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Abstract

The purpose of this document is to detail the completed work and effort carried out in
researching each element of the project. This document will contain all researched material, some of
which may not be used in the final project, but may have been researched for comparative purpose. The
document format may not be in chronological order, rather grouping relevant and linked material with
the aspect of the project being discussed.
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1. Initial Investigation

1.1. What similar products exist

Once the final project submission was accepted, | started my research by looking at what similar
products existed on the market. | wanted to see what the basic specification was being offered and
also if any product stood out by offering something different which set them apart for other
competitors. The following is a review of what | discovered and what | felt | would like to include and
maybe improve in my project.

Company: Thermtec Energy Limited

Market: Domestic and Commercial

Domestic Products: OWL — Electricity, heating, water heating.

Commercial Products: Energy survey, Site analysis, audits, Billing Analysis, thermal imaging.
Link: www.theowl.com!

Thermtec Energy Limited is an Irish company offering a wide range of energy monitoring
solutions to both the Irish and UK markets. They provide services which cover 3 Phase monitoring,
domestic electricity, home heating and hot water along with survey, audits and site analysis. They have
products for both domestic and commercial markets as listed above.

My Verdict:

Taking aside and just comparing the similar aspects of my proposed product with the OWL
domestic product, the basic offerings were quite similar. Both the OWL and Utility Watch products offer
remote access to a dashboard displaying current data. The main difference between both products was
that the owl did not offer historical data, so it was difficult to compare this week’s consumption with
previous weeks. Another difference was the OWL offered a cloud service and the package also
contained a handheld display which the Utility Watch does not. It will be a standalone unit employing a
web application to display all requested information.


http://www.theowl.com/
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ELECTRICITY
MONITORS
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Fig.1 OWL energy monitors
Company: efergy
Market: Domestic
Domestic Products: Engage Platform — Home automation, energy consumption, water time.
Link: www.efergy.com?

Efergy (efficient energy) is a global company with offices in the UK (headquarters), Hong Kong,
China, Australia, United States, Canada and South Africa. Their flagship product is the wireless electricity
monitor, and they have many add on products which complement it. They primarily focus on domestic
markets.

My Verdict:

Both the efergy and Utility Watch share similar basic offerings like historical data, home
automation and temperature control. One functionality, which | really like but would be unable to
replicate, is the water time feature. This tells the shower user the amount of water and energy being
used which may encourage people to be more efficient.


http://www.efergy.com/
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Fig. 2 efergy energy Monitors

. Galileo Board

The Intel® Galileo board is based on the Intel® Quark SoC X1000, a 32-bit Intel Pentium®-class
system on a chip (SoC). It is the first board based on Intel® architecture designed to be hardware
and software pin-compatible with shields designed for the Arduino Uno R3. The Galileo board is also
software-compatible with the Arduino Software Development Environment, which makes getting
started a snap. 3
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Fig. 3 Intel Galileo Board

2.1. Board features
In order to design my product, | needed to know and understand the full capabilities of the
Galileo Board. What features the board acquired in relation to

initial connectivity

e supported operating systems
e programming language used

e network connectivity

e available communication ports
e processor specifications

e storage options

2.2.Initial connectivity

The Galileo board has an underlying linux OS but it is very light-weight. The Arduino IDE must be
downloaded to enable communication between your laptop and Galileo. The board and the laptop
are connected using the client’s mini usb port and the laptop usb port. Drivers must be installed and
updated on the initial connection.

The IDE has a library of test sketches which can be uploaded and executed. One of the initial
sketches which you are encouraged to run is the blink test. This is a basic test which tests
connectivity between the board and laptop and ensures correct operation of the board. The code

used in the sketches is open ¢, and a sample blink sketch is shown below.
/*
Blink
Turns on an LED on for one second, then off for one second, repeatedly.
*/

// Pin 13 has an LED connected on most Arduino boards.
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// give it a name:
int led = 13;

// the setup routine runs once when you press reset:
void setup () {
// initialize the digital pin as an output.
pinMode (led, OUTPUT) ;
}

// the loop routine runs over and over again forever:
void loop () {

digitalWrite (led, HIGH); // turn the LED on (HIGH is the voltage level)
delay (1000) ; // wait for a second
digitalWrite (led, LOW); // turn the LED off by making the voltage LOW
delay (1000) ; // wait for a second

}4

2.3.Supported Operating Systems

The next step needed to allow progress was to install an operating system. The operating
system | choose was an open source Linux OS. As previously mentioned, the board has an underlying
linux OS. An alternative to using the inherent OS was to install a larger linux image. This image had
to be installed onto an SD card and inserted into the SD slot on the board. On start up, the processor
always checks the SD slot first to see if any OS exists and runs it if it finds one.

Once | was satisfied the image had installed correctly | had access to python, Wifi drivers, SSH
and many more useful packages.

The above steps were completed using an online tutorial from sparkfun.com®. It gave good clear
and detailed instructions and the location for the required downloads. The steps involved will be
documented and shown in the Appendix.

3. Network Configurations

3.1. Local configuration
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One of the most important sections of the overall project was the ability to connect to the
outside world. The user needs to be able to access the Galileo’s web server from anywhere in the
wide area network (WAN). The Galileo’s network settings needed to be configured to enable
connectivity on the local network. This would help improve the ease of connection, as it would
eliminate direct connection to the board through the console port. Below is a sketch | used to
configure the Galileo for my LAN.

0 A
system (" ")
system (" "y,
// put your setup code here, to run once:

0O |

// put your main code here, to run repeatedly:

£ 192.168.1.199:22 - Tera Term VT e o 5

File Edit Setup Control Window Help

rootlBclanton:="# ifconfig -a -
ethd Link encap:Ethernet HWaddr 98:4F:EE:B8:6D:C8

inet addr:192.168.1.199 Becast:1972.168.1.255 Mask:255.255.255.8

inett addr: feBB::%adf:eeff:feBB:6dcB 64 Scope:-Link

UP BROADCAST RUMNING MULTICAST MIU:1588 Metric:1

R packets:1735367 errors: @ dropped:218538 overruns:8 frame:@

TX packetz:1355423 errorz:A dropped:A overruns:A carrier:A

collisions:@ txgueuelen:-168608

R¥ bytes:192658362 (183.7 MiB> TX bytes:118145888 <185.8 MiB>

Interrupt:48

Link encap:Local Loopbhack

inet addr:127.8.8.1 HMask:255.8.8.8

inettb addr: ::1-128 Scope-Host

UP LOOPBACK RUNNING HMIU:65536 Metric:1

R¥ packetz:818 errorz:@ dropped:HA overruns:H frame:A
TH packets:818 errors:B dropped:B8 overruns:B carrier:8
collisions:@ txgueuelen:=A

RE bytes:78648 (6.7 KiB> Ti& hytes:78648 (76.7 KiB)>

rootBclanton: ™ |

Fig. 4 Local settings of Galileo Board

3.2. Global Configuration
Now that my board had connectivity on the LAN, it needed to be contactable from outside the
LAN. Initially this was difficult as | needed to be outside the LAN to test, but inside the LAN to change the
router settings. This led me to investigate important topics such as

e port forwarding
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e dynamic addresses
e firewall access rules
e static NAT

A good guide to router configuration can be found at the portforwarding.com ® website. It guides the
user through the process once they select the make and model of the router. The guide also contains
photos of the router pages making it very clear. My router guide can be found at this location
http://portforward.com/english/routers/port forwarding/TP-Link/TD-W8960N/defaultguide.htm

A static NAT rule was required which pointed the public ip address at the Galileo ip address. The
application was going to run on port 5000, so any request to that port was forwarded to the Galileo
server. The settings are displayed below in the router configuration page.

J00M Wircless N ADSL2+ Modem Router

Viou Nave gona Tull scroen 1 ful w0 (F10 Madel No TD-WEMON
Device Inds
Qsick Swnap NAT -- Virtual Servers Setup
Advasced Semup
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= Vel Server 20w yOU 10 ZERET FEOrOg TS YO WAN side (0ertted by Sroteral 3ng SomTtal 3rt) 13 (e intertal serer Wi porvae 9 pocvess o ie LAN Sae

“WAN Service TN MRTIEL 001 WU Ted) Oy 1T T DO Nt 10 Dt 3OV 40 & JINIGNL (0T NUmler’ 4o Uy Tae SaTwl! 00 Tv LAN Se00 A Mo dnuns 52 6tnes (i DecOnfgused
“MAC Close
~LAM Sorver Namo | Exsenal Porr Stat | Eaxternad Port End | Protoocd | istermad Port Start | batermad Port £nd | Servar 1P Address | WAN Interface | S | EnabloTisabie | Cdn | Remave
“NAY (R ST 200 L) TCRLOP | S0 e TS 185 1190 002 Esdlenn Dinable E

*Virual Servers

+ Part 1nggumg ;:;;',' ;_',:‘ = » emoe 122 b+ 2168 1199 23303 Caatuunt Duatie EM

+ DMZ Mot

ToretGermt |23 29 TCRLDR 123 1 1R966 1. 199 g0 2 Exalien Doautin Edt
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* Saviiy wArod4rw | 10008 10003 reraor | 10000 12000 15362 1 199 pe003 Ciaatens Erabie o
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*Quialiny of Service D 2003 o) TCRLOP | 3508 $300 182166 1199 wo0 Owaties|  |Enctse Eat
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Fig. 5 Static NAT for port 5000 to Galileo IP

Another area which required researching was dynamic domain name server (DDNS). Most
domestic public ip addresses are dynamic, and change from time to time at the discression of the
internet service provider (ISP). The public IP address remaining static was not guaranteed. There was 2
options; Firstly, pay for a static ip address or secondly, set up a free DDNS account and let it track any

10
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changes to my public address. The router provided options for a free DDNS account and it listed the
companies providing the service.

J00M Wircless N ADSL2+ Modem Router
Modwl Mo TD-WHSON

Device Inks

Qaick Swrp Add dynamlc DNS
Advasced Semp
Ly 7 lrowetacn
“WAN Sernvice
“MAC Close

TIve page Miws ws & 212 2 prars DG aserwes fom DyrONS 519 o 770 o1 b

DM prow e | Nt
*LAM Dy 7ORS g
SNAT Hommrame l“‘mﬂ I_
S Wiariace; ppece 0 B Xyppp02 v
*Parenial Comvod
*Qualny of Service DynONS Settrgs
“Nmnaman Cantol Usarmamne:
*Howing Parsmsse:
~Ons
TDNS Serve

Savw gty
DS\
Uy

* Intertece Groupng
1P Sex
“ Mafthomn

Iragnonics

Managemart

Fig. 6 dynamic DNS configuration page
Once the account was setup and domain name selected, the router gave confirmation of details.

Other rules were created on the router to allow ftp, telnet and winscp to access the board.
These applications have specific ports assigned to them and it was a matter of repeating the process of
pointing the router at the Galileo ip for these designated ports. Figure 2 displays the ports being open
and enabled.

4. 3rd Party Hardware

In order for the Utility Watch to be able to interrogate the electricity meter, a 3™ party hardware
would be required. This would consist of a transmitter, a clamp and remote relays. The clamp device
would have to be clamped around the property mains supply and by some method transmit the data for

11



Utility Watch | Ray Shannon

capture. All of the hardware | looked at were mainly wireless (RF) applications and reported the
information back to a receiver.

There were many companies offering the full product to setup a monitoring system, but very
few offered individual parts to allow a system to be designed. Sailwider sold hardware separately and
customers could select which equipment they wanted.

This is the transmitter (Gateway) which communicates with the sensors and relays.

Energy Gateway

Fig. 7 Energy Transmitter

This is an RF switch which receives commands from the transmitter

Fig. 8 RF switch

This is an RF Socket which receives commands from the transmitter.

12
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Fig. 8 RF Socket

4.1.Network analysis for data packets
Once | acquired the necessary hardware, | started to investigate the operations of these devices.
| had the system installed in my home and begun to monitor the network activity being generated by
the system. | used Fiddler’, a network analysis tool, for sniffing packets which were being sent between
transmitter and receivers giving me the information | needed as shown in fig 9.
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Fig. 9 Fiddler Network Analysis Tool
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Shown below, is a test script | created to listen out for data packets being sent to the Galileo
from the transmitter on port 5555. | captured that data and stored it in a local database to interpret
what was in the packet.
import socket

import sqglite3
from time import gmtime, strftime

def () :

HOST="'192.168.1.199"

PORT = 5555

s = socket.socket ()

s.bind ( (HOST, PORT) )

s.listen (1)

print ("listening for raw data..... ")

c,addr = s.accept()

print ("Connection from: " + str(addr))

data = ""

while True:
data = c.recv(10000)
connection = sqglite3.connect ('utilitywatch.db"')
queryCursor = connection.cursor ()
sgl = """ INSERT INTO RAWDATA (rawdata) VALUES(?)"""
queryCursor.execute (sgl, (data,))
connection.commit ()
timestamp = strftime ("$H:%M:%S %d-%m-%Y ", gmtime())
print (timestamp)
print (len(data))
if not data:

connection.close ()
break
c.close()
if name == "' main ':
Main ()

The following is the response generated on execution of the test code.

<response>

<id 1>0000281B</id 1><pow_ 1>85w</pow_ 1><temp 1>---</temp 1><state 1>fixed</state 1>
<id 2>--</id 2><pow_ 2></pow 2><temp 2></temp 2><state 2>fixed</state 2>

<id 3>--</id_3><pow_3></pow 3><temp 3></temp 3><state 3>fixed</state 3>

<id 4>--</id 4><pow_ 4></pow_4><temp 4></temp 4><state 4>fixed</state 4>

<id 5>--</id 5><pow_5></pow_5><temp 5></temp 5><state 5>fixed</state 5>

<id 6>--</id_6><pow 6></pow 6><temp 6></temp 6><state 6>fixed</state 6>
<id_7>--</id_7><pow_7></pow_ 7><temp 7></temp 7><state 7>fixed</state 7>

<id 8>--</id 8><pow 8></pow 8><temp 8></temp 8><state 8>fixed</state 8>

<id 9>--</id 9><pow_ 9></pow_9><temp 9></temp 9><state 9>fixed</state 9>

<id 10>--</id 10><pow 10></pow 10><temp 10></temp 10><state 10>fixed</state 10>
</response>

The raw data detailed all the necessary information for the Utility Watch to generate
informative graphs, tables and live detailed displays.

14
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4.2. Network analysis for control packets

Further test code was required to replicate the control of the rf sensors and sockets. Again, the
network analysis tool was employed to decipher the execution commands from the transmitter to the rf
receiver devices. The following lines of code were created from what information was obtained during
the network analysis process.

1. conn = httplib.HTTPConnection('192.168.1.112")
2. conn.request ("GET", "/setsocket.xml?num=4&set=on&ran=2717")

Line 1 establishes the connection to the transmitter and line 2 sends the GET request telling the
transmitter which channel to apply the ‘turn on’ request. With the data reading code and now the
control code established, all that remained was to parse the response into a format that could be used.

i — -
O FateWes Oegger SRR @ Ny SESSSNRE S— S =S
Fis Ede Bum Tooh Vew Hedp CET /Bock Geatage
by gy W b Ge (@ Stomsen T Occose  Koop 00 snsitrn = @3 Ary Process MTiesd [l Ser B (D) §9 Browne + Q Cluwr Cache T TotiWirund | (£ Tews®  WONSewt. ) & 0vle x
P - e mer of (D somen B ramor | £ asdaponin | o conpore | 1 iog | [] riwn | = Towsien
£ . . i fesden  Testiew | Webforre  fetes At Cokes [Raw BN 08
|42 WY s Surad)l  fable asl Ll 1553 = r~3 WTTF/L L
: HITY T O] RSBOOT] oAt o ” e
W matored) | Nadee wnt N1 g [taer-agett: Mz IS0 (windows AT §.0) Acs)enetiiL/BIT, 06 (e, Tike Getus) Owrome/dl.0,2377.118 Sefard/337,. 26
nrey eatoeedl ket od e dls. ., 2 wf pPETRRRE ST
W T M rd Referer: I AT T A Ty (o
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TP T o ﬁﬁ:;sf.f,w.,: b ek
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g. 10 Fiddler displaying the control request.
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5. Required Software and Technologies
Various software packages and technologies were required to knit the whole project together.
The majority of these | had not experienced before and required a lot of research and trial and error
to obtain a level where | became proficient enough to complete the project.

5.1. Python

Python was the chosen development language for the backend program. | wanted to try a
language | had not used before and it was part of the 4% year syllabus, so | could learn as | went
along. Also, python was part of the linux image installed on the SD card obtained from Intel. It was
version 2.7. | found the documentation & for python really useful and easy to follow. It gave sample
code to compliment the topic being discussed, which helped with explaining the topic.

5.2. Flask

Flask is a microframework for Python based on Werkzeug and Jinja 2°. It provides the web server
functionality and a debugger for troubleshooting. Flask was executable in local and public mode.
Changing the host address in app.run () to app.run (host= ‘0.0.0.0’) allowed other clients on the
network to see the server.

The debug mode could also be turned on or off, by configuring the app.run () command to
app.run (debug=True). This enables the Werkzeug application to give detailed feedback if the
application crashes. Obviously, if the application is accessible to the public, this feature needs to be
set to ‘False’. Again, the documentation was simple and gave good coded examples.

5.3.Jinja2

Jinja2 is a Python library used to generate documents based on one or more predefined
templates!®. Any variables passed into the html code from the python application could be
referenced and retrieved using this templating schema. Here is a sample of the code used in a
javascript block in an html file.

<script>
var chart id = {{ chartID|safe }}
var credits = {{ credits|safe }}
var series = {{ series|safe }}

title|safe }}
xAxis|safe }}
yAxis|safe }}
chart|safe }}

var title =
var xAxis =
var yAxis =
var chart =
</script>

e e N N
_,_ s -

The code with the braces contains the variables passed in from the python program.

16
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5.4.]Query

JQuery is a javascript library that works across many web browsers. It was employed in the
project for rendering the data charts, HTML document traversal and manipulation and event
handling. It also assisted with AJAX request for updating live gauges. It has an extensive api'! with a
modern look and feel code example section. It was one of the best and most user friendly api’s |
used.

5.5.AJAX

AJAX is the art of exchanging data with a server, and updating parts of a web page - without
reloading the whole page,*? and that is exactly what it was used for. The Utility Watch requires both
the temperature and live meter gauge to be updated as soon as any change occurs without
refreshing the full page. It is an old technology but was ideal for providing the functionality | needed.

5.6. SQLite

As the project had a lot of data being generated and manipulated, and the linux OS being
restricted, there was a need for a light-weight database system. SQLite comes preinstalled with
most python packages, but unfortunately not with this skeleton linux image. There was access to
precompiled binaries from the SQLite website3, which installed quite easily and without any issues.

SQLite was ideal for the Utility Watch application in every way except one. It had a limited write
restriction of only one open connection to any database at any one time. There could be any
amount of read connections, but only one write connection. This lead to multiple databases being
created like tables would normally be. A database diagram will be available in the design document
which will make it clearer. The test script for continuously writing to a database is shown below.

import sqglite3

def main () :

connection = sqglite3.connect('utilitywatch.db'")
queryCursor = connection.cursor ()
i=1
while True:
sgl = '"''" INSERT INTO test (VALUE) VALUES(?)'''

queryCursor.execute (sgl, (i,))
connection.commit ()
i+= 1

1f name == ' main ':
main ()

Testing the SQLite involved running this program while having many reading programs access

the same database. This was tested over a 5-hour period without any issues. As soon as another
write program was started, the server crashed. Below is the code for the read program.

17
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import sqlite3
fromtime import gmtime, strftime

def main():
connection = sqlite3.connect('utilitywatch.db')
qgueryCursor = connection.cursor()
i=1
timestamp1l = strftime("%H:%M:%S %d-%m-%Y ", gmtime())
print("Start: ",timestamp1l)
while True:
sql="" SELECT * FROM readingThI'"
queryCursor.execute(sql)
the_data = queryCursor.fetchall()
connection.commit()
i+=1
print((the_data[-1]))
connection.close()
timestamp?2 = strftime("%H:%M:%S %d-%m-%Y ", gmtime())
print("Start: ",timestampl,"Finish: ",timestamp2)

if _name__=='_ main_"

main()

5.7. MatplotLib vs HighCharts

When deciding on the best chart plotting library to use, | compared the python based matplotlib
and JQuery based HighCharts. MatplotLib was very straight forward, with little complexity and
offered a wide range of options with sample code. HighCharts was a bit more muddled with
references to online API locations or javascripts and required a lot of dependencies to be added in
order to function. It also had a large range of graphs to choose from and it looked very polished with
added animation and user interaction.

I had chosen matplotlib initially, for its simplicity, and had sample code working locally.
Unfortunately, upon deploying it to the Galileo, it wouldn’t work as some of the dependencies were
not compatible with the python version on the board. Even though both versions of python were
2.7, it was throwing compatibility errors.

HighCharts took a bit of work to get functioning. JavaScripts had to be copied into static folders
and references made to these scripts in the html headers. This made the code look complex and
messy. After many tutorials and trial and error, it eventually worked and looked impressive. Working
with javascript took a little getting used to.
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5.8.Responsive Web Design

With mobile technology being a major platform of how we access the internet, it is vital we
include smaller resolution devices such as phones or tablets when creating web apps. This means
certain fluidity must be applied when designing the web pages.

Twitter Bootstrap 14 is a front end framework aimed at mobile technology. It contains defined
stylesheets for html tags, tables and text. It also has javascript components in the form of JQuery
adding more functionality relative to mobile platform. Like HighCharts, all the required CSS and
javascript files need to be loaded into the header.

| have used bootstrap for some basic formatting but it added a lot of padded code around even
the most basic html tags. It seemed a bit of overkill for what it was doing.

5.9. Git

Git ¥ is a repository hosting service, a secure and efficient way of controlling source code and
revision control. | found git very useful and with a few basic commands quickly became proficient
with it. It involved setting up a local repository and initialising it. All files added locally could then be
pushed up to the remote repository using add, commit and push commands. It also offered a
rollback option if a previous version of any file was required. Any project created nowadays would
have some form of source control, and git would be the most popular.

6. Appendix

These steps have been obtained from https://learn.sparkfun.com/tutorials/galileo-getting-started-guide
as stated in the references.
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Galileo Gen1 Win 7 Setup

Preparation
1. Download Arduino software and Linux Galileo SD image from

https://communities.intel.com/docs/DOC-22226 and Unzip to folder of choice.
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2. Format your SD Card by using windows 7 Quick Format.
Foernat SO Card (H) “
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3. Download latest version of Tera Term. A terminal emulator to view Galileo’s SD card.
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Galileo initial setup and testing

1.

2.
3.
4

5.
6.

Connect power supply to Galileo board.

Connect USB on computer to micro USB client on Galileo board.

Open Windows Device Manager (Win+Pause -> Device Manager)

Expand Other devices find Gadget Serial v2.4 and right click, then left click Update Driver
Software

(= piatrsisc !
| File Action View Help
Lo AR RN 7 AR A= 2. T
4 & Laptopl
B Dattecres
& Computer
. Disk drvvmy
B Display adapters
o DVD/CO-ROM drives
@ IDE ATA/ATAP] controfiers
= Keyboards
M Mice and cther pointing devices
& Monitoe
¥ Network sdapton
4b Cther dewices
Ji: Gadget Serual x24
& Portable Devices Update Oraver Software...
3 Processors Disable
& Sound, video and Uninstall
Q Storage controlie
1 Systern dedces Scan for hardware changes

§ Universal Senal B
Properties

Launches the Update Driver Software ‘Wizaed for the selected device,

Then select Browse my Computer for driver software
Change Location to folder you unzipped Arduino and press Next.
r E; »r

@ |l Update Driver Software - Gadget Serial v2.4

Browse for driver software on your computer

Search for driver software in this location:

project\Software\arduino-windows-1.0 3\arduino-1.53-Intel 1.0 3 84

[¥] Include subfolders

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

et

7. Start andruino.exe.
8. Onthe Arduino menu bar go to Tools > Board and select Intel Galileo.
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9. On the Arduino menu bar go to Tools > Serial Port and select Com 3. The Com port that was
setup during driver Installation.

2 ek 80 1334 TS

Fie Ede Staich (Toohi er

2 25k | Ardurn mmm“ RS

Fie E98 Sketch (Tosk! Mep |

Mt Fommat e T
fathie Shetch
Bk P Encedng & Retaz

Auto Format Codal

Archive Shatzh
Fre Encoding & Relned

Senal Meretor Cards Shebta M { Seral Mentor e Shitte M . |
Boad ' diane (% $ [ BT .
Senal Port ' lrent® Exbacer SYeal Pact o ¥ COoM)
)
omgumn ’ v 4 ?vn;nnmu .
& resl® Gablec

Bum Soctizeder fu Lostizade
Irtwd € Gaklec Gend v

1ed = 1) i 124 = 12

tmetapll | wetpl] |

(le@, OUTYUT|: .| {led, OQUTYVT}:

L

10. On the Arduino menu bar go to File > Examples > Basics and select Blink. This program will make
a led blink on your Galileo board.

11. Select Upload. This will compile the program (which may take up to 30secs) and then run on the
Galileo board. Communications are now set up.

€48 Skatch Took Help
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Linux image on Galileo SD card setup and testing
Connection will be done using a R424 Ethernet cable

1. Copy downloaded image on to the formatted SD card. This is all that should be on the card.
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2. Open the grub.conf file in boot > grub > grub.conf in your text editor. This will need to
be altered in order to avoid conflict at boot time by only leaving in references to the SD card.

See changes below.
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ok w

Disconnect the power supply from the Galileo board and insert SD card.

Reconnect power supply to the Galileo board.

Connect Ethernet cable from Galileo board to PC.

Open cmd.exe on Windows and type ipconfig. You can then check that the default IP address of
169.254.* * with a subnet mask of 255.255.0.0 is issued.

Next the IP Address on the Ethernet port on the Galileo board must be statically set. Create a
new file with the Arduino editor and write in the program as below. Then upload. Remember
the Arduino editor is still communicating through the USB on COM 3.

Open Tera Term and on the menu bar go to File > New connection and copy the settings below
and click OK.

sketch_octlla | Arduing 1.5.3 [ 5 S

File Edit Sketch Tools Help

sketch_octl1a &

woid setupi() { -
gystem|"telnet -1 Jfbingssh™):
systew ("ifconfig ethl 169.254.1.1 netwask Z55.Z55.0.0 up™);
A put your setup code here, Lo run once:

i

wvoid loop () {
A put y¥our main code here, to run repeatedly:
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9. Open Tera Term and on the menu bar go to File > New connection and copy the settings below
and click OK.

F ™
sketch_cctl1a | Arduino 1.5.3 [E=NIE

File Edit Sketch Tools Help

sketch_octl1a g

woid setwup () {
system("telnet -1 fbinssh™);
system|"ifconfig ethl 169.254.1.1 netmask Z55.Z55.0.0 up™);
A4 put your setup code here, to run once:

+

woid loop () {

A4 put your main code here, to run repeatedly:

Tera Term: New connection M

© TCPAIP G LTT169.254.1.1) -
[V Histary

Service: O Telnet TCP port#t: 22

@ SSH SSH version:

) Other l
Protocol: |UNSPEC ~
*) Serial Port: |COM1: Communications Port [COM1)

| ok | | cancel | | Help | lJ

10. A SSH Authentication window should open as below. Type in root as Username
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r 1 ™
SSH Authentication =

Logging in to 169.254.1.1

Authentication required.

User name: root{

Passphrase:
v|Remember password in memory

Forward agent

Q! Use plain password to log in

Use RSA/DSA/ECDSA/ED25519 key to login

Use challenge/response to log in(keyboard-interactive)

Use Pageant to log in

[ ok | | Disconnect |

11. A Tera Term Console will open in the user home directory.

7

.
B 169.254.1.1:22 - Tera Term VT el ) S

File Edit Setup Control Window Help
root@clanton:™# ||

12. Change to the root directory and get a listing of all the folders

26



Utility Watch | Ray Shannon

r |
B 160.254.1.1:22 - Tera Term VT Lo | )

File Edit Setup Control Window Help

rootQclanton:™# cd /
rootlclanton:/# 1s

bin etc lost+ ound
boot hore nedia

dey lib nnt
rootlclanton: /4

13. Check Python version and run some commands on the Python Shell.

e [ |

-
& 169.2541.1:22 - Tera Term VT

File Edit Setup Control Window Help

rootQclanton:™# cd /
root@clanton:/# s
lost+ound opt sketch usT
nedia proc sus var
dey rnt shin tup
root@clanton:/# python
ython 2.7.3 (default, Hay 14 2014, 14:59:10)
[GCC 4.7.2] on linux2
Tupe "help", "copuright", "credits" or "license" for nore infornation.
D> w=1
D>> tupelx)
Ktype 'int %>
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