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ABSTRACT 

Artificial Intelligence (AI) has emerged as a transformative tool in 
various domains, including operating room (OR) management and 
smart lighting systems. This review explores recent advancements in 
AI applications for optimizing OR workflows, resource allocation, 
and energy-efficient, health-focused lighting systems. By analyzing 
key methodologies, findings, and bibliometric trends, the paper 
highlights the potential of AI to improve operational efficiency, 
patient safety, and environmental sustainability. Additionally, it 
discusses interdisciplinary approaches that bridge healthcare and 
engineering to create adaptive, scalable, and cost-effective solutions. 
Challenges and future directions, including data privacy concerns, 
implementation barriers, and ethical considerations, are also 
discussed, aiming to provide a comprehensive roadmap for future 
research and development in these critical domains. 
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I. INTRODUCTION 

A. Background: Operating rooms are critical 
environments in healthcare, where efficiency and 
precision are paramount. Challenges in OR 
management include staff scheduling, resource 
allocation, and patient flow optimization. 
Similarly, intelligent lighting systems, 
particularly in health-focused environments, play 
a vital role in enhancing energy efficiency and 
supporting human health through circadian 
rhythm adjustments. Advances in AI, including 
machine learning (ML) and optimization 
algorithms, have addressed these challenges by 
enabling predictive analytics, real-time 
monitoring, and adaptive systems. These 
technologies not only improve operational 
workflows but also create safer and more 
sustainable environments, benefiting both 
healthcare providers and patients. There are 
various control systems for automatic interior 
lighting control. With control systems, lighting 
can be controlled in three different ways. In these 
systems, switching and ongoing adjustment are  

 
employed in tandem. By having two distinct 
power flags in the lamp under control, lamps can 
be switched to produce a variety of light fluxes. 
Luminaires can be switched to offer control. 
Lamps in the luminaire with varying luminous 
fluxes are used to control the lighting. Local or 
side illumination luminaires are controlled in 
luminaire groups. The second control system 
option, continuous adjustment, modifies the 
brightness level and transmission period using 
daylight sensors and phase control circuits. When 
high lighting and switching are needed, phase 
control circuits and daylight sensors are utilized 
for continuous control and switching. 

B. Scope and Objectives This review aims to: 
1. Highlight advancements in AI applications for 

OR management. 
2. Explore the integration of AI in smart lighting 

systems for health and energy efficiency. 
3. Provide insights into interdisciplinary research 

bridging healthcare, engineering, and 
environmental science. 
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4. Identify key challenges and future research 
directions in these domains, focusing on 
scalability, cost-effectiveness, and ethical 
considerations. 

II. ARTIFICIAL INTELLIGENCE IN 

OPERATING ROOM MANAGEMENT 

A. Workflow Optimization 

 Artificial Intelligence in Operating Room 

Management (Bellini, V., et al., 2024): This 
study explores AI-driven tools for optimizing OR 
schedules, predicting surgical durations, and 
managing resources efficiently. Predictive 
models, trained on historical data, have 
demonstrated significant reductions in delays and 
improved utilization rates. These systems also 
incorporate advanced algorithms to adapt to 
unforeseen circumstances, such as sudden staff 
shortages or equipment failures, ensuring 
seamless operations. 

 Artificial Intelligence: A New Tool in 

Operating Room Management (Bellini, V., et 

al., 2019): Discusses the implementation of ML 
algorithms for real-time staff scheduling and 
dynamic resource allocation. The study 
emphasizes how AI can adapt to changing 
conditions, such as emergency cases or staff 
shortages, ensuring minimal disruptions. AI 
systems also integrate with hospital databases to 
provide predictive insights, reducing the 
likelihood of overbooking or underutilization. 

B. Patient Safety and Risk Management AI 
applications in OR management extend to 
enhancing patient safety. Predictive analytics tools 
assess potential risks, such as surgical 
complications, enabling preemptive measures. 
Machine learning models, integrated with 
electronic health records (EHRs), provide 
surgeons with real-time insights, improving 
decision-making and outcomes. AI systems can 
also monitor surgical instruments and equipment 
in real time, minimizing the risk of errors or 
malfunctions that could jeopardize patient safety. 

C. Cost and Resource Efficiency AI-driven 
solutions have shown potential in reducing 
operational costs by optimizing inventory 
management and minimizing waste. Simulation 
models, coupled with AI, predict resource needs, 
ensuring just-in-time availability of surgical tools 
and consumables. Additionally, advanced AI 
algorithms can forecast future resource 
requirements based on historical trends, helping 
hospitals allocate budgets more effectively and 
avoid unnecessary expenditures. 

III. SMART LIGHTING SYSTEMS AND AI 

A. Energy Efficiency and Environmental Impact 

 Simulation of Intelligent Room Lighting 

Illuminance Control (Authors not specified, 

2018): This study demonstrates the use of 
reinforcement learning algorithms for optimizing 
lighting conditions, achieving significant energy 
savings without compromising user comfort. 
These systems integrate sensor data to 
dynamically adjust lighting levels based on 
occupancy and daylight availability, ensuring 
optimal energy utilization. 

 Artificial Intelligence Supported Healthy Unit 

Hybrid Lighting Control (Authors not 

specified, 2019): Explores hybrid systems 
combining natural and artificial light sources. AI-
driven controls dynamically adjust lighting based 
on occupancy, time of day, and environmental 
conditions, reducing energy consumption. These 
systems also incorporate predictive maintenance 
algorithms to identify potential issues in lighting 
infrastructure before failures occur, ensuring 
uninterrupted functionality. 

B. Health and Circadian Rhythm 

 Smart Ergonomic Lighting for Circadian 

Rhythm (Zheliazkov, Y., & Jamnenko, J., 

2023): Investigates AI-powered lighting systems 
designed to support human circadian rhythms. By 
analyzing individual preferences and 
environmental factors, the system adjusts light 
intensity and color temperature to promote better 
sleep and productivity. These systems also 
integrate with wearable devices to provide 
personalized lighting recommendations, further 
enhancing their effectiveness. 

 Simulation of Intelligent Room Lighting 

Illuminance Control (Authors not specified, 

2018): Highlights how intelligent lighting systems 
contribute to user well-being by maintaining 
optimal illuminance levels tailored to specific 
activities. These systems have been particularly 
effective in healthcare settings, where appropriate 
lighting can improve patient recovery rates and 
staff performance. 

C. Adaptive and User-Centric Designs 

AI enables adaptive lighting systems that learn from 
user interactions and environmental feedback. These 
systems enhance user comfort by predicting 
preferences and automatically adjusting settings. 
Integration with IoT devices further enhances 
functionality, enabling seamless control and real-time 
monitoring. Advanced AI models also provide 
insights into long-term usage patterns, allowing for 
continuous optimization and personalized user 
experiences. 
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IV. CHALLENGES AND FUTURE 

DIRECTIONS 

A. Challenges 

1. Data Privacy and Security: Ensuring secure 
handling of sensitive data, particularly in 
healthcare settings, is a significant concern. 
Advanced encryption methods and compliance 
with regulations such as GDPR and HIPAA are 
critical to addressing these challenges. 

2. Implementation Costs: High upfront costs and 
infrastructure requirements limit the adoption of 
AI-driven solutions in low-resource settings. 
Collaborative funding models and open-source 
solutions could mitigate these barriers. 

3. Ethical Considerations: Addressing biases in AI 
algorithms and ensuring equitable access to 
technology are critical issues. Transparent 
algorithms and inclusive datasets are essential for 
fostering trust and fairness. 

B. Future Opportunities 

1. Development of explainable AI models to 
improve trust and adoption. Explainable AI 
ensures that healthcare providers can understand 
and validate the decisions made by AI systems, 
increasing their confidence in these technologies. 

2. Integration of wearable sensors and IoT devices 
for enhanced adaptability in lighting systems and 
OR management. These devices can provide real-
time data, enabling more precise and personalized 
solutions. 

3. Expansion of AI-driven solutions to underserved 
regions through cost-effective technologies. 
Affordable hardware and software solutions could 
democratize access to advanced AI systems, 
reducing disparities in healthcare and building 
automation. 

4. Collaborative research initiatives to address 
interdisciplinary challenges and improve system 
interoperability. Partnerships between academia, 
industry, and government agencies can accelerate 
innovation and standardize best practices. 

V. CONCLUSION 

AI has demonstrated remarkable potential in 
transforming operating room management and smart 
lighting systems. By enhancing efficiency, patient 
safety, and energy sustainability, AI-driven 
innovations have set new benchmarks in healthcare 

and building automation. However, addressing 
challenges related to data privacy, implementation 
barriers, and ethical considerations will be essential 
for widespread adoption. Future research should 
focus on developing adaptable, cost-effective, and 
user-friendly solutions to maximize the benefits of AI 
in these critical domains. The integration of AI with 
emerging technologies, such as IoT and wearable 
devices, will further expand its applications, creating 
a more efficient and human-centric environment. 
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