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Intro to AVIA

A AVIA is a DARPA project to develop assessment tools for th
Anti-Submarine Warfare Continuous Trail Unmanned Vesse|

(ACTUV) program
A Specifically designed to validate, introspect, and assess
autonomous systems (autonomy)

A Developed unique capabilities:
¢@ Metrics for autonomous behaviors (tracking, collision regulations)
¢ lterative test-selection based on uncertainty

A Designed with modular infrastructure to facilitate future

capabilities

¢ Systems Under Test (SUTS)
¢ Testselection methods
¢ Metrics
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Rapidlyconduct massive numbersf analytic assessmentsf ACTU\autonomy in

complex dynamic scenarios

Interface

Autonomy \
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Automated
Scenario
Generation

VisualizationJ

~
Automated

Analysis Tools

wAssesgapabilities beyond operational envelopd 0x¢ 100xmore scenarios

wAddress ACTUbperational concerns

wProvide >10xeduction in time to run & generate results from each simulation, frof2 daysto < 1day
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How does AVIA accomplish this? ©eE3, =

A Sample entire test domain intelligenthand without bias
¢@ Currently using Latimypercube sampling
¢ Allow perturbations and emergent conditions to arise
¢ Upgradeablecanimplement future sampling techniques

A Parallelscenario execution
¢ Demonstrated 10001-hour scenariosn <24 hours (16 hours)
¢ Automatic metrics evaluation

¢ Metrics stored in MySQL database, easy to visualize vaitfalysis
graphical user interface (GUI)

A Metrics are requirement dependent and include
Introspection to increase understanding of autonomy logic
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AVIA Architecture
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Create Run Analyze
Scenario(s) Scenario(s) Results
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Create Scenario(s)

User creates base
scenario
‘ Base Scenario YAML
Random sample bas¢  Generate specific
scenario parameters scenarios
‘ Scenario Parameters
Format all scenario parameter$ Format parameters in
in one XML file XML file
‘ Matrix Instance XML
Spawn a run for each scenarip Launch Run Manager

{

[
Create Run Analyze
Scenario(s) Scenario(s) Results

DISTRIBUTION STATEMENTAAproved for public release, distribution unlimited




Georgia | | Researsh
TeChLJ[m ST TR

Wrapper (Perl script) callsill
the components for each
instance of simulation

Run Scenario(s)l

Wrapper 1
AAutonomy Module

AContactManager
ATimeKeeper

ASimulation(NPCmotion)

| Un Cog.File—_

Run analysis _I—’

N

Perfor

Create
Scenario(s)

Run
Scenario(s)

Analyze
Results
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AnalyzeResults
l Performance metrics

MySQL databasd Store data in databasg
‘ Aggregated simulation data

Automated analysis of

performance metrics Automated analysis

l Analysis results

Format analysis resultd
for report template

Produce test report

Test Report Template

R

Create Run Analyze
Scenario(s) Scenario(s) Results
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How Data Flows Thru AVIA Ceqehln

Physics quels of Entities & AVIA
Environment

| 1

1 |

| 1

: 8 » A Vessel motion dynamics :

: S A Vessel signature characteristi¢s :

. E A _Bathymetry data (Level 0 & 11 :

: o & Entity Poses :

| 3 Signatures |
g ,, ; |

| .

| o3 Metrics Processor |
- Sensor Models Sensor|A / 2 YL} NBa {! ¢ Q&'

! c A Representations of contacts Pedigred] 640K aNBEEE 6BIN
I o from each sensor on SUT di e
: Q sensor pedigree :
AR I Contact List| _ _______________________ L. J

) (JDDS format)
)
N N S
System Under Test {1¢Q&8 22N] ROASSY

A Chooses course of action Perceived Contacts

|
|
|
| A Constructs worldview
|
|
|

SUT Autonomy
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AVIA Is Designed for the Tester Tech || Institute
/ Requirements Assessment \

3 Metrics Processor

Metrics

N,

Parameters ==y Scenario Controller

I

Testselection [==4 Completion Criteria

\_ AVIA GUI/\ AVIA SII\/I/
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(™ Scenario Loaded: Tango e
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Spawn Area Set:
Spawn Entity Count: 5

Name: [Fishing Boat1

Speed (m/s): 0

Heading (degrees): 0

Disposition: Friendly

Behavior: Stop and Fish

Map Object

& System Under Test1
T Submarine 1

Oil Tanker 1

i} Fishing Boat 1

@ NoGoArea1t

OFF MAP
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AVIA GUI Evaluator Tab Gegraia | Fsparch

' Scenario Loaded: Dolomi

= o 5
[ Editor | Evaluator | |

Scenario Progress
Matrix ID: 1012

( Completed Tasks | Metric Details | Raw TMT Log |

v|Show Errors v/ Show Completed Without Errors »| Show Uneventful

Metric Variance

# Steady State: 56.00%
# Converging: 21.00%
# Diverging: 23.00%

Test Case 434205 COMPLETE v
Test Case 434206 COMPLETE v/
Test Case 434207 COMPLETE v
Test Case 434208 COMPLETE v
Test Case 434209 COMPLETE v

Sample Status: Complete

Percent Complete:
Total Runs:
Completed:

Errors:

Scenario Details

Name: Dolomite

Last Edited: 08/19/2015
By: tm132

Submitted: 08/19/2015
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(¥ Playback File Loaded: C:AUsers\Tara\Desktop\binfiles =T

<

Legend V 2V

OFF MAP

Event: Truth Colregs Violation <« T« 1| »T Py Playback Speed: X1
SUT in colregs with (truth) Fishing Boat
®.

Om:0s

Playing Scenario....
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Scenario Controller Ceqehln

Other Vessel Behavior Moduleuses Finite State Automata (FSA) for
J— non-player characters (NPCs)
- N

. FSA for Transit to Waypoint
\

ContactSeen / Y
8 bstacleAvm ¢ / >‘ Posture )
- IsDone

\_{/ St
& b7,
\\\,b(\ rack/ng
&
Aggressive TargetDestroyed
g8 > AttackAndTrack : Y
o)

&
%,
Q)

DISTRIBUTION STATEMENTAAproved for public release, distribution unlimited




Scenario Controller

Physics Module simplified models for speed and heading dynamics

Y ref e a ‘ a. 4 l/.)t ¢ llj 1 Y
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Heading model
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1 Vi a \Y
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-1000 - e Ship track
- — — Route
-2000 -
X (m)
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Scenario Controller

Sensor Modelg random walk noise added to true data

North Error (m) 40 -

Example

Rmax = maximum error
allowed for random walk

(% ~ TN : ?
-40 N ; o7 v“l“. l _;
4 Tk ‘ ? j% East Error (m)

1)

_‘ J

*{,,, )

.4/4

Random walk error added to position data
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[ Analysis: AVIA_ScenarioTemplate_Track_and_trail_in_shipping_lane_76819656877363 — -
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[IV Active Splits | '

Test Matrix Tool analysSUI: Scatterplovisualization
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SUT Autonomy Geqedhl

Library Function JAUS DDS
Calls Network Operations
» GlobalBpp [«
o AlS <€
Bridge
<interface> »{ontactSensof<€
A
| Autonomy
. Bridge <<—»{ DepthSensor
A
Mission
> Planning [
Control
» Executor <
Report
> Manager [«
»| GTRIMonitor |«
Autonomy communication bridge
DISTRIBUTION STATEMENTAAproved for public release, distribution unlimited 20



Georgia | [

lterative Testselection Tech)| u

A Added iterative testselection based on performance of
previous samples

¢ Searches the test domain for the highest estimated variances,
the highest uncertainty

¢ Continues to iterate until completion criteria are met

» Completion criteria is programmable, currently using steasiate
variance of performance across the test domain

¢ Estimates calculated using spatial interpolation
¢ Does not bias to best/worst performance
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A COLREG classification can fluctuate over time

¢ Would have been hea@n (both giveway), but SUT alétop so
now the nonplayer character (NPC) is giveay
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| essons Learned

A This SUT will try to pass on the right, even if it is the
StandOn vessel
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