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Processing power

\

200-500 MA@ 5V - 1- 2.5 Watts
USB power bank 7Ah = 19.6 hours

DietPi build > 16MB RAM (1GB available)
Typical application: 50KB (0.005%)

m Unused = System Required =

http://fuzon.co.uk/phpbb/viewtopic.php?f=8&t=6
http://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-battery-life



http://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-battery-life
http://fuzon.co.uk/phpbb/viewtopic.php?f=8&t=6
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http://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-battery-life



http://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-battery-life
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Spark Core's current draw posting to Ubidots
Deep sleep mode and wake-up to post every minute (scaled to mA)

225

AVG: 40.50mA
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0,6719

40.5 mA (avg) @ 5V > 225mW
USB power bank 7Ah = 121h (5 days)

http://www.ubidots.com

htts:www.article.ip

https://www.hackster.io/4354/potato-powered-iot-947b69



https://www.hackster.io/4354/potato-powered-iot-947b69
https://www.particle.io/
http://www.ubidots.com/
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* Commercial solutions without special antennas http://www.atmel.com/



http://www.atmel.com/
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Re-Mote's current draw posting to Ubidots

One minute post period (scaled to mA) AVG: 2.611mA

2.6 mA (avg) @ 5V - 13 mW
USB power bank 7Ah - 1884h (78,5 days)

http://zolertia.io/

http://www.ubidots.com/
https://www.hackster.io/4354/potato-powered-iot-947b69



https://www.hackster.io/4354/potato-powered-iot-947b69
http://zolertia.io/
http://www.ubidots.com/
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Zolertia RE-mote prototype A
868MHz, 3.14Km @50Kbps

IEEE 802.15.48, 2dBi omni

http://zolertia.io



http://zolertia.io/
https://ict-rerum.eu/first-long-range-test-with-the-rerum-re-mote-platform/
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FZ1 (3dBi)

284 mts (RSSI -75dBm)

‘Z‘l (12dBi)

(:,
Colegio Cientifico de

Costa Rica, sede San Carlos

Zolertia Z1 mote
2.4Ghz, 284 m @250Kbps
IEEE 802.15.4

3dBi omni + 12dBi directional

http://zolertia.io


http://zolertia.io/
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RAM

ROM/FLASH
Processor

>1MB RAM/ROM
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Contiki

The Open Source OS for the Internet of Things

* Architectures: 8-bit, 16-bit, 32-bit

* Open Source (source code openly available)

* IPv4/IPv6/Rime networking

e Devices with < 8KB RAM

» Typical applications < 50KB Flash

* Vendor and platform independent

* Clanguage

* Developed and contributed by Universities,
Research centers and industry

open source
initiative
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dlation Motes Jools Settings Help

Run Speedimt

[ Start ] Fause I Step “ Reload

Time: 03:20.264
Speed: 196.95%

Radio on (%) | Radio TX (%) | Radio RX (%)
Sky 1 1.47% 0.37% 0.10%
Sky 2 1.45% 0.41% 0.04%
Sky 3 1.55% 0.51% 0.05%
Sky 4 1.48% 0.47% 0.05%
sky 5 1.61% 0.43% 0.10%
Sky 6 1.80% 0.51% 0.17%
1.41% 0.41% 0.07%
1.45% 0.44% 0.05%
- ol o 1 7%
1.50% 0.39% 0.11%
1.27% 0.28% 0.05%
1.54% 0.43% 0.08%

File Edit View Zoom Events Motes

—— e

File Edit Wiew
Time | Mote | Massage | ]
Ui L4 . T AL :'| III_H.\-I‘\. LA L L L] &L LS UL L1V Y
02:23.187 ID:1 Data received from 1 212:7404: port 1234 ...
02:30.183 ID:11 Sending unicast to :212:7401:
02:30,312 ID:1 Data received from 1:212:740b: part 1234 ...
02:37.482 1ID:9 Sending unicast to saaa::Z12:740]: L/
02:37.564 1I0:1 Data received from aaaa::212:7409: port 1234 .., é g
02:41,994 ID:2 Sending unicast to aaaa::Z12:7401: 3 "
02:46,.684 ID:7 Sending unicast to @aaa::Z12:740. 4
03:03,381 ID:5  Sending wnicast to aaaa::212:7401: E
03:02,563 ID:1 Data received from aaaa::212:7405:5:505 on port 1234 .., 7
03:08.878 ID:11 Sending unicast to @aaa::212:7401:1:101 g
%:m.m ID:1  Data received from aaaa::Z12:740b:b:bob on port 1234 .., lg
119.220 ID:6 Sending unicast to aaaa::212:7401:1:101 4 11
\ [« ¥

eth

6LBR Platform

6LBR
Contiki Application

Wireless Sensor
Network

802.15.4 |

http://cetic.github.io/6lbr/

tado®

http://www.tado.com

.)D

http://www.lifx.com



http://www.tado.com/
http://www.lifx.com/
http://cetic.github.io/6lbr/
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contiki-os / contiki @ Unwatch ~ 382 o Star 1,738 % Fork 1,321

<> Code Issues 117 Pull requests 72 Wiki Pulse Graphs

The official git repository for Contiki, the open source OS for the Internet of Things http://'www contiki-os.org/

I 11,147 commits ¥ 3 branches 75 16 releases 124 contributors
Branch: master ~ |G TTR G T New file = Upload files = Find file HTTPS ~ | https://github.com/contik | [ 3] Download ZIP
Q alignan Merge pull request #1525 from Zolertia/remote-zonik ... Latest commit a3el3f1 2 days ago

www.contiki-os.org

https://github.com/contiki-os/contiki



http://www.contiki-os.org/
https://github.com/contiki-os/contiki
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INSTANT CONTIKI

VMWare virtualized develop environment

Instant Contiki

Guest Session

user

http://www.contiki-os.org/start.html



http://www.contiki-os.org/start.html
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If you are using a laptop/PC and have a 32-bit Linux machine

sudo add-apt-repository ppa:wireshark-dev/stable

sudo apt-get -y install git git-core build-essential wireshark
git clone -recursive https://github.com/alignan/contiki
git checkout zolertia-tutorial

To install the toolchain (application to convert the source code into an
image to program the Zolertia devices)

wget "https://sourceforge.net/projects/zolertia/files/Toolchain/msp430-47.tar.gz" -0
$HOME/msp430-47.tar.gz && tar -zxvf SHOME/msp430-47.tar.gz -C $SHOME/msp430-47

sudo echo "export PATH=$HOME/msp430-47/bin:$PATH" >> $HOME/ .bashrc && source
$HOME/ .bashrc
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Type External Connection Host Connection

YiMnetd Bridged Intel(R) Ethernet Connectia... -
WiMnetl Host-only - Connected
MAT MAT Connected

DHCP Subnet Address

Enabled 192,168,145.0
Enabled 192,168,229.0

Add Metwork. .. ] [Remnue Metwork

VYMnet Information
@) Bridged {(connect WMs directly to the external retwark)

Bridged to: [Intel{F‘.} Ethernet Connection 4AM

- l Autormatic Settings. ..

hared host's IP address yi g)

(") Host-only (connect YMs internally in a private network)

MAT Settings...

Connect a host virtual adapter to this network
Hosk virtual adapker name: WMware Mekbwork Adapter YMneko

IUse local DHCP service to distribute IP address to WMs

DHCP Settings...

Subnet IF: . . . Subnet mask:

Restore Defaults [ QK ] [ Cancel

J [ aepy || rep




Q alignan Added slides for day 2

B apps
Bl core
B cpu
Bl dev

B doc
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Reworked simple UDP rx/tx example, added binanes and made servreg-ha...

MCU implementation ning-free compilation even with fragmentation disabled
(MSP430)

revergopareaquet #1293 from simondug/prifix-wamings

Devices |mplementat|on king branch ‘alignan/z1_sniffer’ into walc 15

(radio, etc) (CC2420)
——ersupporerorme CC13xx CPU

B examples Examples (ipv6, Zolertia, etc)

B8 platform Platform specific implementation (Z1, Zoul)
B8 regression-tests Merge pull request #1293 from simendug/prifix-wamings
B tools Tools (flashing, emulation, visualization)

Latest commit aBc2e47 just now

4 days ago

6 days ago

7 days ago

5 days ago

3 months ago
19 hours ago
a day ago

7 days ago

a day ago



g alignan Added optional switch to compile for the Rpi

57 1757 (11 111 S 111 N 1/ (A [V N (U O [/ U |

[iiT]

apps SPECifiC Z1 app|icati0n5 is. The node-id.h file contains

="l Specific sensors and actuators drivers

Makefile.common

Makefiles (where the platform specifies

Makefle 21 the files to use and include) sing CONTIKI.
Makefile.z1sp Merges Z1SP into Z1 platform

README z1sp Merges Z1SP into Z1 platform

cfs-coffee-arch.h Coffee no longer uses watchdog calls

contiki-conf h Specific configuration for Contiki

SUPIRuEE [V ain Application, Z1 initialization when booting
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Latest commit fSeeg9ee a day ago

3 years ago
28 days ago

a day ago

- a year ago

a year ago

a year ago
5 years ago
17 days ago

2 months ago

contiki-z 1-platform.c Removed all old RCS tags in the Contiki source tree. Those RCS tags a

3 years ago

node-id.c Use the Z1 product 1D as MAC/Node ID if no value is found in the XMEM a year ago

SER SRV Specific platform configuration (pin-out, peripherals) a year ago
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Home { Toolchain =
Name = Modified + Size # Downloads [ Week *=
4 Parent folder
README txt 2015-11-28 1.5 kB 1 | (i)
mspd30-47-rpi tar.gz 2015-11-28 129.7 MB 3| A [ ]
mspd30-z1.tar.gz 2012-08-17 17.4 MB 2| A [ ]
msp430-47 tar.gz 2012-08-17  97.5 MB 4k (i)
mspd30-46.tar.gz 2012-08-17 84.8 MB 1 e (i ]
msp430-gcc-4.4.5 tar gz 20110902 211 MB 5 A (i)
Totals: b Items 350.4 MB 16
® — 0 user@instant-contiki: ~fcontiki

File Edit View Search Terminal Help

user@instant-contiki:~/contiki$ msp43@-gcc --version

msp430-gcc (GCC) 4.7.0 20120322 (mspgcc dev 20120716)

Copyright (C) 2012 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO
for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

warranty;

not even

user@instant-contiki:~/contikis JJ

https://sourceforge.net/projects/zolertia/files/Toolchain/



https://sourceforge.net/projects/zolertia/files/Toolchain/
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01-basics
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Fixes a problem related to being allowed to write to USB ports as
the /dev/ttyUSBO used to flash the nodes

sudo usermod -a -G dialout user

For the change to take effect, you need to logout and log back in
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PROCESS(hello_world_process, "Hello world process"); “
AUTOSTART_PROCESSES (&hello_world_process); (2 ]

@ hello_world_process isthe name of the process and "Hello world process”
is the readable name of the process when you print it to the terminal.

©® The AUTOSTART_PROCESSES(&hello_world_process) tells Contiki to start that
process when it finishes booting.

PROCESS(hello_world_process, "Hello world process");
AUTOSTART_PROCESSES (&hello_world_process);

PROCESS_THREAD(hello_world_process, ew, data) L1
{

PROCESS_BEGIN() ; ©
printf("Hello, worldyn™); a
PROCESS_END() ; @

}
€@ You declare the content of the process in the process thread. You have the name of the
process and callback functions (event handler and data handler).
@ Inside the thread you begin the process,
©® dowhat you want and
@ finally end the process.

examples/zolertia/tutorial/01-basics/01-hello-world.c
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To compile an application and program the nodes:

make TARGET=z1 hello-world.upload

You can save the TARGET so next time you don’t have to type it:

make TARGET=z1 savetarget

This will create a Makefile.target file, for the compiler to know which platform to
compile for, if no TARGET argument is added in the compilation command line
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Shows a list of connected devices and USB ports

make z1-motelist

Restarts the devices

make z1-reset

Opens a serial connection and prints debug output

make login
As “make login” but with a timestamp

make serialview

If there are more than one device connected, use O SE7AUIN Y to

choose which one to command, else the above commands will be executed on all
connected devices



user@instant-contiki:~fcontikifexamplesfzolertiaftutorial f@1-basics% make TARGET=zl1 81-hello-world.
upload

mspd30-objcopy Bl-hello-world.zl -0 ihex 81-hello-world.ihex

cp B1-hello-world.ihex tmpimage.ihex

Jdev /ttyUSEB

make zl-reset zl-upload

make[1]: Entering directory ~fhomefuserfcontikifexamplesfzolertiaftutorialf@l-basics’
make -k -j 28 zl-reset-sequence

make[2]: Entering directory ~fhomefuserfcontikifexamplesfzolertiaftutorialf@l-basics’
eofoufoafoftoolsfzolertiafzl-bsl-nopic --z1 -c fdev/ttyUSEBE -r

M5P4238 Bootstrap Loader WVersion: 1.30-goodfet-B

Use -h for help

Use --fromweb to wpgrade a GoodFET.

Reset dewice

Done

make[2]: Leaving directory °fhomefuser fcontikifexamplesfzolertiaftutorial/81-basics’
make -j 28 zl-upload-sequence

make[2]: Entering directory ~Sfhomefuserfcontikifexamplesfzolertiaftutorialf@l-basics’
+++++ Erasing fdew/fttyUSEQ

M5P438 Bootstrap Loader Wersion: 1.3%9-goodfet-B

Uzse -h for help

Use --fromweb to wpgrade a GoodFET.

Mas= Erase...

Transmit default password

+++++ Programming fdew/ttyUSBE

M5P438 Bootstrap Loader WVersion: 1.30-goodfet-B

Inwvoking BSL...

Transmit default password

Current bootstrap loader wersion: 2.13 {(Device ID: f2&fF)

Changing bauvdrate to 3B488

Program

43855 bytes programmed.

+++++ Resetting fdev/ttyUSEE

M5P438 Bootstrap Loader WVersion: 1.30-goodfet-B

examples/zolertia/tutorial/01-basics/01-hello-world.c
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® — 0 user@instant-contiki: ~fcontikifexamples/zolertiaftutorial/01-basics

File Edit View Search Terminal Help
user@instant-contiki:~/contiki/examples/zolertia/tutorial/®1-basicss
user@instant-contiki:~/contiki/examples/zolertia/tutorial/e1-basicss
user@instant-contiki:~/contiki/examples/zolertia/tutorial/@1-basicsS make z1-motelist
using saved target 'zil'

ofuefoof. . ftools/zolertia/motelist-zolertia -b z1

Z1RC5072 [dev/ttyUSBO Silicon Labs Zolertia Z1
user@instant-contiki:~/contiki/examples/zolertia/tutorial/@1-basicss I
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user@instant-contiki:~/contiki/examples/zolertia/tutorial/01-basics$ make z1-reset && make login
using saved target 'zl'

make -k -j 20 zl-reset-sequence

using saved target 'zl'

make[1]: Entering directory " /home/user/contiki/examples/zolertia/tutorial/@1-basics’
ofoof..f..ftoolsfzolertiafzl-bsl-nopic --z1 -c fdev/ttyUSBO -r

MS5P430 Bootstrap Loader Version: 1.39-goodfet-8

Use -h for help

Use --fromweb to upgrade a GoodFET.

Reset device

Done

make[1]: Leaving directory °/home/user/contiki/examples/zolertia/tutorial/@1-basics’
using saved target 'zl'

eofoofoo). . Jtools/sky/serialdump-1inux -b115200 /[dev/ttyUSBO

connecting to /dev/ttyUsSBO (115200) [0K]

Rime started with address 193.12.0.0.0.0.19.208

MAC c1:0c:00:00:00:00:13:d0 Ref ID: 5072

Contiki-2.6-3253-g441f988 started. Node id is set to 5072.

CSMA ContikiMAC, channel check rate 8 Hz, radio channel 26

Tentative link-local IPv6 address fe80:0000:0000:0000:c30c:0000:0000:13d0

Starting 'Hello world process’

Hello, world

Hello world, again!

This is a value in hex OxABCD, the same as 43981

examples/zolertia/tutorial/01-basics/01-hello-world.c
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Buttons and LEDs

Events and actions can be triggered by pressing the user button: send a message
over the radio, take a sensor sample, start a process, etc.

The LEDs (light-emitting diodes) help us to understand what happens in the mote, by
using different colours and blinking sequences we know when an event is happening,
if there are any errors or what happens in our application.



PROCESS _THREAD{led_button_process, ewv, data)

{

[* Every process start with this macro, we tell the system this is the start
* of the thread

=/
PROCESS_BEGIN();

J* Start the user button wusing the "SENSORS_ACTIVATE" macro *f
SENSORS_ACTIVATE({button_sensor);

J* And now we wait for the button_sensor process to inform us about the user
* pressing the button. We create a loop to wait forever, but to save
processing cycles, we “pause” the application until the expected event is
received and only resume when this ewvent occurs

: 4

*f

while{1} {
printf{"Press the User Buttonin™);
PROCESS_WAIT_EVENT_UNTIL{ew == sensors_ewvent && data == &button_sensor);

f* When the uwser button is pressed, we toggle the LED onfoff... *f
leds_toggle{LEDS_GREEN);

J* To try different LED combinations try and replace "LEDS_GREEN" with:
* - LEDS_RED

* - LEDS_BELUE
LEDS_ALL

And we prinmt its status: when zero the LED is off, else on.
The number primnted when the sensor is on is the LED ID, this walue is
used as a mask, to allow turning on and off multiple LED at the same
time {for example using "LEDS_GREEW + LEDS_RED" or "LEDS_ALL"

=/

printf{"The sensor is: ¥u'\n", leds_get{))};

}

examples/zolertia/tutorial/01-basics/02-led-and-button.c

bl
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Timers

Timers allow to execute actions periodically, like measuring a sensor periodically,
waiting a few seconds before executing a function, etc.




r

|

=
C

{

tatic
timer_callback_example{struct

WOl

rtimer *timer, woid *ptr)

uint32_t *rtimer_ticks =
primtf{ " rtimer,

ptr;
now: \t¥ld\n", *rtimer_ticks);
/* We can restart the ctimer
{*rtimer_tick

ctimer_restart{&ct);

and keep the counting going *f
J+;

alled by the ctimer callback timer. Hotice
* the argument of the function is “"woid *ptr”, meaning you can pass any type
* of data as pointer

& i
i

* This is an example of functions

¥
tatic woid

timer_callback_example{woid *ptr)

uint32_t *ctimer_ticks = ptr;
printf{"ctimer, now: Yt¥ldin", *ctimer_ticks);

f* The real timer allows esecution of real-time tasks (with predictable

* pxecution times).

* The function RTIMER_NOW() is used to get the current system time in ticks
* and RTIMER_SECOND specifies the number of ticks per second.

* F
' §

(*ctimer_ticks)++;
rtimer_set{&rt, RTIMER_NOW({)} + RTIMER_SECOHND,
rttﬂEr_EELLdeh_Examplep EtimEr_tiE

etimer set(struct etimer *t, clock time t interval);

oid etimer reset(struct etimer *t);
void etimer_restart(struct etimer *t);
vold etimer stop(struct etimer *t);

int etimer expired{struct etimer *t);
int etimer_pending();
t etimer nex

clock time t_expiration_time();

\iiic etimer request poll();

Antonio Lifan, Zolertia. 2016 - CC-NC-SA 4.0

Timers

Timer: ms, manual

e Stimer: seconds, manual

* Etimer: ms, triggers an event
e (Ctimer: ms, callbacks

* Rtimer: us, callbacks

<

examples/zolertia/tutorial/01-basics/03-timers.c
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Processes

Contiki has two execution contexts: cooperative and preemptive
Processes are cooperative and sequential, interrupts (button, sensors events) and the real-

timer are preemptive.

Intermupt Bieal-time timer

| |

N
Cooperative Process A Procesz B Procesz C N

¥

https://github.com/contiki-os/contiki/wiki/Processes examples/zolertia/tutorial/01-basics/04-processes.c



https://github.com/contiki-os/contiki/wiki/Processes

printf{"Process 1 started\n")};

J* Use a random value to wait before starting the process *f
etimer_set{Betl, WAIT_TIME);
PROCESS_WAIT_EVENT_UNTIL(etimer_expired(&etl1});  |SSEEEES-REAELSY N ] a5
[* Start the process and send as data our name *f
process_start{&process3, "Process 1");

J* And wait until process3 sends us a message *f

while{l} [
f* This protothread waits for any event, we need to check of
* gurselves .
-i-llr _.-._-' S rhar .-—-—:,‘
PROCESS_YIELD(); - i

f* We are waiting here for an ewvent from process3 *f
if{ev == ewvent_from_process3i) {

counter = *{{uintB_t *)datal;

printf{"Process 3 has requested shutdown im %u seconds\n", counter);

etimer_set(&etl, CLOCK_SECOND):
}

J* We are waiting here for a timer event */f
if{ev == PROCESS_EVENT_TIHMER) {

f* When the counter reaches zero, kill process3 *f
if{counter == 8} {
process_exit{&process3);

J* Increment the counter walue and restart the timer *f

1 else {

primntf{"Process 3 will be terminated im: ¥u'\n", counter);
counter--;

leds_toggle({LEDS_RED):

etimer_reset{&etl);

ithub.com/contiki-os/contiki/wiki/Processes examples/zolertia/tutoriaI/O1-basics/04-processes.c


https://github.com/contiki-os/contiki/wiki/Processes
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Sensors

A sensor is a transducer whose purpose is to sense or detect a characteristic of its
environment, providing a corresponding output, generally as an electrical or optical
signal, related to the quantity of the measured variable
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J*¥ Initialize the sensors, the SEWS0ORS_ACTIVATE(...)} macro inwvokes the

&

fi (...) method of Contiki' API :
L b s s s TMP102: temperature

SENSORS _ACTIVATE(adx1345);
SENSORS_ACTIVATE(tmplB2);
SENSORS_ACTIVATE(battery_sensor);

f* 5pin the timer *f
etimer_set(&et, CLOCK_SECONWD});

while{1l) {

PROCESS_WAIT_EVENT _UNTIL{etimer_expired(&et}};

D

/* Read the sensors *f

x_axis adx1345 . value(¥_AXIS);
y_axis adx1345 . walue(¥ AXIS):
Z_axis adx1345 . value{f_AXKIS);
temp tmplB2.value{THP182_READ);
batt battery_sensor.walue{l};

LN R OR N RN )
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f* Print the readings *f
printf{"Acceleration: X ®¥d ¥ ®d Z Bd\n", x_axis, y_axis, z_axis);
primntf{"Temperature: ¥d.Xu\n", temp [/ 188, temp ¥ 188);

o

> ¢
nlev
G

f* Conwvert the ADC readings to mW *f

batt *= 58088;

batt f= 48095;

printf{"Battery: Buinyn®, {uintle_t)batt);

} etimer_reset(&et); ADXL345: acceleration(3 axis)

PROCESS_END( ) ;

examples/zolertia/tutorial/01-basics/05-onboard-sensors.c
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