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ABSTRACT

The Rotorcraft Pilot's Associate features a Cognitive
Decision Aiding System (CDAS) developed to aid the crew
during attack, reconnaissance, and special operations force
missions. Periodic tests and evaluations of the system have
been conducted since 1993 to provide customer and pilot
feedback to the design team within the development cycles,
as well as substantiate system performance.

The first evaluations focused on isolating specific RPA
behaviors in a very controlled test environment. As the
system grew in both complexity and capability, the test team
broadened the scope of each successive test, leading to
Evaluation II (Feb/March 98) where a substantially complete
system was tested in Part-task, Part-Mission and Full
Missions, and finally the Performance Demonstration (July
98), which focused on Tactics, Techniques and Procedures
(TTP) development in a strictly Full Mission environment.
The overall test approaches including test objectives and test
schedules will be discussed. Quantitative and some
qualitative results will be presented for several key RPA
features.

INTRODUCTION

Rapid prototyping coupled with pilot/ system expert
feedback has been an integral part of the RPA program.
Progressive testing and evaluations were the formal
manifestation of this process.

Early testing of the system focused on behavior testing to
provide feedback to the system developers. Nearly every six
months a new system software build was completed and
tested. Boeing and the Government jointly developed
measures for these tests keeping in mind the overall program
exit criteria of increased Survivability, Lethality and
improved Operational Tempo. Combined Arms 2 will be
conducted in Apirl and May of 1999 to test for exit criteria
compliance.

As part of the test planning, specific measures were created
to understand more fully the benefits of the RPA system
over the baseline aircraft. During the early tests for Builds 1
and 2, the measures did not necessarily map directly to the
overall exit criteria but rather most were used to assess
performance at the sub-system level such as the Route
Planner, or CBP selection mode of the Attack Planner. A
large part of the task of creating measures was to try and
predict what the benefits of the RPA system were going to
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be mission execution, as well as how those benefits would
contribute to overall full mission benefits.

Successive tests built on the previous results and continued
to test some aspects of the system, such as Actions on
Contact (AOC), while concentrating on testing new
functionality in an ever increasingly complex mission
environment. Table 1 illustrates the overall RPA evaluation
effort.

PROGRAM BACKGROUND

To optimize the lethality, survivability, and operational
tempo of its fighting forces, the U.S. Army has undertaken a
campaign to digitize the battlefield and win the information
war.  Digitization has the potential to mitigate the
uncertainties, complexities, and hazards of the battlespaces
of the 21st century resulting from joint service, combined
arms, coalition warfare and the worldwide availability of
sophisticated  weapons  systems. However, field
experimentation has demonstrated that current digital
systems frequently overload users with unprecedented
volumes of unfiltered information and data. Soldiers still
must manually process and apply digital information to
execute their missions.

RPA attacks the Army Aviation challenge of information
usability. The RPA Program developed and demonstrated
cognitive decision aiding technologies for the effective
operation of attack, scout, and special operations rotorcraft
in tomorrow’s battlespaces. RPA offers the pilots the digital
cockpit assistance necessary to exploit the advances in
weapon, sensor, and communications capabilities required
for mission success and survival.

The RPA development effort focused on improving the
conduct of the scout-attack mission in Year 2005+ helicopter
systems. Some of the key features that help improve
mission effectiveness:

*  Automated continuous mission planning

¢ Automated Actions on Contact (AOC)

* Battle Management

* Reconnaissance Planning and Aids

In order to accomplish the above goals, development
concentrated on three main areas:

¢ Data Fusion

¢ Cognitive Decision Aiding

¢ Information Transfer
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Table 1: Boeing RPA Test Activities and Objectives

Test Dates Simulator Test Objective

Build 1 Assessment | 3-7 Aug 95 RPMS Integration and assessment of Mission
Replanning for attack, Combat Position
Selection, Route Planning, and ARFCM/TAS
Fusion

Build 2 Assessment | 18 Mar -5 Apr 96 | RPMS Integration and assessment of Mission
Replanning for attack, Combat Position
Selection, Route Planning, and Actions on
Contact; ability to run Full Missions

Build 3 Assessment | 30 Sept — 6 Oct CPG Crew

96 Station with Integration and Assessment of Mission
Repeater Pilot Replan, AOC, Recon Reports, TAS Area

Crew Station

Covered, Perform Attack (CFF), and Team
TAS Fusion

Evaluation I CPG Crew
PM A - CBP 15-18 Apr 97 Station with Refine CBP Algorithms
PM B - Recon 6-8 May 97 Repeater Pilot | Evaluate TAS Area Covered and
Crew Station Reconnaissance Reports
AMEP 15-20 May 97 Specification Compliance
PM C-AOC 23-27 Jun 97 Quantify Benefits of Actions on Contact
CDAS End to 29 Jun 97 Assess CDAS Full Mission Functionality
End
PM D - DF/BA 21-24 July 97 Owego Lab Assess DF/BA
PM E — Attack 22-26 Sep 97 CPG with Assess Attack Execution Aids
Repeater
PM F — Dual Crew | 29 Sep 97 CPG, Pilotin | Evaluate and Demo Dual Crew and Task

Dome

Allocations

Evaluation II 16 Feb — 27 Mar Dual Crew & | Determine AMEP vs. RPA Performance
98 Team Differences
Performance Demo | 13-30 Jul 98 Dual Crew & | TTP Development, AMEP vs. RPA
Team

Data Fusion operates to collapse many rapidly changing,
often dissimilar, sources of information into a compact,
orderly picture of the surrounding environment. RPA
designers dealt with the specifics of information rich
operational environments. = The Data Fusion element
consolidates geometric and attribute (e.g., location and threat
radar pulse repetition frequency) data from the external CI
network and on-board sensors data to form track files for
sources of interest. C’I inputs come through a Generic
Intelligence Receiver (GIR), JSTARS / JTIDS terminal and
Improved Data Modem (IDM). This information is merged
with targeting/ASE sensor signals, stored data and aircrew
information to create the external situation for CDAS to
assess.
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Cognitive Decision Aiding assesses the situation and reacts.
CDAS creates a set of pilot aiding responses. Based on the
situation at any given instance, aircraft system/aircrew
mission tasks are identified, correlated, prioritized and
structured for subsequent action. Because of urgency and
computational complexity, several CDAS module function
in parallel.

Information Transfer communicates the recommendations,
plans, and task aides. The Cockpit Information Manager
(CIM) module controls interface with the aircrew. Its
objective is to get the aviator the “right knowledge at the
right time and place.” The premise is that the human is
always the “boss” and able to proficiently manage small
numbers of tasks, even under demanding conditions. RPA
simplifies things under these conditions, but makes its major
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contributions when saturation, fatigue and confusion exists.
RPA acts to totally integrate the crew with the flight system.

The Controls and Displays suite takes advantage of many
different modalities for information transfer between the
system and the crew, including color displays with touch-
screen input, voice recognition, 3-D audio, hands-on grip

switches, bezel and re-configurable LED buttons, allowing
the most effective and non-saturated channels to be used.

RPA differs from traditional systems because it introduces
“tactically sensitive” logic through sets of rules (derived
through knowledge acquisition) which automatically activate
beneficial system modes at the correct time. This process is

Table 2 Boeing RPA Simulator Test Structure
Test Number of Number of Trials Test Concept
Subjects Part Task - PT
Army (A), Boeing | Part Mission - PM
(B), Contractor (C) | Ey1] Mission - FM
Build 1 3- 18— Expose 2 Army pilots to all RPA PM. Try
Assessment 2 Army 12 RPA PM FM. Collect AMEP PM comparison data «
1 Boeing 2 RPA FM well-trained Boeing Pilot.
4 AMEP PM
Build 2 6 - 66 - Expose 2 Army pilots to all RPA PM (24)
Assessment 3 Army 48 RPA PM 2 RPA FM. Compare 5 PM for AMEP (14
3 Boeing 2 RPA FM RPA (20).
14 AMEP PM
Build 3 3 Army 12 - RPA first, then AMEP. ' of Blocked Test
Assessment 7 RPA FM Design. Repeated trial for 2 of 3 pilots
5 AMEP FM
Evaluation I
PM A 2-A,C 10-6PT,4 FM PT, RPA only; Full Msn, | AMEP v. 1 RP
v.2 Plt RPA
PM B 2 — Army 8 Part Task AMEP vs. RPA
AMEP 2 Crews - 3A, 33 - 24PT, 7FM Switched Seats, Exercised all Systems
1C
PMC 1 Crew -2 28 Part Mission Repeated AMEP & RPA x Plt, scripted
Army responses
CDAS End to PMC Crew 3.5 Full Mission RPA only
End
PMD 2 Army 17— Part Task, RPA Only. Tested all sensor pa
10 RPA PT, 2 FM comparison.
AMEP, RPA FM
PME 4 — 15 - Repeated PT, switched seats. 4 AOC PT
3 Army 11 PT, 2 AMEP, included. AMEP vs. RPA for PM. Data
1 Boeing RPA PM analyzed for 1 PM, 1 AOC
PM F Dual Crew 2 - 4 Dual Crew PT, Demonstrate Dual Crew Behaviors and
1Army 5 AOC PM Functions
1Boeing 1 Comm PT
Evaluation II 4 Army Crews 66 - AMEP vs. RPA. Maintained crew and sea
48 PM counter balanced design, train/test in block
8 PT similar context — no repeat, linked FM.
8 FM
2 DF/BA.
Performance 2 Army Crew 14 FM 5FM. 2" run optional for each design
Demonstration 6 AMEP, 8 RPA
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coordinated across the air vehicle so all actions are
consistent. For example, the behavior known as Actions on
Contact (AOC) involves all three main areas acting in
parallel:

a) Locate the threat. Once a potential threat is detected,
Battlefield Assessor triggers CDAS to located the threat
with the sensor. Data fusion tries to match it with
known information from on-board and off-board sensors
to present an accurate depiction of the current situation.

b) Inform the crew. An audio warning spatialized in 3-D
is presented to the crew through their headsets, locates
the threat at a specific clock position relative to the
aircraft.

c) [Initiate countermeasures. If the aircraft
countermeasures are not already active, CDAS will
engage the proper jamming equipment to defeat the
threat's sensors or weapons systems.

d) Setup return fire. The Attack Planner determines the
proper weapon systems to engage the threat based on
range and threat type, and actions that particular
weapons type for the copilot, allowing a single trigger
pull to shoot.

e) Recommend safe masking location. At the same time,
the Survivability Planner calculates a safe masking
location. A "safe masking cage" is displayed on the
pilot's Helmet Mounted Display (HMD) as an intuitive
flight cue, as well as displaying the location on the 2D
TSD map.

f) Re-plan Route. The Route Planner calculates a route to
a CBP provided by the Attack Planner, or plans a
bypass route around the threat depending on the
Commander's intent.

g) Inform Commander. CDAS formats the threat entity
information into a Spot report and presents it to the crew
for review before establishing the  correct
communication channels and sending it to the TOC.

While AOC is one specific behavior, it illustrates the
integration of the various sub-systems and planners, that is
common to many RPA behaviors, which provide the crew
with the right information at the right time for increased
survivability, lethality and enhanced situation awareness.

DEVELOPMENT SCHEDULE
The System Build Schedule linked the key technical

elements to software release dates and provided top level
visibility regarding anticipated design maturity at important
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points in the program. All sub-level products and processes
(e.g., scenario definition, Advanced Mission Equipment
Package (AMEP) model description, crew station layout,
etc.) were ordered to support the software milestones. This
process was repeated several times for the Data Fusion and
CDAS pieces to progressively refine this critical software
before assessment pilot feedback.

Each Build was approximately six months long and was
accomplished in a series of five steps:

» System definition and problem analysis
* Requirements modeling

* Design and implementation

* Integration and testing

» Evaluation

Each sequential step overlapped, reflecting that some tasks
were performed concurrently which maximized productivity
of the build effort. Evaluations were performed concurrently
with the next build definition and problem analysis. Results,
lessons learned, and problems identified from the each past
build and evaluations were incorporated in the subsequent
builds. The build process provided a cohesive method for
developing, implementing, integrating, and finally for
evaluating the RPA software and program accomplishments.

EVALUATION OBJECTIVES

The main objectives of the Boeing testing and evaluation of
the RPA program have been two-fold: to provide timely
feedback to developers during the system design cycle, and
to test the completed builds for insight into the ability of
RPA to meet the program exit criteria.

Design evaluations started even before the first software
build. Early assessments employed desktop tools to study
key segments of the mission and RPA logic structure. The
assessment process grew to cover the totality of the design.
Interest centered on determining both quantitative results
and aviator acceptance. Mission performance was measured
with and without RPA contributions (RPA vs. AMEP) to
obtain a clear understanding of value while lessons learned
and identified problems were provided to the designers to
continuously incorporate enhancements.

The structure of the evaluation plan was established to be
consistent with major RPA program events. Initial study
estimates of RPA’s likely contributions to the overall battle
guided efforts that increasingly emphasized cockpit activity
and the system's reaction to the immediate environment in a
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full mission scenario. Objectives for each test are shown in
Table 1.

TEST APPROACH

The RPA simulation test schedule was composed of three
assessments, two evaluations, and a performance
demonstration. The first two assessments were conducted in
the Rapid Prototyping Mission Simulator at Boeing - Mesa.
The next assessment and First Evaluation were conducted
with copilot/gunner (CPG) crew station and fly only repeater
of the CPG displays for the pilot. Evaluation II and the final
evaluation, Performance Demonstration (PD), were
conducted with two fully functional crew stations. Two
team-player stations simulating three wingman aircraft were
added for Evaluation II and were fully functional for the
Performance Demonstration.

Tests, evaluations, and demonstrations were scheduled as
shown in Table 1. This test schedule followed the RPA
program schedule and provided training and testing details,
test plans, and evaluation reports for each test. Test structure
and scope are illustrated in Table 2.

RPA system testing started with specific functions of
separate behaviors in a part mission environment. Full
missions were executed to the test the overall system status.
As testing progressed, part-tasked tests were introduced
during Evaluation I. An example of a part-task test would
be testing the ability of the crew to add a plan a new route
around an unexpected long range radar contact. Testing
moved to part-mission in which small segments of a mission
were completed. These evaluations included such tasks as
planning an attack using time contours, Combat Battle
Position (CBP) selection, and route planning. These detailed
evaluations through PM F-Dual Crew Test were used to
validate the code, provide feedback to the developers, define
measures, and to gain experience with each particular
behavior to understand how it would fit into and provide
benefits in a full mission context. The final phase of testing
concentrated on full mission testing of the complete system.
Evaluation II included both attack and reconnaissance part
missions as well as a full reconnaissance mission that
provided the starting point for the full attack mission
(linked). The final evaluation, the Performance
Demonstration, concentrated on the development of the
Tactics, Techniques and Procedures (TTP) for the RPA
system as well as the AMEP aircraft, in a strictly full
mission environment.
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Throughout the evaluations, qualitative measures were taken
to complement the quantitative data in the form of mission
scorecards, summary questionnaires, Knowledge
Acquisition (KA) notes, subjective workload measures
(TLX), and subjective ratings of Situation Awareness (SA).

TESTING AN ASSOCIATE

The test and evaluation of an associate aiding system has
always proved to be very difficult. The keys to developing a
test of associate aiding lie in understanding the new
technology and how it will used, achieving a mature level of
software, and creating test cases that are difficult for the
AMERP design but achievable with RPA.

The approach of developing testing with software and
collecting data from the code has proven worthwhile, with
results showing “glimmers” of effectiveness contributions
attributable to RPA. However, this test process is also the
“tail of the dog” and the dynamic development cycle didn’t
always sit still long enough to statistically test.

Testing built up from part mission with half of a statistically
sound test using full mission conducted for Build 3. The test
buildup was faster than the software maturity, so the test
concept went back to part mission and part task testing was
introduced for the next test. Part task testing was very
beneficial for software checkout and test development to
truly understand RPA aiding. Crews use RPA differently
that AMEP. They also revert to manual techniques when
aiding is not accepted. This requires creating test cases and
measures that are comparable for tasks that are executed
differently. Trying to force the AMEP pilot to execute
mission tasks in the same manner as RPA was not adopted.
Some of the best results came from part task and part
mission testing during Evaluation I and II. As the testing
moved from part-mission, where differences could be seen
in specific measures, the most difficult task was trying to
create mission scenarios that capitalized on those differences
and would show RPA benefits at the full mission, exit
criteria level.

TEST SCENARIO DEVELOPMENT

Testing was accomplished on two different simulation data
bases: The Fort Hunter Liggett Range (FHL), and the Yuma
Proving Ground (YPG). In all twenty-one separate scenarios
were created for training and testing: Seven full mission
scenarios and nine part task scenarios were used in the tests,
while 5 training scenarios were used.
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Workload was administered and evaluated by the

Army simulation group, CSRDF. There was a
significant main effect of configuration [F(1, 6) =

11.524, p = .0146] (see Figure 1). The RPA was rated

reliably lower in overall workload than the AMEP.

There was no significant main effect of pilot position

[F(1, 6) <.001, p = .9889]. There was no interaction

between these two factors [F(1, 6) =.030, p = .8681].

At the end of a test for each design, a summary

questionnaire was administered to each pilot. By
Evaluation II, a series of 4 mission effectiveness

questions were developed for AMEP and RPA. The
results from Evaluation II and Performance

Table 3. Attack 1 of 2
Measure # Targets Detected | # times OS fired at
In EA threat
Design AMEP RPA AMEP RPA
TEST
Build1 8 (1) 1 (3
Build 2 (n=5) 9 0
Build 3 (n=2) 1.5 4 1 2
Eval |
PM A (n=2) 2.5 3
End 2 End 4
(n=2)
PM E (Attk) 5 6
(=1
Eval IT (n=4) 6.5 (15 5405 | 11.75 12.75

Demonstration are shown in Figure 2. In all cases

RPA was rated the same or better than AMEP at

The simulation environment was hosted on Boeing's TMCS.
TMCS allowed for the deployment of 66 total enemy and
friendly forces to be positioned in a scenario. TMCS is a
high fidelity simulation of many current weapons platforms
with 6 DOF weapons flyout models. The TMCS weapons
models were updated prior to Evaluation II and are now
capable of wusing both classified and unclassified
performance data. Both Evaluation II and the Performance
Demonstration were conducted in a classified environment.

EVALUATION RESULTS

Subjective results from all of the testing are voluminous.
Score cards, knowledge acquisitions reports, system trouble
reports, and summary questionnaires are contained in the
appendices of each test report. The best qualitative results
were from the workload scores obtained at the end of each
trial during Evaluation II and mission -effectiveness
questions from Evaluation II and Performance Demo.

75—
- 57

$0 — 46

g -

25 —

0 -
AMEP RPA
Figure 1 Mean Overall TLX Workload Ratings by
Configuration
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executing the missions.

The quantitative results are presented for the Actions
on Contact, Attack Planning, and Battle Management
behaviors. Measures were selected from Evaluation II. Data
from earlier tests are reported when available.

Attack planning and battle management results are shown in
Table 3. Attack planning is one of the earliest behaviors
tested. Time to replan an attack includes the time for the
pilot to analyze and if desired modify the Combat position
and route. RPA replan timelines are consistent throughout
all of the tests although the differences between AMEP
timelines are slight. However, the AMEP crews tended to
get a basic plan together and continue to revise and update
the plan enroute. A new measure was developed for

5- =
=
4.54 — M
A = n 1
3.5 mRiI . B OE2 AMEP
31 mRl . B OPD AMEP
2.51 mRl . B OE2 RPA
21 mlil . B OPD RPA
1.54 ullil = 1
14 LY — | |
0.5 ullil = M
0 7 7 T 7
Zone  Area  Attack Hasty
Attack
Figure 2. Summary Questionnaire
10/4/06
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Evaluation II that had a more stable end-point: replan start
until ownship arrival at the planned CBP. Time to replan
until arrival provides an operational tempo measure and
accounts for the completed RPA plan that allows quicker
arrival time. The data presented was taken from a part
mission test that focused only on planning the CBP and
route. Similar data was not published for Evaluation II or
Performance Demonstration full mission tests.

304

25|

207" |

L — OAMEP

159 B RPA

10¢° |

5¢ |

# Detected (1-%Mission
Exposed)

Figure 4. Attack Part Mission Results for Evaluation |1

Battle Duration

Aids for execution of an attack (battle management) focused
on calling for artillery fire (CFF), Hellfire RF missile
handover (RFHO) to wingman, and creating and maintaining
dynamic Priority Fire Zones (PFZ) and No Fire Zones
(NFZ). These features were available for testing in Part
Mission E. Differences in timelines for CFF and fire zones
are apparent but were not tested for significance. Handovers
for RPA require continuous scanning by the ownship and
one button push. A good measure for comparing to the
current Longbow method was not developed.

The attack aid task timeline differences did not impact
measures that indicate lethality effectiveness. Continuing in
Table 3, number of targets detected in the engagement area
and number of targets the ownship fired at does not show
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any differences between designs. Targets detected include
the attack full mission results. There are some differences in
battle duration, a measure of operational tempo, Figure 4.

An overall measure that combines lethality (# of targets the
ownship detected) and survivability (1 minus the % of the
mission the ownship was exposed to one or more threat
vehicles) was developed for RPA. The results for the attack
part mission tests during Evaluation I are shown in Figure
4. The larger the number the better, either more targets were
detected with equivalent exposure or the ownship was
exposed less for equivalent number of targets detected. For
the attack part mission results, the benefits of RPA are not
evident in this data; AMEP has a larger value. This result
could be explained by differences in RPA and AMEP
tactics, techniques, and procedures (TTP) for team attacks.
RPA maintains continuous battlefield awareness for the
entire team during handovers and fire zones. This would
increase the % of the mission that RPA is exposed. The total
team exposure is reduced for RPA.

Testing of Actions on Contact behaviors began as early as
Build 2. These series of aiding received some of the highest
and lowest subjective ratings in the summary questionnaires.
Timeline data measured from the start of an AOC event until
the target is detected with the TAS (FCR and FLIR), the
ownship is masked, and the trigger is pulled is shown in
Table 4.

OAMEP
ERPA

AN NN

# Detected (1 - % Mission Exposed)

Figure 6. AOC Part Mission Results for Evaluation II, n=4
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As sensor model and software developed, the time to detect
a target after an ASE contact became less and less. The 0
for RPA during Part Mission E is not missing data, the
timeline was less than 1 second. Evaluation II and

conclusive, there is some data for the Evaluation II part
mission AOC results that indicate there was some reduction
in number and duration of occurrences for RPA. The
survivability/lethality measure results shown in Figure 6 for

Table 5. Full Mission Results
Measure # times threat fired | # time ownship Hit | # times OS fired at Mission Time (min.)
at OS by threat threats

Design AMEP RPA AMEP RPA AMEP RPA AMEP RPA
TEST
Build 3 (n=6) 0.5 12¢) |0 0.2 (5) 0.5 3.8 (5 334 32.7
Eval I

PM B 14.3

AMEP (n=6) 14.8 1

End 2 End 2 0 11

(n=4)
Eval II (n=4) 2 0 0.8 0 1 3.8 56.4 66.6
Perf. Demo 0 0 0 0 5.3 5.1 40.95 355
(n=6a, 7r)

Performance Demo data is classified secret but showed
similar trends. While slewing the sensor toward an ASE
contact is a feature that can be automated, the context for
when it is appropriate has become quite complex.

The time to mask and time to trigger pull illustrate
differences in AMEP vs. RPA TTP. AMEP crews would
mask first then attack. Note that AMEP was masked sooner
than RPA consistently for Part Mission E, Evaluation II, and
the Performance Demonstration. Because RPA could get the
sensor on the target faster and selected the appropriate
weapon, RPA crews tended to remain unmasked in order to
suppress (or kill) the unexpected threat before masking.
This is reflected in the faster time for RPA to pull the
trigger, also evident in the classified data.

Figure 5 shows survivability results for actions on contact.
During early testing, we chose to measure how many times a
threat detected and engaged the ownship. This data was not
always available and tended to be sparse. Measures that
looked at opportunities were developed. A detection
opportunity occurred when the threat has line of sight to the
ownship and the ownship is within the threat sensor range.
An engagement opportunity occurred when the threat has
line of sight to the ownship and the ownship is within the
threat weapon range. The duration is the sum time that the
opportunity occurred for all occurrences.  While not
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the isolated AOC tests also show an improvement for RPA.

Threat detection and engagement opportunity results for full
mission testing are shown in Figure 7. The differences
observed in the Evaluation II AOC part mission were not
realized in full missions. = RPA had more detection
opportunities, longer detection opportunity duration, and
more engagement opportunities than AMEP in both
Evaluation II and the Performance Demonstration.
However, the length of time that RPA was within threat
weapon range was less for Evaluation II.

Actual survivability data, number of times the threat
detected and fired at the ownship, is shown in Table 5. This
data and lethality data (# of times the ownship fired at the
threat) was reported in a number of test reports. Results are
not impressive. This type of data is very dependent on team
TTP. The test crews would sometimes send the wingman to
attack or would stand back and handover targets to wingman
in defilade. Mission time, as a measure of operational
tempo, also did not capture the differences the pilots
subjectively indicated in the full mission summary
questionnaires.

Figure 8 provides the survivability/lethality measure results

for Evaluation II and the Performance Demonstration full
mission tests with no apparent differences. A measure that
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the goodness of aiding. For Evaluation II with linked

missions, only 1 AMEP mission in 4 was successful,

and that was the preliminary reconnaissance mission.
18+ RPA succeeded in all 4 runs (2 reconnaissance and 2
164—T] attack), with the aircraft returning home.
14— |
12—
104— O Eval Il AMEP (n=4) SUMMARY DISCUSSION
gl | | |oPefDemo AMEP (n=6)
O Evd Il RPA (n=4) Many of the early evaluations provided "rehearsal"
61 10 |oPef DemoRPA (n=7) time prior to Evaluation II and the Performance
44 — — Demonstration. During those tests, many test
) | L | conditions, formats, procedures and measures were
2] 3 t refined.
0 . . . .
##Detect  DetDur #Engage  Eng Dur The early testing results proved to be invaluable for
Op Op 1 : .
providing high quality feedback to the development
Figure 7. Detection and Engagement Opportunity Results for Full Missionsin team while still in the design process. This feedback
Evaluation |1 and Performance Demonstration Tests loop assured the rapid prototyping process was
successful.

did show some promise for capturing pilot opinions was
Mission Success. Mission success was defined for each
mission. The definition was task oriented, i.e., was the main
body of the advanced guard located, was the MBAG attrited
to 20%. The percent of the missions that were successful are
shown. Starting with the AF Pilots Associate program,
measures at this level seem to be the best way to characterize

Measures development was a constantly evolving
process. In the early stages, software code changes
made it difficult to maintain datable data lists at the
subsystem level. It was necessary to be very familiar with
the code to determine what variable were needed and at a
higher level what the actual behavior's benefits were going
to be. Through all the evaluations, between three and four
tests were required before the measures could be truly
viable. This was a combination of
the actual code becoming more

stable as large changes became
smaller refinements, and as the test

10011 team more fully understood each
behavior.
OEva Il AMEP (n=4)
B PD AMEP (n=7) We found that differences in RPA
OEva 1l RPA (n=4) vs. AMEP were most likely to
OPD RPA (n=6) show up in well defined part-task

N N N NTNTONTONTONTTN

#targets detect(1-%msn  Mission Success
expsd)* 10
Figure 8. Evauation Il and Performance Demo Full Mission Results

and part mission tests. The
Performance Demonstration results
showed that TTPs significantly
affect mission outcome, and can
contribute to differences in
measures more than the aircraft
design. When we tested in full
missions, without repeating
scenarios, it was extremely
difficult to get repeatable and

hence comparable results that
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could then be used to show differences in the designs. By
training and testing within a particular design, negative
transfer of training problems were minimized if not
eliminated. Results also indicated that the shear amount of
system familiarity the crews had, affected their overall
performance, increasing the need to plan and schedule large
blocks of training time for future tests.
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Table 3. Attack 2 of 2
Measure Time to Replan Time From Replan | Time to Call For Time to Create & Send
Attack (min) Start to Arrive at Fire (sec) Fire Zone (s)
CBP (min)

Design AMEP RPA AMEP RPA AMEP RPA AMEP RPA
TEST
Buildl
Build 2 (n=2) 1.8
Build 3 (n=2) 3.6 1.8
Eval |

PM A (n=2) 2.1

AMEP

PM C

End 2 End 0.2

(=1
PM E (attk) 5.7 3.1 63512 | 173 32 1
(n=1)
Evaluation II 33® 24%@ | 198@®) [ 154 @ |[27.19 | 12.1 25 | 74404 | 13.90)
(=4
Perf. Demo
* 12 Min outlier removed
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Table 4. Actions on Contact

Measure AOC Trigger to AOC Trigger to OS | AOC Trigger to
TAS Detect (sec) Masked (sec) Trigger Pull (sec)
Design AMEP RPA AMEP RPA AMEP RPA
TEST
Build1 (n=2) 47m@1) | 29m
Build 2 (n=3) 10.6 2.8
Build 3 (n=6) 4.5 (2) 4.7
Eval I
PM C (n=4) 37.4 1.2 68.4 48.9 119.3 254 (1)
®)
End 2 End 17.3
PM E (attk) 4.6 0 3.8 19.7 21.6 4.5
(n=1)
Eval IT (n=4) SECRET 6.7 11.5 SECRET
Perf. Demo SECRET 8.7 13.5 SECRET
(n=9a, 151)
16
14
12 '
O Build 3 AMEP (n=6)
101 O PM C AMEP (n=4)
O Eval I AMEP (n=4)
8 O Build 2 RPA (n=3)
6- O Build 3 RPA (n=5)
B PM C RPA (n=4)
4+ O Eval Il RPA (n=4)
2 .
0
# Detect Op Det Dur # Engage Op Eng Dur
Figure 5. Actions on Contact Detection and Engagement Mesaures
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