E
S
&

www.xbow.com



© 2007 Crossbow Technology, Inc. All rights reserved.

Information in this document is subject to change without notice.

Crossbow, MoteWorks, IRIS, MICA, TrueMesh and XMesh are trademarks of Crossbow
Technology, Inc. Other product and trade names are trademarks or registered trademarks of their
respective holders



Crossb@w Imote2.Builder Kit Manual

Table of Contents

ADOUL THIS DOCUMENT ...ttt ii
L INEFOTUCTION. ... bbbt bbbttt et b b s e s 1
1.1  Imote2.Builder Kit OVETVIEW .......ccceeoiiiieieiiiiieiesie ettt 1
1.2 Package CONENLS.....ccuieriiiiieeiieieeieette ittt sttt ettt et e st e sate st e eabeenbeebeesseesaeesanesnseens 1
2 HArAWAre OVEIVIBW .....c.couiiiiiiiiitiiieesie sttt b bbbttt sttt b e ane 2
2.1  Imote2 Processor Board..........ccccocieriiiiiiiiiiie et 2
2.2 ITS400 Sensor BOArd...........coocuiiiiiiiiiiiiciie ettt ettt et eaae e evee s 3
3 Software INSAIAtioN ..o 4
3.1  Supported PC Platforms and Operating SyStemS..........cccvervverevrecreesreereereeneesnesneesseens 4
3.2 USB driver inStallation .........cc.eeoiuiiiiiiiiiie ettt et et e e e e staeesveeeveeesenee e 4
3.3  Additional Software REqUITEMENts...........ccccvieeiiieeiiiieriie ettt e 6
4 Application QUICK STAT........coooiiiiii e 12
4.1 Out of the BOX-AEIMO ....c..eiitiiiiiiiiiiie ettt 12
4.2 Run the Imote2.Builder BIINK project..........ccccceeevieeiieviieriiinieriecie e e 13
4.3  Create your own .NET Micro Framework application ............ccceccvevverveneenceencnennnennn, 15
ST €10 o [=To I 01U | F TR TP PP PP PP PR PRPRPPOO 20
5.1  Reference ManUal..........ccoocoiieiiiiiiienieieeie ettt 20
5.2 Micro Framework Samples.........cccvevvireiieciienienienieiie et eieesieeseesnesresseesseessnesssesnnes 20
OIS T- 10 0] o] (=0 o] o] [T L [o] 130 USSR 22
0.1 BIIK ceeiiee ettt sttt 23
0.2 COUNESENA. .....ccuiiiiiii ettt e et e e tve e e ve e e taeesabeeeaseesssesesseesasesensseenanes 23
6.3 COUNERECEIVE ..ottt ettt st ettt sbe e b e 23
LY D ) 11 i <) (TSP 23
6.5  XSenSOrITSA00......cccooooiiiiiiiiiiee ettt 24
0.0 XACCEL -ttt sttt ettt e b e bt e b e bt e eaee et e entean 26
6.7  XSeNSOTITSAOOSICEP .....cccuvieeiieeieeeiie et e steeette et e st e e e e staeesareessseeesaeesnsaesnsneennnes 27
7 CHeNt TOOIS ANA GUIL........ooiiiiiiiee bbbt 28
Tl IMOLEPIOL ..ttt et ettt ettt ettt aeas 28
A D € 11V i <) (USSP 30
7.3 SETIAIDUMP ...covviieiieieeie ettt te ettt ete e et e steestaessbessseesseesseesseesssesssesnseanseensasnsens 31
A I\ 121 B <)) 10 ) 2SRRI 32
T\ 0] 15 o 1 S 35
8  DeVveloper APT RETEIENCE .......ocoiiiiieeeee e 36

Doc.# 7430-0765-01 Rev. A Pagei



Imote2.Builder User’s Manual Crossb@w

Bl PLAtTOIIIL coeeeeiieeeeeeee et e ettt e e e e s e e e et e e e e se e e et eeeeeseeenaaaaeeas 37
8.2 RAGIO DIIIVET .ottt e e e e et e e e e e e s e eaaaeeeeeesesssnaaaeees 38
8.3 S BIISOTS ..ttt e ettt ———————aaetta it ———————taaan, 40
B TULIIITIES weveeeeeeee ettt ettt et e ettt e e e e e e e e e et eeeesese e e eeeeeesaessnaeeeeeeessaesnnaneeeeas 43
Page ii Doc.# 7430-0765-01 Rev. A



Crossb@w Imote2.Builder Kit Manual

About This Document

The following annotations have been used to provide additional information.

« NOTE

Note provides additional information about the topic.

M EXAMPLE

Examples are given throughout the manual to help the reader understand the terminology.

R’ IMPORTANT

This symbol defines items that have significant meaning to the user

& WARNING

The user should pay particular attention to this symbol. It means there is a chance that physical
harm could happen to either the person or the equipment.

The following paragraph heading formatting is used in this manual:

1 Heading 1
1.1 Heading 2

1.1.1 Heading 3

This document also uses different body text fonts (listed in Table 0-1) to help you distinguish
between names of files, commands to be typed, and output coming from the computer.

Table 0-1. Font types used in this document.

Font Type Usage
Courier New Normal | Sample code and screen output
Courier New Bold Commands to be typed by the user

Times New Roman Italic | TinyOS files names, directory names

Franklin Medium Condensed | Text labels in GUIs
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1 Introduction

1.1 Imote2.Builder Kit Overview

Imote2.BuilderKit is designed to be a complete development environment for high performance
wireless sensor networking (WSN) applications leveraging the Microsoft NET Framework.
Code on the “Mote tier” uses the .NET Micro Framework. The Imote2.Builder Kit provides the
tools to simplify development and deployment of highly customized distributed sensory systems.
It also makes it easy to connect to a base station mote, and capture the resultant data and sensor
readings.

1.2 Package contents
The contents of the Imote2.Builder kit include:
e 3 x Pre-programmed IPR2400 Imote2 Processor boards
e 2 xITS400 Imote2 Sensor Boards
o 2 x11B2400 Imote2 Battery Boards
e 1 x USB Cable — A Male to Mini Male
e 6x AAA 1.5V Alkaline Batteries
e 1 x CD containing Imote2.Builder SDK CDROM
e 1 x CD containing Evaluation Copy of Microsoft® Visual Studio 2005
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2 Hardware Overview

2.1 Imote2 Processor Board

The Crossbow Imote?2 is an advanced sensor network node platform designed for demanding
wireless sensor network applications requiring high CPU/DSP and wireless link performance and
reliability. The platform is built around Intel’s XScale®™ processor, PXA271. It integrates an
802.15.4 radio (TT CC2420) with an on-board antenna. It exposes a “basic sensor board”
interface, consisting of two connectors on one side of the board, and an “advanced sensor board”
interface, consisting of two high density connectors on the other side of the board. The Imote?2 is
a modular stackable platform and can be stacked with sensor boards to customize the system to a
specific application, along with a “battery board” to supply power to the system.

Reset Button USB Connector

2.1.1 Features

PXA271 XScale® processor @ [13—-416] MHz

Wireless MMX coprocessor

256kB SRAM, 32MB FLASH, 32MB SDRAM

Integrated 802.15.4 radio, support for external radios through SDIO and UART
Integrated 2.4GHz antenna

Multicolor status indicator LED

Basic and advanced expansion connectors supporting : 3xUART, 12C, 2xSPI, SDIO, 12S,
AC97, USB host, Camera I'F, GPIO

e Mini-USB port for direct PC connection
e Size: 48 mm x 36 mm. PCB Thickness 1.75 mm

2.1.2 Processor

The Imote2 contains the PXA271 processor. This processor can operate in a low voltage (0.85V)
and a low frequency (13 MHz) mode, hence enabling low power operation. The frequency can
be scaled to 104 MHz at the lowest voltage level, and can be increased up to 416MHz with
Dynamic Voltage Scaling. The processor has many low power modes, including sleep and deep
sleep modes. It also integrates 256 KB of SRAM divided into 4 equal banks of 64 KB. The
PXA271 is a multi-chip module that includes three chips in a single package, the processor, 32
MB SDRAM and 32 MB of flash. The processor integrates many I/O options making it
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extremely flexible in supporting different sensors, A/Ds, radio options, etc. These I/O options
include 12C, 3 Synchronous Serial Ports one of which dedicated to the radio, 3 high speed
UARTSs, GPIOs, SDIO, USB client and host, AC97 and 12S audio codec interfaces, fast infrared
port, PWM, Camera Interface and a high speed bus (Mobile Scaleable Link). The processor also
adds many timers and a real time clock. The PXA271 also includes a wireless MMX coprocessor
to accelerate multimedia operations. It adds 30 new media processor instructions, support for
alignment and video operations and compatibility with Intel MMX and SSE integer instructions.

2.2 1TS400 Sensor Board

The basic sensor board is designed to connect to the basic connectors on the Imote?2. It contains a
3d Accelerometer, advanced temp/humidity sensor, light sensor and 4 channel A/D. It is a pass
through board to allow stacking with another sensor/communication board.

The sensor board is multi-sensor board that combines a popular set of sensors for wireless sensor
network applications, including:
o ST Micro LIS3L02DQ 3d 12 bit +2g accelerometer
High Accuracy, £0.3°C Sensirion SHT15 temperature/humidity sensor
TAOS TSL2651Light Sensor
Maxim MAX1363 4 Channel General Purpose A/D for quick prototyping
TI Tmp175 Digital Temperature Sensor with two-wire interface

For more detailed information about these boards, refer to the Imote2 hardware reference
manual.
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3 Software Installation

3.1 Supported PC Platforms and Operating Systems
The Imote2.builder SDK is supported on the following platforms:
e Windows XP Home
e Window XP Professional
e Windows 2000 with SP4

3.1.1 PC Interface Port Requirements

The Imote2.Builder Kit requires a USB port to provide connectivity to the development device
and gateway.

3.2 USB driver installation

R IMPORTANT: Every time you connect an Imote2 to the USB port of your PC, you
should press reset button for the PC to identify your hardware. The reset push button (SW1) is
found just above the mini USB connector.

The USB driver installation needs to be done at the very first time.

1. After you plug in the Imote2 via USB cable to your PC, press the reset button. The Green
LED would turn on for 2 seconds and the following window will pop up.

Found MNew Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

Crosshow it ote2

\]l If pour hardware came with an installation CD
“4” or Hoppy disk. insert it now.

‘what do you want the wizard to do’?

() Install the software automatically (Fecommended)

Click Mext to continue,

[ MNest > J[ Cancel ]

2. Check on “Install from a list or specific location” and click on Next>.

3. Insert the Imote2.Builder SDK CD into the CDROM drive and browse to USB Drivers
folder of the CD and click on Next>.
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4. Let the wizard search and install the Crossbow Imote2 driver automatically.

Imote2.Builder Kit Manual

Found Mew Har dware Wizard

(%) Search for the best driver in theze lozations.

Use the check boxes below to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed.

] 5earch removable media [floppy, CO-ROM...]

Include thiz location in the search:
[E:tmote. Builder_SDK,_COROMAUSE Driverd [l

() Dian't zearch. | will chooze the driver to install

Chooze thiz option ta select the device driver from a list. ‘Windows does not guarantee that
the driver you chooge will be the best match for your hardware.

[ < Back ” Mext > l[ Cancel ]

Please choose your search and installation options. .

4 NOTE: Ifyou encounter a warning that the driver is not verified to be compatible with
Windows XP Logo, as appeared in the following window, you may ignore the warning by

clicking on Continue Anyway and complete the driver installation.

-

Hardware Installation

L ] 'j The software you are installing for this hardware:
L
Crossbow iMote2

has not passed Windows Logo testing to venfy its compatibility
with Windows XP. (Tl me why this testi TP

Tell me s testing is important.

Continuing your installation of this software may impair
or destabilize the comect operation of your system
either immediately or in the fulure. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for zoftware that has
passed Windows Logo testing.

[ Cortinue Aryway [ STOP Installation

5. Click on Finish to complete the installation.

Doc.# 7430-0765-01 Rev. A
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Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the software for:

% Crossbow iMate2

Click Finish to close the wizard.

6. After the installation is completed successfully, “Crossbow iMote2” should appear in the
Device Manager window (this can be accessed from Windows Start > Control Panel >
System >Hardware >Device Manager >Universal Serial Bus Controllers).

% Device Manager g@

File Acton View Help

mES 2 A =Ra

+ “z# Keyboards |
+1+ ) Mice and other peinting devices

+ L Modems

+ & Monitors

+-H8 Metwork adapters

+ [ PCMCIA adapters

+ ¥ Ports (COM &LPT)

+ ﬁ Processors

+ @), sound, video and game controllers

¥ System devices
= Unive s controllers

n =
Generic USB Hub
Intel(R) 8280 1DB,/DEM USB Universal Host Controller - 24C2

Intel(R) 8280 1DB/DBM USB Universal Host Controller - 24C4

Intel(R) 8280 1DB/DBM USE Universal Host Controller - 24C7

Intel(R) 8280 1DB,/DEM USE2 Enhanced Host Controller - 24CD

USB Root Hub

USB Root Hub

USE Root Hub

USB Root Hub ™

3.3 Additional Software Requirements

For the development environment to run, the following additional components are required:
e Microsoft Visual Studio 2005 (Evaluation version included in kit)
e Microsoft .NET Micro 2.0

The installation files for these components are included on their respective CDs included in the
Imote2.Builder Kit.

3.3.1 Microsoft Visual Studio 2005

All development using the Imote2.Builder Kit is done in C# and requires Visual Studio to be
installed. Follow the steps below for the installation.
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R~ IMPORTANT: The Visual Studio 2005 installation should be completed before running
the Imote2.Builder SDK installation.

An internet connection is required for the installation to succeed.

1.

It is strongly recommended that you shut down all the programs running on your PC.

2. Insert the Microsoft Visual Studio 2005 Evaluation CD into the computer’s CD drive.
3.
4. Read and follow the instructions in Visual C# 2005 Express Edition Setup Wizard

Double-click on the vessetup.exe file to proceed.

window and proceed with the installation.

3.3.2 Microsoft .NET Micro Framework 2.0

The Microsoft .NET Micro Framework provides extensions for doing development on small
embedded platforms such as the Imote2. The Imote2.Builder SDK installer can automatically
install this software. Follow these installation steps.

l.
2.

3.

Insert the Imote2.Builder SDK CD into the computer’s CD drive.

Double-click on Imote2BuilderSetup_<version>.exe located under Installer folder of the
CD.

At the Welcome to the Imote2.Builder Setup Wizard window, click on Next>.

i5! Setup - Imote2.Builder g B3

Welcome to the Imote2.Builder
Setup Wizard
This will install Imote2.Builder 1.0.4 on your computer.

It iz recommended that you close all other applications before
continuing.

Click Nesd to continue, or Cancel to exit Setup.

[ MNext > |l Cancel

4. Select the desired installation directory, then click on Next>.
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5.

15! Setup - Imote2.Builder

Select Destinalion Location
Where should Imote2. Builder be installed?

J Setup will install Imote2. Builder into the following folder.

To continue, click Next. f you would like to select a different folder, click Browse.

C:\Program Files\Crossbow\mote2.Bilder

At least 9.1 MB of free disk space is required.

[ <Back || Nea> | [ Cancel |

Select all available installation tasks (recommended) and click on Next>.

15! Setup - Imote2. Builder o=

Select Start Menu Folder
Where should Setup place the program’s shortcuts?

Setup will create the program’s shortcuts in the following Start Menu folder.

To continue, click MNext. i you would like to select a different folder, click Browse.

Crossbow'Imote2 Builded

<Back | Nea> | [ Cancel

Crossb@w

6. Confirm your selections and click on Install.

Page 8
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15/ Setup - Imote2. Builder

Ready to Install
Setup is now ready to begin instaling Imote2.Builder oni your computer.

Click Install to continue with the installation, or click Back: if you want to review or
change any settings.

| Destination location:
C:\Program Files“Crossbow'Imote2.Builder |

|Start Menu folder:
Crossbow'\Imote2. Builder

| Additionial tasks:
Microsoft NET Framework 2.0
Microsoft .NET Micro Framework 2.0
Imote2.Builder SDK and Sample Apps
Addtional icons:
Create a desktop icon

7. If you see the message below, click on OK.

15/ Microsoft .NET Micro Framework SDK 2.0 Install... 03

Microsoft \MET Micro Framework SDK 2.0 requires
Wisual Studio 2005 ko be install=d

8. You will see an installation wizard for Microsoft .NET Micro Framework. Click on
Next>.

-,

1! Microsoft .NET Micro Framework SDK 2.0 - Setup Wizard B4

Welcome to the Setup Wizard for Microsoft
.NET Micro Framework SDK 2.0

The Setup Wizard will install Micrasoft (MET Micro Framework
SDK 2.0 on your computer, To conkinue, click Mext,

WARNING; This computer program is protected by copyright
lavs and international treaties. Unauthaorized duplication or
distribution of this program, or any partion of it, may result in
severe civil or criminal penalties, and will be prosecuted ko the
maximum extent possible under the law.

.Net Micro Framework

< Barck E o mext= | [ Cancel ]

9. Be sure to read and accept the license agreement and then click on Next>.
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Crossb@w

jE“j Microsoft .NET Micro Framework SDK 2.0 - Setup Wizard

License Agreement

aou rust accept the enclased License Agresment befare you can use this product, IF wou do o
accept the terms of the License Agreement, you are not authorized ko use this produck, T
accept click *T Accept”, then dick “Mext”, Otherwise click “Cancel” i —_! 'j

3

MICROSOFT SOFTWARE LICENSE TERMS
MICROSOFT .NET MICRO FRAMEWORK V 2.0

These license terms are an agreement between Microsoft Corporation (or
based on where you live, one of its affilistes) and vou, Please read them.
They apply o the software named above, which includes the media on which
vou received it, if any. The terms also apply to any Microsoft

(731 do not accept the terms in the license agreement

[

< Back ”_ﬂext » ] [ Cancel

10. Check the Complete install and click on and Next> then Install.

}Ej Microsoft .NET Micro Framework SDK 2.0 - Setup Wizard

Setup Type

Flease select a setup bype,

space.)

Choose the setup type that best suits your needs. _!

Al program Features will be installed. (Requires the most disk

Chonse which program features vou want installed and where they
will be installed. Recommended For advanced users,

[

< Back “ Tlext = ] [ Cancel ]

11. The set-up would also install XSniffer GUI Tool as a part of the installation process.

Click on Next> at the setup dialog.

Page 10
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15! Setup - XSniffer 2.0 9 ]| <

Welcome to the XSniffer 2.0
Setup Wizard
Thiz will inztall %Sriffer 2.0.A on your computer.

It iz recommended that you close all other applications before
continuing.

Click Mext to continue, or Cancel ko exit Setup.

[ Mewt> |[ Cancel

12. Click on Finish to complete the installation.
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4 Application Quick Start

4.1 Out of the box-demo

The Imote2 modules in the Imote2.Builder kit are factory programmed to run a demo out-of-the-
box and visualize the sensor data on a PC.

1. Take an [IPR2400 Imote2 board and an ITS400 sensor board and plug them together.
2. Connect the assembly to the PC’s USB port using the USB cable provided.

3. Press the reset button found just above the mini USB connector. The green LED should
come on for 2 seconds. After 5 seconds you should see solid Red and Blue LEDs with
blinking yellow.

4. Start MotePlot from Windows Start>Programs>Crossbow>Imote2.Builder>Tools>MotePlot
5. Specify the connection to be USBSPOT and click on CONNECT.

6. Select an axis to plot, and observe accelerometer data charting in real-time. You can
shake or tilt the assembly to see change in accelerometer readings.

5 MotePlot =Joe3

High Speed Plat 1

Device |USBESPOT - DISCOMMECT
Chartl |&ccel_s v] Chart? ]AcceI_Y '1 Chart3 JACCEI_Z - H

[ 2047 -

| -1808 -

1493 -
1000 -

058 =
| 2047 -

0-

1538 -

7. You may repeat this exercise for all the Imote2s and sensor boards in your kit.
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4.2 Run the Imote2.Builder Blink project

During the installation of Imote2.builder SDK, a number of sample applications were included to

demonstrate the features of the platform easily. The steps below outline how to program Blink
application into the Imote2.

1. Open Crossbow.app.Blink from Windows Start>Programs>Crossbow>Imote2.Builder>Sample
App>Crossbow.app.Blink

2. If the following dialog window appears, select Visual C# Development Settings and click on Start
Visual Studio.

W Choose Default Environment Settings

. Visual Studio

EBefore vou begin using Yisual Studio for the first time, you need to specify the tvpe of
development activity wou engage in the most, such as Wisual Basic or Wisual C#. Visual Studio
uses this information to apply a predefined collection of settings to the development
environment that is designed For your development ackivity.

‘fou can choose to use a different collection of settings at any time, From the Tools menu,
choose Import and Export Settings and then choose Reset all settings,

Choose your default environment settings:

General Development Settings Description:

Visual Basic Development Settings Customizes the enviranment ta maximize code
Wisual C# Development Settings editor screen space and improve the visibilicy of
Wisual C++ Development Settings commands specific to C#. Increases produckivity
Wisual J# Development Settings with kevboard shortcuts that are designed to be
Wweb Development Settings sasy ko learn and use,

[ start visusl studio | [ Euit visual Studio |

3. In the Solution Explorer section on the right hand side, double-click on the Blink.cs file.
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=lol=|

@9 Blink - Microsoft ¥isual Studio
File Edit Wiew Project Buld Debug Data Tools  Window  Community  Help

H-E- Sl X BRR(9 -0 E-E | b Deby - Ay CPU ML=zl TR m RS

et T 4] e aTan | @ & BB s |FEEEL
Blink.cs | [E
V%gCrDsszw.app.Elink j I =g IMain() ‘g_n
% lution 'Blink' {1 project) =
=N 5
. . R : Crosshow, app m
% Elink application: toggle the LED onfoff every second. Blink =
+ inl =
4| Properti 3
¥ Bfile Blink.cs ] Properties EN
* Bauthor Martin Turon :
* =] README.txt
% @version 20077475 mturon Initial wversion
+
* Copyright (o) 2007 Crosshow Technology, Inc. 4ll rights reserved.
+
% §Id: Elink.cs,v 1.3 2007/06/15 00:31:56 nxu Exp §
L ﬁ‘/"

Flusing Crosshow.plactform. imotel;
Lus ing Crossbow.lib.utils;

[ namwespace Crosshow.app
{
public class Blink
{
= public static void Main()

Error List
D 0Erors| 1\ 0 Warnings | (i) 0Messages
|| peseription

[ﬂ"t& Find Symbol Results

Ready

4. Connect an Imote2 board to your PC using the USB cable included in the kit and then press
the reset button. Wait for the green LED to turn off indicating the completion of booting

process.

5. On the right hand side Solution Explorer, double click on the Properties subfolder, and select
the Micro Framework tab. Specify USB from the Transport pull-down menu and verify that

the device name appears.

| File

A
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@0 Blink - Microsoft Yisual Studio 1ol x|
File Edit View Project Buld Debug Data Tools Window  Community  Help
G-iE-EHP| % BRR(9 -0 -5 b ey * Ay CPU - | e I REFEEE O
{ 3 aT a() ) - _
» 1 ++ - ) ] ;
/ﬁm}/Blink.cs ] Salution Explorer - Solution 'Blink' {1 pro... ~ 8 X [E
= | & 2] =
c
Application _; Salution 'Blink! {1 project) =
Configuration: IActive (Debug) j Flatfarm: IActive {any CPUY j B 3 Crasshow.app =
Build = g3 Blink E_
& Properties @
EBuild Events +- [:3] References ]
Deplopment o o] Blirk.cs
Debug i 2] README.bxt
Transpart: IUSB j
Resources
Settings Device: IImoteZ_a?e?DeaZ j
Reference Paths

Micro Framework

Errar List

D 0Erors| 1\ 0 Warnings | (i) 0Messages
| | Description

[ﬂ:.:‘, Find Symbal Results

Ready

[ File

6. To start debugging, press the » play button or press the F5 key. This will compile the
project, upload the code to the Imote2, and begin running the code in debug mode indicated
by “Deploy Succeeded” in Status message bar on the lower right hand side. The Imote2
should begin blinking a blue LED at 1 Hz.

R~ IMPORTANT: When the Visual Studio is in Debug mode, the USB port gets locked and

not available for other applications such as MotePlot. To release the USB port, click on M stop
button or select detach from the debug menu.

Upon resetting the Imote2, if the green LED does not switch off in 5 seconds, the Imote2 cannot
be flashed. Check if the Imote2 is connected to any tool and close the tool. Reset the Imote2 and
try again. If the green LED does not turn off in a few moments, reboot your PC.

The current version of .NET Micro Framework does not support more than one Imote2
connecting to PC via USB at the same time, doing so will lead to strange behavior.

4.3 Create your own .NET Micro Framework application

Visual Studio provides New Project wizard for users to start their projects, the wizard can be
invoked when users select File > New > Project in the VS 2005 menu. The following screenshot
shows the first step to create a .NET Micro Framework application, Micro Framework is selected as
the project type, Console Application is selected as the template. Note that Window Application
template is not supported in the current edition. The users are recommended to select Console
Application template for application project, and Class Library for library project.
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Project bypes: Templakes:
- Visual C# ¥isual Studio installed templates
e Windows
- Smart Device §7] Class Library 7| Console Application
Skarter Kiks ﬁ‘;‘Device Ermulator @Winduw Application
¢ e Micro Framework
-- Other Languages My Templates

[#- Other Project Tyvpes

S Search Online Templates. ..

& project for creating (MET Micro Framework console applications

Mame: I HelloWorld
Location: I CMETMFProjects j Browse. .. |
Solutian: ICreate niew Solukion j [T Create directory For solution

Salution Wanme: Hellowarld

oK I Cancel |

We use the classic “Hello World” as an example in this section. After the user clicks the OK
button, a sub folder HelloWorld will be created in the folder C: \ NETMF \ Projects, and
VS2005 will open the newly created project, as shown in the next screenshot.
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@9 HelloWorld - Microsoft ¥isual Studio ] 4
File Edit ‘“iew Project Build Debug Data  Tools  Window  Community  Help

A -imE-Sdd| % R@R(9-~- 8B » pebug * Any CPU - | @ s

" f . . =N === @ = 2 "

a2l & & a aT an | & & ICPPHE B, by A2 S0P &ERaE o

Prngram.cs] Solution Explorer - Soluti,., - B X JEH

I‘)[gHeIIDWDrId.PrUgram j I g Main() éﬁ E = E} Lg_"'

Cusing System: [ Solution ‘Hellowarld' (1 project]| 5

H ! 2

Lus ing Wicrosoft.3POT: B @ HelloWorld _rén

=d| Properties =

gl References @

Ealrrogram.cs

F namwmespace HelloWorld
_:i Resources.resx

{

public class Frogram
{
public static wvoid Main()

{

Debug.Print |
Besources, GetBtring (Resources.2tringResources.8tringl) )

1]
[ﬂ?’ Find Symbol Results
Ready

The next step is to add Crossbow library references to your project. On the “Solution Explorer”
panel, right click the folder References, and click on Add Reference, the Add Reference window will
pop up. Select the 4 Crossbow library .dll files under .NET tab and press OK button. Note that
you may or may not need to select all 4 library files, it all depends on what your application

needs.
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Component Mame - ‘ersion

Cross sensar,iks400

Mlicr T.Graphics

Microsoft, SPOT, Hardware 2.0.0.0
Microsoft, SPOT, Mative 2.0,0.0
Microsoft, SPOT. Met 2.0,0.0
Microsoft, SPOT, TinwCore 2.0,0.0
mscorlib 2.0.0.0
Swskem 2.0,0.0

Runtime

vz, 0,50

vz 0,50727
vz 0,50727
vz 0,50727
vz 0,50727
vz 0,50727
vz 0,50727
vz 0,50727

HPro .
Z:\Program Files\Micros, .,
Z:\Program Files\Micros, .,
Z:\Program Files\Micros, .,
Z:\Program Files\Micros, .,
Z:\Program Files\Micros, .,
Z:\Program Files\Micros, .,
Z:\Program Files\Micros, .,

(] 4 Zancel

Now add code to your application. It is recommended that the following 4 “using” clauses are

added to the code:

using Crossbow.lib.utils;

using Crossbow.platform.imote2;
using Crossbow.radio.cc2420;
using Crossbow.sensor.1ts400;

The next statement simply prints the string “Hello World” to serial output:
SerialDump.print("'Hello World™);
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Program.cs |

BlaE

j I =g Maing)

|vig Hella'world Prograrn

'_m Salution HelloWoarld' (1 project:

Flusing 3ystem:
using Microsocft.SFOT:
using Crossbow.lib.utils;
using Crossbow.platform. imotel;
using Crosshow.radio.ccZ420;
using Crossbow.sensor.its400;

[ hamwespace HelloWorld
{
public class FProgram
{
public static woid Mainig)

{
SZerialDump.print ("Hello World™):

E| ﬂ HelloWorld
[+~ [=d] Properties
SRS . orences
| e <3 Crossbowlib, utils
+ Crossbaove, platfarm
~3 Crossbow,radio.co
«(3 Crossbow, sensor i
<3 Microsoft, SPOT.Ma
~3 mscorlib
] Program.cs

|54 Resources.resx

124033 Lo |os E‘;‘J

rr
d?rl Find Symbol Results

Ready

Now you can build and deploy the “Hello World” application the Imote2, refer to the procedure

in section 4.2 on how to perform the deployment.

Doc.# 7430-0765-01 Rev. A

Page 19



Imote2.Builder Kit Manual

Crossb@w

5 Guided Tour

This section provides a tour of the software and documentation that is included as part of the
Microsoft .NET Micro Framework.

5.1 Reference Manual

The Microsoft .NET Micro Framework includes documentation for the class libraries included.

This documentation can be accessed by going to Windows Start > Programs > Microsoft .NET Micro
Framework > Microsoft .NET Micro Framework 2.0 Documentation

@ The .NET Micro Framework References - Microsoft Visual Studio 2005 Documentation - Microsoft Document Explorer E]@
File Edit Wew Tools Window Help
i @ Back [#] & A¢| @) HowDol ~ ( Search | 3 Index &3 Contents [ ]Help Favarites | e | %) ask a Question %] LA 3
Contents > 1 X The .NET Micr...ork References - X
Filtered by: LRL: |ms-help:,l’,iMS.VSCC.VSD,I’MS.VSIPCC.VSDIMSVS.PSDK,l’PSDK,l’PSDK_Ref.htm |.‘
{no filker) ||| .MET Micro Framework Platform SDK
= MET Micro Framewark Developrent A: The .NET Micro Fra ork References
=~ The \MET Micro Framework Platform SDK = Collapse All
Legal Motice Y
Quick Start Guide The Microsoft® .MET Micro Framework class library contains the namespaces listed on this page and
. . the classes and other AFI elements contained in those namespaces.
+- Overviews of the \MET Micro Framewark,
=I-iThe ,MET Micro Framework References R R
%1 Micvosoft SPOT In This Section
- Microsoft, SPOT. Cryptography Microscft. SPCT Namespace
#- Microsoft, SPOT Hardware The Microsoft.SPOT namespace contains classes, delegates, and enumerations that are specific to
& Micrasaft, SPOT, Input the Microsoft® .NET Micro Framework.
#)- Microsoft, SPOT. et MetworkInformation Microsoft. SPOT.Cryptography Namespace
#- Microsoft, SPOT . Presentation The Microsoft.SPOT.Cryptography namespace in the Microsoft® .NET Micro Framework provides
& Microsoft, SPOT . Presentation, Controls eszential tools for encoding and decoding data.
- Microsoft, SPOT . Presentation. Media Micreseft. SPOT. Hardware Namespace
#- Microsoft, SPOT, Presentation, Shapes The Microsoft.SPOT.Hardware namespace in the Microsoft® .NET Micro Framework provides a
& System range of essential hardware features that programmers can use when developing embedded device
firmware.
#- System, Collections \rmware
- System, Diagnastics Microsoft. SPOT.Input Namespace
%) System. Globalization The Microsoft.SPOT.Input namespace in the Microscft® .NET Micro Framewcrk provides classes,
¥ ! delegates, and enumerations that support the Windows® Presentation Foundation (WPF) input
- Syskem, 10 system.
& Syskern, Met . R N .
Gystem. Net. Sockat Microsoft. SPOT.Met. MetworkInformation Namespace
e ysEm, et 20ckets Provides information about network interfaces and enables your applications to control them.
#- Syskem, Reflection Wi — tation N
icrosoft. SPOT.Presentation Namespace
Syskem. R . . .
i System eso.urces i . The Microsoft.SPOT.Presentation namespace in the Microsoft® .MET Micro Framework provides
+ System.Runt!me.ComplerSer?u'lces classes, a structure, and enumerations you can use to lay out and display graphical user interface
#l- System.Runtime. InteropServices (GUI) items — such as a window and its child elements — on a display device screen.
- System.Runtime. Remating Microsoft. SPOT.Prezentation.Controls Namespace
- System. Text The Microsoft.SPOT.Presentation.Controls namespace in the Microscoft® .MNET Micro Framework
- System, Threading provides classes, delegates, and enumerations you can use to create elements (known as controls)
= Extensible Emulataor | that enable a user to interact with an application.
v
< Excboncibla Sonyd o O i dons 1~ || Microsoft. SPQT.Presentaticn.Media Namespace
! The Microsoft.SPOT.Presentation.Media namespace in the Microsoft® .MET Micro Framework ]
@Cnntents _,_.f,)Index jHeIp Faviorites contains classes and enumerations that help vou draw and manipulate images. -
Ready

5.2 Micro Framework Samples

The Microsoft .NET Micro Framework includes a few sample applications. These applications
can be accessed by going to Windows Start > Programs > Microsoft .NET Micro Framework > Samples
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-

o
' C:\Documents and SettingsimturonWy Documents\WMicrosoft .NET Micro Fr... E]@
File Edit ‘“ew Favorites Tools Help #

O - F F F e Folders | [ @3 X ) [T
© Address |05 C\Documents and Settingsimburon My DocumentsiMicrosoft JNET Micra Framework) Samples ]
Marne Size | Twpe Date Modified
CaweakDelegates File Folder 4/3/2007 5:05 PM
[aThreading File Folder 413/2007 5:05 PM
1 5ocketServer File Folder 41312007 5:05 PM
1 5ocketClient File Folder 41312007 5:05 PM
[_13ampleEmulator File Folder 41312007 5:05 PM
[_1Presentakian File Falder 413/2007 5:05 PM
ExtendedweakReferences File Folder 4/3/2007 5:05 PM

4 NOTE: TCP/IP socket is not yet supported in NET MF v2, as such SocketServer and
SocketClient do not run on this Imote2.builder release.

5.2.1 Threading

This sample shows how to use many of the threading features offered by the .NET Micro
Framework, including:

- How to create a thread, start it and wait for it to terminate
- How to create a timer causing a thread pool thread to invoke your method periodically

- How to have a thread wait on an event signaled by another thread

5.2.2 ExtendedWeakReference

This sample shows how to use the Micro Framework’s ExtendedWeakReference class to persist
data across a reboot of the hardware. In particular, this sample records how many times the
hardware has been rebooted and displays the result in the debugger’s Output window.
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6 Sample Applications

This section will walk you through all the sample applications that are included as part of the
Imote2.builder SDK software that are included on the Crossbow CDROM.

Programming an application into Imote2 using Visual Studio involves the following steps:

1. Open the project or solution that you want to program, located under Windows
Start>Programs>Crossbow>Imote2.Builder> Sample App>Crossbow.app.<app name>

2. In the Solution Explorer section on the right hand side, expand the project and double-
click on the <app>.cs file.

3. Connect an Imote2 board to your PC using the USB cable included in the kit and then
press the reset button. Wait for the green LED to turn off indicating the completion of
booting process.

4. On the right hand side explorer, double click on the Properties subfolder, and select the
Micro Framework tab. Specify USB from the Transport pull-down menu.

5. To start debugging, press the » play button or press the F5 key. This will compile the
project, upload the code to the Imote2, and begin running the code in debug mode
indicated by “Deploy Succeeded” in Status message bar on the lower right hand side.

6. When the application downloading is successful, to release the USB port, click on B stop
button or Shift + F5 key.
7. To deploy the application un-tethered with the battery board, select Debug>Detach All.

All Sample applications that use the radio follow a similar design template to allow simple
adjustment of basic configuration parameters.

To change the radio parameters, modify the following 2 lines in the sample application.
const ushort _rfChannel = (ushort)RadioChannel.Chll; // channel 11
const ushort rfPower = (ushort)RadioPower_.M10DBM; // -10dbm

For example, the following changes use the radio channel 12 and radio power are set to 0 dBm:
const ushort _rfChannel = (ushort)RadioChannel .Ch12;

const ushort rfPower = (ushort)RadioPower .MODBM;

Please refer to API section 8.1.5 for the enum definition of radio power and radio channel for the
CC2420 chip.

The sample applications use the default radio channel (channel 11) and radio power (-10dBm).

Most of the sample applications use a packet format that is compatible with TinyOS, the packet
carries a 5-byte TosMsg header. This header provides Imote2 protocol compatibility with MICA
and IRIS motes.

Table 6-1. TosMsg Header contents

Type Field Name Description
uintl16_t Address Destination address of the packet
uint8_t AM type TinyOS Active Message ID
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uint8_t Group ID TinyOS group ID

uint8_t Length Length of the packet payload

Please refer to API section 8.4.6.2 on how to set AM type and group ID for TinyOS radio
packets.

6.1 Blink

This application will simply blink a blue colored LED once every second. This application is
used as the example in section 4.2 earlier in this manual. The Blink application is a good test for
the timer subsystem of the platform.

6.1.1 Blink Light Pattern
Light Pattern: Blue (blinking once per second)

6.2 CountSend

The CountSend application provides a basic example for using the radio subsystem of the
platform. This application periodically increments a counter that starts at zero when the node is
booted, and increments by one every second. The count field is both displayed on the LED as a
rotating color representing the lower 3 bits, and sent over the radio in a packet that contains the
full count field in 16 bit resolution. Any nodes running CountReceive within radio range of this
sender will synchronize to the sending node, and display the count.

6.2.1 Count Light Pattern

Light Pattern: Sequentially counts through all 8 colors, switching once per second.

6.2.2 Count Packet Format

Table 6-2. Payload contents of a Count message header

Type Field Name Description

uint1l6_t Count Incrementing count field

6.3 CountReceive

The CountReceive application is the sibling application to CountSend. This application turns on
the radio and puts it into receive mode, and waits until it hears a properly formed Count packet.
Once such a packet is received, the node will display the lower 3-bits on the LED just like the
CountSend application. This application can be used to perform simple range tests. The radio
range can be determined by walking the CountReceive node farther and farther away from the
CountSend node until the CountReceive node just stops tracking the count on its LED.

6.4 XSniffer

This firmware will promiscuously listen for radio packets, and forward them via USBSPOT
protocol to the USB port. The XSniffer can also be used as a base station application for single-
hop applications such as XSensorITS400, XSensorITS400Sleep and XAccel.
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6.4.1 XSniffer Light Pattern
Light Pattern: Blue (solid -- flashing Yellow whenever packet is overheard)

6.4.2 Compatible PC Tools
The XSniffer app can be used with XSniffer GUI to view data.

6.5 XSensorlTS400

This application will periodically send a packet filled with one sample from each sensor on the
ITS400 board. The packet includes the following sensor readings: temperature, light,
accelerometer (X, Y, and Z axis), ADC (all four channels). The default data rate is once every 5
seconds. This application serves as a good example for how to link in the various sensor drivers
and initiate sampling in the .NET Micro framework environment.

The application also offers an alert mode, in which an alert will print out if the temperature
exceeds a certain threshold.

The temperature threshold is set as 40 degree C, as shown below.

#iT ALERT_ENABLED
const float _threshold = 40;
float temp;

#endi

To enable the alert functionality, simply uncomment the following line of code in the file
XSensorITS400.cs:

* $1d: XSensorlTS400.cs,v 1.18 2007/09/19 21:50:56 nxu Exp $
*/

//To enable the alert, uncomment the following line
//#define ALERT_ENABLED

As an alternative, you can also go into project property/build/General section and type
ALERT ENABLE in the textbox next to “Conditional compilation symbols”.
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80 KSensorITS400 - Microsoft Yisual Studio o m] 4
File Edit “iew Project Build Debug Data  Toaols  wWindow Community Help
H-E-El | f B 9™ BB | P oDebug - Any CPU - | [ ._T'
#SensorlT9400.c5 * XSensorITS400* | > X |5
(5}
=3
[
Application =
Canfiguration: I.ﬁ.ctive {Debug) j FlatFarm: I.ﬁ.ctive (A CPL j I?n
Build* el
o
General e T
Build Events
Conditional compilation symbals: IALERT_ENF\BLE|
Debug
¥ Define DEBUG constant
Resources ¥ Define TRACE constant
Settings Platform target: Any CPU j
™ allow unsafe code
Reference Paths
[ Optimize code
Micro Frameiork Errors and warnings
e I =y | h
\ q I I _}IJ

Idﬁl Fird Syrmbal Results]

Ready v
6.5.1 XSensorlTS400 Light Pattern
Light Pattern: Green (blinking once per second)
6.5.2 XSensorlTS400 Packet Format
Table 6-3. Header contents of an XSensorITS400 message header
Type Field Name Description
. . XSensor packet type field
board_id
uints_t oard! (XSensorITS400 is always a constant value of 0x20)
. . XSensor packet sub-type field
t8 t ket_id .
uinte_ packet (XSensorITS400 is always a constant value of 0x01)
uint1l6_t node_id Network short address of sending node.
Table 6-4. Payload contents of an XSensorITS400 message
Type Field Name Description
uint16_t count Incrementing sequence number for yield calculation
uintl6 t accel_x Accelerometer reading of X axis
uintl6 t accel_y Accelerometer reading of Y axis
uintl6_t accel_z Accelerometer reading of Z axis
uintl6_t temperature Temperature reading
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uint1l6_t temperature2 Temperature reading from Sensirion sensor
uint1l6_t humidity Humidity reading from Sensirion sensor
uintl6_t light Light reading from Taos sensor
uint1l6_t adcl ADC reading from channel 1
uintl6_t adc2 ADC reading from channel 2
uintl6_t adc3 ADC reading from channel 3

6.5.3 Compatible PC Tools

The XSensorITS400 can be used with SerialDump console to view raw data packets.

6.6 XAccel

This firmware performs high frequency sampling on the 3-axis accelerometer and streams the
data back to the XSniffer or MotePlot PC tools either via radio to a base station, or directly over

a USB connection.

6.6.1 XAccel Light Pattern
Light Pattern: Purple (blinking Yellow twice per second)

6.6.2 XAccel Packet Format

Table 6-5. Header contents of an XAccel message header

Type Field Name Description
XSensor k fiel

uint8_t board_id Sensor packet type field

- (Sensor streams are always a constant value of 0x11)

. . XSensor packet sub-type field

uint8_t packet_id _p ub-type f

- - (XAccel is always a constant value of 0x01)
uint1l6_t node_id Network short address of sending node.

Table 6-6. Payload contents of an XAccel message

Type Field Name Description
uint1l6_t count Incrementing sequence number for yield calculation
uintl6_t accel_x Accelerometer reading of X axis
uintl6_t accel_y Accelerometer reading of Y axis
uint1l6_t accel_z Accelerometer reading of Z axis
uint1l6_t accel_x Accelerometer reading of X axis
uint1l6_t accel_y Accelerometer reading of Y axis
uintl6 t accel_z Accelerometer reading of Z axis

6.6.3 Compatible PC Tools
The XAccel can be used with MotePlot GUI to view data.

Page 26

Doc.# 7430-0765-01 Rev. A



Crossb@w Imote2.Builder Kit Manual

6.7 XSensorlTS400Sleep

This application is similar to the XSensorITS400 application, and periodically senses and sends
all the sensor data from an ITS400 board. The packet format is the same for both applications.
The main difference here is that this one uses the explicit power management interface to put the
mote into a deep sleep state in between samples. The application essentially reboots from this
deep sleep state at the specified data rate, and simply samples the data and sends it over the radio
and USB. This application uses an ExtendedWeakReference class to persist the packet sequence
number across a reboot, thus it also serves as an example on how to preserve data while the mote
go to deep sleep.

4 NOTE: The XSensorITS400Sleep application should not be connected to the USB port,
since it shuts-down the USB hardware when it goes to deep sleep mode. But if used in
conjunction with XSniffer, the data sent over the radio can be viewed using Serial Dump or
XSniffer GUI.
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7 Client Tools and GUI

In this section we walk through the tools that are included as part of the Imote2.Builder SDK.

7.1 MotePlot

The MotePlot GUI is designed to connect with the XAccel application, and display the
accelerometer readings being sent out by the Mote. There are two configurations that are
possible:

7.1.1 Direct USB Connection

This is the default factory application that is programmed into Imote2s in the Kit to allow you to
run a demo out of the box.

1. Take one Imote2 board, connect an ITS400 sensor board to it, and connect it to the PC
using the USB cable provided.

2. Deploy XAccel application onto the Imote2 board using Visual Studio.

Click Detach All in the Debug menu or click stop button on the top menu, if the project is
in debug mode. This step detaches the USB of the Imote2 from the crossbow solution.
The USB port is now available to be connected to MotePlot.

Start MotePlot from Windows Start>Programs>Crossbow>Imote2.Builder>Tools>MotePlot
Specify the connection to be USBSPOT and click on CONNECT.

Select the axis to plot, and observe accelerometer data charting in real-time.

NS »n s

The user can zoom into and pan through data, as instructed in Table 7-1, within each of
the graphs independently of each other.
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Table 7-1. How to zoom, pan, and reset in the Charts.

Icon Desired Action Instructions

peo To zoom in Click on the “Zoom” icon.
Left click and drag a region to zoom into.
Release the mouse to complete the region selection.

'ﬂ}“l To pan through data Click on the “Pan” icon.
S Left click and drag a point within the chart to the new location.
Release the mouse button.

x) To undo a zoom/pan Click on the “Undo” icon once for each level of undo

|__ _I To zoom out fully Click on the “View All" icon

7.1.2 Over the Radio Communication (Star Network)

This procedure will walk you through the setup of a star network using all the hardware in your
Imote2 .Builder kit. The final system will have two remote sensor nodes powered by battery,
and a base station connected to your PC via USB. The remote nodes will run XAccel and be
connected to the sensor board and battery board. The base station will run XSniffer firmware.
The PC will run MotePlot to visualize the data from both nodes, giving each a unique color
based on their factory programmed unique ID (see UID section 8.4.4).

H
L e
0 5] o o] ) T3] NEEEE

20—

Prepare three Imote2 boards, connect an ITS400 sensor board each to two of them.
Connect first Imote2 with sensor board to the PC using the USB cable provided
Deploy the XAccel application in to the Imote2 using Visual Studio

1.
2.
3.
4.

Click Detach All in the Debug menu or click stop button on the top menu and disconnect
the XAccel mote from the PC
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Power the Imote2 with sensor board with the battery board

Repeat steps 2-5 with the second Imote2 with sensor board

Crossb@w

Connect the remaining Imote2 board to the PC with the USB cable

Deploy the XSniffer application onto the Imote2 using Visual Studio

Click Detach All in the Debug menu or click stop button on the top menu

10. MotePlot from Windows Start>Programs>Crossbow>Imote2.Builder>Tools>MotePlot

11. Specify the connection to be USBSPOT and click on CONNECT

12. Select an axis to plot, and observe accelerometer data charting in real-time

7.2 XSniffer

The XSniffer 2.0 GUI tool that is able to connect to an Imote2 over the USB is enclosed.
XSniffer can be used to monitor and display the radio messages overhead within its radio range.

1.
2.

Flash the XSniffer firmware application to the mote using Visual Studio.

Start the XSniffer GUI application from Windows

Start>Programs>Crossbow>XSniffer>XSniffer 2.0

Check on USB Spot connection and click on Start.

Any radio packets overheard will be displayed in the XSniffer GUI.

For specific packets types, look under respective tabs (Route, Health, Neighbor,
TimeSync etc applicable to XMesh-enabled packets) or use Options tab to set display

filter etc.

€ XSniffer 2.0.0

(=%

LDQ; Al | Houtei Healthl Neighbar | Node Info | Time Syncl Dptionsi

0:02:29.484

: i
i~ Contral Stehus
pase | C Senial Pot [EOM101 ] 115200 baud ElapsedTime: 00:02:36
CrRSockel oo foeabon Logging: Mo
e (¢ USE Spot Fort ’_ Filter:  Mone
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7.3 SerialDump

The SerialDump tool will print the data an Imote2 is sending over its USB port out onto a simple
text-based terminal window. All the source code for the SerialDump application is also provided
under <Imote2.builder>\tools\SerialDump to allow developers to quickly get started connecting
to the data channel of the Imote2 in the .NET environment.

1. Start SeriaDump from Windows Start>Programs>Crosshow>Imote2.Builder>Tools>SerialDump

2. Observe the packets in the command console.

YWINDDWS, system32hcmd.exe

174 3 185 0 127 8 172 3 186 8 128 9 171 3
321 218 0 186 8 128 B 174 3 185
B 128 6 173 3 185 0 128 8 172 3
321 218 0 186 0 128 0 172 3 186
0128 B 171 3 186 © 128 8 173 3
321 218 © 186 0 128 B 172 3 185
0128 B 173 3 185 © 127 8 173 3
321 218 8 185 0 128 B 173 3 186
8127 B 1/2 3185 8 129 8 11 3
32 1218 0 186 8 128 8 173 3 186
3
0
3
0
3
G}

=&

28 @171 3 186 B 128 8 173 3
85 0 127 0 172 3 185

0 173 3 185 0 128 9 172 3

86 0 128 © 172 3 186

0 174 3 186 B 129 9 175 3

p 85 0 127 8 172 3 185
200174 31850 128 0 171 3

L o T v B v B o Y v B B o
WwoWw W W W oWw W w
2 e e e e e e @

0
0
0
0
0
0
0
4}
4}
0
0
0
0
0
4}

The above screenshot shows data captured by SerialDump, the packet is sent by XAccel
application. For details of the XAccel packet structure, please refer to section 6.6.2. As an
illustration, let us take a look at the last line of the data set:

126 050 125643212180 185012801733 ...
The first group in blue is the TosMsg header (see table 6-1):
Address (2 bytes): 126
AM type (1 byte): 50
Group ID (1 byte): 125
Length (1 byte): 64
The next group in red is the sensor board header (see table 6-5):
Sensor-board ID (1 byte): 32
Packet ID (1 byte): 1
Node ID (2 bytes): 218

Next are the Accel sensor data, the group in green denotes 3 readings from X/Y/Z axis of the
sensor, each is 2 bytes. There are 10 groups in one packet.

Accel X (2 bytes): 185
Accel Y (2 bytes): 127
Accel Z (2 bytes): 940
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7.4 MFDeploy

Micro Framework deploy is a tool that can flash a program image in SREC format into the
Imote2, it can also erase the deployed application from the Imote2.

7.4.1 Starting the MFDeploy application
1. Start MFDeploy from Windows Start>Programs>Crossbow>Imote2.Builder>Tools>MFDeploy

2. From the Device dropdown, select USB. If the Mote is connected to the PC via USB and
reset button is pressed, the ID should show up in the right hand side textbox.

& WARNING

After resetting the Imote2, you have a window of 2 seconds to hit the Deploy or Erase button if
you are to update the TInyCLR image or to erase the existing managed application. Missing this
time window will lead to an operation failure and the procedure needs to be redone.

Deploying a managed C# application is not subjected to this 2-second window.

7.4.2 Deploying an application to the Imote2

1. Click on Browse and navigate to the location where the .hex files reside, select the files
that you would want to flash.

#2 .NET Micro Framework Deployment Tool g@

Target  Options

Device

5B w | | ImoteZ_atersleas w [ Ping ][ Erasze ]

Imange File

C:%Program Filezh\Crozsbow' mote2, Buildertbin'zrech=E owS ampledpph Bl | s [ Browse. .. ] [ Deploy ]
File Baze Address | Size Time Stamp

C:%Program FilezhCrossbow'mote2 Buildersbinhz... 0x00800000 D=000047... 932007 5:44:30 P

Clear
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Reconnect the USB cable to the Imote2 and push the Reset button.

Wait for the Imote2 ID to show up in the text box and while the green Led is still on,

click on Deploy button.

4. The program will be uploaded and start executing in the Imote2 once the Deployment
Status message disappears.
Deployment Status Deployment Status

Erazing zector Qx00640000

LCancel

Executing Application

7.4.3 Erasing a deployed application

1. Reconnect the USB cable to the Imote2 and push the Reset button.

2.
on Erase button.

Wait for the Imote2 ID to show in the text box and while the green Led is still on, click

3. A pop-up windows asks for confirmation for the operation, click on the Yes button.

-

Confirm Application Erase

=,

T
S

Are wou sure wou wank ko erase your managed device application and data?

o |

The following window shows the progress of the erase operation.

-

-,

Erase Deployment Status

Erazing gectar Ox00BE0000

Cancel

4 NOTE: This only clean up the managed application that is deployed to the Imote2, and it is

recommended if a corrupted application is deployed to the Imote2.

7.4.4 Crossbow pre-compiled srec files
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The Imote2.Builder SDK installer installs some useful srec files to user’s PC. These include
TinyCLR Crossbow build, and Crossbow sample applications.

e NET Micro Framework (aka TinyCLR) resides in <Imote2.builder>\bin\srec\TinyCLR.
e Crossbow sample applications reside in <Imote2.builder>\bin\srec\XBowSampleApp.

We also include the script that allows users to generate the srec file from their application bin
directory. The script is Create Srec.cmd located in <Imote2.builder>\Tools\MFDeploy. To run
this script, you need to open a DOS command window, add <Imote2.builder >\tools\MFDeploy
to your search path, and change directory into the application folder bin\release, and then issue
this command:

Create_Srec <app_name>
A srec file <app_name>.hex will be generated under the same folder.

The screenshot below capture this process.

v O\ WINDOWS' system32' cmd.exe

C:\>set PATH=XPATH;"C:\Program Files\Crossbow\Imote2.Builder\tools\MFDeploy”

C:\>cd "C:\Program Files\Crossbow\Imote2.Builder\app\KAccel\hbin\Release”

C:\Program Files\Crosshow\Imote2.Builder\app\KAccel\bin\Release>Create_Srec KAccel
C:\Program Files\Crossbow\Imote?.Builder\app‘\KAccel\bin\Release>REM this script will cr

C:\Program Files\Crossbow\Imote?.Builder\app\KAccel\bin\Release>REM to use it, copy it
me>"

C:\Program Files\Crosshow\Imote?2.Builderh\appi\KAccel\bin\Release>REH it then will create
C:\Program Files\Crosshow\Imote?2.Builder\appi\KAccel\bin\Release>REN Created by Ning Ku

C:\Program Files\Crossbhow\Imote?2.Builder\app\KAccel\bin\Release>ECHO OFF
InFile : HAccel.dat

OutFile : HAccel.hex

Base : Bx600000

End : D=0

Conversion is Successful

C:\Program Files\Crosshow\Imote?.Builder\appi\HAccel\bin\Release>

4 NOTE: The Imote2 hardware in the kit is configured from the factory with the TinyCLR
version included on the CD. If you need to update the TinyCLR with more recent version
available from Crossbow, you need to restore/update TinyCLR onto your Imote2. To do this,
start MFDeploy, navigate to <Imote2.Builder\bin\srec\TinyCLR and select these 3 files:

ER CONFIG, ER_DAT, ER_FLASH and deploy them on to the Imote2.
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7.5 MotePong

MotePong is a demo application that maps sensor control input from the XAccel firmware
application for use as a device controller in a simple Pong game. To start a game, first connect
an ITS400 equipped Imote2 running XAccel either directly through USB or via remote wireless
through an XSniffer base to the PC. Power all motes, and then start MotePong. To start game
play, select Game>New Game from the menu. The speed of the ball movement can be set from the
Difficulty menu.

S

Game  Difficulky

The tilt measurement of the z-axis accelerometer is used to control the paddle. Hold the mote
vertically with the USB cable in between your middle and ring fingers. When the mote is
directly vertical, the paddle will be in the middle of the playing area. To move the paddle up to
the top of the screen, tilt the mote left. Horizontal left will place the paddle in the maximum
upward position. To move the paddle down to the bottom of the screen, tilt the mote right.
Horizontal right will place the paddle in the maximum downward position.
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The Imote2.Builder SDK provides APIs for the various hardware subsystems on the Imote2

Crossb@w

8 Developer API Reference

(IPR2400) and sensor board (ITS400) hardware. This section provides a brief description of the

API for various sub-system on the Imote2, for more detailed description, please refer to the

document generated by doxygen at Windows

Start>Programs>Crossbow>Imote2.Builder>document>API Reference Manual

¥9 Imote2. Builder: Namespace Index - Mozilla Firefox

Eile

Edit  Wiew  History Bookmarks  Tools

Help

=10l

&

»-@ w @

L File:fipCs JProgram®s20Files/ Crossbow Imote 2 Builder/doc/htrml/namespaces, html

| B ' c# output

‘Q Crossbow Intranet || Free Hotmall | | Windows Media | | Windows

kdzin Page Hamespaces

Marmespace List Mamespace Members

Data Structures Files

Search for I

Imote2.Builder Namespace List

Here is & list of all namespaces with brief descriptions:

Crossbhow
Crossbhow:app
crossbhow:lib
crossbow::lib:utils
crossbow:libiutils:tos
Crossbow::platform
Crossbow::platform:imote2
crossbow:radio
Crossbow:radio:cc2420
Crossbhow:sensor
Crossbow:sensor:its400

-

Generated on The Sep 25 10:49:43 2007 for ImoteZ. Builder by dgg){ggn 1.5.3

Daone

kL

Table 8-1. C# Classes included in Imote2.Builder SDK

HW Subsystem Namespace of Driver C# Class of Driver
Radio Crossbow.platform.imote2 Radio
USB Croissbow.lib.utils SerialDump
UART Crossbow.platform.imote2 UART
LED Crossbow.platform.imote2 Leds
12C Microsoft. SPOT.Hardware I2CDevice
SPI Microsoft.SPOT.Hardware SPI
EEPROM Microsoft.SPOT ExtendedWeakReference
ITS400 sensor board Crossbow.sensor.its400 Its400
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ADC Crossbow.sensor.its400 Its400Adc
Accelerometer Sensor Crossbow.sensor.its400 AccelerometerSensor
Light Sensor Crossbow.sensor.its400 Its400Light
Temperature Sensor Crossbow.sensor.its400 [ts400Temp
Humidity Sensor Crossbow.sensor.its400 TempHumSensor

8.1 Platform

The Crossbow.platform.imote2 namespace contains classes for low-level access to the mote

hardware.

8.1.1 LED
The LED functionality is wrapped

To turn the LED on and off:

public void blueOn();
public void blueOff(Q);
public void redOn();

public void redOff();
public void greenOn();

in class Leds (Leds.cs).

public void greenOff();

To Set LED to integer value

from O to 7:

public void set(int i);
void setRGB (LedColor rgb)

LED Color enumeration values:

BLACK
RED
GREEN
BLUE
PURPLE
CYAN
YELLOW
WHITE

8.1.2 UART

UART class provides access to COM1 on the Imote2, its default setting is 115200, 8N 1, no flow

control.

To write data to COMI:

public void Write(byte[] buf, int length)

To read data from COM1:

public int Read (byte[] recvBuf, int count,

To flush COM1:

int timeout)
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public void FlushQ

8.1.3 Pins

Pins.cs contains class Pins, which defines the PXA271 GPIO lines available in the Imote2
hardware. This class provides a mapping of GPIO lines to type Microsoft.SPOT.Hardware
Cpu.Pin. In general, access to this low-level call should be reserved for authors of managed
drivers. Developers are encouraged to use higher-level abstractions of the hardware rather than
access these pins directly. A good example would be the LEDs, which should be accessed
through the LED class rather than directly through these pin mappings.

For driver authors, the pin mappings are used as references for instantiation of OutportPort or
InputPort objects. An example follows:

OutputPort greenLED = new OutputPort(Pins.GP10_PORT_LED GREEN, true);
greenLED _Write(true);

8.1.4 Interrupts

To enable interrupt on a GPIO pin:

public InterruptPort(Cpu.Pin portld, bool glitchFilter,
Port.ResistorMode resistor, Port.InterruptMode interrupt);

To assign the ISR (Interrupt Service Routine) to an interrupt:
<InterruptPort>.0OnInterrupt += new GPIOInterruptEventHandler(<ISRMethod>);
The ISR has the following signature:
[MethodImpl (MethodImplOptions.Synchronized)]

private void ISRMethod(Cpu.Pin port, bool state, TimeSpan time)

8.1.5 Radio

The radio driver consists of 2 layers: PAL (Platform Abstraction Layer) and HAL (Hardware
Abstraction Layer). The former exists in namespace Crossbow.platform.imote2, the latter exists
in namespace Crossbow.radio.cc2420. Crossbow also provides TinyOS interoperability wrapper
library classes, which exist in namespace Crossbow.lib.utils.tos.

The application writer is given access to the native IEEE 802.15.4 capability on the Imote2
through the Crossbow.platform.imote2.radio class. This class will initialize the radio in 802.15.4
compatibility mode, and provides the standard radio API as defined by IRadioDevice for the
users.

8.2 Radio Driver

In this section we explain the radio APIs provided in the namespace Crossbow.radio.cc2420 and
Crossbow.lib.utils.tos

To set various radio options (Frequency, power, node address, PAN address):

public bool SetRadioOption
(RadioOption option, ushort val)
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To send out a packet:
public bool Send
(ushort dstPanAddr, ushort dstAddr, byte[] data)

To send out a packet requesting acknowledgement:
public bool AcknowledgedSend
(ushort dstPanAddr, ushort dstAddr, byte[] data)

To turn on/off the receiver:
public void ReceiverOn(bool active)

To receive packet:
public byte[] ReceiveSrc
(ushort srcPanAddr, ushort srcAddr, int timeout)

public byte[] ReceiveAny
(ref ushort srcPanAddr, ref ushort srcAddr, int timeout)

8.2.1.1 Initialization

The radio can be initialized via the constructor in class Radio:

public Radio(ushort freq, ushort power,
ushort pan_address, ushort address);

The radio frequency and radio power are defined in 2 enums: RadioChannel and RadioPower.

public enum RadioChannel : ushort

{
Ch11 = 2405, Ch12 = 2410, Ch13 = 2415, Ch14 = 2420,
Chl5 = 2425, Chi6 = 2430, Chl7 = 2435, Ch18 = 2440,
Chl9 = 2445, Ch20 = 2450, Ch21 = 2455, Ch22 = 2460,
Ch23 = 2465, Ch24 = 2470, Ch25 = 2475, Ch26 = 2480
}
public enum RadioPower : ushort
{
MODBM = 31, M1DBM = 27, M3DBM = 23, M5DBM = 19,
M7DBM = 15, M10DBM = 11, M15DBM = 7, M25DBM = 3
}

To set various radio options:
public bool SetRadioOption(RadioOption option, ushort val);

Valid options are:
LocalAddress = [0x0000, OxFFFF]
PANAddress =[0x0000, OxFFFF]
Channel =11, 26]
Frequency =[2400, 2483] (MHz)
RFPower =[1,31] (1 :=-25dBm, 31 :=0dBm)
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8.2.1.2 Send/Receive

To send data:
public bool Send
(ushort dstPanAddr, ushort dstAddr, byte[] data);
Receive data sent to this device from a specified source or return null if no frame received within
a given timeout:
public byte[] ReceiveSrc
(ushort srcPanAddr, ushort srcAddr, int timeout);
To receive data sent to this device from any source or return null if no frame received within a
given timeout period:
public byte[] ReceiveAny
(ref ushort srcPanAddr, ref ushort srcAddr, int timeout);

8.2.1.3 TinyOS compatability

Note that TinyOS employs a specific 805.14 packet, we extend the radio support for TinyOS and
provided the functionalities in TOSRadio.cs:

TinyOS specifics (such as amType, grouplD etc.) can be set via property in class TOSRadio.
The Receive method has been overriden to return the TosMsg.

A new method to support Promiscuous listening:

public PromiscuousListening(int timeout);
To convert a 805.14 style TosMsg (such as used in MicaZ, Iris and TelosB) to standard TosMsg
format:

public byte[] ConvertToMica2Msg();

Please refer to section 8.4.6 for more of the TinyOS compatibility classes.

8.3 Sensors

Various sensor drivers exist in the namespace Crossbow.sensor.its400. Note that the sensor
board draws about 15mA current.

There is a facade class, 1ts400.cs, which wraps up all sensor classes and provides a simple
interface to the user applications, each of the sensors can be read from one of 2 read-only
properties: one for the raw reading, the other for the converted value with proper engineering
unit:
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Table 8-2. Sensor properties provided by ITS400 class

Return Type Name Description

float AdcO Converted reading from ADC channel O, in unit volt.

ushort AdcORaw Raw reading from ADC channel O

float Adc Converted reading from ADC channel 1, in unit volt.

ushort AdclRaw Raw reading from ADC channel 1

float Adc2 Converted reading from ADC channel 2, in unit volt

ushort Adc2Raw Raw reading from ADC channel 2

float Adc3 Converted reading from ADC channel 3, in unit volt

ushort Adc3Raw Raw reading from ADC channel 3

float AccelX Converted reading from accel X axis, in unit G

ushort AccelXRaw Raw reading from accel X axis

float AccelY Converted reading from accel Y axis, in unit G

ushort AccelYRaw Raw reading from accel Y axis

float Accelz Converted reading from accel Z axis, in unit G

ushort AccelZRaw Raw reading from accel Z axis

float Light Converted reading from light sensor, in unit Lux.

ushort LightRaw Raw reading from light sensor

float Humidity Converted reading from humidity sensor, in
percentage.

ushort HumidityRaw Raw reading from humidity sensor

float TempSensirion Converted reading from Sensirion temperature
sensor, in degree C.

ushort TempSensirionRaw | Raw reading from Sensirion temperature sensor

float TempCTI Converted reading from Tl temperature sensor, in
degree C.

float TempFTI Converted reading from Tl temperature sensor, in
degree F.

ushort TempTIRaw Raw reading from TI temperature sensor

If you instead prefer not to use the facade class, but the individual sensor driver,
here is a breakdown of the managed sensor drivers:

8.3.1 Sensirion Temp/Hum sensor

In TempHumSensor.cs:

Public properties:
float Hum: return the relative humidity reading in percentile.
float TempC: return the temperature reading in degree C.

ushort HumRaw: return the raw reading of the relative humidity.

ushort TempRaw: return the raw reading of the temperature.
Conversion formula:

Hum = (-0.0000028)*HumRaw*HumRaw + 0.04*HumRaw - 4
TempC = TempRaw * 0.01 — 39.6
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8.3.2 TAOS Light sensor
LightSensor.cs:
Public member functions:
uint32 readLux10(): return the 10X value of the lux.
Public properties:
float Light: return the light in lux.
ushort LightRaw: return the raw reading
Conversion formula:
The conversion is based on a look-up table that contains a set of coefficients,
please look at the implementation of function ReadLux10() in
LightSensor.cs in namespace crossbow.sensor.its400, or refer to the TAOS sensor

datasheet for the details.

8.3.3 Tl Temperature sensor
TemperatureSensor.cs:

Public member functions:

int ReadDegreeCl10(int timeout): return the 10X value of the
temperature in Celsius.

int ReadDegreeFl10(int timeout): return the 10X value of the
temperature in Fahrenheit.

int readRaw(int timeout): return the raw reading from the sensor.
Public properties:

float TempC: return the temperature reading in degree C.

float TempF: return the temperature reading in degree F.

ushort TempRaw: return the raw reading
Conversion formula:

TempC = (TempRaw*10 + 8) / 1.6

8.3.4 ST Micro Accelerometer
AccelerometerSensor.cs:

Public properties:
float ChannelX: return X axis accelerometer reading in unit G.
float ChannelY: return Y axis accelerometer reading in unit G.

float ChannelZ: return Z axis accelerometer reading in unit G.
ushort ChannelXRaw: return X axis accelerometer raw reading.
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ushort ChannelYRaw: return Y axis accelerometer raw reading.

ushort ChannelZRaw: return Z axis accelerometer raw reading.

Conversion formula:
ChannelX = ChannelXRaw / 980

8.3.5 Maxim ADC
ADCSensor.cs:
Public properties:

float ChannelO: return ADC channel 0 reading in volt.
float Channell: return ADC channel 1 reading in volt.
float Channel2: return ADC channel 2 reading in volt.
float Channel3: return ADC channel 3 reading in volt.
ushort ChannelORaw: return ADC channel O raw reading.
ushort ChannellRaw: return ADC channel 1 raw reading.
ushort Channel2Raw: return ADC channel 2 raw reading.

ushort Channel3Raw: return ADC channel 3 raw reading.

Conversion formula:
ChannelX = ChannelXRaw * 3 / 4096

4 NOTE: The ADC reading is a value between 0 and 3V, the voltage applied to the ADC
channel. If the voltage is greater than 3v, it is capped at 3V.

8.4 Utilities

The Crosshow.lib.utils namespace contains a number of utility classes.

8.4.1 CRC
Compute CRC (Cyclical Redundancy Check) of a packet.

8.4.2 HDLC
Implement a byte stream framing using PPP-HDLC like protocol (See RFC 1662).

8.4.3 SerialDump
A class that dumps message over the USB port.
To dump a byte array to USB

static void print(byte[] str)

To dump a string to USB:
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static void print(string str)

8.4.4 UniquelD
Allows applications to read out information including SeriallD, SKU, OEM, UID etc.

8.4.5 PowerManagement

Implement the power management API, such as putting the mote to deep sleep (drawing 525 uA)
for a specified period of time.

To put the mote into deep sleep mode, call the following method:
PowerManagement pm = new PowerManagement();
pm.DeepSleep(30);

The mote will go into deep sleep state for 30 seconds.

The PowerManagement class contains the following member functions:
void DeepSleep(uint duration)
void SetCoreFreq (uint freq)
uint GetCoreFreq O
void SetCoreVoltage(uint vitg)
float GetCoreVoltage()
uint GetResetCause()

Currently only DeepSleep is implemented. The rest are to be implemented in the future release.

& WARNING

When the Imote2 recovers from the deep sleep state, it is a reboot. For information that needs to
be preserve over reboots, it has to be written to the flash. The sample application
XSensorlTS400Sleep demonstrates how to accomplish this by using ExtendedWeakReference.

8.4.6 TinyOS Compatibility

The Crossbow.lib.utils.tos namespace contains a number of utility classes for simplifying
TinyOS compatibility. This allows the Imote?2 to interoperate with MicaZ, Iris and TelosB
motes.

The following classes exist in namespace Crossbow.lib.utils.tos:
8.4.6.1 TosMsg

This class encapsulates the TinyOS packet that works with 802.15.4 radio, which is used with
MICAz, IRIS and TelosB Motes.

The following method converts the message to the default TosMsg format:
Byte[] ConvertToMica2Msg()
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8.46.2 TOSMac
TinyOS compatible radio driver, a wrapper classes of the RadioCC2420 class.

The AM type and group ID can be initialized through the constructor:
Public TOSMac(byte am_type, byte group_id)

Or application can perform get/set operations on the public properties amType and groupld.

By default the AM type is set to 1, the group ID is set to 125.

8.4.6.3 TOSRadio

This class handles the initialization of the TinyOS compatible radio driver.

8.4.6.4 TOSSerialDump

This is a subclass of SerialDump, it prints out a string to USB port, with the TOS header
appending to the beginning.

static void printWithTosHeader (byte[] str)
this method sends “TosMsg_header + str” to USB port.

The AM type and group ID field of the TosMsg header can be initialized by setting the
corresponding properties. By default, AM type is 0x04, group ID is 0x7D.

Doc.# 7430-0765-01 Rev. A

Page 45






Crossb@w

Crossbow Technology, Inc.
4145 N. First Street

San Jose, CA 95134
Phone: 408.965.3300

Fax: 408.324.4840

Email: info@xbow.com

Website: www.xbow.com



	About This Document
	Introduction
	Imote2.Builder Kit Overview
	Package contents

	Hardware Overview
	Imote2 Processor Board
	Features
	Processor

	ITS400 Sensor Board

	Software Installation
	Supported PC Platforms and Operating Systems
	PC Interface Port Requirements

	USB driver installation
	Additional Software Requirements
	Microsoft Visual Studio 2005
	Microsoft .NET Micro Framework 2.0


	Application Quick Start
	Out of the box-demo
	Run the Imote2.Builder Blink project
	Create your own .NET Micro Framework application

	Guided Tour
	Reference Manual
	Micro Framework Samples
	Threading
	ExtendedWeakReference


	Sample Applications
	Blink
	Blink Light Pattern

	CountSend
	Count Light Pattern
	Count Packet Format

	CountReceive
	XSniffer
	XSniffer Light Pattern
	Compatible PC Tools

	XSensorITS400
	XSensorITS400 Light Pattern
	XSensorITS400 Packet Format
	Compatible PC Tools

	XAccel
	XAccel Light Pattern
	XAccel Packet Format
	Compatible PC Tools

	XSensorITS400Sleep

	Client Tools and GUI
	MotePlot
	Direct USB Connection
	Over the Radio Communication (Star Network)

	XSniffer
	SerialDump
	MFDeploy
	MotePong

	Developer API Reference
	Platform
	LED
	UART
	Pins
	Interrupts
	Radio

	Radio Driver
	Initialization
	Send/Receive
	TinyOS compatability


	Sensors
	Sensirion Temp/Hum sensor
	TAOS Light sensor
	TI Temperature sensor
	ST Micro Accelerometer
	Maxim ADC

	Utilities
	CRC
	HDLC
	SerialDump
	UniqueID
	PowerManagement
	TinyOS Compatibility
	TosMsg
	TOSMac
	TOSRadio
	TOSSerialDump




