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Mote Hardware
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Mote Hardware

O Tmote Sky module
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Mote Hardware

O Back of the Tmote Sky module :

Texas Instruments
MSP430 F1611
microcantroller

48-bit silicon
serial 1D
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Connect Hardware

Access T mote
wireless sensor
modules through
Ethernet with
Motelv’'s Tmote
Connect gateway




Y moteiv tmote connect - Mozilla Firefox

File Edit View Go Bookmarks

Tools  Help

<:EI - IZL/ . @ I_:.:I @ | | http:/j192.168.4,104/

@ Getting Started o Latest Headlines

—
oter
— -
>~ Devices
Consulting

Applications
Wireless Sensor Networks

—_—

Cmote
cConnNeGt
LKGT7DDTD4

192.168.4.104
00:0F:66:7TD:D7:D4

Fezet SF/BSL Servers
Farcibly disconnects all clients
and restarts the servers.

Reboot System
Takes about 1 minute.

& SUPPORT

Welcome to tmote connect: Ethernetitmote gateway Refresh: off | 30 seconds

Status of tmote connect device LKG7DD7D4

Device 1 - MAMWCJFO Device 2 - M49X80SS
Moteiv Telos (Rev A 2004-04-27) Moteiv tmote sky
Clients [ Clients |0

Packets read IEI
Packets written 0

Packets read 4105434
Packets written [

Serial forwarder port S001

Serial forwarder port 9002

Control, status port 10001

Reset devi;::e 1 . M4MWCJF1]

Control, status | port 10002
Reset device 2: M49X80SS

tmote connect version 1.0

510.965.1312 | info@Emoteiv.com

Cone
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2 Trawler

File ©Options

Metwork Topaology | =ensor readings | Link Quality

ADC counts

A
&

200110

= lWlote 157
lMote 156
Mote 155
lote 154

s=== lJote 153

24.0 112.0 140.0 168.0

Loom ln X Zoomin

Zoom Out X Loom Ot Y

Save Data Load Data

Ediit Legend Show Legend

Clear Dataset ] Connect Datapoints




2 Trawler
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Introduce TinyOS & nesC

O Component-based architecture nesC
O C-like language
O nesC code faﬁirqtﬁjﬁ'&' “EL *. nc
O *. nc EJHFLIH e Rl S
B interface (JL;;T; U7 kP function)

m component (FEZiSH [HHIET)




How to use Interface

O interface » =_& function
O] component%ﬁvf RS I L SR E S R U
O =~ ©27% %interface 2 == @3 1% ¢
B provides (*Ff @ % 2%~ & vl — iz
B uses (GE~ @R v — W)
O function ¥ T & 5 % 857 ¢
B Command : provides/i @ e~ 25 iTfunction
B Fvent: uses’/i @ 0= 29 iTfunction




How to use Interface(Cont.)

BlinkC

Timer<TMilliz Timer<TMilliz  STimer<TMilliz

r:::::|—::L::|r:___4
. | TimerMilliC '| | TimerMilliC '| | TimerMilliC '|
Maint | (Timer0) J| | (Timerl) J| | (Timer2) J| LedsC




How to use function

O command:

A~ Z2HBL 2T ¢ &
=B~ i & @ {*command
O event:
B~ i iz A




How to use Component

O Component 4 & f&3; ;¢
B module
B podules ~ 2| H = ComponentZ

[ B R T = e£2 S\ ZH
= & function s ;N 5 nterface

B configuration
R R e N i o

Implementation




nesC code example

/[ Component-name . nc
module Component-name{
provides{
Interface Interface A;
}
uses{
Interface Interface B;

}
}

Implementation{
/...

}



How to program nesC

O BRRAED- BAREK
¥ #1Sensor node t FLED %% - )P - =%
O ApemTrnaide® .
B Main
B SingleTimer (G*PF R pFs ] H = 5ms)
B [edsC (Ix#lledEen~ %)




How to program nesC

O F e [R5 (R el okl o g
F—'\E'Eﬂ% ?‘[ 7u
B C:\cygwin\opt\tinyos-1.x\tos\system

""f%ill%_*‘fm lfFf/DfF’ Vo RIEIF T FFPY T IR

eI PPN 2rR]

O C \Cng|n\opt\tlnyosl.x\tos
\interfaces




How to program nesC
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(A7 (R A S
interface 7+ configurationtf!

F 3i%ip B0 uses
interface £ provides
interface & 7@ %

]ié‘lzé'[ Mudule7 g Fy/ EX: \
ERER ILFE‘ command result_t StdControl.init();

function » F5{EfE=function command result_t StdControl.start():

= A command result_t StdControl.stop();

event result_t Timer.fired();

RS

async command result_t leds.redToggle();
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How to program nesC
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Start programming nesC

oo )L‘{iﬁﬁﬂﬁrﬁ

M configuration (§ § ~ 4o~ 2 B agid)
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Introduce — Example (Blink.nc)
Specity uses and j
configuration Blink provides
¥ .
iImplementation { %ycomponent ]

‘components Main, BlinkM, SingleTimer, LedsC;‘

Main.StdControl -> BlinkM.StdControl;
Main.StdControl -> SingleTimer.StdControl;
BlinkM.Timer -> SingleTimer.Timer;

BlinkM.Leds -> LedsC;
\/Connecting interface




Program configuration

O conflguratlon file-name{..} (?ﬁ%{jp‘{gﬂ
TR
O implementation{..} (F#r f#i%i@p@%g;@ﬁ%)
O component (i " 5t P17 ()
O A.x->B.x;
B AR FIﬂjuses X /T = 2B F F'FU

provides X /T =i
O AwﬂxaﬁfBT i J ) Bﬂjﬁi@xw@AQ HEs




Program configuration

[0 Blink.nc
configuration Blink {

+

implementation { StdControl

components Main, BlinkM, SingleTimer,LedsC;

Main.StdControl -> BlinkM.StdControl;
Main.StdControl -> SingleTimer.StdControl,
BlinkM.Timer -> SingleTimer.Timer;
BlinkM.Leds -> LedsC;

-




Program configuration

Blink.nc
configuration Blink {

}

Implementation {

components Main, BlinkM,SingleTimer, LedsC ; e LiStdControl

Main.StdControl -> BlinkM.StdControl, provides Sjle[efe]slige]
Main.StdControl -> SingleTimer.StdControl;
BlinkM.Timer -> SingleTimer.Timer; BlinkM
BlinkM.Leds -> LedsC;

} uses




Program configuration

Blink.nc
configuration Blink {
} uses Blfe[®felalige)
Implementation { -
components Main, BlinkM, SingleTimer, LedsC,;

providesiSile[®felslife]

Main.StdControl -> BlinkM.StdControl;
Main.StdControl -> SingleTimer.StdControl; BlinkM
BlinkM.Timer -> SingleTimer.Timer;

BlinkM.Leds -> LedsC; uses

SingleTimer




Program configuration

Blink.nc
configuration Blink {
} IEERIStdControl
implementation {

components Main, BlinkM, SingleTimer, LedsC;

provides Sj{e[®fe]glige]

Main.StdControl -> BlinkM.StdControl;
Main.StdControl -> SingleTimer.StdControl;
BlinkM.Timer -> SingleTimer.Timer;

BlinkM.Leds -> LedsC; uses

provides is[efe]alage

SingleTimer




Program configuration

Blink.nc
configuration Blink {
} IEERIStdControl
implementation {
components Main, BlinkM, SingleTimer, LedsC, :
provides Sj{e[®fe]glige]
Main.StdControl -> BlinkM.StdControl;
Main.StdControl -> SingleTimer.StdControl;
BlinkM.Timer -> SingleTimer.Timer;

BlinkM.Leds -> LedsC; uses

provides [ls[efe]alize]

SingleTimer




Program configuration

Blink.nc
configuration Blink {
} TER] Std Control
implementation {
components Main, BlinkM, SingleTimer, LedsC; :
il StdControl
Main.StdControl -> BlinkM.StdControl;
Main.StdControl -> SingleTimer.StdControl;
BlinkM.Timer -> SingleTimer.Timer;
BlinkM.Leds -> LedsC,

provides [Stsl@felaitge]

SingleTimer




Program configuration

Blink.nc
configuration Blink {
.} : TEEIStdControl
implementation {

components Main, BlinkM, SingleTimer, LedsC;

Main.StdControl -> BlinkM.StdControl;

Main.StdControl -> SingleTimer.StdControl;
BlinkM.Timer -> SingleTimer.Timer;
BlinkM.Leds -> LedsC;

provides [ls[efe]alize]

SingleTimer




Program configuration

Blink.nc
configuration Blink {
} IEERIStdControl
implementation {

components Main, BlinkM, SingleTimer, LedsC;

Main.StdControl -> BlinkM.StdControl;

Main.StdControl -> SingleTimer.StdControl,
BlinkM.Timer -> SingleTimer.Timer;
BlinkM.Leds -> LedsC;

provides [ls[efe]alize]

SingleTimer




Program module

O configurationst'nyx > 3= BlinkM.nc
- %Jﬁﬁﬁ%ﬁif/[ll’ﬁ B (= configuration
EV?FL[’F' VP VRS

O module{..} [ 4 # BIAH 7 (R

O implementation PJ%@'iﬁﬁ BlinkM &y
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Program module

BlinkM.nc
module BlinkM {

provides { provides [SGleleiige]
Interface StdControl;

} BlinkM

uses {
Interface Timer;
Interface Leds;

¥
¥

USeSs




Program module

2wk P4 e T & Hfunction ¥ A 5 5 5E
B command

B cvent

fr ) VP& F (T functionseR > H_

B yuses interface =1 event function

B provides interface ¢ command function

provides Ejls[efe]slige]

BlinkM

uses




Program module

StdControl.nc provides

Interface StdControl{
command result_t init();
command result_t start();
command result_t stop();

}

BlinkM

USes




Program module

Timer.nc

Interface Timer{

command result_t start(char type, uint32 _t interval);
command result_t stop();

event result_t fired();

}

provides EStolofelalige]

uUsSes



Program module

O command result t start( char type, uint32 t
Interval)

B Typet|fqj&i:
B T”VIER_ONE_SHOT : ,%;;LIE{J— I'[E'intervalfgﬂ
T [l Eifired () ML ED

B TIMER REPEAT : %%~ {intervalf
b HplEfired() - F15E- [Hinterval

O Interval:?ﬁfgﬁﬁﬁ\ iy Sintervalfi b g
AlprEfired() - interval#1 5 ms




Interface Leds {
async command result_t init();
async command result t redOn();
async command result_t redOff();
async command result t redToggle();
async command result_t greenOn();
async command result_t greenOff();
async command result_t greenToggle();
async command result_t yellowOn();
async command result_t yellowOff();
async command result_t yellowToggle();
async command uint8 _t get();
async command result_t set(uint8 t value);

provides Ejts[efe]siige]

uses




Program module

O Al fpe ) functionﬁ%ﬁ' ==
command result t StdControl.init();
command result t StdControl.start();
command result_t StdControl.stop();

event result t Timer.fired();

O pHEN] N pvcommand - i A8 YRS
async command result t Leds.redToggle();




Program module

4= 41t LED&

iImplementation {

command result t StdCon

| call Leds.init()l;

. Fato g B A
r}eturn SUCCESS; 1000ms it — =

command result t StdControl.start()
|§turn call Timer.start(TIMER_REPEAT, 1000)|;

command r | ntrol.stop() {
return call Timer.stop()

s

| Bk 3 E
even imer fired(){
call Leds redToggIe()
return SU : R




Program module

uses Nits[efe]alige]

StdControl

BlinkM

provides Kjls[efe]alige]

SingleTimer




How to compiler nesC

make tmote <platform>

5 make tmote blink
mkdir -p huildstmote

compiling Blink to a tmote hinary
nce —o buildstmotesmain.exe —0 —Wall -Wshadow —DDEF_TOS_AM_GROUP=Bx7d -Unesc-al
—target=tmote —fnesc—cfile=huild/tmotesapp.c —hoard= —-mdisable-humnul -1 o0pt./mof
eiv-stos/platformstmote -I/opt/moteiv/tossplatformstmotesutil uartdetect —-IAopts
oteivstos/platform/mspd4dBrade -I/opt/moteiv/tossplatform/mspd43B-dac -l opts/mote
wstossplatformsmsp43B-sdma —-Isopt/moteivstossplatform/mspd3B sresource —I-Aopt/mots
iv/tossplatforms/mspd43B timer -I-opt/moteivstossplatform/mspd438 -1 opt-/moteiv/to
/1libsutil/pool -IAopt/moteivstos/libsutil/button —-IAopt/moteivstos/lib util/nul
-lAopt/moteivstos/lib util -IAopt/moteiv/tos/lib/MHultiHoplgl -I/opt/moteiv/tos
libs/netsync -[Aopt/moteiv/tos-libssp —-l/opt/moteiv/tos-lib/spsoc2d42B —-I/opt/mots
iv/tos/libstimer -IAopts/moteivstos/libsresource -l opt/moteivstos-libssched -I./d
pt/moteiv/tos/libsDeluge -I/opts/moteiv/tos-libsFlash/STH2S5PF -l opt/moteiv/tos-1
bh-sFlazh —-1/opt/moteiv-tos/libsSpram -1 optsmoteiv-tossinterfaces -l opt/motedivAt
0s/1ibhsCC2420Radio I opt/moteiv/tosssystem -l opt/moteiv/tinyos—1.x/toss1ih/CC3
420Radio -I/opt/moteiv/tinyos—1.x/tos lib/Drip —fnesc—scheduler=TinySchedulerC.
inySchedulerC.TaskBasic.TaskBasic,.TaskBasic,.runTask,.postTask —Wl,——section—star
=.text=Bx4800, —defsym=_reset_vector__ =Bx4800 —DLIB_DELUGE -DDELUGE_NUM_IMAGES =§
—-I%T»1ib/Deluge -W1l,——section—start=.text=0x4880, ——defsym=_reset_vector__ =Hx468
B —-DIDENT _PROGRAM_NAME=%"Blink" —DIDENT_USER_ID=%~"WMNLAB-'" —DIDEWT_HOSTNAME="'"
MHNLAB'" —DIDENT_USER_HASH=Bxe5hd5188L —-DIDENT _UNIX¥_TIME=0x45%7caB82L -DIDENT_UID
HASH=8x22bhee5%el Blink.nc —1m

compiled Blink to build/tmotesmain.exe

2812 bytes in ROM
43 hytes in RAM
mspd3f-objcopy ——output—target=ihex build/tmotesmain.exe huild-/tmotesmain.ihex
writing T0S image




Download program into mote

[1 Make tmote install

% make tmote install
MEULF —f DULlil0s LU LE
compiling Blink to a tmote hinary
nce —o buildstmotesmain.exe —0 —Wall —Wzhadow —DDEF_TOS_AM_GROUFP=8x7d —Unesc—al
—target=tmote —fnesc—cfile=shuildstmotesapp.c —hoard= —mdisabhle-—-humul —-I/opt-mot
eiv/stossplatformstmote — Il sopt/moteivstossplatformstmotesutil s uartdetect -1 opts
oteiv-stossplatformsmepd3d-sade -l optsmoteivstos splatformsmspdiB-sdac -1 opt- motei
v/tossplatformsmspddfsdma —IAoptsmoteivstossplatformsmspd3d-svresource —IAopt-smote
ivstossplatformsmzpd3Btimer —IAoptsmoteivstossplatformsmspdid -1 optsmoteiv-tos
A1libsutilspool —IAoptsmoteivstosslibAsutilsbutton —-IAoptsmotedivstosslibsutilsnul
—I/opts/moteivstosslibsutil —IAoptsmoteivstosslibsMultiHopLQl -I-opt/moteiv-tos
libhs/netsync -l optsmoteiv-tosslibssp —Tropt/moteiv/tosslibsszproc2d4i2B -1 opt-smote
ivstosslibAtimer —Isopt/moteivstosslibsvesource —IAoptsmoteivstosslibssched —1-0
pt/smoteiv/tosslibsDeluge — I opt/smoteivstoss1ib- Flashs5TH25F -l opt/moteiv tos-1i
h/Flash -1 optsmoteiv-stos libsSpram -l optsmoteiv-stossinterfaces — Il opt/moteiv/t
os/1ibsCC2428Radio —Isopt/smoteiv-tosssystem — Il opt/moteiv tinvos—1.x- toss1ibsCC2
420Radio — Il opt/moteiv/tinvos—1.x tosslibsDrip —fnesc—scheduler=TinySchedulerC.T
inySchedulerC.TaskBasic.TaskBasic,.TaskBasic.runTask.postTask —Wl,—=section—start
=.text=Ax48808, —defsym=_reset_vector__ =Hx4806@ -DLIB_DELUGE -DDELUGE_MUM_IMAGES =6
—I1#T/1ib/Deluge —UWl,—section—start=.text=0x4808, —defsym=_reset_vector__ =Hx410H
@ —DIDENT_FPROGRAM_NAME="Blink>" —-DIDENT_USER_ID=~"WHNLAB-" —DIDENT_HOSTHAHME=""'L
MHMLAE~" —DIDENT_USER_HASH=BAxe5hd5188L —DIDENT_UNIX_TIMHE=Bx457cab4il. —DIDENT_UID
HASH=Bx176aBBaZ2L Blink.nc —1m
compiled Blink to build/tmotesmain.exe

2812 hytes in ROM
43 hytes in RAM




Generate program’s structure
documentation

spd3B@-ohjcopy ——output—target=ihex bhuild/tmote main.exe build/tmote/main.ihex
writing TOS image
p huildstmotesmain.ihex bhuild/tmote/main.ihex.out
found mote on COMS {using hsl.auto?
installing tmote hootloader using hsl
os—hsl —telosh ¢ 4 -r —e -1 —p G:/cyguinsopt/moteiv/tos/1ib/DelugeTOSBoothu
ild/tmotesmain.ihex
5P438 Bootstrap Loader Uersion: 1.39-telos-8
asz Erase...
ransmit default password ...
Invoking BSL...
ransmit default password ...
urrent hootstrap loader version: 1.61 <(Device ID: flbch
hanging baudrate to 38488 ...
Frogram ...
1774 hytes progranmed.
eset device ...
installing tmote hinary using hsl (without mass erase)
os-hsl —telosh ¢ 4 —» -1 -p huild/tmote/main.ihex.out
5P438 Bootstrap Loader Uersion: 1.39-telos—8
Invoking BSL...
ransmit default password ...
urrent hootstrap loader version: 1.61 <(Device ID: flbc)
hanging baudrate to 38488 ...
Frogram ...

2844 hytes progranmed.

rm —f huild/tmotesmain.exe.out build/tmote/main.ihex.out




Conclusion

C:\tinyos\cygwin\opt\tinyosl.x\doc

\nesc\ref.pdf

B nesC 1.1 Language Reference
Manual




