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Introduction —\What is Human Supervisory Control (HSC)?

e The five cyclical steps:
e Planning a computer-based task
e Communicating to the computer what was planned
e Monitoring the computer’s actions for errors and/or failures

e Intervening when the plan has been completed or the computer
requires assistance

e The human and computer learn from the experience

— Controls —/ Computer \——| actuators —>

Human Operator
(Supervisor)

N—-

— . H— — -
Displays Sensors
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Motivation

The role of multiple HSC tasks in network-centric operations

o HSC tasks are primarily cognitive in nature and generally do
not require constant attention and/or control

Multiple HSC application of particular interest to military planners
is operator supervision of a swarm of unmanned vehicles

e Want to maximize the number of unmanned vehicles a single
operator can supervise, under time pressure

e Major limiting factor is operator workload, which could drive
system wait times

The role of automated decision support

e Not clear what type or level of decision support is appropriate
for supervision of multiple vehicles

I Ill MASSACHUSETTS IMSTITUTE OF TECHHMOLOGY



Background —Human Supervision of Multiple Vehicles

A framework for estimating the number of vehicles one human
could control was proposed by Olsen and Wood (2004) with
regard to traditional human-robot interactions

Two main concepts in original work

e Interaction Time (IT)

e Neglect Time (NT)
Fanout equation

e # vehicles that a single operator can supervise = NT/IT +1
Missing an essential element

e Wait Time (WT)

— Dramatically impacts system performance and risk of
failure in time-critical applications (e.g. C2)
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Background —Wait Time Modeling

e Three main categories of wait times
1. Interaction Wait Time (WTI)

— Interaction times that occur while the vehicle is in a
degraded state

2. Wait Time in the Queue (WTQ)

— Result from vehicles requiring attention simultaneously or
near simultaneously

3. Situation Awareness Wait Time (WTSA)

— Result from loss of situational awareness, operator does
not realize vehicle is waiting
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Simulation and Interface Design — Navigation Display

Th e th ree £ MauveControl v1.0 - Navigation
major screen
elements on

the flrst dISp|ay UAV 4 Current: End: MISSION Elapsed: Remaining:

| 1205247 | | 123000z | TIME | ooos24 | | 002436 |

are. MISSION PLAN
weapons I I I I I I I I I
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Movements

[ Move to Mest Target ] [ Return to Bage 2300 N
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Gueue Mame BDA
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a Move up

n
Req TOT Delay
Target BDA

I 26:00 N
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Mission
Time

— 24:00 N
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W/ ay Points:
Way Points
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Simulation and Interface Design — Decision Support Display

The four
major screen
elements on

the second
display are:

1

UAV
Status

2

Chat Box
3

UAV
Health &
Status
Updates

4

Decision
Support

1=

[EHLEX]

MISSION STATUS ‘

Current Time 5:00 min 10:00 min 15:00 min
WP1A  WP-1E Base 1
Status: BDA Altitude: 10000 MSL
Current Target: T-14H Course: 180"
Latitude: 21:59:14 9 N Speed: 2500 kis
Longitude: 045:00:00.0E  Payload Ready: 0
T-9M T-17L T-10M
WP-25 WP-2C
Status: Enroute Altitude: 10000 MSL 4
Current Target: T-6H Course: 83°
Latitude: 28:44:08 5N Speed: 2500 kts
6:25:42.2E Payload Ready: 0
T-7M T-6H T-15H
Base 1
te Altitude: 10000 MSL
: T-13L Course; 260°
Latitude: 28:39:39.0 N Speed: 2500 kts
Longitude: 043:01:.07.5E Payload Ready: 0
T-18M T-13L T-3H T-8L
Base 1
Status: Enroute Altitude: 10000 MSL
Current Target: T-11L Course: 180"
Latitude: 21:09:02.8 1 Speed: 2500 kis
Longitude: 044:03:30.8 E  Payload Ready: 0
T-11L T-5H T-1M
. Message History Health & Status Updates

i

Intelligence (12:05:15) == The following targets now require BDA: T-4L

Base (12:05:25) => Which UAVs' mission plans would have to be revised if threat H-2 moved

immediately south-west (SW) of Base?

Operator (12:05:52): 4

Base (12:06:38) == Request to delay TOT for T-11L denied

Base (12:06:44) == Request to move the TOT for T-11L was approved
Base (12:06:44) == MNew TOT for T-11Lis 12:08:252 - 12:08:432
Base (12:06:55) => Request to delay TOT for T-5H denied.

Base (12:07:02) => Request to delay TOT for T-5H denied.

Base (12:07:09) => Request to delay TOT for T-5H denied.

~| |UAV 3 (12:04:55) == Available to fire for target T-16M
UAV 3 (12:04:55) == Firing on T-16M

UAV 3 (12:05:01) => Fiting completed for target T-16M
UAV 4 (12:05:45) == Awvailable to arm for target T-4L
UAV 4 (12:08:45) == Arming for T-4L

VAV 4 (12:05:50) => Arming completed for target T-4L
UAV 4 (12:05:55) == Available to fire for target T-4L
UAV 4 (12:05:55) => Firing on T-4L

VAV 4 (12:06:00) => Firing completed for target T-4L
UAV 1 (12:06:25) => Awvailable to arm for target T-14H
UAV 1 (12:06:25) == Arming for T-14H

v

~ UAV 1 (12:06:31) == Arming completed for target T-14H

UAV 1 (12:06:35) == Available to fire for target T-14H

UAV 1 (12:06:35) == Firing on T-14H
UAV 1 (12:06:39) == Firing completed for target T-14H

=I i —
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Methods — Experimental Apparatus

I III MASSACHUSETTS INSTITUTE OF TECHMOLOGY

10



Method’s — Experimental Design — Independent Variables

Primary: Level of Decision Support (Scheduling Assistance)
e Between subjects
 Four levels
1. Manual
2. Passive
3. Active
4. Super Active

Secondary: Amount of Schedule Re-planning (Operational Tempo)
e Within subjects
e Two levels, high and low
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Methods — Experimental Design — Types of Decision Support

Passive

- -
II MASSACHUSETTS INSTITUTE

OF TECHHOLOGY

Base 1
T-6M - T-3H TA3L
1205552 - 12.06:152 = Arming for T6M | |, 13557 1214152 | 1218102 - 1218302 . E=Dd
1205342 120545 - 120555 1213222 1217.272 izzmanE
= T.7H T-3H T3
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Active Super Active
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Hypotheses —Wait Times

WTI
Should decrease with higher

levels of automati

on

— Visual timeline in all but
manual level allows users
to more easily determine
inter-vehicle relationships

— Recommendations in
active level decrease

planning time

— Super active level
eliminates execution time

WTQ
Follows same trend as WTI
WTSA

Situation awareness can
decrease under both high and

low workloads

Highest =

Higher |

Lower

Lowest

Maral Pazsive Active Super Active

Level of Automation
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Methods — Experimental Design

Human Performance Measures

e Performance Score

e Number of Time on Target Delays Requested
System Performance Measures

e Wait Times

- WTI, WTQ, WTSA

Situation Awareness

e Quasi-objective SA score on a 0-5 scale

— Objective rating scales, but subjectively chosen by expert
observer

Critical Events

e Number of times targets were /incorrectly destroyed

I Ill MASSACHUSETTS IMSTITUTE OF TECHHMOLOGY
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Results and Discussion — Performance Score

Level of re-planning significant
(p = 0.001)

Level of automation marginally
significant (p = 0.076)

e Low re-planning

— No difference between
automation levels

 High re-planning

— Super active had
significantly higher
performance scores than
active (p = 0.032)

— Poor performance of the
active level is surprising
in light of previous
studies

Performance Score

1000 —

300 —

G00 =

400 —

200 —

Level of Re-planning
B High
B Low

-I-F m T

1 I 1 I
Manual Passive Active Super Active

Level of Automation
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Results and Discussion — Time on Target Delays

Level of re-planning marginally

significant (p = 0.059)
7] Lewel of Automation

Level of automation marginally b
significant (p = 0.096) B Passive

H Active
W Super Active

.
)
1

 High re-planning

— TOT requests under
active level significantly
higher (p = 0.065)

— The driver for poor

performance in the active
level
— Subjects in the active
level tried to globally ,
— -

w
[=1
1

TOT Delays Requested
i

-
=]
1

optimize their schedules
and generally failed

Low High
Level of Re-planning
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Results and Discussion —\Wait Time Interaction (WTI)

Level of re-planning not significant
(p = 0.170)

Level of automation significant
(p = 0.003)

o Significantly less total WTI for
super active and active levels
than manual and passive levels

e Reasonably consistent with
expectations

Predicted WTI

----- Actual WTI
Highest |-

Higher }=

Lower |-

Lowest |-

| | I
Manual Passive Active Super Active

Level of Automation
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Results and Discussion —Wait Time in the Queue (WTQ)

Level of re-planning significant

(p = 0.001)

Level of automation marginally
significant (p = 0.063)

o Consistent with expectations,
except:

Predicted WTG
————— Actual WTQ

Highest |

Higher =

— Under high re-planning,
active level significantly
higher WTQ than super
active or passive, same as
manual

Lower =

— Task queues built
significantly higher in the
active condition when

Lowest |-

under high workload T | | .

Manual Passive Active Super Active
— Due to extra time Level of Automation
operators spent trying to
adjust schedule
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Results and Discussion — Situation Awareness Wait Time (WTSA)

Level of re-planning significant
(p = 0.001)

Level of automation not significant
(p = 0.144)

e Super active significantly less
WTSA than manual and active
across both re-planning
conditions

e Results not consistent with
expectations

— Inappropriate fixation on
visual timeline

— Further problems under
active as users tried to
globally optimize

Highest

Higher

Lowwer

Lowest

Predicted WTSA
Actual WTSA

I
Marual

| |
Passive Active

I
Super Active

Level of Automation
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Results and Discussion — Situation Awareness (SA)

Overall

Breakdown

Super active had significantly higher level
2 SA

Level of automation not significant
(p=0.112)

— Same trends as WTSA

50-

=
[4)]
1

SA is generally thought to have three
levels (Endsley, 1995):

1. Perception of important
environmental cues

=
(=)
1

Average Level 2 SA Score
A

2. Comprehension of the situation

3. Projection of future events and Ey
dynamics

204

fanual

More time to observe events on displays

No improvement in level three SA

Passive Active
Level of Automation

Super Active
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Results and Discussion —Wait Time Proportions

Total system wait time dominated by WTSA regardless of level of workload
e WTI, WTQ can be reduced by greater autonomy

o WTSA, which dominates total wait time, cannot be completely
eliminated

Low High

Re-planning Re-planning

I III MASSACHUSETTS INSTITUTE OF TECHMOLOGY
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Results and Discussion — Critical Events

Occurred when operators
erroneously fired upon targets

e Friendly fire incidents, etc.

Virtually no critical errors under
low tempo condition

Results suggest operators under
manual and super active made
more critical errors under high
workload

Number of Erroneously Destroyed Targets

Manual Passive Active Super Active
Level of Automation

I III MASSACHUSETTS INSTITUTE OF TECHMOLOGY
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Conclusion

Super Active level of automation had the best human and system
performance, but a higher number of catastrophic events

Active level of automation unexpectedly produced the worst
performance

o Automation caused operators to attempt to globally optimize
schedule, overwhelming them

Passive level of automation best overall cost and performance
benefits

e A solid performer with no major drawbacks

Total system wait time was dominated by wait time caused by
lack of situation awareness

Predictive model was good for WTI, WTQ, but not WTSA

 Operators were never “under-loaded” due to number of
vehicles being supervised

I Ill MASSACHUSETTS IMSTITUTE OF TECHHMOLOGY
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Questions or Comments?

MIT Humans and Automation Lab website

http://halab.mit.edu

Primary investigators’ contact information

pmitchel@mit.edu

missyc@mit.edu

I III MASSACHUSETTS INSTITUTE OF TECHMOLOGY
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Background — Levels of Automation

Automation Automation Description
Level
1 The computer offers no assistance: human must take all decision and actions.
2 The computer offers a complete set of decision/action alternatives, or
3 narrows the selection down to a few, or
4 suggests one alternative, and
5 executes that suggestion if the human approves, or
6 allows the human a restricted time to veto before automatic execution, or
7 executes automatically, then necessarily informs humans, and
8 informs the human only if asked, or
9 informs the human only if it, the computer, decides to.
10 The computer decides everything and acts autonomously, ignoring the

human.

I Ill MASSACHUSETTS IMSTITUTE OF TECHHMOLOGY
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Simulation and Interface Design —Example Timeline

Waypoint Base
Armlng Window  Firing (TDT]I Window E'I'A L'-'-“te"'“g ETA

\

WP A, WF‘1EI i Base 1
T-14H ’h TEIM T'I?i_ T1I:|ru1
BDA Scheduled Target ETA Enmute Hetumnng To Base
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Methods — Subjects

12 subjects total, 3 per automation level

e Combination of MIT students, ROTC, and active duty military
personnel

e Average age = 26.3 years, 10 male, 2 female

e 9 are ROTC/Air Force officers
— Mostly 2 Lieutenants but up to Lieutenant Colonel
— 1-20 years experience, median 3

e 9 are pilots
— Average flight hours 120

e 2 had previous (small) UAV experience

I Ill MASSACHUSETTS IMSTITUTE OF TECHHMOLOGY
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Results and Discussion — Total System Wait Time (WTT)

Level of re-planning significant 0| s ot R AN
(p <0.001) i
Level of automation significant 600 -
(p = 0.018)

u

[

[=]
|

e Super active WTT
significantly less than all
other automation levels

I

=]

[}
1

 High re-planning only

w

]

[=]
|

— Active level
significantly higher
than super active

Average System Wait Time (s)
T

T T T T
Manual Passive Active Super Active

Level of Automation
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Results and Discussion —\Wait Time Interaction (WTI)

Level of re-planning not

significant (p = 0.170) Level ﬁe.Hr?;inmng
Level of automation significant 180~ Low
(p = 0.003)

-

w

(=]
]

e Significantly less for
super active and active
levels than manual and
passive levels

120

Average Interaction Wait Time (5)
]
1

fuz)
(=
1

30+

1 1 | |
fanual Passive Active Super Active

Level of Automation
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Results and Discussion —Wait Time in the Queue (WTQ)

Level of re-planning significant
(p = 0.001)

Level of automation marginally
significant (p = 0.063)

 High re-planning only

— Active level
significantly higher
WTQ than super
active or passive,
same as manual

Average Wait Time in Queue (s)

100 =

-]
o
|

4]
o
]

]
[
]

Level of Re-planning
—— High
Lo

1 I I I
Manual Passive Active Super Active

Level of Automation
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Results and Discussion — Situation Awareness Wait Time (WTSA)

Level of re-planning significant
(p = 0_001) soo0— Level of Re-planning

——— High
Low

Level of automation not
significant (p = 0.144)

e Cell comparisons

4]

o

=1
|

'

[}

=
]

— Super active
significantly less than
manual and active
across both
conditions

— HRP, active
significantly higher
than manual and
super active

]

[=]

=
]

Average Situation Awareness Wait Time (s)
g g
| ]

.

\\

| 1
Manual Passive Active Super Active

Level of Automation
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Results and Discussion — Subjective Workload

Level of re-planning significant
(p < 0.001)

* No significant difference
in subjective workload
for the manual level
under different
operational tempos

an— Level of Re-planning
High
Loy

-
a
|

Level of automation not
significant (p = 0.779)

Subjective Workload Score
T

I | | 1
Manusal Passive Active Super Active

Level of Automation
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Results and Discussion — Secondary Workload (Spare Capacity)

h
o
]

Level of Re-planning
High
Low

Level of re-planning significant
(p=0.003)

e Spare capacity of the
manual and passive
levels did not change
across re-planning
conditions

h
[
|

.
n
1

.
[ ]
1

Level of automation significant
(p=0.002)

e Manual and super-active
automation levels
statistically have the
same spare capacity,
which is lower than
active and passive levels

[ %]
th (=]
| |

Average Response Time to Online Questions (s)
(=] [ ]
] () ]
] 1

— Manual = workload

—
o
]

— Super Active = low | | . T

Manual Passive Active Super Active

SA Level of Automation
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Results and Discussion — Best and Worst Performers

Dependent Variable

Level of Automation

Worst Performer

Best Performer

Performance Score Active Super Active
Number of TOT Delay Requests Active Manual
Interaction Wait Time (WTI) Manual / Passive Super Active / Active

Wait Time in the Queue (WTQ)

Active / Manual

Super Active / Passive

Situation Awareness Wait Time (WTSA)

Active

Super Active

Situation Awareness (SA)

Active

Super Active

Erroneous Target Critical Events

Super Active / Manual

Active / Passive

Subjective Workload

Active / Manual

Super Active / Passive

Secondary Workload

Manual

Passive

MASSACHUSETTS IMSTITUTE OF TECHHMOLOGY
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Results and Discussion —Summary of Main Effects (p-values)

Independent Variable
Dependent Variable LEG E N D
Level of Automation | Level of Re-planning (CI =0.05 )
Performance Score 0.076 0.001 Significant Result
Number of TOT Delay Requests 0.096 0.059 Marginally Significant Result
Interaction Wait Time (WTI) 0.003 0.170
Wait Time in the Queue (WTQ) 0.063 0.001
Situation Awareness Wait Time (WTSA) 0.144 0.001
Situation Awareness (SA) 0.112 0.002
Erroneous Target Critical Events 0.878 0.034
Subjective Workload 0.779 <0.001
Secondary Workload 0.002 0.003

- i . - -
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Results and Discussion

— Qverloaded Operator Coping Strategies

Latitude (degrees)

30

29

28

27

26

25

24

23

22

21

20

30

- - Expected Path

Actual Path

- - - - Expecied Paih ——— Actual Path |

28

28

a7

26

25

24

Latitude {degrees)

23

22

21

40

41

42

43 44 45 48 47 48

Longitude (degrees)

Cognitive Shedding

a0
49 50 40 41 42 43 44 45 46 47 48 49

Longitude {deqgrees)

Degraded Level of Management

50
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Results and Discussion —Example Test Session — 1

NS EIES

l 1200059 £ I I 12°30:00 2 I

UAV 1 Current: End: MISSION Elapsed: Remaining:

MISSION PLAN | Lrosnd

Weapons

Weapons

Movemants
Movements

Mo bo et Target Petun toBase |

Taigets
Target Assignment
Queue Naeme BDA

1 TEM - Mive
2ot o Wi downs

1 T o

[ | [ﬁ"“ Ee)
Target B

46:00 E 4700 E 4300 E 49:00 E

MauveContrel ¥1.0 - TimeLing

MISSION STATUS

Super-Active Automation

High Re-planning Scenario

Stabus: Encouts ARRude: 10000 3L T
3 Currend Torge: T-6M Course: 205°
Lathuges 251036 2N Spoed: 2500 ks
Fesnora Tagat Longiude: 044:20°25 4 [
L 5 TEM T.TH T
LAl ‘Status: Envouts ARRug: 10090 MSL
Way Points Curront Target: T-16H  Course: 104° @
Latfude: 28 8523 TH Speed: 2500 ks
(T Longiude: 1453934 5E  Payload Ready:
Loiker Pisiniy [ECT T1a T11M
Loiter Points WO |
Status: Encouly ARfude: 10000 M5L
[ AdiLotPon | Currend Torpek: T-2M Course: 270°
Lathudes 2500 000N Speed: 2500 kis
Longisde: 0441501 6 F o
TN TAR TaH
W48
‘Status: Enrouts ARRude: 10000 SL
Current Target: T-15M Course: 50
LatRude: 2500000 N Speed: 2500 ks
Longiuge: 45405010 Paylead Ready: 0
T8 L T84
Message History Health & Status Updates

j=b
N
Q
e
Ul
O

- SEND.
v CLEAR -

- i- - ——
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Results and Discussion —Example Test Session — 2

e Super-Active Automation

g — T T T 1 T T 1

41:00 E
Weapons
- - -
High Re-planning Scenario
Vorermests
Movements
Move lo Neat Target Fiebun bo Bave p— 2500 N
Tangets
Target Assignment
Gueue Name EDA MauveControl ¥1.0 - TimeLing
A Movve up u— 20:00 N
2 T Mave down
3T of
Reg TOT Delay
Target BOA
2400 N Status: Encouti AmRuse: 10000 MSL T
s Currend Torgel: T-60 Course: 205
i LatRude: 252458 9 H Speedt 2500 ks
LongRude: 043 2645 6 [
Temave Taiget
— T TH
T8 v
Way Peiets ‘Status: Enrouts ARG 10000 MSL
Corrond Target: T-16H  Course: 104°
Way Points Lothude: 283501 0N Speed: 2500 ks &
AWl p—27:00 N Lomgiude: 0463314 3E  Payload Ready: 0
TG Tl T11M
Lodtes Pty i
W
Loiter Points Status: Encouti ARfude: 10000 USL
Currend Targel: T-24 Course: 270
LatRude: 2500000 Speed 1500 ks
LongRude: 043 73 283 E []
T.m T Tan
o wo-a8
‘Status: Enrouts ARRude: 10000 MSL
Current Target: T-15M  Course: 50°
Lothude: 25000001 Speed: 2500 ks
LongRude: 0463631 66 Paylcad Ready: 0
.
T-15M Tl T8
Message History Health & Status Updates

Hase (12:01:00) => Which UAVs will arrive at their next navigation point by 12:05:007
Operator (12:01:49); 4
Intelligence (12:02:15) =» The followang Wreals have been destroyed H-1

MASSACHUSETTS IMSTITUTE OF TECHHMOLOGY 40




Results and Discussion —Example Test Session — 3

UAV 1 e ] o Super-Active Automation

MISSION PLAN [ e |
B AL00E  4200E 43I:w E ul:m E  4S00E  46:00E  4T00E  4S:00E  40:00E
Weapons
- - -
-~ High Re-planning Scenario
Movements

Mo bo et Target Peetuon to Dase 2500 N

Taigets
Target Assignment ]
Queue Name BDA MauveCantrel v1.0 - Timeline

1 TEM a Murve 26100 N
2ot o Wi downs
ERN ]
_J i)
Tuget BDA

MISSION STATUS

Stabus: Lot AEmde: 10000 MSL
Currend Targel: T-6M Course: 205 @

- LatRude: 2556409 H ‘Speed 2500 ks 1 Savands.
LongRude: 041 7827 7 E 11 Cliok o

Femcrvn Target

T ~
iy Powts ‘Status: Enrouts Ammude: 10000 MSL
Way Points ‘Current Target: T-16H Course: 104°
b 22:00 1 LatRude: 23855811 Spoeed: 2500 ks
Fukd iy : Lomghude: 045 44024 E  Payload Ready: 0
Loges Pl |
Loiter Points L=

(Aot |

Status: Encouti Amfude: 10000 WS
Currend Targed: T-121 Course: 210°

LatRude: 24:05.54 64 ‘Speed 2500 ks

Longiude: 04203370 E ]

— TAA T4H TADMH
‘Status: Enrouts AmRuSe 10000 MSL
Currend Target: T-11 Course: 0°
LatRude: 2522 850N Speed 2500 ks
. Lonpiude: 047 57466 L Paylead Ready: 0
T T T8 Tal
_._MessageHistery Health & Status Updates
~| -~
15 The followansg threats een destroyed H-1 UAV 3 (12:03:45) => Available to arm for target T-2M
Base {12:02:20) => Which UAVs" mission plans should be revised if threat H-3 moved immediately UAY 3 (12:03:45) => Armaing for T-2M

south-east (SE) of Base?
Tntalligenca (12:

180) = funing completed for targest T-20
£5) => Avallable to fire for target T-2M
55) => Firing on T-IM

00} =» Firing completed for target T-IM
48) == Available to arm for sarget T-15M
145) =» Arming for T-15M

VAV 4 (12:04:49) => furzang completed for target T- 150
£5) =» Available 1o fire for target T-15M
£5) == Firig om T-15M

101) = Firing conpieted for target T-15M

the folswing energing targets: T-1TM

=> Request to delay TOT for T-17M

|E16

v Liarg

| Al w

[
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Results and Discussion —Example Test Session — 4

UAV 4

Current:

End: MISSION

Elapsed:

Remaining:

[Eoraez | [ zaomaz ) TIME 00:07:39 00:23 21
MISSION PLAN | Leoend I I
B ALOOE  4200E  4300E  44:00E  4S00E  4600E  4T00E  4S:00E  49:00E
Weapons
Mirvements ——}____4
Movements
Move bo et Target Pietumn to Base 7500 N
Taugets
Target Assignment
Queus Name  BDA
- Muve w o 211:00 ¥
2 Tam Morve dowms \_\_‘{
3T _‘_\-\_‘_‘
Fea 10T Delay
oot — . -
5 Ta
2400 N
¥
Pt T vt
T-15M -
Wy Porks
Way Points
[ A Woord 2200 N —
Loster Pty
Loiter Points

(Aot |

MISSION STATUS

Stabus: Encouts

ARRude: 10000 WEL
Currend Targed: T-TH Course: 330°

LatRude: 2629094 H ‘Speed 2500 ks
LongRude: 041 05427 F Ready:

Super-Active Automation

High Re-planning Scenario

‘Status: Enrouts AR 10000 MSL

Current Target: T-14L Course: 150°

LatRude: 23 48551 N Speed: 2500 ks &
Longhude: 04502304 Payload Ready: 0

12:07:39

Sabus: Lot
Currend Targed: T-12L

AR 10000 WS
Course: 215%
Speed 2500 ks
LongRude: 04112186 Payioad Ready: 0

LatRude: 2255129 N

ZF1 T4 TAH
‘Status: Enrouts A 10000 MSL
Current Target: T-11 Course: 0"
LatAude: 433N Speed: 2500 ks
Longiude 04757531 € Payioad Ready: 0
Tam TaL TS T

- Mossage History

Base (12:06:47) > New TOT for T-3His 1714 252 - 1214452,
Base (12:06:59) => Bequest o move the TOT for T-3H was gproved
Base (12:06:5%) ~> New TOT for T-3His 1215562 - 1216 162

Base (12:07-08) => Bequest o move the TOT for T-13L was apgroved
Rase (12:07:00) => New TOT for T-13L it 1218402 - 1219002
Base (12:07:18) => Request lo delay TOT for T-13L derzed

Basa (12:07:24) => Request 15 move the TOT for T-13L wat approved
Base (12:07:-24) => Hew TOT for T-13L 15 1220112 - 1220312
Base (12:07:36) => Request to move the TOT for T-5H was approved
Base (12:07:36) => Hew TOT for T-5H 1 1217262 - 1217462

£

|E16

SEND

q

Health & Status Updates
:55) == Availuble t five For farget T-15M
:88) => Firing on T-15M
1) => Firing completed for barget T-15M
%) => Avallahle ta arm for target TGN
A45) = vz For T-6M
1) => Arming, completed for target T-60

25) == Avallable ta arm for target T-16H
25) = furrsng For T-16H

20) => Arming, completed for target T-16H
36) => Available 1o fire for target T-16H
DAY 2 (12:16:36) => Firing on T-16H

UAY 2 (12:06:42) => Firing completed for target T-16H

- -
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Results and Discussion —Example Test Session — 5

UAV 2

MISSION PLAN | Lrosnd

Current: End: MISSION
[ sz | [ zaoooz | TIME

Remaining:

Elapsed:

Weapons

Weapons

Movemants
Movements

Mo bo et Target Peetuon to Dase

Taigets

Target Assignment
Queue Naeme BDA

J a Move
Mirer demm.

Req TOT Delsy

4 Ta
Taiget BOA
¥
Pt Tanget
T-11m -
Wy Pk
Way Points
e ]
Loster Pty
Loiter Points

%00 N

o 22000 N

2200 N

E

42:00 E 4300 E 4400 E 4500 E

e

__\_\\{
-._\\_\_‘_‘

46:00 E

4300 E 49:00 E

MauveContrel ¥1.0 - TimeLing

MISSION STATUS

Super-Active Automation

High Re-planning Scenario

Sabus: Lot ARRude: 10000 WEL
Currend Targed: T-TH Course: 330°

LatRude: 263539 2 H ‘Speed 2500 ks

LongRude: 0410557 7E  Payioad Ready: 0

‘Status: Enrouts AR 10000 MSL

Current Target: T-14L Course: 150°

LatAude: 2303458 N Speed: 2500 ks &
Longhude: 04573 329E  Payload Ready: 1

Status: Loter ARSuse: 10000 USL
Currend Targed: T-121 Course: 215%
LatRude: 2255129 N Speed 1500 ks
Longiude: 0411214 4E  Payload Ready: 0
12 T.aH T 1
1
‘Status: Enrouts ARRude: 10000 MSL
Currend Target: T-5H  Cotirses 74°
Lathude: 2704225 N Speed: 2500 ks
LongRude: 04627 100C  Paioad Ready: 0
TaL T 3

Base {1

Bave (12:07:36) => New TOT for T-SHs 1217362 - 1217462

Base (12:07:40) ~> Which future high priarity target sonbd provide the greatest decrase in a singhe

UAV's drarvel timne, if removed from dhe ATO?

Rasa (12:07:52) => Request 15 move the TOT for T-9L was approved
Base (12:07:52) => Hew TOT for T-9L 15 1221062 - 1221262
Rasa (12:07:50) => Request 15 move the TOT for T-9L was approved
Base (L2:08:00) => Hew TOT for T-9L 15 1221 362 - 1221562
Operator (12:08:34): 10
Intelligence (12:05:45) => Repor

folowing energing theeats: He4

£

Health & Status Updates
UAY 1 (12:05:55) => Available (o fire for {arget T-6M
5) = Firing on T-6M
00) =» Firing compleled For barget T-6M

25) =» Arcaung For T-16H
20) => Arming, completed for target T-16H

3) = Firing on T-16H
2) => Furing comgpleled for barget T-16H

55) => funmng for T-17M
1) => Arming completed for target T-17M

5) = Firing on T-17M
:10) => Firirgg comnpleted for tasget T-17M
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Results and Discussion —Example Test Session — 6

S, ) e Super-Active Automation

B E 4L00E 4%00E 44:00E  4S:00E  46:00E W0E  4S:0E  49:00E

Weapons

High Re-planning Scenario

Musements ——}____4

Movements

Mo bo et Target Peetuon to Dase 2500 N

Taigets

Target Assignment
Queue Naeme BDA

T2 o Murve 76100 Y
[

1 TaH o [FeaToroes ] -‘_\‘\_‘_‘

Taget BDA
B
o 2400 N Satus: Encouts AR 10000 WL
- Current Target: T-3H  Course: 457
Lathuge: 264GA7AN  Speect 2500 ks
T Tasgat LongRuge: 08119203 £ [
T4 -
wp.za Basnt
LAl ‘Status: Envouts ARRug: 10090 MSL
Way Points Curront Targst: T-31 Course: 716°
b 22200 Latfude: 223631 4N Speed 2500 ks
(T : Longuse: 04542056 E  Payload Ready: 0
Lraer Polz 1M T
Loiter Points Dage 1 !
Slabus: Loser ARfude: 10000 M5L
Currend Target: T-4H  Courses 107°
Lathude: 2222048N  Speedt 2500 Kis
Longitisde: 0810701 5E  Payload Ready: 0
— = 2 A 1
1
‘Status: Envouts ARRug: 10090 MSL
Current Target: T-5H Course: 74"
LatRude: 2722175 Speed 2500 ks
: Longuge: 0453047 6E  Payioad Ready: 0
T T8 &
= — sageHistory Health & Status Updates
Base (12:07:59) => Request ta move the TOT for T-9L was appraved #| |UAY'3 (L2:09:05) => Army for T-110 ]

7) => Arming, completed for target T-TH
1) == Available to fire for target T-TH
Intelligence (12:08:45) = Hepes following exnergmyg theests: He4 DAV (12:08:12) => Firing on T-TH

Bate {12:08:55) => How many active medium priarity targets remain to be desctroyed? L2 = frnmg congleed for lagd T-1L

Intelligence (12:09:30) => Reportmy the followmg cnergmg targels. T-180M i) => Avallahle ta fire for target T-121
Tntalligence (12:09:40) == The falloy r & hetn re-asdigned Lo another strike migsion: T-14L UAY 3 (12:09:16) => Fung on T-12L
. . Bave {12:10:19) => Hequest 1o deday TOT for T-10H dened | ) = Firingg compieted for target T-TH
Base {12:10:25) => Fequest to move the TOT for T-18M was approved 2) == Frwsg comnpleled for beget T-10L
. . Base (12:10:25) => Hew TOT for T-18M 15 1215102 - 1215302 | UAV 2 22:10:00) => Avallable to arm for target T-14L

10) => furrang for T-14L
- SEND.

Bave (12:08:00) => MNew TOT for T-9L 15 1221362 - 1221 562

£

|5) => Arming completed for target T- 141

1) => Firing on T-14L
:26) => Firingg completed for target T-14L ~

8
s
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Results and Discussion —Example Test Session — 7

P | s R Super-Active Automation

B E 4L00E 4%00E 44:00E  4S:00E  46:00E W0E  4S:0E  49:00E

Weapons

High Re-planning Scenario

e ——e

Movements

Mo bo et Target Peetuon to Dase 2500 N

Taigets

Target Assignment
Queue Naeme BDA

T2 o Murve 76100 Y
[

—
Y e e
()

»

Femcren Target

wssionsmarvs [ e e

Stabus: Encouts ARRude: 10000 MEL
Currend Target: T-3H Course: 45°
LatRude: 2754 790N ‘Speed 2500 ks

LongRude: 047 25134 F [

T10H -
o Fuide ‘Status: Enrouts ARmuSe: 10000 MSL

Way Points ‘Current Targed: T-Al Course: 255°

[twabo ) [ femewgbo | | 25008 ) Longuee 045353 5 paylond Raade. @
Loster Poinis

Loiter Points

Stabus: Encouti Amfude: 10000 WS
Currend Target: T-10M Course: 120°
LatRude: 21:37:01.4 N ‘Speed 2500 ks
Longiude: 04203285 E ]

- T-18M -
Eave 1

‘Status: Enrouts AR 10000 MSL
‘Current Target: T-61 Course: 305°
LatRude: 2733428 N Speed: 2500 ks

' Longiude 04533371 Payiead Ready: 0

__ S . Lol - Health & Status Updates

Base (12:10:19) => Request 1o deday TOT for T-10H denied #| [UAV'3 (12:09:22) = Fureg completed For target T-110 ]
Bave {12:10:75) => Hequest to move the TOT for T-18M was spproved ) =» Avallahle to arm for target T-14L

Base (12:00:25) => Mew TOT for T-18M s 1215102 - 1215302 10) == Armg for T-14L

Base (12:10:30) => How many aetive targets currenily requine EDAT DAY 2 (12:10:18) => Armaing, completed for target T- 141

Rasa (12:01:36) == TOT for Targer T-4H was missed 1) == Available to fire for target T-14L

1) => Firing on T-14L

Base (12:11:59) => Blequest to move the TOT for T-10H was approved
Bats (12:11:59) => Mew TOT for T-10Hi¢ 1219352 - 1219452 UAV 2 (L2:10:26) == Frug comnpleled for beget T-140

] | Operator (12:12:06): 3 VAV 3 (12:10:55) => Availhle to arm for target T-4H
Base {12:12:39) => Request to move the TOT for T-10H was approved UAV 3 (12:10:55) == frnomg for T-4H

[ ] | Base (12:12:39) => Hew TOT for T-10H1s 1220562 - 1221162 |

1) => fyrrang for T-1L
- SEND.

£

5 => Arming completed for target T-1L

1) => Firing on T-1L
128) => Firingg comnpleted for target T-1L ~

8
s
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Results and Discussion —Example Test Session — 8

P = | s R Super-Active Automation

B E 4L00E 4%00E 44:00E  4S:00E  46:00E

Weapons

4300 E 49:00 E

High Re-planning Scenario

e ——e

Movements

Mo bo et Target Peetuon to Dase 2500 N

Taigets

Target Assignment
Queue Naeme BDA

J a Move 76200 N

MauveContrel ¥1.0 - TimeLing

__\_\\{
-._\\_\_‘_‘

s T B MISSION STATUS
o 2400 N Satus: Lo AR 10000 WL TRLCaTG
- Currend Target: T-3H  Course: 457 T
Lathudes 2043199 N Speed 2500 ks A
AddTaget || Remcvs Taget Longiude: 0431557 7 Payload Ready: 0 ek
T FIED -
LAl Status: Losse ARug: 10090 MSL
Way Points Curront Target: T-11M Course: 255°
b 22200 Latiude: 21084020 Speed 2500 ks
([t wnfort | [ Remove wiPort_] ~— Longiude: 04703424 £ Payload Ready: 1
Loster Poinis
Loiter Points . @
Status: Encouly ARfude: 10000 M5L
Currend Target: T-10H  Course: 50°
Latiudes 21151250 Spowd: 2500 kis
Lomgitisde: 08753141 F o
- TAMH T -
Base 1
‘Status: Envouts ARRug: 10090 MSL
Currend Target: T-61 Course: 305"
LatRude: 2837 308N Speed: 2500 ks
: Longuges: 1460230.0E  Pavioad Ready: 0
15 Ta

Health & Status Updates
~| [UAVZ (12:10:15) => Arcimg completed for largel T-14L -
1) == Avallable ta fire for target T-14L
158 => Hiw TOT for T-10H is 1219252 - 1219452 1) = Firing om T-14L
Operator (12:12:08): VAV 2 (12:10:26) => Firing completed for tanget T-14L
Bats (12:12:39) => Request ta move the TOT for T-10H was approved 55) == Available to am for tangel T4H

Baye {(12:12:39) => New TOT for T-10H 15 1230562 - 1221162 5) = Arming, for T-4H

Rase (12:12:45) => With the curvent micsion plan, how many active targets will not he destraynd?
n | Operator (12:13:00): 1) => Arming, for T-1L

Tntelligence (12:13:15) == The fallowing targets no longer require B0A 1 15} == frmmg compleled for el T-1L
[ ] | Intelligence (12 g £ been re-assagned Lo amother sirike mission: T- 1584 -

1) => Firteg om T-1L
| A [

28) => Firing compieted for target T-1L
VAV 2
v (] |yava it

15:15) == Available to arm for sarget T-11M
8 => Armaing for T-11M
20) = furrsng completed for target T-1IM ~
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Results and Discussion —Example Test Session — 9

MauveControl ¥1.0

Y S, e e Super-Active Automation

“'“:;m“ ALOOE  4200E  4300E  44:00E  4S00E  4600E  4T00E  48:00E  40:00E
-~ SN High Re-planning Scenario
Movements

Mo bo et Target Peetuon to Dase 2500 N

Taigets

Target Assignment
Queue Naeme BDA

a Move 26100 N

[r— -
_— Fea 10T Delay
EETEE T wssowss [ o am wwm wam
Dagal
o 2400 N Satus: Encouts AR 10000 WL
3 Currend Torget: 191 Courses 857
Lothude: 200609 2N Speed: 2500 kis
| Add Target Remove Taget LongRude: 04407053 F [
T ! [T-10H v T
Bl t
LAl ‘Status: Envouts ARRug: 10090 MSL
Way Points ‘Current Targed: T-A1 Course: 337°
b 2200 1Y = Lathude: 2214430 Speed: 2500 ks
AddWinFord || Remove Wopord : Longhude: 4642140 E  Payload Ready: D
Loier Pty Lo {
Loiter Points -~ Lo 1] [ags 1
L P Stabus: Encouti Amftude: 10000 MSL
[ AdiLotPon | Currend Torpek: T-10H  Course: 50°
Lathudes 210407 0N Speed: 2500 ks
Longiisde: 04405400 E o
— TAMM TABM
WeAs Baze 1
Status: Lotse ARRude: 10000 L
Current Target: T-5H Course: 305
Latfude: 291241 80 Speed: 2500 ks
. Longhude: 0471220.2C  Paioad Ready: 0
A Ta
omeereo .. Message History Health & Status Updates
=5 Hew TOT for T-10H is 1230562 - 1220162 ) =12:21) = Available to fire for target T-1L ]
) = With he current mission plan, how many active targets will not be destroyed? 1) => Firing on T-1L.
0): 0 25) =» Firing completed for barget T-1L
Jouger require BDA T3 DAY 2 (12:15:15) => Avallable tn arm for target T-11M
Tntalligence (1 & heen re-ascigned ta anather ctrike mission 1) L5) = Armmg for T-11M
Bave {12:15:75) = Which singhe targed could EDA be adied do and heave the least ingact on the ove 20y == Arming completed for target 108
——— UAY 2 (12:15:26) => Available to fire for farget T-11M
[ ] | Operator (L2:15:50): & DAY 2 (12:18:36) => Firing on T-11M
Tntelligence {1 R s T-10M 1) == Frwsg compleled for beget T-11M
] ] Intelligence (L2:16: wring s et HoS vl 7) == Avallahle ta arm for target T-3H
= ) => Armng for T-3H
Al [ :15:52) => Arming comgleted for target T-3H
) == Available 1o fire for target T-3H
(o] 56) = Firing on T-3H .
v _CEA | AV 1 2:16:00) = Firing commpteted for trget T-3H ~
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Results and Discussion —Example Test Session — 10

2 CEEE) CHir) e Super-Active Automation

41:00 E 42:00 E 4300 E 4400 E 4500 E 46:00 E 4700 E 4300 E 49:00 E

Weapons

Weapons

High Re-planning Scenario

Musements ——}____&

Movements

(o ies Tage ] [ Poimmitrs ]| pumzsa0 @

Taigets

Target Assignment
Queue Naeme BDA

J a Move 76200 N
Mirer demm.

—
| BT _ .

+oTa MISSION STATUS
5 Tam
o 2400 N Satus: Lo AR 10000 WL
- Currend Torget: 191 Course: 957
Lathuges 20330241 Spoed: 2500 kis
(Asetuom ] [ oo Tom | Lo e (AT e e
T ~|[T1m -
LAl ‘Status: Envouts ARug: 10090 MSL
Way Points Current Target: T-16M  Courses 377°
b 22:00 Latiide: 235037 5N Speed 2500 Kis
[ wofimt | [ Remove wigPord | : LomgHude: 14557406 E  Payload Ready: 0
Loier Pty T |
Loiter Points e Dace 1 i
Slabus: Loser ARfude: 10000 M5L
[ AdiLotPon | Currend Target: T-10H  Course: 30°
Lathudes 2056087 N Speed: 2500 kis
Lomgitide: 0850307 7 £ Payload Ready: 0
- r-A0M. T + -
Easet
‘Stntus: Retuming 1o Dase  ARMUS: 10000 USL
Currend Target: Course: 207
LatRude: 2803481 N Speed: 2500 ks
. Longiuse: (4615245 C  Paylead Ready: 0
_____ _Measage History Health & Status Updates
-

7) == Available ta arm for fanget T-3H =
A7) = Arming for T-1H
52) =» Arriung completed for target T-36

Base (12117:15) > Arcording to the current mission plan, how mary UAVS will arvive a1 Base within 2
mintes of UAVA's arrival?

Base (12:17:39) >f‘n|ddmlndn{.\zmT IGM hecause & conflicts with target T-10H

Intelligence (12:17:50) == The followr 1o Base {RLTH) 24) == Avallable to fire for target T-3H
Bate (L218:07) => Request o déday TOT rm-r.lm dimiied 50) = Foug on T-3H

Bave (12:18:13) => Fequest to move the TOT for T-190 was spproved 00 == Fisirg, completed for target T-1H
Bata (12:18:13) => Mew TOT for T-10M i 1232122 - 1222332 :17: -
] | Base (12:18:42) => Request o move the TOT for T-19M was sgproved X
Base (12:18:42) => Hew TOT for T-19M is 1333422 - 1223032 22 a .
[ ] | Intelligence (12:19:45) => The Fullowing birgels have heen re-assigned bo another strike rission: - 2) = Avallable ta fire for target T-S1

206) => Furing on T-5H
1) => Firing compieted for target T-5H
1) == Available to arm for target T-13L

- -
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Results and Discussion —Example Test Session — 11

P =] s R Super-Active Automation

B E 4L00E 4%00E 44:00E  4S:00E  46:00E W0E  4S:0E  49:00E

Weapons

Movemants
Movements

Mo bo et Target Peetuon to Dase

High Re-planning Scenario

Taigets

Target Assignment
Queue Naeme BDA

T2 & Muve up
Miirve demwrs

MauveContrel ¥1.0 - TimeLing

T wssionsmarvs [ e e

Daga
Stabus: Retumong 1o Base  ARRude: 10000 MSL
- Current Target: - Course: 175°
Lathude: 27.25094 N Speed: 2500 ks
AddTaget || Remcvs Taget Longiude: 0845317 5 ]
T vl [T v
LAl ‘Status: Losse ARRug: 10090 MSL
Way Points Curront Target: T-16M  Course: 77
LatRude: 23 58192 Speed: 2500 ks
T | T Longuse: 04501 106E  Payload Ready: 0
Loster Poinis
Loiter Points Lo 1] Dats 1 i
Status: Encouly ARfude: 10000 M5L
Current Target: - Course: 22
Lathude: 20564260 Spoed: 2500 ks
Lomgitude: 0850411 8 E o
L L . ]
Basel
‘Status: Retuming to Gass  ABRuge: 10090 USL
Currend Target: Course: 207
LatRude: 27 02100N Speed: 2500 ks
: Longhuge: 1460324 9E  Payioad Reay: 0

- Health & Status Updates

s #| [UAV 1 (12:20:01) => Available (o arm for target T-13L -
Bave (12:18:07) => Fequest o delay TOT for T-19M dened 1) => Arming for T-11L

Base {12:18:12) => Request ta move the TOT for T-19M was approved 00) == Armmyg compleled for lagel T-15L

Base (12:18:13) => Hew TOT for T-19M s 1222122 . 1222322 VAV 1 (12:20:11) => Avallahle ta fire for target T-131

Bats (12:18:42) => Request ta move the TOT for T-10M was spproved 1) == Fawgg on T-13L

Bave {(12:18:42) => New TOT for T-19M 13 1222422 - 1223022 ) = Firingg compbeted for target T-111

Tntalligence (12:19:45) == The following targets have heen re-assgned to another rike mission T-8L UAY 3 (12:20:46) => Available (o arm for target T-10H
. . Bave {12:20:10) => How meany {angets kave TOTs starting in the med 5 ndnies? DAV 3 (12:0:d46) => Arming, for T-10H

Operator (12:30:30): 2 | 1) => Armng completed for fargel T-10H
. . Intelligence (12 llewiog barg v require BDA: T-19) | DAV 3 (12:20:56) => Availshle ia fire for target T-10H

56) => Firing on T-10H
| - S|

00 = Firing completed for target T-10H
) s U from threa H-5

Tntelligence (12:17;

£

[
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Results and Discussion —Example Test Session — 12

P = | = R Super-Active Automation

41:00 E 42:00 E 4300 E 4400 E 4500 E 46:00 E 4700 E 4300 E 49:00 E

Weapons

Weapons

High Re-planning Scenario

oo — o

Movements

%00 N

Taigets

Target Assignment ﬁ
Queue Naeme BDA

MauveContrel ¥1.0 - TimeLing
J a Move 26100 N
Mirer demm.

. "\-\_‘{

wssionsmarvs [ e e

Dase 1
o 2400 N Status: Returming 1o Baso  ARRude: 10000 MSL
- Currend Target: - Course: 179"
Lathude: 26:3704 6N Speack 2500 ks
AddTaget || Remcvs Taget Longiude: 0445853 3 ]
T-18M & T -
Base 1
LAl ‘Status: 604 ARug: 10090 MSL
w!y Points Current Target: T-16M Coursec 377
b 2200 M Latfude: 23 55192 Speed: 2500 ks
([t wnfort | [ Remove wiPort_] : T Longitude: 04501 106E  Payload Ready: 0
Loster Pty i
Loiter Points G W Dasa 1
Stabus: Encouti Amftude: 10000 W51
[ AdiLotPon | Currend Target: - Course: 22"
Lathude: 21:46465H  Speect 2500 ks
Longinde: 04574154 F o
—
Baze 1
‘Status: Retuming to Bass  ARRUSE: 10000 MSL
Current Target: Course: 207
Latfude: 2615564 N Speed: 2500 ks
. Longiuge: 045392510 Paylead Ready: 0
e Mezsagetistory Health & Status Updates
3) =5 Heww TOT for T-19Mis 1223128 - 1222322 ) =22:23) = Under Fre fron tbweat He-5 ]

= Bequest o move the TOT for T-19M was sgproved

Operator (12:20:39): 2
Intelligenca (12:21:00) =5 The fallowing targets now re aT
] | <21:500) = Which threat area is adding the most time to a single UAV's Tuture mission plan?

- Senp | |UAVA a2

2) == Available (o arm for farget T-19M
2) = Arming, for T-190

3) m 1 m 5
36) => Arming completed for target T- 160
7) from thereat H-5

:2%:42) => Avallshla ta fire for target T-10M

2) => Furing on T-19M

Fire from threat H-

40) => Funeg compleled For barget T-19M
- Fire from theest H5

|

fron

£
zz
-]
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