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This project was designed to add embedded systems programming to the CprE 388 Android Programming class. As the class currently stands, there is only one lab that uses hardware and it does not require students to do any programming directly to or from this hardware. The goal of this project is to use the Arduino Mega ADK board and some form of attachable hardware in addition to the currently used Nexus 7 tablets to create labs involving embedded systems programming. We are planning on creating 4 labs to be added at the end of the current 388 lab curriculum. These labs will use a 32 x 32 LED board that will be attached to the Arduino Mega ADK and students will be required to manipulate and control this LED board using the Nexus 7 tablet.

[bookmark: h.syav061zvz43]Goals
1. We will have a setup design that can be easily replicated so that it can be setup at every lab station easily and replicated in the event to needing to be setup again.
2. The 4 labs we develop will be difficult enough to be beneficial, but will not be more work than the average student can handle in approximately 2-6 hours. 
3. The labs created will be interesting and show a practical need for this type of programming.
4. We use hardware that is interesting to students and will be flexible enough that there is room for several labs to be done. 

[bookmark: h.vtwk4thnobwq]Deliverables
1. A lab setup that can be easily replicated
1.1. Arduino Mega ADK and LED board simple to replace if necessary
1.2. A setup guide that can be used by either CSG or students to install all necessary software and drivers. 
1.3. Shield for the Arduino Mega ADK that will allow simple connection between Arduino and LED board. 
2.  Labs designed for the appropriate amount of time using the Nexus 7 tablet and extra hardware
2.1. Labs should take the average student 2-6 hours to complete
2.2. Must use both Arduino and some other form of hardware (LED board and heart rate monitor)
2.3. Should challenge students each week with new material
2.4. Lab write-ups should be clear, easy to follow and give students a good understanding of what they are required to do. 
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[bookmark: h.ftlhva7cg7q3]System Level Design
System Components
1. Nexus 7 Tablet
1.1. Used for all the UI controlling
1.2. Sends signals to the Arduino in order to power correct pins for lighting up specific pieces of the LED board.
2. Arduino Board
2.1. Connected to the Nexus 7 using a USB to MicroUSB
2.2. Connected to LED board using ribbon cable (eventually will be connected with a shield)
2.2.1. Shield Design
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2.3. Controls signals to LED board and other hardware
3. LED Board
3.1. Receives signals from the Arduino board in order to light up correct LEDs with correct colors
4. Heart-Rate Monitor
4.1. Currently used in the existing 388 course
4.2. Sends the heart rate of the user to the Nexus 7 tablet via bluetooth. 

System Requirements
· Functional Requirements
· Labs must help the student to learn concepts related to embedded systems
· Must use the Arduino in some form to communicate with outside hardware
· Should require students to learn and use new concepts
· See Lab Specifications section for specific specifications
· Non-Functional Requirements
· Labs are fun and interesting
· Labs are relatable to real world problems
· Should take approximately 2-4 hours on average to complete
· Labs should be easy to set up

System Analysis
1. Scope Definition
1.1. LED Board is used to aid in the viewing of lab results for the various labs created. Some viewing of results is also done on the Nexus 7 tablet.
1.2. The arduino and Nexus provide a way to examine different aspects of embedded systems
1.3. The Goals for the System are that it helps students to learn more about embedded components and smart devices
1.4.  Expected outcome of the system is that the system will aid in the understanding of low level embedded system concepts
2. Problem Analysis
2.1. There are many different problems that may arise as we continue to work on this project, The first problem we encountered was achieving communication between the Nexus and the Arduino. We solved this problem through various tutorials online
2.2. Another problem we have encountered was powering the LED board, this problem is being temporarily solved by using the power supplies in the TLA and Senior design lab while we look for a cheaper more portable alternative.
3. Decision Analysis
3.1. We have had to make a few decisions about our project at this point, the first being the Board we were going to use. We ended up going with the Arduino due to company reputation, amount of online examples and community support.
3.2. Another decision made was what other hardware we wanted to get, we chose an LED board since it provided more opportunities over a simple LED and worked with all of our proposed lab ideas
3.3. upcoming decisions will be a power supply for the LED board, connection for the LED board to the Arduino and if we implement a lab using a household appliance. These decisions will affect the ease of building the labs as well as the ability to demonstrate the usefulness of embedded devices in real world applications.

[bookmark: h.bib1y3g95emb]Functional Decomposition
In labs, students will be creating Android USB accessories using the Arduino Mega 2560 board as a controller for various additional hardware components. The LED board is one such component. The Arduino board and the LED board will together be an Android USB accessory. When connected via USB, the Android device will launch the students’ app on the device, allowing data to be read to/from the accessory controlled by the arduino. 
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Since CprE 388 is a hybrid of implementing software into hardware for specific applications, the following specifications for the hardware and software will be utilized per person in a lab:
Hardware Specifications
1. A computer with:
a. Windows, Mac, or Linux
b. A USB port
i. To communicate with the Arduino device
2. Arduino Mega 2560
a. Device to interface with the LED board and receive commands from Nexus 7
b. Communicates with Nexus 7 and any additional hardware via USB
3. Nexus 7
a. To be programmed by students to talk to the Arduino for the various labs
b. Will communicate with the arduino via USB
4. RGB LED Panel - 32x32 (COM-12584)
a. A great visual device for learning as students can see the commands they send with a Nexus 7 to an Arduino for any sort of project they may encounter
5. Power Supply
a. Needs to run between 3.3-5vdc @ up to 2.5 amps to power the LED panel
b. Will create these using a Hard Disk external power supply that can be soldered to the power cord that comes with the LED board. This is a cheap and effective solution.

Software Specifications
1. Arduino IDE
a. Will be used by students to program the Arduino
b. LED board used provides a library with some functions to aid in the communication between the arduino and the board.
2. Eclipse with Android SDK
a. To be able to write Android Applications that can be sent to the Nexus 7 to interface with the Arduino

Lab Specifications
1. Morse Code Lab
a. Provide code for basic application that toggles an LED on the Arduino board (this will allow students to test their setup before beginning to code).
b. Provide outline for Morse Code application including code which converts a string into an array of bytes representing that string in Morse Code. 
c. Students will be responsible for designing an interface for this lab, which allows the user to enter a string, convert it to Morse Code, and then transmit that to the Arduino board.
d. Students will be responsible for writing Arduino code to interpret the Morse Code and toggling the LED for the appropriate lengths of time. 
2. SketchPad Lab
a. Provide outline for SketchPad application including an user interface which will be used to control individual LEDs on the LED board (this could be a grid representing all the pixels, or some fields which allow you to enter the coordinates of the pixel to update). 
b. Provide libraries which students can use to assist in updating LED board. 
c. Students will be responsible for using the provided user interface to send signals to the Arduino telling it how to update the LED board.
d. Students will be responsible for updating the LED board based on the signal they sent. 
3. Heart Rate Monitor Lab
a. Provide students with an outline for Heart Rate Monitor Lab including the user interface.
b. Students will be responsible for connecting to heart rate monitor and displaying heart rate on Android device.
c. Students will be responsible for sending that heart rate to the Arduino, which will update the LED board to visually display the heart rate (for example, a bar will grow and turn red, the higher the heart rate).
4. Coffee Pot Lab
a. Provide students with coffee pot converted to interface with the Arduino board.
b. Provide students with a basic outline for this lab.
c. Students will be responsible for creating their own user interface and sending a signal to control the coffee pot to the arduino.

Implementation Problems
1. For device safety and ease of use, we will have to come up with a “shield” for the Arduino to connect the necessary pins into a connector that sits on top of the Arduino

Testing
1. Initial testing is to have a working version of each of our proposed labs. This requires that we test the communication between the Nexus 7 tablet, the Arduino and any other external hardware.
2. Once we have all of our labs drafted we are planning on offering a short 1-credit lab course aimed at students who already have some experience with Android programming. These students will, over the course of 4 weeks, complete the labs we have developed. Once the lab is complete we will require an evaluation form be filled out. This will happen in late March, early April so that once it is complete we have time to make any additional changes to our final versions. 
image4.png
Android

Nexus 7 Hardware Accessory

Tablet Arduino Mega 2560
(LED Board, Kitchen
Appliance, etc.)





image1.png
Arduino MEGA ADK Shield Template

scL PBS  PHs PHs  PES  PE0 RXD3 RXD2 SCL
AREH  PBs| PHo PHa| Pes| PEr Tx03| Tx0Z SDA
SDAT PavTLPB" T PE!T PERT T XDT XDT
LU i [ w
CRERERS P ST gpwe A4 G|COMMUNICATION -1
HORTXTO FORTYE
o
|
PAO PAI
Paz
=] PAs
A6 PA7
Pe7 PCs
| ' PCs PCs
PC3. pc2
ElisgoN_tev e s
I PD7 PGz
PG1 PGo
PL7 PLs
PLs PLs
PLs pL2
PLI PLo
PB3_MISO PB2_MOSI
PBI_SCK PBO_SS
HORZX18
sv
" =
svs i
Abdz AoCs ADC10 ADCTS
Abdi| | apca| apc7 Ay Apci} Abcts
RESET N And| | Apcq oc ance| Aoci{ Apct
LI Eaah| [T
EREE TlPower @ e EEREEREERY

HDRIXE HDRIXE HDRIXS




image2.png
COCO000000

ARDUINO MEGAR ADK
16 PIN IDC CONNECTO

XESGo

P — .
mw,nv [} Auxmm“mw 00000000000 MW
1RO0PQGOOOO0O00O0DOOOO
N @%@2458@2458M o
»mMWU b1y
eaﬁ €Ty
A4z s Ty
Of8T HX 1Y
Q8T fxd 0Ty
MWLHH X 6]
T XL 89
6T Hx
Ofnt Bxd AMWV
o] -ax o)
|-t = Mm MW
N &
- o
O
(o] | 4
: nﬂm
= f
BE L
1
o1
o
Ozt
OleT
e
EERG)

R





image3.png




