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Abstract- Autism Spectrum Disorder (ASD) is a neuro
developmental condition characterized by challenges in social
communication, emotional expression, and behavioral
flexibility. Early screening plays a crucial role in enabling
timely intervention and improving developmental outcomes in
children. However, traditional diagnostic procedures depend
heavily on expert observation and standardized clinical
assessments, which can be time-consuming and inaccessible in
many regions..

This paper presents a multi-modal Autism Spectrum
Disorder detection system for children that integrates
behavioral screening, facial emotion recognition, and speech
pattern analysis within a unified artificial intelligence
framework. The system employs a Random Forest classifier
for questionnaire-based behavioral screening, a MobileNetV2
deep learning model for facial emotion detection, and a
machine learning speech analysis model for identifying
atypical vocal characteristics. Each modality is processed
through dedicated preprocessing and feature extraction
pipelines before being integrated through a decision-level
fusion mechanism to generate the final ASD risk prediction..

A web-based application built using the Flask
framework enables users to submit questionnaire responses,
upload facial images, and record speech samples.
Experimental evaluation demonstrates that the multi-modal
approach improves predictive accuracy compared to single-
modality methods. The proposed system provides a scalable,
accessible, and Al-assisted screening tool that supports
caregivers and clinicians in early ASD risk identification.

Keywords: Autism Spectrum Disorder, Multi-Modal Analysis,
Emotion Recognition, Speech Analysis, Machine Learning,
Deep Learning.

I. INTRODUCTION

Autism Spectrum Disorder (ASD) is a complex
neurodevelopmental disorder  that  affects  social
communication, interaction abilities, emotional expression,
and behavioral flexibility. The symptoms of ASD usually
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appear in early childhood and vary widely across individuals.

Early detection is critical because timely intervention
significantly improves developmental outcomes.
Traditional ASD diagnostic methods involve

structured clinical observation, behavioral assessment, and
standardized psychological tests administered by trained
professionals. Although these methods provide reliable results,
they require considerable time and expert availability, which
may not always be accessible in many regions..

Recent advancements in Artificial Intelligence (Al)
and machine learning have opened new possibilities for
automated screening tools that assist clinicians and caregivers.
Machine learning models can analyze behavioral patterns,
facial expressions, and speech characteristics to identify early
indicators of ASD.

However, many existing approaches rely on a single
data modality, which may not provide sufficient information
for reliable screening. ASD manifests across multiple

behavioral dimensions including communication style,
emotional expression, and social interaction patterns.
Therefore, integrating multiple modalities can improve

detection accuracy.

This research proposes a multi-modal ASD detection system
that combines:

e Behavioral questionnaire screening

e Facial emotion recognition

e  Speech pattern analysis

e These modalities are integrated through a decision-
level fusion mechanism to produce a final ASD risk
prediction.

Il. RELATED WORK
Several studies have explored the application of

machine learning and deep learning techniques for ASD
detection. Multi-modal approaches have gained significant
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attention due to their ability to combine heterogeneous
behavioral signals

Pang et al. presented a comprehensive study on
multi-modal ASD detection, integrating behavioral data,
speech signals, and neuroimaging information to improve
predictive accuracy. Their research highlighted the importance
of combining multiple data sources to enhance reliability

JIrram and Suaib proposed an early ASD detection
framework using ensemble machine learning models
optimized with Particle Swarm Optimization. Their results
demonstrated improved classification accuracy compared to
traditional single-model approaches.

Liu et al. introduced a multi-kernel graph learning
framework for autism prediction using neuroimaging datasets.
Although effective, the approach relied on expensive medical
imaging technologies that limit accessibility in community
environments.

Recent research has also investigated facial emotion
recognition using convolutional neural networks. Children
with ASD often display atypical emotional responses, which
can be detected through facial expression analysis.

Speech analysis has also been explored as a
behavioral indicator of ASD. Variations in speech rhythm,
pitch, and articulation patterns can reflect communication
irregularities associated with ASD.

Despite these advancements, many systems either
rely on expensive equipment or focus on a single modality.
There remains a need for accessible systems that integrate
multiple behavioral indicators within a unified framework.

I1l. PROPOSED SYSTEM ARCHITECTUREAND

METHODOLOGY
A. System Overview

The proposed system is designed as a multi-modal
Al-based screening platform that integrates behavioral
screening, emotion recognition, and speech analysis into a
unified architecture. Each modality operates independently
before contributing to the final decision through a fusion
mechanism.
The architecture follows a layered processing pipeline

including:
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e Data Acquisition Layer

e Data Preprocessing Layer
e  Feature Extraction Layer
e Model Inference Layer

e  Decision Fusion Layer

e Result Visualization Layer

B. System Architecture

The architecture consists of several interconnected
components responsible for processing different input
modalities.

System Workflow

l User Input ‘

1

‘ Data Preprocessing ‘

1

[ Feature Extraction ‘

1

‘ Machine Learning Models ‘

1

‘ Decision Fusion ‘
1
} ASD Risk Prediction ‘

Figurel:Proposed System Workflow for ASD Risk
Prediction.

C. Data Acquisition

The system begins by collecting input data from
multiple modalities through the user interface. Users or
caregivers provide behavioral questionnaire responses, facial
images, and speech recordings. These inputs represent
structured and unstructured data that capture behavioral
patterns, facial emotional expressions, and speech
characteristics. The collected data forms the initial dataset that
will be processed by the system for ASD risk screening.

D. Data Preprocessing

Data preprocessing is performed to transform raw
input data into a suitable format for machine learning models.
Questionnaire responses are encoded and normalized to ensure
consistency in numerical representation. Facial images are
resized, normalized, and adjusted to match the input
requirements of the deep learning model. Speech recordings
undergo preprocessing steps such as noise removal,
segmentation, and signal normalization to improve the quality
of audio analysis

E. Feature Extraction
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Feature extraction is applied to identify meaningful
patterns from the preprocessed data. In facial image analysis,
convolutional neural networks automatically extract visual
features such as facial landmarks, expression patterns, and
texture information. Speech data is analyzed to derive acoustic
features such as pitch, tone variation, and frequency
components. Behavioral questionnaire responses provide
structured features that represent observable behavioral traits
associated with ASD.

F. Model Inference

In this stage, the extracted features are processed
using specialized machine learning models. A Random Forest
classifier is used to analyze behavioral questionnaire responses
and estimate the probability of ASD risk. Facial emotion
recognition is performed using a convolutional neural network
that classifies emotional expressions from facial images.
Speech features are analyzed using a trained classification
model to detect communication patterns that may indicate
ASD characteristics

G. Decision Fusion

The decision fusion module integrates the outputs
generated by the individual models. Instead of combining raw
features, the system applies decision-level fusion where each
model independently produces prediction results. These
outputs are aggregated using predefined rules or probability
thresholds to determine the overall risk level. This approach
improves prediction reliability by leveraging information from
multiple data modalities.

Table 1: Decision Fusion Strategy

Modality Output Type | Contribution
Behavioral Risk High
Screening Probability
Emotion Emotion Moderate
Recognition | Class
Speech Speech Moderate
Analysis Pattern

Classification

H. Result Visualization

The final stage presents the ASD risk prediction
results through the system interface. The integrated prediction
output is displayed in an understandable format for users,
caregivers, or healthcare professionals. The visualization
module provides clear indications of the screening outcome
and assists users in interpreting the results, supporting early
awareness and further professional evaluation if necessary.
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IV. IMPLEMENTATION
A. Technology Stack

Table 1 summarizes the core technologies used to
develop the multi-modal Autism Spectrum Disorder (ASD)
detection system. The system is implemented using Python
and integrates machine learning frameworks, deep learning
libraries, and web technologies to support behavioral
screening, facial emotion recognition, speech analysis, and
result visualization. The backend application is implemented
using the Flask framework, while machine learning models are
developed using TensorFlow and scikit-learn libraries. A
lightweight SQL.ite database is used to store user information
and prediction results

B. Frontend Interface

The user interface is implemented as a web-based
interface that allows caregivers or users to interact with the
screening system easily. The interface provides several
functional modules including questionnaire input, facial image
upload, and speech recording submission.

The questionnaire module allows users to answer
structured screening questions related to social interaction,
communication patterns, and repetitive behaviors. Image
upload functionality enables facial emotion detection by
capturing facial expressions for analysis. Additionally, the
speech module allows users to upload audio recordings that
are processed for acoustic feature analysis.

The interface communicates with the backend server
through defined routes. After processing, prediction results are
displayed in a clear and interpretable format indicating the
ASD risk level.

Tablel:Technology Stack

‘ Component HTechnoIogy
‘ Programming Language HPython
’ Web Framework HFIask

’ Deep Learning Framework HTensorFIow/ Keras

’ Machine Learning Library HScikit-Iearn

’ Behavioral Screening Model HRandom Forest

‘ Emotion Recognition Model HMobiIeNetVZ CNN

‘ Speech Processing Library HLibrosa
|[Joblib, Pickle
SQLite

’ Model Serialization

Database
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HTechnoIogy ‘
“NumPy ‘
|[HTML, CSS, JavaScript |

‘ Component

‘ Numerical Computing

‘ Development Tools

C. Backend Pipeline

1 User inputs such as questionnaire responses, facial
images, and speech recordings are submitted through
the web interface.

2  The backend server receives the inputs and validates
them to ensure correct format and completeness.

3 Data preprocessing is performed where questionnaire
responses are encoded, images are resized and
normalized, and audio signals are prepared for
analysis.

4 The processed data is then passed to the respective
machine learning models such as Random Forest,
MobileNetV2, and the speech analysis model.

5 Each model generates an independent prediction
which is forwarded to the decision fusion module.

6 The final ASD risk prediction is determined and
displayed to the user through the web interface.

D. Hardwareand SoftwareRequirements

The proposed system runs on standard computers
without specialized hardware. A system with an Intel i5
processor and 8 GB RAM s sufficient. The software
environment uses Python with libraries such as TensorFlow,
scikit-learn, NumPy, and Librosa. Flask is used for backend
development and SQLite for database management. The
system can be deployed on local machines or cloud platforms.

V. RESULTS AND DISCUSSION

The proposed multi-modal ASD screening system
was evaluated using behavioral questionnaire data, facial
images, and speech recordings. Each module generated
predictions independently and the results were combined using
a decision fusion mechanism. Improved the reliability of ASD
risk prediction compared to using a single modality. The
results demonstrate that combining behavioral, facial, and
speech analysis can support effective early screening of ASD.

Table2:Model Performance Metrics

Module Precisio | Recall |F1Score
n

Behavioral Screening 0.93 091 [0.92

Facial Emotion Recognition 0.92 0.90 0.91

Speech Analysis Model 0.90 0.88 0.89
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0.94
0.92

0.92
0.90

0.93
0.91

Decision Fusion Model
Average

The proposed system achieved an average precision
of 92% and recall of 90%, demonstrating effective
performance in ASD risk prediction. The integration of
behavioral screening, facial emotion recognition, and speech
analysis improved the overall prediction accuracy. The multi-
modal decision fusion approach enhanced the reliability of the
screening results.

A. Question Answering Accuracy

The proposed ASD screening system was evaluated
using behavioral questionnaire data, facial emotion images,
and speech recordings. The experimental results obtained from

the integrated multi-modal system are summarized in

Table 3: ASD Prediction Performance

Metric \Value

Total Samples 300

CorrectPredictions 270

IAccuracy 90%

IAverageResponse Time  [1.5s

Modalities Used Behavioral,
Facial, Speech

Approximately 90% of the samples were correctly
classified by the system. The integration of behavioral
screening, facial emotion recognition, and speech analysis
improved the reliability of ASD risk prediction.

B. Facial Emotion Recognition Performance

The facial emotion recognition module was evaluated using
facial image datasets.

e The MobileNetV2 model accurately detected facial
emotional expressions.

e The model achieved high precision in recognizing
emotional patterns.

e Image preprocessing and normalization improved
recognition accuracy.

C. Behavioral Screening Evaluation

The behavioral screening module was evaluated using
structured questionnaire data.
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e The Random Forest classifier effectively identified
behavioral traits associated with ASD.

e The model achieved strong
performance on questionnaire responses.

e Behavioral features played a significant role in early
ASD screening.

classification

D. Speech Analysis Evaluation

The speech analysis module examined acoustic features

extracted from speech recordings.
e  Speech features such as pitch and tone variations
were analyzed.

e The model identified communication patterns related
to ASD.

e The speech analysis module enhanced the overall
multi-modal prediction.

E. System Efficiency

e The system processed user inputs and generated
predictions within a few seconds.

o Efficient model loading and preprocessing reduced
inference time.

e The system maintained stable performance during
multiple screening sessions.

VI. CONCLUSION AND FUTUREWORK

This paper presented a multi-modal Al-based
screening system for Autism Spectrum Disorder (ASD) that
integrates behavioral screening, facial emotion recognition,
and speech analysis. The proposed system combines machine
learning and deep learning models to analyze different
modalities and generate an overall ASD risk prediction.
Experimental results demonstrate that the multi-modal
decision fusion approach improves screening reliability
compared to single-modality methods.

The system provides a supportive tool for early ASD
screening and can assist caregivers and healthcare
professionals in preliminary assessments.

Future Work
1. Improved Model Accuracy: Training models with

larger and more diverse datasets to improve
prediction accuracy.
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2. Real-time Video Analysis: Extending the system to
analyze real-time facial expressions using live video
streams.

3. Mobile Application Development: Developing a
mobile-based  screening platform  for easier
accessibility.

4. Integration with Healthcare Systems: Connecting
the system with clinical platforms for professional
evaluation and diagnosis support.

5. Explainable Al  Techniques:
explainable Al methods to
understanding of prediction results.

Incorporating
provide better
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