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WSN Application Development using WSNIDE
A Getting Started Guide

Pre-requisite:

Required Software

1. WSNIDE (www.cdachyd.in/ubicomp/AFWA)

. JDK 6 (http://java.sun.com/javase/downloads/index.jsp)
. TinyOS-1.x (http://www.tinyos.net/download.html)
. TinyOS toolchain (http://www.tinyos.net/download.html)
. TinyOS AVR and TinyOS MSP430 toolchain
6. Perl

2
3
4
5

Application Development:
1. Invoke the Netbeans IDE
1. Start the Netbeans IDE
2. Creating a New Project

1. In the IDE choose File -> New Project

[ Eil%.-" Edit “iew MNawigate Source Refactor Build Run Wersioning

m’j Mew Project.., ctrl+shift+n
&8 Open Project... Ctri+Shift+0 P
Open Fila...

2. In the New Project Wizard, Choose Project expand the category AFWA and
select AFWA TinyOS-1.x Application as show below and click Next
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k MNew Project ]
Steps Choose Project
1. Choose Project Catagorias: Projacts:
2 = AFWA | & APwA Tinyos-1.x Application
E Java & AFwa TinyOs-2.x Application
3 web
[ Enterpnss
B Mobility
EH umML
EH soa
E Ruby
E cic++
H metBeans Modules
I @ samples
Description:
Creates the AFWA Application for Tiny0S-1.x
Back |Na>¢t :-l Finish |Canca|| Help |
3. In the Project Name and Location page of the wizard
1. In the Project Name field, enter the project name
2. In the Location of the project, give the location of the project directory
3. And provide the project folder name in the corresponding field
4. Click Next
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k] New Project N
Steps Mame and Location
1. Choosa Project
2. Mame and Location Project Mame: EAFWAAF plicationTemplateDema I
2. Choose System
Components Project Location: l,n‘nath etBeansProjacts I Browse... |

Project Folder: [ﬁs ProjectsiaFwaspplicationTemplateDema l

|-= Back [Nam; :&] | Firish | | Cancal| Help |

4. In the Choose System Components wizard, do select an
MotePlatform

Network Communication

Time Synchronization

Localization

Security

Click Finish

A A o S
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E NEW Project i3]

Steps Choose System Components

1. Choose Project
2, Name and Location
3. Choose System

Components
The MICAz is a 2.4 GHz, IEEE/ZigBee 802.15 4, board used for low-power, 1Al
Mote Platform Micaz v l wireless, sensor networks, The MICAZ Module is fully compatible with the

ﬁ MoteWorks Software Platform L

=

GenericComm Promiscuous [l

Network Communication |GenericComm v E
=
Time Synchronization NONE v ;
Security NONE v i
~
Localization NONE v j
~

| Atleast One Network Communication Compenent has to be selected.

‘< Eack| ‘ Cancel ‘ | Help ‘

3. Project Creation
1. This Creates the project and you should be able to see the following on the IDE

1. The Projects window, which contains a tree view of the components of the
project, including source files, libraries required by your application

2. Under Source Files you should be able to see bare template files
AFWAAppC.nc and AFWAAppM.nc
Under Important Files , the Makefile of your project exists

4. The Application Configuration details of your project can be seen in
Application.xml file under Important Files

5. In the Source Editor window the files AFWAAppC.nc and AFWAAppM.nc are

opened
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ation 2008TTT0000T

File Edit View Navigate Source Refactor Run Debug Versioning Tools Window Help
= B D @by T EDBEEon DD [Q~ 1 Search (Ctr+1) |
« "l Files |C‘ﬂm |5€Wm |E|AFWAApanc* xlBAFWAAppM‘HC xlﬁMakEﬁ\E 5“

- (%) AFwaApplicationTemplate
3 Header Files
P @ Resource Files
< [@ Source Files
B AFWAAPPC.NC
& AFWAAppM.nc
< (@ Important Files
& Makefle

ER-E- Q%S

includes MsgHeader;
dincludes AFWAMsg;

configuration AFWAAppC {
i

dimplementation {
components Main, AFWAAppM, LedsC, TimerC, AFWA_NCC;

Main.StdControl

->  AFWAAppM.StdContral;
Main.StdControl ->  AFWAAppM.StdControl;
Main.StdControl - AFWA_NCC.StdControl; L
Main.StdControl  -> TimerC; 1
AFWAApPM . AFWA_NCT -> AFWA_NCC;
AFWAAPpM . Tiner -> TinerC.Tiner [unique("Tiner"1];
AFWAAPpPM . Leds -> LedsC;
<] m &
AFWAAPPC.NC - Navigator @ x ¥ L
-
21 | INs|

AFWASHifferoutput window Output ¥ X| Tasks

4. Add your application logic to the generated code

File Edit W“iew Navigate Source Refactor Build Run  Versioning Tools Window Help
P EES X D@ vTHPB zew2
Projects 4 x‘ Files Iasscs ISe_m‘c-e-;_ & &AFw.q.a&)c,nc x|llAF\mlAppM.n( = | 7 Makefile x| Bl |Z|\E|
= (% arwaApplicationTemplateDema N
(& Header Files BE B8 ﬁ%&@ F LR azule 8
Raeiiica Fils // Add your Code Here ** dnclude the interfaces provided by your module [
= Sovrca Files interface StdControl; —
4¢ AFWAADPC.NC uses {
4 AFWAADpM nc // Add your Cods Here *% dnclude the interfaces used by your nodule
= @ Important Files interface APWA_NCI;
] Makefile ) 1
dinplenentation {
/7 Add your Code Here
//implenentation of your nodule
Jer
% Initialize the Conponent
* @return
wy
conmand result_t StdControl.imit() { 3
Mavigator ax return SUCCESS; 1
Jre
* Start the Component
* @return
wey

conmand result_t StdControl.start() {
return SUCCESS;
T

o

% Stop the Application

* f@ireturn

wey

conmand result_t StdControl.stopi) {
return SUCCESS:

1

* Implenent the AFWA_NCI interfacs
INS
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5. Compile and Build the Application

1. Right Click Makefile and Click Make Target and enter the following details in
Add

1
2
3.
4

make <Platform>
For example make telosb , make pc , make micaz
Compile the application by clicking make target

The output of compilation can be seen in the output window

Adaptive Framework for WSN £

File Edit Wiew Mavigate 3Source Refactor Bun Debug Wersioning Tools Window Help

o=

|‘|?% D'ﬁ-;ﬁv

Projects & 41 x| Files Classes Services

¢ (%] NetTest
o= Header Files
o Resource Files
e Fﬁ Source Files
a0 AFWAApPpC.nc
a | AFWAAppM.nc
T E‘ Important Files

“E"] Makefila

Open

Refresh

- i HHE FHE

Make
Make Clean

Make Target

Cut
Copy

Mavigator

b Add Targu:t...mk

Femowve From Proiect
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L= - R A
@] Adaptive Framework for WSN Application 200811100001
File Edit Miew HMavigate Source Refactor Run Debug Versioning Tools Window Help
PSS D@ o T B PR ev ouna e
Projects © 41 X | Files |Classes Services
o (2 NetTest

o= r'E Header Files
o= Resource Files
L Source Files
A AFWAARpC.AC

| AFWAARpM.nc

L E Important Files
T Makefile

Mavigator

e Make Targets [¢]
List of targets:
-
| Down
|te|osb| | | QK | | Cancel |

AFWAShiffe TaSES

| Cancel |

File Edit Wiew Mawigate Source

HEES XA

Refactor Buld Run  Versioning Tools  Window

e tEm - THDBroenr

Help

nkdir -p build/pc
nee -o build/pe/nain.exe -g -

‘opt/tinyos-1.x/tos/platforn/pc

colp'i'!ing AFWAApRC 0 a pc binary

Jopt/tinyos-1.x/t0s/platforn /pc/external_conn.c: In function ‘acceptConnaction’:

Projects 4 x‘ Files i.CI;sses .]-Services . 4 AFWAADRC.NC % | 4/ APWAADEM.NE *|E|Makal\|a *l 0 [=][=]
= (] aArwaAApplicationTemplateDemo . -
(& Header Files BEE-m Q%E Feh au| ens
(& Resource Files f"F"\ e e/
= @ Source Files = L : i 2L [
o AFWAAPPC.NC * Project
4 AFWAAppM.nc .
= @ Important Files * Description
1 Makefile 2
z * Date : 4 Jan, 2009 2:46:04 PM
Mavigator "
* Author : root
* Qrganization
"
10 Wiew A .
includes MsgHeader;
includes AF fos [~
171 INS
Qutput - Makefile (Make) NETFLAG=GenericComm pc L33
Running "nake -f Makefile NETFLAC=GenericComm pc" in /root/NetBeansProjects/AFWAApplicationTenplateDenc =]

-1/roat/AFWA/AFWARDOT /AFWAREPO,/SYSCOMPSRC/NETCOMM,/ . . /. . /AFWAINTERFACES -1/raot/AFWA/AFWARODT /AFWAREPD/SY SCOMPSRC/NETCOMM /CenericConn/includs

external_comn.c:158: warning: pointer targets in passing argument 3 of 'accept’ differ in signedne:

nake successful. Exit walue 0.

L<]

conpiled AFWAApPC to build/pc/main.exe

I
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6. Simulate the Application

AFWA Getting Started Guide

1. In the IDE, select AFWA TOSSIM and configure settings

1. Give the Application requirements on the Maximum simulation time, Number

of motes, Debugging mode and the view mode for the analysis

AFWARARpplicationTemplatelemo - NetBeans IDE

File Edit ‘“iew Nawigate Source Refactor Build Run  Versioning = Tools | Window Help
E 5| AEWA TOSSIM .
FEE S X DE D CEy v AR 3
Projects 41 x Files [ Classes | Senvices - 4 AFWAAPPC .Nc AFWA Mate Platform
- &3 AFWAApp_IIcaticnTempIateD&mo ! ER-B AFWA Metwork Communication o
& Header Files " AFWA Time Synchrenization
(& Resource Files ,.‘f Fil AFWA Security
= @ Source Files B = e s
AFwa Localization
f‘ APWARPDC.NE v Brifact i
# APWAADpM.NC = . Add to Favorites
= @ Important Files | * Descript =
#1 Makefile ] . 2 Apply Diff Patch... |
arta [
MNavigator I x " Internaticnalization E
*  Author

AEWA TOS5IM Simulation

: Setting TOS_LOCAL_ADDRESS to 1

: RFM: Mote 1 got bit O
: Popping event for mote 1 with time 0:0:4.23024%50,
: Setting TOS_LOCAL_ADDRESS to 1

 BFM: Mote 1 got bit 0
: Popping event for mote 1 with time 0:0:4.23029950,

Pl Eadfinen TOWT _LaOw—al  ACOGCCE ta 3

VR = HPE - H P

 RADID: Channel Mon event handled for mote 1 at 0:0:4.23019950 with inter

' RADIO: Channel Mon event handled for mote 1 at 0:0:4.23024950 with interv |

e e

'~ -TOSSIM Simulator-

| Configure Settings |

| Stop |

[«]

] u

2. Select Graphical for graphical analysis and Textual for textual analysis

AEWA TOSSIMISImulator Configuration

Simulation Settings and Result Analysis for TOSSIM

Simulation Time 10 = seconds
Mumber of Motes |3 |
Dabugging Mode | all w
Select the Mode of Simulation View
() Graphical View
® Textual view
p (1.4 Cancel |
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3. Click Simulate

4. The output when Textual mode selected

AFWA TOS5IM Simulation

1: Setting TOS_LOCAL ADDRESS to 1 '~ -TOSSIM Simulator
1: RADIO: Channel Mon event handled far mate 1 at 0:0:4.23019950 with inter '
1: RFM: Mote 1 got bit 0 | Configure Settings |
1: Popping event for mote 1 with time 000:4.23024%50, g
1: Setting TOS_LOCAL_ADDRESS to 1 E | Simulate |
1: RADIO: Channel Mon event handled for mote 1 at 0:0:4.23024950 with intervi | =
1: RFM: Mote 1 got bit O | Sto |
1: Popping event for mote 1 with time 0:0:4,23029850, = £
s Endkuna TG 1S AL ACERCCE 0 3 _— I
<] 1 » I
I
5. The output when Graphical mode selected
;] TimyViz
File layout Plugins Congotf | SimTime: 23125ec ety (""" am: EJ @ _@ @

ADC Readings '

n

&
o-

Simulation resumed

7. Program the developed application onto the motes.
1. Programming can be done either by InSystem Programming Technique or Over
the Air Programming Technique

2. If InSystem Programming is selected
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\ersioning Tocls Window Help
g~ F @ b B ﬁ*i'_ﬁjﬁ ?

|| £ AFwRAPPC.NE %

47 AFWAADPM.nE % | F]Ma AFWA ISP Programmer

BR-B QAR PR P aule
J:MF‘i'IE- : AFWAApPP .nc

"

Froject

3. The ISP Configuration window opens up. Give your choice in the required fields

and click Program. This Programs your mote with the built application.

AFWA Program Mote (58

Mote Hardware Settings

Mata Platferrm [Tela 5B w

Mata Murnber [2 |:-| ’

Interface Board Settings

Programmer MName M

Programmer Port

"~y
File To be Uploaded [sProiects/AFWaAADplhicationTemplateDema 1build/teloshimain.ihex | P4

| F'r_oql;1 ram | Cancel |

4. If OAP technique is selected, first the motes should be enabled with the OAP
support.

5. Click on the icon showing OAP Enable and give the required inputs. This burns
the OAP bootloader onto the motes.
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File  Edit

Wiew Nawigate Source

Refactor Build Run

AFWA Getting Started Guide

AFwaapplicationT

Versioning  Tools  Wind:

AEHE S X REDE o b

s

Projects @ x[Filea |-Elasse= I_Ser'u"ices A7 AFWAApPPC.Ne % | A AFPWAAPD
" FEAFHH: d AFWA Enable OAP SUpport 'l B-0-|9 @ 4
b @ Rescu  aFwa OAP Enable :
- @ Soure Fila ¢ AFk
% AP Mote Platform ITEIusE! w Project
4 APW
= @ impol = COM Port | [devittyUSBO v Description
E Ma
H Pragramimsr ||||: B1C Data =
Mote Mumber “3 |:| Authar :orot
bl s drganizatiaon
i Dh | |cancel|

6. Now, Click on the OAP Program button

B e e e I e

R P AR plicat onTem plateDemo 1 - NetBeans 1DE &

File Edit Wiew MNavigate Source Refactor Build Run

Versioning Tecls  Window  Help

AFWA OAP Program: | /- aswaappmne x| i makefils |

BEE-B QATSE P s

¢ AFWAApD.nc

PEHESXRADCE vREm T H DB e
Projects 11:(| Files |Classe= ]Senrices
= ] AFrwAApplicationTemplateDemol
b [{® Header Files
P @ Resource Files ;‘:" )
= (@ Source Files 2 File
L/ AFWAAPDC.NC * Project
E/ AFWAAPDM.NC -
= @ Important Files * Description
#] Makefile 2
* Date

7. And give the required fields and Click Program.
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AFrwaspplicationTemplateDen

~ |[Bun  Wersioning Tools  Window Help
Image To Burn [DElugEjbulldﬁElﬂEhﬂﬂE_image_xml| B I o B 2 =
# [Debug ~
Image Mumber |1 |:| ? {:@ D Eﬁ
e = 1 £ BFPWAAPDC. A7 APWARDPM.NC  ® M
iProgramy | cCancel | ul B It 4 PRILTE |EI
B E-B- Q<& I‘E o
I B Rescurce Files f" : )
= [ Source Files = File > NFWAAD P ric
Ay AFWAADDC.NC * Project
g AFWAADDM.NC *
= @ Important Files * Description
#] Makefile &
* Date : 4 Jan, 2009 2:
-

8. Sniff the packets if required
1. Window - AFWA Sniffer

AFWASifferoutput Window
AFWA 802,15.4 Sniffer ‘ AFWA Plotter

[~] Packet Filter Settings @ Hex
IAFWA: B02.15.4 Packet Start
{1 42} {3b 44 dst b 47 4sb dsh {ob {1 E Offset: u O Ascl
{12+ {13+ {14b {15} {16 {17 {18 {13y {200 {21 {22} {23} 2
{24} .
[Time Stamp = 0x:c0: 7d:b Value: u O Decimal
Length in Decimal = 25
(421 (1] 18] lec]  [ff] 171 17 [# fal  [7dl (o] [0] @® Byte Channel:
o] o] [2al  [4al [0 1] lo] o] ] [al l2]  [94]  Haff ord S
[ca] ] ) Halr Wor

) word [ stat |
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Annexure - Packet Format
TinyOS Message

The payload data will typically be a type of TinyOS message, as defined by the struct
TOS_Msg in the file /tos/types/AM.h. This data structure is defined as follows:

typedef struct TOS_Msg
{
/* The following fields are transmitted/received on the radio. */

uintl6_t addr;

uint8_t type;

uint8_t group;

uint8_t length;

int8_t data[TOSH_DATA_LENGTH];

uint16_t crc;
/* The following fields are not actually transmitted or received
* on the radio! They are used for internal accounting only.
* The reason they are in this structure is that the AM interface
* requires them to be part of the TOS_Msg that is passed to
* send/receive operations.

*/
uintl6_t strength;
uint8_t ack;
uintl6_t time;
uint8_t sendSecurityMode;
uint8_t receiveSecurityMode;
} TOS_Msg;
AFWAMsg.h

typedef struct AFWAMSsg {
uint8 t appType;
uintl6_t appData;
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The TOS_Msg data packet is described in the following diagram and table:

Address

Message
Type

Group
ID

Data
Length

Data

CRC

2

3

4

5..

.n-2

AFWAMsg

[appType | appData \

Byte #

Field

Description

0-1

Message Address

One of 3 possible value types:

e Broadcast Address (0xFFFF) — message to all
nodes.

e UART Address (0x007e)- message from a
node to the gateway serial port. All incoming
messages will have this address.

e Node Address — the unique ID of a node to
receive message.

Message Type

Active Message (AM) unique identifier for the type of
message it is. Typically each application will have its
own message type. Examples include:

. AMTYPE_XUART = 0x00
AMTYPE MHOP _DEBUG = 0x03
AMTYPE_SURGE_MSG = 0x11
AMTYPE XSENSOR = 0x32
AMTYPE XMULTIHOP = 0x33
. AMTYPE_MHOP_MSG = 0xFA

Group ID

Unique identified for the group of motes participating in
the network. The default value is 125 (0x74d). Only
motes with the same group id will talk to each other.

Data Length

The length () in bytes of the data payload. This does not
include the CRC or frame synch bytes.

...n-2

(S|

Payload data

The actual message content. The data resides at byte 5
through byte 5 plus the length of the data (/from above).
The data will be specific to the message type. Specific
message types are discussed in the next section.

n-1,n

CRC

Two byte code that ensures the integrity of the message.
The CRC includes the Packet Type plus the entire
unescaped TinyOS message. A discussion on how the
CRC is computed is included in the Appendix.
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