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Introduction

Shield and Sword, by E. J. Marolda and
R J S h ll N l I tit t P 2001R. J. Schneller, Naval Institute Press, 2001

GOAL

To exploit glider technology to derive and use environmental 
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knowledge in denied areas to create a tactical advantage and 
make the warfighter’s mission more effective and more 
efficient 



Introduction

Sound speed conditions during August 20th -22nd

reconstructed from data gathered by 4 gliders
Estimated error of reconstructed sound speed conditions 
during August 20th -22ndg y g g g

When observational resources are limited it is required to find 
optimum cast strategies to maximize the information content of 
the collected data using modest surveying time. 
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Glider Mission Planning

NUMERICAL MODEL

PROCESSING UNIT
Extract covariance in denied area 
Find transformation for fast interpolationFind transformation for fast interpolation
Current field

MISSION PLANNER UNIT
Reproduce glider navigation with surface points 
Evaluate cost function
Optimization

GENETIC ALGPATTERN SEARCH GENETIC ALG. SIMULATED AN.
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Glider Mission Planning

Trajectories 
Number of gliders
Initial Position
Speed
Total mission time
Time between waypoints
Surface time

Surfacing Point
Ls=Ts*(V+Vc) Currents

α

β

γ
Surface time

Outside ops area?
Sensor clusterization?

C t F ti C t ti

Cost Function 1e20

Cost Function Computation
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Glider Mission Planning
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Cost Function 
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kψ Field values at the grid nodes, 
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Glider Mission Planning

Optimization 
Pattern Search Genetic Algorithm Simulated Annealing

Generate Mesh Generate Population Random Perturbation

P ll

Evaluation and Selection
Compute change in cost function

Poll
Better?

No Yes
Reproduction Compute probability of acceptance

Mutation
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Glider Mission Planning

Mission plan for August 22nd 24thMission plan for August 22nd -24th

Gliders: 1
Speed:0.38 m/s
Total mission time=48 h
Time between waypoints=12 hTime between waypoints 12 h
Surfacing Time=3 h
Sensor clusterization parameter=6 Km
Sampling Resolution= 500 m
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Performance in REP10

Model Forecast for August 20th -22nd

•Vertically integrated current field
•Covariance of the ensemblef

Mission planner 
•Glider mission for August 20th 22nd

Model Forecast for August 22nd 24thModel Forecast for August 22nd -24th

•Data assimilation from glider mission August 20th -22nd

•Vertically integrated current field
•Covariance of the ensemble

Mission plannerMission planner 
•Glider mission for August 22nd -24th

Model Forecast for August 24nd -26thModel Forecast for August 24 26
•Data assimilation from glider mission August 22nd -24th

•Vertically integrated current field
•Covariance of the ensemble

Mission planner 
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p
•Glider mission for August 22nd -24th



Performance in REP10

i i i i i th d O i i i Mi i A 22nd 24thOptimization Mission Aug 20th -22nd Optimization Mission Aug 22nd -24th

Pattern search Genetic Algorithm Simulated Annealing
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Conclusion

•Adaptive sampling is required when observational resources are limitedp p g q

•An optimization engine is required to search for an optimal experimental design

•Results show that the performance of pattern search is superior to genetic algorithms and simulated p f f p p g g
annealing

•Adaptive sampling requires an appropriate assimilation scheme that allows corrections 
in the current field  f
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