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Underwater Acoustics (Akustik Bawah Air):
 Teknologi Akustik Bawah Air (Underwater Acoustics)
 untuk “Penginderaan Jarak Jauh” (Remote Sensing)
 di dalam Laut
 Irsan Soemantri Brodjonegoro Kelompok Keahlian (KK) Teknik Kelautan
 Fakultas Teknik Sipil dan Lingkungan - ITB
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Bobot Penilaian
 PR/Tugas : 10%
 Tugas Besar : 30%
 UTS : 30% (Hari ini – UTS)
 UAS : 30% (setelah UTS – Akhir)
 TOTAL : 100%
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Buku Teks
 Kinsler, Frey, Coppens, Sanders, “Fundamentals of Acoustics”, 3rd Edition, John Wiley & Sons.
 Urick, “Principles of Underwater Sound”, 3rd
 Edition, Peninsula Publishing.
 Urick, “Sound Propagation in the Sea”,
 Peninsula Publishing.
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Sofware yang Digunakan
 MATLAB
 Ocean Data View (ODV)
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“Elektromagnetik”
 “Akustik Bawah Air”
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“Remote Sensing”
 “Underwater Remote Sensing”
 “Underwater Remote Sensing”
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Mengapa “Akustik Bawah Air” ?
 Kedalaman laut di dunia rata-rata (±8 km) <<< dibandingkan dengan keliling bumi (± 40.000km)
 Lautan sebagai “Lapisan air tipis” di atas muka bumi.
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Mengapa “Akustik Bawah Air” ? (lanjutan)
 Gelombang Akustik Bawah Air “terperangkap” di antara Muka Air Laut dan Dasar Laut Kanal Suara (“Sound Channel”)
 Kehilangan Energi Akustik Bawah Air “Sangat Kecil” Dapat berpropagasi hingga ½ keliling bumi
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Aplikasi Teknologi Akustik Bawah Air di Laut Courtesy of EdgeTech
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Aplikasi Teknologi Akustik Bawah Air untuk Angkatan Laut
 TELEKOMUNIKASI BAWAH AIR (Underwater Communication) untuk komunikasi antar pulau – pulau terpencil menggunakan Kanal Suara Permukaan (“Sound Surface Duct”)
 TELEKOMUNIKASI LAUT DALAM (Deep
 Underwater Communication) untuk komunikasi di laut dalam menggunakan Kanal Suara Laut Dalam (“Deep Sound Channel”)
 Untuk Pendeteksian Kapal Selam
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TELEKOMUNIKASI BAWAH AIR
 Pemodelan Propagasi Akustik Bawah Air (Underwater Acoustic Propagation) untuk komunikasi di perairan Samudera India
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dB
 dB
 Intensitas Akustik di stasiun GeoB10045 dengan kedalaman sumber akustik 500 m
 dengan Frekuensi Sumber 500 Hz
 (Irsan S Brodjonegoro, Dedy Sulianto dan Andiyantama, 2006)
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Bagaimana SUARA digunakan untuk mencari Kapal Selam?
 Kapal Selam mempunyai sebuah keuntungan dibandingkan jenis
 kapal laut yang lainnya karena kapal selam dapat MENYELAM.
 Salah satu tujuan utamanya adalah TIDAK DAPAT DILIHAT.
 Karena tidak dapat dilihat, maka satu-satunya cara untuk mencari
 Kapal Selama adalah menggunakan SUARA.
 Kapal Selama dapat dicari dengan passive acoustics atau active
 acoustics. Pada passive acoustics, kapal selam dapat dideteksi
 dengan suara kapal selam itu sendiri. Pada active acoustics, kapal
 selam dapat dideteksi dengan suara yang ditransmit oleh kapal
 lainnya.
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FIXED hydrophone disebut juga dengan Sound Surveillance System
 (SOSUS). Hydrophone dihubungkan dengan stasiun penerima di
 daratan. SOSUS is dapat mendeteksi kapal selam sampai radius 50
 nautical miles.
 Sistim yang lain disebut juga dengan Surveillance Towed Array System
 (SURTASS). SURTASS adalah sebuah array atau kumpulan
 hydrophone yang ditarik di belakang kapal laut.
 Sistim SURTASS tidak FIXED, jadi lebih flexibel dalam mencari kapal
 selam. Kapal Selam sendiri dilengkapi dengan sistim passive sonar yang
 digunakan untuk mendeteksi dan menentukan posisi relatif dari sumber
 akustik bawah air.
 Sound Surveillance System (SOSUS)
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LOFAR Sonobuoy
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Sound Surveillance System (SOSUS)
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Locating the Submarine
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Hydrophone Array
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Acoustic Transponders
 Underwater Positioning System menggunakan acoustic hydrophone
 atau transducer dan acoustic transponders.
 Sistim Ultra short baseline (USBL) dioerasikan dari Kapal laut.
 Acoustic transponder di instal pada instrument yang akan dideteksi
 misalnya: side scan sonar (SSS) towfish atau remotely operated vehicle
 (ROV).
 Hydrophone akan mengukur jarak acoustics dan sudut terhadap
 transponder.
 Frequency yang sering digunakan adalah 100 kHz dan memiliki
 jangkauan 100-500 m.
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Navigasi ROV : menggunakan transducer (ROV) dan beacon (Ship)
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Navigate ROV : menggunakan network underwater transponder
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Lokasi kapal : menggunakan network underwater transponder
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Echolocation?
 Mamalia laut menggunakan suara untuk mendapatkan informasi tentang
 lingkungannya da untuk mencari makan.
 Mamalia laut menghasilkan akustik atau suara klik yang akan
 direfleksikan jika menyentuh sebuah objek.
 Echolocation sangat penting untuk Mamalia Laut karena mereka dapat
 bernavigasi dan makan dalam kondisi apapun di laut.
 Toothed whales, beluga whales, sperm whales, dolphins, dan porpoises
 dapat melakukan echolocate.
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Echolocation
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Inverted Echo Sounders (IES) mengukur temperature pada kolom air
 pada satu titik. IES diletakkan di dasar laut dan akan memancarkan
 gelombang akustik ke permukaan air.
 Gelombang akustik akan dipantulkandari permukaan air dan
 dikembalikan ke dasar laut.
 Total waktu yang diterima oleh IES akan digunakan untuk mengukur
 kecepatan suara. Profil Temperature akan dihitung dari Profil kecepatan
 suara.
 Inverted Echo Sounders
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Inverted Echo Sounders
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Inverted Echo Sounders
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Fish Finder?
 Ada sistim sonar yang spesial didesign
 untuk mencari ikan.
 Prinsip dasar sistim ini sama dengan prinsip
 sistim sonar yang lain :
 Transmit suara, menghitung waktu tempuh ,
 dan menghitung jarak terhadap obyek.
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Fish Finder
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Airgun
 Airgun didesign untuk merelease udara yang telah di “compressed” yang
 membentuk bubbles.
 Formasi bubbles menciptakan suara keras yang digunakan untuk meng
 explore struktur geologi pada dasar laut.
 Airguns menghasilkan sduara pada frequency rendah (antara 10-500
 Hz).
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refraction
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reflection

Page 33
                        

Mengukur Temperatur dengan Suara?
 Kecepatan suara dalam air tergantung pada temperatur, salinitas dan
 tekanan (berhubungan langsung dengan kedalaman).
 Kecepatan suara di permukaan laut kira-kira 1520 meter per detik.
 Kecepatan suara bertambah dengan bertambahnhya temperatur, salinitas
 dan kedalaman.
 Perubahan kecepatan suara di permukaan laut disebabkan oleh perubahan
 temperatur.
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Acoustics Tomography
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Hydrophone/Receiver
 Hydrophone persis seperti microphone .
 Hydrophone untuk mendeteksi suara dalam air dan mengkonversikan ke
 energi akustik, lalu ke dalam energi listrik.
 Transducer mengkonversikan energi listrik ke energi mekanik, lalu ke dalam
 energi akustik di dalam air.
 Hydrophone dibuat dari material piezoelectric. Material ini menghasilkan
 aliran listrik jika mengalami perubahan tekanan
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Hydrophone/Receiver
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Hydrophone Array
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Side Scan Sonar
 A basic Side Scan Sonar System consists of a
 topside processing unit, a cable for electronic
 transmission and towing, and a subsurface unit
 (a towfish) that transmits and receives acoustic energy for imaging.
 Side scan sonar is a method of underwater
 imaging using narrow beams of acoustic energy
 (sound) transmitted out to the side of the
 towfish and across the bottom.
 Sound is reflected back from the bottom and
 from objects to the towfish.
 Certain frequencies work better than others,
 high frequencies such as 500kHz to 1MHz give
 excellent resolutions but the acoustic energy
 only travels a short distance.
 Lower frequencies such as 50kHz or 100kHz
 give lower resolution but the distance that the
 energy travels is greatly improved
 TOPSIDE PROCESSING UNIT
 TOWFISH Source: Klein Associates, Inc
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Side Scan Sonar
 Klein System 5500 tow fish Multi Beam side scan sonar
 A towed SONAR device works as it moves above
 the surface of the ocean floor
 The towfish generates one pulse of energy at
 a time and waits for the sound to be
 reflected back.
 The imaging range is determined by how
 long the towfish waits before transmitting
 the next pulse of acoustic energy.
 The image is thus built up one line of data at
 a time.
 Hard objects reflect more energy causing a
 lighter signal on the image, soft objects that
 do not reflect energy as well show up as
 darker signals.
 The absence of sound such as shadows
 behind objects show up as very dark areas
 on a sonar image
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Side Scan Sonar
 Klein System 5500 tow fish Multi Beam side scan sonar
 Example: KLEIN System 5500 The system 5500 is a 5 beam side scan sonar designed for hydrographic
 applications requiring high resolution images of the sea floor and bottom
 obstructions while operating at towspeeds of up to 10 knots with an overall
 swath width of 300 meters. Applications
 Hydrography
 Mine Hunting and Q-Route Surveys
 Pipeline and Offshore Surveys
 Geological Surveys
 Autonomous Underwater Vehicles
 High Profile Search and Recovery Operations
 The Multi-Beam Concept
 Conventional side scan systems use a single beam per side
 to generate an image of the sea floor. The physics of this
 type of sonar results in degradation of image resolution with
 range from the towfish and requires speeds of 5 knots or
 less to insure 100 percent bottom coverage. Both of the
 above short comings are eliminated by the Multi-beam
 design. With beam steering and focusing techniques, several
 simultaneous adjacent parallel beams are generated per
 side.
 http://www.l-3klein.com/image_gallery/image_gallery.html
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Side Scan Sonar
 Source: Klein Associates, Inc
 Side-Scan SONAR generates an image of
 the shapes from the reflected sound.
 We use Side-Scan SONAR to "see" in the
 ocean.
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Source: Klein Associates, Inc
 System 3900 900 kHz Sonar Image
 This image was obtained on a 20 meter
 range scale, showing a small bicycle and
 traps.
 Note the line drags in the sand on the trap
 lines
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System 3900 900 kHz Sonar Image
 This image was obtained on a 20 meter
 range scale, showing an airplane wreck
 on the sea floor.
 Note : the shadow showed where the SSS
 line was.
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System 3900 900 kHz Sonar Image
 This image was obtained on a 20 meter
 range scale, showing a ship wreck on the
 sea floor.
 Note : the shadow showed where the SSS
 line was.
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Source: Klein Associates, Inc
 Side Scan Sonar
 Airplane wreck: Cessna twin engine
 Using Klein System 5000 onboard NOAA ship RUDE.
 The airplane is nose down in the mud with the tail section
 up off the bottom.
 The plane is located off of Port Jefferson New York.
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Source: Klein Associates, Inc
 Side Scan Sonar
 This is an image taken with the Klein System 2000 of an subsea oil pipeline. The sonar operating
 range was 50 meters in the mapping and slant range correction mode. The sonar operating
 frequency was 100 kHz. Notice that the joints of the pipeline are clearly visible.
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Pipeline Investigation
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Source: Klein Associates, Inc
 Multibeam Klein Sonar System 5000 Mosaic Image
 This image is a mosaic constructed using
 System 5000 Data, 100 meter range with a 25
 meter track overlap.
 The data was gathered with SonarPro
 software.
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Side Scan Sonar This is a sonar image that was obtained with
 the Klein system 595 of a set of craters
 created by the placement of an off shore
 jack-up drilling rig.
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Side Scan Sonar
 This is a sonar image that was obtained with
 the Klein system 595 of an offshore structure
 due for maintenance.
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Side Scan Sonar
 Source: Hydrographic Office, Marine Department, Hong Kong
 Shipwreck was located using sides can sonar survey
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Side Scan Sonar
 An actual SONAR-generated
 picture demonstrating how
 effective Side-Scan SONAR
 can be at distinguishing
 differences in the
 composition of the ocean
 floor.
 Source: Hydrographic Office, Marine Department, Hong Kong

Page 53
                        

Side Scan Sonar
 Source: Klein System 5000 tow fish Multi Beam side scan sonar
 The Series 5000 Systems consist of a Towfish, Towcable, a Transceiver/Processor
 Unit, and a PC for system control and data viewing.
 The stainless steel towfish incorporates two multi-channel acoustic arrays and a
 pressure bottle which houses all of the electronics and sensors necessary for
 sonar acquisition, altitude sensing, system control, and telemetry.
 The sonar and sensor data is transmitted up the towcable via a high speed digital
 telemetry link, requiring only a single coaxial or fiber-optic cable.
 The surface mounted Transceiver/Processor Unit receives the data, performs all
 necessary digital processing functions on this data, and relays control commands
 to the towfish.
 Processed data is then distributed to one or multiple PC Display and Control Units
 via a 100 Based T Ethernet LAN network where the tasks of data viewing, storage,
 and analysis can be accomplished.
 SonarPro Software is easy to use, intuitive, and very powerful taking full advantage
 of the 100 Based T Ethernet LAN network. This provides the very best in speed,
 data display and handling. The software was designed by sonar users for sonar
 users.
 http://www.l-3klein.com/5000series/topside.html
 http://www.l-3klein.com/sonarpro/sonarpro.html
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Ocean Mapping System
 Source:
 Sea Beam SASS Multibeam System Produces
 First Seafloor Maps of Asian Tsunami Earthquake Zone
 The powerful, high-precision multibeam echosounder system, jointly developed by the U.S. Navy and SeaBeam
 Instruments, Inc. over a decade ago, provided the world with its first images of the ocean floor near the epicenter of the
 Asian tsunami. The SASS IV system installed aboard the UK Navy’s oceanographic survey vessel, HMS “Scott”, is a low-
 frequency, high resolution multibeam sonar system that collects and processes seafloor depth data.
 It produces 3-D bathymetric images over a wide swath, in near real-time. Following the 9.0 magnitude quake that occurred
 on December 26th, the “Scott” deployed to the area and quickly collected a significant amount of bathymetric data. The
 data was then used to create 3-D images that scientists are still evaluating to further their understanding of the earthquake
 and assist in the prediction of such events in the future.
 The SASS IV is a unique ocean mapping system used by both the U.S. and U.K. Navies to survey deep-ocean areas around
 the globe. SeaBeam Instruments, Inc. was contracted by the Navy to design and deliver major components of the SASS
 systems in the 1980’s and 1990’s.
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The image below shows an enormous scar more than 6 miles wide which resulted from
 the 9.0 magnitude quake that occurred on December 26th 2004 in Aceh
 Source: Royal Navy UK Hydrographic Office
 Ocean Mapping System
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Source: Klein Associates, Inc
 System Frequency Beams Fanwidth Max. Depth
 1185 180 kHz 126 153o 300 m
 1180 180 kHz 126 153o 600 m
 1055 50 kHz 126 153o 1,500 m
 1050 50 kHz 126 153o 3,000 m
 1055D 180/50 kHz 126 153o 1,500 m
 1050D 180/50 kHz 126 153o 3,000 m
 3012 12 kHz 205 140o 11,000 m
 3020 20 kHz 205 140o 8,000 m
 3030 30 kHz 384 140o 7,000 m
 3050 50 kHz 384 140o 3,000 m
 SEABEAM: KLEIN Multi Beam Echo Sounders
 Multi Beam Echo Sounder
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Source: Klein Associates, Inc
 Sub Bottom Profiler
 Echo Sounding
 Sound Source
 Seismic Reflection
 Hydrophones
 Sub bottom
 Sediment layers
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Source: Klein Associates, Inc
 Sub Bottom Profiler
 Sound Source Hydrophones
 Sub bottom
 Sediment layers
 Refraction
 (Bending of sound)
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Sub Bottom Profiler
 Source: Klein Associates, Inc
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Sub Bottom Profiler
 Source: Klein Associates, Inc
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Sub Bottom Profiler
 Source: Klein Associates, Inc
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Why REMUS? COMPACT SIZE & WEIGHT
 Compact size and weight: Weighing in at only 80 lbs., REMUS allows for economical overnight shipping and ease of deployment and recovery.
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- REMUS - THE ANATOMY OF AUTONOMY
 LIGHT
 SCATTERING
 SENSOR
 CONDUCTIVITY &
 TEMPERATURE
 UP/DOWN LOOKING
 ACOUSTIC DOPPLER
 CURRENT PROFILER
 NAVIGATION
 TRASPONDERS
 1 KW HR
 LITHIUM ION
 BATTERY
 SIDE SCAN SONAR
 CHEMICAL
 LIGHT
 BRACKET
 MAGNETIC
 ON/OFF
 ACOUSTIC
 TRANSDUCER
 & CABLE
 REMUS RANGER RUGGEDIZED
 LAPTOP & GUI
 POWER/DATA
 INTERFACE
 MODULE
 100M depth
 rating
 3 - 5
 Knots
 Up to 22
 hours of
 deployme
 nt time
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Tugas Besar (Akhir Semester)
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Contoh Propagasi Akustik Bawah Air
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Contoh Propagasi Akustik Bawah Air
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Tugas Lihat web: www.dosits.org
 Ambil satu topik dari web tersebut
 Lampirkan teks atau HTML asli dalam bahasa Inggris
 Bahas dan buatlah ringkasan dalam bahasa Indonesia
 Dikumpulkan: Jumat, 7 Pebruari 2014
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