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 The switch will be rotated into Y
on the rotary switch should differ from each position and we will
its neighbors by 1V+/-20% 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
Each specific button on the keypad The keypad output will be Y
needs to send a distinct voltage level connected to a Multimeter. The
to the Arduino. The voltage levels are keys will be pressed one at a
TBD, since we need to build the circuit time and the voltage will be
to determine what voltage each key measured and recorded. The
outputs. voltage levels for each key will
be distinct.
Push buttons must output 5V+/-20% The output of the switch will be Y
when pressed, 0V+/-20% when connected to a Multimeter and
released. 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 OV+/-20%.
Rotary encoder will output Gray code Connect the output of the Y

rotary encoder to the




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.

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%.

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.

Will map switch voltage to proper

Write Arduino code that




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. OV 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.

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.

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.




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”.

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%.

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

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.




Appendix B

User Interface Supplemental Materials

Table B.1: Pin shorts for each key pressed

Key Pressed

Pins shorted

0

1,4

2,3

1,2

2,5

3,7

1,7

57

3,6

1,6

5,6

4,5
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3,4

Figure B.1: Top view of user interface




Figure B.3 Left side view of user interface
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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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Table C.2: Keypad verification data after averaging function

Key Pressed

Key Accuracy (out of 25 key presses)

0

25

25

25

25

25

25

25

25

25

25

25
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24

Sample Rate ~ 200M55/%

Detaynd T

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.6: Voltage regulator verification

Figure C.7: Microcontroller verification to the LCD

Appendix D PCB layout and schematics
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Figure D.2: Actual PCB with all components soldered to it
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Appendix E  Arduino Code
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The circuit:
* LCD RS pin to digital pin 12
* LCD Enabkle pin to digital pin 11
* LCD D4 pin to digital pin
* LCD D5 pin to digital pin
* LCD D& pin to digital pin

(SRR

* LCD D7 pin to digital pin
« LCD B/W pin to ground

* 10E resistor:

* ends to +5V and ground

* wiper to LCD VO pin (pin 3)

ff include the library code:
#include <LiquidCrystal.h>
§define ENC R 14

§define ENC B 15

§define ENC PORT PINC

Ff initialize the library with the numbers of the interface pins

LiquidCrystal led({lZz, 11, 4

int keypressed = 0;
int keyboardPin =

ff Bnalog input pin that the keypad is attached

int keyboardValue = Ff walue read from the keyboard

int SixWayPin = =;
int SixWayPos = 0;
int SixWayPinZ = Z; // not sure about the pin number DRVID I!!
int SixWayPosZ = 0
int buttonPin =

int buttonState = 0;
ff added for second button serial output
int buttonStateZ = 0;
int buttonPinZ = 10;

wvoid setup() {
Serizl .begin(ll

ffSerial begin

Serial.println("Start™);
// set up the LCD's number of columns and rows:
led.begin{ls, 2);
// Print a message to the LCD.
A/ led princ("EEY ROT SW B");
led.print ("HRtm Vital Val £");
pinMode (ENC_A, INPUT) ;
digisalWrite (ENC_Z, HICH);
pinMode (ENC_E, INDUT);
digitalWrite (ENC_B, HIGH):

pinMode (buttonPin , INPUT) ;
pinMode (buttonPinZ, INDUT) ;

-1

Fweid leopO {
//Button Pos
/f read the state of the pushbutton wvalue:
buttonState = digitalRead{buttonPin);
buttonStateZ = digitalRead(buttonPinZ);
/4  led._setCursor (15, 1);
//  led.print{™0");
/f check if the pushbutton is pressed.
S/ if it iz, the buttonState is HICH:

[H if (buttonState = HIGH) {
/7 turn LED on:
i led.setCursor(ls, 1);
i led.print (buttonState) ;

/f serial cutput for gui
Serial.println{"e");
r o}
[£] else if (buttonState = LOW) {
/f led.setCursor(ls, 1);
// led.print (buttonState);
/f serial cutput for gui
Serial println{"s");
r o}
/f second button at input pin 10
if {buttonStatel == HIGH )} {
[Ij ff led.setCursor (15, 1);

15



100
101
102
103
104
105
108
107
108
103
110
111
112
113
114
115
114
117
118
113
120
121
1zz

123

pR-1-)
159
le&0
lel
1&2
163
le4

/¢ led.print (buttonStateZ);
Serizl.println{"g");
}
else if (buttonStateZ == LOW){
Serial.println{"h"});
i lod.setCursor{ls, 1);
rr led. print (buttonStateZ) ;
}

ffe-way switch (B)
SixWayPosZ = znalogRead (SixWayPinZ) ;
if{{SixWayPosZ <171)0{
led. setCursor (s, 1);
led.print (™ b
led. setCursor (S
led.print ("HE ") ;
Serizl println("bl");
}
else if (SixWayPosZ <
led. setCursor (s, 1);
led.print(” i
led.setCursor (s, 1) 7
led.print ("AED ") ;
Serial.println("BZ");

}

else if (SixWayPosZ < {
led.setCursor (s, 1) 7
led.print (" H
led.setCursor (s, 1);

led. print ("MED™) ;
Serizl . println("b3");

}

elae if (SixWayPosZ < {

led.setCursor (s, 1);
led.print (" i
led.setCursor (s, 1)
led.print ("Splz™) ;
Serial.println("b4");

else if (SixWayPosZ < &
led.setCursor{s, 1};

lcd.print (" "y ;
led . setCursor{s, 1);
led.print ("AWRRT) ;

Serial .println("b5");
}

else {
led.setCursor(s, 1);
lcd.print (" "y ;
led.setCursor{5, 1);
led.print( "1

Serizl.println{"b&");

//é-way switch (a)

SixflayPos = snalogRead(SixHayPin) ;
if ((SixWayPos <171334
led.setCursor(d, 13;

led.print (" i
lcd.setCurserdl, 1)

led. print ("Snu:
Serial.println("z1"};
b

else if (SixWayPos <
led.setCursor{d, 1),
led.princ(” Rk
lcd.setCursor(
led.print ("

Serizl.princln("z2");

}

else if (SixWayPos < S13) {
led. setCursor{d, 1);
led.print (" R
led.setCursor(0, 1);
led.print ("SUT "} ;
Seriszl.println{"=3");

}

else if (SixWayPos <
led. setCursor{d, 1);
led.print (™ "N

16
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183
184
185
186
187
188
189
150
151
152
153
154
155
138
157
158
159
200
201
20z
203
204

205

=

=

lcd.setCursox{l, 1)/
led.princ("VI ") ;
Serizl.println{"z4"});
}

elae if (SixWayPos <
led. setCursox(l, 1);

led.print (™ "y
lcd.setCursor( s
led.print (" "
Serizl.println{"z5");
}
elae |
led.setCursoc {0, 1);
led.print(” I

led.setCursoc {0, 1);
led.print("Rsys");

Serial .println("=2&");

f fEeyboard
keyboardValue = analogRead({keyboardPin) ;//read the keyboard walue (0 -

if (keyboardValue > Z:5){
readkeyboard(); //get the walue of key being pressed "keypressed” i.e.
}

//Rot
static uint8_t counter = 0; //this variable will be changed by encoder
ints2_t tmpdata;

tmpdata = read_encoder();
if{ tmpdata ) {
Serizl . print{"z");
Serizsl.println{counter, DEC);
counter += tmpdata;
£ /LCD
£f (note: line 1 is the second row, since counting begins with 0):

led. setCursor(ll, 1);

// print the number of seconds since reset:
led.print (™ "y

17
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led.setCursor(1ll, 1);

led.print {counter) ;

f/8erial println("r"t+counter);
r 1

- }
[Flints_t read_encoder () {

static intB_t enc states[] =

static uint8_t old RB = 0;
Tty
old_AB <<= Z; //remember previous state

old AB |= ( ENC_PORT &
return { enc_states[( old 2B &

02 }; //add current state
A B R

= 1

f/read the keyboard routine
Hvwveid readkeybeard() {
int long temp_val = 07

=] for{int i = 0;i<1000;i++){

temp_val += analogRead(keyboardPin);

keyboardValue = temp val/l

// read the wvalue (0-1023)
/¢ Change to integer walues but we could mske these wvalues strings
/4 that mzke more sense
if (keyboardValue <Z:) {keypressed = 11;}//0
if ((keyboardValue »>*:5) && (keyboardValue < &7)) {keypressed = 12:}//1
if ((keyboardValue »27) && (keyboardValue < 13;4//72
if ((keyboardValue >»>10E) && (kevboardValue < y//3
if {{keyboardValue && (keyboardValue < 174
if ((keyboardValue && (keyboardValue < }//5
if {{keyboardValue && (keyboardValue < TiY//E
if {{keyboardValue && (keyboardValue < YT

<

<

<

<

3

1) {keypressed

1) {keypressed =

252} ) {keypressed =

1)) {keypressed = 1

1) {keypressed = 1

1) {keypressed =

if {{keyboardValue && (keyboardValue Y//8
if {{keyboardValue && (keyboardValue Y78
if {{keyboardValue && (keyboardValue Py
if {{keyboardValue && (keyboardValue /70
if (keyboardValue >S510) {keypressed = Z1;}//

0)) {keypressed =

1) {keypressed =

S)) {keypressed =

S10)) {keypressed =

247 S/HOTE: the walues used sbove are z2ll halfway between the walue cbtained
z48 ffwith each keypress in previous test sketch

z249 S/ Berial println(keyboardValue);

Z50 while (keyboardValue > {

2581

252 keyboardValue = znalogRead{keyboardPin); 7/ read the walus (0-1023)
253 S/ Serial.printlnikeypressed);

54 7 }//wait until key no longer being pressed before continuing
255

256 Serizl . printlnikeypressed) ;

257 ff led_clear();

258 F/LCD

259 ff (note: lime 1 is the second row, since counting begins with 0):
Zg0 led.setCursor (1S, 1);

Zel // print the number of seconds since reset:

ze2 [H  if (keypressed = 22){

283 led.print ("B") ;

264 r 1

285 elas if (keypressed = Z1){

bl 1 led. print ("E7) ;

287 r1

Z88 else |

283 led.print (keypressed- 11);

270 r 1

271 delay(2z0); S/ wait 1000 milliseconds before the next loop
272

273 = 1

274 ffend of read the keyboard routine

275

278

277 f* returns change in encoder state (-1,0,1) */

27

279

18



Appendix F  GUI layout and Processing code

48 newesteced45_backup

Ports

= o Heart Rhythm Vitals
PORT: COMS COM Initialized = COMS

ENTERTERTTOSEND

SEND_A 1 —

Vitals Value

445

KEYPAD TERT

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

frameRate (20)

controlP5 = new ControlP5(this); // initialize the GUI controls

println(Serial list(}); // print the comm ports toc the debug window for debugging purposes

/f make a listbox and populate it with the awvailable comm ports

commlistkox = controlPS.addListBox("mylist™

commlistbox. captionLabel () . toUpperCase (false) ;

commlistbox. captionLabel {} .set ("Forts");
for{int i=0;i<Seriazl.list().length;i++} |{

commlistbox. addItem("port: "+Serial.list() [1]1,41);

fF text label for which comm port selected

txtlblWhicheom = controlP5.addTextlabel ("txtlblWhichoom”, "o

txtlblWhichcom. setFont {(label) ;
/fMore Text labels

Switchl = controlP5.addTextlabel ("Switchl™,"Heart Rhythm",

Switchl.setFont (label) ;

SwitchZ = controlP5.addTextlabel ("Switchi"™,"Vit

SwitchZ.setFont(label) ;

keyPadlbl = controlP5.addTextlabel ("keyFadlbl™,

keyPadlbl . setFont (label) ;

rotEnclkl = controlP5.addTextlabel {("rotEnclbl”, "Rotar

rotEnclbl. setFont (label) ;

ff when triggered, write the text over the serial line

controlP5. addTextfield ("EnterTextToSend” 5,1

// when nevw infc comes intoc the serial port,

; ffaddlistBox(name,x,y,width, height)

Port Selected”,

// addIteminame,value)

i // textlabel (name, text,x,y)

/f textlabel (name, text,x,y)

// textlabel (name, text,x,y)

// addTextfield(name,x,y,width, height)

write it to this text area

comrTextarea = controlP5S.addTextarea( // addTextarea(name,text,X,y,width, height)

"lzkelltextaresa™,
data

commTextarea.setColorBackground (
commTextarea. setFont (commTextFont) 7

commTextareaZ = controlP5.addTextareal // addTextares(name,text,x, v, width, height)

"lebelltextareaZ”™,
"Ho data y

commTextareaZ . setColorBackground

commTextareal. setFont {commTextFont) ;

20

0y ; // textlabel (name, text,x, v)

i // textlzbel (name, text,x,y)



85

50 Vitals = controlP5_addTextarea( // addTextareal(name, text,x, ¥, width, height)
31 "labelltextarea3i™,

32 "Ho data ¥ ",

33 310,135,80

54 Vitals.setColorBackground (Oxsf B

35 Vitals.setFont {commlextFont) ;

S8

a7 HRtm = controlP5.addTextareal // addlextarea(name, text,x,y,width, height)
a8 "labelltextaread™,

95 "Moo data wet...",

100 510,135,80,400;

101 HEtm. setColorBackground (0

10z HRtm. setFont (commTextFont) ;

103

104 Botenc = controlPS.addTexteres( // addTextares (mame, text,x, v, width,height)
105 "labelltextareai™,

10& "Moo data yet...",

107 510,215,80,40) ;

108 Botenc.setColorBackground (O

109 Rotenc.setFont {commTextFont)

110

111 JfecommTextareaZ . setColorBackground (0); Black
112 Jf a button

113 controlP5. addButton("Send 2", 1,5, 210 1%); // buton(name,value,x, y,width, height)
114

115 /f &6- way switch

11a /fereate 6-switches

117 myKnob® = controlP5.addEncb("")

115 .setRange (1, 7)

115 -getValue (1)

120 -.getPogition (30

121 .setiumbertfTickMarks (5)

122 .setTickMarkLength (4}

123 .gnapToTickMarks (true)

124 .getBadius (=0)

125 .getDraglirection (Enck .HORIZONTAL)
128

127 i

1z8 myFEnobBE = controlP5.addEncbk(” ")

123 .setBRange (1, 5)

130 .setValue (1)

131 -setPosition (500,30

132 .setlHumberOfTickMarks {5)

21
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.setTickMarklLength ()
.snaploTickMarks (trus)

.setRadius(
.getDraglirection (Knob . HORIZONTAL)

myFKeypad = controlPS.addSlider(” g
-getPosition (4
-getWidth {2

.metRange {11

-metValue (0)
.getHumberOfTickMarks (12)
.metSliderMode (51ider . FLEXIBLE)

/- Eeypad text box

keypadTlext.setColorBackground (C
keypadText.setFont (p);
S /eontrol P _addTextfield("EnterTextToSend”, 5,170,200, 20) ;7

e

// infinite loop
woid draw() {

background {1ZE) ;

// print the name of the control keing triggered {(for debugging) and
pu.blic woid econtrolEvent (ControlEvent theEwvent) {
S ListBex is if type ControlGroup,
<] if (theEwvent.isCroup(}) {

ff an event from a2 group

= if (theEvent.name {(}=—"myLiszt"} {
InitSerial (theEvent.group() .value()); // initialize the serial
fipzintln ("got myList™+" walue = "+theEvent.groupi).walue());
1
}
=l else {
ffprintlnitheEvent.controller{) name{)); // £or debugging
}
}

22

keypadText = controlP5._addTextfield({ // addTextarez{name, text,x,y,width, height)

see if it was a Listbox ewvent

port selectced
/¢ £or debugging



177

178 /4 run this when there iz an enter in the textfiesld

179 Eﬂpublic void EnterTextToSend(String theText) {

180 myPorts[0] .write {theText+"'n"); // write the text in the field
181 println{"sent "+theText); // print it to the debug screen a3z well
182 -1

183

184 S/ run this when buttonf is triggered, send an a

185 [Flpublic woid Send A{int theValue) {

186 myPorts[0] .write{"2'n"); // write an =

187 println{"sent &"); // print it to the debug screen as well

188 -1

185

150 ff initizlize the serizl port selected in the listBox

181 Eﬂvcid Init8erial {(float portWValue) {

152 println{"initizlizing serial " + int(portValue) + " in serizsl.list()"); // for debugging
153

154 String portPos = Serial.list () [int (portValue)ll: // grak the name of the serizl port
allslo txtlbliWhichcom. setValue ("COM Initiszlized = " + portPos);

15& myPorts[0] = new Seriel{this, portPos, 115200); // initizlize the port
157

158 ff read bytes into a2 buffer until you get a2 linefeed (RSCII 10):
1589 myPorts[0] .bufferUntil{''n"};

200 println{"done init serial™);

201 = b

202

203 £/ serizsl event, check which port generated the svent

204 J4 jJust in case there are more than 1 ports open

205 Eﬂv:id serizlEvent {Serizl thisPort) {

Z06 ff vwarisble to hold the number of the port:

207 int portlumber = -1;

208

20% /Y iterate over the list of ports cpened, and match the

210 // ome that generated this event:

211 = for (int p = 0; p < myPorts.length; p++) |

212 S if {thisPort = myPortslpl) {

213 portlumber = p;

214 B 1

215 ol

21s

217 S read the serizl buffer until a newline appears

218 String myString = thisPort.readStringUntil{''n');

2158 myString = trim{myStringl: // ditch the newline

220 Hfprintln({"got: "™ + myString); // print to debug window
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if (myString.eqguals({"e") || myString.equals{"Z")){

if{myString.equals("=")){
commTextarea . setText ("Hext State™):
commTextarea. setColorBackground (0) ;

}

alae{
commTextares . setText ("1 Unpressed"”) ;
commTextarea . setColorBackground (0) ;

if (myString.equals{"g"}) || myString.equals({"h")){

if({myString.equals{"g")}{

commlextareal. setText ("Waiting Rhythm") ;

commlextarea . setColorBackground (0) ;
}
aelae]
commlextaread. setText ("Z Unpressed”);
commlextareaZ . setColorBackground (0) ;

}

}

char testl = myString.charAt(0);

String test = String.wvaluelf(testl);
println{test) ;

if (test.equals("=z") || test.equals({"B")){

ff for changing switch pogsition (switch &)

Sf If we can use string manipulation we can make this shorter

int len = myString.length(};

int i:

String charstring = myString.substring(l);
Integer tempZ;

charstring = trimi{charstring);
println{charstring) ;

tempZ = Integer.valuelf (charstring) ;

if (test.eguals{"="}){
println{myString) ;
tempZ = zbs (tempZ -2} +1
myEnob2 . setValue (cempZ) ;
awitch{tempZ) {
case © Vitals.setText("Snus");

Vitals.setColorBackground (0} ;

break;

44 put it in the text area
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