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Abstract— Sketch2Code is an intelligent Al-driven platform designed to bridge the gap between user interface design and
software development by converting hand-drawn Ul sketches into fully functional application code. The system leverages
advanced computer vision techniques to accurately detect and classify interface components, while large language models
are employed to generate structured, human-readable, and production-ready code. In addition to code generation, the
platform provides a live preview feature that enables immediate validation of the generated output. Unlike conventional
prototyping tools that produce illustrative designs, Sketch2Code focuses on delivering deployable code suitable for real-
world applications. Users can upload sketches, select the desired output format, and instantly obtain code with
functionalities such as copy-to-clipboard, code download, and real-time preview. By automating a traditionally manual and
time-consuming process, the platform significantly reduces development effort, lowers technical barriers for non-technical
users, supports rapid prototyping for startups and enterprises, and enhances learning in UI/UX and web development.
Overall, Sketch2Code accelerates the transition from conceptual ideas to working interfaces, making application
development faster, more efficient, and more accessible.

Keywords— Sketch2Code, artificial intelligence, computer vision, large language models, sketch-based Ul, source code
generation.

l. INTRODUCTION

The Sketch2Code project aims to transform hand-drawn user interface (Ul) sketches into functional application code,
addressing the growing demand for rapid prototyping and efficient design-to-development workflows. This approach is
particularly useful in domains such as UI/UX design, software education, hackathons, and early-stage product development,
where ideas must be quickly converted into working interfaces. Traditional methods require manual translation of sketches
into code, which is time-consuming and demands technical expertise. Sketch2Code leverages advancements in computer
vision and artificial intelligence to automate this process [1], [5].

The system utilizes OpenCV for image preprocessing and optical character recognition (OCR) techniques to extract textual
labels from sketches [2]. YOLO-based object detection models are employed to identify and classify interface components
such as buttons, text fields, and images [3], [9]. These detected elements are then provided as structured input to large
language models, which generate clean, human-readable React.js or HTML/CSS code while preserving the original design
intent [4], [13].

To ensure usability and accessibility, a web-based platform developed using React, Tailwind CSS, and Node.js allows users
to upload sketches, preview the generated layout in real time, and download production-ready code. By integrating OCR,
deep learning, object detection, and modern web frameworks, Sketch2Code significantly reduces manual coding effort,
accelerates development cycles, and effectively bridges the gap between creative sketches and deployable applications.

1. MATERIAL AND METHODS

For the purpose of this research, a systematic and experimental methodology was adopted to design and develop the
proposed Sketch2Code system, which aims to automatically convert hand-drawn user interface sketches or mockup images
into functional front-end code. The methodology focuses on integrating image processing techniques, deep learning—based
object detection, structured data representation, and large language model—based code generation to achieve an efficient end-
to-end Ul prototyping pipeline [1], [5], [10].

The overall process was implemented using a combination of software tools and frameworks including Python programming
language, OpenCV library for image preprocessing, the YOLOVS5 deep learning model for Ul component detection, and large
language models for intelligent HTML and CSS code generation. A live preview environment was also developed to validate
and customize the generated user interface code [2], [8].
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2.1 Proposed Detailed Architecture

@ LM CO0E GINERATION

Sruchred jsoN —— —— H< > >

Convertto  Structured Receive Prompt Outguthaw  Raw Code
SON JSON JSOM Engineering ode

) MAGE PROCESSING Qm

output
Exricted Q %Q —( >—>
Fettares

Detect
Compunents

&
Pasitions

. CODE CUSTOMIZATION & cooe st mocEssi

output / =
Optimized Code— < ‘%C/l% =

Optimized ~ Optimizatio  Code Linting Syntax
Code ns Formatting

FIGURE 1: Block Diagram / Working of Sketch2Code

The methodology is divided into several sequential stages to ensure systematic processing and accurate transformation of
visual design input into deployable front-end output.

Stage 1: Image Acquisition and Preprocessing — The input Ul sketch or mockup image was resized and normalized to
maintain uniform dimensions and improve computational efficiency [7]. Image enhancement techniques such as edge
detection, thresholding, and contour analysis were applied to highlight component boundaries and identify distinct layout
regions. Feature extraction methods were then used to obtain meaningful visual descriptors that support precise component
recognition in subsequent stages [2].

Stage 2: Ul Component Detection and Classification — Using the YOLOV5 object detection model, the preprocessed
image features were provided as input to the trained detection network, which identified common interface elements such as
buttons, text fields, images, icons, and text areas. For each detected component, the system generated class labels and
bounding box coordinates representing the spatial position and size of the element within the layout. These detection results
were further organized into a structured JSON format to preserve component attributes, hierarchical relationships, alignment
patterns, and layout grouping information [3].

Stage 3: Structured Layout Interpretation and Code Generation — Carefully designed prompts were utilized to guide a
large language model in interpreting the JSON-based component representation. Based on spatial constraints, hierarchy, and
semantic attributes, the model generated corresponding HTML tags and CSS styling rules. Layout mechanisms such as
Flexbox and Grid systems were automatically inferred to maintain design consistency, proportional spacing, and alignment
similar to the original sketch [4].

Stage 4: Code Post-Processing and Optimization — Formatting and linting procedures were applied to correct syntax
inconsistencies and enforce standardized coding practices. Redundant containers, duplicate styling rules, and inefficient
layout structures were eliminated to produce clean and maintainable code. Additional optimization strategies were
implemented to ensure responsive behavior across different screen sizes and devices [5].

Stage 5: User-Driven Customization and Live Preview — The optimized code was rendered in an interactive preview
environment, allowing users to visualize the generated interface in real time. Designers and developers were able to modify
visual attributes such as colors, typography, spacing, and component positioning without altering the underlying structural
logic. This stage ensured that the final interface output met both functional and aesthetic requirements [6].

Thus, the proposed methodology establishes a comprehensive pipeline that transforms a hand-drawn sketch or Ul mockup
into structured, optimized, and deployable front-end code. Each stage contributes to preserving visual design intent while
reducing manual development effort and accelerating the rapid prototyping process [1].

1. RESULTS AND DISCUSSION

The implementation of the proposed Sketch2Code system produced significant results in terms of automated user interface
understanding, structured layout generation, and functional front-end code synthesis. The developed system was tested using
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multiple hand-drawn and digitally created Ul sketches to evaluate its ability to accurately detect interface components,
preserve layout hierarchy, and generate visually consistent front-end outputs.

3.1 Sketch Processing

Initially, the system successfully processed input sketches through the upload and preprocessing module. The sketches were
normalized and enhanced using image processing techniques, enabling clear boundary extraction of Ul elements. The
preprocessing stage improved the visibility of structural components such as headers, content sections, cards, and navigation
areas, thereby increasing detection accuracy in subsequent stages.

Processing Sketch a a
Analyzing your wireframe with Al [ 100x JCY R ®

BookyFy Sign in

Welcome to BookyFy

@BookyFy

FIGURE 2: Sketch Processing Interface
3.2 Component Detection

During the component detection stage, the YOLOv5-based model demonstrated effective identification and localization of Ul
elements. The system was able to detect multiple components such as headers, text blocks, content cards, and layout
containers with high confidence scores. The detected elements were visually highlighted with bounding boxes and
categorized into semantic component types. This stage enabled the transformation of raw visual data into structured layout
information.
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FIGURE 3: Detected Ul Components with Bounding Boxes
3.3 Structured Layout Representation

Following detection, the structured layout representation was converted into JSON format containing positional attributes,
hierarchical grouping, and spatial alignment constraints. This structured representation served as an intermediate bridge
between visual understanding and code synthesis. The organized component metadata allowed the system to preserve the
design intent and maintain proportional spacing among Ul elements.
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3.4 Code Generation

In the code generation phase, the large language model successfully translated structured layout data into functional HTML
and CSS code. The generated code incorporated semantic tags, responsive layout techniques such as Flexbox and Grid
systems, and styling attributes inferred from component positioning. The integrated code editor environment enabled users to
review and refine the generated code efficiently.
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FIGURE 4: Generated Front-end Code in Editor Environment

3.5 Live Preview and Final Output

Further, the system provided a real-time live preview module that allowed users to visualize the rendered interface instantly
after code generation. This interactive preview ensured validation of layout correctness, alignment consistency, and overall
usability of the generated Ul design. Users were able to make design adjustments and observe immediate visual feedback,
thereby enhancing rapid prototyping capability.
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FIGURE 5: Final Rendered Interface Output (Live Preview)

3.6 Discussion

Overall, the experimental results demonstrate that the proposed system effectively reduces manual effort involved in Ul
development while maintaining structural accuracy and visual consistency. The integration of deep learning—based
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component detection with intelligent code generation enables a seamless transformation from sketch input to deployable
front-end interface. The obtained results confirm that the proposed approach provides a practical and efficient solution for
accelerating the Ul design workflow in modern web development environments.

Key Performance Indicators:

Stage Key Outcome

Preprocessing Successful normalization and enhancement of input sketches
Component Detection Accurate detection of buttons, text fields, headers, cards
Structured Representation JSON conversion preserving hierarchy and alignment

Code Generation Production-ready HTML/CSS with Flexbox/Grid

Live Preview Real-time validation with customization options

V. CONCLUSION

The proposed Sketch2Code framework provides an efficient approach for automatically converting hand-drawn user
interface sketches into functional front-end code by integrating image processing, deep learning—based component detection,
structured layout understanding, and large language model—driven code generation. The system improves Ul development
productivity by reducing manual coding effort while maintaining design consistency and layout accuracy. Experimental
implementation demonstrates its capability to generate responsive and customizable interfaces with real-time preview
support.

Future work will focus on:
e Enhancing detection performance for complex and overlapping sketches
e Expanding component datasets to cover more Ul elements and patterns
e Integrating advanced multimodal models (e.g., Vision Transformers) for improved accuracy
e  Supporting additional output frameworks (Vue.js, Angular, Svelte)
e Enabling iterative design feedback loops for enhanced practical adoption
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