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Preface

LiteOS providesa UNI X-like environment for sensor
networks, networked embedded devices, and cyber physical
systems. It providesathread-based run-time execution
environment for applications. The goal of this User® Guideis
to get you familiarized with its environment.

For updates, check:

www .liteos.net

Refer ences

Thefollowing are additional documentation,
available on www.liteos.net

1 LiteOSKer nel Devel operdés Gui de


http://www.liteos.net/
http://www.liteos.net/
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| nstallation of Li1teOS

This section provides astep-by-step guide on how to install LiteOS
on your computer.

Following are the hardware requirements for
constructing the working environment of LiteOS
(updated):

1 MicaZ or IRIS nodes with Atmegal28 or
Atmegal281 processor, at least three nodes are
required, one as base station, the other two as
experiment nodes, four or more suggested.

1 MIB510 Programming Board or MIB520
Programming board (at least one of them)

1 PCinstalled with Microsoft Windows Vista or 7 (XP is no

longer recommended due to driver complications . If you

use XP, then you have to install additional drivers

according to this guide. Note that if you use Mac or

Linux, you may have to search for drivers for yourself,

and the AVR Studio does not currently support these

two operating systems)

Serial or USB port (at least one port on the PC)

USB hub (for expanding the number  of USB ports)

AVR Jtag MKIl debugger (strongly recommended , part

of this guide will assume that you have AVR Jtag MKII

debugger available )

1 CC2420DK (for debugging purposes, strongly
recommended)

E EE |

| nstalling L iteOS on Windows machine

Thefirst step to configureyour PCisto install requiredthird-
party software. The following softwareis needed:

Java JDK 1.6 or later
Cygwin (mu st install ed to use the interactive shell )

You may skip thissection if your PCis already installed with JDK
and Cygwin.
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We next explain how to install variousthird party
software packagesand configurethem.

Installing JDK

If you haveinstalled JDK 6 or later on your computer, you
may skip this section.

Otherwise, click
http://www.oracle.com/technetwork/java/javase/d
ownloads/index.html

to download the latest version of JDK. As ofthe time this
document is being written, thisversionis JDK 7.

Click to download Java SDK, and install it on your
computer, followingitsinstructions.

It is strongly suggested that you choose the x86 (32bit) of
Java to install the serial port support later.

Now follow the steps in the LiteOS download page on
liteos.net, especially step 4, to install the java serial port
support.

Installing Cygwin

Download Cygwin setup from

http:// www.cygwin.com/

Install Cygwin followingitsinstructions. Notethat it may take
a whileto download all Cygwin packages from the Internet, so
choose an Internet mirror for Cygwin that is near your
location.

Check that Cygwin and Java have been correctly
configur ed

Open the Cygwin window, and type thefollowing:


http://www.oracle.com/technetwork/java/javase/downloads/index.html
http://www.oracle.com/technetwork/java/javase/downloads/index.html
http://www.cygwin.com/
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$javaiversion
javaversion"1.6.0 07"
Java(TM) SE Rurtime Environmert (buld 1.6.0 _(7-b06)

Java HotSpa(TM) Cliert VM (buld 100-b23 mixed mode sharing)

If you do not seea Java version that matchesyour
configuration, then you probably have not installed JDK on
your machine corr ectly, or have not set up the environment
variablescorredly.

Install the AVR Studio 5.0

Download the latest version of AVR studio 5.0, from the
following link:

http://www.atmel.com/microsite/avr studio 5/default.asp?source=re
direct

Follow the instructions on installation of AVR Studio 5.0.
Finally you should see some screenshots following:


http://www.atmel.com/microsite/avr_studio_5/default.asp?source=redirect
http://www.atmel.com/microsite/avr_studio_5/default.asp?source=redirect
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# Start Page - AVR Studio r S|
File Edit View VAssistX Project Debug Tools Window Help
HONEN= IR - - L | (% | DATA_LENGTH - | 5 B - o Z2]083Fa3E3RQ4
ICERMYE et S0 g ima|> u b T | Hex | @0~ |} #4 8| & <|i # NoDevice § NoDebugger
Solution Explorer Ml Start Page X v
AVR Studio 5
The new Interated Gevelspment Enrerument rom Amel
GetStarted  AVR Tools Help ~ Latest News
[} NewProject..
RSS feed:  http:/fwww.atmel.com/rss/press_feed.xml 4

New Example Project...

& openproject Atmmel First to Receive ZigBee Remote Control Certification Using ATmegal28RFAL  Frid.
CES 2011, Las Vegas, NV, January 7, 2011 - Atmel Corporation (Nasdag: ATML), a leader in microcontreller
and touch solutions, today announced that it has achieved ZigBee Certified status for the Atmel Key Remote
Controller based on the ZigBee Remote Control standard and the ATmegal 28RFAL single-chip wireless de...

Recent Projects

&) Lite0S micaz Atmel and Bang & Olufsen ICEpower Callabarate To Develop High-Quality Audio Platform
- - CES 2011, Las Vegas, NV, January 6, 2011 - Atmel Corporation (Nasdaq: ATML), a leader in microcontroller
[#] LiteOs_iris and touch selutions, and Bang decompress music files using the Atmel UC3A3 32-bit microcontroller; and
®) LiteOS the ability to convert data into professional-quality audio through the MobileSound 3 device.

Atmel Corporation and Ocular Announce Touch Solutions Collaboration Tuesday, Decem...
Dallas, TX, December 7, 2010 - Ocular LCD, Inc., leader in the high-tech touch solutions industry, today
announced a collaboratien program with Atmel Corporation, a leader in microcontroller and touch
solutions. This collzboration provides designers in a variety of markets the choice of robust and high funct.

Atmel Receives EDN China Innovation Award for 32-bit AVR AT32UC3L MCU  Friday, No.
San Jose, CA, November 19, 2010 - Atmel Corporation (Nasdaq: ATML), 2 leader in microcontroller-based
solutions, today announced that its 32-bit AVR AT32UC3L microcontroller received the 'Leading Product’
accolade in the prestigious EDN China Innovation Awards for 2010 in the Embedded Systems category, Thi..

lose page after project load
Show page on startup

Output -3 x
Show output from: 1R @3 | %=

This means that you have successfully installed the AVR
Studio on your PC.

Get familiar with your equipment

The following steps assume that you have tte equipment
available for your experiments:

One MIB520 board (or MIB510), several MicaZ or IRIS
nodes, one JTAG mkll debugger, and cables for connecting
these tools.

Now open AVR Studio, and go to Tools>AVR Tools
Firmware Upgrade to upgrade the driver for JTAG to the
latest version.
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Now connect the MicaZ node to the MIB520/MIB510
programmer, and connect JTAG to MIB520/MIB510
programmer. There is a JTAG pin on MIB520/MIB510 .
After you have successfully connected things, then perform
the following task:

Open AVR Studio to verify all connections are done
correctly. Open AVR Studio, go to Tools>AVR
Programming, and see the following figure:

JTAGICE midl (07000000377C) - AVR Programming [P [
Tool Device Interface DeviceID Target Voltage
[JTAGICE mkI » | ATmega12s N OAE0OT 002 | Read| 33V

Interface settings Use external reset

Tool information Use external reset

Device information
JTAG Daisy chain settings
Memories

@ Target device is not part of a JTAG daisy chain
Fuses
, Daisy chain: Devices before | 0 Instruction bits before |0
Lock bits

Devices after |0 Instruction bits after |0

Set

Getting Vtarget...OK

B Getting Viarget..OK

Close |

4

Select the tool and device as above, and click Apply to gray it
out, and then click iReaddand fiReadoon the right, you
should see something similar to the Device ID above and the
target voltage.

Note when you connect MIB520 to PC, it will ask for drivers.
In that case, sometimes Windows 7 successfully finds driver
for it. If not, here is a useful link containing a driver:

http://digital.ni.com/public.nsf/allkb/FD238ED75B22740B



http://digital.ni.com/public.nsf/allkb/FD238ED75B22740B86257315004E35FE
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86257315004E35FE

A bare-bone Blink example

Read the AVR Studio User Guide by clicking Hdp->View
Help. Figure out how to use AVR Studio, and various
functionalities of the AVR Studio. If you are familiar with
Microsoft Visual Studio, you will find AVR Studio easy to
use, given that it is mostly based on Visual Studio.

Then write the followi ng program into AVR Studio, and
compile it successfully. Note that it is recommended if you
choose to compile with i O1 ori O2 level of optimization in
AVR-GCC.

NOTE: Never compile with i OO0 in AVR environment for the
LiteOS project.

#include <avr/io.h >
#include <inttypes.h>
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/sleep.h>
#define F_CPU 8000000UL // 8 MHz
#include <util/delay.h>

int main(void)

{

DDRA = OxFF;

while(1)

{

PORTA = OxFF;
_delay_ms(1000);
PORTA = 0x000;
_delay_ms(1000);


http://digital.ni.com/public.nsf/allkb/FD238ED75B22740B86257315004E35FE
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}

return O; /It never reaches here!

}

Then upload the generated hex file to the MicaZor IRIS
node using JTAG. You should be able to see something like
this in the uploading box. Note that here, my created project
is located in my Documents directory. Your created project
will probably be located somewhere else.

ITAGICE mil (00EO00000734) - AVR Programming i X
Tool Device Interface Device ID Target Voltage
JTAGICE mkIl v | ATmegal2s ~ [mag | Read|  — [Read|
Interface settings Device

Tool information Erase DE‘-fiCE|

Device information Verify device after programming

Memories Flazh
Fuses CAUsers\Home\Documents\AVRStudic\ AVRGCCIAVRGCC I Debugh AVRGCC 3 hex v |- |
Lock bits
Erase device before programming Program | [ Verify | [ Read... |
EEPROM
Read.. |

Erasing device... OK
Programming Flash...0K
Verifying Flash...OK

(~] verifying Flash..OK

|IJ

Now you should see that the MicaZor IRIS node blinks
periodically. This means that the AVR Studio and the JTAG
have been installed successfully.

Install the LiteOS 21

LiteOS 2.1is closely integrated with AVR Studio 5.0. To open
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the LiteOS project, which is pre-built in AVR Studio, copy the
LiteOS root folder to the C drive (required to correctly use AVR
Studio), and open the file:

C:\LiteOS\trunk \ LiteOSNewProject\ LiteOS_micaz.avrsin

In case you are using IRIS motes, you should open theife
LiteOS _iris.avrsIn for you needs.

Then you should see something like following in AVR Studio:

File Edit View VAssist{ Project Build Debug Teols Window Help
Pl il S| & B9 - ¢ - &G [defeutt -] | (# [DaTA LENGTH - B v - Z2|0PGP @B,
HE o= Tl A B S s = Biwa|>u b|s= T Hex |E - SE | i w4 ATmegal?8 7§ JTAG on JTAGICE mkI (00B00O000T3A) -

Solution Explorer

amcommon.h atmelflash.c

librad

adcdriver.c x [ apptesthopping.c eventlogger.h

= % adedriver.c -[H? cureo eCode\LiteOS_| driver.c -[&co
- Solution 'LiteOS_micaz' (1 project) - =/0x @file adedriver.c +
4[4 LiteOS @bricf The detailed inplenentation of the ade driver.

> [zl Dependencies

» [zl Output Files
&) adedriver.c
i adedriverh

@author Qing Charles Cao (cao@utk. edu)

#include <avr/io.h>

&l amcommon.h #include <avr/interrupt.h>
&) amradio.c #include “adedriver.h”
@ amradic.h B

] apptesthopping.c
@] atmelflash.c
) stmelflashh /fthe definitions of ade implementations

#define ado_on{) ADCSRA |= (1 <C ADEN) | {1 << ADIE) | (L << 4DIF)

] avherduare.c #define adc_off () ADCSRA &= ~(1 << ADEN)

il avihardwareh
&) bootloader.c

@] bootloaderh //The critical TSR function to come back when the interrupt of ADC finishes

&) byteorder.c - SITSR (ADC_vect)

] byteorderh {

) bytestorage.c ADCSRA |= _BV(ADIF)

) bytestorageh /ABcsmfxl&: ,liv(ADEN) // disable interrupt

il cc2420consth a2 = b

@] cc2420controlm.c i

@l cc2420controlm.h i

) cc2420radiom.c Jvoid adedriver_init_ads®)

il cc2420radiom.h ]

] clockraw.e ADNIE = 0

@l clockraw.h ADCSRA = _BV(ADIE) | 6: .
&) commandhandle.c 00% -4 oo o o 5
@] commandhandleh

2) commonap
&) eventlogger.c Showoutputfrom: | <[l o=

a eventloggerh
] fs_structure.c
al fs_structureh
5] feapic

@] fsapih

&) fsconfig.c

@] fsconfig.h

@] fsstring.c

] fsstring.h

@] generictimer.c
@ generictimer.h
] globaltiming.c
il globaltiming.h
] hplec2420fifom.c
] hplec2420fiform.h
] hplcc2420interruptm.c R Error List SR & Find Resufts 1

Now you should be able to build LiteOS successfully, and
download the code either through JTAG or through USB port.
This part is detailed in the next section.
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Understanding and Using LiteOS System

| nstallation L iteOS Operating System on the M otes

Sofar, you have successfully install ed LiteOS on your PC.
Congratulations! Next you want to install the kernel to the
motes. You may already have several MicaZ or Iris motesat
hand, and you have connected the programmingboard to
your PC. The guide belowillustrateshow to install the LiteOS
components on the motes.

Specifically, in the LiteOS environment, the model foll owed
by LiteOSis simple: a base station node (which contains an
application image as base) is connected to the PC. Itecdves
your commandsfrom the PC and translatesthem into
message formatsthat can be understood by other nodes.
These other nodes areinstalled with what we call the LiteOS
kernel. Therefore, there are two images you will need to
install to the nodes, the base station image, and the kernel
image.

There are two ways to install a compiled image to the motes,

a process that somerefertoas fAfl ashingo. The first
is through the AVR Studio environment. Refer to the

previous section on how this is done. The second way is

through command -line utilities such as uisp and avrdude.

Specifically, we use avrdude in this guide.If your Cygwin

environment does not have avrdude installed, you should

download avrdude from its official website and install it.

Note: Only avrdude supports later hardware such as IRIS. If
you only use MicaZ, you may also use uisp command, which
is less reliable than the avrdude command.

Now start the Cygwin you haveinstalled earlier. Note that if
you are using Windows Vista or 7, you haveto start Cygwin as
follows: right click it, and select iRun as Administratoro. This
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is because by default, the UAC mechanism of Windows Vista
or 7 prevents Cygwin to perform certain actions such as
creating new filesand directories.

Install the base

Under the directory binary , LiteOS provides a binary file,
called Base_micaz.hex, that allows you to create a base node.
Note that you could not use AVR Studio to program a base
node for compatibility reasons. Therefore, you need to follow
the following steps when you create the base node.

First, before getting started, find out which port you are using
on your PC. Openthe device manager, under port (COMs and
LPT) tab, and find out which port your PCisusing to
communicate with the programming board . Note that this
setup is machine-spedfic. Normally, you will find that MI B510
connectsto COM1of your PCfor the serial port. In case you
use aserial-to-USBadaptor, you may find that another port is
being used. In case you use MI B520, you will find a pair of
ports, say, COM5 and COM®6, are used. In our illustration
below, we shall assume that the serial port usedis COM5 and
COMB6, giventhat we are assuming a Ml B520 to carry out the
installation.

Assuming that you have two ports, COM5 and COMS6, for the
MIB520 device. Use the following command to flash the base
image into the mote:

avrdude T p m128 1 ¢ mib510 1 PCOM5 1V i U flash:w:Base_micaz.hex

Note that even you are using MIB520 here, you need to specify
the command as mib510 in avrdude to avoid errors.

Note that if you are using IRIS motes, you should use m1281
instead of m128 here.
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Install the kernel

Compared to Version 1.00f LiteOS, the way to install the
kernel is greatly simplified : After you compile the kernel in
AVR Studio 5, copy the LiteOS.hex file generated in the
default folder into the current folder, assuming that you
are using the COM6 to download code simply use the
following command to install the kernel:

avrdude T p m128 1 ¢ mib510 1 PCOM6 1V 1 U flash:w:LiteOS.hex

You may also use the AVR Studio to directly flash the kernel image.

Using LiteShell

After you have installed the kernel and the base, the next
stepis to start the LiteOS shell. Follow the procedure below
to achieve this goal.

First navigateto the JavaTods/ classes subdirectory. Start the shell
as follows. In this case we assume we are using COM5 and COM6
to connect to the mote. Note th at, when you use Ml B520,
which showsup as apair of communication ports, like
COM5 and COMG6, you mu st usethe higher num ber of port
inthiscommand.

Havatods.sf.SerialFawarder-carm serial @ COMB:5760@&:

Thiswill start serial forwarder, and run it in the background.

Thenyou type in:

$Yavatods.teminalteminal

Notethat, in this case, theterminal program will connect
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tothe serial forwarder to communicate. If the serial
forwarder is not started, you will encounter an error like
following:

$Erra on sf@localhost:9001 java.net.ConrectExaeption: Connetionrefused
connrect

Note:

You may encounter a Java exception that says it
cannot find the main class. If so, make sure that your
current working directory isunder the classes
directory. You do not need to set any extra
environment variablesto invokethe terminal.

Under the hood Explore the LiteOS Structure

In this section, we describe the system file structure for
LiteOS. Onceyou have downloaded the LiteOSsystem and
extracted the contents to the default directory (which is
assumed to be CtLiteOS), you will find that there is a
directory named trunk inside. Inside this trunk directory,
there are multiple sub-directories. We next describethe
contents of eac directory in more details. All our
references to individual files in this directory are relative to
the LiteOS\ trunk directory.

Source Code directory : This directory contains the
source code for both the LiteOS kernel and the base station.
Due to develgpment environment issues, the base station
source code cannot be compiled under AVR Studio. Instead,
you may simply use theBase micaz.hex and Base_iris.hex
under the Binary directory to create base station nodes.

Tools directory:  This directory contains all the tools
available for LiteOS. Of particular interest is the tools
located in JavaTools directory, which contains the detailed
implementation on the java-based tools such as the PC side
of the shell. In our development, we use Eclipse to develop
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tools under this directory.

LiteOSProjects directory: This directory contains the
AVR Studio projects for both MicaZ nodes and IRIS nodes.

Documentation directory: This directory contains alll
the manuals available for the LiteOS project.

LiteOS Compilation Options

In this section, we describe the compilation options for
LiteOS. Specifically, whenever you compile the LiteOS
operating system, you aresupplying some, but not all, of
the following compilations options to the node:

-DPLATFORM_AVR
-DRADIO_CC2420
-DRADIO_RF230
-DPRINT_SOURCE_ENABLED
-DFILE_SYS_RANGE=32
-DMAX_FILE_TABLE_SIZE=2
-DNUM_BREAKPOINTS=0
-DMAX_MSG_LENGTH=32
-DLITE_MAX_THREADS=3
-DF_CPU=8000000UL
-DCOMMON_SHARE_SCHEDULING
-DAVR_STACK_PREPARE_LENGTH=34
-DBOOTLOADERSIZE=0
-DTRACE_MEMORY_CONTENTS
-DFORMATFILESYSTEM
-DTRACE_ENABLE
-DTRACE_MEMORY_CONTENTS
-DVER_DEBUG
-DTEST_PRINTING
-DPLATFORM_CPU_MEASURE
-DENERGY_SHARE_SCHEDULING
-DENERGYSAVINGMODE
-DENERGY_INSTRUMENTATION
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-DVER_DEBUG
-DBASE_MODE
-Os

-combine

-Wall

-C

-gdwarf-2

-fsigned

-char

-V
-mmcu=atmegal28
-mmcu=atmegal281l

The following describes the information on each of these
compilation options.

-DPLATFORM_AVR

This option specifies that the target platform is AVR.
Currently LiteOS only supports AVR-based platforms, but
there are plans to extend LiteOS to additional platforms in
the future.

-DRADIO_CC2420

This option specifies that the target radio chip is CC2420.
Specifically, if you are compiling towards MicaZ, you should
usei DRADIO_CC2420.

T DRADIO_RF230
If you are compiling towards IRIS, you should use T
DRADIO_RF230.

-DPRINT_SOURCE_ENABLED

This option is for debugging purposes only, and can be
safely disabled in production mode. This option specifies
that when a node transmits debugging information via the
serial port, it prints the source node id that sends this
message. This is useful whemmultiple MIB520 boards are
connected to the PC simultaneously for debugging purposes.




























































