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Introduction 
The R/V Falkor is equipped with both a Kongsberg Maritime (KM) EM302 and an 

EM710 multibeam echosounder (MBES).  These systems have both been the subject of 

annual system checkups, the last of which was conducted in February 2014 in the 

vicinity of Honolulu, Hawaii.  However, as the Falkor was just exiting a yard period in 

the vicinity of Alameda, California during which a new Applanix POS MV positioning 

and motion compensation system had been installed, as well as a temporary 

Kongsberg Seapath MRU, it was decided that a full patch test should be run for both 

motion sensors and an abbreviated system checkup should be performed with any 

time available following the system calibrations. 

 

Figure 1 –Overview of the area surrounding the patch test calibration site at Bodega Canyon (a red circle surround the 
patch test lines).   Background data is from the GMRT global bathymetry synthesis (http://www.marine-
geo.org/portals/gmrt/). 

For this assessment on the RV Falkor’s two multibeam systems, the following 

evaluation procedures were performed during the cruise: 

1. Geometric Calibration (for both positioning systems) 

2. Transducer and System Health 

3. Noise Evaluation (partial) 

It is the intent of this report to document the outcome of the evaluation procedures 

and to provide an assessment of the capabilities of both systems with respect to the 

February report. 

http://www.marine-geo.org/portals/gmrt/
http://www.marine-geo.org/portals/gmrt/
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Geometric Calibration 

Site Selection 

The area around San Francisco Bay is a challenging location to perform a patch test.  

Major shipping channels prohibit operations in many areas and large marine protected 

areas adjoin the shipping channels.   As a patch test was necessary for both the deeper 

water EM302 system and the shallower water EM710 system it was necessary to find a 

site which ideally had depths between 600 and 800 meters.  These depths are 

shallower than where the EM710 swath width begins to rapidly diminish as a function 

of depth, but deep enough that the EM302 is able to able to map with high accuracy.  

After consultation with the marine technicians and bridge crew of the RV Falkor, it was 

decided to work in the area of Bodega Canyon (Figure 1 and Figure 2). 

 

Figure 2- Layout of the operational area for the EM710 and EM302 patch test.   Background data is from the NOAA 
Ship Okeanos Explorer cruise EX090.  

This area was chosen as it had relatively close proximity, ~ 25 nautical miles, from the 

entrace to San Francisco bay, had a region of relatively benign flat seafloor for a roll 

calibration (Figure 2, Roll Line) and had slopes between 15° and 30 for the pitch and 

heading lines (Figure 2, Pitch and Heading Lines and Figure 3).  The only downside to 

this region was this area appears to be draped by relatively soft sediments giving the 

seafloor a very smooth appearance.  These types of sediments can give a low acoustic 

return, which in turn can cause issues such as poor bottom tracking.  However, due to 
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the lack of other suitable sites within a short distance of the harbor entrance and with 

the proper seafloor geometry, this site was decided to be the best calibration area for 

this mission.  

 

Figure 3- Slope map derived from the NOAA Ship Okeanos Explorer EX090 data for the operational area used during 
the EM710 and EM302 patch test.  Areas designated in a green color are ideal regions for heading and pitch calibration 
with slopes between 15° and 30°.  Area designated as blue have slopes less than desired and areas shown as red have 
slopes higher than desired. 

 

Patch Test 

The EM302 and EM710 systems were configured prior to performing the patch with 

zeroed residual angular offsets for both the Seapath and POS MV calibrations.   This 

was done as the Seapath positioning system had a new MRU installed while in the 

yard, and the POS MV was a new system for the ship.   A standard patch test procedure 

was then run, once for the Seapath and then again for the POS MV, to determine the 

remaining residual angular misalignment angles between the MRU of each positioning 

system and the EM710/EM302 arrays.  During each portion of the test (latency, pitch, 

heading, and roll) both multibeam systems were operating simultaneously while fully 

synchronized to the EM302. Offsets were determined one at a time for pitch, heading, 

and roll and were immediately applied in SIS prior to the run of the next test set. 

Following determination of all three angular offsets, a validation was run for each 

offset type to determine if any residual angular offset remained. 

Table 1and Table 3 show the verified EM302 and EM710 sensor installation offsets, 
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while Table 2 and Table 4 show the EM302 and EM710 angular offsets.   The newly 

installed POS MV appears to be very well surveyed in with only small residual offsets 

detected for roll for both the EM302 and EM710 systems.   The Seapath residual 

angular offsets for the EM302 and EM710 show very small changes for pitch and 

heading from those determined during the spring 2014 system checkout for the ship’s 

normal MRU (values in parenthesis show the spring 2014 calculated results) for both 

the EM302 and EM710. This was expected, as this was a different MRU than used 

during the spring and some shifting can occur during mounting of the device.  

However, the roll residual angular offset were very large when compared to the spring 

results (a change from 0.03 to 0.53 for both the EM302 and EM710).   As both systems 

show the same bias (Figure 4), this is likely due to a change in the mounting angle 

during installation of the loaner MRU and not due to a miscalculation. 

EM302 Forward (X) Starboard (Y) Downward (Z) 

Pos, COM1 0.00 0.00 0.00 
Pos, COM3 0.00 0.00 0.00 
Pos, COM4/UDP2 0.00 0.00 0.00 
TX Transducer 18.888 -1.321 6.094 
RX Transducer 16.939 -1.605 6.109 
Attitude 1, COM2 0.00 0.00 0.00 
Attitude 2, COM3 0.00 0.00 0.00 
Waterline   0.566 

Table 1- EM302 sensor installation offsets (in meters). 

EM302 Roll Pitch Heading 

TX Transducer 0.02 0.26 359.85 
RX Transducer 0.07 0.54 359.82 
Attitude 1, COM2 0.53 (0.03) 0.00 (0.00) -0.25 (-0.06) 
Attitude 2, COM3 0.04 0.00 0.00 
Stand-alone Heading   0.00 

Table 2- EM302 sensor installation angular offsets (in degrees).  Values shown in parenthsis for Attitude 1, COM2 are 
from the Spring 2014 system checkout.   NOTE: TX transducer orientation is Port and RX transducer orientation is 
forward. 

EM710 Forward (X) Starboard (Y) Downward (Z) 

Pos, COM1 0.00 0.00 0.00 
Pos, COM3 0.00 0.00 0.00 
Pos, COM4/UDP2 0.00 0.00 0.00 
TX Transducer 18.840 -2.123 6.094 
RX Transducer 17.452 -2.279 6.102 
Attitude 1, COM2 0.00 0.00 0.00 
Attitude 2, COM3 0.00 0.00 0.00 
Waterline   0.566 

Table 3- EM710 sensor installation offsets (in meters). 
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EM710 Roll Pitch Heading 

TX Transducer 0.1 0.3 359.69 
RX Transducer 0.04 0.44 359.90 
Attitude 1, COM2 0.53 (0.03) 0.00 (-0.03) -0.03 (0.00) 
Attitude 2, COM3 0.10 0.00 0.00 
Stand-alone Heading   0.00 

Table 4 - EM710 sensor installation angular offsets (in degrees). Values shown in parenthsis for Attitude 1, COM2 are 
from the Spring 2014 system checkout. NOTE: TX transducer orientation is starboard and RX transducer 
orientation is forward. 

 

Figure 4 - Roll calibration plots in Caris showing a major roll bias for both the EM302 and EM710. 
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Transducer and System Health 
A full Built-In Self Test (BIST) diagnostic routine was run prior to departure and while 

at sea for both the EM302 and EM710 systems, with both passing all tests.  As has been 

mentioned in previous reports, the BIST provides the ability to perform impedance 

measurements of the RX and TX array. These tests are useful in establishing the health 

of the transducers, as these components of the mapping system have been known to 

degrade with time. It is important to note that the BIST impedance measurements do 

not provide a full characterization of transducer properties as a function of frequency 

as performed by Ifremer in 2012 (Le Gall and Pacault, 2012), however, they are 

believed to be good indicators of overall transducer health over their lifetime, 

especially when conducted on a routine basis. 

The EM302 and EM710 receiver impedances and receiver transducer impedances, as 

measured through the BIST routines, were compared to measurements made during 

the system acceptance tests in 2012 and to system checkups made during 2013 and 

during the spring of 2014.   These values were found to be within the nominal 

acceptable range as expected by the manufacturer and defined within the BIST ouput 

(Figure 5 and Figure 6 for the EM302, Figure 7 and Figure 8 for the EM710). The BIST 

output contains two sets of impedance measurements for the EM302 and the EM710, 

the first set being referred to as the receiver impedance and the second set being the 

transducer impedance. In this report, we will refer to the first as the receiver channel 

impedance and the second as the receiver transducer impedance. 

EM302 impedances, for both receiver channels and receiver transducers were 

consistent with previous BIST output dating back to 2012-03-14. The same can be said 

of the EM710 receiver channel impedances where there are test results back to 2012-

02-19, however, there are inconsistencies between each of the year’s transducer 

impedances values, which can be seen in Figure 8.  For all test cases, from all years, the 

values reported are within the allowed range specified by the BIST test and the test 

thus passes these values.  That said, the results of impedance testing from the last BIST 

are considerably lower than other test which have taken place.  It would be best to 

continue monitoring the impedance behavior of this system with further BIST testing. 

The transmitter channel impedance tests (not to be confused with receiver transducer 

impedances tests discussed above) passed for both systems in the general BIST 

routines available through the graphical user interface in SIS for both the EM710 and 

the EM302. Transmitter module impedance values were obtained through a telnet 

BIST session, with passing results being reported, except for the same failed EM710 

transmitter element which was identified in the 2012 Ifremer transducer report 

(Figure 9 and Figure 10). 
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Figure 5- EM302 receiver impedance measurements.  Historic measurements are colored and current measurements 
from this evaluation in grey/black 

 

 

Figure 6 - EM302 receiver transducer impedance measurements. Historic measurements are colored and current 
measurements from this evaluation are in grey/black.   It should be noted that RX modules 15 and 47 which had 
reported higher levels during the spring 2014 testing than had been previously observed are now normal. 
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Figure 7 - EM710 receiver impedance measurements.  Historic measurements are colored and current measurements 
from this evaluation are in black. 

 

 

Figure 8 - EM710 receiver transducer impedance measurements.  Historic measurements are colored and current 
measurements from the most recent evaluation is in black.   The values greater than 700 ohms are from tests acquired 
during the 2012 acceptance and sea trials in the North Atlantic.  The values in the middle group (~400 to 400 ohms) 
are from the 2013 tests done in the Bahamas and the spring 2014 test done off of O’ahu.   The very low values (< ~300 
ohms) were acquired in 2011, presumably during early factory testing.   
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Figure 9 - EM302 transmitter acoustic impedances. 

 

Figure 10 - EM710 transmitter acoustic impedances. 
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Noise Levels 
A potentially major limiting factor in multibeam coverage performance is the effect of 

self-noise, either mechanical or electrical, on the system’s ability to detect and track 

the acoustic signal reflected from the seafloor. Comprehensive acoustic testing is 

possible for problematic installations (Gates and Yearta, 2012), however as RV Falkor 

was initially assessed as a quiet platform (Le Gall et al., 2012), a minimal set of acoustic 

test routines can be performed through the BIST noise testing routines to determine if 

significant changes have occurred in terms of ship self-noise levels. 

A much abbreviated set of noise evaluations as a function of vessel speed were done 

for both systems while returning to the Patch Test site following an ADCP calibration 

run.   Test were conducted in water depths of 1,400 m or less while on a course of 60.  

Sea conditions throughout the noise test were: 

 Wind: 7 kts at 225T, 165relative to ship’s head 

 Sea state: Beaufort 0 (Calm) 

All acoustic instrumentation, including bridge echosounders, was secured as was all 

deck work.  Power plant configuration was set to “Science Mode”: 

“In this mode, the engine RPM and propeller pitch are firstly tuned at their minimum 

values (respectively 85 RPM and 5% pitch). Secondly, the propeller pitch raises (to the 

maximum value of 85%) to increase the vessel speed.  And when the propeller pitch 

has reached 85%, the engine RPM is boosted to more increase the vessel speed.” (Le 

Gall et al.,2012) 

The receiver broadband noise level were measured using the BIST functionality with 

twenty tests being conducted at each speed level. The output from a single BIST noise 

test consists of the broadband noise level, as measured across the typical reception 

bandwidth spectrum, as a function of each receiver channel across the receiver array, 

reported as dB ref. 1μPa/√Hz (example, EM302; Figure 11).  The plan for the speed 

test called for steps of 2 knots starting at dead in the water and ending at 12 knots.   

However, due to vessel traffic and the depth of water in the area that the ship was 

working in, valid tests were only able to be conducted between 0 and 8 knots, before 

the ship had entered waters shallower than 800 meters, unsuitable for proper noise 

testing. 

Note that Ifremer noise measurement protocols (Beaudoin et al., 2012) differed 

slightly in the number of tests taken at each speed (they took three) and that the mean 

results computed from each triplet of tests is computed as a linear mean without any 

mention of the underlying distribution or whether or not outlier measurements were 

excluded from their analysis.  The tests conducted in these trials and in the 2013 and 
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spring 2014 trials (Beaudoin et al., 2013 and Beaudoin et al., 2014) involved more 

tests per speed (we took twenty) and several summary statistics are presented to ease 

comparisons between tests by different parties (e.g. Ifremer, Gates Acoustic Services, 

etc.). These comments are not made to point out deficiencies in the methods used by 

other parties, it is our intent simply to highlight that different parties approach the 

problem of noise evaluation in different manners and this must be appreciated if one is 

to compare results from differing methods. 

The distribution of the data points in the EM302 noise test at 8 kts (Figure 11) is 

shown in Figure 12 along with the median, geometric mean and linear mean. The 

geometric mean is the mean of the dB values in their natural logarithmic units, i.e. an 

arithmetic mean of the dB values. The linear mean is the mean of the noise levels in 

linear intensity units and then expressed in db. Refer to Appendices A and B for 

equivalent plots for both sensors at all speeds investigated in this work. 

The complete noise measurement data set (noise as a function of vessel speed) is 

plotted as a 2D color image for both the EM302 and EM710 in Figure 13 and Figure 14, 

respectively.  This allows for examination of all data points and for a better 

appreciation of the likelihood and nature of transient noise events. 

The series of speed tests allow for construction of platform noise level versus ship 

speed for both the EM302 and EM710 (Figure 15 and Figure 16). In these figures, the 

data points from all receiver modules and for all tests at a given speed are plotted as 

cyan dots, along with the summary statistics across the speed range, indicating the 

mean (linear and geometric) and the median values for each speed. EM710 noise level 

characteristics with speed were consistent with those observed in previous trials 

performed by Ifremer (Le Gall et al., 2012) in that the EM710 noise level is 

independent of speed and is instead controlled by electronic self-noise on the order of 

38 dB in “Science Mode”. 

The EM302 noise tests show an improvement from the spring 2014 testing where 

noise level decreased slightly from 43 dB to 41 dB from at speeds up to 8 knots in 

“Science Mode”.   Unfortunately, we were unable to evaluate the self-noise at higher 

speeds (more than 8 knots) where the spring 2014 testing had revealed a potential 

problem. 
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Figure 11 - Broadband noise level for EM302 receiver modules at vessel speed of 8 knots. 

 

Figure 12 - Distribution of noise level measurements for the EM302 at 8 knots. 
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Figure 13 - EM302 broadband noise level results for all receiver modules over the course of the entire noise test.  Noise 
over the limited speed range (0 to 8 knots) appears to be the same or lower than that observed during the spring 2014 
checkout. 
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Figure 14 - EM710 broadband noise level results for all receiver modules over the course of the entire noise test. 
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Figure 15 - EM302 broadband noise level versus speed.  Noise levels have decreased or remained the same for speeds 
less than 8 knots. 
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Figure 16 - EM710 broadband noise level versus speed.  Performance is consistent with previous evaluations. 

 

Principal Findings & Recommendations 

Follow-Up of  the 2013 and Spring 2014 Recommendations 

Recommendations from the 2013 final report on the multibeam status are repeated 

below in italics, along with follow up discussion as appropriate. 

1.   An upgrade to a more recent version of SIS is recommended for the next visit. 

A Kongsberg Engineer was present during the September testing and performed a SIS 

and firmware upgrade for both the EM710 and EM302 systems.   Both upgraded 

systems seemed to work well with the new SIS installation.  

2.   BIST tests should be routinely conducted (at least monthly). Meta data should be 

noted at the time of the BIST if noise measurements are to be of any use, e.g. ship speed, 

sea state/direction, wind speed/direction, water depth, and other acoustic equipment in 
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operation at time of test. A file naming convention should be established and followed. 

BIST output files should automatically be backed up along with other multibeam data.  

As mentioned during the last report, we strongly recommend that more BISTs should 

be collected on a regular basis.  The EM710 receiver transducer impedance 

measurement is within the acceptable specification, as defined as passing by the BIST, 

that said, it is different enough from prior BISTs that test should be run to see if the 

array is consistently reporting similar values. 

3.   An investigation into whether or not the second Seapath MRU could be used as a 

backup for the multibeams, without compromising its primary purpose, should be done.  

A patch test should be conducted if this is possible such that the angular offsets are 

known for this system in the event that it must be used for the multibeam systems.  

This is no longer necessary with the installation of the POS MV system. 

4.   The EM302 is noisier relative to previous evaluations. We do not feel that this is 

indicative of system degradation since transmitter and receiver channel/transducer 

impedances are largely unchanged. The noise levels are associated with increased speed 

through the water and can be due to either increased flow noise and/or the propulsion 

system. Noise levels are ~3dB higher at 8 kts and ~8dB higher at 12 kts.  This is not a 

catastrophic increase in noise levels but it will impact the efficiency of the system during 

the upcoming mapping cruise. This could be related to propeller pitch, flow noise or 

noise from the main engines, however, the last is doubtful since we tested in constant 

speed mode (with a fixed shaft RPM) and the noise continued to increase with speed 

(which was altered through propeller pitch).  While adrift, the system noise level was the 

same as last year so we do not expect that this could be due machinery noise from 

systems not related to propulsion (e.g. generators). The increased noise levels will impact 

sensor efficiency either through decreased coverage at higher speeds or increased 

mission time due to slowing the vessel to avoid noise issues. At full ocean depth (>4,000 

m), we would expect to see the achievable coverage to be compromised on the order of 

10-30% depending on ship speed (this is based on the results of the mammal protection 

mode testing where the source level was reduced by 10 dB, which would roughly have the 

same effect as increasing the noise level by 10 dB).  

Limited test time was available during this trip.  At speeds at or below 8 knots the self-

noise of the ship as seen by the EM302 is the same or less than those observed during 

the spring of 2014.   More testing at higher speeds is needed to be done to determine if 

noise issues still exists above 8 knots. 
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Summary & Conclusion 
 The EM302 and EM710 multibeams were successfully calibrated and verified 

for use with both the loaner Seapath MRU and the new POS MV.   Angular 

offsets were small except for the roll bias for both the EM710 and EM302.  As 

both multibeam systems have the same large roll bias, it is likely the result of a 

shift in the mounting angle of the MRU.  Both SIS acquisition systems have been 

updated with the new calibration results. 

 The transducer impedances are similar to baseline measurements in 2012 and 

with those taken in 2013 and during the spring 2014 test.  Transducer 

conditions, based on these tests, are acceptable and there is no sign of 

degradation of the transducer arrays. 

 Noise levels for the EM710 remain unchanged and very low. Noise levels for 

the EM302 have returned to their lower levels at speeds below 8 know.    More 

testing is necessary to see if any noise issues remain at higher speeds. 

 As a whole, the two multibeam systems are in satisfactory working condition 

and should be good for mapping for the upcoming field season. 
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Appendix A – EM710 Noise Measurements 
All figures in this section show self‐noise levels for the EM710 as measured using the 

receiver hydrophones. The upper plots show the output as a function of receiver 

module. The lower plots show the distribution of the same data along with the median, 

geometric mean and linear mean. The geometric mean is the mean of the dB values. 

The linear mean is the mean of the noise levels in linear intensity units and then 

transformed back to dB.  
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Appendix B – EM302 Noise Measurements 
All figures in this section show self‐noise levels for the EM302 as measured using the 

receiver hydrophones. The upper plots show the output as a function of receiver 

module. The lower plots show the distribution of the same data along with the median, 

geometric mean and linear mean. The geometric mean is the mean of the dB values. 

The linear mean is the mean of the noise levels in linear intensity units and then 

transformed back to dB.  
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Appendix C – Logs 
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