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Introduction
✘ Initial concept development

§ Relevance to manufacturing
§ Leverage SE to improve workplace 

safety
✘ Accidents involving fork lift trucks (FLTs)  

are a significant risk
§ Pedestrians struck by FLTs
§ FLT rollovers

✘ Systems engineering could be leveraged to 
apply emerging technology to prevent FLT 
accidents
§ Effective even when people don’t pay 

attention



Need for System
✘ Fork Lift Trucks characteristics -

§ Very heavy
§ Poor visibility
§ Often driven in reverse

✘ Widely used, even with new technology 
such as AGVs
§ 860,000 in use in U.S.1

✘ Accident Stats (NIOSH and NSC) -
§ 35,000 serious injuries annually2

§ Direct cost = $38K, Indirect cost = $150K3

§ 85 fatalities annually

1. https://www.oshasafetymanagement.com/blog/forklift-safety-infographic/
2. https://www.cdc.gov/niosh/docs/2001-109/default.html
3. https://www.ehstoday.com/forklift-safety/national-forklift-safety-day-giving-forklift-safety-platform



Need for System

✘ Increase visibility of FLTs
§ Blue LED lights – many options
§ RF Proximity sensors, such as ZoneSafe

✘ Dependent upon increasing awareness of FLT 
operators and pedestrians

RECENT ADVANCES



Need for System
EMERGING TECHNOLOGY

✘ Real time positioning systems - “indoor 
GPS”
§ Tracking inventory, people
§ Limited applications for tracking FLTs
§ Several technologies - Optical, RFID, 

UWB
§ A few safety systems - Q-Track 

SafeSpot
✘ Increase awareness but no capability for 

prevention



Requirements Development
✘ Stakeholders’ questionnaire

§ Safety personnel
§ Logistics personnel
§ Material handling vendor

✘ Scenario development
✘ Online research about enabling 

technology



✘Track locations with ultra 
wideband (UWB) RFID network

✘Use locations to identify potential 
collisions

✘Send warning to FLT operator
✘Send command to E-stop FLT
✘Prevent entry into unsecured trailer
✘Reduce congestion

§ Control traffic devices
§ Identify best route to FLT 

operator
✘Archive data for reports
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CONOPS



✘ Prevent pedestrians (or other 
vehicles) struck by FLT

✘ Prevent of  FLT entering unsecured 
trailers

✘ In-plant navigation to least-
congested route
§ Less congestion = fewer accidents
§ Control traffic devices

✘ Operate in safe mode (added)
§ Avoid production operation
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Scenarios



Prevent Pedestrians Struck by FLT

✘ Pedestrian or FLT driver does 
not see each other

✘ System identifies potential 
collision
§ Message to FLT GUI
§ Sound horn and lights

✘ Collision imminent
§ E-stop FLT
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Scenarios
Prevent FLT Entering Unsecured 
Trailer

✘ FLT approaches trailer
✘ System checks status of trailer 

restraint
✘ If trailer not secured -

§ Message to FLT GUI
§ E-stop FLT before it enters 

trailer
✘ Prevent release of trailer restraint if 

FLT inside trailer
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Functional Concept – Context Diagram



Place your screenshot here

Functional Tree
✘From Req’ts
✘From CONOPs

✘To refine higher 
level functions
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Functional Concept



Place your screenshot here

Functional Tree
✘All functions traced 

to requirements
✘All requirements 

traced to functions
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Functional Concept

LOOSE COUPLING STRONG BINDING

= COMPLETENESS



Functional Concept TOP LEVEL 
FBD
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TOP LEVEL 
N2



Physical 
Concept

Top Level 
Physical Block 
Diagram
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Physical 
Concept

P1- Tracking 
& Control 
Subsystem PBD
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Physical 
Concept

Data Flow 
Diagram



20

Physical 
Interfaces

Physical 
Concept
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Physical 
Concept

Physical to 
Functional 
Traceability

Note: combine these tables 



✘ Selection of technology for tracking the 
locations of  vehicles and  pedestrians

✘ Significant impact on successful 
implementation of system
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Trade Study
Alternatives

Wireless Sensor Network
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Trade Study

✘ Selection criteria, mapped 
to requirements

✘ Requirements were 
updated to align with trade 
study criteria

✘ Security protocol and 
scalability were not used 
for trade study because all 
alternatives had similar 
performance
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Trade Study

Range Accuracy Refresh Rate Tag Weight Tag Time

A B C D E
Range A 1.00 0.33 0.50 3 2 1.00 1.00 0.15
Accuracy B 3.00 1.00 1.5 9 6 243.24 3.00 0.44
Refresh Rate C 2.00 0.67 1.00 6 4 32.00 2.00 0.29
Tag Weight D 0.33 0.11 0.17 1.00 0.67 0.004 0.33 0.05
Tag Time E 0.50 0.17 0.25 1.50 1.00 0.03 0.50 0.07

6.83 1.00

Normalized 
Weighting 

Factor

Criteria
Row Products Nth Root

Weighting Criteria 
Matrix

Nth Root Pair Wise 
Waiting
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Trade Study
Utility Curves for Each Criteria

Raw Utility Scores



✘ Best utility scores for all criteria
✘ Highest cost-benefit score overall
✘ Sensitivity analysis confirmed selection
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Trade Study

Final Selection Ultra Wideband RFID 
RFID
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Requirements Summary

Project Stage Total Quantitative % Binary Qualitative
Requirements 
Analysis Report 154 55 36 57 37

Functional Analysis
218 61 28 114 43

Trade Study
Report 219 78 36 108 42

Conceptual 
Design 224 92 41 102 30

System 
Specifications 223 179 80 44 0

Risk Management 
Plan 223 179 80 44 0

Test Plan 223 180 80 44 0
FINAL 223 180 80 44 0
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Key Performance Parameters
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Risk Summary



Risk 
Example
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Final Concept

✘ Lots of changes to requirements during project 
development

✘ Final concept enhanced, but still similar to proposal
§ Added safe mode to prevent disruption to 

production operations
✘ Successful implementation of the system will reduce 

workplace injuries



✘ Successful implementation of the system is highly dependent on 
development of traffic management software
§ Track simultaneously
§ Predict collisions
§ Make successful interventions

✘ Need a IT team for software development and architecture
✘ Further engineering review is needed to validate the quantitative 

requirements and their aggregate effects
✘ Cost and complexity may be barriers to customer acceptance
✘ Pilot project highly recommended
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Further Work
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Lessons Learned
✘ Maintaining traceability was a challenge
✘ Did not use CORE due to:

§ Perceived learning curve
§ Reduced flexibility in formatting diagrams

✘ Development of the project was highly iterative
✘ Version control was important

§ Once change caused a cascade of other changes
§ Would have been unmanageable as a group project without a 

formal process
✘ Project may have been too complex - would focus on core 

capabilities
§ Real time location tracking
§ Collision prevention
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Recommendations

✘ Liked “applied” approach to program
✘ Liked mentor process for final project
✘ Recommend breaking up group projects into multiple assignments 

(some classes already do this)
✘ Recommend adding more (but not too much) “systems thinking” 

topics that go beyond project development
✘ More case studies outside of military applications
✘ Anything but Adobe Connect….



Thanks!
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Questions?

ghought2@ford.com


