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Research Objectives

* Propose adaptive modeling
processes for NGLS
automation.

* Assist in calculating, valuing,
and optimizing UNREP
equipment and operations.

* Explore technology
development, investment
costs, and benefits.
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Literature Review & Gap

Koteskey (2020): Highlighted the significant portion of
refueling time taken by in-port refueling for U.S. Naval
surface combatants. Emphasized the strategic need for
underway replenishment (UNREP) in operational scenarios
where conventional supply ports are inaccessible.

Miller et al. (1987): Described the evolution of the US
Navy's Underway Replenishment Fleet from small CaEFO
ships to technologically advanced vessels capable of day
and night operations in varying weather conditions.

Hewgley & Yakimenko (2009): Investigated precision-

guided airdrops as innovative UNREP techniques,
resenting autonomous cargo packages as a potential
uture direction.

Curtin (2001): Develolged a conceptual model merging
UNREP processes with operational scenarios, suggesting

enhancements in helicopter lift capacity could significantly
reduce UNREP cycle times.

= Technology Gap
|dentified: Despite
advancements, the need
for automated and
uncrewed UNREP
solutions remains largely
unaddressed, especially
in the context of
distributed maritime
operations and advanced
technology integration.
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Briefly mention how this research builds on the findings of Koteskey, Miller et al., and others, by focusing on automation and minimal crew operations to enhance efficiency and safety in naval logistics.
Emphasize the novelty of applying advanced analytical and risk management methodologies, such as Monte Carlo simulation and stochastic forecasting, to UNREP processes.
Highlight the strategic importance of this research in addressing the identified technology gap, setting the stage for future innovations in naval logistics and operations.
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Methodological Approach

Advanced Analytical Techniques:

= Monte Carlo Simulation: Utilized to perform
stochastic forecasting and uncertainty modeling,
crucial for evaluating the viability of automated
and uncrewed UNREP systems under various
scenarios.

= Stochastic Forecasting: Applied to predict
technology development durations, investment
costs, and potential benefits, ensuring
comprehensive planning and risk assessment.

Strategic Real Options:

" |ncorporated to quantify and hedge against
prototyping uncertainty, allowing for flexible
decision-making in the face of technological and
operational risks.

Integrated Risk Management (IRM):
= Knowledge Value Add (KVA)

Analysis: Adopted to assess the
return on knowledge (ROK) and
return on investment (ROI)
across different UNREP
subprocesses, facilitating a
guantifiable measure of
potential improvements.

Portfolio Optimization: Enabled
the selection of optimal
technology development paths
based on cost, benefit, and risk
profiles, ensuring efficient
allocation of resources.


Presenter
Presentation Notes
Stress the importance of adopting advanced analytical techniques to tackle the complexities of automating NGLS and UNREP operations.
Highlight how these methodologies allow for a deep dive into the risks, costs, and potential benefits associated with different technological paths, providing a solid foundation for strategic decision-making.
Mention the collaborative aspect of the research, involving experts in information science, operations research, and naval operations, to emphasize the interdisciplinary approach taken.
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Key Findings and AoA

= Enhanced Operational Efficiency = Automated UNREP Systems
= Strategic Advantages of Uncrewed = Uncrewed Surface Vessels (USVs) for
Operations UNREP

= Resilience and Adaptability = Hybrid Crewed-Uncrewed Systems
= Future Readiness ’
= Cost-Benefit Analysis

= Risk Management and Forecasting
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Enhanced Operational Efficiency:
Automation and uncrewed technologies significantly reduce the time and manpower required for UNREP operations, promising a more agile and responsive naval logistics chain. Not only that, they contribute to the Navy's ability to rapidly adjust and respond to dynamic operational environments and threats.
Strategic Advantages of Uncrewed Operations:
Uncrewed UNREP technologies not only minimize the risk to human life in potentially hostile environments but also increase the operational range and duration of naval forces.
Cost-Benefit Analysis:
Advanced analytical models project substantial long-term savings and operational benefits, outweighing initial investment costs in automation technologies.
Risk Management and Forecasting:
Integrated risk management methodologies, including Monte Carlo simulation and stochastic forecasting, enable effective planning and risk mitigation strategies for implementing new technologies.
Resilience and Adaptability:
In modern military operations, adaptability to unexpected challenges is key to maintaining operational continuity and effectiveness. The implementation of automated and uncrewed systems enhances the Navy's resilience to operational disruptions and environmental challenges, ensuring sustained effectiveness under diverse conditions.
Future Readiness:
The adoption of automated and uncrewed systems positions the U.S. Navy at the forefront of technological innovation, ready to meet future challenges with advanced logistical capabilities. We have to obtain the strategic foresight in developing resilient logistic systems that can withstand and adapt to future technological, environmental, and geopolitical shifts, ensuring long-term sustainability and readiness.

Current "Analog" UNREP Processes:
Relies heavily on manual operations and traditional communication methods.
Challenges: High manpower requirements, limited operational flexibility, and increased risk in hostile environments.
Automated UNREP Systems:
Incorporates advanced robotics, AI, and machine learning to automate cargo handling and transfer processes.
Benefits: Reduces manpower needs, enhances precision and safety, and improves operational efficiency.
Uncrewed Surface Vessels (USVs) for UNREP:
Utilizes autonomous vessels equipped with automated cargo transfer systems for logistics support.
Benefits: Extends operational range, minimizes human risk, and increases logistical throughput in distributed maritime operations.
Hybrid Crewed-Uncrewed Systems:
Combines crewed logistics vessels with uncrewed aerial or surface drones for cargo delivery and replenishment.
Benefits: Balances human oversight with automation advantages, providing a versatile and adaptable logistical support framework.
Strategic Consideration:
While fully automated and uncrewed systems offer significant advancements in efficiency and safety, hybrid systems may present a practical transitional approach by leveraging current infrastructure with emerging technologies for immediate improvements and future scalability.


L, AL Current “Analog” UNREP Process

emmemm? POSTGRADUATE
\Z SCHOOL

Start Maneuver to

Process
LUMNREP plan
established via
MOWVE DRDER.
Logistics demand

If VERTREFP anly, the overall
formation guide will remain with the
senlor 0,

Ships are usually 5-12 miles apart far
VERTREP but sometimes further.
Winds will determine potential
courses to steer for safe helicopter
operations.

CONREP or

CONREP/FAS -

- [ CONREP/FAS ‘

Usually, the transfer ship
will be the formation
Guide and fly the “GOLF"
flag.



Presenter
Presentation Notes
Current "Analog" UNREP Processes:
Relies heavily on manual operations and traditional communication methods.
Challenges: High manpower requirements, limited operational flexibility, and increased risk in hostile environments.
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. o Station Lo i et
Process ines md Begin

Conmirmun icating

Process TLT Total K Expenses Revenues | Denominator [ Numerator

1. Maneuvering to Station 26400.00 26400.00 | 460,930 5 242,789 560,930 5242,789
2. Comm lines connected 5280.00 5280.00 | 510,508 5 48,558 510,508 5 48,558
3.Set-up Agreement Procedures 35200.00 | 25200.00 | $ 23,654 $ 323,719 $ 23,654 $ 323,719
4. Tension lines received 17600.00 17600.00 | 58,326 5 161,859 58,326 5 161,859
5. Maintain Distance and Speed 35200.00 35200.00 | 549,378 5323,719 549,378 5323,719
6. Cable Pulled In 8800.00 | 8800.00| & 9,433 $ 80,930 $9,433 $ 80,930
7. Hose Shotline Over &800.00 B8200.00 | 526,940 5 80,930 5 26,940 580,930
&. Connect Hoses 3520.00 3520.00 | 58,478 532,372 58,478 532,372
9. Completion and Disengagement 32160.00 | 32160.00 | 58,055 5 295,761 5 8,055 5 295,761
(Breakaway)
Total 140800.00 | 172960.00 | 5197,647 51,294,875 5 197,647 51,294,875
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charts showcasing the projected improvements in operational efficiency and cost savings over time, contrasting current (As-Is) and future (To-Be) scenarios
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charts showcasing the projected improvements in operational efficiency and cost savings over time, contrasting current (As-Is) and future (To-Be) scenarios
Automated UNREP Systems:
Incorporates advanced robotics, AI, and machine learning to automate cargo handling and transfer processes.
Benefits: Reduces manpower needs, enhances precision and safety, and improves operational efficiency.
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charts showcasing the projected improvements in operational efficiency and cost savings over time, contrasting current (As-Is) and future (To-Be) scenarios
Automated UNREP Systems:
Incorporates advanced robotics, AI, and machine learning to automate cargo handling and transfer processes.
Benefits: Reduces manpower needs, enhances precision and safety, and improves operational efficiency.
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Conclusions and Pathways for Future Research

= Demonstrated the feasibility and
strategic benefits of integrating
advanced automation, Al, and
uncrewed technologies in naval logistics
operations.

= |dentified significant potential for
operational efficiency gains, cost
reductions, and enhanced safety
through the proposed technological
paths.

= Applied sophisticated analytical
methods, including Monte Carlo
simulations and risk management
techniques such as KVA, to model and
optimize logistics scenarios.

Technology Development: Continued
innovation in Al, robotics, and autonomous
vessel technologies to further enhance
capability and reliability.

Operational Integration: Studies on the
seamless integration of automated and
uncrewed systems into existing naval logistics
frameworks, focusing on interoperability and
human-machine teaming.

Strategic Impact Assessment: Evaluation of the
long-term strategic implications of advanced
logistics automation on global naval operations
and maritime security.

Resilience and Adaptability: Research into
enhancing the resilience of automated logistics
systems against cyber and physical threats,
ensuring operational continuity under adverse
conditions.
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Presentation Notes
Emphasize the groundbreaking nature of the research and its implications for transforming naval logistics.
Highlight the importance of continued exploration and development to realize the full potential of these technologies.
Stress the need for cross-disciplinary collaboration, involving experts from technology, strategy, and operations to address the complex challenges of future naval logistics.


NAVAL POSTGRADUATE SCHOOL

References

Chen, G. R., & Fang, M. C. (2001). Hydrodynamic interactions between
two ships advancing in waves. Ocean Engineering, 28(8), 1053-1078.
Retrieved:
https://www.sciencedirect.com/science/article/abs/pii/S0029801800000
421

Curtin, M. J. (2001). Analysis of Inter/Intra Ship Materiel Movement in
Sea-Based Logistics Using Simulation. NAVAL POSTGRADUATE SCHOOL
MONTEREY CA. Retrieved: https://apps.dtic.mil/sti/pdfs/ADA395806.pdf

Department of the Navy, 2001. Naval Warfare Publication—Underway
Replenishment (NWP 4-01.4). Retrieved:
https://maritime.org/doc/pdf/unrep-nwp04-01.pdf

Dunn, J. S. (1992). Scheduling underway replenishment as a generalized
orienteering problem. NAVAL POSTGRADUATE SCHOOL MONTEREY CA.
Retrieved: https://apps.dtic.mil/dtic/tr/fulltext/u2/a256205.pdf

Fu,S. H.S., & Haddad, W. M. (2003). Nonlinear adaptive tracking of
surface vessels with exogenous disturbances. Asian Journal of Control,
5(1), 88-103. Accessed:
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1934-
6093.2003.tb00100.x

Hewgley, C., & Yakimenko, O. (2009, May). Precision-guided airdrop for
vertical replenishment of naval vessels. In 20th AIAA Aerodynamic
Decelerator Systems Technology Conference and Seminar (p. 2995).
Retrieved: https://apps.dtic.mil/sti/pdfs/ADA517932.pdf

Koteskey, T. (2020). Sﬁending Towards Strateg&/: Restructuring the US
Navy to Support Offshore Balancing. Retrieved: https://j?as.org/wp-
content/uploads/2021/01/MPF-Paper-Tyler-Koteskey.pd

Kyrkjebg, E., Wondergem, M., Pettersen, K. Y., & Nijmeijer, H. (2004).
Experimental results on synchronization control of ship rendezvous
operations. IFAC Proceedings Volumes, 37(10), 453-458.

Miller, M. O., Hammett, J. W., & Murphy, T. P. (1987). The
Development of the US Navy Underway Replenishment Fleet.
Society of Naval Architects and Marine Engineers-Transactions, 95.
Retrieved: https://trid.trb.org/view/403682

Rowling, S. J., Teo, M., & West, M. (2019). Multi-stock replenishment
of naval vessels by specialist replenishment ships. Accessed:
10.36334/modsim.2019.B2.rowling

United States Department of the Army. (2008). Inventory
Management- Supply Policy Below the National Level: Army
regulation 710 2.
h'étgas://armypubs.army.miI/epubs/DR_pubs/DR_a/pdf/web/r710_2.
P

Underway replenishment (UNREP) - Navy Ships. Web Mar 6, 1999.
Retrieved: https://man.fas.org/dod-101/sys/ship/unrep.htm




\S PRAESTANTIA PER SCIENT Az 7
D

N\

NAVAL

POSTGRADUATE

SCHOOL

Professor Tom
Housel, PhD

eProfessor of Information
Sciences

eDepartment of Information
Sciences PhD Committee
Chair

eAccounting, Economics &
Information Systems

eInformation Operations

Contributors

Professor Johnathan
Mun, PhD

eProfessor of Research

eStructured Equation
Modeling

eSimulation and Forecasting

*Project Management
Research

*Optimization Research

eReal Options Analysis

Professor Shelley
Gallup, PhD

eAssociate Professor of
Research

eMaritime Experimentation
and domain awareness

eDesign of Large-Scale
Experiments and
knowledge engineering

LCDR Nabil Tahan

eDepartment of Information
Sciences Doctoral
Candidate

eActive-duty Medical
Service Corps officer

eStructured Equation
Modeling and Resilience
Research




	Slide Number 1
	Agenda
	Research Objectives
	Literature Review & Gap
	Methodological Approach
	Key Findings and AoA
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Conclusions and Pathways for Future Research
	References
	Slide Number 13

