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CONTACTING THE SONARDYNE SUPPORT TEAM 

24-hour Emergency Telephone Helpline: +44 (0) 1252 877600 
 
The Sonardyne 24-hour helpline is answered at the UK Headquarters during normal office hours 
(08:00 to 17:00). Outside these hours, your call is automatically transferred to an agency, which 
logs the details of your emergency and alerts the appropriate Sonardyne personnel. 

Our aim is to make sure emergency requests are dealt with immediately during office hours, and 
are responded to within 30 minutes at all other times. 

Please note the helpline is for emergency use only. 

If you require NON-EMERGENCY product support, please contact your nearest Sonardyne office. 
Alternatively, contact the Sonardyne Head Office: 

Sonardyne International Ltd 
Blackbushe Business Park 
Yateley 
Hampshire 
GU46 6GD 
United Kingdom 

Telephone: +44 (0) 1252 872288 

Fax: +44 (0) 1252 876100 

Email: support@sonardyne.com 

NOTE 

 Email and telephone support is available during normal UK office hours (08:00 to 17:00). 

 

mailto:support@sonardyne.com
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1 ABOUT THIS WHITE PAPER 

1.1 Purpose 

This document looks at the latest generation of iUSBL systems produced by Sonardyne 
International Ltd. iUSBL is an advanced positioning technique, designed to be used for ultra-long 
layback tracking of towed bodies. Several new techniques originally developed for traditional 
surface USBL systems have recently been incorporated into the iUSBL system design, such as 
SPRINT AAINS, which greatly improve the precision and usability of this system. 

 

1.2 Related Publications 

The related publications are: 

Table 1–1 Related Publications 

Publication Title 

White Paper  Introduction to Metrology 

White Paper  Overview of LBL Box-in 

White Paper  USBL Precision and Accuracy 

White Paper  Inverted Rig Move 

White Paper  iUSBL 

White Paper  Introduction to LBL 

White Paper  Least Squares 

White Paper  Structure Placement 

OM-7942 Operating Manual for CASIUS System 

UM-8250 Marksman L/USBL and Ranger 2 Pro USBL User Manual 

GN-DAT-SON Guidance Note – Using DAT Tool 
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2 INTRODUCTION 

2.1 Limitations of USBL  

The typical limiting factor of range on any acoustic system is the Signal to Noise Ratio (SNR) for 
the incoming signal level. The acoustic signal being received by the transceiver must be an order of 
magnitude higher than the background noise for the signal to be successfully decoded. 

In a typical setup, with a vessel which has a background noise of 120dB, an incoming acoustic 
signal must exceed the background noise to be detected. The higher the levels of background 
noise, the greater the incoming Signal Level (SL) is required to overcome the noise.  

 

Figure 2-1 Typical sources of noise in an offshore environment 

 

 

The second major limiting factors to the maximum range of a USBL system are absorption and 
spreading of the signal. We refer to these losses as “Transmission Losses” (TL). We can calculate 
the TL using the following formula: 

 

TL =  20Log (R) +  α  (R/1000) 

 

α = attenuation co-efficient in dB per Km 

R = Range in meters 

 

In effect, the further away the acoustic source, the higher the energy required from the transmitter 
for the signal to arrive successfully at its destination. 

 

 

 

Ambient Noise Machinery Noise 

Propulsion Noise 

Reverberation Self Noise 
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3 iUSBL METHOD 

 

USBL (Ultra-Short BaseLine) systems have been common place in marine engineering for many 
years. With their ease of use, minimal setup and ability to work over very large areas, they are quite 
often favoured over the more intricate LBL (Long BaseLine) systems.  

When the USBL system is paired with a motion reference unit (MRU) the level of precision is vastly 
improved. The errors introduced by motion can be compensated for, allowing the system to track 
accurately in deeper environments. Placing the MRU within the same housing as the transceiver 
means that Sonardyne 6G systems can achieve accuracies better than 0.1% of slant range. 

USBL systems are primarily designed to be vessel mounted, but as a result are subject to vessel 
noise, aeration and vessel dynamics. In these situations, the noise of the environment around the 
vessel often limits the maximum range to typically 3,000 – 4,000 m at 25 kHz. 

By taking a GyroUSBL system and placing the instrument subsea in a low-noise environment and 
by using an electrically triggered ‘responder’ beacon in the noisy vessel environment, vastly 
improved ranges through better SNR (Signal to Noise Ratio), operating on a much more 
dynamically stable platform are seen. Incorporating an MRU mitigates issues with mux latency as 
the USBL vector data is amalgamated at source with the MRU data to compensate for motion of 
the USBL.  

Finally, the Sonardyne Lodestar is not only an MRU, but is also capable of Inertial Navigation (INS). 
Therefore it can combine the inertial and USBL data with pressure, sound velocity, and DVL data to 
give a robust precise position. 

Figure 3-1 GyroiUSBL mounted to a Towfish during a 2015 trial 

 
 

Because the acoustic transmission is from the vessel based responder beacon, triggered 
electrically, the iUSBL is not transmitting any acoustics, just passively listening and therefore not 
generating local noise to interfere with the swathe imagery or other instrumentation. 
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4 HISTORY 

In 2006, Sonardyne were tasked with tracking a Towfish at a very long layback. Trials were 
conducted with the National Oceanography Centre, based in Southampton UK, with a forward 
looking subsea iUSBL mounted on their Towed Ocean Bottom Instrument. This instrument used the 
same principle as a traditional vessel mounted USBL but in reverse or ‘inverted’. The benefit to the 
USBL being that it is now located in an acoustically quiet environment. Using 25 kHz pulses at 
ranges in excess of 7,500 m were expected. The major technological enhancement that allowed 
this was the multi-element pressure balanced array that can withstand ocean depths without loss of 
sensitivity. 

  Figure 4-1 GDT MF iUSBL 

 

 

As with a traditional USBL, the acoustic array face had to be aligned into the vehicle frame as 
dictated by the Towfish’s Motion Reference Unit (MRU). This is usually performed using 
Sonardyne’s CASIUS software. 

A key challenge of the system was measuring these angular misalignments between the MRU and 
the acoustic face. Various methods to compute this alignment were undertaken but each time the 
instrument was moved, these figures were invalidated. These calculations were also very hard to 
verify once the system was offshore in a dynamic environment. 

An early solution to this was to locate the MRU and iUSBL on a pre-calibrated plate that could be 
precisely measured in a factory environment using a Coordinate Measuring Machine (CMM). The 
whole assembly could then be interchanged between vehicles whilst maintaining the validity of the 
corrections. This was an effective method but was cumbersome and required complex inter-
cabling. 
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Figure 4-3 Sonardyne HPT iUSBL and Lodestar in mounting assembly 

 

 

Figure 4-2 FaroArm CMM in 
use for measuring the 

angular offsets 
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In 2009 the addition of the Sonardyne Lodestar Gyrocompass to the system further enhanced deep 
water iUSBL tracking precision. This was helped with the utilisation of inertial navigation from within 
the Lodestar Gyrocompass. This improved positioning technique required interfacing time 
synchronisation, DVL along with depth and Sound Velocity sensors which increased the inter-
cabling of the installation, making it even more complex and increased the potential for failure. 

 
In 2014, incorporating the iUSBL and Lodestar instruments in a single housing removed the 
calibration and verification difficulties and also reduced inter-cabling issues. 

Figure 4-5 The 6G GyroiUSBL 

 
 
The 6G GyroiUSBL is a complete subsea navigation solution that is only dependant on the surface 
vessel having a GPS and responder. 

 

Sonardyne’s Sprint inertial system utilises DVL, sound velocity and pressure data to support the 
aiding provided by the position determined from the iUSBL. The motion of the Towfish is measured 
accurately by the Lodestar Gyrocompass and the solution is tightly coupled at source to give 
precise timing and an optimised USBL precision better than 0.1% slant range. 

 

Note: 6 interface cables 

Figure 4-4 Sonardyne HPT 
iUSBL and Lodestar pre-
aligned on removable plate 
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The Towfish position can be output at 100 Hz update rate irrespective of range from the INS 
solution. 

 

 

Figure 4-6 Basic GyroiUSBL system layout 
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5 USBL CASE STUDY  

 
The technical advantages of iUSBL to achieve performance beyond the range of the standard 
USBL system are outlined in the following case study.  

The Vessel, already equipped with a USBL system that could achieve approximately 3,500 m 
layback, required a slant range of 7,000 m for a particular project.  

Tests were performed in the Bay of Biscay to track a deep tow swathe system to prove the 
capabilities of the new system.  

  

Figure 5-1 Trials site location 

 
 
The vessel was equipped with a side mounted pole from which a responder triggered beacon would 
transmit to the iUSBL. The beacon used was a 199 dB directional WMT, utilising constant charging 
with internal battery and responder trigger via the cable seen in the Figure 5-2. 
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Figure 5-2 Vessel mounted WMT on over-the-side pole 

 

 

Figure 5-3 Single blue connection from the GyroiUSBL into the Nexus MUX 
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5.1 System Noise Plots 

The benefit that operating subsea has on background noise is shown by plotting a Fast Fourier 
Transform (FFT) to measure the noise present on both a typical vessel and subsea Towfish. The 
data below was recorded during typical operations by the vessel and Towfish systems. 

 

Figure 5-4 Typical GyroiUSBL deployment 

 

 

Figure 5-5 Noise Plot A, Surface Vessel 

 

Operational Vessel 
Noise Plot A 

Operational Towfish 
Noise Plot B 
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Figure 5-6 Noise Plot B, Subsea Towfish 

 
 

The charts show a clear difference in noise levels between the two operating areas, around 30 dB, 
with the subsea environment displaying a much lower background noise. This significant gain 
means the iUSBL can achieve further tracking range than a vessel mounted system. The effect of 
the differing noise levels can be seen in the predicted range plot for the two systems below: 

Figure 5-7 Vessel USBL vs GyroiUSBL range comparison 
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5.2 Signal Strength  

Plotting the Signal Level received by the GyroiUSBL throughout the deployment shows the system 
successfully exceeded 7,500 m slant range positioning over multiple runs. Even at this range the 
system still had 7-10 dBs of SNR remaining. 

The water depths available during the trial prevented further cable from being deployed to prove the 
maximum operational range. 

Figure 5-8 GyroiUSBL received signal level vs range 

 

Plotting the Signal to Noise Ratio vs Range for the whole of the trial, it is possible to predict the 
point at which the SNR would reach zero and cause the signal detection to fail. In figure 5-9, it is 
possible to predict that using the same system without any refinement, a theoretical maximum 
range of 9,000 m is possible. By upgrading the transponder to a Compatt 6 transmitting 202 dB 
energy will certainly boost ranges up to 10 km. 

 

Figure 5-9 shows the SNR data recorded during the trial in blue, along with the predicted SNR 
when operating at 199 dB in orange. Overlaying the predicated range using a 202 dB Compatt 6 
shown in green, shows the increased range achievable. 

 

The discontinuity in figure 5-9 is caused by the transceiver automatically switching gain at an SNR 
of 30 dB as controlled by the digital signal processing. The pattern does not exactly follow the 
attenuation predictions, because the directionality of the transponder changed with towing 
geometry. Additionally, different tow speeds and the switching on of other instruments such as 
DVL, Altimeters and Swathe lowers the SNR, but the key to understanding the max range was 
observing the lower limit when at operational depth and with all instruments running. 
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Figure 5-9 SNR vs Range 

 

5.3 Signal Metrics 

The GyroiUSBL has an Ethernet connection to facilitate high bandwidth streaming of Fast Fourier 
Transform data. This data can be plotted into a waterfall chart to give a next to real-time 
representation of the noise conditions affecting the GyroiUSBL system during tracking.  

In the chart below, the item boxed in red show the incoming acoustic range received by the 
transceiver. On the same image, there is a clear noise band which collides with the incoming 
acoustic signal.  

Figure 5-10  Waterfall Plot recorded on Towfish with background systems disabled 
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Altering the operating frequency of the beacon from 22 kHz to 24 kHz avoids this noise band and 
improves the SNR, however by changing to a higher operating frequency the signal would be 
subjected to higher attenuation through the water column due to absorption and risk reducing the 
operational range.  

 

If additional noise is present, it is recommended that you use time synchronization within the 
Sonardyne Ranger 2 software. This is to ensure the acoustic signal is received in the gap between 
the regular Multibeam signals, vastly improving the systems SNR and therefore the operational 
range. 
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5.4 Tracking 

The real-time INS aided iUSBL tracking behind the vessel can be seen below when operating at 
7,500 m slant range. The track is clean with negligible jitter. 
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6 INTERFACING 

Figure 6-1 Equipment schematic 
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Figure 6-2 System block diagram 
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7 SUMMARY 

The GyroiUSBL has a niche application, because it can be placed on a subsea vehicle and be 
deployed from any vessel without the need for a calibration. Having iUSBL positioning optimised 
with inertial navigation in one bottle makes the data tightly coupled with the raw input sensors such 
as DVL and depth. With all positioning in one location, it removes the risk of latency errors or loss 
of INS integrity. The integral backup battery maintains the INS position during power brown outs 
and allows the system to return to full navigation immediately on power up. 

The Titanium housing is rated to 7,000 m water depth making it very durable for deep-sea tracking, 
as well as highly resistant to corrosion and wear. 

 

Figure 7-1 GyroiUSBL ready for deployment 
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8 GLOSSARY OF TERMS 

Term Definition 

6G® Sonardyne’s sixth generation technology hardware platform. 

AAINS Acoustically Aided Inertial Navigation System. 

Absolute Refers to a position in its true real world location (co-ordinates). 

Accuracy Degree to which the measurement conforms to the true value. 

Acoustic Responder An instrument that emits an acoustic signal in response to an 
electrical signal carried to it by a cable. 

Acoustic Signal Information carried by sound pressure waves through water. The 
Sonardyne acoustic signal has a finite length. 

Acoustic Transceiver An instrument that emits and receives acoustic signals, and extracts 
information from them. Transceivers can measure the time it takes a 
signal to travel from its transducer to a transponder and return. Some 
can encode and send data in a message and extract digital data from 
a message (Acoustic Telemetry). Used on a surface vessel or to mark 
a point on the seabed, or fixed to a mobile for tracking or positioning. 

Acoustic Transducer A device that converts electrical signals into acoustic signals and vice 
versa. 

Acoustic Transponder An instrument that emits an acoustic signal when it detects an 
interrogating acoustic signal. 

AHRS Attitude and Heading Reference System. An inertial sensor that 
provides outputs of heading, pitch and roll. 

Bore-sight The axis about which the transducer maximum power gain is being 
directed. 

CASIUS Calibration of Attitude Sensors in a USBL System. CASIUS is the 
Sonardyne recommended USBL calibration tool for the determination 
of accurate transceiver offsets (X, Y and Z) in relation to the GPS 
antenna and the transceiver Pitch, Roll and Heading errors. It also 
determines accurate 'through water' sound velocity calculation. 

COMPATT COMPuting and Telemetry Transponder (see Acoustic Intelligent 
Transponder). 

DVL Doppler Velocity Log uses acoustic measurements to capture bottom 
tracking velocity measurements and can be used to calculate 
distance travelled. 

Global Positioning System 
(GPS) 

A multi-user, 24-hour, worldwide radio navigation system using the 
NAVSTAR constellation of satellites. GPS receivers are capable of 
tracking and decoding data from the satellites and using it to compute 
the position and velocity of a vehicle. 

Heading, Roll and Pitch 
(HRP) 

Is a compensated vessel frame. This is a frame sharing the same 
origin as the vessel frame, but with the z axis vertical and the y axis 
parallel with a meridian passing through the origin (points true north). 

HPR Hydroacoustic Position Reference. System comprising both a 
transmitter (transducer) and a receiver (transponder). A signal (pulse) 
is sent from the transducer, and is aimed towards the seabed 
transponder. This pulse activates the transponder, which responds 
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Term Definition 

immediately to the vessel transducer. The transducer, with 
corresponding electronics, calculates an accurate position of the 
transponder relative to the vessel. 

Inertial Navigation System 
(INS) 

A navigation aid that uses a computer, motion sensors and rotation 
sensors to continuously calculate the position, orientation and velocity 
of a moving object, without the need for external references. 

Long BaseLine 
Positioning System (LBL) 

A system where two or more transponders are on the seabed. The 
positions of the transponders are established by a calibration process 
in a seabed frame. The distances from a transducer to each 
transponder are measured using a transceiver. The position of the 
transducer can be computed in the seabed frame. The name comes 
from the "baselines" joining each transponder. 

MF Medium Frequency (19–34 kHz). 

Signal to Noise Ratio 
(SNR) 

This is the ratio of the signal power to noise power in unit bandwidth 
generally quoted in dB. Effective operation requires that the strength 
of a transmitted signal is sufficient to be detected above the noise 
level at the receiver. 

Sound Speed If seawater is at a constant temperature, salinity and pressure the 
speed at which sound travels in seawater is constant. Sound speed 
can be derived from values of conductivity, temperature and depth, or 
it can be measured directly using time-of-flight instruments. 

Sound Speed Profile At different depths the temperature, salinity and pressure vary, so the 
local sound speed varies. Depth cannot be measured directly. So 
pressure measurements are taken, and the depth calculated, using 
knowledge of density and local gravity. Derivation of density requires 
knowledge of temperature and salinity. Salinity cannot be measured 
directly but conductivity can be measured. A method of measuring the 
sound speed profile is from a profile of pressure, temperature and 
conductivity and a formula to compute depth and sound speed. 

SPRINT Subsea Precision Reference Inertial Navigation Technology. An 
Acoustically aided inertial navigation system for subsea vehicles. The 
system extends the operating limits of USBL and improves the 
operational efficiency of LBL by using sparse arrays. 

Sonardyne Sonardyne International Limited and its affiliates. 

Sonardyne Wideband®2 6G® transponders and transceivers use Sonardyne Wideband®2 
ultra-wide bandwidth signals giving a faster and robust transmission 
of data, more precise ranging and mitigation from multipath in shallow 
water and amongst steel structures in deep-water. 

Ultra-Short Base Line 
Positioning System 
(USBL) 

A system similar to an SBL, system except the system uses three or 
more elements in a single transducer array. The measurements it 
makes are the differences in "time-phase" of the signals from each 
element. The co-ordinate frame is fixed to the transducer array, which 
must be oriented in the vessel frame to the equivalent to the SBL. 

Vertical Reference Unit 
(VRU) 

Measures the instantaneous roll and pitch of a vessel. The origin of 
the VRU is usually at the centre of the internal inclinometer at a 
location inside the VRU defined by the VRU manufacturer. 
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9 REFERENCE MATERIAL 

9.1 Training Courses 

For details on available Sonardyne training courses, please refer to our website at 
http://www.sonardyne.com/Support/Training/index.html 

Should you require advanced or refresher courses including Project Planning courses, please 
contact survey.support@sonardyne.com and request details of what can be provided. 

 

9.2 Datasheets & White Papers 

All current Sonardyne product datasheets can be found on the Sonardyne website at 
http://www.sonardyne.com/Support/Datasheets/index.html 

 

Sonardyne’s other white papers are available upon request by contacting 

support@sonardyne.com 

 

  

http://www.sonardyne.com/Support/Training/index.html
mailto:survey.support@sonardyne.com
http://www.sonardyne.com/Support/Datasheets/index.html
mailto:support@sonardyne.com
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10 FEEDBACK 

Have you noticed an error in our documentation? 

Do you have suggestions to improve our documentation? 

 

Please let us know by completing this form and sending it to: 

 

Survey Customer Support Group 
Sonardyne International Limited 
Blackbushe Business Park 
Yateley, Hampshire 
GU46 6GD 
United Kingdom 

 

Or alternatively, contact the Survey Customer Support Group by phone on: 

+44 (0) 1252 872288 

 

Or by email at: 

survey.support@sonardyne.com 

mailto:survey.support@sonardyne.com
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Technical Document Feedback Form 

Name :  

Company:  

Email / Contact Address:  

Document Name:  

Document Version:  

Page Number(s):  

Description of Problem / Suggestion / Correction: 
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Global Headquarters, UK 

Blackbushe Business Park 
Yateley 
Hampshire 
GU46 6GD 
United Kingdom 

T. +44 (0) 1252 872288 

F. +44 (0) 1252 876100 

sales@sonardyne.com 

 

Rio das Ostras, Brasil 

Av. Zen lotes 05 e 06 
Quadra D 
Zen, Rio das Ostras – RJ 
CEP 28.890-000, Brasil 

T. +55 22 2123 4950 

F. +55 22 2123 4951 

brasil.sales@sonardyne.com 

 

Singapore, Asia 

34 Loyang Crescent 
Block B 
Singapore 
508993 

T.+65 6542 1911 

F. +65 6542 6937 

asia.sales@sonardyne.com 

     

Houston, USA 

8280 Willow Place Drive North 
Suite 130 
Houston,  
Texas 
77070 USA 

T. +1 281 890 2120 

F. +1 281 890 7047 

usa.sales@sonardyne.com 

 Aberdeen, UK 

Units 12–14,  
The Technology Centre 
Claymore Drive 
Bridge of Don, Aberdeen 
AB23 8GD UK 

T. +44 (0) 1224 707875 

F. +44 (0) 1224 707876 

sales@sonardyne.com 

 24/7 Emergency Helpline 

T. +44 (0) 01252 877600 

 

Email Support 

support@sonardyne.com 

 

Website 

www.sonardyne.com 
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