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Digital Companion for
Obesity

Novo Nordisk’s Foray Into Portable Health
Technology
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Computer Engineer Electrical Engineer  Electrical Engineer  Electrical Engineer Computer Engineer
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Company Overview

e Founded 1923 Denmark o

°

OzZEmPice

(semaglutide) injection
For Single Use Only

e Insulin Production

e Research and Development

e ChroniclIllnesses

o  Obesity
o Diabetes ( [ 1mg [
(@) Athelmer'S ?s’:,:guoti‘d,eXr:ection

i 1mg/0.5 mL

o Sickle Cell Disease
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Project Motivation

e Worldwide Obesity Epidemic

o US Obesity Rate: 41.9 %

o  Global Obesity Rate: 39 %

e Few Treatment tools
e Depression and Social Isolation

e Comorbidities
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Anticipated Best Outcomes (ABOs)
e iOS Application

e Compact Smartwatch with a Custom Sensor Array
e Machine Learning Models

e Personalized and Seamless Engagement
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ABO Accomplished

e ABO Achieved.

e Personalized disease-state related outputs generated from digital companion
o Custom hardware with health sensor array
o |OS application to engage with user
o Engagement personalized towards user

o Utilize machine learning models to actively adapt



Q

THINK BIG %

ELECOMP

CAPSTONE

. ®
novo nordisk

Technical Accomplishments

e Established the Semantic Feature Extraction Library (SFEL) Initial
Models

e Data Pipeline Begun

e Frontend Design and Implementation

e Health Sensor Research and Testing

e Adaptable Testing Hardware

e Foundational Training for Large Life Contextual Description Model
(LLCDM)
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Project Block Diagram
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Designer 1: Connor Vincent

- Prototype Hardware Design

Board Schematics

PCB Layout

- Product Assembly
- Sensor Research and Selection

- Sensor Testing

Connor
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Biometric Sensors

- Heart Rate Sensor o
/’ h 4
- Heart Rate Variability \ N
-  EMG - Electromyography \‘\\\\/
<

- ECG - Electrocardiogram
ECG Sensor Leads

- EDA - Electrodermal Activity

- Temperature Sensor

EDA Placement

Connor
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Prototype Revisions
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Revision 4

Revision 3

Connor
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Project Block Diagram
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Designer 2: Yashaswini Mandalam

e Models
o Activity Recognition
o Stress Regression
o Emotion Recognition

e Embedded Systems

Yashaswini
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Activity Recognition

Output

———> CNN-LSTM Recognition Model —> [ UV G

Yashaswini
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Stress Regression

Stress Regression

THINK BIG %

Output

Stress Level Prediction
00-04:Low

0.4 -0.7 : Med
>0.7 : High

Yashaswini
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Emotion Recognition

Input Output

Audio Emotion Prediction

Neutral, Happy

Sad, Angry
Fearful, Disgusted
Surprised

Yashaswini
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Designer 3: Afolabi Abayomi

e AWS Cloud storage deployment
e Flutter fire deployment
e Video datasets capture.

e AWS Backend

«

Afolabi
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Firebase
% Amazon AWS
Flutter Cloud
- _ Services
AWS Amplify
Sends patient datasets to @
cloud Amazon SageMaker
(m ]
D
Returns personalized I
Smartphone message to patient AWS
Amazon S3
, Bucket |

Afolabi
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Generative Models for Platform Engagement (GMPE)

\J

Mistral Al

\ = |

\oicebox
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(__Health GPT )

Y

Generative LLMs Notification
DALL-E streams
Dall-E > (Generates Images )
H
Parser Ea

( Generates messages )

( Generates Audio ) |

v

(_Generates Chat ) _‘

wf,Smartphonef]

Afolabi
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Designer 4: Dayla Olivo

Hardware
g
e Schematic Reviews ‘
e Layout Design android \ i0S
o Revs 1-3. Flutter
10S App

e Frontend Design and Implementation

Dayla
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Heart Rate Graph
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< Heart Health

Learn About
Heart Health.
Metrics

24

&=
Heart Rate

Lowest
Heart Rate
Variability e
o, Lowest
Oximetry 57

c

Current Highest
82 98

Current Highest
82 98

Current  Highest
62 82

Monthly Metrics

THINK BIG

938 % & M v4n

< Dashboard

Eating Tracker Mental Health  Activities ¢

Macros
Mcarbs Mot Wierotein  [llFiber

Today's Goal
Breakfast

Saralee Delightful Bread

Butter

Lunch

Hamburger Bread

lean meat

938 % & @

o4

< Dashboard

Eating Tracker Mental Health  Activities ¢

Tools

Mood
Journal

Stress
Tracker

Frequently Viewed

Current
Mood
Detected

L

Mood
Tracker

Picture of Application Dashboard

Dayla
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Ul: Real-Time Data Displayed
625 \ 1 i 5 8.9 o ,&i'iu&io o ,R%‘

Stress Regressions .

< 9 < Stress Tracking < Stress Tracking

100 Subscription Status: Disconnected Subscription Status: Disconnected
Current minx value: 0.0, Current maxX value: 18.0 Current minx value: 0.0, Current maxX value: 298.0

90 Length of data: 19 Length of data: 299

80

70
B 0.7
60 K 0.6
. 0.5
50 ¥ 0.4
i 0.2
B 0.1
6am 8am 10am 12pm 2pm 4pm

8:00PM 8:10PM 820 PM 830PM 840PM 850PM  9:00 PM 00 7.00.19PM 7:10:19PM 71119 PM 7:12:19PM 71319PM 71419F

Mockup Data Real Data In Intervals

ooo o000
o=N »uoN

View Today's Average Readings

Dayla
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Designer 5: Justin Watkins

e AWS Backend
e Flutter Application Backend
e Embedded Systems

e Prototype Implementation, Sensor Experimentation, Sensor Data Processing

e Large Life Contextual Description Model Training

Justin
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Backend and Bluetooth

flutter_reactive ble

flutter_riverpod

GraphQL API
AWS Amplify

THINK BIG+

Amazon DynamoDB

Kinesis Data Stream
Lambda Functions

Sagemaker Endpoints

Justin
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The Embedded System

©.0,

ARDUINO

Extensive Sensor
Libraries Utilized

Quick Prototyping and
Ease of Integration

Multi-threading Extensive Libraries
Support and Firmware to
Direct Integration with Utilize for User
ESP32-S3 Interaction

Justin
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OnelLLM-Multimodal Large Language Model

Modality
Tokens

se/ect& Concatenate v¥ frozen ‘ trainable <4 concat £ ! drop token

E Visual : &/ 1
m Tokenizer I
a Projection Expert
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Justin
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Dataset Generation PVS-GEN Process

Parameterization Verification Segmentation

bl Change-point detection
{1 | and adjust threshold
—

e PVS-GEN Methodology: Automates

L S MR ES S

synthetic data generation with minimal . l» |
human |npUt. Empirical dataset . - _*
ll)Fl : . . L
F(x) = jtl(ne *de ! * . .
.’\ i K ® L . .

f1\
1"\,‘

e Performance Advantage: Surpasses /N
existing methods with up to 37.1% better TR AT A
data similarity. o] [ rtsen

Synthetic data sample =+ -0.7954

e Scalable Automation: Efficiently handles e s ‘
diverse time-series data types. "l

| Parameterization and Verification for each segment

Synthetic dataset

Justin



C ELECOMP %ﬂ THINK BIG"‘*{** WE DO*
CAPSTONE novo nordisk”

Dataset Generation

Websites

~+

Web Scraping
Software

2SDQD4OP JO 2|14 Ul DIDP Punionuis

Justin
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Training Sequence

n —
o— Pre-Training
D —

Intervention

Health Sensor Video Data

R + R + and Obesity Text
Data Training of User Actions Corpus
Health Sensor Data Training Video Dataset Training +  Textbooks
includes: includes: +  Training materials
«  Sensorsused in health «  EGO4D dataset for user . Educational Resources
sensor datasets: EMG, actions. +  Hospital Protocols
ECG, GSR/EDA, PPG, »  Therapist Notes and Techniques
HRV, IMU, Skin +  Case Studies for Cognitive
Temperature, Blood Behavioral Therapy or
Pressure, Respiratory rate. Behavioral Change Techniques
«  Augmented data utilized +  Case Studies for Obesity from a
the PVS-Gen Synthetic medical perspective
sensor data creation +  Doctor Recommendations
algorithm to help + Dietician Recommendations
augment and expand +  Treatment Guidelines
datasets. »  Diagnosis Guidelines

T T Justin
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Future Training Sequence

-
Further Training
Intervention Péi:triar::;r:jg
Fine-tuning
Continuation towards building a
Fine-tune with custom video foundational model for the LLCDM
datasets for proof of concept. I
[ l 1 Real-time video labeling with

in-context prompt video examples

Fine-tune with multi Fine-tune with multi selected by a video sentiment

modal health sensor, modal health sensor, classification model for in-depth

audio, video data, and audio, video data, video data descriptions.

intervention prompts. query expectations

for user interface. ]

Self-supervised multimodal
training with health sensor data
and SFEL library model auto,
annotations and audio/video auto
labeling allowing for foundational
training datasource.

Justin
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Project Future

Expansion and Refinement of Hardware
Expansion of the SFEL

Foundational Training Continued for the LLCDM
Optimization of Backend

Application Expansion

Further Fine-tuning for the LLCDM

Justin
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