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            Abstract
          
        

        
          This study evaluated the current capabilities of generative AI systems, with a focus on their application in AI-driven textile design, particularly through image-generative AI systems. It also explores the potential application and commercialization of Midjourney, an image-generative AI for digital textile design development. First, ChatGPT-4 was used to analyze textile pattern design trends for 2024/2025. The theme “The Heart of the Forest,” derived from Premiere Vision and Heimtextil's 2024/2025 textile trends, was selected. Keywords related to textile design were identified, and natural colors from Heimtextil were chosen. Second, images were generated in Midjourney using three commonly used functions: text, image+image, and image+text. The “/blend” feature in Midjourney was used to create images through the image+image command. Images were generated by typing “image+text” when prompted to create an image. Third, Midjourney and CLO 3D were used for performing virtual fitting. Midjourney’s ability to generate perfect images from simple text inputs surpasses the capabilities of many professionals. Not only does it accelerate the design process but also enhances the quality of the designs to a professional level or higher. However, despite these advantages, copyright issues must be addressed. Therefore, we anticipate a synergistic effect when a designer's senses and sensibilities are combined with the unlimited creative possibilities of generative AI.
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      1. Introduction
      Artificial Intelligence(AI) is becoming one of the most important drivers in all industries and a key element in the future of human industry. Not only will it drive industrial transformation, but the resulting products will be so deeply involved in human life that they will reform every aspect of life we have ever known. AI is the ability to perform intelligent activities, or the process of recognizing, reasoning, and acting. It enables computers to achieve goals autonomously, utilizing human intellectual abilities such as thinking and learning without human intervention. In other words, it is an emerging science that researches and develops systems to simulate, extend, theorize, methodologize, technologize, and apply human intelligence (Theodorou & Dignum, 2020). While early AI was used in the abstract sense of utilizing computers in human thought processes, it has expanded to mean the implementation of human intelligence, such as learning, thinking, and emotions, through computer systems. AI is rapidly advancing in various fields, demonstrating the ability to generate creative output(Lee & Cha, 2023).

      AI technology has been applied to many areas of society, leading to changes in various fields. In particular, the scope of AI has recently expanded to the creative field, which was once thought to be the exclusive domain of humans, and is now being used in creative activities. The convergence of art and AI is not only enhancing technology and people with intelligence but also creating new experiences. As such, AI has the potential to act as a medium for creative activities with artistic value. We must be prepared to face the challenges posed by new technologies in the era of AI, which will continue to evolve indefinitely in the future(Still, 2017). AI is also widely used in the fashion industry. In design, AI can generate design ideas, predict trends, create new design patterns, and even produce unique designs based on styles or historical design references( Lee, 2020). In fashion retail, AI-driven recommendations enhance personalized shopping experiences for consumers. This is because AI is able to analyze consumer preferences and behavioral data to provide customized and personalized services that enhance consumer satisfaction(An et al., 2019). On the production side, AI can be used to efficiently manage inventory, demand forecasting, and production forecasting, leading to more effective service creation and cost reduction. In addition, analyzing consumer trends based on extensive data processing in response to changes in mega trends can lead to a virtuous cycle of a more efficient and sustainable fashion industry by utilizing AI(Bang, 2022). As digital textile design rapidly expands in the textile industry, the commercialization of AI in this field will be crucial for the future of the fashion industry.

      Therefore, this study analyzes fashion design cases using generative image AI systems and designs digital textiles with generative AI. Shim(2024) said that combining ChatGPT and image generation AI for image enhancement has a positive effect on image enhancement. In particular, Midjourney is considered one of the most advanced graphics software among image-generating AIs(Wei & Eom, 2023; Park, 2023). So, we use ChatGPT and Midjourney to generate images for digital textile design. The study investigates the potential of using generative AI in the textile design industry and education. It presents a system for the design process utilizing generative AI and provides foundational data to enhance digital textile design through generative AI.

    

    

  
    
      2. Theoretical background
      
        2.1. Image generative AI
        Among the various AI technologies, generative AI models are anticipated to revolutionize content creation in cultural and artistic fields and are expected to have a significant impact on various industries(Thomas & Nitin, 2022). In particular, generative AI design tools have the potential to further expand the creative realm by generating outputs based on networks with other designers(Lee & Lee, 2021). These tools automate and speed up repetitive steps in the design process, allowing designers to quickly produce the best possible outputs based on data analyzed by AI(Jung & Kim, 2019). Typical types of generative AI include text-to-text[t2t], text-to-image [t2i], and text-to-video[t3v]. Text to text[t2t] is a type that generates text as you type it, such as ChatGPT and Bing Chat. Text to Image[t2i] is a type of technology that generates a picture by inputting a text description. Examples include Midjourney, Dall-E, and Stable Diffusion. And Text to Video[t3v] is a type that generates a video by typing a video; examples include Runway ML and Stable Video Diffusion(Table 1).

        
          Table 1. 
				
          

          
            Representative types of generative AI
          
          

        

        
          
            
              	Generative AI
            

            
              	Text to Text
              	Text to Image
              	Text to Video
            

          
          
            	Chat GPT
Bing Chat
·
            	Dall·E
Midjourney
Stable Diffusion
            	Runway ML
Stable Video
Diffusion
          

        

        

        Image generation AI becomes not only possible to leverage complex deep learning algorithms and big data to rapidly generate new, previously unseen images. This technology has become popular and is revolutionizing the field of design(Hwang, 2023). In addition, image generation technology using AI is attracting users' attention due to its unique characteristics of high automation, high efficiency, and creativity that transcends humans (Kim, 2023). Recently released image-generating AI tools(DALL-E 2, Midjourney, Stable Diffusion) allow users to create complex, abstract, or realistic artworks by typing a few words as text.

        Shim(2024) showed that combining ChatGPT with image-generating AI produces an image enhancement and synergy effect. However unorganized prompts without a detailed strategy will hinder the designer from utilizing AI as intended and achieving the desired image enhancement effect. Therefore, it is beneficial to specify the topic, context, and desired format when requesting information from ChatGPT or generative AI. By writing specific prompts based on conceptual keywords, it is possible to generate a visual representation that is similar to the original design concept(Na, 2024). Also, effective prompts can assist designers create more efficient and competitive designs by enhancing creativity, simplifying the design process, providing personalized experiences, and facilitating quicker decision-making and feedback(Wu, 2024).

      

      
        2.2. Image generative AI use cases
        Table 2 displays the applications of generative AI in the field of fashion.

        
          Table 2. 
				
          

          
            Image generative AI use cases
          
          

        

        
          
            
              	Case
              	Detail
              	Technology
            

          
          
            	
              
            
            	Winners for the first edition of the AI Fashion 2023
            	Midjourney, Stable Diffusion
          

          
            	
              
            
            	Tilda(AI Artist) and designer Yoonhee Park collaborate on 'Flowers from Venus' at New York Fashion Week
            	EXAONE by LG
          

          
            	
              
            
            	Design a customized bralette and panty set
            	Stable diffusion
          

          
            	
              
            
            	AI sneaker designed with generative AI based on the characteristics of 13 athletes
            	Generative AI Model LLM developed by Nike
          

        

        

        AI Fashion Week(AFW), the world's first artificial intelligence fashion show, proved the potential of AI in fashion design and that AI is a creator, not just a tool. AFW differs in that the AI becomes the designer itself, whereas previous AIs were designed to assist the designer. Participants used prompts to instruct the AI and were never allowed to use prompts that relied on existing designer's work or references(Jang, 2023). Seventy percent of the designers participating in Fashion Week used Midjourney, a generative AI program. The three winners used Midjourney and Stable Diffusion to generate AI images of their clothing items, which were later edited in Photoshop. The winning clothes were made available for purchase on the website in collaboration with Revolve(Park, 2023).

        Tilda is an AI artist based on 'EXAONE' developed by LG AI researchers. This EXAONE is responsible for Tilda's core brain function, generating original images based on text input by thinking about it from various perspectives, similar to human thinking. Tilda has also been used in fashion design, including a recent project at New York Fashion Week. The direct involvement of AI in the design process has implications for the fashion industry(Min, 2024)

        DTC lingerie brand Adore Me has launched AM by You, a generative AI-powered custom design tool that allows consumers to design their own personalized bralette and panty set. Priced starting at $54.95, this program offers customers the ability to select colors and patterns, add simple text, and lets the AI system handle the design process. Customized designs are then put through a multi-step moderation process by the Adore Me team and are not printed until they are approved(Howard, 2024).

        Nike has launched an innovative new project, the Athlete Imagined Revolution(A.I.R.) a project by Nike's innovation team. Using data collected from 13 of Nike's top athletes, including French soccer player Kylian Mbappe, Nike created sneakers tailored to their needs and personalities. Prompts based on the athletes' preferences were inputted into generative AI models to create hundreds of images. Nike designers then quickly refined these images into individual concepts using various digital fabrication techniques, such as 3D sketching and printing. The project actively utilizes athlete data using Nike's generative AI model, LLM(Yoo, 2024).

      

      
        2.3. Digital textile design
        Digital textile design is a major technology of the 4th industrial revolution that has revolutionized the textile & fashion industry, and it is suitable for consumers' pursuit of differentiated individuality and is advantageous for small-scale production of various products, so it is being explored for use in various industries(Kang & Kwon, 2004). Digital textile design involves developing designs using CAD programs and producing products using digital textile printing(DTP) production systems. Digital textile printing without a transfer process can simultaneously transfer multiple colors and convert hand-drawn or photographic images into intricate visuals using computer graphics(Kim, 2009).

        The changes in the textile design process due to technological advancements are shown in Fig. 1. The traditional textile design process is a seven-step process, consisting of conceptualization, ideas and color schemes, sketching, coloring, pattern sizing, repeats, and finalizing the paper design(Lee et al., 2000). The CAD textile design process can be used from step 3 of the traditional textile design process. CAD is a system for representing patterns by drawing directly on a digitizer using an electronic pen or mouse. The system has several tools that can be used to texture the pattern effectively. In addition, it offers various functions such as repeating or overlapping a single motif in multiple directions, switching colors, changing brightness and saturation, adjusting the size of the motif, modifying the input motif as much as desired through the scanner, enlarging, reducing, transforming, deleting, etc. Once the design is completed by CAD, it can be directly connected to the automation system, reducing production process time and increasing productivity. It is also capable of handling multi-color and complex designs quickly, with delicate shades and free overlap(Chung, 2001). In the digital textile design process using AI, the “Text to Text” type of generative AI(such as ChatGPT or Bing Chat) can be utilized to set up concepts, ideas, and colors, which correspond to steps 1 and 2 of the traditional textile design process. From step 3 to step 7, the design can be done using generative AI models like "Text to Image" (such as DALL-E, Midjourney, etc.). The characteristics of textile design using AI are that the process becomes more efficient by reducing manual intervention, simplifying steps, and streamlining design and development processes. In addition, it is possible to quickly respond to market changes and design demands, achieve rapid iteration and updates of product design, and enhance overall efficiency by reducing costs and time. The integration of AI in the fashion design process enhances efficiency, accuracy, creativity, and flexibility for designers through automation and data-driven methods(Kim, 2015).

        
          
          

          Fig. 1. 
				
          

          
            Traditional, CAD, and AI digital textile design processes.
          
          

          

        

        Previous studies in digital textile design includes a study on the development of digital 3D textile designs(Wan & Chung, 2023), a study on the development of upcycled textile designs and sustainable fashion industry development using digital 3D(Kim, 2023), a study on the representation of fabric characteristics in CLO 3D focusing on fur materials (Kim, 2022), material development using 3D printing technology, and garment production using a 3D virtual fitting system(Min et al., 2023). Although there have been many recent studies on 3D and digital textile design, there is a lack of research on AI and digital textile design. Therefore, the development of digital textile design combined with AI will become increasingly important in the textile and fashion industry. This integration enables the production of unique and personalized products.

      

      
        2.4. Previous research on image generative AI
        Most of the research on image generation AI is case studies, and the AIs used include Midjourney, DALL-E, ChatGPT, Bing ChatGPT, and Stable Diffusion(Table 3).

        
          Table 3. 
				
          

          
            Previous research on image generative AI
          
          

        

        
          
            
              	Researchers
              	Image Generative AI
              	Research Methods
            

          
          
            	
              
                Wei & Eom(2023)
              
            
            	Midjourney
            	Theoretical exploration and case analysis: surface pattern design
          

          
            	
              
                Kim & Kim(2023)
              
            
            	ChatGPT, Midjourney
            	Case analysis: Suggesting that AI-generated content can be effective for artistic and creative work
          

          
            	
              
                Pingjian et al.(2023)
              
            
            	Midjourney, Stable Diffusion
            	Case study & comparative analysis of Midjourney and Stable Diffusion
          

          
            	
              
                Park(2023)
              
            
            	Midjourney
            	Explore the possibilities of Midjourney in fashion design development: creating images & understanding its characteristics.
          

          
            	
              
                Lee(2023)
              
            
            	Bing ChatGPT
            	Exploring the use of Bing Chat GPT as a design aid
          

          
            	
              
                Park(2023)
              
            
            	DALL-E
            	Case study of image-generating AI in the visual arts field
          

        

        

      

    

    

  
    
      3. Development methods
      The aim of this study is to analyze the cases of image generation AI in the fashion industry and to generate textile design patterns using generative AI. Consequently, we examine the possibility of commercializing it within the textile fashion industry. The development methods are as follows.

      Development method 1. Investigate concepts and motifs in textile design with ChatGPT4.

      Development method 2. Generate textile design pattern images using Midjourney based on researched keywords.

      Development method 3. Virtual fittings in Midjourney and CLO.

      Thus, the process of digital textile design using image AI in this study is shown in Fig. 2.

      
        
        

        Fig. 2. 
				
        

        
          AI textile pattern design process.
        
        

        

      

      
        3.1. ChatGPT
        ChatGPT generates human-like text using deep learning, which is a subset of machine learning, through a Transformer Neural Network.

        ChatGPT is a large-scale artificial neural network model used for natural language processing (NLP) tasks. This natural language model is used to analyze human language, which has paved the way for its popularization instead of being the exclusive domain of experts. It answers human questions, and the topics of conversation can be very diverse. They include not only knowledge transfer but also creative answers, technical problem solving, calculations, product descriptions, and artistic responses. When asked specific questions, it understands the context behind the question and remembers the content of previous questions. It utilizes this information in its answers to provide meaningful answers.

        OpenAI's ChatGPT was released in November 2022 based on the Generative Pre-trained Transformer (GPT-3.5) model. Four months after its launch, OpenAI released GPT-4, a new and vastly improved large-scale language model (LLM). In an internal evaluation, GPT-4 was 82% less likely to respond to requests for unacceptable content and 40% more likely to generate factual responses compared to GPT-3.5(Shim, 2024). The combination of ChatGPT and image-generating AI for image enhancement has shown a positive impact on image enhancement. AI is a tool that can be controlled by the creator's research and learning (Shim, 2024). Therefore, in this study, ChatGPT 4.0 was used to investigate textile design concepts.

      

      
        3.2. Features of Midjourney for textile pattern design
        Midjourney stands out from other AI graphics software with its unique artistic style and user-friendly interface. The generated images are realistic and detailed, intelligently recommending elements like color, texture, and pattern. This feature makes it easier and faster for users to create beautiful artwork. In terms of image size, Midjourney can generate images up to 2048x2048 pixels to meet the printing requirements of decorative and pattern designs, providing more image size options not available in other software( Wei & Eom, 2023). Midjourney also produces the highest quality images among all image production services available in the market. Users can access it online and on the cloud, ensuring stability regardless of their device's performance(Lee, 2023). Therefore, in this study, we chose Midjourney, a generative AI, to design textile patterns.

        Midjourney uses Discord's own command structure, and the call sign for executing commands in Discord is '/'. All commands start with a '/', and the order of the prompts is Image Prompts-Text Prompts-Parameters.

        The most commonly used commands in Midjourney are 'blend', 'describe' , 'imagine', 'setting', and 'info'. As shown in the Table 4, some commands require the user to upload an image file , while others require the user to enter a text prompt. One of these commands is imagine, which generates the images that power over 90% of Midjourney's features. ‘Imagine’ of these commands, creates images that drive over 90% of Midjourney's functionality(Cho, 2024).

        
          Table 4. 
				
          

          
            Commands in Midjourney
          
          

        

        
          
            
              	Call sign
              	Command
              	Arguments
            

          
          
            	/
            	Blend
            	File Upload 1, File Upload 2
          

          
            	Describe
            	File Upload
          

          
            	Imagine
            	Text [Image File URL, Text Prompt], Parameter
          

          
            	Setting
            	[None]
          

          
            	Info
            	[None]
          

        

        

        Midjourney uses Discord's command structure, and the call sign for executing commands in Discord is '/'. All commands start with a '/', and the order of the prompts is ‘Image Prompts-Text Prompts- Parameters’.

        The most used commands in Midjourney are '/describe', '/imagine', '/setting', and '/info'. As shown in Table 4, some commands require the user to upload an image file, while others require the user to enter a text prompt. The '/Imagine' commands create images that drive over 90% of Midjourney's functionality(Cho, 2024).

        For this study, we used Midjourney's Upscale, Variation, and Zoom Out features. The 'Upscale' (U) feature enlarges the image by enhancing its resolution. If the user only wants to modify a specific part of the image, they can utilize the 'Inpainting' feature, 'Vary (Region)'. Vary(Strong) will recreate the four generated images with strong changes, while Vary(Subtle) will recreate the four images with minor changes. Midjourney offers two Outpainting features, Zoom Out and Pan, that users can utilize to enlarge the background while adding new elements. Outpainting is an AI technique that analyzes the style, content, and patterns of the original image to naturally extend its outer parts of the image.

        Park(2023) used three methods to generate images for fashion design: entering commands individually, entering the same commands with a time gap, and combining existing images with commands. Wei and Eom (2023) conducted a case study on surface patterns using Midjourney expression techniques, focusing on three commonly used methods: picture-generated text/describe, picture-generated picture/blend, and picture+keyword/imagine. So, we used '/imagine' and '/blend' prompts to generate textile pattern images based on previous studies. For '/imagine', we used keywords researched by ChatGPT as prompts. For '/blend', we used two methods: the first was to select four images from the images generated by the '/imagine' prompt, and the second was to generate images using user-taken photos that fit the concept.

        Therefore, this study investigated the concept of textile design using ChatGPT, a text-to-text(T2T) type of generative AI, and generated textile pattern designs using Midjourney, a text-to-image( T2I) type of AI.

      

      
        3.3. AI programs for virtual fitting
        To apply the created patterns to the virtual avatar, we utilized the Midjourney and CLO programs. CLO is a commercial 3D computer program for fitting and pattern design. It can be downloaded and accessed at https://clo3d.com/. In a study by Jung & Suh (2023), when virtual fitting garments created with CLO were found to match real garments better than those created with Zepeto. When compared to the fitted garments, they did not match completely due to the specificity of the Zepoto character, which is not a realistic depiction of a person.

      

    

    

  
    
      4. Results and discussion
      
        4.1. Investigate textile pattern design motifs using ChatGPT4.0
        We used ChatGPT4.0 to ask questions about textile design trends for 2024/2025. From the various answers, we chose Premiere Vision and Heimtextil and researched the detailed concepts on their websites(Fig. 3)

        
          
          

          Fig. 3. 
				
          

          
            Investigating textile design concepts using ChatGPT4.0.
          
          

          

        

        Premiere Vision is the world's largest apparel and textile trade fair, held in Paris every February and September. It showcases fashion and textiles from top European and Asian companies. Heimtextil, the world's largest textile fair, is held annually in January at the Frankfurt am Main exhibition center in Germany. The fair gathers textile companies worldwide to exhibit textile design, innovative textile-related technologies, and interior design connected to textiles. Heimtextil's trend forecasts have been identifying global trends through the perspective of textiles for decades.

        The 2024/2025 trends for Premier Vision and Heimtextil are shown in Table 5. Premier Vision specializes in textile design, while Heimtextil focuses on fabrics. In other words, Premier Vision focuses on the surface design of materials, whereas Heimtextil focuses more on their functionality and texture. The colors of Heimtextil Trend 2024/2025 are inspired by natural pigments derived from avocado seeds, algae, live bacteria, antique pigments such as raw sienna, bio-engineered indigo, and cochineal.

        
          Table 5. 
				
          

          
            Selecting textile pattern motifs and colors
          
          

        

        
          
            	Premiere Vision(AW 24-25 Decoration : Prints)
          

          
            	Main keywords
            	Forest, botanical, optical, geometry
          

          
            	The heart of the forest
            	Wood veining, leaf ribbings, bark
          

          
            	Themes Trompe-l’oeil effects
            	Patterns imitate – embroideries, lace and woven fabric structures, cross-stitch, open-weave, houndstooth, herringbone
          

          
            	Drawing with light
            	A vibration to motifs, fleeting glimmers, diffract, blurring, pixelating
          

          
            	Heimtextil (24/25 Trends)
          

          
            	Colourways
            	Natural pigments deriving from the earth, as traditional coloring processes


          

        

        

        Therefore, for this study, we selected textile pattern motifs from Premiere Vision's A/W 2024/2025 trends and natural colors from Heimtextil. For the motif, we selected the primary keyword from Premiere Vision and the keyword "Heart of the Forest" from the A/W 24/25 trend themes. Therefore, the selected keywords were used as prompts for designing textile patterns in Midjourney.

      

      
        4.2. Generating textile pattern designs with Midjourney
        In this study, three commonly used features - text, image+image, and image+text, were utilized to generate textile designs using Midjourney.

        
          4.2.1. Generate images using '/imagine' prompt
          We created a textile design prompt based on a few keywords from Premiere Vision and Heimtextil's 24/25 trends. The first image generation prompt is ‘design a pattern featuring forest, botanical, optical, geometry, leaf ribbings, abstract wood veining, natural colors on a white background - --tile -'. When entering the command in Midgourney's prompt window, we added '--tile' at the end. This --tile feature has a seamless pattern and is only compatible with versions 1, 2, 3, and 5. The seamless feature allows for infinite iterations to repeat naturally.

          After entering the prompt, four images will be generated. If the user wants images other than the four generated images, they can press the icon (

) to generate another set of four images. Also, pressing the icon in the same prompt, users can continuously generate new images. But if the user wants to include another image among the generated images, they can enter the words of the image they want to add at the prompt. So, to create a different design from the image generated in the first prompt, we used this icon (

) to generate 12 new textile patterns. We also wanted to add another image to the first generated image, so we added words in it. So, we added 'flower' to the second prompt and 'bird' to the third prompt(Table 6). In this way, we generated 12 images from each prompt by using the refresh icon, resulting in a total of 36 textile pattern images. Thus, utilizing the regeneration feature by adding new words to the same prompt kept generating similar but different images.

          
            Table 6. 
				
            

            
              Generated images for each of the three prompts
            
            

          

          
            
              
                	No.
                	Prompt
                	Generated images
              

            
            
              	Pattern 1
              	Design a pattern featuring forest, botanical, optical, geometry, leaf ribbings, abstract wood veining, natural colors on a white background - --tile -
              	
                
              
            

            
              	Pattern 2
              	Design a pattern featuring forest, botanical, optical, geometry, leaf ribbings, abstract wood veining, flowers natural colors on a white background - --tile -
              	
                
              
            

            
              	Pattern 3
              	Design a pattern featuring birds, forest, botanical, optical, geometry, leaf ribbings, abstract wood veining, flowers, natural colors on a white background - --tile -
              	
                
              
            

          

          

        

        
          4.2.2. Generate images using '/blend'
          The '/blend' prompt blends between 2 to 5 images. Up to five image files can be uploaded directly. Users can choose dimensions to set the result as a horizontal, vertical, or square image(Square is the default). We selected a total of four images from those generated at the '/imagine' prompt and uploaded two images to the '/blend' prompt. After selecting one of the four generated images, we upscaled it and then checked for repeating patterns at 'check|pycheung.com' (Table 7).

          
            Table 7. 
				
            

            
              Generating images with ‘/blend’
            
            

          

          
            
              
                	/blend
                	Generated images
                	Repeat patterns
              

            
            
              	
                
              
              	
                
              
              	
                
              
            

          

          

        

        
          4.2.3. Images to text
          Images were created by entering "image+text" at the "/imagine" prompt. In this study, we can also find and upload images from the internet, but we uploaded photos taken by the researcher to match the design concept. Among the generated textile patterns, we uploaded two photos and created four images. One of them was selected to design a textile pattern using Midjourney's features such as Vary(Subtle), Vary(Region), Zoom Out, Pan. Table 8 and Table 9 are the same photo and the same prompt, but different images are created using Vary(Subtle) and Vary(Region).

          
            Table 8. 
				
            

            
              Images to text 1
            
            

          

          
            
              	

Image + Text
              	

Generated images
              	

Image #1
              	

Image #1 Vary(Subtle)
            

            
              	

Image #3
              	

Vary (Region)
              	

Orange big flowers --v
              	

Image #4 Vary(Subtle)
            

          

          

          
            Table 9. 
				
            

            
              Images to text 2
            
            

          

          
            
              	

Image + Text
              	

Generated images
              	

Image #3
              	

Image #3 Vary(Subtle)
            

            
              	

Image #3
              	

Vary (Region)
              	

blur --v 6.0 -
              	

Image #1 Vary(Subtle)
            

          

          

          Table 10 was modified using Vary(Subtle), Vary(Region), Zoom Out, and Pan to align more closely with the design intent.

          
            Table 10. 
				
            

            
              Images to text 3
            
            

          

          
            
              	

Image + Text
              	

Generated images
              	

#1 Vary (Subtle)
              	

Generated images
              	

Image #2
              	

Vary (Region)
            

            
              	

Two tiny bluebirds
              	

Image #2
              	

Zoom Out 2x
              	

Image #2
              	

Zoom Out 1.5x 
              	

Image #4
            

          

          

        

      

      
        4.3. Virtual fittings in Midjourney and CLO
        Table 11 shows a design using the textile pattern design prompts and clothing item prompts such as a scarf, skirt, blouse, and t-shirt. However, this image was created by adding prompts for the clothing items, so the textile design was specifically created for the clothing items, not the entire outfit. Therefore, creating effective prompts requires iterative revision and accurate, detailed prompt writing to create the desired image. So, we used the textile pattern design prompt and the outfit model image prompt(Table 12).

        
          Table 11. 
				
          

          
            Generated images using the fashion item prompt
          
          

        

        
          
            	Prompt
            	Design (a blouse) with a pattern birds, forests, plants, optical, geometry, leaf ribs, abstract wood grain, flowers, and natural colors on a white background.
          

          
            	
            	Blouse
            	T-shirt
            	Skirt
            	Scarf
          

          
            	
            	
              
            
            	
              
            
            	
              
            
            	
              
            
          

        

        

        
          Table 12. 
				
          

          
            Virtual outfit with Midjourney
          
          

        

        
          
            	Prompt
            	Design a woman wearing a blouse with a pattern featuring birds, forests, plants, optical, geometry, leaf ribs, abstract wood grain, flowers, natural colors, and brown sunglasses on a white background.
          

          
            	Blouse
            	T-shirt
            	Skirt
            	Scarf
          

          
            	
              
            
            	
              
            
            	
              
            
            	
              
            
          

        

        

        In Midjourney, even if a user uploads a design file, it doesn't appear in the same pattern. In other words, if we apply the pattern design we created, it will recreate the pattern with a similar pattern design, not the exact same pattern design. So, in Midjourney, in order to generate the outfitted image, users need to generate the image by entering the textile design pattern prompts and the wearing model prompts for the pattern they want to design. This means that the normal way of outfitting a completed pattern using an avatar does not apply in Midjourney.

        Five textile pattern images generated in Midjourney were simulated in CLO, a commercially available 3D computer program for fitting and pattern design. Since the textile pattern designs generated in this study aimed to investigate the potential for developing textile patterns for Midjourney, they were applied to various clothing items for virtual fitting, rather than specific clothing items (Table 13).

        
          Table 13. 
				
          

          
            Virtual fitting
          
          

        

        
          
            
              	Design1
              	Design2
              	Design3
              	Design4
              	Design5
            

          
          
            	
              
            
            	
              
            
            	
              
            
            	
              
            
            	
              
            
          

        

        

      

    

    

  
    
      5. Conclusions
      This study analyzed cases of image generation AI systems and created textile design patterns using generative AI(ChatGPT, Midjourney). The study aims to present a system for design processes using generative AI, explore AI's potential in the textile design industry and education, and provide foundational data for enhancing digital textile design with AI.

      First, we utilized ChatGPT 4.0 to investigate the textile pattern design trends for 2024/2025. Based on the results from ChatGPT, we extracted textile design motif keywords from Premier Vision's concept and selected textile design colors at Heimtextil. The biggest advantage of using a chatbot for data research is that it provides clear and quick answers to users' questions with a wide range of data, as opposed to searching for information on Naver or Google.

      Second, we utilized three features of Midjourney to generate images: text, image+image, and image+text. In the first step, we used the basic functions to create a textile pattern design. The outcome was of high quality, providing us with a variety of images. In the second step, we used the 'Image+Image' command to generate images using Midjourney's '/Blend' feature. Designing textiles with Midjourney's features allows you to create textile patterns that better reflect your intentions. If a user modifies an image created in Midjourney, the resulting image will be recreated as a similar but not identical version of the original. Therefore, if the user wants to modify the original, they should use another design program in conjunction with Midjourney. The textile design images generated by the current version of Midjourney would be better suited to the designer's intentions if they were enhanced with Photoshop or Adobe Illustrator. But, if a user wants to design a slightly different image from the original, Midjourney is a good option because the unintended outcome of the modification could potentially lead to a better image or inspire the user with a new idea.

      Third, we used Midjourney and CLO 3D for virtual fittings. We simulated five textile patterns designed with Midjourney in CLO 3D. The virtual fitting images generated by Midjourney are stylized and can provide valuable design inspiration for the final design.

      Jung et al.(2023) showed that creativity and empathy significantly influence aesthetics in human-AI collaboration. So the collaboration between generative AI and designers not only improves the efficiency of the AI textile design process but also increases the completeness and accuracy of textile designs. This collaboration enables designers to quickly implement concepts, minimizing the time spent on handwork and revisions, thus making the entire design process more efficient. Despite these advantages, copyright issues cannot be ignored. The prestigious scientific journal Nature has banned the publication of content generated using generative AI, such as photos, videos, illustrations, and graphical images(Cho, 2024). However, social discussion has not yet caught up with technology. In this imperfect situation, it is important to recognize that the user is entirely responsible for the outcomes of generative AI. Generative AI could have a positive impact on textile pattern design once copyright issues are resolved. Some individuals are concerned that as ordinary people gain the ability to create highquality designs, the expertise of professionals may be devalued.

      Therefore, the development of digital textile design with AI will present a new design process and a new design area that combines creativity, emotion, and technical knowledge. Collaborating with technology will also contribute to the creation of innovative and diverse designs. Designers are expected to play a crucial role in creatively solving problems with AI and leading the future of the fashion industry. The limitation of this study is that only Midjourney was used to design textile patterns among generative AIs. Therefore, in a follow-up study, by developing digital textile designs using various image generation AI applications, it will be possible to propose the most efficient and optimized image generation AI application for textile design.
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