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Nearshore Underwater UXO
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Current Methods

* Diving = High cost Ship-Tow Sensors
 Limited depths and duration
* Push-carts in the surf and muck?

K/ 4T
e Sonar, MAG, and EM

« Large and complex
* Limited in important nearshore areas

« Relatively expensive for smaller sites
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Outline for This Briefing

@ Seabed 3DEM AGC
@ ROV Implementation &
€|) Crawler (AUGV) Implementation

@) Experiments & Operations




APEX 3DEM for AGC

1 Map & Detect/ Reacqu:re 2 Classify
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ROV 3DEM Sensor Integration

ROTV from Surface Direct Mount Highly Integrated
: ,.- N\ Integrated
Diterelt 5 78 mount
mount / <

NS

Remotely operated tow vehicle

ASV

_ ROV
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ROV APEX Sensor Integration

APEX Trangmitters (x3)

APEX
Electronics

APEX Receivers (x6)
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ROV MAG Sensor Integration
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ROV APEX Sensor Integration

Bottom following and waypoint control
Acoustics in shallow water (UGPS)

DVL-INS positioning & control ]
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ROV APEX Sensor Integration

Mitigating ROV Motor Noise
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ROV 3DEM Sensor Integration
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Raw Data (ROV Motor Noise) Filtered Data

| |B-{ w—OBS-1
B2 m—0BS-2
—LIB-3 OBS-3|

ISO Target ISO Target

Northing (m} - 4836181.58
1 1

OBJECT MATCH & LOCATION
Best Match = XL (6") ISO
Confidence = 98.5%

X-offset = -E.4 em
Y-offset=12.0cm
Z-offset = -48.7 cm

Easting (m) - 707084.64 Easting (m) - 707084.64

» Coherent Noise Filtering greatly reduces motor noise

» Source Separation techniques further enable data for classification
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3DEM UXO Classification

emplaced seabed targets , _
155mm Library 155mm Library
99% Match NO Match \—LibL!
| =L jb L3
\ \—u
[—Lib L1 o, | _'[2
——Lib L2 R TS
— " Positive | Non-Threat
i:/ — | TargetID | (Clutter ID)
ROV-EM ./ ,
system 3. 4% Positive Library Match || NO Library Match
v ’ 99% Match to 155mm || 41% Match to LG-ISO

Est. Range = 0.96 m Est. Range = 0.59 m
Act. Range=0.93 m Act. Range = 0.60 m
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Crawler-towed 3DEM
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APEX HH6 Array on Bayonet AUGV Crawler

* 3 Transmitters « APEXCOM Software * Depth: 100m ASW
« 6 Receivers « Ethernet Data to Topside « 4-hour endurance (~10 km)
- 30, 60, 120 Hz * Integrated POS & IMU « Survey Width (1.6-2.4 m)
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Crawler-towed 3DEM

Blind trails in 0-2m water along Plymouth Bay shoreline (south of Boston, USA)
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Crawler-towed 3DEM Operations

« QOperational tests along California shoreline
« Through surfzone to 20-25 ft water depth
« >27 acres in 3 days (TOIl found day 1)
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Cross-domain Aerial-Aquatic System

In-flight
Detection
Map

L

New Heavy Lift
Cross-domain UAS

Airborne / Drifting / Underwater MAD Operations in Single Mission
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Synopsis
1. Seabed 3DEM provides classification where ship-tow and divers cannot
2. Tight integration on ROVs requires specialized noise mitigation
3. Portable and cost-effective 3DEM classification
4. Cross-domain deployment from AUGV (Crawlers) & aquatic drones

Bottom crawlers ROVs/AUVs
A A

very shallow
intertidal swash water
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