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Abstract  

The overall goal of this deliverable is to define the conceptual architecture of the GreenSoul 

platform. The architecture proposed for this project is divided into four layers: 1) Physical 

Layer; 2) Decision Layer; 3) Service Layer; and 4) UI Layer. Each of these layers is described in 

depth in each own section within this document. The communication interfaces, protocols 

selected, and interdependencies among the devised GreenSoul architecture components are 

also detailed. The interoperability needs are tackled by a well-known IoT (Internet of Things) 

middleware called LinkSmart that has been used, by consortium partners, in previous FP7 

and H2020 projects. A matrix mapping requirements resulted from Deliverable D2.3 with the 

architecture components devised is provided. This deliverable will serve as the basis for the 

platform design, implementation and integration with GreenSoul-ed devices and apps to be 

performed in T3.5. 
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Executive Summary  

The present document is a deliverable of the GreenSoul project, funded by the European 

���}�u�u�]�•�•�]�}�v�[�•�����]�Œ�����š�}�Œ���š��-General for Research and Innovation (DG RTD), under its Horizon 

2020 Research and innovation programme (H2020), reporting the results of the activities 

carried within task T2.4�U���v���u���o�Ç���š�Z�����^T2.4: GreenSoul platform conceptual architecture�_�X�� 

The purpose of T2.4 is to specify the conceptual architecture for GreenSoul, which should be 

compatible with alternative energy saving portals and Smart Meters currently available in 

some of the pilot settings. The expected key capabilities of the devised conceptual 

architecture are: 

a) Accommodate the management of diverse remote devices (energy-meters, sensors and 

persuasive-ambient devices) 

b) Apply persuasion techniques through GreenSoul-ed (GS-ed) devices and mobile apps to 

eco-educate users 

c) Enable local and global intelligence at device and environment level, in order to enhance 

the eco-friendliness profile of a given installation where electrical appliances are 

accessed and utilised by different groups of users. 

The main objective of this deliverable is to describe the conceptual architecture of the 

GreenSoul platform, including a description of its core components, their interfaces, 

internally selected technologies and the external APIs offered by them. 

Section 1 gives a brief overview of the preliminary work of this task and outlines the results 

to be obtained. Besides, the CleanTech principles on which GreenSoul is based are 

explained. 

Section 2 explains the project team´s approach in the present task. Functional and non-

functional requirements driven by deliverable D2.3 are mapped into a set of logical 

components responsible for accomplishing the envisaged functionality. 

Section 3 describes the architecture of the GreenSoul system based on four separate layers, 

namely Physical Layer, Decision Layer, Services Layer and the UI Layer. The separate tiers are 

explained in detail according to the experience of the project partners.  Previously installed 

sensors and actuators in the pilot sites are listed in Section 3.2.1.3. 

Section 4 summarizes the interoperability demands of the different components within 

GreenSoul framework, including a description of the four above mentioned layers. The 

middleware is the most important component of the GS platform because it acts as glue 
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among each layer and provides the intelligence required to capture, manage and display 

energy-consumption data by both device and individual users. 
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1 Introduction  

As part of WP2 �^�Z���‹�µ�]�Œ���u���v�š�•�� ���v���o�Ç�•�]�•�_ this �����o�]�À���Œ�����o���� �Œ���•�µ�o�š�]�v�P�� �(�Œ�}�u�� �d�î�X�ð�� �^�'�Œ�����v�^�}�µ�o��

�‰�o���š�(�}�Œ�u�� ���}�v�����‰�š�µ���o�� ���Œ���Z�]�š�����š�µ�Œ���_ continues the overall work for the definition of the 

GreenSoul requirements. Its core outcome is the definition of the conceptual architecture 

for the GreenSoul solution. As a result, the interaction interfaces among the different 

components of GreenSoul will be specified. These outcomes will serve as input (feed) and 

populate the GreenSoul Information Model (GIM) to be obtained as result of dependent task 

T2.5. This deliverable will serve as the base for other related project tasks as can be 

observed in Figure 1. 

 

Figure 1: Dependencies and contributions of T2.4 over other project�[�• tasks 

 Outline of Task 2.4 

Taking as input the requirements established in T2.3, the GreenSoul platform is  designed. 

The goal is to make this platform compatible with alternative energy saving portals and 
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Smart Meters as well as with Cleantech principles1 to ensure that the energy saving 

generated and accurately quantified by the GS platform clearly surpasses energy 

consumption.  GreenSoul will mainly contribute with persuasive, proactive adaptors for 

increasing the eco-behaviour monitoring capability of appliances.  GreenSoul will create and 

deploy intelligence mechanisms to enable and drive eco-endeavour at both local level e.g. at 

device and specific user level, and at global e.g. at user group & building level.  

Some key capabilities offered by the platform will be: a) enable remote intelligent 

management of diverse remote devices (energy-meters and persuasive- ambient devices); b) 

apply persuasion techniques through GS-ed devices and mobile apps to eco-educate users 

both individually and at user-group level; and c) provide device and environment decision-

intelligence at local and global level in order to enhance the eco-friendliness profile of a 

given installation, where several common use devices are utilised by a group of users. 

The conceptual architecture will serve as the basis for GreenSoul platform design, 

implementation and integration with GS-ed devices and apps that will take place in T3.5. 

This task produces deliverable D2.4 � ĜreenSoul platform conceptual architecture�_. 

 CleanTech  

Clean technology, or CleanTech, should not be confused with the terms environmental 

technology or GreenTech popularized in the 1970´s and 80´s. CleanTech related business 

models offer competitive returns for investors and customers and provide solutions to global 

challenges. Where GreenTech �Œ���‰�Œ���•���v�š�•���Z�]�P�Z�o�Ç���Œ���P�µ�o���š�}�Œ�Ç�����Œ�]�À���v�U���^���v��-of�t�‰�]�‰���_���š�����Z�v�}�o�}�P�Ç��

of the past with limited opportunity for attractive returns, CleanTech is driven by market 

economics therefore offering greater financial upside and sustainability [6]. 

Core principals of CleanTech hold that through the use of new processes, products and 

services, efficiency and productivity can be increased as a result of reducing environmentally 

harmful emissions and better conserving resources. In order to respond to rising demand of 

foods and services within an environment with a finite supply of natural resources while also 

ensuring climate protection, it is necessary to unite ecological and economic aspects into 

sustainable business practices. Thus, the use of CleanTech opens the route to 

environmentally friendly and sustainable economic growth [7]. Clean technology includes a 

broad range of technologies related to recycling, renewable energy (wind power, solar 

power, biomass, hydropower, biofuels, etc.), information technology, green transportation, 

electric motors, green chemistry, lighting, grey-water, and more [6]. 

                                                      
1 http://www.alleywatch.com/2015/11/5-principles-lead-cleantech-startups/ 
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Conserving resources is no longer just the field of CleanTech specialized companies. Even for 

traditional companies, this topic has become ever more important which makes the 

delimitation of the CleanTech-market to a particular challenge.  The definition of CleanTech 

processes, objectives and value is subject to a continuous development process [8]. In [9] 

CleanTech is defined along six leading markets as depicted in Figure 2. 

 

Figure 2: Segmentation of CleanTech [9] 

According to CleanTech principles, energy efficiency is principally defined as the reduction of 

energy required for service delivery, production of goods and the provision of energy. This 

principle is also followed by the Green Soul system. The scheme follows product cycles from 

the manufacturing process to the actual product application. Although an industry-specific, 

energy-efficient production process is not a prerequisite, energy-efficient devices can be 

generated. Industry and consumers use these devices, which can save energy. This includes 

electrical appliances, lighting and information and communication technologies. Energy-
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efficient buildings can be equipped with energy-saving electrical appliances as well as 

energy-saving lighting and information and communication technologies so that the entire 

technical building equipment is energy-efficient. In addition, there are also building 

materials that optimize the building envelope, i.e. they provide insulation to the building as 

an eco-environment and prevent energy loss from windows and entry/exit points. 
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2 Approach & Methodology  

�d�Z���� �Á�}�Œ�l�� �����Œ�Œ�]������ �}�µ�š�� �•�}�� �(���Œ�� �Á�]�š�Z�]�v�� �t�W�î�� �Z���•�� �(�}���µ�•������ �}�v�� �P���š�Z���Œ�]�v�P�� �µ�•���Œ�•�[�� �À�]���Á�� �}�(�� �š�Z����

envisaged solution sought by GreenSoul: � D̂2.1. GreenSoul end users requirements report�_�U��

� �̂��î�X�î�X�� �'�Œ�����v�^�}�µ�o�� �•�����v���Œ�]�}�•�_�� ���v���U�� �^D2.3 GreenSoul functional and non-functional 

requirements specification�_. These deliverables have enabled us to specify clearly what 

functionalities are expected by the different stakeholders and potential users. 

The objective of the present task is to determine the approach to be adopted for how 

GreenSoul will materialize the defined stakeholders & user requirements into a set of 

architectural components. These components must effectively and efficiently communicate 

with each other and interact with end users to cope with the GreenSoul aims. Users and 

devices must collaborate to convert commonly-shared energy-consuming appliances in 

office environments into more eco-aware devices and jointly contribute to identifying, 

capturing and quantifying individual and collective energy saving human behaviours and 

practices.  

In essence, in this task we want to progress from a stakeholders view to a more technical 

perspective. This new perspective will set the basis for the implementation work to be 

accomplished in �^�t�W�ï�W�������}-���Á���Œ���� ���v���� ���v���Œ�P�Ç�� �u�}�v�]�š�}�Œ�]�v�P�� �����À�]�����•�� ���v���� �'�Œ�����v�^�}�µ�o�� �‰�o���š�(�}�Œ�u�_ 

���v�����^�t�W�ñ�W���W�]�o�}�š�•�����Æ�����µ�š�]�}�v�_.  

The methodology pursued to approach this deliverable is divided into four phases: 1) 

UDEUSTO as task leader, proposed the structure of the deliverable and lead coordination 

among involved partners (CERTH, 4ER, WSC and COGNIMA); 2) each of the involved partners 

offered their architectural view and gave relevant information of the different components 

that they bring to the project or they envisage to contribute on / develop; 3) a common 

architecture view of the GreenSoul system was agreed by the above-referenced partners 

after review; and 4) the present deliverable has been completed cooperatively.  

 Requirements grouping and mapping into GreenSoul components  

The objective of this section is to group the range of functional and non-functional 

requirements driven by deliverable D2.3 into a set of logical components in charge of 

accomplishing the envisaged functionality. 

As basis for this analysis, the conceptual architecture proposed in the Description of Action 

(DoA) is taken into account (see Figure 3). 
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Figure 3: Conceptual architecture proposed in the DoA. 

The components agreed for the delivery the architecture described in Figure 3 are:  

�x Hardware-side: 

o GreenSoul Devices Network 

�ƒ Gateways 

�ƒ GS-ed adaptors (GS-ed adaptors) 

�ƒ Sensors and Actuators 

�ƒ Energy Smart Analysers 

�x Software-side: 

o GreenSoul Information Model (GIM) 

o Middleware 

o Decision Support System (DSS) 

o Data Analytics, Profiling and Forecasting engine 

o UI applications (web apps, mobile apps, GreenSoul platform) 

The specified functional and non-functional requirements are assigned to component 

candidates in Table 1 and Table 2. These identified candidate component will make up the 

overall functionality of the solution.  
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Table 1: Functional requirements �t GS Architecture Components mapping 

Functional Requirements 
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GS-6 Measurements, events, logs, and all pilot dynamic information shall be in 

the time zone of the deployment country 
X X X X X X X X X X 

GS-7 Import Building Design based on a BIM Standard (like gbXML)    X       

GS-57 Sensors-to-Middleware real time communication X X         

GS-58 Ambient interfaces-to-Middleware real time data communication X       X X X 

GS-59 Store data in GreenSoul Information Model (GIM)    X       

GS-70 Common Data Exchange Model    X       

GS-60 Applications and GS-ed devices acquire historical data from GIM  X  X    X X X 

GS-61 Applications and GS-ed devices acquire real-time data from Middleware X X      X X X 

GS-16 Calculate Power Consumption     X   X X X 

GS-17 Monitor and Display Power Consumption        X X X 

GS-18 Monitor and Display Energy Consumption        X X X 

GS-19 Disaggregate Energy Consumption     X      

GS-62 Occupancy estimation from energy consumption     X      

GS-63 Estimation of the optimal building operation   X        

GS-20 Estimation of potential building operational status        X    

GS-21 Display real against optimal building operational status        X X X 

GS-64 Evaluation of the current building operational performance   X        

GS-65 Estimation of the Feedback Rate   X   X     

GS-66 Real time decision making from the GreenSoul Decision Support Engine 

(DSE) 
  X        

GS-22 Display and compare energy consumption and building resources usage 

against other Users/Groups of Users 
       X X X 

GS-25 Create Reports on Estimated Energy Consumption, Costs and Savings        X X X 

GS-26 Measure different KPIs for each end-user category (e.g. Facility Manager, 

End-user, etc.) 
       X X X 

GS-67 Calculation of the energy and CO2 emissions savings due to GreenSoul 

platform 
      X    

GS-27 Facility Manager as the premises Administrator        X X X 

GS-28 System will display information about the topology and the devices in 

premises 
       X X X 

GS-29 Knowledge of devices parameters/characteristics    X       

GS-30 Operational Set Points   X        

GS-31 Interactive Persuasion Tools        X X X 
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GS-68 Selection of Persuasion Mechanisms based on Socioeconomic factors   X   X     

GS-69 Retrieval and Evaluation of different socioeconomic incentives   X   X     

 

Table 2: Non - functional requirements �t GS Architecture Components mapping 

Non - functional Requirements 

Component 
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GS-34 User Friendly & Customisable UIs        X X X 

GS-35 User actions should be easily issued through the UIs        X X X 

GS-36 The User Interfaces shall be tailored to the end user needs        X X X 

GS-37 The system will provide clear & easy to understand messages        X X X 

GS-38 The system will provide messages that will raise awareness, motivate and 

persuade end-users towards improving their energy behaviour 
       X X X 

GS-39 The Persuasion platform will be easy to learn and use         X X X 

GS-40 GreenSoul Framework access through multiple UIs        X X X 

GS-41 Control functionalities for Admin Users         X X X 

GS-42 Real-Time system response times X X X X X  X X X X 

GS-43 Large amount of data handling  X X X X X X X X X X 

GS-44 Accurate Results  X X X X X X X    

GS-45 GreenSoul Platform Robustness  X X X X X X X X X X 

GS-46 GreenSoul Platform Stability  X X X X X X X X X X 

GS-48 GreenSoul Platform Total Recall / Recovery X X X X X X X X X X 

GS-49 GreenSoul Devices Compartmentalization X X X X X X X X X X 

GS-50 Extensible & Interoperable Device Network  X         

GS-51 The application must interact with the GreenSoul selected open source 

middleware (e.g. Hydra Middleware) 
X X X X X X X X X X 

GS-52 User Classification        X X X 

GS-53 Data Protection    X    X X X 

GS-54 The system shall respect the �µ�•���Œ�•�Z���‰�Œ�]�À�����Ç X X X X X X X X X X 
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3 GreenSoul Framework Reference Architecture  

 Schematic Overview  

Figure 4 depicts the component diagram of the GreenSoul solution and how these 

components interact with each other. The components are divided into four layers, namely: 

Physical Layer; Decision Layer; Service Layer; and UI Layer. 

From a bottom-up perspective:  

1) The Physical (Device-level) Layer is formed by simple sensors and actuators, and is 

referenced as the GS-ed Things, the Local-Gateways and Smart energy meters (a.k.a. UCA).   

2) The Decision Layer consists of the Decision Support System (DSS) component, responsible 

for processing data and generating final operational recommendations for access and 

change to GS-ed devices.  

3) The Services Layer consists of three main modules: Data Analytics, Forecasting and 

Profiling.  

4) Finally, applications that utilise an UI for interaction with each user are contained in the UI 

Layer. 

As can be observed in Figure 4, the majority of the components are inter-connected to each 

other through the LinkSmart middleware. The agreed communication approach for 

exchanging messages, data and information among these components is 

� p̂ublish/subscribe�_. Nevertheless, some components can be accessed through the defined 

RESTful APIs. The selected middleware permits both approches of communication 

paradigms. 
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Figure 4: Component diagram of the GreenSoul architecture ordered in four layers 
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A short review of the main functionality expected from each of the depicted components is 
given in Section 3.2. 

 Components Specification  

The functional components that make up the GreenSoul architecture are described in this 

Section. Moreover, the technical specifications of the GreenSoul architecture are offered, as 

well as the pros and cons that led to the selection of each of the different technical solutions. 

The different components are explained from a bottom-up view within the whole 

architecture. Hence, device-level equipment of the Physical Layer is presented first: sensors, 

actuators, GS-ed adaptors (Things), building-based energy metering systems and the 

Gateways that orchestrate their interactions. Secondly, the Decision Layer (i.e. DSS) is 

described. Then, the different Cloud-services of the Service Layer are described ranging from 

those responsible for retrieving data to those working in the backend, and those processing 

and curating real-time data.  Lastly, front-end components (e.g. web-based dashboards, 

mobile apps, etc.) are also outlined. 

 Physical Layer 

The components of the Physical Layer are described in this initial section. Physical layer 

components consist of previously deployed sensors and actuators within pilot buildings. 

Additional components are Smart meters, as well as the GS-ed adaptors connected to 

already deployed electronic devices or appliances of communal use and Smart energy 

analysers.  

Specifically, the Physical Layer includes: 

1. Previously deployed sensors within the pilot buildings (e.g. temperature sensors), as 

well as new sensors to be deployed in the pilot phase that are considered relevant 

for data extraction and analysis (e.g. presence sensors in some parts of the building); 

2. Actuators that can be controlled remotely by the GS platform to assure that energy 

efficiency is achieved (e.g. open/close the windows automatically) whether already 

installed within the building or to be installed within the building.  

3. GS-ed adaptors, which are new electronic devices to be connected to appliances or 

electrical equipment of collective use within pilot�[�• buildings (e.g. printers, coffee-

makers, outlets or power strips, etc.). The purpose of such adaptors being to 

optimise efficient usage of the mentioned appliances and electrical equipment; 
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4. Smart energy analysers belonging to a hardware group, namely UCAs2, which capture 

the energy consumed of some electrical panels within each of the pilot buildings. 

The aforementioned components are described in Figure 5 below, along with their 

connection to the LinkSmart Middleware through a local-Gateway. 

 

Figure 5: GreenSoul Devices Network component diagram 

 Gateways  

Gateways are physical devices deployed on each of the pilot buildings.  The role of Gateways 

is to collect and control sensor, adaptor, actuator, device and Smart energy system data 

required for the LinkSmart middleware [27]. The Gateway will continuously track all devices 

connected locally to it, as actuators and GS-ed devices might be controlled from components 

belonging to the Decision Layer. The Gateways feature Wi-Fi, Ethernet or other 

communications interfaces serving as Access Point (AP) for underlying devices. 

The LinkSmart middleware software connects to those devices via a Device Gateway 

component (DGW). The Device Gateway offers a simple integration of various IoT devices in 

LinkSmart and rapid prototyping. More specifically, it enables bridging the low-level 

hardware access protocol and a TCP/IP network either through REST and MQTT protocols. 

                                                      
2 This component is brought to the projects by WSC. 
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Furthermore, it also includes a local Resource Catalogue, which can be used to discover the 

devices registered on the specific DGW. 

The main features behind the adopted LinkSmart DGW design are: 

�x Pluggable devices support. 

�x Natively compiled for major platforms and architectures, including ARM Linux (e.g. 

Raspberry Pi or similar ARM/AMD architectures). 

�x No modification/re-compilation/re-deployment of the DGW for a new device. 

�x Exposure of device capabilities as network services by declaration/configuration. 

Figure 6 below shows how the DGW manages each of the different underlying technologies 

through a set of Device Agents. The devices are controlled by the Device Agents depending 

on the communication interface and the protocol they use. 

 

Figure 6: Devices agents controlling each of the different devices that can be connected to the Gateway 

A computer device with enough resources and communication interfaces might have the 

role of the Gateway. Some of the devices that might serve as a Gateway are Raspberry Pi 3 

Model B3, LinkSys routers4 or a dedicated Low-energy Personal computer5. 

Additionally, the UCA Smart energy meter hardware offers an RS-485 port. In this way, the 

UCA can operate also as a sub-Gateway for other sensors and actuators. A more scalable 

GreenSoul System can be obtained with this solution. The UCA Smart Energy Meter includes 

4 digital inputs and 2 relays making the device more functional. External connectivity can be 

obtained via Ethernet or GPRS communications. All devices based in Modbus protocol can be 

easily integrated into the GreenSoul platform.  

                                                      
3 https://www.raspberrypi.org/products/raspberry-pi-3-model-b/ 
4 http://www.linksys.com/us/c/wireless-routers/ 
5 http://www.tinygreenpc.com/ 
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 GreenSoul-ed adaptors (Things)  

A set of everyday electrical devices will be selected from the pilot sites (especially those with 

a high-energy consumption rate) to design the GS-ed adaptors. These electrical devices 

should be equipped with persuasive interfaces, local intelligence and remote actuations 

mechanisms. Indeed, according to previous deliverables D2.1 and D2.2, the selected 

electrical devices might be coffee-�u���l���Œ�•�U�� ���o���À���š�}�Œ�•�U�� �‰�Œ�]�v�š���Œ�•�U�� �����•�l�[�•�� �‰�}�Á���Œ�� �•�š�Œ�]�‰�•�U�� �o�]�P�Z�š�]�v�P��

and HVAC systems. 

Thus, GreenSoul adaptors should fulfil a two-fold purpose: a) provide users with feedback 

and cues that help them understand and learn how to optimise interaction with GS-ed 

devices and systems in an energy-wise manner and b) provide to devices control to enable 

and optimise agreed convenient energy-modes and practices, e.g. remote switching off/on, 

reaching ideal temperatures, and so forth as per the device decision trees tables.  

To this end, we will design and implement pluggable embedded devices, namely GS-ed 

adaptors, which can be integrated with, and adapted to, different electrical equipment. The 

GS-ed adaptors will be composed of several Open Source Hardware and Software 

components. Essentially: 

1) A low-power microcontroller working as the core (e.g. ATMEGA328 (Arduino MEGA), 

Atmega16U2 (Arduino UNO), SAMD21 MCU (Arduino Zero) or ARM BCM2835 (RaspiZero)). 

2) Sensing equipment (e.g. current sensors like Non-Invasive Current Sensor6 or the ACS715 

Current Sensor7) able to infer in real time the on-going working mode of the appliance that it 

is attached to. 

3) Different human-device interfaces providing sensorial experiences that aim to motivate 

users to reduce energy consumption (e.g. ambient lights [2], subtle sounds [4], haptic 

interactions [5] or explicit text [2]). 

4) A set of communication interfaces will be implemented to let the GS-ed Things to send 

the sensed data to the GreenSoul back-end. These mechanisms also allow the adaptor to be 

fully reachable through remotely operable IP protocols. These latter capabilities will be 

exported through an open RESTful API that will be orchestrated by a given installation-

controlling platform (see T3.4). For that, a Wi-Fi compatible System on Chip (SoC) will be 

                                                      
6 https://store.arduino.cc/product/E000019 
7 https://www.pololu.com/product/1186 
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used like ESP82668 or ESP82859. Two commercial examples that may inspire the GS-ed 

Things are: 1) WeMo® Insight Switch10; and 2) Nest Thermostat11. 

Devices to which IoT applications can be easily integrated are Wio Link12;  Arduino-based 

SLOV IoT13 or NodeMCU14. 

 Sensors and Actuators  

These components refer to the set of sensors and actuators that are either currently 

deployed in the pilot buildings (legacy devices) or are to be deployed in new devices. The use 

of new devices allows the recovery of data required by the forecasting and analytics 

modules. Figure 7 illustrates �š�Z�����š�Ç�‰�]�����o���•���v�•�}�Œ�•�[�����}�u�‰�}�v���v�š�•���µ�š�]�o�]�•�������]�v���'�Œ�����v�^�}�µ�o�X 

 

Figure 7: Different sensors that can be deployed in pilot buildings 

The set of legacy devices already deployed in each GreenSoul pilot building is described 

below: 

Bilbao: 

DeustoTech institute of Technology was completely refurbished in 2012.  The equipment 

installed for automation and sensing as a result is listed below: 

�x Light sensors. 

�x Temperature sensors (in/out). 

�x Automatic light fade/dim. 

�x Door entrance metering (NFC-based). 

The BMS used to control the HVAC of the building is HONEYWELL15. 

                                                      
8 https://espressif.com/en/products/hardware/esp8266ex/overview 
9 http://espressif.com/en/content/esp8285-datasheet 
10 http://www.belkin.com/us/p/F7C029fc/ 
11 https://nest.com/thermostat/meet-nest-thermostat/ 
12 http://wiki.seeed.cc/Wio_Link/ 
13 https://www.kickstarter.com/projects/iot-invention-kit/eslov-iot-invention-kit 
14 http://nodemcu.com/index_en.html 

http://espressif.com/en/content/esp8285-datasheet
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Seville: 

The Institute of Statistics and Cartography of Andalusia has no BMS control system. The 

lighting and HVAC systems are only manually controlled and have, relative to the other 

building in the GS project, the highest energy consumption levels. Several network analysers 

and temperature sensors are installed in the data centres of the IT department. The 

temperature sensors are only used to control the air conditioning of the servers and cannot 

be integrated into the GreenSoul system. The legacy network analysers measure only the 

energy consumption of data centres and are not suitable for communication with any other 

type of device. An IT technician recovers and provides this information each month in a 

document. However, this information does not appear to be crucial as building circuits 

cannot be actuated. Previously, a presence-sensitive light control system was installed in the 

building´s bathrooms. This system was de-installed because the workers were unsatisfied 

with the illumination time. The implementation of distinct temperature, humidity and 

luminosity level sensors would be welcome.  

Pilea-Hortiatis: 

The Municipality Hall has installed Smart sensors able to measure the energy consumption 

of specific devices within selected spaces and allow the automatic switching on/off of the 

devices in order to enable and achieve energy savings. Furthermore, a facility management 

application gathers all the information providing the ability to remotely control the 

monitored devices and spaces. The installed equipment is listed below: 

�x 24 smart plugs 

�x 3 switch board smart plugs 

�x 2 passive infrared (PIR) sensors 

�x 2 lighting meters 

�x 1 environmental meter (temperature & humidity) 

�x 1 wireless control switch 

�x 2 wired switch devices 

�x 2 wireless network synchronization devices 

The smart plugs work with wireless ZigBee protocol16. The BMS used to control the HVAC of 

the building is HONEYWELL17. 

Cambridge (Allia): 

                                                                                                                                                                      
15 http://www.buildingcontrols.honeywell.com/ 
16 http://www.zigbee.org/ 
17 http://www.buildingcontrols.honeywell.com/ 
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The Future Business Centre was built with several energy efficiency and renewable 

technological features. Meters record energy used for each rentable area and are billed 

accordingly (Energy meters for each office/workshop).  There are PVs and solar (thin-film) 

glass; PIR detectors for lights; and thermal mass achieved in the whole structure. Rain water 

harvesting and use for secondary water. They have BMS in the building (Trend Management 

system 963 version 3.6018). 

Weiz: 

The W.E.I.Z. Campus has installed sensors to measure the energy consumption of specific 

devices of selected spaces and to allow the automatic switching on/off of the devices 

achieving energy savings. A facility management application gathers all the information and 

provides the ability to remotely control monitored devices and spaces.  The BMS used to 

control the HVAC of the building is HONEYWELL19. 

The BMS allows the following: 

�x Intelligent blind control 

�x Automatic heating and cooling control 

�x Controlled room ventilation 

�x Automatic light control 

�x Infrared sensors 

Blind control, energy meters, PIR detectors and lighting sensors are other equipment 

installed in these buildings. Additionally, W.E.I.Z. is currently working on new automatic 

control. 

Haywards Heath, Sussex:  

The Building has a traditional gas meter and AMR electricity meter. It does not have a BMS. 

Sensors allow for control of the temperature within the office, this is done through the 

boilers and air conditioning. The control of lighting and solar heat gains is manual. There are 

no renewables or low carbon technologies. Monitors and desktop terminals have no power 

saving settings activated. Other than zip taps which ensure only the required volume of 

water is heated, there are no water saving technologies. 

 

                                                      
18 https://www.trendcontrols.com/en-GB/bmssystem/Pages/default.aspx 
19 http://www.buildingcontrols.honeywell.com/ 
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 Energy Smart Analysers  

The WeSave Smart Meter (hereinafter UCA) is the device that manages all the information of 

the electrical network analysers. It is a device with a processing capacity that collects, 

analyses and stores data from the network analyser, sending all collected data to the 

Middleware server via GPRS or Ethernet both of which are installed in the device itself. 

In addition, the UCA enables programming, i.e. it is possible to store a program into its 

memory. Therefore, the relay time of turning on/off can be configured. UCAs devices are 

installed and configured with the appropriate electrical parameters according to the 

information of the blocks provided by the pilot. 

In terms of integration with other equipment, the UCA has several ports based on MODBUS 

or RS485 communications20. This enables UCA to be compatible with many Network 

Analyzers. Therefore, UCA facilitates the integration of equipment such as remote 

management devices, sensors and actuators. 

In addition, the UCA is responsible for constant monitoring of inputs (e.g. door open sensor). 

Hence, generation of alarms and real-time events are possible. These can be sent to the 

middleware. 

The UCA has the following technical characteristics: 
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20 https://en.wikipedia.org/wiki/Modbus 
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The network analyser is a device to measure the energy variables of a circuit. A 1-phase 

analyser or a 3-phase analyser depending on the pilot´s requirements. A toroid connected to 

the analyser is necessary to measure each phase. This network analyser is connected by RS-

485 Modbus communication with the UCA. The UCA is responsible for gathering all data and 

sending these to the system Gateway. The following parameters are available: 

�x Active energy consumption (kWh) 

�x Reactive energy consumption (kVArh)  

�x Voltage pro phase (V) 

�x Current pro phase (A) 

�x Active power pro phase (kW) 

�x Reactive power pro phase (kVar) 

�x Cos phi (%) 

 Decision Layer  

The Decision Layer will provide not only the operational status for the control system [13] 

but also will be responsible for activating the different persuasive mechanisms to reach 
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agreed operational status (a.k.a setpoint21). In particular, the following services will be 

provided within the Decision Layer as described in Figure 822. 

 

Figure 8: GreenSoul DSS component diagram 

 DSS Core Module 

The DSS Core Module will be utilized in conjunction with the Persuasive Module. This service 

will produce the optimal operational status of the building. To this end, it will take the 

current building operational status, the predicted usage of the electrical devices and/or 

appliances (forecasted by the human behaviour system), the indoor environmental 

conditions (indoor temperature, luminance, etc.) monitored by the platform and occupancy 

(exact number or presence/absence) of the building. Furthermore, it will try to make a 

decision about the short-term optimal operational status of the building, without 

compromising the �}�����µ�‰���v�š�•�[��comfort. In this sequence, optimal building operational status 

will be utilized by the Persuasive Module of the DSS to decide the optimal persuasion 

technique for the applicability of this solution.  

The over-riding purpose of t�Z�������^�^�����}�Œ�����D�}���µ�o�����]�•���š�}�����À���o�µ���š�����š�Z�������µ�]�o���]�v�P�[�•���'�^-ed devices 

optimal energy behaviour �t the best possible efficiency according to the respective 

processes that take place inside each premises taking into account a number of building-

specific characteristics (space, number of users etc.). This assessment will be used for 

deriving the persuasion mechanisms of DSS and sending out the actuation signals for optimal 

operation. The Core Module will gather dynamic and historical data from several GreenSoul 

components, which would include ambient data (e.g. temperature, lights, open 

door/window alert, etc.), segmented energy consumption data from the Analytics Module, 

forecasted profiles from the Forecasting Module and also its own previous decisions�[ 

information.  

                                                      
21 In cybernetics and control theory, a setpoint is the desired or target value for an essential variable of a 
system, often used to describe a standard configuration or norm for the system. 
22 Please, note that the objective of this project is the reduction of the energy misused by people in offices. In 
this sense, this module will not take into consideration the daily energy prices nor the amount of renewable 
energy that can be produced by the building or the whole energy system. 
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The DSS Core Module will interact with the Persuasive Module and evaluate installed devices 

status by analysing and manipulating data and information-points described above prior to 

establishing optimal operational status for every GS-ed device.  Device data will be shared 

with this service through the Device Manager of the middleware architecture. It will also 

require data-feeds from the profiling and forecasting modules, as well as previously defined 

and established �µ�•���Œ�•�[�����}�u�(�}�Œ�š���•���š�š�]�v�P�•��prior to taking any final decisions. 

The operational status output of this service will mainly be events, such as changing of 

HVACs energy setpoints, switching the on/off status of a device, re-scheduling processes etc. 

These events will be handled through the Event Manager in the middleware, so that the 

operational status signal can be propagated to any single device of GreenSoul architecture. 

The output operational status will be applied either at �����•�Ç�•�š���u���o���À���o�U���(�Œ�}�u���š�Z�����•�Ç�•�š���u�[�•�����^�^��

Core service, or at a local device level, from the corresponding local DSS service. 

 Persuasion Module 

This service will be responsible for selecting the best persuasive strategies to be conveyed by 

every GS-ed device in order to reach the pre-established setpoint. To this end, this service 

will simulate the application of the persuasion mechanism over the predicted behaviour and 

select the best combination with the aim of minimising the difference between the optimal 

energy-related behaviour and real human behaviour. 

Main persuasion mechanisms will include physical interfaces such as ambient lights, subtle 

sounds and impulses given by objects to people, that are tangible, touchable and have an 

�]�u�u�����]���š�����]�u�‰�����š���}�v���µ�•���Œ�•�[���‰���Œ�����‰�š�]�}�v���}�(���š�Z���]�Œ�����v�À�]�Œ�}�v�u���v�š�X 

This service will also require access to �š�Z�����}�‰�š�]�u���o�����µ�]�o���]�v�P�[�•��operational status, as well as its 

evaluation (i.e. building energy performance). It will also need a connection with the 

Forecasting Module through the middleware, so as to obtain the last forecasted behavioural 

profile. Based on those variables ���v�����}�v���µ�•���Œ�•�[�������‹�µ�]�Œ���������}�u�(�}�Œ�š���•���š�š�]�v�P�•�U���•�š�}�Œ�������]�v���'�/�D�U���š�Z����

Persuasion Module can select the most appropriate persuasion technique. 

Suggestions might also be provided through the UI applications with the aim of aiding a user 

to perform their daily tasks with the minimal energy impact possible in each moment. These 

suggestions, along with the persuasion mechanisms discussed before will be sent as events 

to the UI layer applications, through the Event Manager in the LinkSmart middleware. 

Utilising the same path, events will also be sent through the Event Manager to smart GS-ed 

devices, such as smart energy analysers or underlying actuators. 
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 GIM  

The GIM (GreenSoul Information Model) is responsible for storing both static and real-time 

dynamic information acquired from various heterogeneous sources in the building in a 

uniform way. All building information & data will be translated and presented in an 

understandable format, so as all GreenSoul components are able to use them. It will contain 

information about the building static information such as building architectural map, device 

location, sensors, etc. Furthermore, it will include the dynamic aspects related to the 

building, including energy consumption, indoor environmental information, occupancy, etc. 

The GIM will mainly interact with the LinkSmart middleware, which will collect all the 

information from the building, translate it to a common vocabulary and store it to the GIM. 

As a result, all GreenSoul components will be able to convey output data (e.g. 

measurements, etc.) to the GIM through the middleware. Furthermore, the GIM will be able 

to provide the historical data and information related to the building to all GreenSoul 

components. In other words, each GreenSoul component will send a data request event to 

the GIM, which will send the requested information back to the component. 

 Relational/Non-Relational Data base  

This component will store the data generated by each of the other components that 

conform the whole GreenSoul architecture. In some case, the database will retrieve the raw 

data generated from sensors. However, its main role is to gather the curated data injected 

into the middleware by the DSS, Forecasting or Analytics modules. That data will need to be 

customised to GIM standards. 

It is still uncertain whether a relational database will be suitable to accommodate the 

plethora of data, with its different data structures, that can be generated by every 

component. If that is the case, SQL-like databases or Hadoop23 will be utilised. If non-

relational databases are deemed more suitable, frameworks like Redis24, CouchDB25 or 

Cassandra26 could be selected. 

Static and real-time information from GS-ed devices will be stored in GIM relational/non-

relational databases.  GS devices in the Physical Layer and UI applications in the UI Layer will 

���}�u�u�µ�v�]�����š�����Œ���Á�������š�����Á�]�š�Z���š�Z�����Œ���•�š���}�(���š�Z�������Œ���Z�]�š�����š�µ�Œ���[�•���o���Ç���Œ�•���š�Z�Œ�}�µ�P�Z���š�Z�]�•�������š�������•���X�� 

Static and dynamic data will be stored in the GIM database. Static data will include 

information that is not changing throu�P�Z���š�]�u���U���•�µ���Z�����•���š�Z�������µ�]�o���]�v�P�•�[ architecture. Dynamic 

data will comprise the main information flow through GIM, and it will include data such as 

energy consumption of devices, operational status, applications´ user-data, etc. 
                                                      
23 http://hadoop.apache.org/ 
24 http://redis.io/  
25 http://couchdb.apache.org/ 
26 http://cassandra.apache.org/ 

http://hadoop.apache.org/
http://redis.io/
http://couchdb.apache.org/
http://cassandra.apache.org/
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 Service Layer 

The Service Layer consists of three main components: the Data Analytics, Forecasting and 

Profiling Modules. 

 Data Analytics Module  

This service will perform the GS-ed devices�[ data collection, processing and cleaning. 

Analytics methods will be utilized in order to aggregate similar data, disaggregate 

information wherever is applicable and necessary and remove outliers. 

Heterogeneous information such as energy consumption, device operational state, building 

information, indoor environmental information (e.g. temperature, luminance, etc.) and 

occupancy will be analyzed using various data analytics and statistical techniques (e.g. 

regression, ARMA/ARIMA models, association rule learning), so as to extract metadata 

information and as a result, detect patterns and situations (e.g. energy overconsumption, 

etc.) that are difficult to be detected otherwise. The purpose is to analyse general building 

information, as well as that of groups within the building, which will assist in forecasting 

energy behaviour and decision processes within the DSS. The groups created would be (but 

not limited): 
 

�x device / group of devices 

�x zone / group of zones 

�x time period 

�x time zone / climatic area 

�x activity type 

 

The Data Analytics module will provide better insight and correlation between different data 

sources in GreenSoul platform, and thus providing guidance to the DSS for making the 

proper recommendations and decisions about operational status of the building. 

 Profiling Module  

�d�Z�]�•�� �u�}���µ�o���[�•�� �Œ�}�o���� �]�•�� �š�}�� �����‰�š�µ�Œ���� �]�v�(�}�Œ�u���š�]�}�v�� �(�Œ�}�u�� �‰�Œ�}�i�����š �‰�]�o�}�š�[�• participants. This 

information captured is not only restricted to socio-cultural or demographics, but is also 

open to more insightful group-data such as attitudes or intentions to behave in a manner 

that is favourable or compatible with building energy efficiency. This information is to be 

predefined in WP4. However, a tentative list of information and data-points to be gathered 

on each user, building and from different spaces within the building is: 

�x Gender, age range, etc. 

�x Technical background. 

�x Weather. 



                                                                         

Dissemination Level: PU         D2.4: GreenSoul conceptual architecture 34 

�x Geographical area. 

�x Schedules at work. 

�x Type of building (work space). 

�x Roles at work (hierarchical structure vs. horizontal structure). 

�x Appliances/electronic devices used every day at work. 

�x Cohesion/Coherence among workers. 

�x Group connectedness.  

�x Motivations/Intentions/attitudes towards saving energy. 

�x Perceived behaviour control over taking actions towards saving energy at work. 

�x State of change towards aiming the pretended behaviour:  

o Pre-contemplation 

o Contemplation  

o Preparation  

o Action  

o Maintenance  

o Relapse 

�x Energy consumption 

Although such data may be also stored in the GIM database in a redundant way, this module 

will be constantly retrieving data from the whole eco-system in order to improve the fine-

definition of the group types and the relations between these groups. These groups 

populate each of the buildings. To achieve this, clustering methods through statistical 

models such as k-means [14][15] or hierarchical clustering methods [16] �~���X�P�X�� �t���Œ���[�•��

method) will be applied. Moreover, Principal Component Analysis (PCA) could also be used 

to ascertain which of the previous tentative factors are more relevant to form groups of 

similar people. 

The profiling service should be able to acquire historical data from energy sensors in 

GreenSoul building premises and aggregate/correlate them with data from user surveys and 

focus groups. These data-points will be segmented via clustering methods, such as 

hierarchical clustering algorithms based on eco-behaviour related factors including 

demographics and socio-economics�X���d�Z���Œ���(�}�Œ���U���µ�•���Œ�•�[�� ���š�š�]�š�µ�����•�� �š�}�Á���Œ���•�� ���v���Œ�P�Ç�� �Œ��-profiling 

will be grouped in segments. This grouping methodology will also enable the profiling service 

to perform an initial prediction of the best incentives that should be given to each group of 

users in order to effectively persuade them to form a more eco-aware behaviour. DSS will 

then be responsible to perform the final prediction, considering Profile Module outputs and 

the current GS-ed devices statuses. 
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The main output of this module would consist of differentiated user-clusters according to 

their eco-awareness and will serve as an input in the Data Analytics and the Forecasting 

Module. 

 Forecasting Module  

This module will provide the forecast-sets required by the Decision Support System (DSS) to 

follow a predictive control strategy. In particular, two services will be provided 27: Human 

Behaviour and Human Response.  

 

Figure : GreenSoul Forecasting Module component diagram 

 Human Behaviour 

This service will provide the expected use of the different devices monitored for short period 

of times, e.g. next hours, next day (at least those with are transformed into GS-ed devices). 

To this end, the energy consumption of the different devices will be monitored and their 

future use will be inferred through different predictive algorithms (e.g. Time Series [2], 

Hidden Markov Models [10], ANNs [11], etc.). The main goal is to be certain that the next-

period usage pattern of different electrical devices and appliances of communal use can be 

calculated. Several machine-learning techniques will be used to model these usage patterns 

and produce a forecast of the human energy behaviour.  

Three kinds of input data will be needed from this service:  

�x Historical data from the GIM, in order to identify correlations with current real-time 

data  

�x Current real time data from GS-ed devices 

�x Clustering data from the Profiling Module, so that forecasting is made for each 

specific user cluster. 

This service would be also responsible to evaluate the energy and CO2 savings due to 

GreenSoul platform. 

                                                      
27 Please note that, as the objective of this project is the reduction of the energy consumption through human 
behaviour change (and it does not introduce Demand Response strategies), both weather and renewable 
generation forecasting are out of the scope of the project. Hence, there are not specific modules for doing such 
kinds of predictions. 
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 Human Response to Energy 

This service will collect and provide the expected impact (in terms of different KPIs) of a 

proposed motivational scheme to a particular user group. Both classical statistical (e.g. 

Bayesian models) and artificial intelligence methods like those commented above, will be 

created for every device and motivational/encouragement mechanism. The data used to 

create these inference models will be retrieved during the pre-pilot and the first pilot phase 

of the pilot executing. 

 UI Layer 

The components of the User-Interface layer provide user device access to the GreenSoul 

solution consisting of the GreenSoul platform, web-based dashboards and mobile 

applications.  These interfaces allow the GreenSoul platform to capture, store and manage 

energy-consumption data per device and user in a manner that can then be analysed and 

displayed for educational and informative purposes on devices to be accessed daily in 

conformity with agreed behavioural change and modification processes and protocols in 

buildings where the GreenSoul platforms are to be deployed.  Access to such information 

will be provided through all web-���v�����o�����������À�]�����•���~�W���[�•�U���š�����o���š�•�U���•�u���Œ�š�‰�Z�}�v���•��etc.) 

 Security 

The UI Layer is the public face of the GreenSoul solution. Therefore, it must be, and be seen 

to be, completely secure to gain and hold the trust and confidence of all system users. 

Security issues such user-rights, permissions and access to user-data, user-ID and user-

device now need to be explored in detail prior to designing the graphic user-interface, data-

presentation and persuasion modules, methodologies and gamification technics for 

informing users and inducing energy-saving behavioural changes.  GS partners are of the 

belief that best practices would be to discuss specific user-data, user-ID, user-rights and 

device access and permission rights as soon as possible as an integral part of deliverable 

D2.5 rather than wait for deliverable D3.2, and recommends the team at least to 

contemplate the possibility of installing and testing a proto-type GreenSoul platform in one 

building to fully capture and define data security and permission access issues. 

Therefore, a robust but flexible security layer that is common across the Physical, DSS, 

Service and UI Layers capable of providing user, data and device integrity will need to be 

added to Deliverable 2.5 GreenSoul Information Model (GIM) and Middleware 

Infrastructure. This will be a vital part of the solution and needs to be considered as an 

integral part of deliverable D2.5 and D3.1 & D3.2 in WP3 as the GreenSoul platform is 

developed and deployed in each building described in section 3.2.1.3 above   
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 Web Apps and Dashboards 

Data dashboard functionality will be added to the GreenSoul website. The dashboards will 

collate information on energy management and consumption per building, floor, office and 

user. The individual data-fields, both in terms of presentation and persuasion methodology, 

will be discussed once energy data points, security and access-permission levels to data, 

user-profiles and individual devices are defined and agreed. 

Greensoul Platform 

GreenSoul management platform integrates energy management of all related services 

requested by the project. It provides a web from where will be able to see the status of the 

entire electrical installation at a glance and access detailed information about the service.  

The IP-based communications architecture centralizes information in a simple dashboard. In 

addition, its open architecture makes it compatible with existing systems and allows the 

inclusion of new elements. 

GreenSoul architecture is composed of various elements: the software tool for monitoring 

and data analysis, the data collection of the GS-Devices. 

 Mobile Apps 

GreenSoul is web-compatible. It is possible to use GreenSoul on tablets, Smartphones or 

computers using an Internet browser.  

GreenSoul platform mobile apps are to be constructed for data presentation and user 

persuasion purposes.  This approach raises data access and user-ID issues.  Precise definition 

of individual data-fields, both in terms of presentation and persuasion methodology, will be 

discussed once energy data points, security and access-permission levels to data, user-

profiles and individual devices are defined and agreed.  Communication between mobile 

apps and web-based clients will need to provide robust data-transmission security 

mechanisms and ensure that authorised access to device and system functionalities. 

 LinkSmart Middleware  

The LinkSmart middleware framework will be used to seamlessly integrate GS-ed devices 
and sensors infrastructure with GreenSoul software applications. LinkSmart was originally 
developed within the Hydra EU project for Networked Embedded Systems. The final Hydra 
middleware was renamed LinkSmart and its source code was released to the public. 
Application developers are provided with a tool that handles physical devices heterogeneity. 
Using LinkSmart technology, developers can easily control devices using protocols such as 
Bluetooth, RF, Zigbee, RFID, and Wi-Fi etc. The control is made possible through simple to 
use web interfaces. 

http://hydramiddleware.eu/


                                                                         

Dissemination Level: PU         D2.4: GreenSoul conceptual architecture 38 

LinkSmart uses a Service oriented Architecture (SoA) approach in order to provide support 
among various platforms and network protocols. It also utilises secure peer-to-peer (P2P) 
communication and device and service discovery. LinkSmart Middleware has been tested 
and validated in several applications in diverse computing domains, including eHealth and 
(Energy-aware) Smart Homes [18], [19]). 

 LinkSmart Architecture 

A generic distinction between LinkSmart devices must be made between those devices that 
need software proxies to run LinkSmart, and the ones that can natively support LinkSmart. 
More specifically, devices in the LinkSmart network are classified in five categories, D0 
through to D4, according to their distinct capabilities for incorporation into the LinkSmart 
network. A device incapable of hosting the middleware can be classified as a D0 or D1 
device. If it can host a web service and has IP communication capabilities, it is a D1 device. 
Otherwise, it is a D0 device. If a device can host the middleware but is not able to have IP 
communications, it would be a D2 device. However, if it supports IP communication, then it 
would be a D4 device if it can control D0 and D1 devices �~���X�P�X���'�Œ�����v�^�}�µ�o�[�•���'���š���Á���Ç�•�•, or a D3 
otherwise.  D2, D3 and D4 devices are responsible to perform the communication inside the 
network. D2 devices need a bridge into a D3 or D4 device, or to a dedicated server in the all-
IP LinkSmart network.  
 
Gateways are devices with IP capabilities (usually PCs or Raspberry Pi). Their purpose is to 

run device proxies that understand the technology used and the data exchanged. The aim is 

to represent resource-restricted devices (e.g. wireless sensor nodes �t D0 devices), so that 

they can appear as LinkSmart devices in the LinkSmart network. 
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Figure 9: LinkSmart Example Device Network 

Managers are core components in LinkSmart middleware. A LinkSmart manager 
encapsulates a set of operations and data that realize a specific functionality. In Figure 9, a 
typical LinkSmart deployment is shown. It includes six LinkSmart connected devices: Three of 
them directly run LinkSmart, while the others become LinkSmart-enabled devices through 
the same Gateway. 
 
The Gateway is required to run a Network Manager (NM) that registers all services belonging 
to a device. All communication between devices transits through the Network Managers. 
Thus, network services are accessed through their own Network Manager. The Network 
Managers are connected to Security Managers (SM) and Crypto Managers (CM), which 
secure, encrypt and decrypt the communication. 

 Event Manager 

The Event Manager provides a publish/subscribe service in LinkSmart, which stands as a 
means of events-based communication. In this approach, the Event Manager plays the role 
of the central component that manages subscriptions, provides a method for publishing 
events and distributes events to subscriber components. This way, the Event Manager 
achieves a decoupling in space, time and synchronization. The Event Manager interactions 
inside the middleware, as well as with various GreenSoul components can be seen in Figure 
10. 
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Figure 10: LinkSmart Middleware Component Diagram in GreenSoul architecture 

 Event Aggregator 

The GreenSoul devices network will use LinkSmart as the interface to communicate data into 

higher layers of GreenSoul services. This data should also be stored in GIM database. The 

Event Aggregator is the component responsible to subscribe to the Event Manager for such 

data and store it into the GIM. In Figure 11, an example of a typical process that could occur 

in the GreenSoul environment is shown from the view of the Event Manager. In this process, 

a UI web application and the DSS system need information from a temperature sensor, 

installed in GS premises. Thus, they both subscribe to the Event Manager under the 

� t̂emperatureSensorData�_���š�}�‰�]���X���d�Z�����•���v�•�}�Œ���‰�µ���o�]�•�Z���•���]�š�•���µ�‰�����š�������š���u�‰���Œ���š�µ�Œ�����•�š���š�µ�•�����À���v�š�•��

to the Event Manager as well. Then, the Event Manager is responsible to notify subscribers 

of this event type, so in this example, the UI web application and the DSS system. These 

components can then process the information according to their specific desires.  
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Figure 11: Event Manager Sequence Diagram 

 Device Manager  

GS-ed devices have different features and use several communication technologies. A device 

virtualization is thus needed to ensure seamless integration of these devices with the rest of 

GreenSoul components.  The requirement will be to overcome the fragmentation of 

vertically-oriented closed systems, architectures and application areas and move towards 

open systems and platforms that support multiple applications. The Device Manager (DM) 

will provide the capabilities for heterogeneous devices virtualisation through a common 

interface and access to the lower layer, independently of the technology used. The DM will 

take care of the compliance with current and upcoming standards/reference architectures 

and semantics-enriched representations, such as: OSGi Device Abstraction Layer (OSGi DA) 

[20], ETSI M2M (ETSI M2M) [21], OneM2M (OneM2M) [22], HGI Device (HGID) [23], VORTO 

(VORTO) [24], SAREF ontology (SAREF) [25] and DogOnt ontology [26]. 

The Device Manager only uses MQTT protocol to communicate without the need to rely on 

the REST interface of the GIM repository for data storage.  

Three main, ontology based representations of any device will be used by the DM, in order 

to render their functionalities: 

�x Services provided by a device 

�x Events generated by a device 
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�x Variables that can be configured or accessed by the user of the device 

The device representation will also describe the nature of the devices itself and the 

characteristics of the shared information (e.g. type and unit of measured data).  
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4 Interoperability demands among components  

This section summarizes interoperability demands of the different components within the 

GreenSoul framework. The following subsections will be useful to derive the interoperability 

APIs included in Section 4.6. 

 LinkSmart middleware 

The middleware is the most important component of the architecture in terms of the 

interoperability requirements of the GS platform. It will essentially interact with every single 

layer in GS architecture in order to be the mediator of their connectivity. It will support the 

communication between GS-������ �����À�]�����•�� ���v���� �š�Z���� �Z�]�P�Z���Œ�� �'�^�� �o���Ç���Œ�•�[�� ���}�u�‰�}�v���v�š�•�U�� �Á�Z�]�o����data 

will be also stored in the GIM database. Figure 12 illustrates these associations. 

 

Figure 12: Middleware �t based processes 

 Physical Layer 

 GreenSoul-ed Adaptors (Things)  

These devices will feature a Wi-Fi communication to send and receive data to the 

middleware through local Gateways modules that will be deployed in every floor of the pilot 

buildings. Therefore, these augmented electronic devices or appliances will only 
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communicate with Gateways by using RESTful APIs and publish/subscribe paradigm through 

the MQTT protocol28. 

Although the DSS module, the GS website and even the GS mobile app may control GS-ed 

devices remotely via the Internet, these �����À�]�����•���~�}�Œ���Z�[Things�[�[�• will be agnostic of these top 

layer components since technically, communication �Á�]�š�Z���š�Z�}�•���������À�]�����•���~�}�Œ���Z�[Things�[�[�• will be 

only be performed within the Gateway. 

�x ADAP.INT.1: The GS-ed Things will send continuously energy data to the Gateways 

(device managers) through publish/subscribe paradigm. 

�x ADAP.INT.2: The GS-ed Things can be remotely controlled through subscription 

channels (device managers) �t publish/subscribe paradigm.  

�x ADAP.INT.3: The GS-ed Things can be remotely controlled through RESTful APIs 

(device managers) �t request/reply paradigm. 

The input/output specifications for the GS-ed devices network can be seen in Table 3 and 

Table 4, respectively. The component that sends real time and intermittent signals to the GS-

ed devices network is the DSS. These signals are evaluated from the DSS to endorse optimal 

response from those devices. 

Table 3: Sharing of information: GS-ed devices input 

GS-ed devices 

Receives data from (subscribes  

to Middleware to receive data 

from): 

Type of data Through: 

DSS Persuasion/actuation signal Middleware 

 

Table 4: Sharing of information: GS-ed devices output 

GS-ed devices 

Sends (publishes) data to: Type of data Through: 

Profiling Module Historical data GIM API 

Forecasting Module Historical data GIM API 

Forecasting Module Current operational status Middleware 

UI Applications Current operational status Middleware 

DSS Current operational status Middleware 

 

                                                      
28 mqtt.org/ 



                                                                         

Dissemination Level: PU         D2.4: GreenSoul conceptual architecture 45 

 Sensors and Actuators  

These devices will feature different types of communication interfaces and data protocols. 

Hence, their only point of communication with the whole system will be the local Gateways. 

Such devices (the Gateways) must implement a custom-based polling system to reach each 

of the different sensors and transform all data received into a format that complies with the 

GIM. The interoperability needs are the same as the GS-ed Devices (Table 3 and Table 4). 

Taking into account that the majority of these legacy sensors and actuators are controlled by 

a BMS29, the Gateways should implement an inner component to communicate directly with 

each of these management systems. 

�x SENS_ACTS.INT.1: Sensors and Actuators should communicate their data with local 

Gateways. 

�x SENS_ACTS.INT.2: Sensors and Actuators data have to be transformed into GIM-

compliant models. 

�x SENS_ACTS.INT.3: BMS retrieved data have to be transformed into GIM-compliant 

models. 

 Smart Energy systems/analysers  

The Smart Energy system is a group of devices based on a Gateway (UCA) and Smart 

analyser (Modbus device). UCA will adapt all the information gathered into the GIM-

compliant model. UCA as a Gateway will adapt all the information received from all 

connected GS-ed devices. The electrical parameters will be saved into GIM model and can be 

shared with the BMS installation. A bidirectional communication using the 2 relay outputs to 

control ON/OFF circuits or different actuators based on Modbus communication is possible if 

the BMS integrates with the GIM model. The system will also allow recovery of the 

information of Modbus sensors through the LinkSmart platform. 

 Decision Layer  

The DSS system will operate in batch mode steadily (i.e. non-human intervention is 

necessary).  In this working-mode two options are available:  

1) Continuous Connection with the middleware; and  

2) Intermittent Connection with the middleware. Similar to the Forecasting module, the DSS 

module will have different interoperability requirements depending on the working mode 

that is applied. 

                                                      
29 The majority of the pilot buildings that have deployed a BMS is a HONEYWELL system. 
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In the case of Continuous Connection, DSS will be continuously connected to the middleware 

data bus that subscribes to the forecasting module responsible for �Z�,�µ�u���v�� �����Z���À�]�}�µ�Œ�[�� ���v����

�Z�,�µ�u���v���Z���•�‰�}�v�•���[�X�� The DSS should estimate in real-time the setpoint for the next temporal 

interval (e.g. a window of 10 minutes). Afterwards, it should publish the remote control 

orders issued from the persuasive service or the automation service into the middleware. In 

the Intermittent Connection case, the DSS module will be connected to the database and it 

will poll relevant data directly from it. 

Continuous Connection is more convenient to establish decision-making policies in the short-

term, while Intermittent Connection is appropriate to establish mid-term control policies. 

However, in both cases, the data model should contain mechanisms for codifying the set of 

actions that will be triggered to the whole system to reach GreenSouled-devices or the 

UCAs. When the GreenSouled-devices are connected to the UCA, the UCA will be responsible 

to adapt the information between the decision layer and the physical layer. 

This module has to also be fully-aware of the different capabilities that the underlying 

augmented appliances and electrical devices feature. The functional requirements state that 

this information has to be leveraged directly into the module instead of using the service 

discovery capabilities of the middleware. Likewise, the functional requirements establish 

that the DSS will trigger persuasion orders leaving the automation actions as the last option. 

Table 5: Sharing of information: DSS input 

DSS 

Receives data from 

(subscribes to): 
Type of data Through: 

Profiling Module Clusters of users, initial predictions GIM API 

GS-ed devices Historical data GIM API 

GS-ed devices Current operational status Middleware 

Data Analytics Energy consumption groups Middleware 

Forecasting Module Next period energy & CO2 forecasts Middleware 

UI applications Comfort settings Middleware 

 

Table 6: Sharing of information: DSS output 

DSS 

Sends (publishes) 

data to: 
Type of data Through: 

GS-ed devices Persuasion/actuation signal Middleware 

GIM Persuasion/actuation signal data Middleware 
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 GIM  

GreenSoul components will store their output data in GIM database (measurements and 

events, mainly). When a GS-ed device or application needs to retrieve historical data from 

another device/sensor, this information will be directly available from GIM through a peer-

to-peer GIM connection. However, for real-time data storing or retrieval, GIM database will 

mainly interact with the middleware, an adaptor will collect, process and translate data 

before storing them in GIM. The GIM database would collect: 

�x �Z���Á�������š�����~�•�š���š�µ�•�•���(�Œ�}�u���•���v�•�}�Œ�•�[���v���š�Á�}�Œ�l 

�x Prediction signals from Forecasting Module 

�x Profiles generated by Profiling Module 

�x Actuating signals from DSS 

There should be two kinds of APIs, in order to handle storage of information between GIM 

and middleware and between GIM and GS-ed devices, which can be seen in Table 7. 

Table 7: GIM Database data handling (input/output) 

GIM APIs 

Communicate data with:  

GS-ed Devices 

Receive historical GS-ed devices data directly, 

without any middleware interaction (e.g. 

through a simple HTTP invocation). 

Middleware 

Collect and store raw data, measurements and 

events in GIM. Provide link with middleware to 

send/receive real-time data. 

 

 Service Layer 

 Data Analytics  

The interoperability demands of the Data Analytics Module are shown in Table 8 and Table 

9. This service will need both historical and real-time (or close to real-time) data from a 

number of GS components. Its output will be mainly used for achieving a more accurate 

energy behaviour forecasting and as a basis for the DSS module to take decisions based on 

the delivered consumption segmentation. 
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Table 8: Sharing of information: Forecasting Module input 

Data Analytics Module 

Receives data from 

(subscribes to): 
Type of data Through: 

Profiling Module Clusters of users Middleware 

GS-ed Devices Historical data GIM API 

GS-ed Devices Current operational data Middleware 

UI applications Comfort settings Middleware 

 

Table 9: Sharing of information: Forecasting Module output 

Data Analytics Module 

Sends (publishes) data to: Type of data Through: 

DSS Energy consumption groups Middleware 

Forecasting Module Next period energy & CO2 forecasts Middleware 

 

 Profiling  

As depicted in Table 10, the Profiling Module will have an intermittent connection with the 

GIM. It will collect historical data from GS-ed things in order to perform its clustering 

mechanisms, along with the data already predefined in WP4. Therefore, it will need to be 

subscribed for profiling data stored in the database. As a result, the PM data should be 

transformed in GIM-compliant data to support the described process.  The created profiles 

would be used later on by the DSS Module and the UI applications. This kind of connectivity 

is shown in Table 11. 

Table 10: Sharing of information: Profiling Module input 

Profiling Module 

Receives data from 

(subscribes to): 
Type of data Through: 

GIM 
�^�š���š�]�����µ�•���Œ�•�[���•�}���]�}�����}�v�}�u�]���������š���U���•�‰���š�]���o��

data (Building architecture models) etc. 
 

GS-ed Devices Historical data GIM API 
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Table 11: Sharing of information: Profiling Module output 

Profiling Module 

Sends (publishes) data to: Type of data Through: 

DSS Clusters of users, initial predictions GIM API 

UI applications Clusters of users, initial predictions GIM API 

 

 Forecasting  

The Forecasting module will operate in batch mode steadily (i.e. non-human intervention is 

necessary).  In this working-mode two options might be available: 1) continuous connection 

with the middleware; and 2) intermittent connection with the middleware. 

In the first case, the Forecasting module will be continuously connected and listening to new 

energy-related messages that may be conveyed through the middleware data bus. In this 

mode, the module will be generating real-time predictions accordingly to the data received. 

In the second case, the forecasting module will be connected to the database and it will poll 

energy-related data from the database whenever a new prediction is requested. Having 

done the forecasting activity, the module will inject into the middleware the prediction 

issued.  

In both options, the data model should be capable not only to distinguish between real 

energy-measures and predicted ones, but also to be able to differentiate among the 

different algorithms used to perform the predictions. Finally, the data model should 

establish the confidence interval of the prediction. 

Direct interoperability with the following components is anticipated in Table 12 and Table 

13. These tables depict in a simplified manner, the interactions between the Forecasting 

Module and the various GreenSoul components. 

Table 12: Sharing of information: Forecasting Module input 

Forecasting Module 

Receives data from 

(subscribes to): 
Type of data Through: 

GS-ed Devices Current operational status Middleware 

GS-ed Devices Historical data GIM API 
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Table 13: Sharing of information: Forecasting Module output 

Forecasting Module 

Sends (publishes) data 

to: 
Type of data Through: 

DSS Next period usage forecasts Middleware 

UI applications Next period energy & CO2 forecasts Middleware 

 UI Layer 

 Web Apps and Dashboards  

Dashboard functionality will be added to the GreenSoul website. The dashboards will collate 

information on energy management and consumption per building, floor, office and user. 

Individual data-fields will be determined once all energy data points, security protocols and 

data-access permission rules regarding data, user-profile and unique device access have 

been defined.  User-profiles, platform information and data will be protected via a security 

layer to prevent unauthorised access to user information and to prevent tampering with 

devices or sensors. 

 GreenSoul Platform 

GreenSoul platform obtains information of the consumption of the various circuits of the 

building for further treatment. GreenSoul platform allows discriminating between the 

consumption of lighting, HVAC, IT, and so on, thus obtaining a much more detailed and 

useful information. 

GreenSoul platform tracks individual consumption notifying the detected deviations and 

suggesting corrective actions. Thus, when an anomaly occurs, reaction time is improved and, 

therefore, the efficiency and savings are increased 

Equipping a building represents only a portion of their savings capacity. The use that users 

give is a key factor and awareness is therefore essential. 

GreenSoul platform is also an awareness platform from which customized information can 

be sent on the energy efficiency achieved through various channels to the users and 

stakeholders of a building. 

GreenSoul platform will include all system parameters. This software provides a data 

graphical visualization. GreenSoul platform collects data through the LinkSmart middleware 

and is able to communicate with sensors/actuators. The system is completely bi-directional 

on a Software as a Service (SaaS) component of the GreenSoul Cloud. 
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 Mobile apps  

GreenSoul platform offers a RESTful API consumable from any mobile browser, 

independently of the operation system. All the functionalities available in a web app can 

integrated and used in the mobile interface. 

GreenSoul mobile apps are to be constructed for both data presentation and user 

persuasion purposes. This approach raises data access, user-ID and device-control security 

issues that need to be defined and resolved in D2.5 and then further reviewed and tested in 

D3.1 and D3.2. Individual data-fields, both in terms of presentation and persuasion 

methodology, will be discussed once energy data points, security and access-permission 

levels to data, user-profiles and individual devices are defined and agreed. 

Security protocols, definitions and permission layers for the mobile application will be the 

same as those for GreenSoul website dashboards. 
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5 Interfaces and Interactions  

 Functional/Logical View (interfaces)  

Figure 13 shows the interactions of the main architectural components with each other. As 

can be observed, GreenSoul platform users may programmatically access the system 

through the provided RESTful API described in the following subsections. In addition, they 

can also access the platform functionality through the GreenSoul Controller Web UI that 

offers a fully-fledge user interface to access all functionalities of the solution and the 

GreenSoul app. 

GreenSoul platform and mobile apps as GreenSoul front-end will communicate to the 

middleware in order to exchange messages. This type of communication can be achieved 

through a content management framework (e.g. a Java web platform). Hence, the apps will 

implement the capacity to read information of the middleware or send commands to the 

devices. 

 
Figure 13: Architectural components 

The GreenSoul platform backend will receive all subscription-data from the API and will 

display that data in the front-end interface. 

The GreenSoul platform is accessible through any browser (PC, Tablet or mobile) using a 

secure username and password.  Multiple user profiles to define different levels of access 

can be created such as: 
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�x User Manager: Access to all pilot sites information dashboard.  

�x Local Manager: As manager and with tool configuration permissions.  

�x User Reader: Read access to energy management reports and maintenance 

workflows, especially useful.  

User permissions will be managed from the middleware. 

The graphic design of the mobile app, i.e. the UI, the data the mobile app will use and access 

i.e. interface with the DSS, and the data to be presented in both the app and the website i.e. 

the data from the physical layer, will be defined after permission-hierarchy, and security-

issues such as rights, permissions and access to user-data, user-ID and user-device have 

been thoroughly defined. 

Information available to users can also be configured, provided that duly authorised 

Managers have permission to manage one or more pilots, while the user Reader would only 

have access to the information of his pilot. 

The management platform is modular and can incorporate different functionalities. 
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6 Physical Deployment of GS Architecture  

Figure 14 illustrates the candidate deployment architecture for a GreenSoul instance which 

is deployed in a fictitious building. The diagram shows the final and most logical distribution 

of the components planned for the GreenSoul solution in two well differentiated network 

spaces, i.e. at the building site and somewhere in the Cloud.  

GS-ed things (i.e. augmented lights, printers, electronic equipment in desks or power strips), 

UCAs and Gateways are physically deployed across a building, e.g. one of the pilot buildings. 

�d�Z���Œ���U���š�Z�����'���š���Á���Ç�•�������š�����•�����Œ�]���P���•���Á�Z�}�����}�v�v�����š���š�Z�����Z�}�v-�•�]�š���������À�]�����•�[���Á�]�šh the functionality 

implemented in the GreenSoul Cloud (i.e. Decision Layer, components belonging to the 

Service Layer and GIM). These two physical and logical network locations for GreenSoul 

components are well differentiated by means of a colour metaphor. Thus, the green side of 

the diagram represent the part of the GS solution physically deployed at a building whilst the 

yellow side brings together the components related with the Services and Decision (i.e. 

software components) layers of the GreenSoul solution.  

Linksmart middleware is used to connect the instrumented physical environment and the 

GreenSoul Services and Decision layers hosted in the Cloud. LinkSmart features MQTT as the 

underlying protocol for delivering data in almost real-time from building sensors to the 

Services and Decision Layers where such data is further analysed and stored into GIM. The 

���^�^���Á�]�o�o���Œ���u�}�š���o�Ç���}�‰���Œ���š�������]�•�š���v�š�������À�]�����•���}�v���‰�]�o�}�š�•�[�����µ�]�o���]�v�P�•���š�Z�Œ�}�µ�P�Z���š�Z���]�Œ�����Æ�‰�}�•�������Z���^�d�(�µ�o��

APIs within the local Gateways. The communication among cloud component will be carried 

out through their RESTful interfaces or software drivers in case they are available, e.g. 

database driver for GIM.  

End users will interact with the GS system either through apps executed in a Smartphone or 

through the web interface (dashboard) of Green Soul in a browser as can be observed in 

Figure 14. Such interactions with the GreenSoul framework will be mediated by the 

GreenSoul controller, a web module including a RESTful API, which will orchestrate the HTTP 

requests issued to the actual physical environment running devices implementing the 

requested functionality. 
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Figure 14: GreenSoul Deployment architecture. 
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 WeSave Smart Analyser deployment 

Figure 15 illustrates the deployment of the Wesave Smart Meter (UCA). 

UCA allows different connection modes in line with the functions that need to be carried 

out. The more control one has over the electrical panel, the greater the number of 

connections that will need to be carried out.  BMS service staff should only carry out physical 

connection with BMS devices. Communication via RS232 / RS485 with an external device 

�~�•�µ���Z�� ���•�� �‰�}�Á���Œ�� �u���š���Œ�•�U�� �u���Æ�]�� �u���š���Œ�•�U�� �o�]�P�Z�š�� �(�o�}�Á�� �Œ���P�µ�o���š�}�Œ�•�U�� �Á���š���Œ�� �u���š���Œ�•�U�� �P���•�� �u���š���Œ�•�Y�•��

requires UCA to be pre-configured to this end. Building managers will need to contact their 

BMS supplier to communicate the UCA with a device different from the analyser delivered. 

The UCA features different modes of use.  

Monitoring mode:  it is the simplest mode. Working as monitoring device, the equipment 

has no control over the electrical panel. Thus, it will merely carry out data collection, analysis 

and transmission. 

Actuation mode: UCA includes two relays that it is possible to use for switch ON/OFF 

different electrical circuits. The behaviour of these relays will be decided by DSS. 

 

 

Figure 15: UCA and analyser deployment diagram 
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7 Conclusions  

The overall scope of this deliverable is to define the conceptual architecture of the 

GreenSoul platform. The architecture has been derived from T2.3 and follows the principles 

of CleanTech. The platform of the GreenSoul system has been designed by trying to 

accomplish the following points: 

�x Accommodation of the management of remote devices. 

�x Applying persuasion techniques through GS-ed devices and mobile apps to eco-

educate users. 

�x Enabling local and global intelligence at device and environmental level. 

The common architecture view of the GreenSoul system has been designed through an 

iterative process in which all partners were involved. First, the required software and 

hardware of the architecture for the individual functional and non-functional requirements 

(defined in deliverable 2.3) were determined. Based on this view, the architecture was 

divided into four layers: 

�x Physical Layer 

�x Decision Layer 

�x Services Layer 

�x UI Layer 

The middleware is the most important component in terms of the interoperability 

requirements of the GS platform because it interacts with every single layer. LinkSmart 

middleware uses a SoA-approach in order to provide support among various platforms and 

network protocols. It offers P2P communication and device and service discovery 

capabilities. 

The Gateway of the Physical Layer encapsulates the data received from sensors, actuators 

and GS-ed adaptors within the pilot buildings and sends them by Wi-Fi, Ethernet or other 

communication interfaces to the GS eco-system. Information about already installed sensors 

and actuators in the pilot buildings were collected. 

The Decision Layer provides the operation status for the control system. This layer is 

responsible for activating the different persuasive mechanisms to reach an operational 

status. The Decision Layer works in conjunction of the DSS Core and Persuasion Module and 

is dependent on the GIM which supplies DSS-data and is responsible for storing the static 

and real-time dynamic information acquired from various heterogeneous sources in the pilot 

buildings in a uniform way. 
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The Services Layer consists of Data Analytics, Profiling and Forecasting Modules. The first 

module collects data from the GS-ed devices and curates the data (e.g. removing outliers).  

The Profiling Module captures information (socio-cultural, demographics and more insightful 

group data) from the participants of the pilot buildings. The Forecasting Module provides the 

set of forecasts needed by the DSS to follow a predictive control strategy. 

Security Layer requirements were not originally part of this deliverable but have now been 

raised and the partners agree that Security Layer requirements need to carefully defined in 

WP2 and WP3. 
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