lower than water. This means the ceramics is blocking the transmitted 

signal from being projected to the receiver, so the voltage will reduce. The lowest 

value of voltage is at Tx4-Rx I because the ceramics block all transmitted signal Tx4 

and reflect it before reach at receiver. In figure 5.8, at Tx2-Rx4, time of flight for 

ceramics higher than water because ceramics block all the transmitted signal and 

being reflected by the ceramics and pipe wall before reach at the receiver. The other 

value is same with water, although ceramics have blocked the transmitted signal but 

not fully blocked and the rest can move directly to the receiver. 
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5.2.4 Water, ceramics and steel 

Figure 5.9 shows the position of ceramics/porcelain in the PVC pipe. From 

1he data take from experiments in the table 5.8 and 5.9, graph for first highest peak 

value of receivers and time of flight was plotted as sho\.VTI as Figure 5 .10 and 5 .11. 

Tx1 

Rx2 

Tx3 

Rx4 

\ 

Rx3 

p Tx4 

I 

Figure 5.9 : Position of ceramic and steel in the PVC pipe 

Table 5.8: First highest peak value at receivers (water, steel and ceramics) (mV) 

Tx3 Tx4 

Rx! 460 260 

Rx2 480 

Rx3 

Rx4 

Table 5.9: Time of flight (µs) 

Txl Tx2 Tx3 Tx4 

Rxl 110 155 

Rx2 111 

Rx3 

Rx4 125 
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Figure 5.10: First highest peak value at receivers (water, steel and ceramics) (mV) 
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Figure 5.11 : Time of flight (water, steel and ceramics) (µs) 

For this experiment, steel and ceramics arranged in series. This purpose is to 

examine the factor of size of materials. From graph 5.10, more sensors show that the 

voltage will reduce compare to graph in figure 5. I, 5 .4 and 5. 7. It proves that more 

size of materials, more transmitted signal will be blocked. Tx2-Rx3 and Tx4-Rxl 

have big different voltages between water and steel and ceramics because the steel 

and ceramics block all transmitted signals Tx2 and Tx4 and reflected by materials 

and pipe wall before the reach at receiver. Figure 5. l 1 shows there have three 
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different times between water and steel and ceramics. It proves that more size of 

materials, more transmitted signal will be blocked. The highest value is at Tx l-Rx3 

followed by Tx4-Rx2. This is because the materials were full blocked the transmitted 

signal and reflect it by materials and pipe wall more than Tx2-Rx4. This means the 

increasing of time of flight was affected by increasing length of transmitting signal 

travel to the receiver. 

5.3 Discussion 
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-steel 

Figure 5.12: Graph first highest peak voltage comparison between water with 
different kinds of materials. 

The lowest voltage at Tx4-Rxl in the graph in figure 5.12 shows that the 

signal was blocked by steel and ceramics. The near same voltage with water at Tx2-

Rx3 and Tx4-Rx2 shows that no object was blocking the signal to transmit. Graph 

for steel lower than ceramics because from calculation at chapter 3.5, steel has a 

reflection coefficient higher than ceramics which is steel is 93.65% and ceramics is 

79.87%. Decreasing the voltage shows that the power of the signal was blocked by 

the material. The factor changes of voltage depend on reflection coefficients and size 

of materials. 
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Ceramic 

-steel and 
ceramics 

Figure 5.13 : Graph comparison time of flight between between water 1h<ith different 
kinds of materials 

In figure 5.13, the nearest same value at Txl-Rx2, Tx2-Rx3, Tx3-Rxl, Tx3-

Rx4 and Tx4-Rx2 shows that the receiver receives the signal in the straight line from 

the transmitter although there has obstacle. At Tx2-Rx4, the time is increased 

because the materials block the signal to transmit in the straight line. So, the signal 

reflected by the material before reach to receiver. Steel and ceramics for red line 

graph get the highest time of flight at Txl-Rx3 and Tx4-Rxl. This is because the size 

of steel and ceramics is bigger than single steel and ceramics. It shows that the size 

of material makes the transmission signal reflect many times by pipe wall and 

materials before reaching to the receiver. The increasing time of flight shows that the 

transmission signal cannot flow straight to the receiver but it reflects by the material 

or pipe wall before reach to the receiver. 
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In conclusion, the result shows that ultrasonic tomography can be used to 

identify solid and liquid based on different transmission and reflection characteristic 

was analyzed in the graph. 

From the graphs above, it shows that all receivers receive signal from 

transmitter in various amplitudes and time. The changing amplitude and time depend 

on location sensor and medium and size of medium. Shape of solid medium also has 

given effect to the graph because the degree of reflection signal from solid depend on 

the shape of the solid. The highest value first highest peak voltage shows that there 

are no obstacle block receiver receive the signal and the lowest value shows that 

there has obstacle block receiver receive the signal. 

Based on the acoustic impedance and calculation of transmission coefficient 

and reflection coefficient in subtopic 3.5, steel has a higher reflection coefficient 

compare to ceramics. Then, from the experiment, the different first highest peak 

voltage and time of flight for steel is higher than ceramics when blocked the 

transmitted signal. It is because the steel will reflect the transmitted signal is higher 

than ceramics. 

The differential value of water, ceramics and steel shows that ultrasonic 

tomography system can use to identify water and solid flow regime. 
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CHAPTER6 

CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

The objective of this project generally had been achieved. The ultrasonic 

tomography system used to identify solid and liquid flow is developed successfully. 

The hardware fabrication of ultrasonic transducer also effectively implemented. 

Although the circuit has bit problem, it doesn't affect the objective at all. 

Other than the acoustic impedance of materials, the size of material also 

affects the value of voltage and time of flight. 

The conclusion from this project is that the ultrasonic tomography system is 

reliable and can be applied in the industries for monitoring the solid and liquid flow. 

6.2 Problem Faced 

There has some problem that occurred during the project. The delay or time 

programming for pulse projection to initially do in the Proteus software simulation 

not same in the real reading at the oscilloscope. To get exact value, various value had 

been tried and the best value was chosen. 
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The output got also not very good which contain a high frequency. A 

capacitor was used as a coupling between V cc and V dd in other thought out the high 

frequency and the better output obtained. 

The printed circuit board must be designed carefully. Although at the 

simulation show there is no error, circuit must be troubleshoote to make sure there no 

has error. Failed to troubleshoote circuit will make components broken and circuit 

not function well. 

The position of the material used must be decided earlier whether to put 90 

degrees straight without hold by hand. The position of material used will influence 

experiment and the results obtained. 

6.3 Recommendation for Future Work 

The recommendations for improving and expanding the ultrasonic 

tomography system for this project for future works are listed below: 

1. Use ultrasonic sensor with wider beam angle for more coverage of the 

projected signal. The current ultrasonic sensor angle is 125°. 

11. Use high projection for example 8x8 projection in order to get clearer 

results. 

111. Other coupling materials such as silicone gel that last longer and not 

easily dry up should be investigated. The coupling efficiency is the 

main criteria that must be considered. The coupling material used in the 

project is grease. 

1v. High power ultrasonic sensors should be investigated as they can 

penetrate deeper through the pipe with wider diameter. The signal 

generator which can generate pulses to trigger the high power ultrasonic 

transmitter should be investigated and designed. This is important as the 

pipes used in the industries are usually very wide in diameter. 
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v. To get the value of higher peak voltage and time of flight from signal 

conditioning circuit is hard because of the analog graph hard to read. 

So, make sample and hold circuit to get the appropriate value for first 

highest voltage and time of flight. 

v1. Use the bigger size of a medium to more clearly results. 



44 

REFERENCES 

[1] Mohd Hafiz Fazalul Rahiman, Ruzairi Abdul Rahim, Mohd Hezri Fazalul Rahimin 

and Mazidah Tajjudin, (2006). "Ultrasonic Transmission-Mode Tomography 

Imaging for Liquid/Gas Two Phase Flow". IEEE sensors journal, vol. 6, December 

2006. 

[2] Nor Muzakkir Nor Ayob, Mohd Hafiz Fazalul Rahiman, Zulkarnay Zakaria, Sazali 

Yaacob (2010) "Detection of Small Gas Bubble using Ultrasonic Transmission­

mode Tomography System" . IEEE Symposium on industrial electronics and 

application (ISIEA 2010) 

[3] Zhong Xing-fu, Wu Ying Xiang, Li Dong hui (2005). "Ultrasonic Tomography and 

its Applications in oilfield". Journal of Zhejiang University SCIENCE. 

[4] Ruzairi A.Rahim, Ng Wei Nyap,M.Hafiz Fazalul Rahimim (2007). "Hardware 

Development of Ultrasonic Tomography for composition determination of water and 

oil flow". Sensor and Transducer Journal, Vol 75, Issue J,january 2007. 

[5] Ruzairi, Norkharziana, Nayan, M.Hafiz (2006). "Ultrasonic Tomography system for 

liquid/gas flow : Frame Rate Comparision Between Visual Basic and Visual C++ 

Programming". Jurnal teknologi 44(D) jun 2006, UTM. 

[6] Mohd Hafiz Fazalul Rahiman. (2005). "Non-invasive Imaging of Liquid/Gas Flow 

Using Ultrasonic Transmission-mode Tomography": M. Sc. Thesis. Universiti 

Teknologi Malaysia. 

[7] M.H. Fazalul Rahiman, R. A. Rahim and N.M.N. Ayob, "The Front-End Hardware 

Design Issue in Ultrasonic Tomography", Sensors Journal, IEEE, vol. JO, no. 7, pp. 

1276-1281, July 2010. 

[8] Z.X Chen and M,L Sanderson, Ultrasonic Tomography for Process Measurement, 

IEEE Instrumentation and Measurement Technology conference Brussel, Belgium, 

jun 4-6, 1996. 

[9] Ruzairi , Ng Wei Nyap, Mohd Hafiz Fazalul and Chan Kok San (2007). 

"Determination of Water and Oil Flow Composition Using Ultrasonic Tomography" 

journal vol. 9, NO. 1, 2007, Faculty of Electrical Engineering Universiti Teknologi 

Malaysia. 



45 

[10] M.H.Fazalul, Z. Zakaria, R.A.Rahim (2008). "Ultrasonic Process Tomographic 

Imaging Sensor: An Approach Ultising Transceiver Method". Proceeding of 

International Conference on Computer and Communication Engineering, 2008, 

Kuala Lumpur. 

[11] Paul Ingleby, William M.D Wright (2002). "Ultrasonic Imaging in air using fan­

beam tomography and electrostatic Transducers". Department of Electrical and 

Electronic Engineering University College Cork, Ireland. Ultrasonic 40 (2002) 507-

511. 

[12] Gerald Steiner, Frank Podd (2006). " A Non Invasibe and Non Intrusive Ultrasonic 

Transducer Array For Process Tomography". XVII Imeko World Congress, 

Metrology for a sustainable developement september, 17-22, 2006, Rio de Janeiro, 

Brazil. 

[13] Syed Najib Syed Halim, (2003). "Concentration Profiles and Velocity Measurement 

Using Ultrasonic Tomography". Thesis report degree master of Electrical 

Engineering. University Teknologi Malaysia. 

[14] M.Hafiz Fazalul, Ruzairi A. Rahim, (2010). "Developement of Ultrasonic 

Transmission Mode Tomography for Water Particle Flow". Sensor & Transducers 

Journal, Vol. 117, Issue 6, June 2010, pp. 99-105. 

[15] Gerald Steiner, Hannes Wegleiter and Daniel Watzeng. (2000). "A dual Mode 

Ultrasound and Electrical Capacitance Process Tomography Sensor". Journal from 

Institute of Electrical Measurement and Measurement Signal Processing Graz 

University of Technology, Austria. 

[16] Yuu Ono, Jean-Fran,cois Moisan, and Cheng-Kuei Jen, (2003). "Ultrasonic 

Techniques for Imaging and Measurements in Molten Aluminum". ieee transactions 

on ultrasonics, ferroelectrics, and frequency control, vol. 50, no. 12, december 2003. 

[17] Roland Martin, Carlos Ortiz-Aleman and Carlos Gamio, (2004). " Multiphase Flow 

Imaging by Capacitance Tomography using Simulated Annealing Inversion". 

Monografias de! Seminario Matematico Garcia de Galdeano 31, 497-506 (2004) 

[18] F. Cohen Tenoudji, V. Dewailly, J. F. Mourey, J. P. Frangi and G. Theron (2004). 

"Ultrasonic Tomography Application to the Visualization of Air Flow". Laboratoire 

Environnement of Developpement Universite Paris. 2004 IEEE Ultrasonics 

Symposium. 



46 

[19] Zhang Haiyan, Chen Xianhua, Yu Jianbo, Cao Yaping, (2010). "Ultrasonic Guided 

Wave Tomography of Pipes". School of Communication and Information 

Engineering, Shanghai University, Shanghai 200072. 

[20] N. M. Nor Ayobl, S. Yaacobl, Z. Zakarial, M. H. Fazalul Rahiman2, R. Abdul 

Rahim3, M. R. Manan, (2010). "Improving Gas Component Detection of an 

Ultrasonic Tomography System for Monitoring Liquid/Gas Flow". 2010 6th 

International Colloquium on Signal Processing & Its Applications (CSPA). 

[21] Ziqiang Cui!, Huaxiang Wang, Lei Tang, Lifeng Zhang, Xiaoyan Chen ,Yong Yan3, 

(2008). "A Specific Data Acquisition Scheme for Electrical Tomography". I2MTC 

2008 - IEEE International Instrumentation and Measurement Technology 

ConferenceMeasurement Technology Conference Victoria, Vancouver Island, 

Canada, May 12-15, 2008. 

[22] M. Ashfaq, H. Ermert (2001). "A new approach towards ultrasonic transmission 

tomography with a standard ultrasound system". Journal from Institute of High 

Frequency Engineering Ruhr-University Bochum Bochum, Germany. 

[23] William M. D. Wright, Paul Ingleby, and Ian J. O'Sullivan, (2005). "Air-Coupled 

Through-Transmission Fan-Beam Tomography Using Divergent Capacitive 

Ultrasonic Transducers". ieee transactions on ultrasonics, ferroelectrics, and 

frequency control, vol. 52, no. 12, december 2005. 

(24] Vladimir Va5ek; Petr Dostalek and Jan Dolinay, (2010). Book "Microcontroller­

based Data Acquisition Device for Process Control and Monitoring Applications". 

Tomas Bata University in Zlin Czech Republic. 

(25] H.l. Schlaberg, M. Yang and B.S. Hoyle, (2004). Book "Real-time ultrasonic process 

tomography for two-component flows - Electronics Letters". IEEE Book. 

[26] A. Malaouiz, K. Quoth!, K. Auhmani3, M. Ankrim, M. Benhayoun, (2004). "An 

accurate electronic device for ultrasonic measurements using a microcontroller". 

2004 IEEE International Conference on Industrial Technology (!CIT). Hammamet, 

Tunisia, December 8 - IO, 2004. 

[27] F.J. Dickin,B.S. Hoyle,A. Hunt, S.M. Huang, (1991). "Tomographic imaging of 

industrial process equipment: techniques and applications". IEE PROCEEDINGS-G, 

Vol. 139, No. I, FEBRUARY 1992. 

(28] J. Ylitalol and J. Koivukangasz, (2000), "Ultrasonic Echo Tomography Trough 

Skullbone". Journal from Department of Electrical Engineering, and Department of 

Neurosurgery, University of Oulu. 1022 - 1989 ULTRASONICS SYMPOSIUM. 



47 

[29] M S Becky and RA Williams. (1996). "Process tomography: a European innovation 

and its applications". Meas. Sci. Technol. 7 (1996) 215-224. Printed in the UK. 

[30] Adam Filipik, Jil'i Jan, Igor Peterlik, Dusan Hemzal, Nicole Ruiter, Radovan Jifik, 

(2008). "Modified Time-of-Flight Based Calibration Approach for Ultrasonic 

Computed Tomography". 30th Annual International IEEE EMBS Conference 

Vancouver, British Columbia, Canada, August 20-24, 2008 



APPENDIX A 

-IOOETOSO 
4QOERCISO 
Cenll!r !'noqueucy 

Bmdwld!!I. (-6dB) 400ER080 l.OKH% 
fursmjttmr 5o<a:d l'n!iSUll! IA<.'tl lOOdB mm. 
•C .::.:I~ (dlNt.;iclD~ ... !(11'-• I""'" 

RKer."" Sen!>trtiry 

C3J'a01tmce at !KHz ± ~ • 
l.bx_ Dm~ \'o!1:1p (CODI.) 
T«al ~~ -6dB 
OpEnoon T_,irure 
S~ora~ 

Ail spk:.6cac.aa t»c ror,p;a.l • :~ 'C 

SOdBmin. 

1;wpF 
15\'nm 
1!5" typtal 
-3010 70T 

"'sere 

C:Oiat ~-~~ c.&11b.-~ qaa~ 

1mp,1...,-.-~-~'~-Fr~· 
T•adtmdar :\U:.;. :~L«-.l 
~'t~~ to·· 
~tO'PbM --------· 

~""" lmpNmic• 
~=-~.. --------· 

~ • ~ • • c ~ ~ ~ ~ 

•...-.tiS. 

s-s.mm.'s...d Pres..-. uni 
T...t -...1 :O\:ZS:U -83:k= 

ii 111111111111 ]: .;c <;() 

JS J6 3; ~ ,, .IC .£1 42 ~ J.:. J!" 

"rrqRl'Cy :IC'R: 

~~ _ S. Squatt Enterprise Company Limitt'd 
b ""-' Pro-\\'n·e Eltttronits Corporaliou 

48 



JOOEROIORac.....- ~na-..-

S•tliilint.' \"arialioa r. Lo-.! Rr..1!>- SPL ,-.u- TO. Dmmg\elngoo 

1 !! ! l ! d I : rntil~~fii1ti If 1111111111 
.. •• •• - ·- -· ' .......... ~ _._ + .... .. ___ ,... . .. 

c ... , .. Tr...--.saattn. LoadNRrir;tw C•atnF~ Sliiftn. Drn~Yoita;• 

1 
I I I I I I i !~!~!~!!!!!!!1111111111111 

- .. - • ,,.. ""'" . ' • • •• "• - "• T ·- • ~ • ....... ,-... 

1 ll 11J111 ll tH 111 : ~ 111111 J1 1111111 
~ ... ~ ~, . -. r. • ., "'' ... ., • c .. ., .. .. JC •. •• .. .. ., ,. • • .. • •• 

---~·-· ·----

Liil 11111111111 l 111111111111 
-t .. it. ' •; ·' -.- « ...... ' ... ,. ~· ,,.- ~ .. • ~ ._ ... ._ . .. •.• 

,~, .... _,_ ·- ·-·· -

i/r;, _ S. Squatt Entel]lrise Company limite-d 
b~ Pro-\\'an E~ctronics Corporation 
'9cg sxa·FSdi'r' "£Gt =w _ ?~- Wt{QPT:??U"rwm. T.:. &S-6-~-~~~l:>I , !'"u SU-~·::~~:-:.~ 

~ afZ 

49 



APPENDIXB 

~ 
MICROCHIP PIC16F87XA 

28/40/44-Pin Enhanced Flao;h l\Iicrocontrolk>rs 

High.P--.,...,., RISC CPU: 

" Only 35 i1tilQIE"«ll\1 ~to IYTI 
" Al ii 92 C'}'I» ~DOl!!PI ftr ~ 
~ ~M@lllO-cycle 

• """"""9- DC- 2" MH<OO<S ...... 
oc - 200 ni.lnRlJdlan c,ae 

.. Upto8K.xl4..mrl~~Mi!ruy. 
~., 36&. 8 ~ ot Data Ml!n'ICJ')' (RAM). 
~ » 256 • e a,-w « EEPl'roM Data Ml!mDf')' 

• Ptl'.u Wi,.....100SW' 2&-f#t r6' ~ 
PK:'f6CXXX a1d PtC'IUXXX •<IOIO::Otttollki 

P.,._.l FHtu<es: 
• nnwtt: &cl:~Wlft:&t>ltpMC31er 
• nn.1· 16-Ul:~Wfltpn!l5Calr. 

canoe rw::ae1e&a <Utng !Jeep ..u: m 
~ 

" Tmer2: &OI~ W9t &-an perlOCI 

-~---• -QlpOA."""'-...... _ 
~ Qpbn-llJ1HJl.tnill'..~·12.$,., 

• CUl'!>RlilHl._._,,.2Cll ... 
- P\"61 ma. fMdJllOn " 1D-en 
"~~Pol't{~.e\-5?1-

(MW" mot:lll Jnd t2c- ('1111 '$&Me) 

• lkWlfAI S)'!d•ao.aA4f'di0141i Al!a!M!r' 
Ttii••me (USNn'.~; Wll'l 9-.at ad:Rls5 __, 

... ~~Poft~-!bl5Wldtlltltl 
-m. Wi<""'CS""""*(~""Yl 

.. ~~~b' 
--ll'ORJ -- -- .... -........... WDnl --......., . 

PICgr.J.'- 1 . .;!K ...,,. 
AC"'1"'7<4A 1.~ ...,,. . ., '"' ""'....,... ... ,. '"'' 

,.. 
""' P<C-.rr• ..... ..., .... ,.. 

"' 
" 

" "' 
lJ 

Analog F-1u<es: 
• ff>.al. .., .. .._~ 

eoo....-!NOJ 
. --lllOft) 
• Maag COit ,... .... motlif' Witt\ ·-"""09-- P!!<9•''' ... on-cnp \IOft3ge ~ 

l\'l'i.l::FJ~ 
. ~ ..... .._,.,., ....... 

l"CK* a1CS l'IMt'na 'ilOIU9f ~ 
• O::Wtp&I OApCa .e exterNl'f ~ 

Special MicrocontrotlK F•atures: 
• 100,CCIO&WWW--qicie-~Alll'I 

~--. ,_.........,,._O...EEPROM --~ om EEPROl.t ~,. .CO)eift 

. -..--"""""' • ln-Cl'Qll sen;r Aogtatti• iy-~j ... -.... 
• Sil igll lllPP)' ~ li-ClaAt Sil!rla Pn:9a1 I ;a 9 
• wa:tllog ,...._. {'ltOT} Wiil la CWl CIH7llp RC 

CllCilafa' ~ ~ openb:n 

-~~­
. -.-.g "'""" -
• Sll.aabe05dlaX'opltn5 
• bQml" Ol!CuJ {ICO) "'3 t'M> C*1'i 

CMOS Technology: 

. ""'""-· -Aa&WEE"""" 
11Kf'JK*>g'J . .....,....,_ 

• ----""9012WID5.S\I) 
• QM111adalan!~~r;ngs 

"""'""-~ 

-· ..... CO' UURT - Cu:zw.,.• ..., ... , ...... -- ....... 
"" 

' -- - .,, , 
• -- - ,,. , 
• - .... - '" 

, 
• -- - "'' ' 

so 



-POIP 

~­-­_,....,..._ 
..... 'C' .. ~-

·~·­""""'1XOWC10Uf --·­_,....-__ 
1u~­
~r--­os.coc:uu-
~u<o­

lltCO'l'1DSOr.•c10 -

lll!Cttr~o:n­

ll'Cbel:"'• -
ttt.311:5Cllll'SC-l--­ND•....,,..r-

-TQfP 

~'llU.ICI!­----"'*"""' -ROt-r --­~--·­... -----

• , __ J ., 
' " , 

" • " • ,. 
• ,. 
' :!c .. 
• i D 

• " " g ~ 

" M 

" • " ., 
~ 

,. 
•• " .. " .. "' " ~ 

•• ", 
" "' "' 

,. 

PIC16F87XA 

- ""'"""' ----------- ... __ ..., 
-~ ---lllD1W5Pf ----_.,,.._ 
-111'.'C:f~T - """'~ - """""" -If>;~ - """""' _..,,,....., 

........... -::~;,., .. =~:=; .. 
""'.!:~ - • 
Jl!S.!.~­

•tx-~-
~~--­OSCt.'Cuv -

~21CU<.0 -
•CQ'1'1Q5'Q(t•t.:.._I 

'"' 

" .. ., 
" " " .. 
'~!!.'$1;::;~.mtJlt'llili; 

-­_..., --· ----- tn:11""Sl!'1 
-~s"'!" 

-~ ... 
-~SN 

- ~rM.VDr 

06)'517;c;e] 

51 



APPENDIXC 

®MOTOROLA 

Dual Low Noise, 
Audio Ampllfler 

1bl Uil533 • a ~ taw-oo11 m.:n:Jllhc ma ~ ____ '9 ___ _ 

_ ....... - .. ...- - --- _, Ngn 
l'fequfney P"'9 tDn61stor&. me Ul83J ~ low vonage notH 
{4.S nvr./RE). t5Wtrpntlinlllllelllprocu:t 7.DV.WlleW.fW,0.3'"" 
~ ~ d3!Jf Wiil 2.a uvrc ~ coellOent cl t,,u: Clftlel: 
YCft1glt. lbt l.Ml!33 Dl.!;U mgtftfll:U no~ cr05ICMl'I"~ _..__._.. ___ pi_, _ _._ 

"'!J' ~ ~ t~1dilla Jnl3: ~ -KUte.'$tnl AG --Tht LUBJ3 15 &peClled °""" .. ~ ~ f3'9f ~. 
~ Fl b pi;lllC- DIP .n1 oo-8 PDaglK {P ~ 0 IUfb.aj.. Far .IA 
~ j)ilbilWW~YelSU't, WNMC3l079'Qmry . 

• U.Wllq ..... :.&.51"1\t.'.t:i 
• ... Gar'! 8il'IClllC!ll: Procl.tt 15 Mt1l 
• Ht/'5'ewll'tat:70V1Ja6 

• UM,.,_ Cftel' ~ 0 3 rrfll 
• l.OWT.C. ~tip.I OIMI ~ 2.0 i!Vl'C 
• UM(.'ICX:dOn: Q.~ 

• E:rcelefC F~ St;aCJAry 
•OUilt~~ 

MAXM: Mt lltAlWG$ -~~IVcx;;tDVE£1 

ll'CIUl-OftllNWll. ~ lllanoe ,,.. 11 

........... ~lfrilalftl 

0&*"'1faatc::.a.t ~ ,.,..... 2; 

~~~~ -----~f'OIRr~l'lllll*SlMG)J 

-'• v.,.. ... 
tee 
TA 

TJ .... 
•o 

- -... v ., v 

"' v -....,., ... ·c .,., .,, 
-«J••'KO ·c 

""' ""' 
lfOfe.S. I ........ qa..t~-..r------Ol!Vu;o>'>'tl! , ,._..........,._ ... ~"'-----..._._. 

1tJ··--~-~_...._~. s.._....,. .. !_..,.~ 

DUAL OPERATIONAL 
AMPLIAER 

-......,,.. 
""""' 

Sfl9CONlUCTOft 
1£CHNCAL DATA 

•• 
Nt ca•ECllOHS 

ORDB•IG INFCINIMnot -___ ......... -"-<OP 
TA•- 40" to '""5"C 

!()--< 

..... 

52 



l.M833 

ta.f:CTIUCAl. QIAllACTERISTIC& .'\tce••1S-\t.""'"-E•-fS\'. TA-~.~~l'IC:ll9:lJ. .. -llQot Ofbet~!Re • 10 U. '.'o• OV' 

~~~-~Cfte~ 

~- tOU. 'lo•ll>;.TA,·T-IDThllif' 

.,_.. ori.s o..r.. Neu .. o \1. vo- a v. 

---~·'Wcu•DV,Vo•l2Y! 

c-.... ~~Rmrve 

lMVt"..,_ ~~111\._ •2..0llQ. Vo•'.1:1CV °"""--~-aw 'Jc•t.Ov 
" .. 2.0l!l, \lf.:l • 1_0 v 
Ill.• -.Ollil. "'D• 1.DV '* tlJllfl_ VIC• U:!V 
~Madl-~i\.\n .. ~'2VJ 

AMl!l"~AdrdlortO:Vg"' 'i"VIO SOV, -1i 'llD-5-D '/J 

"'-'~~1'Jo•DV.Bdrl~~ 

ctm: .... _ 

&w.llllllt-lVW! --10 v c.•10 v. At. - za "-1. ...._ .... 1.0~ 

G-.~~lf•100UC1 

~0..~1°""1.0aS>' 

UNti:0..fl't9R ....... 1°""1L.OISl'I 

~ ....... ~1~--o.1-101Hr1 

~ ... No!R~rf-1.0t.1-ki 

~....._,vo-ZT'VJ11D>Rt.•2.0111. nc>~ '-""'' 
~~ •2Dllll.l._f• :!>l'irlD :Ji..._ ...-o• l-0~. ,,.... •1.Ch 

~........,lf·lllffztD~nct 

• 

Rglllr91 ......... ~D J C"'I ---
' 

' '· 
' 
' .., 

- - - - -v~ .. " ... ..., 
.f;VIO'l.T .. 20 .. .. ..-;·c 

"" 
.. "' ""' .... .. .. ""' """' "" v.,.. .. ... •'2 v ... , ..,. .. 

"""' .. "' .. .. 
v 

Vo- " t]_7 .. .,,.. .. ..... .... 
vo- " ... .. .,,.. .. .... , _,:: 
a.. .. ... .. .. .... .. "' .. .. 

>o .. •• ... "" 
.. - - .... - -... .. ,. .. ',o.".\l,S 

...... .. ,. .. ..... 
"' 

.. •• .. -.... .. .. .. ""' ... .. •• .. m:.1-W 

• .. •• .. 
DA.' .... - .. '"' .. ... 

""' - ..., .. " 
"" - ... ,,, .. .. 
..... z--c:..----

53 



APPENDIXD 

tfl National Semiconductor -"""' 

LF198/LF298/LF398, LF198A/LF398A 
Monolithic Sample-and-Hold Circuits 
General Description 
n.. ~t9M..F29&'t.Fl91 ~ !"l'IOftCIUlhc .. oe •111 l'tOlcr 
mcue 9'llCfl uaae BJ.flrr IL<J•WJ ., otllliln: ~ 
CIC acancy W9\ 'IBt «IWSltOft d Sl;lnal ~ ._ ~ 
'9!'. ~ ... ..,,"' QaJl1- ft:M~. «: ~ ecancy !S 
QJJCL. ..... tn1CBJ MCI acQUISJloft ~ IS as t:IW U i US IO 
D.Dtti. A~~ ~ IS ~ » ~ 09 ot"sd: 
~ ...... tardlllmt'I. ~ Ofl'Sef ~IS KCOfl'I"' 

pbMd .ttn a~ CISI, Md OOoes ftOt ~ ~ Of'set 
(ll'9ft. 'TI'le'Wll3t ~ 9'!0WS ~ L~I 9t 1D be it"Ct.Otd .,_ 
»de' WW~ JOOQ al( 1 wtofZ C1P WT'DS '1llG'IGul ~st> 
l:Mlf)' ~- inpyr: I QC&Kt' fl tO'Go ~ "19'1 
~ 1111 t•us e ~ useo ~ ~ KCUrXJ". 
~JundkJn FErs~~-"'~~ 

"Ole' ~aonptflerm gw CS1XO ,_..,•Olli' es 5 nP,>-""" 
W"'1 a 1 61~ Mid ~- TlW JFE'?'S ~ ~ oc.er 
ftOIM SNn WOG-~ \6H,,. ~ dr9QnS ..., do 

nat"""" Ngft ~ lfls.M'JI~ ~ overa.t .... 
~ "° ~ 1'0n'o .... 10 OIADul in""' 'Od" 
modi!. ~ iDr !n1M111 ~ eqL.lal m irte M1DOY 'IOC:IOeS. 

Features 
a ~ "°"" •sv 10 *1SV ,.,.In 
•Less..., '°"s~'D""I' 
• TTL.. PMOB. ~ :oi , ... ,. IQ8I<" l'llUt 
• t!.Sm\·~~sleP-~•D.01~ 

·u.~~ 
a D.Da::tili p!l1 a:nney 
• La. OAU: l"IQt9e ft hoid ~ 

a lrvut ~s OD not~ &"'"Cl l'IClld ~ 

a Mlgft ~ ~ r.eo ri ~or ttoOO ·--• 3paa ~ • .N31510 

Logll: ~~ t'Me LFt!'e w.efuly~ wnn ~ ~ 
c~ a'OltlnQ owe ~ m TTL. PUOa, -
CM:>S ~~- 1AV 'T'h!'LF1!1111f1!operaR 
~ zsv ., ~ t&v SAa>les 

An ·~· venlOn IS ._..lltte *""' ~ ~ 
W>E<Jllr:::abaid. 

Typical Connection and Performance Curve 

,. 

Functional Diagram 

·-·~_,/ 
-=·~ ._ _________ _ 

l 
J 

' I 
I 
I ____ _. 

I t *o· TillW 

..a-.1-··· -· 

·-· 

- ---

54 



SS 

Absolute Maximum Ratings·-,, -"--"""" 
·~..__..... .......................... """" .,,._ tC we ........................ ~,, ' 

._.,_ 
U.O~~A/ - ........ a..,• m r ·- H~\~,1UMC-t "'"""' -- .,.., N NCta9e- •:ao.r.n;, HI: WC-l 3C'C 

f'llMer CHIQ>910n ~age 
.. _ 

UMQllOfl} .'Nole 2J ""'~ .. "-10!' Pflase l°60 tee.:• Z15'"C 

ODeneno~~ Rarioe --- {15 MC.} -"""" 
V19M..F1MA -SS"C m •"US"'C l1'lermel ~ ll'l-i ~· ._.,,.. -;:$"Cto .... S'C H- 21t"C• 111cNFS-=uit In SDI .... 

t.Fl.~.,. D"Cto •1tPG IS'CoW ·~"""""' Pl --- -65'C., •150'C .£OG.Fmi.-i ... tliM'J -- ~ID~~ 
N_._ usae.w 

l.OQllC: l(J IAglc. ~e-

.. __ 
1D&"Cl'N 

~~lfltoRJ! •1'\.'. -)(IV ..... , ... ~,~}~"A 

~ SMrt: ~UI' °'"'°" _... .. 
Electrical Characteristics 

T1'le 1bl.,.,..... a>ed t4 ~far -11,. • ] ~· .._ V,.. •. •V., - 3.5\t' .• ._ • ., • •f5'\'. ~V-. • -fSV, T,.. • T1 • :S"C. <:.., - o0.01 pF. 
R., - 10to. l.OGIC lltE~HCE - av lOGtC 1-«i ... ::.SV. lOGJCL.OW. tr.' ~JIH'I ~ SOK1"1H!. 

P'll'llWF. ~ LF__,,,.. ...... u-- ,,. - -- -~ OfJ'H't \.'Obige'. •:Nair SJ T, - 2S>C • ' 2 , -.. 
FUllT~~ • ., 

~-
W'O.ot am ~ JNCll! St T1 - 2-oC • ,,. 10 .. M 

~I.Ill~~ " '"' M - T - :s•c ,0 ..... HI"-' u -- T.1 • 25'C.. R,_ • ti:* ·= .... ·-- 001 .. 
Fa.fl~~ ._., oa:: .. 

~Aabii..a:it!: l't.-c T1 • 2ii"G. C.. - 0.01 &tf: .. .. "' .. ... 
• t llH&: 

°'*1YI: n: oe•a T1 • ::S•C. "WOl..ET ~ ... 2 O.S • u 
Futr~~ • • u 

"HOL.O' 812st, (Mote,, T • :S•C. C., • 0.01 11F, Vv..i• • 0 •• Ul ... 25 -.v 
~~ rfr«lll!St T,.-.2PC .. ... •• u -Logk arid Logic~~ Ti• lS'C ' .. 2 '" .... 
""""' L.NQge ~ no HoOcl T, • 2'5'C. 1Nclte71 lO "" "' "" .... 
CIDllC ... ftfiDR -Si --~TimetoD.t~ AV.,._,1•10".I. C..- UXICl)ll" • • ... 

C...- 0.01 pF "' 20 ... 
HCiiCl ~let" °*9fl9 ~ 11...-v • ...,, .. u s • ""' 3'clPI)' V<*Oe ~ Ratk> I/ """"'t - D IO "" eo HO ... 
~loge-~ T,•~'C °' u u. "~ 

,,.. ,. v 
~ on'Set ~.•.Molle S1 T.-::s•c ' ' ' 2 -.v 

Fu!IT~RM;e ' ' ~v 

~-~lNC*SJ T; - ~·c. s "' •• "' M 

F\lt•T~~ ,. so M 

----



Typical Applications ·:~· --

Definition of Terms 
Hold n.o: The VOfage ~at 'fie ouD&lltd'b ~ arMI 

Mild 1llN!ft S.lktW'tO ~ ~ MOdt » hOa "'06! ... 
~ Ide) rtalQO ..-: ~· L.aglt _,.. IS 5\1 

• • a ,._: ~ ~ nquftd m ~ • new *'-'" 
~ .,... ~...,,.. OUtll&.t SleP Of1Q•i. Nl:atrW ~ 
~'""'Is not)at~~~far"tk ~., ~. 

DUt wso t'lducln ... BfM' ~ - It ..... nodes 1D 
semc • 1Nlt tM' oi.mut as:aron 'l'le ~ v-.r ~ 
~'IO IN llakl moclt 

a.. Enw: The rmlO Of OUlfCMlt. Wll:IQle ..... 'IO .... 'IM­
llOC SlltflnD ft 9'e sampe,..,. ~ m a Dl!f' cenl flll--Connection Diagrnms 

• •• c 

-" 
M 

" w • 
•-n 

, ......... --

I 

" 

c_......1r,atce-Cca-= * -
,. 

., .. ... 

Held •tllalllcJ ,.._.: ~ eme ~ • Stie ouP.C m 
... •trm t ~ d "'81 ......... aftltf' l'le "hCMd" IOCJC ~ ...... 
~ .......... Emit: The enot" ~ "'° tl'lt' 
Ntd OUIDUf CIMe' tD a ctwlgflG ~ "'Plot"• In!' ume !I'!!! 
~ ~ ~ ~· Enor IS~~ mY Miii a 
"'"'"no1CJ~--..., rvur: ... ,. M:ilrtnet ... 
emir' tern rxnn ~ fbr lOt'G HmPIL" ~ 
~ ...... : TI"ll'..,. ~ DetWten ~com-

~ ..... ~ ....-00 ""'*°" ., .. ~ lra'lsllon 
ooes rlCll ~ N' fte'IO Ol*I: 

- ---.. 1'tl'U1 AOl'UI 

" ~ 

" 
.. 

" """ 
" ''°" .Wf3'11CS 

~ 

• • 

..... 
.. . . 

,· .... 

-· 
... •t• 

°"'"' ...... ur1-.c. LF1_...._ 
l..F'M9M. LF'tMAH or lS*NAH 
a..111:&~--HMC 

1'Nate I) 

---

56 



APPENDIXE 

• l.OW .... 
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APPENDIXF 

#include <16F877A.h> 

#fuses 

XT,NOWDT,NOL VP,NOPROTECT 

#use delay (clock= 1 OM) 

I //transmitter/// 

#define Txl PIN BO 

#define Tx2 PIN Bl 

#define Tx3 PIN_B2 

#define Tx4 PIN B3 

void main() 

{ 

///port initialize/ I I 

set_ tris _ b(OxOO); 

set_tris_d(OxOO); 

output_b(OxOO); 

output_d(OxOO); 

while(TRUE) 

//llllTXO!lllll 

output_ b(OxO 1 ); 

delay_us(9); 

output_ b(OxOO); 

delay_us(9); 

output_ b(OxO 1 ); 

delay_ us(9); 

output_b(OxOO); 

delay_ us(9); 

l/l/llTXlll// II 

output_ b(Ox02); 

delay_ us(9); 

output_ b(OxOO); 

delay_us(9); 

output_ b(Ox02); 

delay_ us(9); 

output_ b(OxOO); 

delay_us(9); 

/lllllTX21/ll// 

output_b(Ox04); 

delay_ us(9); 

output_ b(OxOO); 

delay_ us(9); 

output_ b(Ox04); 

delay_ us(9); 

output_ b(OxOO); 

delay_us(9); 

/l/l!/TX.31///ll 

output_ b(Ox08); 

delay_us(9); 

output_ b(OxOO); 

delay us(9); 

output_ b(Ox08); 

delay_ us(9); 

output_ b(OxOO); 

delay_ us(9); 

} 

} 
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APPENDIXG 

Medium Material Size(mm) 

Liquid Water 

Solid Ceramics/porcelain 21x14 

Solid Steel 19 x 12 




