
AI4ASD: AI for Autism Spectrum Disorder
Artificial intelligence applied to ASD at Hospital Universitari Mutua Terrassa
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Autism Spectrum Disorder
Why is it important to develop this project?

Currently, assessment instruments and treatment design, based on diagnostic ASD symptoms, are evaluated 

subjectively, relying on information provided by parents or on non-measurable criteria. There is a lack of objective 

instruments to measure treatment effectiveness and response.

For this reason, it is essential to identify biomarkers in children with ASD, with multiple observability objectives:

• To understand part of the child’s clinical spectrum based on the results provided by biomarkers.

• To continuously know the child’s state within each context, enabling the development of therapies, monitoring their 

progression over time, and making comparisons between results with objective, direct measurement in real time.

• To prevent and communicate critical states in the child that are invisible to human senses, such as the detection of 

behavioral crises, aggressiveness, anxiety, etc.

• To obtain a measurement of the child’s spectrum after the application of medication, dosages, and therapies, in order 

to objectively evaluate the outcomes.
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Why was the Mutua Terrassa center selected?

Tertiary ASD inpatient unit at Hospital Universitari Mutua Terrassa:

• First center in Spain focused exclusively on cases of ASD.

• First center allowing family admission.

• First center in Spain with an intensive and comprehensive therapeutic 

approach, addressing areas that interfere with adaptive functioning.

• First center with specialized staff in autism, providing 24-hour 

coverage. 

• Image monitoring through intelligent cameras with 24-hour motion detection and escalation management, 

among other features.Center connected with other leading centers and cutting-edge research lines through its 

director, Amaia Hervas.Contracted center. 95 percent of admissions are funded by Cat Salut.
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Objetivos del proyecto.

OBJECTIVE 1 (Phase 1):

Measure biomarkers in patients at the ASD Center

using a smartwatch. Define KPIs based on biomarkers

in order to analyze children’s states, including

improvements, crises, conditions, trends, etc.

• Blood Volume Pulse (BVP)

• Heart Rate (HR)

• Electrodermal Activity (EDA)

• Skin Temperature (TEMP)

• Accelerometer (ACC)

• Inter-Beat Interval (IBI)

• Sleep

• Sweating and movement

OBJECTIVE 2 (Phase 2):

Have access to each child’s profile during psychiatric admission, 

from the clinical area, providing context to the measurements:

Sensory

Emotional

Psychiatric and neurodevelopmental

Psychomotor

Pharmacological

Genetic

This context will be provided by the hospital and reflected in the 

KPIs by weighting the biomarker measurements themselves. No 

additional data inputs will be incorporated into the systems that 

could compromise personal or medical information, due to security 

and data protection requirements.

OBJECTIVE 3 (Phase 2):

Apply Big Data to obtain statistical data from biomarkers. Apply 

Artificial Intelligence to detect anomalies in measurements. 

Provide dashboards and alerts for measurements, including 

informational escalation levels.

OBJECTIVE 4 (Phase 2):

Analyze whether, throughout the process of the other 

objectives, any groups of children can be identified based on 

biomarkers and psychiatric profiles using Artificial Intelligence.

The overall objective is to 
improve patients’ quality of life 
through better identification of 

their autism profile and its 
treatment.
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DIGITAL BIOMARKERS

• Heart rate

• Heart rate variability

• Respiratory rate

• Usage detection

• Wear detection sensor

• Skin conductance level (EDA SCL)

• Skin temperature

• MET, body position

• Sleep detection

• Step count

• Activity count

• Activity intensity

• Activity classification

• Standard deviation of accelerometer

magnitude

Big Data applied to autism (Phase 1 and 2)

• Trastornos de ansiedad y 

estrés. Trastornos del estado 

de ánimo. Trastornos 

nerviosos o crisis.

• Trastornos del sueño. 

• Trastornos del movimiento.

Phase 1: In the first phase, the objective is to continuously measure these biomarkers in the children at the center.

Phase 2: The second objective is to analyze relationships between nursing records and IT system records in order to validate the correlation of 

events.

WARD-LEVEL RECORDING

• Specialized staff in autism with 24-

hour coverage.

• Image monitoring through intelligent 

cameras with 24-hour motion 

detection and escalation 

management, among other features.

• Specialist reports (neurology, 

psychiatry, therapists) directly linked 

to ward activity.

• One-to-one monitoring. Individualized 

reports for children with ASD.

Hypothesis 1: Digital monitoring will provide metrics that demonstrate the child’s states, improving observability.

Hypothesis 2: Observability will enable the detection of patterns, anomalies, and trends to be addressed.
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DIGITAL BIOMARKERS

• Heart rate

• Heart rate variability

• Respiratory rate

• Usage detection

• Wear detection sensor

• Skin conductance level (EDA SCL)

• Skin temperature

• MET, body position

• Sleep detection

• Step and activity count

• Activity intensity and classification

• Standard deviation of accelerometer 

magnitude

AI applied to autism (Phase 2) Neurodevelopmental Profile

• Behavior

• Autism

• Hyperactivity

• Intellectual disability

• Communication

• Learning

Emotional Profile

• Resilience

• Attitude

• Social intuition

• Self-awareness

• Sensitivity to context

• Attention

Psychomotor Profile

• Movement

• Rest

• Type of movement

• Intensity

• Stereotypies

• Involuntary movements

• Tics

Sensory Profile

• High and low 

thresholds

• Self-regulation

• Active and passive

• Observer

• Seeker

• Sensitive

• Avoidant

Clinical Profile

• Blood tests

• Genetics

• Pharmacogeneti

cs and 

epigenetics

• General 

psychopathology

• Functionality

• Autonomy

AI will classify all cases based on continuous medical learning. As a result, 

diagnoses, treatments, medications, and dosages aligned with the autism 

profile can be preassigned with high precision and at an early stage.

Hypothesis 3: Artificial intelligence, combined with high-quality field 

reporting, on-site expert monitoring, and intelligent cameras, can 

contribute to defining measurement patterns and support nursing 

reports, 24-hour monitoring, expert assessments, and related activities.
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Project Architecture
Connectivity:

Using a compatible smartphone, the Embrace Plus device sends data to 

the smartphone via Bluetooth. The data is then sent from the smartphone 

to Empatica Cloud in 15-minute batches through the smartphone’s 

Internet connection. Raw data (AVRO format) and digital biomarkers 

(CSV format) are available in Empatica Cloud (AWS S3 bucket). From 

there, near real-time metrics are generated and subsequently transmitted 

to the center’s on-premise system for specialized AI-based processing.

Data access:

Access to the S3 bucket can be carried out in several ways, for 

example through AWS CLI v2, AWS SDK, or third-party applications 

such as Cyberduck. A detailed data access guide will be provided, 

offering further information on the available tools for accessing the AWS 

S3 bucket. From this point onward, the scope of NTT systems in Azure 

EU begins.

Security:

Data is encrypted both in transit and at rest. The solution is 

designed with physical, electronic, and organizational procedures, 

including encryption, firewalls, access controls, and other 

safeguards to protect data against loss, misuse, unauthorized 

access, disclosure, alteration, and destruction, ensuring the 

protection of user data. Our system complies with HIPAA and 
GDPR requirements.

GDPR

User anonymized data is collected, stored, and processed in 

order to comply with our contractual obligations with the study 

investigator. We do not have control or ownership of user data, 

as it is entirely the user’s property. Data would only be accessed 

for justified reasons, such as resolving an error or issue.

NTT
Clinical

Information

IoT Information
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Plan
Phase 1 (3 months)  Phase 2 (6 months)  End of the project            Transición (15 dias)  

 Start 3 months 8.5 months 9 months

• Smartwatch usage

• Biomarkers implemented

• Demo and deliverable

In case of GO:

• Plan Phase 2

• Review Phase 2 team

• Implementation for 10 admitted patients

• AI-based ASD profile categorization

• System installed, demo, and deliverable

• Handover from NTT to Mutua Terrassa of the project 

deliverables described in the milestones of each phase

• Scientific and technological 

evidence

Results

• Technical and scientific feasibility

• Scientific and technological evidence

• Project closure

AI implementation

• AI patterns based on ASD measurements

• System installed, demo, and deliverable

Milestones

Patient monitoring

• Smartwatch usage

• Biomarkers implemented

• Demo and deliverable

• Collaboration agreement

• Ethics committee approval

• End of the project

Handover from NTT to Mutua Terrassa
One-week training

• Final deliverable

• Data deliverable

• Smartphone and smartwatch transferred to hospital 

ownership

• Azure account delegated to the hospital at the end of 

Phase 2

• Analysis of next steps for the solution
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Scope of the Mutua Terrassa ASD Center

The Mutua Terrassa ASD Center will lead the overall project, be responsible for the scientific component, and define the necessary requirements 

for NTT to deliver the technological component. It will also act as the information hub, serving as the sole entity responsible for processing 

medical and personal data.

Mutua Terrassa ASD Center

• Overall project management as the clinical lead of the entire initiative.

• Management of security and compliance regulations with patients.

• Management of IoT equipment usage by the nursing team.

• Definition and interpretation of metrics, conclusions, and proposals for evolution.

• Definition of measurements and scientific validation of conclusions.

• Project approval and authorization for the use of devices and data, as approved by the hospital’s ethics committee and clinical studies board.

• Preparation of the medical research project documentation for the procurement of Empatica smartwatches, requiring certification that they are 

used for medical research purposes.

• Follow-up meetings.

• Project approval and authorization for the use of devices and data, as approved by the hospital’s ethics committee and clinical studies board.

Nursing

• Continuous recording of each patient’s situations, to be reported to the NTT team.

• Charging, maintenance, and management of smartphones and smartwatches 24x7.

• Monitoring the solution console to perform tests as key users 24x7.

• Follow-up meetings.

Logistics

• Providing access to information systems and related information systems according to project requirements.

• Providing Wi-Fi Internet access to all smartwatches and smartphones.

• Designing a welcome therapy for the smartwatch for children with ASD, to ensure proper use and prevent damage. Managing smartwatches 

and smartphones to ensure they remain connected and charging.



10

NTT Scope

NTT will be responsible for developing the technical tasks, under the guidance of the medical team, in order to carry out the measurements.

NTT will carry out the technological tasks required for Phase 1:

• Implement a time-series database that ingests information from smartwatches and represents biomarkers in graphical form.

• The deliverable will be a presentation of the system functionalities to date, along with a document detailing the implementation and the results 

obtained.

• An estimated maximum duration of 3 months.

• On-site or remote format, as required during the technical tasks of the project.

NTT will carry out the technological tasks required for Phase 2:

• Apply Artificial Intelligence to the time-series database for pattern recognition. Generate real-time reports and send highlighted events by email 

to medical teams.

• The deliverable will be a presentation of the system functionalities to date, along with a document detailing the implementation and the results 

obtained.

• An estimated maximum duration of 6 months.

• On-site or remote format, as required during the technical tasks of the project.

Scope considerations:

• As a research project, it does not have a defined delivery scope in terms of effectiveness, applicability, or functionality milestones. NTT will be 

limited to performing the technical tasks of Phases 1 and 2. No additional phases are included.

• No maintenance or warranty is included after the completion of Phases 1 and 2.

• Intellectual property of the NTT FLENS asset is not transferred.

• IoT equipment will be purchased by the hospital and paid for by NTT. A total of 12 devices will be acquired (2 for testing and 10 for the 10 

patients at the center).
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IoT for Biological Markers

The devices are covered by a 1-year warranty. In the event of any issue, you may contact our research support team, whose objective 

is to respond within 24 hours. They will conduct an investigation and attempt to resolve the issue. Most problems can be resolved 

through remote troubleshooting. Otherwise, they will assess the need for a replacement, if applicable. The exact timing of the process 

will vary from case to case.
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IoT for Biological Markers
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IoT for Biological Markers
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Proposed AI Technologies
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Proposed AI Technologies
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Proposed AI Technologies
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Proposed AI Technologies
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Proposed AI Technologies
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Proposed Big Data Technologies

InfluxDB is an open-source time-series 

database written in Go by InfluxData. It is 

optimized for high availability data retrieval, 

fast time-series data storage, and real-time 

analytics in fields such as operations 

monitoring, application metrics, IoT sensor 

data, and more.
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Proposed Cloud Technologies Azure Architecture
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