SEVENTH FRAMEWORK
PROGRAMME

DEREME

HF
Project no. 224609
Project acronym: DEHEMS

Project title: Digital Environment Home Energy Management System

Instrument: CA STREP v/ IP NOE
ICT - Information and Communication Technologies Theme
Deliverable reference number and title (as in Annex 1):
D6.3: System Deliverable for Cycle 3
Due date of deliverable (as in revised Annex 1): T0+37 30" June 2011
Actual submission date: 23" September 2011
Start date of project: 1*' June 2008 Duration: 38 months

Organisation name of lead contractor for this deliverable: Hildebrand Technology Ltd

Revision [V1.0]

Project Co funded by the European Commission within the Seventh
Framework Programme (2007-2013)

Dissemination Level

PU | Public v

PP | Restricted to other programme participants (including
the Cammissinn Serviceg)

RE | Restricted to a group specified by the consortium
(including the Commission Services)

Confidential, only for members of the consortium

Co | ,. . e . °

(including the Commission Services) e
OQ.:.

Information Society and Media

European Commission



Document Control

Work Package Leader: Hildebrand Technology Limited

Document Owner: Hildebrand Technology Limited, Joshua Cooper

Grant Agreement number: 224609

6.3 System Deliverable for Cycle 3

File Reference: D6.3_Dehems_Deliverable.pdf

Date: 23 Sept 2011

Version: V1.0

Version Control Record

SEVENTH FRAMEWORK
nnnnnnnnn

Version Date Author Comments

V0o/1 10/06/2011 Joshua Cooper

V1.0 22 Sept 2011 Joshua Cooper

V1.0 22 Sept 2011 Martine Tommis Proof reading and formatting.

Page 2 of 27



Grant Agreement number: 224609

SEVENTH FRAMEWORK
PROGRAMME

6.3 System Deliverable for Cycle 3

Table of Contents

LY o153 1 T TP P PRSP PRSPPI 5
Background and MOTIVALIONS .......ceiiiuiiiiiiiiee ettt e e e e et e e e et e e e e e ata e e e s asaeeesnsaeeeeansseeesansseeesansaneens 6
o [oTUEY=Y aTo] lo I 2= To [N =T o =T o 3SR 6
CUSTOMET PremiSes HAarOWare ......coouuiiiiiieeiieieeeie ettt ettt sttt ettt e s bt e s bt st e st st e bt e s beesmeeeneeenseeneens 6
RN =] 0 0T - 1 7
UL o [N =T = (oI 1= 1V =T SR 8
BUSINESS LOZIC LAy el i 9
ConsuMPpPtion Data ColECTION ........uiii ittt e e e tte e e e et a e e e e e be e e e eeabeeeeesabteeeesnbeeeeesaseneeennsens 9
DashbOard FUNCLIONS ......ooiieiee ettt ettt e s bt e s bt e sat e st e e bt e beesbeesbeesmeeeaneeeeens 10
O YA =T o o 1Yo [ T 1o PSP 10
B o] 1Y Y O] o T =T - 1Y T PP 11
Tai A=Y =d = C=To Vo] o [ ToF: | oY T IF= V=T SRR 11
o a1 A ot | I 1< PP 11
FiN Yol [or= T a o] g Ry ol=Y o F-Y s o Y-SR 12
MOAUIE DOCUMEBNTALION ..ttt ettt et s bt et e et et e e be e s bt e sheesatesabeeabe e bt e smeesaeeeneeenteenbeens 18
CONCIUSTONS ..ttt ettt et e s bt e s bt e s bt e sae e st e e bt e bt e b e e beesaeeeaeeeabeea b e e bt e sbeesaeesatesabeeabeenbeenbeennees 20
FUBUI WWOTK. ettt st et ettt e bt e s bt e s bt e s at e e at e e be e e bt e sheesateeabeeabeebeeabeesueeeneeenteenbeens 20
Appendix | — INSEAllation GUITE ........eiiiiiiee ettt e e et e e e e te e e e e atae e e s asbeeesensseeesansseeann 21
Appendix Il: Sensor and Data Collector IMAagES .......uvviiieeii i e e e e e e e e e e nnraeees 25

Page 3 of 27



Grant Agreement number: 224609

SEVENTH FRAMEWORK
PROGRAMME

6.3 System Deliverable for Cycle 3

Table of Figures

Figure 1 UML diagram of the DEHEMS CyCle 3 SYSTEM ......uiiiiiiiiieeccieee ettt e e e e e s eare e e s naeee s 7
Figure 2 Individual household dashboard showing power and energy consumption. ........cccccccueeereciveeesinnnnnn. 9
Figure 3 Timeseries graphs showing household usage compared by appliance..........ccccecvveeiiieiecciee e, 10
Figure 4 Physical system diagram for the DEHEMS SYSEEM .......uvviiiiiiiiiiiieee et 11
FIBUIE 5 SCENAIIO L oo 13
FIBUIE 6 SCENAIIO 2 oo 14
FIBUIE 7 SCBNAIIO B i 15
FIBUIE 8 SCENAIIO 4 .o 16
FIBUIE O SCENAIIO S oo, 17
=V T O Y =T o o Y=Y Vo B W =T Y1 01 =] PR 25
Figure 11 RAdio (433 IMHZ) FECEIVET ...uviii ettt e ettt e ettt e e et e e e et e e e e s bte e e s e tteeesensraeeeanreeeeassaeeeennseneeennsens 26
Figure 12 Circuit board for the data gateway device based on the Infineon processor.........cccccceeeeevieeennnee. 27
Figure 13 Back of data gateway board showing available ports. ..........ccccveiiieiiiee e, 27
Figure 14 Plugwise pass through plug measuring appliance level usage. ........cccoceeeecviieecciiee e 27

Page 4 of 27



Grant Agreement number: 224609

SEVENTH FRAMEWORK
PROGRAMME

6.3 System Deliverable for Cycle 3

Abstract

The DEHEMS project collects sensor data from households and presents analysis and real time data back to
end users through a web based interface for the purpose of changing behavior patterns towards energy
efficiency. Cycle 3 of the DEHEMS project will be installed in 250 homes in the UK and Bulgaria with the
system described in this document.

In Cycle 3, a new API, gas usage, temperature sensing, semantic layer and hardware package was
developed to incorporate feedback from previous cycles, explore a federated architecture and to test the
gas estimator model.
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Background and Motivations

The DEHEMS project is using Living Labs as a methodology for research and development for both an
energy efficiency system and the behavioral effects the system triggers. Cycle 3 has the purpose of testing
the ability to measure gas, test new gateway hardware, use the API for publishing to various presentation
and social networking systems external to the dashboard and create a set of interactions between end
users. As in Cycles 1 and 2, it is important that the sensor and customer premises equipment be low cost,
easy to install and compatible across UK and European electrical systems. There were improvements made
to the installation process and simplification of the in home hardware that were suggested as a result of
Cycle 2 feedback, however only small system changes were made at the device level outside of the support
of new sensors; much of the system work was integration server side with advanced functionality.

A further iteration of foundational infrastructure has been laid for a technical system that can be upgraded
over time, following a logical architecture set within work package 2. It focused on adding security features
to syndicate data to other intelligent systems. Hardware produced as a part of this Cycle had the advantage
of being used in Cycle 2, therefore Living Labs had familiarity with installation. We have made significant
changes to the system design in order to dynamically deploy drivers for various types of sensors.

It is also emerging that there is an interesting role for cloud computing in the way that models are applied
to sensor data whereby collective intelligence and large computational power are available - not only for
consumer applications, but also for smart grid and distributed generation paradigms.

Household Requirements

As with the previous cycles, it is a precondition that the house hold has access to the live electricity cable
such that a clamp sensor can be placed around it and that the transmitter unit can be located within a 3
foot cable length. A second precondition is that the household has a broadband connection with ethernet
presentation from a modem, router or switch. Normal assumptions are made such that there are two
mains plug sockets available for powering the equipment.

Households also have the ability to use appliance level metering and therefore must be able to support the
physical locating of the appliance pass through plug.

For gas metering, each home was recruited on a case by case basis for suitability. This includes a meter that
can be read by OCR, power to the telecommunications equipment and minimum distance placements of
telecommunications for ATAC safety requirements.

Customer Premises Hardware

Hardware has been modified from Cycle 2 increasing the number of sensors that can be used, including CT
clamps from Current Cost. This eases the installation, procurement and the leverage of installed base.
There was also a need to support appliance level monitoring and a generalised architecture for more
sensor inputs. The Current Cost sensor unit is still supported as well as a new clamp meter designed and
built as a part of the project. The meter increases accuracy and communicates directly with the gateway
rather than relying on the additional Current Cost display. The data collector has stayed with the openWRT
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enabled embedded router with an Infineon chipset. The software that is on the data collector is custom
designed for the project. Further serial inputs are supported with the new software, namely the Plugwise
appliance level metering that utilises Zigbee as the local wireless network.

Gas metering ran through a GSM phone solution, integrating data from the OCR readings via a text
messaging link. Some control was enabled through SMS responses back to the GSM module as well.

Code location

There is a repository for code located within SVN at http://svn.dehems.org/repos/dehems. A user name

and password must be granted in order to work with code. Access can be granted from Hildebrand
Technology Limited contacts.

System Design

Cycle 3. implementation is taken from the UML diagram below that defines the high level systems
architecture. The areas of social networking and ontology services were moved into usable systems, with
semantic systems and Facebook integration coming online.

1

Mobile User Interface

Dashboard User Interface Social Networking Adaptors

<<aCCodsm> <<acgess>> e z<ACCeSS>>
= N L
End User Services
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777
<<ACCess>> <<ACCeSS>>
: <<access>>} :
N N <
Representation & Reasoning System Household Model Database Data Extraction Engine Pattern Analysis Engine Data Capture Engine (Server)
<<aCcess> <<ACCESS>> | <<acoess>>

«<a00es5>>, H . .
' <<ACCESS>>" <<acoess>> <<acobgs>> <<actess>> <<aCCcess>>
~ - H - :

—‘ -4 H A e :
Onlology Service Energy Model Engine Time Series Database Home Data Capture System
T ccaccess>> 7

Figure 1 UML diagram of the DEHEMS Cycle 3 System

Third party packages and languages were used for components. These were selected on a preferred basis
of open source, robustness and fit for purpose. The following list shows the details:

e operating systems: Linux Centos 5.2 (32 bit for application servers, 64 bit for databases), for data
collector, openWRT rev1112.

e database: MySQL 5.0.45 (64 bit), memcached 1.2.5-2 (64 bit)

e web/application servers: Apache 2.2.3 (32 bit)
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e application server language: perl 5.8.8 (32 bit), PHP 5.1.6, ModX
e browser: Firefox 2/3 (preferred), Safari 3, IE 7+

e ontology services: Java - Jess and runtime Protege components - software written by Coventry
University

e embedded operating system: openWRT

e social networking integration: software written as a Facebook application by Salford University

User Interface Layer

The end user interface was designed for use in a web browser, with data updating into dynamic graphical
areas. Flash was used for the dials and other rich controls as it was suggested from Cycle 1 that Flash would
provide a better user experience. Flash was combined with other AJAX methods to retrieve data. Two areas
were implemented, the Dashboard and the User&SystemAdminUlI.

The User&SystemsAdminUl implements registration, password changes, authentication, entitlement and
profile management. Registration is done by end users without the need for administrators to pre-
configure hardware on a user by user basis.

The user interface requirements were given in WP2 and the design input was given from the WP2 group.
The dashboard functions implement the end user requirements for showing power and comparatives to
others in the Living Lab in real time. The dial data is updated every 6 seconds and implemented with easing
on the dials so that an analogue feeling is created. Other data on the page is refreshed on page reload.

Status information on hardware performance is displayed in the top right with a green indicator showing
that the data gateway and data sending are occurring. The status lights update every 5-10 seconds on a
change of state. If red indicators are shown, trouble shooting tips are displayed.
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Figure 2 Individual household dashboard showing power and energy consumption.

There was a change to display the individual’s usage over time rather than accumulated measures
displayed in Cycle 2.

Business Logic Layer

Interfaces are supplied by the business logic layer in the form of web services. In the Cycle 3
Implementation the business logic layer is exposed to the Internet, so that it can be used by Javascript and
Flash components, the data collector device and public web pages. Additional security was added to be
able to integrate Facebook applications with an application key assigned by our system.

Consumption Data Collection

The sensor data is collected at the household through a small embedded computer shown in Appendix 2.
The data collector brings the serial stream of XML from the sensor unit and makes an HTTP POST to a web
service that handles the incoming data. A more detailed description of the consumption data collector
hardware and the sensor unit is found in Deliverable 3.7.

The data collector uses openWRT as an operating system with an application, a serial line reader to HTTP
client to update data into the central system. The serial line is a USB to RJ-45 connector supplied by the
sensor meter manufacturer.

Note the server for the data collector is presently contained in the same perl module as the dashboard
functions, Data_Dehems.pm. The check boxes and drop down filter data on dimensions for appliances.
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Figure 3 Timeseries graphs showing household usage compared by appliance.

Dashboard functions

Functions for getting data out of the statistical engine and supplying it in the proper format for AJAX display
controls is done as a perl module fronted by an Apache web server. This is shown in Figure 4. as the
data.dehem.org server. More detail around the functions implemented is found in subsequent sections.
Presently the implementation for dashboard functions and consumption data collection are in the same
module, Data_Dehems.pm. This is for convenience and can be implemented as separate physical
implementations.

User & System Admin

This is implemented through a separate web server infrastructure that enforces user rights for viewing,
manages the HTML, CSS and layouts for pages through a PHP content management framework called
ModX. A HTTP proxy is configured on the server in order for client code (Javascripted and Flash Ul controls)

Page 10 of 27



NYELE N Grant Agreement number: 224609
DEHEM®
"»"S"fif‘) SEVENTH FRAMEWORK

6.3 System Deliverable for Cycle 3

to fetch data from the same server name that has served the URL request, i.e. domain security for client
requests.

Administration of the system is found at: http://www.dehems.org/manager and requires an account with

administrative privileges to log in.

momecached

update
routines

mamcachad
data.dehems.org Data Dehems.pm

mamcachad mﬂke ﬂ\ferﬂgeﬁ.pl
make_daily_averages.pl
JSOM HTTP "
Web Server mameashe
Csv c/“:;‘x (Apache 2) perl module
XML

—
— ]
HTTP Proxy MysaL
status.dehems.org
JSOM
HTML HTTP —
Web Server L A
43 ﬁ [Apache 2) PHP o = MysSQL
TEXT
H
C5Y
images ModX framework
Cs8

Figure 4 Physical system diagram for the DEHEMS system

DEHEMS Object Layer

A thin layer of objects have been created utilizing memcached as a distributed in-memory object store. The
objects are implemented as perl arrays, but can be changed at any time in the future. Memcached has
some built in features that make it very useful like cache expiry times that enforce object freshness,
automatic failover and distributed memory usage. Memcached is implemented on four servers with 200MB
reserved on each, the expiry is 600 seconds for instantaneous values, giving a 10 minute freshness to the
data.

The object layer is a set of data structures that will be described in more detail in the module
documentation.

Integrated Application Layer
Semantic and analysis applications were deployed at an SQL level of integration in order to use data
brokers that were available for the Protege platform.

Physical Layer
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A minimum of two Linux servers are utilized for the live DEHEMS system, this is to minimally split the load
between application and database functions. Load balancing and further partitioning is easily implemented
given the architecture found in Figure 4. A duplicate set of servers is available and backups are taken
regularly, however, it is the intention to run parallel servers and services with different implementations to
be able to compare different systems such as persistent storage.

The physical layer effectively has two databases implementing the Energy Usage Database and the User &
System Database and the set of sensors in the field. As with all layers the physical layer is able to be
replaced with different technology and several different technologies will be tested throughout the project.

There was an additional set of servers implemented in Bulgaria and a set in Romania, for the purposes of:
e trialling advanced storage, database and aggregation techniques at Rousse
e achieving fault tolerance at leAT

e providing a platform for services such as the semantics to integrate at an SQL level at IeAT

Application Scenarios

The physical architecture implements basic storage, retrieval and statistical calculations over a fairly simple
system. As much as possible memcached is used to work with data. This dramatically decreases the load on
reads from any persistent layer that is implemented.

The use of in memory data storage is strategically either as a cache that is re-populated from persistent
data or updated from remote devices. Daily statistics per household and group averages (including all
households) are updated every 5 seconds, from persistent data if necessary. Data from devices occurs
every 6 seconds and reflects instantaneous readings, therefore no refill of memory from persistent storage
is done, we let the next sensor reading populate the memory store.
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Secenario: Incoming sensor data

Sensor Input HITP Memcached MySQL

XML serial: 9600N1 I_LI HTTP POST({XML)

— —=

parse (XML)

check MAG (MAGC)

correct_time_zone
reading_time)

getiMAC)
::)shifl_ indexivalue_hash}
store(MAC, [timestamp, re g, index])

e
i insert(parsed values) ' "D
L |

Figure 5 Scenario 1

Implemented in Data_Dehems.pm, data is inserted into structured in memory and persistent data stores.

Page 13 of 27



w&; Grant Agreement number: 224609 ‘7;

L5
6.3 System Deliverable for Cycle 3

Scenario: Registration datection

Sensor Input HITP Memcached MySQL

XML serial: 9600N1 |“‘| HTTP POST(XML)

—

check MAG (MAC)

insert{unknown IP,MAC)

4 register {IF,MAC)

, ™ return (1D)
return (OK to register) -

POST (username, password |
associate (username, passwiord, MAC)

Figure 6 Scenario 2

Data collector boxes are not configured with a user name and password. This that is set by end users
when they install their equipment. A simple scheme is used that relies on the IP address from the data
collector box to be the same as found from the browser where configuration is completed. The IP
addresses being the same, albeit only for this brief period of time, a link between a supplied user name,
password combination and a MAC address can be made. Subsequently, only user name and password are
required to access information for a MAC address.
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Scenario: Get dashboard data

Browser Client HTTP Memcached MySQL
| | ]
| u :
-'- |
getl_dash_data(MAC., group] -
- get memory(MAC)

-
-

get memory{Average_X)

get memory(MAC_day)

format JSON
—_{memaory)

return(JS0OM)

Figure 7 Scenario 3

Retrieving data for the dashboard is done as JSON
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Scenarlo: Get chart data

SEVENTH FRAMEWORK
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Browser Client HITP Memcached MySQL

1 | 1 ]

5 ) ) '

get_dash_data(MAC, X) X '

tinmemory | | | | getmemoryMAC day) [ | ;

i get memory(Average dayX | E

: | | farmat {(memory} | E

| return(CSV) i
: - . R
| else | prepared_query_data(MAC) !
I T o i
I ] i i
i return (minute averages 24hrs) !
. . i :
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: return(GSV) :
i - |
I - e 1

Figure 8 Scenario 4

D

Detailed chart data returned as comma separated values to power the MIT, SIMILE time plot.
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Scenario: Make group averages in memary

make averages.pl Memcached

SEVENTH FRAMEWORK
PROGRAMME

supervise runf)
running -= killiself)

exXecule every

MySQL

get all groups() and active members(}

returnfactive members)

f

returniinstant values)

for all {active members}-= get memory(MAC)

-

| | calculate averages (instant values)

5 seconds -
set front page(average)
set average(MAC, average)
set group average (group, average)
T
Figure 9 Scenario 5

'

Constantly running process make_averages.pl cycles through readings contained in memcached.
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Module Documentation

Name:
Data_Dehems.pm - perl Apache 2 module for data insert
Description:

This module implements the data insert into memcached and MySQL. Memcached does not have a
schema, therefore the key and hashed values are defined in code within this module. The module relies on
DBl and XML parsers readily available in CPAN and follows common templates for perl Apache 2 module
creation.

Memcached keys are:

MAC  MAC address is used as the key for individual households formatted as a 12 character string e.g.
000E2EEOB827

AverageX where X is a string representing a group identifier.

MAC day where the MAC address is used as the key for individual households formatted as a 12
character string e.g. 000E2EE0B827

Average dayX where the MAC address is used as the key for individual households formatted as a 12
character string e.g. 000E2EE0B827

Frontpage asingle key holding publicly available aggregate information about the entire set of
households

Within each key type there is a hash for the value which is a data structure storing data against the key.

MAC keys store a data structure that has the latest time stamp in position 1, followed by 10 data slots for
values, these are stored as perl arrays.

AverageX keys store a single integer value representing group average power consumption in watts.

MAC_day keys store minute averaged values of the power for a MAC address, there is a maximum of 1440
values present in a perl array.

Average_dayX keys store minute averaged values of the power for a group defined by string X, there is a
maximum of 1440 values present in a perl array.

Frontpage keys store statistics for the whole set of households with the first slot holding the minimum
household power in watts for the set, the second slot the maximum, the third slot the count of households,
the fourth the sum of all usage across the set and the fifth the average for the whole set.
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Prepared statements are implemented for SQL queries against MySQL. The schema is shown in Appendix 1.
with the main table implemented as a high volume row store with some tables implemented as aggregates
around the row store.

Functions:
get dash data.html returns a JSON object with the real time household statistics

get chart data.html returns a CSV text file of time stamps, minute averages of power (watts) for
a specified household and group

get front data.html returns the Frontpage data structures as JSON object
recxml records the inbound XML from the data collector
get version simply returns the version number of the module

working copies/data collector isa function exposed to push new software updates to the
data collector box.
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Conclusions

This system has been deployed in over 8 households for more the duration of the test cycle. It has been
shown that the system is manageable, functional and able to be upgraded while in the field.

Testing has been done with simulated load to handle well in excess of 1000 households. In order to study
patterns and behavior all data will be kept at its original resolution for future analysis.

Future Work

A very functional and stable system has been delivered and there has been a lot of interest in expanding
user base to bring benefits to a larger number of people. We have also uncovered some interesting areas to
research due to the practical limitations of current technology. These areas include:

e scalability to millions of households, the ability for a centralized system to collect analyze and
provide data via an Internet based web service

e security models to enforce privacy, legitimacy of data sources and rights to consume
e computational languages to take advantage of the tiered data system that has been designed

e Cycle 2 will also bring new challenges in interfacing with control systems, semantic systems and
non-browser based clients.

e Implications for other Work packages

e This deliverable affects all work packages as it represents the physical deployment of the project.
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Appendix I - Installation Guide
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Equipment Installation Guide DEHE M }—*

T
'm B fundad climate changa initiative

Equipment Supplied What you need in your home

Transmittar Broadband . Plug socket
and sansor jaw )] Data collector =0 connection and router F u

@ﬁ (/T g |
h E| = CHE )

Ethernet D Data collector
cable pawer supplhy

¢ Ow ) |

&3 Electrici
mater v

Set-up after installation

IEEIE-'JJ 1 MB: the pairs of kghis
TR displayed here arg
— Hitat de aniul:lant on which
F s ork port Is In use

spgzgnizzror ) Solid green light
. — ehow s there B a
network connec|
F'la.ahlnl% green Ilght Flickering green light
shows there ra
bt Inl:eme-1 metwork actiity

Install the clamp
Open the battery compartment on the transmitter and sensor jaw A and remove the plastic around the batteries. A
red light should then flash on tha front of the unit.

Locate your electricity meter G and the fourth cable from the left - most maeters have 4 cables, some have 6 but it
should always be a thick round wire fourth from the left. Ensure there is enough space around the wire then
position tha clamp around the wire making sure the jaw is fully closed (see diagram). To work most effectively the
jaw should =it parpendicular to tha cable i.e. not hanging off the wire. If you have an elactricity metor with a
different cable set-up note that you will not damage any of the DEHEMS equipmaent by trying different cablas. If
atill in doubt ask an electrician.

Connect the data collector to the internet
Connaect ona and of the athernat cabla C to the data collector B using any of the & sockets and plug the ather and
inte your broadband router.

Plug the power supply D into the back of the data collector B and a suitable plug secket. The data collector should
switch on automatically. When starting up 1 green light and 2 ambaer lights will briafly come on then switch off and
there will be no lights showing for around 30 seconds. 1 amber light will then come on and after a pause 3 grean
lights will appear. When the far left constant green light starts to flash the aguipment is working and connacted to
tha intermet.

Register on the DEHEMS website
To register to view your alactricity usage go to www.dehems. org whare you will be prompted to register an account.

Whenever you want to view your electricity usage login to www.dehams_org from any computer.
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Install the clamp
Open the batery compartment on the clamp A and install batteries. A red light should then flash on the front of tho

LRt

Locate your electricity meter H and the fourth cable from the left - most meters have 4 cables, some have 6 but it
usually is a thick round wire fourth from the left. Ensure there is enough space around the wire then position the
clamp around the wire making sure the jaw is fully closed {see diagram). To work most effectively the jaw should
sit perpendicular to the cable i.e. not hanging off the wire. If you have an electricity meter with a different cable
set-up note that you will not damage any of the DEHEME equipment by trying different cables. If still in doubt ask
an electrician.

Connect the data collector to the internet
Connect one end of the ethemet cable © w the data collector B uging the socket with WAN written undermeath
thien plug the other end inte your switched on broadband router,

Plug the power supply D into the Dack of the data collector B and a suitable plug socket. The data collector should
switch on avtomatically. When starting ug 1 green ght and 2 amber lights will briefly come on then switch off and
there will be no lights showing for around 30 seconds. 1 amber light will then come on and after a pause 3 green
lightz will appear. When the far left constant green light stars to flash the eguipment is working and connected to

the internet.

Page 1 of 2
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Register on the DEHEMS website {Plugwise users)
Please note there is no need to plug in any of the plugwise plugs or the USE stick until afer vou have reqistered

your account and equipment details on www.dehems, ong.
To register oo to www.dehems.crg and click the register button on the left.

Enter the data collector (D (12 digits long on a sticker on the back of the device)

For measurement type select 'Clamp and Plugwise'

For meter ivpe select Omnima

Enter the clamp serial number (on the back of the clamp starting in OM, converting it to decimal ifitis a

hexadecimal number (as explained in the briefing))

# To associate the plugwise plugs type in the & digit identifier on the back of the plug e.g. 4692AB for cach of the 4
plugs. Please note one of the plugs will have the word 'circled’ (as opoosed 1o just 'circle’) on it or will have a
grey back {instead of white) and this plug should be used for an agppliance that is located near 10 the data
collector .o in the same room if possiole.

* Select vour living lab from the drop down menu.

L B I

Follow the rest of the account setup and househeld grofile 1o comalete the first stage of registration.

As a plugwise user you will then need to login to DEHEMS and go 1o My Settings = Househald Settings = Usar
Settings and enter the details of each occupant.

I maaaeeyR Tnen go 1o My Settings = Household Settings > Appliance Settings
S g Tk e s = mees gnd press the Add appliance” button at the bottom.  You will be
Py ey p——— prompied to add details about each appliance you will be monitoring
Voo — through plugwise. If you are unsure of any details c.g. the modal,
e et type the word ‘unknown’ in the box. At the bottom will be a list of

» T = occugant names, for each appliance you will need to assign an
oL T — ap-p-r_-:mimate percentage use to zach person and then click tr_'u: "Add
e e [~ | apgliance’ button. Repeat this process until vou have 9 appliances
S — listed under "Appliances 1o be monitored’
; --..;.-..: mm— 00000 At the wop of the page under Plugwise settings you will have a list of
O B — 9 Plugs with their device IDs. For each plug you will need 1o click
s the 'change appliance” bution and select from the drop down one of
. e o the appliances you gave details for,
— - | o rors oo}
[ ]
| S
I

Apolienca setlings page elter the 9 eppliences have been assigned

Setting up the Plugwise equipment

Take the Plugwise USE stick F and place it inte one of the USB sockets on the back of the Data Collector B, Mow
1ake each plegwise plug and plug the associated agpliance {as listed on the 'Appliance Settings' page) into it and
into the mains socket. You ane now sef ug and you can view your individual appliance usage from the My
Appliances’ page of www.dechoms.org
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Appendix II: Sensor and Data Collector Images

s

Figure 10 Sensor and Transmitter

New current sensor and transmitter developed with 12-bit analogue to digital convertor and more accurate
clamp sensor.
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Figure 11 Radio (433 MHz) receiver

Radio (433 MHz) receiver is now inside of the data gateway which then interfaces with the home router to
send data to servers through the Internet.
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Figure 12 Circuit board for the data gateway device based on the Infineon processor

Figure 13 Back of data gateway board showing available ports.

DC power in, 2x USB ports and 5x RJ45 ethernet ports capable of 10/100 Mbps speeds.

Figure 14 Plugwise pass through plug measuring appliance level usage.
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