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ABSTRACT

Effective weaponization of direct-fire remote antmanned systems involves a complex interaction éetvwarfighter and
weapon system. To better understand the feasibiliguch systems, a tele-operated and supervidged@aous (SA) remote
weapon station simulator was used to conduct asefiwarfighter experiments to validate the SA iontrol methodology
as a future system concept. Simulation and anadysisised to investigate the capabilities and ditioihs of SA, and benefits
of SA as compared to tele-operation as a methodeafpon system control. This paper presents theriexpet design,
modelling and simulation approach, and resultshef study conducted with both civilians, and operal warfighters.
Results indicate a normalization, and overall inseein measured operator performance in combatgoerutilizing an
‘ideal’ SA combat system as compared to ‘ideal’ m&noperation, however also indicate that peakgoerdnce of adept
manual operators may exceed that of semi-autonpeddrmance.
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INTRODUCTION

This paper details the experiment and results sifudy designed to evaluate the proposed systemepbid the
Supervised Autonomous Fires Technology (SAF-T) moyg as an effective methodology of automated remot
weapon station (RWS) fire control. Specificallyiststudy quantifies the difference between telerafed (TO) and
supervised autonomous (SA) fire control, as meakshyegperformance in execution of a virtual comizarario.

The purpose of the SAF-T project is to weaponizenaimned systems and increase the effectivenessnuftee
weapons stations by reducing the operator’s neetinie-critical inputs to and from the weapon sgsteA virtual

prototype of the SAF-T was created within simulatio validate the system concept, provide a framkvior a

series of warfighter experiments to compare syspemiormance versus traditional fire-control methoaisd to

establish key performance parameters in suppatéwiiled system design.

In September of 2013, 38 government civilian pgtints executed a set of simulated combat scenasiog both
TO and SA systems. Qualitative and quantitativericgetvere captured through measurement of perfocenasing
the simulated systems, as well as post-experimelntiefing and a survey. In May 2014, the samesgrgental
procedure was used with a group of 15 Marinestferpurpose of verifying the civilian results.

This paper presents the experiment design, modediid simulation approach, and results of thisystiehducted
with both government civilians and operational vigdrfers. Results indicate a normalization, and alvéncrease in
measured operator performance in combat scenailzsng an ‘ideal’ SA combat system as comparedideal’

TO operation, however also indicate that peak perémce of adept manual operators may exceed ths¢rof-
automated performance.

BACKGROUND

This experiment was performed in support of the SAprogram, utilizing a virtual prototyping envinoent
created for this purpose using Unity3D and the Riol@perating System (ROS). The background andsgufathe
SAF-T program and of these tools are briefly désatiin this section.

Unity3D

Unity3D is a video game engine developed by Uniégfinologies. It provides freeware and Pro develgpgsions,
and uses a convenient content-oriented editorhfercteation and scripting of 3D games. More infdiomabout
Unity3D may be found at (Unity Technologies, 2013).

Unity3D was used in this work to create the virtpdtotyping environment used for experimentation.

Robotic Operating System

The Robotic Operating System (ROS) is an open sosoftware framework for the development of robotic
applications. It is a meta-operating system whiafsrin Linux, and implements a publisher-subscridrehitecture
that enables effective collaboration and code-refisgmsic software elements common to robotic apfithns. The

ROS architecture is well described at (Quigley, @00and additional information may be found
(http://lwww.ros.org).
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ROS was used for implementation of the SAF-T virjptotype, as described in (Wheeler, Fazzari, &swh,
2013).

Supervised Autonomous Fires Technology

This work was performed in support of the SAF-Tgyeom. This program seeks to overcome currentdiimits of

RWS such as limited situational awareness, and amdniatency by allocating operator tasks like tangg

tracking, and fire control to the software systemnsthe platform. Proper allocation of these tasksxpected to
allow warfighters to surpass traditional limitshafman reaction time, increasing system effectiveioger manually
operated systems.

Effective weaponization of direct-fire remote andmanned systems involves a complex interaction d&etw
warfighter and weapon system. Current systemsarlyele-operation for fire control, provide limiteituational
awareness, and suffer reduced operational effedsseduring remote (wireless) operation due to canghfatency.

Previous studies have shown that when commandchateithin the sensor-shoot loop exceeds 100 mibsels,
shooter performance is severely degraded (Beigh2684d). Difficulties in command, control, and coomitations
within the physical and electromagnetic environreeagsociated with modern conflict necessitate adigm shift
in weapon command and control for unmanned gromddsarface vehicles.

SAF-T will enable the required paradigm shift inapen control through the creation of a semi-autamusrfire
control system for RWS as described by the Depantnoé Defense (DoD) Directive 3000.09, “Autonomy in
Weapon Systems” (Department of Defense, 2012).

Prior to full-scale prototyping and experimentatiarvirtual prototype was created within simulattorvalidate the
system concept, provide a framework for a futuméeseof warfighter experiments to compare systenfop@ance
versus traditional fire-control methods, and taabksh key performance parameters (KPPs) in supgfodetailed
system design.

This work is the result of studies performed insap of this system concept. Beginning in fiscaay 2014, initial
experimentation began on creation of detectionjsitat, and engagement systems to support the d\s&rstem
concept as implemented in the virtual prototype.

Related Works

The SAF-T program proposes to implement a weapaitraloconcept that is well established and prousstsssful
in other areas of the military, but applied to draains, and within a more complex targeting andagegnent
environment.

The application of technologies designed in suppbthe video-game industry to serious applicatibas grown in
popularity as the accessibility of tools and tedbg®s for complex 3D modeling and simulation couoés to
increase. Within the DoD, many examples of the iappbn of modeling and simulation exist, and areler
continued development. Simulation tools designestigigally for DoD applications include Virtual B Space by
Bohemia Interactive and OneSAF (http://www.onesdj.nAdditionally, numerous organizations have taged
commercial game engines such as Unreal Engine Aengy Games Studio at Redstone Arsenal to createbab
system simulators and pre-deployment training).

MATERIALS

Virtual Prototyping

To quantify the performance differences betweenafi® SA fire RWS fire control system, this work implented a
virtual prototype of each system. These virtualt@nges enabled experimental subjects to exerasé system

within a simulated combat environment, while keyfpenance statistics were measured. A detailedrigsn
SAF-T simulation environment and architecture maydund in (Wheeler et al., 2013), and is summadrizere.
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The TO system was created to emulate the perforenaricthe CROWS II RWS by Konigsberg, and was
implemented entirely within Unity3D. Similar to‘frst person shooter’ video game, the TO systembéed users
to tele-operate the RWS using control interfacgsegentative of the CROWS I, using the gun-camétao feed
as seen in Figure 1 (left). A second instancédefunity3D simulation was created to run as netedrixstance to
provide an experimenter interface, enabling videmrding and data collection capability.

The SA system was implemented through a combinadibl/nity3D and ROS. Unity3D was used to create
simulated sensor feeds that fed a prototype systgrlementation within ROS. ROS was used to impleintiee SA
system control logic, and communicate with a greghiiser interface (GUI) implemented within C++h€eTGUI, as
seen in Figure 1 (right), presented the user wihtaf potential targets, and enabled the usengage these targets
via selection on the interface.
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Figure 1: Theleft image shows the example gun-camera view from the TO remote weapon station. Theright
image shows the SA remote weapon station GUI interface.

Simulated Combat Scenarios

Scenarios were developed with the goal of simujatireasurable responses between use of the TO arfdeSA
control systems. Target characters were genepidiged in plain view and did not react to gunficeptrovide a
repeatable scenario between participants.

As both the present TO RWS system and the prop8A&dT system have a wide array of concepts of epmpémnt,
a great deal of consideration was given to whicmmon facet might be the used for the experimennheaies.
Given limited access to the participants (about lomer) and the expected variety of military expeci of within
the civilian subject population, a condensed madippatrol scenario was created. While the scenaimat
operationally realistic, it enabled the team tofammly present a dense number of targets to eadicipant with
controlled complexity without requiring an in-degthowledge of military procedure and protocol.

In total, three types of scenarios were creatdchining, scenario A, and scenario B, each run Withand SA to
create six unique scenario configurations; comgrizietwo training scenarios, two SAF-T scenarias] &vo TO
scenarios. Each non-training scenario type (A owB$ similar in the number and intensity of targbts different
in route and location. The two different experimscgnarios were modeled on the McKenna Military 1@pens in
Urban Terrain (MOUT) Facility at Fort Benning, GRarticipants would execute one scenario with thesy§lem,
and one with the SA system, randomly assigned asritbed in the Methods section. One training sdenaas
created, modeled on a fictitious Middle Eastertagk. The intent in having two different terrainasmo limit
participants’ exposure to the experiment settingl. skenarios were in clear weather and daylightdaimns.
During the experiment, participants would practidth each system using the training scenario appatgpfor each
system (TO or SA).

2015 Paper No. 57 Page 4 of 11



MODSM World 2015

Experiment Equipment

To perform the experiment, virtual prototypes af O and SA systems were each run on a dedicated se
computers and associated hardware.

The TO system was composed of two computers andhtayaitors, in addition to a Common Remotely Opeatate
Weapon Station Il (CROWSII) joystick and a surrowadind system as illustrated in Figure 2 (left)e Tomputers
had 3.5Ghz Intel Core i7 processors, twelve gigadbpf RAM and 4GB nVidia 680GTX video cards runnthg
Microsoft Windows 7 operating system. They werehtroinning a networked simulation built on the UBygame
engine, and are further described in terms of tBeparticipant workstation and the observer workstatused by
the experimenter.

\

Figure 2: Theleft picture showsthe TO experiment setup, and theright picture showsthe SA system setup.
Notethe TO system uses ajoystick, and the subject has one screen asthe gun camera. The SA system usesa
touchscreen, and the subject hasthe touchscreen aswell asa gun camera view.

The TO participant workstation was a basic CROWsSHhulator, and was used by the participant durimg t
experiment. The participant’s view was a 15-in@plhy on which they were presented with a represiem of the
CROWSII gun camera with heads-up display. Theiuinpas limited to manipulations of the CROWSII jbgk
and several of its buttons. The TO participant wtakon was the primary recorder of collected datathe TO
system.

The observer workstation mirrored the participari®w, giving the experimenter the participant'ewioverlaid

with extra context information to aid recording @®tand for later reference. The experimenter caldd choose,
start, pause, and end the simulation scenario ftemworkstation. During the experiment, the expenter used
this interface to record the participants’ declara of “Contact,” “Hostile,” or "Friendly,” and “Bgage” by

pressing 4, 5, 8, or 6 on the keypad, respectivsllien the participant asked to stop the vehicle,ekperiment
could halt the vehicle and then, later, continughenroute with the participant’'s command. Thesg kesses were
recorded as well as screen captures of the obsevier at 10Hz and reports of when every potetdigdet came
into and went out of the system line of sight.

The SAF-T system, illustrated in Figure 2 (rightd the same hardware as the TO system, but ¢he ef/stems
was using the Ubuntu 12.0.4LTS operating systermidROS and the SAF-T prototype system softwareS R@s
used as the primary communications backbone bettieeldnity3D simulation and SAF-T system. Thistegsis
further described in terms of the SAF-T participantkstation, and the simulation workstation.

The SAF-T participant workstation ran Ubuntu 12.8dd was connected to a 15-inch touchscreen moaitor was
used by the participant during the SA experimehte BAF-T GUI on the touchscreen was the only mégnghich
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the participant could interact with the system.sThiorkstation recorded all of the button pressedamay the
participant.

The simulation system’s primary purpose was tothensimulation and present the participant withua gamera
view. This was provided by a 15-inch monitor witltetsame heads-up display as is used on the TQipartis
workstation. This gun camera view presented the qamera feed for the participant to use as referelout the
participant had no control over the gun camera @Eix@s the gun moved in response to GUI inputs. The
experimenter used the keyboard on this systeml¢atsatart, pause and end the scenario and thisrsyrecorded

all shot data and the characters’ entry into antfexm the vehicle’s line of sight.

METHODS AND PROCEDURES

Two experiments were run; one with government icimé and one with Marines. The same test setup and
procedure was used for each subject group. IneBdmr of 2013, 38 government civilians participaitedhe
experiment, run at the University of Mary Washingtbahlgren Campus in Dahlgren, VA. A classroom was
converted into the experimental space, with twoasste stations for the TO and SAF-T conditionsti€ipants
were briefed and debriefed in a separate confensura.

In May 2014, the same experimental procedure wed wéth a group of 15 Marines for the purpose offymg the
civilian results, run at Camp Pendleton, Oceanside,

A total of 38 participants executed two simulatesmbat scenarios utilizing the SAF-T virtual profatyg
environment, in addition to the training scenariesch lasting approximately 10 minutes. In onenade
participants were asked to use a simulation ofastieg RWS combat system, and in the other askedst a
simulation of an automated RWS combat system reptigy the future concept under development bySAE-T
program.

Experiment Recruitment and Participants

Government civilian employees currently employedhat Naval Surface Warfare Center Dahlgren Divisimre
recruited for participation through base-wide disttion emails.

Participation for the Government civilians wasited to individuals who had not been involved ie ttevelopment
of the SAF-T system. All participation was voluntathe informed consent process was followed, aedorogram
paid for the participant’s salary in support of thgeriment. The average age of participants wagea6s old, with
a standard deviation of 10 years, ranging from @%1 years old. The subject pool included 31 maled 7
females.

A total of 15 active duty United State Marines fmdpated in this experiment, and participation waganized by
the Office of Naval Research Code 30 Demonstratimh Assessment Team, in coordination with the drfgtes
Marine Corps. The average age of participants \Bage2rs old, with a standard deviation of 2.3 ye@nsging from
22 to 31 years old. The subject pool included Hem

Experiment Protocol

When a participant arrived for the experiment, tire escorted to a conference room where they eeéed
according to the experimental script, to include purpose of the experiment and the informed cdnsartess,
their right to withdraw at any time, that their figipation is always voluntary, that data is coddth a participant
number, and any Personally identifiable informat{&hl) data is required to be secured under loak leey. The
participant then read through the informed conslecument and signed the document when they weréoctale
with the information, indicating their willingneds participate. The participant was then given dleenographic
form to complete.

The participant was then directed to the experialeatea. An experimental checklist provided a ramided
presentation of scenario with conditions. This doent was consulted to determine if the experimestteuld first
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present the SAF-T or TO system to the participdihie participant completed the first training sessiand the
experimenter answered all questions the particieatt prior to beginning the scenario. The participtoen
completed either the TO or SAF-T first full lengtiondition for either scenario A or B, as determirmdthe
experimental checklist. Once the participant hathgleted the first scenario, they would then be rdoie the
experimental setup associated with the other systard complete the alternate scenario. For exanipline
participant had completed scenario A on the TOesysthey would then move to scenario B on the SAdyStem.

A debriefing was provided to the participant by teehnical team to describe the SAF-T system, thipgse of the
study, and the benefit of their participation tee tHevelopers of the program. They were thankedtlieir
participation, and escorted to the exit.

Data Collection

Three basic types of data were collected duringettperiment scenarios: 1) TO and SAF-T simulatieants, 2)
SAF-T GUI events, and 3) TO screen shots. Data weltected slightly differently for each conditioand no data
logging was used for training events.

Simulation events were any occurrence within thenado, to include the entering and exiting of ecig within
camera view, the firing of weapons, or movementcoftacts. During TO scenarios, simulation eventsewe
captured and recorded on the participant’s workstatnd experimenter button presses were captureth®
observer’'s workstation and relayed to the partitijsaworkstation to be recorded. During the SAF€Emarios,
simulation events were captured and recorded onithelation workstation.

The participants’ interactions with the GUI wergtaed and recorded on the SAF-T workstation. Threants
included selecting a target from the map or from tiontact queue, classifying a target, engagingrget, and
canceling an engagement. Zooming in and out ofnth@ was also captured. As these events were imnaafo
different from the simulation events, they were peg to equivalent simulation events and the twc lagre
combined into a single event log in post-processing

On the TO observer’s workstation, an image of theeover's screen was captured and stored at upHa.IThis
rate occasionally decreased slightly when heavgldagere placed on the observer’s workstation bystimilation.
These screen shots were used in post-processimganalyze the data by providing a means tofgladnfusing
or conflicting data.

The Measures of Performance (MOPs) and Measureffedtiveness (MOES) for this experiment are defiire
Table 1. They were the guiding principles in depélg the metrics and, thus, the scenarios’ corgadtthe data
collection goals for the experiment.

Table 1. Experimental MOPsand MOEs

# MOP Definition

Time (seconds) as measured from moment targetsesigetem

Timeto Detect perception range until detection.

Time (seconds) as measured between system detaction
2. Timeto | dentify identification as target. Identification is definas the authoritative
user decision to classify detection as a validdarg

Measured as the inverse fraction of valid systegeta

0,
3. False Target 1D % identifications over total target identifications.

The ‘hits’ of shots /total shots, per discrete eyggaent, and across

4. Per centage of Hits all engagements within scenario.

Time as measured from the decision to begin engagemntil the

5 Timeto Engage first hit on the target.

Total time for a discrete engagement measured fitmm of detect

6. Total Timeto Engage to the completion of engagement, defined as tinasifshot fired
at the threat.
7. Finish Time Time (seconds) as measured from first DetectidagbEvent
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# MOE Definition
. Compound metric measuring effectiveness of shotsl fper
1 Engagement Effectiveness engagement.

Compound metric combining time, Engagement Effectess and

2. Scenario Effectiveness o ) .
Mission Accomplishment measured over each scenario.

We described the participants’ Scenario Effectigsn@perating each system in weighted terms of TAoeuracy,
and Mission Accomplishment.

The ability to capture the data was a fundamergaigh requirement for our simulation. Rather tharta capture
simulation information through some passive extenm@ans, data collection components internal tosiheulation
were created to which other components reporteditev&he data collection component received thasmts,
made some additional calculations such as misardiss and time durations, and recorded the infeomat a data
file. The SAF-T GUI recorded each participant’stbatpresses in a log.

Data Analysis

Statistical analyses were performed using the JMF) $tatistical analysis software. For a priod @ad hoc Power,
Effect Size, and Sample Size calculations, G*Pddver7 for Windows was used.

An a priori sample size calculation was made torege the number of participants required for digant findings.
The assumed effect size for this calculation w&s(foderate) and the error probability was set@5.0The result
estimated that 35 participants would be requirdds Bample size was achieved with the governmevitasi test
where 38 subjects participated.

A post hoc power calculation was made using theatie effectiveness statistic, resulting in an effeize of 2.1
(high). Our sample size and this high effect sieéded a Power of 1.0, and we can conclude thdiaivexperiment
had more than enough participants for significasgrfario Effectiveness results.

Another a priori sample size calculation was comeldicising the effect size from the civilian expeaximh The result
was an estimate of 8 participants would be requipdtave results with 0.95 power assuming the ssfifieet size.

To perform a set of statistical tests, we deterthinegoodness of fit for the collected data. Waetfiit the
distributions of data to the Normal distributionr fase of analysis. For those that were not a fjbtmlthe Normal
distribution, the Gamma distribution was consideredr those that were a poor fit to either disttitono, Non-
Distribution was assumed. To determine if a distibn of data could be assumed to be Normal, tiepiBo-Wilk
W test was used. For this test, the null hypothesis that the data were from the Normal distributioTo
determine if a distribution of data could be assdittebe Gamma, the Cramer-von Mises W test was. is@dhis
test, the null hypothesis was that the data wena the Gamma distribution.

To compare the means of two sets of data, usualtpinpare a measure between conditions, a Studen'st was
used for Normally distributed data. For data thatemnot Normal, the non-parametric Wilcoxon SigRethk test
was used. For these tests, the null hypothesighaashe difference in the means or medians was O.

To determine if mutual relationships exist betweairs of statistics, correlation tests were coneldicT here were
two types of data, continuous and ordinal, andediifit tests were used for each type, as descrided/b

Percent Hit was the only measure where both TO @AB-T distribution might be considered Normal. Fdir
others, a Non-Parametric method, Spearman’s Radk+@@orrelation), was used. A significance calculation was
also made where the null hypothesis is the coioglagquals 0 (no significant correlation).

For ordinal or categorical data fields such as @igame experience (High/Medium/Low/None) and TOeggnce
(Yes/No), numerical values had to be assigned ¢h eategory before conducting the Spearmanis JMP. For
example: High, Medium, Low, and None were mappedataes 3, 2, 1, and 0. The magnitude of the vathawe no
effect on the outcome; only the order was relevant.
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RESULTS

The overall results for the experiment are listTiable 2, Table 3, and Table 4. Table 2 shows ilifian
experiment results, comparing TO to SA, and firigaificant differences in Scenario Effectivenessné to Detect,
False Target Identification, Percent Hit, and Petr¢@ll.

Table 2 and Table 3 compare civilian results tofighter results.

Table 2: Comparison of SA to TO fire control for government civilians

SA Fire Control (SAF-T) TO Fire Control .Ho
rejected
Measure
Mean Std Dev N Mean Std Dev N Y/N
Time to Detect (s) 4.98 1.79 36 17.02 6.04 38 Yes
Time To Identify (s) 1.62 0.47 36 1.45 1.06 38 No
False Target ID % 0.03% 36 2.87% 38 Yes
Percent Hit 78.0% 9.49% 36 53.10% 20.20% 38 Yes
Time to Engage (s) 1.87 0.38 36 2.47 1.15 38 No
Total Time to 3.7568 0.81 36 3.9241 1.59 38 No
Engage (s)
Finish Time (s) 415.60 36 466.43 97.72 38 Yes
E t
i 97.21% 3.69% 36 80.64% 8.22% 38 Yes
Effectiveness
Scenario 92.34% 4.30% 36 81.37% 7.27% 38 Yes
Effectiveness
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Table 3: Comparison of Civilian to Marine Participantsfor SA Fire Control

Civilian Marine t-Test (df=51) . Ho
rejected
Measure std Std
Mean N Mean Std Dev N t err p-Value Y/N
Dev .
Diff
T'm“("s)DP‘te“ 498 | 1.79 | 36 3.40 143 | 15 | 199 | 052 | 0.0637 No
Time To 162 | 047 | 36 3.62 275 | 15 | 428 | 047 | <0.0001 | '
Identify (s)
Fa'seT;'ge”D 0.30% 36 | 1.20% 15 | 33859 | 0,003 | <0.0001 | '€
0
Percent Hit | 78.13% | 9.49% | 36 | 86.53% | 6.38% | 15 | 3.14 | 003 | 0.0029 Yes
Time to 187 | 038 | 36 1.65 022 | 15 | 206 | 011 | 0.044 ves
Engage (s)
TotalTimeto | ;.. | (o1 | 36 2.26 043 | 15 | 678 | 022 | <0.0001 | Y€
Engage (s)
Finish Time (s) | 415.60 36 | 410.06 464 | 15 | 1.18 | 4.68 | 0.2419 No
Engagement | o o100 | 360% | 36 | 96.31% 002 | 15 | 089 | 001 | 03772 No
Effectiveness
Scenario 92.34% | 4.30% | 36 | 95.37% 15 | 1.10 | 001 | 0.2749 No

Effectiveness

Table 4: Comparison of Civilian to Marine Participantsfor SA Fire Control

Civilian Marine t-Test (df=53) . Ho
rejected
Measure Std
Mean StdDev | N Mean Std Dev N t err p-Value Y/N
Diff
Time to Yes
17.02 604 | 38| 1255 340 | 15| 269 1.66 | 0.0096
Detect (s)
Time To No
. 1.45 106 | 38| 1.09 114 | 15 | 1.09 033 | 0.2823
Identify (s)
Fa'stT;rget 2.87 38 | 5.80% 359% | 15 | 3.31 0.01 | 0.0017 ves
0
Percent Hit | 53.10% | 19.55% | 38 | 63.55% | 12.87% | 15 | 1.90 006 | 0.0621 No
Time to 2.47 115 |38 | 227 138 | 15| 053 037 | 0.5989 No
Engage (s)
TotalTimeto |, o, 159 |38 | 196 063 | 15| 463 042 | <0000 M=
Engage (s) 1
Finish Time No
o) 466.43 | 9772 | 38 | 46558 | 9343 | 15| 003 | 29.44 | 0.9772
Engagement | o 1% | 8.22% | 38 | 86.56% | 511% |15 | 259 | 002 | 0125 ves
Effectiveness
Scenario | o) Jo0 | 727% | 38 | 07762 | 442% | 15| 1227 | 001 | <0001 ves
Effectiveness
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DISCUSSION AND FUTURE WORK

Foremost in considering our results, a few constsamust be kept in mind. Mainly, our experimemhgiation
scenarios were two of many possible scenarios aachet indicative of every, or even many, of thepgwsed
applications of the Supervised Autonomous Fireseehfology or existing Tele-Operated systems. Wenalo
assume that the results from this experiment direepresent those other scenarios or applicatiBasondly, our
population sample may not accurately represent gbpulation of military TO systems operators. Anothe
experiment run with those operators is necessamgrtmve this last caveat.

Overall, our participants performed the experimesks as measured by our MOPs and MOEs better théth
theoretical SAF-T system than with the TO systehmer€ are several caveats to that statement asl @igee and
in the Experiment Findings paragraphs. Still, thigsgal findings are very encouraging regarding ttontinued
development of the SAF-T system.

An interesting conclusion can be made given thelifig that there is no correlation between TO Sdenar
Effectiveness or prior RWS experience to SAF-T &cienEffectiveness. This implies that in our scégrthe
skills required for effective TO performance arg necessarily required for SAF-T performance. Imagal, it
seems that the task of identifying and persecutingets at close range in open terrain is sigmfigaeasier with the
SAF-T system for almost everyone, regardless oée&pce (real or video game) or age.

There were a few complications in the manner bycivhwe captured data that may have had an impacduon
statistics. Specifically, the times to engage, cteded identify seem to have been affected by tag w which we
captured those times. The button-press methodaoirding utterances was an improvement over getimglata.

However, the way this method’s weaknesses wereeeated by some participants’ styles of employmeas

unexpected.

The experiment with Marine participants was ruaseans to validate the civilian results, givewas impractical
to recruit enough Marine participants to yield istatally significant results. In spite of thisyidence shows the
Marine participants did not perform drasticallyfdiently from the civilian participants. This réisinplies that the
use of civilian participants is appropriate for thealuation of some aspects of these systems isegulent
experimentation. More analysis and additional datection could help clarify the differences betm the
Marines’ and civilians’ performance and the bersadit using each group.
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