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Content:

Recent (new) Technologies:

1. Ina-CBT (Indonesian Tsunami Early Warning System, stage-2) 

2. SMART Cable 

3. Distributed Acoustic Sensing (DAS) 

4. Research on Acoustic Sensing --  “Listening Tsunami and or Disaster” 

5. Hybrid system

6. Numerical Model

7. Physical Model
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Cable-Based Tsunami sensors (CBT)

S M A R T   system

Scientific Monitoring and Reliable Telecommunication
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Landing Station (LS) 

extend to 
2nd LS 
(optional)

Location: Labuan Bajo – FLores Sea.
•Deployment: February 2022
•Operating since: February 2022
•Sensors (now): 

q Hydrostatic Precise Pressure Gauge 
(1Hz)

q 3D Accelerometer (125Hz)
q Temperature
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M7.9 Banda EQ
Jan 09 2023 17:47:34 UTC

Increase amplitude at tidal stations : 5-10 cm 

01:07

Distance Epicenter – Sensor : 1130 km 

V=6.3 km/s
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Distance Epicenter – Sensor : 1130 km 

M7.9 Banda EQ
Jan 09 2023 17:47:34 UTC

1.5 h

OBP without detiding
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Cable-based Ocean Observation: IOC-UNESCO, ITU 

Ø To use the underwater (UW) telecommunication cables crossing the 
oceans and waters to become the network of real-time data for disaster 
mitigation and environment monitoring system.

Ø Three United Nations agencies: ITU, WMO, and IOC-UNESCO have 
arranged a Joint Task Force (JTF) established in 2012, aims towards 
incorporating environmental monitoring and tsunami sensors into 
trans-oceanic submarine cable systems  SMART cable system.

Ø No underwater telecommunications monitoring system is in place 
today.

SMART system
Scientific Monitoring and Reliable Telecommunication
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InSEA wet demo SMART cable 

System overview

Seabird SBE 39Plus

Paroscientific 8000 Series

Instrument pod:

SMART Cables integrate sensors into submarine 
telecommunications cables to measure seafloor 
temperature, pressure, and seismic motion 
(SMART modules) 
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Novo Anel CAM
Topologia FísicaAtlantic CAM
Physical Layout

Troço
Sines - Machico 

990 km Troço
Funchal - São Miguel  

1,050 km 

Troço
Terceira – Carcavelos

1 590 km  

Troço
Terceira- São Miguel 

210 km

Extensão  Total 
3,840 km 

4 CC Nodes 

6 CC Nodes 

2 CC Nodes 

2 CC Nodes 

2 CC Nodes 

2 CC Nodes 

2 CC Nodes 

3700 km Telecom Cable

 Scientific Funding :

● ~20 SMART modules

● Gov’t €154M. EU 
support €56M

● Other sensing techniques
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How does it work:
• Interrogator Units send a laser pulse into an optical fiber.
• Small imperfections in the fiber cause the light to scatter 

back (Rayleigh Backscatter)
• If the fiber is disturbed (e.g., by sound, vibration, 

movement, or pressure changes), the backscattered 
signal changes.

• By analyzing these changes, it’s possible to measure 
vibrations along the fiber in real time

Applications:
• Earthquake and Tsunami Monitoring → 

Detecting earthquakes or volcanic activity using 
undersea cables. Detects P-waves (fast seismic 
waves) before damaging S-waves arrive. 
Example: DAS has been used on existing 
submarine telecom cables to detect 
earthquakes in Alaska, Japan, and California.

• Oceanography → Monitoring ocean currents, 
ocean swell, internal tides, infragravity waves, 
storms, and interactions with the seafloor.

• Marine Mammal Tracking → Listening for 
whales and dolphins without dedicated 
hydrophones.

• Traffic Monitoring → Detecting vehicle 
movement near buried telecom cables.
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Feature DAS (using fiber) Recent Seismometers/ 
Hydrophones

Coverage 100s of km Point-based

Installation cost Low (uses existing cables) High (new sensors + 
maintenance)

Data density Very high (every few meters) Sparse grid

Power requirement Only at one end (interrogator) Each sensor needs power

Applications Multi-variables Usually single-purpose
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DAS application on sea bottom

14

S e i s m i c  m o n i t o r i n g  i n  M e d i t e r r a n e a n  s e a  ( To u l o n )

POSA

Earthquake M1.9
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Existing cables over the Indian Ocean
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4. Listening  an Earthquake (Acoustic Sensing)
Occur in Tropical Sea Water

Reseach collaboration  
BRIN-Indonesia with 
UPHF France  2025 – 
2029

https://dosits.org/people-and-sound/examine-the-earth/earthquakes/

A Tertiary wave (or T-wave) is the acoustic signal from these 
earthquakes.  A T-wave typically has frequencies ranging from 
4 to 50Hz. T-waves propagate efficiently in the ocean 
compared to seismic waves through the earth and can be 
detected at great distances. 

Example of  how a hydrophone deployed in  the ocean  sound  channel
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Listening  an Earthquake

In the Pacific Ocean, sounds from a volcanic eruption have been heard 
thousands of miles away. Hydrophones located around the Pacific Ocean 
monitor the ocean for sounds of seismic events. Earthquakes produce acoustic 
signals known as T-waves

Machine Learning Model 
Predict Surface Elevation of 
Tsunami from Earthquake 
Acoustic  signal   

Inverse Problem 
Model

Reseach  at  Cardiff University Tsunami Center 
UK :
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DONET: Dense Oceanfloor Network System 
for Earthquakes and Tsunamis 
(JAMSTEC, proposed for Southern West 
Java)

ITU, 2012

NSF Project for Padang: Underwater acoustic network 
connected to FO cable (Upitt, BPPT, ITB) for Padang 
Waters

5. Hybrid System: Cable and Acoustic system
Occur in Tropical Sea Water
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20 km

Four different 
geometries:
1. Deep-to-Deep
2. Deep-to-Up Shelf
3. Up shelf
4. Shallow water

1 2

3
4

Link 4, shallow water, may not be 
needed if the cable is terminated 
at an off-shore island

Satellite or radio
Communication

Optic Cable

Termocline layer 

Ocean Bottom Unit

Land Base Station
Acoustic 
Communication

Source: Freitag, L., 2014

Sumber:  Lee Freitag, WHOI, Aug 2015
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Bottom 
(1800 m 
depth)

Surface

TX
(Near bottom) 

Siberut
Island

Upslope to
Padang side

RX

Coastal
Islands

40 km 

In deep water, expect 
maximum ranges of 
20-30 km based on 
previous tests at same 
frequency.

20-30 km

Cable to shore-land 
station

Sumber/modified from:  Lee Freitag, WHOI, Aug 2015

5. Hybrid System: Cable and Acoustic system
Occur in Tropical Sea Water
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Buoy Tsunami Indonesia 19

Satellite/GSM/radio
Communication

Optic Cable

Termocline layer 

Ocean Bottom Unit

Land Base Station
Acoustic 
Communication

5. Hybrid System: Cable and Acoustic system
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Negara / Institusi Model Numerik Keterangan Utama
Global (NOAA, UNESCO) COMCOT, MOST, Tsunami-

HySEA
Model propagasi dan genangan 
berbasis NSWE.

AS (NOAA) MOST, SIFT Forecast real-time dan asimilasi 
buoy.

Jepang (JMA, NIED) JAGURS, TUNAMI-N2 Model resolusi tinggi untuk 
prediksi lokal.

Indonesia (BMKG, BRIN) COMCOT, TUNAMI-N2, HySEA Simulasi propagasi dan 
genangan dengan validasi buoy.

Australia (Geoscience) ANUGA Open-source, 2D finite-volume.

India (INCOIS) TUNAMI-N2 Custom model berbasis 
TUNAMI.

Eropa (JRC, INGV) Tsunami-HySEA, SELFE, 
TeLEMAC

GPU-based, semi-implicit 
models.

Peru (IGP) COMCOT, NAMI-DANCE Prediksi tsunami Pasifik Selatan.

Thailand COMCOT, MIKE21, TUNAMI-
N2

Pasca tsunami 2004.

Karibia (CTIC) Tsunami-HySEA Simulasi pelatihan dan skenario.

6. Country/Institutions Tsunami Numerical Model 
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7. Physical Model : Tsunami Modeling Device



23/09/2021

THANK YOU


