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IVO [PJ2022-03] P2ZEFWEALTH(Physiological and Psychological Edge Intelligence WEArable LoRaHealTH)

é Z ) System for Remote Indigenous Community and Disaster Recovery Operation

Background

1. Theindigenous people and the rescue operators in remote and dangerous victama®t profit from the
use of intelligent wearable health support system daéimited connectivity

2. Current wearables have multiple measurements from Physio and Psychological sensarsdutported by
edgeintelligenceto be analyzed together

3. Current wearables are fondividual purposes andot for common monitoring and intervention purposes

Targets. Tasik Chini
Malaysia Vicinity

1. Working P2EWealth Prototype usingoRAconnected to a portable
data center
2. Edge Intelligence model for the physio and psychological
measurements and correlation establishment
3. Test and analysis usiguse cases
1. Remote indigenous areddsikChinj Malaysia)

2—bspstorrocevoboporation-fOgczon Ciby Phiiboines)

Speaker T E\I\II{.}*II[ ‘ NARATIF BAHARU UKM FAKULTI
Project Leader Asma AbtSamah @ M‘ A%_NLV I_'L(\H}AL KEJURUTERAAN
WirelessResearch@UKMUniversitiKebangsaaiMalaysia (UKM) | AN e
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IVO P2EIWEALTH (Physiological and Psychological Edge Intelligence WEArable LoRaHealTH) System
E Z > for Remote Indigenous Community and Disaster Recovery Operation

Project Members
I a Y| QSamahdz UKM, Malaysia
RosdiadedNordin UKM, Malaysia _
bW S e
Nor FadzilamAbdullah UKM, Malaysia
Mohd RadziAb Rahim PPTC and UKM, Malaysia :
Reginald J. M. Mercado GTekEntreprise Philippines '
Xarxe<C.Alejos GTekEntreprise Philippines u
MR. MOHD RADZI DR. JENNIFER C. DE LA MR. REGINALD JUAN M.
o o o ono q AB RAHIM CRUZ MERCADO
Jennifer C. De La Cruz Mapua University, Philippines
Glenn VMagwili Mapua University, Philippines
EmotoHiroshi NICT and ASEAMO, Japan
Project Duration: 18+12(ext.)Months (01/06/2022¢ 31/12/2024) e cue
Project Budget40,260 USh
Expensef 21/10/2024 = 18,494 USD
Balanceof 21/10/2024 = 9,30QUSD
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Rechargeable Battery and
USB Power Charger

In-vehicle or Portable

PROJECT ACTIVITIES o ~ P2EI-WEALTH
Physiological and Psychological Edge Intelligence WEArable LoRa HealTH) System
(Physiolog y g g g y
P2EI-WEALTH Device ID No. 1 P2EI-WEALTH  P2EI-WEALTH
Overview of the proposed |'"""'""""""";C'""""_. Device Device
| Biosensor: Display: I . ID No. 1000
PZE'IWEALTH System & | Heart Rate, Oxygen ESP|; <€—>] 128x64 Dot Matrix [ R CEEEES
Research Activities lElectrodes level (SpO2) OLED 1 HERLQ HEH L =
I =l
---------------------- I = = g E j ==
1. Technological ; ; ECG-PPG (IZ—C) UART| LocationSensor: ; =F =F
. g : ECGN Heart Variability GPS Receiver ' : i - ==
development: — <> S
L] I IIIIIIIIIIII.IIII.I IIIII MCU I v
. Galvanic Sk <,
P2P LoRbased : Sk'”._> Resap\;an:E(G‘lsr-'R) & (Microcontroller, I S—Y7
Hardware prototype : Sensor Utra-low power, ;
Experimentsancluding ' Motion Sensor: Input/Output ———! )
field testing : 3-Axis Portsand  [UART] o008 A ieress 1o ) 2’
] I Accelerometer for Peripherals, Transceiver:LoRa | g Eﬂ
Network Plannlng I Activity Sensing: ESPIB Tiny ML-capable . I GATEWAY
. Walking, Running, Controllerfor
LoRa I_Dropagatlon : \dle, Free-fall, Edge Intelligence) : Long Range, Low
MOdellng I Single/Double-tap I Power Wireless
: e I Transceiver:LoRa
. Scientific development | ——— : -
Psychological Edge I Temperature, | Spl | v
I Humidity, € > l
models | Air Quality Index, I
| Pressure (altimeter) |
; A ' y——— N
I I
I I
I I

] Data Center

November 7, 2024t Phnom Penh

ASEAN IVO Project Review 2024



ASEAN

IVO

ED Project Activities and Results (1): Hardware Prototype Development
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The P2P Devices

Vg A

(EMbdes and the Gateway) Briefing byMr. Reggiet(s

biad

- e 4 i

Visit, test and survey of the watch with the

indigenous communities

Visit to the Quezon City Disaster Risk Reduction and Management Office (QCDRIRRM®¢ feedback
and the improvement of device
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ASEAN

35 Project Activities and Results (1): Hardware Prototype Replication

Merging the LoRaWAN protocol with thé
developed P2EWEALTH Protocol
(Unsuccessful yet)

-

Workshop 2 (19-239 August, 2024)

G S——r = ~ A |

November 7, 2024t Phnom Penh ASEAN IVO Project Review 2024 4



ASEAN

2‘ 5 Project Activities and Results (2): Installation of Outdoor Gateway in Bukit Ketaya, Lake Chini

/ |

DevID: endnode

Installementof LoRa Gateway on identified point in Mouritetaya £ omoswnesnmae || X E——
at 208m ASL by DEadzilah / :

O OSM Mapnik |
836 Device Network: NS_TTS_V3:/ttn@000013 ~/OSM Mepnik Grayscale

2 =
‘\/_\/ Gateway ID: O Terrain
E8
pygate-gw2

-r 251 Gateway Network: ® OSM Mapnik
NS_TTS_V3://ttn@000013

H25 Location accuracy: 0 O Satellite
\ Satellite count: 0

HDOP: 0.9 N
Packet id: 666450563 N
RSSI:-117dBm N
SNR: -15dB N
Signal: -132dBm \
| SF:10 |
BW: 125000 Hz
Distance: 48012m
Altitude: 15m

Altitude: 15m

(Y N e Y
®

82 Pekan

S o > N ¥ ) Colour Signal
g ;

. . - - — - — - ) L >-1008m
Measurement using 3 different end nodes (EN), including a Ay, p—t . 100105
. . . -105 - -110
proprietary (RAK Wireless) field tester ) | Bl o-is
e - - — i ¥ -115--120
_ Bl - o

i

1 packet of 10 bytes
Furthest point reached at 48.012km
Gateway: 8dbi fiberglass, vertical polarized antenna
EN: 3dbi antenna, Usingycombased EN witlf5F10
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ED Project Activities and Results (2): Measurement using the first prototypes in Lake Chini

Brainstorming of measurement planis Chini(3d-5" July 2023)

P A e | m | Y _
Eaod B ol ‘
i [

ct Ketayaby Prof.Rosdiadee [@%*
T g : S e -

% N @

Brainstorming of measurement plans Chini(26" -30" August 2024)

— B
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VO Project Activities and Results (2 ): Propagation Modeling for Palm Plantation

Specification

Description

Type of model

Optimizable Tree

No. of features

8

Cross-validation
method

10-fold cross-validation

Training/testing
split

80%training, 20%testing

PCA (principal
component
analysis)

At least 95% variance

Optimization
method

Bayesian optimization

Specification

Description

Type of model

Optimizable Tree

35

30

25

20

Attenuation (dB)

15

10

Measured Attenuationvs. Predicted Attenuation

60 80 100 120 140

e

Measure

Iy

mentint

7 ity

7 ;
77 T
A Y 7

X 74

7 N o Vi, b ity W
he palm plantation using LOS and Nlgo&figurations(April-July 2024)

r &)

2D distance (m)

—@— MEASURED ATT 2.1m —@— PREDICTED ATT 2.1m

—&— MEASURED ATT 4.5m —@— PREDICTED ATT 4.5m

Machine learningbased propagation
model development
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VO Project Activities and Results (3): Prediction Models for Stress Detection

&2

Evaluation results for multiple algorithms for Nurses Dataset [1]

Algorithms AC((:;;;' | Precision Recall F1 Score 700 h
600
Support -
Vector 72.95 0.8500 0.6455 0.6225 ! -
Machine 3
e R 560 P 300
Adaboost 71.45 0.7077 0.6503 0.65 - micromigen library
Random 91.69 0.9164 0.8885 0.9164 100 : _
Forest £ 2y AROUING ¢
. 00 10 = <
Bootstrappmg | 95.82 0.9933 0.9802 0.9469 Predicted label e i) R R E
- TensorFlow Lite :
Evaluation results for multiplealgorithmsfor WESAD datset [2] gl W :
-- parameters Settings accurac model |— e 4 ®: l‘ﬁu‘ 8
Random criterion gini 96% 25GB I
Forest max_depth none -
n_estimators 100 Tl nyM L
Random Yes Yes criterion gini 92% 213.7 MB Deployment
Forest max_depth 15
n_estimators 100
Random Yes Yes criterion entropy 73% 1.5 MB ]
Forest max_depth 7
n_estimators 50
No Yes criterion gini 46% Not
extracted

[1] HosseiniS, GottumukkalaR, KatragaddaS, BhupatirajuR T., AshkarZ, Borst,C W., & CochranK (2022. A multimodalsensordatasetfor continuousstressdetectionof nursesin a hospital ScientificData,9(1), 255.

[2] Schmidt, P., Reiss, A., Duerichen, R., Marberger, C., & Van Laerhoven, K. (2018, October). Introducing wesad, a multimodal dataset for wearable stress and affect detection. In Proceedings of the 20th

ACM international conference on multimodal interaction (pp. 400-408).
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IVO
Project Activities and Results (3):

Prediction model for Panic Attack

AND [EDASS | [Fee 58] [Fs=1o0 [ St 12] | == [S=rionPanc ATrAG

AND [ 100 | E0A =5 | Stess bort |
- OR o

AND [FR>=100 | TevP>3 [ Stessiabo 12]
) OR

AND [E0A==5 ][TewP=5 | Swess iz ]

_ — | 3=NOPANICA1'I'ACK|

Establishment of Panic Attack Classes

Machine Accuracy and Respective Nurses Dataset
Learning Training Training Testing
Model (Full 12’ Nurses Data) (Full 12’ Nurses Data) | (3 Selected Nurses Data)
(943718) (943718) (903752)
Total cost : 0
Error rate : 0%
. S, Total cost : 0 Total cost : 352
Fine Tree Training time : 125.73s X .
Model size : ~7kB Error rate : 0.0% Error rate : 0.0%
Prediction speed : ~510000 obs/sec
Total cost : 0
Error rate : 0%
. Al . Total cost : 0 Total cost : 352
Medium Tree Training time : 118.67s i )
Model size - ~7kB Error rate: 0.0% Error rate : 0.0%
Prediction speed : ~570000 obs/sec
Total cost : 47743
l:.n'c‘)r.ratcA: 5.1% Total cost : 5361 Total cost : 158723
Coarse Tree Training time : 111.86s E te:51% E e 17.6%
Model size - ~5kB rror rate : 5. rror rate : 17.
Prediction speed : ~670000 obs/s
Total cost : 1736
I;m.)r.ratc': 02% Total cost :161 Total cost: 110143
Coarse KNN Training time : 525.4s E te : 0.2% E rate - 12.2%
Madel size : ~6AMB rror rate : (. rror rate : 12.
Prediction speed : ~7800 obs/s
Total cost : 130
Error rate : 0.0% —— oz
Cosine KNN Training time : 21571 Lot oo
Model size : ~44MB rror rate : (). rror rate : 11.
Prediction speed : ~690 obs/s
Total cost : 159
Error rate : 0.0% = %
Cubic KNN Training time : 17347s 'hl:otal Co:t = 3 0% 'LEotal Co:t 2 : ;81%’20
Modal e -~CAMB rror rate : (. rror rate : 13.
Prediction speed : ~2900 obs/s
Total cost : 0
Error rate : 0.0%
: ety . Total cost : 0 Total cost : 112319
s s - e o Error rate : 0.0% Error rate : 12.4%

Model size : ~64MB
Prediction speed : ~ 17000 obs/s

Machine Accuracy and Respective Nurses Dataset
Learning Training Validation Testing
Model (Full 12°) | (10% of 12%) | (3 Selected)
Dhata Data Data
(943718) (104857) (M3IT52)
Fine Tree TO0% TO0% 99 06%
| Medium Tree T TO0% 00 06%
Coarse Tree 9494% 94897 2%
Fine KNN 100% 100% 27 58%
Medium KNN 99 98 % 100% B7158%
Coarse KNN 09 R2% 090 85% 871.81%
Cosine KNN 99 99% 100% B8.44%
Cubic KNN 99 98 % 100% 86.92%
Weighted KNN 1% 100% 871.57%
Efficient Logistic Regression | 91 88% 9181% T4.01%
Efficient Linear SVM 91.69% 9] HEYE 74.04%

Efficient Logistic Regression

Total cost : 76665

Error rate : 8.1%

Training time : 462.97s

Model size : ~37kB

Prediction speed : ~370000 obs/s

Total cost : 8589
Error rate : 8.2%

Total cost : 234907
Error rate : 26.0%

Evaluation results for multiple algorithms for Nurses Dataset [1

Efficient Linear SVM

Total cost : 78409

Error rate : 8.3%

Training time : 345.08s

Model size : ~37kB

Prediction speed : ~420000 obs/s

Total cost : 8722
Error rate : 8.3%

Total cost : 234635
Error rate : 26.0%
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ASEAN

VO Project Activities and Results (4): Ethical Approval, Dataset Collection and Future Collaboration

Universm Kesancsaan Mataysia
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

Obtainedapproval for 18 Months, 18/09/202%, 20/03/2025

ETHICAL APPROVAL TO CONDUCT RESEARCH IN THE NATIONAL UNIVERSITY OF MALAYSIA '

Research fitle: P2EI-WEALTH (Physiological and Psychological Edge i WEArable LoRa ¢ Yt
HealTH) System for Remole Indigenous Community and Disaster Recovery Operations

Ethics Ref. No.: JEP-2023-349

Approval period: 18 September 2023 - 20 March 2026

Study Site: Chini Lake, Pahang, Malaysia

SompleSae: 10 ndigenous poople Data from P2EWEALTH and EMPATICA Embrace Plus will be shared in Open Platfo
With reference to the above (Kaggle and GlthUb)

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.

li.  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

Identified immediate Future
Collaboration with National ChifYi
University, Taiwan and Universitas

Makassar, Indonesia

Thank you.

Sekrotarlat Etika Malays|
Tingkat 1, Blok Kiinkal, Hospial Canselor Tuanku Muhriz,Pusat Porubatan UKM, Jalan Yaacob Lat, Bandar Tun Razak, 56000 Cheras Kuala Lumpur
Telefon: 46039145 5046 / 5048
Emait Web: bitps: /. ukem. myfepukiny

Mengilham Harapan, Mencipta Masa Depan « Inspiring Futures, Nurturing Possibilities
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VO Project A
ct Activities a ; | '
nd Results : Project Dissemination in Conferences and Worksh
orkshops
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