Arduino MicroController One-Credit Workshop

Fall 2014

Course Checkpoints:
Checkpoint 1: Download software from http://arduino.cc.
Checkpoint 2: Make the light blink.
Checkpoint 3: Read someone else’s blinking light.
Checkpoint 4: Graphically display the data collected from your light sensor.
Checkpoint 5: Read a pressure sensor.
Checkpoint 6: Learn to run a motor using PWM and an H-Bridge.
Checkpoint 7: Learn to control the motors via feedback from the pressure sensor.
Checkpoint 8: Learn to waterproof motors (optional).
Checkpoint 9: Attempt to waterproof the Arduino Mini.
Checkpoint 10: Create a mini-ROV that can achieve and maintain a specified
depth.

Checkpoint 1: Download software from http://arduino.cc and put together
your development platform.
Goals:
 Learn a little bit about Arduino and Microcontrollers.
 Put together your Arduino development platform.
 Start your Journal.
Step 1:
Before you download the software, read a little bit about the Arduino platform.
In your journal, briefly discuss anything interesting you learn about the Arduino as
you read about it.
Step 2: Again, before you download the software, go to
http://arduino.cc/en/Guide/HomePage

and choose your operating system and follow the guide for “Getting Started w/
Arduino on ...”
Step 3: During the installation process, make sure that you discuss any problems
that you encounter during the installation process. If you didn’t encounter any
problems then make a note of how easy it was to install the Arduino software.
Step 4:
Attach the Arduino Uno to the development board using the provided screws.
Attach the breadboard to the development board via the adhesive pad. If
possible and where appropriate it is always a good idea to include pictures of your
progress in your journal.

Checkpoint 2: Make the light blink
Goals:
 Learn how to create an Arduino program (known as a sketch),
 Learn how to upload an Ardunio program onto the Arduino board,
 Make an LED blink in a controlled fashion.
Step 1: Create the following circuit using your Arduino development board. As
always, ask for help when you need it.
Note that in this case we are using a Resistor as a current limiter. Once you
look up the specs of your device, you can choose a resistor that will give
you a desired voltage via V=IR. In our case our LED’s spec sheet suggests a
current of 1mA. The Arduino’s voltage is 5 Volts. This means that a
500Ohm resistor will give us the desired current. There are a variety of
classes offered at LBCC to that help you learn more about circuits. For this
workshop it is ok to follow the suggestions in this packet or to ask for help.

Step 2: Plug the Arduino into the computer via the USB port. If the USB port is
working correctly, the green “ON” light on the UNO should come on. The first
time you do this, the computer might also install drivers.
Step 3: Open up arduino.exe to write a new sketch.
Step 4: Make sure that under “Tools” you select the correct Board. Also under
“Tools” make sure that you select the correct COM port – you can either simply
guess the correct port and switch if your first guess doesn’t work, or, you can
probably go to your computer’s hardware settings control panel to figure it out
Step 5: Type your program into the sketch area. Note that there are many
example programs under “File”, “Example”. Here is a very basic “blink” program –
a variation of this program should be available in the Example menu – or, you can
type it in yourself:
/*Blink
Turns on an LED on and off repeatedly.
*/
void setup() {
// First, you must initialize the digital pin as an output.
// Note that Pin13 has an LED connected on most Arduino boards:
pinMode(13, OUTPUT);

}
void loop() {
digitalWrite(13, HIGH); // set the LED on
delay(1000);
// wait for 1000ms
digitalWrite(13, LOW); // set the LED off
delay(1000);
// wait for 1000ms
}

Step 6: Upload your program to the Arduino by clicking the “Upload” button. As
you Upload the program, you should notice that one of the LEDs built into the
board blinks.
Step 7: To convince yourself that you are really making the light blink the way you
are meaning to, attempt to reprogram the Arduino to change the blink rate in a
variety of ways.

Step 8: If time permits, borrow or purchase a 3-color LED and
have fun experimenting.

Troubleshooting:
Some problems can be fixed by…:
a) …making sure that your computer has administrator rights to allow
programs to run.
b) …going to the “device manager” and making sure that the Arduino is
working properly and the drivers are correctly installed.

Checkpoint 3: Read someone else’s blinking light.
Goals:
 Learn how to use an Arduino to collect data from a sensor
In this Checkpoint we are going to use the Arduino to detect the
intensity of light landing upon a light sensor.
First, disconnect your Arduino from the power source and/or the
computer and take out any components that you put in during
Checkpoint 2.
Next, re-create the circuit shown in the drawing. A2 can be found in the “Analog”
input pins found on the Arduino board.
After you have made the circuit, type in the below program and upload the
program to the Arduino.
//* This program will collected data from a light sensor that is plugged into the Arduino board
int LS = 2;
// define LS as the variable that will tell the program from which pin to gather data
int LSvalue = 0;
// LSvalue will be the variable used to store the value coming from the sensor
void setup() {
// open serial port.
Serial.begin(9600);
pinMode(LS, INPUT);
}

// let the computer know that pin LS will be an INPUT pin

void loop() {
LSvalue = analogRead(LS);
// set LSvalue equal to the value from the sensor plugged into pin LS.
Serial.println(LSvalue);
// this will print the value of 'LSvalue' to the Serial Monitor
delay(30); // this slows things down a bit
}

When you run the program you will need to go to “Tools” and select “Serial
Monitor” to see the data being sent to your computer via the Arduino
1. When you have uploaded the program to your Arduino, you should note try
blocking light to the light sensor and then shine bright light at it and observe what
happens.

2. Try using the light sensor to detect light coming from someone else’s Arduino
that is running the Blink program.
3. Some physics: Replace the light sensor with an LED. Try detecting someone
else’s LED using the same color LED as you are and then try detecting a different
color of LED.
4. If time permits, explore the map function. With a bright enough light, you
should be able to get the serial output to read values as high as 1,023. Such a
bright light, however, might not be possible without setting the lab on fire. In
your Arduino program you can use the map function to scale the output of your
variable. For example percent = map(LS, 0,1023,0,100) would a value stored in LS
and convert it so a percentage of the maximum value of 1023.

Checkpoint 4: Graphically display the data collected from your light sensor.
Goals:
 Understand the difference between an Arduino Sketch and a VPython
program.
 Get the Arduino to send data to a VPython program.
 Learn enough VPython to be able to create a visual display to
representation of collected data
In this checkpoint, we are going to use VPython to graphically display data
collected from your light sensor. This is going to be a difficult check point to get
through so make sure that you ask for help when you are not fully understanding
what is happening.
A brief description of VPython: VPython is a programming language based upon
the well known and widely used Python programming language. The chief
advantage of VPython is its quick learning curve and the relative ease in making
graphs and 3D objects on the screen.
VPython is an open-source language and can be downloaded at
http://www.vpython.org.
Instructions for downloading and installing VPython.

1) Go to the appropriate download section of http//www.vpython.org and
carefully follow the directions for downloading version 2.7.
2) Note that you are first to download Python-2.7.2 and only after installing
Python you are next supposed to download VPython2.7.
3) Only after both Python and VPython have been downloaded, installed and
tested, you next need to install PySerial. An automatic Windows installer
for PySerial can be found at:
http://sourceforge.net/projects/pyserial/files/pyserial/2.5/ . Another
option is to go to http://pypi.python.org/pypi/pyserial to download and
install Pyserial. Ultimately, a folder named “serial” needs to end up in a
directory that probably looks something like c:\Python27\Lib\site-packages.
For mac’s you might try
http://randomproblem.wordpress.com/2012/01/14/installing-pyserial-2-5on-mac-os-x-to-python-2-x-and-3-x/ .

Next, use the program from Checkpoint 3 that causes the Arduino to get a light
sensor reading and then send that information to the computer.
The following VPython program will then give us a visual representation of the
light sensor reading.
One quick note: Make sure that you turn off the ‘serial monitor’ on the computer
before you open and run VPython.

### The below VPython program opens up a serial connection with the Arduino
### and graphically displays light sensor result.
### It is important that the Arduino Serial Monitor is NOT open on your computer when
### you run this program.
import serial
from visual import *
import time
wire = serial.Serial("COM6", 9600) #Opens serial port. You might also need to change the COM port
wire.timeout = 30 # length of time before checking the port again
strn = ""

value = 0
window = display(title='Photo Sensor Display', width=600, height=600,
center=(0,0,0), range = (500, 500, 500))
bulb = sphere(pos=(0,0,0), color = color.green, radius = 100,
opacity = 1)# make a sphere to represent the LED.
while True: #Makes a continuous loop to read values from Arduino
strn = wire.readline()# reads the value from the serial port
print(strn)
value = int(strn)# converts the read string to an integer
print (value)
bulb.radius = value/2# assigns the radius of the sphere to value/2
bulb.opacity = value/255.0# changes the opacity

If time permits:
1) Modify the VPython program so that, instead of a sphere, you use a
cylinder with a height that represents the brightness of light detected by
light sensor.

Checkpoint 5 – Read Data from a Pressure Sensor
Goals for this Checkpoint:
 Get the Arduino to collect data from a pressure sensor.
 Visually display data from the pressure sensor
 Figure out how to use the pressure sensor in water
 Make a graph in VPython (if time permits)
Step 1: Create a program that will read the voltage from a pressure sensor.
A MPX4250AP-ND pressure sensor has been included in your kit. It works
similarly as your light sensor did. Thus, you are going to create a circuit similar to
your light sensor circuit. You won’t need the 500 resistor as the resistor is built
into the pressure sensor.
Step 2: Create a visually pleasing graphical output that can help a person see
pressure readings.
Step 3: Here is the first real step in construction of your underwater Remotely
Operated Vehicle (ROV) where you are going to have to take into account our
dreaded enemy water. Your pressure sensor needs to detect the pressure of
water at a certain depth and, of course, your Arduino will not fare well in a
submerged environment. Thus, you are going to have to eventually decide if and
how you are going to keep your Arduino waterproof or decide if
Waterproofing the Some tool and components you can use include:
 Glue guns
 Ethernet cable
 Soldering irons

Step 4: If time permits, learn some more VPython:
 Learn how to use a “label” at vpython.org.
 Learn how to create a graphical VPython output of you data by going to:
http://www.vpython.org/webdoc/visual/graph.html

MPX4250 Schematic

Pin 1: Vout
Pin 2: Ground
Pin 3: Vcc
Pin 4: V1
Pin 5: V2
Pin 6: Vex

Checkpoint 6: Learn to run a motor using PWM and an H-Bridge.
Goals for this Checkpoint:
- Learn how to attach headers to a chip.
- Learn what an HBridge does and how to use it.
The following materials were adapted from http://bildr.org/2012/04/tb6612fng-arduino/.
Step 1: Prepare the HBridge. You will need to solder headers onto the HBridge.
Normally, you solder the headers on so that when you plug them into the board,
the chip points upward allowing for
the best seating of the HBridge into
your breadboard. However, in this
case, we will get better results if
we insert the header pins so that
the chip side is down and thus the
pin labels will be visible when
plugged into the breadboard.
When soldering, it might be easiest if you insert the headers into the breadboard
and place the HBridge in the desired direction on the headers. This will allow for
a nice stable soldering platform.
There are several sites online where you can gain some solder tips and watch
soldering tutorial videos. One example is:
http://www.aaroncake.net/electronics/solder.htm

Step 2: Wire your Arduino up as shown.
Note that “Motor Power +” in the diagram
goes to Vin on the Arduino.
Warning: There are a couple of
combinations that you could make that
could damage or kill you Uno and/or your
HBridge. It is always best to have a friend
double check your work before you plug
anything in.

We will be using the TB6612FNG dual H-bridge. An h-bridge is a combination of
transistors that allows you to switch the direction of current running through your
motor circuit. This allows you to run a motor in both directions. Using Pulsed
Width Modulated (PWM) current, you can then make a motor run at any speed.
The TB6612 has 2 H-bridges allowing you to run two motors simultaneously.
The TB6612 can supply up to 13V at 1.2A continuously.
To hook up the TB6612 we will need an external power source somewhere in the
range of 2.5V – 13V. We can’t use the 5V pin on the Arudino because it can’t
provide enough current to run the motors. WARNING: If you don’t hook this up
correctly, you can easily fry your Hbridge and/or your Arduino.
The “Standby” pin on the TB6612 when held LOW will turn off both motors.
Each motor then has 3 pins – two of these are for direction the third one is for
speed. When one direction pin is HIGH and the other LOW then the motor will
spin in one direction – switching the HIGH and LOW will then switch the direction.
The PWM pin allows you to analogWrite to the pin to control the speed of that
one motors. Sending 0 to this pin stops the motor while a 255 represents
maximum speed.
Step 3: Upload new code to the Arduino.
//This code controls two motors
//motor A should be connected between A01 and A02
//motor B should be connected between B01 and B02
//The below code defines the output pins on the Arduino will hookup to specified pins on the HBridge
int STBY = 10; //this will be the standby pin
//Motor A
int PWMA = 3; //Speed control
int AIN1 = 9; //Direction
int AIN2 = 8; //Direction
//Motor B
int PWMB = 5; //Speed control
int BIN1 = 11; //Direction
int BIN2 = 12; //Direction
void setup(){
pinMode(STBY, OUTPUT);

pinMode(PWMA, OUTPUT);
pinMode(AIN1, OUTPUT);
pinMode(AIN2, OUTPUT);
pinMode(PWMB, OUTPUT);
pinMode(BIN1, OUTPUT);
pinMode(BIN2, OUTPUT);
}
void loop(){
move(1, 255, 1); //motor 1, full speed, left
move(2, 255, 1); //motor 2, full speed, left
delay(1000); //go for 1 second
stop(); //stop
delay(250); //hold for 250ms until move again
move(1, 128, 0); //motor 1, half speed, right
move(2, 128, 0); //motor 2, half speed, right
delay(1000); //go for another second
stop();
delay(250);
}
void move(int motor, int speed, int direction){
//Move specific motor at speed and direction
//motor: 0 for B 1 for A
//speed: 0 is off, and 255 is full speed
//direction: 0 clockwise, 1 counter-clockwise
digitalWrite(STBY, HIGH); //disable standby
boolean inPin1 = LOW;
boolean inPin2 = HIGH;
if(direction == 1){
inPin1 = HIGH;
inPin2 = LOW;
}
if(motor == 1){
digitalWrite(AIN1, inPin1);
digitalWrite(AIN2, inPin2);
analogWrite(PWMA, speed);
}else{
digitalWrite(BIN1, inPin1);
digitalWrite(BIN2, inPin2);
analogWrite(PWMB, speed);
}
}
void stop(){
//enable standby
digitalWrite(STBY, LOW);
}

Checkpoint 7: Learn to control the motors via feedback from the pressure
sensor.

This is where it gets fun. You now need to take your program that read
information from the pressure sensor and turn it into a program that
runs your motors. You want to make the program so that the thruster
move in one direction if the pressure is larger than average (where you
get to define average) and in the other direction if the pressure is
smaller than average.
Step 1:
Measure the pressure sensor and compare that value with the desired
value.
Step 2: If Pdesired > Pactual then run motor one way.
If Pdesire < Pactual then run motor the other way.
If Pdesire = Pactual turn motor off

Checkpoint 8 (optional): Waterproof your motors.

Checkpoint 9: Waterproof your Arduino-UNO or Arudino-Mini
In a previous version of this class we used an Arudino-Mini microcontroller as the
brains for our ROV. The advantages of the Mini was that it is less expensive, much
smaller and still could do the same job. The disadvantage of the Mini was that it
doesn’t have as many data ports and it is very easy to accidently destroy.
If you are feeling adventuresome and don’t have any major finals looking on the
horizon, I will give you a Mini. All of your UNO programs can be transferred to the
Mini and it will work in the same way.

The Arduino-Mini vs. the Arduino-Uno
Reversing the polarity of the supply voltage to the Mini is the most common way
people have fried their Mini’s in the past – I thus strongly suggest that, before you
do anything, you put a diode in on the power supply line to help protect against
mistakes.
This term (Fall 2013) we also have supplies for you to make an AUV instead of an
ROV. It might be fun to purchase a few extra motors and accelerometer so that
your ROV can go up, down, forward, backward, right and left. If you want to be
an ROV team developer, I might purchase some parts for you.

Checkpoint 10: Try your Mini-ROV in the pool.

