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1. WSN, loT, and TinyML Motivations:
Societal Applications in the Philippines

2. Community-Based Disaster Early Warning
System
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Motivations: Real-world Applications
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NATURAL DISASTERS... WAITING TO HAPPEN.
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The grim devastation wrought by the catastrophic flashflood in Ormaoc,
Leyte, Philippines. In November 1991, more than 5000 people
perished in this single tragedy. Unusually heavy, continuous rains
(580.5 millimeters in 24 hours) brought by tropical storm Uring caused
landslides at the steep slope of a river system leading to the city of




A massive mudslide occurred in Saint Bernard on February 17, 2006 in
the Philippine province of Southern Leyte that caused widespread
damage and loss of life. The deadly landslide followed a ten-day
period of heavy rains and a minor earthquake of magnitude 2.6 on the
Richter scale. The official death toll stands at 1,126.
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Anyone could be a victim of a disaster!
= Unaware + Unprepared
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Prepa redness

Saint Bernard,
Southern, Leyte,
during CBFEWS

installation
c008/05720 1329




Communlty Interwews

A U Nt T N

Solution: DeS|gned and Developed a
Communlty-Based Disaster Early Warning

Water-level Gauge

Rainfall Gauge
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2002: Urgent need to Implement Hydro-Meteorological

Data Monitoring and Early Warning System

Objectives:

1. To warn the authorities and vulnerable population

ahead of time of any threat of flood/flashflood and
landslide.

2. To provide enough lead-time between a critical
warning and completion of evacuation of lives and
properties to safer grounds.

3. To collect data about river system characteristics
(rainfall intensity and water-level) for research and
creating mathematical models of the river system.
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Community Based Flood Early Warning System (CBFEWS) Model

~Head Waters

Up-stream

Early Warnings are Issued to
Ensure Enough Lead-time to
Evacuate:

1.

-

Mid-stream
Rain-gauge station sends

rainfall intensity data to Data
Center (READY condition).

Water-level station sends
ALERT water-level to Data
Center (SET condition).

Water-level station sends
CRITICAL water-level to Data
Center (GO condition) -
evacuate to safer grounds.

Rainfall
Sensor

Water-level

Image ® 2022 CNES '/ Arrbus
Image © 2022 Maxar Technologies

15km
Wireless

Sensor
Network

Data
Center

10km

Down-stream

Flood-Prone Area near
Vulnerable Population Google




The Real Test: June 20 2008 at Saint Bernard, Southern Leyte
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The CBFEWS detected a critical flood level, autonomously
informed the authorities via wireless, rescuers forced
evacuated and saved 474 people one hour before the

devastating flashflood surged down from the mountains.
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SENSORS:

® WATER LEVEL

* RAINFALL INTENSITY

e TEMPERATURE & HUMIDITY
* PRESSURE / ALTITUDE

e PROXIMITY / MAGNETIC

* AUTOMATIC WEATHER STATION
(AWS)

e VOLTAGE, CURRENT, & POWER

* LIGHT INTENSITY

* ACCELERATION / EARTHQUAKE
* INCLINATION / TILT

* TOXIC GAS / CHEMICAL

* LIGHTNING INTENSITY & RANGE

INTERFACES: POWER SOURCES:
* COMPUTER * SOLAR

« ETHERNET , WIFI « WIND

* GPS, BLUETOOTH « BATTERY / DC

* ZIGBEE * AC

NON-VOLATILE
MEMORIES:

* SD CARD

e FLASH / EEPROM

* DATA LOGGER

Embedded PSoC-Based Controller (2014)

DATA TRANSCEIVERS:

® VHF / UHF
¢ LoRa
e Cellular loT

* [SM (Sub 1-GHz Bands)

DESIGNED FOR
MULTI-HAZARD EWS
APPLICATIONS:

* FLOOD EWS (FEWS)

o LANDSLIDE EWS (LEWS)

o TSUNAMI & STORM SURGE
EWS (TSSEWS)

WARNING INDICATORS:

* SIREN / BUZZER
* BEACON LIGHT
e LCD / LED

Single HW design for many applications GTer
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Community-Based Flood Early Warning System Station

YAGI ANTENNA, 10dB,

RAIN GAUGE . .
: Digital VHF/UHF
500HM
20-cm TIPPING GPS or LoRa Radio 5
BUCKET,

025 mm/TIP

100 W, 12 VDC
SOLAR MODULE

12V, 10 A
100 AH, DEEP CYCLE, SLA or CHARGE
LOW MAINTENANCE BATTERY CONTROLLER

CBFEWS Station Equipment Design.

GTek
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ANTENNA |

- RAIN GAUGE (RG)
RAIN GAUGE SOLAR MODULE

(Re)p
.
INSTRUMENT ey RG MOUNTED ON BUILDING
BOX ey ROOFTOP

' INSTRUMENT

RG MOUNTED ON FRAME B

Fig. 4. Rain-gauge Installation (a) on frame and (b) on building roofiop.

Rain Gauge Station

ANTENNA

Deployment of Community-Based Flood EW System

CONTROL1ER

AND RAD|O

oo

- f
3 ;E? {IB@) NSTRUMENT
S, ]‘3; BOX
BATTERY AND ‘ :

CHARGE
CONTROLLER

EQUIPMENT ON FRAME
SUPPORT

Fig. 5. Water-level Station Installation (a) on frame and (b) sensor
inside a protection metal pipe bolted on bridge column.

Water-level Station

Data Center Station

Fig. 6. Data Center integrates an (a) instrument box, a (b) solar module,

and a (c) data collection computer.

4
DATA CENTER
COMPUTER
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Greater Metro Manila Ready Project (GMMA READY)
Sponsored by the UNDP (2015)

L1
Bulacan FODDRMO
v

ARG Sanls

Ve

WL Bagbaguin
Sapang Alat Brdge,gaq

Bulacan

Manila Bay

WL Bunga
ARG Trece Martires Laguna de Bay @

. Lajjuna PDRRMO

ARG Silang R

ARG T-;g.agilag Hile

Fig. 7. GMMA-READY CBFEWS Network covers four provinces
surrounding Manila, has 34 stations: 15 W1, 13 RG, and 6 DC. GT
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Laguna CBFEWS loT Network

PAGASA NBlle® 3 Data Center 7
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! RG Tagaytay in * Laguna CQEEWS
! Cavite Network | VHF/UHF

] also acts as a Digital
/ repeater for all Radios
| stations of Laguna

/ Network

‘RG Tagaytay

e
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Data Thresholds and Charts for Early Warning

|

=T AL RLATY COLIARETT AW FLOGD LARL T WERsal YT EWTAS

GMMA READY PROJECT -

- DATA PANEL - LA

RAIN GAUGE STATION
RG_CUEVA
RG_KATAYPUANAN
RG_KAPATALAN
RG_MATALINGTING

WATER-LEVEL STATION
WL_POBLACION
WL_CORALAN
WL_NUMERO
WL_LLAVAK
WL_KATAYPUANAN

Actual water-level
measurements taken
every 10 minutes

Data Panel | Charts | Database | Map & Station Dala | Staion sewn

LAGUNA COMMUNITY-BASED =
_FLOOD EARLY WARNING SYSTEM (CBFEWS) A @ 2=B%o0B0C+O

DATE & TIME 10-MIN 1-HR

2016-01-27 08:21:11 0
2016-01-27 08:21:31 0
2016-01-27 08:21:51 0
2016-01-27 08:22:11 0

DATE & TIME
2016-01-27 08:20:11

24-HR
0

0
0
0

WLmsl ALERT ALARM

2016-01-27 08:20:31

2016-01-27 08:20:51

2016-01-27 08:22:31

2016-01-27 08:21:31

Data Panel Chars Database Map & Stalion DAla| Station ourun

GMMA READY PROJECT - CAVITE COMMUNITY-BASED
FLOOD EARLY WARNING SYSTEM (CBFEWS)

" Rainfall Charts”

No Rain

Early Warning Thresholds

—
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Water-level Charts
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Laguna CBFEWS Telemetry Network: Data Collection

10-MIN 1HR 24HR RAINFALL INTENSITY OVER 24 HOUR PERIOD
151219065000 4 10 91
151219070000 2 12 93
151215071000 0 0l 93 SD Card Data LAG_KAT.CSV file (Kataypuanan Station), Rainfall
151219072000 3 3 96 . {mm) by Typhoon Melor (Nona): 12-19-2015, 00-
151219073000 2 5 98 :?:::"::: 23:59, Sampling Period=10min, 144 Samples in 24-hours
151219074000 3 8 101 250 . .
smorswo 15 102 | Rainfall Intensity (mm)
Biaiseos 1 10 308 | g — ROGValuesRoselioOal8AM;, = 10-MIN
per WMO' directive
151219082000 3 4 4
151219083000 4 8 8 150 7
151215084000 5 13 13 \l{ == 1HR
151219085000 5 18 18 100 - =
151219090000 4 22 22
151219091000 4 4 26 56 [ 7' [ f— 24H R
151219092000 3 7 29
151219093000 1 8 30 A { ﬂﬂ QG :d . [
151219094000 3 11 33 0 - e = i
151219095000 1 12 34 TYNARRRATIRACER AR BERE 8 ARRART
151219100000 0 12 34
151219101000 2 2 36 ——10_MIN ——1_HOUR 24_HOURS_144_SA 1-MIN WATER-LEVEL OVER 24 HOUR PERIOD
151215102000 0 2 36 151219155406 204
Date_Time {YYMMDDhhmmss) 1- WMO (World Meteorologic{ 151219155506 193 |
151219155606 198 SD Card Data LWL_KAT.CSV file (Kataypuanan Station), [
151219155706 189 Water-level (cm) by Typhoon Melor (Nona): 12-19-2015, 00- [
Flood Ea rI Wa rn i n DEfi n ition S. 151219155806 198 23:59, Sampling Period=1min, 1440 Samples in 24-hours
V g . 151219155906 205 350 |
151219160006 200 Turbulent River |

Warns the people to get READY, SET, 1215160106 103 B Flow abgue 150 om

151219160206 186 200

and GO to evacuate to safer grounds. |z s // |

151219160406 214 150 -
151219160506 189 PeakedaL214-cm CRITIC I
1‘ Level 3: 101 cm < Critical, GO orsisorce 20— | ALERT B aa
151219160806 184 j .
151219160906 204 0 NORMAL T i
Level 2: 51 cm < Alert <= 100 cm, SET ISUEREN N . Sensor |
151219161106 176 |
151219161206 207 TERESLA23822I5885EE85588 sensing |
151219161306 193 e et port '
Level 1: 0 cm < Normal <= 50 cm, READY | 11215161405 202

Date_Time (YYMMDDhhmmss)

GTek
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2014: Community-Based Landslide Early Warning System

(event driven), Maasin City, Southern Leyte, Philippines
Sponsored by the German International Cooperation

JNUHIAGLEN  Sensor Pole/Node Sensor Node5
' = e R 7 :

Antghm| -. ' 3.3 Vdc Linear Regulator
RET k | .
P El T __ PSaCSLP-based
s | SelarERE Controller. SD Card data
- — : oing.
Sensor Board
* Accelerometer (Vibration)
* Inclinometer { Tilting)

- = : * Pressure Sensor (Altitude) N
ground crack/m FEEFERES s = * Temperature Sensor <N\
LRLLY R (' = §  Electronics inside

: profeclive casing
with desiccant

12Vdc, 3Ah SLA Batlery
i . i = 12Vde, 5Adc Charge ol
- . pipthd il =k . Controller )
CBLEWS C .rH U T CBLEWS
INeJolife Fip. 22. CBLEWS Landshde Sensor PoleNode. Gateway

- Glek
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2015: Saving Lives and Properties Through an loT Network
Sponsored by the German International Cooperation

Earthquake Sensor loT Link EQ Sensor to DC Solar-battery Powered
Beacon Light for WLS
11!.:5*- L, W —
v‘r L T Gelvon =t
) B -
P S5 1 -

MEMEfgsrd

Submerged WLS

Fig. 26. Integrated Storm-Surge, Farthquake, and Tsunami Sensor

I Siren_1 E i Siren_2 ! é Sireﬁ_3 “ I Siren_4 I I Siren_5 I
Glexk
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The San Sebastian Basilica,

Plaza Del Carmen, Quiapo, Manila, Philippines
An all steel Gothic church completed in 1891, the metals are the same with the ones
used with the Eiffel Tower, Paris, which was completed two years earlier in 1889.
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Plaza Del Carmen

sketchfab.com/3d-models/san-sebastian-basilica-phili
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2012 Projects with San Sebastian Basilica:

Remote-controlled drop-down (30-meters) Walls inclination remote-
8MPixel Point-and Shoot Camera System. monitoring using PSoC, precision
Using PSoC, RS485 network, and a laptop. dual-axis inclination sensors,
S 2 £ TR - I Wy, ~ RS485 network, and a computer
: 1 __i_;.t 5‘

r - Sl
" ¥ T £  a T3
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SSB Environmental Monitoring System Operation

THV1 THV2 THV3 THV4 THV5 TH1 TH2 TH3

€. . ¥. ¥. ¥. 7 =7 D 4
\.N.N\.\.N\.\.:.\ \. LORa """_f"’_f
Sl o~ ..\‘ R éé - ‘, - Synchronized Data Capture
= (;,ate‘,\,ayé 1. GPSRTCis updated every
second.
RS232 2. Gateway’s I_RTC is updated
Gateway RTC is every 1_0 ml'nutes.
3. All stations’ RTC are
updated every 10

synchronized to the
Gateway’s RTC every minute
via LoRa.

minutes (wired)

GPS real-time

clock (RTC) is

updated every . 4. Simultaneously, all sensors’
second Lk’ 72 data are acquired and saved
== &&= , = , , (logged) in the SD memory
card every minute.

5. Every 10 minutes, Each
station data is sent via LoRa
to the gateway and
immediately logged in the

gateway’s SD memo GTE K

ENTERPIRISE

THVDR1 THVDR2 THVDR3 THVDR4 THVDR5 THVDR6



SSBEMS loT Device Installation

Temperature and Humidity , SHT85, (THx) WSN Setup

T | |
PSoC loT Node
Controller

with SHT85

PSoC IoT Node
Controllers \', -

G TEK
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THV3

Acurite 3-in-1 | Acurite 3-in-1! _ § Acurite 3-in-1
1

AWS AWS ‘ g ; A 2 Acurite 3-in-

PSoC loT
PSoC loT Node

Node. Fontroll‘er
Controller _

SSBEMS loT Device Installation

| i
A

SEpmswEEs..

! BBALA h { a BAE
Do ToUCH | | DONOT "OUCH 0 m TOUCH a
£ HAWAKAN) 3 5 (HUWAG HAWAKAN) (HUWAG HAWAKA

U MENTAL S|

| * Acurite 3-in-1

! i i
' PSo(iGatTway PSoC loT
’ i e Node

e t’ ﬁontroller

f lé T
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| o

-
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SSBEMS loT Device Installation

THVDR1 — Basilica’s East Side Door | THVDR2 - BaS|I|ca s West Slde

I

8 PSoC
: loT Node
Controller

PSoC

loT Node
Controller

GTek
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SSBEMS loT Device Installation

THVDRS5 — Ba5|I|ca s Front Door THVDR3 — Basilica’s East Side Front Door

Acurite 5-in-1 _,

Acurite 5-in-1

<l§oc Ip/(Node Céntlé / i\\

-._./

PSCIT Node




SSBEMS loT Device Installation

THVDR4 - Basilica’s Right Tower, 1 Level
I’Below Bell Tower

THVDRG6 — Basilica’s Roof

@Socr Node ( (
Controllers

G Texk

ENTERPIRISE



loT Gateway

PSoC Gateway — Choir Loft

]

|

PSoC loT Gat
Controller

Completed (0x1-0xE) of data acquisition '
via LoRa.

/PsoC {oT Node-
1| . Controller

GTek
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Node Controller: Power, Data Display, and Data Logger

Date Time WindDirection
1 A98ERT

:: 2 E]E'El
NK

Hard Plastic Enclosure

Temp Hum Rainfall WindSpeed 2%16 LCD
LCD Backlight Switch
SD/uSD Card Data Logger
(4GB/8GB/16GB)
How to manually copy the CSV file: Fuse
Recommended copy time is Holder-
between 5th min to 8th min of the
10-min cycle. small
1. Turn-off 12VDC Power Switch. 12Vdc
2. Take-out SD card from port. Power
3. Copy CSV file using your Switch
computer.
4. Re-insert SD card. Sensor Data
5. Turn-on 12VDC Power Switch. LoRa Antenna Communication Cable
6. Station should operate normally. (433MHz)

GTek
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Structural Integrity Monitoring for Bridges, Anomaly Detection,

and Early Warning System
Design, Development, and Fabrication: Mar — May 2024, Due in June 2024

Project Specifications:
1. To monitor cracks, vibrations, and inclinations on beams, walls, and columns of
old bridges. Detect anomalies and generate condition flags.

2. To data log all collected measurements and anomaly flags in a CSV file stored in
an SDCard of the devices (sensor nodes and gateway) on the bridge.

3. To transmit all data and early warning information from bridge’s device to data
center and save it in a CSV file, for structural engineers and authorities to inform
the public of impending danger in using a bridge.

4. To use solar-battery power for remote bridge devices.



Structural Integrity Monitoring (SIM) and Early Warning System

Network Diagram

Wireless Sensor Node (WSN)

Structure: Bridges or Skyways

PSoC + TinyML + Wireless
Controller + Data Logger

Gateway (GW) Location

|

\

)
]

[ ]

Inclination
Sensor

Vibration
Sensor

Solar-Battery Power Supply

— ERIDGE DECK

/ ’
- / *
\ I / /. P /‘/ _
\ 1 ) * 4 /‘ -~ -
/ / . -
. ' ' 4
| ] / 7 , " ’;’ _
N M 7 . -
! I / ’ 7 ’, - - PR - .- -
R A e - - -
, . .- - - —-
. 7 .7 - - - -
11 7 . ‘/ R ‘,“’.’ "_, ’_’.—
v MR PO Lttt loT Network
RV et et et . .
1,2 e TionT Maximum 1km Radius
e el = . .
| V72 Sk Line-of-site (LOS) Range Between Data Center
’
N Gateway and Sensor Nodes Sensors’ CSV Database
]

loT + SMS Gateway
Power: Solar-
Rechargeable Battery

Structural
“Health

Cellular
Data
Transceiver

On-site, see Gateway

Location Off-site, Remote Office, or Field Center



Bridge SIM: WSN + TinyML Equipments

Sensor Nodes
PSoC + LoRa + Data Logger +

PSoC + TinyML + Wireless | | ))
Controller + Data Logger |

I h %
v
Strain  Inclination Vibration
Gauge Sensor Sensor

Solar-Battery Power Supply

LoRa Antenna

Solar Panel

Gateway
PSoC + LoRa + Cellular loT

Data Logger
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