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Safe harbor statement

- None of the presented methods have been validated by clinical study (their
evaluation is underway)

- None of the suggested ideas in this talk, slides, or related material represent
medical advice nor is it intended to substitute any medical advice

- The main focus of this talk is to present a solution to monitor health data and
extract meaningful insights and/or outliers that need to be evaluated by a

doctor prior any prescripted therapy
« The author and speaker decline any responsibility
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Agenda

Health is broken

The age of connected devices

Time-series data collection and monitoring
Amazon Lookout for Equipment

A serverless architecture to handle health data
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Health is broken
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People’s health is
worsening

Metabolic diseases are spreading in the
US and worldwide, posing a threat for

people’s health and healthcare system

sustaina blllty https://pubmed.ncbi.nlm.nih.qov/19558267

According to the CDC, metabolic
diseases rose by double digits for every
decade since the mid-1990s reaching a
worrisome 35% increase between 2010
and 201 9 https://www.cdc.gov/pcd/issues/2017/16_0287.htm
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What causes most diseases?

- Metabolic diseases (MD) correlates with many health diseases such as diabetes
- Resolving MD improves people’s life quality and lowers healthcare

- Health issues should be prevented rather than treated

 Screening is costly and has been disrupted by the pandemics

 Screening could prevent Metabolic Syndrome and Chronic Obstructive
Pulmonary Disease (COPD)
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Metabolic syndrome

- Not an illness, but a condition spanning multiple indicators such as

heart rate variability
body weight and BMI

body response to glucose

blood pressure

- Often undetected for years
- Related to diabetes and hearth failures
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The age of connected devices
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Continuous glucose
monitor (GCM)

Smart sensor, simple to use and remove

Developed for patients with diabetes,
provides useful insights to healthy
peoples about

- Fasting glucose
« Insulin response to food

+ Glucose response to hydration
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“Everyone should wear a GCM
at least once in their lives to
understand their body"”

Dr. Peter Attia, MD

Physician — Longevity expert
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Glucose data
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Glucose patterns
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Why monitor glucose?

 Glucose response is coupled to patterns in glucose behavior
- Unpaired glucose responses to fasting or food intake are NOT medical conditions
- |t is related to diabetes development

« GCM devices provides understanding of body response to glucose and
meaningful insights

- Collected data could present gaps or changes in frequency
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Blood pressure
monitor (BPM)

Non invasive, simple to use, cheap

Smart sensor to track
 Systolic blood pressure
- Diastolic blood pressure
- Heart rate

Allows detection of hypertension or bad
heart rate variability
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Blood pressure data
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Blood pressure data - drill down

systolic
diastolic

Timestamp
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Apple Health data

Many smart sensors sync data to Apple Health app

XML data with 30+ features

Big data export (~ 1.5GB)

Redundant data (almost 4x)

Pre-processing to filter and convert into CSV is required
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Using Al to monitor
health patterns

aWS, © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved



Data preparation

Convert data to CSV
Remove outliers and measurement errors (i.e., glucose values below 50mg/dL)

Repack time series data into ['Timestamp’, ‘value’] tuples
Upload data to Amazon Simple Storage Service (Amazon S3)
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Time-series analysis - issues

- Sparse datasets
= Lots of null values

= Sampling differences
- Unbalanced datasets
- Consider the whole patient, no only a metric or a set of anomalies
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Amazon Lookout
for Equipment
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Amazon Lookout for Equipment

- Analyzes the data from industrial equipment (e.qg., pressure, flow rate, RPMs)
« Auto model training

Handles data from up to 300 sensors in one model

Performs anomaly detection

Async batch inference using Amazon S3

No prior data science knowledge required
Multi-variate data inference

- Why not use Amazon Lookout for Metrics?
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Amazon Lookout for Eauiprvent Health

Map “sensors” to metrics and “assets” to people
Datasets from commercial devices

Train, fine tune, and deploy a model for batch inference

Build a digital twin capable of detecting health anomalies

Build a serverless architecture for data ingestion and anomalies notification
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Parse Apple Health data to pandas

def Toad_and_convert_apple_health(patient):
path = os.path.join(raw_data_path, patient)
apple_data_file = os.path.join(path, 'apple_health/latest/export.xml"')
tree = ET.parse(apple_data_file)
root = tree.getroot()
record_list = [x.attrib for x in root.iter('Record')]
record_data = pd.DataFrame(record_1list)

for col in ['creationDate', 'startDate', 'endDate']:
record_data[col] = pd.to_datetime(record_data[col])
record_data['value'] =
pd.to_numeric(record_data['value'], errors='coerce')
record_data['value'] = record_data['value'].fillna(1.0)

record_datal['type’] =

record_datal['type'].str.replace('HKQuantityTypeIdentifier', ''")
record_datal['type’] =
record_datal['type'].str.replace('HKCategoryTypeIdentifier', ''")

return record_data

aws
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Parse GCM data to pandas

def load_abbott_data(patient):
abbott_path = os.path.join(raw_data_path, patient, 'abbott_freestyle')
patient_path = os.path.join(prepared_data_path,patient)
for file in os.listdir(abbott_path):
# [..] read files
df['Timestamp'] = pd.to_datetime(df['Timestamp'], format='%d-%m-%Y %H:%M"') Combine manuauy
df['value'] = df['value_scan'].combine_first(df['value_historical']) .
df = df[['Timestamp', 'value']].sort_values('Timestamp') trlggered mMeasures
df = df.drop_duplicates().dropna() — with automatic
df = df.set_i n(.jex('Timestamp') sampling into one
df['glucose_daily'] = df['value'] ]
df = df.drop(columns=["'value']) Smgle column
return df —
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Dataset schema discovery

« Data ingestion in progress
Depending on the size of your dataset, ingestion can take up to 20 minutes. Navigating away from this page will not interrupt the ingestion process.

Amazon Lookout for
Equipment

. Amazon Lookout for Equipment Projects reinvent2022_partials
Projects

reinvent2022_partials

Dataset v How it works

Models

Inference schedules New ~

| [p——

Step 1. Create project Step 2. Add dataset Step 3. Train model Step 4. Schedule inference

A project is a collection of Each project contains a dataset—a You train a custom model on your You schedule continuous
resources associated with a single collection of historical data that asset's historical data to establish inference on new measurement
industrial asset that you want to you ingest into Lookout for a baseline for normal behavior. data to monitor your asset in real-
monitor. Equipment. time.

® Created ~ Ingestion in progress

Project details info
Project name Status Creation date

reinvent2022_partials @ Ingestion in progress October 13, 2022 at 11:59 (UTC+2:00)
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Dataset schema creation

dataset_schema = {
"Components": [

{"ComponentName": "glucose_daily",
"Columns": [ {"Name": "Timestamp", "Type": "DATETIME”
{"Name": "glucose_daily", "Type": "DOUBLE”
{"ComponentName": "glucose_fasting",
"Columns": [ {"Name": "Timestamp", "Type": "DATETIME"},

{"Name": "glucose_fasting", "Type": "DOUBLE"}

{"ComponentName": "heart_rate",
"Columns": [ {"Name": "Timestamp", "Type": "DATETIME"},
{"Name": "heart_rate", "Type": "DOUBLE"}
{"ComponentName": "blood-pressure",
"Columns": [ {"Name": "Timestamp", "Type": "DATETIME"},
{"Name": "systolic", "Type": "DOUBLE"},
{"Name": "diastolic", "Type": "DOUBLE"}
]
}
dws
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Dataset schema creation

lTookoutequipment = boto3.client(' lookoutequipment’)

region = 'us-east-1'
config = Config(
region_name = region

data_schema = {
'"InlineDataSchema': json.dumps(dataset_schema, config=config),

create_dataset_response = lookoutequipment.create_dataset(
DatasetName= ‘reinvent2022_partials',

DatasetSchema=data_schema

)
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Data ingestion

NO NEED TO SPECIFY DATA STRUCTURE

 Select Amazon S3 bucket containing
data

- Enable Amazon CloudWatch Logs on
ingested data (improves ingestion
failures explainability)

« Select a schema detection method,
remember asset - patient and metric
— sensor association
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Data source details info

S3 location Info
Select the path to the folder in S3 that contains your sensor data.

Q, s3://reinvent2022-l4e-101769254823-us-east-1/health-data X

IAM role Info

Lookout for Equipment requires permission to access your data in Amazon S3.

© Create a new role

View [4 ‘ \ Browse

Your role grants Lookout for Equipment permission to access other AWS services on your behalf.

Enable Cloudwatch Logs Info

Enter a custom IAM role ARN

Schema detection method Info

ose a method for identifying the asset name during ingestion. Lookout for Equipment uses

By filename By part of the filename
e eo Parse from the file
name that prec

7 53 bucket 7 53 bucket

ﬁ facility1 ﬁ facility1

[asset-name.csv] [asset-name| month.csv

A A
1 Timestamp 1 | Timestamp
20720.01.01 17-14 20700101

Sen

© By folder name

the name o

j:: S3 bucket

ﬁ facility1

F “/|asset-name

Sensor.csv




Data ingestion

« Data ingestion in progress
Depending on the size of your dataset, ingestion can take up to 20 minutes. Navigating away from this page will not interrupt the ingestion process.

Amazon Lookout for
Equipment

. Amazon Lookout for Equipment Projects reinvent2022_partials
Projects

reinvent2022_partials

Dataset v How it works

Models

Inference schedules New ~

| [p——

Step 1. Create project Step 2. Add dataset Step 3. Train model Step 4. Schedule inference

A project is a collection of Each project contains a dataset—a You train a custom model on your You schedule continuous
resources associated with a single collection of historical data that asset's historical data to establish inference on new measurement
industrial asset that you want to you ingest into Lookout for a baseline for normal behavior. data to monitor your asset in real-
monitor. Equipment. time.

® Created ~ Ingestion in progress

Project details info
Project name Status Creation date

reinvent2022_partials @ Ingestion in progress October 13, 2022 at 11:59 (UTC+2:00)
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Data ingestion

import time

data_ingestion_job_id response['JobId']
data_ingestion_status = response['Status']

print(f'=====Data Ingestion job is started. Job ID: {data_ingestion_job_id}=====\n")

print("Data Ingestion Status: + data_ingestion_status)
while data_ingestion_status == 'IN_PROGRESS':
time.sleep(30)
describe_data_ingestion_job_response = 14e.describe_data_ingestion_job(JobId=data_ingestion_job_id)
data_ingestion_status = describe_data_ingestion_job_response['Status']
print("Data Ingestion Status: " + data_ingestion_status)
print("\n=====End of Polling Data Ingestion Status=====")
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Data ingestion — feedback

POOR DATA QUALITY LOWERS MODEL PERFORMANCE

- Dataset is checked for the minimum
amount of data (90 days)

=M - Large gaps between data clusters
— oS o sS://reinventZ.OZZ-IAeJ01769254823-us-east» WO rse n a n a I‘yS i S ( b e Ca u Se i nt ro d u ce a
i * no-value bias)

ant validation errors were detected in the data 3:role/service-

ere's a high probability that training a model on rent-
n this category will result in poor model 58538247

1, - Missing data points are forward
S, . filled with estimated values based
on available data. Aim for < 10%
- missing values

1c9f9b59582f » 3281 missing values detected 58.4%

1b9fc820-c580-4394-b5cc- » 54 duplicate timestamps detected 1.0%
1c9f9b59582f

- Duplicated data is omitted, no need

Jan 10, 2012 Feb 25, 2022
1c9f9b59582f

to remove duplicates

Jan 10, 2012 Oct 30, 2021
1c9f9b59582f

- Considering health data, target for
medium sensor grade
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Training a model

« Unsupervised anomaly detection model
« Hyperparameters auto optimization

- Amazon Lookout for Equipment encodes the dataset, different datasets lead to
different models

- Data labels force Amazon Lookout for Equipment to use a neural network as
base model

- Train a model for each patient

aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Training parameters

Configure input data - optional - Dataset can be used entirely for
training, but model won't be
evaluated to confirm behavior

- Selecting date ranges for training and
20121011 - evaluation provides better
performances

Training set date range
Specify a subset of data on which to train your model

2012/01/10 to 2022/06/30

- Data sampling should be set to the
e B o s highest data frequency

Evaluation set date range

e U R — » Missing data are estimated during
10 minutes training to fill gaps
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Training parameters

DATA LABELING

Provide data labels - optional » Labels are meaningful events (such as

If your sensor data captures periods of historical maintenance or equipment failure, you can call out these events by labeling

your data [4. Labeled data provides insight into past events that can help train a more accurate model. a fitn eSS SeSSi O n ; a pa rty' O r a tr‘i p)
Data labels 1. which can led to anomalies in data

« Use labels to switch from traditional

Specify the path to the folder in Amazon 53 where the .csv file containing your data labels is stored.

Q, s3://reinvent2022-14e-101769254823-us-east-1/data/labels X view [F ‘ ‘ Browse m a C h i n e lea rn i n g m O d el to a n e U ra |.
-I:AM role Info s netWO rk

Amazon Lookout for Equipment requires permissions to access your data in 53

eate a New ro

Your role grants Lookout for Equ to acce: rvices on your behalf.

© Enter a custom IAM role ARN

arm:aws:iam: 10176925482 3:role/reinvent2022-14e-101769254
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Train a model

from datetime import datetime

create_model_request = {
'ModelIName': 'reinvent-model-01",
'DatasetName’': wd,
'DataPreProcessingConfiguration':{
'TargetSamplingRate': 'PT1OM'
s
'TrainingDataStartTime': datetime(2012, 1, 10, 0, 0, 0),
'"TrainingDataEndTime': datetime(2022, 6, 30, 0, 0, 0),
'"EvaluationDataStartTime': datetime(2022, 7, 1, 0, 0, 0),
'EvaluationDataEndTime': datetime(2022, 9, 30, 0, 0, 0)

}

create_model_response = 14e.create_model (**create_model_request)

# wait until complete
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Training results

ANOMALY EVENTS DETECTED IN HISTORICAL DATA

- Events are identified with
top contributions to the
specified anomaly

- A few detected events
means irrelevant changes
in health status

- Labels are helpful to detect
the cause of the anomaly
(in this case a fitness
session)

Model performance info

Overview Evaluation start date

6 anomalous equipment behavior events were detected outside of label ranges with an average JulB1, 2022

duration of 28 mins.

Evaluation end date
Learn more [ Sep 30, 2022

Sample rate
10 minutes
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Inference

- Inference is performed using a batch
behavior
« Data must be collected from a sensor
and loaded to Amazon S3
 Data structure must resemble original
training data structure in the form of
<asset_id>_<timestamp>
« Anomalies are saved in the
destination bucket as json lines as
\ "timestamp": "“2022-18-16T15:20:00.800080",
“"prediction": @,
“"prediction_reason':
"NO_ANOMALY DETECTED",
"anomaly_score": @.34672
by
aWS © 2022, Amazon Web Services, Inc. or its affiliates. All rights reserved.
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Amazon 53 Buckets reinvent2022-14e-101769254823-us-east-1

input-data/

Properties

Objects (97)

Objects are the fundamental entities sto

P P T S S I I I I S I I T I

red in Amaz
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inference/ input-data/

You can use Amazon 53 inventory E to get a list of all obje
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Putting it all together
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System architecture

GCM

0, |

Fasting Glucose

L »
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Amazon Kinesis Raw Data Data Loading Prepared Lookout for Equipment  Inference Patient Health

Data Firehose Function Data Results Messages

Blood Pressure

Heart Rate
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Wrap up
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Wrap up

- A lots of data from personal devices

Time-series is the most common type of data

Multi-variate analysis to process data (i.e., glucose, blood pressure)

Insights from real-life behaviors are tracked
Detect conditions far before health issues arise

Extend to patients’ cohorts monitoring

Fill data into Amazon Forecast to predict single metric behavior, then send
predictions back to Amazon Lookout for Equipment to detect anomalies
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Thank you!

Luca Bianchi

@bianchiluca
about.bianchiluca.com
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