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Wildfire and UAV Research - Systems Thinking
Introduction
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Wildfires are a Growing Complex Problem
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Existing Solutions are costly, 
difficult to manage and 

Ineffective

July 21, 2021 NASA

Impact of June 23 
Canadian Wildfire to 
New York Air Quality

Increasing 
Severity
(2018)

•# fires 8527 fires
•1 893 913 acres
•18804 structures  Butte County 
2018

•~ %4-6 of US GHG Emissions

Increasing 
Jurisdictions/ 

Organizations/ 

•Emergency Services
•Wildfire  Mitigation & Control 
Services

•Local, state, Federal & 
International Boundaries

•Many loosely coupled system 
of systems

New 
Technologies 

Not Cost 
Effective

•UAV’s
•Geosynch Sats
•Hosted Payload Sats
•Awareness Techs
•Navigation Techs



Approaching Complex Problem of Affordable 
Wildfire Detection + Communication
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Emergence of 
Breakthru 
Systems 

Architectures

MBSAP / 
Trade-Study/ 
Design Space  
Exploration

Systems
Principles

Systems 
Thinking 

Philosophy

Emergence of a Potential 
Gamechanger: Surface-Less 

Flight Controls



Enterprise System and UAV Specifications
Wildfire UAV
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Wildfire UAV Flight Mission of the Context 
System
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Mission On-
Board 

Computer SFC 
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Fan In 
Wing

Fan In 
Wing

Horizontal 
Stabilizer

Horizontal 
Stabilizer

Thrust 
Vector 
Nozzle

Communication 
Systems

Wildfire Locations

SFC 
Sensors

Aircraft 
Sensors

Maintenance 
Crew

Launch Crew
(Truck Operator)



Wildfire UAV Flight Mission Profile

7
System Functional Redundancies Leveraged to increase performance



Systems Level: Hybrid Propulsion/ Battery/Range

8
Vector Nozzle Turbine ICE with Embedded Wing mounted EMs - Mission Phase Optimized Functionality



External View of SFC SOI at Loiter 
Configuration of the UAV (3D rendering)
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Fan In Wings (FIW) 
(Lift Fans that are BLDC 

EM driven and with 
Counter Rotating 

Propellers)
Thrust Vector 
Nozzle (TVN)

Surface-less Flight 
Control (SFC) 

Controller
(Not externally visible) Small Turbine ICE

(Not externally visible)

Conformal Fuel Cell
(Not externally visible)

Li-ion Battery
(Not externally visible)

SFC Sensors including 
Dual LiDAR sensing 

packages
(Not externally visible)

Legend:
(shaded items) Surface-Less Flight 
Control (SFC) System of Interest (SOI)

Horizontal 
Stabilizer



Integration of UAV Flight Controls Trade Study with 
MBSAP

Surface-less Flight Controls (SFC) Architecture
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Integrated Systems 

Architectural Modeling with 

Architectural Trade Study of a 

UAV Surface-less Flight 

Control Systems for Wildfire 

Detection and Communication 

utilizing MBSAP

Wildfire 
UAV

Surface-less 
Flight Controls 
(SFC) 

Increased availability & 
improved effectiveness

Classical FC architecture vs. 
Novel SFC architecture(s)

Wildfire UAV vs. Surface-
less Flight Controls

Architectural trade study applied 
to flight control systems 

MBSAP 
Trade Study

Enterprise 
vs. SOI

Trade 
Space

Systemic 
Thinking
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Surface-less Flight Controls (SFC)



Integrating MBSAP Methodology into flight 
controls Trade Study
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Development Process Utilizing the concepts of 
MBSAP to Increase Performance
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System Dynamic 
Modeling

Optimized for 
Application

Qualitative & 
Quantitative 

Analysis

MBSE

Enterprise Level 
Considerations

Trade Dominance 
Factors

Define 
Architecture

Identify Wildfire 
Emergency 

Needs

Purpose

Systems
• System Context
• SOI
• Enabling System

Trade Options 
(minimal options to 

trade maximum 
variables)

Trade Scoring

Surface-less 
Flight Control 

(SFC) SOI

Trade with and 
without SFC

Reduce Weight 
of net Take off 

Weight

Increase Fuel 
Efficiency

Increase Fuel 
Capacity

Increased Range 
of Wildfire UAV

Increased 
Performance

Surface-less Flight Controls  (SFC) Trade Space
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Use Cases

Misuse Cases Behaviors Structures

Complexity Interconnects Emergence

Context

§ Approach to increase performance consistent with MBSAP

§ Smart Flight Control (SFC) implementation of the generic approach / development process utilizing the concepts of MBSAP to increase range of the UAV.



Trade Study Comparisons for Flight Control 
Options

www.incose.org/symp2023 14

Left Aileron

Rod Linkage

BLDC EM

-       +
Li-ion 

Battery

Fuel/
Fuel Cell

Power ElectronicsElectronics Bus

Tradition Flight Controls 
(TFC) with ailerons, 

rudder and elevators

Right Aileron

BLDC EM

Electronics Bus

BLDC EM

Electronics Bus

BLDC EM

Electronics Bus

Smart Flight 
Control (SFC)

Power Electronics

SFC with two large Lift 
Fans with doors & 

single axis TVN

BLDC EM driving 
Counter Rotating, 

independently varying 
speed Propellers

Thrust Vector 
Nozzle

-       +
Li-ion 

Battery

Fuel/
Fuel Cell

Movable 
Hor. Stab

Movable 
Hor. Stab

Fixed V Stab/
RudderRudder

Movable Elevator/
Hor. Stab



Trade Study Comparisons for Flight Control 
Options

www.incose.org/symp2023 15

BLDC EM

Electronics Bus

BLDC EM

Electronics Bus

Smart Flight 
Control (SFC)

Power Electronics

SFC with four large 
Lift Fans (without fan 

doors) and No TVN

BLDC EM driving 
Counter Rotating, 

independently varying 
speed Propellers

BLDC EM

Electronics Bus

BLDC EM

Electronics Bus

Smart Flight 
Control (SFC)

Power Electronics

SFC with two large Lift 
Fans without doors 
and multi axis TVN

BLDC EM driving 
Counter Rotating, 

independently varying 
speed Propellers

Fixed Hor. 
Stab

Fixed Hor. 
Stab

Thrust Vector 
Nozzle

-       +
Li-ion 

Battery

Fuel/
Fuel Cell

Fixed V Stab/
Rudder

Movable 
Hor. Stab

Movable 
Hor. Stab

-       +
Li-ion 

Battery

Fuel/
Fuel Cell



Trade Study Comparisons for Flight Control 
Options
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Class of 
Parameters

Parameters to Trade
Dominance  
Factor (DF) 

(1 to 5)

OPTION-1
Traditional 

Flight Control 
(TFC) 

OPTION-2
SFC with 2 
FIWs with 

Doors

OPTION-3
SFC with 2 

FIWs without 
Doors

OPTION-4
4 Lift Fans & 

No TVN

OPTION-1
Traditional 

Flight Control 
(TFC) 

SUBTOTAL 

OPTION-2
SFC with 2 

FIWs) 
SUBTOTAL

OPTION-3
SFC with 2 

FIWs without 
Doors 

SUBTOTAL 

OPTION-4
4 Lift Fans & 

No TVN 
SUBTOTAL

Weight Take off Weight 5 2 4 5 4 10 20 25 12

Battery Weight 1 3 2 2 2 3 2 2 6

Fuel  Weight 1 3 2 2 2 3 2 2 6
Technical 

Feasibility 
Signal  Architecture Complexi ty 2 4 2 2 3 8 4 4 9

Power Architecture Complexi ty 2 3 3 4 3 6 6 8 9

Complexi ty of Control  Laws 1 4 2 1 3 4 2 1 9

Aircraft Sizing 3 3 3 3 3 9 9 9 9

Performance Horizontal  Speed 3 3 4 4 1 9 12 12 3

Verticle Speed 2 3 4 4 3 6 8 8 9

L/D (Drag/Aero Dynamic) 2 3 4 4 3 6 8 8 9

Battery ED/Energy Efficiency 1 3 4 4 3 3 4 4 9

Fl ight Range 5 3 5 4 4 15 25 20 12

Cost Ini tia l  Cost 4 4 2 3 3 16 8 12 9

Final  Unit Cost 4 3 3 4 3 12 12 16 9

Per Square Mi le Cost 4 3 4 4 3 12 16 16 9
Operational 
Parameters

Maintainabi l i ty 3 3 3 3 3 9 9 9 9

Rel iabi l i ty (MTBF) 3 4 2 3 3 12 6 9 9

Producibi l i ty 3 3 3 3 3 9 9 9 9

Securi ty/Cybersecuri ty 5 3 4 4 4 15 20 20 12

Harsh Environmental  Tolerance 4 3 4 4 4 12 16 16 12

TOTAL SCORE 179 198 210 180



System Context Diagram (Cameo)
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SFC Use Case vs. SFC Inadvertent/Misuse Case
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Future Work for Surface-less Flight Controls

19
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The future work revolves around Flight-In-Wings (FIW) in order to even further optimize the architecture increase the range.



20

Integration of architectural trade study into 
a MBSAP using MBSE

Using MBSAP
Wildfire UAV SFC

01

02

03

04

05

06

07

Architectural Integration

Robustness

Novel SOI

Changes to 
Classical FC

Improved Flight 
Controls

SFC Deep dive from 
“Systems Thinking”

Future Work

cybersecurity misuse cases to ensure robustness of 
the architecture of SOI

Novel architecture for the system of interest, 
namely the SFC

Drops all classical flight control surfaces, actuators, and 
mechanical linkages 

Recognize the potential of the lift systems to also serve 
flight controls: The Fan-In-Wing & Thrust Vectoring Nozzle. 

Anticipated issues, potential unknowns, and 
risks associated with the SFC

Coordinated intelligent control of Fan-In-Wing (FIW), 
vectored thrust and MEA

Discussion of Surface-less Flight Controls Process

We discovered that there is SFC is the game changer to increase the range of the Wildfire UAV 



Discussion of Wildfire Topic
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• Wildfire problem is increasingly complex:
• Increasing scale & severity, number of loosely coupled systems and range of technologies utilized to manage 

them
• Yet an affordable locally owned and operated solution to detect and communicate them does not exist

• Integrated MBSAP, MBSE Tools, Trade Study, DSE & Monte Carlo Sensitivity Analysis
• Enabled the  application of systems thinking philosophy and systems principles to approach this complexity
• Found an optimal feasible point in the design space for a truck launched UAV-based detection and 

communication solution
• Found the sensitivity of affordability and performance parameters to technology factors and design choices

• Key results
• A feasible truck launched Hybrid Electric/ICE Propelled VTOL UAV would cost 140 km range and has an 

affordability of  ~180 $/(kg.km) with identified directions for significant improvement
• Battery cost and energy density needs to improve by ~ 2 to 3 for the purely electric UAV to break even
• Flight control architecture has the potential to more than double the range or halve the $/(kg.km)
• Several surface-less flight control architectures are currently being traded against the classical aileron, 

rudder, elevator architecture



Wildfire 
UAV designed with the 

purpose of detection and 
communication

Systems Thinking 
This drives improved 
utilization and integration of  
MBSAP/MBSE tools and 
classical methods

MBSAP (MBSE)   
SFC Architectural 

Trade Study
Flight Controls design is 
not only about sizing but 
also prove to be a game 
changer to increase the 
range of the aircraft.

The focus of the 
research project is to 

assist with recent uptick 
of the wildfire problem
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Conclusions

Systemic thinking applied along with various systems engineering tools to achieve aiding solution for the Wildfire topic
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Backup Slides

Backup
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Stakeholder Diagram (Cameo)
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Wildfire UAV SFC Systems Logical Architecture
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Smart Flight 
Controls (SFC) 

Controller 
(Control Logics)

Wildfire UAV 
Actuation Systems

Output+

Dual LiDAR

GPS Infrared (IR) Pressure Sensor

Temperature Sensor

Initial 
Mission 

Plan/
Commands

FC Surface Encoder Camera

AHRD (IMU) Ultrasound
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Estimates

Trajectory 
Commands

-

TVN
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R FIW

L H Stab

R H Stab

Position, Speed, 
Torque (PST) 
control loops

Kinematic 
States/

Observations

SFC System-of-Interest (SOI)

Sensors Package

Mechanical 
FC UAV 
Surfaces

+

-



Wildfire UAV SFC System of Interest (SOI) 
Context Diagram
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SFC Asset consideration for security assessment 
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Critical Asset Potential Impact if Compromised Criticality Potential Value Asset Score

UAV Loss of UAV causing fire instead of assisting 
mitigating wildfire

Catastrophic (5) High (300 unit) 1500 unit

Surface-less Flight
Control

Loss of SFC causing fire instead of assisting 
mitigating wildfire

Hazardous (4) High (300 unit) 1200 unit

Network and
Networking
Equipment

Loss of network causing UAV to contribute to 
fire instead of assisting mitigating wildfire

Hazardous (4) Medium (200 unit) 800 unit

Payload Data
(Write)

Wildfire data being falsified, and resources 
being misguided

Major (3) Medium (200 unit) 600 unit

Payload Data
(Read)

Wildfire data being for other non-mission-
oriented purposes

Minor (2) Low (100 unit) 200 unit


