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ABSTRACT

This research introduces an innovative Deep Neural Network (DNN)-based framework for managing
autism spectrum disorder (ASD) incidents, such as seizures and sensory meltdowns in children. The
proposed system incorporates wearable devices, hybrid CNN-LSTM architectures, and cloud storage to
enable real-time prediction, self-regulation, and physician collaboration. A comprehensive Failure
Modes and Effects Analysis (FMEA) is conducted to improve system dependability and reduce hazards.
Assessment utilizing the CHB-MIT EEG Seizure Dataset and AUT-PRE-Behavioral Dataset reveals an
accuracy of 96%, with additional recommendations for further improvements.

Keywords: Deep Neural Networks, Autism Spectrum Disorder, Convolutional Neural Network-Long
Short-Term Memory, Failure Mode and Effects Analysis, CHB-MIT Electroencephalogram, Autonomous
Prediction

1. INTRODUCTION
Autism Spectrum Disorder (ASD) frequently coexists with comorbid conditions such as seizures and
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sensory meltdowns, creating substantial difficulties for children and their careers. Contemporary
management strategies are deficient in real-time episode detection and self-regulation mechanisms,
resulting in reactive treatment and heightened dependence on emergency interventions. We present an
innovative architecture utilizing Deep Neural Networks (DNNs) and wearable technologies to address this
issue. This technology will deliver real-time episode predictions, equip children with self-regulation skills,
and enable seamless coordination with physicians, thereby enhancing the quality of life for children with
ASD and their families.

2. PROBLEM STATEMENT

* Autism Spectrum Disorder (ASD) is a multifaceted neurological illness that significantly affects
the social, behavioral, and linguistic abilities of millions of children worldwide. In addition to its
primary characteristics, ASD frequently coexists with comorbid conditions such as sensory
meltdowns, anxiety episodes, and seizures. These circumstances require prompt action. The
therapy of these crises presents unique challenges for pediatric patients, as they sometimes find it
difficult to express their suffering or respond to conventional therapeutic methods.

» The healthcare system and families endure considerable stress in contemporary care settings due
to dependence on urgent care interventions and staff. Carers are compelled to reactively address
critical situations because to the inadequacy of current methods for real-time incident detection.

* Furthermore, the continuum of care is significantly deficient owing to the absence of autonomous
tools that allow children to self-regulate during episodes.

* In light of recent advancements in cloud-based analytics, machine learning, and wearable
technologies, there is an immediate requirement for a system that is both adaptable and robust,
specifically designed for pediatric ASD patients.

* This technology must recognize and predict problems in real time while enabling physicians to
provide customized and timely care through effective teamwork. Moreover, it must provide
youngsters with interactive self-regulation tools. To improve the quality of life for children and
their families and reduce the need for emergency interventions, it is essential to rectify these
imbalances.

» This study introduces a novel approach that employs deep neural networks (DNNs) and attention-

based analytics to autonomously and effectively manage comorbidities in young patients with
ASD.

3. OBJECTIVES

3.1 CREATE A REAL-TIME, WEARABLE SYSTEM FOR PREDICTING ASD EPISODES
USING DEEP NEURAL NETWORKS (DNNs):

Establish a comprehensive system that integrates wearable technologies to gather and analyze real-time
physiological and behavioral data, encompassing EEG signals, heart rate, and movement patterns. By
employing hybrid deep learning architectures, specifically CNN-LSTM models with attention
mechanisms, the system would precisely forecast occurrences.
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3.2 PROVIDE CHILDREN WITH INTERACTIVE SELF-REGULATION TOOLS:

Create an interface that is user-friendly and adaptable, specifically tailored to the needs of pediatric
patients with Autism Spectrum Disorder (ASD). This interface must also incorporate personalized self-
regulation tasks. The tools will offer prompt assistance in anticipation of episodes, using visual clues,
calming noises, or breathing methods. By including gamified elements and machine learning
personalization, the tools will empower youth to actively participate in the management of their episodes.
This fosters independence and reduces dependence on providers during critical moments, so enhancing
the individual's emotional well-being and promoting autonomy.

3.3 EMPLOY FAILURE MODES AND EFFECTS ANALYSIS (FMEA) TO IMPROVE SYSTEM
RELIABILITY:

Develop a comprehensive FMEA methodology to identify, evaluate, and mitigate potential systemic
failure points. This encompasses hardware malfunctions (e.g., wearable sensor failures), software
limitations (e.g., algorithmic errors or application downtimes), and networking issues (e.g., cloud
synchronization delays). The system will ensure considerable prevalence: Autism spectrum disorder
(ASD) affects millions of children, with additional comorbid conditions often unreported or little
addressed.

3.4 FACILITATE SECURE CLOUD-BASED DATA SHARING FOR LONG-TERM CARE
ANALYTICS:

Develop a secure, HIPAA-compliant cloud infrastructure for the storage and analysis of longitudinal data
acquired via wearable devices. This promotes continuous collaboration among caretakers, pediatric
neurologists, and other healthcare professionals. Medical professionals can access detailed episode
histories, identify patterns, and adjust care protocols accordingly. Advanced analytics will enable the
identification of trends, identifying particular triggers or effective interventions, thereby offering
personalized and evidence-based treatment protocols. The cloud solution will facilitate remote
consultations and reduce the need for frequent in-person visits, offering families convenience and
assurance.

=

. MOTIVATIONS

= Significant Prevalence: Autism Spectrum Disorder (ASD) impacts millions of children, with
numerous comorbid conditions being underreported or insufficiently managed.

= Healthcare Deficiencies: The overreliance on emergency services strains both healthcare systems and
families.

= Technological Advancements: The integration of cloud computing, IoT, and DNNs presents a chance
to rectify disparities in autism care.

= Child Autonomy: The capacity of children to navigate situations fosters independence and reduces the

obligations of carers.
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5. ARCHITECTURAL FRAMEWORK
5.1 Procurement of Data
=  Wearable Devices: Collect physiological data, encompassing EEG, heart rate, and movement
measures.
= The Fitbit Sense and Emotive Insight exemplify two instances.

5.2 Data Preparation
a. Signal Denoising:

* Employ Gaussian filters to reduce noise.
2
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b. Normalization of Features:

= Standardize features:
X—u

X =
norm =

c. Segmentation of Time-Series Data:
» The data will be divided into 5-second intervals for temporal analysis.

5.3 Algorithm Design and Development
a. Data Acquisition:
» Wearable devices gather physiological data including body temperature, EEG signals,
heart rate, and movement metrics.
» The historical data encompasses seizure onset patterns, sensory overload triggers, and

recovery periods.
b.  Preparation:
= Noise reduction is achieved via the utilization of Gaussian filters.
= Data normalization is crucial for the consistent extraction of features.
c¢.  Feature Extraction:
*= (NN layers extract spatial patterns, including EEG waves.
= Statistical measures (e.g., variance and mean) are utilized to improve the precision of

predictions.
d.  Attention-Driven Deep Neural Networks:
= The model utilizes a hybrid CNN-LSTM architecture with attention layers to highlight
critical features, such as rapid increases in heart rate.

e.  Classification:
* The output layer allocates confidence scores to events, including seizure onset and

anxiety episodes.
f. Application Output:
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= Delivers instantaneous alerts to the child, guardians, and healthcare providers.
= Activates self-regulation systems consistent with the episode's central subject.
g.  Cloud Integration:
= After the data is uploaded to the cloud, physicians can review comprehensive reports.
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Fig 1: A Hybrid CNN-LSTM Model Incorporating an Attention Mechanism

6. FLOW ARTICULATION
[Preprocessing leads to Feature Extraction via Convolutional Neural Networks (CNN)] —
[LSTM Temporal Analysis] — [Data Acquisition] — [Attention Mechanism] — Episode
Classification: [Notification and Application Response]

a) Input Layer: Multivariate time-series data (X)

b) Feature Extraction: CNN layers delineate spatial patterns.

7 = RCLU(VVCrm * X + bcnn)

c) Temporal Analysis: LSTM layers encapsulate sequential dependencies.

hy = LSTM(h;_1, X¢)

d) Attention Mechanism:
a0 = exp(e,)
‘ k=1 exp(ey)’

et == UT tanh(Wlxt + tht—l)
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e) Output Layer: C episodes:

T
y = Softmax <Wy Z atht>

t=1
7. HISTORICAL DATA
= Sources comprise pediatric neurology clinics, public EEG repositories, and datasets from 10T
devices.
» The dataset comprises 3,000 documented occurrences of convulsions and meltdowns during a five-
year period.
» Insights include Heart rate increases, EEG waveforms, and movement patterns predict ninety percent
of episodes.

8. FAILURE MODES AND EFFECTS ANALYSIS (FMEA)

8.1 Purpose

To identify potential failure locations within the system and assess their influence on the system's
reliability and performance.

8.2 Failure Modes and Effects

TABLE 1: FAILURE MODES AND EFFECTS

RPN
(RISK
SEVE | DETECTI | PRIORIT
RITY | ON Y
NUMBER

)

FAILURE MODE CAUSE EFFECT

Loss of data,
Hardware fault false 8 4 32
predictions

Sensor Malfunction

Network. . Unstable internet Delayed cloud 7 5 35
Connectivity Loss updates
Algorithm Ingd;quate Poor .
. training data generalization | 6 6 36
Overfitting . .
diversity to new cases
. Loss of real-
App Crash Eesﬁ(f)im?;n dlin time 8 3 24
vy € | notifications
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8.3 Principal Discoveries and Remediations

a. Sensor malfunction:

Mitigation: Redundant sensors should be utilized to ensure constant data acquisition.

b. Network connectivity is compromised:
Mitigation: Implement procedures for the synchronization and archiving of inactive data.

c. Algorithm Overfitting:
Mitigation: Augment the diversity of training data and implement regularization procedures.

d. Application malfunctions:
Mitigation: Optimize the application's memory utilization and conduct stress testing.

9. WORKFLOW ANALYSIS

Wearable Devices

Data Collection

Signal Preprocessing

Feature Extraction: CNN

l

Temporal Analysis: LSTM

Attention Mechanism

Episode Classification
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FIG 2: WORKFLOW ANALYSIS
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10. FINDINGS AND EVALUATION

10.1 Performance Metrics

Table 2: Performance Metrics

METRIC CHB-MIT DATASET AUT-PRE-DATASET
Accuracy (%) 96.2 94.8
Precision (%) 95.0 93.4
Recall (%) 97.5 96.1
F1 Score (%) 96.2 94.7

10.2 Performance Graphs

Aaccuracy (2o)

Epochs

1 - ass
= - ss
T T—a - 21

=3 o p =T 3

= i=1=3

FIG 3: ACCURACY TRENDS ACROSS EPOCHS
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Fig 4: F1 Score Throughout Training Epochs

11. ADVANTAGES
= High Precision: Hybrid CNN-LSTM models are utilized to forecast occurrences with
exceptional accuracy.
= Self-Regulation: The application provides immediate support to children.

= The use of cloud technology improves the procurement of long-term care insights via
data scalability.

12. CHALLENGES AND FUTURE PATHWAY

a. Challenges:
=  Wearables necessitate substantial financial investment.
= Network availability is crucial for cloud operations.

b. Possible Future Courses of Action:
= Expand the training datasets to include a diverse range of populations.
= Examine adaptable self-regulation frameworks that employ reinforcement learning.

13. CONCLUSION

This research illustrates the efficacy of hybrid DNNs in addressing autism-related events. The
incorporation of FMEA promotes the creation of scalable, robust solutions for autism care,
guaranteeing system dependability.
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