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Abstract 

An intelligent building supports the needs of its occupants by data analytics. Nowadays, buildings are evolving from being 
products to become effective service providers for end-users: thus, occupancy topics become crucial. The paper focuses on 
building operations, pointing out how advantages in supporting the needs of users could be derived through the implementation 
of Building Management Systems (BMS) into a Building Information Modeling (BIM) environment, connecting real-time 
information collected by sensors to a BIM database. The connection and the integration of information between BIM and BMS 
have been established based on the Industry Foundation Classes (IFC) neutral data format; moreover, web-interfaces and apps 
have been tested for enhancing information to be visualized by different end-users. The ongoing research has a twofold scope: 1) 
to point-out how buildings should evolve, managing knowledge coming from sensors in order to anticipate the needs of users, 
and 2) to analyze whether and how the centrality of users should change the building process. The proposed workflow has been 
tested on the Brescia Smart Campus Demonstrator, a building equipped with 94 off-the-shelf sensors.  
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1. Introduction 

The proficiency to take advantages of an ordered collection and fruition of great amount of data is gaining 
importance within the building sector, where recent processes and technologies for the acquisition, storage, analysis 
and mining of big data are affecting the Architecture, Engineering and Construction (AEC) industry. In fact, the 
great amount of data collected during the entire building life cycle is modifying the way buildings are conceived and 
developed, being designed and managed not only as financial products, but also as service providers to support the 
needs of the occupants. 

In order to benefit of these data for satisfying the requests of end-users, the occupants have to be considered and 
actively involved from early design stages to operational ones. Nowadays, augmented reality and immersive 
environment support this novel approach, even though the use of these technologies is generally a prerogative of big 
developers, designers and engineers. The relationship between building and user through Internet of Things (IoT) 
and Artificial Intelligence (AI) is a scenario that is rapidly growing up and it is shaped by new devices able to track, 
anticipate and dialog with the user. The IoT application domains empower the vision of a built environment 
pervaded by sensors and actuators in which homes do not waste energy, where interactive walls display useful 
information, as well as pictures of art or videos of friends. Even more potentialities could be exploited through data 
collection, considering that the connected devices have an annual growth more than 10%, and over 500 billion 
connected devices are expected worldwide by 2025 [1]. However, massive automation systems are not yet possible 
with current technologies. The connectivity should be collaborative and service oriented protocols can support the 
challenge [2]. 

As first, it is important to derive knowledge from data for providing adequate services and comfort conditions to 
users, as the indoor built environment plays a critical role in their well-being. People spend about 90% of the time 
indoors, and buildings influence the health, positively or negatively, at level of cognitive performance [3]. During 
operational stages, significant energy consumptions and environmental impacts are registered [4] [5]; it has been 
estimated that users waste 30% of energy in buildings because of their behavior [6]. Moreover, during the occupancy 
phase, a significant portion of building spaces is not used and great amount of energy is wasted (e.g., 60% of 
European offices are not used even in working hours and 50% of residential dwellers sustain they live in too much 
space) [7] [8]. All these aspects could be investigated as potential and concurrent causes of the building gap between 
predicted performance in design stage and measured performance in operation. Anyway, the occupant variable and 
the behavior tracking are crucial to define an operational rational use and tailored services on the real needs of users, 
avoiding wastes of energy [9] [10] in a lean vision of the buildings management [11]. The life cycle management of 
the building in the smart city vision is thus essentially based on virtual environment and IoT, bridging the gap 
between physical assets and virtual control of the whole parameters which characterized the city space.  

The smart city is made of productive business environment where offices turn into smart and interactive assets; 
factories relay real-time production data; face-to-face meetings are established through holograms and documents 
are fully integrated in the workflow [12]. In such a city, the IoT technologies enhance the productive areas, retail, 
residential and green spaces that collaborate and efficient logistics environment embeds safety and environmental 
concerns all over the process. In the concept of cognitive city, the environment learns inputs from users and 
promotes smart health, nonintrusive monitoring system, preventing serious illness by adjusting the environment and 
selecting appropriate drugs and diet based on food information and user preferences and needs [13]. 

Within this context, the research defines a digitally enabled framework for operating cognitive buildings, 
presenting a case study by which it has been possible to analyze how the information collected during the 
operational stage could enlighten end-users about the behavior of both buildings and occupants. Therefore, 
advantages in tracking the behavior of occupants and in satisfying the needs of users should be derived through the 
availability of real-time information (e.g., data collected by sensors measuring and reporting outdoor conditions, 
indoor comfort parameters, system efficiency factors).  

Components of a building could be automated in order to adapt the indoor conditions to the thresholds identified 
for user satisfaction. In this way, the information collected is communicated to actuators to promote an action aimed 
in defining new and more favorable conditions. This is the smart building concept. The cognitive concept goes ahead 
and couples the building with IoT and machine learning systems, enabling the assets to gain cognitive abilities that 
will allow them to learn how to deliver the best possible performance regarding the designed task. Nowadays, 
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