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About This Guide

This guide is meant to help instructors get ready for teaching the Bytes and Beats course. It provides an overview of the course and covers set up required for the hardware and software.
[bookmark: _Toc446510729]About This Course
In the Bytes and Beats course, students will learn the fundamentals of programming with MATLAB while making their own music with sensors.  They will use MATLAB, the programming language used by scientists and engineers today to turn if-statements, for-loops, and functions into rhythms, melodies, and harmonies through an Arduino board and sensors.  
Working with friends, students will compose and visualize their own music and invent their own symphonic creations.  At the end of the course, students can take home their own electronics to continue fine-tuning their musical inventions.  
No prior knowledge of programming or working with electronics is required.
Computer programming and musical concepts will be explored through various discussions, activities, lessons, and projects.
Learning Objectives

	Computer Programming Concepts

	File Structure and Management
	Students will create and use nested directories.


	Computation and Calculation

	Students will be able to execute single-line commands in the MATLAB Command Window for basic tasks and calculations:
· Create variables
· Create arrays and vectors
· Execute functions
· Read in and export data
· Perform simple calculations to compute and manipulate data


	Algorithms

	Students will be able to identify and explain the steps used in a problem-solving process. Solve a problem using an algorithm.
· What is an algorithm? Show an example?
· Create a MATLAB script


	Modularity of Code and Abstraction

	Students will use models to simplify complex topics. They will be able to examine the output of a process to understand how data is changing so that they can identify patterns. Students will be able to repeat patterns found in code to create new code patterns with altered behavior. 


	Syntax
	Students will learn how to write syntactically correct MATLAB code.


	Visualization
	Students will create visualizations of their musical sound waves.

	Logical Control and Looping

	Students will be able to create programs that automatically make decisions based on certain rules. Learn to create loops to deal with repetitive code.

	Debugging

	Students will learn how to identify and remove the sources of errors in their code.

	Hardware Interface

	Students will be able to interface with the hardware controller, program the controller for use with MATLAB, and check the controller for connectivity to MATLAB.




	Musical Concepts

	Libraries

	Students will have access to a library of sounds, be able to select the musical instrument they want, and be able to add their own custom sounds to the library.


	Sounds

	Students will understand what is sound and how it is created. They will be able to relate the properties of sounds to the properties of sound wave. They will identify pitch and loudness—the components of a musical sound.


	Songs

	Using the concepts of repetition and theme, students will combine musical sections and notes to create a melody. They will also have the option to record their voices to create a song.

	Musical instrument
	Students will create a custom musical instrument using MATLAB and some hardware.


[bookmark: _Toc446510730][bookmark: _Toc255804210][bookmark: _Toc255805292][bookmark: _Toc255805370][bookmark: _Toc258765013]Overview of the Week

	Day 1
	Day 2
	Day 3
	Day 4
	Day 5

	Activity: Ice Breaker (10 min.) 
	Lesson: Revisit Creating Numeric Vectors (10 min.)
	Lesson: For Loops (40+ min)
	Lesson: Creating a Sound File for Silence (20 min.)
	Activity: Using a Painted Sensor as a Musical Instrument (45+ min.)

	Discussion: Sound and Music (10 min.)
	Lesson: Indexing into Numeric Vectors (10 min.)
	Lesson: Practicing For Loops (optional) (15 min.)
	Lesson – Concatenating Sound Files (20+ minutes)
	Activity: Recording Your Voice with MATLAB (30 min.)

	Activity: Music Has Rhythm and Volume (10 min.)
	Lesson: Doing Math with Vectors (10 min.)
	Activity: Creating Your Own Musical Instrument! – A Theremin (60 min.)
	Lesson – Adding Sound Files (20+ minutes)
	Activity: Preparing for a Music Concert! (60+ min.)

	Activity: Sound is Made by Vibrating Air (10 min.)
	Lesson: Saving Variables from Workspace (10 min.)
	Lesson: Importing Sounds into MATLAB (20 min.) 
	Activity: Creating a Melody using Addition and Concatenation (45+ minutes)
	Activity: Wrap Up (30 min.)

	Discussion: What is Programming? (10 min.)
	Activity: Playing by Numbers (15+ min.)
	Lesson: Editing Sounds in MATLAB (30 min.)
	Activity – Play with the MusicMixer App (15 mins)
	

	Activity – Acting Out Programming (20 mins)
	Lesson: Using Functions (20+ min.) (optional)
	Activity: Customizing Your Theremin (30+ min.) 
	Group Activity – Perform as a Band (30 mins) 
	

	Overview of activities to be covered during the week
	Activity: Sound Has Properties (15 min.)
	Activity: Practicing While Loops (optional) (25 min.)

	Activity – Creating a Music File of Your Own (30 minutes)
	

	Activity: Using MATLAB to Visualize Sounds (20+ min.)
	Activity: Creating a Sound Wave and Playing it (20 min.)
	
	Activity – Making a Circuit Board (60 minutes)
	

	Activity – Fun with MATLAB (15 mins)
	Lesson: Creating a Function (20+ min.)
	
	
	

	Activity: Using MATLAB as a Calculator (15+ min.)
	Activity: Changing Parameters, Changing the Sound (10 min.)
	
	
	

	Lesson: Creating Numeric Variables and Variable Assignments (20 min.)
	Activity: Creating a Function to Add Two Waves (15 min.)
	
	
	

	Activity: Units per… (20 min.)

	Activity: Playing Tones with the RedBoard (40 min.)
	
	
	

	Activity: Customizing Your MATLAB (15 min.)
	Activity: Playing Chords Together (15min.)
	
	
	

	Lesson: Creating Character Arrays (Strings) (10 min.)
	Group Activity: Composing a Song (30+ minutes)
	
	
	

	Lesson: Indexing into Character Arrays (10 min.)
	
	
	
	

	Lesson: Creating Numeric Vectors (20 min.)
	
	
	
	

	Activity: Decoding a Secret Message (15 min.)
	
	
	
	

	Activity : Sending a Secret Message and Decoding (15 minutes)
	
	
	
	

	Lesson: Connecting MATLAB to the Arduino Board (20+ min.)
	
	
	 
	

	Total Time: 
~4hrs
	Total Time: 
~4hrs
	Total Time: 
~4hrs
	Total Time: 
~4hrs
	Total Time: 
~4hrs



[bookmark: _Toc446510731]Daily Objectives

Day 1
· Obtain an overall introduction to the three main topics that will be covered in the course: programming, music, and working with hardware 
· Understand that sound is created from vibrations, and study sound waves 
· Learn about MATLAB as a programming language and become familiar with the MATLAB interface
· Explore the RedBoard and learn how to connect to the hardware board and issue basic commands

Day 2
· Obtain more detail for each of the three main topics: programming, music, and working with hardware
· Create waves, and listen to and customize the sound that the waves produce
· Learn about programming functions—how to create and use them
· Play sounds and create melodies with the hardware board 

Day 3
· Learn how to import sound files and edit these files in MATLAB 
· Understand what sound translates to in its digital form
· Learn about looping in programming and explore for loops
· Using the hardware board, create a musical instrument and customize it

Day 4
· Learn how to combine sound files together and string sound files one after the other to create a melody
· Learn to work with data from the sound files and process the data through numeric operations
· Create a custom hardware circuit with conductive paint for use on the final day

Day 5
· Use painted circuits to create a musical instrument using MATLAB and the hardware board
· Explore and customize any of the students’ musical creations from the previous days 
· Work in groups to create a combined musical piece and prepare for a concert!
[bookmark: _Toc255804211][bookmark: _Toc255805293][bookmark: _Toc255805371][bookmark: _Toc258765014][bookmark: _Toc446510732]Course Basics 
[bookmark: _Toc446510733][bookmark: _Toc255804212][bookmark: _Toc255805294][bookmark: _Toc255805372][bookmark: _Toc258765015]System Requirements
· Windows PC (laptop or desktop) with the following minimum system requirements: www.mathworks.com/support/sysreq/current_release/ 
· USB Ports
· Speakers
[bookmark: _Toc446510734]MathWorks Software Requirements
· MATLAB 
· DSP System Toolbox 
· Image Processing Toolbox
· Signal Processing Toolbox
· MATLAB Support Package for Arduino
See Getting Ready section for details on installation.
[bookmark: _Toc446510735]Facility/Others
· Projector + Speakers
· Internet for instructor
[bookmark: _Toc255804213][bookmark: _Toc255805295][bookmark: _Toc255805373][bookmark: _Toc258765016][bookmark: _Toc446510736]Equipment Needs
A Windows PC for each student, as well as a hardware kit that includes a board, sensor, and speaker.  See the Course Materials section.  
[bookmark: _Toc255804215][bookmark: _Toc255805297][bookmark: _Toc255805375][bookmark: _Toc258765018][bookmark: _Toc446510737]Environment Preparation
Students will be working individually most of the time, but they will transition to teams for various activities. 
[bookmark: _Toc446510738][bookmark: _Toc255804217][bookmark: _Toc255805299][bookmark: _Toc255805377][bookmark: _Toc258765020]Course Materials
Recommended materials for this course:

	Item
	Item Provides for X student(s)
 
	Price (USD)
	Where to Buy

	Arduino Uno- R3 
	1
	24.95
OR
23.97

	https://www.sparkfun.com/products/11021
or
http://www.amazon.com/Arduino-Board-Module-ATmega328P-Blue/dp/B008GRTSV6/ref=sr_1_3/176-3280445-6569909?ie=UTF8&qid=1461076976&sr=8-3&keywords=arduino+uno


	Breadboard
	1
	4.95
OR
5.95
	https://www.sparkfun.com/products/12002

Amazon

	USB Cable 
	1
	4.95
	https://www.sparkfun.com/products/512
or
http://www.amazon.com/Mediabridge-USB-2-0-High-Speed-Gold-Plated/dp/B001MXLD4G/ref=sr_1_1?ie=UTF8&qid=1461077652&sr=8-1&keywords=arduino+uno+usb



	Infrared Proximity Sensor Short Range - Sharp GP2D120XJ00F

	1
	13.95
	https://www.sparkfun.com/products/8959


	JST to Breadboard Jumper (3-pin)
	1
	1.50
	https://www.sparkfun.com/products/13685


	Piezo Speaker
	1
	1.95
	https://www.sparkfun.com/products/7950


	LEDs
	5
	0.38
	https://www.sparkfun.com/products/9881
(26 in a pack at 9.95 USD)

	Jumper Wires Standard 7" M/M Pack of 30
	2
	4.95
	https://www.sparkfun.com/products/11026


	Arduino and Breadboard Holder
	1
	3.95
	https://www.sparkfun.com/products/11235 

	Conductive Paint (10ml)
	1
	9.95 
	https://www.sparkfun.com/products/11521


	Crocodile Alligator Clips
	5
	~1.50
	https://www.sparkfun.com/products/12978


	Resistors
	20
	~1
	https://www.sparkfun.com/products/11507

	Safety Glasses
	1
	~1.50
	Amazon 

	iMicro IM320 USB Headset

	1
	11.95

	http://www.amazon.com/iMicro-IM320-USB-Headset/dp/B003RRY8ZG/ref=sr_1_4?ie=UTF8&qid=1458757573&sr=8-4&keywords=usb+microphone+and+headset
	

	Instrument Rhythm Set
	1 class
	10.00
	Amazon
http://www.amazon.com/Rhythm-Band-Rockin-Instrument-Set/dp/B0002E3614/ref=sr_1_6?ie=UTF8&qid=1450191613&sr=8-6&keywords=musical+instrument+set


	Stationery list for classroom:
-Screwdriver 
- Pens/pencils/erasers
- Few sheets of paper
- Gloves (when working with conductive paint)
- Paint Brush

	
	~10.00
	Amazon


[bookmark: _Toc446510739]Getting Ready
Please leave sufficient time prior to the start of the course to setup MATLAB and the hardware kit for the students.
[bookmark: _Toc446510740]Setting Up Software
1a. Installing MATLAB, toolboxes and the MATLAB Arduino Support Package
MathWorks Software Requirements for Bytes and Beats:
· MATLAB 
· DSP System Toolbox 
· Image Processing Toolbox
· Signal Processing Toolbox
· MATLAB Support Package for Arduino
This course was written and tested with MATLAB R2019a. Determine which installation procedure to use from the page below:
www.mathworks.com/help/install/ug/choose-installation-procedure.html
If you have the MATLAB Primary and Secondary School Suite for the school, please refer the link below for setting up the software.
http://www.mathworks.com/academia/highschool/includes/primary-and-secondary-school-admin-guide.pdf
When the product installation option pops up please select MATLAB and the other required toolboxes – Signal Processing Toolbox and the DSP System Toolbox.
Once you have MATLAB and the toolboxes installed, follow the instructions on the following page to install the MATLAB Arduino Support Package:
www.mathworks.com/help/matlab/matlab_external/support-package-installation.html
(Requires a MathWorks account log in)
After clicking on Get Hardware Support Package. Select “Install from Internet”.
Select Arduino in the left-hand pane. Select the support package option with “Required Base Product” – MATLAB
NOTE: If you have the MATLAB Primary and Secondary School license, faculty members are entitled to professional MathWorks support for help on installation and technical queries.



2. Increasing the font size for display on projector
The MATLAB code and text font is set to default values, which works well for the individual user. However, when presenting to an audience in a large room, the font size may be too small to see. So, it is recommended that the font size be increased. 
To do this:
1. In the MATLAB Home tab, within Environment, click on Preferences. This will open the Preferences window. 
[image: ]

2. Navigate to Fonts and change the font size for Desktop code font and Desktop text font to higher values. This will enable the audience to see what commands are being typed and also what is in the Current Folder, Workspace, and elsewhere.
[image: ]

3. Course Files
All the files needed for the Bytes and Beats course are provided in a folder called Code and Audio Files. Please download this folder. This should have the following three items:

[image: ]
1.  audio_files – has music notes from several musical instruments, such as guitar, violin and trumpet. It also has several percussions. Students will be using these files to create their own compositions over the week.
2. code_files - has all the scripts and functions that the course is using and is made available for the teacher’s reference. Students will not have direct access to these folders.
3. Bytes and Beats Files – is a custom toolbox created for the course. This contains all the files necessary for this course to run smoothly.
Copy the audio_files folder and Bytes and Beats toolbox to the laptops/PCs of all the students. It may be a good idea to copy them to the same location on all computers, for example, Desktop, or a destination folder of your choice.
Once the files have been copied over, Open MATLAB and navigate to the location where the files are copied by clicking on the [image: ] icon shown below:
[image: ]
Double-click on “Bytes and Beats Files.mltbx” to install all the relevant files on the computer.
[image: ]

[bookmark: _Toc446510741]Setting Up Hardware
1. Please see “HardwareSetupGuide” document for details on making the circuit connections.
2. Once you have the circuit setup, connect the Arduino board to the computer or laptop via a USB cable.
2. The Arduino board and the breadboard can be screwed onto the Arduino and Breadboard Holder
4. Once the hardware is plugged into the computer or laptop, you need to find the COM port number it has been assigned to. You can find the port number by doing the following:
· In the Windows start menu, search for Device Manager.
· Select Device Manager.
· Find Ports (Com&LPT) and expand this.
· Find the COM port number assigned to the board. 
· You need this number when executing the command: board.Connect (number).



[bookmark: _GoBack]© The MathWorks, Inc. 2019. MATLAB is a registered trademark of The MathWorks, Inc. See www.mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be trademarks or registered trademarks of their respective holders.

Music Clips are provided by The Philharmonic Orchestra under a Creative Commons Attribution-ShareAlike 3.0 Unported License. The license agreement can be found at http://creativecommons.org/licenses/by-sa/3.0/deed.en_GB. If you remix, transform, or build upon the material, you must distribute your contributions under the same license.
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