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[Abstract]

Mission autonomy system should be embedded on UAV (unmanned aerial vehicle) for mosaic warfare where UAVs
autonomously assign tasks to themselves. UXAS (unmanned x-systems autonomy service) proposed by Air force research
laboratory is mission autonomy system for unmanned platforms. UXAS has extensible structure composed of numerous module
services. We have developed mission autonomy system based on UxAS that performs mission allocation and path planning. In this
paper, We present a method of analyzing and evaluating the mission autonomy software according to the performance evaluation

index.
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Table 1. UXAS mission autonomy process.

Phase Description
Initialization Set up mission autonomy information such
as UAV specification, task list and so on.
Conduct path planning and task assignment
Assignment according to the automation request
message.

Generate final flight route according to the

Implementation )
assignment result.

Execute flight and task according to the

Execution ) ) :
assignment and implementation result.
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Services
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Point Search
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Line Search
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Fig. 1. Architecture of UXAS.
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Table 2. Extracted messages from database.

Message Content
AirVehicleConfiguration Spec. and current state of air
AirVehicleState vehicles
PayloadConfiguration Configuration and current state of
PayloadState payloads
KeepInZone
KeepOutZone region information for mission
OperatingRegion
TaskDependency Time dependency between two tasks
AutomationRequest Request to replan for mission
TaskAssignmentSummary Resul.t of the task assignment

algorithm
TaskComplete completed time and task’s ID
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Table 3. Mission autonomy software performance evaluation
indicators.
Performance
Evaluation Description
Indicators

An indicator that evaluates the total amount of
time it takes to be assigned the entire mission

Mission Time and return to base after completing the last

task.

An indicator that evaluates whether a flight was
Keep—out Zone ; ;

safely flown without passing through a

Invasion Rate keep—out zone between all flights.

Fuel An indicator that evaluates whether the entire

Consumption mission has been carried out with minimal fuel
M'SS'on An indicator of how many tasks have been
Achievement . )

Rate assigned relative to the overall tasks.

Task An indicator that evaluates whether the task is
Dependency satisfied when it must be executed within or
Satisfaction after a certain period of time after completion

Rate of the preceding task.

An indicator that evaluates whether the
Payload ) ;

) ) assignment of tasks according to the status of
Satisfaction )

Rate onboard payload has been appropriately

made.

An indicator that evaluates whether multiple
aircraft have arrived simultaneously for a
cooperative task by comparing arrival time of
each vehicle.

Simultaneous
Arrival Time
Difference
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Table 3. Input data for replan.

Input Data L
e Message Description
Spec. of the air vehicles
Air vehicle| AirVehicleConfiguration| (min/max speed, bank angle,
info. .)
AirVehicleState State of the air vehicles
Region keep—in zone zone where vehicles can fly
info. keep—out zone zone where vehicles cannot fly
operating region Info. about activation of zones
Task point/line/area ID, location and options for
info. search task the tasks.
Beplan AutomationRequest air vehicle, region and task
info. info. used for the replan
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Table 5. Performance analysis tool test analysis results.

=T AlE 24 A7}

Performance
evaluation
indicators

Mission time

Execution
time
Keep—out
zone invasion
rate
Mission
achievement
rate
Task
dependency
satisfaction
rate
Payload
satisfaction
rate

Decentralized
algorithm

0:12:53
19.005 sec

Centralized
algorithm

0:12:48
1.575 sec

0.0%/0.0%/0.0% 0.0%/0.0%/0.0%

100%/100%/100% | 100%/100%/100%

100%/100%/100% | 100%/100%/100%

100%/100%/100% | 100%/100%/100%

[2024-05-30 24 11:31:01] DBNY $iE 8.
12024-05-30 23 11:31:08] messagelog 1.0 20 A[L2)2 He g2l
[2024-05-30 24 11:31:08] AirVehicleConfiguration DBRead #2
12024-05-30 2 11:31:08] AirVehicleState DBRead &3
|[2024-05-30 2 11:31:08] VehicleActionCommand DBRead # 2
lzozn -05-30 9.‘4 !l.oal AssignmentCostMatrix DBRead & 2

13 DBRead 2
2024-05-30 9.14 1 ﬂﬁl AutomationResponse DERead & &
[2024.05-30 23 11:31:08] UniqueAutomationRequest DBRead B2
12024-05-30 2 11:31:08] UniqueAutomationfesponse DBRead &
[2024-05-30 2 11:31:08] AutonomyConfiguration DBRead 218
[2024-05:30 24 11:31:08) ChbaConflicteschution DBRead #2
[2024-05-30 2 11:31:08] KeepinZone DBRead © 2
[2024-05-30 2 11:31:08] KeepOutZone DBRead B#E
12024-05-30 24 11:31:08] OperatingRegion DERead 22
{2024-05-30 2 11:31:08] RoutePlanRequest DBRead B8
[2024-05-30 24 11:21:09] RoutePlanResponse DBRead 18
|12024-05-30 23 11:31:09] RTOTA PaykoadConfiguration DBRead 12
{2024-05-30 23 11:31:09) RTOTA_PayloadState DBRead £ 2
12024-05-30 23 11:31:09] SessionStatus DERead 22
[2024-05-30 2% 11:31:09] TaskDependency DERead £2
12024-05-30 24 11:31:09] TaskPlanOptions DBRead 2
[2024-05-30 23 11:31:09] TaskAssignmentSummary DBRead 2
|12024-05-30 2 11:31:09] PointSearchTask DBRead 82
12024-05-30 2 11:31:09] LineSearchTask DBRead 212

112024-05-30 28 11:31:09] TaskimplementationRequest DBRead 12
|12024-05-30 2.H 11:31:09] TaskimplementationResponse DBRead 22
|12024-05-30 28 11:31:09] Taskinitialized DBRead #al

12024-05-30 27 11:31:09] TaskActive DBRoad B2

[2024-05-30 23 11:31:09] TaskComplete DBRead &2
[2024-05-30 2H 11:31:09] TaskAutomationRequest DBRcad 85
[2024-05-30 23 11:31:09] TaskAutomationResponse DBRead $1&
|12024-05-30 24 11:31:09) MissionCommand DBRead B8
[2024-05-30 27 11:31:09] AssignmentCoordination DBRead B8
112024-05-30 2 11:31:09] AssignmentCoordinatorTask DBRead 912
120240530 24 11:31:09] CoordinatedAutomationRequest DBRead
12024-05-30 2 11:31:09) DB Y $7] §8
[2024-05-30 23 11:31:11] HIO|E] B9 4

] ==
J8 4. 4524 =T HolH =& At

Fig 4. Performance analysis tool data extraction results.
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Fig 6. Test replay results of the performance analysis tool.
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