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Summary

This report Deliverable 2.1 presents inventory of the sensor and technologies allowing measurements
of energy consumption, indoor environment and occupant health. The specification of sensors includes
performance factors and practical and economic considerations. Performance factors such as range,
accuracy, etc. are discussed in the inventory itself. Afterwards are discussed practical considerations
including compatibility with other components forming a monitoring system.

The goal of the inventory is to produce an overview of measuring equipment currently available on the
market that will later in the project serve as a basis over which MOBISTYLE will define applicable
solutions for different real situations (demonstration cases). Later in the project, specific sensors and
sensor networks will be chosen that are feasible and interesting for the application on the MOBISTYLE
demonstration cases. The architecture of the monitoring system will be devised where installation of
sensors and systems will be carefully planned and carried out for each demonstration case individually.
This will then certainly show which of the devices from the inventory can be applied to which situations
(demonstration cases) and how different devices can be connected into one system. Deployment of a
varied range of sensors for 5 real demonstration cases will be presented.

Several reviewed articles expose a problem due to the fragmentation of the Internet of Things (loT)
protocols (technology platforms) which are normally incompatible with each other [9, 25-27].
Recognized by many IT developers, there should be a single, open, secure and interoperable
framework that would allow interoperability of all loT products and services. This would be beneficial
for the MOBISTYLE project where the aim is to connect different devices (e.g. temperature sensor from
BMS with sensor measuring heart rate through wearables). The review showed that currently a
platform fragmentation and lack of open standards leads to a difficulties to customize and interconnect
different sensors and devices available on the market.

As discovered during this research, for successful implementation of different sensors (new & existing
devices) it is important that in future the manufacturers will agree on working together and adopt
open standards and make smart devices open for free competition on the market. Currently, there are
available several standard protocols, hence, the main problem is when combing different sensors from
different manufacturers into a single framework. These systems need to have an open seamless
infrastructure delivering data in real time. By allowing interoperable systems using standard
technologies, it would not be important who is the manufacturer of the subsystem (sensor) which is
an issue now (also in MOBISTYLE).

H2020 MOBISTYLE_723032_WP2_Task 2.1 2
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1 Introduction

Energy consumption in buildings has been significantly increased in the last half century throughout
the whole world mainly due to economic developments and growing living standards [1]. This raises
concern about the energy consumption in buildings, which are a substantial user of energy worldwide.
Buildings themselves account for around 40 % of total energy use which makes the building sector the
greatest energy consumer around the world [2]. Therefore design of energy efficient buildings and
improvements in the energy performance of existing buildings are becoming of vital importance.
Buildings are becoming more air-tight and with more advanced building service systems [3]. The
embedded stationary devices in the buildings (sensors, information and communication technologies
(ICT) tools) are capable of measuring raw data (power, flow, temperature) which than has to be
translated to the user in an understandable way in order to achieve the main aim of these ‘smart’
systems: achieving improved building energy efficiency.

In recent years there has been a widespread of 10T in smart buildings, however, there is a lack of
attractive information presentation that will motivate users to start behaving in an energy efficient
way. If the captured data is analysed and presented in an attractive and understandable way to the
building occupant, this can open doors to a lot of opportunities where end-users are triggered to
behave in a more energy efficient and optimized way in their buildings. This deliverable, 2.1, is
therefore concentrated on gathering and analysing state of the art technologies that allow such data
monitoring.

The main part of the report presents a review of the in-home equipment (mostly sensors, personal
handheld devices with built-in sensors, wearables) capable of capturing data related to three key fields
of application: building energy consumption, indoor environmental quality (IEQ) and occupant’s
health. By bringing in the health aspect, gamification and anthropology (understanding occupant
behaviour), information that triggers the residents will be provided to different end-user types. This
makes MOBISTYLE different to what the current market offers.

1.1  Aim of the report

The review Deliverable 2.1 focuses on producing an inventory of Internet of Things (loT) technology
and commercial products capable of capturing data identifying the three key areas as mentioned
earlier (energy, IEQ and health). The technologies were evaluated against several performance factors
such as usefulness, cost effectiveness, applicability, availability etc. The main information and sensor
characteristics were obtained by studying the product information and available data sheets from the
manufacturers (company or product website). Hence, sometimes certain sensor characteristics were
missing and could not be clarified (e.g. missing information about sensor’s sensitivity). Furthermore,
not only the analysis of the sensor layers but also the interoperability between different sensors was
analysed (computation and application layer) where such information was available. It is believed the
interoperability between different system- and (open) standards is an important issue that needs to
be addressed in the future in order to achieve a wider development and better implementation of the
state of the art efficient technologies and products. Moreover, this becomes a greater issue when
expanding an existing home automation system installed in a building (allowing monitoring of
building’s energy consumption, IEQ) with built-in sensors in wearables (allowing monitoring of
personal health).

H2020 MOBISTYLE_723032_WP2_Task 2.1 4
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2 Sensor fundamentals

A sensor is a device that converts a physical property or quantity into a measurable signal or effect. As
such, sensors represent part of the interface between the physical world and the world of electrical
devices, such as computers. Beside the measuring data, measurements may also include building
identification number, metered location (sensor ID), date and time and the measured value. The other
part of this interface is represented by actuators, which convert electrical signals (pulses) into physical
values [4]. It must be defined how many pulses corresponds to a specific unit at the meter.

Sensors can measure various physical properties such as: temperature, flow, pressure, force, position,
light intensity etc. Sensors are most often not individual instruments but are part of a larger system
(measurement, data acquisition or process control system) consisting of signal conditioners and
various signal processing circuits (analog or digital).

-~ G

3

Central Unit
Battery = (Microprocessor) = Memory

Yy Communication

module

Queries I l Data

Figure 1: Architecture of a sensor node according to Verdone et al. [5

For further information on sensor technology it is referred to two books, Sensor technology handbook
by Wilson [4] and Wireless sensor and actuator networks by Verdone et al. [5].

The specification of sensor includes performance factors and practical and economic considerations.
Performance factors such as range, accuracy, etc. are discussed in the inventory itself, Chapter 3.
Practical considerations including compatibility with other components forming a monitoring system
are discussed in Chapter 4 and 5.

2.1 Why do we sensorize things?
Before the monitoring parameters are set for each MOBISTYLE demonstration case it is needed to
decide why the sensorizing is even required. In general performance parameters are monitored to
assess what needs to be changed to reach or stay in a target status or to observe a change indicating
deterioration [6]. The main objective of the MOBISTYLE project is reducing building’s energy
consumption. Nevertheless, improving the generated indoor environment and monitoring occupant’s
health are other two important objectives to be satisfied. Still, for each of the demonstration buildings
in MOBISTYLE project individual architecture will be devised based on building occupants needs and
wishes and requirements of a specific building.

H2020 MOBISTYLE_723032_WP2_Task 2.1 5
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In this way, the final decision on what type of sensor network will be installed in the demonstration
buildings will be done when answering the following question: “What information do we want to
obtain (data types), what we already have, how much accuracy we need and how much we are willing
to pay?”’

Based on the gathered data and objectives of the measurements for each demonstration case, the

assessment (ranking) of sensors will be done in terms of usefulness, cost effectiveness (life time costs),
product’s lifetime, reliability, applicability, availability, etc.

H2020 MOBISTYLE_723032_WP2_Task 2.1 6
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3 Inventory of data measuring devices

Following chapter presents inventory of state-of-the-art equipment available on the market allowing
measurements of energy consumption, indoor environment parameters and occupant health. The
presented sensor types were chosen since they are commonly used for sensoring built environment,
energy consumption (gas, electricity), indoor environment (thermal comfort and indoor air quality),
outdoor conditions (outdoor temperature, rain, wind), occupant behaviour, presence and light control
(lights, window opening) and health (metabolic rate, heart rate, steps). Sensors were identified and
categorized according to the measuring phenomena and their main characteristics were described.

3.1 Sensor data sheet

Sensor data sheets can serve as a basis for the identification of the sensor characteristics. This
documentation presents a commercial document, where manufacturers most often focus on
description of the performance parameters that the sensors have been designed for. As discovered,
such sensor data sheets are leaving out the information that might be important for different
application than intentionally designed for or when integrating the sensor to existing building
monitoring system developed by another commercial provider. In general, it is recommended that this
information is obtained from the manufacturer (by contacting him) before the actual sensor
application takes place [4].

3.2 Classification of monitoring technologies
This chapter presents a classification of monitoring devices allowing observations and analysis of
buildings energy performance, outdoor conditions, indoor environment, occupants behaviour
(presence, lights) and occupant’s health. Description of principles of the sensing technologies allowing
observation of each parameter is presented in each subchapter. This is further supported with a
description of advantages and disadvantages.

These sensor types were then characterized according to their accuracy, measuring range, response
time, communication technologies, connectivity, resolution, sensor mounting, output, working voltage
and cost. There are many commercial producers offering these types of sensors on the market and
certain commercial products are also described in this report. Hence, which products to choose for
each of the demonstration cases will be defined later on in the project when also building requirements
and characteristics of the current installed monitoring system will influence the choice of new sensors
to be installed.

3.2.1 Energy sensing and monitoring
To measure energy consumption (gas, electricity) energy meters, sub-metering, plug-load
measurements, natural gas meters and other sources of energy meters are included. Sub metering
allows facility managers to track energy consumption by carrier, area, department, tenant and an
individual piece of equipment after the primary utility meter. With submetering, a clear and accurate
picture of how and when energy is being consumed inside a facility is created.

Furthermore, MOBISTYLE partner Whirlpool will offer white good appliances to apply for a chosen
demonstration building where various types of wireless sensors can be used to obtain appliance-state
information. Within this information, consumer can get an insight in whether the energy inside a
building is wasted and therefore turns the appliances off when not needed. Furthermore, the advanced

H2020 MOBISTYLE_723032_WP2_Task 2.1 7
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technology also allows communication and exchange of information (data) between different devices
and in future even further optimization will bring direct communication and control between different
devices.

During this research, two measurement systems seem to be most feasible options. Smappee
monitoring device is cheaper than Plugwise and both devices allow real time energy consumption
monitoring. Hence, data per appliance measured by Smappee is often not really reliable and accurate.
Furthermore, it takes a while before appliances are recognized (sometimes not recognized at all). The
main disadvantage of Plugwise is that the device needs to be plugged to a wall outlet which is not
always possible.

Energy meters
Gas meters such as diaphragm, rotary and turbine ones are most commonly installed gas meters. All

three types of gas meters use dynamic mechanisms to measure the gas flow. The main advantages is
low cost where the main disadvantage is high pressure losses and inability to indicate instantaneous
flow rate value [6]. In the recent years, static devices such as ultrasonic flow meters (Table 1) have
shown significant results regarding accuracy and non-intrusiveness. Fluidic meters are used for
commercial buildings and are based on fluidic dynamic oscilliaton principle [7, 8].

Electricity meters are sensing the values of current and voltage to provide a measurement energy used
(and possibly power demand). The most common energy meter is electromechanical watt hour meter
(a 2-phase inductive motor) [6]. Still, it is expected that in the coming years in commercial as in
residential buildings electronic (solid state/digital) advanced meters will be installed which do not
require moving parts and are capable of storing and managing data [9]. They have higher accuracy,
data storage and communication capability that allows managing energy and power data.

Both electricity and gas meters can be considered as smart meters where the measurement principle
stays the same. Hence, smart meters contain electronic devices that convert pulse information to the
reading and then store the reading and send it to the server [10]. As a consequence to the fact that
there are many existing traditional meters installed in the existing buildings, many manufacturers
developed automatic meter reading (AMR) solution which allows upgrade of a traditional meter to a
smart meter in a fast and non-invasive way [11]. Here, it should be noted that the price of the metering
device depends not only on the price of the meter itself but also on the measuring range, pulse output
option and AMR compatibility. Still, energy companies in the end decide whether they want to upgrade
the metering to smart metering. Often they do not add additional electronics to an existing electrical
meter but rather change the electrical meter into an electronic smart meter which energy companies
normally use for remote measuring and billing.

H2020 MOBISTYLE_723032_WP2_Task 2.1 8



Table 1: Enerav meters inventory.

133UNGT 35N

() yead samod -] sojpey ssmod upp) Adiaua anyae ) samod Juaiedde ‘(a) uosua) *(y) Apsuaiu aEja Suunseainy, AEREWN Ny Apupag
UMY 6666 ~ TW. 100 G835 2uliy) %5 OF o
Y 9 E7 A Buipioosd xepy U T Bunnseaw uondwnsuod AL OODE — 0 palg d3ja Jamog
(% T F Aaeanaay) (uonejualo 09 - Jajaw
YleW BEREE-T'D | Auew) pauy | DF voneEsu) | JsgEm (joy) #5nd
(1o/en) bc?_fmq aflesn jayem
o1 dn
JL0E 01 [10y) apsawog
! venss JBIEM PIO2 20} |OA LT [PPOW [uonEjuao Jasind Yy Jajaw
lsw] jeudig (1o/eD) Aue i) pasy [e1p Adp 3al-ajdug
AOFFHOB D.06 01 dn Jalem
WLEM D) QM LT 2RO
ek g io) vy 7) AManeq Emncﬂm. s|npow Jojeuy adued 2101 DNOTET [jenpan
Wl Anpow sng-y 4y "WEFT NI 42d se poTeT | 40 [BIUOZIROY) OSHN 133U Adiaua
Y18ua) a|qea 'p 0ET O ¥oed 1amog- _ ) _ : 123 JUGSRIY Suljooa pue jeay
a%ieyn Aianteq 4o yoed Jamog aspng Mo} jo aFues Bujnseap paxlq
! ‘g oy d ' [BIMSLULIOD
asing y/ew g5 e 01 dn paiy 009z q |el
y/ew Ze'gz 01 dn 0D0E 404 Mpin|4
as|ngd w e . ' [Bj2U3LULIOD R
1FJURAGI JajaWwopn /W ZEBT - EETTT 59T - 081 Joy wdeaydeg ¥ seD
#5Nd ‘q |BRuEpIsad
UfsW £ o1 dn) paxd 00z - 5Z1 i g

afejjon Bupjiop

JIUNGY J23aWop0

afue. Buunseapy

Fupunow
Josuasg

(3) 1500

Joy wieaydeqg

a0ap

Sulnsesl pue UoHEIYRUIP Jajalieled

H2020 MOBISTYLE_723032_WP2_Task 2.1



Outdoor conditions

When doing building’s energy monitoring, climate data is clearly important due to the connection

between the consumption and outdoor climate. Therefore, Table 2 presents sensors allowing

Table 2: Sensors allowing measurements of outdoor conditions.
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measurements of outdoor conditions such as temperature, humidity, wind velocity and direction,
illumination, solar radiation and CO, concentration.
*Usually part of the weather station (also measured rain presence).

3.2.2 Indoor environmental quality (IEQ) sensors
Temperature, humidity, CO,sensors are most commonly used sensors when doing indoor environment
surveys. Hence, in this inventory also sensors allowing more detailed IEQ assessments are described,
allowing measurements of air velocity, CO, VOC particles.
Approximate range of values of sensing parameters, cost and relevant information of sensors allowing
IEQ surveys is reported in Table 3. Prices are taken from datasheets and user manuals of some of the
main manufacturers.

Temperature and indoor air velocity sensors for indoor thermal comfort

For the measurements of air temperature, most sensors are based on mechanical and operative
principles [9]. Most commonly used commercial products in building sector present a wide variety of
thermocouples, resistance temperature detectors (RTD’s), thermistors (thermally sensitive resistors
with negative temperature coefficient also known as NTC thermistors). In general all these sensors are
accurate with a good response time. For the practical building applications, Celsius scale is normally
used for European applications (°C).

As it can be seen from Table 3, thermocouples are the cheapest and therefore the most widespread
type of thermoelectric devices. Furthermore, they can measure a wide range of temperature, are
simple and robust, but have low accuracy (not sensitive). It is difficult to achieve the error of less than
1 °C. There is no requirements of the power supply. Thermistors are one of the most accurate and
sensitive type of sensors (having high resolution). They are not quite as stable as RTD’s but they present
low-cost devices, easy to wire and have a wide range of application. Hence, they require a proper
calibration. PRTs have higher accuracy and stability than thermocouples but have a longer response
time and cost.

For more detailed explanation of different temperature sensors and their characteristics it is referred
to the Chapter 20, book Sensor technology handbook by Wilson [4].

When there is a complaint about the draught inside a building, indoor air velocity is commonly
measured (one-time measurement). Indoor air velocity plays an important role when defining thermal
comfort. Most often, hot wire anemometers are used, nevertheless, improvement to hot wire
anemometer is the low-speed hot sphere anemometer. These instruments are still quite expensive,
and their sensitiveness limits a commercial use.

Humidity sensors for indoor thermal comfort

Modern devices to measure humidity levels use change in electrical capacitance or resistance. To
monitor indoor humidity levels capacitive, dimensional change and ceramic resistance hygrometers
can be used and are included in Table 3. Commercially developed humidity sensors are mainly made
of thick film (polymer films and porous ceramic) which enables cost efficiency, robustness, flexibility in
device design.

For more detailed explanation of different temperature humidity sensors and their characteristics it is
referred to the Chapter 12, book Sensor technology handbook by Wilson [4].

H2020 MOBISTYLE_723032_WP2_Task 2.1 11
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CO,, CO and VOC sensors for indoor air quality

Monitoring of CO; concentration levels allows for a relatively good assessment of indoor air quality
(whether the airflows are sufficient) and to estimate occupancy within a building. In practical
application non dispersive infrared detectors are mainly used which are based on the physical principle
of gas absorption at a particular wavelength. Hence, there are also sensors using chemical methods
which can ensure high accuracy but lack of stability and durability.

CO and VOC detection in building is mainly achieved by using the physical principle of gas adsorption
on semiconductors [9].

H2020 MOBISTYLE_723032_WP2_Task 2.1 12



Table 3: Sensors allowing indoor environmental quality (IEQ) assessments.
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3.2.3 Light, space and occupancy sensors
There are several types of sensors indicating building’s daily behaviour and their presence:

e Light detectors (switch, sensor).

e Movement and occupancy sensors, status sensors (e.g.: opening windows, shading devices).
Data on occupants can be gathered through surveys and building management in order to obtain data
on age, gender, end-user profile (habits). Glass break detectors are used for intrusion detection.

Occupancy sensors are mostly used in building for lighting control purposes. Most common are passive
infrared (PIR) detection systems and ultrasonic sensors. PIR sensors rely on detecting a change in
temperature pattern in the observed space using pyroelectric detector. The sensitivity depends on the
distance of the subject from the sensor and this is also the main drawback of these sensors. Ultrasonic
sensors are based on Doppler effect. Ultrasonic sensors are reflected by room surfaces and do not
require a fixed field of vision are therefore more reliable in detecting presence over a longer distances
[12]. Hence, ultrasonic sensors are more expensive as compared to PIR sensors (Table 4). Sensors
based on radio frequency identification (RFID) and imaging techniques available on the market in the
recent years are mostly used in offices to detect personnel [13].

By having lighting detectors and control system, electricity consumption for lighting can be significantly
reduced. As seen from Table 4, lighting sensors such as photo sensors are more expensive than
photodiodes. It should not be forgotten that the cost specification only includes a cost of a device and
not the installation and maintenance cost. Furthermore, daylight linked lighting control can allow
adjusting artificial lighting according to the daylight contribution (dimming systems). Wireless sensors
are normally more expensive than compared to wired connected sensors.

H2020 MOBISTYLE_723032_WP2_Task 2.1 14



Table 4: Light, space and occupancy sensors inventory.
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3.3.3 Health sensing and monitoring: Wearables
Introduction of smart gadgetries, mobile health applications, different wearables etc. in the recent
years has allowed people to monitor their lifestyle and motivate them towards a healthier everyday
life. Such wearables can provide users personalized health data which helps with self-diagnosis and
behaviour change interventions.
For example, heart rate can be measured with an oximeter built into a ring [14], muscle activity with
an electromyographic sensor embedded into clothing [15], stress with an ectodermal sensor
incorporated into a wristband and physical activity or sleep patterns via an accelerometer in a watch
[16, 17]. Furthermore, levels of mental attention can be monitored with a small number of
electroencephalogram (EEG) electrodes [18].
Tailor-made computerized solutions such as web based services, feedbacks via application or email
can motivate a behaviour change for issues such as obesity [19], anxiety [20], panic disorders [21] and
post-traumatic stress disorder [22]. Table 5 provides a list of measuring devices allowing assessment
of user’s health, daily pattern, sleep quality etc. For some of these devices, the price remains the main
issue preventing a wide-spread usage. It should be noted that the market development of wearables
is so fast that there are likely to be better alternatives from other suppliers available in near future.
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4 Architecture of the monitoring system & communication and network
technologies

When building a sensor network system, the challenging task is the architecture of the sensor system
due to all the different requirements related to each sensor and devices connected to the system
(communication protocols, database etc.). A protocol is the rule set standard for representation,
signalling, authentication and error detection which allows sending the information though a channel
of communication between the different connected elements. Closed protocols are specific protocols
which are used by one manufacturer and only the manufacturer can make improvements and those
devices that “speak” the same language. This limits the appearance for continuous development. On
the other hand, open standard protocols have no patent on the protocol which allows that any
manufacturer can develop applications that carry implicitly communication protocol (e.g. LonWorks
and KNX).

Main architectures can be centralized, decentralized, distributed, hybrid/mixed. Due to different
communication strategies, connection between existing sensor network and upgrading it with new
sensors can be challenging. Ideally, communication structure needs to be designed as a multilayer
architecture that covers the whole sensor network system where all devices should be seamlessly
connected into one framework.

The following figure presents a generic monitoring system architecture of MOBISTYLE. This
architecture will be defined according to the requirements of each demonstration case and MOBISTYLE
requirements based on decision on which new sensors we want to integrate additionally (measuring
new parameters related to health).

I Monitoring I I Feedback I I Control I | Application level (platform) |
4 t 4
*
Database server,
software Data Storage & Computation level

———
I

l |

Data o .
L D?t.a. D'?t.a. Manitoring systemn architecture
acquisition acquisition acquisition
F 9 . .
. t . Communication level
Jl Field bus Field bus lllFieId bus Mounting
IEQ & Eneray sensor Health sensor
occupancy gy {Wearables) Sensor level

Figure 2: MOBISTYLE Generic architecture of building’s management system.

In general, this architecture will include three main components:

- Sensor layer & data acquisition: Measuring devices, sensor, appliances monitored by a sensor
configuration that collects the data. This information is then available to the computation layer for
further data analysis.
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- Computation layer: In order to analyse the collected data, the computation layer comprises of a
database and computation software. The application layer will define what kind of software and
analysis methods need to be adopted. Information will be generated by an appropriate combination
of algorithmic calculations and statistical analysis. This then provides information catered for end user
by informing the application layer.

- Application layer: This layer provides a user a possibility to monitor and download the data, control
the systems and provide a user feedback. In MOBISTYLE, the goal is to adapt the information to the
needs of the end-users.

When connecting different sensors in a building, two principles of the home network are important:

e Alanguage (communication protocol) by which the devices communicate among each other
and exchange information;
e A connection between the devices: a wired or wireless connection (radio signal).

4.1 Communication backbone
In order to connect different sensors efficiently and accurately, instrument selection and a network

system plan needs to be established, including definition of a communication backbone in order to
ensure the interoperability of different devices. A communication backbone ensures transmission of
the data captured by the sensors [6]. Furthermore, highly reliable communication will be required to
transfer a high amount of data.

Sensors can be connected with other buildings or smart devices into integrated packages through
advanced communications. Nowadays, the systems consist of switches and sensors connected to a
central hub called gateway from which the system is controlled via internet cloud services. In general,
gateway acts as a router able to connect multiple devices (gathered data) and connect them to other
networks (Internet). Low-cost sensors can be connected via sensor network (wired or wireless) [23].

Wireless sensor networks are the most common solutions in IoT field, however, in general different
local-area networks (LAN) technologies are applied in buildings:

e Wireless IEEE standards 802.x: Wi-Fi, WiMax, ZigBee and Bluetooth.

e  Wired Ethernet

e In-building power line communications (Home Plug and X10) [6].

Wireless connections allow faster and easier deployment of the systems, allow higher flexibility in
installation, replacement and upgrade is easier than compared to wired connections. Hence, the main
challenge of wireless connections is power consumption and reliability. In general, the power
consumption of the sensors, radio links and sensor nodes should be minimized. Different
communication technologies and protocols can be applied depending on the amount of data
transmitted and the communication environment.
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In wireless sensor networks, different adaptable low power radio integrated circuits options are
available from commercial providers. If possible, it is recommended to use interfaces that are standard
based since this allows the interoperability among different companies networks.

4.2 Interoperability
Interoperability allows products and services to work together and exchange the information without

the loss of semantics [9]. To successfully ensure interoperability, ideally, open (universal) standards for
communication protocol and central network hub (gateway) should be achieved. Hence, this is often
not the case for the real applications especially when connecting a new sensor/device to an existing
older home automation system having a closed communication standard or due to the communication
protocols and technologies such as: ModBus, M-Bus, Ethernet, Cellular, ZigBee, WiFi etc [6]. This can
rise a need to accommodate additional communication standards, hardware, adding time and money
expenditure.
Several attempts were done involving a set of specifications to which new smart buildings technologies
would have to be developed to ensure interoperability. Results of attempts to create such
communication protocols are:

e UPnP (Universal Plug and Play)

e BACnet (Building Automation and Control Network)

o DLNA (Digital Living Network Alliance) [24].

Table 6: Short range communication: advantages and disadvantages.

System ‘ Advantages Disadvantages
- Minimal cost - Complex, costly installation (wiring)
Traditional - Reliable technology - Restrictive, inflexible
. wired - High capacity for information and - Aging
Wired power transfer - Heavy
Advanced wired | - Minimization of number of - Still under development
(fibres, optical | components required in the system - More sensitive to breakage
yarns, yarns) - Costly
- Power requirements
Wireless local | High capacity communication with a | - Occupied, can be interfered with
area network limited geographical area other devices (not part of the
MOBISTYLE).
Devices can find each other and | - Smaller operational area than WLAN
communicate - Can be interfered with other
. Bluetooth o . )
Wireless - Enables communication in any | Bluetooth devices (not part of the
direction MOBISTYLE).
- Simple - Data transfer size limited
Infrared o
- Low cost - Limited range
Radio frequency - Limited frequencies: Not all
- Low cost

identification
(RFID)

frequencies are allowed in all the EU
countries.

Energy Performance of Buildings Directive (EPBD), 2002/91/EC directive encourages the installation of
smart meters and intelligent metering systems. Most of regulations and legislations on energy
sensoring in Europe are in response to Energy Performance of Buildings Directive (EPBD), 2002/91/EC
directive. Hence, with a rapid recent development of the sensoring technology, there is a greater
necessity to enhance and develop universal standards for communication protocols that would allow
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integration of new meters and sensors with existing technology [6]. Currently there is one remaining
EU standard KNX (Konnex). The EIB (European Installation Bus), BatiBus and EHS protocol (European
Home System) were combined into KNX which combines the best elements of the three previous
standards.

4.3 Fragmentation
Currently, a platform fragmentation and lack of open standards leads to difficulties to customize and

interconnect different sensors and devices. Several articles expose a problem due to the fragmentation
of the protocols (technology platforms) which are normally incompatible with each other [9, 25-27].
Recognized by many IT developers, there should be a single, open, secure and interoperable
framework (‘design for all’) that would allow interoperability of all IoT products and services. This
would be beneficial for the MOBISTYLE project where the aim is to connect different devices from
different manufacturers (e.g. temperature sensor from BMS with sensor measuring heart rate through
wearables).

4.4 Accessibility of data
Often energy or measurement providers restrict or disallow access to their past and/or current

measurement recordings. It is needed to communicate early enough to secure buy-in and establish a
legal agreement on how, when and which data are going to be shared.

Furthermore, for the MOBISTYLE project the individual monitoring plan for each demonstration
building will be communicated with technical staff responsible for the buildings (building managers,
maintenance staff etc.) in order to discuss the technical requirements and make the staff aware of the
MOBISTYLE services and how they are going to benefit from them

4.5 Privacy and data protection
Privacy and data protection are two important issues that need to be ensured when connecting our

buildings with an advanced technology [9]. Security concerns will differentiate preferences for the
different building technologies available. In order to tailor its systems to different end-users and users’
lifestyle, MOBISTYLE demonstration buildings may collect information about them, such as their
physical movements and daily routines (energy habits, usage of electrical appliances, opening
windows), energy use and bills or even information about their personal health. Safeguarding personal
data and developing secure systems, especially for remote control of smart building services (e.g.:
Turning lights or heating on and off with a mobile phone), is one of the key challenges addressed in
MOBISTYLE. The data protection plan is further described in the deliverable 8.1 on Ethics requirements
in MOBISTYLE.

It is important that the end-users are carefully educated about the data protection plan and explained
on how their data will be used and protected. Before implementing additional sensors in buildings, it
will be checked that all MOBISTYLE services are treated according to national data privacy standards.
The end-users will be asked to sign the data protection agreement.

Following figure presents an expended view of relevant areas that need to be taken into consideration
when designing a sensor network.
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Transmission ways (wired, wireless) , gateway, database etc.

I Monitoring system
Sensors, network technologies allowing exchange of sensored data.

. Standardized communication network technologies ([communication protocols).
architecture

System operation . Power reguirements of systems.
requirements Data logging (typology and size).
Pratocols needed to provide interoperable connectivity that may vary greatly in
Core networking topology and bandwidth.
Securit «  Security measures to ensure end-users privacy as the sensor network directly
¥ deals with end-users information (energy consumption, personal health).

Software for analysis (increased data volume, real time measurements).
«  Integration and management of data and making data understandahle and

I Data analysis and
available to the end-users.

software

End-user data - Reporting information to the end-user in a friendly a manner (graphical
oresentation visualization, gamification).

Figure 3: Areas that need to be addressed when designing sensor network.

5 Building application and practical assessment of sensors usability

The technical requirements of sensor network were already explained in chapter 4. Chapter 5 provides
an overview of more practical design considerations that need to be considered when applying sensors
in a building.

5.10bjectives of the measuring system
First, it is important to find the optimum number of sensors and communication links. For each

individual building, this requires assessment and definition of the systems that needs to be (remotely)
monitored, accessed or controlled and which devices will provide services that respond to the needs
of the end-users (architecture of the sensor network). Such connected buildings are normally equipped
with:

e Communication network (through which devices talk to each other),

e Linking sensors, measuring devices (collecting data), and

e Other control systems (managing the system).

As explained in chapter 2.1, the requirements for accuracy (uncertainty) of the measurements need to
be considered when establishing the objectives of the measurements of a certain phenomenon. Most
often, people would like to achieve the lowest possible uncertainty but that might not be economically
feasible or even necessary. Even further, many modern data acquisition systems are capable of much
greater accuracy than the sensors making the measurement. Users must not be misled by thinking that
high resolution in data acquisition system will produce a high accuracy data from a low accuracy sensor
[4].

When installing the sensors, the sensors must be carefully matched and integrated into the total
measurement system. The calibration needs to be assured and documented or the uncertainty of any
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measurement is unknown. Either each sensor needs to be calibrated and an overall uncertainty
calculated or the total system must be calibrated as if it will be used.

5.2Sensor’s lifetime and costs
When designing the building’s monitoring system, product’s (sensor’s) lifetime needs to be considered

and the length of warranty. Normally the initial purchase cost is identified as a primary driver when
deciding on monitoring, hence operating costs should not be forgotten. Furthermore, when purchasing
sensor the price of the sensor is only a smart portion of the lifetime cost of a sensor. In general, the
purchase of the sensor can be less than 20 % of the product’s lifetime cost [4]. All costs related to the
operation and maintenance should be also considered. The life time costs are related to:

e Initial purchase costs and shipping costs;

e Installation and operation costs (including additional instrumentation: cabling, connectors,

signal conditioning, power supplies);
e (Calibration and maintenance costs;
e Repairs, disposal costs.

5.3 Product’s availability
When deployment of sensor will be planned for each MOBISTYLE demonstration site, an important

factor will be product’s geographical availability. The choice of a particular manufacturer’s meter will
depend whether there will be product available and will be a reasonable time for delivery and provision
of technical support and additional parts.

5.4Installation and positioning of the sensors
Even completely advanced state-of-the-art sensors can give erroneous data if not correctly applied.

Therefore, positioning of the sensors is an issue that must not be neglected.

Positioning energy meters gives less flexibility in installation since it needs to be installed on the
relevant pipe in the building. This is also normally the reason why there are not many sub-meters
installed in the buildings (finding a suitable location that can be easily accessed, minimising disruption,
meeting safety legislation).

In general, wireless sensors will reduce the installation cost and can offer a greater flexibility in
installation especially when reconfiguration is needed. However, the acquisition of data in wireless
infrastructure is less secured than in comparison to wired solutions. Furthermore, a wired
infrastructure is more reliable since there is a lower chance of data loss.

Once the sensors and system are thoughtfully selected, careful installation into the environment needs
to be achieved in order to provide accurate data. This includes checking the condition of the sensors,
following the guidelines for mounting provided with the commercial data sheet, checking the
mounting surface, inspecting whether the connection units (cables) are in good condition and ready
to use etc. Wired sensors are usually logged time-based, therefore it is needed to define how and how
often the wired (also wireless) sensors and wearables are synchronized.
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6 Conclusion

MOBISTYLE project as one of several other research and innovation (R&D) projects funded under EU-
scheme programmes (e.g. iNSPiRe [28], A2PBEER [29], ENTROPY [30], BeAware [31]) can help
improving the current usage of sensor technologies and contribute to a more wide-scale application
of sensoring technologies. According to Siemens, 30 % more energy savings can be obtained for
buildings equipped with smart sensor networks due to a more precise climate, air quality and
occupancy sensors than compared to buildings with traditional automation technologies [32].

The review showed that there exists a large amount of sensors allowing for a measurement of different
parameters related to energy, indoor environment and health. Furthermore, the price of sensoring
devices is not anymore the main issue when deciding to sensorize a building. With the fast
development of ICT solutions in the recent years, the price of sensors is falling rapidly. The main
bottleneck in current sensor networks is related to the architecture, protocols and software issues.
The collection and transfer of the recorded data into an existing network can be an issue due to the
closed standards. Further development of ICT solutions and open standards is needed in order to allow
for a wider adaptation of this technology in the existing buildings which would consequently also lead
to lower costs and easier connections. Nevertheless, in order to maximize the energy savings available
from the use of smart technologies and services, there needs to be an accompanying change of the
building occupant behaviour. Concerning the MOBISTYLE project and its demonstration cases, there is
a risk to end up with several sensor networks in the existing buildings due to the problem of
interoperability between different data transfer technologies of new and existing devices. There is a
need for better cooperation between the different manufacturers in order to offer a standardized
solution that would fit ‘design for all’ concept.

Nevertheless, sensorizing environment is not enough to achieve energy savings. It is important that
adequate and relevant information is provided to occupants so they become aware how their everyday
life habits affect the building’s consumption and surrounding environment. By providing users valuable
information obtained through the analysis of the recorded data, there is the potential to get all building
occupants on board to start taking energy-efficient measures. MOBISTYLE aims to educate end users
in such way so they become aware of the importance of energy savings. Providing tailor-made
persuasive feedback information on user’s energy usage, IEQ and health is therefore a key aspect in
MOBISTYLE approach in order to motivate the user behaviour to conserve energy usage. As shown in
several previous European projects (Energy@Work [33], Energy@Home [34], EnerGAware [35]),
providing real-time feedback to the building occupants through application of different
communication strategies (easy comprehensible visualization of real-time data, integrating
competition, self-imposed targets, providing constant feedback, peer comparison, serious games etc.)
can be efficient in reducing the overall building’s consumption while not comprising people’s comfort.
The goal of MOBISTYLE project is to offer the end users feedback devices that raise occupant’s energy
awareness and lead to long-term behavioural change.

As a prerequisite for the development of MOBISTYLE studies of occupants everyday habits will be done.
Through the five demonstration studies it will be validated whether the use of MOBISTYLE technologies
help optimizing buildings performance by providing the users understandable attractive information
on building’s performance, their personal health and in this way contributes to overall buildings energy
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efficiency. Through feedback surveys it will be analysed how viable and effective are the developed
solutions and whether there need to be done some changes in order to reach the MOBISTYLE goal.
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