
CRICOS code 00025B

UAV Guidance And Alerting Algorithm
Flynn Devoy

Student Number: 47442043

The University of Queensland / Revolution Aerospace



CRICOS code 00025BCRICOS code 00025B

• UAV utilisation growing exponentially however commercial utility inhibited by inability to gain regulatory 

approval to fly BVLOS (Beyond Visual Line of Sight) 

• Critical Precursor to BVLOS is safe separation of UAVOPS from other crewed and uncrewed aircraft

• DAA is a key technology supporting this separation and DAA has several functional elements

1. Detection

2. Tracking

3. Alerting and Guidance

4. Command and Execution

• The key content for this presentation is Alerting and Guidance

Presentation Context
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• Project Background, Aim and Objectives

• Preliminary Challenges

• Summary of Methodology

• Preliminary Results and Analysis

• Project Progress and Next Steps

• Questions

Presentation Overview
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Figure 1: U.S. Navy MQ-4C Triton unmanned aerial vehicle in flight. The platform is 

reported to incorporate advanced detect-and-avoid capabilities, including variants of 

the ACAS Xu collision avoidance system developed by MIT Lincoln Laboratory.

Source: https://www.navy.mil/Press-Office/News-Stories/Article/2713120/navy-

conducts-first-mq-4c-triton-test-flight-with-multi-intelligence-upgrade/ navy.mi
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Project Background
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• Integration into civil airspace requires meeting Equivalent Level of Safety (ELOS) standards 

• Existing systems such as ACAS II were designed for crewed aviation environments and assume 

structured airspace and pilot response 

• UAV operations introduce new challenges: 

• Mixed cooperative and non-cooperative traffic 

• Lower performance and limited manoeuvrability 

• Distributed or remote pilot control 

• Traditional systems rely on deterministic or rule-based logic (e.g. DAA frameworks like DAIDALUS) 

• ACAS Xu introduces an optimisation-based approach using a Markov Decision Process (MDP) to 

handle uncertainty and generate advisories 



CRICOS code 00025BCRICOS code 00025B

Project Aim and Objectives
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Aim

• The aim of this project is to develop and evaluate the suitability of ACAS Xu for integration into 

a UAV Detect and Avoid system.

Objectives

• Develop and Implement a functional version of the ACAS Xu collision avoidance logic

• Integrate the system within an existing DAA simulation environment

• Evaluate system performance using large-scale simulation

• Compare performance against an existing DAIDALUS-based DAA implementation (and ACAS-

Xu if possible)
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Preliminary Challenges
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General 

Understanding

Generating usable and 

relevant encounters

Using MIT MATLAB 

Repositories

WSL – in 

general

ADOBE 

ACROBAT
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For this slide design, you can change the background colour

by right-clicking somewhere on the slide, not in a content placeholder.

‘Format Background

Under the ‘Fill’ menu, ‘change ‘Solid fill’ to a colour from the palette
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1. System Setup

2. Encounter Generation (em-

core)

3. Testing Environment 

(DEGAS)

4. Vertical Policy Table 

Generation

5. Horizontal Policy Table 

Generation

5/5/2026

Summary of 
Methodology
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• Blue blocks correlate to the 

Encounter Generation 

Pipeline

• Orange correlate to DEGAS 

Pipeline

• Yellow correlates to code I 

have developed

• Green are “outputs”

System Setup

5/5/2026
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Figure 2. System Setup Flowchart
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EM simulation framework: 

• em-core provides core utilities and datasets

Integrated modules: 

• em-model-manned-bayes generates realistic aircraft behaviour 

• em-pairing-uncor-importancesampling forms encounter scenarios 

Encounter Generation Pipeline

5/5/2026
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Figure 3: Flowchart showing Encounter Generation Pipeline
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NMAC Encounters for Testing
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• NMACs are extremely rare events (Kunzi, 2013) 

• Probability per encounter is very low (~10⁻⁴–10⁻⁶) (Owen et al., 2016) 

• Random sampling → mostly safe trajectories (Kochenderfer et al., 2010) 

• Large batches enable efficient extraction of high-risk cases 

• Developed a MATLAB script using the MIT pipeline to generate NMAC-only encounters

• Script is located within em-pairing-uncor-importancesampling

Figure 4: Flowchart showing Custom NMAC Generation 

Script
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DEGAS simulation framework: 

• degas-core acts as the central simulation 

engine 

Integrated modules: 

• degas-pilotmodel simulates aircraft response 

• degas-daidalus provides baseline DAA logic

• degas-acas integrates our ACAS-Xu Policy 

Logic

Degas Simulation Pipeline

5/5/2026
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Figure 5: Flowchart showing Custom NMAC Generation 

Script
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Policy Table Development

5/5/2026
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Optimal Action Selection

𝑉(s) = arg 𝑚𝑖𝑛
𝑎

𝑄 𝑠 𝑎

Selects min expected cost action producing 

optimal policy for each state.

Cost of Action

𝑄(𝑠, 𝑎) = 𝑐 𝑠, 𝑎 + 𝐸[𝑉 𝑠′ ]

Evaluates quality of each possible action accounting 

for:

• Immediate cost 𝑐(𝑠, 𝑎)
• Expected value of next states E[𝑉 𝑠′ ]

Policy Table Development based on Kochenderfer & Chryssanthacopoulos (2011)

Figure 6: Flowchart showing Policy Table Generation Logic
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Table 1. Vertical Logic State Vector Descriptions and Discretisation Schema Figure 7. Geometry for ACAS Xu Vertical Logic Table

Vertical Policy Table Development

5/5/2026
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Variable Description Discretisation

ℎ𝑟𝑒𝑙 Vertical Separation -1000, -900,…,100 ft

ℎ0
 ̇ Own-ship Vertical 

Rate

-2500, -2250,…,2500 ft/min

ℎ1
 ̇ Intruder Vertical 

Rate

-2500, -2250,…,2500 ft/min

𝜏 Time to loss of 

horizontal 

separation

0, 1,…, 40 s

𝑎𝑝𝑟𝑒𝑣 Previously Issued 

Advisory

N/A (already discrete)

Vertical States based on Kochenderfer & Chryssanthacopoulos (2011)

-
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Name Min Vert Rate (ft/m) Max Vert Rate (ft/m) Strength (g) Available from

COC −∞ ∞ 0 All

DES1500 −∞ 1500 ൗ1
4

COC

CL1500 1500 ∞ ൗ1
4

COC

SDES1500 −∞ 1500 ൗ1
3

CL1500, SCL1500, SDES2500, SCL2500

SCL1500 1500 ∞ ൗ1
3

DES1500, SDES1500, SDES2500, SCL2500

SDES2500 −∞ 2500 ൗ1
3

DES1500, SDES1500

SCL2500 2500 ∞ ൗ1
3

CL1500, SCL1500

5/5/2026
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NMAC Alert Strengthening Reversal Clear of Conflict

1 0.01 0.009 0.01 -0.0001

Table 3. Vertical Event Costs

Table 2. Vertical Advisory Sets

Vertical Policy Table Development

Vertical Costs based on Kochenderfer & Chryssanthacopoulos (2011)
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Figure 8. Kochenderfer 2011 Optimal Action Plot (Own-ship Vertical Rate: 0, 

Intruder Vertical Rate: 0, Previous Advisory: COC)

Figure 9. Devoy 2026 Optimal Action Plot Replication (Own-ship Vertical 

Rate: 0, Intruder Vertical Rate: 0, Previous Advisory: COC)

Example Optimal Action Plot (Kochendorfer, 2011) compared with Optimal Action Plot from generated Vertical Policy Table

(Ownship Vertical Rate: 0, Intruder Vertical Rate: 0, Previous Advisory: COC)

Initial Optimal Action Plots – a) Vertical Advisory

5/5/2026
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Vertical 

Separation

Time Until Horizontal Collision
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Example Optimal Action Plot (Kochendorfer, 2011) compared with Optimal Action Plot from generated Vertical Policy Table

(Ownship Vertical Rate: 1500, Intruder Vertical Rate: 0, Previous Advisory: COC)

Initial Optimal Action Plots – b) Vertical Advisory

5/5/2026
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Figure 10. Kochenderfer 2011 Optimal Action Plot (Own-ship Vertical Rate: 0, 

Intruder Vertical Rate: 0, Previous Advisory: COC)

Figure 11. Devoy 2026 Optimal Action Plot Replication (Own-ship Vertical 

Rate: 1500, Intruder Vertical Rate: 0, Previous Advisory: COC)

Vertical 

Distance

Time Until Horizontal Collision
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Example Optimal Action Plot (Kochendorfer, 2011) compared with Optimal Action Plot from generated Vertical Policy Table

(Ownship Vertical Rate: 1500, Intruder Vertical Rate: 0, Previous Advisory: DES1500-3)

Initial Optimal Action Plots – c) Vertical Advisory

5/5/2026
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Figure 12. Kochenderfer 2011 Optimal Action Plot (Own-ship Vertical Rate: 

1500, Intruder Vertical Rate: 0, Previous Advisory: DES1500-3)

Figure 13. Devoy 2026 Optimal Action Plot Replication (Own-ship Vertical 

Rate: 1500, Intruder Vertical Rate: 0, Previous Advisory: DES1500-3)

Vertical 

Distance

Time Until Horizontal Collision
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Parameter Description Values Tested

cost-alert Penalise Alerting 0.0002, 0.0005, 0.001, 0.002, 0.003, 0.004, 0.005,

0.0075, 0.01

reward-coc Rewards COC Advisory 0.0, -1e-5, -5e-5, -1e-4

cost-nmac Penalise NMAC Outcomes Fixed at 1.0 (Same as Kochenderfer)

cost-

strengthening

Penalise Strengthening 

Advisories (weak left -> strong 

left)

Fixed at 0.009 (Same as Kochenderfer)

cost-reversal Penalise Reversals (weak left 

-> weak right)

Fixed at 0.01 (Same as Kochenderfer)

sigma_hdd Standard deviation of vertical 

acceleration noise

Fixed at 3.0 (Same as Kochenderfer)

Parameter Sweep

UAV Guidance And Alerting Algorithm 18
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Formula: Score = |A−31| + |B−33| where lower is better

Best Parameters: cost-alert = 0.001, reward-coc = -0.0001
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Parameter Sweep – Optimal Advisory Plots

UAV Guidance And Alerting Algorithm 19
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Figure 14. Example encounter comparing the performance of the ACAS logic 

against the current TCAS logic. 

Table 4. Performance evaluation of 1 million head-on encounters

Kochendorfer ACAS-Xu Results

Why we replicated Kochenderfers Optimal Advisory Plots

5/5/2026
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Horizontal Policy Table Development

5/5/2026

UAV Guidance And Alerting Algorithm 21

Variable Description Discretisation

𝑟 Range to Intruder 0, 1000,…40000 ft

𝜃 Relative intruder 

Bearing

0, 15,…,345 deg

𝜑 Relative Intruder 

Heading

0, 15,…,345 deg

𝑣0 Own-ship Ground 

Speed

100, 200, 300, 400 

𝑣1 Intruder Ground 

Speed

100, 200, 300, 400

𝜏 Time to loss of 

vertical separation

0, 1,…, 40 s

𝑎𝑝𝑟𝑒𝑣 Previously Issued 

Advisory

N/A (already discrete)

Table 5. Horizontal Logic State Vector Descriptions and Discretisation Figure 15. Geometry for ACAS Xu Horizontal Logic Table

Horizontal States based on Owen & Kochenderfer (2016)
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Table 6. Horizontal Advisory Sets

Horizontal Policy Table Development

NMAC Separation Alert Strengthen Reversal Weaken COC

100 5 0.0125 0.15 0.3 0.21 0.0

Table 7. Horizontal Costs

Horizontal Advisories based on Owen & Kochenderfer (2016)

Costs roughly based on Corteguera (2020)

Action Description

Clear of Conflict No manoeuvring necessary

Turn Right at least 3 °/s Avoid NMAC

Turn Left at least 3 °/s Avoid NMAC

Turn Right at least 1.5 °/s Avoid a separation Violation

Turn Left at least 1.5 °/s Avoid a separation Violation
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For this slide design, you can change the background colour

by right-clicking somewhere on the slide, not in a content placeholder.

‘Format Background
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1. Example Encounter

2. Metrics for Comparison

3. 10 Encounter Monte Carlo 

Simulation

5/5/2026

Preliminary Results 
and Analysis
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VMD = 82 ft, HMD = 489 ft, NMAC = 1

Example NMAC Encounter 1: Nominal Advisory

5/5/2026
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VMD = 82 ft, HMD = 3487 ft, NMAC = 0, WCV =0

Example NMAC Encounter 1: DAIDALUS Advisory

5/5/2026
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VMD = 82 ft, HMD = 21452 ft, NMAC = 0, WCV =0

Example NMAC Encounter 1: ACAS Horizontal Advisory

5/5/2026
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VMD = 204 ft, HMD = 496 ft, NMAC = 0, WCV = 1

Example NMAC Encounter 1: ACAS Vertical Advisory

5/5/2026
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Metric HMD (ft) VMD (ft) Colour

Well Clear

(WC)
≥ 2201

≥ 451

Well Clear Violation 

(WCV)
501 ≤ ft ≤ 2200 101 ≤ ft ≤ 450

Near Mid Air Collision 

(NMAC)
≤ 500 ≤ 100

Metrics of Comparison

UAV Guidance And Alerting Algorithm 28
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• Well clear threshold: SC-228 / DAA non-cooperative well-clear definition used in DEGAS

• NMAC threshold: Standard UAS encounter metric used in the simulation summaries

Notes:

• Only counts as NMAC if both safety thresholds are not met (same for WCV)

• When running the larger scale simulations 𝑃𝑁𝑀𝐴𝐶 and 𝑅𝑖𝑠𝑘 𝑅𝑎𝑡𝑖𝑜 will be used however for 1 to 10 

runs, this is unnecessary.

Table 8. Metric Definitions
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Small Scale Simulation using 10 NMAC Encounters

Small Monte Carlo Simulation

5/5/2026
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Nominal: 10 WCV’s, 10 NMAC’s

DAIDLAUS: 0 WCV’s, 0 NMAC’s

ACAS-Xu: 1 WCV, 0 NMAC’s

ENCOUNTER INFO NOMINAL DAIDALUS HORIZONTAL VERTICAL
EncNum initialRange_ft initialVerticalSep_ft hmd_ft vmd_ft hmd_ft vmd_ft hmd_ft vmd_ft

1 54143 74 419 74 3487 82 21452 211
2 60682 2179 374 1 3472 46 499 475
3 26478 90 409 90 3558 90 5565 447
4 36600 93 17 81 1076 83 1975 166
5 48607 54 421 54 3392 54 20236 441
6 59497 85 123 85 3334 90 9702 452
7 42033 2133 201 0 3278 734 502 469
8 57084 53 309 53 3482 62 22188 2478
9 28712 84 416 84 3310 84 8984 302

10 40051 99 147 79 3310 88 22440 2642

Table 9. Small Monte Carlo Simulation Results
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Project Progress 
& Next Steps

1. Timeline

2. Plans for Remaining Tasks

3. Questions
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Plans for Remaining Tasks
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Large Scale Monte 

Carlo Simulation

By Week 13

By Week 15

By Week 18

By Week 21

Completion of Project

Define Vertical / 

Horizontal Logic

Integration of Policy Table in 

RTC ACAS-Xu Code



Any Questions?

Figure 16: A picture I took while we were flight testing the current Detect and 

Avoid system that Revolution Aerospace have developed. This allowed me to 

see how ACAS-Xu could be utilised in the real world.

Flynn Devoy | Masters Student

School of Mechanical Engineering

f.devoy@uq.edu.au 
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Pros:

·  + The student has a clear vision of the project's motivation and objective, which seeks to develop an 

MDP-based alert and guidance system following the ACAS-Xu framework in the literature.

·  + They have thoroughly reviewed the existing work and literature, showing an intimate level of 

understanding of some key pieces.

·  + The presentation is well structured and shows a deliberate attempt to analyse and review each sub-

system.

·  + The project is well planned and is progressing nicely towards the objective.

·  + There are good dynamics between the student and the industry supervisor.

Suggestions for improvement:

+ Overall, the work is nicely executed. I would just suggest preparing some quick-selling numbers to 

engage the viewers (e.g., “99.99% NMAC reduction”).

Feedback from Thien-Ming (UQ Supervisor)
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