
36 
 

 

 

 

Optimization of Optical Design for LED Luminaires 

Maoliang Hong1 

1 Shenzhen Starsteck Co., Ltd., Shenzhen 518000, China 

Correspondence: Maoliang Hong, Shenzhen Starsteck Co., Ltd., Shenzhen 518000, China. 

 

doi:10.56397/JPEPS.2025.06.05 

 

Abstract 

With the rapid development of LED technology, the application of LED luminaires in the field of 

lighting is becoming increasingly widespread. However, how to improve the light efficiency and 

uniformity of light distribution of LED luminaires remains a significant challenge. This paper takes 

the LED luminaire products of Shenzhen Starsteck Co. Ltd. as the research object and explores 

methods and practices for optimizing optical design. By employing advanced optical design software 

and optimization algorithms, combined with practical experimental verification, this paper proposes a 

systematic process for optical design optimization. Experimental results show that the optimized LED 

luminaires have achieved significant improvements in both light efficiency and uniformity, not only 

enhancing lighting quality but also improving user experience. This study provides important 

references and guidance for the design and development of LED luminaires, with significant 

theoretical and practical significance. 
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1. Introduction 

1.1 Research Background 

LED luminaires, as an important part of modern 

lighting technology, have made significant 

progress in technology, market, and application 

in recent years. With the continuous 

advancement of semiconductor technology, the 

light efficiency and performance of LEDs have 

been greatly improved, rapidly expanding their 

application range in the lighting field, covering 

various scenarios from ordinary household 

lighting to commercial, industrial, and outdoor 

lighting. However, despite the advantages of 

high efficiency, energy saving, and long life of 

LED luminaires, there are still many challenges 

in practical applications, among which the most 

prominent is the issue of lighting quality. 

Lighting quality not only includes the light 

efficiency of the luminaires, that is, the amount 

of light output per unit of power, but also 

involves the uniformity of light distribution, 

which is crucial for providing a comfortable and 

safe lighting environment. In commercial 

lighting, uneven illumination can lead to poor 

display effects of goods, affecting customer 

experience; while in outdoor lighting, uneven 

lighting can cause safety hazards. Therefore, 

improving the light efficiency and uniformity of 

light distribution of LED luminaires has become 

an important research direction in the 

development of LED lighting technology. 
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1.2 Research Significance 

In today’s world, where energy resources are 

increasingly scarce, improving light efficiency is 

not only an important means of energy 

conservation and emission reduction, but also a 

key factor in enhancing the market 

competitiveness of LED luminaires. Efficient 

LED luminaires can significantly reduce energy 

consumption and operating costs while 

providing the same lighting effect. In addition, 

enhancing the uniformity of light distribution is 

of great significance for improving lighting 

quality and user experience. Uniform 

illumination can avoid the phenomenon of 

uneven brightness and provide a more 

comfortable and safe visual environment for 

users. For Shenzhen Starsteck Co. Ltd., 

exploring effective methods for optical design 

optimization is not only conducive to improving 

the company’s technological level and product 

quality, but also enhances its core 

competitiveness in the market, promoting the 

company’s sustainable development. 

1.3 Research Objectives and Content 

This study aims to explore methods for 

optimizing the optical design of LED luminaires 

suitable for Shenzhen Starsteck Co. Ltd., and to 

propose a systematic process for optical design 

optimization through theoretical analysis, 

simulation, and experimental verification. The 

research content includes: First, using advanced 

optical design software to model and simulate 

LED luminaires, and analyzing the key factors 

affecting light efficiency and uniformity; second, 

employing intelligent optimization algorithms 

to optimize optical parameters and develop 

high-performance optical design solutions; 

third, verifying the effectiveness of the 

optimized design through experiments, 

comparing the light efficiency and uniformity 

indicators before and after optimization, and 

evaluating the optimization effect; finally, 

applying the optimized LED luminaires to 

commercial and outdoor lighting scenarios to 

demonstrate their lighting performance in 

different environments and verify their practical 

application value. 

2. Fundamentals of Optical Design for LED 

Luminaires 

2.1 Basic Principles of LED Luminaires 

The light-emitting principle of LED 

(light-emitting diode) luminaires is based on the 

electroluminescence characteristics of 

semiconductor materials. When current passes 

through the semiconductor PN junction, 

electrons and holes recombine, releasing energy 

in the form of photons. This light-emitting 

mechanism gives LEDs the advantages of high 

efficiency, long life, and fast response. However, 

the light emitted by LED chips usually has high 

brightness but a narrow beam angle, so it is 

necessary to use an optical system to shape and 

distribute the light beam to meet different 

lighting needs. 

The optical system is the core component of LED 

luminaires, which usually includes lenses, 

reflectors, diffusers, and other elements. Lenses 

are used to focus or diffuse light, reflectors are 

used to guide the direction of light, and 

diffusers can improve the uniformity of light. 

The selection and design of these elements 

directly affect the light efficiency and light 

distribution characteristics of the luminaires. For 

example, a well-designed lens can uniformly 

distribute the light emitted by the LED chip over 

a larger area, thereby improving lighting 

uniformity. 

2.2 Key Elements of Optical Design 

The characteristics of the light source are the 

basis for optical design. LEDs have high 

brightness, narrow beam angles, and specific 

spectral distributions, among other 

characteristics. These characteristics determine 

the direction of the optical system design. For 

example, high-brightness LEDs need to be 

effectively shaped by optical elements to avoid 

glare caused by excessive concentration. At the 

same time, the spectral distribution of LEDs also 

affects their color rendering and lighting effects, 

so it is necessary to select appropriate LED light 

sources according to specific applications when 

designing. The selection of optical elements is 

crucial for achieving ideal light distribution. 

Different optical elements have different 

functions and performance characteristics. 

Lenses can precisely control the divergence 

angle and focal position of the light beam, while 

reflectors can efficiently guide light and reduce 

light loss. When selecting optical elements, it is 

necessary to comprehensively evaluate 

according to the characteristics of the light 

source and lighting needs. For example, for 

lighting scenarios that require high uniformity, it 

may be necessary to choose a combination of 

lenses and reflectors with special optical 

designs. 
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Analysis of lighting requirements is an 

important part of optical design. Different 

application scenarios have different 

requirements for the light efficiency, light 

distribution uniformity, color rendering, and 

other performance indicators of LED luminaires. 

For example, commercial lighting requires high 

color rendering and uniform light distribution to 

highlight the details and colors of goods, while 

outdoor lighting focuses more on light intensity 

and long-distance lighting effects. Therefore, 

when designing LED luminaires, it is necessary 

to conduct a detailed analysis of lighting 

requirements according to specific application 

scenarios to ensure that the performance of the 

luminaires meets the actual usage requirements. 

3. Design Methods 

3.1 Introduction to Optical Design Software 

In the optical design of LED luminaires at 

Shenzhen Starsteck Co. Ltd., the optical design 

software used has the following functions and 

features: It can accurately simulate the 

light-emitting characteristics of LED light 

sources (such as light intensity distribution, 

spectral characteristics, and directionality) and 

import actual light source data, providing an 

accurate basis for design; it supports the 

modeling and combination of various optical 

elements (such as lenses, reflectors, prisms, 

diffusers, etc.) to build complex optical systems; 

it has a rich library of optical materials that can 

accurately set the refractive index, absorption 

rate, and scattering characteristics of materials; it 

uses advanced ray tracing algorithms to quickly 

and accurately simulate the propagation path of 

light and supports various simulation modes 

such as light intensity distribution maps, 

isophote maps, and light spot maps, which help 

to comprehensively analyze optical 

performance; it has built-in intelligent 

optimization algorithms that automatically 

adjust parameters according to target functions 

and constraint conditions, improving design 

efficiency and shortening the R&D cycle; the 

user interface is user-friendly, easy to operate, 

and provides rich tutorials and online resources. 

The optical design software selected by 

Shenzhen Starsteck Co. Ltd. is Zemax 

OpticStudio. This software is one of the industry 

standards in the field of optical design, with 

powerful functions and high flexibility, 

especially suitable for the design and 

optimization of complex optical systems. Its core 

advantages include accurate optical modeling 

capabilities that can highly realistically 

reproduce the light-emitting behavior of LED 

light sources; support for modeling various 

optical elements, a rich library of optical 

materials that can accurately set material 

characteristics; powerful ray tracing and 

simulation functions that support various 

simulation modes to help identify and solve 

optical problems; optimization tools that 

automatically adjust parameters to quickly find 

the best design solutions; an intuitive user 

interface that is easy to operate and suitable for 

beginners to quickly get started. In practical 

applications, Zemax OpticStudio helps the 

company efficiently complete the optical design 

of LED luminaires, ensuring that the products 

perform excellently in terms of light efficiency 

and uniformity, meeting different needs. (Smith, 

A., & Brown, B., 2019) 

3.2 Overview of Optimization Algorithms 

Optimization algorithms can be divided into 

two major categories: local optimization and 

global optimization. Local optimization 

algorithms rely on gradient information, have 

high computational efficiency, and are suitable 

for problems with fewer parameters or smaller 

design spaces. However, they are prone to 

falling into local optima and are often used to 

fine-tune existing design solutions. Global 

optimization algorithms, such as genetic 

algorithms, particle swarm optimization, and 

simulated annealing algorithms, have stronger 

exploration capabilities by simulating natural 

evolution or physical phenomena and are 

suitable for the initial design stage to find the 

global optimal solution. Hybrid optimization 

algorithms combine the advantages of both, 

using global optimization for exploration and 

local optimization for fine-tuning, balancing 

global optimality and optimization efficiency. In 

the optical design of LED luminaires, choosing 

the appropriate optimization algorithm is crucial 

for improving design efficiency and quality. 

Depending on the specific design objectives and 

complexity of the problem, these algorithms can 

be flexibly combined to better optimize the 

optical system. 

Shenzhen Starsteck Co. Ltd. adopts a hybrid 

optimization algorithm that combines genetic 

algorithms (GA) and gradient descent methods. 

GA simulates biological evolution through 

selection, crossover, and mutation operations to 

gradually evolve better solutions from an initial 
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population. After several generations of GA 

operation, gradient descent is introduced for 

local optimization to further improve design 

accuracy. This hybrid algorithm has significantly 

improved the light efficiency and light 

distribution uniformity of LED luminaires in 

practical applications, shortening the design 

cycle. 

3.3 Design Process and Steps 

Use Zemax OpticStudio to establish an optical 

model, import LED light source data (light 

intensity distribution, spectral characteristics, 

directionality, etc.), select and model optical 

elements (lenses, reflectors, etc.), and set 

parameters (curvature radius, thickness, 

refractive index, etc.). Perform ray tracing 

simulation to generate light intensity 

distribution maps and isophote maps, providing 

references for subsequent optimization. Adjust 

parameters using the hybrid optimization 

algorithm. First, use genetic algorithms (GA) for 

global optimization, and through selection, 

crossover, and mutation operations, screen 

design parameters based on indicators such as 

light efficiency and light distribution uniformity. 

After several generations of GA operation, 

introduce gradient descent for local 

optimization to further enhance performance 

and obtain an efficient and globally optimal 

design solution. Conduct a comprehensive 

evaluation of the optimized solution according 

to the assessment index system (light efficiency, 

light distribution uniformity, color rendering, 

light spot shape, glare control, etc.), and select 

the optimal solution in combination with actual 

needs. At the same time, consider 

manufacturability and cost-effectiveness to 

ensure the feasibility of the solution. Verify and 

test the selected solution to ensure its stability 

and reliability. 

4. Experimental Verification 

4.1 Experimental Design 

4.1.1 Purpose and Hypothesis of the Experiment 

This experiment aims to systematically evaluate 

the improvement of LED luminaire performance 

through optical design optimization, especially 

in terms of light efficiency and light distribution 

uniformity. Based on the previous theoretical 

analysis and simulation results, it is 

hypothesized that the hybrid optimization 

algorithm (combining genetic algorithms and 

gradient descent methods) can significantly 

enhance the light efficiency and improve the 

uniformity of light distribution. Specifically, it is 

expected that the light efficiency will increase by 

at least 15%, and the light distribution 

uniformity (measured by the uniformity index, 

U.I.) will improve by at least 20%. (Smith, A., & 

Brown, B., 2019) 

4.1.2 Experimental Equipment and Materials 

To achieve this goal, a series of high-precision 

measurement devices and standardized testing 

procedures were employed in the experiment. 

The experimental equipment included a 

high-precision integrating sphere photometer 

for accurately measuring the total luminous flux 

and light efficiency of LED luminaires, a 

high-resolution imaging luminance meter for 

detailed recording of light distribution maps 

and calculation of the uniformity index, as well 

as a standard LED driver power supply and test 

stand. The LED luminaires used in the 

experiment were commercial lighting LED panel 

lights produced by Shenzhen Starsteck Co. Ltd., 

with a rated power of 40W and a rated luminous 

flux of 4000lm (before optimization). 

4.1.3 Experimental Scheme and Steps 

The experimental scheme was designed as a 

two-stage test: baseline testing before 

optimization and performance testing after 

optimization. In the baseline testing stage, the 

unoptimized LED luminaire was installed on the 

test stand, and its total luminous flux and light 

efficiency were measured using the integrating 

sphere photometer. Meanwhile, the light 

distribution map was recorded using the 

imaging luminance meter, and the uniformity 

index was calculated. The data from this stage 

served as the benchmark for evaluating the 

optimization effect. In the optimization stage, 

the optical parameters of the luminaire, 

including the curvature radius of the lens and 

the angle of the reflector, were adjusted 

according to the hybrid optimization algorithm. 

After optimization, the same testing steps were 

repeated to record the light efficiency and 

uniformity data after optimization. To ensure 

the reliability of the data, each testing stage was 

repeated three times, and the data were 

statistically analyzed to assess the actual effect 

of the optimization method. 

4.2 Data Collection and Processing 

4.2.1 Light Efficiency Measurement Method 

Light efficiency (unit: lm/W) is an important 

indicator for measuring the energy conversion 
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efficiency of LED luminaires and is measured 

using a high-precision integrating sphere 

photometer. This device can accurately capture 

all the light emitted by the LED luminaire and 

achieve uniform distribution through the diffuse 

reflection coating inside the integrating sphere, 

thereby accurately measuring the total luminous 

flux (unit: lm). In the experiment, the LED 

luminaire was placed at the center of the 

integrating sphere, ensuring that the distance 

between its light-emitting surface and the inner 

wall of the integrating sphere met the standard 

requirements. During the measurement process, 

the input power of the luminaire was precisely 

controlled by a standard LED driver power 

supply and monitored in real-time by a 

high-precision power meter to ensure the 

stability of the measurement conditions. In the 

experiment, the light efficiency of the 

unoptimized LED luminaire was 100 lm/W, 

while the optimized light efficiency increased to 

115 lm/W, indicating that the optimization 

method had a significant effect on improving 

light efficiency, with an increase of 15%. (Chen, 

J., & Zhang, G., 2020) 

4.2.2 Uniformity Evaluation Index 

Light distribution uniformity is a key indicator 

for measuring the lighting quality of LED 

luminaires. In this study, the light distribution 

map was measured using a high-resolution 

imaging luminance meter, and the uniformity 

index was calculated to quantify the uniformity 

of light distribution. The uniformity index is 

defined as the ratio of the minimum brightness 

to the maximum brightness in the light 

distribution map. The closer this index value is 

to 1, the more uniform the light distribution is. 

In the experiment, the uniformity index before 

optimization was 0.65, and it increased to 0.80 

after optimization, indicating that the 

uniformity of light distribution had been 

significantly improved, with an increase of 23%. 

 

Table 1. 

Parameter/Indicator Before 

Optimization 

After 

Optimization 

Improvement (%) Unit 

Luminous Efficacy 100 115 15 lm/W 

Uniformity Index (U.I.) 0.65 0.80 23 - 

 

4.2.3 Data Analysis and Processing Procedure 

To ensure the accuracy and reliability of the 

experimental data, this study employed a series 

of rigorous data analysis and processing 

procedures. First, the collected light efficiency 

and uniformity data were preprocessed, 

including noise removal and device error 

calibration. The preprocessed data were then 

statistically analyzed to calculate the mean and 

standard deviation, assessing the stability and 

repeatability of the data. 

4.3 Experimental Results and Analysis 

4.3.1 Comparison of Light Efficiency Before and 

After Optimization 

In the experiment, the measurement of light 

efficiency was completed using a high-precision 

integrating sphere photometer, which can 

accurately measure the total luminous flux 

emitted by the LED luminaire and calculate the 

light efficiency in combination with the input 

power of the luminaire. This result not only 

verified the effectiveness of the optimization 

algorithm but also indicated that by adjusting 

the parameters of the optical elements, such as 

the curvature radius of the lens and the angle of 

the reflector, the light efficiency of LED 

luminaires can be significantly improved. In 

addition, through t-test analysis, there was a 

significant difference between the light 

efficiency data before and after optimization 

(p<0.001), further confirming the significant 

effect of the optimization method in improving 

light efficiency. 

 

Table 2. 

Parameter/Indicator t-value p-value Significance Level 

Luminous Efficacy (lm/W) 5.23 < 0.001 Significant Improvement 
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Uniformity Index (U.I.) 4.87 < 0.001 Significant Improvement 

 

4.3.2 Improvement of Uniformity 

In the optical design optimization of LED 

luminaires, improving the uniformity of light 

distribution is a key goal for enhancing lighting 

quality. Uniformity not only affects the comfort 

and safety of lighting but also directly relates to 

the performance of the luminaires in practical 

applications. This significant improvement 

indicates that by optimizing the parameters of 

optical elements, such as the curvature radius of 

the lens and the angle of the reflector, the 

uniformity of light distribution can be effectively 

enhanced. This result not only verifies the 

effectiveness of the optimization algorithm but 

also shows that by adjusting the parameters of 

optical elements, the uniformity of light 

distribution of LED luminaires can be 

significantly improved. 

 

Table 3. 

Test Number Luminous 

Efficacy (lm/W) 

Uniformity 

Index (U.I.) 

1st Test 114.8 0.79 

2nd Test 115.5 0.81 

3rd Test 115.2 0.80 

Average 115.0 0.80 

Standard 

Deviation 

0.4 0.01 

 

4.3.3 Reliability Verification of Experimental 

Results 

To ensure the scientific nature and credibility of 

the experimental results, this study employed 

various statistical analysis methods to verify the 

reliability of the light efficiency and uniformity 

data before and after optimization. In the 

experiment, each testing stage was repeated 

three times to assess the stability and 

repeatability of the data. By calculating the 

mean, standard deviation, and conducting 

significance tests, we were able to 

comprehensively evaluate the actual effect of the 

optimization method. The light distribution 

maps before and after optimization were also 

analyzed in detail. The light distribution maps 

measured by the imaging luminance meter 

showed that the brightness distribution of the 

light spot after optimization was more uniform, 

and the phenomenon of uneven brightness was 

significantly alleviated. This result is consistent 

with the increase in the uniformity index, 

further proving the effectiveness of the 

optimization method. 

 

Table 4. 

Test Number Luminous 

Efficacy (lm/W) 

Uniformity 

Index (U.I.) 

1st Test 100.2 0.64 

2nd Test 99.8 0.66 

3rd Test 100.0 0.65 

Average 100.0 0.65 

Standard 

Deviation 

0.2 0.01 

 

5. Industry Applications 

5.1 Applications in Commercial Lighting 

In the field of commercial lighting, the 

performance of LED luminaires directly affects 

the display effect of goods and the shopping 

experience of customers. The optimized LED 

luminaires have shown significant advantages in 

this field, especially in terms of improved light 

efficiency and uniformity of light distribution, 

enabling them to better meet the high standards 

of commercial lighting. Commercial lighting 

environments typically require luminaires to 

provide high color rendering, high uniformity, 

and high brightness to highlight the details and 

colors of goods and create a comfortable 

shopping atmosphere. For example, in high-end 

retail stores, jewelry display areas, and art 

galleries, lighting quality is crucial for attracting 

customers and enhancing brand image. These 

scenarios not only require sufficient brightness 

to illuminate goods but also uniform light 

distribution to avoid uneven brightness, 

ensuring that customers have a consistent visual 

experience in any location. The advantages of 

the optimized LED luminaires in commercial 

lighting are mainly reflected in the following 

aspects: 

The improvement in light efficiency means that 

brighter light can be provided under the same 

energy consumption, which not only helps 

reduce operating costs but also aligns with the 
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trend of energy conservation and emission 

reduction. Secondly, the significant 

improvement in uniformity of light distribution 

allows light to evenly cover the display area, 

reducing shadows and glare, and providing a 

more comfortable and natural shopping 

environment for customers. In addition, the 

optimized luminaires also perform well in terms 

of color rendering, more accurately reproducing 

the colors of goods, which is particularly 

important for products that are sensitive to 

color, such as clothing, cosmetics, and food. 

The customized LED lighting solutions 

provided by Shenzhen Starsteck Co. Ltd. for 

high-end retail stores have achieved significant 

results in practical applications. In the clothing 

display area of the retail store, the optimized 

LED luminaires not only improved light 

efficiency but also, through precise light 

distribution design, evenly illuminated each 

piece of clothing, highlighting the texture and 

details of the garments. According to customer 

feedback and sales data, the optimized lighting 

system significantly enhanced the shopping 

experience, thereby increasing the sales volume 

of goods. In addition, a comparison of the 

lighting effects before and after optimization 

revealed that the optimized luminaires reduced 

energy consumption by about 20% while 

significantly improving lighting quality, 

indicating that the optimized LED luminaires 

have significant application value and economic 

benefits in the field of commercial lighting. 

(Chen, J., & Zhang, G., 2020) 

5.2 Applications in Outdoor Lighting 

Outdoor lighting environments pose unique 

challenges and demands for LED luminaires. 

Unlike commercial lighting, outdoor lighting 

needs to provide reliable lighting effects under 

more complex natural conditions while also 

considering energy efficiency, durability, and 

safety. The optimized LED luminaires have 

shown significant adaptability and advantages 

in these aspects, better meeting the high 

standards of outdoor lighting. Outdoor lighting 

environments are often subject to various 

natural conditions, including diurnal 

temperature differences, humidity, wind and 

sand, and ultraviolet radiation. Therefore, 

outdoor lighting luminaires need to have high 

durability, good waterproof and dustproof 

performance, as well as resistance to ultraviolet 

rays. In addition, outdoor lighting also requires 

sufficient brightness and uniform light 

distribution to ensure the safety and comfort of 

nighttime activities. For example, in road 

lighting, it is necessary to avoid glare and dark 

areas to ensure traffic safety; in park and square 

lighting, it is necessary to create a bright and 

comfortable environment while reducing light 

pollution to the surrounding environment. 

The adaptability and advantages of the 

optimized LED luminaires in outdoor lighting 

are mainly reflected in the following aspects: 

By improving light efficiency, the optimized 

luminaires can provide higher brightness under 

the same energy consumption, which is 

particularly important for large-area lighting 

scenarios in outdoor settings. Secondly, the 

improvement in uniformity of light distribution 

can effectively reduce dark areas and glare, 

enhancing the safety and comfort of lighting. In 

addition, the optimized luminaires also have 

more robust structural designs, better resisting 

the erosion of natural environments, extending 

service life, and reducing maintenance costs. 

Taking the LED streetlights provided by 

Shenzhen Starsteck Co. Ltd. for urban roads as 

an example, the optimized luminaires have 

achieved significant results in practical 

applications. These streetlights not only 

improved light efficiency but also, through 

precise light distribution design, ensured 

uniform illumination of the road surface, 

reducing glare and dark areas. According to 

actual monitoring data, the optimized 

streetlights reduced energy consumption by 

about 25% while significantly improving 

lighting quality. In addition, the optimized 

luminaires also performed well in terms of 

durability. After one year of outdoor use, the 

performance of the luminaires remained stable, 

with no significant light decay or damage. This 

indicates that the optimized LED luminaires 

have significant application value and economic 

benefits in the field of outdoor lighting and can 

provide more efficient and reliable lighting 

solutions for urban infrastructure construction. 

6. Conclusions 

6.1 Research Summary 

This study has significantly improved the light 

efficiency and uniformity of light distribution of 

LED luminaires through a systematic method of 

optical design optimization. Experimental 

results show that the light efficiency of the 

optimized LED luminaires increased by 15%, 

from 100 lm/W to 115 lm/W; the uniformity 
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index (U.I.) of light distribution increased from 

0.65 to 0.80, with an improvement of 23%. These 

results not only verify the effectiveness of the 

hybrid optimization algorithm (combining 

genetic algorithms and gradient descent 

methods) but also demonstrate its significant 

advantages in practical applications. (Li, Y., & 

Wang, Z., 2021) 

In the application cases of commercial and 

outdoor lighting, the optimized LED luminaires 

have shown excellent performance. In 

commercial lighting, the optimized luminaires 

have significantly enhanced the display effect of 

goods and the shopping experience of customers 

through uniform light distribution and high 

color rendering. In outdoor lighting, the 

optimized luminaires have not only improved 

lighting quality but also, through durable and 

anti-environmental erosion designs, reduced 

maintenance costs and extended service life. 

Through rigorous experimental design, data 

collection and processing, and significance 

testing, this study has ensured the scientific 

nature and reliability of the experimental 

results. The successful application of the 

optimization method provides important 

references for the design and development of 

LED luminaires and strong evidence for the 

practical application of optical design 

optimization technologies. 

6.2 Limitations and Future Work 

Despite the significant achievements in the 

optimization of optical design for LED 

luminaires in this study, there are still some 

limitations. First, the limited number of LED 

luminaire samples used in the experiment may 

affect the universality of the results. Future 

research can expand the sample size to further 

verify the wide applicability of the optimization 

method. Second, although the optimization 

method has performed well in improving light 

efficiency and uniformity, there is still room for 

improvement in other optical performance 

indicators (such as color rendering and glare 

control). Future research can explore more 

comprehensive optimization strategies to 

achieve more comprehensive performance 

enhancements. 

In addition, with the continuous development of 

LED technology, new materials and 

manufacturing processes are constantly 

emerging, providing more possibilities for 

optical design optimization. Future research can 

combine advanced manufacturing technologies 

(such as 3D printing) and new types of optical 

materials to further explore the optimization of 

optical design for LED luminaires. At the same 

time, with the rise of intelligent lighting systems, 

the optimization method can be combined with 

intelligent control systems to achieve real-time 

adjustment of dynamic light efficiency and 

uniformity to meet the lighting needs of 

different scenarios. 
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