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ENGR 1731 – Computing for Engineers
Lab # 5 – Introduction to Arduino Hardware    
REPORT DUE DATE: Next Lab Meeting

You must submit a formal lab report for this assignment (Modify sample template provided to put circuit schematics, the built circuits, and programs/command window results in the report). 

Lab Objective
To introduce the Sparkfun Inventors Kit and how to communicate with it using MATLAB, focusing on digital input and output, analog input and representing analog output, some applications, and the output to the buzzer device. These concepts are presented in the Introduction to Arduino Hardware lecture.

Getting started
Make sure the MATLAB Support Package for Arduino Hardware is installed under Add-Ons under the Home tab in MATLAB Desktop. 
Download Arduino support files from Folio and extract them to desktop. 
Connect USB cable to the Arduino.
Use the Find_Com_Ports.bat file to figure out on which COM port the Arduino is connected. For example, if the wch.cn is show on COM4, run the following command in the command window.

Then in the command window, type: 
 a=arduino('Com4','Uno')

If an object a is defined in the workspace, proceed with Question 1.

Question 1 (Blinking an LED as a digital output)
Build the “Blinking an LED” Circuit, and learn how to write to a digital pin using the writeDigitalPin( ) function. As the LED is connected to digital pin 13, the command writeDigitalPin(a,‘D13’,1) would turn the LED ON by writing a “1” to it. writeDigitalPin(a,’D13’,0) would turn the LED OFF by writing a “0” to it. Use the BlinkingLED.m file to test the circuit. The resistor used is a 330Ω resistor which is an orange-orange-brown-gold color band.

[image: Image of an Arduino Uno blinking LED circuit from Sparkfun kit. Connection to a yellow LED positive pin via pin 13 and a 330 ohm resistor to the negative pin of the LED connecting to ground bus.]
Figure 5.1: Blinking an LED Circuit (Writing to a digital pin) [1]

Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 2 (Push Button Circuit)
Build the pushbutton Circuit, note the resistor used is a 10kΩ resistor which is an Brown-black-orange-gold color band. and learn how to read an input from a digital pin using the readDigitalPin( ) function. As the pushbutton is connected to digital pin 2, execute the command readDigitalPin(a,‘D2’) in the command window would read the value seen by pin D2, it should read a value of “1” if it is not pressed. Now, keep the button pressed, and execute the command readDigitalPin(a,‘D2’) and see if you read a “0”. 
[image: Image of an Arduino Uno Pushbutton circuit using pin D2 and a 10kohm resistor. ]
Figure 5.2: Push Button Circuit (Reading from a digital pin) [1]

Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 3 (Potentiometer Circuit)
Build the Potentiometer Circuit and learn how to read an input from an analog pin using the readVoltage( ) function. As the potentiometer is connected to analog pin A0, execute the command readVoltage(a,‘A0’) and read analog voltage, twist the potentiometer dial and read another voltage using the same command. 
[image: Image of an Arduino Uno connected to a Potentiometer (variable resistor) circuit using analog pin A0 to read, and a positive and negative power connected to the potentiometer. ]
Figure 5.3: Potentiometer Circuit (Reading from an analog pin) [1]

Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 4 (Temperature Sensor Circuit)
Application of readVoltage( ) function Build the temperature sensor (TMP36) Circuit. Make sure the temperature sensor’s flat side is facing the correct direction as shown in the circuit. Use the tempReadings.m file to see how input is read through the analog pin using readVoltage() function to which the temperature sensor is connected. Make sure to understand the code provided. [In the code, observe the use of a for loop to run 500 times and collect data from analog pin A0, using an equation with the temperature sensor to convert it to Celsius, then convert it to Fahrenheit, and hold the values in Fahrenheit in the vector x, and plot them. Also, finding max, min, and average values in x. ]
[image: Image of an Arduino Uno connected to a temperature sensor using analog pin A0 to read temperature, and a positive and negative power connected to the sensor. ]
Figure 5.4: Temperature Sensor Circuit (Application of reading from an analog pin) [1]

Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 5 (LED Circuit with an analog output)
Build the simple LED Circuit. The analog write function is not available on Arduino boards, so the alternate is to use a digital pin with PWM (Pulse Width Modulation). The pint with these capabilities are marked with “~” symbol beside the digital pin, such as (~D3, ~D5, ~D6, ~D9, ~D10, ~D11. Learn how to represent an analog output using a digital pin using the writePWMVoltage( ) function. As the LED is connected pin D5, execute the command writePWMVoltage(a,‘D5’,5) to make the LED light up, then type writePWMVoltage(a,‘D5’,5) to see how the light dims. Next, write a for loop given to create a vector from 0 to 5, and 5 to 0 and write these values to the LED at pin D5 to see how the light becomes bright and then becomes dim and finally off.

for v=[0:0.1:5,5:-0.1:0]
    writePWMVoltage(a,'D5',v)
end

[image: Image of an Arduino Uno connected to an LED controlled by PWM pin, D5.  ]
Figure 5.5: LED Circuit (Application of writing an analog output) [1]

Include schematic, picture of circuit built, and code used to test the circuit in the report.

Question 6 (Piezo Buzzer Tunes)
Build the circuit and use the playTone( ) function to play tones and compose music. The buzzer has the positive pin and a negative pin. See the positive sign on top of the buzzer or underneath it, and make sure it is connected correctly. Note, the pin is connected to digital pin 9. In the command window, type the command playTone(a,‘D9’,440,2), where 440 is the frequency being played and 2 is the duration of how long the frequency is played.  
[image: Image of an Arduino Uno connected to a buzzer through pin9 connected to the positive side of buzzer, and negative side connected to ground. ]

Figure 5.6: Piezo buzzer Circuit (Playing tunes using simulated analog output feature) [1]

Include schematic, picture of circuit built, and code used to test the circuit in the report.

Lab report deliverable
Update the word document template provided on Folio with results of this lab and submit it in the dropbox as a word document or pdf file format only.

Things you should have learned from this lab
1. Fundamentals of circuit building, communicating with Arduino using MATLAB
2. Reading digital inputs from the Arduino using readDigitalPin( ) function
3. Reading analog inputs from the Arduino using readVoltage( ) function
4. Writing digital outputs to the Arduino using WriteDigitalPin( ) function
5. Writing analog outputs to the Arduino using WritePWMVoltage( ) function
6. Using PlayTone( ) function to play sounds from the piezo buzzer
7. Code used to operate the various circuits built in this lab

If you didn’t understand any of the above, please ask the instructor!

Reference
[1] SIK Experiment Guide for Arduino - V3.3, https://learn.sparkfun.com/tutorials/sik-experiment-guide-for-arduino---v33, Experiment 1(Blinking an LED), Experiment 5 (Push Buttons), Experiment 2 (Reading a potentiometer), Experiment 6 (Reading a temperature sensor), Experiment 11 (Using a Piezo Buzzer)

Last modified May 12, 2024

[image: Creative Commons License] This work by Salman Siddiqui & Rami Haddad is licensed under a  Creative Commons Attribution-Noncommercial-ShareAlike 4.0 International License.
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