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Data Storage Methods for Wireless Monitoring of Neonates for Prevention of Neurological Conditions

RESEARCH BACKGROUND

ldenftitying neurological conditions during the
first few hours after birth is crucial for providing
timely infervention. Wireless monitoring
enhances neonatal care:

Enables Promotes a positive
healthcare parental
providers to move experience by
freely while facilitating
receiving real- uninterrupted skin-

time data. , to-skin bonding.




Research the best method to capture and store data wirelessly
transmitted from sensors to a computer.

Fundamental for data gathering for next phase analysis, including Machine Learning
(ML) techniques for fault detection and classification.

TIME, ECG, PPG, TEMP, CO2...
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Data Storage Methods for Wireless Monitoring of Neonates for Prevention of Neurological Conditions

RESEARCH OBJECTIVE

Hardware Modification

This project explores the viability
of eliminating the “receiving”
ESP32 board and SD Card from
the framework by testing the
following:

1. The "sending” ESP32 and
sensors connect via WIFI with
the “receiving” ESP32, which =
is serially connected to the
computer.

2. The “sending” ESP32 and
sensors connect directly to
the computer via WiFi.

L » SENDING ESP32

RECEIVING ESP32
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Data Storage Methods for Wireless Monitoring of Neonates for Prevention of Neurological Conditions

RESEARCH RESULTS

Method 1 — Coding a New Application

The research first explored the feasibility of writing a new computer program
with C# and Visual Studio.

» Too difficult to accomplish within the set tfimeframe
* Limited coding sKkills

Method 2 — Using an Existing Application

Research pivoted to explore existing methods
that could meet the objective.

m CoolTerm
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Data Storage Methods for Wireless Monitoring of Neonates for Prevention of Neurological Conditions

RESEARCH RESULTS

CoolTerm is a serial port
terminal application geared
towards hobbyists and
professionals with a need to
exchange data with

hardware connected to Captures and saves data

serial ports.

CoolTerm



Data Storage Methods for Wireless Monitoring of Neonates for Prevention of Neurological Conditions

RESEARCH RESULTS
PREPARATION COOLTERM SETUP
 Installing the Arduino IDE « Selecting the correct port —
« Understanding the original serial or WiFi
JSON code installed in the « Baudrate - 115,200 (matches
ESP32 boards ESP32 code)
« Update the code to include
my new WiFi information First Goal

« Successful re-creation of the
original hardware setup.
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TESTING

4 different
trials
conducted to
ensure data is
captured

and saved

properly

Single ESP32

Dummy code
uploaded to
ESP32 to simulate
sensor
information

ESP32 serially
connects to the
computer

Success
CoolTerm
captures and
saves the
data

1 ESP32
connected to
all sensors

Original JSON
activating all
Sensors

ESP32 serially
connects to the
computer

Success

2 ESP32 + all
sensors

Original JSON on
both ESP32s

Sensors+ESP32
wirelessly connects
to receiving ESP32,
serially connected
to computer

Success

1 ESP32
connected to
all sensors

Original JSON
activating alll
sensors

Sensor ESP32
wirelessly connects
to the computer

TCP CoolTerm
Connection
failure




Excel Macro: File

Prep Option 1

Two options to
organize the original
JSON data
(highlighted above) in
preparation for ML
analysis.

RESEARCH RESULTS
{""timer'*:61291,"ECG":2955,"PPG":163," T'":25,""C02":402," pH"":0} ™

‘00

Click the button e
choose the JSON [ ]

TXT Hie to import

HEOTE
I Original JEOH dota armal from CoolTemn TXT fe:
eS| 255, TB0OGT:1 1854, FRGT 143 T 25, 00 40 pH 0

2 Thves M vl et O O SEE G e i,
Rermrmes B shaal o reeded

3 Thp origirscd B of this workbrook b0 dermpdorie
Erdary i yioo) SO0 Bud Mrrghobe B will Sredie O riiew wedrki=nsk.
Sowve e nes workbook with your dalo o8 nisaded.
Choose XL for sy D esnobisd
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[6]: import pandas as pd
import json

file_path

'text.txt' # Replace with the actual file path

data_list = [] # List to store individual JSON statements
with open(file_path, 'r') as file:
for line in file:
json_data = json.loads(line.strip()) # Load JSON from each line
data_list.append(json_data) # Append JSON to the list

Python:

File Prep Option 2

df = pd.DataFrame(data_list) # Create a DataFrame from the list of JSON statements

display(df)

timer ECG PPG T CO2 pH

) 0 61255 16878 163 25 402 O

Two OpTlOﬂS to 1 61255 554 163 25 402 O

Orggnize the Origincﬂ 2 61255 -11854 163 25 402 0

3 61271 -17594 159 25 402 0

(h Aliaht dJSObN dC)JTG 4 61271 -15088 159 25 402 0
igniigntea above) 1IN

preporo’rion for ML 732 69369 -12475 159 25 406 O

GﬂOlYSiS. 733 69369 -10764 159 25 406 O

734 69389 1985 163 25 406 0

735 69380 15617 163 25 406 O

736 69389 23915 163 25 406 O

737 rows x 6 célumnga 11




Objective accomplished!

1. CoolTerm captures and stores
wirelessly tfransmitted data from the e —
sensors (see diagram).

2. Unable to eliminate the second ESP32
board.

3. Both the Excel Macro and Python
code developed are essential for
future ML data analysis.

Z
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LESSON DESCRIPTION

iHeart Sensors

Students are infroduced
to embedded sensors
through a micro lecture
and various hands-on
activities/assignments.

Arriaga

Recall and define key vocabulary words

related to embedded sensors.
Utilize the downloaded app to capture their

own heartbeats using embedded sensors.

Explain the concept of at least one embedded
sensor, its functionalities, and evaluate the
limitations of using the embedded sensor in a
real-life scenario.

Apply data visualization techniques in Excel to
plot the captured heartbeat data.

Generate a 3D object and print it in the
Makerspace.

Design and deliver a slide presentation
showcasing their knowledge of embedded
sensors, the heartbeat graph, and their 3D

printed creation. »



iHEART SENSORS
LESSON OBJECTIVES

#1 Micro Lecture

* What are sensors? " | | i ”IH]EART

* VVocabulary

 Showcase my SenSip 4 W SENS@RS

experience = 3 INTRO TO EMBEDDED SENSORS

PROFESSOR LESLIE ARRIAGA §® &
CIS 105

#2 Activity — Vocab Game

-

-

I Il ' = oL el { S )
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iHEART SENSORS
LESSON OBJECTIVES

Graph Absolute Multi Simple

Linear Acceleration x

e Students download
Phyphox App

e Students take own ECG with
phone accelerometer

* Export data




iHEART SENSORS
LESSON OBJECTIVES

Real World Talk - Tech In Ou

@ esier © 2 % 37 P o @ sihoursofdiscussion

Week 2 - Real World Talk
Let's connect our course learning to our everyday lives.

TOPIC
How is technology changing our everyday lives? Make a video by using your camera (like the Welcome
Video) and show us something technological that is changing the way you do life (fairly simple since it's

all around us).

RULES
Video must be taken by you (no uploaded online videos).

You cannot post something someone else has posted. Make sure...

Show more

€3 Record

Q Search responses

Flip App o o, , | =,

Jan 28

Vaquajahnae J Jordan K




Assignments

#2

Graph heartrate
data

Excel App

LESLIE

ARRIAGA

Time (s)

0.17632817
0.18633717
0.19634717|
0.20638717
0.21639717
0.22640717|
0.23641717
0.24642617
0.25643617
0.26644617
0.27645617
0.28646517,
0.29647517
0.30648517,
0.31649517
0.32650517
0.33651417|
0.34652417,
0.35653417
0.36654417,

0.376579
0.386589
0.396598
0.406608
0.416618
0.426628
0.436637
0.446647
0.456657
0.466667
0.476677
0.486686)
0.496696|
0.506706,
0.516716
0.526725
0.536766
0.546775
0.556785|
0.566795
0.576805
0.586814
0.596824
0.606834
0.616844

Linear Acceleration x dLinear

Absol

ion y (Linear
0.005487027

-0.026355155 -0.018463753
-0.032556127 0.009930911 -0.00446318
-0.019226815 0.013716983 -0.051249091
.036398917 0.022670825 -0.044218984
-0.042518029 0.020209147 -0.040314798
04 0.005759507 -0.024258928
0.008000745 -0.013735694
-0.011616079 0.011154149
-0.012845748 0.019389952
-0.010135564 -0.009347359
-0.039269316 -0.027814035 -0.017962354
-0.059329943 -0.022319407 -0.007773873
-0.065746093 -0.002431272 0.003016579
-0.076580983' 0. -0.
-0.069188349 -0.003577911 -0.012200215
-0.052292819 0.000426847 0.014726797
-0.039203242 0.013497713 0.01107755
-0.017575561 0.021108449 0.000581798
0.028923837 -0.009326309 -0.009047397
0.040253987 -0.04554981 -0.0251173
-0.177974042 -0.057260029 -0.04515103
-0.153757213 -0.01771297 -0.047163641
-0.001594536 0.028335607 -0.005043808
0.014359007 0.055273145 0.003598377
0.02060208 -0. 0.
-0.019862992. -0.054425299 0.001521446
-0.021141193 -0.031001937 -0.018880659
-0.02374145 -0.030108483 -0.011770445
-0.049993109. -0.03151006 -0.018497374
-0.036751505 -0.027470219 -0.041741518
-0.004796471 -0.027498286 -0.052481684
0.029706194 -0.021697848 -0.031742195
0.038151913. -0.020531913 -0.021413673
0.020212655' -0.024907385 -0.016801097
-0.00809488 -0.016969205 -0.015923138
-0.0321936 -0.004563167 0.002197384
-0.035780282 -0.003750404 0.005665367
-0.031711205' -0.019306921 0.001257151
-0.044974444 -0.024148416 0.011121697
-0.033591669 -0.022552711 -0.003368581
-0.007916545 -0. -0.030011711
-0.001626111 -0.042972357 -0.019639043
-0.028464831 -0.047260121 -0.000727394
-0.019995139 -0.018881829 0.019731137
-0.005798099 -0.002862212 0.025446205

Arriaga

0.03264371
0.03432848
0.05642956

0.0615968
0.06197964
0.05340137
0.02941314
0.01661084
0.02367988
0.01564793
0.05136483
0.06386416
0.06586015
0.07659102
0.07034681
0.05432863
0.04291613
0.02747372
0.03170842
0.06577269
0.19233327
0.16180062
0.02882515
0.05722106
0.03643172
0.05795659
0.04200654
0.04010886
0.06192211
0.06202935
0.05944316
0.04858829

0.0483288
0.03621058
0.02463793
0.03258955
0.03641964
0.03714752
0.05224499
0.04060015
0.05055284
0.04727536
0.05517513

0.0338474

0.0262549

(m/s”2)

ARRIAGA - Linear Acceleration x (m/s2)

—— Linear Acaeleration x (m/s"2)
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iHEART SENSORS
LESSON OBJECTIVES

#3 (optional) B @ e

Prepare Heartbeat
Cycle to 3D print

Tinkercad App

id  10mm & .

Arriaga 19



iHEART SENSORS
LESSON OBJECTIVES

Reina J. Jimenez
e

3D Design Showcas!
CI1S 105

05/06/2023

Prafessor | eclie Arriana

Project Showcase

PowerPoint App

Arriaga
20



~ CONCLUDINGREMARKS
Project Next Steps
« Sensors to send data wirelessly direct to the
computer
« Use sensors to obtain vital signs data

ML analysis

Lesson Next Steps

* Transter content to my LMS
» Teach the students and do the activities

Arriaga 21



Key research - skills gained (theory/software)?

« Experience with Arduino IDE, JSON, Python,
sensors, ESP32

« Understanding of sensors

* |ntfroduction to machine learning

Self-assessment — what did you get out of this experience?

« Research experience
 Learned about the other research at ASU
 Met some cool peeps in my cohort

Arriaga 22



CONCLUDING REMARKS

Program Observations/Recommendations

 Mentor introduction 1 week before start of
program

« Assign projects on day 1 or before
« Didn’t know what we were doing for 2 weeks
« Start project work on day 1

« st week of lectures — consider learning
experience

23



Sensor, Signal and
Information Processing Center

Leslie Arriaga
Leslie.arriaga@estrellamountain.edu

Arriaga
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