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Copyright Notice 
The text and graphics in this manual, its cover, the E.L.L.K. III CD-ROM and its artwork are copyrighted and 

protected from misuse under local and international laws.  All rights reserved. 

 

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any 

means electronic, mechanical, photocopying, recording, or otherwise without prior written permission of the author. 

 

Limitation of Liability, Intended Use 
The Embedded Linux Learning Kit, the kit, is intended as a tool for learning to use Linux in an embedded context.  

Intellimetrix makes no warranty, representation or guarantee regarding the merchantability, suitability or fitness of 

the kit, or any of its individual components, for any particular purpose.  All software is supplied “as is.” 

 

Updates 
In the interest of improving quality and maximizing value to the customer, this manual and the contents of the 

associated CD-ROM are subject to update and revision at any time.  Electronic updates will be posted at 

www.intellimetrix.us/downloads.htm. 

 

Revision History 
2-19-2019: Initial release 

 

Contact Information 
The author may be contacted at: 

Intellimetrix 

193 Happy Trails N 

Las Cruces, NM  88005 

Phone: +1 575-590-2788 

Email: doug@intellimetrix.us 

Web: www.intellimetrix.us 

http://www.intellimetrix.us/downloads.htm
mailto:doug@intellimetrix.us?subject=ELLK
http://www.intellimetrix.us/
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1. Getting Started 
 

 

In many cases, the target computer on which an embedded application runs is severely limited in terms of its 

computing resources.  It probably doesn’t have a full-sized display
1
 or keyboard.  It may have as much as a few 

gigabytes of mass storage in the form of a flash file system, probably not enough to contain a compiler much less a 

decent integrated development environment (IDE).  Thus embedded development usually requires at least two 

computers—the target on which the embedded program will run and a development workstation on which the 

embedded program is written and compiled.  Before we begin working with our embedded Linux environment, 

we’ll have to set up an appropriate development workstation. 

 

Any modern PC will work just fine as a development host.  Minimum requirements are: a Pentium class processor, 4 

GB of RAM for graphical operation, and at least 100 GB of disk for a “workstation” class Linux installation.  Of 

course, more RAM and disk are always better.   You will need an asynchronous serial port, which can be a USB to 

serial converter, and a network interface, which can also be a USB converter. 

Linux installation 
Since this is not a beginners’ guide, we won’t say much about installing Linux itself.  Pick your favorite Linux 

distribution—CentOS, Ubuntu, Debian, Suse, whatever.  Any fairly recent distribution should work just fine.  I’m 

currently partial to CentOS and run CentoOS 7 as a guest machine under Sun Microsystems’ (excuse me, Oracle) 

VirtualBox
2
.  We will be describing some configuration and setup changes later on in terms of CentOS 7.  Other 

distributions present these options differently. In any case, these days Linux installation is a fairly straightforward 

process. 

Installation scenarios 
There are basically three installation scenarios for Linux: 

 Stand-alone – This is the obvious choice if you can dedicate a machine to Linux.  You will let the 

installation process format the entire disk. 

 Dual-boot – In many cases though, you’ll probably want to install Linux on a machine that already runs 

some variant of Windows.  Historically dual booting was the way to do this. In this scenario, you select at 

boot time which operating system to boot.  That OS takes full control of the machine.  The Linux 

installation will replace the standard Windows boot loader with GRUB, the GRand Unified Bootloader.  

GRUB then offers the option of selecting the OS to boot.  Before running the Linux installation, you’ll 

need to make enough contiguous free space available on the disk beyond the space occupied by Windows.  

The Windows 10 disk manager will help you do this.  The installation then formats only the free space. 

 Virtualization – This is the big buzzword in computing these days.  This is the process of running one 

operating system on top of another.  The base, or native, operating system is called the host.  It runs a 

virtual machine manager, VMM, that in turn runs one or more virtual machines called guests.  Whereas in 

the dual boot scenario one or the other operating system is running exclusively, with virtualization the host 

and the guests are running simultaneously.  You can even move files and data between them seamlessly.  

The “disk” in this case is really just a very large Windows file allocated when you created the virtual 

machine.  Let the Linux installation format the entire “disk”. 

Installing Virtualbox 
Unless you plan to dedicate a machine to Linux, I strongly suggest installing Linux as a VM under Virtualbox. With 

that in mind, your first step then is to install and configure Virtualbox itself. Go to virtualbox.org and download the 

current version. Double click on the downloaded file to install it. Accept all the default configuration options. 

 

                                                           
1
 Actually, the R Pi supports HDMI video and we’ll touch on that briefly. 

2
 In addition to Oracle’s VirtualBox, VMware offers a free version of its virtualization product, VMware.  See the 

Resources section for websites. 
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Figure 1.1: Initial Virtualbox Screen 
 

Figure 1.1 shows the window when you start up Virtualbox for the first time. Your next task is to create a virtual 

machine. 

1. Click New 

2. Give the new machine a Name. Select Linux for the Type and select whatever distribution you’re 

installing as the Version. Note that there is no version for CentOS. I suggest selecting Red Hat. Click 

Next. 
3. Select how much RAM you want for the VM. I suggest half of what’s available on the host. Click Next. 
4. Now you are asked whether or not you want to create a virtual disk drive or use an existing virtual drive. If 

you’ve just installed VirtualBox you probably don’t have an existing virtual disk, so yes you want to create 

one now. Click Create. 

5. Select VDI as the hard disk file type. Click Next 
6. Now you have a choice of a fixed size virtual disk or a dynamically allocated one. I recommend 

dynamically allocated. Click Next. 
7. The default name for the virtual disk file is the same as the VM name. The default size is 12 GB. If you 

plan to play around with Yocto, you’ll need 100 GB. Otherwise 30 GB is probably sufficient. Click 

Create. 

 

 
 

Figure 1.2: Virtual Machine Screen 
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You now have a virtual machine as shown in Figure 1.2. There are several configuration options you should update 

before starting your new VM. 

1. Click General. In the Advanced tab select Bidirectional for both Shared Clipboard: and Drag ‘n Drop:. 
This allows you to easily move data between the host and the guest. 

2. Select System. Verify that the Boot Order: has the optical drive before the hard disk. If you have a multi-

core processor, go to the Processor tab and select half the number of available cores for the guest. 

3. Select Storage. Two controllers should be listed: IDE and SATA. Your virtual disk file is connected to the 

SATA controller and the IDE controller has an icon named Empty that looks like an optical disk. Click on 

Empty and you’ll see the dialog shown in Figure 1.3. Click on the disk icon at the far right and you’ll have 

a choice of selecting your physical optical drive or browsing for an ISO image file, which you can “mount” 

just like a physical disk. Select the device or file with the bootable installation image. 

4. Select Network. You’ll need at least one and maybe two network connections. Even if your host is using a 

wireless interface, all network interfaces appear to the guest as wired interfaces. Select Bridged Adapter 
for Attached to:. Your primary network interface should appear in the Name: field. Click Advanced and 

be sure Cable Connected is checked. 

5. If you wish to configure a second network interface, select the Adapter 2 tab and repeat the above steps. 

 

 
 

Figure 1.3: Virtualbox storage dialog 
 

So go ahead and start your virtual machine. 

Installing Linux 
 I’ll briefly describe the process of installing Linux for CentOS, but if you’re installing a different distribution, the 

process will probably be a little different. You’ll be asked a few basic questions about things like keyboard and 

language and then the Installation Summary of Figure 1.4 comes up. There are a few steps you need to complete 

here before installation actually begins: 
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Figure 1.4: Installation Summary 
 

Date and Time: The time and date themselves are probably already correct. There’s a nice graphical interface for 

selecting your time zone. 

 

Software Selection: Let me reveal a personal bias here. Most true Linux hackers do everything from the command 

shell. Personally, I like GUIs. And while GNOME is perhaps the most popular desktop GUI in the Linux world, I’m 

partial to KDE. Unless you have a strong preference for GNOME, I recommend selecting KDE Plasma 
Workspaces as your Base Environment. Alternatively, you could select the GNOME Desktop or the 

Development and Creative Workstation, which gives you a larger selection of add-ons. 

 

For add-ons you’ll need KDE Applications and Development Tools as a minimum. Go ahead and select whatever 

else you think you might need. 

 

Disk Partitioning: The issue here is that automatic partitioning creates a separate /home partition and if you’re 

building a Yocto file system image, you may find that /home fills up even though there’s plenty of free space in the 

root partition. So select I will configure partitioning. Click Done and a “mount point” dialog comes up. Click the 

“+” icon to add a partition. You’ll want to add at least these partitions: 

 /boot – 500 MB is more than adequate. 

 /swap – The optimal size for a swap partition is subject to some debate. The CentOS folks suggest if you 

have more than 4 GB of RAM, allocate the size of RAM plus 2 GB. I have 8 GB allocated to my VM, so I 

allocated 10 GB for the swap on my 100 GB disk. 

 / -- The root partition. Everything else. 

 

When finished click Done to see a Summary of Changes. Click Accept Changes. 

 

Network and Host Name: This would be a good time to set up your main network connection. As described later 

on you may want (or need) a second network connection. Select your main network interface, probably a wireless 

port, if it isn’t already selected. Remember that Virtualbox treats all network adapters as “wired”. Click on the “slide 

switch” in the upper right corner to enable the interface. That’s it for now. The interface is configured to get its IP 

address through DHCP. Click Done. 
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Now click Begin Installation. This will take a while as there are well over 1,000 packages to install. While you’re 

waiting, you should set a root password and create a normal user. When the installation finishes, click Reboot. The 

installation media will be automatically unmounted and the machine will boot into the new OS. The next step is to 

accept the license. Then click Finish Configuration. 

 

 
 

Figure 1.5: KDE Desktop 
 

Figure 1.5 shows the basic KDE graphical desktop. The somewhat abstract icon in the lower left corner is the 

Application Launcher, basically the same thing as the Windows Start menu. If you click on that you’ll see a 

collection of cutsie icons. Personally, I don’t find this particularly useful. Fortunately, you can change this to what’s 

called the “classic” menu style by right-clicking on the launcher and selecting Switch to Classic Menu Style. Now 

all the various categories of applications are organized into a simple list. 

 

Note that in its present form, the VM will not display full screen, nor will it automatically capture the cursor. Your 

next step is to install Virtualbox Guest Additions.  Go to the VM Manager menu at the top of the screen and select 

Devices and then Insert Guest Additions CD Image. A pop-up appears in the lower right of the screen showing 

that an optical disk has been inserted. Click on the icon to the right of the disk name to mount it at 

/run/media/<your_user>/VBox_GAs_<version>. 
 
Open a command shell

3
 and cd to /run/media/<your_user>/VBox_GAs_<version>. Execute the command: 

 sudo sh ./VBoxLinuxAdditions.run 
 
sudo is one of two commands, the other being su, that allow you to become root user. You’ll be asked for your user 

password. sudo allows you to temporarily execute privileged commands. su by contrast actually makes you root 

user after asking for the root password. 

 

The script attempts to restart the machine when it’s finished. This may not succeed and you may have to reset it 

from the VMM Machine menu. At this point you’ll be able to run the VM as full screen with full cursor integration.  

 

You now have a fully functional Linux machine. If you’re not familiar with Linux, this would be a good opportunity 

to take some time to play around with it. Find the graphical file manager, try out some shell commands. Explore the 

various configuration options and configure the system to your personal taste. 

                                                           
3
 I’ll leave it to you to figure out how to do that. 
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Getting Help 
Again, if you’re relatively new to Linux, you’ll probably be looking for some help. The primary help mechanism in 

Linux is called man pages where man is short for “manual” as in user’s manual. Pretty much every “object” in 

Linux; shell commands, library functions, system services, and so on, has a man page. From the shell you simply 

type man <topic>. Man pages are not tutorial. They’re more reference in nature and tend to be cryptic. Nevertheless 

they’re very useful if you’re trying to remember just how a particular command works and what its options are. 

 

There is also a graphical version of man pages, along with other help files, available from the Application Launcher. 

Finally, and this may come as no surprise, when you’re mucking around with Linux, Google is your friend. It is 

astounding what you can tease out of a Google search. One of my soapbox topics with Linux, and indeed software in 

general, is error messages. The message rarely tells you what the real problem is, much less a possible solution. But 

google even a part of an error message and you’ll likely come up with a least a dozen different forum posts or how-

tos that will shed some light on the problem. 

 

One last tip before we dive into configuring the host workstation. The most useful key on your keyboard is Tab. 

This is the autocompletion key for shell commands. Very often you’ll encounter very long file names. You can type 

in the first few letters of the name and then press Tab. If the part you typed in is unique, the shell will complete it 

for you. If not, press Tab a second time and it will display the alternatives. Once you become familiar with the Tab 

key you’ll be using it constantly. 

Resources 

Linux distributions 
There are something over 300 Linux distributions, or “distros”, floating around the Internet.  Many of them are 

designed to serve some specific purpose and, in fact, there are a number of embedded distributions.  The website 

http://iso.linuxquestions.org/ claims to have 1120 versions of 346 “distros” available for download. 

 

In most cases, downloads are available as ISO image files. An ISO file is an exact image of a CD or DVD.  Note 

that burning an ISO image to a CD is not the same as copying a file.  Many popular CD burning programs have an 

option for burning ISO images.  If you’re running a VM, you can simply “mount” an ISO image as if it were an 

optical drive. 

 

Some of the more popular distributions include: 

 

Red Hat (redhat.com) – Red Hat is perhaps the best known, and most successful, commercial distribution of Linux. 

Their focus is on enterprise IT. In fact the product is called Red Hat Enterprise Linux or RHEL for short. 

 

CentOS (centos.org) – an acronym for Community Enterprise Operating System, this is a free, open source clone 

of RHEL. It is the exact same code base with proprietary branding and artwork removed. 

 

Fedora (fedoraproject.org) -- the Fedora project is the community-supported successor to the free Red Hat Linux 

distributions that ended with Red Hat 9.  It also serves as a “test bed” for Red Hat Enterprise Linux. Fedora is 

definitely “bleeding edge” with new releases coming out about every six months. 

 

Debian (debian.org) -- the Debian project is known for its adherence to the Unix and free software philosophies, 

and for its abundance of options — the current release includes over fifteen thousand software packages for eleven 

computer architectures. 

 

Ubuntu (ubuntu.com) -- Ubuntu was developed in South Africa based on Debian GNU/Linux and has become quite 

popular in recent years.  It emphasizes usability, regular releases, ease of installation, and freedom from legal 

restrictions.  The name comes from the Zulu and Xhosa concept of ubuntu, which means "humanity towards others". 

 

Suse (opensuse.org) -- the SUSE distribution is currently owned by Novell and is available in both an open source 

version and a commercial version.  The link here is to openSUSE. 

 

http://iso.linuxquestions.org/
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virtualbox.org is the website for Oracle’s VirtualBox VMM 

 

vmware.com is the site for VMware’s VMM 

 

Sobell, Mark G., A Practical Guide to Linux.  This book has been my bible and constant companion since I started 

climbing that steep Linux learning curve.  It’s an excellent beginner’s guide to Linux and Unix-like systems in 

general, although having been published in 1997 it is getting a bit dated and hard to find.  It has been superseded 

by… 

Sobell, Mark G., A Practical Guide to Linux Commands, Editors, and Shell Programming, 4
rd

 Edition, Addison-

Wesley, 2017. 

 


