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Automated Air Exchange System

e Can you imagine going to a mall in the winter without heat? Or to a
grocery store without air conditioning and proper humidity control?

e Climate control is one of the most important piece of technology we rely on
in modern buildings

e This technology relies on interfacing hardware with electronics
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What is Interfacing?

e Interfacing is using a combination of hardware and software
(programming) to allow for communication and action

e In class we will be working towards using an Arduino microcontroller to

manage temperature sensors (TMP36), LED indicators, as well as motors
e It also also has a USB connection to interface to the desktop/laptop

TMP36
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Inputs & Outputs - Digital vs Analog

Digital refers to signals that are either ON or OFF

Analog refers to having a continuously variable physical quantity

Trick Question: is the LED a Digital or Analog output?

Answer: Depends on the controller... LEDs can be dimmed with the appropriate
controller (in the Arduino microcontroller there are both digital and analog pins)
e \What are some Digital/Analog Inputs & Outputs for your smartphone?

Inputs Outputs

Digital ON/OFF Switch Vibration Motor (either it shakes or it does not)
Bluetooth Keyboard (either a key is pressed or itis | (but some models have motors with variable
not) speed controllers, so they are Analog)

Flash (either it is on or it is off)

Analog Gyro Sensor Screen (varying degrees of brightness)
Compass Sensor Speaker (varying degrees of loudness)



Resistors Review

Slows the flow of current in a circuit, which
also lowers voltage based on Ohm’s law
The strength of a resistor is measured in Q
(pronounced ohms)

The colour code of the resistors tell the
value of the resistor, e.g. what is the value
of a resistor with: blue, green, orange, gold?
blue = 6, green = 5, orange = 3, so 000
zero's is what | need to put on the end of
65... 65 000 Q

Gold is +/- 5%

65000 +- 5% is the answer
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Review/Warm Up: Use a Push Button

const int buttonPin = 2; // the number of the pushbutton pin
const int ledPin = 13; // the number of the LED pin
/[ variables will change:
int buttonState = 0; // variable for reading the pushbutton status
void setup() {

pinMode(ledPin, OUTPUT);

pinMode(buttonPin, INPUT);

s Digital Input

Q =

}
void loop(){
. :'::"l ! ) LI B B B 2 & £ 4 E 3 4 & A 8 E K 4 3 3 & & B Ak N
//readthestateofthepushbuttonvalue: _‘,’ ' oo TA v"fi"'l'.,‘ P e DR b A KA AR A2 E ST O
buttonState = digitalRead(buttonPin); s : 1 _
. ) UN() -, P ERD AP PFE AR NAANERERSR
/I check if the pushbutton is pressed. p— — e . uoooo;.ooooooooooo
/l'if it is, the buttonState is HIGH: w o  ARDUINO ::::. .'00. .OO:‘::::::::::::‘
if (buttonState == HIGH) { // turn LED on: R R e I
digitalWrite(ledPin, HIGH); ooooooooocolotooo‘o L I I I IO
J ocooooooooo‘ooooo L B B B B Y
else {// turn LED off: I I I R
digita|Write(|edPin’LOW); Bk £ 8 A A2 R AR L L Pees RPN PRPOIEIYNTIY
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Potentiometer to Dim LED - Analog Input and Out

int sensorValue = 0;

int outputValue = 0;

void setup() {
pinMode(AO, INPUT);

O
C
—f

pinMode(3, OUTPUT); CEE R B cosvsevsegoesgessesscsscsesey

+

Serial.begin(9600); // communicate with desktop/laptop . _% mmmmmmmm s
) .= O UNO me el
void |00p(){ »x mm ARDUINO e

// read the analog in value: .o

sensorValue = analogRead(A0);

// map it to the range of the analog out:

outputValue = map(sensorValue, 0, 1023, 0, 255);

// changing the brightness with the analog out value: “TANALOGIN o RV

——————
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analogWrite(3, outputValue);
/I print the results to the serial monitor (on desktop/laptop):

AR

LR B R L I R

Serial.print("sensor =");

Serial.print(sensorValue);

Serial.print("\t output =");

Serial.printin(outputValue);

[/l wait 2 milliseconds before the next loop for the

/I analog-to-digital converter to settle after the last reading:
delay(2); // Wait for 2 millisecond(s)



Code to Change LED Colour - Analog Output

void setup () {
pinMode (3, OUTPUT ); // Blue
pinMode (5, OUTPUT ); // Green
pinMode (6, OUTPUT ); // Red

}

void loop () {
// This combination of 0, 128, 255
// produces an Orange Hue
analogWrite(3, 0);

analogWrite(5, 128);
Basic colors:
analogWrite(6, 255), |mi  m m™
} H 7NN
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Custom colors:
N N O
|
Define Custom Color:
0K Cancel
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Hue: 20
Sat 240

Color|Solid Lm

Add to Custom Colors

Re: d 255
Green: 128
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Use a colour picker to help https://www.google.ca/search?qg=colour+picker
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Using a Temperature Sensor TMP36

e This sensor will produce a voltage depending on the temperature it reads
e We will read this “Analog Output” it produces with the Arduino in Analog

Pin AO

—
=
-
= - ]
oD

int temperaturePin = AO; //connect TMP36's Vout to A0 i : 4 &
void setup() { — % ‘UNO}
Serial.begin(9600); . uTe - mmagy
-
}
void loop() {
float temperature = getVoltage(temperaturePin);
//getting the voltage reading from temp sensor
temperature = (temperature - .5) * 100;
/[converting from 10 mv per degree with 500mV offset
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/lto degrees ((voltage 500mV) times 100) +| (2.1 to 5.5V) —

Serial.printin(temperature);
/lprinting the result to the desktop/laptop
delay(1000);
}
/I getVoltage() ... this function returns the voltage on the analog input pin
float getVoltage(int pin){
return (analogRead(pin) * .004882814); \

/lconverting from a 0 to 1023 digital range to 0 to 5 volts (each 1 reading equals ~ 5 millivolts)

}
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Task: Using the LED Colour to indicate Temperature

Your circuit should be a visual temperature representation
The LED should be BLUE if temperature is (below 17 *C), GREEN if

temperature is (between 17 *C and 22 *C), and be RED if the temperature is
(above 22 *C)

Combine the three codes: Code to Change LED Colour (use the colour
changing pieces), Code to Use a Push Button (use the "if" "else" pieces),
with the Code Using a Temperature Sensor TMP36

For example, if (temperature < 17) tests if the temperature is less than 17
Logic: check if it is cold, then check if it is hot... if it is not hot/cold then it's
warm



DC Motor Control

e Air Exchange System requires motors so let's control a motor

e The motor is controlled by a transistor PN2222A (it is also the same as
2N2222A or P2N2222A or NPN2222A but the pins are different)

e Atransistor is needed because the Arduino microcontroller pins only can
output a maximum of 40mA, whereas the the 2222A can handle between
500mA to 800mA depending on the manufacturer
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DC Motor ON/OFF Control

e Let's begin by hooking up the circuit: with the arduino microcontroller, if
you use pin 9,10,11 or 3 you also have speed control

/I ON/OFF motor control code

int motorPin = 9; // define the pin the motor is connected to

void setup() {
pinMode(motorPin, OUTPUT);

}

void loop() {
int onTime = 2500; //number of milliseconds motor will turn on
int offTime = 1000;//number of milliseconds motor will turn off
digitalWrite(motorPin, HIGH); // turns the motor On
delay(onTime); // waits for onTime milliseconds
digitalWrite(motorPin, LOW); // turns the motor Off
delay(offTime); //waits for offTime milliseconds

-

DC Motor (Wiring
orientation does
not matter)
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DC Motor Constant Speed Control
e Let's look side by side the ON/OFF code vs Constant Speed Control code
/I ON/OFF motor control code /I motor Constant Speed Control code
int motorPin = 9; // define the pin the motor is connected to int motorPin = 9; // define the pin the motor is connected to
void setup() { void setup() {
pinMode(motorPin, OUTPUT); pinMode(motorPin, OUTPUT);
} }
void loop() { void loop() {
int fastSpeed = 200; // 0 is stopped, 255 is full speed
int slowSpeed = 50; // 0 is stopped, 255 is full speed
int onTime = 2500; //number of milliseconds motor will turn on int fastTime = 2500; //number of milliseconds for high speed
int offTime = 1000;//number of milliseconds motor will turn off int slowTime = 1000; //number of milliseconds for slow speed
digitalWrite(motorPin, HIGH); // turns the motor On analogWrite(motorPin, fastSpeed); // turns the motor on fast
delay(onTime); // waits for onTime milliseconds delay(onTime); // waits for fastTime ms
digitalWrite(motorPin, LOW); // turns the motor Off analogWrite(motorPin, slowSpeed); // turns the motor on slow
delay(offTime); //waits for offTime milliseconds delay(offTime); // waits for slowTime ms
} }

e In the Speed Control code the speed needs to be defined, and analogWrite is
used instead of digitalWrite set the speed, instead of full speed or stopped



DC Motor Ramp Up/Down Speed Contirol

e Now the Constant Speed Control code vs ramp up/down Speed Control code

/I motor Constant Speed Control code
int motorPin = 9; // define the pin the motor is connected to
void setup() {
pinMode(motorPin, OUTPUT);
}
void loop() {
int fastSpeed = 200; // 0 is stopped, 255 is full speed
int slowSpeed = 50; // 0 is stopped, 255 is full speed

int fastTime = 2500; //number of milliseconds for high speed
int slowTime = 1000; //number of milliseconds for slow speed

analogWrite(motorPin, fastSpeed); // turns the motor on fast
delay(onTime); // waits for fastTime ms

analogWrite(motorPin, slowSpeed); // turns the motor on slow
delay(offTime); // waits for slowTime ms

}
e To speed up/down gradually a for loop

is used to in/decrease the speed

/I motor ramp up/down Speed Control code
int motorPin = 9; // define the pin the motor is connected to
void setup() {
pinMode(motorPin, OUTPUT);
}
void loop() {
int delayTime = 50; //milliseconds between each speed step

//Accelerates the motor

for(inti = 0; i < 256; i++){ //increases speed from 0 to 255
analogWrite(motorPin, i); //sets the new speed ¥’
delay(delayTime); // waits for delayTime ms

}

//[Decelerates the motor

for(int i = 255; i >= 0; i--){ //decreases speed from 255 to 0 by 1
analogWrite(motorPin, i); //sets the new speed ¥’
delay(delayTime); // waits for delayTime ms

}
}
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DC Motor Forward/Backward Speed Control

Single transistor based circuit is constrained make the motor only spin one

way, need a motor controller to be able to go forward/backward (bidirectional)

void setup() {
pinMode(3, OUTPUT); //ENABLE PIN
pinMode(5, OUTPUT); /MOTOR PIN A
pinMode(6, OUTPUT); /MOTOR PIN B

}

void loop() {
//IMOTOR SPINS IN DIRECTION #1
digitalWrite(3, HIGH); //ENABLE ON
digitalWrite(5, HIGH); //MOTOR PIN A ON
digitalWrite(6, LOW); /MOTOR PIN B OFF
delay(2000); //delay 2 seconds

//IMOTOR SPINS IN DIRECTION #2
digitalWrite(3, HIGH); //ENABLE ON
digitalWrite(5, LOW); //MOTOR PIN A OFF
digitalWrite(6, HIGH); /MOTOR PIN B ON
delay(2000); //delay 2 seconds

//IMOTOR STOPS
digitalWrite(3, LOW); //ENABLE OFF
delay(2000); //delay 2 seconds

Enable 1,2
Input |
Output |
GND
GND
Output 2
Input 2

Vee-2

Vee |
Input 4
Output 4
GND
GND
Output 3
Input 3

Enable 3.4

|
a
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abcde

+ -



Servo Motor Control

e DC motors just keep going and going, but what if we want to turn only a little bit?
e Servo Motors allows us to turn it with with the accuracy of a degree (some
motors have more accuracy and some less)

N

#include <Servo.h> //This imports the Servo Library Code
Servo myservo; //create servo object to control a servo
int pos = 0; // variable to store the servo position
void setup() {
myservo.attach(9); // attaches the servo on pin 9 to the
/Iservo object
}
void loop() {
for(pos = 0; pos < 180; pos += 1) { //goes from 0 to 180 degrees in steps of
1 degree
myservo.write(pos); // tell servo to go to position in variable 'pos'
delay(15); // waits 15ms for the servo /to reach the position
}
for(pos = 180; pos>=1; pos-=1) { //from 180 degrees to 0 deg :
myservo.write(pos); // tell servo to go to position in var 'pos' -
delay(15); // waits 15ms for the servo to reach the position : !

.
°
} oo (@)oe

} R:d
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Automated Air Exchange Project
Now you will combine all the components to date and creating an Automated Air
Exchange System
Your system will be comprised of two TMP36 sensors, 2 RGB LEDs, a
Bi-directional motor (FAN) with L293D, and a servo
One Temperature sensor to be mounted on each side, the motor will be mounted
in the middle
The RGB on each side with show which side is “hotter” (RED) and “cooler”
(BLUE)... both should green if they are within 1°C of each other

The servo will point to the hotter side, point up if ==
within 1°C ﬂ
Motor will spin clockwise if right side is hotter, 0 Servo

0

counterclockwise if left side is hotter, and stop if TMP1  LED O MRe: (EEDR

Wlth'n 1 OC Motor/Fan




