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   Introduction 

   You are no longer a beginner in the Samsung ARTIK community. It is time to flex your coding muscles and 
extend your skills by trying out more advanced techniques. 

 The companion book,  Beginning Samsung ARTIK - A Guide for Developers , focused on getting you 
started. That book concentrated on helping you get your development systems up and running, and showing 
you how to use the tools. 

 This reference book builds on what you learned earlier and takes you deeper into the ARTIK world. The 
narrative is not designed to be a linear reading experience. Reference books need to help you find things in a 
random fashion when you need them. 

 A lot of material in here was gathered by inspection and reverse engineering, coupled with the analysis 
of the schematic diagrams for the developer reference boards. I have presented this information in tables 
that are designed to help you as you design and build your own products. The coverage on the Samsung 
developer web site is an excellent introduction; if you read that information first, this book builds on what 
you find there and describes the foundations that underpin that material. The online sources of reference 
that I found are also described here for you to study. 

 The posts in the discussion forum suggested topics that readers would like to know more about. These 
posts inspired both books. The fruits of my own forensic research for  Beginning Samsung ARTIK  and further 
experimentation are distilled into this book to help you find what you need and quickly move on to more 
advanced things. 

 Things do not stand still for very long in the Samsung ARTIK world, and just as I was drawing things to 
a close, more new developer resources were released. I have incorporated as much of that new material as 
I can. Keep a close watch on the Samsung developer web site for more new material because there are still 
many new and exciting things to come.

  —Cliff Wootton 
 Crowborough UK 

 Summer 2016    
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    CHAPTER 1   

 Learning More About ARTIK                          

 It is time to start stage two of your ARTIK journey. By now, you should have a working ARTIK development 
system up and running, and you should have explored the hardware and software. You are ready to move on to 
more complex challenges and develop a totally awesome and amazing project. If you don’t have your system 
up and running yet, take a look at the companion book,  Beginning Samsung ARTIK , for help in getting started. 

 This reference book uses the ARTIK command line environment and the GCC compiler to illustrate 
coding examples. Your terminal emulator should be set up and your serial connection working so you can 
interact with your ARTIK module. If you have access across your Local Area Network (LAN), you can use 
 telnet . Experienced UNIX developers will feel at home in this environment. The command line environment 
is a powerful tool and it can seem daunting at first. It has a varied and useful collection of small tools and 
utilities. Each command does one thing very well. You can learn about them one by one. They are all easy 
to understand when looked at individually. The power comes from the way you combine the commands 
together to create processing workflows. The learning process is much easier than you might think. 

 To fully understand your ARTIK, you must be conversant with the developer reference board circuit 
schematics, U-Boot, the kernel, and operating system internals. Then you can begin to work with the 
peripheral interfaces such as GPIO and I2C. To get the whole picture, aggregate the knowledge from all of 
these resources with what you see by inspection. This is not a trivial task but if you tackle it step by step, it is 
possible to learn things quickly and it can be enjoyable as you become more adept. 

     Change and Evolution 
 The Samsung Developer Conference 2016 (SDC) introduced a lot of useful new technologies to help you with 
your ARTIK projects. There are more new things to come. Keeping up with the changes is a challenge in itself. 

  Model numbers  that describe each different type of ARTIK have changed to accommodate potential 
future additions to the range. For now, the Commercial Beta of the ARTIK 5 is a Model 520 and the ARTIK 10 
is a Model 1020. Updated versions of the ARTIK modules will use variations of that naming convention. The 
ARTIK modules are usually described as an ARTIK 5 or ARTIK 10 to distinguish between the two currently 
available products unless it makes sense to describe version-specific details. 

  ARTIK Cloud  is the new name for the SAMI infrastructure that was documented in  Beginning 
Samsung ARTIK . Because this forms such a crucial part of the IoT ecosystem, it has been adopted as 
part of the ARTIK product family. If you are using the first edition of  Beginning Samsung ARTIK  to 
help you get started, where you see SAMI mentioned, do a global search-and-replace in your mind to 
convert that to ARTIK Cloud. Read about developing for ARTIK Cloud at the Samsung developer web 
site at    https://developer.artik.cloud/     . 

Electronic supplementary material The online version of this chapter (doi:  10.1007/978-1-4842-2322-2_1    ) 
contains supplementary material, which is available to authorized users.

https://developer.artik.cloud/
http://dx.doi.org/10.1007/978-1-4842-2322-2_1
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 The  ARTIK IDE  is a specially designed development environment for creating and debugging 
applications for your ARTIK. It is based on the Eclipse CHE platform and it supports local and remote 
debugging. Consider the ARTIK IDE as an alternative to installing Eclipse and a cross-compiling toolchain 
as it might offer some advantages. Samsung will release more documentation for it as it becomes ready for 
deployment. Read about the CHE tools at the Eclipse web site at    www.eclipse.org/che/artik/     . 

  IoTivity  is an IoT open source integration platform maintained by the Linux Foundation as a library to 
download and use in your own projects. It is designed to help you communicate from device to device. Find 
out more at the IoTivity web site at    www.iotivity.org/     . 

 The  Resin•io  system provides tools for updating your IoT systems remotely over the air. This can be a 
challenging problem to solve if you have to develop your own solution. Find out more at the Resin•io web 
site at    https://resin.io/     . 

 The SDC 2016 developer presentations and tutorials will all be made available on the developer web 
site in due course. There is also a YouTube channel that represents the developer support services. Reach the 
 samsung_dev  home page to access the video resources via one of these routes: 

    www.youtube.com/results?search_query=samsung_dev      
    www.youtube.com/user/SMInnov8      

 More recently, the ARTIK OS source code has been released under an open source license. There are 
also new, up-to-date, and complete data sheets for the ARTIK model 520 and 1020 modules that describe all 
of the hardware characteristics. 

 The open source components used in the ARTIK operating system will change. These all contribute to 
a gradual evolution and improvement of the ARTIK. These changes often happen without any fanfare. They 
are only discovered when they affect the development process or when something breaks as a consequence. 
Table  1-1  summarizes the potential areas you should expect to change and the possible consequences for 
technologies aside from the development work that the Samsung engineering team is working on.  

   Table 1-1.    Changes and Consequences   

 Component  Consequences 

 Kernel  The kernel is maintained independently of the OS. There is a lot of work being done on the 
inside plumbing. Expect changes to  sysfs ,  procfs ,  runfs , and  udevfs  as various driver 
items are moved around. Where appropriate, any expected changes are mentioned in this 
book when they may affect what you do. There are many components of the kernel that are 
maintained as separate projects. The IIO interface for analog inputs is a typical example. 

 Fedora OS  Fedora has been upgraded from version 20 in the Alpha ARTIK modules to version 22 in 
the Commercial Beta modules. The current developer open source code version of Fedora 
is somewhat more advanced than that. One of the later revisions will become the dominant 
version when the ARTIK OS is upgraded. 

  yum  vs.  dnf   One consequence of the latest upgrade is that the  yum  installer in the ARTIK module 
has been completely replaced by a new command called  dnf . The  yum  command is no 
longer available. The  dnf  command is upwards compatible with  yum  but adds many new 
features. This was covered in  Beginning Samsung ARTIK  but to clarify things further,  dnf  
is now always used inside the ARTIK module for installing packages directly there. On 
your development workstation, the installer depends on the version and revision of Linux. 
Your installer there may be  dnf ,  yum ,  rpm , or  apt_get . Be sure that you distinguish between 
commands you execute on the ARTIK command line and others that are only appropriate 
on your developer workstation command line. 

 Yocto  Changes to Yocto are generally benign and are concerned with making the OS build easier 
to manage. 

(continued)

http://www.eclipse.org/che/artik/
http://www.iotivity.org/
https://resin.io/
http://www.youtube.com/results?search_query=samsung_dev
http://www.youtube.com/user/SMInnov8
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 Topics that were addressed in  Beginning Samsung ARTIK  are covered in more detail in this book. 
For example, hardware debugging with the JTAG port driven from a Segger J-Link was suggested as a way 
forward in  Beginning Samsung ARTIK . In Chapter   14    , that topic is revisited in much more depth to cover 
scan chains and recommended configurations of the debugger for diagnosing applications running in 
multiple cores. It is also possible to run several debug sessions simultaneously when you have factored your 
application into several separate processes. 

 Peripheral devices are dealt with in much greater detail and all the inner workings are discussed for 
GPIO, I2C, I2S, IIO, and SPI. Each interface has a chapter devoted entirely to the inner workings.  

     Your Journey Through This Book 
 The programming examples in this book are more sophisticated than the ones in  Beginning Samsung ARTIK . 
They are designed to help you build and maintain reusable code libraries of your own to avoid reinventing 
the wheel every time you start a new project. Where  Beginning Samsung ARTIK  was designed to be a 
coherent narrative that took you step by step through the setup process, this reference guide is designed 
for random access to in-depth coverage of the topics. However, if you do want to read the whole book, the 
content is organized in a logical way, and each chapter builds on the earlier ones. 

 The first few chapters talk about the platform internals to help you construct a robust mental map of 
where everything is. It is essential to get to know the territory before you go on a quest for individual API 
components. Some of the topics that were addressed more simplistically in  Beginning Samsung ARTIK  are 
expanded in this book. 

 Understanding how the kernel builds the virtual file systems and maps the hardware devices to them is 
valuable knowledge. You can then choose the right approach for developing an application to interface with 
GPIO pins or I2C-driven sensors. 

 Topics dealt with in this book are occasionally quite deep and complex. I have tried to break them down 
into small and easily digested pieces. This makes it easier to assimilate the knowledge. As you read through 
the chapters, new concepts are revealed one by one. 

 Please do not be daunted by the complexity and scope of the technology inside the ARTIK. The 
development process becomes easier as you become more familiar with the technology, and the time 
devoted to understanding the internals of your ARTIK is well spent.  

 Component  Consequences 

 U-Boot  U-Boot has been stable for a long time; fundamental changes to how it works are rare. 

 ALSA  The audio tools revolve around the ALSA project and the mPlayer application. These are 
likely to be stable until the industry develops new technologies for audio systems. The I2S 
support for digital audio is very mature and not prone to changes. 

 Video4Linux  The video processing uses Video4Linux, which is moving forward as new TV formats are 
deployed to the broadcast industry. Most new work is with 4K video; on the horizon, 8K 
video may start to become popular from 2020 onwards. Video coding has used the H.264 
standard for some years. That is well-supported by the  ffmpeg  tool, which is actively 
maintained as an open source project. The newer HEVC codecs will be more useful as the 
4K video format is taken up by the industry. Upgrades to the MIPI standards will affect the 
V4L source code as they are incorporated. 

 Table 1-1.  (continued)

http://dx.doi.org/10.1007/978-1-4842-2322-2_14
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     Samsung Developer Resources 
 Following SDC 2016, the previously available developer documentation has been updated with new 
material, and the Downloads page has new items added from time to time. June 2016 saw the release of the 
source code for the ARTIK OS and the ARTIK 10 modules via a Git repository. New firmware for the OS in the 
ARTIK 5 and 10 arrived also, and the developer documentation was updated with a lot of new material for 
users interested in using audio and video on their ARTIK projects. 

 The Samsung developer resources are organized into several categories. The documentation takes you 
through a straightforward getting-started process. This is useful if you are using a Windows workstation; 
there is some useful material for Linux users, too. For Linux and the Apple Macintosh development 
workstations, consult the companion book  Beginning Samsung ARTIK  for additional material. 

 The online developer guide provides some basic instruction on accessing GPIO pins. This is backed up 
here with code examples. Chapter   17     illustrates the GPIO internals in some detail. Check out the Samsung 
developer support channel on YouTube for video tutorials and presentations. Third-party material is 
available at the hackster•io web site or on the Instructables blog. Access more resources via these links: 

    https://developer.artik.io/overview      
    https://developer.artik.io/documentation/      
    https://developer.artik.io/documentation/getting-started-beta/      
    https://developer.artik.io/documentation/developer-guide/      
    https://developer.artik.io/documentation/tutorials/      
    https://developer.artik.io/documentation/tutorials/color-mqtt-client.html      
    www.hackster.io/      
    www.instructables.com/      
    www.youtube.com/channel/UC4rolvSm8ikmnymdbbznNJw       

     Samsung Developer Downloads 
 Check the Samsung developer downloads page from time to time. Useful resources to help your development 
process are added when the Samsung engineers release new features. Look out for new firmware downloads 
to install. Installing new firmware wipes out anything that you previously installed in your ARTIK module, 
including any configuration or experimental applications you might have written and compiled there. Make 
sure that anything important to you is documented and backed up before installing new firmware. The 
following is the link to the Downloads page. Sign in with your Samsung developer account to reach it. 

    https://developer.artik.io/downloads      

 Getting copies of everything on the Downloads page should be a routine activity; once a month you 
should check to see if there is anything new. Collect an archive of older versions to track the evolution of the 
ARTIK family and to be able to revert back to an earlier configuration if necessary. Download these items 
and read them for useful coverage of your ARTIK internals:

•    Developer board schematics (Type 5 and Type 10)  

•   Data sheets (ARTIK models 520 and 1020)  

•   Software developers guide (not yet released as of July 2016)     

     ARTIK OS Source Code 
 Now that the Commercial Beta ARTIK 1020 has been released, the new downloadable developer resources 
also include Git repositories where the source code for the ARTIK OS is maintained. Check this web page 
regularly to see if new components have been introduced at the head of the Samsung ARTIK code repository: 
   https://github.com/SamsungARTIK     . Table  1-2  describes the items that have been released.  

http://dx.doi.org/10.1007/978-1-4842-2322-2_17
https://developer.artik.io/overview
https://developer.artik.io/documentation/
https://developer.artik.io/documentation/getting-started-beta/
https://developer.artik.io/documentation/developer-guide/
https://developer.artik.io/documentation/tutorials/
https://developer.artik.io/documentation/tutorials/color-mqtt-client.html
http://www.hackster.io/
http://www.instructables.com/
http://www.youtube.com/channel/UC4rolvSm8ikmnymdbbznNJw
https://developer.artik.io/downloads
https://github.com/SamsungARTIK
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 The following are the links for the repositories containing ARTIK OS components that have already 
been released. Put them into your Git client tools to map them into your workspace and replicate the 
repository into your developer workstation to have a copy of the source code to work on: 

    https://github.com/SamsungARTIK/build-artik      
    https://github.com/SamsungARTIK/fedora-spin-kickstarts      
    https://github.com/SamsungARTIK/initrd-artik      
    https://github.com/SamsungARTIK/linux-artik      
    https://github.com/SamsungARTIK/u-boot-artik      

 The following repositories contain useful utilities to help you manage your development process; they 
are not part of the canonical ARTIK OS source kit: 

    https://github.com/SamsungARTIK/slate      
    https://github.com/SamsungARTIK/artik-discourse      

   Table 1-2.    ARTIK Git Source Code Repositories   

 Component  Description 

  build-artik   This code helps to create an ARTIK SD Fuse image. This is loaded 
onto a micro SD card to install new software into the eMMC 
memory of your ARTIK. Due to the long build time of a Fedora 
operating system image, the root file system is provided by a pre-
built binary. Download it from the server during the build process. 
The binary image of the Fedora OS is built as a separate process. 

  fedora-spin-kickstarts   Creates an ARTIK Fedora root file system. The ARTIK Fedora OS 
is based on Fedora 22 ARM version and is customized for ARTIK 5 
and 10 modules. 

  initrd-artik   Initial boot time RAM disk source for ARTIK 5 and 10. It recovers 
the eMMC partitions from the micro SD card Fuse image. 

  linux-artik   Linux kernel source for ARTIK 5 and 10. The base kernel version 
of ARTIK is Linux version 3.10.93 and is conditionally compiled as 
the Samsung Exynos kernel. 

  u-boot-artik   This is the U-Boot source for ARTIK 5 and 10. It is based on the 
Samsung Exynos U-Boot variant. 

  slate   The Slate API documents generator helps you create beautiful, 
intelligent, responsive API documentation. 

  artik-discourse   Discourse is a discussion platform built for the next decade of the 
Internet. It works as a mailing list, discussion forum, or a long-
form chat room. 

  heroku-buildpack-nodejs-grunt   This is a slightly modified version of the official Heroku buildpack 
for Node.js applications with added support for the Grunt 
notification system. 

  nginx-buildpack   Runs the NGINX web delivery platform on your application server 
that runs Heroku. 

  heroku-buildpack-webpack   This is a Heroku buildpack for web applications that use webpack. 

  heroku-buildpack-php   The official PHP buildpack for Heroku. 

https://github.com/SamsungARTIK/build-artik
https://github.com/SamsungARTIK/fedora-spin-kickstarts
https://github.com/SamsungARTIK/initrd-artik
https://github.com/SamsungARTIK/linux-artik
https://github.com/SamsungARTIK/u-boot-artik
https://github.com/SamsungARTIK/slate
https://github.com/SamsungARTIK/artik-discourse

