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Appendix A Requirement and Verification Table 
Table A.1 shows the performance requirements and verifications procedures for each block of 

the project. 

Table A.1: System Requirements and Verifications 

Performance Requirement Verification Verification 

status 

(Y or N) 

User Interface   

The voltage at a particular position       

on the rotary switch should differ from 

its neighbors by 1V+/-20% 

The switch will be rotated into 

each position and we will 

measure the output voltage 

with a Multimeter.  These are 

the ranges of values for each 

position: 

            Position 1 : 4.8 -5.2 volts 

            Position 2 : 3.8 -4.2 volts 

            Position 3 : 2.8 -3.2 volts 

            Position 4 : 1.8 -2.2 volts 

            Position 5 : 0.8 -1.2 volts 

            Position 6 : 0.0 -0.2 volts 

 

Y 

Each specific button on the keypad 

needs to send a distinct voltage level 

to the Arduino. The voltage levels are 

TBD, since we need to build the circuit 

to determine what voltage each key 

outputs. 

The keypad output will be 

connected to a Multimeter. The 

keys will be pressed one at a 

time and the voltage will be 

measured and recorded. The 

voltage levels for each key will 

be distinct.  

 

Y 

Push buttons must output 5V+/-20% 

when pressed, 0V+/-20% when 

released.  

 

The output of the switch will be 

connected to a Multimeter and 

the button will be pressed then 

released. When pressed, the 

Multimeter will read between 

5V+/-20%. When the button is 

released, the Multimeter will 

read 0V+/-20%.  

 

Y 

 

 

 

 

 

Rotary encoder will output Gray code 

 

Connect the output of the 

rotary encoder to the 

Y 
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oscilloscope. Rotate clockwise 

and then counterclockwise. The 

waveform will output Gray 

code which will change based 

on rotation direction. The 

waveforms will match the 

waveforms shown on the 

datasheet.  

 

LCD   

LCD display must refresh in less than 

250ms and needs to properly display 

data 

 

Connect the LCD to the Arduino 

and connect the output of the 

LCD to an oscilloscope. Set up 

the Arduino so that it prompts 

the LCD to cycle through 

characters. The oscilloscope 

will show voltage spikes when 

the characters change. 

Measure the time between 

voltage peaks to determine 

how quickly the LCD refreshed. 

This will be less than 250ms.  

 

Y 

LCD must constantly have 5V+/-10% 

for power 

Power the LCD and measure 

the voltage at the power pin 

with a Multimeter. The voltage 

will be 5V+/-10%.  

 

Y 

Microcontroller   

Microcontroller needs to map keypad 

voltage presses to the corresponding 

key value 

 

Write code on Arduino that 

maps voltage levels to specific 

number or character. The code 

will output serial data to the PC 

and display the values using 

Arduino software. Input the 

specific voltages directly to the 

Arduino input pin using the 

digital power supply. The 

values displayed on the PC will 

match the key pressed on the 

keypad.  

 

Y 

Will map switch voltage to proper Write Arduino code that Y 
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switch position 

 

interprets specific voltage level 

as switch positions. The code 

will output serial data to the PC 

and display the values using 

Arduino software. Connect the 

specific voltage levels directly 

to the Arduino input pin using a 

digital power supply. The 

values displayed on the PC will 

correspond to the position that 

the switch is in.  

 

Will determine which button is pressed 

and be able to determine which 

position it is in (e.g. 0V for off and 

5V+/-20% for on) 

 

Write code on the Arduino that 

interprets if a button is 

pressed. The code will output 

serial data to the PC and 

display the values using 

Arduino software. Connect 5V 

and then GND directly to the 

Arduino input pin. The PC will 

display a 1 if the Arduino input 

is 5V and a 0 if the Arduino 

input is GND. 

 

Y 

Direction of rotation for the rotary 

encoder will be determined by the 

Gray code input 

 

Write Arduino code that 

interprets grey code. The code 

will output serial data to the PC 

and display the values using 

Arduino software. Connect the 

output of the rotary encoder 

directly to the Arduino input 

pin. Rotate the knob clockwise 

and then counter-clockwise. 

The PC will display “clockwise” 

for clockwise rotation and 

“counter-clockwise” for 

counter-clockwise rotation.  

 

Y 

Microcontroller will transmit data via 

USB to PC 

 

Connect the Arduino to the 

USB interface and connect the 

USB interface to the PC. Write 

Arduino code that outputs 

serial data. The PC will show 

the same data.  

Y 
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Microcontroller will transmit data to 

LCD 

Connect the LCD to the 

Arduino. Write Arduino code 

that displays “Hello World”. 

The LCD display will say “Hello 

World”. 

Y 

Power supply   

Power supply will provide 12V+/-20% Plug power supply into the 

wall. Connect the output of the 

power supply to a breadboard. 

Use a Multimeter to measure 

the output voltage. The 

Multimeter will read 12V+/-

20%. 

Y 

USB Interface   

USB will transfer data reliably without 

errors from the microcontroller to the 

PC  

 

Write code on the Arduino that 

outputs a basic text file. Display 

the text file on the computer. 

The displayed file will be the 

same data the Arduino output 

Y 

PC   

The GUI will change values on the 

based on the values from the 

microcontroller 

Write Arduino code that sets 

heart rate to 60. The Laerdal 

software will change the heart 

rate to 60. 

Y 
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Appendix B User Interface Supplemental Materials 

 

Table B.1: Pin shorts for each key pressed 

Key Pressed Pins shorted 

0 1,4 

1 2, 3 

2 1, 2 

3 2, 5 

4 3, 7 

5 1, 7 

6 5, 7 

7 3, 6 

8 1, 6 

9 5, 6 

# 4, 5 

* 3, 4 

 

 

Figure B.1: Top view of user interface 

 



6 

 

 

Figure B.2: Left side view of user interface 

 

 

Figure B.3 Left side view of user interface 
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Figure B.4: Switch layouts 
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Figure B.5: Arduino schematic 
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Appendix C Verification data 
 

 

Figure C.1: Rotary switch verification 

 

 

 

 

 

 

 

Table C.1: Keypad verification data 

Key Pressed Key Accuracy (out of 25 key presses) 

0 15 

1 24 

2 24 

3 24 

4 23 
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5 23 

6 23 

7 21 

8 21 

9 20 

# 12 

* 10 

 

Table C.2: Keypad verification data after averaging function 

Key Pressed Key Accuracy (out of 25 key presses) 

0 25 

1 25 

2 25 

3 25 

4 25 

5 25 

6 25 

7 25 

8 25 

9 25 

# 25 

* 24 

 

 

Figure C.2: Button verification 
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Figure C.3: Rotary encoder verification 
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Figure C.4: USB interface verification 
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Figure C.5: Power supply verification 

 

Figure C.6: Voltage regulator verification 

 

Figure C.7: Microcontroller verification to the LCD 

 

Appendix D PCB layout and schematics 
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Figure D.1: PCB Layout 

 

Figure D.2: Actual PCB with all components soldered to it  
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Appendix E Arduino Code 

 

 



16 

 

 

 



17 

 

 



18 

 

 

 

  



19 

 

Appendix F GUI layout and Processing code 
 

 

Figure E.1: GUI layout 
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Figure E.2: Processing code 

 



21 

 

 



22 

 

 

 



23 

 

 

 



24 

 

 

 

 

 

 


