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Preface

One of the most fascinating trends today is the emergence of low-co %

microcontrollers that are sufficiently powerful to connect to thedn
They are the key to the Internet of Things, where all kinds of deV|
become the Internet's interface to the physical world.

Traditionally, programming such tiny embedded de&%&wed q\’:; )

completely different platforms and tools than those most programm
were used to. Fortunately, some microcontroller w capable 06
supporting modern software platforms like . NET%‘[ least use

subsets of .NET. This allows you to use thev programming Image
(C#) and the same development enviro Visual Studlo)

creating programs for small embed ces, smar @es PCS
enterprise servers, and even cIo&

So what should you know in %

possible'answer to this q
neither an extensive co

get started? This book gives one

ltisaG tt/r@s:arted book, so itis
of recipes %jge gn patterns for that
matter), nor a ref anual, nopé textbook that compares
different approa?:g e cases, ete. | ad, its approachis “less is
more,” helping you to start writ@nternet of Things applications with

minimal nassie. \
he Platforms

The .NET Micrg Framework (NETMF) provides Internet connectivity, is

simple an source (Apache license), has hardware available from

several ve s, and benefits from the huge .NET ecosystem and avail-
able -how. Also, you can choose between Visual Studio (including
th xpress Edition) on Windows, and the open source Mono tool-

chain on Linux and Mac OS X.

There is an active community for NETMF at http.//www.netmf.com/
Home.aspx. The project itself is hosted at http://netmf.codeplex.com/.


http://www.netmf.com/Home.aspx
http://www.netmf.com/Home.aspx
http://netmf.codeplex.com/
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Ry S ~.netduino.com/netduinoplus) is an inexpensive

NETMF board from Secret Labs (http://www.secretlabs.com). This board
makes Ethernet networking available with a price tag of less than $60.
It has the following characteristics:

» A48 MHz Atmel SAM7 microcontroller with 128 KB RAM and 512 KB
Flash memory

» USB, Ethernet, and 20 digital /0 pins (six of which can be configured %

optionally for analog input) o
» Micro SD card support s
» Onboard LED and pushbutton @ fQ
» Form factor of the Arduino (http://www.arduino.cc/); y Arduino ox
shields (add-on boards) can be used

» .NET Micro Framework preprogrammed in& memory
*
» All software and hardware is open so@ 0

There is an active community fo &etduino Plus (a’r@(ETMF) at
http://forums.netduino.com/. examples i is book use the
Netduino Plus.

How Thlsaﬁok I rganlzed

consists of three paﬂx

[, Introduction ]
The first part tells &v to set up the development environment and

write and run ello World" program. It shows how to write to output
ports (for tu g so-called actuators such as LED lights or motors)

and hogo read from input ports (for sensors). It then introduces the

mos tial concepts of the Internet of Things: HTTP and the division
of la etween clients and servers. In the Internet of Things, devices
are programmed as clients if you want them to push sensor data to
some service; they are programmed as servers if you want to enable
remote control of the device over the Web.

vi Preface
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»

»

»

»

controllers,
of the foll

ITTP Client

The second part focuses on examples that send HTTP requests to
some services—e.g., to push new sensor measurements to the Pachube
service (http://www.pachube.com) for storage and presentation.

Part Ill, Device as HTTP Server

The third part focuses on examples that handle incoming HTTP %

requests. Such a request may return a fresh measurement fro
a sensor, or may trigger an actuator. A suitable server- side%
S

is provided in order to make it easier than ever to progr. all
device as a server. & fQ

Appendix A, Test Server

This contains a simple test server that comes@ndy for tes’{g)Q

debugging client programs. &

Appendix B, .NET Classes Used i |n th mples
This shows the .NET classes t needed to S nt all examples,
and the namespaces and lies that cogta

Appendix C, Gsiot. Ser&ﬁbrary

This summarN interface o@lper library Gsiot.Server that

we use in Part Il

ho This Bc;}k s For

This book is inte r anyone with at least basic programming skills

web technologies. The book's target audience consists
groups:

inan object—ogent language, as well as an interest in sensors, micro-

»

ts and designers
You need a prototyping platform that supports Internet connectivity,

either to create applications made up of multiple communicating devices,
or to integrate the World Wide Web into a project in some way. You want to

Preface vii
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RS S S e ity quickly, and you value tools that help you get

the job done. Perhaps you have experience with the popular 8-bit Arduino
platform (http://www.arduino.cc/), and might even be able to reuse some
of your add-on hardware (such as shields and breakout boards) originally
designed for Arduino.

» Students and hobbyists 5‘.’
You want your programs to interact with the physical world, using
mainstream tools. You are interested in development boards; such as
Netduino Plus, that do not cost an arm and a leg. ax
» Software developers or their managers &€E§ fQ
You need to integrate embedded devices with web services and want x
to learn the basics quickly. You want to build up an i ion that rangeo
from overall system architecture to real code. De ng on your pgior
platform investments, you may be able to u e examples in thi

book as a starting point for feasibility studies, prototyping, or product
development. If you already know .NET, C d Visual %y(ﬁj can

&

use the same programming languag ools that you'ake already

familiar with, including the Visual% debugger. /b'

To remain flexible, you wa yose betweenddifferent boards from
different vendors, allowin 0 move frow nsive prototypes
to final products witho ing toch thesoftware platform. To
further increase v r dependenggprobably want to use open
source platforms, both for hardwarg.and software. To minimize costs,

you are interested in a platform t es not require the payment of
t royalties, i.e., per-device,license costs.

ackground is in the programming of PCs or even more powerful
puters, a fair warni mbedded programming for low-cost devices

eans working with imited resources. This is in shocking contrast
with the World Wi?; Web, where technologies usually seem to be created

with utmost i cy as a goal. Embedded programming requires
more careful constderation of how resources are used than what is
needec@s or servers. Embedded platforms only provide small sub-
sets of unctionality of their larger cousins, which may require some
inventiveness and work where a desired feature is not available directly.

This can be painful if you feel at home with “the more, the better,” but it
will be fun and rewarding if you see the allure of “small is beautiful.”

viii Preface
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wiiae rou Need to Get Started

This book focuses on the interaction between embedded devices and.other
computers on the Internet, using standard web protocols. Its examples
mostly use basic sensors and actuators, so it is unnecessary to buy much
additional hardware besides an inexpensive computer board. Here is a list
of things you need to run all the examples in this book:

»

»

»

»

»

»

A Netduino Plus board (http://www.netduino. com/netdumoplus)o%

A micro USB cable (normal male USB-A plug on PC side,
USB-B plug on Netduino Plus side), to be used durin Vi ent and
for supplying power fQ

An Ethernet router with one Ethernet port avail r your Netdt.@

Plus o
An Internet connection to your Ethern &e

An Ethernet cable for the comm@on between N@ho Plus and
the Ethernet router ';

A potentiometer with @nce of abou O kllohm and through-
hole connectors %

A Windows XP& PC, 32 bl@gﬁ bit, for the free Visual Studio
Express 2010 development e nt (alternatively, you may use
Windows in a virtual machm%f‘ac OS X or Linux, or you may use the
ono toolchain on Lin Mac OS X)

]
NOTE: There are s | sources where you can buy the hardware
components meftigned above, assuming you already have a router

with an Interrfét connection:

» KSH (http://www.makershed.com/)
»*Netduino Plus, part number MKNDO2

»

» Potentiometer, part number JM2118791
SparkFun (http://www.sparkfun.com/)

» Netduino Plus, part number DEV-10186

Preface ix
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www.loTiran.com art number CAB-10215 (included with Netduinos
for a limited time)
» Ethernet cable, part number CAB-08916
» Potentiometer, part number COM-09806

For more sources in the U.S. and in other world regions, please see
http://www.netduino.com/buy/?pn=netduinoplus.

Itis also possible to add further sensors and actuators. : %
Conventions Used in Th|s B‘@

The following typographical conventions are used in thi :
» ltalic o

Indicates new terms, URLSs, email addres names, and fiIe
extensions. Q
» Constant width "o

Used for program listings, s within pa raphs to refer to
program elements such a&able or fun ion names, data types,

statements, and k &

» Constant width bol
s commands or other %a; should be typed literally by the user.

stant width italic L 4
Shows text that s@ replaced with user-supplied values or by

values deter d by context.

X Preface
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