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Presentation Context

« 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 s 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
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Presentation Overview

» Project Background, Aim and Obijectives
* Preliminary Challenges

« Summary of Methodology

* Preliminary Results and Analysis

» Project Progress and Next Steps

* Questions
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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

* Integration into civil airspace requires meeting Equivalent Level of Safety (ELOS) standards
 Existing systems such as ACAS Il 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

UAV Guidance And Alerting Algorithm CRICOS code 00025B 4
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Project Aim and Objectives

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)

UAV Guidance And Alerting Algorithm CRICOS code 00025B 5
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Preliminary Challenges

Using MIT MATLAB

General e .
Repositories

Understanding

@

ADOBE

Generating usable and ACROBAT

relevant encounters

WSL - in
general
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Summary of
Methodology

1. System Setup

2. Encounter Generation (em-
core)

3. Testing Environment
(DEGAS)

4. Vertical Policy Table
Generation

5. Horizontal Policy Table
Generation
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SySte m S etu p emr.:':re Figure 2. System Setup Flowchart

« Blue blocks correlate to the \v

E NCou nte r G e nel’atIOn em-model-manned-bayes policy-generator-python
Plpellne MIT Project

» Orange correlate to DEGAS l

em-pairing-uncor-
Plpe“ne im orF:ancegsam lin B Policy Table
p pling NASA !

* Yellow correlates to code | MIT
have developed J’ l
° Green are OUtPUtS [Generated Encountersj degas-;illilmodel degasr:ﬁiidalus deg?;iﬁas
degas-core /
MIT

( Simulation Outputs )

UAV Guidance And Alerting Algorithm CRICOS code 00025B 8




5/5/2026 THE UNIVERSITY
OF QUEENSLAND

Encounter Generation Pipeline

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

FAA datasets Uncorrelated
Trajectory Generation:
- Bayesian Network Model
em-model-manned-bayes i . .
/. - Sample aircraft states Encounter Pairing Logic:

. . - Generate trajectories em-pairing-uncor- - Apply constraints
Geospatial processing em-core . . » ) Generated Encounters Correlated
importancesampling - Importance sampling

/ - Bias high-risk encounters \
Terminal vs En-route

Figure 3: Flowchart showing Encounter Generation Pipeline

Dynamics constraints

UAV Guidance And Alerting Algorithm CRICOS code 00025B 9
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NMAC Encounters for Testing

« NMACs are extremely rare events (Kunzi, 2013)

» Probability per encounter is very low (~10™-107°) (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

Keep Encounter
Store Trajectory +

Yes—» Metadata
Update Count of Valid save Final Dataset
NMACs Yes scriptedEncounters.mat +
Run Encounter Simulation Evaluate Each Encounter Reached 100 NMACs? 4 ’
generateDAAEncounterSet 4 Check NMAC Flag ’ e
Start: Target = 100 NMAC
Encounters
Generate Batch of 200 No—™——» Discard Encounter No.
Random Encounters \

¥ Update Random Seed

Generate New Batch
Figure 4: Flowchart showing Custom NMAC Generation
Script

UAV Guidance And Alerting Algorithm CRICOS code 00025B 10



5/5/2026

Degas Simulation Pipeline

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

UAV Guidance And Alerting Algorithm

degas-pilotmodel

l

Pilot/autonomy response
model
Implements aircraft
response to advisories

daidalus
NASA

l

degas-daidalus

|

Interface to DAIDALUS
Provides baseline DAA logic

degas-core

l

Simulation execution
Time stepping and
integration

|

[ Simulation Outputs ]
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Policy Table l

degas-acas

A

ACAS-Xu implementation
Evaluates policy and
outputs advisories

\J/

Script

Figure 5: Flowchart showing Custom NMAC Generation
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Policy Table Development

Figure 6: Flowchart showing Policy Table Generation Logic

Choose lowest-cost action > Store result in policy table
) Define states, actions, and Score each valid action for
policy-generator-python
costs current state \
Yes

Cost of Action

Q(s,a) =c(s,a) + E[V(s")]

Another state to process? No—» Policy Table —» degas-acas

Optimal Action Selection
Evaluates quality of each possible action accounting V(s) = arg min Q(s a)
for:
* Immediate cost c(s, a) Selects min expected cost action producing
» Expected value of next states E[V (s")] optimal policy for each state.

Policy Table Development based on Kochenderfer & Chryssanthacopoulos (2011)

UAV Guidance And Alerting Algorithm CRICOS code 00025B 12
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Vertical Policy Table Development

Table 1. Vertical Logic State Vector Descriptions and Discretisation Schema Figure 7. Geometry for ACAS Xu Vertical Logic Table

Ryer Vertical Separation -1000, -900,...,100 ft

h'o Own-ship Vertical  -2500, -2250,...,2500 ft/min
Rate

h'1 Intruder Vertical -2500, -2250, ...,2500 ft/min
Rate

T Time to loss of 0, 1,...40s
horizontal
separation

Tz Previously Issued  N/A (already discrete)
Aadvisory

Vertical States based on Kochenderfer & Chryssanthacopoulos (2011)

UAV Guidance And Alerting Algorithm CRICOS code 00025B 13
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Vertical Policy Table Development

Table 2. Vertical Advisory Sets

|Name | Min Vert Rate (ft/m) | Max Vert Rate (ft/m) | Strength (g) | Available from
coc = w 0 Al

DES1500 —eo 1500 1, coc

CL1500 1500 o 1/, coc

SDES1500 —eo 1500 1/, CL1500, SCL1500, SDES2500, SCL2500
SCL1500 1500 o 1/, DES1500, SDES1500, SDES2500, SCL2500
SDES2500 —eo 2500 1/, DES1500, SDES1500

SCL2500 2500 o 1/, CL1500, SCL 1500

Table 3. Vertical Event Costs

0.01 0.009 0.01 -0.0001

Vertical Costs based on Kochenderfer & Chryssanthacopoulos (2011)

UAV Guidance And Alerting Algorithm CRICOS code 00025B 14
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Initial Optimal Action Plots — a) Vertical Advisory

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)

Figure 8. Kochenderfer 2011 Optimal Action Plot (Own-ship Vertical Rate: 0, Figure 9. Devoy 2026 Optimal Action Plot Replication (Own-ship Vertical
Intruder Vertical Rate: 0, Previous Advisory: COC) Rate: 0, Intruder Vertical Rate: 0, Previous Advisory: COC)

Policy slice: hdot0=0 ft/min, hdotl=0 ft/min, sRA=COC
T T T T T T T

1000 1000
C‘O(:‘r DES1500
500 |- - 500 - i
. DES1500
Vertical | . g
= - coc
Separation CL1500
_500 [ s _500 - -
CL1500
= 1000 I ‘ l ‘ l ‘ l -1000 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
\tau (s)

Time Until Horizontal Collision
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Initial Optimal Action Plots — b) Vertical Advisory

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)

Figure 10. Kochenderfer 2011 Optimal Action Plot (Own-ship Vertical Rate: 0, Figure 11. Devoy 2026 Optimal Action Plot Replication (Own-ship Vertical
Intruder Vertical Rate: 0, Previous Advisory: COC) Rate: 1500, Intruder Vertical Rate: 0, Previous Advisory: COC)

Policy slice: hdot0=1500 ft/min, hdotl=0 ft/min, sRA=COC
T T T T T T T

].OOO T T T 1000

DES1500

500 |- DES1500 = 500 | 1
Vertlcal 0 | g oL - coc
Distance
CcocC
—500 [ - 500 i
CL1500
— 1000 ] | [ l l [ [ 1000 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 ’ 0 5 10 15 20 25 30 35 40

\tau (s)

Time Until Horizontal Collision
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Initial Optimal Action Plots — ¢) Vertical Advisory

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)

Figure 12. Kochenderfer 2011 Optimal Action Plot (Own-ship Vertical Rate: Figure 13. Devoy 2026 Optimal Action Plot Replication (Own-ship Vertical
1500, Intruder Vertical Rate: 0, Previous Advisory: DES1500-3) Rate: 1500, Intruder Vertical Rate: 0, Previous Advisory: DES1500-3)

Policy slice: hdot0=1500 ft/min, hdotl=0 ft/min, sRA=DES1500-3
T T

1000 1000
SDES2500
500 |- DES1500 ool
SDES2500 DEs1500
Vertical _
. B SCL1500 =T
Distance
cocC
—500 - - 500 - 1
CcocC
SCL1500
_1000 l i [ ! ‘ l I _1000 1 1 | | 1 1 |
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40

\tau (s)

Time Until Horizontal Collision
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Parameter Sweep

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- Penalise Strengthening Fixed at 0.009 (Same as Kochenderfer)
strengthening  Advisories (weak left -> strong
left)

cost-reversal Penalise Reversals (weak left  Fixed at 0.01 (Same as Kochenderfer)
-> weak right)

sigma_hdd Standard deviation of vertical  Fixed at 3.0 (Same as Kochenderfer)
acceleration noise

Formula: Score = |A-31| + |B-33| where lower is better

Best Parameters: cost-alert = 0.001, reward-coc = -0.0001

UAV Guidance And Alerting Algorithm CRICOS code 00025B 18
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Why we replicated Kochenderfers Optimal Advisory Plots

Kochendorfer ACAS-Xu Results

Figure 14. Example encounter comparing the performance of the ACAS logic Table 4. Performance evaluation of 1 million head-on encounters
against the current TCAS logic.

400 - ~ E E —— DP logic —
= = - ~ TCAS logic
3 ; ! - - > No logic - y " ~y o
200 J l ) o —> Intruder . I\Ietrlc DP Loglc TC'Ab LOglC
E gl i goesnee . NMACSs 3 169
: S / Alerts 690,406 994,317
< —200 |- ~ f 7 1 . ¢
2 . Strengthenings 92,946 40,470
a : ) s
L ” i ¥ Reversals 0569 197.315
—600 [ | ; J e
—40 —30 —20 —10 0 10 20 30 40
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Horizontal Policy Table Development

Table 5. Horizontal Logic State Vector Descriptions and Discretisation Figure 15. Geometry for ACAS Xu Horizontal Logic Table
+
1
T Range to Intruder 0, 1000,...40000 ft _ -
- 1
o Relative intruder 0, 15,...,345 deg !
Bearing U I Intruder
1) Relative Intruder 0, 15,...,345 deg L
Heading Yo 7
Vo Own-ship Ground 100, 200, 300, 400 7
Speed - - o
(21 Intruder Ground 100, 200, 300, 400 ," - 'if
Speed ! P ‘1
I
T Time to loss of 0,1,...,40s 1 _.'
vertical separation *\ o . !
~ Ownship ,
Aprev Previously Issued N/A (already discrete) e P,
Advisory g

Horizontal States based on Owen & Kochenderfer (2016)

UAV Guidance And Alerting Algorithm CRICOS code 00025B 21
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Horizontal Policy Table Development

Table 6. Horizontal Advisory Sets

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

Table 7. Horizontal Costs

100 5 0.3 0.21 0.0

0.0125 0.15

Horizontal Advisories based on Owen & Kochenderfer (2016)
Costs roughly based on Corteguera (2020)

UAV Guidance And Alerting Algorithm CRICOS code 00025B 22
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Preliminary Results
and Analysis

. Example Encounter
. Metrics for Comparison

. 10 Encounter Monte Carlo
Simulation
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Example NMAC Encounter 1: Nominal Advisory

VMD = 82 ft, HMD = 489 ft, NMAC =1

«10¢ Plan View (East vs. North) ot TCA focused altitude plot
| T A
5t ‘f( | e
451 r |
: | 750 ¢ |
41 I |
I |
35 I - —T————n _
=) | & 7004 —lr g
I
L= =
E25;¢ ?L = |
=] - I
2 o | = 650 |
1.5} - :
1l 600 | |
I
0.5} |
0L ' 1 - - 550 - ' - -
-2 -1 0 1 2 -200 -100 0 100 200
East (ft) 107 Time (s)
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Example NMAC Encounter 1: DAIDALUS Advisory

VMD = 82 ft, HMD = 3487 ft, NMAC =0, WCV =0

«10¢ Plan View (East vs. North) 800 TCA focused altitude plot
| T A
| ] £
45| ’ !
' I 750 | |
4l I |
I |
3.5} [ — —T=—=—=—= -
= | £ 700} —lr —
- 3
e | = I
525y ¢ 2 |
= = L
2 f <L 650 |
15} - l
1l 600 | |
I
0.5 |
ol— - L - - 550 - ' - -
-2 -1 0 1 2 -200 -100 0 100 200
East (ft) x 107 Time (s)

UAV Guidance And Alerting Algorithm CRICOS code 00025B 25



5/5/2026 THE UNIVERSITY
OF QUEENSLAND

Example NMAC Encounter 1: ACAS Horizontal Advisory

VMD = 82 ft, HMD = 21452 ft, NMAC = 0, WCV =0

«10* Plan View (East vs. North) TCA focused altitude plot
TCA
3 | I][ 780 |
45} / 760 |
|
4t | 740 |
I 720 |
35 i |r B [ e e
= | £ 700 | |
- 3 B d:l m
._E l' 'g 680 |
2.5 ¢
L] I S 660 |
i | <L
2 640 |
1.5¢ 620
1 600 |
0.5 580 |
-1 U 1 2 3 -100 -50 0 50 100
East (ft) x 107 Time (s)
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Example NMAC Encounter 1: ACAS Vertical Advisory

VMD = 204 ft, HMD = 496 ft, NMAC = 0, WCV =1

North (ft)

45+

3.5}

2.5}

1.5}

0.5t

«10¢ Plan View (East vs. North)

f——

East (ft)
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Metrics of Comparison
Table 8. Metric Definitions VMD (ft) ——

Well Clear > 451
>
(WC) > 2201
Well Clear Violation
< < < <
(WCV) 501 < ft <2200 101 < ft £ 450
Near Mid Air Collision
(NMAC) < 500 <100

» Well clear threshold: SC-228 / DAA non-cooperative well-clear definition used in DEGAS
e 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 Py 4 and Risk Ratio will be used however for 1 to 10
runs, this is unnecessary.

UAV Guidance And Alerting Algorithm CRICOS code 00025B 28
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Small Monte Carlo Simulation

Small Scale Simulation using 10 NMAC Encounters

Table 9. Small Monte Carlo Simulation Results

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

Nominal: 10 WCV’s, 10 NMAC'’s
DAIDLAUS: 0 WCV’s, 0 NMAC’s
ACAS-Xu: 1 WCV, 0 NMAC'’s

UAV Guidance And Alerting Algorithm
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Project Progress
& Next Steps

1. Timeline
2. Plans for Remaining Tasks
3. Questions
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o’ AUSTRALIA Feb 9, 2026 Feb 16, 2026 Feb 23, 2026 Mar 2, 2026 Mar 9, 2026 Mar 16, 2026 Mar 23, 2026 Mar 30, 2026 Apr 6, 2026 Apr 13, 2026 Apr 20, 2026 Apr 27, 2026 Ma
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Project Proposal 090226 | 160326

Targetted Background Research from provided documentation 100% 09-02-26 19-02-26

High Level Flow Charts (DAA process and ACAS-Xu) 100% 16-02-26 23-02-26

Introduction + Geals of Project Proposal Write Up 100% 16-02-26 21-02-26

Understanding Current Solutions (GitHub Examples etc) 100% 23-02-26 02-03-26
Define System Scope and Operational Assumptions for 100% 230296 | 270206
Prototype

Literature Review and Technical Background Write-Up 100% 23-02-26 28-02-26

Identify Key Encounter Variables and System Inpuis/Outputs 90% 26-02-26 03-03-26

Development and Testing of Horizontal Avoidance Logic 90% 01-03-26 15-03-26

Generate Encounters for Testing 100% 09-03-26 20-03-26

Proof Reading of Project Proposal 100% 09-03-26 12-03-26

Progress Review Presentation and
Evidence of Final Report Drafting

16-03-26 05-05-26

Development and Testing of Vertical Avoidance Logic 100% 16-03-26 03-04-26

Integrate Protofype Components inte Complete Model 80% 03-04-26 01-05-26

Initial Benchmarking of ACAS-Xu Prototype 90% 14-04-26 23-04-26

' e e I S U S S S S S S — — — | -

Development and Practising Presentation S0% 22-04-26 04-05-26

Begin Drafting Final Report T0% 14-04-26 04-05-26

ACAS-Xu Prototype Documentation 20% 20-04-26 05-06-26

i i
Methodology, Planning and Risks Write-Up 100% 02-03-26 06-03-26 I I
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Plans for Remaining Tasks

Dynamic Logic Selection for
Unmanned Aircraft Separation

Michael P. Owen® and Mykel J. Kochenderfer!
stitute of Technology. Lexi

0, MA, 02420

and

Stanford Ut

wsity, Stanford, CA, 94305

widance logic to enable un-
ircraft. Each logic supports
a variety of surveillance sources and i individually capable of
providing a significant safety benefit. This paper proposes a
logie selection function that can effectively arbitrate between
the horizantal and vertical logics to schieve an overall safety

‘vertical maneuvers. Monte Carlo simulations show that the logic
selection function can provide a performance benefit for a variety
of surveillance sources.
L. INTRODUCTION

Airerat collision avoidance systems based on Markov deci-
sion processes (MDPs) have been developed and demonstrated
for both manned and unmanned aircraft [1-3]. An advantage
of an MDP approach is that the models explicitly sccount for
uncertainty inherent in real-world problems due to imperfect
observations and stochastic outcomes. Due 1o the complexity
of the airbome colli: aveidance problem when posed as
a Markov decision process, researc gely focused on
either a horizontal o vertical set of actions, but not both. With
cither approach, the number of dimensions requires a very
large number of states to adequately represent the collision
avoidance problem. Current collision aveidance logics based
on MDPs have made approximations ©0 make the solutions
computational tractable and reduce the memory requirements
[4]. While useful and effective, these approximations. li
these solutions to either a vertical or horizontal action set.

The ACAS Xa logic being developed by the FAA as a
replacement to the existing TCAS system [5] for manned
aireraft uses a vertical action set thar direetly corresponds to
the existing TCAS action set. For unmansed aircraft collision

horizontal maneuver-based logic designed for aircraft that have
i g capability [6, 7). The cument
ACAS Xu prototype uses separate vertical and horizontal ma-
neuver logics due to the computational and storage challenges
in creating a single Jogic that allows both types of actions
‘The horizontal and vertical collision avoidance logics devel-
oped for ACAS Xu both attempt o solve the same problem,
that of avoiding near mid-air collisions (NMACs), which
aircraft come within 100t vertically and 500 ft
However, the two logies are affected differently
ferent sources of uncentainty, including uncertainty in
the current state due to sensor ermor as well as uncertainty

in the future trajectories of the aircrafi. The horizontal and
vertical logics have somewhat orthogonal suscepiibilities 1o
both types of uncertainty, which suggests that intelligently
selecting which logic to use can improve performance. This
paper proposes a method for selecting between the horizontal
and vertical logics w exploit the specific advantages of a
particular logic in the given situation,

This paper reviews both the horizontal logic development
and the logie selection process. The intelligent logic selection
is outlined and evaluated. Experiments show that
system risk can be significantly reduced compared to the
performance of a single logic, with minimal increases in
overall alert rate. Performance benefits are assessed for ADS-
B. radar, and active interrogation surveillance sources in a
Monte Carlo simulation framework. This paper is organized as
follows. Seetion 1l discusses the solution of the eollision avoid-
ance problem using an MDP and the resulting performance.
Section I motivates and reviews the logic selection capability,
Section IV reviews system performance results when using the
logic selection function, and Section ¥ concludes

11 PROBLEM FORMULATION

As with ACAS Xa [1]. ACAS Xu formulates the collision

avoidance problem as an MDP. While the principles remain

the same, the implementations are different for the vertical

and horizontal elements of the ACAS Xu collision avoidance

logic. Both are discussed in this section after a general review
of MDPs.

A. Markov Decision Processes

Associated with an MDP is 2 set of stales and a set of
actions. The probability of transitioning from a state s to a
state s is given by T(s' | s,a). The reward for transitioning
from state s to &' by action a is given by R(s,a,s'). The
objective in an MDP is to choose the best possible action from
the current state in order to maximally sccumulate reward over
time. Solutions can be found by discretizing the state space
and applying dynamic programming [8]

A partially-observable Markov decision process (POMDP)
generalizes the coneept of an MDP 10 include uncertainty in
the current state. Instead of observing the current state exactly,
wperfect observations are obtained. The probability of
ng o after taking action @ and transitioning o state & is
by O(o | +',a). Bayes’ rule can be used to infer a belief
distribution & over the current state from the past sequence of
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Figure 16: A picture | 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.
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Feedback from Thien-Ming (UQ Supervisor)

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. | would just suggest preparing some quick-selling numbers to
engage the viewers (e.g., “99.99% NMAC reduction”).
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