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Abstract / Introduction 
An emerging worldwide problem is the scarcity of clean water. Contaminants in water can arise at most 

unwelcoming times and due to a variety of reasons. Solutions must be developed beforehand to avoid a 

clean water shortage and avoid water borne diseases. The developed system should be self-sustaining and 

long lasting with minimal maintenance as possible. 

 

This senior design project is to support the development of a piezoelectric self-cleaning water filter in the 

IPFW Environmental Engineering Laboratory managed by Dr. Dong Chen. The system requires a 

microfiltration polyvinylidene difluoride (PVDF) membrane to be fabricated by poling at high voltage 

levels. The purpose of the PVDF membrane in the system should be to serve as a self-cleaning filter. The 

membrane will vibrate when a proper amount of voltage, frequency, and signal waveform are applied, 

resulting in removing the contaminants that have accumulated on it. The equipment that must be designed 

will send a specific voltage and frequency to the membrane, measure the vibration, and store this data for 

optimization. This will be accomplished by designing a custom electronic system that will provide a 

selected range of voltages, frequencies, and waveforms that are optimal for the membrane vibration. The 

system that we will be making will be used later for Doctor Chen’s studies but the testing will be limited 

since the development of this micro-pore PVDF cannot be made cheap and easily enough for testing. We 

will be testing as much of the system as we can without the membrane. This system should be able to 

measure and store the vibration data. The main goal is to obtain sets of frequencies, amplitudes, and 

waveforms that drive the membrane’s vibrations to clean it most efficiently. The efficiency of the system 

will be determined by an improvement of the permeate flux reflected by the contaminants removed from 

the membrane. 

 

The first semester focused on figuring out the details of the problem, determining design parameters, 

determining what technology should be utilized and designing the system. The second semester focused 

on building and testing the system.  
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1.1 Requirements and Specifications 
Due to the system being a completely new idea, specific requirements were not provided. It was decided 

that the following values should suffice for an efficient system. The group will strive to meet all of the 

following quantified expectations: 

 

● Objective/Purpose: The main requirement is to effectively filter contaminants within a liquid. 

This will be accomplished by using a 0.2 µm polyvinylidene difluoride (PVDF) membrane. 

 

● Low Maintenance: The idea of the system is to utilize a self-cleaning filter membrane. 

Therefore, the system should be able to clean the membrane and regain its permeability to 75-

100%. 

 

● Ease of Use: The operation of the system should not be difficult to learn since the ultimate goal 

of the design would be to incorporate it worldwide. The time required to learn the operation the 

system should be under 60 minutes. 

 

● Universal Operation: The system should be powered with a standard AC 120v source. This will 

ensure that it can be used in most areas without further hardware. 

 

 

1.2 Given Parameters 
The given parameters are to be accounted for designing this filter system. Certain parameters can be 

changed upon further experimentation. The following are the given parameters: 

 

PVDF Membrane: 
● The PVDF membrane is a .2 µm-pore sized microfiltration membrane supplied by Dr. Dong 

Chen. 

● The PVDF membrane will be poled using a minimum of temperature of 85 °C in the oven. 

● The permeability of the membrane will be examined by filtration of 1 mM KCI solution at 34.5 

kPa gauge pressure. 

 

Signal Output System: 
● The signal output system will provide amplitudes in the range of 0-25V. 

● The outputted frequency should be adjustable from 10 Hz to 600 kHz. 

● The functions should at least have sinusoidal and square waveforms. 

 

Membrane Filtration System: 
● Membrane Filtration System that we’ll be using is defined to be a single pipe that the membrane 

will be found in with no feedback.  
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1.3 Design Variables 
The system that we are developing has many design parameters that must be met, yet there is still 

variability within this project. Most of these variables are processed based rather than hardware based 

therefore these variations are categorized into two distinct categories which will be Electrical and 

Mechanical Variables.   

 

Electrical Variables: 
● Poling Variables: The electrical poling is the process of sending an electric field through the 

filter aligning the poles of the atoms thus making the filter have piezoelectric properties. Varying 

the duration of the poling potential difference and the amplitude of the potential difference will 

affect the degree of poling. 

 

● Signal Output System: The signal output system that needs to be designed is a variable in itself. 

The hardware is to be determined to obtain the parameters that were given. 

 

● Membrane Vibration Measurements: The vibration of the membrane will have to be recorded 

using a type of high frequency measurement system. This system should be able to record the 

frequency of the membrane and display the results for spectral analysis purposes during testing. 

 

● Data Collection: The vibration measurements are to be sampled and stored for future use. The 

data could then be read for optimization using readily available or design software. 

 

Mechanical Variables 
● Filtration Pressure: The filtration process with the piezoelectric membrane will be operated at 

varied filtration pressures (e.g. from 6.9 to 34.5 kPa). 

 

● Fluid Content: The fluid content that will be filtered will have a play in this system. The 

contamination of the supply and the flow rate will affect how the filter operates. 
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1.4 Limitations & Constraints 
The filtration system itself has been designed by Dr. Chen and is stationed in the IPFW Environmental 

Engineering Laboratory. The limitations and constraints placed on our designs are specifications that need 

to be met in order for our designs to be able to work in collaboration with Dr. Chen’s original idea. 

 

● High Voltage Power Supply: The polyvinylidene difluoride (PVDF) membrane must be put 

through a polling process to generate a magnetic field and ready the membrane for vibration. The 

maximum voltage that can be supplied is 20kV. 

 

● Maximum Polling Voltage: During the poling process, there is a maximum polling voltage value 

for the type of membrane we will be using. Any voltage above this value will not increase the 

polarity and could cause arcing, short circuiting, and damage to the membrane. 

 

● Budget: The cost limitation of our design project is around $1,000. 

 

 

1.5 Other Considerations 
The following are design considerations not mentioned above.  The conceptual design will utilize these 

ideas even though they were not specifically required: 

 

● Programmable User Interface: User should have the control to select how many days per week 

and what time during the day the system will automatically operate (e.g. 12:00AM, 3:00AM). 

This feature should be user friendly and have the option to be set to recommended settings. 

 

● Wireless Capabilities: The data that is collected from the vibration measurement device could be 

transmitted wirelessly to a phone app or laptop software. 
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2.1 Functional Overview of System 
2.1.1 Overall Overview 
Throughout the designing of the piezoelectric membrane filtration system, the given parameters, 

design constraints, and the requirements were considered when designing the system. 

Specifications of the signal output system, data collection, data analysis, data storage, user 

interface, and the measurement device were the main focus of the design process.  

 

As shown in Figure 1, the system of all of the functioning components will be placed in a single 

box. The box will have a simple on switch for the user to operate the system. A USB port will 

also be found to connect a drive for data to be stored onto for later analysis. Wires will connect 

the components in the box to the vibration measurement device and the piezoelectric membrane 

filter. 

 

 

 
Figure 1: Membrane filtration system showing overall finished concept. 
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2.2 Signal Output System 
The signal output power system will consist of three pieces which are the Raspberry Pi controlled output 

system, amplifying circuit, and voltage supply. Designing this system we need to make sure that all of our 

specifications in terms of frequency, amplitude, and waveform are met.  

 

2.2.1 Raspberry Pi Controlled Output System 
This system is comprised of three parts which are the Raspberry Pi microcontroller, and the 

AD9850 DDS module. The Raspberry Pi 2 Model B is a powerful microcontroller. It carries a 

900 MHz quad-core ARM Cortex A7 CPU along with 1GB of RAM. It is equipped with 4 USB 

ports, 40 GPIO pins, Micro SD card slot, I²C interface as well as SPI and other features. This 

microcontroller will be used to send information to the AD9850 DDS via parallel communication 

using the GPIO ports of the microcontroller.   

 

 
Figure 2: Overview of the Raspberry Pi 
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Figure 3: Connections between the Raspberry Pi, MCP23017, and AD9850 

 

 
Figure 4: General purpose pin configuration 
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The MCP23017 is a 16-bit I/O expander with serial interface. The I/O pins are controlled by a 

system master which determines whether the pins will be used as input or output. The information 

is read from the I²C serial bus and into the control of the 16 I/O pins. In our system, we will 

control 4 of the 16 I/O pins to send information to the AD9850 DDS. 

 

 
 Figure 5: MCP23017 internal block diagram  

 

The AD9850 is a powerful DDS module. This module includes a comparator, high-speed digital 

to analog converter and high frequency internal crystal which together provide the tools to create 

a digitally programmable frequency synthesizer and clock generator. Some of the features of this 

module include a 125 MHz internal clock, DAC SFDR > 50 dB at 40 MHz analog output, 32-bit 

tuning frequency tuning word, and a control option of either parallel or serial byte loading format. 

The maximum output frequency of this module is half of the internal clock speed, 62.5 MHz, 

which satisfies our frequency needs.  

 

The 4 outputs pins being controlled on the MCP23017 with control the pins 7,8,12, and 

25 on the AD9850. Pin 7 controls the word clock, this pin is used to control the loading 

of the serial data. Pin 8 controls the frequency of the output, the frequency is updated on 

every rising edge of the clock cycle. Pin 12 is the DAC external reset which controls the 

DAC full-scale output analog output current. Pin 25 is the MSB of the parallel load or in 
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this case the serial data loading pin. Pin 21 is the analog output of the DAC which will 

give the final output.  

 

 
Figure 6: AD9850 internal block diagram 

 
Figure 7: AD9850 pin configuration 
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2.2.2 Amplifier System 
The output voltage of the AD9850 DDS is between 0 and 3.3V which is not within the required 

range therefore an amplifying circuit will be built to rectify this problem. No DC offset is desired 

therefore this must be removed and also the max amplitude of the output signal is 25V so this 

must be accounted for which is described in equation (1). 

𝑣𝑜,𝑎(𝑡) = 𝐴𝑔 ⋅ (𝑣𝑜,𝑢𝑎(𝑡) − 𝑣𝐷𝐶) (1) 

𝑣𝑜,𝑎(𝑡):   Output voltage post amplification 

𝐴𝑔:         Gain of the system 

𝑣𝑜,𝑢𝑎(𝑡): Unamplified output voltage 

𝑣𝐷𝐶:        DC offset of the output voltage 

  

The DC offset can be solved by averaging the maximum and minimum output values as seen in 

equation (2). 

𝑣𝐷𝐶 =
𝑚𝑎 𝑥(𝑣𝑜,𝑢𝑎) + 𝑚𝑖 𝑛(𝑣𝑜,𝑢𝑎)

2
=

3.3𝑉 + 0𝑉

2
= 1.65𝑉 

(2) 

The gain of the system can by solving for the Ag term by putting the upper limits of the desired 

output voltage and the highest possible input voltage, which is solved for in equation (4). 

𝑚𝑎 𝑥(𝑣𝑜,𝑎) = 𝐴𝑔 ⋅ (𝑚𝑎 𝑥(𝑣𝑜,𝑢𝑎) − 𝑣𝐷𝐶) (3) 

𝐴𝑔 =
𝑚𝑎 𝑥(𝑣𝑜,𝑎)

𝑚𝑎 𝑥(𝑣𝑜,𝑢𝑎) − 𝑣𝐷𝐶

=
25 𝑉

3.3𝑉 −
3.3𝑉

2

= 15.15 ≈ 15 (4) 

The characteristics the operational amplifier are then represented in the circuit, as seen in Figure 

8. 

 

The first operational amplifier is merely an inverting operational amplifier that is also used to 

isolate the Raspberry Pi from the rest of the circuit so 100 kΩ Resist for both R1 and R2 to not 

only have a unity gain but also to keep the power consumed by these resistors low. The second 

operational amplifier and R3, R4, R5 and VRef uses a summing amplifier set up to not only add in 

the positive DC component to the inverted unamped voltage supply, thus removing said DC 

component from the unamped voltage supply, but also to amplify the ac component. The removal 

of the DC is relatively simple, since the DC current through R3 can be described by iDC = VDC ÷
R3then VRef ÷ R4 must be the same, therefore the ratio of R3/R4 can be found, as seen in 

equations (6).  

𝑖𝐷𝐶 =
𝑉𝐷𝐶

𝑅3
=

𝑉𝑅𝑒𝑓

𝑅4
 

(5) 

𝑅4

𝑅3
=

𝑉𝑅𝑒𝑓

𝑉𝐷𝐶
 

(6) 

Since there are two unknowns in this equation we can arbitrarily set one variable and solve for the 

other so assuming 100 kΩ we can solve for R4 as seen in equation (7). 



17 | Page 

 

𝑅4 = 𝑅3 ⋅
𝑉𝑅𝑒𝑓

𝑉𝐷𝐶
= 10 𝑘𝛺 ⋅

5𝑉

3.3𝑉 ÷ 2
= 30.30𝑘𝛺 ≈ 30𝑘𝛺 

(7) 

The gain of the AC component of purely resistance operational amplifier can be described in 

equation (8), therefore R5 can be solved for as seen in equation (9). 

𝐴𝑔 =
𝑅5

𝑅3
 

(8) 

𝑅5 = 𝐴𝑔 ⋅ 𝑅3 = 15 ⋅ 10 𝑘𝛺 = 150𝑘𝛺 (9) 

The LM 7332 operational amplifiers were chosen for this design because they are widely many 

application, cheap and efficient for getting this task done. These operational amplifiers can work 

up to ±30V. Therefore it can work under our voltage supplied as calculated in section 4.2.3. The 

figure below shows the operational amplifying system that be used with all proper components. 

 

 
Figure 8: This is a figure of the operational amplifier that will be used with the determined values 

calculated in the equations above 
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2.2.3 System Voltage Supply 
In order to run the equipment specific voltage levels must be created to supply the right power to 

the devices. One of the simplest ways to provide more than ±25 V was using a center tapped 

transformer rectifier, 4 diodes, and 2 capacitors to create a full wave rectifier, as seen in Figure 

26. A 2:1 center tapped transformer is used to decrease the rectified output voltage. The DC 

component of the voltage can be found through equation (11). 

 
Figure 9: System voltage supply circuit 

 

𝑉𝐷𝐶 =
1

𝜋 ⋅ 𝑎
∫ 𝑉𝑟𝑚𝑠√2𝑠𝑖 𝑛 𝜃 𝑑𝜃

𝜋

0

 (10) 

𝑎:     Winding ratio of the transformer. 

𝑉𝐷𝐶:  The DC component of the rectified circuit 

𝑉𝑟𝑚𝑠: The root mean square of the voltage, for this instance it’s 

120 V 

 

𝑉𝐷𝐶 =
2

3
2⁄ ⋅ 𝑉𝑟𝑚𝑠

𝜋𝑎
=

2
3

2⁄ ⋅ 120 𝑉

2 ⋅ 𝜋
= 54.02 𝑉 (11) 

Since half of the potential difference is over the positive to neutral lead and the other half is over 

the neutral to negative lead, the positive voltage supply will be 54.02 V÷2= 27.01 V. The 

capacitors are used to decrease the ripple voltage across the output voltage. Equation (12-13) 

describes the ripple voltage across an RC circuit. Since the equivalent resistance across system 

will be high, a 1 kΩ will be used to simulate the resistance of the system. 

V1

120Vrms 
60Hz 
0° 

D1

1N4002G

D2

1N4002G

D3

1N4002G

D4

1N4002G

C1

3mF

C2

3mF

LM7805CT

LINE VREG

COMMON

VOLTAGE

C3

100nF

+27V

+5V

Gnd

-27V
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𝛥𝑉 =
𝑉𝑟𝑚𝑠√2

𝑓𝑅𝐶𝑎
 (12) 

ΔV: Ripple voltage (0.5 V) 

f:     The frequency of the AC voltage 

supplied (60 Hz) 

R:    Equivalent resistance (1 kΩ) 

C:    Capacitance of the system 

 

𝐶 =
𝑉𝑟𝑚𝑠√2

𝑓𝑅𝛥𝑉𝑎
=

120 𝑉√2

60 𝐻𝑧 ⋅ 1 𝑘𝛺 ⋅ 0.5 𝑉 ⋅ 2
= 2.828 𝑚𝐹 (13) 
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2.3 Vibration Measurement Device 
An accelerometer was chosen to measure the vibration of the 

piezoelectric membrane. The accelerometer is small, thin, low 

power, and can measure vibration motion in 3-axis. It has a 

high resolution measurement up to 16g. The accelerometer has 

digital output, which is formatted as 16-bit twos complement 

and is accessible through the serial port interface (SPI). The 

accelerometer can measure static acceleration of gravity in tilt-

sensing applications, as well as dynamic acceleration resulting 

from motion or shock. The accelerometer is 5mm x 5mm x 

1.45mm in size and has a 32-lead LFCSP package. To measure 

the vibration of the piezoelectric membrane, the measurement 

device needs to be attached to the membrane itself. The small 

size of this accelerometer makes it easy to attach to the system 

and get accurate measurements. However, the problem with the accelerometer is that it is not waterproof. 

Therefore it will need to be waterproofed before attaching it to the membrane as it will need to function 

under water. The accelerometer will be waterproofed using silicone based materials, mostly a sealant. The 

accelerometer will be attached to the membrane for the measurements, as well as the Raspberry Pi. The 

accelerometer will send the data to the Raspberry PI, which will collect and store it on the internal storage 

that it already contains. Then the user will be able to connect a device using USB and transfer the data to 

the computer for further analysis.   

 

 
Figure 11: Functional block diagram of the Accelerometer  

Figure 10 
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2.4 Data Collection 
The design that was chosen for the data collection was the analog to digital converter. However, after 

deciding on which accelerometer to use, this device is no longer necessary. The accelerometer has built in 

analog to digital output with I²C interface. This will connect with the interface of the Raspberry Pi 

without any further devices needed. 

 

2.5 Data Storage 
The Raspberry Pi simplified the data storage design category as well. With the built in USB ports, the 

external data storage now becomes as simple as plugging in a USB flash drive. Since the digital data from 

the accelerometer is sent to the Raspberry Pi, it is then saved to the drive. This external data can then be 

plugged into any computer to be analyzed. 

 
Figure 12: Flow of data from the accelerometer to storage 

 

2.6 User Interface & Data Analysis 
The user interface and data analysis will both be completed using Python designed software. Since these 

two design categories will be designed using the same computer language, they can be combined into the 

same program. 

  

2.6.1 User Interface 
The user interface was set to be automatic. However, that would result in problems if the preset 

values for the signal output system ever needed to be changed or revised. Therefore, a computer 

interface will be designed for attaching and updating the USB saved values. On our device, the 

only control for the user will be to plug the unit in When powered, the values will be found on the 

USB drive. These values will consist of the amplitude, frequency, waveform, and time duration of 

the output signals to the membrane. 

  

2.6.2 Data Analysis 
Aside from choosing new signal output system values to download to the USB drive, the 

designed program will also enable a user to analyze the vibration of the membrane. The USB 

drive that stores all the data from the vibration measurement device can be removed and put into 

a computer. The software will then show graphs of the results recorded by the accelerometer. 

This data can be used to determine if the values for the signal output system need revision. 
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Figure 13: Flowchart of User Interface and Data Analysis 

 

2.7 PVDF Membrane and Connection 
The PVDF membrane the will act as our filter material and must be prepared. The membrane material that 

will be used has fixed parameters. However, there are a number of steps that must be taken to prepare the 

membrane. These steps include poling, coating, and attaching electrical components and wires. 

 

2.7.1 Poling 
The membrane must first be poled or it won’t 

conduct electricity. The membrane must first be cut 

into a 43mm circle. It will then be clamped between 

two electric probes of the same diameter. These two 

probes are connected to a high output voltage 

source. The voltage source will be set to 4kV. 

Before starting, the probes and membrane will be 

placed in an oven that is set to a precise 85 degrees 

Celsius for the duration of 2 hours. After this time, 

the membrane should be poled. To check the success 

of the poling process, the membrane will be 

compared to an actual piezoelectric material using 

x-ray diffraction. 
Figure  SEQ Figure \* ARABIC 15: Poling 

Lab 
Figure 14: Environmental Lab 
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2.7.2 Coating 
Once the membrane is confirmed to be poled, it can be sputter coated with copper. This will 

allow each side of the membrane to be conductive while still maintaining low micron filter 

characteristics. 

 

2.7.3 Electrical Components 
Leads from the signal output system can now be attached to each side of the membrane. The AC 

signals can proceed through the poled membrane and complete the circuit. When certain 

amplitudes and frequencies are stimulated, the membrane will vibrate differently to loosen the 

contaminants from it. To measure the membrane vibrations, an accelerometer will be directly 

attached onto the membrane. 

 

2.8 Flow Rate Analysis  
Ultimately, as the membrane vibrates, the flow rate of the system should increase as the contaminants are 

shaken off. This can be measured using a flow rate sensor. When the contaminants are removed, the flow 

rate should increase. This sensor can be connected to the raspberry PI to store the measurements on the 

USB drive similar to how the data from the accelerometer will be stored. The drive can then be connected 

to a computer to analyze the data and make necessary adjustments to the system parameters. 

 

2.9 Component Box  
Some of the design concepts will need to be mounted for cosmetics and durability. The Raspberry Pi and 

all of its related circuits and wiring that must be protected. A solution is purchasing a durable plastic 

mounting box. A box by Hammond Manufacturing was chosen. It is 7.5” x 4.3” x 2.2” which should be 

more than big enough for all the components. A couple holes will be drilled in the box for the on/off 

switch and the USB port. The company offers many different size boxes so if the chosen size results in 

being too big or small, a different size can be chosen. A picture of the box can be seen in Figure 33. 

 
Figure 15: Black project box that will house nearly all of the design components 
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2.10 Modifications to the Prototype Design 
There were a few issues with the original design. They are briefly described in the following subsections. 

For a more complex explanation of each area, look into the prototype section. 

 

2.10.1 PVDF Membrane 
The PVDF membrane cannot be polarized with the micrometer pores as easily as believed thus 

the parameters will change. This is because the electric field that polarizes the membrane ionize 

the air cause a spark thus burning part of the membrane. Doctor Chen plans to use an “ion beam” 

to create the micrometer pores on a membrane that is already polarized. This is an expensive 

process that is backlogged. Due to this, this portion of the project has become out of the scope. 

The designed components can all still be tested but with a non-porous PVDF membrane. 

Therefore everything but the filtration system and the flow rate sensor will still be designed and 

tested. 

 

2.10.2 Signal Output System 

The MCP23017 16 bit expander was not used in the final prototype for the signal output system. 

The Raspberry provided more than a sufficient number of GPIO ports to control the AD9850 

DDS using parallel communication which increased the speed of data transmission. The AD9850 

was instead connected to a module which made connections easier and more secure. The code 

was adjusted to support the new design.   

 

2.10.3 Amplifier Circuit 
The output voltage of the AD9850 DDS turned out to only be 1 V. It is not adjustable as 

originally thought, therefore the amplifier circuit had to be modified. The needed output signal 

needs to be able to reach 25V so there needs to be a unity gain of 25 was needed for the system. 

Therefore a variable resistor in the form of a digital potentiometer which can be controlled by the 

raspberry pi was added. The digital potentiometer did not perform under the specifications 

described in its datasheet and had to be replaced. As a replacement, we used a 10K analog 

potentiometer instead. This allows the user to adjust the amplitude of the signal by turning a knob 

on the container of the system.  

 

 2.10.4 System Voltage Supply 

In the final design of the system voltage supply, the 5V regulators were removed from the circuit. 

This was done because the voltage provided by the transformer and the rectifying circuit was 

greater than the rated voltage of the regulators. Instead, an external power supply will be used to 

power the Raspberry Pi. 

 

2.10.5 Accelerometer 
The accelerometer resulted in having many very small pins that required surface mounting. An 

adequate board could not be found to surface mount the unit. Therefore, a pre soldered board was 
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purchased with the accelerometer already mounted onto it. Using DIP pins, this board could 

easily be connected and used.  
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Section III: Prototype Construction  
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3.1 Prototype Construction 
3.1.1 Power System Building 
In order to run the equipment, specific voltage levels must be created to supply the right power to 

the devices. One of the simplest ways to provide more than ±25 V was using a center tapped 

transformer rectifier, 4 diodes, and 2 capacitors to create a full wave rectifier, as seen in Figure 

26. A 2:1 center tapped transformer is used to decrease the rectified output voltage. The DC 

component of the voltage can be found through equation (11). 

 
Figure 16: System voltage supply circuit 

𝑉𝐷𝐶 =
1

𝜋 ⋅ 𝑎
∫ 𝑉𝑟𝑚𝑠√2𝑠𝑖 𝑛 𝜃 𝑑𝜃

𝜋

0

 (14) 

𝑎:     Winding ratio of the transformer. 

𝑉𝐷𝐶:  The DC component of the rectified circuit 

𝑉𝑟𝑚𝑠: The root mean square of the voltage, for this instance it’s 

120 V 

 

𝑉𝐷𝐶 =
2

3
2⁄ ⋅ 𝑉𝑟𝑚𝑠

𝜋𝑎
=

2
3

2⁄ ⋅ 120 𝑉

2 ⋅ 𝜋
= 54.02 𝑉 (15) 

This will be the potential difference from the positive to ground terminals and across the ground 

to negative terminals, so the potential difference across the positive to negative terminal should 

be 54.02 𝑉 × 2 = 108.04 𝑉. Equation (12) describes the ripple voltage across an RC circuit. 

Since the equivalent resistance across system will be high, a 1 kΩ resistor will be used to simulate 

the resistance of the system. The closest standardized capacitor to this value that would complete 

the task is the 3 mF capacitor therefore this is what will be implemented in design. 

V1

120Vrms 
60Hz 
0° 

D1

1N4149

D2

1N4149

D3

1N4149

D4

1N4149

C1

3mF

C2

3mF

XMM1

+50

-50
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𝛥𝑉 =
𝑉𝑟𝑚𝑠√2

𝑓𝑅𝐶𝑎
 (16) 

ΔV: Ripple voltage (0.5 V) 

f:     The frequency of the AC voltage 

supplied (60 Hz) 

R:    Equivalent resistance (1 kΩ) 

C:    Capacitance of the system 

 

𝐶 =
𝑉𝑟𝑚𝑠√2

𝑓𝑅𝛥𝑉𝑎
=

100 𝑉√2

60 𝐻𝑧 ⋅ 1 𝑘𝛺 ⋅ 0.5 𝑉 ⋅ 2
= 2.356̅ 𝑚𝐹 (17) 

 

 

3.1.2 Signal Generator Amplification 
The function generator amplification system was built using a simple op-amp circuit to amplify 

the output signal from the AD9850 DDS to the desired amplitude determined by the user. The op 

amp used is an OPA454 which was mounted to a module for easier connectivity due to it being a 

surface mount component. For implementation, the various components of the module were 

soldered to a protoboard. The overall new circuit can be seen in Figure 17. 

 

 
Figure 17: Amplifier circuit 

A picture of this completed prototype can be seen in Figure 18. The amplification system shares 

the same protoboard as the power supply. 

𝑉𝑜𝑢𝑡 = 𝑖𝑖𝑛 ⋅ 𝑅2 ⋅ (1 +
𝑅4

𝑅1
) = 0.05𝑚𝐴 ⋅ 𝑅2 ⋅ (1 +

104Ω

220Ω
) = 2.3227̅̅̅̅ 𝑚𝐴 ⋅ 𝑅2 (18) 

These variables can be seen in Figure 17, or deduced.  
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Figure 18: Power supply and amplification systems prototype end results 

3.1.3 Raspberry PI 
The Raspberry PI is the main control in the design. Many GPIO pins were utilized for various 

components and tasks. There are only a few pins left that could be used as some of the pins are 

simply connected to ground or a power supply. Either way there was enough pins to complete the 

design and even have some extras incase anything is added to the system at a later date. An 

overall pinout of the GPIO pins can be seen in Figure 19. 
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Figure 19: Raspberry PI GPIO Pinout 

The Figure 20 below shows the LED circuit. The function of the LED is to stay on indicating 

power to the system, blink really fast to indicate error in the system, and blink three times to 

indicate that the system completed and is about to turn off.  

 

 
Figure 20: LED Circuit powered by Raspberry Pi 
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3.1.4 Signal Generator 
The signal generator consisted of the AD9850 DDS. This was a very small surface mount 

component. Therefore a board was purchased with the unit already mounted on it. A picture of it 

can be seen in Figure 21. 

 
Figure 21: AD9850 DDS with module 

The module required mainly GPIO pins connected to it to be programmed. The output of the 

AD9850 is two wires. One is for the sinusoidal output and the other is the square wave. A relay 

was used to pick which output wire was actually sent to the amplifier circuit. The raspberry PI 

code determined what position the relay should be in for which waveform. The GPIO pins don’t 

have sufficient amperage to flip this particular relay, therefore an NPN transistor was used with a 

5 V source to power the relay when needed. This entire circuit can be seen in Figure 22. 

 

 
Figure 22: Circuit of the signal generator 
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This constructed prototype circuit can be seen in Figure 23. Pictured is the AD9850 board, the 

switching relay, and the transistor to power it. 

 

 
Figure 23: Soldered prototype of the signal generator system 

 

3.1.5 Accelerometer Interfacing 
The accelerometer ADXL345 supports digital output as it as ADC included in it. Therefore, it 

supports digital interfacing using the Serial Peripheral Interface and Inter-Integrated Circuit 

(I2C). For this project, I2C was used to interface with the accelerometer. Python language was 

used for interfacing the accelerometer with Raspberry Pi. Figure 24 below shows the 

accelerometer connected to the Raspberry Pi. 

 

 
Figure 24: Accelerometer Connected to the Raspberry Pi 
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3.1.6 Packaging 
The packaging of the system was purchased with the dimensions described in the design. The 

Raspberry Pi was placed flat in the bottom of the box. The USB ports were flush to the side of the 

box where a square hole was cut for the insertion of the USB drive. Two other holes were carved 

into the packaging as well, one for the power inputs for the system and the other for the wires 

delivering the output signal to the accelerometer. The blank circuit boards were attached to the 

top of the packaging facing downwards towards the Raspberry creating room for the wires 

connecting the various parts of the system. A hole was also added into the same side of the box as 

the USB port for an LED indicator to denote the results of the program. Figure 25 shows the 

packaged end result of the entire project. 

 
Figure 25: Completed project end result 
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3.2 Prototype Programming 
 

3.2.1 Signal Generator Programming 
The AD9850 was implementing using a module created by ATI Company. The module includes a 

70 MHz low pass filter to improve quality of signals. From the module there are two sine and two 

square wave outputs, one output for each waveform was selected using a relay switch to select 

which output is currently in use. The AD9850 can be programmed via parallel or serial data 

transmission from the Raspberry Pi, the module contains jumpers that allows the selection 

between these two data transmission techniques. To program with parallel data transmission, 

jumper 1 (J1) was connected. The reference input voltage can be adjusted by a variable resistor to 

the comparator on the module itself which affects the duty cycle of the square wave. This resistor 

was adjusted until the square wave had a duty cycle of 50%. The module also includes an on-

board 125 MHz active crystal as a reference clock signal for the AD9850 which provided us with 

optimal resolution and frequency. 5 volts was supplied to module to power the IC and the 

components of the module. Programming the AD9850 DDS was done in python on the Raspberry 

Pi microcontroller. Since we were using parallel data transmission to send information to the 

chip, the total loading time was much faster than it would have been had we used serial data 

transmission. Each GPIO port we intended to use was set as an output port in the initialization of 

our code. The ports would send either a 0 or a 1 to their connected ports on the chip. 

Programming the AD9850 in parallel requires the sending of 5 8-bit words. The first byte controls 

phase, power down enable, and loading format. Bytes 2 to 5 represent the 32-bit tuning word of 

the frequency, with byte 2 being the most significant byte and byte 5 being the least. For the 

AD9850 to read the data, it must receive a logic 1 pulse from the microcontroller at the word load 

clock terminal (W_CLK). This pulse must last a minimum of 3.5 ns to be recognized by the chip. 

Once the 5 bytes have been transmitted successfully, the DDS will not output the new signal until 

it has received a logic 1 pulse from the microcontroller at the frequency update terminal 

(FQ_UD). This pulse must last a minimum of 7 ns to be recognized by the chip. The value for the 

32-bit tuning word can be found through the Equation (19). 

𝑊𝑏𝑖𝑛𝑎𝑟𝑦 =  
𝑓𝑜𝑢𝑡 ⋅ 232

125 𝑀𝐻𝑧
 (19) 

 

 The Raspberry PI boots and automatically runs this program. The following code is 

automatically ran to mount the USB drive, run the program, and then unmount the USB drive: 

 

sudo mount -t vfat -o uid=pi, gid=pi /dev/sda1 /home/pi/usb 

sudo python main.py 

sudo umount /home/pi/usb 

 

The entire program for this was combined with the accelerometer program into the main.py file. 

This source code is located in Appendix B Raspberry Pi - DDS and Accelerometer Source Code. 
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3.2.2 Accelerometer Programming 
The accelerometer interface programming was done using the Python language. When the 

accelerometer was purchased, the seller provided example codes, libraries and other helpful files 

for the programming and interfacing the accelerometer with Arduino Uno. However, the provided 

libraries were written in C language. Therefore, referencing to the library, a code was written just 

for the requirement of this project. It was done using the information provided on the datasheet 

and the C library provided by the seller. Python has an I2C bus module called “smbus” that was 

used to communicate with the accelerometer and write values to the registers of the 

accelerometer. After the correct value was written to the registers to enable the measurements and 

enable which axis to measure the acceleration, a while loop was used to collect data over a period 

of time that the user wants the system to run. The loop runs based on real-time clock to ensure 

that the data was collected for the time that the user wants. As the data is being collected it is 

written into a file that is saved on a USB drive. After the system is done running, the user can 

remove the USB drive and plug it on to the computer to analyze the data collected through the 

accelerometer. The Figure 26 below is the flow chart for the accelerometer. The code to operate 

the Accelerometer was combined with the signal generator circuit and can also be found in 

Appendix B Raspberry Pi - DDS and Accelerometer Source Code.  

 

 
Figure 26: Flowchart of the Accelerometer 
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3.3 Human Interface Programming 
The graphical user interface was to be designed using the Python language. It was heavily designed using 

an imported package called “tkinter”. The program consists of overlapping frames. The first frame was 

simply comprised of two buttons for each main branch of the GUI. These two branches are configuring 

the signal generator and analyzing the data. If either one is pressed, a new frame was generated on top of 

the current frame to display the new information. All buttons and text were created using object oriented 

programming and placed within the frame using a grid system also defined in “tkinter”. Once this 

program was completed, it was then compiled into an executable file for easy user operation. The entire 

source code for the GUI can be found in Appendix C. 

 

3.3.1 Configure Signal Generator 
Configuring the signal generator consisted of entering four different parameters. These 

parameters were amplitude, frequency, waveform, and operation time. The range of amplitude 

was to be from 0 - 25 volts and frequency was from 0 - 600 kHz. The waveforms to choose from 

are sinusoidal or square. These values were all part of the design requirements. The operation 

time had no specific range, so 0 - 600 seconds (0 - 10 minutes) was chosen. See Figure 27 for 

what the overall layout looked like. 

 

 
Figure 27: GUI of configuring the signal generator 

When the save configuration file button is pressed, a directory box is opened so that navigation to 

an external USB drive can be done. All of the parameters are then saved into a file named 

“config.dat“. The USB drive can now be removed and used in the signal generator. 

 

3.3.2 Analyze Data 
On the data analysis branch, the saved file from the signal generator system must first be opened. 

By clicking open, a directory navigation box will appear to find the USB drive where the file was 
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saved. After the file is opened, the parameters that we chose for this test are displayed. Also 

displayed is the frequency spectrum graph from the accelerometer output information. Figure 28 

shows an example output of a particular test. 

 
Figure 28: GUI of analyzing data of a test run  
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3.4 Cost Analysis 
Many components were purchased in order to complete this project. Table 1 shows the overall cost 

breakdown for all the components that were purchased. As shown the total cost of the completed project 

was $416.03 which is well under the $1000.00 budget. 

 

Table 1: Breakdown of all the components purchased 
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It is important to note the comparison between the 1st semester project estimates. That budget predicted a 

total project cost of $195.62. Although the total cost shown in the previous table greatly surpasses this 

estimate, it is due to purchasing large minimum quantities along with changing out some components 

during the production of the prototype unit. Some of these included a different transformer, DDS board, 

and accelerometer. Those items along with some other various PCB components lowers the price per unit 

to roughly only $181.08. This is actually lower than the previous project estimate. Table 2 has the details 

of the components that were actually used in the final design. 

 

Table 2: Breakdown of the components actually used in the final design 
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Section IV: Testing 
  



41 | Page 

 

4.1 Testing Requirements and Operation 

4.1.1 Filtration 

The filtration system will no longer be tested due to complications involving the piezoelectric 

membrane. During the polarization process, there were problems with the arcing of the membrane 

using the equipment provided to us. After a couple tests, it was concluded that the process we 

were instructed to follow could not provide adequate polarization of the membrane without 

damaging the material. Following this conclusion, we were instructed by our consultant Dr. Chen 

not to involve the piezoelectric membrane in the system. 

 

4.1.2 User Learning 

To meet the ease of use requirement for the project, the user was to be able to learn and operate 

the system in under 60 minutes. To test this requirement, volunteers with various educational 

backgrounds were timed while they learned and tested the system. The information is displayed 

in Table 3. In conclusion, the recorded times indicate that the system can be learned and operated 

in under 60 minutes which meets the original requirements for the ease of use.    

 

Table 3: Test subjects and their learning times 

Volunteer Background Age Gender Time 

1 EE 20 F 3:28 

2 ME 20 M 5:32 

3 Education 21 F 5:04 

 

4.1.3 Overall System Operation 

The frequency range was tested by changing the values at the input of the GUI. The resulting 

frequencies were measured on the Hewlett Packard 54601A Oscilloscope which can measure 

signals up to a maximum of 100 MHz. This was sufficient for our tests since the maximum 

frequency the system was to generate was 600 KHz. With a reference clock of 125MHz and a 32-

bit tuning word on the DDS the frequency has a resolution of 0.0291Hz. After testing the 

frequencies of 1 Hz, 5 Hz, 100 Hz, 100 KHz, and 600 KHz, it was observed that the DDS was 

capable of producing these frequencies with very good accuracy. 

 

The amplitude of the signal was tested by adjusting the potentiometer. The resulting amplitudes 

were measured on the same oscilloscope used to measure frequency. For amplitudes ranging from 

0 - 5V, a resolution of 1V per division was used on the oscilloscope. For amplitudes greater than 

5V a resolution on 5V per division was used. After testing the amplitudes of 0, 1, 5, 10, and 25, it 

was observed that all amplitudes were attainable. The system was able to produce all the test 

parameters previously described with both a square wave as well as a sine wave based on the 

selection from the GUI.    
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Section V: Conclusion and Recommendations 
  



43 | Page 

 

5.1 Conclusion 
In conclusion, the piezoelectric membrane testing system is a unique device with the ability to test a 

piezoelectric filter membrane under the requirements and constraints provided to us. The system can 

receive information from the user and operate with the desired performance parameters. The system also 

has the ability to read and analyze the data from the actual vibration of the membrane, so the tests results 

under the parameters given can be observed by the user. The DDS provides the system with the ability to 

generate frequencies ranging from 0 - 600 KHz as well as the option of either sinusoidal or square waves. 

The amplification system allows the system to provide waveforms with amplitudes ranging from 0 - 25V 

as required as well. The accelerometer and measurement system has the ability to capture vibrations in the 

range of 0 - 1.6 KHz as required by the consultant. The gathered data can be analyzed through an FFT and 

accurately display the results. The budget requirements were met as the final expenses accumulated to a 

total of $416.03 with the constraint being $1000.00. 

 

Overall, the system is complete and is ready for use by our consultant Dr. Chen. Once the piezoelectric 

filter is ready to be tested, the system can be efficiently integrated using testing parameters specified in 

the problem statement. The team would like to thank Dr. Chen, and Dr. Raez, for their support in the 

development of this project.      

 

5.2 Recommendations 
Even though this project was completed successfully for the given parameters, there are improvements 

that could be done to make this product better. First a higher maximum power transformer would allow 

for a 5 volt regulator to be connected to the rectified signal to power the raspberry pi so that only one 

cable would be connected from the wall. This method would also provide a more reliable power source 

for the Raspberry as the adapters being used often provide an insufficient amount of power.  

 

Another improvement that can be made is by using an adequate digital potentiometer in the place of the 

analog potentiometer currently being used. Finding a suitable digital potentiometer that can withstand the 

voltage being transmitted across the connected terminals will allow the amplitude to be controlled through 

the GUI. Making the adjustment of the amplitude both easier and more accurate. 

 

The measurement of the performance of the system is another area that could be improved for this project. 

The accelerometer requires to be mounted to a module for communication with the Raspberry Pi. This 

creates a mounting issue with between the accelerometer and the membrane as the module may affect the 

vibration of the membrane. A way to overcome this issue is to use a measurement device that does not 

require a physical connection to the membrane so it is free to vibrate. An option for this is the laser 

measurement device described in the previous report. 
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Appendix A - Raspberry Pi 2, Model B Specs 
 

Product Description 

The Raspberry Pi 2 delivers 6 times the processing capacity of previous models. This second 
generation Raspberry Pi has an upgraded Broadcom BCM2836 processor, which is a powerful 
ARM Cortex-A7 based quad-core processor that runs at 900MHz. The board also features an 
increase in memory capacity to 1Gbyte.  
 

Specifications    

Chip      Broadcom BCM2836 SoC  
Core architecture    Quad-core ARM Cortex-A7 

CPU      900 MHz 

GPU      Dual Core VideoCore IV® Multimedia Co-Processor       
Provides Open GL ES 2.0, hardware-accelerated OpenVG, 
and 1080p30 H.264 high-profile decode  
Capable of 1Gpixel/s, 1.5Gtexel/s or 24GFLOPs with 
texture filtering and DMA infrastructure 

Memory     1GB LPDDR2 

Operating System     Boots from Micro SD card, running a version of the  
Linux operating system  

Dimensions    85 x 56 x 17mm  
Power        Micro USB socket 5V, 2A  
 

Connectors  
Ethernet     10/100 BaseT Ethernet socket 
Video Output     HDMI (rev 1.3 & 1.4)  
Audio Output     3.5mm jack, HDMI 
USB      4 x USB 2.0 Connector 
GPIO Connector    40-pin 2.54 mm (100 mil) expansion header: 2x20  

strip Providing 27 GPIO pins as well as +3.3 V, +5 V and 
GND supply lines 

Camera Connector    15-pin MIPI Camera Serial Interface (CSI-2)  
JTAG      Not populated  
 

Display Connector    Display Serial Interface (DSI) 15 way flat flex cable \ 
connector with two data lanes and a clock lane 

Memory Card Slot         Micro SD 
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Appendix B Raspberry Pi - DDS and Accelerometer Source Code 
import RPi.GPIO as GPIO 
import time 
import smbus 
 
GPIO.setwarnings(False) 
GPIO.setmode(GPIO.BCM) 
GPIO.setup(12, GPIO.OUT)       #PWM Pulse 
GPIO.setup(16, GPIO.OUT)       #WCLK Pulse  
GPIO.setup(20, GPIO.OUT)       #FreqCLK Pulse 
GPIO.setup(21, GPIO.OUT)       #Reset 
GPIO.setup(14, GPIO.OUT)       #D0 
GPIO.setup(15, GPIO.OUT)       #D1    
GPIO.setup(18, GPIO.OUT)       #D2 
GPIO.setup(23, GPIO.OUT)       #D3 
GPIO.setup(24, GPIO.OUT)       #D4 
GPIO.setup(25, GPIO.OUT)       #D5 
GPIO.setup(8, GPIO.OUT)        #D6 
GPIO.setup(7, GPIO.OUT)        #D7 
GPIO.setup(4, GPIO.OUT)        #Sinusoidal Wave 
GPIO.setup(17, GPIO.OUT)       #Square Wave 
GPIO.setup(27, GPIO.OUT)       #LED Indicator 
#GPIO.setup(5, GPIO.OUT)        #Potentiometer INC 
#GPIO.setup(6, GPIO.OUT)        #Potentiometer U/D 
#GPIO.setup(13, GPIO.OUT)       #Potentiometer CS 
#GPIO.setup(19, GPIO.OUT)       #Potentiometer Power 
 
#Power indicator 
GPIO.output(27,1) 
try: 
    data = open("/home/pi/usb/config.dat", "r") 
    AMP = int(data.readline()) 
    FREQ = int(data.readline()) 
    WAVE = str(data.read(6)) 
    data.readline() 
    TIME = int(data.readline()) 
    data.close() 
 
    TimeEnd = time.time() + TIME 
     
    #Calcuate the frequency 
    PHASE  = int(((FREQ)*(2**32))/(125e6)) 
    PHASEb = format(PHASE, "040b") 
 
    #Set all output pin to 0 
    GPIO.output(14,0) 
    GPIO.output(15,0) 
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    GPIO.output(18,0) 
    GPIO.output(23,0) 
    GPIO.output(24,0) 
    GPIO.output(25,0) 
    GPIO.output(8,0) 
    GPIO.output(7,0) 
    GPIO.output(20,0) 
    GPIO.output(16,0) 
    GPIO.output(21,0) 
    GPIO.output(4,0) 
    GPIO.output(17,0) 
 
    #Reset 
    GPIO.output(21,1) 
    time.sleep(0.000020) 
    GPIO.output(21,0) 
 
    wordcounter = 0 
    for x in range(0,5): 
        GPIO.output(7,int(PHASEb[wordcounter]))  
        wordcounter+= 1 
        GPIO.output(8,int(PHASEb[wordcounter]))     
        wordcounter+= 1 
        GPIO.output(25,int(PHASEb[wordcounter]))         
        wordcounter+= 1 
        GPIO.output(24,int(PHASEb[wordcounter]))     
        wordcounter+= 1  
        GPIO.output(23,int(PHASEb[wordcounter]))     
        wordcounter+= 1 
        GPIO.output(18,int(PHASEb[wordcounter]))     
        wordcounter+= 1 
        GPIO.output(15,int(PHASEb[wordcounter]))     
        wordcounter+= 1 
        GPIO.output(14,int(PHASEb[wordcounter]))     
        wordcounter+= 1 
        time.sleep(0.000020) 
        #WCLK set pulse duration of at least 3.5ns 
        GPIO.output(16,1) 
        time.sleep(0.000020) 
        GPIO.output(16,0) 
 
##  Electrical potentiometer not used currently 
##    #Set potentiometer 
##    #Reser Potentiometer 
##    GPIO.output(19,0) 
##    time.sleep(0.000020) 
##    GPIO.output(19,1) 
##    GPIO.output(13,0)# set cs low to program chip 
##    Rs = 5620 
##    AMP = 1 
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##             
##    if Rs < Rf: 
##        #Set UD to count Up 
##        GPIO.output(6,1) 
##    else: 
##        #Set UD to count down 
##        GPIO.output(6,0) 
## 
##    Count = int((abs(Rf-Rs))/312.5) 
## 
##    if AMP == 1: 
##        Count = 18 
##     
##    for x in range (0, Count): 
##        GPIO.output(5,1) 
##        time.sleep(0.000020) 
##        GPIO.output(5,0) 
## 
##    GPIO.output(13,1) 
##    GPIO.output(5,1) 
 
    #Type of wave 
    if WAVE != "cosine": 
        GPIO.output(4,1) 
    else: 
        GPIO.output(17,1) 
 
    #FreqClock Pulse 
    GPIO.output(20,1) 
    time.sleep(0.000020) 
    GPIO.output(20,0) 
    print("Currently Running...") 
 

 
    # Accelerometer Code 
    bus = smbus.SMBus(1) 
 
    # Constants for determing the output value 
    EarthGravity = 9.80665 
    ScaleFactor = 0.0039 
 
    # Address of the Registers on ADXL345 
    DataFormat      = 0x31 
    BWRate          = 0x2C 
    PowerControl    = 0x2D 
 
    # Bandwidth Rate Values in hex 
    BWRate_1600HZ   = 0x0F 
 
    # Range of acceleration 
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    Range_2G        = 0x00 
    Range_4G        = 0x01 
    Range_8G        = 0x02 
    Range_16G       = 0x03 
 
    # Value to put in PowerControl register to enable measurements 
    EnMeasure       = 0x08 
 
    # Axes Data Register Address for Z Axis 
    AxesData        = 0x36 
 
    ### Enable Measurement  
    bus.write_byte_data(0x53, PowerControl, EnMeasure) 
 
    # Set the Bandwidth Rate for measurements 
    bus.write_byte_data(0x53, BWRate, BWRate_1600HZ) 
 
    # Set the Range for acceleration 
    bus.write_byte_data(0x53, DataFormat, Range_2G) 
 
    # Get the measurements from the accelerometer 
    def getAxes(address): 
        bytes = bus.read_i2c_block_data(0x53, AxesData, 2) 
 
        z = bytes[0] | (bytes[1] << 8) 
        if(z & (1 << 16 -1)): 
            z = z - (1 << 16) 
 
        # Multiply the received value to the resolution factor 
        z = z * ScaleFactor 
 
        # Multiply the received value to Earth Gravity to get ms^2 
        z = z * EarthGravity 
 
        # Round teh received value to 4 digits 
        z = round(z, 4) 
 
        # Return the value 
        return z 
 
    # Open a file to write measurement data  
    outFile = open("/home/pi/usb/AccelData.dat","w") 

    outFile.write(str(AMP)) 
    outFile.write(‘\n’) 
    outFile.write(str(FREQ)) 
    outFile.write(‘\n’) 
    outFile.write(str(WAVE)) 
    outFile.write(‘\n’) 
    outFile.write(str(TIME)) 
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    outFile.write(‘\n’) 
 
 
    # Time Measurement  
    t = 0 
 
    # Time it takes to get 1 measurement  
    period = 1.0/1600.0 
 
    # Take measurements until the user wants  
    while(time.time() <= TimeEnd): 
 
        # Get the measurements from the accelerometer 
        Accelz = getAxes(0x53) 
         
        # Get the time for next measurement received 
        t = t + period 
 
        x = x + period 
        
        # Round the time data to 4 digits 
        t = round(t, 4) 
 
        # Remove the gravity acceleration 
        Accelz = Accelz - 9.08665 
 
        # Round Acceleration to 4 digits 
        Accelz = round(Accelz, 4) 
 
        # Write the Acceleration Data and Time data to a file 
        outFile.write(str(Accelz)) 
        outFile.write('\n') 
        outFile.write(str(t)) 
        outFile.write('\n') 
 
    # Close the file    
    outFile.close() 
 
    #Clean up and end program 
    GPIO.output(17,0) 
    GPIO.output(4,1) 
    GPIO.output(21,1) 
    time.sleep(0.000020) 
    GPIO.output(21,0) 
    time.sleep(.5) 
    for i in range(0, 3): 
        GPIO.output(27, 0) 
        time.sleep(.25) 
        GPIO.output(27, 1) 
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        time.sleep(.25) 
    GPIO.cleanup() 
    print("Complete") 
     
except: 
    print("Error") 
    for i in range(0,25): 
        GPIO.output(27, 0) 
        time.sleep(.1) 
        GPIO.output(27, 1) 
        time.sleep(.1) 
    GPIO.cleanup() 
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Appendix C – Graphical User Interface Source Code 
from tkinter import * 

from tkinter.filedialog import askdirectory 

from tkinter.filedialog import askopenfilename 

from scipy import fft 

import numpy 

import matplotlib.pyplot as plt 

 

TITLE_FONT = ("verdana", 18) 

SECONDARY_FONT = ("verdana", 14) 

 

def Find_FFT(A): 

#This section removes the time data from the acceleration while determining the time change between 

measurements  

    i=4; 

    dt=A[3]-A[1]; 

    a=[A[0],A[2]] 

    Average=A[0]+A[2]; 

    while(i<len(A)): 

        if(i%2==0): 

            a=a+[A[i]]; 

            Average=Average+A[i]; 

        i=i+1; 

    Average=Average/len(a); 

    i=0; 

    while(i<len(a)): 

        a[i]=a[i]-Average; 

        i=i+1; 

#This section finds the velocity from the acceleration 

    i=2; 

    v=[0, (a[1]+a[0])*dt/2]; 

    while(i<len(a)): 

        v=v+[v[i-1]+(a[i]+a[i-1])*dt/2]; 

        i=i+1; 

    i=0; 

    Average=0; 

    while(i<len(v)): 

        Average=Average+v[i]/len(v); 

        i=i+1; 

    i=0; 

    while(i<len(v)): 

        v[i]=v[i]-Average; 

        i=i+1; 

#This section finds the position from acceleration 

    i=2; 
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    x=[0, (v[1]+v[0])*dt/2]; 

    while(i<len(v)): 

        x=x+[x[i-1]+(v[i]+v[i-1])*dt/2]; 

        i=i+1; 

    i=0; 

    Average=0; 

    while(i<len(x)): 

        Average=Average+x[i]/len(x); 

        i=i+1; 

    i=0; 

    while(i<len(x)): 

        x[i]=x[i]-Average; 

        i=i+1; 

    f=numpy.linspace(0,len(x)-1,len(x)).tolist() 

    i=0 

    while(i<len(f)): 

        f[i]=f[i]/dt/len(f); 

        i=i+1; 

    n=1 

    b=len(a)/2 

    while(b>1): 

        n=n*2; 

        b=b/2; 

    Acc=[a[0],a[1]]; 

    i=2; 

    while(i<n): 

        Acc=Acc+[a[i]]; 

        i=i+1; 

    F=abs(fft(Acc)) 

    f=numpy.linspace(0,len(Acc)-1,len(Acc)).tolist() 

     

    i=0; 

    while(i<len(f)): 

        f[i]=f[i]/len(f)/dt; 

        i=i+1; 

         

    plt.title('Acceleration Frequency Domain') 

    plt.xlabel('Frequency [Hz]') 

    plt.ylabel('Amplitude [m/s]') 

    markerline, stemlines, baseline = plt.stem(f, F, '-.') 

    plt.setp(markerline, 'markerfacecolor', 'b') 

    plt.setp(baseline, 'color', 'r', 'linewidth', 2) 

    plt.show() 

    return F; 

 

class Application(Tk): 
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    def __init__(self, *args, **kwargs): 

        Tk.__init__(self, *args, **kwargs) 

        self.title("Piezoelectric Membrane Filtration") 

        container = Frame(self) 

        container.grid() 

        container.grid_rowconfigure(0, weight=1) 

        container.grid_columnconfigure(0, weight=1) 

 

        self.frames = {} 

        for F in (Start, Signal, Analysis): 

            frame = F(container, self) 

            self.frames[F] = frame 

            frame.grid(row=0, column=0, sticky="nesw") 

         

        self.show_frame(Start) 

 

    def show_frame(self, c): 

        frame = self.frames[c] 

        frame.tkraise() 

 

class Start(Frame): 

    def __init__(self, parent, controller): 

        Frame.__init__(self, parent) 

        #Program heading 

        heading = Label(self, 

                        text="Piezoelectric Membrane Filtration", 

                        font=TITLE_FONT, 

                        padx=10, pady=10 

                        ).grid(row=0, column=0, columnspan=5, sticky="w") 

        #Create the two main buttons 

        mainbutton1 = Button(self, 

                             text="Configure Signal Generator", 

                             width=20,height=5, wraplength=125, 

                             command=lambda: controller.show_frame(Signal) 

                             ).grid(row=3, column=1) 

        mainbutton2 = Button(self, 

                             text="Analyze Data", 

                             width=20, height=5, 

                             command=lambda: controller.show_frame(Analysis) 

                             ).grid(row=3, column=3) 

 

class Signal(Frame): 

    def __init__(self, parent, controller): 

        Frame.__init__(self, parent) 

        #Program heading 

        heading = Label(self, 



55 | Page 

 

                        text="Piezoelectric Membrane Filtration", 

                        font=TITLE_FONT, 

                        padx=10, pady=10 

                        ).grid(row=0, column=0, columnspan=5, sticky="w") 

        #Signal Heading 

        signalheading = Label(self, 

                              text="Signal Generator Parameters", 

                              font=SECONDARY_FONT, 

                              padx=10, pady=5, 

                              ).grid(row=1, column=0, columnspan=4, sticky="w") 

        backbutton = Button(self, 

                             text="Cancel", padx=5, pady=5, 

                             command=lambda: controller.show_frame(Start) 

                             ).grid(row=1, column=4, sticky=E) 

        amplabel = Label(self, text="Amplitude:", padx=10, pady=5 

                         ).grid(row=2,column=0, sticky="w") 

        freqlabel = Label(self, text="Frequency:", 

                          padx=10, pady=5 

                          ).grid(row=3,column=0, sticky="w") 

        wavelabel = Label(self, 

                          text="Wave Type:", 

                          padx=10, pady=5 

                          ).grid(row=4,column=0, sticky="w") 

        timelabel = Label(self, text="Operation Time:", 

                          ).grid(row=6,column=0, sticky="w") 

        amppara = Label(self, text="(0-25 V)", padx=10, pady=5 

                        ).grid(row=2,column=2, sticky="w") 

        freqpara = Label(self, text="(0-600,000 Hz)", padx=10, pady=5 

                         ).grid(row=3,column=2, sticky="w") 

        timepara = Label(self, text="(0-600 sec)", padx=10, pady=5 

                         ).grid(row=6,column=2, sticky="w") 

        ampvalue = Entry(self, width=10) 

        ampvalue.grid(row=2, column=1, sticky="w") 

        freqvalue = Entry(self, width=10) 

        freqvalue.grid(row=3, column=1, sticky="w") 

        wavevalue = StringVar() 

        wavevalue.set("cosine") 

        R1 = Radiobutton(self, text="Cosine", variable=wavevalue, 

                         value="cosine" 

                         ).grid(row=4, column=1, sticky="w") 

        R2 = Radiobutton(self, text="Square", variable=wavevalue, 

                         value="square" 

                         ).grid(row=5, column=1, sticky="w") 

        timevalue = Entry(self, width=10) 

        timevalue.grid(row=6, column=1, sticky="w") 

        infotext = StringVar() 
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        infotext.set("") 

        info = Label(self, textvariable=infotext, fg="red") 

        info.grid(row=7,column=2, columnspan=3, sticky="E") 

        submitbutton = Button(self, text="Save Configuration File", 

                              command=lambda: 

self.submitconfig(ampvalue.get(),freqvalue.get(),wavevalue.get(),timevalue.get(),infotext) 

                              ).grid(row=8, column=1, columnspan=4, sticky="w") 

 

    def submitconfig(self, amplitude, frequency, wave, time, infotext): 

        if  (amplitude == "") or (frequency == "") or (time == ""): 

            infotext.set("Missing Parameter") 

        else: 

            amplitude = int(amplitude) 

            frequency = int(frequency) 

            time = int(time) 

            if (amplitude >= 0) and (amplitude <= 25): 

                if (frequency >= 0) and (frequency <= 600000): 

                    if (time >= 0) and (time <= 600): 

                        filename = askdirectory(title="Choose External Drive to Save to") 

                        if filename != "": 

                            filename +="/config.dat" 

                            #Write the file 

                            data = open(filename, "w") 

                            data.write(str(amplitude)) 

                            data.write("\n") 

                            data.write(str(frequency)) 

                            data.write("\n") 

                            data.write(wave) 

                            data.write("\n") 

                            data.write(str(time)) 

                            data.close() 

                            infotext.set("File Created Successfully") 

                        else: 

                            infotext.set("Save Cancelled") 

                    else: 

                        infotext.set("Operation Time Error") 

                else: 

                    infotext.set("Frequency Error") 

            else: 

                infotext.set("Amplitude Error") 

 

class Analysis(Frame): 

    def __init__(self, parent, controller): 

        Frame.__init__(self, parent) 

        #Program heading 

        heading = Label(self, 
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                        text="Piezoelectric Membrane Filtration", 

                        font=TITLE_FONT, 

                        padx=10, pady=10 

                        ).grid(row=0, column=0, columnspan=5, sticky="e") 

        #Signal Heading 

        signalheading = Label(self, 

                              text="Data Analysis", 

                              font=SECONDARY_FONT, 

                              padx=10, pady=5, 

                              ).grid(row=1, column=0, columnspan=4, sticky="w") 

        backbutton = Button(self, 

                             text="Cancel", padx=5, pady=5, 

                             command=lambda: controller.show_frame(Start) 

                             ).grid(row=1, column=4, sticky=E) 

        para = Label(self, text="Parameters Used", padx=10, pady=5 

                         ).grid(row=3,column=0, sticky="w") 

        amplabel = Label(self, text="Amplitude:", padx=10, pady=5 

                         ).grid(row=4,column=0, sticky="w") 

        freqlabel = Label(self, text="Frequency:", padx=10, pady=5 

                          ).grid(row=5,column=0, sticky="w") 

        wavelabel = Label(self, text="Wave Type:", padx=10, pady=5 

                          ).grid(row=6,column=0, sticky="w") 

        timelabel = Label(self, text="Operation Time:", padx=10, pady=5 

                          ).grid(row=7,column=0, sticky="w") 

        amppara = StringVar() 

        freqpara = StringVar() 

        wavepara = StringVar() 

        timepara = StringVar() 

        amppara.set("") 

        freqpara.set("") 

        wavepara.set("") 

        timepara.set("") 

        amp = Label(self, textvariable=amppara, padx=10, pady=5 

                        ).grid(row=4,column=1, sticky="w") 

        freq = Label(self, textvariable=freqpara, padx=10, pady=5 

                         ).grid(row=5,column=1, sticky="w") 

        wave = Label(self, textvariable=wavepara, padx=10, pady=5 

                         ).grid(row=6,column=1, sticky="w") 

        time = Label(self, textvariable=timepara, padx=10, pady=5 

                         ).grid(row=7,column=1, sticky="w") 

        infotext = StringVar() 

        infotext.set("") 

        info = Label(self, textvariable=infotext, fg="red") 

        info.grid(row=8,column=2, columnspan=5, sticky="E") 

        submitbutton = Button(self, text="Open File", 

                              command=lambda: self.openfile(amppara, freqpara, wavepara, timepara, infotext) 
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                              ).grid(row=2, column=0, sticky="e") 

        infotext.set("When a file is opened it might take a few minutes") 

         

    def openfile(self, amppara, freqpara, wavepara, timepara, infotext): 

        filename = askopenfilename(title="Choose File to Open") 

        if filename != "": 

            data = open(filename, "r") 

            try: 

                amplitude = data.readline() 

                frequency = data.readline() 

                wave = data.readline() 

                time = data.readline() 

                infotext.set("File Opened Successfully") 

                amppara.set(amplitude) 

                freqpara.set(frequency) 

                wavepara.set(wave) 

                timepara.set(time) 

                datum=[] 

            except: 

                infotext.set("Bad File") 

                amppara.set("") 

                freqpara.set("") 

                wavepara.set("") 

                timepara.set("") 

 

            while True: 

                try: 

                    datum=datum+[float(data.readline())] 

                except: 

                    break 

            dats_it=Find_FFT(datum); 

            data.close() 

        else: 

            infotext.set("Open File Cancelled") 

         

 

#Start the mainloop 

if __name__ == "__main__": 

    app = Application() 

    app.mainloop() 
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Appendix D – User Manual 
Piezoelectric Testing Manual 

1. Start by inserting any USB into the computer. 

2. Start the program “Analytical and Controller.py”. The window below should pop up, as seen 

below. 

 
 

3. Select the “Configure” button found on the main menu. The following menu should appear. 

 
 

4. Now enter desired amplitude, frequency, waveform, and time of run. This will control the 

corresponding aspects of the waveform that will be created. You can view the various aspects 

below in either the Cosine or Square Wave Form. 
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5. When you have completed, press the “Save Configuration File” button at the bottom of the 

window. When you save this file select the USB and do not select any folders found on the USB. 

An example of this can be seen in the figure below: 

 
6. Press cancel at the top right section of the window to bring you back to the main panel of the 

program. 

7. Safely eject the USB from computer and then remove it from the computer.For the next few 

steps we’ll be using the black box as seen below.

 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi3qv7I_MfJAhUK6SYKHe93C-MQjRwIBw&url=http://www.sfu.ca/sonic-studio/handbook/Sine_Wave.html&psig=AFQjCNE5GRwmsTvetotphPYWWGqnq6_H0A&ust=1449516651580212
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8. Before plugging any in any cords, please insert USB to box as indicated in the figure above. 

9. Using the Voltage Control Knob, adjust the peak voltage to the desired voltage. 

10. When these two task are completed first plug the AC Power input into an outlet then plug the 

digital power input into either a phone charger or into a computer. 

11. Wait until system run is complete. This time will vary based upon how long the system will run, 

but there will also be a turn on time that will need to pass. The Indicator LED will indicate when 

the program is done running.  The following flashing patterns will tell you what has happened: 

12. Three relatively slow flashes means the program has executed properly. 

13. When the indicator flashes quickly indicates that there is an error. 

14. Since the program has finished running and the accelerometer has gathered the needed data 

and stored said data to the USB, Unplug both of the inputs of the box and then remove the USB 

from the box. 

15. Re-insert the USB into the computer and if you closed the main window for the program re-

execute the program. 

16. Select the “Analyze Data” button on the main menu. It should pull up a window that looks like 

the image seen below. 

 
17. Select the “Open File” Button and it should pull up a load window.  Navigate the “AccelData.dat” 

found on the accelerometer. When this file opens it will immediately start analyzing the data. 

This process could take a while so be patient. When it’s done analyzing, a display of the 

Frequency Spectrum of the acceleration should appear. 

 


