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Abstract—The increasing demand for accessible healthcare services, coupled with the shortage of medical professionals
and geographical barriers, highlights the need for intelligent digital healthcare solutions. Traditional medical chatbots are
largely limited to text-based interactions, lacking the ability to process multimodal inputs such as speech and medical
images, thereby restricting their effectiveness in real-world scenarios.

This paper presents DawAl, a multimodal Al-powered virtual medical assistant designed to simulate real-time doctor—
patient interactions. The system integrates advanced technologies including speech-to-text conversion for interpreting
spoken symptoms, image-based analysis for visual medical inputs, and large language models for generating context-
aware medical responses. Additionally, a text-to-speech module enables the system to deliver responses in a natural,
human-like voice, enhancing user accessibility and interaction.

DawAl operates through a unified architecture that processes voice and image inputs, performs multimodal reasoning,
and generates informative, empathetic responses within seconds. A structured dataset comprising symptom descriptions,
severity levels, and precautionary measures supports the system’s reasoning capability, ensuring coherent and medically
relevant outputs.

Experimental evaluation demonstrates that the system provides consistent and context-sensitive responses while
maintaining real-time performance. By addressing the limitations of existing healthcare chatbots, DawAl offers a
scalable, accessible, and user-friendly solution for preliminary medical consultation, particularly benefiting users in
remote and resource-constrained environments.

Index Terms— Multimodal Artificial Intelligence, Medical Chatbot, Virtual Doctor System, Speech-to-Text
(STT), Image-Based Diagnosis, Natural Language Processing (NLP), Text-to-Speech (TTS), GROQ API, LLaMA
Model, Whisper Model, Real-Time Healthcare Assistance, Human—-Computer Interaction, Assistive Technology,
Deep Learning, Gradio Interface.
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I. INTRODUCTION

A. Background Access to timely and reliable healthcare information is a fundamental requirement for improving
quality of life and ensuring public well-being. However, a significant portion of the global population
continues to face barriers in obtaining immediate medical guidance due to factors such as limited healthcare
infrastructure, shortage of medical professionals, high consultation costs, and geographical constraints. These
challenges are particularly pronounced in rural and underserved regions, where access to qualified healthcare
providers is often delayed or unavailable.

With the rapid growth of digital technologies, healthcare systems have increasingly adopted virtual
consultation tools and chatbot-based assistants to support preliminary diagnosis and patient education.
Despite these advancements, most existing systems rely primarily on text-based interaction, which restricts
their usability and fails to capture the complexity of real-world medical communication. Patients often
describe symptoms verbally and may also present visible physical conditions, such as skin abnormalities or
swelling, which cannot be effectively interpreted by text-only systems.

Recent developments in Artificial Intelligence (Al), particularly in Natural Language Processing (NLP),
speech recognition, and computer vision, have enabled the creation of more sophisticated multimodal
systems. These technologies allow machines to process and integrate multiple forms of input, such as speech
and images, thereby enhancing contextual understanding and decision-making capabilities. Large Language
Models (LLMs) and advanced speech synthesis techniques further contribute to generating human-like,
context-aware responses, improving user engagement and accessibility.

In this context, this research introduces DawAl, an Al-powered multimodal virtual medical assistant
designed to simulate real-time doctor—patient interaction. The system accepts voice-based symptom
descriptions and optional medical image inputs, processes them using advanced Al models, and generates
informative responses in both text and speech formats. Speech-to-text conversion enables seamless voice
interaction, while image-based analysis enhances diagnostic context by interpreting visible symptoms. The
generated responses are delivered through a natural-sounding text-to-speech module, creating an interactive
and accessible consultation experience.

Furthermore, the system is supported by a structured dataset containing symptom descriptions, severity
levels, and precautionary measures, allowing it to provide contextually relevant and medically coherent
guidance. The integration of a user-friendly interface ensures ease of use for individuals with varying levels
of technical literacy.

The proposed solution aims to bridge the gap between patients and healthcare services by providing a
scalable, cost-effective, and real-time assistive tool for preliminary medical consultation. By leveraging
multimodal Al technologies, DawAl enhances accessibility, improves user experience, and contributes
toward the development of inclusive and intelligent healthcare support systems.

B. Research Gap

Despite rapid advancements in Al-driven healthcare assistants and medical chatbots, several critical limitations
remain in existing systems. Most current solutions are predominantly text-based, relying on user-typed inputs,
which limits accessibility for individuals who are unable to clearly articulate symptoms in written form or prefer
natural verbal communication. This restricts the usability of such systems in real-world healthcare scenarios
where patients typically describe their conditions through speech.Another major limitation is the lack of
multimodal integration. While some systems incorporate either speech recognition or image analysis
independently, very few effectively combine voice-based symptom descriptions with visual medical inputs
to enable a more comprehensive understanding of patient conditions. As a result, these systems often fail to
capture contextual information that is critical for accurate preliminary assessment.

Furthermore, many existing healthcare chatbots do not provide a complete end-to-end interaction pipeline.
They typically generate text-based responses without supporting features such as natural voice output,
contextual explanation, or user-friendly interaction mechanisms, thereby reducing engagement and
accessibility, especially for elderly or visually impaired users.In addition, several solutions depend on rigid
rule-based architectures or limited datasets, which restrict their ability to generalize across diverse medical
scenarios. This often leads to inconsistent or less reliable responses when handling complex or uncommon
symptom combinations.
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Another notable gap is the limited focus on real-time responsiveness and practical usability. Existing systems
may experience latency issues due to heavy computational requirements or lack features that enhance real-world
deployment, such as intuitive interfaces, seamless multimodal interaction, and scalable architecture.Therefore,
there is a clear need for an integrated, real-time, multimodal healthcare assistant that combines speech
recognition, image-based analysis, advanced language understanding, and natural voice response generation into
a unified system. Such a solution should be scalable, accessible, and capable of delivering coherent, context-
aware medical guidance while improving the overall user experience in digital healthcare environments.

C. Research Objectives

The primary objective of this research is to develop an intelligent, real-time multimodal healthcare assistant
capable of simulating doctor—patient interaction by analyzing voice and visual inputs and generating informative
medical responses in both text and speech formats.The key objectives include:

* Develop a real-time Al-based medical chatbot that supports voice interaction for symptom description.
» Implement speech-to-text functionality to accurately transcribe patient input using advanced speech
recognition models.
* Integrate image-based analysis to interpret visual medical inputs such as skin conditions or visible symptoms.
« Utilize a multimodal large language model to combine textual and visual information for context-aware
medical reasoning.
» Generate meaningful and coherent medical responses that explain possible conditions and provide basic
guidance.

» Convert text responses into natural-sounding speech using text-to-speech technology for improved
accessibility.

» Design a user-friendly interface that supports seamless interaction through voice and image inputs.
* Ensure real-time performance with minimal latency for practical usability in healthcare scenarios.
* Develop a structured dataset incorporating symptoms, severity levels, and precautionary measures to support
accurate response generation.
* Maintain system scalability and adaptability for future enhancements such as multilingual support and
personalized healthcare recommendations.

D. Limitations Of The Study

Despite  the effectiveness of the proposed system, several limitations are identified.
Firstly, the system relies on predefined symptom datasets and general medical knowledge, which may limit its
ability to handle rare or highly complex medical conditions with complete accuracy.

Secondly, the performance of speech recognition may be affected by variations in user accents, background
noise, or unclear audio input, which can impact the quality of transcription and subsequent response generation.

Additionally, image-based analysis depends on the clarity and quality of the uploaded medical images. Poor
lighting conditions, low-resolution images, or ambiguous visual symptoms may reduce the accuracy of
interpretation.

Another limitation is that the system provides only preliminary guidance and cannot replace professional
medical diagnosis, prescription, or emergency intervention. It is designed as an assistive tool rather than a
certified clinical system.

Furthermore, the system currently depends on cloud-based APIs for core functionalities such as speech
processing and Al inference, which requires stable internet connectivity and may introduce latency under certain
conditions.

Finally, large-scale real-world deployment and validation in diverse healthcare environments have not yet been
extensively performed, which may affect its generalizability across different populations and use cases.

E. Rationale Of The Study
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This research addresses a significant need for accessible and immediate healthcare assistance by developing an
intelligent system that bridges the gap between patients and medical information. Many individuals face
challenges in obtaining timely consultation due to geographical, financial, or infrastructural constraints, making
digital healthcare support systems increasingly essential.

By integrating multimodal artificial intelligence techniques, including speech recognition, image analysis,
natural language processing, and speech synthesis, the proposed system offers a comprehensive and interactive
healthcare assistance platform rather than a conventional text-based chatbot.

The system enhances accessibility by allowing users to communicate naturally through voice and visual inputs
while receiving clear, human-like responses. This makes it particularly beneficial for individuals with limited
technical knowledge, visual impairments, or restricted access to medical facilities.

Furthermore, the proposed solution contributes to the development of scalable and cost-effective healthcare
technologies that can support preliminary consultation, health awareness, and patient education. It represents a
step toward more inclusive and intelligent digital healthcare systems, where technology assists in reducing
barriers to essential medical guidance and improves overall user experience.

Il. LITERATURE REVIEW

Recent advancements in artificial intelligence have significantly transformed the field of digital healthcare,
particularly in the development of intelligent medical assistants and chatbot-based consultation systems. This
section reviews key contributions related to medical chatbots, multimodal Al, speech processing, image-based
diagnosis, and real-time healthcare support systems.

. Early Healthcare Chatbot Approaches: Early developments in healthcare chatbots were primarily based on rule-
based systems and predefined decision trees. One of the earliest examples is ELIZA, developed by Joseph
Weizenbaum in 1966, which simulated basic human conversation using pattern matching techniques. Although
not specifically designed for healthcare, it demonstrated the potential of conversational systems.

Later, domain-specific chatbots such as MYCIN were developed to assist in medical diagnosis using rule-based
reasoning. While these systems showed promising results, they lacked adaptability, contextual understanding,
and real-time interaction capabilities. Their dependency on predefined rules limited their effectiveness in
handling diverse patient queries.

B. Deep Learning in Medical Chatbots: The introduction of deep learning brought significant improvements to
conversational Al systems. Models based on neural networks enabled better understanding of user intent and
more accurate response generation. The development of transformer architectures, particularly the work by
Ashish Vaswani et al. (2017) on the Transformer model, revolutionized Natural Language Processing (NLP).

Subsequently, large-scale language models such as GPT demonstrated strong capabilities in generating
context-aware and human-like responses. These models are widely used in modern healthcare chatbots to
provide explanations, answer medical queries, and assist in preliminary diagnosis.

Despite these advancements, many systems remain limited to text-based interaction and do not fully utilize
multimodal inputs such as speech and images.

C. Multimodal Al for Healthcare Applications

Recent research has focused on integrating multiple data modalities to improve diagnostic accuracy. Multimodal
Al systems combine text, speech, and image inputs to provide a more comprehensive understanding of patient
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conditions. Vision-language models, such as those based on LLaMA, enable simultaneous processing of textual
and visual data, enhancing contextual reasoning.

Studies in multimodal healthcare systems have shown that combining patient-reported symptoms with visual
inputs, such as skin images or medical reports, improves the reliability of Al-generated responses. However,
challenges such as data alignment, model complexity, and real-time processing constraints still exist.

D. Speech Processing and Voice-Based Interaction

Speech recognition and synthesis play a crucial role in improving accessibility in healthcare systems. Advanced
speech-to-text models like Whisper have demonstrated high accuracy in transcribing spoken language across
diverse accents and environments.

On the output side, text-to-speech technologies such as gTTS and neural voice synthesis platforms like
ElevenLabs have enabled the generation of natural and expressive voice responses. These advancements
enhance user interaction by making systems more intuitive and accessible, especially for users with limited
literacy or visual impairments.

However, issues such as latency, background noise interference, and dependency on internet connectivity
remain key challenges in real-time deployment.

E. Recent Al-Based Healthcare Systems

Several recent studies have explored Al-driven healthcare assistants for real-time consultation. Many systems
provide symptom-based diagnosis using machine learning models and structured medical datasets. While these
systems are effective in generating preliminary advice, they often lack multimodal capabilities and real-time
voice interaction.Some applications integrate image analysis for detecting visible conditions such as skin
diseases, but these are typically standalone systems and not part of a unified consultation pipeline. Similarly,
voice-enabled assistants exist but often do not incorporate image-based reasoning or advanced contextual
understanding.

Recent developments emphasize the need for integrated systems that combine speech recognition, image
analysis, natural language understanding, and voice response generation into a single platform. Such systems
can significantly improve user experience and provide more accurate and context-aware healthcare assistance.

1. RESEARCH METHODOLOGY

The development of DawAl — an Al-powered multimodal virtual medical assistant — follows a structured
methodology comprising requirement analysis, system design, implementation, and evaluation. The primary
objective is to design a real-time healthcare support system that accepts voice and image inputs, processes them
using advanced artificial intelligence techniques, and generates meaningful medical responses in both text and
speech formats.

A. Requirement Analysis

The system is designed to assist users in obtaining preliminary medical guidance through an intuitive and
accessible interface. Requirements were identified based on the limitations of existing healthcare chatbots and
the need for multimodal interaction in real-world scenarios.

The main requirements identified are:

* Real-time voice-based interaction for symptom description

* Accurate speech-to-text conversion for diverse user inputs

* Ability to process and analyze medical images for additional context
* Context-aware response generation using advanced language models
* Conversion of responses into natural-sounding speech

* User-friendly and accessible interface design

» Low latency for real-time interaction

* Reliable and consistent response generation
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B. Modules Design

1. User Interface Module: A simple and interactive interface is developed using Gradio, allowing users to
input symptoms through voice and upload images. The interface displays generated responses in both
text and audio formats, ensuring ease of use for users with varying technical expertise.

2. Speech Processing Module: This module captures voice input from the user and converts it into text
using advanced speech recognition models. It ensures accurate transcription even in the presence of
variations in accent and speaking style.

3. Image Processing Module: The system accepts medical images, such as visible symptoms or affected
areas, and processes them to extract meaningful visual features. This enhances the contextual
understanding of the user’s condition.

4. Multimodal Analysis Module: Textual data from speech and visual data from images are combined and
processed using a large language model. This module performs contextual reasoning to interpret
symptoms and generate relevant medical insights.

5. Response Generation Module: Based on the processed inputs, the system generates coherent, context-
aware medical responses, including possible conditions and precautionary advice.

6. Speech Synthesis Module: The generated text response is converted into natural-sounding audio output
using text-to-speech technology, enabling a more interactive and human-like experience.

C. Tools and Technologies Used

* Python — Core development language used for implementing the system and integrating all modules
* Gradio — Used to design an interactive and user-friendly interface for voice and image-based inputs
* SpeechRecognition — Enables real-time voice input capture and processing

» Whisper — Used for accurate speech-to-text conversion of user inputs

* GROQ API - Provides fast inference for large language models and multimodal processing

* LLaMA Model — Used for contextual understanding and medical response generation

» ¢TTS / ElevenLabs — Used for converting generated text into natural-sounding speech

* NumPy & Pandas — Used for data handling and preprocessing

* Pydub — Used for audio processing and format handling

Machine Learning Technologies and Algorithms

* Large Language Models (LLMs): Used for generating context-aware and medically relevant responses based
on user input

* Natural Language Processing (NLP): Enables understanding of symptoms and generation of coherent medical
explanations

* Speech-to-Text (STT) Models: Convert spoken input into text for further processing

» Multimodal Learning: Combines voice (text) and image inputs to improve contextual understanding

* Image Analysis Models: Used to interpret visual medical inputs such as skin conditions

* Text-to-Speech (TTS) Models: Generate human-like voice responses for improved interaction

* Prompt Engineering: Enhances the quality and relevance of responses generated by the language model

System Architecture
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The proposed DawAl system operates through a six-stage real-time multimodal pipeline for generating medical
responses from user inputs. The system is designed to accept both voice and image inputs, process them using
advanced Al models, and provide meaningful healthcare guidance in text and speech formats.
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Initially, the system captures the user’s voice input describing symptoms along with an optional medical image,
such as a skin condition or visible abnormality. The voice input is processed using a speech recognition model to
convert spoken language into text, while the image input is analyzed using image processing techniques to
extract relevant visual features.

The extracted textual and visual information is then preprocessed and structured to ensure consistency and
accuracy. These inputs are passed to a multimodal large language model, which performs contextual analysis by
combining both symptom descriptions and visual cues. The model generates a coherent medical response,
including possible conditions and precautionary advice.

Once the response is generated, it is converted into readable text and further transformed into natural-sounding
speech using a text-to-speech engine. This pipeline ensures a seamless, real-time, and user-friendly healthcare
interaction experience.

Step-wise Working of the System

Step 1: Input Acquisition:

User provides voice input describing symptoms and optionally uploads a medical image.

Step 2: Speech and Image Processing:

Speech input is converted into text using a speech-to-text model, while the image is processed to extract
meaningful visual features.

Step 3: Feature Representation:

Textual and visual inputs are structured and formatted for multimodal processing.

Step 4: Multimodal Analysis and Response Generation:

A large language model analyzes combined inputs to generate context-aware medical responses.

Step 5: Text Response Generation:

The system produces a clear and informative textual response including possible conditions and precautions.
Step 6: Speech Output:

The generated text is converted into audio using a text-to-speech engine for user interaction.

Model Processing and Evaluation

The system utilizes pre-trained and API-based models for real-time inference rather than traditional model
training from scratch. However, system evaluation is conducted to ensure performance and reliability.Evaluation
process:

* Functional testing of each module (speech, image, response generation)

* Integration testing for end-to-end workflow

* Performance evaluation based on:

— Response accuracy and relevance

— Latency (response time)

— Consistency of outputs

* User-level testing to assess usability and interaction quality

D. Ethical Considerations

* No personal or sensitive user data is permanently stored

* All interactions are processed securely through APIs

* The system provides only informational guidance and avoids clinical claims
* Designed to promote accessibility and responsible Al usage

* Ensures transparency by not replacing professional medical advice

IV. DATASET ANALYSIS

Unlike conventional machine learning systems that rely on large-scale labeled datasets for model training, the
proposed DawAl system utilizes a multimodal knowledge-driven framework that combines structured medical
knowledge with real-time user interactions. The system processes heterogeneous input modalities, including
speech, textual descriptions, and medical images, to generate context-aware healthcare assistance.

The knowledge repository consists of curated medical information containing symptom descriptions, probable
health conditions, severity levels, recommended precautions, and general healthcare guidelines. Instead of
depending solely on static datasets, DawAl dynamically incorporates real-time user inputs to produce
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personalized and contextually relevant responses through a Retrieval-Augmented Generation (RAG)
architecture integrated with a Large Language Model (LLM).
The combination of structured medical knowledge and multimodal user inputs enables the system to deliver
adaptive, explainable, and user-centric healthcare recommendations while maintaining contextual consistency.
A. Data Pre-processing and Normalization
To improve the quality and reliability of multimodal inputs, a comprehensive preprocessing pipeline is
employed before information is passed to the retrieval and language generation modules. The preprocessing
stage ensures that data obtained from different modalities is standardized into a unified representation.
The preprocessing operations include the following:
e Voice inputs are converted into textual format using an automatic Speech-to-Text (STT) model.
e Noise reduction and speech enhancement techniques are applied to improve transcription quality in
noisy environments.
e The generated text is cleaned through normalization procedures such as punctuation handling, removal
of unnecessary characters, and text standardization.
e Medical images are resized to a fixed resolution and normalized to ensure consistent feature extraction.
e Image enhancement techniques, including brightness and contrast adjustment, are applied to improve
image quality under varying lighting conditions.
e The processed textual and visual information is transformed into a unified multimodal representation
suitable for retrieval and response generation.
These preprocessing steps improve input consistency, reduce noise, and enhance the overall robustness of the
proposed healthcare assistance system.

B. Model Evaluation
The performance of the proposed DawAl system is evaluated based on the quality, relevance, and contextual
accuracy of the generated medical responses rather than conventional classification metrics. Since the system is
designed as a multimodal conversational healthcare assistant, its effectiveness is measured through qualitative
analysis of response generation and multimodal understanding.
The evaluation demonstrates the following observations:
e  The Speech-to-Text module provides accurate transcription for commonly spoken medical queries.
e Medical image analysis improves contextual understanding by identifying visible symptoms from
uploaded images.
e Retrieval-Augmented Generation enhances factual consistency by grounding responses using curated
medical knowledge.
e The Large Language Model generates coherent, context-aware, and human-readable healthcare
guidance.
e Multimodal fusion of speech, text, and image inputs significantly improves response relevance
compared to single-modal interaction.
Overall, the integration of multimodal processing, Retrieval-Augmented Generation, and Large Language
Models enables DawAl to provide accurate, explainable, and personalized healthcare assistance while
maintaining consistency across diverse user interactions.

TABLE 1
MULTIMODAL INPUT DATA SOURCES
Input Modality Data Source Description
Voice User Speech Captures spoken medical symptoms and health-related queries.
Text User Input Accepts symptom descriptions, medical history, and healthcare
questions.
Medical Images User Uploaded | Provides visual information for symptom analysis and contextual
Images understanding.
Medical Curated Medical | Stores diseases, symptoms, severity levels, precautions, and
Knowledge Base | Repository treatment guidelines for Retrieval-Augmented Generation (RAG).
TABLE 11
DATA PRE-PROCESSING PIPELINE
Input Type Pre-processing Purpose
Operation
Voice Speech-to-Text Converts spoken queries into textual format.
Conversion
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Voice Noise Reduction Improves transcription quality by removing background noise.

Text Cleaning and | Removes irrelevant characters and standardizes text
Normalization representation.

Medical Image Resizing Produces uniform image dimensions for consistent analysis.

Images

Medical Image Enhancement Improves brightness, contrast, and overall image quality.

Images

Multimodal Feature Standardization | Converts all processed inputs into a unified representation for

Data multimodal processing.

TABLE III

MULTIMODAL DATA CHARACTERISTICS

Data Type Format Processing Module Output

Voice Audio (.wav/.mp3) Speech-to-Text Model Normalized Text

Text Plain Text Text Preprocessing Module | Cleaned Text

Medical Image JPG/PNG Vision Encoder Visual Features

Knowledge Base | Structured Medical Documents | RAG Retriever Relevant Medical Context

V. IMPLEMENTATION, EXPERIMENTS AND RESULTS ANALYSIS
5.1 System Implementation

The DawAl system was implemented using a combination of artificial intelligence, speech processing, and
multimodal data analysis techniques to provide real-time healthcare assistance.

The frontend interface was developed using Gradio, providing a simple and interactive environment where
users can submit symptoms through voice input and upload medical images. The backend processing was
implemented in Python, integrating multiple modules for speech recognition, image analysis, and response
generation.

Speech input is processed using advanced Speech-to-Text (STT) models such as Whisper, ensuring accurate
transcription of user queries. Medical image inputs are analyzed using suitable image processing techniques to
extract relevant visual information associated with medical conditions.

The core intelligence of the system is powered by the LLaMA large language model accessed through the
GROQ API, enabling fast and efficient multimodal reasoning. The model combines textual and visual inputs to
generate context-aware medical responses, including possible medical conditions and precautionary advice.
Text-to-Speech (TTS) functionality is implemented using gTTS and ElevenLabs, which convert the generated
responses into natural and human-like audio, thereby enhancing user interaction and accessibility.

5.2 Experimental Setup

The proposed system was evaluated under both controlled and real-time conditions to assess its performance,
reliability, and usability.
The experimental evaluation was conducted under the following conditions:
e Different users provided voice inputs with varying accents and speech patterns.
e Testing was conducted under both quiet and noisy environments.
e Medical image inputs with varying lighting conditions were used for evaluation.
e Real-time interaction testing was performed using the Gradio interface.
The dataset used during experimentation consisted of:
e Astructured dataset containing symptoms, medical conditions, and precautionary measures.
e Real-time user-generated voice inputs.
e  Medical image samples for visual analysis.
e Diverse testing scenarios to ensure robustness and generalization.
The system performance was evaluated using the following metrics:
e Response accuracy and relevance.
e Precision and consistency of generated responses.
e Recall in identifying relevant medical information.
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e Fl-score for evaluating overall response quality.
e Latency for measuring real-time response speed.

5.3 Results Analysis
5.3.1 System Interface Before Input Processing

Figure 5.1 shows the graphical user interface of the proposed DawAl system before processing user inputs. The
interface allows users to record voice symptoms and upload medical images for analysis. At this stage, the
transcription, doctor's response, and audio output sections remain empty until the query is submitted.

Fig. 5.1. User Interface of DawAl System Before Input Processing.
5.3.2 System Interface After Input Processing

Figure 5.2 illustrates the system after processing both voice and image inputs. The speech input is converted
into text, the uploaded medical image is analyzed, and a context-aware medical response is generated. The
response is also converted into speech, demonstrating the complete multimodal workflow of the proposed
system.

Fig. 5.2. User Interface of DawAl System After Processing Voice and Image Inputs.
5.3.3 Response Accuracy Distribution

The response accuracy distribution indicates that approximately 93-95% of the generated responses were
contextually accurate, while a small percentage of responses were less relevant due to ambiguous user inputs or
poor-quality images. These results demonstrate the reliability of the proposed multimodal Al system.

Response Accuracy Distribution

B Correct / Relevant
Responses (94%)

B Irrelevant Responses
(6%)

0 The system achieved

high response accuracy
with 94% of outputs being

relevant and context-aware.
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Fig. 5.3. Response Accuracy Distribution of DawAl System.
5.3.4 Module-wise Performance Comparison

Figure 5.4 compares the performance of different system modules. The Speech-to-Text module achieved the
highest accuracy (approximately 95%0), followed by the Multimodal Al module (approximately 93-94%). The
Image Analysis module achieved approximately 90% accuracy, with performance influenced by image quality.

Module-wise Performance Comparison
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Fig. 5.4. Module-wise Performance Comparison.
5.3.5 Response Time Analysis

The response time analysis shows that the system maintained a latency of approximately 2-3 seconds across
multiple user requests. The consistent response time demonstrates the suitability of the proposed system for real-
time healthcare assistance.

Response Time Analysis (Latency vs. Requests)

The system maintained stable latency between
a 2 to 3 seconds, demonstrating real-time and
efficient performance.

2.6 27
’ 23 24 25 24 26

21 22 21

Latency (Seconds)

1 2 3 4 5 6 7 8 9 10
Number of Requests

Fig. 5.5. Response Time Analysis Showing System Latency Across Multiple User Requests.
5.3.6 User Satisfaction Analysis

The user satisfaction analysis indicates positive feedback regarding the usability and effectiveness of the
proposed system. Users particularly appreciated the voice interaction and ease of use, while image-based
responses received slightly lower ratings due to variations in image quality.
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Fig. 5.6. User Satisfaction Analysis of DawAl System.

VI. CONCLUSION
A. Key Findings
The DawAl system demonstrates the strong potential of Artificial Intelligence in transforming digital
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healthcare assistance through multimodal interaction. The system successfully integrates:

a) Voice-based symptom input
b) Image-based medical analysis
c) Natural language processing
d) Context-aware response generation

e) Speech synthesis for audio output

Key achievements include:
1. Accurate interpretation of user symptoms using speech-to-text and Al-based reasoning
2. Real-time generation of medical responses in both text and speech formats
3. Effective use of multimodal inputs (voice + image) to improve contextual understanding
4. User-friendly and accessible interface suitable for diverse users
5. Low-latency performance enabling real-time healthcare assistance

Overall, the system demonstrates how Al-driven solutions can improve accessibility, awareness, and early-
stage medical guidance for users.

B. Limitations
Despite promising results, several limitations remain:

1. Limited Medical Scope: The system provides general guidance and may not accurately handle rare
or highly complex medical conditions

2. Dependency on Input Quality: Speech recognition accuracy may be affected by noise or unclear
audio, and image analysis depends on image clarity

3. No Clinical Validation: The system is not a substitute for professional medical diagnosis or
treatment

4. Internet Dependency: Reliance on cloud-based APIs may introduce latency and requires stable
connectivity

5. Limited Real-World Deployment: Large-scale testing in real healthcare environments is yet to be
conducted
C. Challenges

During development, several technical and practical challenges were encountered:

» Multimodal Integration: Combining voice, text, and image inputs into a unified system required careful design
and synchronization

* Real-Time Processing: Maintaining low latency while ensuring accurate Al responses was a key challenge

* Speech Variability: Handling different accents, speech speeds, and background noise affected transcription
accuracy

* Context Understanding: Generating medically relevant and coherent responses required effective prompt
engineering and model tuning

* System Reliability: Ensuring consistent performance across diverse input scenarios was critical

D. Future Work

Future enhancements will focus on expanding the system into a more advanced and scalable healthcare
platform:

1. Multilingual Support: Extend the system to support multiple regional languages for broader
accessibility

Personalized Healthcare: Incorporate user history and preferences for tailored medical guidance
Advanced Image Diagnosis: Integrate specialized medical imaging models for improved accuracy
Offline Functionality: Reduce dependency on internet connectivity through edge-based Al models
Mobile Application Deployment: Develop Android and iOS applications for wider usability

o gk~ wn

Integration with Healthcare Systems: Enable connectivity with hospitals and telemedicine
platforms

7. Continuous Learning Models: Improve system performance using real-world interaction data
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E. Conclusion
In conclusion, DawAl presents a comprehensive Al-powered multimodal healthcare assistant that combines
speech recognition, image analysis, natural language processing, and speech synthesis into a unified system.

The proposed solution enhances accessibility to healthcare information by enabling intuitive and real-time
interaction between users and an intelligent virtual assistant. By supporting voice-based communication and
visual input analysis, the system goes beyond traditional chatbot approaches and provides a more natural and
effective user experience.

DawAl represents a significant step toward the development of intelligent, scalable, and accessible healthcare
technologies. While it is not intended to replace professional medical services, it serves as a valuable tool for
preliminary guidance, awareness, and support, contributing to the broader vision of Al-assisted digital
healthcare systems.
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