PRACTICAL SOFTWARE-DEFINED
UNDERWATER NETWORKS

Prasad, Chinmay, Shiraz
SUgHera Pte. Lid:
Singapore

Global Oceans 2020 - Singapore U.S. Gulf Coast



Prasad Anjangi received his Ph.D. in Electrical & Computer Engineering from National Unversity of Singapore (NUS) in
2016. Prior to that he received the B.Eng. degree In Electronics and Instrumentation Engineering from Andhra University,
Andhra Pradesh, India, in 200/ and the M.Eng. degree in Biomedical Engineering from the Indian Institute of Technology (IIT),
Bombay, India, in 2009. Currently, he i1s a Research Scientist at Subnero Pte. Ltd. He worked in semiconductor industries with
Atmel and STMicroelectronics as Firmware and Senior Design Engineer, respectively, from 2009 to 2012. His current
research interests Include underwater acoustic communications, signal processing, networking protocol design, and
autonomous underwater vehicles.

Chinmay Pendharkar received his B.Eng. degree from the National University of Singapore (NUS) in 2006. Since then
he has spent more than |0 years in the industry, from working on embedded software in Motorola Electronics Pte. Ltd. to
working with experimental audio technologies at a startup spun out of NUS. He also has an M.Sc in Engineering Acoustics
from Chalmers University of Technology (Sweden) which he completed in 201 |. He is currently the Chief Technology
Officer at Subnero, working on constantly improving the technology aspect of Subnero products.

Shiraz Shahabudeen has held various engineering roles including at Infocomm Development Authority of Singapore
(IDA), NeST Software, India etc. He was a Research Fellow at ARL, National University of Singapore (NUS) where his
research interests included underwater acoustic communications and autonomous underwater vehicles. Currently he works
as an Independent consultant to NUS, Singapore. Dr. Shahabudeen holds a B.Eng from NUS, M.S in Telecommunication
Engineering from Melbourne University (Australia) and a PhD from NUS in Underwater Communications.




Satellite (not shown) |

UNDERWAIER NETWORKS

£ S -
I ol -

Yy 7
il ¥

Y
.

UAVs pev e

AUVs

—

5
[}

Iy

d I‘
i

» Optical
links

N
N Surface to subsea

Ships L » RF links

* GSM links
Buoys

High speed

video backhaul
",

, UW inteligent ROV o S a—te”i-te
Land stations et |
fall lINks
Und hub o
nderwater nuns T o . .
ROV N\ ¢ ered |Iﬂ|<S
comms \\\
Divers
Nodes \ Y

Tsunami
sensor comms




AN ILLUSTRATIVE UNET




OUTLINE

* |ntroduction - Shiraz

» 2 node point-point networks (PHY, LINK) and 3 node
networks (MAC) - Shiraz

» Multihop Routing - Prasaa

* Sensors and the Internet - Chinmay

« Localization - Prasad

« Conclusion - mins



INTRO 1O UNDERWAIER NETWORKS

» [Prof Mandar’s video on Unet]



UNDERWAITER MODEMS
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SIMULATORS

- Simulation software

» SUNSET http://reti.dsi.uniromal .t/UVWSN_ Group/index.php!page=sunset

- D

=S

-R1T http://desert-underwater.del.unipd.it/

» bvologics https://evologics.de/emulator

» UnetStack https://unetstack.net/

- Using

°C audio


http://reti.dsi.uniroma1.it/UWSN_Group/index.php?page=sunset
http://desert-underwater.dei.unipd.it/
https://unetstack.net/
http://reti.dsi.uniroma1.it/UWSN_Group/index.php?page=sunset
http://desert-underwater.dei.unipd.it/
https://unetstack.net/

UNETSTACK

» https://unetstack.net/handbook

« Online video tutorials

» https://www.youtube.com/watch!?
v=MpghRhpwAh4

UnetSocket API N

Unet basic stack

- Download and setup

» https://unetstack.net/handbook/unet-
nandbook_getting started.ntml



https://unetstack.net/handbook
https://www.youtube.com/watch?v=MpqhRhpwAh4
https://www.youtube.com/watch?v=MpqhRhpwAh4
https://unetstack.net/handbook
https://www.youtube.com/watch?v=MpqhRhpwAh4
https://www.youtube.com/watch?v=MpqhRhpwAh4

USING PC SOUND CARD

test out basic operations

» UnetStack free community edit

iNncludes a PC audio based moc

°C sound cards offer a great way to

on

Overview

Acoustics @

Power Level
-120

Noise

Control Channel [1] ®

13 bytes 70.59 bits/s
MTU Data Rate

Janus Channel [3] @

0 bytes 58.18 bits/s
MTU Data Rate

R R R S S

Location @ Interfaces @ Storage @

Node Location Static IP

Q Location is not set. Static IP is not set.

Node Origin Interfaces »
Q Origin is not set. = TCP = WS = WEBSH 4 B 104 GBused M 129 GB free

Wi FHBFSK  Data Channel [2] © : Lul FHBFSK

ICONV2 2.04 5 0.25 31 bytes

Error Correction  Frame Duration  Detector Threshold MTU

Lt FHBFSK

W2 . 110s 00

Error Correction  Frame Duration  Detector Threshold

s (includinc

Serial number : unetaudio  Version : 3,1.0/eac942b3/07-04-2020_15:46:20 .

75.00 bits/s ICONV2 3.84 0.25

Data Rate Error Correction  Frame Duration  Detector Threshold

(AN}

Set up your channel!
Update the channel parameters for custom packet and view them here.
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INTERFACING TO ANY MODEM

 Modem driver

» https://blog.unetstack.net/developing-modem-drivers-for-unetstack

» [hus most concepts covered here easily ported to other modems

» Some features such as rang

support may not be avalilab

ng and localization that requires hardware level
e on all modems


https://blog.unetstack.net/developing-modem-drivers-for-unetstack
https://blog.unetstack.net/developing-modem-drivers-for-unetstack

2 NODE NETWORK

* Physical layer

« modulation - OFDM, FHBFSK

» duplexing - time domain TDD This tutorial does not
| alm to go Into
* Datalink theoretical aspects such

- Reliability via acknowledgements ana as modulation etc

retransmissions

* Propagation delay

* Link tuning, power control



2 NODE NETWORK - DEMO

import org.arl.flage.*

[T T
// display documentation

println ™
2-node network

Node A: tcpi//localhost: | 101, http://localhost:808 |/
Node B:tcp://localhost: | 102, http://localhost:8082/

[T
/I simulator configuration

platform = RealTimePlatform // use real-time mode

/I 'run the simulation forever

simulate {
node 'A’', location: [ 0.km, O.km, -15.m], web: 8081, apr: | |01, stack: "$home/etc/setup”
node 'B', location: [ |.km, O.km, -15.m], web: 8082, api: | 102, stack: "$home/etc/setup”

)



