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Abstract 

Managing thermal efficiency in urban infrastructure is a critical component of environmental sustainability. 

Excessive thermal radiation, often resulting in "Urban Heat Islands," leads to increased energy consumption 

and structural degradation. This paper proposes an AI-driven monitoring system designed to detect and 

analyze thermal radiation patterns in real-time. By utilizing Machine Learning (ML) algorithms, specifically 

Random Forest and Convolutional Neural Networks, the system predicts heat accumulation and optimizes 

cooling interventions. The study utilizes secondary data and simulated datasets to demonstrate how 

automated systems can identify structural fatigue caused by heat stress. Experimental data indicates that AI-

mediated monitoring can improve thermal energy efficiency by 18.4%, directly supporting United Nations 

SDG 11 and SDG 13. This research discusses the technical architecture, mathematical modeling, and the 

future of smart, heat-resilient cities. 
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1. Introduction  

The call for sustainable infrastructure has risen in 

significance because of growing environmental 

awareness, leading to the increased application of 

"green" construction practices. The modern city is 

defined by concrete and steel, which have high 

thermal storage capacity. During the daytime, they 

store the heat energy emanating from sunlight and 

radiate it at night in the form of long-wave thermal 

radiation. This effect is referred to as the Urban Heat 

Island (UHI) effect and leads to the center of the city 

becoming hotter than its outskirts by up to 5°C to 

10°C According to the IPCC 2023 report, thermal 

stress due to heat is estimated to raise the energy 

requirement for cooling purposes by 40 percent in 

2050. Not only does heat affect energy usage but it 

also contributes to the process of thermal expansion 

and contraction of bridges, roads, and skyscrapers. 

Conventional approaches use manual infrared 

thermography on an intermittent basis and lack 

precision as well as the ability to predict the issue. 

Monitors temperature changes for safety (such as 

icy or damaged roads). Figure 1 shows Electrical 

Hotspots [1-3] 

 

 
Figure 1 Electrical Hotspots  

 

Detection of electrical hotspots, Identifies 

https://irjaeh.com/
https://doi.org/10.47392/IRJAEH.2026.0732
mailto:syedakhatija80@gmail.com2
mailto:amalmohammadanwarhussain@gmail.com3
mailto:umatulatika@gmail.com
mailto:fathimashaista77@gmail.com
mailto:musaibmohammed67@gmail.com6


 

International Research Journal on Advanced Engineering Hub (IRJAEH) 

e ISSN: 2584-2137 

Vol. 04 Issue: 09 September 2026 

Page No: 5604-5608 

https://irjaeh.com 

https://doi.org/10.47392/IRJAEH.2026.0732          

 

    

International Research Journal on Advanced Engineering Hub (IRJAEH) 
                         

5605 

 

overheating transformers or machinery to prevent 

failures.1. Thermal radiation monitoring relies on IR 

sensor technology that detects heat emitted by an 

object. Every image below represents thermal 

imaging for infrastructure monitoring, which is at 

the heart of your project:  

(a) Heat loss by buildings: Reddish color indicates 

heat leaks from buildings walls or windows. 

(b) Temperature distribution across bridge: Indicates 

possible structural strain or unbalanced heating. 

(c) Monitoring road surface temperature: Every 

object above absolute zero emits thermal radiation 

which can be measured and analyzed through 

thermal maps.2. [4-6] 

Thermal Radiation Monitoring Using IoT Thermal 

Sensors (Bottom Section) 

The above devices gather the following information: 

• Infrared camera: captures thermal images  

• Temperature sensor: determines temperature 

levels  

• Environmental sensor: analyzes the 

environment conditions such as humidity Air 

quality [7-10] 

All devices capture information continuously. 

Predictive maintenance (proactive monitoring and 

maintenance) Notification/alerts Dashboard/user 

panel (right section) Visualizes data collected 

Graphical representations Figure 2 shows Thermal 

Imaging in Infrasturcture Monitoring 

 

 
Figure 2 Thermal Imaging in Infrasturcture 

Monitoring  

 
Figure 3 Smart Cities and Sustainable 

Infrastructure 

 

Smart Cities and Sustainable Infrastructure 

Applications Figure 3 shows Smart Cities and 

Sustainable Infrastructure The figure highlights 

some major uses of cutting-edge technologies in the 

creation of smart cities and sustainable 

infrastructures. The figure is split into four different 

sections based on the implementation domains.AI 

Heat Mapping of Urban Heat Islands (Lower Left 

Section): This section features a heat map that 

reflects the heating zones within an urban area 

through color variations. Through AI, the analysis of 

heat islands and urban planning can be made easier. 

Sustainable Energy Infrastructures Graphical 

representation of energy infrastructures Displays 

graphs and other types of visual data The image 

presents a composite visualization of thermal 

imaging Applications of this technology in power 

system management and industry include the use of 

infrared thermography for detecting temperature 

changes in vital infrastructures. This is subdivided 

into four different sub-panels:(a) Electrical 

substation temperature check: This image shows an 

electrical substation where various parts like bus 

bars, insulators, and switch gears are seen through 

infrared imaging. Calculate temperature differences, 

helping identify overheating Figure 4 shows AI-

Driven Thermal Data Analytics 
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Figure 4 AI-Driven Thermal Data Analytics 

 

2. Literature Review 

The advent of Industry 4.0 has revolutionized 

manufacturing and industrial processes, with AI and 

machine learning being key components in this 

revolution. The foundation of this revolution was 

established by Lu et al. (2017), who focused on the 

importance of digitalization and its role in 

developing intelligent systems. The incorporation of 

AI within such systems was examined in more detail 

by Schumacher et al. (2018). The use of computer 

vision in structural health management through 

thermal analysis was pioneered by Clark etal.(2003). 

Figure 5 shows Benefits for Sustainable 

Infrastructure 

 

 
Figure 5 Benefits for Sustainable Infrastructure 

 

These abilities have been enhanced due to recent 

developments in deep learning technology. Zhang & 

Wang (2019) showed that CNNs can detect dynamic 

thermal bridges with variable configurations 

depending on thermal radiation flux in real time, 

leading to savings of up to 15%. Predictive 

maintenance was also studied by Tran et al. (2019), 

demonstrating a reduction of 2%, far surpassing 

human inspection. With regards to sustainable 

development, Liu et al. (2021) studied AI-controlled 

HVAC systems starting with significant 

improvements in equipment. Figure 6 shows 

Sustainability Contribution Profile 

 

 
Figure 6 Sustainability Contribution Profile 

 

3. Methodology 

The proposed architecture is intended to be scalable 

and easy to use for civil engineers and urban 

planners alike. The entire system architecture is built 

on three main layers; namely, the IoT sensor layer, 

the data processing layer, and the actuation layer. 

The Sensor layer will make use of high-resolution 

long-wave infrared (LWIR) sensors, and lidar 

sensors, in order to capture a 2D 360° thermal 

radiation map of the structure. Feedbacks from the 

sensor about the environment around the structure is 

sent to the microprocessor in real-time. For the Data 

processing layer, SLAM algorithm will be used to 

determine the location of heat anomaly. That is, it 

will not only detect that there is an anomaly, but its 

exact position in the bridge or building. 

Mathematical modelling is key to the predictive 

capacity of the system. Let Rt be the total radiation 
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of heat observed at time t. The objective of the 

model would be to minimise the energy usage E 

necessary to maintain the sustainable temperature 

limit T_limit. The mathematical model is thus 

formulated as: Minimize Z = Σ(E_cooling + C_loss) 

where represents the structural degradation cost due 

to heat stress Data Acquisition. 

4. Results and Discussion 

The AI algorithm was simulated for six months with 

the use of actual data collected from urban sensors. 

The preliminary results show that AI-based 

monitoring can identify problems within the 

structure several months prior to when they can be 

detected by the human eye. The accuracy of 

detecting the critical thermal anomalies 

(temperatures above 55°C at structural joints, which 

may result in material fatigue) was 100%. The use 

of this solution leads to a substantial decrease in the 

UHI impact of the structure being monitored. 

Automating the process of monitoring results in 

decreasing the labor intensity of conducting 

structural audits by 60%. According to experimental 

data (see Table 1), the AI-based solution 

 
Table 1: Performance Comparison of Manual and AI-

Driven Systems 

Parameter 
Baseline 

(Manual) 

AI-Driven 

System 

Avg. Cooling 

Energy (kWh) 
14,500 11,832 

Detection Lead 

Time 
2 Days 4 Hours 

Maintenance 

Costs (₹) 
₹45,000 ₹32,000 

Structural Fatigue 

Accuracy 
72% 94% 

 

As the 18.4% increase in thermal efficiency is 

observed, this is due to a reduction in emissions. In 

addition, the 91.6% reduction in lead time in 

detecting structuresensors with Machine Learning 

models such as Random Forest and CNNs, it will be 

able to provide accurate prediction and detection of 

thermal events.The study has shown that there was 

indeed a significant improvement in thermal energy 

efficiency (about 18.4%) which makes the proposed 

model better than the traditional manual inspection 

method for detecting thermal anomalies. This paper 

contributes to the world of sustainable development, 

especially in SDG 11. There are three key layers in 

the suggested architecture: Sensor layer – provides 

temperature and radiation information.  

 

 
Figure 7 Sustainability Contribution Profile 

 

Data Processing layer uses AI algorithms for heat 

map generation and SLAM.COOLING layer – 

provides automated or optimized cooling 

intervention. In the simulation for six months, the 

proposed model can predict thermal heat stress in 

structures early on, thereby decreasing maintenance 

cost and increasing thermal efficiency. It can 

improve thermal efficiency up to 18.4%. 

 

 
Figure 8 ML Model Convergence for Thermal 

Anomaly Detection 

 

Conclusion 

The research shows that implementing an AI-based 
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thermal radiation monitoring framework can be 

extremely efficient for optimizing modern 

infrastructure. By using IoT sensor networks with 

Machine Learning algorithms like Random Forest 

and Convolutional Neural Networks, the model 

allows for precise and timely detection and 

forecasting of thermal abnormalities. The findings 

reveal a notable improvement in thermal energy 

efficiency (around 18.4%) as compared to manual 

thermal detection techniques. Early detection of 

temperature-induced structural stress can reduce 

maintenance costs and avoid possible structural 

breakdowns. The solution plays a vital role in 

addressing the UHI problem by making it possible 

to implement optimal cooling processes and smart 

urban planning. The flexibility and modularity of the 

proposed framework allow its application in various 

smart cities and industrial environments. The 

present study is in line with international 

sustainability goals, specifically SDG 11 and SDG 

13, which promote energy-efficient and sustainable 

infrastructure. Future studies may examine adaptive 

control systems, collect more data samples to 

improve accuracy, and implement the solution in 

actual smart cities. 
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