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Introduction 
During the late fall of 2016 and spring of 2017 the University of Hawaii’s Ocean Technology Group (OTG) 

submitted bathymetric data, screen shots (Figure 1), and built in self-test (BIST) data to the Multibeam Advisory 

Committee (MAC) and to Gates Acoustic documenting pervasive noise which was affecting the R/V Kilo Moana’s 

Kongsberg EM122 multibeam echosounder system’s (MBES) ability to collect high-quality bathymetric data.  

Initially, it was thought that the source of the noise was likely from either acoustic noise derived from the ship 

(e.g., propulsion system noise) or from the shipboard electrical power conditioning systems, which had 

undergone changes during a maintenance yard period prior to the degradation of EM122 data quality. 

 

 

Figure 1.  Example screen capture from the EM122 MBES documenting compromised data quality (e.g., poor bottom tracking, reduced 
swath width, and regions of elevated water column noise). 

To diagnose and determine a solution for the noise, the R/V Kilo Moana undertook an engineering shakedown 

leg (KM1711) in the water to the southwest of Oahu (Figure 2).  Participants in this assessment included Tim 

Gates from Gates Acoustic, Scott Ferguson representing the University of Hawaii, Chuck Hohing representing 

Kongsberg Maritime, Jim Gardner from the University of New Hampshire, and Paul Johnson representing the 

MAC.   Prior to arrival, the University of Hawaii had conducted numerous BISTs characterizing the issue, and had 

assembled an almost complete set of spares for the EM122, as well as an alternate power source (generator) for 

the MBES which could be used during the cruise. 

 

After multiple rounds of pre-amp board swaps, testing of power cleanliness, many noise validations through 
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EM122 RX BISTs, and lots of head scratching, the suggestion was made to swap the EM122’s power supply with 

a spare unit borrowed from another ship.    As it turned out, Kongsberg had documentation showing that this 

particular power supply was the sole remaining piece of the original EM120 system installed in 2001, which had 

been subsequently upgraded to an EM122 in 2010.  Data quality returned to normal after replacing the original 

power supply with the spare. 

 

 

Figure 2.  Red line shows the ship track for the 2017 EM122 multibeam system testing.  Green track lines are ship tracks for the 2012 
shipboard acceptance tests.  Bathymetry data collected during the KM1711 cruise are shown with a rainbow palette. 

With completion of the EM122’s engineering trouble shooting, the remaining time on the cruise was used to 

perform a patch test, accuracy test, and swath performance test while the ship transited back to Honolulu 

Harbor.  These three tests are documented in this report, while the results of the noise testing can be found in 

the Gates Acoustic Services Kilo Moana 2017 Test Report.  

Survey System Components 
The R/V Kilo Moana’s mapping systems consist of the following primary components: 

EM122 

1. Kongsberg Maritime EM122 multibeam echosounder (12 kHz), v1.3.2, s/n 109 

2. Kongsberg Maritime Seafloor Information System (SIS), v4.1.3 

EM710 

3. Kongsberg Maritime EM710 multibeam echosounder (70-100 kHz), v2.5.3, s/n 219 
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4. Kongsberg Maritime Seafloor Information System (SIS), v4.1.5 

MRU 

5. Applanix POS/MV-320 v5 Ocean Master, s/n 7995 

6. Trimble BD982 GPS receiver 

Sound Speed 

7. AML Oceanographic surface sound speed sensor 

8. Sippican expendable bathythermograph (XBT) profiling system 

KM1711 Activities 
Cruise activities included: 

1. Conducted acoustic and electrical noise testing (not discussed in this report) 

2. Updated the Sound Speed Manager program, https://www.hydroffice.org/soundspeed/main. 

3. Reviewed the system geometry for any changes. 

4. Calibrated the EM122 for residual angular offsets of the motion sensor (‘patch test’). 

5. Conducted deep water accuracy evaluation.  

6. Assessed the swath coverage/extinction. 

 
Figure 3. Layout of the deep water patch test site southwest of Oahu. 

EM122 Calibration 
A system calibration (‘patch test’) was conducted following completion of the noise testing in order to 

determine residual angular offsets of the MRU in the order of pitch, roll, and yaw.  This test was conducted 

https://www.hydroffice.org/soundspeed/main
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because the Applanix POS/MV v4 system had been swapped out and replaced with a new POS/MV v5 Ocean 

Master system.  Data were collected at depths between 3800 meters and 4750 meters over appropriate seabed 

features south west of Oahu (Figure 3 and Table 1).  Descriptions of the rationale for calibration line planning are 

available in the Cookbook for Caris HIPS 8.1 Patch Test with Kongsberg EM302 (www.mac.unols.org). 

Table 1.  Waypoint locations used for the EM122 deep water patch test. 

Pts Description Longitude Latitude 

1 Pitch - Start -158.63238 21.11766 

2 Pitch - End -158.67720 21.07341 

3 Roll - Start -158.73708 21.07729 

4 Roll - End -158.78526 21.07729 

5 Yaw 1 - Start -158.70418 21.09719 

6 Yaw 1 - End -158.65935 21.14144 

7 Yaw 2 - Start -158.65022 21.04962 

8 Yaw 2 - End -158.60541 21.09387 
 

 

Immediately prior to the pitch and roll calibrations, XBT profiles were acquired to a depth of 760 meters and 

processed using the WinMK 21 and Sound Speed Manager software to remove spurious sound velocities, apply 

salinity data from the World Ocean Atlas (2009), extend the cast to 12,000 m per SIS requirements, and load 

the resulting sound speed profile into SIS. 

 

All calibration lines were collected at a vessel speed of 6 knots which allows for increased along-track sounding 

density.  To maximize ping rate and sounding density, the EM122 was configured as follows: 

 

Depth mode:   AUTO 

Dual-swath mode:  enabled (dynamic) 

Transmit mode:  FM enabled (unchecked) 

Yaw stabilization: enabled (rel. mean heading) 

Pitch stabilization: enabled 

Beam spacing:  High density equidistant 

Swath width   

Pitch:  35°/35° port/starboard 

Roll:  66°/66° port/starboard 

Yaw:  5°/50° and 50°/5° starboard/port 

 

Calibration survey data were collected using the angular offsets already entered into SIS as the initial starting 

point.  Accordingly, the angular offsets determined from the KM1711 calibration constituted ‘residual’ values to 

be summed with the historic values.  Angular offsets were determined in the order of pitch first, roll second, and 

yaw third.  To minimize coupling of angular offsets in the calibration results, each angular offset was updated in 

SIS after completion of its respective calibration procedure and before the start of survey data collection for the 

next offset calibration.  Calibration tools in SIS and QPS Qimera were used separately to evaluate each set of 
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calibration lines.   

 

EM122 Calibration Results 
Table 2. Summary of MRU angular offsets in SIS from KM1711.  The post-KM1711 values should be used until another the MRU is modified 
or a calibration otherwise becomes necessary. 

Angular Offset Pre-KM1711 Value  KM1711 ‘Residual’ Post-KM1711 Value 

Pitch -0.40° +0.05° -0.35° 

Roll -0.09° +0.02° -0.07° 

Yaw 0.00° +0.05° +0.05° 

 
The patch test operation went smoothly with no feeling of ambiguity with the derived results.  Small trends 
requiring residual angular offsets were observable for the pitch, roll, and heading datasets.  A pitch adjustment 
of +0.05°, a roll adjustment of +0.02°, and a heading adjustment of +0.05° were applied to the existing MRU 
angular offsets in SIS.  These residual biases are small and suggest that the servicing and reinstallation of the 
MRU was conducted successfully with very little change to the system geometry.  Subsequent KM1711 survey 
data collected during the accuracy and extinction tests utilized these post-calibration values and appear to be 
free of offset-related artifacts. 

 

EM122 Accuracy Testing 

Overview 

Accuracy testing was conducted for the EM122 over a deep water reference surface located southwest of Oahu 

with nominal depths of 4700 meters (Figure 2). This reference surface was constructed using data collected 

during 2012 EM122 Shipboard Acceptance Test on the R/V Kilo Moana.  All soundings in the reference surfaces 

and accuracy cross lines were corrected for tide using the Oregon State University global tide model 

(http://volkov.oce.orst.edu/tides/otps.html).  Furthermore, bathymetric slopes were computed for the 

reference surfaces and used as a mask to exclude areas of significant topography (>5°) from the crossline 

analysis (Figure 4).  Prior to collection of the cross lines, it was verified that the EM122 was the only acoustic 

system running at the time.  

 

The cross line was run in a North/South direction (Figure 5), but was situated to avoid overlapping nadir of the 

crossline with nadir of the reference surface lines.  This precaution was taken to reduce any effects of 

compounding or canceling biases across the swath.  To reduce refraction artifacts, an XBT profile was collected 

prior to the start of acquisition of the cross line, then processed with Sound Speed Manager, and loaded into SIS.  

Due to time constraints, the crossline was run at 8 kts, instead of the normal 6 kts.  This allows for comparison of 

the accuracy data to the 2015 collected data, but not as easily to the 2012 data which had been collected at 6 

kts. 
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Figure 4. Deep water multibeam reference surface.   Upper left figure shows the cleaned surface composed of all sounding.   Upper right 
figure shows the sounding density of the depths contributing to the reference surface.   Lower left figure shows the slopes after masking 
areas with fewer than 12 soundings per cell.   Lower right figure shows the final reference surface after masking for sounding density per 
grid cell and masking regions with slopes exceeding 5°. 
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Figure 5. Data collected for the cross line over the deep water reference surface. The green line shows the track used to collect the 
reference surface data while the red line shows the KM1711 track. 

 

Major outliers (such as bottom detections at constant range across the swath due to interference) were 

removed from the accuracy analysis, as these would clearly be edited during normal bathymetric processing.  

Mean depth bias and depth bias standard deviations as a percentage of water depth were then computed in 1° 

angular bins across the swath.   

 

EM122 Accuracy Testing Results 

Only one cross line (north and south) in only one operation mode (  
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Table 3) was run for the EM122, as there was very limited time available for testing prior to departure from the 

deep water accuracy site for port.  The mean bias across the swath (Figure 6, bottom) is approximately zero, 

with the port side value trending deeper and the starboard side trending shallower, possibly indicating a slight 

roll bias remaining in the system.   The depth standard deviation (Figure 6, top) generally shows a similar pattern 

to that seen during the 2012 shipboard acceptance test (Figure 8, top) with outer portions of the swath (> 45) 

trending from 0.1 to 0.4% WD, with most of the inner portion of the swath falling below 0.1% WD.    
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Table 3. EM122 deep water accuracy cross line settings. 

SONAR RUN TIME PARAMETERS   

Sector Coverage Cross Lines Settings 

Max angle (port) 68 

Max angle (sbtd) 68 

Angular Coverage Mode Auto 

Beam Spacing HIDENS EQDIST 

    

Depth Settings Cross Lines Settings 1 

Force Depth n/a 

Min depth (m) 4500 

Max depth (m) 5000 

Dual swath mode DYNAMINC 

Ping mode DEEP 

FM disable Unchecked (FM) 

    

Transmit Control Cross Lines Settings 1 

Pitch stabilization ENABLED 

Along direction 0 

Auto Tilt OFF 

Yaw stab. Mode REL. MEAN HDG 

heading n/a 

heading filter MEDIUM 

Min Swath Dist 0 

Enable Scanning Off 

 

 

As had been seen in the 2015 data (Figure 7), the 2017 data (Figure 6) shows several regions of the inner swath 

with standard deviation exceeding 0.1% WD.  In 2012 (Figure 8, top), it can be seen that the standard deviation 

within most of the inner swath is close to 0.05% WD, while the KM1511 (Figure 7) and KM1711 data (Figure 7) 

plot shows that the inner region is not nearly as accurate, with multiple spikes present.  Potential complicating 

factors for this assessment are the higher speed (8+ kts in 2015 and 6 kts in 2012) and less desirable engine 

configurations (port and starboard generators in 2015 versus starboard only in 2012) during the KM1514 

accuracy data collection.  This is a potential data quality issue that should be reevaluated when time is available 

through additional passes over the reference surface in different engine configurations. 

 

After removing the most obvious nadir punch-through artifacts and “Eric’s Horns” in the 2017 data, the resulting 

accuracy trends (Figure 9) in the near-nadir region compare more favorably to the 2015 tests.   These bottom 

tracking issues are common for low-frequency echosounders in acoustically soft sediments over very flat, deep 

seafloor.  Additional test data with the transmit swath steered 1-2° either forward or aft may improve the 

bottom tracking and accuracy in this environment by reducing the strength of the specular reflection. 
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Figure 6. EM122 deep water accuracy results (Deep, Dynamic, FM) from KM1711.  Top: depth bias standard deviation as a percentage of 
water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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Figure 7. EM122 deep water accuracy results (Deep, Dynamic, FM) from KM1514.  Top: depth bias standard deviation as a percentage of 
water depth.  Bottom: mean depth bias (red) as a percentage of water depth +/- one standard deviation (blue). 
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Figure 8 EM122 deep water accuracy results (Deep, Dynamic, FM) from the 2012 R/V Kilo Moana shipboard acceptance test.  Top: depth 
bias standard deviation as a percentage of water depth.  Bottom: mean depth bias (solid middle line) as a percentage of water depth +/- 
one standard deviation (dashed lines). 
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Figure 9. EM122 deep water accuracy results (Deep, Dynamic, FM) from KM1711 after removing obvious nadir punch through and “Eric’s 
Horns” near nadir.  Top: depth bias standard deviation as a percentage of water depth.  Bottom: mean depth bias (red) as a percentage of 
water depth +/- one standard deviation (blue). 
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EM122 Achieved Coverage 
 

 

Figure 10.  EM122 accuracy test and transit line data used for the swath coverage assessment. Colored bathymetry indicates data used for 
swath coverage assessment. 

The EM122 swath coverage performance was evaluated by tracking the outermost port and starboard soundings 

from all data acquired from the accuracy test site and during the transit to Honolulu Harbor (Figure 10).  Figure 

11 depicts the across-track coverage achieved over depths from ~50 m to ~4700 m.  Ideally, all data included in 

the swath coverage analysis should have been collected in automatic angular coverage mode, automatic depth 

mode, FM transmit mode, at 6 kts speed, and perpendicular to the slope of the seafloor in order to calculate the 

maximum swath width as a function of depth.  However, as much of the data covering a majority of the depth 

range were collected during the final hours of the cruise on a transit back to Honolulu Harbor, the speed was 

higher than desired (8+ kts) and the ship track was at an oblique angle to the seafloor slopes over portions of the 

run.  Thus, the data collected may not fully represent the maximum swath width achievable. 

 

A swath width of 4 times water depth was observed at the maximum depth mapped of ~4700 m during KM1711 

(Figure 11), which is very close to that seen during the 2012 SAT (grey dots in Figure 11).  In shallower depths, 

the KM1711 dataset seems to show similar trends as the 2012 SAT for swath width as a function of depth, with 

overall swath width increasing to 5 to 6 X water depth in shallower waters.  Ideally, we would have more data to 

better define this swath coverage curve, but the limited data from KM1711 suggest no major changes or 

degradation in swath width performance between 2012 and 2015. 
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Figure 11.  EM122 coverage achieved during KM1711.  Data points are the outermost port and starboard soundings from each ping.  
Colors of the points are based on the backscatter strengths of the contributing soundings.  Underlying grey point are from the 2012 
Shipboard Acceptance Testing data..   

 

Conclusions and Recommendations 
1. As was the case with KM1511, having the “A” team (Acoustic Noise Team, Kongsberg Maritime, UH 

Ocean Technology Group, and the MAC) aboard to troubleshoot the EM122 multibeam problems 

worked very effectively during troubleshooting and performance analysis.  Without these 

multidisciplinary and talented groups working together, the issue might not have been resolved without 

additional ship time. 

 

2. The system was successfully calibrated with only minor biases being observed.   The final values entered 

into SIS should not be changed unless another patch test is undertaken. 

 

3. The EM122 accuracy assessment shows what appears to be a less accurate/noisier inner swath than that 

observed in 2012.  This is very similar to the findings in 2015, however as in 2015, the accuracy tests was 

run at higher speed (8 kts) and with a different engine configuration compared to 2012.  To truly 

compare accuracy datasets, additional runs should be undertaken at 6 kts with a starboard engine 
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configuration. 

 

4. The assessment of swath width as a function of depth shows similar swath width at the reference 

surface site (~4700m) as seen in 2012.   The transit line from the reference site back to Honolulu Harbor 

crosses the seafloor slopes at oblique angles and was run at higher than desired speeds due to time 

constraints.  In light of these factors, there appear to be no major changes in swath width from the 2012 

SAT to KM1711. 
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