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Abstract. The market of smart building solutions aiming at improving the comfort, well-being 
and health of occupants, but also the inclusiveness and accessibility of the building to people 
with more specific needs is growing. More and more smart solutions, as well as standards, 
certifications and public regulations are currently being developed, but a more global and 
systemic approach seems to be missing. The paper reviews the status of research related to the 
means and methods enabling interactions with occupants in smart buildings, which feeds an 
iterative approach with European industry and research actors aiming at collectively identify 
barriers and opportunities in this area. 

1. Introduction 
The market of smart building solutions aiming at improving the comfort, well-being and health of 
occupants, but also the inclusiveness and accessibility of the building to people with more specific 
needs is growing. More and more smart solutions, as well as standards, certifications and public 
regulations are currently being developed, but a more global and systemic approach seems to be 
missing. This paper investigates the role of smart technologies in relation with comfort, well-being and 
health, with a view of gathering knowledge from professionals and researchers communities thanks to 
an iterative approach.  
While well-being, comfort and health are concepts more and more looked at in the building industry, it 
is of course broader and already significantly addressed in other domains. Still, there is no consensus 
amongst the scientific communities addressing the built environment. The following section 2 
provides some definitions and elements of context to delimitate the focus of the paper, and section 3 
develops the specific research questions and adopted methodology. A broad community of researchers 
addressing smart buildings tackle these questions from various disciplines: civil engineering, 
architecture, informatics, and even psychology and social sciences. A literature review is reported in 
section 4. Section 5 eventually delivers the outcomes of Focus Groups discussions with stakeholder 
enabling to frame the barriers and identify the opportunities for smart building innovation 
communities. 

2. Definitions and context 
Hanc et al. [1] “established the most prevalent and insightful definitions and dimensions of wellbeing 
in buildings applied in the recent published literature” as depicted in Figure 1. Quite heterogeneous 
aspects are reported, covering perceived and sometimes subjective criteria linked to psychological and 
social Factors. 



 
 
 
 
 
 

 
Based on detailed literature review of definitions related to indoor environment quality (IEQ), Rohde 
et al. [2] proposed a three-branched framework to define the “good indoor environment”, equally 
relying on comfort, health and well-being. In their paper, the authors propose the following definitions 
[2]: 

• Comfort: indoor environment conditions that facilitate a state of satisfaction of bodily wants 
in occupants, based on their individual preferences and their given activity, and that limit 
physical stressors causing annoyance. 

• Health: indoor environment conditions that promote physical resilience and restitution of 
occupants, and limit physical stressors causing infirmity, disease and years of potential life 
lost. 

• Well-being: indoor environment conditions that afford mental resilience and restoration, offer 
variation, provide controllability and advance positive stimuli to improve occupant happiness. 

 

 
Figure 1: Themes associated to well-being in buildings, extracted from [1]. 

With the buildings occupants requesting more consideration for the quality of their indoor 
environments (where they spend more than 80% to 90% of the time), and the construction and real-
estate industries pushing for more recognition of the investments in Indoor Air Quality technologies, 
public and private initiatives emerged to define and value IEQ. 
 
Level(s) is the European Commission framework aiming at providing a common language for 
assessing and reporting on the sustainability performance of buildings. Level(s) offers an extensively 
tested system for measuring and supporting improvements, from design to end of life. It can be applied 
to residential buildings or offices. It is made up of 6 macro-objectives and 16 performance indicators. 
Macro-objective 4 is called Healthy and comfortable spaces, and includes performance indicators on 
Indoor Air Quality, time outside of thermal range, Lighting and visual comfort, and acoustics and 
protection against noise, as shown in Table 1. 
 

Table 1. Indicators related to health & comfort in the EC Level(s). 

4. Healthy 
and 
comfortable 

4.1 Indoor Air Quality  
Parameters for ventilation, CO2 and humidity 
Target list of pollutants: TVOC, formaldehyde, CMR 
VOC, LCI ratio, mould, benzene, particulates, radon 



 
 
 
 
 
 

spaces 4.2 Time outside of 
thermal comfort range 

% of time out of range during the heating and cooling 
seasons 

4.3 Lighting and visual 
comfort Level 1 checklist 

4.4 Acoustics and 
protection against noise Level 1 checklist 

Based on engineering-related physical values and models, Level(s) therefore focuses on health and 
comfort. 
Moreover, several commercial building certification schemes address well-being and comfort: 

• BREEAM (Building Research Establishment Environmental Assessment Method), the 
world’s first sustainability rating scheme for the built environment. BREEAM focuses on 
measuring and reducing the impacts of buildings and in doing so, create assets that are better 
for people and the environment. 

• The Leadership in Energy and Environmental Design (LEED) rating system provides a 
framework for healthy, highly efficient and cost saving green buildings. It is for all building 
types and all building phases including new construction, interior fit outs, operations and 
maintenance and core and shell. 

• The WELL Building Standard™ (WELL) was the first building standard to focus exclusively 
on the health and wellness of the people in buildings. It is a performance-based system for 
measuring and certifying features of buildings that impact human health and well-being, 
through air, water, nourishment, light, fitness, movement, thermal comfort, sound, materials, 
mind and community. It marries best practices in design and construction with evidence-based 
medical and scientific research – harnessing buildings and communities as a vehicle to support 
human well-being. 

• The FITWELL standard provides tailored scorecards for existing and new buildings and sites. 
It counts seven health impact categories: impact on Surrounding Community Health; 
reduction of morbidity and Absenteeism; Support to Social Equity for Vulnerable Populations; 
Feelings of Well-Being; Access to Healthy Foods; Occupant Safety; Increases Physical 
Activity. 

• The Living Building Challenge defines measures of sustainability for new and existing 
building, interior, landscape or infrastructure. The certification addresses 20 imperatives 
which are grouped into 7 “petals”: Place, Water, Energy, Health + Happiness, Materials, 
Equity, Beauty. 

These certification schemes provided as examples show the range of domains requested by building 
developers and owners, and the related aspects they are looking for in terms of comfort, health and 
well-being, as expected by their customers. 
With the expansion of “smart buildings”, the automation of the buildings’ technical systems operation 
is increasing, promising ever better performance and efficiency, while adapting to the needs of 
occupants. According to Buckman et al. [3] “smart Buildings […] integrate and account for 
intelligence, enterprise, control, and materials and construction as an entire building system, with 
adaptability, not reactivity, at the core, in order to meet the drivers for building progression: energy 
and efficiency, longevity, and comfort and satisfaction. […]”. 
The energy efficiency associated with the operation of buildings’ technical systems has been 
extensively addressed in academic research and already transferred on the market, with intelligent 
products in the fields of heating, ventilation, conditioning, facades, or the use of renewable energy 
sources.  
Besides, a building’s “smart behaviour” should match and even increase the occupant satisfaction [4]. 
The balance amongst energy efficiency and occupants comfort, health and well-being can then be seen 
as a “trade-off” problem, which can be addressed by several means, ranging from intelligent 
automation (where the actuation relies on prediction) to systems enabling occupants to interact 
(providing feedback or manually actuating). 



 
 
 
 
 
 

3. Research question and methodology 
This research paper is part of a H2020 Coordination and Support Action: the SmartBuilt4EU project1. 
Amongst other objectives, it aims to facilitate the exchange of information between EU-funded 
projects and national initiatives in the field of smart buildings and the related business, policy and 
media. SmartBuilt4EU consolidates a Smart Building Innovation Community with, at its core, EU-
funded projects, their partners and collaborating institutions. 
The project has set up four task forces investigating issues related to smart buildings: their objective is 
to identify the remaining challenges and barriers to smart building deployment, and the associated 
research and innovation gaps that should be addressed in the near future. 
This paper refers to the Task Force 1, which investigates how the interactions between any smart 
building and its users can be facilitated and improved, as a key success factor for the market uptake of 
smart building solutions. The specific topic addressed by this task force and presented in this paper is 
occupant-centric building for enhance quality of life, which aims to address these questions of 
comfort, health and well-being. 
Based on an iterative approach involving market stakeholders and researchers, the Research Questions 
are formulated as follow: 

• RQ1: Beyond the existing standards, can we agree on the definitions of comfort, health and 
wellbeing? 

• RQ2: What are the specific parameters, methods and means (technical , social etc) enabling 
user centric building? What specific parameters are attached to enhanced well-being, 
inclusiveness, and health? 

• RQ3: How to deal with potential heterogeneity of users, across generations, countries/regions, 
gender, socioeconomics, etc.?  

Given the broad scope of the topic, and the rapid pace of research and development, as well as the 
commercialisation of technologies, a flexible research methodology is required. The paper relies on a 
literature review feeding focus group discussions, with experts of the smart buildings market and 
research domains. The proposed research methodology is depicted in Figure 2.  

 
Figure 2: Research methodology adopted. 

4. Literature review 
A literature review comprising more than 130 publications was conducted to identify the status of 
knowledge and scientific outcomes relevant to the Research Question. The purpose of this literature 
review is to highlight the means and methods related to the interaction with occupants in smart 
buildings. It is aimed at providing a background analysis to the members of the Focus Groups in terms 
of applications, technologies and scientific approaches in relation with the field. 
In order to identify scientific papers addressing the means to interact with occupants in smart 
buildings, the Scopus database has been used in Spring 2021. The query was formed as follow: 

( TITLE-ABS-KEY ( smart AND building ) AND TITLE-ABS-KEY ( 
occupant ) AND TITLE-ABS-KEY ( interaction ) ) 

It provided a corpus of 134 papers. A manual selection has then been applied, in order to select a final 
set of papers dealing with smart building and comprising means for interacting with users, providing 
with a final list of 118 papers. 
A rapid analysis shows that out of those 118 papers, 70 refer to “comfort” (57%), 28 mention “health” 
(25%) while only 24 contain “well being” (20%). 
                                                   
1 https://cordis.europa.eu/project/id/956936, accessed February 18, 2022 
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Figure 3 and Figure 4 give a weighted overview of the keywords indexing the papers. Figure 3 depicts 
the keywords applied by the indexing system, while Figure 4 shows the keywords as defined by the 
authors. A look at those word clouds shows that energy efficiency (also energy conversation, load 
monitoring) and human comfort (also thermal comfort) are dominants topics in relation with smart 
buildings (also intelligent buildings, smart environments). 

 

 

 
Figure 3. Index keywords.  Figure 4. Authors keywords. 
Investigating more into this corpus, we looked at the paper dealing specifically with “energy” or 
“comfort” or “energy and comfort” in order to identify the most common application areas (Table 2). 
Interestingly, within this corpus, research addressing both energy and comfort often focus on 
personalized energy systems (HVAC), lighting and active facades. 

Table 2. Applications in relation with energy, comfort and both 

Papers dealing with:  Main applications 

Energy  HVAC optimization, Appliances & event detection, awareness of 
resource use 

Comfort  Visual discomfort, Thermal comfort, novel IAQ sensor devices 

Energy & Comfort  
Personalized comfort, ventilation, conditioning, lighting, automated 
façade, occupant-façade interaction, adaptive actions, blinds and 
window operation, heat balance approach, holistic approaches 

In order to inform the Focus Group discussion, a specific analysis of the means and methods enabling 
the interaction with the occupants has been carried out on the 118 papers, and is revealed in Table 3. 
The modelling and detection of occupancy is clearly a recurring scientific topic, indicating that the 
existing smart technologies might be improved in the near future in this regard. Moreover, a broad 
range of papers address the means for interacting with occupants, either actively (through apps and 
other devices, enabling “ [… ] adaptive actions from the occupants to restore their well-being” [4]) or 
passively (by systems adapting to the status or indirect feedback of the occupants). 

Table 3. Technical means for interaction with occupants, analytics and data-related methods 

Occupancy  Occupancy modelling [5], occupancy detection [6][7][8][9][10][11], event 
detection [12][13][11] 

Interaction  Lighting [14][15], Gamification [16][17], Smart Home simulator [18], 
Mobile application [19], interactions of occupants with building systems 
[20][21][22][23][24], including automated facades [25][26][27], interactive 
systems for energy consumption awareness [28][29], smart mirrors [30] 

Data-related & 
AI method 

 (Deep) reinforcement learning [31][32][33], disaggregation [34], linear 
regressions [22], Bayesian modelling for incorporating occupant feedback 
[35], cyber-risks analysis and blockchain [36] 

Table 3 also mentions the data-based methods applied in the papers reviewed, indicating Artificial 
Intelligence is at the core of numerous research and innovation projects. 



 
 
 
 
 
 

5. Focus groups organisation and findings 
Based on the outcome of the literature review, the next step in the data collection relied on focus 
groups, in the form of structured brainstorming sessions. 
Forty six professionals related to the built environment contributed to the Focus groups: 53% of them 
were researchers from technical research centres and academia, covering different engineering and 
social studies fields. 40% came from private businesses, while the last 7% represented industrial 
associations from the construction sector. 36% of the participants were female. Contributors came 
from a variety of European countries including France, Greece, Poland, Italy, Finland, Slovenia, the 
Netherlands, the UK, Luxemburg, Spain and Switzerland. 
Guided by a facilitator, four 2-hour sessions have been organised:  

1) a kick-off #1 meeting (hybrid session),  
2) an online workshop (#2) focused scoping the concepts considered, 
3) a workshop (#3) on barriers and drivers, 
4) a final workshop (#4) on the gaps and opportunities. 

Each of the sessions gathered at least 50% of the registered experts. The contributions of the 
participants have been requested in a structured collaborative process, and collected and saved in a 
remote whiteboard system (conceptboard.com).  
The following sub-sections detail the outcome of the sessions #2, #3 and #4. 

5.1. Scoping the key concepts 
The group of experts has been gathered in session #2 with the aim of better scoping the topic studied, 
on the basis of the key outputs of the literature review. A rich variety of definitions and points of view 
has been elaborated by the participants. While some of them relied on the more engineering-oriented 
approaches to comfort (citing i.e. EN16798 standard), other definitions were suggested such as the 
role of buildings in protecting against disturbing or harmful events, the inclusion of security or 
parental constraints in the design, or even the ability of built environment to host food production 
(gardening). The overall role of buildings in providing resiliency in the context of climate change was 
largely accepted in the group. 
The group also confirmed the findings in relation with technology progress. The increasing offer in 
(cheap) Indoor Air Quality sensors is accompanied with an increased awareness of occupants 
regarding Air Quality, especially in post-COVID times. Means and devices to interact with occupants 
is becoming prominent as well, as the users need to be part of the operational management of their 
environments. The use of AI methods was also mentioned as very efficient, still with a clear need for 
users to feel in control of the operations, and potentially to be able to influence it.  

5.2. Elicitation of barriers preventing the adoption of smart technologies 
Session #3 was intended to discuss the barriers in the adoption of smart technologies targeting user 
comfort, health and well-being. The discussion has been structured around 5 key barriers: technical, 
economic, social, value chain and regulation. The outcomes are summarized in Figure 5. 
The group identified technical barriers in relation with the collection (sensing) and quantification 
(analysis) of data in relation with comfort, health and well-being. These topics are indeed quite 
subjective, and we still lack standard and indicators at the EU level. Economic issues were also clearly 
mentioned: when it comes to valuing these novel smart systems, costs and benefits are not clearly 
reported yet. The social acceptance has been largely discussed then, both in terms of subjective 
perception (which leads to very distinct understandings) but also in terms of general interest for the 
appropriation of such new technologies. Barriers related to the value chain, and its economic actors 
have been addressed too, and the group recognized the fragmentation of the commercial offer today, 
with both (very) large and (very) small players on the market, and a demand/offer which is not well 
balanced. The coming development of standards and regulations could change this situation, as it is 
usually the case in the construction/real estate industry. A specific point of attention discussed is 
privacy management. While some services start getting more customized in Europe, the EU’s General 
Data Protection Regulation (GDPR) constraint seems to appear as a limit to user profiling. This is 
relevant when it comes to comparing the share of smart technologies in EU against other regions. 



 
 
 
 
 
 

 
Figure 5. Summary of the barriers 

5.3. Opportunities 
During the final session #4, the group discussed the opportunities for filling the gaps. Several types of 
activities are described in the table below, in relation with research & innovation, demonstration, 
scaling-up and industrialization, certification/standardisation and regulation. 
Table 4 summarizes the opportunities discussed. 

Table 4. Opportunities identified by the Focus Group. 

  Activities 

Research & 
Innovation 

 • Develop global methods & sensitivity algorithms linking (measurement) data 
and (comfort / well-being) KPIs. This includes the use of AI and self-learning 
systems. 

• Improve human models for thermal comfort simulations. That means an 
anthropometric big effort in many EU countries to have specific values for 
temperature and ventilation problems. Wearables can help achieve this goal. 

• Strengthen the development of open-access databases of monitored buildings 
(including sensors data and occupants questionnaires). 

• Propose a harmonised method to calculate the most common comfort indicators, 
to integrate them with new KPIs related to non-energy benefits. 

• Develop/upgrade tools and processes to collect data on well-being and identify 
priorities for occupants. 

Demonstration  • Identify living labs (large scale demonstration sites that have a longer lifespan 
than individual EU projects, starting with tertiary sector) and equip them with 
trust-worthy measurement tools to improve testing and validation. 

• Demonstrate applications of adaptive comfort models and occupant-driven 
strategies and technologies. 

• Use design thinking methods with users/customers for better defining 
objectives, data and further integrated functionalities. 

Regulation &  • Make the building logbook mandatory, with items related to comfort, both in 



 
 
 
 
 
 

legal framework terms of actual conditions and continuous monitoring of the perceived comfort. 
Scaling-up and 
industrialization 

 • Facilitate contact and interactions between building owner, facility manager, 
and building users. 

• Develop pre-commercial procurement (with public entities). 
• Map the smart solutions ensuring the monitoring and follow-up to requirements 

of Sustainable buildings (DGNB, BREEAM...)  and well buildings (WELL etc) 
to generate market expectations. 

Certification & 
standardisation 

 • Deploy user-centric standard(s) that could be adopted at building’s early design 
phase and based on EU values and perspectives (Level(s), BREEAM, WELL). 

• Make certification process easy, affordable and accessible for all stakeholders.  
• Consider evolutions of certification from a static picture (actual conditions) to 

real time control and procedures (monitoring of perceived comfort). 
Upskilling & 
awareness 
raising 

 • Conduct "evangelisation" of occupants, property managers, insurers, about 
smart technology benefits on well-being in buildings, to create market demand. 

• Develop training, demos and social business cases towards electricians and 
installers on the relation between building solution performances and well-being 
perception. 

From a construction informatics perspective, these opportunities remain quite challenging, with 
regards to data-related methods and AI (as highlighted in Table 3) as well as to the means (interfaces) 
enabling a building to interact with its human occupants. The sensing of building conditions, and the 
overall data management [37], including the interpretation of its users perception, also require a 
global, holistic approach underpinned by semantics. 

6. Conclusion 
The paper presents the results of an industry-based study aiming at identifying the role of smart 
building technologies in relation with occupants’ comfort, health and well-being. It aims to highlight 
the status of current research and development, as well as the already commercialized solutions, define 
the gaps faced today and eventually identify opportunities to broaden the use of those technologies. 
The proposed methodology is applied as part of a European Commission-funded project, 
SmartBuilt4EU, and highly relies on the involvement of stakeholders from the construction and real 
estate industry and from the research and innovation community. The paper summarizes the findings 
of a literature review which feed a series of Focus Groups with experts. 
The main conclusions, in relation with the Research Questions, are spread throughout the literature 
review, barriers and opportunities sections. In relation to RQ1, the literature provides knowledge on 
the definitions of comfort, health and wellbeing, as reported in the introduction section. Still, the 
discussions engaged with the experts show that there are significant differences in their understanding, 
probably influenced by the range of disciplines involved, from engineering to social science. Comfort 
(in particular thermal comfort) and Health (more precisely Indoor Environmental Quality) are the most 
usual understanding in literature, while well-being is detected in commercial certifications. The 
literature review informs on the specific parameters, methods and means enabling the interaction with 
users, related to RQ2. In our corpus, a majority of research papers is focused on comfort, while health 
and well-being seem to be more a concern for the commercial certifications (e.g. WELL, FITWELL). 
The experts however identify a clear social barrier associated with the understanding of the 
underpinning parameters, and the potential influence of smart technologies, requiring more research 
and demonstration activities. RQ3 has been largely addressed in the Focus Groups addressing the 
scope and the barriers. Indeed the highly subjective perception of comfort and well-being in particular 
makes it challenging for smart systems to deal with the heterogeneity of buildings users (including the 
culture, generations, countries/regions, gender, socioeconomics). The outcomes of this Task Force are 
expected to be turned into recommendations for future research and innovation programs. 
 



 
 
 
 
 
 

7. Acknowledgments 
The authors express their gratitude to the members of the SmartBuilt4EU’s Task Force 1 for their 
involvement and active contribution to the various activities, as well as to all partners and Linked 
Third Parties of the project. This project has received funding from the European Union’s Horizon 
2020 research and innovation programme under grant agreement N° 956936. We also address special 
thanks to Nico Mack for supporting in the keywords analysis. 

8. References 
[1]  Hanc M, McAndrew C and Ucci M 2019 Conceptual approaches to wellbeing in buildings: a 

scoping review Building Research and Information 47 767–83 
[2]  Rohde L, Larsen T S, Jensen R L and Larsen O K 2020 Framing holistic indoor environment: 

Definitions of comfort, health and well-being Indoor and Built Environment 29 1118–36 
[3]  Buckman A H, Mayfield M and Beck S B M 2014 What is a smart building? Smart and 

Sustainable Built Environment 3 92–109 
[4]  Fabi V, Spigliantini G and Corgnati S P 2017 Insights on Smart Home Concept and 

Occupants’ Interaction with Building Controls Energy Procedia 111 759–69 
[5]  Tran S N, Ngo T-S, Zhang Q and Karunanithi M 2020 Mixed-dependency models for multi-

resident activity recognition in smart homes Multimedia Tools and Applications 79 23445–60 
[6]  Dai J, Saghafi B, Wu J, Konrad J and Ishwar P 2015 Towards privacy-preserving recognition 

of human activities Proceedings - International Conference on Image Processing, ICIP vol 
2015-Decem pp 4238–42 

[7]  Nasir N, Palani K, Chugh A, Prakash V C, Arote U, Krishnan A P and Ramamritham K 2015 
Fusing sensors for occupancy sensing in smart buildings vol 8956 

[8]  Amayri M, Ploix S, Bouguila N and Wurtz F 2019 Estimating occupancy using interactive 
learning with a sensor environment: Real-time experiments IEEE Access 7 53932–44 

[9]  Dongre P and Roofigari-Esfahan N 2019 Occupant-Building Interaction (OBI) model for 
university buildings International Conference on Smart Infrastructure and Construction 2019, 
ICSIC 2019: Driving Data-Informed Decision-Making pp 631–7 

[10]  Hasan Alhafidh B M, Daood A I and Allen W H 2018 Prediction of Human Actions in a Smart 
Home Using Single and Ensemble of Classifiers Conference Proceedings - IEEE 
SOUTHEASTCON vol 2018-April 

[11]  Feichtl B, Thompson C, Liboro T, Siddiqui S, Malladi V V N S, Devine T and Tarazaga P A 
2020 Event detection and localization using machine learning on a staircase Conference 
Proceedings of the Society for Experimental Mechanics Series pp 219–23 

[12]  Benhaddou D, Afogbuom L, Attia F and Anan M 2019 Autonomous living building: Adapting 
to occupant’s behavior 2019 15th International Wireless Communications and Mobile 
Computing Conference, IWCMC 2019 pp 1803–8 

[13]  Haraburda K, Czygier J and Recko M 2019 Smart floor for a more comfortable and safer life 
Proceedings - 2019 International Young Engineers Forum, YEF-ECE 2019 pp 32–5 

[14]  Nagy Z, Yong F Y, Frei M and Schlueter A 2015 Occupant centered lighting control for 
comfort and energy efficient building operation Energy and Buildings 94 100–8 

[15]  Park J Y and Nagy Z 2019 The Influence of Building Design, Sensor Placement, and 
Occupant Preferences on Occupant Centered Lighting Control Computing in Civil Engineering 
2019: Smart Cities, Sustainability, and Resilience - Selected Papers from the ASCE 
International Conference on Computing in Civil Engineering 2019 pp 98–104 

[16]  Sintov N D, Orosz M D and Wesley Schultz P 2015 Personalized energy reduction cyber-
physical system (PERCS): A gamified end-user platform for energy efficiency and demand 
response vol 9189 

[17]  Konstantakopoulos I C, Barkan A R, He S, Veeravalli T, Liu H and Spanos C 2019 A deep 
learning and gamification approach to improving human-building interaction and energy 
efficiency in smart infrastructure Applied Energy 237 810–21 

[18]  Nguyen T V, Kim J G and Choi D 2009 ISS: The interactive smart home simulator 
International Conference on Advanced Communication Technology, ICACT vol 3 pp 1828–33 



 
 
 
 
 
 

[19]  Hsu J, Mohan P, Jiang X, Ortiz J, Shankar S, Dawson-Haggerty S and Culler D 2010 HBCI: 
Human-Building-Computer Interaction BuildSys’10 - Proceedings of the 2nd ACM Workshop 
on Embedded Sensing Systems for Energy-Efficiency in Buildings pp 55–60 

[20]  Bataille G, Gouranton V, Lacoche J, Pelé D and Arnaldi B 2020 A unified design &amp; 
development framework for mixed interactive systems VISIGRAPP 2020 - Proceedings of the 
15th International Joint Conference on Computer Vision, Imaging and Computer Graphics 
Theory and Applications vol 1 pp 49–60 

[21]  De Donno M and O’Flynn B 2018 Innovative low power multiradio sensing and control 
device for non-intrusive occupancy monitoring SMARTGREENS 2018 - Proceedings of the 7th 
International Conference on Smart Cities and Green ICT Systems vol 2018-March pp 173–81 

[22]  Gianniou P, Reinhart C, Hsu D, Heller A and Rode C 2018 Estimation of temperature 
setpoints and heat transfer coefficients among residential buildings in Denmark based on smart 
meter data Building and Environment 139 125–33 

[23]  Carneiro J P, Varnosfaderani M P, Balali V and Heydarian A 2019 Comprehensible and 
Interactive Visualizations of Spatial Building Data in Augmented Reality Computing in Civil 
Engineering 2019: Visualization, Information Modeling, and Simulation - Selected Papers 
from the ASCE International Conference on Computing in Civil Engineering 2019 pp 79–86 

[24]  Liu X, Lee S, Bilionis I, Karava P, Joe J and Sadeghi S A 2021 A user-interactive system for 
smart thermal environment control in office buildings Applied Energy 298 

[25]  Messadi T and Augenbroe G 2001 A configurable smart facade unit for on-site calibration and 
control optimization Thermal Performance of the Exterior Envelopes of Whole Buildings 

[26]  Luna-Navarro A, Loonen R, Juaristi M, Monge-Barrio A, Attia S and Overend M 2020 
Occupant-Facade interaction: a review and classification scheme Building and Environment 
177 

[27]  Zeiler W, van Houten R, Boxem G and van der Velden J 2013 Smart energy façade for 
building comfort to optimize interaction with the smart grid vol 22 

[28]  Bartram L, Rodgers J and Woodbury R 2011 Smart homes or smart occupants? Supporting 
aware living in the home vol 6947 LNCS 

[29]  LaMarche J, Cheney K, Akers C, Roth K and Sachs O 2014 Home energy displays: Consumer 
adoption and response 

[30]  Jin K, Deng X, Huang Z and Chen S 2018 Design of the Smart Mirror Based on Raspberry PI 
Proceedings of 2018 2nd IEEE Advanced Information Management, Communicates, Electronic 
and Automation Control Conference, IMCEC 2018 pp 1919–23 

[31]  Jia R, Jin M, Sun K, Hong T and Spanos C 2019 Advanced building control via deep 
reinforcement learning Energy Procedia vol 158 pp 6158–63 

[32]  Ding X, Du W and Cerpa A 2019 OCTOPUS: Deep reinforcement learning for holistic smart 
building control BuildSys 2019 - Proceedings of the 6th ACM International Conference on 
Systems for Energy-Efficient Buildings, Cities, and Transportation pp 326–35 

[33]  Kazmi H, Suykens J and Driesen J 2018 Valuing knowledge, information and agency in multi-
agent reinforcement learning: A case study in smart buildings: Industrial applications track 
Proceedings of the International Joint Conference on Autonomous Agents and Multiagent 
Systems, AAMAS vol 1 pp 585–7 

[34]  Afzalan M, Jazizadeh F and Wang J 2019 Self-configuring event detection in electricity 
monitoring for human-building interaction Energy and Buildings 187 95–109 

[35]  Lee S, Karava P, Tzempelikos A and Bilionis I 2019 Integrating occupants’ voluntary thermal 
preference responses into personalized thermal control in office buildings Journal of Physics: 
Conference Series vol 1343 

[36]  Narayana V L, Gopi A P and Patibandla R S M 2021 An Efficient Methodology for Avoiding 
Threats in Smart Homes with Low Power Consumption in IoT Environment Using Blockchain 
Technology 

[37]  Misic T, Gilani S and McArthur J J 2020 BAS Data Streaming for Smart Building Analytics 
Proc. 37th CIB W78 Information Technology for Construction Conference (CIB W78) (São 
Paulo, Brazil) pp 430–9 


