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Abstract:

An Al-powered architectural image captioning and voice generation system is developed to help blind
students better understand architectural images by automatically generating textual descriptions. The
proposed system employs computer vision and Al algorithms to process images of buildings, rooms,
layouts, and architectural structures. Visual features are extracted by Convolutional Neural Networks
(CNNs), and Natural Language Processing (NLP) algorithms are used to generate relevant captions. The
captions are then transformed into audio by text-to-speech technology. The proposed system enhances
visual perception, facilitates inclusive education, and helps blind students better understand architectural
concepts independently and effectively.
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LINTRODUCTION:

Learning in architecture and visual studies is greatly reliant on images, drawings, and visual
representation, which pose a challenge to the blind. Architectural concepts like building designs, room
designs, elevations, and architectural details are difficult to comprehend without visual exposure. Recent
developments in Artificial Intelligence have emerged with promising solutions through image captioning
technology. An Al-assisted architectural image captioning system is capable of analyzing architectural
images and automatically providing a relevant textual description. By combining computer vision with
natural language processing and text-to-speech technology, visual information is transformed into audible
content. This is beneficial for independent learning, inclusivity in education, and blind students’ better
comprehension of architectural concepts and details.

II.LRELATED WORK:

Existing studies on image captioning for accessibility have concentrated on the automatic generation of
descriptive text from images to assist visually impaired individuals. The early approaches to image
captioning were based on the combination of computer vision techniques and rule-based language
templates, allowing for the identification of objects and simple descriptions of scenes. However, with the
advent of deep learning, encoder-decoder networks based on Convolutional Neural Networks (CNNs) and
Recurrent Neural Networks (RNNs) produced more accurate and natural-sounding captions. Examples of
such projects include Microsoft’s Caption Bot and Google’s image description capabilities, which have
shown the feasibility of automated image narration, but are general-purpose and lack domain-specific
content, such as architectural images.

In the specific domain of architectural visualization, researchers have developed systems for interpreting
and classifying architectural images, including the identification of structural elements, floor plans, and
design elements. Studies combining semantic image segmentation with building analysis models have
enhanced the interpretation of architectural scenes. However, there is a lack of studies specifically
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addressing architectural image captioning. Some studies investigate the generation of descriptions for
indoor scenes and room layouts, which is relevant to architectural domains, but may not be detailed and
technical enough for educational purposes for architecture students.

Recent developments focus on assistive technologies for visually impaired students, integrating image
captioning with text-to-speech functionality. Education-specific projects, such as captioning scientific
diagrams or math figures, illustrate the need for contextual and domain-specific captioning. Although
significant progress has been made, very few projects offer the level of detail necessary for academic
learning, with architecture-centric descriptions. This project proposes to leverage these advances by
applying deep learning-based captioning models to architectural images, with the goal of providing more
accurate and relevant descriptions to benefit blind architecture students.

III. PROPOSED SYSTEM:

The proposed Al-powered architectural image captioning system is intended to help blind students by
providing a meaningful text and audio description of architectural images. The system begins by taking
an architectural image as input, which can be buildings, floor plans, room designs, or architectural
components. A Convolutional Neural Network (CNN) is employed to identify key visual elements such
as shapes, objects, and arrangements. The visual elements are then processed by a Natural Language
Processing (NLP) model, which can be an LSTM or a Transformer model, to produce a clear and
contextually relevant description of the architectural components. The final step involves the text being
translated into speech using a text-to-speech module, which helps blind students interpret architectural
content independently.

IV. ARCHITECTURE:

USER

!

Peripheral Devices
(Mobile / Laptop / Camera / Mic)

!

Website / App UI

!

Image Processing Module
- Image Upload
- Image Preprocessing

!

Al Captioning Module
- Feature Extraction
- Caption Generation

i

Output Module
- Text Description
- Voice Output (TTS)

- User Data
- Images
- Captions

Fig 1: System Architecture
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1. Image Input Module

The user, who is a blind student, captures the image using a mobile phone's camera or uploads the captured
image. This image is then passed on to the system for processing.

2. Pre-processing Module

The image is resized and normalized. Noise removal and basic enhancement were done. Ensures that the
image is valid for feature extraction.

3. Feature Extraction (CNN)

A Convolutional Neural Network (CNN) model like Res Net, VGG extracts important features. Objects,
shapes, colors, and other spatial information are identified a feature vector corresponding to the image.

4. Caption Generation

The feature values are passed to the Language Model. LSTM/RNN/Transformer creates a meaningful
sentence one word at a time. It combines visual features with language understanding.

5. Text Caption Output

It develops a descriptive caption of the picture.

6. Text-to-Speech

The generated caption is then converted into audio with the help of Text-to-Speech technology. Assists
blind students in understanding what they can’t see by using sound.

7. Audio Output to User

This is read out by the speaker or headphones. User can listen and understand the image content.

V. IMPLEMENTATION DETAILS:

1. Development Environment

Programming Language: Python

Framework: TensorFlow / Keras or PyTorch
Platform: Desktop / Android using API Integration
IDE: Google Colab / VS Code / PyCharm

2. Dataset Used

o MS COCO/Flickr8k/Flickr30k

o Each image has multiple human-written captions.

o Dataset is divided into:

o Training set

o Validation set

o Testing set

3. Image Pre-processing

° Resized so that they have a certain size, e.g., 224x224.
. Normalization of pixel values.

J Converted into arrays for model input.

o Data augmentation (optional) helps improve accuracy.
4. Feature Extraction using CNN

o Pre-trained CNN models like:

J VGG

o Res Net

. The final classification layer is removed.

o The stored vectors contain the extracted features.

o These vectors contain significant visual information.
5. Text Pre-processing

o Captions are converted to lowercase.

o Special characters and numbers are deleted.
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. Tokenization is done.
o Vocabulary is created.
o The sequences are padded to ensure equal lengths.

6. Caption Generation Model

Encoder-Decoder architecture is used:

Encoder: CNN designed for Image Features

Decoder: LSTM / RNN / Transformer

The image features are then sent to the decoder.

The model makes word predictions until an end token is reached.
7. Model Training

Loss Function: Categorical Cross-Entropy

Optimizer: Adam

o Training is performed over multiple epochs.

. Teacher forcing enhances efficiency in learning.
8. Caption Prediction

During testing:

o Image is passed through a CNN.

o In Decoder, caption is generated word by word.
. Greedy search or Beam search is used.

9. Text to Speech

o Caption generated will be sent to a TTS engine:
J Google Text-to-Speech

J The audio output is heard by the user.

10. User Interface

o Simple mobile or web interface.

. Buttons for:

o Capture image

J Upload image

o Listen to caption

VI. DEVELOPMENT FRAMEWORK:

1.Programming Language

Used for implementing deep learning models, image processing, and system integration because of its
simplicity and rich libraries.

2.Deep Learning Frameworks

Used for developing and training CNN and LSTM/Transformer models for image caption generation.
3. OpenCV

Used for image acquisition, resizing, preprocessing, and camera integration.

4.NLP Framework

Used for text preprocessing, tokenization, and vocabulary generation for caption generation.
5.Text-to-Speech Framework

Used for converting generated text captions into audio output to help blind students

VII. ALGORITHM:

Step 1: Image Captioning
Step 2: Image Preprocessing
Step 3: Feature Extraction
Step 4: Caption Generation
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Step 5: Text-to-Speech Conversion
Step 6: Audio Output

VIII. RESULTS:

@ English v % Light Logout

. ® 7 9
ArchVision Al ‘ G s Voice

Sign in to access smart scene understanding

Email
Enter your email N
Password .
Upload an image
Enter your password ® Drag & drop or click to select an architectural photo

“ s

Fig 2: System Interface
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Fig 3: Uploaded Image Display
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9  Fountain

9 School bus

WHERE YOU ARE

The scene presents a large educational facility. Directly ahead and slightly to the left is a
central grassy area with a fountain. To the far left, a parking lot is visible. Immediately ahead p-o
is the main entrance driveway with a yellow schaol bus. The main schoal building curves
around the central area, with various colorful, elevated ramps and play zones extending to ®  Play areas/Walkways
the right in a grassy, sloped landscape oo e

SCENE DESCRIPTION

This is an aerial view of a modern school campus with a uniquely shaped building. The

®  Trees and landscaping
building is surrounded by green lawns, a parking lot, and calorful play areas with walkways. around - various dista

Fig 4: Objects Description

IJTAS26041265 Volume 17, Issue 4, April 2026



https://www.ijtas.com/

Qﬁﬂ

: 5’ i International Journal of Technology and Applied Science (IJTAS)

<\
! E-ISSN: 2230-9004 e Website: www.ijtas.com e Email: editor@ijtas.com

IJTAS

SENTIMENT & CONTEXT — NLP

@ Safe — calm and structured

Context An aerial view of a newly designed or rendered educational/community complex with surrounding
outdoor facilities.

'N‘ Activity
none visible
Access The complex appears to be designed with wide open spaces and ramps for the playground. The

parking lot is well-defined. Further details on internal accessibility would require more views.

Fig 5: Sentiment & Context NLP
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Fig 6: 3D Spatial Map Visualization

Ask anything about this image... Q‘

Suggested questions about this image

© History T Clear

- g This is an aerial view of a modern school campus with a uniquely shaped building. The building is
surrounded by green lawns, a parking lot, and colorful play areas with walkways.
637 PM

Fig 7: Interactive Captioning and Voice Query Result Screen
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X. CONCLUSION:

The Al-powered Image Captioning System effectively closes the gap between visual content and the
visually impaired by enabling images to be translated into significant text descriptions and audio output.
The system combines computer vision and natural language processing algorithms to effectively recognize
objects and scenes in images and produce human-like captions. The text-to-speech functionality of the
system allows blind students to access visual information on their own. The system improves accessibility
in learning and everyday life. It can be further developed for real-time use and support multiple languages.
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