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1. PUBLISHABLE EXECUTIVE SUMMARY

This deliverable defines the very basis of the Eapping Intelligent Automation Unit(IAU)
including the system requireents, the system specification and the systemtectinre.

The requirement specification includes a listingstdndards which shoulbe considered
when developing the IAUFurthermore, concepts of the data modmimmunicatio and
hardware systemsrelevant for EcoShopping are dbest

In addition, this document describes sevmodules of the IAU which ha to be considered
when devadping the EcoShoppil project.

Thetarget group are the system develo. This document supportgeir implementation an
development work by defining the system requiremespecification and architectt
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2. INTRODUCTION

2.1 Purpose and target group

This document aims to define the system requiremenggifsgation and architecture oftl
Intelligent Automation Unit (IAU) Platform togetherth a low cost novel monitoring syste
which is a combination o& distributed fixed sensor network and an autonotr mobile
Robot. The integration ofhe mobilerobot, which collects environment data and of
service to visitors, not only bringn improveduser oriented monitoring, but also enhes
the building security with the integrated acoust@ent detectionystem Together with the
collected data from the sensor netw, an instant representation of the building stat
provided to the IAY which thel evaluatemultiple scenarios, selecting the bstrategy that
fulfils the predefined energy saving goawith the minimum cost/impar A Thermal
Dynamics Modeling, calibrated with monitoring datall be used in the optimization proce
performed by the IAU. The system perfornn optimization calculation and executes
corresponding control, the result hat, the system will exploit the renewable enengy the
inertia of the building which serves as a largertta storage as much as possible, reduc:
cost by load shifting, switch on the heating orlswpsysten and lightin¢ more accurately in
terms & time and temperature withian acceptable range ( e.g. before the comme
building opensthe HVAC starts up to adjust the comfort, whem tidriff is lower, the systel
mayalso start heating or cooli). The partial load behavior of the HVAC exist equipment
will be investigated in detail and integratinto the IAU. The dependence of the HV/
equipment on variables suab outdoor temperature wbe monitored and taken as additio
data.

The target group arthe system develop. Thisdocument supportBeir implementation an
development work by defining the system requiremespecification and architectt

2.2 Contributions of partners

Project partner AlTbrings extensive knowledge in building model anduation alongsid:
with system requimaents, specification and architecture definitiAIT had the leading rol
in the development of this docum, contribution for the entire document

Project partner 1ISArovide awell-founded knowledge and experierioeenergy efficiency
and multi-utilty remote meterin, which comprisesensors, meters, and anumber of flag
devices capable of remotely sensing parameters @schwater, gas, and electric
consumption,air quality, people’s presence, amoimgroteaturesISA was one of the mai
contributorsfor this document, describing everything relatethifixed sensor networl
Project partnerFhG pvide extensive knowledge in the field of acoustic soumidk
technologies, e.g. concerning noise reduction atmlistic source localization d general
signal enhancement and human increase SoA by gewelt and publication of ne
algorithms that are adapted to the specific problenEcoShopping and EeB in geneFhG
was one of the maiwontributor: for this document, describing everythinelated to the
acoustic sensor networks amebilerobot.

Project partner NOVAMINA is specialized in designdaimplementation of componen
Optimized, energefficient and networked sensing systems were r@&dlia several projec
including audio and blding automation applications. Therefore, thera slid S&T base ¢
knowledge and experience in data computing and@cNOVAMINA was one of the mail
contributorgfor this document, describing everything relatethi control syster
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Project partner Solintelerall experience involves advanced simulatiorc@sses, monitorin
stages fromenergy cyclemd building retrofitting analysis. As such withilnis documen
Solintel contributed mainly with the definition tife noi-functional requirement

Project partneANCODARQ is specialized in construction and rettofg.As such withir
this document ANCODARQ contributed mainly with tthefinition of the user characteristi

Project partner ANAB as a consultancy specialist, namely in  innovative
materialdevelopment, energy efficiency and-cycle analysis apart from I- cycle cost
modelssupported this document mainly regarding the sysconstraints, assumptions a
dependencies.

2.3 Baseline

The state of the artegarding the commercial systetechnologie,are BACnhet[1],
LonWorks[2], and KNX[3].Particularly, for building control, current operatiof HVAC and
commercial lighting systems are based onschedeléiser occupancy or time depenc
[6][7][8]. Theforecast and control accuracy is ected tobe enhanced byimplementinn
advancedcontrol model such as Stochasticodel Predictive Contr@6MPC) compare th
widely use RuleBased Control (RBC) aiDeterministic MPC (DMPC).

Related other (EU) projects:

In the “Sounds for Energy Control oluildings” (S4ECoB) project the primary goal is !
establishment of more energ¥ficient buildings through the optimization of stthg BMS.
The “Experimenting Acoustics in Real environmeningsinnovative Te«-beds” (EAR-IT)
project aims to develop agstic mass flows maps which provide awareness effldws of
masses.

The "Calculating Optimizations and Forecasts Foergy Efficiency/Simulationsgestuitz
Entwicklung eines numerischen Systems zur En-Optimierung” COFFEE/SENS-O
project uses the 350001 process to support optimisation measurbaildings. The projec
aims to build on the existing approach with a coragee thermal simulation and subsequ
vulnerability analysis.

The members of S4AECOEAR-IT, EcoShopping and COFFERENSE-O projects were
invited to join to the discussion among othintelligent Automation Unit requirement
specificationand architecture. In the discuss the participants decided to keep in touch
to consider information exchange at least reladddformationmodelling.

2.4 Relations to other activities

The work described here is mai limited to WP5 [ntelligent Automation Un). Although

intermediate inputs from tasiTask2.3 have been utilisedamely regarding the user nee

services and scenarios (D2.4).

This intermediate result of T2.2 is the main staytpoint when developing the final versi

of the EcoShopping IAU(T2.2). The development of | tools n tasks T5., T5.3, T5.4,

T5.5, T5.6 and T5.4ill be carried out in close collaboration with s task (System
requirements, specifications and architec).

2014-05-16
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3. TECHNOLOGY & STANDARDS BASELINE REVIEW

I ——
EcoShoppingaims to not only increase the energy efficiencyaobuilding, but also t
optimize the investments necessary to achievenfmr goal by incorporating innovati
approaches and new technology that adds additi@iaé (e.g. a multipurpose mobile ro
platform).

Advancing beyond current state of the ai, Signal Processing Units (SF, including the
acoustic data anednvironmental data processors will be devel, together with the more
accurate building model, user behavior, weather and consumpin profile will be taken
asinputs to the 1AU, to have a further calculatio.

Nowadays, all buildings are built with a certainamt of automation for HVAC, shadin
and lighting and theyhave established Building /mation Management (BAM) systen
Depending a the target use of the building, also other appilbims for indoor comfort migt
rely on an automation infrastructure (hygiene, ascentrol, media facades and outd
lighting, multimedia, evacuation, etc.). Unfortuelstt most of the BAMs do not atl or
poorly take into consideration the micro climatelod building in real time. They just swit
devices,heating elements, lights etc. on or dffi@tpredefined tim

Regarding the commercial systems, there are sbipretary systems in use, bupen and
standardized solutions dominate the market.The ethisternationally standardize
technologies are BACnet[1].onWorkq{2], and KNX[3] each focused on certain marke
The application of these technologies for energyagament is still straight fward; only
recent developments show more sophisticated appesdike weath«predictive controls o
Wide area loadmanagement. The mentioned technsldgiee generic interfaces for ene
management. One exception isSBACnet with its BAQpnatl manageme object [4]. This
load management object can be embedded into amyenensuming device to represent
abilities for load shedding. Other protocols hawe or entirely differentapproaches (e
Zigbee Smart Energy Profjl) to this topic.

Informationsecurity, scalability, interoperability, intelligea are still challenges for buildir
automation.Another challenge for certain applicatie the ratio between sensor costs
sensor information quality.Especially occupancy aedple count is importe for lighting,
HVAC and emergency applications. Individualsensargy they be light beams, flo
sensors, passive infrared sensors or even camaeths sephisticatedpatte-recognition
algorithms have a limited reliability when it comé&s occupancy anderson count. A
widelyused strategy in such cases is sensor fusibare multiple and diverse sen:
information is combined toincrease information gyaOne advantage of sensor fus is the
fact that a number of cheap sensors canoften datpean exgensive one.

Particularly, for building control, current opexati of HVAC and commercial lightin
systems are based onschedules, either occupantmerdepende [6][7][8]. While time
dependent control of lighting (e.g. -parkareas) and heating/cooliagntilation uses p-set
time intervals, occupancy dependent operation efdhystems requires -set occupancy
information or sensors to determine -time presence and number ofoccupants in a parti
building zone and/or surrounding areas-called demand controlled ventilation,DCV45).
both cases, current operation of HVAC and lighsggtems is less than optin

In the case of preet time and occupancy schedules, the systems tdsame energy whe
actual occupancy isless than schedulee. no lighting intensities and airflow rates

reduced when people are not present in thebuilsimgiunding zone. In case the ser
detects occupancy, the critical information is tluenber ofoccupants within a building zo

2014-05-16
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as the required standasdpply flow rates depend upon the number ofoccigpaitthe sam:
time supply flow rates are directly related to #rergy consumption of the buildingHVA
system in two ways:

* They impact the fan energy consumpt
* They impact the heating or coolienergy consumption for air conditioni

Current state-of-the-art cosffective ways to provide re-time occupancy information, bas
on CO2 sensorreadings, have en-saving potentials, but actual energgring estimates a
not available. Furthermo@O2 sensors have insufficient accuracy and a nuwigotential
installation/maintenance pitfalls preventingtheronir providirg maximum HVAC energ
efficiency. For example, the time necessary for the CO2ldwvalse and sensors to detect |
change, iitiating increase in air supply rates, may be tmugl such thatby the time the ail
actually delivered to the occupant zone, the occigphave already left the area. T
isparticularly true for the building zones with hig fluctuating occupet density, such as
shopping centet car parks,public transportation buildings, aitpoetc. In fact, studies ha
shown that direct occupantunting resultsshow much lower uncertainties itewhgining the
exact number of occupants than presently used m.Additionally, no single sensir
technology is available to provide required accyrac determining exactnumber
occupants.

Progressing beyond the current &in building energy management system des
EcoShopping wilmplement optimized building eney management (BEN strategies
developed using calibrated building simulation nis, based uponthe multiple buildii
sensor readings. The advantage of such simulasisistad solution is evider-basedoptimal
system performance, while using the buildimergy simulation model is expected to s
time, effortsand financial resources, comparedhéoectual field trials within the buildir

Furthermore, the results of the BEM optimizatiorl weveal how various simulation inp
parameters such asweathenditions, time of day and occupancy, influence siraulated
energy efficiency of the appliedtechnologies, anlll provide a basis for further analyses
its prospective applicability.

Intelligence will be enhanced by improving the gregedmodels ancontrol strategie. In the
development of the IAU, aspart of tiBuilding Automation ManagemenBAM), user
patterns, price changes, consumption andweathecdsts will be bring to real, while t
models used will beimproved, a “low cost thermakagesystem” —the large buildingitseli
will be considered as an important parameter aliguthesystem have a higher flexibility
exploit the renewable energy andload shifting. @a other hand, as a more intellig
system, theforecast and control accy is expected be enhanced byimplementin advance
control model such as Stochastic MPC(SMPC) comffeeavidely use Ru-Based Control
(RBC) andeterministic MPC (DMPC

2014-05-16
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4. SYSTEM REQUIREMENTS

4.1 Functional Requirements

Taking the advantage of enabling ICocreate visionary future monitoring and controll
systems, local energy efficiency will beimproved ibgluding the possibility to match tl
energy balance of the neighborhood both locallywith the grid and energy markeFigure
1).

occupants mile-  criergy/ mass transfer

—= signal path

= = == human action

1
1
1
|
Building |

1
(TES) V dh

indoor

environ-

controllers

ment

auxiliary
systems

ydm
outdoor environment renewables fuel supply power generation

Figure 1. Building as an integration of energy.

A dynamic model describing the building as a big tarmal storage is built For
bigbuildings, aghe space and mass it conti increaseshe inertia of the building increase
order to take advantage of this “thermal battegyReduced Building model which can
present the dynamic thermal storag(Figure 2) should be developed in order to han
accurate control and most importantly, to explog thaximum potential of free energy, st
as night cooling and solar air conditioning. Knogvithe behavior of the buildi’'s thermal
tank, the IAU could calculate the perfect time tarsHVAC on the moring before open th
building in order offer comfortable environmenteat or calculate the time to start |
ventilation system at night to make use of the oate to cool down the space, at |
meantime, with in the sgteint of the comfort, togethely controlling the renewable ener
base HVAC system, which offers the basic supplg, WU can have a more flexible re:
toward the demand, consequently, the total enesggumption could be greatly reduc

2014-05-16
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In order to reduce the sensing cost, improve timsisg data quality and buildira Mobile
Robot will be introduced to the building. This robot, not only serves as mobile sen:
platform, but also reacts as a building watchesyjling information to \sitors and watching
over the buding. The integration of theobot isless invasive compared to fixed sen
installations, more importantly, allows the systenie areal User Orientec. A mobile robot
gathers sensor data more locally, i.e. closer e users of a building and thdore offers
more reliabledata (the convenience of people is the most importaimgthbesides enerc
efficiency). Hence, a feedback loop can be estaddis Furthermore, for areas with higl
occupancy, parameters collectedfixed sensor may have a lower quality; this faat te
taken into account more precisely by using localgthered data instead of spars
distributed fixed sensors. On the other hand, tbbil@ Robot is a ke-technology forother
applications such assecurity and safety, the integration of the cameras and acoustic ¢
working together with the acoustic event detec(i®BD) enables the building to have ar-
around control and enhanced protection. For thgegioas a novel idea and at lean eyes
catching equipment, the mobilobot can present information about the projech®gublic
directly from the tesbed, which makes valuable for dissemination and communicatior
of the project goals. Frothe point of view of economi, the integratia of the Robot will be
very cost effectivealthoughnot all other benefits that lrings to the buildin have been
included the return of investment will be less than 2 geansidering the robot can at le
substitute one night watcher employA semi-automatic learning system could retain its
auditory capacities from an Internet-based repository, allowing the enhancement
applications in other domains and information servtes in the future.

Models
B 17 SMPC (2)
| MPC »| Construct
| ¢ formulation : constraints

i - . .___.-3".:
i Soften

Cost function constraints

Optimizer

v
Figure 2.Reduce model used for optimization purpo

Acoustic and environmental sensing and processingrge spaces and open environm
can provide near re@ime information about the estimated occupancyl]exie condition,
temperature, humidityilluminance.Partcularly, the integration of acoustic sensor, ak«
detecting sounds as a pecessing step for succeediAED. This AED expresses tt
meaningfulness of the sound or noise and includessemantic tags of meaning and
stamps of position and time,ch as “nobody is here now” or‘someone is crying apdds
help” is helpful for monitoring building securitynd occupancy level which also is
important parameter not only for lighting contrblit also for air conditioning due to t
human heating emigs will also raise the cooling demand in summeremiuce the heatir
demand in winter.
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4.2 Non-Funtional requirements

In EcoShopping a great effort will be givetothe “Continuous Assessment”, t
optimizationbenefits for tnldings energy efficiencwill be calculated based on comparis
of:

1. The integration of ea-to-install energy consumption monitoring technologgplaas
the identification ofthegap between theoretical and experimental perforae, thus
improve the optimizationprocedure. The improved original (calibrated) simulatio
runs, and the improved and original energymonitpriatasets covering variety
operating conditions. Such calibration would medrat t thesimulated resul
sufficiently correspond to real measured electrioctonsumptionunder varying
weatherconditions for the demo building locatioAslditionally, a second baselit
comparison will be donebetween the improved bugdsmulation and monitorin
dataset to a representative energyperformancenfdas facilities

2. Comparing annual and monthly billsbefore and after the installation of IA
consumptions (kWh) andcos€), during the first year and the third year withl
deployed system in each pilot buildingand contpalce

These comparisons will be used to derive rele evaluation factors and decision crite

* The ecological performandactors will include percentage of energy saved manmad
to thebaseline, and percentage of CO2emissionsdsdased on a typical mix
energy sources at thegeneration facili

e The fnancial performanceactors will include savings in energy costs, bigo.
expenses in sensorcosts, installation and maintenasosts, financial mark
conditions, building added value due toinstallatafnthe proposed technology a
impacts on produatity and extra information servict

The various use casefined in D2.4will be investigated and ranked in an early stafy
theproject with the goal to identify the most premg application for thedemo
siteConcerning security integration, sourcan provide a clear added ve

* Infrared Technology: Even if infrared soluts are of lower costs, acoustic sens
can provide a betterintegration with security systsince sound processing can
used not only for energy efficiency butalso foram&ic danger guation detectiol

* Image processing: Image processing can providelaingapabilities to soun
processing for automaticdetection of danger sibmati But with higher cos
(economic and ecologic) due to a bigger and agréaseallation fora visualfor real-
time video streaming instead of sound strear

To achieve a sustainable building operation indispensable to have the building's ene
consumption and the operation data. To reach ariezft energy management the key toc
a precise monitoring data. The collected informatioysléhe groundwork for future measu
to reduce operating costs and lower energy consampFor these two purposes, it
required an efficient monitoring that combines athel technology with continus analysis
to ensure the maximum integrity of the collecteth

Nonfunctional requirements represent the quality g@ald constraints of the monitorii
system. Different nofunctional requirements will be explained in orderdesign a qualit
IAU, which can react precisely to the needs of the bugldior this purpose a reliable a
accurate monitoring system (fixed sensor networ#t arobile robot) has to be design
Below, there aredescribed four differe nonfunctional requirements concerned the
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monitoring network such as AccuracPrecision, Resolution, Sensitivity, Range, Off
Linearity, Hysteresis and Response time, which alibw to have quality monitoring dat:

Accuracy

The accuracy of the sensor is the maximum diffexg¢hat wil exist between the actual val
(which must be measured by a primary or good sergratandard) and the indicated valu
the output of the sensor. Again, the accuracy aaexpressed either as a percentage o
scale or in absolute terms.

Precision

The concept of precision refers to the degrereproducibilityof a measurement. In oth
words, if exactly the same value were measurednabeu of times, an ideal sensor wo
output exactly the same value every til

Resolution

This specification ishe smallest detectable incremental change of ipptameter that can |
detected in the output signal. Resolution can Ipeesssed either as a proportion of the rea
(or the fullscale reading) or in absolute ter

Sensitivity

The sensitivity of thesensor is defined as the slopehe output characteristic curor, more
generally, theminimum input of physical parameter that will ciead detectable outp
changeln some sensors, the sensitivity is defined adrtpet parameter change require:
produce a standardized output change. In otheisdigfined as an output voltage change
a given change in input paramet

Range

The range of the sensor is the maximum and mininalues of applied parameter that «
be measured.

Offset

The offse error of a transducer is defined as the outpatt Will exist when it should be ze
or, alternatively, the difference between the dabudput value and the specified output ve
under some particular set of conditio

Linearity

The linearity of tle transducer is an expression of the extent to twthie actual measurt
curve of a sensor departs from the ideal curveediity is often specified in tern
of percentage of nonlinearity.

Hysteresis

A transducer should be capable of following thengee of the input parameter regardless
which direction the change is made; hysteresisesrieasure of this proper

Response time

Sensors do not change output state immediately vememput parameter change occi
Rather, it will change to the nestate over a period of time, called the response.tiThe
response time can be defined astime required for a sensor output to change fron
previous state to a final settled value within larance band of the correct new va

This collected monitong data will allow identification and validati via the simulation
models the most promising application for IKVA spop center in the four different seasc
during the year, which will depend on the occupatievel and weather. The comparis
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between both theoretical and experimental performavitiehelp to find, identify and correc
the explained gap to reach as much as possiblehdueetical (ideal) performance after -
retrofitting process.

On the other hand, there are several specions that are related to user interface and
allow the building operatoto have the control of the settings and localize itefficient
performance values. The service platform will heaguirements with regard

Hardware Platform

It will be ableto host web servethat will serve as user interface for the buildopgrator ant
building owner.

Visualisation Module

A friendly visualisedand/or animated environment displaying results khba provided. Fo
example, node mobility, data packet and energylleuld be displayed at differe
timeline. This could promote better understanding iaterpretation of the resu

4.3 User characteristics

Two users are foreseen for tIAU. One is the human user the other is a softwaeatclihe
human user has an administrator role. It has a dowvledge of the system, and
responsible for the deployment and initial confagion of thelAU.The software client is
respamsible for requesting syst¢ jobs to the IAU or any of itsnodules. As response the
software client receives thiequeste results.

The Human User

The role of the human user is basically managiegl&U of the building. In largeuildings
such as shopping centers, where heterogeneityrdlization spaces, uses, people who
it and times of affluence make the facility maement taskgery complicate. The
administrator has to rely on technology to moniailding occupancy « obtain values,
such as temperature, humidity and so on, to adjustinstallations and provide mc
consistent with how the building is used. A shopg center is not always occupien the
same way, has a schedule where the influx of paepleeateiat certain times and others
the least.

The shopping center manager will want to save gnatall times and adjust the parame
to make it as efficient as possible, without loslmgnefits to building users. Comfort a
security are the foundation émy user of the shopping center that us

In the other direction, is the shopping center awnbo wants to spend the least moi
possible every month. This urges the Administrator lower direct costs in energ
expenditure, maintenance and commccurity.

It is in the initial phase of the project whereain be addressed these issues in the operat
the shopping center to be flexible and change w@olgres as needed. Anticipate the flow
customers to use the building, at what times wallé more affluence and at what times le
SO use more or less energy.

This energy may be "stored” in the capillary tubehnology that works at low temperatt
being the most effcient and cost effective (thergynéosses are reduced) way to reach
martain ideal room temperature, and due to the didiobh of low temperature water it
ideal to be linked with solar thermal -water heat pump.

This system will be used to provide thermal massge(tia”) to the building again:
temperature fluctuation® lower the energy consumption. The role of theiadstrator is tc
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take as much advantage as possible of the renewamegies, being aware of t
implementation of this added thermal mass and ¢pkito consideration the shopping cer
schedule.

The simulation of a network of occupancy sensors ddwlp us in the flow of peopl
gauging which are more static and where more dynamd adjusting the HVAC facilities
the profile of the users of the shopping centeresehsystems installations héto be smart
and pick the functioning and behavior of custoniertfie building

The Client Software

The data generated from the simulations have forbeessed and analyzed by one or se\
specialized software in energy efficiency and bogdmaintenace management. In order
have a much more precise prediction and controtiatsoof the building and weather forec
data will be needed within the building managensssten

The Ecoshopping Building Simulation module will beduced to a model based a
simplified geometry of the building and it will gerate a series of data through
parameters of the default program and using thetonet data to modify it in order -
increase the accuracy and accommodate for changles building behaviot

Theoutputs generated by the Ecoshopping Building Satmarh module will inform the clier
software with the analysis of the data collecte@nnfithe systems and it will allow evaluati
the environmental data and the achieved energsiaifty. The systemm:ontrol with regard
to their requirements and the indoor comfort wal dhsplayed in the web portal and sn
digital applications. These interfaces will receihe data from the platform and with t
energy consumption visualization and behaviourstiecrmation, several parameters will
analysed, such as identification of consumptionepas and real time information on ene
consumption.

Two types of user accounts will be assigned fomibb service interfac

On one hand, a super user will hall the control settings opened. This account walusec
by the building operator in order to maintain iroger working conditions the implement
systems and the indoor air quality of IKVA shoppoenter

On the other hand, a username with its pass will be created to allow building owner
follow the building behaviour tracking the collegtaonitoring data with its analys

4.4 Performance Requirements

For the fixed sensor network and control systeata (e.g. electric energy, heat energy.
temperature and humidity, illuminance, and othesspuld be registered at the typi
sampling rate of one sample of the available véegper 15 minute

Audio processing needs to be performed in-time, since new data is recorded conste.
This leads to an update interval for the estimateclpancy level of about 4 seconds. 1
should be faster than it is actually required by @verall system. So it will be possible
calculate and use average cpancy levels at 1 minute, 5 minutes, 15 minutearyr othel
interval, required by the IAU.

The Building simulation tool performance dependswm factors
» the input data accuracy, a

* the simulation execution tim
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To perform on EcoShopping context rns to execute a rapid simulation, even though
data concerning the building are availallin this case, also the 15 minute intervale shoel
ensured.

4.4.1 Reliability

The full system should be reliable able to perfaatonomously with no need for hum
intervention. As some of the devices are battesebait is foreseen that those devices sh
need maintnance for battery changing with a pecigdof no less than 6 montrSimulations
outcomesan only be as accurate as the input data

4.4.2 Availability

Simulations must be available on demOccupancy level data as well as other informa
(sensor data, energy consumption, etc.) shouldvh#ahle by means of a centralized d
base. So, to a limited degree, it can be accegsslldp customel using the mobile robot fc
an information terminal. For example the robot rdagplay the current rate of energy savi
due to the EcoShopping optimizations or the curvesdther forecast and related adjustm
to the heating system. Wi-lnust be avdable throughout the building otherwise the ro
could be (temporarily) unable receiveinstructions or provide sensor di

4.4.3 Security

For development of web server HTTPS communicatiostogol will be used providin
SSL/TLS security capabilities. Custers (children) must be prevented from fooling ab
with the mobile robot platform, e.g. blocking in araccessible areatampering with an
controls or vulnerable componenpushing it down the stairs, or climbing-top of it to take
a ride. The fixd sensors might also be tempered \ Some of these risks can be avoidec
choosing an appropriate operating ¢

4.4.4 Maintainability

The fixed acoustic sensors are still under devetnOnce applied and properly configu
they are expected to requirglé to nc maintenance. However, sensors should not be blc
by othe equipment, misplaced boxesshop fit display equipment especially if th store is
reorganised or refreshed.

The mobile robot platform has a limited operatimget of up to 16 hou. Its batteries must k
recharged regularly which takes about 6 hours. Athkeling site should be clear of any de
ends or badly accessible areas. Otherwise the enafillot could become stuck becaust
customers hanging out or misplaced goods blocits way. In such cases manual assist:
could be required to clear the pass

4.4.5 Portability

The defined architecture and fixed sensors aresietspecific and can be easily portec
other places, requiring only a design and insialigphase accordii to the new plac

The acoustic sensor array will be a fixed installgt however the same technology can
applied to other places, too. The sensors on thet @atform will be mobile

4.5 Data Requirements

This section describes thatd requirements for IALSensors play a vital role in any buildi
management system, monitoring safety, efficiencgystem and providing information o
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status of the buildingThey are critical componenin automation contrchs they provide the
data necessary for thefaftive and efficient operation the whole system. This data
processed then stored in the central databasewitlabe also used to store all otr
information for efficient operation. Other compoterof IAU will use data from the
EcoShopping Datalsa so reliable operation of it is desira

4.5.1 Input data

Input data are the data that supportslAU operation, which includebuilding data (such &
building areabpuilding height, building type/building yearhermal chareteristics (such as
isolation/wall type, énestration (%, location (weather/solar path/orientati, infiltration,
internal gains, ventilation electrical characteristics (such atedarical consurption and
energy source Furthermore other input data has to be takemactount sch as Renewable
Energy Sources (RES) production, thermal consumpaial thermal productio

4.5.2 Output data

Output data are the results of the dynamic simaatif the thermal and energy performa
of buildings over time. This includes energy demaridr heating, cooling,
humidificationdehumidification and electrincluding the following simulated valu:

e currentconsumption [kWh]

* energyconsumption [kKWF

* heating energgonsumption [kWF

e cooling energyonsumption [kKWF

e temperature [°C]

* humidification/Dehumidification energy consumptikwh]
Other values may be calculated from these simula&ges, for exampl

e current consumptiopel office space [kWh/m2, a]

* heating energgonsumptio per office space [kWh/m2, a]

e current consumptioper employee [kWh/x, a]

* energy consumptiopei gross floor space [kWh, a]/[m2]

* current consumptiopel gross floor space [kWh, a]/[m2]

» heat consumption fdreatincand warm water per gross floor spfcé/h, a]/[m2]

* heating energgonsumptio per office space [kWh/m2, a]

* heat energgonsumptio per area [kKWh, a] heated/[m2]

* energy consumptiopel employee [kWh, a]/[X]

* current consumptiopel employee [KWh, a]/[X]

* heat consumption pemploye: [KWh, a]/[X]
Output data from IAU are control signals for the HVActuators.

4.5.3 Data quantitiy
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A model is created based on some basic informatoncerning the building. Th
information may be static, or dynamic. Static dstdhe one concerned with the buildi
(building data). The dynamic data is concerned wite buiding systems (monitorin
data).The simulation input data quantity is tydicah the order of some kilobytes. Or
building data is used to generate the model. Thrulsition output data in the other hanc
much bigger. Typically, a simulation of the ctrical energy consume is performed fo
period of 1 year, using a time interval of 15 masutlf a building with 5 zones is simulat:
the amount of samples would be 175200. This megn&) 5 Mb of data is generated and
to be stored on the EcoShmpg Database

Regarding thefixed sensor network and control system, data (elgctric energy, hei

energy, air temperature and humidity, illuminanaed others) should be registered at

typical sampling rate of one sample of the avadaldriabls per 15 minutes, which mes

that high quantities of datre expected to be collect, stored transmitte. Due to the high
data quantities, data packaging might be necessgpgcially for the output da

4.6 Interfaces Requirements

This section descrilsethe requirements regarding the system’s intesfathe Ecoshoppin
system will be presenting the following interfac

* User interfaces tsed for presenting the system status and sensartdahe ent
users (the system frc-office) and to enable thpossibility to configure the syste
and its simulation parameters (the system -office);

» Software interfaces- The software interfaces represent the machine tohme
interfaces needed to in-connect the different software modules of the platt

» Hardware interfaces ¥he hardware interfaces are machine to machingacts use:
to transfer data and commands among the systemdshee components such
sensors or actuators.

4.6.1 User interfaces
This section describes the system'’s f-office and back-office.

The frontoffice user interface aims to present system in&tiom to the facility stakeholde
such as sensor values (real time or historicatjicators or reports. The beoffice user
interface enables the possibility to interact vilik system parameters such as simulatio
building parameters.

Front-office

The Ecoshopping system will present fi-office user interfaces to enable users to inte
with it. Several distinct categories of users/staltders with different functional reirements
are foreseen to potentially use the system’s ustfaces. The different stakehold
considered are:

» Facility owner —This represents the facility owner. This type oérubas interest c
knowing how the facility behaves in terms of rurgnotsts over time and to acces:
any change on the building has the expected refunvestmen

* Facility ManagetAdministrato — This user is the local responsible for managing
facility. This user has interest on knowing evenythhappening on the cility and is
responsible for implementing and accessing theceffeat any change produces o
time. This user is also responsible for identifyingr-optimal performance ¢
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abnormal behaviours on the facility and coordindlbestechnical team or acte on
the system to solve the

» Technician —This user is responsible for the maintenance ofgibed status of th
entire building. Real time data from the measuradables are a good asset to t
this user with his worl

* Member of the publie- This ugr has no interest on the building itself but toemss
the good quality of the environment during histvasid the ecological footprint of tl
building.

The functionalities presented by the system’s uis@rface can also be categorized. -
following list describes the functional categories presebyeithe user interfac

« Current status Fhis function enables the users to have a ideathf the system ar
facility status in terms of functionality and belaw;

* Real time monitorine— This function gres the possibility to provide real time d
from the sensors (i.e. energy consumptions or medsir parameters) to the user:
a simple format, such as a synoptic view of thdifgrc

* Actuate on the syster— Users may control the system using tfunctionality.
Depending of the facility and installed system dajiiges, this control may be i
terms of parameters, such as-points, or in terms of manual control of equipm
such as pumps or boile

« Historical data -This function enables the us to analyse and compare facility d
and performance at a medium and long

e Calculation of indicator— Taking in account the data from the facility seV:
indicators can be obtained by calculation suchoasfart or performance index

* Reporting —The user interface is capable of presenting reportse users containir
key information to access the facility performa

Table 1ldepicts the fierent user interface’s stakeholders and theiricglpusage of th
presented functional requiremer

Table 1. User interfaces stakeholders and their functional requirements.

User interface functionalities

Current Real time Actuate on Historical Calculation Reporting
Status monitoring  the system data of
indicators
Facility . .
Owner
Facility * * c c c c
Manager
Technician . °
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Public J

The presented user interface functionalities maggbie in twodistinct categorie (

Table 12) The first category considers functionalities velgse to the field, with the need
no or little data processing arstorage, with low response latency time betweenuser
interface @inctionality and the field. ue to the requirements of the category, the i
location for the provisioning of these functioniakt is at the pilot facility, delivered direct
by the sasor gateway. The second category considers furadti@s that require hig
capabilities in terms of data processing and stomageded to provide long term histori
data, processed indicators and reports; as thesdidoalities need high computatal
capabilities and don’t have low latency requiremsenotthe facility, the best location for t
provisioning of the functionalities is at the clolevel. According to the two differel
categories, two distinct user interfaces are eone to the syem: a local user interfac
running on the facility’s gateway and a remote ustarface, running at the cloud lev

Table 2.User interfaces and their functionalities.

User interface functionality Local User Interface Remote User Interface
Current Status *
Real Time monitoring *
Actuate on the system .
Historical data *
Calculation of indicators 9
Reporting *

The next figures (Figure 3and Figure 4.) depict examples of the system’s user interfs
The local user inteaice example presents a synoptic view of the fgoilitth the curren
process values acquired in real time from the ifsgc8ensors. The remote user interf
example presents the facility electricity consumpthistoric from a full da
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Figure 3. Example of local user interface view (synoptic V.

User interfaces will be based on web technologieguiring only a web browser and

internet connection to access them. The user adesf should be protected by acc
credentials composed by username and password foairsach one of the users. It
recommended that the user interfaces are alsogedtéy HTTPS protocol. Despite of bei
possible to access the web based user interfasesdnywhere, it is recommeed that the
access to the local user interface be restrictad fnside the facility

[ Data Explorer - A ’ & isenss «

= E Facility

1 seleced v

Figure 4. Example of remote user interface view.

Back-office

The Ecoshopping system will presebackoffice user interfaces to enable usto interact
with it.Two users and consequently two user intw$a are foreseen for the buildi
simulation module. One is the human user the atharsoftware client. The human user \
interface though an administrator application if@ee which allows performing installatior
configuration and setup of the building simulatimodule. An example is shown Figure
5.The software client will interface thought a mine-to-machine interface which allows t
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exchange of data (building, simulation and confagion data) between both the buildi
simulation module and the software clie

“

B untithed
(| B0

100060340508

Figure 5. Model generation user interface example.

The mobile robot platform will be used as a public mf@ation terminal, providini
information on the EcoShopping project, the currenergy consumption/savings (whi
might be a privacy issue), advertisements or alegdorecas

4.6.2 Software interfaces

In order to enable the possibility to transfer data keetwthe distinct software components
the system, a set of software interfaces has henifed in this document. The following i
in Table 3. describes the foreseen software interfe

Table 3. List of software interfaces.

Component providing | Interface type Purpose

interface

Sensor gateway Web Service This interface enables the possibility of providing data
collected from the sensors to the other software
components such as the Data Server installed at the
cloud level.

Data Server Web Service This interface enables the possibility of providing raw

data collected from the facility, data processed by the
Data Server (aggregated data, indicators, etc) and
simulated data provided by the simulation unit
commited to the Data Server.

The interface also enable sthe possibility to store
simulated data provided by the simulation unit.
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Mobile Robot Web Service The Robot may use the specified Web Service interface
to access information from the Sensor Gateway/Data
Server, e.g. for showing a diagram on its display unit.

However it will act as a client and won’t run a Web
Service of its own.

There will be an ”private” WiFi TCP/IP connection
between the Audio Processing Unit and the Robot (as
part of the acoustic sensor network). Acoustic sensor
data from the robot will be channeled through the
Audio Processing Unit. (See 5.2.3.1.7 “"Connection to
Storage”)

4.6.2.1 Sensor Gateway software interfac

Sensor gateway offers aetyservices processing interface ahdtinterface supportJSON.
JSON (avaScript Object Notati) is an open standard format that uses hi-readable text
to transmit @ta objects consisting of attrib—value pairs. It is used primarily to transmit d
between a server and web application, as an alieerta XML.JSON is a text format that
completely language independent but uses conventitat are familiar to ogrammers of
the C-family of languagesSON is built on two structure
* A collection of name/value pairs. In various langes, this is realized as an obje
record, structuredictionary, hash table, keyed list, or assocetivray.
* An ordered list of values. In most languages, ithigalized as an array, vector, list.
sequence.

These are universal data structures. Virtuallynatidern programming languages sup)
them in one form or another. It makes sense thaddta formathat is interchangeable wi
programming languages also be based on thesewstsadh JSON, they take on these fol

* An object is an unordered set of name/value

* An array is an ordered collection of val

* Avalue can be a string or a number or or false or null or an object or an ar

» A string is a sequence of zero or more Unicodeatttar:

A number is very much like a Java number, excegtttthe octal and hexadecin
formats are not used.

4.6.3 Hardware interfaces

The fixed sensors network makuse of several distinct hardware interfaces fandf@rring
information between components, namely the acquiegdd sample

* Modbus — Anopen, simple and robust serial communication padtadeveloped it
1979 by Modicon (currently part of Schneider ftric). In this project two variants «
the Modbus protocol are used: the Modbus RTU, usedthe top of a RS4E
connection; the Modbus IP, used on the topn IP connection, over Ethern

* M-Bus — A relatively new protocol defined in Europe, alsnolwn & Meter-Bus,
broadly used for remote reading of meters, sucheas meters. This communicati
protocol has several positive aspects such as itiéypal powering the remote mete
by the bus master.

 RF ISM 868MHz -This is a protocol used some of thiA radio devices that uses t
ISM 868MHz radio banc
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+ 2.4GHz IEEE 802.15.—This is a communication protocol for low bitratereless
networks, serving as base to \-known communication protocols such as Zig

4.7 Other Requirements

Simulation results arstored on the EcoShopping Database, as metadatsgy alith the
building data. This enables future comparisons betwbuildings with similar characteristi

In the case that simulation workload demands is&eparallel simulation servers may
necesary. This means that a distribution function is essary for the simulation resoul
planning. Data packaging might be necessary dubediigh data quantities resulting fr
the simulation.

4.8 Constraints, Assumptions and Dependencies

The design of thesoftware shall conform to IEEE, EN, and ISO staddafor software
development practices. Also the ISO 5(C[9] shall be followed on terms of ener
management.

The implementation of the integrated energy managenand optimization approa
attempted intis project depends on technological factors thahat always within the ranc
of the project partners. A possible risk is theuanability of the EcoShopping Database.
this case, no simulation is possi

Another risk is the lack of sufficient rnitoring data for creating a reliable energy pmfi.g.
because the building automation system does naraotally important systems like HVAC(
The countermeasure is an extension of the installab monitor the most important enel
relevant datdike overall consumption of the HVAC syste

TheCompactRIO (cRIO) hardware platform complies withrdpean Union EMC & Safet
Compliance Declaration (CE), European Union Prodsatety (Demko),European Uni
Hazardous Locations (Ex).

Intelligent control gstem has the risk of being unstable for the whalege of inpu
parameters (because of nonlinearities in the systeoorly designed feedback can cause
system to be unstablenstable system has no control over his outputenkivthe system i
stable there is a possibility that it is not stabl®egh to ensure stable operati

If there is unavailabilityof the EcoShopping databese and no bulding anc#ather model i
possible to generate information then intelliggptirization proces is ve limited.

As a result of the Directive of Energy PerformamndeBuilding (EPBD) a number of E

standards have been developed to harmonize th@eratculation methods concerni
buildings. In this context, a new European standall 15232 “Energy Perfimance of
Buildings —Impact of Building Automation, Control and buildifdanagement [10] was
compiled to support the EPBD. The standard dessnibethods for evaluating the influer
of building automation and technical building mas@agnt on the energconsumption of
buildings. Four efficiency classes A to D have be#roduced to this purpose. Furthermc
the 1ISO 50001 “Energy Management Stand: [11] enables organizations to establish

systems and processes necessary to improve enenfgynparce. Building automations are
fundamental part of the energy management systeimaever, the traditional automatis
system may have limited level of intelligence, lahsa their purely “mechanical logic”. |

the traditional automation systems, eachsor and actuator needs its own wiring, wt
makes the initial installation cost high. Expansignalso a problem, and even ongo
maintenance costs are high.
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Data exchange takes place both between and witiendifferent levels. To this en
numerous ystems and communication protocols have been deseélat international leve
mainly Dupline, European Installation Bus (EIB),tiBais, European Home Systems Protc
(EHS), X-10 international standard for communication amolegtsonic devices, Consum
Electronics Bus (CEBus), Home bus System (HBS) al ws (-Bus communication
protocol for home and Building automaticDALI for the lighting controlamong others. The
higher level in the pyramid needs to handle mudtgystems within the different lels using
lower number of components and higher amount oé.dit particular:Component level:
Sensors, switches, relays, as well as valves, sa@itod other units comprise the lower le
of the industrial automation pyram

» Device level Counters antimers store, display and control the sequencencd\veent
or process.

* Process levelProgrammable logic controllers (PLCs) are a pssceontrol syster
based on a set of digital and analog I/O receivedhfthe assigned sensors ¢
actuators on the compents level. Larger more complex systems can baated by
a Supervisory Control and Data Acquisition (SCAD#stem or Personal Compu
(PC) logging all events and alarms, archiving aflasured readings and graphic:
displaying the status of the crational systems.

* Plant level The last level of industrial automation pyramiutcidses on hic-level
planning and control application in the plant opierathat is be used for desic
analysis, optimization, process planning, productcheduling, matials handling,
inventory control, maintenance, and marketing. Cat@-aided design (CAD]
computeraided engineering (CAE) and comptaided manufacturing (CAN
systems are the most common exam

Energy endisers have the capacity to monitor the ey consumption and control tl
operation of buildings’ appliances without theitiae involvement in the different parts
buildings’ installation. In particular, the propaseol could include

» Simulation: This tool provides organized and statidly analyzed data sets on i
energy use in the buildings and their energy efficy and economic performan
Hence, the endsers identify the energy consuming sectors ofbikiéding througt
real time monitor and comparisons of energy consiomgrofilesfrom different time
periods.

* Optimization: At the same time, this management twas the ability of runnin
alternative optimization scenarios for achievingtélligent” management of th
building electric loads towards efficient energylamvironmetal managemer

There are following steps of the Automation Unitkich dependencies strongly characte
the all the Monitoring Systel

Step 1 Energy users’ profil The user provides general information about thiéding and
the consumed quantitied each energy form. Moreover, a portable eledtecrgy analyze
is used for determining building user’s behavigradfile. The energy consuming sectors
the building and also the untapped energy effigigmatentials, depending on the energy
profile of the building and the users’ requiremeiat) de identifiec

Step 2 Identification of energ-efficient automation functionsThe system incorporat
energyefficient automation functions for heating, coolingntilation and/or lighting base
on the:

* Recent guidance and decisions of the National |
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* The information gathered in EcoShopping Deliverable
» Energy efficiency requirements of EN 152.
* |SO 50001 Energy Management Stanc

The proposed tool provides effective automation aomhtrol of heating/cooling
ventilation/air conditioning and lighting that leado increase operational and ene
efficiencies according to the energy efficiency uiegments of EN 15232. Complex a
integrated energy saving functions and routines lmarconfigred on the actual use of
building depending on the real user needs to awwmidecessary energy use and (
emissions. These functions include individual rooamtrol with communication betwex
controllers, temperature control of distribution twserk water temperature regardir
heating/cooling control, air flow, temperature aadhumidity control concerning ventilatic
and air conditioning, as well as automatic or mé&daglight control and occupancy detect
for lighting. Moreover, the tool can be opriately customized so as to provide informa
for operation, maintenance and management of Imgigdespecially for energy managem
(trending and alarming capabilities and detectibnrmecessary energy use). In addition,
proposed tool providethe opportunity, especially to the users of teytisector building, tc
increase energy efficiency, reduce costs and ingemergy performance into the framew
of ISO 50001 Energy Management Stanc

Step 3- Parameters’ selecti: based on the energgfficient automation functions, a numk
of sensors that measure and record temperatuativeshumidity, air quality, movement a
luminance in the building areas are selected ferekamined application of the case st
building. In addition, contiters, such as switches, diaphragms, valves andatwts are
correspondingly used.

Step 4- Energy consumption simulati: The proposed automated system can monito
energy consumption using the network of sensorsnagtéring equipment (energy analy).
The data from building automation systems trangfesugh Master Generator to PC. Th
data are collected, stored and organized, enharh@gnteractivity of building automatic
systems. The software processes data, providingpges, pic-load, satistics and graphs
regarding electrical consumption and economic irhp&berefore, the user will be able
identify the weak points of his building and alée energy efficiency potential through r
time monitoring and comparative analysis of enecconsumption profiles from different tin
periods. This is a powerful tool for sensitizingetss on their energy consumption, so a
mobilize them for its decrea

Step 5— Energy consumption optimization: Apart from anatygithe building’s energ
profile, the proposed tool integrates control scenausiag optimization techniques whi
minimizes energy consumption and rationalizes thergy use in the highest degree. In-
context, a deterministic optimization method is le@ggh based on control eorithms to
achieve peak load reduction while still maintainthg building as a healthy, productive ¢
comfortable environment for the building occuparikre specifically, the lighting leve
temperature, relative humidity and air quality #ire mainparameters that are manipulatec
achieve the required indoor conditions. The dataepergy use profiles, including amao
others electricity bill data and peak demand, asedufor the formulation of contr
algorithms. The proposed tool at this levenimizes the energy consumption of the builc
and assists energy users to save substantial asngumione)
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5. SYSTEM SPECIFICATION

5.1 System overview

In this section a brief system overview of the lligent Automation Unit (IAU)with a
Monitoring Systenwill be described

As a part of the IAU thélonitoring System will consist oflistributed fixed sensor netwo
and an autonomous mobitebot. A combination of distributed fixed sensor networkd:
mobile robot, will be a&nergyefficient and adaptable ggsn which monitors the occupan
level, temperature, humidity, noise in buildingglaurrounding areas and transfers thta
in near realime to the IAU.An integrated autonomous mobile rolwairrying different kinc
of sensors will be walkg around th building andserve also as a mobile sensing platfc
Because of thathe quality of data collect with the mobile robot andith the distributec
fixed sensomnetwork will be more precise and accurate. On tierohand, this robot, as
extension of ta IAU, offers more functions to the visitors andlthing security. Distributec
fixed sensor network will providecoustic and environmental sensing so it will previcea
realtime information about the estimated occupancy llea& condition, temperature,
humidity, etc. This is not only very helpful for mitoring building security and occupan
level but is also important for lighting controlaait conditioning

The goal of the IAU is teevaluate all the variableand give astrategy that fifills the
thermostasettings with the minimurimpact/cost. An integratedudding simulation model,
calibrated with monitoring ds together with user behavior, weatheprediction and
consumption profilewill be used in the optimization process performby the IAU.
Optimization interacts directly(or user approvalwith building management system
intelligently analyze, predict, and automaticalptinize energy corumption in the shoppin
center. The result is reduced energy consumption and IoMMAC energy costs whil
maintaining occupant comfc Automation control is also part of thlAU. Building
automation can be regarded as a special case oégg@utomation, with the process be
the building indoor environme. The process consists of numesosul-processes, both
discrete and continuous. &most complex processes by are present in the HVAC domal
Since HVAC processes involve large (thermal) capes;i changes in system parame
occur only gradually. Since the process behavistas, requirements on controller respotl
times are relaxed compared to industrial contrpliaptionsFigure 6.depicts simplified IAU
block diagram.

4 I
Intelligent HVAC
Sensors > Automation » and other
Unit Actuators
o /
Figure 6. Smplified IAU block diagram.
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5.2 Software specification

5.2.1.1 Data Server software interfac: specification

This section describes the Data Server applicgirogramming interface (API). This API

provided by the Data Server for the other applosatr components to use. The API tries
conform to the RESTful principles of the HTTP pratbthus providing machine friendly,
robust and predictable interface to the systemtionalities. Except otherwise noted, all d
is to be transmitted using the JSON data fot

Before proceeding to the specification of the abawentioned API, there are four m:
coneepts that are central to the Data Server platfanch that should be clearly understo
These four concepts are:

* Local: A physical location that has the remote metehardware installed. Locatio
usually correspond to a house or a building whieeentd¢ering hardware is installe

« Unit: The hardware that is located at the custosiecation and that receives the ¢
readings from devices. A unit usually communicatéd the server using a TCP/
connection.

» Device: Another piece of hardware thatocated at the site being monitored. Devi
can read several parameters (current, power,atd.send the data that has been
to its governing unit. There can be more than omgcg associated to unit. A devi
can be, for instance, a socket pluat is used to monitor the consumption of a spe
appliance, or it can be a clamp that is used toitmotihe current on a specific wire.
device usually communicates with its unit using eofarm of wired or wireles
connection.

* Tag: A measurement erpoint that stores the data readings of a specéidce. If a
device measures current and power then it hasagsdssociated, one for current .
another for power. A device may have one or mogs;tan other words, it ma
measure one or more paranrs.

All operations, except otherwise noted, must beked using HTTPS protocol and provi
an HTTP Authorization header like “AuthorizatiorSA <session token>" where sess
token is received as a response when a sessionresied. See Sessions’ meds
documentation for more details about authentice

To ease reading and add meaning, this documenielihese simple writing conventio

Variables are represented as <type: descriptioth@fvalue>. The possible data types
string, numbergate, time and Boole¢

Resources can be represented in the following fts:
» Single resource Resourc
e List of resources flResource

» Paged list of resourct [Resource]+

In result to each request performed to the APpexiic response co (Table 4) is returned
in the reply to the requester. The following taldts the possible response codes and
meaning:
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Table 4.Response status codes and their description .

Response Status Code Description ‘
Successful request. Response body contains the resource

200 OK .
representation requested

201 Created Resource was successfully created.

Resource was successfully updated and its representation didn’t
change compared to what was sent by the client. Or, resource was
successfully deleted.

204 No Content

304 Not Modified Your cached resource is still up-to-date.

400 Bad Request The request contains invalid data, check error details.

401 Unauthorized Insufficient credentials to access resource.

404 Not Found Resource not found.

405 Method Not Allowed The verb used in the request is incorrect.

General server side error. Please try again later.
500 Internal Server Error yas

General conventions

Operations that return lists of resources can metivese as a li (represented as [Resourc
or as a paged list (represented as [Resource]#ither case, the results can be filtered
ordered by fields defined on an operation b

Non-paged lists are returned as [] (arrays) of reseundgereas paged lists aeturned as {}
(objects) with the following propertie

{

“PAGE’: <NUMBER: CURRENT PAGE NUMBER(ZERO BASED)>,
“PAGE_SIZE": <NUMBER: NUMBER OF MAXIMUM RE CORDS PER PAGE,
“TOTAL”: <NUMBER: TOTAL NUMBER OF RECCRDS>,

“LIST”: [RESOURCH

}

Methods which rirn paged lists, accept the following URL paransete customize the li:
returned:

?page=<page>&page_size=<page Size>
All these parameters are optional. Defaults armiradt values ar
* page - default is 0;
* page_size default is 50, allowed values i between 1 and 200;
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Search operations allowing u-defined ordering specify valid order properties
Order: <PropertyNamel1>, <PropertyNam

For example, an operation documente:
Order: Id, Type

Allows the caller to specify none, one or broperties as ordering. If none, the b
property is used as the default (ascending) otfler.-* (minus) is prepended to a propet
the ordering is descending. Order is specifiedhas‘drder’ query parameter with a list
values. All of the folloving are valid order paramete

?order=[Id]
?order=[-Id]
2order=[Type]
?order=[Type,-Id]

Search operations allowing u-defined filters, specify valid filter properties:
Filter: <PropertyNamel>, <PropertyNam:

Filters are defined using a custornguage which allows use logical and relational eggpion
to build the desired filter. A simplified languageammar i<

Table 5.Property description .

Logical Expression

Relational Expression | Relational Expression

Relational Expression

Property = “string”
< number
<= @timestamp
>
>=
I=
Property =% “string”
%=
%
Property in [“string”,...,” string”]
[number,...,number]
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Symbol Operation

& Logical AND

| Logical OR

= Equals to

< Less than

<= Less or equal than

> Greater than

>= Greater or equal than

1= Different from

=% Starts with

%= Ends with

% Contains

In Exists in list of values

The expected and returned format for the date typ except where noticed, is the num
of milliseconds between Januel, 1970, 00:00:00 UTC, and the desired date. Fsiante
2012 January'’s first would be sent as 132537600\

The time data type is used for specifying a tinaengt in a generic day. For this data type,
expected format, except where explicitly sti, is the number of milliseconds since
beginning of one day using the UTC standard. Themms that the time stamp 20:00:0C
one day would be sent as 72000000. This also ntéanshis data type only accepts val
between 0 and 86400000, includilhese two values.For numbers, the decimal separasal
is *.” (dot).

API Entities

E1 - Consumption
This entityrepresents a consumption reg

{ “UnitId”: <number: unit 1id>,
“Granularity”: <string: type of granularity (instant, daily, hourly, monthly or yearly)>,
“TagId”: <number: tag id>,

“Date”: <date: begin date (using the unit time zone) of the time interval to which this consumption
data corresponds>,

“Read”: <number: value of the consumption in the default measurement unit of the respective tag
type>,
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“ReadCurrency”: <number: value of Read converted to default currency of the supplier>,
“ReadCarbon”: <number: value of Read converted to carbon dioxide values>,
“Trees”: <number: number of trees necessary to compensate the emission of ReadCarbon>,
“Cars”: <number: number of cars which emit ReadCarbon to the atmosphere>,

“CurrencySymbol”: <string: symbol that represents the currency which is used in the value contained
in the field ReadCurrency>

}

E2- Device
This entity represents a devi

{

“Id”: <number: id>,

“Name”: <string: name>,

“DeviceTypeId”: <number: device type id>,

“TariffId”: <number: tariff id>,

“Tariff”: <Tariff: tariff>,

“ModuleType”: <[ ModuleType]: List of module types that are associated to the device>,
“FixedCostId”: <number: id of the fixed cost associated to a tariff>,
“UnitId”: <number: unit 1id>,

“LocalId”: <number: local id>,

“Interval”: <number: interval between data acquisitions>,
“IsCommunicating”: <boolean: flag indicating if it is communicating>,
“Index”: <number: index of the device in the unit>,

“Address”: <string: Device ID that comes with the Device>,

“Deleted”: <boolean: flag indicating if the device is deleted or not>,

“State”: <Number: string: the device initial state. By default it is deactivated >,

}

E3 - Session
This entity represents a session in the
{

“Token”: <string: session token>,

“Timeout”: <number: session timeout in seconds>

}

E4 - Tag
This entity represents a tag.

{ “Id”: <number: id>,
“UnitId”: <number: unit 1id>,
“Name”: <string: name>,
“Index”:<number: The address of the tag 1in device>,
“LocationId”: <number: Llocation id>,
“TagTypeId”: <number: tag type id>,

“Created”: <date: date when it was created>,
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“Active”: <boolean: flag indicating if the tag is active>,

“Deleted”: <boolean: flag indicating if the tag is deleted>,
“Communicate”: <boolean: flag indicating 1if the tag is communicating>,
“Manual”: <boolean: flag indicating if the tag is manual>,

“Visible”: <boolean: flag indicating if the tag is visible>,
“Validate”: <boolean: flag indicating if the tag should be validated>,
“InternalAddress”: <number: internal address>,

“VirtualField”: <string: data value over which the virtual tag is calculated (value of the tag
reading or difference between two values)>,

“DeviceId”: <number: id of the device>

}

E5 - Unit

This entity represents an unit
{

“Id”: <number: id>,

“Name”: <string: name>,

“State”: <number: unit state id>,

“MacAddress”: <string: mac address>,

“LocalId”: <number: local id>,

“ModuleType”: <[ ModuleType]: List of module types that are associated to the unit>,

“B64AccessKey”: <string: access key for direct communication with unit. Note: currently this field has
the same value for all units, but this will be changed in the future>,

“TimeZoneld”: <string: time zone id for this unit>,

“HashedSerial”: <string: public unit identifier>,

“Interval”: <number: communication interval>,

“LastComm™: <date: date of Llast communication>,

“DomainId”: <number: id of the domain this unit belongs to>,

“TypeId”: <number: unit’s type id>,

“IsActive”: <boolean: flag indicating whether this unit is valid or not>,
“IsComm”: <boolean: flag indicating whether this unit is communicating>,
“Local”: <Local: local associated to the unit>,

“Deleted”: <boolean: flag indicating if the unit 1is deleted or not>,
“Dev

“Devices”: <[Device]: List of devices that are associated to the unit>,

MonthlyObjective”: <number: decimal value that corresponds to the value, in the currency associated to
the user account, of the monthly objective for the unit>,

“LastConfigDate”: <date: date of the last configuration change>

}

E6 - TagDatas

This entity represents a tag data fordata insertion methods
{

“TagId”: <number: 1id>,
“Values”: <[Values]: name>,

}

2014-05-16

“ SEVENTH FRAMEWORK
PROGRAMME



EcoShopping e D5.1 System requirements, specifications and architecture Page 35 of 67

E7 - Values
This entity represents the data \es for the data insertion methods
{

“Value”: <number: the value of the sample>,

“Data”: <number: epoch timestamp in ms of the sample>,

}

API Operations

This section describes the most important API dions for usage by the other Echopping
modules.

Opl - CreateSession
This method Logs a user in the A

Request POST /sessions
User

Required fields:
Login

Password

Responses | 201 Created

Session

Possible error codes:

400 Bad Request
null_or_empty.user.password
invalid_Llength.user.password
null_or_empty.user.login
invalid_Llength.user. login
invalid.social_provider
null_or_empty.facebook.access_token
null_or_empty.facebook.email

null_or_empty.user.email

401 Unauthorized

no_permissions_to access

Op2 - FindUnits

This method returns one list with the details of set of units, optionally filtered and orde
by lists of its ids and local ids, and ionally showing the information of the local of &
unit returned.

Request GET /units

Include: Local,Device, FixedCost, Tariff, Interval
Where: Id, Localld, HashedSerial, IsComm
Order: Id, Localld, HashedSerial, IsComm

Required fields:

None
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Optional fields:
Include
Where

Order

Responses | 299 oK

[Unit]+

Possible error codes:

400 Bad Request
invalid.include_parameter
invalid.where_parameter

invalid.order_parameter

404 Not Found
not_found.unit

not_found.local (not implemented yet)

Op3 - FindTags

This method returns one list with the details skt of tags, optionally filtered and ordered

lists of its ids, unit ids, tag type ids and devide

Request GET /tags
Where: Id, UnitId, TagTypeld, Deviceld

Order: Id, UnitId, TagTypeld, Deviceld

Required fields:

None

Optional fields:
Where

Order

Responses | 299 oK

[Tag]+

Possible error codes:
400 Bad Request
invalid.where_parameter

invalid.order_parameter

401 Unauthorized
no_permissions_to_access.tag
no_permissions_to_access.unit

no_permissions_to_access.device

404 Not Found
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not_found.unit
not_found. tag_type
not_found.device

not_found. tag

Op4 - GetConsumptions

This method returns a set of consumptions filtdredyranularity, begin date, end date ar
list of tag identifiers. It is important to noteathsome of the tag types are instantaneous
instance, temperature and humidity). In those ctseseque: to this method should incluc
the optional field InstantsType, which will determaihow the value of Read (one of the fie
of the objects Consumption that are returned is tiethod) will be calculated. If the optior
field InstantsType is passed w a null value, the method will treat the requestitasas
passed the value Avg in that field, for each tag th noncumulative. If the tag is cumulati
the value passed in the field InstantsType is igd

Request

GET /consumptions/<string: the type of aggregation in which we want to obtain the
consumptions >?from=<string: begin date (in the unit time zone) of the time interval
to which the calculation will be performed>&to=<string: end date (in the unit time
zone) of the time interval to which the calculation will be performed>&tags=<string:
List of comma separated tag identifiers, delimited by characters [ and
]>&instantsType=<string: the instants type>

Granularity: Instant, Hourly, Daily, Monthly, Yearly

InstantsType: Avg, Max, Min, Stdev
Avg - Average
Max - Maximum
Min - Minimum

Stdev - Standard deviation

Required fields:
Granularity
From

To

Tags

Optional fields:

InstantsType

Responses

200 0K

[Consumption]

Possible error codes:

400 Bad Request

null_or_empty.granularity

null_or_empty.from_date

null_or_empty.to_date

null_or_empty. tags

invalid.consumption_granularity - invalid_value.granularity

invalid.generic.dates - invalid_value.from_date ; invalid_value.to_date ;
invalid date relation.from date vs to date
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invalid.instant_type - invalid_value.instant_type

401 Unauthorized

no_permissions_to_access.tag (not implemented yet)

404 Not Found

not_found.tag (not implemented yet)

Op5 - Data Insert

This method enables the possibility to insert data the server on a specific tag. T
method can be used for submitting simulation redata or occupancy daobtained by the

Ecoshopping systems.

Request POST http://data_server_ip/api/1.1/data HTTP/1.1
Accept-Encoding: gzip,deflate

Content-Type: application/json

User-Agent: Jakarta Commons-HttpClient/3.1

Host: 213.228.179.13:5555

Content-Length: 48

Body:
{
"TagDatas": [
{
"TagID": 2606,
"Values": [
{
"Value": 11.42,
"Data": 1399635600000
4
{
"Value": 11.11,
"Data": 1399635900000
}
]
}

b;

Response 204 No Content

Cache-Control: no-cache, no-store, must-revalidate
Pragma: no-cache

Expires: ©

Server: Microsoft-IIS/8.0
Access-Control-Allow-Origin: *

X-AspNet-Version: 4.0.30319

X-Powered-By: ASP.NET

Date: Fri, 09 May 2014 13:55:16 GMT
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API Usage Scenario

In order to use the API, first an authenticatiols ba be performed using the CreateSes
method. This method needs a valid username anavpesand, if the authentication is val
returns a to&n that can be used to identify the user in thieviohg requests. An example
one possible pair request/response to this methskawn belov

Request POST http://data_server_ip/api/1.1/sessions HTTP/1.1
Accept-Encoding: gzip,deflate

Content-Type: application/json

User-Agent: Jakarta Commons-HttpClient/3.1

Host: 213.228.179.13:5555

Content-Length: 48

Body:

{

"Login":"my_username",

"Password":"my_password"

}

Server: ASP.NET Development Server/10.0.0.0
Date: Fri, 29 Jul 2011 14:17:15 GMT
X-AspNet-Version: 4.0.30319

Content-Length: 117

Cache-Control: private

Content-Type: application/json; charset=utf-8
Connection: Close

{

"Timeout": 960,

"Token":
"qv6/8VpPAK9+Hon6RQVSIMZCRMZMKAZ+L9y 3/0qXkRI7N+PyAsdadmdAv6YZV6zyC4+ReDWwGqQiuGMnANGgHSw=

b;

The authentication token is valid for the “timeowtlue, which is in this case 900 secor
After the timeout has expired, a new token musgenerated using the same met

After the authentication has been performed, a atktb discover the user’s units may
called: the FindUnits Method. An example request @sponse follow

Request GET http://data_server_ip/api/1.1/units?Where=1d%3D94%7CId%3D2&0rder=-
LocalId%2CId&Include=Local HTTP/1.1

Accept-Encoding: gzip,deflate
Accept: application/json

Authorization: ISA
qv6/8VpPAK9+Hon6RQVSIMZCRMZMKAZ+L9y 3/0qXkI7N+PyAsdadmdAv6YZV6zyC4+ReDWwGqQiuGMnANggHsw==

User-Agent: Jakarta Commons-HttpClient/3.1
Host: 213.228.179.13:5555

Body:

Response | HTTP/1.1 200 OK

Server: ASP.NET Development Server/10.0.0.0

Date: Fri, 29 Jul 2011 15:18:09 GMT

X-AspNet-Version: 4.0.30319
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Content-Length: 568
Cache-Control: private
Content-Type: application/json; charset=utf-8
Connection: Close

{

"List": [

{

"B64AccessKey": "000111222333444555",
"Id": 94,

"Local": {

"CountryCode": "PT",

"Id": 85,

"IsStorage": false,

"Name": "BO665-Trofa",

"UserId": 1,

"ZipCodeId": 190856

1

"LocalId": 85,

"MacAddress": "00-04-A3-22-81-D8",
"Name": "BO665-Trofa",

"State": 1

1

{

"B64AccessKey": "000111222333444555",
"Id": 2,

"Local": {

"CountryCode": "PT",

"Id": 4,

"IsStorage": false,

"Name": "iMeter ESI Testes",
"UserId": 1,

"ZipCodeId": 71756

+

"LocalId": 4,

"MacAddress": "00-04-A3-22-88-C7",

"Name": "iMeterTeste ESI",

"State": 1
}
1
"Page": o,

"PageSize": 50,
"Total":2
}

This response shows the list of units in the dat@lihat match the request criteria and t

respective information. The list is composed byl@nents, the ones whose id is 94 o
using the fields “Localld” (in decreasing order)dditdd” (in crescer order) for ordering. Th
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page size used to show the results list is 50 anhgl the first page (page 0) of that list
shown (which is the only one, in this particulas€gn The information of the each unit’s lo
is also displayed.

The tags belongintp a unit can also be retrieved. For this task,RimelTags request shot
be issued. The following table illustrates an exi@ng the retrieval of the tags from a U

Request GET http://data_server_ip/api/1.1/tags? where=TagTypeId+in+%5B4%2C5%5D+%26+UnitId+%3D+2
HTTP/1.1

Accept-Encoding: gzip,deflate

Authorization: ISA
qv6/8VpPAK9+Hon6RQVSIMZCRMZMKAZ+L9y 3/0qXkI7N+PyAsdadmdAv6YZV6zyC4+ReDWwGqQiuGMnANggHsw==

User-Agent: Jakarta Commons-HttpClient/3.1
Host: 213.228.179.13:5555

Body :

Response | HTTP/1.1 200 OK

Server: ASP.NET Development Server/10.0.0.0
Date: Fri, 29 Jul 2011 15:18:09 GMT
X-AspNet-Version: 4.0.30319
Content-Length: 568
Cache-Control: private
Content-Type: application/json; charset=utf-8
Connection: Close

{

"List": [

{

"Active": true,
"Communicate": false,
"Created"”: 1311870060000,
"Deleted": false,
"DeviceId": 895,

"DomainId": 2,

"Id": 2684,
"InternalAddress": o,
"LocationId": 151,

"Manual": false,

"Name": "Energia Activa”,
"RemoteId": null,
"TagTypeId": 4,

"UnitId": 2,

"Validate": false,
"VirtualField": null,
"Visible": true

1

{

"Active": true,
"Communicate": false,

"Created": 1311870060000,

"Deleted": false,
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"DeviceId": 896,
"DomainId": 2,

"Id": 2687,
"InternalAddress": 0,
"LocationId": 151,
"Manual": false,
"Name": "Energia Activa”,
"RemoteId": null,
"TagTypeId": 4,
"UnitId": 2,
"Validate": false,
"VirtualField": null,
"Visible": true

M

"Page": O,
"PageSize": 50,
"Total": 2

}

This response shows the list of tags in the daé that match the request criteria and tl
respective information. The list is composed byeinents, the ones whose tag type id is
5 and unit id is 2, using the default ordering (bg field “Id”, in crescent order). The pa
size used to show thesults list is 50 and only the first page (pageO)hat list is showi
(which is the only one, in this particular ca

The values from each tag may be also retrieved fitthn API. For this task tr
GetConsumptions method should be used. The follgtable illustrates a GetConsumptic
request.

http://data_server_ip/api/1.1/consumptions/daily?to=14061052000008&from=1304982000000&tag
5=%5B2684%5D
HTTP method: GET

Authorization HTTP header: “ISA
qv6/8VpPAK9+Hon6RQVSIMZCRMZMKAZ+L 9y 3/0qXkI7N+PyAsdadmdAv6YZV6zy C4+ReDWwGqQiuGMnANggHsw==

Media type: Application/json
Body:

Response Media type: Application/json

Body:
[

{
"Cars": 329.622,

"Date": 1311897600000,
"Granularity": "daily",
"Read": 109.874,
"ReadCarbon": 38.4559,
"ReadCurrency": 13.3052,
"TagId": 2684,

"Trees": 219.748,
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"UnitId": 150
}

5.3 Hardware specification

This section describesdhdifferent used hardware interfaces in the difiesat-systems of
the platform.
5.3.1 Fixed sensors network

The fixed sensoraetwork makes use of several distinct hardwareafatesfor transferrin
information between components, namely the acquiteid sampl¢ (Table €).These are
described in section 4.6.3.

Table 6. Communication protocol and components

Communication protocol Components

Modbus RTU Electrical Meters
Light sensors

M-Bus to Modbus RTU gateway/converter

Modbus IP RF ISM 868MHz to Modbus IP gateway
M-Bus Heat Meters
RF ISM 868 MHz Air temperature and humidity sensor

Air CO2 sensor

24.GHZ IEEE 802.15.4 Sensor Gateway

Remote Nodes

5.3.2 Fixed acoustic sensor network

It is the purpose of the fixeacousticsensor network to gather occupancy data by mea
acoustic sensors in large public area. Therefosersor network can be used «xed and
unobtrusivenstallation. Placing the microphones at reasonpb#itions a large environme
can be monitored. In addition, it is possible tornpgnently monitor environments
particularly relevance, such as stairway corrigorsash deck

5.3.2.1 Functional Component: specification

Using multiple microphone+rays to, e.g., enhance localization accuracyiresjia clock
skew well below the sampling interval. This low ataskew is usually achieved by physice
distributing a clock signal to evemodule. This requires separate cables which isuitdble
for usage e.g. in large buildin

PTP Standard IEEE15482] states that # specialized hardware is used directly above
physical layer €lock skews around 10ns can be achie
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This specized hardware can be implemented in FPGA achielongst possible delay frol
message reception to response transmission. Althsegeral microprocessor models
FPGA exist, the system described in this contrdyuts solely based on fin-state-machines
to provide the best possible deterministic behavfdhe systen

5.3.2.2 Network Design/Structure

The acoustic sensor network consists of one-master and several more slaves.
network traffic itself is isolated from the otheetwork traffic by usinca dedicated Ethern
switch. However, this switch is reserveor the acoustic network traff no dedicated PTP
switch is needed, lowering the hardware costs. duto dsa streams are sent to the ar
processing4nit using the user datagram protocolDP). The audigrocessin-unit is not
involved in the PTP synchronization and can thusdrenected through an existing gige
Ethernet with any additional data traffic, assune@dugh free data bandwidth is availal
Nevertheless, the audio stream ement of all received data packages is managed ®
external audio-processingiit. Please note, that the used network protagdheoretically
feasible to integrate other sensors as well an@migtacoustic sensc.

5.3.2.3 Microphone Hardware

Small electretmicrophone capsules (e.g. Panasonic WM61la) or tigceew available
MEMS microphone’s are used. Working with up to 10V phantom power, #rmelog
microphone signal is transferred to the microphslaes using symmetrical wiring. T
analog to digital sigal conversion is performed on the data capturingrda@s part of th
microphone-array slave.

5.3.2.4 Microphone Position

The microphones are connected to the microg-array slave by symmetric wiring. Tl
analog signal transmission requires a distance lowgel than two meters between t
microphones and the microphe«array slave. The cable length between a singleapine-
array slave and the Gigabit switch should not es@kength of 70 metse

The distance between the dedicated Gi-switch and the audiprocessin-unit highly
depends on the used Ethernet network. If a stardati-Ethernet wiring between the swit
and processingnit is used, than again the distance should nogexk 70 mete

5.3.2.5 Field-programmable gate array (FPGA) — based MicrophoneSlave
The overall design mainly consists of five pe

» Data Capturing (Additional PC-Design with ADC and preamp)

e Audio Interface (I2S)

« Data Buffer (2 Mbit internal SRAN

« PTP Clock Manageme

* Protocol Stack

http://www.digikey.com/us/en/techzone/sensors/reseslarticles/men-microphoneapps. htrr

2014-05-16

“ SEVENTH FRAMEWORK
PROGRAMME




EcoShopping e D5.1 System requirements, specifications and architecture

Page 45 of 67

Data-Capturing Board

System on FPGA

Tx/Rx Stack
MAC

IP

UDP

Data/Timestamp
Buffer
2Mbit SRAM

Analog L
Input ADC
a "
| ADC
I
| —
| ADC
I o
| = ADC
I
I —
| L ADC
I

Figure 7. Structure othe Modules c

PTP

I’S Interface

i

PTP-Clock and
Timestamp-Generator

1 1

Main Control Finite-State-Machine

onsisting of FP(-Board and Dat&apturing Board.

Figure 7.depicts the system architecture of a single miovog-array slave. The anal
microphone signals are first fed into the ~capturing board (left input iFigure 7. ). After
the analog digital signal conversion (ADC), thensikis forwarded to the FPGS board g
the I2S interface. Within theFPGA board the timeynchronization, with the oth
microphonearray slaves, and the UDP c-package generation, is performed. The genel
UDP signaldata packages are sent via stanEthernet connection.

It is very important that the modules ecapturingthe reception and transmission tin
exactly Instead of travelling through a large softwaretpcol stack, the message can
captured directly, when using dedicated hardv

PTP ses three messages to determine the message ddl#fyeaclock skew between mas
and slave. Figure 8hows synchronization process PTP protocol.

Master

|
3
©y

4

I

/

Slave

Sync. Message

Delay Reguest

Delay Response

Figure 8. PTPSynchronization Process using 3 Messages to deterctock deviation ¢

slave.

The Figure 9.depicts a prototype of a microphone array FPGA eslawthout the da-
capturing board. The datapturing board will be attached on top of the FP&®&uit using

the pin headers.
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Figure 9. Prototype of a microphone array slave.

5.3.2.6 Connection to Mobile Robot Platform

The acoustic sensors mounted on the mobile rolzdfophm will also be made of a sinc
microphone slave (with up to 10 microphones) simtitathe fixed sensor array hardware i
data protocol. The (audio/me-data from the mobile robot platform and fr the fixed
sensor network is fused in the at-processing-unit.

The audio data processing can either be performs#dnamously on the mobile rob
platform itself or the raw audio data is send te #udi-processingsnit using a wireles
Ethernet connegmn. However, it is not possible to synchronize tAw audio data from tf
mobile robot platform and from the fixed sensotfolan.

5.3.2.7 Audio Processing Uni

The audio-processingnrit gathers all raw audio data from the fixacousticsensor network,
as wel as metadata from the mobile robot platform. Sghsetly, the data fusion and fir
metadata generation is performed on the &processingsnit. The metadata is sent to -
data storage if required.

The acoustic sensor network is still under develegt, hence the exact requirements .
specifications for the audiprocessin-unit PC are only some general pointers. It will&
reasonably powerfull PC, since r-time processing of multthannel audio data can be qt
demanding. It will also havthe dility to communicate with the mobile robot platiorvia
WiFi. The location of the aud-processinginit must be within reach of the acoustic sel
network, i.e. less than 70 meters dice. Depending on the existing $tructure and the fin:
location,an appropriate design (desktop, tower, rack) cathbeser

5.3.2.8 Connection to Database/Storac

The fixed acoustic sensor network has access tod#tebase storage using the a-

processing4nit. The individual microphone array slaves do neéd to have aess to the
databasestorage, since they only provide measurement dataay be necessary to ha
access to the microphone nodes for maintenances

The audio processing unit will send the estimatedupancy leel data to the databa
storage.
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5.3.2.9 Expected Performance

The minimum skew as well as the latency of theastiag system will be strongly depend
on the used network topology. The latency increasis every network element us
between streaming system and host. For an optiredgbnmance thesystem should be
isolated from other network traffic by a separatieeifne-Switch.

The major goal of this contribution is to reachi@ck skew of below 500ns. The second ¢
is to reach a maximum latency of less than 10um ftbe modules to a host cctly
connected to the isolating swit

5.3.2.10Number of Component:

Ten microphones can be attached to a single staweently, up to seven slaves can be
within a single acoustic sensor network. In totddis makes up to 70 microphon
Furthermore, thenetwork interface protocol could be modified to tii@nup to 20 slaves in
single network. Each fixed acoustic sensor netwedkiires a dedicated Gigabit swil

5.3.2.11Expected Energy consumptio

One major objective of the EcoShopping projechis teductiorof the energy consumptic
of the equipped building. Therefore, the overalb&leopping system itself should have a
energy consumption.

Following, we list the expected energy consumptibeach single system compon:
» 5-20W for each microphone sle
* 12W for Gigabit switc!
e 90W for the Processing u

5.3.2.12Costs

The anticipated costs depend on the specific setugach demo site. The expected cost:
each system component of the fixed sensor netwerksfollows

* 350-400€ FPGA

e 3-4€, per microphone

» 80€, switch

* 1000-300@&, Processing ur

+ Unknown costs for cablir

5.3.2.13Features and Advantages of the Fixed Sensor Netwo

With the fixed audio sensor network a highly symrinus audio data network is available
the EcoShopping project. Due to the used stal Ethernet TCP/IP network connectior
simple and easy to install hardware setup is availaNo additional audio capturing ce
(short: soundcard) for the processing unit is resmgs Without the need of a soundcart
spatial separation between the jessing unit and fixed acoustic sensor network &sitde.
Each component of the network only consumes lowusrnof energy. The proposed fix
sensor network is highly adjustable to the speaéoditions at each installation/demo s
Additionally, theintegration of other sensors is possible. The wsiign will consume les
than 20% of total FPGAabric on the used chip. This allows the integratiof fast
preprocessingeutines (e.g. lll-Filter, FFT, etc.) on the slaves itself. In thedaerm, th
system could also be able to stream from the loo#té module, to enable isosynchron
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audio output from spatially distributed modulesndfly it is possible to use Pov-over-
Ethernet (PoOE) to create small capturing modulasdhe easy to inste

5.3.2.14Risks and Disadvantages of the Fixed Sensor Netwc

No direct connection between the mobile robot platf and the fixed acoustic sen:

network and its microphones is possible. No synmizadion between the raw audio date

the mobile robot platform aithe fixed sensor network is possible. The cablgtlebetweer

the dedicated Gigabit switch and a single microgharray slave should not exceed m

than 70 meter. Each slave needs to be configurédtiaeé correct number of slaves active |

network. Therefore, a manual jumper setting on each slaveésled. Thus, when adding

removing a slave form the network all remainingslaeed to breconfigured additionally. |

the Ethernet network of the building is not suitatw connect to a Gigabit stch a complete
dedicated acoustic sensor network up to the datzepsing unit would be necess

5.3.3 Mobile robot platform

The fixed sensor network is supplemented by a raagbibot system, based on the Metral
SCITOS G5 platform (http://metralabs.comhe basic G5 robot module already include:
industrial PC with Wi-Fi EEEE 802.11a/b/), and it conforms to the European -guidelines
for the public indoor sector and is approved by &erman Technical Inspection Ager
(TUV). According to the requirennts at hand, it will be extended with optional caments
and equipped with custobuild modules. This includes a laser scanner forigadion,
cameras for surveillance, a touchscreeliplay unit and acoustic sensors. (Figure 10. )
The additional humamachine interface module comprises a movable rolhatad with eye
that are able to wink, and a 15” to-screen display at a resolution of 1-by-768 pixels.

The mobile robot unit runs on differential highgoe gee-motors, enabling driving spee
up to 1,4 m/s, or rotations up to 200 °/s. Equipp&th acoustic sensors aipre-processing
capabilities, the robot acts as a mobile sensorufeodithin the fixed sensor network, th
adding a dynamic component. Such a mobile modute iogrove the sensor netwc
reliability by putting sensors right where theyfreede, eventhough its limitatiol. The robot
may compensate for wegoints within the fied network, thus the fixed sensor network
be implemented with fewer sensors, while the robabstitutes missing sensors
demand.Just like the fixed sensors, the robot featmicrophones that are used to rec
acoustic data. Similar to the netw’s processig unit, the robot will proce the acquired
data and estimate the occupancy level at the mbatrrent location. Via V-Fi, the
occupancy level data will be transmitted for intetption

Using acoustic event detection algorithms, the rwnit may perform safety and secut
duties. Acoustic events (e.g. someone Yyelling faip”) can be detected and a notificatiol
send to an operator. The (remote) operator maytheseaobot unit's ameras to assess 1
situation.During business hou the robot’s toucldisplay unit may provide information ¢
the EcoShopping project, current energy consumj

The robot is powered B34V lithium batteries with 60A, which enables it for up to 16 hot
of autonomous operation. The robot may automay drive to a special recharging station
full recharge takes about 6 hol

The SCITOS G5 mobile robot platform features ad-in Linux-based industrial PC syste
running the 12.04 Longderm-Support (LTS) version of Ubuntu (Precise Pangolifhis
opegating system supports a broad range of hardwadeisanfficially supported until Apri
2017. Sensor modules (e.g. microphones, temperatuteumidity) will be added to tF
custombuild robot system, as they are provided to thetsbmanufacturer. Thpreferred
interfaces for adding new sensors are USB or E#i-connections on the Lin-PC.
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However in case the sensor hardware proves to t@atible with the robot’s internal CA
bus systems, it may also be integrated that

Figure 10. The MetraLabs SCITOS G5 mobile robot platform baselule (left), with
aditional humamachine interface module (middle) and casing cl¢sght).

5.3.3.1 Specification of the Microphone Positions on the Ruot

Suitable locations fothe acoustic sensor on the mobile robot platform still to be
evaluated. At this point it is planned to placeh¢éiicrophones on top of the robot’'s he
However, in this case, cable connections could imeca problematic since the cables wc
have b go through the rotating robot head. An alterreapwosition is just below the spheric
head around the robot’s neck. Cable connection dvbalsimplified, but the sound field w
be partially affected by the head and the robopldy unit. The mosoptimal microphont
locations are still uret investigation. In any case. is planned to have two additior
microphones placed inside the robots casing tordetioe inherent noise of its interr
systems. These recordings will be used to ideatiy atenuate the effects of sounds of ro
during audio processing.

The robot will be equipped with a similar acousteénsor module, as it is used by the fi
sensor network. The sensor module will be powerngdhb robot’s battery and provide t
audio datdo the robot’s internal PC via its Ethernet netwadapte!

5.3.4 Control system

For control system National Instruments Compact drRégurable Input/Output (cRIC
hardware will be used’he NICRIC-9014 embedded retitme controller features an industr
400MHz Freescale MPC5200 r-time processor for deterministic, reliable -time
applications. The cRI®014 contains 128MB of DRAM and 2GB of non volatd®rage
The Compact RIO embedded controller is designecektreme ruggedness, reliability, &
low power consumption with dual - 35 VDC supply and a40 to 70 °C operating ran
temperature.With the 10/100 Mbits/s Ethernet port, you can aaridprogrammati
communication over the network and k-in Web (HTTP) and file (FTP) servers. F
additionalstorage capability, the cR-9014 has a fulspeed USB host port to which you ¢
connect external USBased storage media (flash drives and hard drif@skembeddec
logging applications requiring additional stor: Also, cRIO901x controllers include
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embedded faultelerant file system that provides increased bility for data logging. Pictur:
of the cR10-9014 embeddedntroller is shown iiIFigure 11. .

Figure 11. cRIO-9014embedded controller.

The cRIO9014 runs the NI LabVIEW ReTime Module on the VxWorks re-time
operating system (RTOS) for extreme relitdy and determinism.Working principle
CcRIO-9014 is given ifrigure 1.

Host PC CompactRIQ Application
_1.5:-5;':‘:‘9.‘@':5& _.,}r’r'ms,
4" Y 4 \ lori
{éjf % Natviaek . gﬁ" % Normal Priority
§ # g Loop
| B F 2 1 {Gammunication,
o o § TCRAR UDP, & Dl agging)
j = 1{,_‘1:_:;_ 11{-1.14:3.- Wodbs TGP} o
— Inter-thread
\@% communication
Dutput 4
User ... % . Tima Critical
Interface Loop

Figure 12. CompactRI O software architecture.

These NI Compact RIO reéilne controllers corect to any four or eight ot Compact RIO
reconfigurable chassis, séggure 13. . The user-defined fielgrogranmable gate array
(FPGA) circuitry in the chassis controls each moduk and passes data to the control
through a local PCI bus using b-in communication functions.
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Figure 13. Four and eight slot Compact RIO reconfigurable chassis.

5.3.4.1 Embedded Software

You can synchronize embedded code execution to RBA-generated interrupt quest
(IRQ) or an internal redime clock source. The NI LabVIEW R«+Time ETS OS provide
reliability and simplifies the development of comi@ embedded applicati. That includes
time-critical control and acquisition loops in additida lowerpriority loops for post-
processing, data logging, and Ethernet/serial comcation. Buil-in elemental 1/O
functions such as the FPGA Read/Write function pl®a communication interface to t
highly optimized reconfigurable FPGA circuitry. @avalues are re from the FPGA ir
integer format and then converted to scaled engimgeanits in the controllel

5.3.4.2 Builtin server

In addition to programmatic communication via TER/UDP, Modbus/TCP, IrDA, ar
serial protocols, theRIO controllers include bu-in severs for Virtual Instrument Softwa
Architecture (VISA), HTTP, and FTP. The VISA serverovides remote download a
communication access to the reconfigurable 1/0 {RFBGA over Ethernet. The HTI1
server provides a Web browser user interface to Hpkges, files, and the user interface
embedded LabVIEW applications through a Web broysas-in. The FTP server provide
access to logged data or configuration f

5.3.4.3 Other components

No hardwaranterfaces are foreseen for the building m module. Hagware interfaes from
Automation Control to HVA actuators will be defined in WP4, T4.1it is not possibleet
to provide information on hardware interfaces regaydiu.
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6. SYSTEM ARCHITECTURE

6.1 Overview

The main functionalities of the Signal Proces<Units (SPU) aréFigure 14:

1) A functional and adaptable sensor that detectsedsgof occupancy, temperatL
radiation,illuminance, humidity, air quality in different types of insideftside area
and transfers these parameters to the 1AU for apétion.

2) A semiautomatic learning system that is managing abnosiggals, digesting ar
sending them to the Internet, so they can be aedlyzanually by experts in order
retrain the system in an early stage of the Ecofihgpproject. Later on, an Inteet-
based semantic repository of signals will be bii#tt provides processing packets
be downloaded to the system so it can learn frameikperience of others to imprc
its capacities.

3) The sensing system will be based onardware/Softwarglatform easily adaptable
and scalable to diverse buildings and spaces anckaver, the compatibility to tt
existed BAM systen(Figure 15 will be taken into account.

Fixed, distributed sensor network

Temperaulm Acoustic

L Sensors Sensors J
) Zentral Signal AL
{ sy ] (Others-ensols}
ernet based

Sensors

(Mobile Robot platform

Temperaulm Acoustic J

[ Sensors [ Sensors
Mahile Signal J
{ sy } (Others-ensols]

HVAC
Actuators

Sensors

Figure 14. System Architecture and main functionalities of the IAU.
Regarding the SPU, innovations will also inclt
» the integration of available technolog
» the configuration and installation of the sensatvork
* the methods of signal process
» the algorithms and semantics of acoustics events identification.

In order for intelligent algorithm to perform coolling, optimization, monitoring an
reporting, first it needs to be implemented on ahlé "intelligent” hardware platforr
National Instrument's CompactRIO (cRIO programmable automation controllPAC) that
isflexible, reconfigurable control and acquisition sys. It supports flexible hardware th
can be used to implement intelligent control algpon and wireless sensor netwc
communication.
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Local temperature
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trol Humidity.
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HeatPump

Demand Response H

L Actual System = ‘=====——mmmmmm e e

Figure 15. Actual BAM.

6.2 Fixed Sensor Network Architecture

The generic architecture of the fixed sensor netwier described orFigure 16. . This
architecture serves as a reference to the physigdémentation of the fixed sensors netw
in the pilot facility and can be replicated to anther replication facilities where ti
Ecoshopping product will be installs
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Data Server
Webservices Webservices
RF 2.4GHz Ethernet

IEEE 802.15.4 jatewa ModbusTCP

RS 485

Modbus RTU 48 ! ISA RF/ModbusTCP
Remote Node| _ Gateway

| RF B68BMHz

Modbus / MBusr.
e Mbus

Bridge

Figure 16. Fixed sensors network architecture diagram

This architecture is based on a National Instrusdrdackbone, composed by a cer
gateway (Sensor Gateway) and one or more rem«es needed for integrating the sens
The remote nodes communicate with the Sensor Ggtesiag a 2.4 GHz IEEE 802.1%
wireless networkThe Acoustic Sensor Netwomodule communicates the acquired val
directly to the Data Server using the spec Webservices.

The main specifications of the Sensor Gateway toidssl in the Ecoshopping fixed sen
network are represented in the next ts (from Table 7 to Table 14nd figures (From
Figure 17 to Figure 29).

Table 7.Sensor Gateway (NI 9792 Programmable Gateway)

Main specifications:
e Industrial grade
e 533 MHz processor
e Dual Ethernet ports
e 2.4GHz IEEE 802.15.4 wireless network

e Capability to communicate with 36
distributed remote nodes

¢ Integrated web server

Figure 17.N19792 Programmable Gateway.

One or more Remote Nodes will be used to readnmdition from the sensors installed on
field. Several types of remote nodes are availablee used with the Sensor Gateway. In
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Ecoshopping project its expected to use RS485 Remote nodes, to reaésvéilam the
Modbus RTU sensors, such as electrical meterg, higters or heat meters through a Mod
RTU to MBus protocol bridge. The Remote Nodes taised in the Ecoshopping system

Table 8Remote Nodes

Main specifications:
¢ Industrial grade

e Programmable, autonomous interface to
serial sensors, instruments or control
boards

*  One RS485 port and two digital I/0 lines

e 2.4 GHz IEEE 802.15.4 radio that provides
up to 300 m outdoor range

e Low-power operation with up to 3-year
battery life

Figure 18. NI 3231 RS485 Remote Node.

Main specifications:
¢ Industrial grade
e Four analog input channels
*  Four digital I/O lines

e 2.4 GHz IEEE 802.15.4 radio that provides
up to 300 m outdoor range

e Low-power operation with up to 3-year
battery life

Figure 19. NI 3202 Analog Input Remote Node.

6.2.1 Electricity energy monitoring

For reading the energy consumed by the facilitgcteical meter will be used. The use
electrical meters will analyse the relevant eleelricircuits on the facility electrical boar
and provide the information on the Modbus RTU ifates which will be connected to tt
RS485 Remote Node (NI 32. Several electricaparameters such as consumed ac
energy, consumed reactive energy, voltage, curfesguency or power factor are provic
by the electrical meter on the Modbus interfacethia respective Modbus registers.
electrical meters make use of suitablrrent transformers to analyse the measured ciacul
compute all the provided measuremelFigure 20. describes the electrical diagram of
electrical meter connections to measure an eletwircuit.
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Figure 20. Electrical meter diagram.

For the electrical cimgit metering, the ISA iMeter electrical meter orya&8™ party electrical
meter with identical characteristics acquired fritm@ market can be used. For this deliveri
the ISA iMeter was considered to be used and thlewimg table illustrates the ma
characteristics for this electrical me

Table 9.Electrical meter (iMeter).

General Characteristics:
e Communication: Modbus over RS485 (Modbus RTU)

9 = ¢ Voltage rating: 230 VAC (phase to ground voltage)
. *  Number of measured circuits: 1 triphasic or 3
moniphasic
e - ¢ Mechanical fixing: DIN Rail montage

e Measured variables:
0 Instant active, reactive, apparent power
0 Accumulated active, reactive, apparent energy
0 Instant power factor on each phase
0 Instant Frequency
0 Instant voltage on each phase and inter-phases

Figure 21.iMeter electrical meter.

6.2.2 Heat energy monitoring

For measurement of delivered/consumed heat enkegy,meters will be used in the proje
By analysing the fluid (commonly water) flow raflaw temperature and return temperatt
the heat meter is capable of computing the prodhead energy by a tler or the delivered
heat energy to a radiator or other heat consuidevice or devices.

The most common protocol available to read inforomafrom heat meters is the -Bus

protocol. To integrate the measurements performethé facility’s heat meter a protocol

converter (usually known as a bridge) has to bel tgdeconvert the I-Bus protocol used b

the heat meters into the Modbus F,which can be easily read by tR&S485Remote Nodes
(Figure 22).
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Figure 22. Usage of the M-Bus to Modbus converter for heat meters reading.

The Kamstrup Multical 402 heat met(or any other similaheat mete¢) having a M-Bus
communication interface may be used for the purpgsmonitoring the heat energy. T
following table describes the main characteristicge Kamstrup Multical 402 heat me

Table 10.Heat Meter (Kamstrup Multical 402)

General Characteristics:
e Communication: M-Bus (slave, wired)
* Measured parameters:
0 Heat energy
0 Flow meter
0 Flow temperature
0 Return temperature
e Power supply: D-Cell battery
e Authonomy: 12 years
¢ Water temperature range: 15..1302C

Figure 23. Kamstrup Multical 402
Heat meter.

The bridge to be used to convert th-Bus communication into a Remote Node read
Modbus RTU is the ADF HD67029-485 device. The device’s main characteristics
described in the following tab

Table 11.M-Bus to Modbus RTU protocol converter.
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| General Characteristics:
SEOOO0000 | SOBOIDDIE ¢ Communication with iHub: Modbus/RS485
e Communication with heat meter: M-Bus
T e Power supply: 15..21 VAC; 18..35VDC
| ce Ii! S LT e Data rates M-Bus: Up to 38400 bps
e Data rates Modbus: Up to 115200 bps
¢ Mechanical fixing: DIN Rail montage

Lrimlacimin i Lali b3 [ A3ISHOORE
fL=] AP

Figure 24. ADF HD67029M-485.

6.2.3 Light level monitoring

For light level monitoring a light sensor will bead. This light sensor has tcapability to
provide by Modbus RTU the light intensity of a sifiegoint in Lux unit. This sensor can |
connected directly to the RS485 Remote Node byvbdbus RTU communication interfac
For this purpose, the Ocean Controls k-275 Modbus Light Sesor or similar can be use
The following table describes the main charactessif the Ocean Controls K7-275 sensor.

Table 12.Light level sensor

General Characteristics:
e Communication: Modbus RTU

¥ o ¢ Measured parameters:
0 Light level in Lux

0 Range from 0 to 16384 Lux

Figure 25. Ocean Controls KTA-
275 Ligh Sensor.

6.2.4 Air quality parameters monitoring

Air quality parameters will be acquired from ISAcIRtTH and iPointCO2 set of sensc
These sensors areapable of measuring air temperature, relative Hiyniand COz
concentration and transmit the measured values @¥8M 868MHz radio. The temperatt
and humidity sensor is battery powered which redube positioning restrictions for tl
sensor; the CO concentration sensor is not suitable for beinggred by batteries so it
mains powered.

In order to integrate the values provided by th&sesors into the Ecoshopping platforn
868MHz radio to Modbus TCP protocol bridge from 18Ml be used Figure26. depicts the
integration of the iPointTH and iPointCO2 into thlatform by the usage of the RF/Modt
TCP protocol bridge.
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Figure 26. Integration of temperature, humidity and CO2 ses.

The following table containing the main characterss of the iPointTH and iPointCO2 ¢
quality sensors.

Table 13Air quality sensors.

General Characteristics:
¢ Communication: ISM 868 MHz
e Power supply: 2xAAA 1.5V batteries
e Sampling interval: 15 minutes
* Measured variables:
0 Air temperature in 2C
0 Air relative humidity in %

Figure 27. iPoint TH device.

General Characteristics:
¢ Communication: ISM 868MHz
e Power supply: 230VAC
e Sampling interval: 15 minutes
e Measured variables
0 Air CO2 concentration in PPM

Figure 28. iPoint TH device for
iHub.

The described air quality sensors are suitablegorg inindoor environmen.

6.2.5 Wall temperature monitoring
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For monitoring of the wall temperatures, a contachperature sensor has to be used.
distinct parts compose this sensor: a thermome#tinpm based resistor (i.e. PT100) an
resistance valu&ransducer. The measured temperature affects gigtamce of the sensc
which is sensed by the transducer and transformtecdai analog value of current ranging fr
4...20mA. The equivalent temperature values for thand 20mA are configured in tl
trarsducer. The current value is then read by the Analput Remote Node and, by knowi
the transducer configuration, converted into Celsiegree:

Table 14.Wall temperature sensor.

General Characteristics:
0 4..20mA output

g 0 Configurable temperature range
4.,20mA

Figure 29. PT 100 Temperature
probe.

6.2.6 Example of architecture implementation

The Figure 30.depicts an example of the proposed architecturéeimgntation, indicatin
the communication protocols and sensors/me

Fixed Sensors Network

I5M 2.4GHz

M) !

NI Gateway
‘ Ethernet/MaodbusTCP |
E RS485 Node #°%  RF/Modbus TCP
L Bridge
WGdbusl 1]
| | Light
- Sensors
soiwe Modbus -
o — . -
N - /Mbus  ®_, Q
== Bridge -~ o ISM B6BMHz
Energy Bus .
Meters
.= -
o J i 'l':“rm .-'1 |
e "
Heat Temnper. co2
Meters Humidity Sensor
Figure 30. Example of fixed sensmnetwork implementatic.
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6.3 Acoustic sensor network architecture

Isosynchronous multthannel audi-streaming is usually achieved using proprietaryoéts
like ADAT or MADI. The main objective of this cornlbution is to stream audio data frc
spatially distibuted modules to a host using standardized Ethermegworks. The
synchronization is achieved by using a network quok for industrial clock distributior~
Precision Time Protocol (PTP). To ensure maximabckl accuracy, the system

implemented on FP& using finite-state-machines instead of a processor.

Q Q Q Q Q PTP-Master
eleieivicl

QQQQQ Slave 1
o]elofe]e iyl

QQQQQ Slave 2 f“‘n
elelelvicl

GOQOT  [smes
Q0000

F 9

h 4

h A

F 3

h 4

vivl

h 4

h A

F 3

h 4

G

PTP-Messages

h 4

—
Audio Data

F 3

h 4

PTP - Domain

Figure 31. Basic structure and network topology.

Figure 31depicts the general system structure of the fixeoustic sensor network. Tl
microphonearrays are clustered irroups of up to 10 microphones at a single slaveh!
microphone node needs a power supply. Currentlyougeven microphor-arrays —slaves-
can be used within a dedicated acoustic sensomonietiowever, the network protocol cot
be modified to manageputo 20 slves. A single slave within a sensor network neec
operate as master system.

Data transfer and synchronization using -messages is realized with Ethernet conneci
using a dedicated gigalithernet switch. This Ethernet switch exclusi manages the
acoustic sensor network data traffic. Althougtwdatuld technically be possible, no additio
data traffic on the gigab#witch is wanted, to ensure the optimal time syoctzation
between all slaves.

The unprocessed audio data is senche audio-processingnit using, e.g., the existir
building Ethernet network.
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6.4 Control system architecture

Building Automation and Control Systems (BACS) e¢ohtaind supervise mechanical syste
in buildings. Mechanical systems may include hegtooolirg, airconditioning, ventilation
lighting, blinds andshutters, security, fire alarms, and more. The @sgpis to provide
comfortable and safe indoor environmenan energy efficient way. The BACS is norma
fully automatic and executes control sences, control strategies, alarm and supervi
tasks, and data logging. Building managers and paotis use the system. This is usu
either to change the automatic operation (e.g. ghgnthe temperature setpoint in an off
room), or to investigatéhe status of spaces or equipment connected teybiem (e.g
checking the inlet and outlet temperatures of dihgalant)

General control system architecture is showrFigure 32.. Information for the variou
sensors will be sorted in Ecoshopping Database.eSwitical information from the sensc
can be relayed directly to Automatic Control andrioring (cRIO) sysem to improve
usability. Different actuators for HVAC and all eth systems will be controlled |
Automatic Control system. Models will use infornmati from Ecoshopping Database ¢
also use it to store ¢ir output data. Output data m models and otheatata will be used b
the Optimizer which will suggest best stratdfor the minimum impacand minimumcost.
User control over the usage of Optimizer in theeyswill be adde

Distributed
Sensor

Network

__________________________________

E Models !

| (building, weather

i 7y :

. WEB

| EcoShopping | ._SERVICE,

! Database . ETHERNET

! v P v

Optimizer ™ OR Automatic

A ————— SR PC | Control &

Y | Monitoring

User Contrc ‘NI cRIO

_________________________

Figure 32. Control system architecture.
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7. CONCLUSIONS

-
The final goal of this task is ttspecification of the EcoShopping IAU syst which is in the
core of the EcoShoppitapl developmenutilised inHungarian demonstai. The purpose of
this firstphase of theystem requiremer work was to describe tHAU systen and toidentify
the requiremenisdo the specification of thdifferent modules and define the syst
architecture for the Eco®pping IAU syster.
The main results are:

e Description of the EcoShoppinglAU syst,

« Definition of the SystenRequirements foEcoShopping IAU syste,

» Definition of the System Specification for EcoShopplAU systen,

» Definition of the System Architecture for EcoShappiAU systen.

7.1 Summary of achievements

The main results presented in this report are th&crniption of thesysten requirements,
system specification and system architec for EcoShopping IAU systel

» Description of theecoShopping IAU syste includingthe fixed sensor network, ti
mobile sensor network and the control sy

e Listing of the standards which should be considergden developing th
EcoShopping IAU syste

» Description of the EcoShoppi relevant communation between building and 12

e Description of the communication between (fixed and mobile) sensor networ
and the control syste

» Description of the system architecture to be adbptieen considering IAU syste!

7.2 Relation to continued developments

This document describes the basis forEcoShoppinglAUdevelopment. The find AU will
be developed laten this task. This initic document includes some gen info of EEPOS
IAU requirements, specification and architec to be implemeted in T5.2, T5.3, T5.4, T5.!
T5.6 and T5.7. Thiss the most important document when developingfinal version of
IAU system.

On the other hand the finBAU has output to WF, WP4 and WP6. Intber words the fine
IAU is in the core of the EcoShop|g project affecting EcoShoppirigols development ar
relateddemonstration. And if possible these requiremesyscification and architectt can
have a role when developing other retrofitting iingeint automation units at the Europe
level, which mayead to a standardization action on this m.

7.3 Other conclusions and lessons learned

Thedefinition of system requirements, specificatiod anchitectur is a rather heavy proce

since different modules havdifferent communication and storage necess. Furthermore
the unificationof such different requirements may sometimes bleadlengt. Also due to the
complexity of the system which involves exp with different expertis, makes the
specification process spatly challengingregarding the harmonisation the descriptions of
each module into a coherent and clear system pésc.
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8. ACRONYMS AND TERMS

AED...ccoooiiiiiii Acoustic Event Detectic

APL Application Programming Interfa

ASHRAE.................... American Society of Heating, Refrigerating and -Conditioning
Engineer

BACnhet.......ccccevvvnnnns Building Automation and Control Networks (commurioas
protocol

BAM ... Building Automation Manageme

BEM ..o Building Energy Manageme

CAD ...ooovvveieii Compute-aided design

CAE...cccooviiiiiiiiieie Compute-Aided Engineering

CAM ..ot Compute-Aided Manufacturing

CE..ooornd European Union EMC & Safety Compliance Declare

CEBUS.......oeiiee! Consumer Electronics B

CRIO ..o, CompactRIO hardware platfo

DAL oo, Ligthing control retwork-based systemsfbuilding automatior

DCV45 ..., Demand Controlled Ventilatic

DMPC......coovriiiiiiinnns Deterministic MP(

DemKko .........ccevvvevennns European Union Product Safe

o European Union Hazardous Locati

EIB s European Installation Bt

EHS ..o, European Home Systems Protc

EPBD....ccoooiies Directive of Energy Performance of Buildii

FPGA.......cc s Fielgrogrammable gate art

HBS ..o Home bus Syste

HVAC.....cccooeeen. Heating Ventilation and Air Conditionil

AU ..o Intelligent Automation Un

ICT (s Information and Communication Technolt

VO i Input/Outpu

JSON ..., JavaScript Object Notati

KNX i, a home and building automation stant

LonWorks.................] Local operating network, a networking platform usadcontro

MPC ..o, Model Predictive Contri

o Personal Comput

PLCS .ot Rrogrammable logic controlle
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PTP i Poite-Point communication

RBC ..o Ruased Contil

SCADA ..., Supervisory Control and Data Acquisit
SMPC ... Stochastic MP(

SPU.....o o, Signal Processing Un

UDP .., User Datagram Protoc
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10. APPENDICES

|
This deliverableloes not have further documents associ

2014-05-16 7 @
m T SEVENTH FRAMEWORK ! " éshopp\ng



