mote:r Emote.

Low Power Wireless Sensor Module

-
tmote”” Ultra low power IEEE 802.15.4 compliant
wireless sensor module

S Humidity, Light, and Temperature sensors with USB

Quick Start Guide

This document describes how to establish a
development environment for Tmote on a
Windows PC using the Tmote Tools CD. It
describes how to install the Tmote
development tools, how to install the USB
driver to access Tmote as a virtual COM
port, how to compile and install Moteiv’s
wireless mesh networking application, and
how to visualize and control wireless sensor
networks.

This document is not a comprehensive

guide for developing for Tmote; instead the basic steps for getting started with TinyOS and
Tmote are presented in this guide. Other useful documents for development include the Tmote
Datasheet and the Tmote Application Notes found at http://www.moteiv.com
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g NOTE: If you have previously installed TinyOS or Cygwin, either from a previous Moteiv
installer, from another vendor's installer, or on your own accord, we recommend you
remove all previous TinyOS and Cygwin installations before proceeding. See page Error!
Bookmark not defined. for more information.

Moteiv Corporation

Please place the Tmote Tools CD into your computer’'s CD-ROM drive. After a few moments,
the Moteiv Tmote Tools Setup Wizard will display:

i& Moteiv Tmote Tools 2.0.1 Setup @|§|@

Welcome to the Moteiv Tmote Tools
2.0.1 Setup Wizard

The Setup Wizard will install Moteiv Tmote Tools 2.0.1 on
your computer, Click Next to continue or Cancel to exit the
Setup Wizard,

i Moteiv Tmote Tools 2.0.1 Setup

End-User License Agreement
Please read the following license agreement carefully
Moteiv Public Software License fad
Wersion 1.1

Copyright (c) 2005-2006 Moteiv Corporation. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are
met:

1. Redistributions of source code must retain the above copyright v

[[11 accept the terms in the License Agreement

ii& Moteiv Tmote Tools 2.0.1 Setup

Choose Setup Type
Choose the setup type that best suits your needs

Typical

Installs the most common program features, Recommended for most users.

Allows users to choose which program features will be installed and where
they will be installed. Recommended for advanced users.

Complete

All program features will be installed. Requires the most disk space.

=

Please click “Next”".

Moteiv’s software is distributed under the Moteiv
Public Software License. Accept the terms of the
license agreement and click “Next”.

Please select the “Typical” installation option.
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i Moteiv Tmote Tools 2.0.1 Setup |:H:‘

Ready to Install . .
The Setup Wizard is ready to begin Slmply CIICk “I nsta"" .

Click Install to begin the installation. If you want to review or change any of your
installation settings, dick Back. Click Cancel to exit the wizard.

[ Back ” Install ] [ Cancel ]

i@ Moteiv Tmote Tools 2.0.1 Setup E‘l:‘lz‘

Installing Moteiv Tmote Tools 2.0.1 E
The Moteiv Tmote Tools installer will begin
installation and configuration of your system.

Please wait while the Setup Wizard installs Moteiv Tmote Tools 2.0. 1.

Status:
( ]

Cancel

pgin Setup 8=

Thi displays th of the download istallat E H - - - .
Speessienshepnams e S e First, the Cygwin Setup window will appear and will
take a few minutes to install all of the necessary
Inteling packages.
binutils-20040725-2

fusr/share/info//standards info

Package: [ |
Total: [WEE )
Digk: (0T ]

Cancel
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i J2SE Development Kit 5.0 Update 6 - License

License Agreement

After Cygwin Setup is complete, the Java platform
is installed. Accept the Sun Microsystems license
Sun Microsystems, Inc. Binary Code License Agreement " agreement and CIiCk “NeXt".

for the JAVA 2 PLATFORM STANDARD EDITION DEVELOPMENT KIT 5.0

Please read the following license agreement carefully.

SUN MICROSYSTEMS, INC. ("SUN™) IS WILLING TO LICENSE THE SOFTVWARE IDENTIFIED
BELOW TO *¥OU ONLY UPON THE COMDITION THAT Y OU ACCEFT ALL OF THE TERMS
CONTAINED IN THIS BINARY CODE LICENSE AGREEMENT AND SUPPLEMENTAL LICENSE
ITERMS (COLLECTIVELY "AGREEMENT"). PLEASE READ THE AGREEMENT CAREFULLY. BY
DOVWNLOADING OR INSTALLING THIS SOFTWARE, ¥ OU ACCEPT THE TERMS OF THE
|AGREEMENT. INDICATE ACCEPTANCE BY SELECTING THE "ACCEPT" BUTTON AT THE
BOTTOM OF THE AGREEMENT. IF Y OU ARE NOT WILLING TO BE BOUND B ALL THE TERMS,
SELECT THE "DECLINE” BUTTON AT THE BOTTOM OF THE AGREEMENT AND THE

()1 accept the terms in the license agreement

(2)1 do not accept the terms in the license agreement

Cancel

i J2SE Development Kit 5.0 Update 6 - Custom Setup

Custom Setup

Choose additional Java installation options if
desired, and then click “Next”.

Select the program features you want installed.

Select optional features to install from the list below. You can change your choice of features after
installation by using the Add/Remove Programs utility in the Control Panel

Feature Description

J25E Development Kit 5.0,
® | Demos induding private JRE 5.0. This
will require 264 MB on your hard
¥ | Source Code drive.
X_-| Public JRE
Install to:

C:\Program Files\Java\jdk1.5.0_06\

[ < Back " Mext = I [ Cancel ]

i J2SE Development Kit 5.0 Update 6 - Progress

Installing

The Java installer will proceed to install and
configure Java.

The program features you selected are being installed.

Please wait while the Install Wizard installs 125E Development Kit 5.0
Update &. This may take several minutes.

Status:
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i# J2SE Development Kit 5.0 Update 6 - Complete E]

Installation Completed

The Install Wizard has successfully installed 125E Development
Kit 5.0 Update 6. Click Finish to exit the wizard.

win.i386.
Dm;/tlﬂyus—tuuls—i 2.1-3. nygum i

S R
e

tlnynﬁ—tnnl ﬂﬂﬂﬂﬂﬂRﬂRﬂRﬂRﬂRﬂRﬂRﬂRﬂRﬂRﬂRﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

cp giveio.sys C: WINDOWS/system32/drivers/giveio.s

[nstalling Java UNI code in cygdrive/c/Progran Filec davasidkt 5.0 06 jre hin .

don
bne pa30toole—hase
nsp43Btools-hinutils

HEBRUBERERERERERES RSN R S S S S S I Y
VR E R R I R R R S R R B R S R

«cygwin\bin\bash.exe
s ppm —ivh ——force —ignoreos comnnn/rpns/:inyns—muiu—z.5.1—1.:ygn-.in.nuan-ch.;-pa

[Preparing.

SR R R R
tinyos—moteiv pHEHTY

CEX

Completing the Moteiv Tmote Tools
2.0.1 Setup Wizard

i Moteiv Tmote Tools 2.0.1 Setup,

Click the Finish button to exit the Setup Wizard,

Moteiv Corporation
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Upon completion of the Java installation, click
“Finish”.

After Java is complete, the Moteiv Tmote
Tools Setup Wizard will install and configure
the tools required to develop and run
applications using the TinyOS open source
operating system. Please be patient as all of
the files are installed and server tools are
compiled.

Following installation of the TinyOS tools, the
Moteiv Tmote Tools Setup Wizard installs and
configures Boomerang by Moteiv. This is
Moteiv’s distribution of the TinyOS operating
system that includes extended API support,
example applications, and additional
development tools.

Congratualations! Installation of Moteiv’s Tmote
Tools is complete! Please proceed to the next
section to start building applications with Moteiv’'s
Tmote devices.
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This section describes the process to install drivers for Tmote if they are not already installed.
The first time a Tmote module is plugged into a system, if the drivers are not found, Windows

opens the “Found New Hardware Wizard”.

Note: If you experience any problems with your drivers, we recommend you uninstall all other

“USB Serial” device drivers from your system.

The first step is to connect a Tmote module to your computer’'s USB port.

Found New Hardware Wizard

This wizard helps you install software for:

tmote shy

(*)_ I your hardware came with an installation CD

82 orfloppy disk. insert it now.

What do you wart the wizard to do?

(O Install the software automatically (Recommended)
(%) Install from a list or spectic location {Advanced}

Click Next to continue.

[ <Back | Net> | [ Cance |

Found New Hardware Wizard
Please choose your search and installation options. .

(%) Search forthe best driverin thess locations.

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

[[] Search removable media floppy, CD-ROM...}
Include this location in the search:
G:\USB Serial Driver A4

() Dont search. | will choose the driverto install.

Choose this option to select the device driver from a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

<Back || New> | [ Cancel

Select “Install from a list or specific location
(Advanced)” then “Next”.

When prompted, select only “Include this location
in the search” then click “Browse”.

Tmote Sky : Quick Start Guide (3/1/2006) Page 7 of 20
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Browse For Folder

Select the folder that contains drivers for your hardware.

# L CD-RW Drive (E:) -
# . DVD Drive (F:)
=l 5 Tmote Tools 1.07 (G:)

4 ) tools
4 |[J) upgrade
X __}_L.I_SB Seziél Driver b
To view any subfolders, dick a plus sign above.
[ ok | [ Cancel

Found New Hardware Wizard

Completing the Found New
Hardware Wizard
The wizard has finished installing the software for:

(3 UUSB Serial Port

Click Finish to close the wizard.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:

USB Serial Port

Z:-J If your hardware came with an installation CD
or floppy disk, insert it now.

What do you want the wizard to do?

@ lnstall the software atomatically (Recommended):
() Install from a list or specific location (Advanced)

Click Next to continue.

Moteiv Corporation
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Select the “USB Serial Driver” folder from the
Tmote Tools CD, click “OK?”, then “Next".

Windows installs the driver files, completing the
installation for Tmote as a “USB Serial Port”.

After installation, a second New Hardware
window may appear for a “USB Serial Port”. At
this point it is okay to select “Install the software
automatically”.

Tmote Sky : Quick Start Guide (3/1/2006) Page 8 of 20
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Application Compile and Reprogram
Cygwin is used to compile and reprogram applications for Tmote.

Cygwin

- jopt/moteiv/apps/Delta

36-adc —I/opt/moteiv/tos/platforn. 3B/dac —I/opt/moteiv/tos/platform./

OGRH
1DENT
48652edL - DIDENT UlD HHSH—Bxa3051a45L Delt
la.nc

cnmplled Delta to buildstmotesnain.oxe
bytes in

_1
HHSH—BXG5555}J15L DIDENT _UNIX_TIM]

545 bytes in Ron
Insp43@-objcopy -—output—target=ihex huild/tmotesmain_exe huild/tmote/main.ihex
uriting T0S image

~I/opt/moteiv tos/libssched —I opt/moteiu tos/LihsDe lugly
Flash/STH25P —T/opt/moteiv tos 1ib/Flash —I/opt/moteiu/t|
~I/opt/moteiv/ /1 sopt/moteiv/tos/1ib/CC2420Radio —1 /0|
ssysten —I/opt x/tos/Lih/CC2428Radio —1/opt/moteiv/|
ySchedulerC d

51245L Delt|

t_vector__=
DIDENT _HO! ]
40652edl. —~DIDENT_UID_}

Schial —DIDENT_UN

R
conpiled Delta to huild/tmote/nain.exe
33816 hytes in ROM
6247 bytes in RAM
Insp43B-o0bjcopy ——output—target=ihex huild/tmotesmain.exe huild/tmote/main.ihex
writing T0S image

5 moteli:
Reference ConnPort Des

M4A383UF COM8 tmote

a3

To open a shell, invoke the Cygwin
shortcut that the installer placed on your
desktop.

This an initial a Cygwin bash shell prompt. The
installer configures Moteiv’s open source system
at /opt/moteiv/. Let's compile Delta, Moteiv’'s
wireless sensing and mesh networking
application.

Compiling Delta is as easy as changing to its
directory and running “make tmote”.

cd /opt/moteiv/apps/Delta
make tmote

Use the motelist utility to show which COM ports
actively have Tmote modules. Just type
“motelist” at the command prompt:

motelist

It may take a few moments for a Tmote module to appear in the list the first time it is plugged
into a system, because Windows must automatically install the drivers and allocate a COM port.

Moteiv Corporation
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- fopt/moteiv/apps/Delta

Insp438-objcopy ——output—target-ihex huild/tnotesmain.exe huild/tmote/nain.ihex n
writing T0S image

¢ motelist
Reference ComnPort Description

M4A383UF COM8

[ make tmote reinstall. i
opt/tinyos—1.x/tools/make/msp/set-mote—id ——objcopy msp43@-ohjcopy ——objdump ms
jp43@—ohjdump ——target ihex huildstmotes/main.ihex build/tmote-main.ihex.out-1 1
found mote on COM8 (using bsl,auto)
installing tmote bootloader using bs
1= h —1 -p C:/cyguin/opt/moteiu/tos/1ib/Deluge T0OSBoot /byl

r Uersion: 1.3%9-telos—8

BSL
ronbats dofasit passvord ..

Current bootserap loader uersion: 1.61 (Device ID: F16e)>
Changing baudrate to 38488 .

Progran .

770 hyte
Reset dev

ranned .

te binary using hsl {without mass erase)
FyoL, 72, uildstnoto/main. thex.out-1
on: —

B35498 hytes progranmed.
Reset device
bem —f hulld/tmnte/maln exe .out-1 builds/tmotesmain.ihex.out—1

3

Progral

33840 byte. progranned .

[Reset deuvice ..

e —f build/tnotesmain.exe.out—1 build/tmote/main.ihex.out—1

¢ motelist
Reference ComnPort  Descr. 1l)tlnn

M4A3S3UF coMs

01s make /msp/set-mote—id ——ohjcopy nsp43B-objcopy —objdump ms
rget ihex build/tmote/main.ihex build/tmote/main.ihex.out—1 1
te_hootloader using bs

» —e -1 —p Ci/cygwin/opt/moteiv/tos/1lib/Deluge T0SBoot /hul

ihex
trap Loader Uersion: 1.39-telos-8

L Ny, ng BSL...
Transnit default password ...
[Current bootstrap loader version: 1.61 {Device ID: fil6c>

Transnit defauit passuord .
Current bootstrap loader version: 1.61 (Device ID: fi6c>
Changing haudrate to 38408 .

Progran

35848 hytes progranmed.

Reset device

en —f build tmobe nain.exe.out—1 huild/tnote /nain . thex.out-1

3

tlmite“
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To install the application onto the Tmote module if
only one Tmote is connected, enter the following
command:

make tmote reinstall,1

“reinstall,1” means “program the module with the
already compiled binary image, set the network
address of the module to 1”.

To install the application onto a Tmote module if
more than one Tmote is connected, you must
specify the serial port to install onto using the
following command:

make tmote reinstall,1 bsl,3

“bsl,3” means “send the program using the Boot
Strap Loader on COM4”. Note that the bsl
programmer uses Linux-style indexing for the
COM ports, so COM4 is specified as “3” for bsl.

You've now successfully compiled and installed an application onto Tmote!

Install Delta onto a few of your Tmote Sky modules. Make sure that each node has a different
network address (in other words, change the number after “reinstall” to give each node a unique

address).

Moteiv Corporation

Tmote Sky : Quick Start Guide (3/1/2006)
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After installing Delta on your modules, we can display the mesh network using Moteiv’s Trawler

application.

ialBCOM?:tmote java com.moteiv.trawler.Trawler

Run Trawler by entering the following command
on a single line:

MOTECOM=serial @ COM4:tmote java
com.moteiv.trawler. Trawler

The MOTECOM variable, “serial@COM4:tmote”, tells the Java tools to communicate using the
serial protocol over COM4 with an attached a Tmote module.

4 %
& - [B[x)
File Options
Metweork Topology | Sensaor readings || Link Guality
~
Mode 154
Received 36 e
Lost 0 Nod_e 155
A, Received 36
LostD
Mode 156
Received 36
LostD
Mode 157
Received 35
Lost O
v
< >

When Trawler starts, it will begin the process of establishing an ad-hoc mesh network and

display the network topology on the screen.

Be patient, it may take several minutes for the entire network to come online and establish
stable, reliable routes to the Tmote Invent device connected to your PC.

Moteiv Corporation
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Trawler includes a number of features to assist with standard data collection applications. By
clicking on the “Sensor readings” tab, Trawler displays the temperature values coming from the
nodes in the network.

£ Trawler
File  Options

Metwork Topology | Sensor readings | Link Cuality

2]
=
I3
=)
=]
Lo
o
e
-t

a4.0 112.0 140.0
Zootn In X Taotn b Y

[ J |
| zoomoux || zoomouv |
l Save Data ] [ Load Data l

Edit Legend Show Legend
Clear Dataset Connect Datapoints

Zoom in to the data by pressing the “Zoom In” and “Zoom Out” buttons. You can scroll up,
down, left, and right using the arrow buttons on the bottom right of the display. You can also
use your mouse to select a region on the graph—Trawler will zoom in to display the data

selected.

Moteiv Corporation
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Now, click on the “links” tab. This display assists with network commissioning—you can
determine if the link quality between nodes is extremely low, you may need to move the node or
add additional nodes to the network that participate in the mesh.

£ Trawler

File  Options

Metwork Topology | Sensor readings | Link Quality

Indicatar

=
-]
i
E
-

1810 | 207.0

[ Footn |t X ] [ Footn It ]

[ zoomowx ||  zoomouwv |

[ Save Data ] [ Load Data l [ = ” Reszet “ = ]
Show Legend

Clear Dataset Connect Datapoints

You can log the data readings to a file by clicking on “Log Packets” in the “Vizualization
Controls” sidebar. If you cannot find the “Vizualization Controls”, minimize Trawler. Sometimes
the controls are hidden by the main Trawler window.

API documentation on the Delta application is provided in the /opt/moteiv/doc/nesdoc directory.
Simply open the index.html file and select TinyOS components to learn more about them and
how to use them in your own applications.

You have successfully set up a wireless network with Tmote and can move on to the TinyOS
tutorial in /opt/tinyos-1.x/doc/tutorial/ or start developing your own applications.

If you need help using the Tmote module, contact Moteiv Support at support@moteiv.com or
view the support documentation at http://www.moteiv.com/support.php. You can also find help
for programming in TinyOS on the TinyOS Help mailing list at
tinyos-help@millennium.berkeley.edu.

Moteiv Corporation Tmote Sky : Quick Start Guide (3/1/2006) Page 13 of 20
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Moteiv TinyOS Tools Manual Install

If you have previously installed TinyOS or Cygwin, either from a previous Moteiv installer, from
another vendor’s installer, or on your own accord, we recommend you remove all previous
TinyOS and Cygwin installations before proceeding.

Uninstalling Cygwin
Cygwin provides no method for convenient uninstall. The following steps are usually sufficient
to remove Cygwin from your system:
¢ Close all Cygwin applications and services
o Delete or rename the following keys in the registry by invoking RegEdit or RegEdt32
o HKEY_CURRENT_USER\Software\Cygnus Solutions
0 HKEY_LOCAL_MACHINE\SOFTWARE\Cygnus Solutions
o Delete or rename your Cygwin install directory, which defaults to c:\cygwin

Uninstalling TinyOS
If you installed TinyOS with an installation utility, just run its associated uninstaller.

If not, you must manually uninstall any “tinyos”, “nesc”, and “msp430” RPM’s. Discover which
RPM’s are installed by starting a Cygwin shell and running the command “rpm -ga”. Remove
packages with the command “rpm --erase --nodeps [packagel] [package2] [..]".
Here is a sample list of RPM’s that may be installed, though the particular packages and
versions installed on your computer may differ:

tinyos-tools-1.2.1-3
msp430tools-binutils-2.16-20050607
make-3.80tinyos-1
msp430tools-python-tools-1.0-1
tinyos-javacomm-1.0.0-1
tinyos-moteiv-2.0.1-1

nesc-1.2.4-1
msp430tools-base-0.1-20050607
msp430tools-gcce-3.2.3-20050607
msp430tools-libc-20050308cvs-20050608
mspgcc-win32tinyos-20041204-2
tinyos-1.1.15Dec2005¢cvs-1

Moteiv Corporation Tmote Sky : Quick Start Guide (3/1/2006) Page 14 of 20
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Upgrading Cygwin

Moteiv only supports the version of Cygwin installed by Moteiv Tmote Tools. However, any
version of Cygwin installed or updated since December 2004 should be compatible, although
Moteiv does not support user-installed Cygwin installations. The following Cygwin packages are
installed by the Moteiv Tmote Tools CD, and are the minimum required to install TinyOS and its
related tools:

ash autoconf autoconf-devel autoconf-stable automake automake-devel
automake-stable

base-files base-passwd bash binutils bison bzip2

crypt ctags cvs cygipc cygrunsrv cygutils cygwin

diffutils

editrights emacs expat

file Fileutils findutils Fflex

gawk gcc gcc-core gcc-g++ gcc-mingw gcc-mingw-core gcc-mingw-g++ gdb
gdbm gettext gperf grep groff gzip

less 1libbz2_ 1 libcharsetl 1libdb4.2 Tlibgdbm [libgdbm-devel [1ibgdbm3
libgdbm4 IibgettextpoO libiconv libiconv2 libintll libintl2 libintl3
libncurses5 libncurses6 libncurses7 libncurses8 libpcre libpcreO
libpoptO libreadline4 libreadline5 libreadline6 login

m4 make man mingw-runtime minires mktemp more

nano ncurses

openssh openssl

patch patchutils perl perl_manpages postgresql python

rcs readline rpm rpm-build rpm-doc rxvt

sed sh-utils

tar tcltk tcsh termcap terminfo texinfo textutils time

unzip

vim

w32api wget which

zip zlib

Upgrading TinyOS
Moteiv Tmote Tools installs new versions of the compilers and tools used by TinyOS. You may

be able to directly upgrade an existing TinyOS installation using the Moteiv Tmote Tools CD,
although you will be on your own if something does not work.

Manual Installation of Moteiv Tools for Windows and Linux

The following RPMs are required to support Moteiv's Tmote Tools. They are provided on the
installation CD in the windows/ directory for Windows/Cygwin installations and in the linux/
directory for Linux systems. We recommend these RPMs as they have been tested to work well
with TinyOS. In the source/ directory is the TinyOS source and Moteiv’s distribution. If all of the
above packages are installed on your Windows or Linux machine, you can install the TinyOS
and Moteiv tools with the following commands. These commands must be issued in the
following order due to dependences. More detailed Linux instructions are available at
http://www.moteiv.com/support.php.

Moteiv Corporation Tmote Sky : Quick Start Guide (3/1/2006) Page 15 of 20
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First, in the windows/ or linux/ directory (depending on the system that you’re using), run the
following command:

rpm -ivh --force --ignoreos \
tinyos-tools-1.2.1-3.rpm \
msp430tools-binutils-2.16-20050607.rpm \
make-3.80tinyos-1.rpm \
msp430tools-python-tools-1.0-1.rpm \
tinyos-javacomm-1.0.0-1.rpm \
nesc-1.2.4-1.rpm \
msp430tools-base-0.1-20050607.rpm \
msp430tools-gcc-3.2.3-20050607 . rpm \
msp430tools-1i1bc-20050308cvs-20050608. rpm

Next, in the source/ directory, install the TinyOS and Moteiv source code:

rpm -ivh --force --nodeps --ignoreos tinyos-1.1.15Dec2005cvs-1.rpm
rpm —ivh --force --nodeps --ignoreos tinyos-moteiv-2.0.1-1_rpm
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Tmote Sky Software

Communications

Moteiv’'s communication system includes three main components: a Multihop mesh networking
protocol, a network duty cycling protocol, and the recently proposed “Sensornet Protocol” (SP)
abstraction for sending and receiving messages. All of these protocols are used in Moteiv's
mesh networking application, Delta. The source code for Delta is located in
/opt/moteiv/apps/Delta.

Multihop Networking

Moteiv’'s on-demand ad-hoc networking utilizes spatial and temporal redundancy to reliability
deliver messages across a network to their destination. To use the Multihop library in an
application, first include Multihop in your configuration:

| components Multihop; |

Then wire your application to the appropriate message handlers for your message type. For
example, in your configuration:

AppM.Send -> MultiHop-Send[APP_ID];
AppM.Receive -> MultiHop.-Receive[APP_ID];

Where APP_ID is a unique 8-bit identifier for your service or application defined in a header file.
Please see the documentation for details of using the Send interface in Moteiv's API
documentation available at Zopt/moteiv/docs/nesdoc

Messages are submitted to the Multihop service and queued until there is an opportunity to
route the message towards the destination. After a message is successfully sent, an event
(Send.sendDone()) is fired to your service notifying you that it is now safe to use the
message buffer for other purposes.

Low Power Operation

Moteiv’s software includes a synchronization protocol for low power wireless network. The
network duty cycling approaches uses SP (described below) for establishing and maintaining a
schedule whereby the entire network wakes up together and then returns to sleep.

Including Moteiv’s network duty cycling is as simple as adding a single parameter to the
compilation command. Simply add the lowpower keyword after the compilation platform. For
example:

| make tmoteinvent lowpower |

Try the low power networking by using Delta, the mesh networking data collection application,
with the lowpower option:
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cd /opt/moteiv/apps/Delta
make tmoteinvent lowpower

Be aware that bandwidth is very limited in low power mode (each node is only awake for a few
milliseconds every two seconds). The initial synchronization of the network may require up to
15 minutes to stabilize, but will reliably report data after the initial setup phase. Please be
patient!

Information about Moteiv’'s network duty cycling is included in the APl documentation for the
NetSyncC and NetWakeC components. The source is at Zopt/moteiv/tos/lib/netsync;
however we strongly recommend that only the most advanced users consider modifying this
code. Please note that Moteiv does not support any modifications to our source.

Sensornet Protocol (SP)

SP is a unifying link abstraction for running network protocols over a variety of link layer and
physical layer technologies without changing network protocol implementation. SP is
implemented by the SPC component.

SPC and its interfaces are described in detail in the following publication:

A Unifying Link Abstraction for Wireless Sensor Networks

In Proceedings of the Third ACM Conference on Embedded Networked Sensor Systems
(SenSys), November 2-4, 2005.

http://www.polastre.com/papers/sensys05-sp.pdf

Messages are transmitted using the SPSend interface and message futures are handled
through the SPSendNext interface. To send a message on a particular AM type, such as AM
type 5, wire your network protocol to SPSend[5]. The SP message pool will hold on to a
message and its corresponding packets until it may be sent over the channel.

Fields of each SP message (sp_message_t) should never be directly accessed. Instead, they
can be set using the parameters of the SPSend interface. Reading parameters should be done
through the SPMessage interface.

Reception is on a per packet basis (not a per message basis like SPSend). Packets are
immediately dispatched to higher layer services based on AM type. SPReceive provides
information about each packet, including a token that identifies which interface a message
originated.

The SP Neighbor Table is accessed through the SPNeighbor interface. Users must wire to the
SP Neighbor Table with the parameter unique(*'SPNeighbor'™). Each service has its own
identity for controlling the insertions, removals, and changes of entries in the SP Neighbor
Table. See the SPNeighbor interface in the API documentation for more information.

Various utilities as part of SP's processing are available in the SPUti I interface. These utilities
include link estimation functions and link post-arbitration time stamps.
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Useful TinyOS Components

There are many useful libraries including with Moteiv’s distribution of TinyOS. Below, many of
these components and their functions are listed. For additional resources, please check
Moteiv’'s support website at http://www.moteiv.com/support.php. It is frequently updated with
tips, techniques, and troubleshooting articles.

TinyOS Distribution Organization under the Zopt/moteiv directory:

Directory Description

apps Moteiv applications

apps/invent Tmote Invent-specific applications
doc/nesdoc API documentation in HTML format
tos/lib TinyOS libraries (SP, Multihop, etc)

tos/platform/tmote

Tmote-specific platform components

tos/sensorboards/invent

Tmote Invent driver components

tools/java

Moteiv mote-interface java tools

tinyos-1.x

TinyOS components used by Moteiv

Useful TinyOS components:

TinyOS Component Function

BitVectorC Methods to manipulate vectors of bits

LedsC Turn on or off the LEDs

MainControlC Start a component on boot with MainControlC
ObjectPoolC Create and manage a pool of generic objects
TimerMilliC Create a new millisecond system timer
UartDetectC Detect if a PC is active & connected
UartPresenceC Detect the presence of PC's USB port
UserButtonC Enable input from User Button
UserButtonAdvancedC | Advanced functionality from User Button

The documentation for all of these components is available within the
/opt/moteiv/doc/nesdoc directory.

In addition to TinyOS components, there are a few useful C libraries available in

/opt/moteiv/tos/lib/util/:

C Library Function

circularQueue.h

A generic circular queue object

fft_i8.h

8-bit integer FFT routines
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General Information

Document History

Revision Date Notes

1.0 2005/03/04 Initial Release

1.1 2006/03/01 Updated for Tmote Tools 2.0
Disclaimer

Moteiv Corporation believes the information contained herein is correct and accurate at the time
of this printing. However, Moteiv Corporation reserves the right to make changes to this product
without notice. Moteiv Corporation does not assume any responsibility for the use of the
described product; neither does it convey any license under its patent rights, or the rights of
others. This product is not designed for use in life support devices or any other system where
malfunction can reasonably be expected to result in significant personal injury to the user. This
product is not designed for critical systems where failure of the product to perform affects safety
or effectiveness. Moteiv Corporation customers using or selling products for use in such
applications do so at their own risk and agree to fully indemnify Moteiv Corporation for any
damages resulting from improper use or sale.

As far as possible, major changes of product specifications and functionality, will be stated in

product specific errata notes published at the Moteiv website. The latest updates are available
from the Moteiv website at www.moteiv.com or by contacting Moteiv directly.

Address Information

Web site: http://www.moteiv.com

E-mail; info@moteiv.com

Technical Support Web site: http://www.moteiv.com/support.php
Technical Support E-mail: support@moteiv.com

Phone Number: +1.415.692.0960

Fax Number: +1.415.358.4872

Headquarters

Moteiv Corporation
55 Hawthorne St, Suite 550
San Francisco, CA 94105

© 2004-2006 Moteiv Corporation
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