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/ Manta Minefield Search

Operational Scenario

Tactics develpment and ojectives
Assunptions

Minefield patterns search tactics
Analysis of tactical effectiveness

3D agraphics and tactical visualization
Conclusions and recommendations




Robot objectives

Experiment with new, lager-scale tactics
Replay & rehearse robot mission

Show robot functionalt available todga
using NPSPhoenixAUV software
0 Current program creates mission scripts

0 Any of the tactics algorithm software can be
ported to run adaptively inside the robots




Operational Scenario

Search enegnharbor for mines and subs
Precede aphibious invasion

Covert, rgid, detection sensors situ
Situated gents with locaperectives

Realistic militay scenario that cannot be
performed ly shps In todg’s fleet

Well-suited to multple Manta search




Intelligence report

lostile harboguarded g mines, diesel sub
Now tamgeted for an ampnibious landiig

10 km ly 10 km gjuare area

Top 10% of box Is land, harbor entrance
100 mines laid In randompattern

1 hostile diesel waitimpfor landirg force




Minefield geography
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Tactics Development

Multiple-robot search is a new twist on a
challerging problem: coordinated search

Nine scenarios simulated:
1 3 cooperative search patterns, versus
0 3 hostile minefield/diesel sub distributions

Both stregths and weaknesses noted
VRML visualizationsprovided searateY




/ Analysis objectives

Examine a varigtof multiple-Mantatactics

Conpare 4-robot search effectiveness
against likely minefieldpatterns

Determine If hostile diesel sydnesence
forces revision of minefield search tactics

Repeat analsis until statistical convgence
Produce missiopackaye for Mantaops




Assumptions

Simulation limited to 10x10 kmegiaredgrid

Detection rages vay, search geeds constant
0 100 m detection at 5 knots versus mines
1 1000 m detection at 5 knots versus submarine

Problem can bposed as grid box search
10100 x 100 x 90% = 9,000 boxes

0 1 time step = 40 seconds = 100m at 5 knots
0 24 hours = 2160 time steps total




/ Other Assumptions

Mapping Is faster/better than neutralization
Mantatorpedoegermit self defense

No delays due to detection or avoidance

24-hour time constraint to pport landir,
thus 100% search (25 hours) possible

100%probability of detection (for mine or
diesel) once Manta enters oped grid box




Minefield geography
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/ Three Defensive Tactics

North-South Minefield
Scattered Minefield

Diesel Channel Minefield




/ North-South Minefield
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ScatteredVinefield
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Diesel Channel Minefield
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/ Three Search Tactics

North-South Lawnmower
0 each searches simple pattern for mines, diesel

Collapsing Boxfor one Manta vs. diesel,
3-Manta North-South Lawnmower vs. mines

1 dedicate one Manta to sub detection

Combination Collapsing Box+Lawnmower
0 combined tactic for each Manta




North-South Lawnmower
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Collapsing Box Search
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Combination Search

Combine Collasing Box with Lawnmower
(hard to draw cleay)

All four Manta columns identical:

first Collapsing Box tracks at 20-box
spacing for rgoid detection of diesel sub

then revert to Lawnmower North-South for
dense covege of minefield




/ Evaluation Metrics

Number of Mines Found

Area Searched

Time to Find Diesel Sub




Number ofMines Found
Comparison

Search Tactics

B Lawnmower north/south
B Collapsing box

Combined

Scattered
Diesel South Diesel Channel

Minefield types




/ Area Searched Comparison

‘—

Search Tactics

B Lawnmower north/south
B Collapsing box

Combined

Scattered
Diesel South Diesel Channel

Minefield types




Time to Find Diesel
Comparison

Scattered
Diesel South Diesel Channel

Minefield types

Search Tactics

B Lawnmower north/south
B Collapsing box
Combined

Caveat: these location
times are high-variance
results




/ Which is the Best Tactic?

Mines Area Time to
found Searched find diesel

Lawnmower

north-south best best

Collapsing box

Combination best best




/ Visualization objectives

Visualize mission and tactical environment
Sensor-environment interactions are critical

Examine mulfple tradeoffs In robot tactics
Unexpected scenarios foreseen

More Intuitive risk anafsis

Scalable 3D world construction with VRML
Consider 3D interfaces to CCS




Video makes the story
guickly understandable

MPEG video clps of tacticablayers
Can be stored & streamed over Internet

Caveat: Iage file sizes not “radio frlenyﬂ




/ View tactical environment

Visualize sonar beams mogm real time:
seelm the invisible, makig it intuitive

Take tactical perators out of flatland

View sonar/entities/environment in context




/ View tactical environment

Visualize vehicles and sensors in context
Realphysics (lydrodynamics) in real time

Networked: mulfple participants, viewers
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/ Sonar visualization

Again: realphysics in real time
Visualize the unseepassive or active

Share same 3D scene databasegysRML




/ Recommendations

Tactical visualization of environment

0 Big wins. scalabillity, integration, presence
10 More work needed sonar visualization,

connections to combat control systems,
addition of hydrodynamics modeling, etc.

Devel@ more tactical scenarios ugi8D

Build more 3D entities usqhVRML with
embedded behaviormshysics, networkig




/ Please remember!

NPS faculy & students
solve reajproblems

Real-time 3D visualization
has arrived
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