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Communicacgdes Sub-aquaticas

Hardware simples
Baixo consumo

1 Gbps

10 Mbps Nao ha Tecnologia bem estabelecida
Requere linha-de-vista
Sensivel a trepidez da agua

a “fouling”

Hardware si

Baixo consumo

BIT RATE

= Tecnogia madura
= Capacide de estabelecer redes
= MUITO sensivel a condigoes
ambientais (propagacao e
ruido)

Sensivel a “fouling”

Imune a “fouling”

Néo ha sistemas estabelecidos

100 kbps

1 kbps
10 bps

Alcance

10 cm 10m 1km 50 km

" JEE
Funcionamento de um sistema de comunicagdes
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Codificagdo (Encoding): passar de bits a simbolos ou “codigos de bits”

= Modulagéo (Modulation): passar a uma forma de onda Baud rate

versus
= Desmodulagido (Demodulation): passar de forma de onda a cédigo Bitrate
»  Descodificagdo (Decoding): passar de cddigo a bits
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Tipos de modulagao

m Analdgicas
AM — Amplitude

Porque ndo

usar banda
FM — Fase . de base?
| | DIglta|S T 7 7 7 0 0 o0 1 0 7
Muito mais robustas a [T 1] 1
ruido
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Tipos de modulagao

m PSK o I TR
Phase Shift Keying

= QAM
Quadradure

m FSK
Frequency Shift Keying
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Tipos de modulacéo
m TCM
Trellis Coded Modulation
Boa codificagdo numa banda limitado

Usado pelo modem V.34 (33.9Kbps)
Usado em varios modems acusticos

2 data {0 ] 3 coded

bits 5 {0} bits
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Francoise & Garisson, “Sound Absorption Based on
Kilfoyle & Baggeroer, “The State of the Art in Underwater Acoustic Telemetry”, IEEE JOE, 2000 ) 0 Ocean Measurements: Part I: Pure Water and Magnesium
FRBQUENGY (i) Sulfate Contributions”, 1982.

g
Largura de banda vs. Alcance

m Valores tipicos

Muito longo 1000 <1 500 Hz
Longo 10-100 2-5 3 kHz
Médio 1-10 5-10 10 kHz

Muito curto <01 > 100 100 kHz

O
Exemplo da distorcdo de um sinal FSK

(condigdes reais mas quase ideais)

“UnderwaterAcoustic Communications Performance Modeling in Support of Ad Hoc Network Design’, Fox, W. L J; Arabshahi, P;
Roy, S.; Parrish, N., OCEANS 2007 , vol. no., pp.1,5, Sept. 29 2007-Oct. 4 2007
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Alguns modems acusticos comerciais

Various Freq. 7-80kHz

A - Bit rate: 7-62kbps (with integrated
e

Evolsgggﬂalso a\p/ MAC and point-to-point link)

Up to 64 Bytes at 1kbps (with no
= MAC)
Freq. 10,15,25kHz | Bit rate 80-
n 5400bps
WTAOI LLitere- Integrated control message for MAC
odem

Multiple packet sizes
Rate 0: 32Bytes at 80bps

Various Freq. 9-27kHz (Low, Med,
High)

Bit rate 140 bps -15.3kbps
Integrated control message for MAC

Teledyne Benthos

(also USBL)
1 sec. header before each message
— Various Freq. 21-31kHz
Kongsberg (SSBL o ¥
and LBL) i == Bit rate up to 6kbps

= ] Not sure about MAC messages
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Comparacéao das caracteristicas de alguns
sistemas de comunicagao sub-aquatica

.

500 FSK
Subnero (SIN) 16 - 32 3 15000 PSK + OFDM
q 18-34 3,5 13900 "
Evologics (GER) 120 — 180 03 62500 Sweep spread carrier
140-2400 FSK
CEED () Sk et 2560 — 15360 PSK + DFE
" 80 FSK
Micromodem (USA) 8-12 few km 498 — 5400 PSK + DFE
Sonardyne (UK) 21-325 1-2 200 - 9000 FSK
AppliCon (ITA) 25-35 750 — 2250 FSK
Kongsberg (NOR) ~ 21-31 4500 FSK
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Normas militares para
comunicagodes acusticas

m STANAG 1074
Telefone Submarino (UT, ou UWT)
Analdgico, com aprox 2.7kHz de largura de banda

STANAG 1475 para salvamento submarine
(DISSUB)

m STANAG 4748 — JANUS

Digital (incluindo voz, texto, imagem, dados
genéricos)
Modulagdo BH-BFSK

That’s all
Folks !
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