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PC /X =»InternetiF4iX
(internet 3.0)

PC =& PC+ (EF+XE+APR)
PC3 (@ +3t H+4=4])

C/S = Client +Cloud (E+3%)

S =>SW +Service (FFE+IRFE)

1B = 1B+ (FBR+FPE)
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Internet of Things

WIKIPEDIA: a network of Internet-
enabled objects, together with web
services that interact with these objects.

ITU REPORT: Machine-to-Machine
communications and Person-to-Computer
communications will be extended to things.
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|OT Concept

Cloud .4t ,_ cloud computing

Ty . N
T T Computing A Context aware
* online services,
- -~ -

GPS. Wi-Fi. WAPI. Wireless Network,

2G. 3G, Internet backbone
NGBWA. LTE

RFID, 3D barcode,
sensor network,
Smart clients

Communities
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Key Components of

Sensors w/

mbedded Intelligence
Passive devices (RFID) that
yield fixed data output when
queried; Some with

power

Context-Aware Services

capability that facilitate

decisions to be made

between devices w/o
uman intervention

Aggregators
(Hubs for Spokes)

power to format messages
per time and place

Ubiquitous Network

Generating and
communicating information
about environment or item
status when queried
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2010 LiangHui* highlighted 3 IT focuses

Wikipedia: Lianghui means National People’s Congress (NPC) and Chinese
People’s Political Consultative Conference (CPPCC) annual Plenary Session; It
makes national-level political decision and sets priority

Greén IT

Convergence of 3 Networks
(DTV, Internet, Telecom)

Internet of Things
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Application Layer

Transport Layer

Internet Layer

Link Layer

|OT Box (.NET M/F)
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RFID Interact with Zigbee
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~ Sensors
RFID
NFC
802.1 5.4/Zigbee
MEMS
PLC

Micro
Framework
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.NET Micro Framework on
smart devices
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Trends for Devices

Devices are complementary to desktop
and web applications

Devices are more and more connected and intelligent

Devices require a fast time-to-market turnaround

Fast growing business for 32 bits MCU/MPU

Highly innovative market

aaaaaaa
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Trends for Devices

Application fields are diverse and require specific
hardware programming skills

Connectivity must address peer devices, desktop
and services transparently

Very diverse toolset, no standard programming model
Few standard communication protocols and little support

Code is generally difficult to port

HHHHHHH
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The Devices Continuum
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NET Micro Fr

The .NET Micro Framework is a re-implementation of the desktop CLR
for embedded devices that are unable to run a high-end embedded OS
such as Linux/Android...

Very small memory footprint:
» Completely modularized by feature
* 512KB ROM / 256KB RAM for the full feature set
* WinCE and CF may require more than 10MB ROM / 10MB RAM

Supports all ARM MCU from ARM7 and up, Analog Devices Blackfin and
Renesas SH2/SH2A MCU. No MMU restrictions

Entirely independent code base: this is not the Compact Framework
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Bridging the Gap with Desktop

Programming

The programming model is entirely managed code
The programming environment is the latest VS2008 SP1
Interoperability is supported

Object Model offers a sub-set of the same namespaces of
the .NET Framework for the desktop

Object Model is tailored for small embedded devices
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Managed Application

Porting Kit (PK}

Application Services

Extended Object Model: Web Services, ...

Managed Libraries

Basic Object Model: Threading, I/O, ...

Managed Run-Time

CLR, Interpreter, Executive, and Interop

Platform Abstraction Layer (PAL)

HW independent facilities

(preferred)
Hardware Abstraction Layer
(HAL)

(optional)

Host OS

Hardware

Microsoft Confidential

cture and Tool Set

SDK enables:
 coding and deploying applications
* targeting any emulator or device
 extending the emulator
* leveraging full VS debug support
* using VS Express edition

PK enables:

*Coding drivers for the .NET MF
*Supporting additional processors
*Coding interoperability components
*Customizing the runtime and OM

Microsolt,
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NET Micro Framework SDK

Contains everything you need to get started!

- Add-in installer for the latest VS 2008 SP1

- Post-processing of assemblies into the .NET MF compact format
- Project wizards

- Full .NET MF object model

- Standard emulator

- Deployment and debugging against the emulator or any device
- Samples

- Font editor tools

- Device Diagnostic tools

- Help (also available online at MSDN)

- Compatible with VS2008 Express Edition
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NET Micro Framework Porting"Kit

Contains everything you need to port the MF onto any device!

With the Porting Kit you have full source code access to:
*Code and build device drivers for the .NET MF
*Code interoperability components and expose them to the OM
*Customize the runtime and object model for special needs
*Add support for additional instruction sets

Assisted creation of new drivers and processor support packages

Supports mainstream embedded tool chains such as ARM RVDS,
Keil MDK, GCC, HEW, Visual DSP++

Includes extensive sample libraries coded by silicon vendors such
as Atmel and NXP for mainstream MCUs

.....
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approximately 40 functions
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The Programming Model

Managed Code Device Drivers, abstracted /O and virtualized input for
maximum portability

Encourages event based programming and provides advanced sleep-on-HW-
event support for maximum battery life

public static class BatterySaver

{
public static void WaitOnSeriallnput( SerialPort sp) {

sp.DataReceived += new SerialDataReceivedEventHandler( this.DataOnSerial

PowerState.Sleep(SleepLevel.DeepSleep, HardwareEvent.Serialln);

}

private static void DataOnSerial(object sender, SerialDataReceivedEventArgs e) {

((SerialPort)sender).Read(...);

Microsoft,
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NET Micro Framework 4.0

Communication and messaging

HTTP(s)
» HitpWebRequest, Http\WebResponse and HttpListener
» Supports HTTP/1.1 with chunking and keep-alive
» Supports SSL with X.509 certificates

DPWS
» Supports WSDL 1.1, SOAP 1.2, WS-Addressing, WS-
MetadataExchange, WS-Transfer, WS-Discovery, WS-Eventing
» Compatible with WCF Soap bindings
» Code generation tools to/from WSDL and assembly
» Code generation compatible and interoperable with desktop tools

Wired and Wireless
» Ethernet, Serial and USB
» 802.11 configuration support
» 802.15.4 stack available (not yet documented)
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Inspired to WPF, supports dynamic layout, rendering , and event dispatching

Basic types
* Application
» Windows

' Tab Control

Basic layout controls
» StackPanel
» Canvas
* InkCanvas

Basic controls
» Text
» ScrollViewer
* ListBox

Yes Cancel feager .

Event routing and input providers support
Integrated Touch Panel and Inking support

Microsolt,
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Community
Site for the NET Micro Framework

www.netMF.com
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s/ Leviton Vizia ﬁﬁﬁéﬁféﬁﬁar]

b 5T |

%’Z}% E] 7K "Since .NET Micro Framework is basically C#

" code for embedded devices, it was easy to
Z-Wave® & X 4] & use Visual Studio Rapid Application

Development tools to craft a ‘working
prototype’ very quickly”

~ Chris Walker, President and Chief Technical Officer, Control
Think.

® Pk AT P 48K

O ;EPU"]‘T Ti %{xﬁ”’( - “*We've shown that you can reduce the time
, it takes to get your product to market with
¢ - 3K > - : .NET Micro Framework. That really changes
o X x u S » the game for embedded device designers
70 ﬁSQI:-E 214 5 | and manufacturers.”

@ — 34[35] }5] g > ! John Leier, Product Manager for Embedded Solutions,

Digi International
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.NET MFZIOTP a9 & Bl (—) ZigbeeWiFi s

Service backend

Web Service on WCF on Wired
N Ethernet

Web Service on DPWS on

.NET MF
: headless device
(if‘\,‘- _ with 802.15.4
= radio
.NET MF device
with LCD and
802.15.4 radio

Service Clients

12C bus humidity SPI bus temperature
sensor sensor




I . NET MF 2107898 A (=)
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RFID badge reader installed within the bin.
Ne mechanical part shall be exposed to
avoid tampering of the system

Board with .NET Micro Framework installed
(IMOTE2 7).

It manages the list of authorized users and
pilots the lock/unlock bin system.

A |EEE802.15.4 radio system allows short
range communication with external clients

. HANF VLE AL E 8y
RF | DA 8 3%

* The truck is equipped with a .NET Micro
Framework board featuring short range
IEEE802.15.4 radio

» As soon as the truck approaches the bin,
the latter will start transmitting the data

stored since the previous grabage collection

Bin 1D: 000001 /fl%,ié)l{SQL
s 8 jeni, Y

02062009, 15.34; Giusappe Verd

BB P SF T AR KA B
ST T B 5 69 3R B A 4

+ The truck goes through a
defined path (e.g., at the
garbage collector or in the
trucks garage) and upload all
data into the central
managemen! system

Once in the management
system the loop s closed: the
Municipaity can track who Is
using bins and prepare bills
accordingly (
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