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INNOMAR – News 2019 and
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Innomar SES-2000 compact
• Water depth range 0.5 … 400 m

• Ethernet interface 

• Suitable for USV integration

• Housing ½ 19’’ / 6U  easy mob/demob

• New: 19-inch / 3U version rack mount

30cm

40cm

30cm
48cm

38cm

13cm

400m

2m

1m

7m

5m

11m

9m

13m

15m

3m

Innomar News Param. Acoustics Marine Mammals Interference

9 th Workshop “Seabed Acoustics”, Rostock, November 14/15, 2019 P11-2

Download: www.innomar.com/seabed-acoustics-2019.php



www.innomar.com

Innomar SES-2000 deep-15: full ocean depth SBP

 First installation in 2019

 Data examples to show at OI2020

• Water depth range

• Layer resolution

• Sediment penetration

• Primary frequency

• Secondary frequencies

• Pulse width

• Beam width 

• Pulse type

• HRP compensation

• Transducer

10 … 11,000m

up to 15cm

up to 250m

about 15kHz 

0.5 … 5.5kHz

0.2 … 25ms

±2.3°

Ricker / CW / FM chirp 

heave / roll / pitch

1.2m x 1.2m (8 sections)

Innomar News Param. Acoustics Marine Mammals Interference

www.innomar.com

Innomar Software: Latest Improvements
SESWIN Online Control Software

• Improved remote control options (serial / UDP)

• Improved trigger options  discussed later

ISE2 Post-Processing Software

• SES3 pre-processing improved

• can directly load SES3 files for QA

• can handle large files (> 2 GB)

SESConvert Data Converter Software

• Handling of large data files (> 2 GB) 

• Improved interpolation and time stamps

Data Formats

• SES (envelope, red. sample rate)

• RAW (16-bit full waveform)

• SES3 (24-bit full waveform)
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ISE3 Post-Processing Software

• release scheduled for Q2/2020
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Third-Party Software Support

Online
TCP/IP

Offline 
RAW

Offline
SES3

BeamworX NavAQ   

Chesapeake SonarWiz   

Eye4Software HydroMagic   

Hypack Sub-bottom   

MOGA Software Seaview SBP   

QPS Qinsy SBP viewer   
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Innomar Transducer Protection
• Transducer face needs to be protected against sunlight

• Protective sun covers available from Innomar

Antifouling

• Recommended for all permanent installations and for warm water areas

• Use water based anti-fouling compounds only, e.g.:

o Jotun SeaQuantum Ultra S

o International Marine Intersleek 1100SR
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Innomar IPLC-1500 Subsea Power + Ethernet
• Power + Ethernet communication over coax tow cable

• Used for example to integrate the Innomar SES-2000 ROV SBP into a tow fish 

• Ethernet bandwidth up to 70 Mbit/s

• Power input 100 … 260 V AC / up to 1500 W

• Power output 24 V DC  (optional 300 V DC)

• Additional RS232/422/485 ports

• Depth rating 6,000 m

• Cable length max. 10,000 m

• New Q4/2019

 shown in exhibition

52cm60cm
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Innomar SES-2000 quattro / sixpack
• Multi-transducer systems (4 or 6 transducers)

• High data density, suitable for 3D visualisation

• Different operating modes

• Used for site surveys (e.g. boulders)

• Capability for pipe/cable tracking

• Subsea version to come in 2020
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Innomar SBPs shown during Demo

• Water depth range 2 … 2,000 m

• First generation in 2004;
Latest generation introduced 05/2016

• First 20 units sold within 10 years
this year (2019) also 20 units delivered

• Used mainly for site / cable surveys

60cm

40cm

52cm

 Both models shown in exhibition 
and during live demo on Friday 

Innomar SES-2000 medium-100

• Water depth range 0.5 … 100 m

• Ethernet / WiFi interface 

• Power 100 ... 240V AC or 10 ... 30V DC

• Ideal for small boats / USV integration

Innomar SES-2000 smart

20cm

40cm

30cm
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Innomar SES-2000 autonomous
Innomar “smart” Integration on USV

• Mobile solution for inshore and harbour surveys

• Can be used in sensible environments

• Autonomous data acquisition  also 3D visualisation
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 shown in exhibition and live demo on Friday 
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Nonlinear (Parametric) Acoustics (1)
• Water sound speed depends on temperature, salinity and density (pressure!) 

• Sound waves change local pressure; mean pressure ( �) determines mean sound speed ( �)

• At high amplitudes (large ) the wave crests travel faster than the throughs ( ) 

• This causes wave distortion  harmonics appear in the spectrum

Distance
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�

�

� 0 �
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Nonlinear (Parametric) Acoustics (2)
• Significant change in sound speed only for large changes in pressure (  )

• Sound speed depends on pressure in a nonlinear way:  
��

��

��

��

��

��

� ��

��

�

• Transmission of 2 sound waves at high pressure (primaries: � �)  harmonics + modulation

• New frequencies generated (secondaries: � � � � � �)

Distance
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Nonlinear (Parametric) Acoustics (3)
• Difference frequency used for seafloor penetration

• Primary frequencies can be used for bottom track

• High-frequency components may produce interference  will be discussed later

• Difference-frequency beam pattern

o Has about the same beam width as the mean primary frequency  narrow sound beam

o Shows almost no sidelobes

• Possible to transmit pulses with wide frequency bandwidth  high layer resolution
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Marine Mammals: Sound Usage
• Underwater sound used for 

• Communication 
• Navigation
• Foreaging
• Danger prevention

• Wide frequency range covered

• For a general risk assessment the frequency 
range cannot be limited 

Lurton, DeRuiter 2011
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Marine Mammals: Sound Exposure Criteria
Potential impairment

• Criteria based on the onset of temporary hearing threshold shift (TTS)

• Distinguish single or repeating event

Single sound exposure event (e.g. explosion)

• Maximum sound pressure level (SPL)

• Pulse duration t ( exposure time TE)

• Pulse rise time

• Centre frequency f0 and bandwidth B

• Dimension of the sounded volume

Repeating sound exposure event (e.g. echo sounders)

• All listed above 

• Interval between sound exposure events  Duty Cycle

Sound exposure level (SEL)
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Marine Mammals: Sound Exposure Limits
Limits for safe Sonar operation

•

• (for single pulse)

• (for max. duty cycle)

• ���

• Often a distance of 750m from source considered

The TTS depends on SPL and TE
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Innomar SBPs
• High primary source level (240 – 245dB)  high SPL

• Very narrow sound beam (HPBW 2 – 5°)  small water volume affected

• Wide frequency band  many species affected

• Usually short CW pulses  reducing SEL

• Duty cycle max 1.4%  reducing SEL
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SL0-Peak dB//1mPa@1m < 243 < 250 < 248 < 249 < 245

SLRMS dB//1mPa@1m < 236 < 243 < 241 < 243 < 239

Pulse length ms 0.07 – 1.3 0.07 – 2 0.1 – 2.5 0.15 – 5 0.2 – 25

HPBW ° 4 × 4 2 × 2 3 × 3 3 × 3 4.6 × 4.6

Note: table shows worst-case
(maximum) values, while the 
specs give minimum values.  
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Innomar SBPs
Limits for safe Sonar operation

•

• (for single pulse)

• (for max. duty cycle)

• ��� �� �

All criteria have to be fulfilled  take worst case (black line)

compact / 
standard

medium-100

Vertical 
Distance

360 m 500 m

Horizontal 
Distance

50 m 85 m

Innomar News Param. Acoustics Marine Mammals Interference

colours as 
in picture

9 th Workshop “Seabed Acoustics”, Rostock, November 14/15, 2019 P11-10

Download: www.innomar.com/seabed-acoustics-2019.php



www.innomar.com

Marine Mammals and Innomar SBPs
• Highly focused sound transmission  only a very small volume affected

• Short sound pulses / low duty cycle  significantly reducing SEL

• Medium- and deep-water models able top reduce TX power  ramping up possible

• Ping rate can be reduced with all Innomar SBP models
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Interference
• Hardly any interference from other systems seen in the Innomar data (e.g. sparker, boomer)

• Innomar primaries’ harmonics and sum frequencies may affect MBES / sidescan data 

Possibilities to counteract interference:

Space Frequency Pulse-Code Time Power

MBES bottom track
affected by SBP ping

Innomar TX Pulse Frequency Spectrum

harmonics & sum frequencies

primary frequencies
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MBES: Options to Reduce Interference
• Transmit power: set MBES power as high as possible

• Frequency: use 260kHz / 360kHz / 460kHz / ...  e.g. RESON, R2Sonic ...

• Pulse length: set MBES pulse length as high as possible

• Pulse type: use chirp if possible

• Swath: keep as small as possible

• Range: set as small as possible; use range gates / range filters 

• Trigger: get the Innomar ping and seabed return out of the MBES bottom track range 

• Ping rate: keep constant when triggering another system; limit to gain some spare time

Free-run 
possible?
If not, then 
trigger …

MBES Gates

Innomar ping & 
seabed return
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“Sync OUT”

Transducer Ping

1 ms

Innomar Trigger / Synchronisation
• Sync-IN: TTL / RS232; Sync-OUT: RS232
• Transmit pulse start with Sync-OUT falling edge
• Sync-OUT pulse is 1ms, but can be extended
• External trigger at Sync-IN rising edge; only accepted if previous cycle is finished
• The actual ping after the Sync-IN trigger event can be delayed

Delay specified as:

 absolute time

 % of range

 % of trigger period

Time for external deviceSBP Ping

Trigger Pulse at "Sync OUT"

“Sync IN”
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Kongsberg EM2040 MBES
• 2 CW pings released immediately one after the other

• first vertical, second tilted forward (at slightly lower frequency)
• Ping interval depends on bottom track; can be limited 

• 3 sectors 
• different frequencies
• centre sector covers ±40° (use higher frequencies; 380kHz)
• rest of swath covered by port/starboard sectors (use lower frequencies; 320kHz)

• 3 pulse settings: short (50µs / 20kHz) /  medium (100µs / 10kHz) /  long (200µs / 5kHz)
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EM2040 & Innomar: Trigger / Synchronisation
EM2040 - Transmit pulse starts with TrigOut on (rising edge)

- TrigIn: optocoupler (max. 10mA); TrigOut, RTT: optocoupler open collector

INNOMAR - Transmit pulse start with TrigOut off (falling edge)
- TrigOut pulse is 1ms, but can be extended
- The actual ping after the trigger event can be delayed
- TrigIn: TTL / RS232; TrigOut: RS232

Both - External trigger event accepted only if previous cycle is finished  trigger events lost

Trigger the Innomar SBP
from EM2040 RTT or TrigOUT

No direct connection possible, 
voltage levels and logic need 
to be matched!
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EM2040 & Innomar: External Trigger + Delay
• EM2040 fix ping rate + 

range filters
• Innomar triggered from 

EM2040 + small delay to 
have the bottom arc in the 
MBES centre swath

~10m

~20m

~40m
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Summary
• Innomar SBPs have a much lower risk to affect Marine Mammals then conventional sound 

sources 

• The affected water volume around the vessel is smaller than the 750m radius considered 
in many regulations

• The primary frequencies and their harmonics may cause interference at high-frequent acoustic 
systems like multibeam and sidescan

• To avoid interference, try

• Shifting MBES frequency

• Use as high power as possible (SL, pulse length, chirp)

• Decrease the bottom-track range  use range gates/filters

• Decrease swath

• Trigger to shift the Innomar pulse + seabed out of the bottom track

Thank You!    Any questions?
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