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ABSTRACT 

 
CERAMIC DISC PIEZOELECTRIC CHARACTERISTICS AND OPTIMIZATION IN 
FETAL DOPPLER PROBE FOR BETTER ACOUSTICS AND POTENTIAL BONE 

IMAGING 
 

 
By 

 
Daniel Setiawan 

Aulia Arif Iskandar, S.T., M.T, Advisor 
Gerald J. Goenawan, S.T., B.Eng., M.Sc, Co-Advisor 

 
 

SWISS GERMAN UNIVERSITY 
 

 
This study aims to develop a portable, safe and easy to use bone sonography device 

through ultrasound. By using fetal Doppler probes as reference, a prototype was 

developed. The research explores the improvement of conventional ultrasound that 

are commonly used for soft tissue imaging to be able to target and image bone 

structures. The development of ultrasound probes capable of bone sonography has 

significant potential due to the radioactive nature of current bone sonography 

technologies. Key considerations in the development of the prototype include bone 

identification and imaging, portability and safety. The prototype was successfully 

developed using piezoelectric materials as its main sensor and ready to use materials 

as its supporting structure. The prototype uses Teensy 4.0 as the main controller unit 

that is connected directly to a computer for live image display. Initial testing shows 

that the prototype is able to detect and image bones for identification. Additional tests 

were also performed to verify the accuracy, resolution and reliability of the prototype, 

which resulted in positive results highlighting the potential of ultrasound for bone 

sonography. 

Keywords: Bone Sonography, Medical Ultrasound, Probe Development, Fetal 

Doppler. 

​ Daniel Setiawan 
 



 

DEVELOPMENT OF DOPPLER PROBE BASED ON FETAL​ ​ ​ ​  
DOPPLER FOR BONE SONOGRAPHY 

Page 4 of 60 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2025 
by Daniel Setiawan 
All rights reserved 

 

 

 

​ Daniel Setiawan 
 



 

DEVELOPMENT OF DOPPLER PROBE BASED ON FETAL​ ​ ​ ​  
DOPPLER FOR BONE SONOGRAPHY 

Page 5 of 60 

 
 

​​ DEDICATION 

 

 

In dedication to the advancement of medical imaging, to the professionals innovating 

newer heights in bone sonography for doctors and nurses serving in underserved 

communities. 

May this work contribute to better diagnosis and care for all. 

 

​ Daniel Setiawan 
 



 

DEVELOPMENT OF DOPPLER PROBE BASED ON FETAL​ ​ ​ ​  
DOPPLER FOR BONE SONOGRAPHY 

Page 6 of 60 

 
 

ACKNOWLEDGEMENTS 

 

First and foremost, I thank God Almighty for providing endless guidance and 

strength. Without His grace, this milestone would have not been achieved. To my 

mother, I thank you for your unconditional support and love. 

I would also like to express my deepest gratitude to all parties that have contributed in 

completing this research. I would like to express special thanks to Mr. Aulia Iskandar 

and Mr. Gerald Justin Goenawan, as my advisor and co-advisor respectively, who 

have given me unyielding support and encouragement throughout the duration of the 

research as well as study in SGU.  

I would also like to thank my friends who kept supporting me in my studies as well as 

encouraging me to keep on giving my best even through the lows and hardships of the 

research. Shout to my thesis buddy, Devina, for the drama, laughs and overnight 

thesis ranting sessions. My biggest appreciation to the people around me who have 

shown support and offered a listening ear in times of need.  

Lastly, I acknowledge all the scholars and authors whose works have contributed to 

the development of this research. 

 

​ Daniel Setiawan 
 



 

DEVELOPMENT OF DOPPLER PROBE BASED ON FETAL​ ​ ​ ​  
DOPPLER FOR BONE SONOGRAPHY 

Page 7 of 60 

 
 

TABLE OF CONTENTS 

Page 

ABSTRACT​ 3 
DEDICATION​ 5 
ACKNOWLEDGEMENTS​ 6 
TABLE OF CONTENTS​ 7 
LIST OF FIGURES​ 9 
LIST OF TABLES​ 10 
CHAPTER 1 - INTRODUCTION​ 11 

1.1 Background​ 11 
1.2 Research Problems​ 12 
1.3 Research Objectives​ 12 
1.4 Significance of Study​ 12 
1.5 Research Questions​ 13 
1.6 Hypotheses​ 13 

CHAPTER 2 - LITERATURE REVIEW​ 14 
2.1 Piezoelectricity and Piezoelectric Materials​ 14 
2.2 Fetal Doppler Probe​ 17 
2.3 Ultrasound and Sonography​ 20 
2.4 Significance of Bone Sonography and Clinical Applications​ 23 
2.5 State of Art​ 24 

CHAPTER 3 – RESEARCH METHODS​ 26 
3.1 Venue and Time​ 26 
3.2 Equipment​ 26 

3.2.1 Microcontroller​ 26 
3.2.2 AD9833 Module​ 26 
3.2.3 Transducer​ 27 
3.2.4 Software Development​ 27 

3.3 Bonosography System​ 28 
3.3.1 Overview​ 28 
3.3.2 Block Diagram​ 29 
3.3.3 Software Flowchart​ 30 

CHAPTER 4 – RESULTS AND DISCUSSIONS​ 33 
4.1 Prototype Development​ 33 

​ Daniel Setiawan 
 



 

DEVELOPMENT OF DOPPLER PROBE BASED ON FETAL​ ​ ​ ​  
DOPPLER FOR BONE SONOGRAPHY 

Page 8 of 60 

 

4.1.1 LC Tank Oscillator Circuit​ 33 
4.1.2 Teensy 4.0 Digital Pin​ 35 
4.1.3 Envelope Detection​ 37 
4.1.4 Initial Probe Design​ 37 
4.1.5 Piezoelectric Testing​ 38 
4.1.6 Final Prototype​ 39 

4.2 Testing Methodology​ 39 
4.3 Prototype Testing​ 40 

4.3.1 Output Verification Test​ 41 
4.3.2 Accuracy Test​ 42 
4.3.3 Resolution Test​ 44 
4.3.4 Repeatability Test​ 45 

CHAPTER 5 – CONCLUSION AND RECOMMENDATIONS​ 46 
5.1  Conclusion​ 46 
5.2 Limitations and Recommendations​ 47 

GLOSSARY​ 48 
REFERENCES​ 49 
APPENDIX A - Arduino Code​ 53 
APPENDIX B - Python Code​ 55 
APPENDIX C - Data Taking​ 57 
APPENDIX D - Repeatability Test Results​ 58 
Curriculum Vitae​ 59 

 

​ Daniel Setiawan 
 



 

DEVELOPMENT OF DOPPLER PROBE BASED ON FETAL​ ​ ​ ​  
DOPPLER FOR BONE SONOGRAPHY 

Page 9 of 60 

 
 

LIST OF FIGURES 

​ Page 

Figure 2.1 (a) Flow chart of transmitter section (b) Flow chart of receiver section​ 18 
Figure 2.2 Common Types of Transducer Configurations​ 19 
Figure 2.3 B-Mode Doppler Image of Dog’s Liver​ 19 
Figure 2.4 A- Mode (top) and B-Mode (Bottom) Output on a Subcutaneous Fat​ 20 
Figure 2.5 Parameters of a Sound Wave​ 21 
Figure 3.1 Probe Design Structure​ 27 
Figure 3.2 Illustration of Signals​ 28 
Figure 3.3 Block Diagram of the device​ 29 
Figure 3.4 Schematic Diagram​ 30 
Figure 3.5 Software Flow Chart​ 31 
Figure 3.6 Snippet 1​ 32 
Figure 3.7 Snippet 2​ 32 
Figure 4.1.1 Circuit Schematic of Voltage Controlled Oscillator with MV2109​ 35 
Figure 4.1.2 Circuit on a Breadboard​ 35 
Figure 4.1.3 Snippet 3​ 36 
Figure 4.1.4 Pulsed 5 MHz Signal from Teensy 4.0​ 36 
Figure 4.1.5 Initial Design of Probe​ 37 
Figure 4.1.6 Piezoelectric Testing - No Finger​ 38 
Figure 4.1.7 Piezoelectric Testing - With Finger​ 38 
Figure 4.1.8 Final Prototype​ 39 
Figure 4.2.1 Example of data taking​ 40 
Figure 4.3.1 (a) Output on startup, (b) Output of Clavicle, (c) Output of Forearm​ 41 
Figure 4.3.2 X-Ray of forearm (Top), Output image during sliding (Bottom)​ 42 
Figure 4.3.3 Placement of the Probe Orientation​ 42 
Figure 4.3.4 (a) X-Ray Image of Forearm Lateral View, (b) Output Image of Forearm  
Lateral View, (c) X-Ray Image of Forearm Frontal View, (d) Output Image of 
Forearm Frontal View​ 43 
Figure 4.3.5 (a) Layout of the Resolution Test, (b) Prototype Output Image of 
Resolution Test​ 45 
 

​ Daniel Setiawan 
 



 

DEVELOPMENT OF DOPPLER PROBE BASED ON FETAL​ ​ ​ ​  
DOPPLER FOR BONE SONOGRAPHY 

Page 10 of 60 

 
 

LIST OF TABLES 

​ Page 

Table 2.1 Categories of Piezoelectric Materials ​ 15 
Table 3.1 Hardware Pin Connections​ 30 

 

​ Daniel Setiawan 
 


	ABSTRACT 
	 
	​​DEDICATION 
	ACKNOWLEDGEMENTS 
	TABLE OF CONTENTS 
	LIST OF FIGURES 
	LIST OF TABLES 
	 

