IVO P2EI-WEALTH (Physiological and Psychological Edge Intelligence WEArable LoRa HealTH) System

b Z ) for Remote Indigenous Community and Disaster Recovery Operation

Background :

1. The indigenous people and the rescue operators in remote and dangerous vicinities cannot profit from the
use of intelligent wearable health support system due to limited connectivity

2. Current wearables have multiple measurements from Physio and Psychological sensors but not supported by
edge-intelligence to be analyzed together

3. Current wearables are for individual purposes and not for common monitoring and intervention purposes

Targets : Tasik Chini
1. Working P2EI-Wealth Prototype using LORA connected to a portable
data center
2. Edge Intelligence model for the physio and psychological
measurements and correlation establishment
3. Test and analysis using 2 use cases
1. Remote indigenous area (Tasik Chini, Malaysia)

) b c ity Philipines!
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IVO P2EI-WEALTH (Physiological and Psychological Edge Intelligence WEArable LoRa HealTH) System
b Z ) for Remote Indigenous Community and Disaster Recovery Operation

Project Members :

Full Name Department, Institution, Country
Asma Abu-Samah * Universiti Kebangsaan Malaysia, Malaysia
Rosdiadee Nordin Universiti Kebangsaan Malaysia, Malaysia RO DURISTUDI.  IASIOC PROF DI O
Nor Fadzilah Abdullah Universiti Kebangsaan Malaysia, Malaysia
Mohd Radzi Ab Rahim Universiti Kebangsaan Malaysia, Malaysia

Reginald Juan Magpantay Mercado GTek Entreprise, Philippines

Xarxes C. Alejos GTek Entreprise, Philippines MR. MOHD RADZI DR. JENNIFER C. DE LA MR. REGINALD JUAN M.
AB RAHIM CRUZ MERCADO

Jennifer C. De La Cruz Mapua University, Philippines

Glenn V. Magwili Mapua University, Philippines @

Project Duration : 18 Months (01/06/2022 —31/12/2023) + 12 Months Ext. e cLen MR XARXES C.

Project Budget (40,260 USD):
Expense of 30/10/2023 = 10,700 USD
Balance of 30/10/2023 = 29,560 USD

MAPUA Gtek Enterprise

¥ UNIVERSITY
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P2EI-WEALTH
(Physiological and Psychological Edge Intelligence WEArable LoRa HealTH) System

P2EI-WEALTH Device ID No. 1 P2EI-WEALTH P2EI-WEALTH
Overview of the | ) I Device Device
| Biosensor: SP| 1<C Display: | ID No. 2 ID No. 1000
proposed P2EI-WEALTH | Heart Rate, Oxygen < Lmesvotmatrix || e
system lElectrodes level (SpO.) OLED I M= M= =
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> ECG- PPG ¢ . _ = = |
I ECGN Heart Variabilit UART LocationSensor: | = ; i 5 = ;
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: Skin GalvanicSkin ADC MCU I \\'_// \\-I,
F— Response (GSR) je—> | (Microcontroller, I S—0N~ S—YT
: Sensor Ultra-low power, |
Flexible I .
I LoRa RF Link
I Motion Sensor: Input/Output Long Range. Low :
3-Axis Portsand | UART gRanee, :
| . <> Power Wireless [
I Accelerometer for Peripherals, T ver:-lora I S
- o SPI | Tinv ML-capable ransceiver: LoRa '~
I Activity Sensing: ¢ 3 Y P I T
I Walking, Running, Controllerfor : o
I Idle, Free-fall, EdgeIntelligence) I Long Range, Low
| Single/Double-tap I Power Wireless
| I Transceiver:LoRa
| EnvironmentSensor: I A
| Temperature, SP| [ v
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| Air Quality Index, I
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VO Project Activities and Results (0): Where we left off...
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The first version of the device with comparison to an Apple Watch

Visit to the Philippines and feedback for the improvement of device
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2‘ 5 Project Activities and Results (1): Installation of Outdoor Gateway in Bukit Ketaya, Lake Chini

Installement of LoRa Gateway on identified point in Mount Ketaya /’ £ L omoswnennanze || X P T—

at 208m ASL by Dr. Fadzilah AppID: ainv2-en1
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@ Project Activities and Results (2): Measurement using the first prototypes in Lake Chini
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Brainstorming of measurement plans in Chini
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ED Project Activities and Results (3): Team meetings and workshop on the device re-production in UKM
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VO Project Activities and Results (4): Ethical Approval

@S
Universm Keancsaan Matasia
The National University of Malaysia

SEKRETARIAT ETIKA PENYELIDIKAN UKM + UKM RESEARCH ETHICS COMMITTEE
Reference : UKM PPI/111/8/JEP-2023-349
Date : | September 2023

Dr. Asma’ Abu Samah

Department of Electrical, Electronic & Systems Engineering
Faculty of Engineering & Built Environment

The National University of Malaysia

Dear Professor/Datuk/Dato'/Datin/SirMadam,

THICAL APPROVAL T0 CONDUCT RESEARCH N THE NATIONAL UNIVERSITY OF MALAYSIA Engagement with a Medical Doctor from Public Health HQ with experience on the
Reseachifle:  P2ELWEALTH (Physolgical and Psychological Edge Ineligence WEATbe LoRa indigeneous communities around Malaysia

HealTH) System for Remole Indigenous Community and Disaster Recovery Operations

Ethics Ref. No.: JEP-2023-349 +

Approval priod: 16 Seplember 202320 March 2025 Obtained approval for 18 Months, 18/09/2023 - 20/03/2025
Study Site: Chini Lake, Pahang, Malaysia

Sample Size: 10 Indigenous people +

i et iBahor Need to work on Medical Device Authority Approval

2. The Research Ethics Committee, The National University of Malaysia (RECUKM) has provided ethical approval
for above study. Please be reminded permission from the Deputy Dean of research of the faculty or Director of

Institute/Centre and all relevant heads of departments / units where the study will be carried out must be obtained
prior to the study. You are required to follow and comply with their decision and all other relevant regulations.

3. Please note that the investigator's responsibility is to ensure that:

i.  All Adverse Events should be reported to RECUKM as soon as possible,

ii.  Progress report should be submitted every 8 Months.

iil.  All changes / amendments to the study documents / study sites / study team must be notified to the
RECUKM. All changes must be approved by RECUKM before continuation of the study.

iv.  Application for renewal of the approval has to be submitted to RECUKM within one month (1 month) prior
to the expiry of ethical approval.

v.  Final Report should be provided to RECUKM when the project is complete.

vi.  Please take note that all records and data are to be kept strictly CONFIDENTIAL and can only be used
for the purpose of this study. All precautions are to be taken to maintain data confidentiality.

Required forms can be obtained from the The Research Ethics Committee, The National University of Malaysia
(RECUKM) website: https://www.ukm.my/jepukm

Thank you.

Sokretarlat Etika Penyelldikan Universiti Kebangsaan Malaysla
Tingkat 1, Biok Kinkal, Hospital Canselor Tuanku Muhviz,Pusat Porubiatan UKM, Jalan Yaacob Lat, Bandar Tun Razak, 56000 Cheras Kuaia Lumpur.
Telefon: +603-9145 5046 / 5048
Emai: sepuemBukmadumy  Web: hitps:Mwww ukm imyfepukny

Mengilham Harapan, Mencipta Masa Depan « Inspiring Futures, Nurturing Possibilities m

November 16, 2023 at Vientiane ASEAN IVO Project Review 2023 7



ASEAN

IVO

Project Activities and Results (5): First stress classification using Machine Learning

&2

A summary of features extraction from Physiological signal

matrix for Bootstrapping

Evaluation results for multiple algorithms and the resulting confusion

Parameters Features Description Normalized
Range
Mean value of
2 056 ~
Mean HR 0.056 ~ 1
Heart Rate | SD Standard 0.008 ~ 0.131
(HR) de.Vl_ann of HR
Minimum & fgﬁﬁﬁﬁﬁ ﬁR 0.054 ~1;
Maximum < 0.083 ~0.922
values
Mean Mean value of -\ 1997 0,524
temperature
Skin Mmimum &
Temperature Minimmum & maxinmum 0.0035 ~ 0.8283:
Maximum temperature 0.0035 ~0.8274
values
Mean Phase | Jical phase 0.757 ~ 0.944
component
Standard
E]egn‘.odermal SD Phase deviation of 0.001 — 0.949
Activity phase
(EDA) components
. Mimnimum &
Mml_mum & maxinmum 0.075 ~ 0.946
Maximum
values

Algorithms ACE;S‘ <Y | Precision Recall F1 Score
Support
Vector 72.95 0.8500 0.6455 0.6225
Machine
Adaboost 71.45 0.7077 0.6503 0.6569
Random 91.69 09164 0.8885 0.9164
Forest
Bootstrapping | 95.82 0.9933 0.9802 0.9469
700
600
500
2
8 400
@V
s 300
200
100

0.0 10 20
Predicted label
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ED Project Activities and Results (6): Work in progress...

—

1. Merging the LoRaWAN protocol with the developed P2EI-WEALTH ‘ 2. Reproduction of 3-5 more P2EI-WEALTH devices
Protocol 5 — e

3. Processing mechanism of raw se
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ap Project Activities and Results (7): Validation planning

1. To purchase 2 research devices working on Bluetooth, with a health monitoring
S platform to compare the accuracy of P2EI-WEALTH device on the following
measurements in lab environment,

‘\ *Electrodermal Activity (EDA) sensor
*Photoplethysmogram (PPG) sensor
*Accelerometer and gyroscope

@ \1 *Digital temperature sensor

\ 2. To test the functionality of the device in real environment

/ 3. To use collected data to improve and validate the edge model

empatica {»

EmbracePlus
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ap Scientific Contribution

Presentation at International Conference:

Uiz e R ] The venue of

the conference

Paper title: Author names Affiliation Conference name: the
conference

IEEE HNICEM 2023

Asma Abu-Samah, Universiti .
. 15th International
e as . Jennifer Dela Cruz, Tuan Kebangsaan )
Classification of stress using . : Conference on Humanoid,
. . Muhamad Affiq Malaysia
1 Machine Learning based on Aimullah Tuan Mohd Nanotechnology, November 19 - Coron, Palawan,
' Physiological and Psychological Data Information Technology, 23,2023 Philippines

Pauzi, Dalilah Ghaffa, Mapua
Rosdiadee Nordin and University
Nor Fadzilah Abdullah Philippines

Communication and
Control, Environment,
and Management

from Wearables
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A
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Individual dataset (under ethical regulation) can be used to establish
different studies correlating both physiological and psychological by
allowed parties

\

[

_

Edge intelligence to provide alarm and health situation to individual
users and rescue teams for reduced risk and interventions

Provision of LPWAN connectivity in remote and disaster areas for
continuous health and situation monitoring
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ap Conclusion and Future Works

Research Activity Current results Allocated
budget (USD)

Device design and optimization 2 working prototype with own loRa Merging the protocol with [oRaWAN for
protocol, and with no EDA sensor use with existing gateways

Integration of EDA sensor

Back-end data monitoring A working user interface To integrate with TTN Mapper (Cloud 1,500

platform subscription)

Multiple prototype reproduction 4 WIP devices Finish ASAP (Subject to component’s 1,000
availability)

Edge Intelligence modelling 1 stress classification model based on Improve Bootstrapping modelling based on 500

limited data (EDA, Skin T° and Heart Rate) = complete data

System testing and validation - Device testing and data collection: January 5,000
2024

Impact analysis and project - Project meeting, 2 Conferences 13,000

dissemination proceedings and 1 Journal

ASEAN-IVO Forum x2 *Subject to NICT plan 1,000

Research Exchange Program *Subject to NICT approval 7,060

Total 29,560
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