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Why DFOS for shipbuilding?
Continuous, distributed sensing for safety and structural health monitoring, enable condition-based
maintenance, and support shipboard operation

USS Bonhomme Richard fire, July 2020
Earlier warning and faster fault localization

Immune to electromagnetic interference
Optical sensing near power cables and motors.

Robust, passive sensing
Protective packaging for harsh shipboard conditions.

Distributed coverage
Thousands of sensing locations along cable routes.

Multimodal measurements
Temperature, acoustic/vibration, vibration, load, water flooding, 
fire
Retrofit deployment
Reuse compatible spare fiber or attach sensing
fiber to existing cables and pathways.

Training enables reliable installation, commissioning, and interpretation.

Photo: U.S. Navy / MC3 Mar’Queon A. D. Tramble, DVIDS 6273814.  *With appropriate fiber, packaging, and interrogation.
Illustrative incident; DFOS prevention of this event has not been established.

Presenter Notes
Presentation Notes
Suggested speaking time: 50–60 seconds.

A ship contains long cable routes and equipment spaces that are difficult to monitor continuously. Optical sensing avoids electromagnetic pickup at the sensing fiber and can provide distributed temperature, acoustic or vibration, and strain measurements with the appropriate sensing fibers and interrogators. Packaging determines durability and coupling. Compatible spare optical fibers may be reused after checking optical loss, fiber type, routing and coupling. Alternatively, sensing fiber or smart tape can attach to existing electrical cables and pathways. Copper conductors do not themselves become DFOS sensors, and active communications fibers should not be presumed available.

The Bonhomme Richard photograph illustrates the consequences of a shipboard fire during a maintenance availability. It does not establish that DFOS would have prevented this event. Present the proposed benefit as earlier thermal warning, localization and decision support, subject to demonstrated coverage, response and operational procedures. DFOS complements required fire protection and trained response.

Training connection: correct installation, commissioning and interpretation are needed to turn these sensing capabilities into useful shipyard and shipboard monitoring.

Sources:
1. Photo: U.S. Navy, Mass Communication Specialist 3rd Class Mar'Queon A. D. Tramble. USS Bonhomme Richard (LHD 6) Fire. DVIDS image 6273814, VIRIN 200713-N-TO792-1007. Public domain. https://www.dvidshub.net/image/6273814/uss-bonhomme-richard-lhd-6-fire
2. U.S. Navy. Navy Releases Extensive Bonhomme Richard Fire Report, Major Fires Review. October 20, 2021. https://www.navy.mil/Press-Office/News-Stories/display-news/Article/2816283/navy-releases-extensive-bonhomme-richard-fire-report-major-fires-review/
3. Luna. Distributed Vibration Monitoring (os7500). Passive sensing, EMI immunity, multiplexing, and multi-parameter measurement. https://lunainc.com/distributed-vibration-monitoring-os7500-fiber-optic-accelerometer
4. Silixa. Carina Sensing System. Compatible standard single-mode and multimode fibers; additional fibers can provide independent temperature and static strain sensing. https://silixa.com/technology/carina-sensing-system/
5. NSRP. Installation of a Distributed Temperature Sensing System for Electrical Plant Monitoring (2019-477-006). Ship electrical switchboard monitoring application. https://www.nsrp.org/project/installation-of-a-distributed-temperature-sensing-system-for-electrical-plant-monitoring-2019-477-006/
6. User-provided AiMiLi-NSRP.pptx supplied the presentation background, Arial typography, and project context.

No endorsement by the U.S. Navy or Department of Defense is implied.



A shipwide sensing nervous system
Ture qualified spare optical fibers into hundreds of thousand of sensors for broad coverage and focused 
equipment monitoring.

Fiber as the distributed sensor
DTS temperature and DAS acoustic/vibration coverage

Fiber as the connection to local sensors
Focused FBG / SoFi measurements at selected equipment

Conceptual architecture. Fiber suitability depends on optical condition, routing, and sensing coupling.

Presenter Notes
Presentation Notes
Suggested position: immediately after the Why DFOS slide. Suggested speaking time: 45–60 seconds.

Suggested narration: A ship already has an extensive fiber-optic cable plant. We propose to qualify selected spare optical fibers and use them in two complementary ways. First, the fiber itself can provide distributed temperature and acoustic/vibration measurements along suitable cable routes. Second, other spare fibers can carry optical signals between interrogators and local FBG or Sensor-over-Fiber devices at selected equipment. These local sensors can target strain, load, pressure, flooding or electrical-current measurements according to the transducer. The goal is broader coverage using shared existing pathways and centralized interrogation, with focused measurements where cable-based coverage is insufficient.

Technical interpretation: This is a conceptual architecture, not an optical wiring diagram or a drawing of a particular ship. Colored lines denote separate fiber assignments within the existing cable plant. Purple routes represent individual dedicated fibers or appropriately multiplexed sensor chains, not arbitrary passive T branches on a single fiber. Select fiber type, interrogator, connectors, loss budget, route, temperature response and mechanical coupling for each application. Existing communications fibers are not assumed available. Electrical copper conductors do not serve as the optical sensing fiber. Separate measurement channels and application-specific interrogators or interfaces may be required. Some Sensor-over-Fiber heads may require local power, depending on device design.

The project will evaluate the architecture and determine suitability and operating limits. This illustration does not imply completed qualification, universal compatibility, MIL-spec certification or demonstrated shipboard performance.

Source concept: user-supplied NSRP-smart-cable.pdf, page 2, Problem Statement and Concept Description and Figure 1; page 3, sensing demonstrations and architecture. Local PDF: C:/Users/pchen/Desktop/NSRP-smart-cable.pdf.
Supporting primary sources:
Luna, Fiber-Optic Strain Sensing: multiplexed FBG sensor networks. https://www.lunainc.com/capability/strain
Luna, Distributed Vibration Monitoring os7500: multiplexed multi-parameter optical sensing. https://lunainc.com/distributed-vibration-monitoring-os7500-fiber-optic-accelerometer
Luna/LIOS, Distributed Temperature Sensing: optical fiber as the continuous temperature sensor. https://lios.lunainc.com/technology/distributed-temperature-sensing/
Prisma Photonics, Our Technology: standard existing fiber connected to an optical interrogator. https://www.prismaphotonics.com/our-technology/

Illustration: AI-generated conceptual engineering illustration using the built-in image generation tool. Final generation prompt: Create a wide, clean professional gray naval-ship cutaway. Highlight an existing jacketed shipboard fiber-optic cable plant. Show separate spare cyan DAS and orange-red DTS fibers acting as distributed sensors and separate purple spare optical-fiber links from centralized interrogation to local FBG/SoFi heads at machinery, structure and bilge. Include a magnified cable cross-section identifying spare optical fibers. Use only short clear labels, pale background and restrained navy/cyan/orange/purple accents. No logos, invented numerical specifications, certification claims or platform-specific details.

Background and Arial typography follow the user's AiMiLi-NSRP.pptx.
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DFOS using cable with AI agent analytics
Field deployment of smart-tape sensor for temp. & ground vibration sensing 

Broader plant value



AI makes DFOS easy – no need for vendor DFOS specialist
We need to understand the technology – that is the point of this project

•Natural-language setup of monitoring tasks 
and visualizations.

•Event localization and temperature–vibration 
comparison.

•Targeted reanalysis using validated 
processing tools.

•Evidence-linked findings with plots and 
technical references.

•Reusable tools and AI-assisted software 
development to reduce customization effort.

“Investigate vibration near Pump 2 and
compare it with the temperature trend.”

Existing vehicle-event agent demonstration
Shipboard workflow adaptation is proposed.

Training focus: supported AI workflows, evidence checking, and operator review.
Reliable measurements still require correct installation and calibration.

Presenter Notes
Presentation Notes
Suggested speaking time: 45–60 seconds.

Source: user-provided Project Narrative-Phase 2-final.pdf, Objective 2 and Task 2b, pages 8–10, particularly page 9 and Figure 7. D:/download_new/my works-June2020/AiMiLi/AiMiLi_Proposals/DoE26-phase 2-cable/submitted forms/Project Narrative-Phase 2-final.pdf

The nuclear cable-monitoring proposal describes a proposed supervisory agent using curated references, deployment metadata and validated analysis tools. It would translate natural-language requests into supported monitoring operations, localize events, compare temperature and acoustic activity, perform focused reanalysis and generate evidence-linked reports. The slide adapts these ideas to shipyard users. Reduced customization effort is an intended benefit, not a quantified demonstrated saving.

The screenshot is the existing vehicle-crossing incident-agent demonstration from Figure 7. It demonstrates the preliminary workflow, not a shipboard deployment or completed validation of every proposed capability. Shipboard examples, including the Pump 2 request, are illustrative training scenarios.

For the NSRP training project, teach supported functions using available instruments/software and recorded cases. This slide does not add a new GPU hardware or LLM development program to the $200,000 workforce scope. AI-assisted software development is an engineering support method. Trainees use documented and validated workflows rather than unverified generated code. Physical installation, optical checks, calibration and measurement acceptance remain essential. Continuous sensing must not depend on an agent response. Any setting changes must remain within supported controls and approved procedures.

Proposed classroom example: ask the agent to compare a localized vibration event with temperature and available FBG strain trends. Require trainees to inspect source plots, map the sensor location and identify what evidence is missing before recommending an inspection.

Background and Arial typography follow AiMiLi-NSRP.pptx.



DFOS workforce development and transfer
Proposed 12-month project: $200,000 to develop, validate, and transfer a reusable training program.

Schedule Development and validation Tangible outputs

Months 1–3 Define shipyard job tasks, priority 
applications, and competency baselines.

Requirements matrix and practical assessment 
criteria.

Months 3–6 Develop FBG, DAS, and DTS lessons and 
controlled fault exercises.

Curriculum, 2 reusable training kits, reference 
datasets, and instructor guides.

Months 7–9 Deliver 2 pilot cohorts. Assess installation, 
interpretation, and troubleshooting.

Measured learning gains and revised 
exercises.

Months 10–12 Prepare shipyard instructors and transfer the 
training package.

Train-the-trainer materials and repeat-delivery 
guidance.

Six training modules with practical competency assessments

Evaluation: installation errors, calibration and localization accuracy, troubleshooting time,
and independent competency. Instructor materials support continued delivery across shipyards.

•Fiber handling and commissioning
•DAS vibration monitoring

•FBG temperature and strain
•AI-assisted diagnostics

•DTS thermal mapping
•Installation and troubleshooting

Presenter Notes
Presentation Notes
Suggested speaking time: 60–90 seconds.

The $200,000 request supports a 12-month workforce development, validation and transfer project. Shipyard requirements will drive six modules combining concise lectures, demonstrations, supervised practice and independent competency assessment. Contact hours and module sequencing will be established with the participating shipyards after identifying job roles, prior experience and the performance needed. No fixed total course duration is proposed on this slide.

MODULES:
1. Fiber handling and commissioning: optical and equipment safety, safe handling, connector inspection and cleaning, bend management, routing, optical-loss checks, location mapping and baseline records.
2. FBG temperature and strain: wavelength response, multiplexing, mounting and packaging, calibration against load and temperature references, cross-sensitivity and temperature compensation. Practical exercise: install and calibrate packaged sensors on a beam or machinery-mount assembly.
3. DTS thermal mapping: distributed temperature, spatial sampling versus sensing resolution, averaging, response time, calibration and thermal contact. Practical exercise: install sensing tape on a cable mockup, locate controlled heating and compare with thermocouples.
4. DAS vibration monitoring: distributed acoustic response, gauge length, mounting and coupling, spectral features, background noise and event localization. Practical exercise: attach fiber to a pipe or machinery training rig, locate controlled vibration and compare mounting methods under fixed interrogator settings.
5. AI-assisted diagnostics: supported natural-language requests, event retrieval, temperature–vibration comparison, source-plot inspection, evidence quality, uncertainty, unsupported conclusions and operator review. Use available validated software and recorded or controlled cases.
6. Installation and troubleshooting: integrated installation, commissioning and investigation of an unfamiliar fault case. Participants document findings and uncertainty and explain their maintenance-oriented recommendation using measurements.

Delivery uses modular classroom instruction, supervised equipment exercises, repeat practice and feedback. Participants progress according to practical competency rather than completion of a single short course. All mandatory safety steps must be demonstrated. Numerical measurement acceptance thresholds will be established from actual equipment and reference uncertainties before pilot assessment.

Proposed project targets: 2 reusable training kits, 2 pilot cohorts, revised curriculum and instructor guides, reference datasets and repeat-delivery guidance. Final cohort size, module duration, instructor effort and host sites require agreement through the final project scope and budget. Existing interrogators may be shared or made available at training stations. The two kits are not assumed to include complete independent FBG, DAS and DTS instruments each.

Evaluation: entry experience, observed installation errors, calibration error, localization accuracy, troubleshooting time and independent practical competency. Record assistance and prior experience. Compare matched cases with and without AI support where appropriate. Pilot feedback drives revision.

Months 1–3 establish requirements and baseline competencies. Months 3–6 develop and test modules and kits. Months 7–9 deliver and evaluate two pilot cohorts. Months 10–12 prepare shipyard instructors and transfer the package for continued delivery. Activities may overlap as shown.

Budget rationale: personnel effort for shipyard task analysis, curriculum and lab development, kit materials and instrument access, pilot delivery, assessment, revision, instructor transfer and reporting. The instructional modules are part of these year-long outputs. Scope does not include a new GPU interrogator or a new foundation-model development program.

Source project context: AiMiLi-NSRP.pptx supplied by the user, including the $200,000 request and 12-month project. This revision follows the user's request for modules instead of a fixed 16-hour course.

NSRP precedent: Standardized Welding Curriculum and Testing for Shipyards (2005-337A-R29), 2013, $150,000 NSRP investment. This precedent illustrates funding curriculum development, practical materials, pilot testing and transfer; it does not determine this project's exact cost. https://www.nsrp.org/project/standardized-welding-curriculum-and-testing-for-shipyards/
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Accelerating Workforce Readiness in Fiber-Optic Sensing for Shipboard Applications
Project Lead Organization: AiMiLi Inc., Corning Inc, and RSL Fiber Systems Inc.
Project Team Members: Pittsburgh Laser Engine – University of Pittsburgh, Penn State Electro-Optic Center

Issue: Distributed Fiber-optic sensors (DFOSs) are increasingly used aboard Navy 
ships as a neural network for fire detection, machinery and electrical-system 
monitoring, and condition-based maintenance. However, shipyards lack 
standardized training in installing, testing, troubleshooting, and interpreting DFOS 
information, limiting adoption & increasing reliance on outside specialists.
Proposed Solution(s): Develop and demonstrate a standardized, hands-on DFOS 
training program for shipyard technicians and engineers. Modular instruction will 
cover Distributed acoustic sensor (DAS), Distributed temperature sensors (DTS), FBG 
sensors, and Sensor-over-Fiber (SoF) technologies; shipboard installation; 
interrogator operation; data interpretation; system testing; and troubleshooting. 
Pilot courses, competency assessments, and train-the-trainer materials will support 
industry-wide adoption.

Benefits of the Project:
• Accelerates adoption of DAS, DTS, FBG, and SoFi technologies.
• Establishes consistent DFOS skills across shipyards.
• Reduces training time for DFOS technology and reliance on external 

specialists.
• Creates reusable training materials and a train-the-trainer framework for 

industry-wide implementation.
• Improves installation quality, testing accuracy, and troubleshooting 

efficiency.
• Supports fire safety, machinery diagnostics, condition-based maintenance, 

and ship readiness.

High Level Statement of Work:
• Define DFOS training requirements and targeted shipyard roles.
• Develop modular instruction for DAS, DTS, FBG, and SoFi systems.
• Create hands-on exercises for installation, testing, operation, and troubleshooting.
• Conduct pilot training and competency assessments.
• Refine and deliver train-the-trainer materials.
 Metric(s) of Success:
• Standardized DFOS curriculum completed.
• Hands-on training modules and materials delivered.
• At least two shipboard applications demonstrated.
• Trainee competency improvement validated.
• Industry implementation and training-transfer plan completed.

Project Estimated Cost:
• $ 200,000
• 1 year duration
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