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Abstract. The intensification of global climate change and rising temperatures have underscored 

the need for energy-efficient building designs, particularly in southern China. This study 

proposes a particle swarm optimization (PSO) approach to optimize the thickness of triple-glazed 

windows (L1, L2, L3) to minimize sunlight transmission energy within the wavelength range of 

300-2000 nm. A multilayer glass model was constructed, accounting for light transmission, 

reflection, and absorption properties. By simulating various thickness combinations, the 

transmitted energy was calculated across the wavelength spectrum. The PSO algorithm was then 

employed to search for the optimal thickness configuration that minimizes the total transmitted 

sunlight energy. Experimental results indicate that the proposed method significantly reduces 

indoor sunlight transmission compared to traditional design methods, enhancing both energy 

efficiency and occupant comfort. The findings highlight the importance of optimizing glass 

thickness and material selection in window design, balancing light transmission and shading to 

suit specific architectural needs. Additionally, this study underscores the impact of PSO 

parameters on convergence and solution diversity, suggesting further refinements for practical 

applications. The approach provides a scientific basis for building energy-saving designs and can 

be adapted to various climatic conditions and material specifications. Future work should focus 

on incorporating weather variations and expanding model complexity to enhance the algorithm's 

applicability in real-world scenarios. 
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1.  Introduction 

The growing concern over global climate change and rising temperatures, particularly in southern 

regions of China, has made the development of energy-efficient building designs increasingly essential. 

As buildings act as major contributors to overall energy consumption, optimizing their components, 

such as windows, becomes crucial in mitigating heat gain and enhancing thermal comfort. Windows, 

serving as the interface between the interior and exterior environments, play a pivotal role in regulating 

indoor temperature by controlling the transmission of solar radiation. Traditional single-glazed windows 

have limited capabilities in this regard, prompting the need for advanced designs that can effectively 

reduce solar heat gain and improve the energy efficiency of buildings [1,2].  

In recent years, significant advancements have been made in the design of multilayer glazing systems 

to enhance heat control and energy savings. Research has highlighted the benefits of multilayer films, 
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with studies such as those by Lai demonstrating improvements in optical constants and stability of these 

films, which maximize reflectance and minimize solar gain [3]. Chen's work on dynamically tunable 

membrane materials has shown potential for smart windows that adjust solar heat gain, thereby 

optimizing indoor comfort and reducing energy usage [4]. Similarly, Zhong and Pan have explored novel 

materials and design modifications that improve thermal insulation and energy efficiency in buildings, 

underscoring the importance of tailored window designs [5,6]. However, while the benefits of multilayer 

glass are well recognized, challenges remain in precisely optimizing glass thickness to achieve the best 

balance between light transmission and thermal control. 

This study aims to address these challenges by employing Particle Swarm Optimization (PSO) to 

optimize the thickness of triple-glazed windows, focusing on minimizing sunlight transmission within 

the wavelength range of 300-2000 nm. The research builds on existing literature by integrating an 

advanced optimization technique to enhance the performance of multilayer glass. The paper first 

introduces the basic principles of the PSO algorithm, followed by the development of a comprehensive 

optimization model. Finally, practical applications of PSO in adjusting glass thickness are demonstrated, 

providing insights into how this approach can effectively reduce indoor heat gain while maintaining 

optimal lighting conditions [7-9]. 

2.  Particle swarm optimization algorithm overview 

Particle Swarm Optimization (PSO) is an optimization algorithm based on swarm intelligence, which 

mimics the social behavior in the foraging behavior of birds, and uses particle swarms to search in the 

solution space [7]. Each particle represents a potential solution, and by adjusting its position and velocity, 

the optimal solution is progressively approximated. 

3.  Model establishment 

The transmittance of known sunlight perpendicular incident from air to a single layer of glass is 

calculated: 

 𝑇 =
𝐼𝑡

𝐼𝑖
=

(1−𝑅)2

(1−𝑅)2+4𝑅sin2(𝑘𝐿)
 (1) 

Where: incident light intensity, Ii, reflectivity, R, wave number " k". 
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Figure 1. Triple glazed model (Photo credit: Original). 
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As show in the figure 1. The glazing has three layers, each with a thickness of L1, L2 and L3. The 

wavelength of sunlight ranges from 300-2000 nanometers. The thickness of each layer of glass is 

between 1 and 10 mm. In the particle swarm algorithm, the velocity and position of the particles need 

to conform to the physically allowable thickness range [8]. The particle swarm algorithm 

implementation is divided into four parts: initialization, evaluation, update speed and position, and 

iteration, where initialization is to randomly generate a set of particles, each representing a solution [9]. 

The fitness of each particle is then calculated, and the velocity and position are updated based on the 

particle's historical best position and global best position. Repeat the evaluation and update process until 

the termination conditions are met [10]. 

4.  Results and discussion 

 
Figure 2. Fitness change curve (Photo credit: Original). 

 
Figure 3. Spectral distribution map (Photo credit: Original). 
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As show in the figure 2 and 3. The optimal thickness combinations are obtained by 300 iterations of the 

particle swarm optimization algorithm, which are L1=0.0099, L2=0.0099, and L3=0.0038, and the 

transmitted light energy reaches the minimum value of 374720. 

The research shows that the thickness design of glass windows has a significant impact on the indoor 

light environment, and the selection of thickness needs to consider the optical properties of the material 

and the specific scenarios of architectural use. In addition, it is worth noting that increasing the thickness 

of the glass can increase the proportion of reflected light and reduce the transmitted light, but too thick 

may lead to insufficient light and affect indoor lighting, so it is necessary to strike a balance between 

light transmission and shading. Different materials of the same thickness will have significantly different 

incident light energies, so it is important to choose the right material. The PSO finds the best solution in 

continuous iteration, but its convergence and the diversity of the solution are closely related to the 

parameter setting, which is worthy of further optimization in practical application. 

5.  Conclusion 

This study presents a novel approach to optimizing the thickness of triple-glazed windows using Particle 

Swarm Optimization (PSO) to minimize sunlight transmission within the 300-2000 nm wavelength 

range. By constructing a multilayer glass model that accounts for light transmission, reflection, and 

absorption, the research demonstrates how PSO can effectively identify optimal thickness 

configurations that significantly reduce indoor heat gain compared to traditional window designs. The 

findings emphasize the critical role of glass thickness and material selection in enhancing energy 

efficiency and occupant comfort in buildings, offering a scientific foundation for sustainable window 

design. Future research should explore the integration of more complex models that incorporate varying 

weather conditions, seasonal changes, and dynamic performance metrics of glass materials to further 

refine the optimization process. Additionally, expanding the scope to include other influencing factors 

such as cost, durability, and environmental impact of materials would provide a more comprehensive 

framework for real-world applications. Advancements in the algorithm, such as adaptive PSO 

parameters and hybrid optimization techniques, could further enhance solution accuracy and 

convergence speed, ensuring the model's robustness and adaptability across diverse climatic conditions 

and architectural requirements. 
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