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Abstract. This study focuses on enhancing the solar transmittance of multilayer glass in 
buildings located in cold northern regions to improve natural lighting efficiency and maintain 
indoor warmth in harsh climates. The Particle Swarm Optimization (PSO) algorithm is utilized 
to optimize the glass layer thickness, and an optical model is constructed to calculate the light 
transmittance of the multilayer glass. Through simulations and experimental analysis, the impact 
of different glass thickness combinations on overall transmittance is investigated. The study 
examines the optical properties of gradient glass and calculates changes in light transmittance 
under varying thickness combinations using MATLAB software. The PSO algorithm is applied 
for global optimization to identify the glass thickness combination that maximizes light 
transmittance within the specific visible light range (400nm-800nm). The experimental results, 
including spectral energy distribution before and after sunlight transmission, validate the 
accuracy of the theoretical model. The findings demonstrate that the optimized glass thickness 
combination significantly improves solar transmittance, especially within the visible light band, 
contributing to more energy-efficient and comfortable building environments in cold regions. 
Additionally, the potential of the PSO algorithm in global search and local convergence is 
analyzed, suggesting future research directions to further enhance optimization through dynamic 
adjustments or combining with other algorithms. 
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1.  Introduction 
The development of multilayer film structures has garnered significant attention in recent years, with 
multilayer glass emerging as a prominent application of this theory across various fields. In the 
construction industry, multilayer glass plays a crucial role in adjusting indoor light intensity and 
improving energy efficiency and comfort. The performance of multilayer glass is influenced by factors 
such as glass materials, the number of air cavity layers, and coating technologies [1]. By tailoring the 
thickness of multilayer glass to specific climate conditions, it is possible to effectively regulate sunlight 
transmission and maintain optimal indoor temperatures [2].  

Previous research has explored various methods for optimizing multilayer glass design. For instance, 
Liu Yanyan et al. demonstrated that triple-glass double-cavity energy-saving glass is more effective at 
controlling solar radiation transmission compared to single-layer glass [3]. Shen Xiangdong et al. found 
that increasing the number of glass layers enhances the thermal insulation performance of windows with 
the same total thickness [4]. Other studies, such as those by Zhang Yuhong and Zhong Yuanling, have 
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focused on the impact of glass thickness and shading coefficients on light transmittance and energy 
savings, respectively [5][6]. These studies provide a solid theoretical foundation for understanding the 
performance characteristics of multilayer glass. 

However, most existing studies have concentrated on optimizing the glass itself or the interlayer 
materials, with limited attention given to the effects of varying glass thickness on light transmittance, 
particularly under specific lighting conditions. Addressing this gap, the present paper employs the 
Particle Swarm Optimization (PSO) algorithm to adjust the thickness of triple-layer glass, specifically 
for the cold winter climates in northern regions [7]. The goal is to achieve optimal transmission when 
incident light wavelengths range from 300 to 2000nm, maximizing sunlight transmittance. This study 
constructs an optical model, integrates it with the PSO algorithm, and utilizes MATLAB software to 
simulate and determine the best thickness combination, analyzing how different thicknesses influence 
overall light transmittance. 

2.  Research Methods 

2.1.  PSO theory 
The Particle Swarm Optimization (PSO) algorithm is an intelligent optimization algorithm that 
simulates the foraging behavior of a flock of birds. The algorithm searches for the global optimal 
solution by continuously updating the position and velocity of particles. The PSO algorithm is simple 
and easy to implement, suitable for optimizing continuous nonlinear functions, and can quickly converge 
to the global optimal solution. In the PSO algorithm, each particle represents a potential solution, and 
its velocity and position are updated through a formula to update the population. In this study, the 
position of the particle reflects the thickness combination of the glass, and the fitness function represents 
the total transmittance under the corresponding thickness. During the iteration process, the particles will 
gradually converge to the glass thickness combination that can maximize the total transmittance [8]. 

2.2.  Optical models 
In order to optimize the total transmittance of multi-layer glass, an optical model based on multi-layer 
film theory needs to be established. Light is reflected and transmitted when incident on the glass surface. 
By adjusting the thickness of different layers of glass, the transmission conditions between each layer 
can be changed, thereby changing the overall transmittance [9]. 

For sunlight incident vertically from air to single-layer glass, the transmittance is calculated 
according to formula (1): 

𝑇𝑇 =  𝐼𝐼𝑡𝑡
𝐼𝐼𝑖𝑖

=  (1−𝑅𝑅)2

(1−𝑅𝑅)2+4𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠2(𝑘𝑘𝑘𝑘)
                            (1) 

𝑅𝑅 =  (𝑛𝑛−𝑛𝑛0
𝑛𝑛+𝑛𝑛0

)2                                 (2) 

𝑘𝑘 =  2𝜋𝜋𝜋𝜋
𝜆𝜆

                                   (3) 

Where, 𝑇𝑇 is the transmittance of the single-layer glass; 𝐼𝐼𝑖𝑖  is the incident light intensity with a 
wavelength of 𝜆𝜆; 𝐼𝐼𝑡𝑡  is the transmitted light intensity; R is the reflectivity, calculated according to 
formula (2); 𝑛𝑛0 is the refractive index of air, 𝑛𝑛 is the refractive index of glass; k is the wave number, 
calculated according to formula (3); L is the thickness of the single-layer glass. 

The incident light intensity  𝐼𝐼𝑖𝑖 is calculated according to formula (4), that is, 

𝐼𝐼𝑖𝑖 = 𝐼𝐼0exp (− (𝜆𝜆−𝜆𝜆0)2

2𝜎𝜎2
)                           (4) 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 2√2 ln 2𝜎𝜎                           (5) 

Where 𝐼𝐼0  represents the intensity of sunlight; 𝜆𝜆  represents the wavelength of light; 𝜆𝜆0  is the 
central wavelength, representing the maximum position of the spectral intensity; 𝜎𝜎 is the standard 
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deviation; FWHM (Full Width at Half Maximum) reflects the width of the spectrum. Formula (4) makes 
the spectrum appear similar to a Gaussian distribution [10]. 

This paper only considers the case where sunlight is incident vertically on three glasses with the same 
refractive index. For each layer of glass, the transmittance can be calculated according to formula (1). 
The total transmittance of multiple layers of glass can be obtained by multiplying the transmittance of 
each layer of glass: 

𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =  𝑇𝑇1 × 𝑇𝑇2 × 𝑇𝑇3                        (6) 

Where, 𝑇𝑇1 ,𝑇𝑇2 ,𝑇𝑇3  represent the transmittance of the three layers of glass respectively. Then the 
energy of light after passing through three layers of glass is: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐼𝐼𝑖𝑖 ×  𝑇𝑇𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡                          (7) 

The total transmittance can be reflected by the transmitted energy. 

2.3.  Optimization process 
First, a group of particles are randomly generated. The initial position of each particle represents a 
combination of glass layer thicknesses. Then, the fitness of each particle is calculated through the optical 
model. The fitness represents the total transmittance of sunlight under this thickness combination. The 
algorithm optimizes by updating the speed and position of each particle. The speed is updated and the 
position of the particle is adjusted through the individual best position and the global best position. The 
calculation and update process is repeated continuously to optimize the thickness combination. It stops 
when the set number of iterations is reached. At this time, the optimal thickness combination can be 
found. 

3.  Experimental Parameter Setting 
In this experiment, the wavelength range of the incident light is set to 300 nm-2000 nm to simulate the 
wavelength distribution of sunlight; the central wavelength is 580 nm, and the FWHM value is set to 
500 nm; the thickness of the three glass sheets is L1, L2, and L3, and the thickness of each layer of glass 
ranges from 1 mm to 5 mm; the refractive index of air is 1.0, and the refractive index of the three glass 
sheets is the same, which is 1.5; the initial sunlight intensity is 1000. In the optimization algorithm 
program, the population size is set to 30, the number of iterations is set to 300, and the number of 
experiments is set to 100. 

4.  Experimental Results and Analysis 
After using MATLAB software to conduct multiple experiments, the following results were obtained: 

 
Figure 1. Fitness change curve (Photo credit: Original). 
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Figure 1 shows the change of the optimal individual fitness of the particle swarm optimization 
algorithm in the evolution. It can be seen from the figure that the fitness increases rapidly at the 
beginning, then the growth rate gradually slows down, and finally stabilizes and finally reaches a range 
of about 3.86e+05. This shows that the algorithm found a better solution in the first few iterations, and 
gradually converged to the global optimal solution in the subsequent iterations, and the optimization 
effect was good. 

 
Figure 2. Initial light spectrum energy distribution (Photo credit: Original). 

 
Figure 3. Transmitted light spectral energy distribution (Photo credit: Original). 

Figure 2 shows the distribution of initial solar spectrum energy. It can be seen from the figure that at 
the wavelength of 580nm, the initial incident solar energy is the largest. Therefore, in order to maximize 
the incident energy, optimization should focus on increasing. The transmittance of sunlight with a 
wavelength near 580nm. Figure 3 shows the spectral energy distribution of incident light after passing 
through three layers of glass. It can be seen from the figure that when light passes through optimized 
triple-layer glass, its energy reaches a peak in the wavelength range of about 400nm-800nm, and the 
spectral energy reaches its maximum at a wavelength of 580nm, while sunlight has its maximum energy 
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at a wavelength of 580nm, which shows that the glass thickness combination can significantly increase 
the light transmittance within a certain wavelength range after algorithm optimization. At the same time, 
the optimized glass combination can effectively utilize specific wavelength bands of sunlight and 
improve energy utilization. 

 
Figure 4. Optimized glass thickness and maximum transmission energy (Photo credit: Original). 

As shown in Figure 4, the optimal thickness combination of triple-layer glass was obtained through 
the particle swarm optimization algorithm: 

Table 1. Optimized Glass Thickness and Corresponding Maximum Transmission Energy 

L1 (m) L2 (m) L3 (m) Maximum 
incident energy 

Initial maximum 
energy 

0.0037 0.0031 0.0017 3.8674e+05 4.8261e+05 
 
Under this thickness combination, the maximum incident energy is 3.8631e+05. After calculation, 

the maximum intensity of light(𝐼𝐼𝑖𝑖)when it does not pass through the glass is about 4.8261e+05. It can 
be seen that the optimized maximum transmission energy is close to the total incident energy. As shown 
in Table 1. 

5.  Conclusion 
This study successfully employed the Particle Swarm Optimization (PSO) algorithm to optimize the 
thickness of triple-layer glass, significantly enhancing the transmittance of sunlight within a specific 
wavelength range, particularly between 400nm and 800nm. The optimized glass configuration not only 
improved the transmission efficiency of light, thereby enhancing natural lighting and warmth in 
buildings located in cold northern regions, but also demonstrated the potential of the PSO algorithm in 
optimizing multilayer glass designs for energy-efficient buildings. The study confirmed that adjusting 
the thickness of glass layers using an intelligent optimization algorithm like PSO can yield substantial 
benefits in terms of light transmittance and overall energy performance in architectural applications. 
Looking ahead, future research should focus on refining the PSO algorithm by introducing dynamic 
adjustment mechanisms for parameters such as inertia weight and learning factors, which could further 
enhance convergence speed and optimization accuracy. Additionally, combining PSO with other 
optimization algorithms may help overcome the limitations of a single algorithm and achieve even better 
results. Expanding this research to explore the optimization of multilayer glass in different climatic 
conditions and for various architectural requirements will further broaden the applicability and 
effectiveness of these findings. Such advancements will be crucial in developing more sustainable and 
energy-efficient building materials in the future. 
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