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ABSTRACT: he integration of technology into everyday objects has led to the development of multifunctional devices 

that enhance user experience while meeting modern demands for sustainability and efficiency. This article presents the 

design, manufacturing, and assembly of a smart umbrella equipped with innovative features, including a solar panel, 

rechargeable battery, LED lights, and a USB port. By merging protection against weather conditions with energy 

portability, the smart umbrella provides a practical solution for outdoor environments such as parks, beaches, and open-

air events. 

 

The design process employed the Design Thinking methodology, emphasizing user-centered solutions through stages 

of empathy, definition, ideation, prototyping, and evaluation. The project also leveraged Design for Manufacture and 

Assembly (DFMA) to optimize the product’s manufacturing and assembly, reducing complexity, costs, and 

environmental impact. Materials were selected for durability, recyclability, and weather resistance, aligning with 

sustainability goals. 

 

Prototypes were created using CAD tools, tested for functionality, stability, and user comfort under diverse conditions. 

Feedback from users informed iterative improvements to ensure performance and usability. The smart umbrella 

demonstrates how innovation and interdisciplinary approaches can transform traditional products into versatile, eco-

friendly solutions. This design represents a significant step toward integrating advanced technology into everyday life, 

addressing modern challenges in energy access and sustainability. 

 

KEYWORDS: Smart Umbrella, Design Thinking, Design for Manufacturing and Assemble, Quality Function 

Deployment (QFD), Sustainable Design, User-Centered Design. 

 

I. INTRODUCTION 

 

In today's world, the development of innovative and functional products has become essential for improving users' 

quality of life while meeting the increasing demands of the technological market. The integration of technology into 

everyday objects has enabled the creation of devices that not only fulfill their basic function but also offer additional 

features that enhance their value to users. This article provides a detailed study on the design, manufacturing, and 

assembly of a smart umbrella equipped with multiple functionalities. Among these are an integrated solar panel, 

rechargeable battery, LED lights, and a USB port, transforming this object into a portable energy source that provides 

protection against sun and rain while enabling the charging of electronic devices anywhere. 

 

Technology has progressively entered domains where it was once deemed unnecessary, and products like the smart 

umbrella exemplify how innovation can enhance user experience by solving multiple problems simultaneously. The 

proposed umbrella not only offers protection against weather conditions but also addresses one of the most prevalent 

needs of modern life: constant access to energy for electronic devices such as mobile phones, tablets, and other gadgets. 

This solution is particularly useful in outdoor settings like beaches, parks, and open-air events where energy sources are 

often limited. 

 

Beyond its technological functionalities, designing products like the smart umbrella also presents significant challenges 

in terms of manufacturing and assembly. Here, the Design for Manufacturing and Assembly (DFMA) methodology 

plays a fundamental role. DFMA is an essential approach in modern product development, aimed at simplifying 

product design to facilitate its fabrication and assembly. This methodology reduces costs, improves the final product's 
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quality, and optimizes resource use. For this project, the smart umbrella leverages DFMA, ensuring that the 

manufacturing process is efficient, cost-effective, and environmentally friendly. 

 

One of the primary benefits of applying DFMA in product design is reducing complexity. This approach helps identify 

unnecessary or redundant components that can be eliminated or integrated, simplifying both the design and assembly 

processes. For the smart umbrella, the solar panel is directly integrated into the structure, eliminating additional parts 

that could increase weight and assembly difficulty. Similarly, the placement of cables connecting the solar panel to the 

battery has been optimized, concealing them within the umbrella's shaft. This not only improves the design's aesthetics 

but also protects electronic components from potential damage caused by weather exposure. 

 

DFMA also offers significant cost-saving advantages. Simplifying the design and reducing the number of components 

decreases the time and effort needed for production. This directly impacts production costs, making the smart umbrella 

more competitive in the market. Furthermore, DFMA promotes early collaboration between design and manufacturing 

teams, which is crucial to incorporating manufacturing considerations during the initial design stages. This avoids 

costly redesigns and delays later in the product development process. For the smart umbrella, engineers and 

manufacturing teams worked together from the start, ensuring that technological components like the solar panel, 

battery, and LED lights were easy to integrate during assembly without compromising functionality or aesthetics. 

Another key aspect addressed by DFMA is sustainability. In a world increasingly conscious of environmental impact, 

DFMA encourages efficient use of materials and manufacturing processes that generate less waste. For the smart 

umbrella, durable and weather-resistant materials were selected, which are also recyclable, contributing to a more 

sustainable product lifecycle. As a result, the umbrella not only provides a practical technological solution but also 

aligns with current demands for environmental responsibility. 

 

The paper is organized as follows. Section II provides an overview of the Design Thinking methodology applied to the 

development of the smart umbrella, detailing the five stages: Empathize, Define, Ideate, Prototype, and Evaluate. 

Section III describes the use of the Design for Manufacture and Assembly (DFMA) methodology, highlighting how it 

was used to optimize the product’s design for cost-effective and sustainable manufacturing. Section IV presents the 

results, including the QFD analysis, the identified design features, and the product's evaluation against competitors. 

Finally, Section V concludes the study, summarizing the achievements and emphasizing the smart umbrella’s 
innovative contribution to multifunctional product design. 

 

II. LITERATURE SURVEY 

 

The development of smart products has become a key trend in the design and manufacturing industry. Umbrellas, 

traditionally conceived as weather protection tools, are evolving into multifunctional devices through the 

integration of advanced technology. This concept aligns with a global context where user needs extend beyond 

comfort and basic functionality to include solutions incorporating sustainability, energy efficiency, and 

connectivity. 

 

One example of this evolution is Oombrella, an umbrella equipped with environmental sensors that notify users of 

imminent weather changes. This product illustrates how technology can be integrated into everyday objects to 

enhance functionality and user experience. Another innovative design is KAZbrella, an inverted umbrella that 

prevents water from dripping when closed, showcasing how design advancements can effectively solve common 

issues. 

 

The integration of features such as solar panels, rechargeable batteries, LED lights, and USB ports transforms 

umbrellas into innovative tools that not only protect against weather conditions but also provide portable energy 

solutions. This approach allows users to enjoy a multifaceted experience that combines protection with access to 

renewable energy while promoting sustainable and efficient designs.  

 

Moreover, developing products like the smart umbrella poses significant challenges in terms of manufacturing and 

assembly. This is where methodologies like Design for Manufacturing and Assembly (DFMA) become essential 

tools. DFMA simplifies designs, optimizes resources, and reduces costs by eliminating redundancies in 

components and processes. According to experts in the field, DFMA encourages early collaboration between 

design and manufacturing teams, ensuring that final products are more efficient, accessible, and sustainable . 
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In the design field, DFMA has been recognized for its ability to optimize product development processes. Walter 

Pack emphasizes that this methodology allows for a systematic evaluation of designs to ensure their feasibility and 

avoid unnecessary costs during manufacturing. This simplification is also evident in everyday products like smart 

umbrellas, where the number of components is minimized, making assembly more efficient and reducing costs . 

 

Finally, the use of Design Thinking as a user-centered design methodology ensures that the products developed are 

not only technically efficient but also aligned with the real expectations and needs of consumers. This iterative 

approach, applied in the stages of empathy, definition, ideation, prototyping, and evaluation, enables the generation 

of innovative solutions that balance functionality, sustainability, and aesthetics.  

 

Technological advancements in products such as the smart umbrella highlight a convergence between industrial 

design, technological innovation, and sustainability principles. These innovations not only enhance the user 

experience but also address contemporary challenges in energy efficiency and environmental care, paving the way 

for the development of more responsible and multifunctional products.  

 

III. METHODOLOGY 

 

Design Thinking is a methodology widely used in the development of innovative products as it focuses on deeply 

understanding user needs and creating practical, effective solutions. It is characterized by being a flexible, iterative 

approach oriented towards problem-solving. During the design process of the smart umbrella, the five fundamental 

stages of Design Thinking were employed: Empathize, Define, Ideate, Prototype, and Evaluate. Each of these stages 

was crucial to ensuring that the final product not only met user expectations but was also functional, aesthetically 

pleasing, and viable in terms of manufacturing and assembly. These five stages are illustrated in figure 1. 

 

 
 

Figure 1. Stages of Design Thinking methodology 

 

1. Empathize: Understanding User Needs 

The first stage of Design Thinking focuses on empathizing with the end users of the product, which involves deeply 

understanding their needs, desires, and frustrations. For the smart umbrella, this phase included qualitative and 

quantitative research, such as interviews with potential users, online surveys, and direct observation of how people 

use umbrellas in urban and rural contexts. 

 

Through this process, several common problems faced by users were identified: extreme heat, lack of access to 

outdoor energy sources, and the need for protection against adverse weather conditions. Additionally, there was a 

growing demand for sustainable and multifunctional products that combine protection and technology. This 

knowledge served as the basis for guiding design decisions, ensuring that the smart umbrella not only provides shade 

but also offers other important utilities, such as charging mobile devices using solar energy. 
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2. Define: Delimiting the Problem and Objectives 

Once user needs were understood, the next stage was to clearly define the problem to be solved and the project 

objectives. During this phase, the design team focused on synthesizing the findings from the empathy stage and 

formulating a clear vision of the product. 

 

The identified problem was the need for a multifunctional umbrella that provides solar protection while efficiently 

and sustainably offering portable energy. Based on this, several key objectives were defined: 

• Technological integration: Incorporate an efficient solar panel, a high-capacity rechargeable battery, LED lights 

for nighttime illumination, and a USB port for charging electronic devices. 

• Aesthetic and functional design: Ensure the umbrella is visually appealing and easy to use, including a smooth 

opening and closing mechanism. 

• Durability and sustainability: Use weather-resistant and recyclable materials to extend the product’s lifespan and 

minimize its environmental impact. 

• User comfort: Ensure the umbrella is lightweight, easy to transport, and stable, even under windy conditions.  

This stage allowed the team to focus on the most important aspects for users and set the foundation for the ideation 

and prototyping phases. 

 

3. Ideate: Generating Innovative Solutions 

In the ideation phase, the team dedicated itself to generating a wide range of ideas to address the problems identified 

in the previous stage. This process involved brainstorming sessions, sketching concepts, and discussing different 

approaches to integrate the various technological functionalities into the umbrella's design. 

During this stage, multiple possibilities were explored for integrating the solar panel, batteries, and electrical circuits 

in a way that would not compromise the product's weight or portability. Lightweight yet durable materials, such as 

aluminium alloys for the structure and weather-resistant plastics for the canopy, were also discussed. 

Proposed solutions in this phase included: 

• Integrating the solar panel into the top of the umbrella to optimize solar energy capture during the day.  

• Concealing wiring within the umbrella shaft for a clean aesthetic and protection against damage. 

• Strategically placing LED lights along the ribs to provide illumination without affecting the visual design.  

• Designing a modular system for easy assembly and disassembly, facilitating transport and maintenance.  

 

4. Prototype: Building Models 

The prototyping phase involved turning the ideas generated in the previous stage into reality by creating physical or 

virtual models to experiment with the proposed solutions. In this project, computer-aided design (CAD) tools were 

used to develop 3D digital prototypes, which were later 3D-printed into physical models for feasibility testing. 

 

Using CAD software allowed for quick design adjustments, such as optimizing the size of the solar panel or the 

placement of LED lights. Simulations were also conducted to evaluate how the umbrella would respond to various 

weather conditions, such as strong winds or prolonged sun exposure. 

 

The prototype was tested for weight, stability, and functionality. It was confirmed that the solar panel captured 

enough energy to charge a moderate-capacity battery and power devices connected via the USB port. During this 

phase, improvements were identified for subsequent design iterations, such as reinforcing the opening mechanism to 

ensure greater durability. 

 

5. Evaluate: Testing and Feedback 

The final stage of the Design Thinking process is evaluating the finished product by testing prototypes in real-world 

conditions and collecting user feedback. For the smart umbrella, outdoor tests were conducted in parks and plazas 

where users could directly experience the product. Additional simulations were performed to ensure the design met 

safety and durability standards. 

 

During the evaluation, valuable insights into user experience were gathered. For instance, some users preferred a 

lighter umbrella, prompting the team to explore alternatives to reduce weight without compromising stability. The 

energy efficiency of the solar panel was also assessed, leading to adjustments to improve performance under varying 

solar radiation levels. 
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Based on the feedback received, necessary modifications were made to the design, optimizing both technological 

performance and the product’s comfort and functionality. This evaluation process ensured that the smart umbrella met 

user expectations before moving into production. 

 

IV. RESULTS 

 

Mérida, Yucatán, is known for its warm and humid tropical climate, characteristic of the southeastern region of Mexico. 

The city experiences high temperatures for most of the year, creating significant demand for products that help mitigate 

the effects of heat, particularly during the hottest months. Throughout the year, temperatures in Mérida typically range 

between 18°C and 36°C, with minimal extreme variations. Minimum temperatures rarely drop below 14°C, while 

maximums usually remain under 39°C. 

 

However, in 2024, a notable increase in temperatures compared to previous years has raised new concerns about the 

effects of climate change in the region. Specifically, temperatures exceeding 40°C have been recorded, with heat 

indexes reaching 50°C, exacerbated by the area's humidity. These extreme heat peaks are becoming more frequent and 

severe, impacting residents' quality of life and increasing the need for solutions to address such conditions, such as the 

smart umbrella proposed in this project. 

 

This climatic context underscores the relevance of a multifunctional product like the smart umbrella, which not only 

provides sun protection but also serves as a portable energy source through its integrated solar panel, enabling users to 

charge devices while staying shielded from the sun. The umbrella is not only practical for protection against intense 

heat but also meets the growing demand for sustainable and energy-efficient products. 

 

At this stage of the project development, the Quality Function Deployment (QFD) methodology is implemented, 

serving as an essential tool in user-centered design that aligns the product’s features with the needs and expectations of 

consumers. QFD, also known as the "voice of the customer," is a structured methodology aimed at translating user 

requirements and preferences into concrete technical specifications that guide the entire design and manufacturing 

process. This approach ensures that customer priorities become the foundation for product development, fostering a 

user-focused approach in every decision. 

 

 
 

Figure 2. QFD for smart project 

 

The process begins with the collection and thorough analysis of information provided by users through surveys, 

interviews, and direct observation. This initial data allows for identifying explicit needs, such as desired functionalities, 

and implicit ones, such as comfort or sustainability. Once this information is gathered, a detailed mapping is carried out 

to classify user needs according to their importance and frequency, helping the design team prioritize features with the 

greatest impact on customer satisfaction. 
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In the case of the smart umbrella, QFD (Figure 2) helped identify essential features considered indispensable by users, 

such as the integration of a solar panel to capture renewable energy, a high-capacity rechargeable battery for energy 

storage, a USB port for charging electronic devices, and LED lights for nighttime illumination. Additionally, other key 

aspects emerged related to aesthetics and functionality, such as a modern and attractive design, smooth opening and 

closing mechanisms, and the use of weather-resistant and recyclable materials aligned with current sustainability 

demands. 

 

The QFD methodology also involves constructing the "House of Quality," a matrix that links customer needs with the 

technical capabilities required to meet them. At this stage, critical technical parameters are identified for the 

engineering team to ensure that the final product aligns with user expectations. For example, to guarantee product 

durability, materials resistant to extreme temperature and humidity conditions were selected, and integrated electrical 

systems were designed to ensure optimal performance under various environmental conditions. 

 

Another important aspect of QFD is its ability to continuously evaluate the product in relation to competitors. In this 

project, the smart umbrella’s specifications were compared with similar products available in the market. This analysis 

revealed key opportunities to differentiate the design, such as including additional features like a modular system that 

facilitates transportation and assembly, as well as the ability to integrate a mobile application to monitor battery charge 

and solar panel efficiency. 

 

The use of the QFD methodology at this stage of development allowed the transformation of user expectations and 

needs into clear and actionable technical specifications. This approach not only ensures that the final product meets 

customer expectations but also optimizes the design and manufacturing process by prioritizing features that truly matter, 

resulting in a functional, competitive design aligned with current market trends. 

 

According to the QFD analysis, the following design features were determined to be essential: 

• A modern and attractive structure made of weather-resistant materials. 

• An easy and smooth deployment mechanism. 

• A solar panel integrated into the upper tip to capture solar energy. 

• A power bank or rechargeable battery located in the handle for energy storage. 

• Hidden wiring within the umbrella shaft connecting the solar panel to the battery for recharging. 

• LED lights integrated into the ribs for nighttime illumination, powered by the battery. 

• A USB port in the handle to charge mobile devices using the battery. 

• A protective case to prevent wear and tear during transport. 

 

Similarly, the following project limitations must be considered: 

1. Energy Efficiency: 

• Solar Panels: The efficiency of solar panels depends on the amount of direct sunlight they receive. The shadow 

created by the umbrella may reduce panel efficiency. 

• Batteries: High-capacity batteries are needed to store the collected energy, but they can add weight and bulk to the 

umbrella. 

 

2. Weight and Portability: 

• Solar panels and batteries can significantly increase the umbrella's weight, making it harder to transport and 

assemble. 

• Balancing the structure is crucial to prevent tipping, especially in windy conditions. 

 

3. Durability and Weather Resistance: 

• Electronic components must be well-protected from rain, dust, and humidity to avoid damage. 

• The umbrella must be resistant to windy conditions to prevent damage or tipping. 

 

4. Maintenance: 

• Electronic components may require additional maintenance or eventual replacement over time. 

• Batteries have a limited lifespan and will need to be replaced periodically. 
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5. Component Integration: 

• The integration of solar panels and the USB charging port must be both aesthetic and functional, without 

compromising the appearance or usability of the umbrella. 

• Wires and connections must be well-managed and protected to avoid damage and ensure safety. 

 

Additional Considerations: 

1. Device Compatibility: 

• Ensure the USB charging port is compatible with a wide range of devices and provides fast, efficient charging. 

2. Control and Monitoring: 

• Develop a mobile app that allows users to monitor battery charge and the status of the solar panels. 

3. Sustainability: 

• Use recyclable and sustainable materials in the umbrella’s manufacturing to attract environmentally conscious 

consumers. 

 

DFMA is a critical methodology aimed at optimizing product design to facilitate manufacturing and assembly, reduce 

costs, and improve process efficiency. The following steps and principles are key for applying DFMA to the design of 

the multifunctional umbrella with integrated gadgets: 

• Component Analysis: Review the umbrella design to eliminate unnecessary parts or combine functions into a 

single component, such as integrating the solar panel directly into the structure without additional parts. 

• Design Simplicity: Design the umbrella shaft with built-in channels to conceal wires connecting the solar panel to 

the battery, avoiding the need for additional cable management parts. 

• Material Standardization: Select commonly available materials for the structure and electronic components, such as 

aluminium for the shaft and weather-resistant plastics for the canopy. 

• Ease of Manufacturing: Choose the manufacturing processes with fewer steps, such as plastic injection parts and 

extrusion for the shaft. 

• Minimized Fasteners: Use fewer screws and clips in assembly, favouring snap-fit designs where possible, ensuring 

fastener points are accessible and easy to manage. 

• Modular Design: Divide the umbrella into main modules, such as the handle with the battery, the shaft with the 

wiring, and the canopy with the solar panel, to simplify assembly and maintenance. 

• Single-Direction Assembly: Ensure all umbrella components are assembled from a common direction to simplify 

the process and reduce assembly time. 

 

As part of the validation and testing phase, a 3D design of the product was developed, as shown in figures 3, 4, and 5. 

The 3D design illustrates the umbrella’s structure, including the solar panel at the top, the rechargeable battery, and the 

USB port in the handle, meeting user specifications. Further tests at both the component and system levels evaluated 

the product's design to identify potential issues such as defects in component quality, assembly processes, or 

compatibility. Mitigation strategies such as employee training, process standardization, quality control checkpoints, and 

preventive maintenance for machinery can minimize these risks. 
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The proposed multifunctional umbrella is considered a functional, innovative, and competitive design that provides an 

intelligent solution. It allows users to take advantage of the high temperatures in Mérida, Yucatán, while offering 

protection from harmful UV rays for those who spend extended periods under the sun. 

 

V. CONCLUSION 

 

The use of DFMA in product development not only optimizes manufacturing and assembly processes but also enhances 

product quality, reduces costs and production times, and promotes greater sustainability. Implementing this 

methodology represents a significant competitive advantage in today’s manufacturing industry. 

 

The design and development of the smart umbrella proved to be a successful project in integrating modern technology 

into an everyday product. The application of DFM principles and automation strategies optimized the design for 

manufacturing and assembly, ensuring a high-quality and functional product. The results highlight the importance of a 

systematic approach to the development of innovative products, where interdisciplinary collaboration and the use of 

advanced technologies play a crucial role. The smart umbrella not only provides protection against weather conditions 

Figure 4. Smart umbrella 3D design 

(side view) 
Figure 5. Smart umbrella 3D design (close-

up handle) 

Figure 3. Smart umbrella 3D design 

(top view) 
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but also offers portable energy and improves the user experience, marking a significant advancement in the design of 

multifunctional products. 

 

The implementation of Design Thinking in the development of the smart umbrella was essential to ensure that the final 

product was not only technically efficient but also aligned with user needs and expectations. Through the five stages of 

the process, innovative ideas were generated, functional prototypes were built, and their effectiveness was evaluated 

under real-world conditions. This resulted in a product that efficiently combines technology, functionality, and 

sustainability. 
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