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Abstract

Green computing and Building Management Systems (BMS)are closely related through their shared goal of improving
energy efficiency and reducing environmental impact. Field controllers that connect with the sensors and actuators at
the field level act as an interface between field devices and enterprise applications. Data transfer, protocol conversion,
data processing, computing, and control actuators based on predefined logic are the functions of the field controllers.
Fast response time is one of the crucial parameters of these field controllers hence reducing the load on these field
controllers by enabling Edge computing functionality is very much required. Maharudrayya Nandimath and others [16]
in their “Edge Computing in IBMS (Integrated Building Management Systems). (2024 International Conference on
Computer Communication and Informatics (iccci. in)) the paper suggested many of the measures to reduce the load on
these field controllers. Building Management Systems are essential for optimizing the operation of modern buildings,
ensuring comfort, safety, and energy efficiency. By integrating advanced technologies such as Situation Awareness (SA)
and Artificial Intelligence (AI), BMS can be significantly enhanced to provide real-time monitoring, predictive
maintenance, and intelligent decision-making. This paper explores the potential of combining SA and Al with BMS,
leveraging insights from recent research on industrial processes, [oT cloud-edge continuum, and smart cities. The
proposed system architecture includes feedback loops and contextual awareness, aiming to improve building
operations and reduce energy consumption, thereby supporting global sustainability goals.
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1. Introduction

Green computing involves designing, manufacturing, using, and disposing of computers and related systems efficiently
and with minimal environmental impact. In Building Management Systems (BMS), edge controllers collect data from
sensors and control actuators. By leveraging edge computing, which is a part of green computing, BMS can process data
locally, reducing energy consumption and latency, and enhancing overall system efficiency. This integration promotes
sustainable building operations and energy conservation. Building Management Systems (BMS) play a crucial role in
managing the various subsystems within a building, such as heating, ventilation, air conditioning (HVAC), lighting, and
security. Traditional BMS rely on predefined rules and schedules, which may not be optimal for dynamic and complex
environments. The integration of Situation Awareness (SA) and Artificial Intelligence (Al) can transform BMS into
intelligent systems capable of real-time monitoring, predictive maintenance, and adaptive control. This paper aims to
explore the potential of combining SA and Al with BMS, leveraging insights from recent research on industrial processes,
0T cloud-edge continuum, and smart cities. The paper “Real-time Situation Awareness of Industrial Process based on
Deep Learning at the Edge Server” [1] provides a framework for achieving real-time SA using deep learning and edge
computing. This approach can be directly applied to BMS to enhance real-time monitoring and predictive maintenance.
By processing data locally at the edge, latency is reduced, and response times are improved, enabling more effective
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management of building systems. The paper “Leveraging Context-awareness to Better Support the IoT Cloud-Edge
Continuum” [2] emphasizes the importance of context-aware decision-making in IoT systems. This concept can be
extended to BMS, where context information such as weather conditions, occupancy patterns, and user preferences can
be used to optimize building operations. By integrating edge and cloud resources, the system can achieve a balance
between performance and latency, ensuring efficient and effective management of building systems. The paper
“Empowering Smart Cities: A Comprehensive Edge Computing Framework for Enhanced IoT Situation Awareness” [3]
discusses the role of edge computing in smart cities. The principles outlined in this paper can be applied to BMS to
enable real-time data processing and reduce latency. By processing data closer to the source, the system can provide
timely and accurate insights, improving the overall efficiency and effectiveness of building operations. The paper
“Situation Awareness in Al-based Technologies and Multimodal Systems: Architectures, Challenges, and Applications”
[4] provides an overview of how Al and multimodal methods can be used to build and enhance SA. By combining data
from various sources, the system can create a comprehensive understanding of the building’s state, leading to better
decision-making and improved performance. The challenges and future directions outlined in this paper highlight the
need for continued innovation in SA and Al technologies. The paper “A Situation Awareness Perspective on Human-Al
Interaction: Tensions and Opportunities” [5] explores the role of SA in human-Al interaction. By designing Al systems
that enhance human performance and decision-making, the user experience and effectiveness of BMS can be
significantly improved. The tensions and opportunities identified in this paper provide valuable insights into the design
and implementation of Al-driven BMS. Edge Computing in IBMS (Integrated Building Management Systems) by
Maharudrayya Nandimath and Beena BM focuses necessity of reducing the load on Field controllers and also advises
the measures to reduce the same with CoV [16]. Identifying the gaps challenges, and advantages of Situational
Awareness and Al to the Building Management System (BMS) as a whole is necessary.

2. Research Problem and Related Work

The global Building Management System (BMS) market is experiencing significant growth due to the increasing
adoption of these systems to manage large, complex infrastructures. The market is projected to grow at a compound
annual growth rate (CAGR) of 14.64% from 2023 to 2030, reaching approximately $48.79 billion by 2030[17]. This
growth is driven by the need for energy efficiency, sustainability, and the integration of advanced technologies like IoT
and Al in building management [17][18]. The industry’s expansion is also fueled by the rising demand for smart
buildings and the implementation of stringent regulations for energy conservation [18]. As more organizations
recognize the benefits of BMS in optimizing building operations and reducing operational costs, the adoption of these
systems is expected to continue growing globally. Understanding the Importance of Building Management Systems and
the growing adoption rate, it is essential to improve the overall system performance to meet the objective of energy and
operation efficiency developing a framework for enhancing Edge computing by adding situational awareness (SA) and
Artificial Intelligence (Al) into the architecture. Currently, there are limitations in Building Management Systems at both
levels which are explained below.

2.1. Field Level

At the field level, multiple sensors are connected to field controllers which are linked to enterprise applications that
may be hosted on-premise/cloud servers. The field controllers have limited Edge functionalities, as many custom logics
are developed based on the requirements to control the actuators and also data requests. There will often be delays and
controller hang issues because of the controllers’ limited processing capabilities. There is a need to add intelligence to
prioritize actions based on situations/contexts and provide real-time information to meet user requirements.

2.2. Enterprise software/application level

The major focus of the software/application is to collect the data from field controllers and to notify the alert events
further to the users through its console. This shall be hosted either on-premise or on the cloud. However, due to the
advancement in cloud technologies and considering the future expansion, most of the Building Management
Software/applications are hosted on the cloud. Due to this advancement, complex logics are moved to the cloud, and
field controllers have to be always/frequently connected to Enterprise software/applications. But these frequent
connections consume more energy inclusive of cloud infra (switches, data center, etc.) and consume more bandwidth.
Enabling EDGE functionality in field controllers became crucial and necessary to reduce energy consumption.
Situational Awareness and Al can bring local intelligence to the field controllers and reduce the frequency of
connectivity/dependency on Enterprise software/applications thus enabling EDGE intelligence which will serve the
need for real-time data availability closer to the customer. Additionally, traditional Building Management Systems
(BMS) face several limitations that hinder their effectiveness in modern, dynamic environments because of the following
limitations.
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e High Costs: BMS installation and maintenance are expensive, often requiring significant investment in sensors,
equipment controls, and skilled labour.
o Limited Real-time Monitoring: Traditional BMS offer limited real-time monitoring capabilities, which can

delay the identification and resolutio

n of issues.

e Lack of Adaptive Control: These systems struggle with adaptive control, making it difficult to adjust to

changing conditions dynamically.

e Integration Challenges: Traditional BMS are often built on proprietary technologies, making it challenging to
integrate third-party devices or components.
e Scalability Issues: Expanding traditional BMS to accommodate new devices or facilities can be complex and

costly.

e Data Utilization: The data collected by BMS is often dense and difficult to analyze, requiring dedicated

personnel and additional software for meaningful insights.

Below is the block diagram of existing building management systems.
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Controllers 4—‘
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Figure 1 Existing BMS systems

The above figure (Figure 1) shows the traditional approach to the BMS system that is currently in practice. Existing BMS
systems will only work based on the predefined logic and have no Al component. There will be many custom logics
(schedule, set-point, alerts, and operations specific). There is no particular framework or methodology considering the

limitations or specifications.

2.3. Proposed system
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Figure 2 Proposed system
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The system proposed in this paper is shown above. The proposed system has two new blocks along with feedback loops
and context input. Following are the key improvements that can be realized by SA and Al. Based on the context and user
inputs logics will be auto-enabled by the Al component considering the controllers’ limitations (memory and processing
power) and also optimizes and schedules the logics appropriately. For example, the HVAC (Heating, Ventilation, and
Air-Conditioning) settings will not only consider the range of the temperature to decide the set point but also consider
the user’s feedback, outside temperature, and indoor temperature of the other HVAC’s loading/utilization of, current
loading, capacity, and status. So, these multi-inputs will not only bring operational efficiency but also achieve equipment
health, lifetime, and energy efficiency.

Integrating SA and Al into BMS can address these limitations and bring significant improvements:

e Enhanced Real-time Monitoring: Al algorithms can analyze vast amounts of data in real-time, enabling
proactive decision-making and predictive maintenance.

e Adaptive Control: Al-driven systems can dynamically adjust heating, cooling, lighting, and ventilation based
on real-time data and occupant preferences.

e Improved Integration: SA and Al can facilitate the integration of various loT devices and systems, enhancing
interoperability and flexibility.

e Scalability: Al and edge computing enable scalable solutions that can easily accommodate new devices and
facilities.

o Efficient Data Utilization: Al can automate data analysis, providing actionable insights and reducing the need
for manual intervention.

o Energy Efficiency: By optimizing the operation of building systems, Al can significantly reduce energy
consumption and enable Green Computing.

Situational Awareness (SA) clubbed with Artificial Intelligence (AI) shall bring the following improvements to the
Building Management System.

e Real-time Situation Awareness in Industrial Processes: The paper discusses the use of deep learning and
edge computing to achieve real-time SA, which can be applied to BMS for enhanced monitoring and predictive
maintenance.

o Context-awareness in IoT Cloud-Edge Continuum: This research highlights the importance of context-aware
decision-making, which can improve the adaptability and efficiency of BMS.

o Empowering Smart Cities with Edge Computing: The role of edge computing in smart cities can be extended
to BMS, enabling real-time data processing and reducing latency.

e Situation Awareness in Al-based Technologies and Multimodal Systems: The use of Al for data fusion and
prediction can enhance the situational awareness of BMS, leading to better decision-making.

e Human-Al Interaction and Situation Awareness: Designing Al systems that enhance human performance
can improve the user experience and effectiveness of BMS.

Below is the proposed pseudo-code for the field controller followed by the flow chart
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Figure 3 Flow chart of the proposed program implementing the proposed architecture

The above flow chart exemplifies how situational awareness, Artificial intelligence, and Context input for Situational
awareness have been provided.
2.3.1. Situation Awareness (SA)

e Real-time Monitoring: The system continuously monitors environmental conditions (temperature, humidity,
occupancy, weather) and uses this data to maintain an up-to-date understanding of the building’s state.

2.3.2. Artificial Intelligence (Al)

e Predictive Maintenance and Adaptive Control: The Al model predicts energy consumption using real-time
context data. This prediction helps in making informed decisions to optimize building operations.

2.3.3. Feedback Loops

e Continuous Improvement: The system uses feedback loops to adjust settings based on predictions. For
example, if predicted energy consumption is high, the system reduces HVAC usage to save energy.

2.3.4. Context-aware Decision Making:

o Informed Decisions: The system considers contextual information (e.g., weather conditions, occupancy
patterns) to make more informed and effective decisions about building operations.

3. Research Relevancy

The integration of SA and Al into BMS is highly relevant for several reasons:

e Energy Efficiency: Buildings account for a significant portion of global energy consumption. By optimizing the
operation of building systems, the proposed BMS can significantly reduce energy consumption, contributing to
global efforts to combat climate change.

e Operational Effectiveness: The proposed BMS can improve operational effectiveness by providing real-time
monitoring, predictive maintenance, and adaptive control. This ensures that building systems operate
optimally, reducing downtime and maintenance costs.

e Enhanced Comfort and Safety: By providing real-time monitoring and predictive maintenance, the proposed
BMS ensures a comfortable and safe environment for building occupants.
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e Scalability and Reliability: The proposed BMS can scale to accommodate the growing number of [oT devices
in buildings, ensuring reliable operation even in complex and dynamic environments.

3.1. Research Approach and Key Contributions

The proposed system architecture includes the following components:

e User Inputs: Collecting data from building occupants and facility managers to understand their needs and
preferences.

e Sensors and Actuators: Deploying a network of sensors to monitor environmental conditions (e.g.,
temperature, humidity, occupancy) and actuators to control building systems (e.g., HVAC, lighting).

e Situational Awareness: Implementing SA to process sensor data and create a comprehensive understanding
of the building’s state.

o Artificial Intelligence: Using Al algorithms to analyse SA data, predict potential issues, and optimize building
operations.

e Intelligent Actions and Insights: Providing actionable insights and automated control to improve building
performance and energy efficiency.

To enhance the proposed system, feedback loops, and contextual awareness are integrated:

e Feedback Loops: Adding feedback mechanisms to continuously update SA and Al models based on the
outcomes of intelligent actions. This ensures that the system adapts to changing conditions and improves over
time.

o Contextual Awareness: Incorporating context information (e.g.,, weather conditions, occupancy patterns) to
make more informed decisions about building operations.

3.2. Linking to Sustainability Goals

The proposed system aligns with several sustainability goals, particularly those related to energy efficiency and
environmental impact:

o Energy Efficiency: By optimizing the operation of building systems, the proposed BMS can significantly reduce
energy consumption, contributing to global efforts to combat climate change.

e Reduced Carbon Footprint: Improved energy efficiency leads to lower greenhouse gas emissions, supporting
sustainability goals.

e Enhanced Comfort and Safety: By providing real-time monitoring and predictive maintenance, the system
ensures a comfortable and safe environment for building occupants

4., Conclusion

Integrating SA and Al into BMS, leveraging insights from recent research on industrial processes, IoT cloud-edge
continuum, and smart cities, can bring considerable improvements in building operations and energy efficiency. By
incorporating feedback loops and contextual awareness, the proposed system can adapt to changing conditions and
continuously improve performance. This approach not only enhances the functionality of BMS but also supports global
sustainability goals by reducing energy consumption and carbon emissions. The framework’s focus on real-time
monitoring and predictive maintenance aligns with the proposed integration of SA and Al in BMS, enhancing the
system’s ability to anticipate and address issues proactively. The emphasis on context-aware decision-making supports
the integration of SA in BMS, enabling the system to make informed decisions based on environmental and occupancy
data. The integration of Al and IoT in BMS aligns with the proposed system architecture, enhancing the system’s ability
to process data and optimize building operations . The use of machine learning for predictive maintenance supports the
integration of Al in BMS, enabling the system to predict and prevent equipment failures, thereby improving reliability
and reducing maintenance costs. The concept of adaptive control aligns with the proposed integration of Al in BMS,
enhancing the system’s ability to respond to changing conditions and optimize building performance. The review
provides a comprehensive overview of the potential benefits of integrating Al and IoT in BMS, supporting the proposed
system’s goals of improving energy efficiency and operational effectiveness. The focus on energy efficiency and
sustainability aligns with the proposed integration of SA and Al in BMS, supporting global sustainability goals by
optimizing building operations. This comprehensive approach to integrating SA and Al into BMS aims to enhance
building operations, improve energy efficiency, and support global sustainability goals. By leveraging insights from
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recent research and incorporating feedback loops and contextual awareness, the proposed system can adapt to
changing conditions and continuously improve performance.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

Xu, L., Liu, Y,, Li, X, Wang, Y., & Li, X. (2020). Real-time Situation Awareness of Industrial Process based on Deep
Learning at the Edge Server. IEEE International Conference on Smart Internet of Things (SmartloT).

Carvalho, L. I,, da Silva, D. M. A, & Sofia, R. C. (2020). Leveraging Context-awareness to Better Support the IoT
Cloud-Edge Continuum. EasyChair Preprint 2950.

Chen, |, Seng, K. P., Smith, ], & Ang, L. M. (2024). Situation Awareness in Al-based Technologies and Multimodal
Systems: Architectures, Challenges and Applications. IEEE Access.

Jianga, J., Karran, A. J., Coursaris, C. K., Leger, P. M., & Beringer, ]. (2023). A Situation Awareness Perspective on
Human-AI Interaction: Tensions and Opportunities. International Journal of Human-Computer Interaction.

Mischos, S., Dalagdi, E., & Vrakas, D. (2023). Intelligent energy management systems: a review. Artificial
Intelligence Review.

Ogundiran, ], Asadji, E., & da Silva, M. G. (2024). A Systematic Review on the Use of Al for Energy Efficiency and
Indoor Environmental Quality in Buildings. Sustainability.

BrainBox Al. (2024). BrainBox Al makes buildings greener and smarter with AWS Generative Al. AWS Insights.

International Energy Agency. (2019). Case Study: Artificial Intelligence for Building Energy Management
Systems.

Real-time Monitoring and Predictive Maintenance in Smart Buildings. (2021). [EEE Transactions on Industrial
Informatics.

Context-aware Decision Making in Smart Buildings. (2022). IEEE Internet of Things Journal.
Enhancing Building Management Systems with Al and IoT. (2023). IEEE Access.

Predictive Maintenance in Building Management Systems using Machine Learning. (2021). IEEE Transactions on
Automation Science and Engineering.

Adaptive Control in Building Management Systems using Al (2022). IEEE Transactions on Control Systems
Technology.

IoT-enabled Smart Buildings: A Review of Recent Advances. (2023). IEEE Communications Surveys & Tutorials.

Energy-efficient Building Management Systems using Al and 1oT. (2024). IEEE Transactions on Sustainable
Computing.

Edge computing in IBMS Systems. 2024 International Conference on Computer Communication and Informatics
(iccci.in)

bllllon globally by-2030- at 14-64-cagr-verified-market-research-301990762.html

https://www.databridgemarketresearch.com/reports/global-building-management-system-market

705


https://www.prnewswire.com/news-releases/building-management-system-market-size-worth--48-79-billion-globally-by-2030-at-14-64-cagr-verified-market-research-301990762.html
https://www.prnewswire.com/news-releases/building-management-system-market-size-worth--48-79-billion-globally-by-2030-at-14-64-cagr-verified-market-research-301990762.html

