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SE3910 Lab 4: Networked IO with the Beaglebone 

Due: Wednesday, April 9, 2014 

1. Introduction 
In the last few weeks, we have done some basic things with the Beaglebone.  We started by writing some 

messages to the console.  Then we switched and talked about latency.  Now that we are this far into the 

course, we need to start talking about network.  Embedded devices are heavily networked.  You car may 

have upwards of 50 to 75 processors all talking on a network.  In your home, your furnace, AC, security 

system, and other devices may be networked.  Your television is networked with a DVD player.  In 

essence, everything is talking to everything else.  But, in terms of real time response, this throws some 

real wrinkles into the design of embedded systems.  Networks add another aspect of latency into our 

systems. 

 

This week, we want to expand basic IO the network.  Specifically, we want to replicate the programs 

from two weeks ago to work over the network.    You will work with a partner to develop this program 

and network two Beaglebones together. 

 

In addition, this lab will introduce using Eclipse to create an embedded project.  This will allow you to 

use modern development tools and create code for your Beaglebone in the Eclipse environment. 

2. Prelab 
Prior to lab, watch the video on creating a Eclipse project for the beaglebone.  This will explain how to 

use Eclipse to set up a development project for your Beaglebone as well as how to execute the program 

on the Beaglebone. 

3. Lab Objectives 
 Construct an embedded Linux program which performs low level Linux I/O to read and write to 

an output pin. 

 Construct a program which uses unix sockets to communicate over Ethernet. 

 Measure the systemic latency of input and output control using embedded Linux. 

 Measure the processor utilization on the Beaglebone 

4. Part 1: Creating a Beaglebone Eclipse Project. 
The first thing we want to do for this lab is to create an Eclipse project using the baseline code form last 

week (that is, the code which simply allowed a user to press a button and turn an LED on.)  Start by 

creating an Eclipse project and building the program.  Using Eclipse, remove any of the warnings from 

the file and clean it up so that there are not any problems in the code. 

 

5. Part 2: Making the boards talk 
Now that you have the baseline code clean and working under Eclipse, we want to spread the project out 

so that it runs on two machines using sockets to communicate.  To do this, you will need to split the code 



Department of Electrical and Computer Engineering and Computer Science 

Milwaukee School of Engineering 

Spring Quarter, 2013-2014 

SE3910: Networked IO on the Beaglebone 

 

Page 2 of 3 

up.  One project is going to be the server.  This project will open a socket and wait for a connection from 

a client.  Once it has the connection, it will read blocks of data from the client and change the state of the 

LED accordingly.  The second project is going to be the client.  The client will connect with the server 

and send messages whenever the button is pressed or released.   

 

To do this, you will need to construct simple socket code.  Previously, in your networking course, you 

learned about sockets in Java.  And you saw POSIX sockets in C in Operating Systems last quarter. 

(There also is some sample socket code available on the CS3844 homepage from last quarter.)  However, 

this lab will use the POSIX API for sockets.    An article that you can use is available at 

http://macdevcenter.com/pub/a/mac/2002/12/26/cocoa.html, and a second reference is 

http://linuxgazette.net/47/bueno.html.   

 

When doing development, you may find it useful to first write the code to talk with a PC client as a server 

and to write a pc client to control the LED on the embedded server.   The code is essentially the same, and 

this will give you the ability to debug the program using gdb as you used in your C++ programming 

course and was demonstrated earlier in this course.  Once this is finished, then you can finish up the 

embedded code. 

 

6. Part 2 Measuring Latency 
Once you have the two boards talking to each other, you will want to make some latency measurements.  

We want to know what the impact of the network is on the system.  Two weeks ago you measured the 

latency of the interrupt driven system when turning on the LED.  You will repeat that process this week.  

However, you will have the added latency of the network connection in the middle. 

 

First, you will want to measure the latency in the steady state, with no significant network traffic.  Once 

you have done this, download the “loader” program from the website.  This program adds a load on the 

network by sending dummy data across sockets from one machine to a second machine, putting a load on 

the network.  Try the default settings and see if there is any change in the latency.  If not, try increasing 

the block size value in the constants.h to increase the size of the data being sent.  (The default is set to 512 

KB.)  You could also try running multiple instances of this program.  You also could cross compile the 

program for the beaglebone and run it on the beaglebone. 

 

If this does not work, try watching a large high definition youtube video while having the Beaglebone 

send data back and forth. 

 

Part 3 (Optional) Controlling two lights. 
Now that you’ve measured the latency, try controlling two lights.  Change the code on the client so that it 

responds to button presses on two different buttons, and change the code so that it sends information 

about the state of both buttons in its message.  Then on the client decode this information and use it to 

lighten and darken both LEDs. 

 

http://macdevcenter.com/pub/a/mac/2002/12/26/cocoa.html
http://linuxgazette.net/47/bueno.html
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7. Deliverables / Submission 
Each team will be responsible for submitting one report with the following contents: 

1. Introduction -> What are you trying to accomplish with this lab?  This section shall be written IN 

YOUR OWN WORDS. DO NOT copy directly from the assignment. 

2. Measured Data in Tabular format 

a. Include the latency of the baseline system in which everything is on one board 

b. Include the latency when the system is just driving the LED.  How much did the network 

change the latency? 

c. Include the latency when the network is under load?  Is there variance when under load? 

How much does this influence epsilon from a real time standpoint? 

3. Things gone right / Things gone wrong -> This section shall discuss the things which went 

correctly with this experiment as well as the things which posed problems during this lab. 

4. Conclusions -> What have you learned with this experience?  What improvements can be made in 

this experience in the future?  How did your programming improve when using Eclipse 

versus the command line tools?  

5. Appendix -> Oscilloscope captures 

a. For each latency measured, capture the screen of the oscilloscope and write it to a file. 

6. Appendix -> Source code 

a. For each program, include the source code you used.  Code should be well commented 

and documented. 

 

This material should be submitted as a single pdf file. 

 

If you have any questions, consult your instructor.  

  


