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Project Objective
The objective of this project is to 
autonomously minimize inertial 
forces during propulsion and 

integrate with a concealed tracking 
device.
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MotivationStakeholders

Kathleen Bodden

Central Intelligence 
Agency

Shayne McConomy
FAMU-FSU College of 

Engineering 

Camilo Ordoñez
FAMU-FSU College of 

Engineering 
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Engineering 
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Key Goals

Integrated with Team 504 Autonomous Maintain velocity Minimize inertial losses

Kathleen Bodden
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Customer Needs

Kathleen Bodden

Lightweight
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Customer Needs
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Integration
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Customer Needs
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Maintain Velocity
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Customer Needs
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Obstacles
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Customer Needs

Kathleen Bodden

Camera Placement
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Functional Decomposition
Hierarchy Flow Chart

Support Propulsion

Carries Load AccelerateDecelerate

Generate 
equal-

opposite 
force

Generate 
force in 

direction of 
motion

Remove 
force in 

direction of 
motion

Kathleen Bodden
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Functional Decomposition
Hierarchy Flow Chart

Navigation Signal

Negotiate 
turns / 

cornering

Induce Yaw 
motion

Resist Roll 
Motion

Generate 
tire lateral 

forces

Generate tire 
longitudinal 

forces

Generate 
aerodynamic 

forces

Generate 
weight 

distribution

Sense 
vehicle 
position

Sense 
velocity

Measure tire 
speed and 

heading angle 

Gather and 
update 

position data

Kathleen Bodden
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Targets & Metrics

David Gordon
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Concept Generation

Kathleen Bodden

Morphological Chart Brainstorming Biomimicry
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Concept Generation

Kathleen Bodden

Morphological Chart Brainstorming Biomimicry

1. Sensors attached to balloon/kite that floats above the car

2. Reinforcement learning for object avoidance

3. Lengthen wheelbase to increase efficiency (a to CG length)
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Concept Generation

Kathleen Bodden

Morphological Chart Brainstorming Biomimicry
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Concept Selection
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Binary 
Pairwise 

Comparison

House of 
Quality

Pugh Chart

Alternative 
Comparison



Department of Mechanical Engineering 23

Concept Selection

Micah Hilliard

Binary 
Pairwise 

Comparison

House of 
Quality

Pugh Chart

Alternative 
Comparison



Department of Mechanical Engineering 24

Concept Selection

Micah Hilliard

Binary 
Pairwise 

Comparison

House of 
Quality

Pugh Chart

Alternative 
Comparison



Department of Mechanical Engineering

House of Quality

25Micah Hilliard



Department of Mechanical Engineering 26

Concept Selection
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Pugh Chart

27Micah Hilliard

86. Completely even weight distribution

28. Ackermann-ROS2-MBPC + PID-Resistive

29. Ackermann-ROS2-MBPC + PID-Regenerative

47. Omnidirectional -ROS2-MBPC + PID-Regenerative
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Concept Selection
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Alternative Comparisons
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Simulation Runs

Concepts # 28 # 29 # 47 Avg

# 28 1 1 1 1

# 29 1 1 1 1

# 47 1 1 1 1

Total 3 3 3

Maintained Velocity

Concepts # 28 # 29 # 47 Avg

# 28 1 1 5 2.33

# 29 1 1 5 2.33

# 47 0.2 0.2 1 0.47

Total 2.20 2.20 11

Measure Tire Speed

Concepts # 28 # 29 # 47 Avg

# 28 1 1 7 3

# 29 1 1 7 3

# 47 0.14 0.14 1 0.43

Total 2.14 2.14 15
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Alternative Comparisons
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29. Ackermann-ROS2-MBPC + PID-Regenerative
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• Simulations (MATLAB, Gazebo, ROS, Adams)
• Estimate Budget Expenses 
• VDR3 Poster Board
• Prepare for in-person sponsor meeting

31

Future Work

Micah Hilliard
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nMarkets
Primary
• Private and public government agencies
• CIA, FBI, etc.

Secondary
• Original Equipment Manufacturers (OEMs)
• Spyware enthusiasts
• Private search teams

Kathleen Bodden
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Customer Needs
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Functional Decomposition
Cross Reference Table

Kathleen Bodden

Propulsion Support Signal Navigation Total
Generate force in direction of 
motion X 1

Remove force in direction of 
motion X 1

Generate Equal & Opposite 
Force X 1

Generate Weight Distribution X X X 3
Generate tire lateral forces X 1
Generate tire longitudinal 
forces X 1

Generate
aerodynamic forces X X 2

Measure light
Reflection from object X X 2

Measure tire speed and 
heading angle data X 1

Measure and update position 
data X 1

Total 4 2 3 5
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F1Tenth Requirements

Nicholas


