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Operational-Level Optimization of Autonomous
Logistics Enterprises
◦ Research Project Summary

}

Continuing the Discussion
◦ What are top priority areas for basic research?
◦ For applied research?
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Future military operations will involve distributed operations
ashore supported from seabases:
◦ Must supply smaller, more numerous, and more agile,
forward-deployed units
◦ These supplies will be increasingly delivered by
autonomous vehicles – on air, land, and sea

}

These new delivery systems

◦ Will contribute to precision logistics solutions,
◦ Introduce challenges into enterprise-level logistics
management
◦ These challenges must be studied in an integrated and
comprehensive way
◦ This research seeks to begin to address such study
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There is no integrated and comprehensive
family of models that enables analysts to
study:

◦ Multiple objectives, constraints, and unmanned /
autonomous system types
◦ At the enterprise level
◦ Across a range of scenarios

}

In particular, there is no fundamental
scientific research examining the “platform
mix problem.”
◦ This problem asks, “How does an organization
efficiently allocate the mixed set of autonomous
logistics systems needed to support distributed
operations in the future?”
◦ We seek to address this problem
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This project explores a series of interrelated logistical
problems in the unmanned/autonomous context
The technical challenges include:
1.
2.
3.
4.
5.
6.

Effectively decomposing entire problem sets into manageable subproblems
Selecting, developing, testing, and assessing models for each subproblem
Confirming the bounds of tractability for each sub-problem/model
combination
Identifying, developing, and/or reformulating exact or heuristic
solution procedures for each sub-problem/model combination
Integrating multiple models and their respective exact and heuristic
solutions into a metaheuristic solution system (or a “formulation of
formulations”)
Measuring and tuning the performance of component solutions
as well as the overarching metaheuristic.
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Our plan is to decompose these challenges into manageable sub-problems/models/solutions, which can be
reintegrated to provide a “formulation of formulations” through which to optimize platform mix.
An Illustrative Design of a Model-Level Technical Approach to the
Platform Mix Problem, with Potential Problem/Solution Modules
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Intractability

}

The “metaheuristic challenge”

◦ Many sub-problems will exhaust existing methods.
◦ Discovering the bounds of tractability
◦ We need computational approaches to solving a family of interdependent
sub-models, and to the global operational system comprised of those submodels.
◦ This is the “Metaheuristic Challenge” associated with building
metaheuristic solution systems to solve groups of interdependent NP-hard
problems.
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Integration and tuning

◦ Integrating all of the separate modules into one metaheuristic solution
system will be difficult.
◦ Input/output relationships among every pair of modules must be correct
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Leadership Team of the Center for Location Science
◦ PI: Kevin M. Curtin, PhD
◦ Co-PI: Alec L. Barker, PhD

}

Sub-awardee: Group W Inc
◦ Analysts, developers, computer scientists, and statisticians with
extensive experience in military operations research

}

Students
}
}

GRAs
Student Interns
}

}

Graduate and Undergraduate

Other Affliated Students
}

Interested Graduate Students
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New Vehicles
◦ Across scales
 Small quadcopters to payloads in the
thousands of pounds

◦ Platforms/Designs
 Quad/hex/octo-copters are this
generation
 What is next?
}

New Research in Education
◦ Current curriculum has grow and
change
◦ To meet the needs of industry,
government, academia
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New models for delivery
◦ Last-mile delivery
◦ Parallel Drone
 Trucks and UAVs work in
tandem
 Both from the same depot

◦ Flying Sidekick model
 UAV uses the Truck as its depot
 Leaves from, and returns to
Truck along its route

◦ CC Murray, May 2015
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Sensor Output Analysis
◦ Data capture is ongoing

 Photo/Video
 Atmospheric conditions
 Flight parameters

◦ What are the analytical capabilities to
mine this data for information?
 Computational Statisticians
 Data Mining Experts
 Integrating Data Scientists with
application area experts
 Geographic Information Analysts
 Spatial statisticians
11

}
}
}

1) Non-cost objectives
2) Social – Behavioral research on logistics
3) Educational Research
◦ What are the best formats?
◦ Advantages/disadvantages of learning formats
◦ What do employers need

}

4) Policy Research
◦ As the rules change logistical operations change

}

Thank you
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