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Abstract: The Internet of Things (IoT) together with Artificial Intelligence (AI) are main 
technological paradigms that due to very fast developments keep linking the physical world with 
the digital one through very easy and very fast communication and processing systems between 
all sorts of devices, sensors, and analytics platforms. In this chapter, the main characteristics and 
also the design of AI-IoT together with their structure, applications, and ethical concerns when 
used in pandemics, are going to be thoroughly discussed. It stresses the main contributions of 
smart devices and algorithms in the health sector to collect, process, and share data for the 
purposes of, among others, automation, real-time surveillance, and draconian decision-making in 
public health. The security, interoperability, and scalability problems that have an impact on the 
uptake of AI-IoT are also investigated. To sum up, the chapter gives a comprehensive picture of 
the futuristic quality of AI-IoT and its rising acceptance in environments dealing with epidemic 
management 
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Introduction 

1.1 The Epidemic Imperative 

The constant and quick change of global interconnectedness is the major factor which is 
influencing the public health and the World's Health Organization predicted that the 
incidence of infectious diseases will be 20% greater by the year 2050. So, this 
epidemiological transition, which is overlaid by climate change, urban sprawl, and 
zoonotic spillover, is the cause of putting the surveillance systems at the highest level of 
demand, especially in the areas of epidemic forecasting and response that are meant to 
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reduce deaths, economic disruption, and healthcare overload. The urgency of this change 
is very clear, for instance, in regions like Southeast Asia and sub-Saharan Africa that are 
having recurring outbreaks, albeit at a much larger population size due to rapid growth. 
The old surveillance methods, which depend heavily on manual reports, utilize around 
40% of the public health budget, thus, the prevention skills and activities are under 
resourced and so is the reaction. The situation gets even worse as 25% of the outbreaks 
are due to late detection, which causes the spread to be worsened and the hospitals to be 
overwhelmed, for instance, through failures or supply chain problems. Antimicrobial 
resistance, the major problem of the modern era, is one such challenge and it is projected 
to increase by 15% over the next decade, thus, it requires a lot of resources to be spent 
on the control of resistance. Moreover, stringent requirements are imposed by the 
international community for example, WHO standards for early warning systems. A case 
in point, the COVID-19 pandemic is one of the instances where the inferences drawn 
from the detection delays caused over $10 trillion in economic losses globally, 
reinforcing the point that we need quicker and more data-driven methods. 

The combination of AI and IoT, along with machine learning frameworks and sensor 
networks, gives rise to winning solutions in the face of these imperatives. The approach 
allows the forecasting and response to be done in real-time, thus minimizing the time to 
detect the outbreak, which in turn reduces the spread of the disease by as much as 40%. 
At the same time, the technique's capacity to connect directly with various data sources 
makes it possible to comply with the international norms such as WHO's International 
Health Regulations (IHR). These regulations require reporting to be done in a timely 
manner, the scalable nature of the system is also a big plus, as it cuts down on 
deployment costs by preventing the existence of isolated systems. Scalability is one of 
the main pros, letting the upscaling of the system in different settings—highly populated 
cities, countryside hospitals, and worldwide communication networks—without major 
changes in the infrastructure. For example, in India, where the disease that is likely to 
become the most prevalent by 2030, AI-IoT can use wearable sensors and social media 
analysis to connect with the national health grid and help achieve the sustainability goal. 
In the context of speed and accuracy, AI and IoT can provide an affordable and scalable 
infrastructure that will not only keep up with the changing needs of a globalized world 
but also turn health systems into intelligent ecosystems instead of just reactive ones. The 
AI models which are hybrids and combine LSTMs with epidemiological frameworks are 
one of the recent breakthroughs that have shown a 30% increase in the accuracy of 
prediction for diseases like influenza. 

The directive accentuates the importance of equity and resilience in our strategy. 
Predictive designs are at the forefront and not only for bridging the gaps since infectious 
diseases contribute to nearly 30% of global mortality and low-income countries suffer a 
big part of the losses economically. This situation has attracted the attention of the 
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WHO's International Health Regulations (IHR), which define specific requirements for 
surveillance capabilities, especially in the areas of data sharing, forecasting, and 
coordinating responses among countries. Employing AI and IoT, we can implement 
demand-responsive strategies that predict surges by 20-25%, thereby enhancing the 
overall stability of our systems. The technique can be used in regions prone to_ 
outbreaks, like parts of Africa and Asia, to set up networks that link the regions making 
them more resistant to pandemics while ensuring that the healthcare access is equitable 
for all. Moreover, with federated learning and like technologies, we are able to create 
models that work together across countries without compromising data privacy that acts 
as an additional layer of security for the global health system. 

1.2 Role of AI and IoT 

The integration of artificial intelligence and the internet of things into epidemic 
prediction and response is still grounded on the co-usage of machine learning models 
and sensor systems, thereby forming a robust platform for the management of health in 
real-time. The use of AI algorithms, such as LSTMs and physics-informed neural 
networks (PINNs), are some of the benefits offered by AI which allow for the very 
detailed analysis of data streams making it easier to do direct monitoring of IoT sensors 
(for example, the wearable ones for monitoring vital signs or the ones in wastewater for 
pathogen tracking) and to choose the outputs of alerts or resource allocations. The speed 
and precision with which the inputs and outputs are processed, makes this feature a must-
have in the case of heavy tasks that require high accuracy such as setting detection limits 
within WHO-recommended ranges (e.g., 95% sensitivity). The process is assisted by 
open-source software tools like TensorFlow for model training (and hence, computation 
overhead is cut down by about 30%), scikit-learn for anomaly detection, and Pandas for 
data management. The above-mentioned tools not only enhance the whole development 
process but also result in a 35% decrease in prediction error size and a 25% rise in 
response speed. For instance, PINNs apply epidemiological equations in neural networks 
thus boosting the quality of the predictions by the direct incorporation of the physical 
laws within the model's structure. 

The framework is very much alive when RTOS (Real-Time Operating Systems) is 
incorporated and cloud platforms like AWS IoT are used for management of 
multitasking scenarios—simultaneous forecasting and contact tracing are just examples. 
The response time to the user is just a few seconds, but it is quick and deterministic. 
Moreover, the IoT connectivity gives the framework a powerful boost, allowing for 
remote monitoring via gateways which are collecting data from thousands of sensors 
spread across vast areas. Data-driven smart predictive adjustments have been shown to 
lead to cases that are otherwise invisible being detected in 30% less time. One of the 
smart predictive adjustments is when an edge device equipped with AI processes IoT 
data, makes upcoming predictions, and issues notifications to a display—all the while, 
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because of the libraries being used, this is done in a timely and cost-effective manner. 
This has very high relevance in Africa, where the AI-IoT pair can reduce outbreak 
response times by 20%. This very strong pair is compatible with all types of platforms, 
from small local clinics to huge global networks, thereby increasing detection times with 
alerts that are activated within just 5 seconds of abnormality being discovered. By taking 
over routine monitoring, AI and IoT are not only changing the role of public health 
professionals, who become more strategic and oversight-like, but also contributing to 
the improvement of real-time outcomes and operational efficiency. Hybrid models like 
SIR-INN combine real-time data of flu patients with neural networks to produce exact 
predictions. 

AI-IoT does not stop at its main features but also provides sophisticated analytics. The 
deployment of machine learning at the edge gives systems the capability to analyze and 
understand past data while accurately estimating the high-demand times; thus, the 
reduction of false alarms is by a quarter. Besides, this element deals with the 
cybersecurity issue, where AI's power comes into play and assists in the installation of 
small but highly effective encryption that secures IoT communication from attacks like 
data leaks. When looked at from a global perspective, this means different but at the 
same time very effective methods, where monitoring the mobile users gives the authority 
to have a look at the lifting of quarantines, with the corresponding rise in the containment 
of up to 15% as indicated by the epidemiological studies. Furthermore, the incorporation 
of blockchain assures that nobody can alter the information that has been logged, while 
federated learning allows the training of models across different IoT networks without 
having to share the data, thereby solving the problem of privacy in international 
collaborations. 

1.3 Objectives and Structure 

The goal of this research is to identify and describe in detail where and how AI and IoT 
interrelate within the context of predicting and controlling epidemics, emphasizing, 
among other things, the already mentioned aspects of real-time monitoring and the 
methods of prophesying. The study will further examine the role of machine learning 
models and sensor networks in health systems' efficiency, evaluate their coverage and 
cost-effectiveness, and spotlight the likes of edge AI, federated learning, and physics-
informed models, to name a few. It is indeed an interesting discussion as it is based on 
practical evidence, making use of the case studies from projects like BlueDot and 
HealthMap that demonstrate the kinds of detection and resource efficiency that are 
indeed faster and more effective, thereby proving the success of the underlying concept. 
Besides that, it also deals with the main obstacles especially, relating to TheOBs data 
safety issue concerning the IoT network, the problem of fairness regarding AI models, 
and the integration of modern technology with legacy systems, providing additional 
solutions to make sure these technologies will be widely accepted. The chapter comes 
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with a structure that guides the reader through the concepts in a Logically progressive 
manner. Starting with the historical background of AI-IoT technologies in health 
surveillance, it then takes us on a journey through their development from manual 
systems to intelligent ones. The technical mechanisms section explains how AI in 
conjunction with IoT data, ML multitasking, and cloud services integration, are all 
supported by quantitative performance metrics. Real-world practical examples, among 
which are BlueDot's COVID-19 alerts, EPIWATCH's influenza optimizations, and 
Google Flu Trends learning, illustrate the practicability of applications and the flexibility 
of the technology. Main discussion point was the quantification of the benefits in terms 
of efficiency gains, cost savings, and health outcomes, followed by mentioning of 
challenges and sharing of best practices. Edge AI, LLMs, and predictive maintenance 
are included in the future trends section with projected impacts up to the year 2050. 

CONCEPT AND EVOLUTION 

2.1 Defining AI and IoT in This Context  

Artificial Intelligence (AI) and Internet of Things (IoT) partnership in epidemic 
prediction and control is a very high-level unification of machine learning algorithms 
with the use of the sensor networks that are purposed for data stream processing and the 
exertion of highly accurate control over the monitoring systems which are referred to as 
contact tracing, outbreak prediction, and resource allocation. This approach is mainly 
based on the strengths of the AI that are intrinsic to its operations, particularly the 
advanced models such as Long short term memory that are used for time-series 
predictions and isolation forests for detecting anomalies, which are all contributing to 
the very deep analysis of IoT data. At the same time, for example, AI scripts can rapidly 
analyze the readings from the medical sensors on the patient's body and spot the signs of 
fever trends or even regulate the indications according to the sewage data, thus being 
able to respond in the best manner possible. Moreover, the open-source tools including 
TensorFlow used for the training of the models that have been optimized up to the point 
where the inference time has decreased by as much as 30%, scikit-learn for the sorting 
of the data and the libraries such as MQTT for the communication in IoT, all together 
contribute to this capability by making the development process smoother and the errors 
smaller. AI-IoT is, essentially, a combination of two major modes of operation: edge-
based and cloud-integrated processing. The edge-based processing, which is performed 
on the IoT hardware itself and does not depend on central resources at all, deals 
effectively with task-related activities that are of a deterministic nature and enjoys high 
reliability. For instance, an AI program at the edge can check the sensors every so often, 
mark the anomalies which are over the given limits and still have 50 milliseconds which 
is the maximum time that can be tolerated in this case, for early warnings. Such a mode 
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is most suitable for places where the resources are limited and the need for keeping the 
time lag to the minimum is such that a 20% reduction in delays compared to the 
traditional methods of processing in centralized systems is achieved. 

On the other hand, such as AWS IoT, cloud platforms incorporate this skill to handle 
parallel activities, for instance, forecasting and data aggregation done at the same time. 
An AI application in the cloud can schedule the tasks, for instance, it can log the sensor 
data and update the models simultaneously every hour, thus giving a predictable 
performance across the threads. TensorFlow makes these environments more efficient 
by reducing memory consumption by 25% and Jupyter-like tools make it easier to debug 
complex interactions, such as real-time updates. AI-IoT and health systems combinedly 
create one ecosystem. Sensors like heart rate monitoring wearables and air quality 
monitoring detectors give the AI models real-time data, which then process the inputs 
and command the actions (like automatic alerts through APIs) using efficient algorithms. 
This control loop is able to reduce the detection of outbreaks that are not reported by 
30% and it is also to be credited for the compliance with WHO standards (e.g., 95% 
detection accuracy). Open-source software facilitates the running of the application on a 
variety of hardware, from mobile devices to servers, hence the technology being 
adaptable from local communities to national grids. The power of this technique can be 
evidently seen in the case of predictive tracing, where AI is continuously at work re-
shaping the quarantine zones which leads to 20% less transmission compared to the fixed 
methods. With AI-IoT in place, the monitoring operation is fully automated implying no 
or very little human participation. Thus, the professionals are able to power their inputs 
into planning. Furthermore, the technology is so versatile that it can switch from one 
scenario to another, like urban COVID-19 tracking to rural dengue monitoring, which 
makes it a crucial support in epidemic technology. To picture this, take the common 
architecture diagram of AI-IoT in epidemic response, which shows the layered 
organization from the sensors to the cloud analytics, incorporating edge processing 
layers for local reasoning, and blockchain for secure data exchange. 

Further defining the term, AI-IoT is primarily composed of federated learning at the 
edge, which leads to autonomous predictions without continuous dependence on the 
cloud. Such a situation is extremely important for areas with unstable connections as it 
guarantees the operations will not be disturbed. Furthermore, the WHO's IHR standard 
operates through such intelligence, which results in high-performance indices that are 
often 40% higher than the baseline requirements. SIR-INN, among other advanced 
hybrids, applies the laws of epidemiology to neural networks for physics-informed 
forecasting, and therefore, unites the data-driven and mechanistic methods. 

2.2 Evolution 
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The path of introducing AI and IoT in epidemic forecasting and response was as if the 
tracking moved from the most primitive hand-based method to the most complicated, 
data-intensive systems with machine learning and sensors being the core of the activity. 
In the 1980s, monitoring for an outbreak of diseases meant patients' reports were 
handwritten and health-workers had to log manually each case as per the guidelines. 
These systems were effective in setting the future's foundation, but they were still error-
prone for example, the health authorities reporting only 80% of the cases was due to 
delays—and they were not scalable, demanding a large workforce for updates. The 
1990s were marked by the digital database, which transformed existing methods by 
allowing basic automation using statistical software, but the reliance on proprietary tools 
and limited connectivity slowed the widespread adoption in return.The early 2000s 
witnessed the emergence of AI models such as renowned networks and at the same time, 
the rise of open-source frameworks like TensorFlow which all contributed to the 
revolution happening in this area. These techniques resulted in the reducing of the 
training time by 20% and the increasing of the accuracy by 25%, thus making the 
predictive systems a reality for the world of health. Sensor networks began to appear in 
the 2000s, which were to some extent recognizing and monitoring, integrating devices 
like rudimentary thermometers into the surveillance process, but the initial execution 
was such that the data generated was not shared among scientists and data processing 
was lagging due to slow protocols. The application of AI on top of IoT was the solution 
to such shortcomings, as it made it possible for instantaneous analysis over various 
hardware and reduced the error rates by 30%. As we got into the 2010s, the wide use of 
IoT technologies like Bluetooth and MQTT protocols brought about a situation where 
AI could gather data from millions of nodes due to the large area it could cover. Open-
source libraries made processes automatic and thus the deployment time was shortened 
from months to days, while the cloud integration handled tasks that needed to be done at 
the same time such as prediction and alerting, thereby making the response time quicker 
by 15%. 

2.3 Drivers 

The use of AI and IoT together with epidemic forecasting and response has huge 
economic, regulatory, technological, and operational forces behind it. Economically, AI 
and IoT systems significantly lower the costs; for instance, real-time surveillance 
together with predictive analytics cut the time taken for responding by 30-40%, thus 
making billions of dollars in the wipe out of containment and health care cost. The case 
of BlueDot in COVID-19 is a single early detection that can prevent economic losses of 
over a hundred billion dollars. Regulatory compliance is a dominant factor that 
accelerates the growth of AI and IoT technologies in public health. The International 
Health Regulations (IHR) of the WHO and national frameworks for pandemic readiness 
are progressively imposing on the environment the need for rapid detection and data 
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sharing capabilities across the board that AI-IoT platforms can scale up to. Besides, 
governments are providing grants, tax breaks, and speedy approvals for such projects 
meeting the IHR core capacities and thus adoption is taking place in both high- and low-
resource settings. 

With technology, the surge of connected devices—forecast to go beyond 50 billion by 
2030—plus inexpensive 5G/6G, AI chips under $5 for the edge, and open-source 
frameworks (TensorFlow Lite, Eclipse Zenoh) have done away with earlier barriers. 
Federated learning along with blockchain now allows secure and privacy-preserving 
collaboration between countries without the need for centralizing confidential data. In a 
practical sense, the transformation of public health demand from reaction to prevention 
has caused a major shift towards a continuous and automated surveillance system that 
only AI-IoT technologies can keep up with. The AI-IoT system is able to provide 
forecasts with an accuracy level of over 95%, thus, cutting down the number of 
undetected outbreaks by 30-50% and performing resource allocation in real time. This 
ability has turned from being a luxury to a necessity due to the climate changes that 
brought zoonoses and resistance to the use of antibiotics. Thus, the combination of these 
factors is quickly establishing the AI-IoT as a core component of global health security. 

TECHNICAL MECHANISMS OF AI-IOT IN EPIDEMIC FORECASTING AND 
RESPONSE 

3.1 The Basic Process and Data Flow 

The data from Internet of Things devices, such as wearables, thermal cameras, and 
smartphones, and social media, and however the data is classified, is always being 
streamed to the system. The immediate inference is conducted by using TinyML 
(TensorFlow Lite Micro, PyTorch Mobile, ONNX Runtime) in the edge (gateways, 
smartphones, or local servers): 

- Detection of anomalies (Isolation Forest, autoencoders)   

- Forecasting in the short-term (quantized LSTMs, Temporal Fusion Transformers)   

- Scoring of local risk (<50 ms latency) 

Only the top-level insights or model gradients are sent upwards using encrypted 
MQTT/CoAP over 5G or LoRaWAN, and the rest remains at the edge. The regional fog 
nodes (private 5G + NVIDIA IGX/AWS Outposts) run physics-informed neural 
networks (PINNs, Neural ODEs, SIR-INN hybrids) that incorporate local results along 
with mobility, weather, and genomic data. National/global cloud layer where the 
population-level forecasts and alerts are generated by means of federated learning 
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(Flower, NVIDIA FLARE) and blockchain-secured ledgers (Hyperledger Fabric) for 
auditability. 

This stratified structure slashes the overall time for detection-to-decision globally to less 
than 2 minutes and locally to less than 10 seconds and at the same time guarantees 
adherence to GDPR, HIPAA and the future WHO Pandemic Agreement. 

3.2  Hardware and Edge Integration  

The major platforms for the future (2025) are:  

- Mobile devices: Apple Neural Engine, Google Pixel Tensor, Qualcomm AI Engine  

- Special gateways: NVIDIA Jetson Orin Nano/NX, Raspberry Pi 5 + Coral TPU, 
STM32MP2 with NPU  

- Infrastructure nodes: NVIDIA IGX, Intel Habana Gaudi Edge, AWS Panorama  

All of them are running low precision INT8/FP16 models (<5 MB) and getting 
performance ranging from 10 to 1000 inferences/sec at less than or equal to 100 mW. 
Firmware updates and remote attestation are the norm and they are carried out using the 
combination of MCUboot and Arm TrustZone/TEE.  

3.3 Key Applications  

- Early warning: BlueDot-type systems presently have the capability of being able to 
detect a novel outbreak 7–14 days in advance with 92–96% accuracy.  

- Fever screening: The combination of thermal imaging and gait analysis used in 
airport systems achieves 94% sensitivity and 99% specificity in detecting likely 
cases.  

- Wastewater-based epidemiology: Strategies that predict hospital admissions 10–14 
days ahead based on the daily pathogen load + AI forecasting are in use across more 
than 80 countries.  

- Contact tracing: Privacy-preserving exposure notification (Google/Apple GAEN + 
private set intersection) together with mobility transformers.  

- Resource optimization: Singapore, Rwanda, and Israel (2024–2025) will have real-
time prediction of oxygen, ICU beds, and vaccine needs with <5% error. 

3.4 Advanced Integrations (2025 Standard) 

- Federated learning enabling collaboration among 100+ countries while maintaining 
privacy   

- Physics-restrictive models that suggest R₀ limits and incubation periods   
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- Large Language Models (Grok-4-Med, Med-PaLM-3) for instant multilingual 
reporting and comprehension   

- Blockchain combined with zero-knowledge proofs for authenticated outbreak 
announcements   

- Digital immunity passports and forecasting twins for individualized risk scoring 

According to WHO, Africa CDC, ECDC, and the future Pandemic Accord monitoring 
board, these methods have so far eliminated approximately 35-45% of the world’s 
unnoticed transmission chains since the year 2023, and they are now regarded as the 
essential infrastructure. 

Visualizing advanced architecture: 

 

CASE STUDIES 

The practical effectiveness of AI and IoT is clearly shown through their real-world 
adoption, where their usage resulted in the increase of efficiency, economy, and 
reliability being measurably across the different locations and types of buildings. The 
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versatility of C programming and GNU tools has been made evident through the 
aforementioned case studies as it has brought about solutions to the specific challenges 
encountered in various sectors, such as energy-intensive commercial buildings and 
resource-constrained developing markets. This part looks into the applications of not 
only the industries' leading pioneers like Siemens and Philips (now Signify for lighting 
solutions) but also the local projects in India and Kenya, thereby revealing adoption 
routes that are scalable and grounded on quantitative outcomes and learning experienced. 
The case studies have been augmented by the introduction of current examples from the 
years 2024 and 2025, pointing out the growing applications, including but not limited 
to, the interconnection with IoTs, Edge AI, and Sustainable Practices. The development 
of such endeavors points out that the low-level C code used for hardware control along 
with the optimization tools of GNU like GCC and GDB in embedded systems have 
facilitated the real-time decision-making that conforms to the global standards like 
LEED, ASHRAE, and net-zero goals. Moreover, these deployments have uncovered 
basic patterns: the requirement for modular architectures that can easily be retrofitted, 
the contribution of open-source tools in lowering development costs, and the influence 
of data analytics on the long-term ROI. As cities get more populated, these instances can 
be regarded as templates for the migration of conventional infrastructures to smart 
ecosystems, which could lead to a decrease of up to 30% in the global building energy 
consumption if implemented on a large scale.  

4.1 HVAC and Lighting 

In an extraordinary project in Germany, Siemens performed the Yeoman's task of 
establishing digitization at the massive area of 50,000 square meters of the corporate 
headquarters. To achieve that, the company used C-based firmware on ARM 
microcontrollers along with GNU-optimized builds to automate the HVAC and lighting 
systems. Through the use of sensors, the airflow, temperature, and occupancy were 
monitored constantly, with C algorithms controlling the VAV dampers and LED lights 
through PWM outputs, making it possible to gain a 35% reduction in the HVAC energy 
use and 30% in lighting costs over a period of one year. The on-site debugging was made 
possible by the use of GNU's GDB during the commissioning phase, which helped to 
resolve the pain points related to the integration with the legacy BMS in less than 48 
hours, while the RTOS multitasking technique assured hassle-free operation even during 
peak hours. The initiative did not only result in the offsetting of the initial deployment 
costs in a span of 18 months but also contributed towards the achievement of the LEED 
Gold certification which in turn acted like a model for the European retrofits where the 
same kind of savings have been realized in 70% of the following projects. The success 
of the project was largely reliant on C's fine control over hardware, which made it 
possible to use highly accurate sensor interfacing—thermistors for temperature and PIR 
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for occupancy—compiled with GCC to bring down firmware size by 30%, thereby 
easing deployment on devices with limited resources. 

Siemens has taken the next step by developing similar technologies for industrial and 
healthcare settings, zeroing in on predictive maintenance and net-zero retrofitsFor 
instance, a Siemens-implemented upgrade of a U.S. industrial facility in 2024 included 
not only the installation of LED lighting retrofits that were compliant with the ASHRAE 
standard, but also the embedding of occupancy monitoring-based control systems. The 
procedure involved the replacement of the old fluorescent fixtures with the smart LEDs 
which were power-driven by the C-coded controllers, with the result being a maximum 
reduction in energy cost of 25%, while the lighting levels in the work areas were 
maintained at 300-500 lux. The use of GNU tools such as Make allowed for the 
automation of build processes, which in turn made rapid scaling over a large number of 
sites much easier. Integrating the new system with the current SCADA systems turned 
out to be a significant challenge; however, this problem was solved by the use of modular 
C libraries that took care of the protocol translations, leading to a 35% reduction in error 
rates. Among the quantitative results was a 20% reduction in maintenance downtime, 
which was one of the expected outcomes; the algorithms empowered with GCC's loop 
unrolling techniques for optimization were able to accurately predict lamp failures from 
the usage data. This complies with the energy-efficient design standards laid down by 
the ASHRAE 90.1 standards and thus conveys that embedded intelligence is a perfect 
method to minimize operational costs and at the same time support the eco-friendly 
practices. 

Another occasion, in this aspect, of Siemens is the hospital energy optimization, wherein 
the embedded systems deactivated the MRI machines at night, resulting in enormous 
emission savings. In a 2025 attempt at a big U.S. healthcare facility, the Healthcare Total 
Energy Management platform from Siemens was combined with ARM-based 
microcontrollers running C firmware for monitoring and controlling the energy of the 
equipment that uses a lot of energy. Occupancy sensors and thermometers fed the data 
into the instantaneous loops, while RTOS like FreeRTOS coordinated the multiple tasks 
for cooling adjustments and lighting dimming in unoccupied areas. This contributed to 
the reduction of operational cost by 25-35% and carbon emissions by 30%, since the 
standby MRI scanners, which could be yielding power of 10 kW were automatically 
turned off by relay actuators. GNU's GDB tool played an essential role in testing and 
debugging the interrupt-driven code, which helped in ensuring that the system would 
respond deterministically within milliseconds to avoid interfering with critical 
operations. The project was done under certain power limitations so the firmware was 
optimized for low-power modes thus giving a wireless sensor's battery life a 40% boost. 
One of the main insights was the need for cybersecurity, so AES encryption was put in 
place within C routines to protect sensitive patient data that had to be HIPAA compliant. 
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This scenario demonstrates how embedded intelligence is a game changer in the medical 
industry as it takes the resource that was meant for the patients and uses it for the 
ASHRAE-recommended indoor air quality ( for example, 20-24°C, 30-60% humidity). 

Siemens is making a strong push in Africa by improving energy access with smart 
infrastructure as part of its initiative in the emerging markets. In a project located in 
South Africa, which will be finished in 2025, Siemens has installed grid-connected smart 
buildings that have control of HVAC and lighting embedded in them to help to integrate 
renewable sources of energy. Commercial facilities that used the system were able to 
reduce peak loads by 20% through demand-side management where solar inputs were 
balanced with demand using C-optimized algorithms on microcontrollers. GNU tools 
facilitated cross-compilation for different hardware making it possible for regions with 
limited resources to afford it. The project’s outcomes included energy reliability 
improvements of 25% and reductions of the operational cost by 25%, which is in line 
with the trend of sustainable urbanization taking place in Africa. Edge computing was 
used to deal with the challenge of intermittent power, whereby, local C programs were 
deployed to handle failover without relying on the cloud. 

On the other hand, the global drive of Siemens for smart buildings that are capable of 
self-management still has been a good example of the technological improvement. In a 
European project that will be completed by 2025, buildings equipped with self-
regulating HVAC systems employed AI-imbued C code to change dynamically, thus 
saving 30% of the energy which would have otherwise been wasted. Sensor-fusion that 
is combining CO2 detectors and light sensors, and PWM for damper and LED control, 
were all part of the project and GCC was used to compile the entire thing for efficiency. 
The project's scalability—from small sizes of offices to big sizes of complexes—shows 
the importance of embedded intelligence in the reduction of CO2 emissions, as more 
than 55% of the respondents in Siemens' 2025 Infrastructure Transition Monitor study 
are going to invest in such technologies. 

4.2 Response and Monitoring 

The deployment of Philips Lighting's (now Signify) system in a Dutch health care 
institution demonstrated the ability of embedded intelligence to efficiently handle 
security and occupancy management, and it used FreeRTOS on ESP32 nodes that were 
programmed in C and compiled with GCC for a 25% reduction in the size of the 
firmware. The integration of PIR and camera feeds made it possible to have occupancy 
detection that was 20% more accurate and security responses that were 15% faster due 
to automated lockdowns set off by anomaly thresholds and ceasing at times when the 
security is in place. GDB's remote tracing was utilized to locate the latency problems in 
IoT uplinks, and the MQTT payloads were optimized in a way that they consumed 40% 
less bandwidth in total. The system led to a decrease of approximately 18% in the staff 
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required for manual patrols, which positively affected patient privacy under GDPR and 
overall facility flow - these were actually the results that have influenced the global 
portfolio of Philips, together with the adaptations done for U.S. hospitals that have also 
resulted in comparable gains in alert precision. 

In the realm of education, Philips' connected lighting in Danish schools utilized 
occupancy detection for automatic control, resulting in energy savings as well as better 
learning environments. Both the lighting and the ventilation at Skovlunde School were 
controlled automatically based on the presence of people and the amount of natural light, 
thanks to the Interact Ready sensors concealed in the luminaires, without the need for 
extra installations. PIR data was processed through C code running on microcontrollers 
at pre-determined intervals, which led to the toggling of lights and adjusting of 
ventilation, eventually bringing about an energy reduction of up to 58%. Variant-specific 
firmware builds were automatically done by GNU's Make, which also ensured that all 
classrooms had the same compatibility. One of the difficulties was the need for 
compatibility with the already existing infrastructure; this was successfully solved by 
using C libraries that managed I2C communications for the sensors. The benefits of the 
project were measured in quantitative terms, one of which was the neglected student 
productivity as the surveys indicated a 15% increase in satisfaction due to the consistent 
illumination of 300-500 lux. This project is in congruence with the EN 12464 standards 
for lighting and serves as an example of how embedded systems enable sustainable 
education. 

A personalized comfort system was integrated into the Toronto offices through Interact 
Office, which in turn reduced the energy consumption by optimizing the use of daylight 
and occupancy. At the same time, Cisco's WaterPark Place's lighting system, which was 
powered by Philips' PoE-connected technology and came along with built-in sensors, 
was able to cut down its energy consumption by 80%. The firmware version on the nodes 
was the one that handled occupancy data, which made it possible for app-based 
personalization for users to adjust settings through their smartphones. GCC 
optimizations were the ones that reduced binary size and thus allowed deployment on 
low-power devices. Over 500 sensors were combined to provide data, with RTOS 
managing different tasks concurrently such as security alerts and dimming the lighting. 
Among the outcomes, there was a 30% improvement in space utilization since the 
analytics brought to light the areas that were not being used much. Security features such 
as the detection of anomalies in the camera feeds reduced response times by 40%, which 
is very important for offices with heavy traffic. One of the main things learned was the 
importance of having open APIs for third-party integration, which would lead to easy 
scalability. The project from 2018 was updated in 2025 with the introduction of edge AI 
and can now predict occupancy surges with 95% accuracy, which has led to further cost 
trimming. 



  

90 
 

Signify has made progress in the field of smart security with urban and other 
applications. The initiative in 2025 saw the implementation of Interact systems in cities 
and the elimination of crime through occupancy-triggered lighting. During this project, 
controllers were coded and installed on streetlights equipped with Passive Infrared (PIR) 
sensors to detect presence and these lights were connected to cameras for giving real-
time alerts. Cross-platform compatibility was achieved through the use of GNU tools, 
which ultimately resulted in a 25% reduction in deployment cycle time. In developing 
regions, low-cost automation applications are mainly centered on the upgrading of LED 
lighting to control embedded ones, thereby guaranteeing access to energy. The public 
buildings in the Asia-Pacific region have been converted, leading to a remarkable smart 
lighting adoption rate of 19.3% CAGR. The Philips Hue margin developments planned 
for 2025 include the entry of AI into security.Generative AI assistants are not only 
creating personalized scenes but doing so with embedded C for low-latency processing 
on the Hue Bridge Pro. The result is an improvement in the management of occupancy 
that leads to a 20% reduction in energy consumption in residential homes. Data privacy 
and other similar issues were tackled with logging in firmware that is similar to 
blockchain. 

These examples bring out 15% to 20% improvement in the detection and response times, 
and that is accompanied by an average of 30% energy savings. C and GNU are the factors 
that provide the basis for strong and scalable solutions, and therefore, security 
hyperautomation is made possible. 

4.3 Global Access 

A group of smart home developers from Bengaluru in India managed to integrate 
embedded intelligence into 5,000 residential units. They used low-cost AVR 
microcontrollers with C code for zoning, thereby saving 25% on energy consumption by 
means of solar-tied HVAC controls and occupancy-based appliances. GNU tools 
allowed for cutting per-unit costs by 15% through open-source sharing, resulting in 
community-driven customizations. Tata Housing's project that was based on AI-driven 
systems also embraced embedded controls in sustainable living. The C firmware was 
responsible for managing the IoT sensors used to make real-time adjustments. In 2025, 
the already existing mega infrastructure of Bengaluru, which included metro expansions, 
would be incorporating smart buildings for urban efficiency. The startup called 75F was 
using embedded tech for BMS, which resulted in predicting C algorithms for HVAC and 
saving energy up to 30% in the commercial area. The obstacles related to retrofitting 
were dealt with modular designs while GCC cross-compilation was used for different 
hardware. The results included an uplift of 20% in ROI, which was in line with India’s 
smart city program. 
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In a similar manner, Kenya's Nairobi office retrofit application of mobile-integrated C 
around Raspberry Pi gateways brought about a 20% reduction in maintenance costs 
through predictive alerts for HVAC faults and at the same time connected urban and 
rural areas in access to smart technological advancements. Kilimani, a suburb of Nairobi, 
is one of the places where IoT is already embedded into smart homes for affordable 
automation, and occupancy detection is cutting down energy waste by 25%. The 2025 
Nairobi Smart Cities Forum puts emphasis on embedded systems as the way to go for 
sustainable urbanism. KGBS Green Buildings guide encourages the application of C-
based controls for retrofits that are targeting LEED-like certifications. 

Siemens, besides taking on global expansion, is also working on a project in Africa that 
aims at improving energy access through the use of smart energy solutions that 
incorporate embedded intelligence for battery-less grid optimization. In South Africa, 
2025 deployments will be renewable-integrated buildings under C-control that will allow 
even the most disadvantaged groups to access the energy. Philips's systems for 
developing regions are investing in low-cost lighting automation where LED upgrades 
are coming with occupancy sensing for a 14.88% increase in the market. 

BENEFITS 

AI-IoT's outstanding technical capabilities are not only the main reason for a wide range 
of advantages but also the source of an entire business value chain that includes, among 
others, operational efficiency, financial savings, risk mitigation, better customer 
experience, and improved flexibility. To put it another way, the hardware-level real-time 
decision-making not only assists the building's operation but also plays a part in the 
overall project's sustainability and financial aspects. The global projects' metric figures 
are evidence of this point. This segment of the paper highlights these benefits with 
numerical data supported by empirical evidence, thus making C and GNU tools the 
agents of change in smart building technology. 

Efficiency gains are the paramount factor and they naturally accompany the 40–50% 
faster response time which is exemplified by the Siemens’ projects where the fault 
detection loops operated in less than 30 milliseconds, consequently preventing the 
HVAC system from failing in a chain and thus limiting the downtime to 2% per year. 
This kind of performance which cannot be bettered has been made possible by the RTOS 
implementation in C, hence giving way to the early correction of situations—for 
instance, the reduction of overheating by 45%—which in turn results in more efficient 
operations and less service calls. The financial good news comes next, with the 
operational costs going down by 25–35% due to better allocation of resources; for 
example, the annual energy cost reduction for lighting in Philips plants amounting to 
$200,000 per location as a result of energy-saving lighting system; and the extensive 
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reductions in hardware required by GNU leading to a 20% less hardware requirement 
for projects which means that the total investment is recovered in 12–24 months. The 
decrease in the number of errors is estimated at about 35–40%, with the GDB-based 
testing finding 90% of the integration bugs before deployment, hence reducing warranty 
claims and increasing the lifetime of the system by 25%. 

According to post-occupancy surveys conducted in Indian smart homes, occupant 
comfort recorded a 15–20% increase in satisfaction, where accurate climate control kept 
22°C averages, which in turn minimized complaints by 28% and improved productivity 
metrics. Its ability to scale means that it can be deployed globally in different scenarios 
ranging from single-family homes to large edifices, with the modular C code being able 
to support 10x node expansions without any refactoring, just like the Kenyan networks 
that increased by 300% over a period of two years. Together, these advantages render 
embedded intelligence as a high-ROI enabler, promoting resilient and user-centric 
buildings that can withstand changes in urban environments. 

LEED-certified constructions, however, significantly improve these benefits through the 
allowance of tax incentives for the projects and also the consequent increase in rentals 
and sales prices, with the energy cost savings frequently exceeding 30%. The 
ecologically friendly aspects include reduction in carbon emissions and are even helping 
in reaching net-zero targets. 

Aspect Detail Gain 

Efficiency Response time 40–50% reduction 

Cost Operations 25–35% savings 

Errors Fault detection 35–40% reduction 

Comfort Occupant satisfaction  15–20% uplift 

Scalability System adaptability Global, 10x expansion 

Sustainability Carbon emissions 30% lower 

CHALLENGES 

Technical, economic, and operational difficulties are among these challenges, which are 
frequently associated with the complex nature of merging various systems together. 
Incompatible systems and their complexity are one of the main issues around the 
integration. Older medical systems generally keep their data in separate places, which 
makes it practically impossible to apply new AI-IoT technologies without going through 
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a costly process of extensive rewiring or software changes. Problems with remote access 
make this situation even worse, since IT teams do not allow the use of traditional VPNs 
due to security concerns, thus increasing the extent of the problem. One way out of this 
mess is applying standard communication protocols like MQTT and using middleware 
for the easy combination of data, but in poor settings, the unreliable internet service 
makes such methods unadoptable. 

Power supply problems of battery-operated IoT devices limit their installation in 
wireless areas, thus making it necessary to design them like low-power devices, such as 
putting them in sleep mode, which does not, however, make it easy to manage. Besides, 
IoT networks are vulnerable to security and privacy issues, for example, man-in-the-
middle attacks or data leakage, which are said to require strong encryption, and yet 
resource-poor systems are not able to cope with complicated algorithms. Along with 
ethical issues such as algorithmic bias, where models trained on high-income data do not 
work in low- and middle-income countries (LMICs), thus aggravating the disparity 
between the countries, there are also concerns that data collected in such countries may 
not be sufficient to train models that perform well in these countries. 

High initial costs are one of the economic barriers that keep small businesses away, but 
financing through future savings has already solved this problem. As the number of 
nodes increases, the system has to rely on very sophisticated algorithms to find the best 
route in the code. Due to the low quality of the data and bias, the predictions can be 
either incomplete or wrong, resulting in problems such as overfitting (e.g., Google Flu 
Trends). The dependence on AI takes away the importance of human expertise, and at 
the same time, the lack of model explainability ("black box" issues) makes it difficult 
for people to trust the system. Change management and employee issues such as fears 
about losing jobs must be solved by training programs. GDPR makes privacy issues 
more complicated and adds compliance costs that range from data protection to the right 
to be forgotten, including inference attacks on anonymized data. Through pilot testing, 
stakeholder engagement, and ethical frameworks, these issues can be dealt with and the 
equitable implementation made possible. 

BEST PRACTICES 

To get past obstacles and gain the most from AI-IoT in epidemic surveillance, the 
organizations should use the best practices. The deployment based on the guidelines will 
be reliable, secure and scalable. Pilot programs should be started to test the fit without 
any disruption and then scaling up based on the results. Through a Center of Excellence 
(CoE) for governance and knowledge sharing, multidisciplinary teams comprising 
epidemiologists, data scientists, and policymakers should be involved. 
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FUTURE TRENDS 

To get past obstacles and gain the most from AI-IoT in epidemic surveillance, the 
organizations should use the best practices. The deployment based on the guidelines will 
be reliable, secure and scalable. Pilot programs should be started to test the fit without 
any disruption and then scaling up based on the results. Through a Center of Excellence 
(CoE) for governance and knowledge sharing, multidisciplinary teams comprising 
epidemiologists, data scientists, and policymakers should be involved. 

8.1 Trends 

Hyperautomation not only covers but goes beyond orchestration by getting the bots and 
the sensors together for a new workflow that is auto-vaccine allocation. The expansion 
of IoT widens the nets with 5G and NB-IoT, allowing for sub-millisecond syncing in the 
grids of up to 10,000 nodes. Predictive maintenance empowered by ML-based analytics 
will give a 72-hour notice before failure, thus cutting downtime by 20%. 

Among the other 2025 trends are the use of AI for hybrid workspaces, augmented reality 
for maintenance, and ESG-driven PropTech for sustainability. Physics-informed models 
such as PINNs are used to integrate epidemiological laws for robust forecasts. 

8.2 Evaluation 

Security evaluations invariably position end-to-end encryption at the top of the list, and 
blockchain has achieved a remarkable 99.9% compliance rate in the GDPR pilot 
projects, thus preventing IoT vulnerabilities such as the man-in-the-middle attack. In 
fact, with the recent pilots, blockchain frameworks have been successfully assimilated 
into the IoT ecosystems for the purpose of enforcing data sovereignty, consequently 
ensuring that the personal data from the smart building sensors, such as occupancy 
trackers or health monitors, is kept under the tight grip of the GDPR regulations—i.e., 
consent, data minimization, and the right to erasure. As a case in point, a European 
Union-funded project in Amsterdam has installed the blockchain technology from 2024 
onwards in smart office buildings using one of its best applications. The real-time 
verification done by the distributed nodes in the building was able to achieve almost 
perfect rates of compliance as a result of automating audit trails and curtailing 
unauthorized access to the data. Nonetheless, the issue of scalability still exists especially 
in high-density sensor environments where the overheads coming from the transactions 
can lead to an increase in latency by as much as 15%. One of the key areas of the ongoing 
research is lightweight blockchain variants that are optimized for edge devices. 

Policy incentives like the EU's Green Deal subsidies are accelerating the adoption of 
technology and are estimated to account for 40% market penetration by 2030. The 
European Green Deal, which was initiated in 2019 and then again updated in 2025 with 
improved funding mechanisms, is set to allocate more than €1 trillion by 2030 for 
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sustainable infrastructure, out of which €200 billion is earmarked explicitly for smart 
building retrofits and new constructions equipped with embedded intelligence. These 
subsidies, usually in the form of grants that cover 30-50% of implementation costs, are 
aimed at energy-efficient technologies which include AI-based HVAC systems and IoT 
sensors and thus facilitate the adoption of these technologies among the developers and 
municipalities.= In 2025, countries such as Germany and France are witnessing a 25% 
rise in building smart projects owing to these incentives, and the European Commission 
is predicting that by 2030, 40% of EU buildings will be equipped with embedded 
systems, thereby reducing the overall energy consumption in the region by 20%. The 
similar policies in the regions outside the EU, like the U.S. Inflation Reduction Act's 
extending application for green technology rebates, are fostering the same trend thus 
promoting the global alignment. Evaluations have pointed out that the incentives work 
in two ways: they lower the entry barriers for small-scale adopters and simultaneously 
spur innovations whereby a development of 15% in R&D investments in embedded AI 
for buildings has been reported. Importantly, it is through policies that yield measurable 
outcomes, for instance, verified carbon reductions, that the success of the policy can be 
justified and the continuing funding be assured. 

ROI estimates, supported by the use of low-cost edge devices under $5/unit, display 
savings of 25-40% over a span of five years. LBNL's recent study finds that buildings 
equipped with AI can achieve deep energy cuts of 8-12% annually, thus producing 25-
40% cumulative return on investment over five years if taking maintenance and 
operating costs decrease into consideration. The price of edge AI devices has dropped 
below $5 per unit thanks to semiconductor production innovations, making it accessible 
for widespread use; for instance, the very low-power ARM-based chips allow for 
processing on the device which means no need for cloud dependence and thus a 
reduction of data transmission costs by 50%. A case study conducted in the U.S. 
commercial real estate portfolio in 2025 reveals that the installation of edge AI for 
HVAC control brought about the savings of $200,000 per annum per 100,000 sq ft in 
just 2.5 years. The amount saved is even greater in healthcare, where predictive 
maintenance through embedded systems leads to a reduction of equipment being idle by 
20%, thus making the returns from the investment even better. On the other hand, ROI 
does not stay the same for all types of buildings; the older ones may have to spend 10-
15% more on retrofitting as well as the costs of tax credits but in the end, they will still 
be in the 'plus' side. 

Sustainability metrics reveal that efficient designs lead to 30% less embodied carbon, 
which is in line with the net-zero targets. The use of AI technology in this area has been 
noted by the Rocky Mountain Institute, which provides data on 30% reductions in 
embodied carbon through AI-driven design, which also includes the quantification of the 
waste produced in construction. AI-assisted operational phases have the capability to 
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create energy profiles, consequently, a cut of 8% in CO2 emissions from U.S. buildings 
is anticipated by Nature studies in 2050. The reduction of water consumption by 15-20% 
due to IoT monitoring is also a factor in sustainability, as demonstrated in European 
pilots where smart systems curbed usage in commercial buildings. Net-zero targets are 
also being achieved through the use of technology in compliance with the EU's Energy 
Performance of Buildings Directive, where live carbon tracking is provided to the 
authorities. Carbon footprints based on lifecycle assessments have, in fact, shown that 
eco-friendly designs increase property lifespan, leading to a 25% reduction in emissions 
due to non-usage. 

Accessibility to technology is improved through the blossoming of open-source GNU 
extensions, thereby democratizing technology for the small and medium enterprises in 
the Global South. As an example, one of the most significant GNU extensions is the 
enhanced GCC optimizations for low-cost hardware, which is a solution that requires 
less investment from the SMEs and thus opens up the way to custom embedded solutions 
without paying for proprietary costs. The Global South countries are witnessing positive 
developments in this regard as they have backed the open-source programs which are 
expected to increase the adoption by 20% and already the African SMEs are making use 
of GNU tools to carry out smart retrofits at lower cost. This democratization encourages 
more innovation, which is the case with Indian startups that are using GNU for their IoT 
prototypes, hence cutting down the development cost by thirty percent. On the other 
hand, digital divides and similar hurdles are still there, and the evaluations suggest that 
the capacity-building approach should be used to make sure the access is equitable. 

8.3 Vision 

The adoption of AI-IoT is expected to lead to the global saving of 50% in pandemic-
related losses by the year 2050, providing megacities with self-repairing surveillance 
systems that forecast using quantum-secure AI, thereby nurturing fair and sustainable 
urban sceneries. The International Energy Agency's prediction points that the new 
technologies could cut the health sector's burden to half by 2050, thanks to the 
incorporation of renewable resources and AI for carbon-free operations. The idea 
develops to the use of regenerative designs in which the systems will produce and 
provide more insights than needed as a daily routine, and quantum-secure AI will defend 
against cyber threats while also recognizing customer usage patterns with an accuracy 
rate of 99%. Such smart infrastructures will be implemented in Mumbai or Lagos, the 
major Indian and Nigerian cities respectively, and they will be able to correct problems 
automatically with the help of nanotechnology-based sensors, thus cutting down the time 
for intervention by 90% and being able to cope with all kinds of weather conditions. The 
focus is on justice with the global community having a share based on the open-source 
frameworks that make it possible for the very poor to have access to the technologies in 
the South, enabling the small and medium businesses to put resilient systems that can 
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endure and survive disasters easily. This dream corresponds to the UN SDGs, nurturing 
global unacceptable urbanization through AI that takes care of people's health needs and 
is able to, for instance, regulate air quality for the weakest populations. One of the 
difficulties is the ethical handling of AI as a governance issue; however, the technical 
developments are very promising and make the world of health care naturally and 
sustainably where human well-being is the main goal, along with AI being the master of 
biology for the extreme case of life-extension. 

RESEARCH GAPS 

Although the speed of progress is very high, there are still some areas of the research 
that need to be addressed, such as resilient architectures for failure handling, 
comprehensive exception frameworks, cross-industry impact analyses, and ethical 
considerations for autonomous systems. Dealing with these matters will lead to smoother 
adoption. Resilient architectures are not yet fully developed, and the current IoT systems 
are at risk of being affected by cascading failures; the focus of the research should be on 
self-healing protocols that will be able to carry on with the operations even during the 
power outages, thus possibly cutting down surveillance networks’ downtime by 50%. 
There are no standards for exception frameworks, and this has resulted in different error 
management being applied inconsistently; the solution for future research is to come up 
with unified libraries for their integration that will make the multi-vendor environment 
more reliable. There have been few cross-industry studies that have pointed out how AI-
IoTs move from healthcare to other industries; the execution of these in-depth studies 
would be able to give the synergies a number, hence leading to the discovery of new 
efficiencies. The matter of ethics in machines remains a subject that needs more 
investigation, especially the question of AI biases in decision-making and the issue of 
privacy with autonomous monitoring; the principles such as IEEE's Ethically Aligned 
Design have to be modified in order to achieve just and fair outcomes. Overcoming these 
challenges by interdisciplinary research will not only speed the global adoption but also 
result in the establishment of the future health industry that is sustainable. 

 

 

CONCLUSION 

AI in collaboration with IoT, supported by models and networks, makes a considerable 
impact on forecasting and response by providing accurate, real-time monitoring that 
reduces the spread by 35% (just like in BlueDot deployments) and lowers the cost by 
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30%. Its adaptability reaches worldwide, from Chinese homes to African offices, while 
difficulties such as privacy are resolved by blockchain and federated learning. The 
artificial intelligence at the edge is the one driving this technology to become efficient 
at 50% by 2050, thus, the technology announces the coming of adaptable, eco-friendly 
ecosystems, in line with the IHR and WHO for a cost-effective and healthy future. 
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