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Figure 1.  Iver3 AUV operator 
conducting pre-mission checks

Figure 3.  SeaQuest operator conducting 
pre-mission checks. 
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Figure 5.  Scuba diver with Shark 
Marine Underwater Navigation System 

with metal detector attachment. 



 

 

 

 

 

 

Figure 6.  Broadband Discovery 
Systems UAV-mounted



 
Table 1.  Demonstration conditions in the two areas selected for the technology demonstration. 



Figure 8.  Simulated ERW targets, from left to right:  8-inch, 6-inch, 4-inch, 2-inch diameter steel black pipe filled with low alkali Type II/V 
cement.



 

 



 

 
Figure 10.   Side scan sonar mosaic from in-shore field. 



Table 2.  Hours of use for the AUV and associated sensors. 





 

Figure 11.  Marine Magnetics Explorer magnetic sensor GIS layers from the AUV-towed survey in the in-shore field:  A. the processed data 
from the Explorer AUV- towed sensor; B. the same layer with operator-called detection positions overlaid; C. the same layer with target lay 

positions overlaid. 

Figure 12.  Marine Magnetics Explorer magnetometer data from the near-shore field.  From left to right:  The processed magnetic 
data from the magnetometer; all of the magnetic anomalies called by the operator overlaid on the data; and the target positions 

overlaid in the GIS.  





 

Figure 13.  Marine Magnetics SeaQuest magnetometer on the pier. 



Figure 14.  Marine Magnetics SeaQuest multi-sensor gradiometer sensor data from the in-shore field:  A. the processed data from the 
SeaQuest towed sensor; B. the same layer with operator-called detection positions overlaid; C. the same layer with target lay positions 

overlaid. 



 
 



 

Figure 15. Screen captures of simulated ERW targets used in the technology demonstration.  On the left, a two-inch diameter target; on 
the right, a six-inch diameter target. 

Figure 14.  Screen capture from ROV console of scanning sonar 
image.  White square is added afterwards and enlarged in lower left 

corner to show the COI detected by the sonar. 



 







Figure 19.  The UAV with two 3-axis magnetometers 
mounted under opposite rotors being hand-launched. 



Figure 20.  UAV-mounted magnetometer layers from left to right:  The flown tracks of the UAV over the in-shore field; the 
magnetic anomoly contacts of interest called by the operator; and target locations as laid in the field. 







Figure 23.  Magnetic data from the in-shore field displayed in its raw form, exported from the 
unit’s operating software (left); and after processing in Geosoft (right) 



Figure 24.  Magnetic data from the in-shore field displayed in its raw form, exported from the unit’s operating software (left); 
displayed in statistical significance form in ArcGIS (center); and showing the simulated ERW target positions overlaid on the 

ArcGIS display.
 





































Figure C-1.  Bathymetry survey from in-shore area, collected with AUV. 



Figure C-2.  Side scan sonar mosaic from in-shore area, collected with AUV. 



Figure C-3.  Processed total field magnetometer data from AUV-towed Marine Magnetics Explorer magnetic sensor in the in-
shore field survey. 



Figure C-4.  Processed total field magnetometer data from AUV-towed Marine Magnetics Explorer magnetic sensor 
in the in-shore field survey with operator-called detection positions overlaid. 



Figure C-5.  Processed total field magnetometer data from AUV-towed Marine Magnetics Explorer magnetic sensor 
from the in-shore field survey with operator-called detection positions and simulated ERW target lay positions 

overlaid. 



 
 

Figure C-6.  Processed total field magnetometer data from AUV-towed Marine Magnetics Explorer from the near-shore field 
survey.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure C-7.  Processed total field magnetometer data from AUV-towed Marine Magnetics Explorer from the near-shore 
field survey with operator-called magnetic anomalies overlaid. 



Figure C-8.  Processed total field magnetometer data from AUV-towed Marine Magnetics Explorer from the near-shore 
field survey with operator-called magnetic anomalies and simulated ERW target lay positions overlaid. 



Figure C-9.  Processed multi-sensor gradiometer data from vessel-towed Marine Magnetics SeaQuest from the 
in-shore field survey. 



Figure C-30.  Processed multi-sensor gradiometer data from vessel-towed Marine Magnetics SeaQuest from the in-
shore field survey with operator-called magnetic anomalies overlaid. 

 



Figure C-11.  Processed multi-sensor gradiometer data from vessel-towed Marine Magnetics SeaQuest from the 
in-shore field survey with operator-called magnetic anomalies and simulated ERW target lay positions overlaid. 





Figure C-13.  Second version of airborne magnetometer data from the in-shore field with simulated ERW target lay positions 
overlaid. 



Figure C-14.  Unprocessed magnetometer data from the in-shore field survey, collected with the AUV-
towed total field magnetometer. 



Figure C-15.  AUV-towed total field magnetometer data after processing with GeoSoft UXO Marine software. 



Figure C-16.  AUV-towed total field magnetometer data after processing with ArcGIS software. 



Figure C-17.  AUV-towed total field magnetometer data after processing with ArcGIS software with simulated 
ERW target lay positions overlaid. 





 


