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EXECUTIVE SUMMIRY

OBJECTIVES: A simulator study was conducted to evaluate the
usability and acceptability cf pictorial format displays for two-
seat fighter-attack aircraft; to determine whether usability and
acceptability were affected by display mode -- color or
monochrome; and to recommend format changes based on the results
of the simulation.

BACKGROUND: The missions, complexity, and capability of modern
alrcraft are approaching the point where they are beyond
capability of aircrews to operate. Integration and automation
techniques are being applied to address this problem. The
present study brings to bear recent advances in cockpit display
technology which now allow pictorial representation of flight,
situation, and airplane system information. The goal is to
present the information the aircrew needs, when they need it, and
in a form that is most useful.

APPROACH: Pictorial formats were developed for a head-up display
(HUD), a perspective situation format (PSF), and a horizontal
situation format (HSF). Two close look formates (CLFs) were
developed to show an expanded view of aircraft in selected small
areas during an air engagement. Additional formats were
developed to represent status of the propulsion, fuel,
hydraulics, electrical, stores, countermeasures, and passive
sensor systems. Stores programming, countermeasures
programming, and advisory checklists were also represented. All
these formats had both color and monochrome versions.

A simulation was assembled to evaluate these formats under
realigtic flight conditions. A two seat cab was constructed
with four cathode ray tubes, multi-purpose displays in each seat
plus a HUD in the front. Controls and switches were added to
support the procedures necessary for an operational misssion.
System malfunction, low level penetration, and beyond-visual-
range air-to-air mission segments together with full high-low-
high missions were planned and created in digital simulation.

Sixteen operation two-man USAF or USN aircrews each spent three
days learning the formats and the simulated aircraft, then flying
the missions and evaluating the monochrome and color versions of
the formats. Pilot opinion, workload, and performance data were
collected.

10
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RESULTS AND CONCLUSIONS: In their critiques, the pilots and WSOs
clearly preferred the color formats. They indicated general
approval of the pictorial format concept and provided detatled
criticism of specific formats. Subjective workload assessments
did not show a significant difference between color and
monochrome formats. However, there was an apparent learnirng
effect favoring the color formats. The performance data did not
show significant color/monochrome differences. There were
weaknesses in aircrew performance which could be identified with
particular formats.

The crew critiques and performance cdata were applied to
recommended revisiongs. The PSP in air mode and the CLF received
the most extensive revision. Minor chunges were recommended to
other formats.

- ——
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1.0 INTRODUCTION

This is the final report of a program designed to furtner the
development of pictorial formats for fighter and attack aircraft,
In this program, pictorial formats wers evaluated in a two-seat

fighter., The intent of pictorial formats was to present .
information in a native., intuitive way which minimizes mental
processing.

1.1 Background

Until quite recently, the primary medium for cockpit information
display was electro-mechanical -- tapes, gages, flags, and dials
assembled into indicators. The limited degrees of freedom in
thege electro-mechanical indicators required that they be
dedicated and single purpose, that they show raw data, and that
there be many of them. There was a time when this was
sufficient. Aircraft, aircraft systems, and missions were
simpler.

Since then however, aircraft, systems, and missions have all
become more complex. As the mission requirements became more
demanding, technology advanced to meet those requirements,
providing more capable aircraft and systems. However, these
technological advances created a cockpit information overflow.
Aircrews in modern fighter attack aircraft are inundated with
information, most of it important and much of it critical some
time in some missions. 1Icdeally, aircrews would be provided the
information they need, when they need it, and in a form which can
be easily understood and assimilated into an overall awareness of
their current situation.

This problem is being attacked on a number of fronts. More
efficient uses of the voice and auditory channels are being
explored for pilot control inputs and airplane information
outputs. New display media, including helmet-mounted displays,
are being developed. Advanced sensors, fusion of information,
better guidance schemes, and advanced automation through
artificial intelligence are all in developmnent.

The present series of studies is investigating ways to exploit
the degrees of freedom available in electro-optical displays.
Specifically, pictorial formats have been developed to portray
information needed by the aircrew in a native, intuitive manner
to madintain a clear general awareness of the airplane and mission
situation and specific awareness of conditions which require ]
immediate and reliable aircrew input.

I M0S™ b R4S R T B SRR IR M PR AR u”mm‘m‘j
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1.2 Previous Work

The Nulti-Crew Pictorial rormat Display Evaluation Program is the
third in a series of contracted efforts, sponsored primarily by
the Air Force Flight Dynamics Laboratory, Crew Systems

. Development Branch, (APWAL/FIGR). In the first of these efforts,
conceptual displays were develcped for six primary fighter crew
station functiona: primary flight, tacticai situation, stores

4 manageasnt, systems status, engine status, and emergency
procedures (Jauer and Quinn, 1982).

In the second contract, Pictorial Format Display Evaluation
(PFpE), the Boeing Rilitary Airplane Company continued the
development beyond the paper formats of the earlier program and
implemented the results in a piloted simulation. Two simulation
studies were conducted to evaluate the usability and
acceptability of pictorial format displays for single-seat
fighter aircraft; to determine whether usability and
acceptability were affected by display mode -- color or
monochrome; and to recomaend format changes based on the
simulations. In the first of the two PPDE studies, pictorial
formats were implemented and evaluated for flight, tactical
situation, system status, engine status, stores management, and
eaergency status displays. The second PFDE studx concentrated
on the depiction of threat data. The number of threats and the
amount and type of threat information were increased. Both PFDZ

studies were reported in Way, Hornsby, Gilmour, Edwards and
Bobbs, 1984.

A total of thirty USAF and USN pilots in the two studies flew
mission simulations with color and monochrome verszions of the
displays. Objective performance data, subjective pilot ratings,
and comments were collected. In general, the pilots found the
pictorial format displays, and the spacific implementations used
in these studies to be quite acceptable. They praferred color
over monochrose versions. A number of improvements were
suggested for particular format elements, and were incorporated
into revised formats.

1.3 Objectives

The present study had two primary objectives. One of these was
to evaluate usability and acceptability to twn-seat tactical air
crews of a set of service-provided pictorial formats for elecivro-
optical displays. The second objective was to determine whether
the degree of usability and acceptability of the pictorial
formats was a function of two basic display presentation modes:
monochrome and color. A further obiective was to refine the
formats based on information gathered during the simulation.

13
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The program was intended to support the services in their efforts
to provide a fira technology base in the area oi aircratt
crewstations, displays, and controls. 1In addition, the work

s tts the Air rorce Armament and Avionics Laboratories in

.their respective goals of developing integrated stores

aanagenent and avionic systems which are compatible with advanced
ctew interface concepts and worklosd requirements. These service
goals are being pursued through a number of exploratory and
advanced development programs that include the demonstrated
feasibility of cockpit electro-optical dizplays driven by high-
speed digital computers. The Multi-Crew Pictorial Pormat

Dltglay Program has furthered these objectives by simulating and
evaluwating a representative set of electro-optical display
formats designed to significantly reduce the information
processing demands placed upon flight crews. This reduction in
sental workload will allow flight crews to more efficiently
extract information froam the cockpit.

1.4 Organiszation of the Program and of this Report

The msajority of the formats evaluated here were largely derived
from recommendations at the end of the PFDE program. Others were
developed locally and still others were added by the contracting
ager.cy, AFWAL/FIGR. The formats were subjected to an iterative
development process with four evaluations.

1.4.1 8Static rormat Bvaluation

Zarly, after the formats were fairly mature, but before they were
committed or programmed, they were evaluated by pilots of the
318th Pighter-Interceptor Squadron stationed at McChord AFE. The
static format evaluation is described more fully in Section 2.

1.4.2 rormat and Simulation Development

Simulation development and further format development followed
the static format evaluation. Section 3 desgscribes the simulation
facilities. 8ection 4 describes the simuiated aircraft, its
systems and the pictorial formats which support thenm.

1.4.3 Demonstration One

After the format and simulation development for the MCPFD program
were well underway, it was decided to use these formats and parts
of this simulation for a demonstration of artificial
intelligence. The objective of Demonstration One was to show
feasibility and potential of an expert systems approach to pilot
decision aiding. This objective was met by adding symbolic
processing to elements of the MCPFD simulation. The result

14
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highlighted expert systeamas at work in a high quality, pilot-in-
the-lo0op simulation. The demonstration itself was a one-time
event presented in January 1986. 1t was sponsored by the Defense
Mvanced Research Projects Agency (DARPA) and administered
jointly by APWAL/FIGR and AFWAL/AAAT. ‘this siazlation ol expert
SysteRs was documented in a full color, narrated, video tape
(Boeing Nilitary Airplane Company, 1986a), in a technical
operating report (Boeing Rilitary Airplane Company, 1986b) and in
:’t:?al report (Pohlmann, Shelnutt, Stenerson, Payne and Marks,
8é6).

1.4.4 Dpynamic Comparisons

After the formats and simulation were completed, but before data
was collected in the final two stages, a session was conducted to
select from among alternate versions of the dynamic formats for
primary flight, tactical situation, and navigation displays.
Information obtained from this evaluation was used to determine
the specific versions of the dynamic formats which were to be
tested in the mission segment and composite mission simulation
evaluations. The dynamic comparisons stage is reported in more
detail in Section 5.

1.4.5 HNission Segments and Composite Missions

Sixteen two-man aircrews each participated in a three-day program
to learn, use, and evaluate the formats. Each crew flew both
mission segment and composite mission pictorial format
evaluations. Their program is detailed in Section 6 and the
results of their evaluation are documented in Section 7.

1.4.6 cConclusions and Revised Formats
The conclusions and revised formats are given in Section 8. This

is done as an application of performance, opinion, and workload
data to the original intention of each format.
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2.0 STATIC FORMAT EVALUATION

Nodifications to existing formats, and che development of new
formats, wvere based on data obtained in earlier evaluation
efforts and on analyses of crew responsibilities and informetion
requirements in a two-seat aircraft. Because the translation of
display format concepts into a functional simulation environment
is & luong and iterative process, it was decided to involve
operational crews in the development and evaluation process at
the earliest possible stage. The purpose of the static format
evaluation was to allow operational crews to critique proposed
formats and to use their inputs in further modifications of the
formats to be specified for the full simulation,

2.1 Pormats

Seventeen format examples 'ere submitted for evaluation: HUD,
HUD with Nissile Launch Envelope (MLE) symbology, air and ground
mode Perspective Situation Format (PSF), air and ground mode
Horizontal Situation Format (HSF), Target Formation, Engine
Status and Engine Advisory, Electrical Status and Electrical
Advisory, Rydraulic Status, PFuel Status, Stores Status,
Countermeasures Status. and Passive Sensor Status. Two versions
were developed for each format example: color and monochrome.
Bach format was generated as & high resolution color or
monochrome transparency using a computer-based graphics system.
In some cases composite examples were used to illustrate a wider
variety of display symbology than would appear at any given
instant on the cockpit displey. A description was written for
each format example to guide the evaluator briefing and ensure
that all important display syabology was covered.

2.2 Evaluation

Evaluators in the static format evaluation were operational crews
from the 318th Tactical righter Squadron, stationed at McChord
Air Force Base in Washington. A total of twelve pilots
participated in the evaluation. By renk, they were one Major,
eight Captains, one ). S. Navy Lieutenant and two First
Lieutenants. They reported 305 to 3000 flight hours with a mean
of 1776 hours. Eleven of the pilots had flown F-15, nine T-38,
seven T-37, four F-106, three T-33, three AT-38B and one each F-
4, PF-111», KC-135, T-28, T-39 and T-43.

The briefing began with an explanation of the purpose of the
static format evaluation, some background on the concept of
pictorial formats, and an explanation of the questionnaire. Each
format was presented first in its color version, with an oral
briefing about its purpose and symhology. Then the monochrome
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version of the sace format was presented with an explanation of
the monochrome coding. Finally, each evaluator completed a
gueationnaire for a given format before the next format was

[+ ~ited. Both versiors of the format were prescated on

I - ad projectors along with the gquestionnaires, and questions
' sncouraged during the briefings.

The first page of the gquestionnaire requestcd data about the
evaluator. BRach of the remaining pages sclicited responses about
one of the formats under eveluation, and was labelled with the
format name at the top. Bxcept for this label, all questionnaire
pages were identical.

For each format, the tirst four questions required rating the
format on five point scales. Evaluators rated each format on how
useful it was for its intended purpose (from "not at all useful”
to "very vseful”); how easy it was to interpret {(from "not easy"
to "very easy"); how appropriate the symbuldgy was (frox "not at
all appropriate" to “very appropriate”); and how the use of
color affected interpretability (from "makes interpretation more
difficult” to "makes interpretation much easier"). Two
additional questions asked what necessary, but currently missing,
information should be added to the¢ format, and what unnecessary
information should be removed from the format. The final
questionnaire item allowed the evaluators to make general
comments about the format.

2.3 Results

Appendix A summarizes the pilot’s general comments and those
coamen’.s which specifically referred to the information content
of the formats. Average ratings for each format are shown as
profiles in Figure 2.3-1. Responses along each of the labelled,
unnumbered scales were converted to ratings of 1 to 5, where 1
was the least favcrable rating (e.g., "not at all useful®), and
were then averaged. With a few exceitions, the ratings

obtained from the operational crews were closely grouped and
favorable. Resulta for each of the rating questions are
discussed in the following paragraphs.

2.3.1 Usefulness
The alphanumeric Electrical and Engine Advisory displays received
the highest average ratings of usefulness, followed closely by

the ground mode HSF and PSF, air mode HSF, Stores Status, and
Passive Sensor Status formats.
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All these formats received average ratings higher than 4.0. Only
three of the sixteen formats received aversge ratings of less
than 3.0 (“"comewhat useful®”) on this question. These formats
were cthe Electrical Status, Engine 3tatus, and Countermeasurus

n Status. Reviev of the comments 3ade about these formats

. ' suggests some of the reasyurs for the low usefuiness rating.
Several evaluators said that the Klectrical System Status forsat
was no batter than the currently used telelight panel.

. Siailariy, many evaluators prefarred standard round dial or gauge
displays to the Bngine Status format. Some evaluators also
enp:ac sed that standard engine instruments and a telelight
panel for systems probleas display information continuously,
which is an advantage over the time-shared pictorial formats.

4.3.2 Base of Interpretation

Ratings of interpretability, with a couple of exceptions, were
similar to the ratings for usefulness. Ten of the formats
teceived average ratings greater than 4.0; these included the
advisory formats, most of the dynamic situation displays, and in
contrast to the usefulness ratings, the Countermeasures Status
and Blectrical System Status formats. Only the Engine Status
format received an average rating lower than 3.0 (“somewhat easy
to interpret®). Comments suggest that the Engine Status format
was rated low due to a preforence for round dial instruments and
the lack of nuaeric readouts. =

2.3.3 Appropriateness of Symbology

As expected, ratings of symbology appropriateness closely .
paralleled the ratings for ease of interpretation. The advisory r
formats were among nine formats that had average ratings higher
than 4.0; others were the air and ground mode versions of the HSPF
and PSF, the Passiva Sensor, Fuel, and Countermeasures Status
formats. Again, only the Engine Status format received an
average rating lower than 3.0 ("somewhat appropriate"). Again,
the low rating was probably due to a preference for the
conventional instruments.

2.3.4 Use of Color and Interpretability

Evaluators generally agreed that the use of color made the
formats easier to interpret. All sixteen formats received
average ratings of 3.0 ("color has no effect") or better, and
fifteen of the sixteen had average ratings greater than 4.0. The
average ratings on this question were highest for the complex
situation displays; the air and ground mode PSF and RSF, and
Target Formation display, and for the detailed Hydraulic Status :
and Passive Sensor Status Displays. Color may be particularly |
\

useful in complex or detailed displays where it may help the
viewer to sort out the various types of information or quickly
identify a problem area.

19
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2.3.%5 Inforuatio'. to be Added or Delated

Bvaluatc:’'s suggestions about information to be added to or
deleted i‘rom the fuormats and adiditional coamente: arec summarirzed
in Appendix A. 1In the table, each suggestion or comment is
followed by the numbex of evalvators who made that response. The
evaluators had specific suggestions for changes to most of the
forsats. Nany of these tuggostiono were implemented in the
tormat reviaions discusted in the next section. Other
suggestions were not iwplemented because they did not represent
sufficient concensus aaong the evaluators; because they were
antithetical or ivrelevant to the objectives of the program; or
because they were iaprecisely defined.

2.4 Application of Results

The static format evaluation proved to be of significant value in
the development and evaluation of the formats used in the MCPFD
simulation. The first, and perhaps not so obvious, benefit was
the early developaent and production of high-quality, computer-
generated versions of all proposed formats. This process allowed
the rapid generation of alternate symbol.gy and coding, and was a
powerful and accurate tool for assessing focrmat concepts in the
design and revision process before, during, and after the static
format evaluation.

The static format evaluation itself allowed the early and
effective participation of operational crews in the format
development process, and resulted in the confirmation of the

} validity of the pictorial display concept, especially as it

| applied to multi-crew aircraft. Valuable comments by the crews
' led to the incorporation of a variety of changes to improve the
; proposed formats.
|

On the HUD, options to select a filled or unfilled version of the
pathway, and to add a pitch ladder were added, along with
identification of weapon(s) selected. On the air mode PSF,
optional readouts of target airspeed, closing rate, and range
were included and relative altitude symbology was deleted. Fror
the hydraulic status format, the symbology for normal systems was
changed from white outline to green £ill; this change made the
hydraulic system coding more similar to the electrical asystem
coding. Numeric readouts of fuel flow in pounds per hour and
percent of available thrust were added to the Engine Status
Format.
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In one case, comaents from the operational crews in the static
evaluation, in combination with an analysis of a single-threat
Beyond-Visual-Range (BVR) air-to-air mission scenario, resulted
in the developmeiit of a now format. Evaluatcers requested
readouts of target altitude and airspeed for the Target
Formation Display. A second, tabular version of the Target
Formation display was developed to display aore detailed
infocrmation about the selected targets. These two versions of
the Target PFormation Display became the Foraation and Detail
Close Look Pormats.
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3.0 TEST EQUIPNENT AND PFACILITIES

The Nulti-Crew Pictorial Format Display simulation was conducted
in BUAC’s Flight Simulation Laboratories in Kent, Washington.
Three of the laboratories were used in this simulation,
interconnected by a Pronet 10 NHz communications bus aystea.
Pigure 3.0-1 shows the major elements of this simulation and
their arrangement. PFigure 3.0-2 is a photograph of “he two-seat
simulator cab. The following paragraphs describe the cockpit
arcangements in the two seats and the configuration of hardware
eleaents which were employed in the simulation.

3.1 Layout of the Two-Place Fighter Cab

The arcangement of display and control elements in the front seat
is shown is Figure 3.1-1. As a naming convention throughout thisa
program, the CRTs were called "displays" and the pictures shown
on those displays were called "formats". Thus, the front seat
had a head-up display (HUD) as well as left, center, right, and
lower multi-purpose displays (MPDs). The HUD and all the MPDs
were eight-inch diagonal, narrow shadow mask, color CRYs. The
FUD combiner was removed for this study. The MPDs each had five
unlabelled push button switches on each side cnd seven labelled
push button switches below. The unlabelled switches were used
in conjunction with some of the formats. The labelled switches
under the lef: and right MPDs were used to select the time-shared
formats and those under the center and lower MPDs controlled
options on the PSF and HSF, respectively. These switch
applications are detailed in the format discussions of Section 4.

The panel above the left MPD contained switches for air mode -
ground mode selection and for selection of several HUD options.
The panel above the right MPD contained awitches for stores and
countermeasures selection. Small panels to the left and right of
the lower MPD had switches for navigation functions and cursor
definition. The thrust handles were located on the pilot’s left
side console as were panels for the fuel, engines, and electrical
systeas.

Both seats were equipped with side-arm controllers. PFor the
pilot, this controller was used as the primary flight controller.
Bach of the grips for these controllers had a two way trim
switch, a trigger, three auxiliary switches, and a thumb operated
isometric X/Y controller which was used to position the cursor on
the horisontal situation format. Except for the HUD, the major
front seat forward panel displays and controls were duplicated in
the rear seat, as shown in Figure 3.1-2.
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A test engineerc’ station was located above and behind the
cockpit. From the station the test engineers had a direct view
of crew activities during a simulation run, equipment for on-line
data monitoring and recozding, simulation control, and
communications.

3.2 Simulation Host Computers and Bus Communications

A Gould SEL 32/97 computer and a Star Technologies ST-100 array
processor in the Vigual Frlight Simulator Lab pecrformed real time
modeling of airframes, navigation cells, and control systems. In
addition, they supplied graphics subsystem data and provided on
1ine data recording. An P-15 tactical fighter model, a real
world coordinate navigation cell, and a flight display control
program provided both closed-loop and automatic flight modar
Adversary aircraft and all airborne missiles were also mode:~d in
the host computers. Total simulation frame time was less than
30 msec after the addition of study unique graphic control logic,
. mission profiles, event sequencing, and on line data recording.
The zpecific frame time for any given display format depended on
its complexity (scene or symbclogy content) and required update
rate (30 Hz for flight critical and 1.0 to 30 Hz for non-critical
information), '

The digital simulation data was paassed through a 10 MHz serial
Pronet digital data bus comprised of one bus controller connected
via an H8D interface to the Gould SEL 32/97 computer, two fiber
optic modem units which transparently interconnected the wire
butses in each facility, and two bus interface controllers
connected via memory buffers to the crewstation I/0 system, and
the Gould SEL 32/67 graphics generation computer.

3.3 Graphics System

Supported by 2 dedicated Gould SEL 32/6780, the graphics
generators accepted data from the host coxputers, generated the
display formats for the HUD, and for the center and lower
multipurpose displays and updated them to reflect crew input and
progress of the mission.

A single channel, Negatek 7250 color graphics generator with 512
by 512 pixel resolution was used for generation of the HUD. Two
vof the three channels of a GTI Poly 2000, 640 by 480 RGB color
raster generator provided the Close Look formats and the three-
d.mensional Perspective Situation Formats on the center MPDs in
the front and rear secats. The Hegatek 7250, dual channel 512 by
512 RGB color raster gencrator drove the Horizontal Situation
PFormats in the front and rear seat lower MPDs, thus minimizing
data handling while permitting totally independent front/rear
geat display manipulations. The Megatek’s display list buffer
was doubled to perwmit more complex horizrntal situation formats.

217

A e St -~ M AU AN S AMAR A N S S AL RN AN AW AN AR WA A WA BN



Three Pioneer laser video disk units contained the formats for
the front and rear seat multi-purpose displays. The engine

- format, which time-shared the right front MPD, was programmed
onto a dedicated Heu:icon Graphics board-level generator.

T
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4.0 PICTORIAL FORMATS AND SIMULATED SYSTEMS

This section details the specific aircraft systems and the
formats which serve them. Some of the systems have no associated
formats and some are represented in integrated formats. 1In a
deliberate inversion of system development logic, the airplane
sub-systems were developed to support format concepts, rather
than the other way around. All of these will be discussed in
turn.

4.1 TFrlight Control System and AFCS

Plight controls operated in the conventional manner.
Hydraulically actuated surfaces controlled the aircraft in three
axes. The in-flight speed brakes were available and controlled
by a switch on the inboard thrust handle. The control stick and
its active switches are shown in Figure 4.1-1, Pitch and roll
were controlled by the front seat stick. Pitch and roll trim
were controlled Ly the trim switch on the front seat stick. Trim
did not relocate stick center. Yaw was hydraulically controlled
with the rudder pedals. The flight control stick in the rear
seat served only as a site for the switches mounted on it.

The aircraft had a unitary, all axis autopilot that included
autothrust. It was selected with the autopilot button on the
right side panel and deselected with either that button or the
autopilot disconnect switch on the stick.

4.2 Primary Display System

Display formats were distributed across five CRT displays in the
front seat and four CRT displays in the rear. The formats
themselves are discussed later in this section. The HUD was
unique to the front seat and was the primary flight display.
Each seat had four multipurpose displays, called the left,
center, right, and lower MFDs. The Perspective Situation Format
(PSF) and the Close Look Furmats (CLFs) time shared the center
MPD. The lower MPD was the site for the Horizontal Situation
Format (HSF).
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A number of system related formats shared the left and right
MPDs. The Stores, Countermeasures, and Fuel Status formats were
available on the left MPD. Formats to program stores and
countermeasures, and advigory formats for systems health problems
were also available on the left MPD.

The Stores, Countermeasures, and Fuel Status Formats were
available on the right MPD as well. 1In addition, Electrical and
Hydraulic Status Formats could be called up on the right MPD as
could, in the front seat only, the Engine Status Format.

Lighted push button switches operated with many of the formats.
Thegse switches had three states: bright for "on", green for
“option available”, and off for "option not available". Function
availability was determined by scenario and the scate of other
mode and sub-mode selections.

4.2.1 Hecad-Up Display Format

The Head-Up Display (HUD) was the primary flight instrument.
Basic flight path guidance information was provided by the
pathway symbology and the ownship symbol. The pathway, composed
of solid white segments, served as the directive element of the
display providing information based on the planned route. The
wings forming the entry gate of the pathway functioned as the
flight director and the ownship symbol served as the velncity
vector, providing heading and attitude information. Therefore,
it was the relationship between the ownship symbol and the entry
gate of the pathway which provided flight guidance. When on
course, the pathway was centered about the ownship symbol and the
wings of the ownship were aligned with the wings of the pathway.
However, once ownship deviated from the planned route far enough
that the pathway fell outside the HUD field of view, the pathway
entry gate remained at the edge of the display. To provide the
pilot with steering (pitch and bank) commands to recapture the
planned route, a transitional flight director (a white inverted
T) which moved relative to a reference marker (a small white
square centered within the display) was added to the display.
The transitional flight director and reference marker remained
within the display until the ownship symbnl returned to the
planned route with the correct heading.

In addition to the pathway and ownship symbol, Figure 4.2-1
includes features displayed on the HUD when they were within the
field of view - a ground plane, a zero pitch reference line, and
terrain. Generally, the terrain and pathway moved relative to
the ownship symbol. Airspeed, heading, and altitude were
presented as boxed digital readouts at the left, top, and right
of the display, respectively. A required change from the
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current value in one of these three parameters was shown
graphically and numerically as an attached solid arrow indicating
: direction of change to a displayed value. The roll index and
n indicator were located along the lower edge of the display.

* HUD options available to the pilot included the pitch ladder,
pathway £fill, and a vertical velocity indicator. The pitch
ladder, upon selection, was added to the pathway ani the ownship

. symbol. Pathway £ill replaced the solid pathway with an outline
version, rendering the pathway transparent. The vertical
velocity indicator as added to the display included a digital
readout. For the HUD, selection of a Master Mode defined
airspeed in knots when in ground mode or in Mach when in air
mode.

The RUD threat alert and summary information was shown directly
beneath the ownship symbol. When an airborne threat, surface-to-
air missile site (SAN), or anti-aircraft artillary (AAA) site
began to track ownship, an aircrait, missile, or gun symbol
appearaed in an alert position just below the ownship symbol for
six gseconds and then shifted into the summary line. Tha summary
line showed the threat type and number of threats tracking at any
point in time. When a threat launched or fired, a symbol
returned to the alert position and flashed for the duration of
missile flight or the firing of a AAA. Threat site azimuth was
indicated by the clock position of a flashing vector radiating
from the ownship symbol. Por an inbound missile, a time to
impact and missile type readout was included with the alert

syabol.

For airborne threats and targets, missile launch envelope (NMLE)
information was presented when ownship or a tatrget was tracked or
launched upon. The attack arrow showed the capability of
ownship’s selected weapon against a targeted aircraft.
Conversely, the defensive arrow displayed the assumed

capability of the adversary'’s weapons against ownship. Bach of
the MLE arrows was divided into four sections based on such
factors as airspeed, relative geometry, aspect angle, and
maneuvering capability, in addition to range. The top section of
each arrowv represented a zone outside the weapon’s maximum

range. The next section, a zone within maximum range was
followed by the no-escape zone. The no-escape zone was defined
as within the effective range of the weapon, such that a target
could not escape thu weapon with a maximum maneuver. The bottom
section of each arrow was a zone less than the minimum arming and
launching range of the selected weapon. A particular target or
threat wag .dentified with a numbered caret where position and
movement of the caret along the MLE arrow was indicative of
status.
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Pigure 4.2-2 illustrates the NLEs and the threat alert and
susmacy informsation positioned beneath the ownship symbol. The
threat summacry line indicates two aircraft are currently tracking
ownship, as does the identified carets of the defensive arrow.
Nowever, ownship remains beyond the maximum range of the

threat’s weapons as shown by the position of the carets along the
defensive arrow. The threats currently tracked by ownship have
been identified as Alrcraft 1, 2, 5, and 6, ate within maximum
range along the attack arrow, and have been targeted with the
long AIN‘’s.

Once a weapon (air-to-air or air-to-ground) was targeted, a
weapon type and number readout was displayed on the HUD. A
systea generated cue (an X within the ownship symbol) appeared at
tha optimal weapon release point. As the pilot handed the weapon
off, using the trigger on the flight control stick, the X began
to flash, then vanishing when the weapon was released.

The coding or color coding of a particular symbol as described in
the preceding refers to both the color and monochrome HUD. The
two versions of the format were constructed to be equivalent.
Table 4.2-1 outlines the coding of the basic elements.

Table 4.2-1
Cading of HUD Symbology

HUD Element Color Coding Monochrome Coding
Pathway White Light Grey
Entry Gate Cyan White
Ownship Cyan White
Ground Plane Dark Green Dark Grey
Terrain Light Green Light Grey
Threat Symbology Red White
Attack MLE Arrow \ .

Within-Maximum-Range  White Medium Grey
Defensive MLE Arrow .

Within-Maximum-Range Amber Medium Grey

No-Escape Red White
Weapon Release Cue Cyan White
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Figure 4.2-2. HUD Air Mode
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4.2.2 Perspective Situation Format

The Perspective Situation Format (PSF) displayed the planned
flight path, terrain, and the thrsat environment from a point
6,000 feet behind and 1,000 feet above ownship. The basic
elements of the PSF are shown in Figure ¢.2-3. The planned
flight path consisted of a series of white triangles which
pointed in the direction of flight. The ownship symbol was
centered within the display, and a pyramid symbol on the ground
plane showed the point directly below ownship. The ground plane,
overlaid with grid lines converging on the horizon and the three-
dimensional surfaces of the terrain were constructed to lend a
perception of depth to the display. Terrain above ownship'’'s
altitude was differentially coded from terrain below ownship’s
altitude. As in the HUD, airspeed, heading, and altitude
readouts were located at the left, top, and right of the display.

In ground mode, active surface-to-air threats were depicted as
three-dimensional lethality volumes, while airborne threat
symbols were presented in an abbreviated form (without threat
envelope information). AAA sites were depicted as single volumes
of unifora lethality, and SAM sites consisted of outer volumes of
noderate missile lethality surrounding inner volumes of high
lethality. As ownship entered these volumes, the outer surfaces
of the envelope folded down to reveal the inner volume or the
footprint representing actual ground coverage and a threat site
symbol. Once a ground threat began to track ownship, a lock-on
circle enclosed the ownship symbol and a tractor beam connected
the threat site to ownship. If a threat launched or fired, the
tractor beam began to flash, and for missiles in flight, a round
missile symbol absorbed the tractor beam as it approached
ownship.

Distinguishing SAM sites from AAA sites, coding of threat
lethality envelopes, and terrain above and below current ownship
altitude required the differential use of color and shades of
grey. Table 4.2-2 summarizes the coding of monochrome format
elements and color format elements.
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_ Tabled.2-2
Coding of PSF Symbology
PSF Element Color Coding Monochrome Coding
Pathway White White
Ownship and Cyan White -
Ground Point Pyramid
Ground Plane Green With Black With
Black Grid Light Grey Grid -
Tertsin
Above Aircraft Altitude  8rown Dark Grey
Below Aircraft Altitude  Green White
Sky Blue Black
SAM Site
Inner Volume Red White
Outer Volume Amber Medium Grey
| AAA Site Red White
[ Tractor Beam Red Light Grey
|
| Lock On Circle Amber Medium Grey
T The PSP air mode symbology of Figure 4.2-4 provided information

concerning gross aspect angle and aircraft azimuth and elevation
relative to ownship. 1In air mode surface-to-air threats were
represented only by the site symbols. Aircraft detected by
ownship sensors, were shown as three-dimensional airplanes color
coded as friendly, unknown, or enemy. When they were in search
mode, radar coverage sectors directed toward ownship were added
to the nose of the aircraft. For an aircratt tracked by the
Close Look Format, readouts of radar range, closing velocity, and
altitude difference were displayed in the lower left readout.
Airborne threat, track, and launch symbology was identical to
that of the surface threats.

A number of optional features allowed each crew member to tailor
his own PSF. The new view option allowed for independent
viewpoint selection. With a constant slant range, the viewpoint
could be slewed in an arc from a nautical mile dicectly behind
ownship (horizontzl view) to a nautical mile directly above
(looking down in a vertical view). When the slave option was
selected, the current PSF confiquration was replaced by an exact
duplicate from the other crew member’'s display. An all-threats
option produced threat envelope information for both surface and
airborne threats regardless of the Master Mode selected. A
preview option was also availal.lc in conjunction with the HSF, as
described in paragraph 4.2.5.
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: 4.2.3‘ Horizontal Situation Format

The basic Horizontal Situation Format (HSF) was a plan view
display consisting of the planned flight route, terrain above
current ownship altitude, and threat information. The ownship
aircrait symbol was centered within the display; heading was
shown as a digital :rcadout at the top of the display.

The forward line of troops (FLOT) was a line with attached
triangles pointing toward enemy territory. Ground targets
appeared as white triangles and waypoints as white sguares.
Symbology options available included the capability to change
displayed range in five steps from 20 to 320 NM; the capability
to add or.delete range rings and fuel rings:; and the capability
to move ownship’s position to the bottom of the display. When
displayed, the range r.ngs marked a distance equal to one quarter
and one half of the selected display range.

The fuel range rings marked normal and extended fuel range. Time
and distance to the next waypoint, next target, or home could be
optionally selected. As in the PSF, complete symbology for all
airborne traffic and ground threats could be displayesd regardless
of the master mode selected. Figure 4.2-5 shows the symbology
displayed while in ground mode: the FLOT, the ownship symbol,
range rings, the planned flight route, terrain above current
ownship altitude, and for surface-to-air threats, complete threat
symbology. In ground mode, surface-to-air threat lethality
envelopes were depicted as cross sections (at current ownship
‘altitude) cf the same three dimensional volumes shown on the

PSF. AAA sites consisted of a single lethality envelcope and SaM
sites composed of a core of high lethality surrounded by a lower
lethality envelope. As shown in Figure i.2-6, four threat states
were depicted for surface--to-air threats: prebriefed, active,
track, and launch. Prebriefed threats -~ inactive threats known
only through reported data - were displayed in the outline form
as opposed to the solid form of active threats. As in the PSF,
once a threat began to track ownship, a tractor beam counnected
the threat site to the ownship symbol. For launching or firing
threats, the tractor beam flashed, and for SAMs, missile type
(Infrared or Radar) was indicated by the round symbcl which
absorbed the tractor beam as it approached ownship. While in
ground mode, reported and detected aircraft were represented by
triangles pointing in the direction of flight. Outline triangles
were used for reported aircraft and solid triangles for those
-detected by ownship’s sensors. In air mode, radar coverage as
well as track and launch symbology was added to the aircraft
symbels. Complete threat coding for surface threats was replaced
with abbreviated symbols,
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Ownship was assumed to be equipped with an advanced multimode
sensor systen, operating automatically to acguire necessary
information while minimizing radiation. Infrared Search and
Track (IRST) was used for initial detection and early tracking;

‘ radar was used only when precision was required. An IRST return

. was displayed as a dashed line which extended from the nose of
ownship along the azimuth of the return. Once the detected
aircraft’'s rarge was adequately refined, the IRST return line

. vanished; only the detected aircraft symbol remained. When in
air mode, ownship radar coverage was always displayed in some
form. If ownship’s radar was off, the potential radar coverage
area (120°) was shown as a dashed line; if ownship’s radar was
on, the radar coverage area was shown as a solid line. As
ownship began to track an aircraft, a tractor beax was added to
the radar coverage area. Placed along the tractor beam were the
within-maximum-range and no-escape boundary arcs (as in the HUD
attack MLE). Weapon status information was shown in the form of
a halo enclosing the aircraft when targeted, differentially coded
when the weapon was within range.

Upon detection by ownship IRST or radar, an unknown or an enemy
aircraft was displayed as a solid symbol with 120° of potential
radar coverage. For an airborne threat whose radar was
searching, potential radar coverage was reduced to a ten degree
sector of actual radar coverage, pivoting from the aircraft’'s
nose toward ownship. When an aircraft began to track, radar
symbology was replaced with the tractor beam and the lock-on
circle enclosed ownship. Two MLE boundary arcs on the tractor
bear defined the within-maximum-range and the no-escape zones, as
in the HUD defensive MLE. With missile launch, the tractor beam
flashed, the MLE boundary arcs vanished, and a round missile
symbol absorbed the tractor beam as it approached ownship.

Figure 4.2-7 shows the HSF symbology displayed in air mode.
Ownship, with radar on, is currently tracking a hostile aircraft
(bearing 0159, enclosed by a pair of white box corners). The
hostile aircraft is shown as detected by the solid symbol with
its associated potential radar coverage area. The position of
the target aircraft between the MLE boundary arcs along the
tractor beam and the coding of the halo indicates that the target
is within the maximum range of the weapon assigned by ownship.
(For a more detailed list of the coding conventions used in
monochrome formats and color formats refer to Table 4.2-3.)
However, a second hostile aircraft (bearing 340°, enclosed by a
set of four cyan box corners) is tracking ownship, evidenced by
the tractor beam and lock on circle. The position of the
defensive MLE boundary arcs indicates that ownship remains
outside the hostile weapons maximum range.
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Table {.2-3

Coding of HSF Symbology
PSF Element Color Coding Monochrome Coding
¢ Ownship Cyan Dark Grey
j’. Planned Flig'ht Route White White
Ground Plane Dark Green Black
Terrain Brown Light Grey
] SAM Sites
inner Volume Red White
Outer Volume Amber Medium Grey
AAA Sites Red White
IRST and Radar Symbology Cyan Dark Grey
Airborne Traffic
Friendly Green Dark Grey
Unknown Amber Medium Grey
Hostile Red White
Lock On Circle Amber Medium Grey
Tractor Beam Red White
Attack MLE Boundary Arcs
Within-maximum-range Green Medium Grey
No- escape z0ne White White
Defensive MLE Boundary
Arcs
Within-maximum-range Amber Medium Grey
No-escape zone Red White
Weapon Status Halos
Targetad Amber Medium Grey
Within Range Green White
45
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4.2.4 Close Lock Formats

In air mode, when the aiccrew required more detailed information
on air traffic than was available on the HSF and PSF, the Close
Look Formats (CLF) wers selected. The PFormation CLF was an
expansion of the arez selected from the HSF and the Detail CLF
was a tabular arrangement of Identification Friend, Foe, or
Neutral (IFPN) and tacgeting information on aircraft of interest.
To display an aixcraft or aircraft formation, a crew member
engaged the HS® cursor, placed the cursor on the appropriate
symbol, and selected the close look option. The Detail CLF was
then available for display on the center MPD, replacing the PSF
eir mode upon selectiorn of the appropriate switch.

Once selected, the tabular format of the Detail CLF displayed the
IFFN data as it accumulated. Aircraft were classiflied with
distinct symbols: enemy aircraft as diamonds, unknowns as
squares, and friendlies as circles. Within the appropriate
aymbol, multiple aircraft were represented with an "M" until

aore precise raid count information was available. As the IFFN
process neared completion and individual aircraft were
identified, specific aircraft type was noted within each symbol.
Direction of an aircraft’s flight was indicated by a vector
attached to the symbol while an airspeed or relative altitude
readout (crew zelectable) was displayed above each symbol. Each
symbol had a nominal identification (1ID) readout beneath it; the
sane ID number appearing beside a switch alongside the display.

A given ID switch was used to target a weapon to an aircraft or
in conjuction with the track function of the Formation CLF. The
ownship heading readout was located at the center top of the
display. A switch was used to select between the Detail CLF and
the Pormation CLPF.

Using the same nominally identified aircrait and the basic
symbology, the Formation CLF reflected the true geowmetric
relationships among aircraft. While lacking some specific
information concerning individual aircraft, the Formation CLF
reflected the behavior of the formation in flight. The flight
vectors remained attached to the symbol, while specific type data
within a symbol and the peripheral readouts were deleted. An
ownship bearing vector was attached to the edge of the display
and the ID numbers for each aircraft appeared within the symbol.
With tde initial selection of the Formation CLF, the display
tracked (or centered about) a single aircraft of the formation;
other aircraft moving relative to the tracked aircraft. The
option to select a different aircratt for the display to center
about was accomplished by engaging the track switch, then
pressing an ID switch corresponding to the aircraft ID number.
Another option allcwed the size of the close look window to
vary.
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Figure 4.2-8 shows the information available from the Formation
or Detail CLFs as the IFFN process nears completion. The
formation of aircraft selected for display on the Detail CLF
consists of three confirmed hostile F-39 fighters with an
airapeed of Mach 1.8. The same noaminally identified aircraft
appear in the Formation CLF. The positions of aircraft "2" and
"3" are displaced relative to aircraft "1", the tracked aircraft
of the display.

As the BVR engagement developed, additional coding was added to
the symbols of both the Detail and Formation CLF. The additional
coding (summarised in Table 4.2-4) reflected system generated
target assignments and subsequently, the status of targeted
weapons. 3ystem generated target assignments for both wingman
and ownihip were indicated by the coded rings added to an
aircraft symbol. With selection of the appropriate ID switch,
effectively targetting the selected air-to-air weapon, a solid
halo was inserted between the target assignment ring and the
aircraft symbol. A readout indicating the type and number of
weapons targetted was added to the lower adge of the display. A
target within range of the weapon was shown by the differential
coding of the halo. With weapon release, the target assignment
ring vanished while the weapon status halos were reduced to a
thin outline. The Formation Close Look Frormats of Figure 4.2-9
illustrate the coding of the symbology as target assignments are
executed and weapons released.

Table 4.2-4
Close Look Formats - Coding of Weapon Information

CLF Symbology Color Coding Monochrome Coding
Target Assignment Ring
Ownship Cyan White
Wingman White Dark Grey
Weapon Targeted Halo Amber Medium Grey
Weapon Within Range Halo Green White
Weapon Relcase Outline Green White

4.2.5 Cursor Functions
A number of cursor options were independently available to either

crew member. The general procedure involved selection of the
cursor switch from beneath the HSF, placement of the general
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symbol, followed by the selection of an option from the cursor

definition panel. It was from the cursor definition panel one

accessed the Close Look Formats, executed the route segment or

climb profile preview function, and designated targets for the
air-to~ground weapons. The options available at any given point

in a mission were a funciion of the current state of the HSF. .
Selection of an option defined the cursor function and replaced

the general cursor symbol with the functional symhology (refer to

Figure 4.2-10). .

While in ground mode, weapons available included antiradiation
missiles, boabs, and mines. The antiradiation missile was used
as a defensive weapon to counter SAM and AAA gites. Once the
general cursor was placed over the ground threat (as displayed on
the HSF) and the target designated, the antiradiation missile
assignaent was accomplished and an unnumbered target symbol was
inserted within the threat site. 1In range of the weapon, the
syabol wis differentially coded and the weapon delivery cue was
added to the ownship symbol of the HUD. Bomb and mine targets
were designated by using the cursor to mark one of the
preselected target locations.

The route segment preview function allowed either crew member to
yreview any purtion of the planned flight path in order to assess
the threat beddown during low level flight. Once the preview
option was engaged, the functional symbology within the HSF and
the PSP flew the planned flight path at faster-than-real time
until the preview switch was selected a second time to stop the
process. The displays then reverted to normal real time
presentation. In a similiar manner, the climb profile preview
function allowed either crew member to view the ground threat
environment as ownship ascended to high altitude from one of
several points. The climb profile preview function was available
only during a specified portion of a BVR mission segment when a
set of system generated start of climb points were displayed on
the HSFr. The general cursor was then placed on a start of climb
point, the preview function engaged, and the functional symbology
flew the climb profile at faster-than-real-time. Upon reaching
the top of climb, the symbology ceased to move, and the cursor
could be selected to begin the procedure again for preview of a
second or third profile. Alternatively, selection of the
waypoint (WAY PT) from the cursor definition panel was used to
ingsert a climb profile into the flight plan.

The close look selection cursor option was availakle once air
mode had been selected and the HSF indicated that an aircraft had
been detected (solid symbology). Once selected, the generalized
cursor symbol was replaced by a set of four box corners
representing the area displayed on the CLF. A pair of box
corners was used to indicate the other crew member’s close lock
selection. The Detail CLF was then available for display on the
center MPD, replacing the PSF air mode upon selection of the
appropriate switch.
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- 4.3 Stores System

- The stores carried by the aircraft suppdrted its dual misgsion

with both air-to-air and air-to-ground weapons. While similar to
existing weapons, the wespons had features not in the current
inventory. All were guided and "launch-and-leave" in the sense

that, once fired, no further input was required, nor was there a

requirement to continue to illuminate or track the target.

Four long range air intercept missiles (AIMs), with active homing
guidance systems, were carried for the air-to-air engagements.
Two short range AIMs and a gun were also carried but not used in
the mission scenarios. The two defensive antiradiatiun missiles
used their own broad band sepgets for in flight guidance. The
crews were briefed to employ the antiradiation missiles against
unavoidable threats in active or.itrack modes. The aircraft
carried two powered homing glide Bombs to be delivered from low
altitude. Bomb guidance, contrpl, and propulsion features
allowed deployment against a variety of targets in a relatively
large area around the launch poiﬂt. {The bombs had an automatic
guidance mode in which they accepted and attacked targets at
coordinates established with the target cursor option. Operation
of the aircraft’s two mine canisters was identical to that of the
bombs. ,

Bombs and mines, as part of the preflight procedure, required
programming for method of delivery, guidance, anéd for mines,
burst height. From the stores programming menu, available on the
left MPD in either seat, the bomb programming menu and the mine
programming menu were accessed. Selections were made by pressing
the switches beside the available options. Once a satisfactory
selection had been made, seslection of any other format entered
the requested options into the system.

The Stores Status Format (Pigure 4.3-1) showed an aircraft plan
view with the inventory, status, and location of onboard weapons.
One short range AIM was located at each wing tip, followed by an
antiradiation missile, a mine canister (aft), and a glide bomb
(forward). Located along the centerline were the four long range
AIMS and in the nose, the gun.

The number and type of weapon(s) selected and if appropriate,
additional release information and the master arm off indicator
were included within the format. Examples of the Stores Status
Format and the color coding used to reflect the state of the
master arm and the selection and targeting of a weapon is shown
in Figure 4.3-2. As a weapon was selected, the body of the
weapon was color coded and an outline halc was added to the nose
of the weapon. The weapon body color coding represented the
status of the master arm; the color coding of the halo was
indicative of weapon status. Once the weapon was targeted, the

52




auIn

quiog

JeULIO SN)e)S SaI0IS

S Y TN R SURU SN S SO ST

I

-¢'p 9inbBi4

NIV UOYS

3ISSIN
uoneipeuy

o™
uwn

LB L B LW Es LV W RV R Y NN I RVE VI AN (VR SVE VR TN VY VY




uodeapm ¢ jo Bupebie)
PUE UOIOBIRS - JEWIOS SNIBIS SBI0IS T-€'v 8nbiy

uQ iy I13)Sen
peosjes Wiv Buon |
abusy W) Wiv Buo |

uQ Wiy iejsey
peeies NIV m....a.__ 1

pajafise] Wiy Buo |

peidsies WIV Buo |

uQ Wiy ieisew
pajcejes Wiv Bucy |

tO wiy Jeisew

54

(VTS VIV, V3V, V1N RV SRS T rrReee)




halo was shown in the solid form. When all release parameters

" had been satisified, e.g., required range and master zrm on, both
the halo and the wsapon body coding reflected the launch
condition. Tesble 4.3-1 summarizes the coding used in the color
and monochsome versions of the Stores Status Format.

Table 4.3-1

Stores Status Coding
Stptus " Weapon Body Coding Halo Coding
OnRoard Color Outline None
Notselected ‘"Monochrome Outline None
O | Moster Arm OFf Coior. .. . Amber Outiiny
. | Sedected Monochrome Grey Qutline
" |MasisrArmon . Color Green Outline
| Satected ' Monochrome White Outiine
Master Arm Off Cotor Amber Amher
YL Turg.ct&d ' Monochrore Grey Grey
* | Naster Army O Color " Green Amber
T&rgotgq : Weanochrome White Grey
Mmmmw Color _ Creen Green
Within Range Monochrome White Whiite "
s i
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" In addition to the status and programming formats available to

either crew member, control of the stores system was managed from
the stores selection panel in conjunction with the Close Look

~ . Fotmats and the uSF. However, only the pilot had access to the
. wmaster ara switch and only the pilot’s trigger released stores.
A8 previously discussed, stores programming was accomplished

with the format on the left MPD, later specific stores were

" selected for delivery from the panel above the right MPD. Long

range air intercept missiles were targeted with the Close Look
Formats on the center MPD, while ground targets were designated
on the HSF using the target cursor option.

4.4 Countermeasures System

The countermeasures system consisted of a radio frequency jammer,
chaff, and flares. The jammer operated automatically, going
&ctive in response to its analysis of threat states. Chaff and
flares were programmed ."d d.spensed by a system similiar to the
current AN/ALE 40.

In the simulation, the aircrew was required to execute the
countermeasures programming tasks as part of the preflight
procedure. The countermeasures information and control menu was
accessible to either crew member. As shown in Figure 4.4-1, the
jammer control page, the chaff and flare control page, the flare
information page, and the chaff information page were accessed
from the information and control menu. The options available

“from esach page were presented as a row of selections with each

row aligned with one of the side switches of the display; the
current state of each option was shown by a box enclosing one
selection in each row.

In the'Counterneasures Status Format (PFigure 4.4-2), the basic
systom was pictorially presented as a single internally mounted

 '3&!.0!, a stack of chaff bundles, and a stack of flares

superimposed on an ownship planview. With chaff and flares at
levels above twenty-five percent, the expendables were
automatically released as required. 1In the simulation, the
automatic maximum release quantity occurred with the expenditure
of two flares or four chaff burndles. At expendable levels below
twventy-five percent, release occurred manually at a reduced rate
(one flare or two chaff bundles).

The jammer was coded to represent three states: in the off state,
the pod and bol% were in the outline form, while in standby the
bolt was shown in the solid form, and when on, a pair of small
lightning bolts appeared outside the pod. Once the jammer was
programmed in standby, it radiated automatically as threats began
to track ownship, reverting to standby as appropriate.
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The status formats reflected the release of expendable
counterseasures as previously programmed. At levels above
twenty-five percent, flares were automatically released in a
burst of two and bundles of chaff were expended in a salvo of
four. The burst of flares and the salvo of chaff bundles each
comprised one row within their resgpective stacks. 1In the normal
status format sequence, a row of chaff bundles and a row of
flares was designated as "selected" by the inclusion of a small
dot within each synzbol. When the countermeasures system
determined that relecse was appropriate, either the "released"
row of flares or the "released”™ rcw of chaff bundles was coded as
a row of solid symbols. Once "expended®, that particular row of
countermeasures was absent from subsequent formats and the next
row was again designated as "selected".

In the simulation, when expendables remaining on board dropped
below the twenty-five percent level, the system automatically
downselected, limiting the release of countermeasures to two
chatf bundles (or one flare). The low quantity situation was
indicated by illumination of the master caution lights, followed
by flashing of the counterm=sasures status switch. Figure 4.4-3
illustrates the release sequence coding that occurred within the
Countermeasures Status Format subsequent to the low quantity
situation. Thereafter, each time threats launched upon ownship
the "selected"” countermeasure was color coded to indicate
"permission required". The WSO was required to select the chaff
or flare switch in order for the expendable countermeasures to
be “"relnased".

4.5 Propulsion System

The Engine Status Format, available only to the pilct on the
right MPD, displayed propulsion information for setting thrust
and monitoring engine health. The format consisted of two plan
view engine sections, each with percent thrust shown both
numerically and graphically. In addition, for each engine, oil
pressure and quanity, exhaust gas temperature (EGT), afterburner
operation, fuel flow, and state of the fuel valves were
displayed. The basir Engine Status Format and its major elements
are shown in Pigure 4.5-1.

Within each engine body, throttle position and actual thrust
formed a vertical bar alongside which regquired thrust was
indicaved. Throttle position was represented by the inner twenty
percent of the thrust bar. Actual thrust was represented by the
remainder of the bar. Thrust was scaled as an integrated

measucre which considered all relevant engine and environmental
parameters. Thrust, shown nurerically in the nose of the engine
body, was registecred from 0 to 100%. Afterburner and 100% thrust
levels occuired at the lcwer (amber) and upper (red) indicating
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lines, respectively. As thrust reached the afterburner or 100%
indicating lines, the thrust ber was appropriately color coded.

red thrust, calculated as a function of required speed, was
tepresented by a pair of triangular pointers which moved
vertically along the thrust bar. In operation, as a new speed
wvas regquired by the flight plan, the triangular pointers
indicated the requirement along the thrust bar. The engine in
the first diagram of rigure ¢.5-2 is at thirty-five percent
thrust, but the triangular pointers show that more thrust is
tequitred. The pilot then moved the throttle such that the inner
bar was level with the position of the pointers as shown in the
second diagram. As engine thrust spooled up or down, the actual
thrust bar rose or fell to match the throttle position and the
tegquired thrust pointers. 1In the third diagram, the engine has
spooled up and actual thrust has increased to match throttle
position and required thrust,

The syambology used to present the various states of oil pressure,
oil quantity, and EGT is shown in Frigure 4.5-3. 0il pressure for
each engine was shown as a.pressure gauge, the arrow within the
gauge pointing up for good pressure. At caution level and
varnlng level underpressures, the arrow pointed left and down,
tepectively. 0il quantity was shown as a reservoir with two
horizontal lines defining caution and warning low quantity
levels. EGT was represented with a thermometer of vertical
bars, the lower afterburner level line, and the upper
overtemperature line. PFor the purpose of the simulation, EGT had
four discrete states per engine: with an engine off, the
thermoneter was empty; normal operation occurred below the
afterburner level line; with afterburner operation, the level of
£i1) rose above the line; overtemperature was indicated with the
filled thermometer and radiating lines. A flame at the rear of
each engine showed the state of the engines, a small flame syxbol
tepresented normal operations. When the engine was in
afterburner, 2 large flame enclosed the existing symbol. Fuel
flow was represented by the open arrows entering the engine body
shapes. Amount of fuel flow wzs shown pictorially by the level
of f£ill within the arrows and numerically (thousands of pounds
per hour). Within the fuel valves, the open state was indicated
with the vertical lines; in the closed state, the horiszontal
lines were differentially color coded. Valve position was
changed with the fuel cut-off gwitches located on the aft side of
the throttle quadrant.

Malfunctions of an engine were indicated by the illumination of
the master caution lights followed by the blinking of the engine
status switch. The status format indicated the nature of the
problem. All actions required to reduce the impact of the
condition were included within the advisory format. With an
engine flame out, the small flame symbol vanished, actual thrust
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Figure 4.5-3. Oil Pressure, Oil Quantity, and EGT




dropped to zero, the appropriate EGT thermometer showed empty,

and a solid warning border waec added to the format. With engine
damage, EGT temperature was elevated, and a pair of warning level
markers along the thrust bar, a highliqghted nozzle, and a striped

, caution border were added to the format. The advisory format

associated with engine damage instructed the pilot in the
required actions and cautioned against exceeding afterburner
limits indicated by the markers. With an engine fire, a fire
light was illuminated, requiring a response by the pilot to
extinguish the light. Within the status format a larger fire
flame was added to the affected engine,; the EGT symbol indicated
an overtemperature condition, actual thrust gradually fell to
idle, and a solid warning border was added to the format.

4.6 Aircraft Systems
4.6.1 Fuel System

Fuel status information was available at any point during the
simulation with selection of the fuel status switch beneath the
left or right MPD. The basic fuel system was pictorially
presanted as seven tanks (two wing tanks, two inboard tanks, and
three centerline tanks) and the associated fuel lines,
superimposed on an ownship plan view (Figure 4.6-1). The solid
portions. of a tank were vepresentative of fuel on board; empty
portions of a fuel tank are in the outline form. Consumption of
fuel occurred as the solid portion of a tank was gradually
reduced. An alphanumeric readout was used to indicate total
amount of fuel remaining. Simultaneously, the two wing tanks
were the first to be Jdepleted, followed by the two inboard tanks
and the centerline t{anks. Fuel flow to the engines was
maintained through a series of valves, transfer pumps, and boost
pumps. The valves were represented by a small circle, bisected
with a fuel line. When a tank was depleted and there was no
longer a functional requirement for a valve, the valve was
rotated 90° and the associated fuel line was represented in the
outline form. The boost pumps, the two large triangles, fed the
engines. Two of the transfer pumps, the smaller triangles, were
located within the two inboard tanks; the remaining two within
the centerline tanks Similiarly, when there was no longer a
functional requirement for a transfer pump, it was absent from
the format.

Located in the forward seat only, left side panel, were the fuel
controls, employed primariiy as system maifunctions occnrred.
Failure of an element within the fuel system may have resulted
from aircraft damage, therefore the following symbology occurred
in a number of combinations. When one of the four transfer pumps
failed (due to damage or a system malfunction), a striped
warning border appeared within the status format and the puup
symbol was differentially coded. Corrective measures included
closing the associated pump valve or activation of the crossteed

-
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fuel system. 1In the event of a boost pump failure, the failed
pump was coded and the automatir emergency boost pump (which
until required did not appear in the format) was activated by the
system. The status format then included symbology representative
of the emergency boost pump and the alternate fuel flow lines. A
ruptured tank was indicated with the symbology superimposed over
the affected tank. Depending on a tank’s location, damage often
,required the closure of the fuel tanks associated valves,
effectively isolating the damage. The numeric total indicator
within the status format was highlighted with color as the fuel
dropped to a predetermined critical level (bingo fuel),
indicating to the crew the requirement to egress to a refueling
point.

4.6.2 Hydraulic System

The Hydraulic Status Format (Figure 4.6-2) showed major elements
of the system. Supported by four subsystems, the aircraft
provided redundancy ertﬁhe flight critical elements, i.e., the
canards, leading edge flaps, rudders, elevons, and thrust nozzle e
doors. Non-flight critical elements, i.e., the canopy release, A
gun drive, nose wheel, nose wheel steering, main landing gear, ;
and aerial refueling probe were not shown as redundant. A
specific hydraulic sybsystem (1A, 1B, 2A, or 2B), functioning
out of the normal range of operations was noted with an
indicator, while the individual elements were appropriately
coded. A failure of a non-redundant, non-flight critical
element was coded as a solid cautionary symbol. A redundant
element reduced to single thread operation continued to function
normally. However, to distinguish the degraded condition of a
redundant system element, a cautionary stripe was added to the
symbol .

4.6.3 Electrical System

The Electrical Status Format was presented as a high level
schematic of the primary elements: the buses, generators,
transformer rectifiers, batteries, and major loads. Each element
was abbreviated within the format and distinguished by shape.
Electrical system health problems were indicated by illumination
of the master caution lights, followed by flashing of the
electrical status switch. Within the status format, a failed
element was coded at the caution level and the appropriate relay
switch was displaced, if appropriate.

4.6.4 Passive Sensor System

The aircraft was equipped with a passive sensor system which
provided information about the battle environment around the
aircraft. The Passive Sensor Status Format pictorially
represented the system as a wire sphere composed of six sections:
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top and bottom, each possmassing a forward section, a near side
section, and a far gside section. If one or more of the sensors
were degraded or failed, the area of coverage lost was coded at
the caution level and connected to the aircraft. The caution

- coded areas represented zones from which the aircraft was not
- _receiving complete - passive sensor information.

4.7 Advisories, Cautioas, and Warnings

The advisories, ¢autions, and warnings in this simulation were

’ designed to exercise the system status formats with their

attention and directive features. Thus, the procedures required
more crew activity than would probably be the case in a new

~ generaztion aircraft. while the formats and display controls from

the f.ont seat were duplicaced in the rear, the airplane system
controls ware lucated in the front seat only. For this reason,
all of the crew actions associated with system h2alth problems

- were axecuted by the pilot, When a system malfunctioned or was

damaged, the front and rear seat master caution lights were
illurinated.

Tha:e wera four levels cf malfunction, with increasiny levels of
criticaiity. Level I was advisory, bringing to the crew's

‘attention conditions which had minimal impact. As shown in the

first pair of status formats in Figure 4.7-1, the adviscry
conditions were highlighted by the coded indicators. Levels II
and III were cautious (also shown in Figure 4.7-1) indicating

- that the system health problem had the potential to adversely

affect the aircraft or mission. As seen in the second and third
pairs of status formats of Figure 4.7-1, the formats included a

Btripsd border. The difference between these two levels was that

the required response was automated in Level II, but crew
intervention was required in Level III problems. Level IV was
the warning level where the status formats included a solid
border as in the last pair of formats of Figure 4.7-1. Immediate
crew action was required for these flight critical events. Table
4.7-1 summarizes the system health events, ir terms of level of
sriticality, the coding uf the indicators, and the malfunctions
or damage. Each time the master caution lights were illuminated,

the speed, heading, and altitude readcuts and the ownship symbol
- on the HUD were cclor coded at the caution or warning level.

A unifrcr procedure was executed in response to master caution
ligyhts for system health problems. The pilot action was to press
the naster caution light, extinguishing it, select the

ar: . iate status format, and report the problem on the radio
li... . At Levels III and IV, once the basic -esponse procedure
was executed, the pilot was cued to the available advisory
format. The pilot selected the appropriate advisory format,
followed its checklist, and reported the outcome.
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Table4.7-1

Levels of System Health Problems

$55044/WN009-7

Level HUD Symbols Border Advisory Exampies
| Advisory Color Amber None No Countermeasures Low
Minimal Impact Monochrome Reverse Video None Quantity
Bingo Fuel
il Caution Color Amber Striped Amber No C/L Fuel Tank Damage
Potential Iimpact Monochrome Reverse Video Striped Grey Boast Pump Failures
Automatic Transformer Rectifier Failures
Reconfiguration Battery Failures
Hydraulic Subsystem Failures
Passive Sensor Sector Failures
il Caution Color Amber Striped Amber Yes Engine Damage
Potential Iimpact Monochrome Reverse Video Striped Grey Fuel Transfer Pump Failures
Crew Action Fuel Wing Tank Damage
Required Generator Failures
IV Warning Color Red Solid Red Yes Engine Fire
Flight Critical Monochrome Reverse Video  Solid White Engine Out
Immediate Crew
Action Required
71
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5.0 DYNAMIC COMPARISONS

The second planned format iteration ended with the dynamic
comparison evaluation. It was conducted after the formats were
completed and the simulation ready, but before data was collected
in the final phases. AFNAL/FIGR personnel and three Air Force
pilots were briefed on the simulation and formats, then the
‘pllots flew the simulation repeatedly, selecting from among the
offered format alternatives. The alternatives, issues and
selections are summarized in this section.

5.1 BHead Up-Display Dynamic Comparisons

Por a detailed discussion of the HUD format, please see paragraph
4.2.1. The first issue on the HUD was arrangement of the missile
launch arrows in the air mode. This is illustrated in Figure
5.1-1. The attack (ATT) arrow on the left side represented
ownship’s missile launch envelope against targetted aircraft.

The logic for the ATT arrow seemed to be well understcod and
accepted. The scale represented by the arrow included range,
known capabilities of ownship and ownship’'s selected missile,
hypothesized capabiiities of the targetted aircraft and the
dynamics of the evolving engagement. There were four zonas in
the arrow, representing from top (head) to bottom (tail): beyond
range for the selected missile, in range, no-escape for the
hypothesized capability of the targetted aircraft, and too close
to fire the selected missile. The carets representing targetted
aircraft usually started near the top (head) of the arrow and
moved down,

The issue came about when that logic was inverted to create the
complementary defensive (DEF) arrow, representing threat missile
launch envelopes against ownship. 1In the staadard version, the
DEF arrow had the same four zones, representing threat aircraft
and missiles against ownship. From top (tail) of the DEF arrow,
they were: too far for the hypothesized threat to fire its
hypothesized missile against ownship, in range, no-escape for
ownship, and too close. The carets for threat aircraft usually
started near the top (tail) of the arrow and moved down. This
way, both outbound and inbound missiles moved in the direction of
the arrows and, as the engagement closed, symbols representing
targets on the ATT arrow and threats on the DEF arrow moved
closer to ownship at the bottom of the arrows.

The offered variant for the HUD DEF arrow had the zones from the
top (tail) to bottom, represent too close, no-escape, in range,
and too far. This way, ownship was at the tail of both arrows
and, as the engagement closed, both targets on the ATT arrow and
threats on the DEF arrow moved from the head toward the tail of
the arrows.
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The standard format was selected, on the logic that it would be
more intuitive and more easily understood for the target and
threat aircraft to move down the arrows ac the engagement closed.
The arrows both pointed in the direction of missile flight.

The second issue on the HUD was how much £ill should be used in
the format. On one hand, filled areas on a format may make
those arecas more easily understood. On the other hand, exccssive
use of £ill consumes more energy, takes more time to draw a
picture frame, and puts more light in the cockpit. In the HUD,
fill covers the outside scene. Excessive use of color may reduce
its attensity value for important symbology. 1In the standard HUD
format, both wmountains and the ground plane were filled, the
mountains in green and the ground plane in half density green or
full and half density gray, in monochrome. The offered variants
allowed either the mourntains or the grovnd plane, or both, to be
left black framed in ygreen or gray linez. It was decided to £fill
the ground plane with half density green, since this is an IMC
simulation. 1In visual conditions, a deciutter feature could be
emaployed to remove the fill.

5.2 Perspective Situation Format Dynamic Comparisons

The perspective situation format is detailed in paragraph 4.2.2.
The dynamic comparison issues again related to use of color. 1In
the standard form, the sky was blue, the mountain tops were
brown, the mountain bases with the ground plane were green. The
ground grid was black. Offered variants had the sky black, the
mountain tops white, the mountain bases light gray and the ground
plane black with a green grid. The more colorful standard form
was selected because the pilots felt that the full colors would
be more meaningful to aircrews.

5.3 Horizsontal Situation Format Dynamic Comparisons

The first issue for dynamic comparison on the HSF again was
related to use of color. 1In the standard form, the mountains
above current altitude were colored brown against a green
background. The variant had light gray mountains against a black
background. The standard format with brown mountains and dark
green background was selected. Some of the smaller symbols were
made thicker to increase contrast against the colored background.

It was suggested that background color be changed as a function

of display master mode, green for ground mode and black for air
mode. This idea was not implemented in the simulator.
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The second HSF lssue concerned missile launch envelope symbology
in air mode. This is illustrated in Pigure 5.3-1. The missile
launch envelope (MLE) for ownship and adversary aircraft could be
shown with either reduced or full representation. Reduced
representation would reduce clutter when there are sevaral enemy
. aircratt in the engagement but full representation may be more
easily understood. 1In the standard format both outbound MLEs
from ownship to target aircraft and inbound MLEs from threat to
N ownship were ccmposed of a line between aircraft with two arcs
defining the maximum tange and no-escape zones. The offered
variant had MLEs with 10° sectors, color coded to correspond to

MLE sectors in the HUD. The tractor heam representation was
selected, baced on the clutter argument. The pilots felt that,
while the sectors were esasier to see and understand, the
probab‘lity of several of these sectors overlaying was high and
information could be lost. The arcs zt maximum range and no-
escape range were made thicker to increase their prominence.
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6.0 CONDUCT OF THE MISSION SEGMENT AND COMPOSITE MISSION STUDY

The intent of the manned simulation was to apply the knowledge
and skills of operational aircrews to aisess the pictorial
formats. In this sense, the aircrews acted as measuring
instruments. This section describes what the aircrewa
experienced in their three days on site. Briefly, the program
began with ground school, followed by hands-on training. The
crews then flew migsion segments where the emphasis was on
collection of performance data in a variety of exercises or
events. Finally, the aircrews flew composite missions with
fairly compressed timelines and relatively high workload. The
emphasis in the composite missicns was on the aircrews’
subjective assessment of the pictorial formats.

6.1 Test Subjects

AFWAL/FIGR arranged for sixteen, two-man, aircrews to serve as
subjecits in this study. All crew members were active duty
military aviators and most were current in one oz more combat
aircraft. Each crew consisted of a pilot and a WSO. As Table
6.1-1 shows, the range of experience and aircraft flown was
broad. Names and addresses of participating crew members were
available to Boeing approximately two weeks before their
scheduled test dates. A handbook (Martin, Way, and Hornsby,
1986), designed to introduce the program, the formats, and the
‘agenda, was forwarded to all crew members two weeks prior to
their arrival. All professed familiarity with the contents of
the handbook.

6.2 Mission Segments

The purpose of the mission segment simulations was to compare
usability and aircrew acceptability of color and monochrome
versions of the pictorial formats under controlled conditions
without the confounding of incompatible simultaneous task
demands. To this end, aircrews flew three different sets of
mission segments: 1low level penetration, system health, and
beyond visual range (BVR) air-to-air engagement. Events and
exercises peculiar to a given segment were separated in time so
one activity was completed before beginning the next. There were
both monochrome and color practice and test missions in each set.
Appropriate performance measures were collected and, at the end
cf each set, crews were debriefed on the formats used in that
set.
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Table6.1-1

Aircrew Qualifications
Pilot WSO
Crew Branch | JetHours Alrcraft Jet Hours Aircraft
1 AF 2850 T-38,F-15 1500 T-43,F-4E/G
2 N 685 T-28,T-2, TA-4, 900 EA-6B, TA-4),
EA-68 F-4, T-39, T-2
| 3 N 2600 A-6 A4, T-2, 2300 A-4,A-6,T-2,
| T-34 T-34
: . AF 3155  T-37,7-38, F-4, 3000 T-43,T-37,
'[ F-16 C-141,C-5
f 5 N 2030  EA-6B. trainers 875  T-2€,T-39,
A-4M, EA-68
6 N 1325  T1-288, T-2C, 2520 A-6,T-39,
TA-4, A-6E, RA-5C
C-172, M-20C
7 N 325 A-6E, TA-4,T-2C 200 A-GE, TA-4, T-47,
T1-39, T-2
8 N 1340  T-34,T-2C, TA-4, 800 A-6,T-39,T-2,
A-6 A-4, T-34,
E TC-4C, TA-7
9 N 3600 T-34,T-28, T-2, 170  T1-34C,T-2, T-39,
TA-4, A-aM, A6, TA-4, EA-6B
EA-6B
10 AF 2400 F-15A/C, F;S E/F, 1800 F-4,F-111
T-38, F-4 C/OVE
" AF 4200 T-37,7-38, 1425 F-4,T-29
F-100, F-4, T-33,
A-4,T-38
agQressors,
F-S, F-15, YF-XX
12 AF 3700 KC-135,T-39, 2400  F-4, trainers
F-100, F-4
F-10413, 7-16,
13 AF 2900 F-4,F-16 2500 T-38,A-10,F-16
14 N 2800  A-6E, T-2C, 1300  A-6E, TA-4,
A-4 T-2C, T-39
15 N 1355  F-14,A-4,T-2, 1400  F-14,F-4, F-18,
T-34 F-16, A-6, $-3,
P-3
16 N 2400  F-14,F-4, A-4, 1650  F-14A, TA-4,
T-2, F-18 TA-7, A-6, T-38,
TF-18
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$35066/2/127-7

AL NS WA N R PN WAL BN Bl R MR ML PR TR MR PARLE L




Before each mission, the aircrew worked through a preflight '
checklist. This activity ensured proper initial conditions for ‘
the mission and served as a review for the crew of controls and
inXormation sources. Part of the checklist included programming
of the stores and ECM options for the briefed mission.

6.2.1 Low Level Penetration Segments

The low level penetration mission segments began at terrair .
following altitude on the friendly side of the Forward Line of
Troope (FLOT). Information in the round threat file was
relatively sparse at the start. A data link update occurred and
new threat .~re then displayed along the flight path. The
flight crew was to select a minimum exposure route at several
branch points as the aircraft flew through the mountain passes.
Crews were briefed to stay close to the selected fiight path but
tc move laterally as necessary to minimize exposure to ground
threats. The WSO was required to manually approve the release of
chaff and flares for each threat that launched or fired upon the
aircraft,

6.2.2 Systems Health Segments

Ine systems health mission segments began at terrain following
altitude on the encemy side of the FLOT, enroute to the target
area. The flight ended after weapon delivery and before
transition to high altitude. As in the low level penetration
segment, a limited ground threat file was updated and new threats
were displayed along the flight path. As expendable
countermeasures were also limited in this segment, the WSO had to
manually approvz the release of chaff and flares. Enroute,
*hreats lLaunched and the aircraft sustained battle damage

, ecipitating various system health problems. Each segment
contained examples of failures from several systems (e.g.,
engine, hydraulic, fuel, electrical, countermeas*:res) which
zequired appropriate responses.

6.2.3 Beyond Visual Range Air-to-Air Segments

The BVR air-to-air mission segment began during low level flight
and ended with either identification of friendlies or weapon
delivery against a group of confirmed enemy aircraft. At some
point in the flight the crew was directed to intercept a flight
of aircraft whose number and identicy were not known. The crew
previewed three climbout profiles to determine a minimum exposure
soute for exiting the threat area. Ownship then flew from the
start of climb »oint to the intercept point where the IFFN/raid
count was presented and if appropriate, ownship engaged the
enemy.
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6.3 Composite Missions

The navigation track for the composite missions is shown in
FPigure 6.3-1. It consisted of a high altitude approach, descent
to terrain following altitude, penetration through a moderately
defended area to an interdiction target, target acquisition,
weapon delivery, withdrawal, climbout and return home. The
aircrew encountered air and surface threats, and delivered air-
to-ground and air-to-air weapons. The missions were flown at
altitudes ranging from 200 to 35,000 feet AGL and airspeeds from
480 knots to Mach 2.2. The four composite missions all had the
same structure. Threat besddowns, target assignments, system
health events, and the final air-to-air engagement varied from
mission to mission. A more detailed outline of the composite
missions follows.

The first leg began just after aerial refueling enroute to WPl at
FL 200, airspeed 496 knots on a heading of 330 degrees. The crew
had been briefed for a primary and a secondary ground target.
After overflying WPl , the aircraft descended to 200 feet AGL and
entered terrain following/terrain avoidance mode to take
advantage of the terrain masking opportunity offered by the high
ground.

Entering leg B, the crew received a data link message, updating
the locaticn and activity of known ground threats. On some
missions, there was a directed change to the secondary ground
target. Speed was maintained at 496 knots and as the FLOT was
crossed, the onboard passive sensors searched for enemy radar
activity or other hostile threats.

There was an opportunity to select an alternate route, based on
the updated threat situation. The aircrew made overt selections
and the threats countered. The aircraft automatically employed
countermueasures in self defense. Some battle damage occurred
from near misses, This leg was heavily defended by SAM and AAA
mobile units, some of which were located as indicated in the pre-
flight briefing, while others popped up or were revealed by a
data link update.

On leg C in some missions, a second data link message was
received, again updating the threat situation. The aircrew again
had alternative flight path choices and the aircraft sustained
minor damage. Enroute to Waypoint 4, the crew was instructed to
attack a ground threat site witb an antiradiation missile. There
was l°'ttle terrain masking on the run to the ground weapon

launch point, requiring the aircrew to be particularly alert to
threats. The WSO targeted the weapon and the pilot released the
air-to-ground ordnance.
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On some missions, the crew was informed of aircraft closing on
their position. The direction was to climb, identify, and engage
the new threat. As information on the aircraft accumulated,
they were identified as friendlies or as adversaries. 1If the
other aircraft were determined to be hostile, the mission ended
with a BVR air-to-air engagement.

6.4 Schedule

The complexity of the aircraft being simulated, the novelty of
the new formats being evaluated, and the amount of data to be
collected together yielded three full days on site. Table 6.4-1
shows the aircrew agenda. The order of conditicns changed from
crew to crew.

The morning of the first day was devoted to grcund school and
cockpit familiarization. The first afternoon consisted of
practice flights. On the morning of the second day there was a
briefing, practice, and test trials on the first mission segment
type, followed by debriefing on that segment type. That pattern
was repeated the second afternoon and the third morning with the
second and third segment types. The final afternoon consisted of
flying the four composite missions and a post flight debriefing.

Table 6.4-1
Aircrew Agenda

First Day Ground school
Cockpit familiarization
General flight and procedures training

Second Morning First Mission Segment
Briefing and demonstration
Monochrome or color display condition
Practice segments, one test segment
Repeat with other display condition
Debriefing

Second Afternoon  Second mission segment type
Same pattern

Third Morning Third mission segment type
Same pattern

Third Afternoon Four composite missions

Two eachin monochrome and color
Final debriefing
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The primary independent variable was format presentation -
monochrome or color. In order to reduce bias introduced by
differential learning, the odd-numbered crews flew practice and
test segments in monochrome first, then in color. The even-
numbered crews reversed the order. The order of segment sets was
also varied systematically across crews.

The ovder of flying the four composite missions was also
counterbalanced across crews. The odd-numbered crews flew their
first two composite missions in monochrome and the second two in
color. Th2 order was reversed for the even-numbered crews.

6.5 Data Collection

Three types of data were collected during the manned simulations
to assess the usability and acceptability of pictorial formats in
color and monochrome. These data also helped improve both the
content and depiction of aircraft, flight, .and mission
information. The three data types were questionnaire or opinion
data, subjective workload assessment, and performance data.

6.5.1 Cuestionnaire Data

Among the three sets of mission segment flights, i.e., low level
penetration, systems health, and BVR air-to-air engagement, all
of the individual formats were exercised. After each set,
aircrews was asked about the particular formats that supported
specific events during that set. 1In the final debriefing, after
all the mission segmenrts and composite missions had been flown,
aircrews responded to a questionaire on suites of formats. The
emphasis here was on presentation and coordination of information
across formats. Finally, each aircrew member was provided with
a tape recorder, paper, and a list of general guestions. It was
found in the earlier studies in this series, that this technique
worked well to elicit ideas not otherwise available - a directed
free association. Experience has also shown that aircrew
opinion, collected in this manner and collated, is extremely
valuable in the assessment and improvement of display formats.

6.5.2 Subjective Workload Assessment Technique

One important goal in the design of these formats was to reduce,
or at least contain, aircrew workload. The Air Force has had
some success over the last several years measuring aircrew
workload with a program called the Subjective Workload Assessment
Technique (SWAT) (Reid, 1985). During the course of this study,
aircrews were asked to use SWAT to quantify their mental workload
required tc complete the tasks. Mental workload refers to how
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hard the crew works to accomplish some task, group of tasks, or

an entire job. The workload at any one time was assumed to

consist of a combination of three dimensions which contribute to

the subjective feeling of workload. SWAT defines these

dimensions as (1) time load, (2) mental effort load, and (3)

psychological stress load. .

For purposes of subjective workload assessment, each of these
three dimensions is divided into low, medium, and high levels. .
The SWAT theory assumes that each workload rater may have a
different way of combining the three dimensions into subjective
workload. For example, time load may be most important for one
rater and psychological stress most important for another.

In order to be able to combine workload ratings across raters, it
was necessary to calibrate the raters themselves. Cards were
prepared, each containing one of the twenty-seven combinations of
definitions of the three levels of the three dimensions. Decks
of these cards were given to the individual aircrew members with
instructions to sort the cards from low to high workload.

Crewmen were asked to work independently and they took from
twenty to thirty minutes to complete the task. The resulting
orders were recorded and combined by a psychometric technique
known as conjoint analysis.

During each mission segment flight, twelve tones were inserted at
places intended to represent a wide range of workload conditions.
Aircrew members were instructed to report workload each time they
heard the signal tone. The pilot reported first, followec by
the WSO.

6.5.3 Performance Data

A number of measures of crew performance were recorded during the
mission segment simulations. Some of the performance measures
reflected individual performance of the pilot or the WSO while
others reflected the coordinated activity of both crew members.
Collectively, these measures provided quantitative data on the
crew’s ability to use the pictorial information in color and in
monochrome to accomplish: a) flight path control, b) threat
detection and avoidance, and c¢) identification and resolution of
dearaded system status. It was assumed that deviations from the
flight path channel, problems in threat detection and avoidance,
and difficulty in the identification and resolution of degraded
mode conditions would be greater for a display presentation mode
that was more difficult to use.
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7.0 RESULTS

In their questionnaire responses, pilots and WSOs clearly
preferred the color formats. They indicated general approval of
the pictorial format concept and provided detailed critiques of
specific formats. Subjective workload assessments did not show a
significant difference between the color and monochrome formats.
However, there was an apparent learning effect favoring the color
versions. The MANOVA performed on performance data did not show
significant color/monochrome difference. However, there were
weaknesses in aircrew performance which could be identified with
particular formats.

7.1 Questionnaires

Appendix B contains profiles of usability for each of the formats
plotted from mean judgements made by the aircrews. Appendix C
contains the questionaires with mean judgements of usability and
other attributes. Appendix D contains summaries of the aircrew
responses to the open ended questions.

In this section, the formats are discussed in terms of aircrew
ratings of usability and information interpretability. The
individual formats are discussed in terms of aircrew ratings of
usability and information interpretability. Us&ability ratings,
were given on a seven point scale from 1 fr~- “"vury good" to 7 for
"very poor." All formats were rated for th:: clor and monochrome
cases. Two general observations are in order. First, in almost
all cases, color format versions were rated better than the
monochrome versions. Exceptions will be noted as they come up.
Second, the data profiled in this section show that most of the
color ratings fell between 2 ("moderately good") and 3 ("slightly
good"). Symbology elements rated less than "slightly good" may
be candidates for revision. Similarly, answers to information
interpretation questions were given on a seven point scale from 1
for "very easy" to 7 for "very difficult." Elements or
information rated low will be mentioned here and considered for
revision in Section 8.

7.1.1 YHead-Up Display

Usability ratings for HUD elements in thke ground and air modes
are profiled in Appendix B (B-2 and B-3). The threat alert
symbols in both modes and MLE arrows in air mode were given high
ratings. The MLE arrows also received strong support in the
open ended questions. On the other hand, a number of HUD
symbology elements were rated down and suggest revision.
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" The pathway, as implemented, was not well received. There was

support for the concept of a pathway, but the present
iaplementation requires a significant amount of work. The
transitional flight director was rated less than "neutral" in
both ground and air modes. The pilots were not happy with the
addition of a different symbol, with different control rules,

. when they were off the pathway. In ground mode, the mean ratings

for the pathway were slightly better in monochrome than in color.
Several pilots pointed out that there was more contrast in the
monochrome version. The airspeed and altitude readouts were
acceptable, but the heading readout was less so. The roll index
and the optional vertical velocity indicator were also not well
received.

When pilots were asked to rate ease of information
interpretation, the pathway, the vertical velocity indicator, the
weapon release cue, and the relationship of ownship to terrain
were judged to be less than "slightly easy" in both color and
monochrome. Comments indicated that a nonlinear scaling would be
better for the vertical velocity indicator, to yield more
gsengitivity at low vertical velocities. It was also pointed out
that the weapon release symbol in the HUD should be more
noticable and should probably not be an "X," which is usually
considered to be a breakaway command. Even in color,
interpretation of ownship’s location relative to terrain was
reported to be difficult.

7.1.2 Perspective Situation Format

Almost all of the elements of the PSF (Appendix B-4 and B-5) were
rated better than "slightly good" in color, with the depiction of
ground threat l«thality volume particularly well received. 1In
both air and ground mode, the preview symbol was less well
accepted. Crews ampliZied this opinion in their comments,
indicating that the preview option was not necessary. The ground
grid and the ground point symbol were down rated in air mode.
Essentially, they carried no information needed by the crews in
air mode. The new view option - the ability to adjust viewpoint
on the PSF - drew mixed comments. Some pilots and WSOs used the
feature to set the viewpoint viewpoint for their individual
preference or to meet their needs for a particular mission
segment. Other pilots and WSOs did not use it or did not see the
need for this feature. While speed and altitude readouts were
fairly well accepted, in air mode the heading readout was rated
worse than "sligl.. 7 good."

For information interpretation, WSOs rated airborne threat mode
and type information less than "slightly easy." Pilots rated
airborve threat type and the numeric date on airborne threats
less than "slightly easy."
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Comparing ratings and opinions on the PSF in this study with
those in the earlier pictorial format display evaluation (Way, et
al, 1984), this is an improvement. The primary differences are
that threat depiction was more complete in this study and the PSF
in ground mode had a purpose here - simultaneous threat and
.terrain avoidance.

7.1.3 Horizontal Situation Format

Usability ratings of the HSF in ground and air modes are profiled
in Appendix B (B-6 and B-7). With the exception of the fuel
range rings, al) the symbology elements in color were rated
batter than "slightly good." 1In amplifying comments, the
aircrews questioned the utility of the fuel range rings.

The pllots rated the fuei range rings and ownship’s proximity to
mountains worse than "slightly easy" to interpret. The WSOs
passed those but downrated enemy MLE boundary arcs on the HSF in
air mode.

Despite these specific complaints, most of the pilots and WSOs
reported that the HSF was an excellent format which provided a
good awareness of the current and near future situation. When
asked if the HSF background color should change as a function of
master mode, e.g., black for air mode and green for ground mode,
the clear majority said "No."

7.1.4 Close Look Formats

Crew ratings of the Detail and Formation versions of the Close
Look Format are profiled in Appendix B (B-8). 1In color, 211 but
one of the symbology elements were rated better than "slightly
good." The one feature which was rated down was the range change
feature of the Formation CLF. The utility of this feature, as
implemented, was questioned. Crosschecks between the CLFs and
HSF and between the CLF and Stores Status formats were rated
"moderately easy" by the pilots and WSOs. Ability t: interpret
information on the CLFs was also rated "moderately easy."
Although it does not appear in the formal data, a number of
crewmen commented that having two Close Look Formats was awkward,
leading to occasional confusion.

7.1.5 'Stores and Countermeasures Formats

The Stores and Countermeasures Status and Programming Formats
were rated better than "slightly good" in both color and
monochrome as indicated in Appendix B (B-9). In their comments,
crews indicated general satisfaction with these four formats.
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7.1.6 o:b‘i Status Frormate

- Usability ratings for symabology elements in the Engine Status

Format are profiled in Appendix B (8-10). 1In color, all the
elements except the fuel flow arrows were rated "slightly good"
or better. 1In their comments, pilots indicated that numeric fuel
flow was sufficient and that the redundant £ill level in the
arrows was not necessary. They indicated that simplification of
the format would nake important information easier to find. The
color versions of the Fuel, Electrical, and Hydraulic Formats anci
their elements were rated better than "slightly good" as shown ia
the usability ratings profile of Appendix B (B-11). Finally,
usability ratings for elements in the Passive Sensor Status and
System Advisory Formate are shown in Appendix B (B-12). The
color versions of these were rated "slightly good" or better.

7.2 Workload

The Subjective Workload Assessment Technique (SWAT) was used as
the measure of workload. SWAT measures require two stages of
scale development and event scoring. Workload is defined as an
aggregate of three factors: (1) time lozd, (2) mental effort
load, and (3) psychological stress load.

Scale development began by having each of the thirty-two subjects
(sixteen pilots and sixteen WSOs) sort a deck of cards to reflect
their individual perception of how the three factors combine to
determine workload. Each of the cards contained one of the
twenty-seven combinations of three levels (low, moderate and
high) of the three factors. This process typically took a
subject about 20 to 30 minutes. The card order for each subject
vas recorded. A preliminary scale war derived using a
statistical process known as conjoint analysis (Nygren, 1982).
Kendall’s Coefficient of Concordance (W) was calculated
indicating a moderate level of agreement ameng the 32 subjects

on that scale (W= .72). Pollowing a procedural suggestion of
Reid, Eggemeier & Nygren (1982), the individual subjects were
prototyped or characterizged as effort, stress or time responders,
depending on their card sorts. New scales were derived based on
those prototypes. FPFour of the subjects were characterized as
effort responders (W = .87), five as time responders (W = ,94)
and the remaining twenty-three as stress responders (W = .82). A
linear transformation was applied to yield a scale from 0 (no
workload) to 100 (maximum workleoad).

The aircrews flew their six test missions - 1low level
penetration, system health and beyond-visual-range air-to-air -
each with monochrome and color formats. Twelve auditory tones
were placed in each of the missions - six during busy times and




six during less busy times. The crews were instructed to give a
SWAT judgement when they heard a tone. Their judgement data was
scaled, using the process just described and then subjected to an
analysis of variance. Table 7.2-1 summarized that analysis. The
independent variables were:

L Mission - low level penetration, system health or beyond-
- visual-range;

Display - monochrome or color formats;

Crewnman -- pilot or WSO;

BNB - an independent division, by the experimenters,
of the twelve SWAT occasions in each mission
into the six busiest and the six least busy; and

Sequence - a division of the sixtcen aircrews into the
eight who were tested on color before monochronme
and the eight who were tested in the other
order.

Table 7.2-1. SWAT Reports - Analysis of Variance Summary Table
Source DF Typelss | Fvalue
Mission 2 25841.88 26.53*
Display 1 540.92 1.1
Crewman 1 26896.25 55.22*
8Ne 1 90967.97 186.75*
Sequence 1 10072542 206.78*
Mission by display 2 2945.89 3.02*
Mission by crewman 2 16087.02 16.51*
Mission by BNB 2 1601.55 1.64
Mission by sequence 2 1299.45 1.33
Display by crewman 1 13.93 0.03
Display by BNB 1 70.90 0.15
Display by sequence 1 378.18 0.78
Crewman by 8NB 1 2399.96 493"
Crewman by sequence 1 3770.79 7.74*
BNB by sequence 1 T 133047 23.79*
Mission by display by crewman 2 1510.12 1.55
Mission by display by BNS 2 182.99 0.19
Mission by display by sequence 2 1735.92 1.78
Display by crewman by BNB 1 1.78 0.00
Display by crewman by sequence 1 317.36 0.65

* Significant, p<.05
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Table 7.2-2 gives the mean SWAT scores for the main effects. The
scores were significantly lower for system health missions than
the other two, for the W80’s than the pilots; for the "not busy"
occasions than the "busy" ones and for crews who were tested on
color before monochrome than those who were tested in the other

- order. The small display difference was not significant.
Significance was tested by the Bonferroni (Dunn) t-test within
-the SAS General Linear NModels Procedure. A criterion of 0.05 was
selected for the significance determination.

Table 7.2-2. SWAT Reports - Main Effect Means

Users Levels Mean SWAT Scores
Mission LLP, BVR, SH 25N 24.06 1789
Display Color, monochrome 2289 2168
Crowman Pilot, WSO 26.00 18.68
ONB Susy, not busy 29.41 15.74
Sequence Monachrome first, color first 29.57 15.26

The significant sequence difference is particularly interesting.
Crews who were trained and tested on color formats before
monochrome formats reported overall mean workload 14.31 scale
‘units lower than crews with the other order. This seems to
indicate that, although the color - monochrome effect was not
itself significant, it participated in an order or learning
effect on all three segment types and with both pilots and WSO'’s.

Bven after an intensive training program, the short time
available caused the crews to be still learning as they were

- being tested. This supports the interpretation of order effects
as learning. Apparently, the differential transfer from color
formats to monochrome yielded lower overall perceived workload
than the transfer from monochrome to color.

Figure 7.2-1 contains plots of the significant two-way
interactions. With a significant mission main effect, but no
significant display effect, the significant interaction appears
to be a modest inversion of workload in the beyond-visual-range
mission and functionally unimportant. Both crewman and mission
main effects were significant. The significant interaction
betwoen them indicates that the pilots and WSO's perceived their
mental workload to be almost the same in the BVR missions, but
pilots reported higher workload than WSO’s in the other missions.
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The three interactions in the lower row of Figure 7.2-1 have the
same pattern and appear to support the same interpretation. 1In
each case, the parameter with the lower score has a shallower
slope. This appears to be a floor or scale-end effect where
scores near the extremes of a closed-end scale tend back toward
the center.

7.3 Performance

The performance measures collected in the low level penetration
(LLP), system health (SH), and beyond visual range air-to-air
(BVR) test segments can be broadly catagorized into three groups:
f£light path control data, latency of the required responses, and
the frequency of response error. A subset of the three types of
performance measures were appropriate in each of the three
migsion segments as indicated in Table 7.3-1.

Flight path control performance measures generated at the
conclusion of each trial were defined as follows.

Root uéan Square (RMS) Error, Vertical: A cumulative
measurement of the vertical deviation from the displayed
flight path.

RMS Error, Lateral: A cumulative measurement of the
horizontal deviation from the displayed flight path.

Percent Time in Pathway, Vertical: Percentage of time the
flight path was flown within the vertical limits of the
displayed pathway.

Percent Time in Pathway, Horizontal: Percentage of time
the flight path was flown within the horizontal limits of
the displayed pathway.

Percent Time in Both: Percentage of time the flight path
was flown within the entry gate of the displayed pathway.

Exposure Score: The integrated time ownship was within the
envelope of each threat, weighted by the relative lethality
of each threat. The relative lethality of a threat is a
function of type (AAA or SAM) and the state of that threat
(prebriefed, search, track, or launch). Exposure

score reflects the pilots’ ability to deviate from the
pathway as required to avoid threats.

Latencies of the required responses were derived from the data
acquisition program which generated a detailed record of mission
events. The time at which each event occurred and the time at
which the crew responded were recorded to produce a latency
report. For example, availability of an alternate route or a

92




Table 7.3-1. Performance Measures

Condition
- Dependent Variables
. | LLP SH | BWVR
RMS Error, Vertical . .
. RMS Error, Lateral ° )
E S % Time in Pathway, Vertical ° °
. % Time in Pathway, Lateral . .
% Time in Poth ° °
Exposure Score °
Latency of Route Selection ° °
Correctness of Route Selection ° °
Latency of Climb Profile Section °
Correctness of Climb Profile Selection °
Latency of Countermeasures Release ° - e
Latency of Response to Pop-Up Threats ° o
Correctness of Pop-Up Threat identification ° °
Latency oi Damage Report °
Correctness of Damage Report °
Latency of Response to Target Asignments L
Correctness of Reponse to Target Assignments L
Latency of Response to Shoot Cue ]
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change in threat state was roccrded as well as crew input in
response to mission events, i.e., the selection of an alternate
route or the release of expendable countermeasures. Latenclies of
the required responses were defined as follows.

‘Latenicy of Route Selection: Elapsed time from the
presentation of the alternate route to the navigation
update command. '

Latency of Climb Profile Selection: Elapsed time from the
presentation of alternate climb profiles to the designation
of the start of climb point.

| Latency of Countermeasures Release: Elapsed time from
L presentation of a threat launch cue within the display
A formats to the control input releasing the countermsasures.

Latency of Respanse to Pop-Up Threats: Elapsed time from
the appearance of u pop-up threat within the diaplay
formats to the aircrews’ verbal report of that threat.

Latency of Damage Report: Elapsed time from the selection
of the appropriate status switch to aircrews’ verbal
report.

Latency of Response to Target Assignaents: Elapsed time
from the display of target assignments to the targeting of
weapons.

Latency cf Response to Shoot Cue: Elapsed time from the
presentation of the shoot cue to the actuation of the
trigger.

Frequency of response error was obtained from two sources. The
required verbal responses ~ the aircrews cliab profile selection,
identification of pop-up threats (type and state), and the status
reports of degraded aircraft systems ~ were obtained from the
audio channel of the video tape flight records. The computer
generated switch history indicated whether or not the optimal
route alternatives were selected and the appropricte weapons
targeted.

A multivariate aralysis of variance (MANOVA) was performed to
determine if display mode effected aircrew preformance. The
independent variable was display presentation mode with two
levels - color or monochrome. For the low ievel penetration
mission segments the dependent measures included exposure score,
latency of route selection, latency of countermeasures relsase,
and latency of response to pop-up threats. The analysis,
summarized in Table 7.3-2, indicated no significant difference
bztween the two display presentation modes for the set of four
performance measures.
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Table 7.3-2. One-Factor Repeated Measures MANOVA

MANOVA for Low Level Penetration
. Multivariate tests of significance (S= 1, M= 1.0, N = 2.5)
| Test name Value F ; HV"%‘P"“ grror DF Sign;f;cFance
3 Pillais 7124 | 3.72(approx.) 1 9 0.0746
Hotellings 2477 | 3.72(approx. 1 9 0.0746
Wilks 2176 3.72 (exact) 1 9 0.0746
Roys 2.477 3.72 (upper bound) 1 H 9 0.0746
MANOVA for System Health
Multivariate tests of significance(S=1,M=3.5,N=1.5)
Testnams | Value F Hypothesis | grrorpp | Sianificance
Pillais .4879 0.42 (approx.) 1 12 0.8692
Hotellings 9529 0.42 (approx.) 1 12 0.8692
Wilks 5121 0.42 (exact) 1 12 0.8692
hoys 9529 0.42 (upp~r bound) 1 12 0.8692

MANOVA Beyond Visual Range
Multivariate tests of significance (S=1,M=3.5,N=2.5)

Test name Value F Hyp%‘:‘”i’ Error DF Sigan;cFance
Pillais .3517 0.36 (approx.) 1 14 0.9172
Hotellings .5425 0.36 (approx.) 1 14 0.9172
Wilks .6483 0.36 (exact) 1 14 09172
roys 5425 0.36 (upper bound) 1 14 0.9172
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RMS error data, percentage of time within the pathway, latency of
route gelection, latency of countermeasures release, latency of
response to pop-up threats, and latency of damage report were the
dependent measures used to execute the MANOVA for the systen
health mission segments. The summary data (Table 7.3-2) revealed

"\na significant performance difference between color and

- momotirone displays.

Tha boyoﬁﬁfﬁi;ﬁglg;gnge dependent variables included: RMS error
dats, perzentage of time within the pathway, latency of climb
profile selection, latuncy of countermeasures release, latency

" of response to target assignmente, and latency of response to
} shoot 2cue. The MAMOVA (Table 7.3-2) failed to indicate a

‘.:tgaifiednt performance differenca between the two presentation
es, ’ a

7.3.1 &ov,btvolkrenotration Performance

Bxposure score and accuracy of fiight within the displayed
pathwsy and its entry gate were nutually exclusive flight path
contiocl measuies. Therefore, in low level penetration segments,
the exposure score reflected the pilots’ ability to deviate fron
the pathway a3 required to avoid threats. With the color display
suite, mean exposure score was 39%.81; with the monochrome
display suite, mean exposure score was 389.50.

Latency deta for the required responces indicated no significant
differences betwaen the color or monochrome display presentation
node. As svmmarized in Table 7.3-3, mean response time for tle
teledse of countermeasures &nd selection of an alternate routn
and the staundard deviations associated with the measurements
generally remained consistant pbetween display modes. Howevnr,
in the monochrome condition slightly longer latencies together
with subitantial standard deviatiors were observed in the
response to pop-up threats.

Table 7.3-3. LLP, Latency of Required Responses

Standard
Mean Deviation N
Lat of Route Selection
mColor 5.33 2N 42
Monochrome 4.64 2.41 42
Latency of Countermeasures Release
Color 2.15 0.82 27
Monochromse 2.17 0.72 23
Latency of Response to Pop-Up Threats
Color 4.51 468 41
Monochrome 571 5.00 34
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rroquenc¥ of error data were examined with respect to alternate
route selection and identification of pep-up threats and their
state (search, track, or launch). Summariszsed in Table 7.3-4, the
data reveal no appreciable difference in performance between the
monochcome and color displays.

Table 7.3-4. LLP, Frequency of Error

Correct Incorrect Default N
Alternate Route Selection
o |3 8 4 B
aanuheation of Treat
Neniheation of Suste
o | § 4 B 3

While the data reported above proved inconclusive in establishing
@ color/monochrome performance difference, the frequency of error
data was useful in highlighting weak format areas common to the
two display types. Of the pop-up threats that occurred across
all low level penetration aission segments, aircrews failed to
report twenty-four percent of those occasions. Rowever,
failures to report an identified pop-up’s state were much higher
- sixty-five percent. A decision to improve the distinction
between threat states may reduce this high frequency of error.

7.3.2 8ystem Health Performance
In the system health segments, aircrews were briefed to fly the
displayed pathway within the entry gate regardless of the threat

bedown. The flight path contro) measures of interest are
surmariszsed in Table 7.3-5.
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Table 7.3-5. SH, Flight Path Cor.trol Data

Color Mono
RMS Error, Vertical 477.25 953.94
RMS Error, Lateral 539.14 1420.19
% Time in Pathway, Verticul 7713 73.25
% Time in Pathway, Lateral 69.88 65.00
% Timein Roth 65.79 59.75

Reported in Tabie 7.3-6 are the asxrcrew response iacencies in the
system health segments. 1Included are latancies for route
selection, cocunteraeasures release, response to pop-up threats,
and latency of damage report. The data fail to indicate any
perfortmance difference as a function of display mode.

Table 7.3-6. SH, Latency of Required Responses

Standard
Mean  peviation N
'| Latency of Route Selection
Color 6.28 3.36 S4
Monochrome 6.02 292 SS
Latency of Countermeasures Release
2.45 1.13 33
Monochrome 2.30 1.55 86
Latercy of Response to Pop-Up Threats
Colur 3.00 258 54
Monochrome 368 5.4 47
Latency of Damage Report
Color 7.58 349 92
Monchrome 8.25 3.65 84

Frequency of error, summarized in Table 7.3-7, reveals no
substantial difference in performance between the monochrome and
color displays. The high rate of failure (forty-two parcent) to
report the state of 2 pop~up threat is notewortly, again
indicating the necessity for improving the distinction between
states,
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Table 7.3-7. SH, Frequency of Error

Correct  Incorrect Default N-

Alternate Route Selection

Color At 18 9 6!

Morachrome A% 1
Naenteationf Threat . s

chhmm ;s‘ 3 g lg
Naemiheation of State

b 6 30

meeme | 8 B B9
e 73 1?7 0 92

Color

=h"°ﬁw’". |§= :? 8 1’%

The pilot’s identification and brief description of the ~urrent
malfunction oc failure was useful in determining if an aircraft’s
subsystea could be displayed pictorially and interpreted
correctly. The perforaance data provides no strong evidence for
the modification of the generic system formats represented in the
simulation.

7.3.3 Beyond Visual Range Performance

The flight path control performance data generated at the
conclusion of the BVR test segments is summarized in Table 7.3-8.
Latencien of climb profile selection, countermeasures relezse,
response to the shoot cue, and response to the target assignments
were recorded in the BVR engagements and are reported in Table
7.3-9. The frequuncy of error data (summarized in Table 7.3-10)
was calculated for response tc the shoot cuc and target
assignaents.
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Table 7.3-8. BVR, Flight Path Control Date

Color Mono
RMS E-ror, Vertical 1644.08 1358.44
RIS Berar, Latarsi 1492.81 1035.19
% Time in Pathway, Vertical 59.73 62.19
3% Time L) Pathway, Laterel .73 64.33
% Time inBoth 49.12 s3M

Table 7.3-9. BVR, Latency of Required Responses

Mean csw., ation N

Latency of Cimb Profile Selection

Color 42.03 10.13 16
' Menodwome 43.54 9.74 16
Latency of Countermeasurvs Release

Color 2.37 1.18 43

Meonochrome 2.41 1.51 44
Latency of Resporee to Shoot Cue

Color $.63 9.43 N

Menodchrome YA Zi 11.43 n
Latancy of Resporee to Terget Assignmonts

Color 19.47 13.27 $7

Monochorme 22.%4 2161 -

Table 7.3-10. BVR, Frequency of Error

Correct incorrect No Mesporwe  Combination N
inital Target Asigrnments
Coler o 0 2 4 k¥
Monochreme 3 0 3 1 n
N 4 0 s o4
Roosignment
Coler 10 0 0 ¢ 16
Menochreme 10 ] 0 [ ] 1)
™ 0 ¢ o 12 32
Secondery Assignment
Calor b 9 1 7 2
Mercchreme b3 ) 0 3 - k¥
N @ 0 4 12 (7
Correct incorrect No Réporse N
Climb Profile Selection
11 4 1 16
olor 14 ) 1 16
N 25 3 2 32
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The latency and error {ata fail to indicate a significant
difference between the color and monochrome displays. However,
the calculation of the fregquency of error in response to targets
assignments was unique. BExamination of the detailed record of
mission events and crew input revealed that while a few target
assignments were incorrectly executed and a number omitted
entirely, the vast majority of errors were the result of
extraneous assiynments in addition to the those displayed. The
extraneous assignments are referred tc as combination errors.
The data indicate that as the mission progresses and the display
complexity increases, errors increase. The example shown in
Table 7.3-11, drawn from the record of miscion events, serves to
illustrate the two common combination errors. The failure to
readily differentiate between ownship and wingman target
assignment coding and to differentiate between target assignment
coding and weapon release coding may be due to the use of
clogely related symbology.

Table 7.3-11. BVR, Target Assignment Response Example

mgﬁnzg::?n Crew input Latency Error
1. Initial assi ents Target A/XC3 S sec. None
Target A/C3and 4 Target A/CA S sec. None
2. Reassignment: Target A/XC 1 27 sac. None
Target A 1 Torget A/XC 2 71 sec. Extraneous
assigned to a wingman
designated target
3. Secondary assignment: Target A/C 3 8 sec. None
Torget AXC3and 6 Target AXC 6 11sec. None
Torget A/C | 79sac. Extraneous weapon
assigned to an A/ coded
with "Weapon Release’
symbology ]

7.3.4 Repeated NMANGVASs

The logic of multivariate analysis of variance allows for use of
a corralation matrix to reduce the number of defendent variables
to be examined. The reasoning is that if two variables have a
large amcunt of common variance, the overall error variance will
be reduced by eliminating one of the variables from the MANOVA.
Three correlation matrices were computed, one for each of the
mission types. A priori, it was decided that the threshold
correlaticn of 0.7 would be applied. Thus, if two variables have
49 percent or more common variance, one of them would be
eliminated.

RS,
A
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Table 7.3-12 is the correlation matrix for the data uiaed in the
low level netration NMANOVA. The intercorrelations were quite
low, none higher than 0.29 (8.4 percent common variance), 80 no
dependent variable was eliminated by this process and the MANOVA
was not repeated.

Table 7.3-12. LLP, Correlation Matrix

Exposure Score (ES) 1.00

Pop-Up Latency (PL) 0.19 100
Countermeasures Latency (CL) 008 -019 100

Route Setection Latency (RL) 017 029 012 1.00
ES PL CL RL

Table 7.3-13 is the correlaticn matrix for the data used in the
system health NANOVA. Based on these correlations, three
dependent variables were eliminated for a repeat MANOVA. The two
RMS error scores ware correlated 0.89 (79 percent coamon
variance). Lateral RMS error was eliminated because it also
correlated higher than vertical RNS error with severai of the
other variates. The correlations among the three percent-time-
in-pathway scores were all above 0.9. Percent-time-in-pathway
(both) was retained because it logically contained the other two.

When the MANOVA was repeated on the reduced set of six dependent
variables, F moved from the 0.42 reported in Table 7.3-2 to 0.66
and and the significance of that F moved from 0.8692 to .6840.

The color versus monochrome difference was still not significant.

Table 7.3-13. SH, Correlation Matrix

RMS Erroe, Vertical (RMSV) 1.00

RMS Error, Latersl (RMSL) 089 100

Percent Time in Pathway, 085 -06t 1.00

Vertical (PATHV)

Percent Time in Pathway, 060 035 092 100

Lateral (PATHL)

Percent Tirme in Pathway, 05 (62 094 099 100

Both (PATHB)

Damage Latency (DL) 009 010 -011 -0.13 -013 100
PGp-Up Latency (PL) 00t 011 -01'&¢ -0.13 -0.13 026 100

f&nt«mmumutmy 007 005 003 -003 -003 -018 -028 100

:(:Stosuocuon Latency 047 045 030 -035 -03! -005 007 -007 100

RMSV | RMSL | PATHYV | PATHL | PATHE DL PL J (e RL
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Table 7.3-14 is the correlation matrix for the data used in the
Based on these data, the same three
dependent variables were eliminated as in system health. The two
RRS error scores were correlated 0.81.
eliminated because it correlated higher than vertical RNS error

beyond visual range MANOVA.

with several of the other variates.

When the NANOVA was repeated on the reduced set of six dependent
variables, I moved from 0.36 reported in Table 7.3-2 to 0.65 and
the significance of that F moved from .9172 to .6901. Again the
color versus monochrome difference remained non-significant.

Table 7.3-14. BVR, Correlation Matrix

Again the three percent-
time-in-pathway scores correlated highly (all above 0.88); and
again percent-time-in-pathway (both) was retained.

Lateral RNS error was

RMS Erroc, Vertical (RMSV) 1.00

RMS Error, Latera! (RMSL) 08 1.00

Percent Time in Pathway, 047 -064 100

Vertical (PATHV)

Percent Tirme in Pathway, 050 -068 088 100

Lateral (PATHL)

Percent Time in Pathway, 038 06! 092 097 1.00

Both (PATHS)

Climb Profile Latency (CPL) |-0.2¢ -012 006 0.14¢ 001 1.00

(ngmwmumutm 016 020 -041 029 033 007 100

Shoot Latency (5L) 023 049 -061 -251 -0S53 -0.14 001 100

'l(:?urgummommm 010 026 -0.22 -023 02t 000 O21 012 100
AMSYV | mmsL | PATHV | PATHL | PaTHR| P a sL n
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8.0 CONCLUSIONS AND PORMAT REVISIONS

The intent of this program series has been to improve information
flow to the aircrew by use of pictorial formats and to evaluate
the extensive use of color formats. The program has established
extcremes in both of these areas - pictorial formats and color
usage. Prom rccorded and unrecorded aircrew comments, it appears
appropriate to retain both color and pictorial formats, but to
mdve away from the established extremes. Words and numbers
should be used rather than symbolic or pictorial representation
vhere they lead to more rapid and certain information flow.
S8imilarly, color should be used with somewhat more restraint, to
highlight particularly important information or to indicate
relations across displays, but not to "‘sa color for its own sake.
Taken together, these constraints would reduce apparent display
clutter and increase aircrew awareness of critical information.
Reising, Tenyuh, and Martin (1986) concluded that "A well
constructed color pictorial format can include a number of coding
strategies and yet concisely provide the essential data required
to manage the aircraft and mission.” The results of this study
support this conclusion.

8.1 Usability and Acceptability of the Formats

The first objective of this program was to determine if the
pictorial formats were usable and acceptable to two scat fighter
crews. The objective was met and the clear answer is that the
crews found these formats quite usable and acceptable. The
aircrews provided significant feedback on particular formats.
Thigs information was addressed in the last section and, where
:on.cnsul appeared, format revisions are suggested in paragraph
3.

The process of designing pictorial formats was addressed by
Edwards, Way and Hornsby (1986). While this process is not
unique, it is an effort which should be undertaken whenever
displays are designed. The design process bears repeating here
because a complete digplay suite was designed and evaluated in
an environment free from some of the constraints of previous
display efforts. For one thing, electronic displays provide
clean slates upon which formats can be developed without the
problems encountered in electromechanical instruments. For
another, working with a complete display suite allows much more
emphasis to be placed on compatibility among displays than if
they were developed one at a time.
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The display development process began with a preliminary
definition of informaticn requirements and then development of a
point-of-departure display suite. This preliminary suite was
then evaluated, refined, ard evaluated again by operational air
crews - all in the €form of static pictures. Then a systems

* engineering exercise .*s undertaken by a team of human factors
specialists, other enaineers, and in-house pilots. A mission
scenario was defined and decomposed to yiela specific

. information-zction requirements. Then the display requirements
were assigned to elementis of the preliminary display suite and
static formats weore édrawn uvp for critical avents during the
scenario and laid out in an event-by-event and format-by-format
storyboard. This cockpit wide analysis of the formats was
useful in highlighting formatting inconsistencies among and
within the formats and in identifying changes in information
raquirements at different points through the mission.

After the static development was complete, the formats were
submitted for programming and integration into the dynamic
simulation. Finally, they were evaluated twice more in crew-in-
the-loop simulation with an operationally realistic mission.

8.2 Color versus Monochrome Formats

The second objective of the program was to develcp and evaluate
color and monochrome versions of each format. The results agree
with many others, reviewed by Christ (1975) and Silverstein
(1982), that whether or not color aided performance in an
experimental task, it was preferred by the subjects. The pilots
and WSOs in this program chose the color versions of these
formats over the monochrom2 in almost every case,

Assuming that color is used, how should it be applied in
electronic aircraft cockpit displays? The lLiterature provides a
number of lists of color applications. Krebs and Wolf (1979)
give four uses for color in information displays; (1) a2s an aid
in locating a specific symbol in a cluctered or information dense
dispiay; (2) as a cue or alerting signal to warn or inform an
operator of change in some critical parameter; (3) as a method of
grouping similar items or separating dissimilar items; and (4) as
a method of increasing visibility of some information item by
adding color contract to brightness contrast.

Krebs and Wolf (1979) alsc warned that color may be
inappropriately used and may distract the operator or reduce the
effective rate of information flow. Examples of inapprooriate
use of color include: (1) color noted by the operator but which
has no task ciiented meaning; (2) symbols of the same color
which are incppropriately grouped by the operator; (3) over use
of color which interferes with its attention getting value.
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8.3 Recommendcd Format Revisions

The third program objective was to use results from the
simulation to recommend revision to the formats, where
appropriate. Suggestions are made here for revisions to the HUD,
the PSF, the HSF, the Close Look Format and the Engine Status
format. No revisions are recommended to the other status
formats, the advisory formats, or the proyramming formats. The
aircrews found these acceptable and usable and they did not, with
any consensus, suggest revision. These formats, in particular,
are sensitive to particular apolications and will reflect the
systems and the missions of specific aircraft.

8.3.1 Head-Up Display

As the primary flight display, the pictorial format of the Head-
Up Display proved to be adequate in most areas. It is suggested
that the terrain and ground plane be retained in their present
form. Readouts of airspeed, heading, and altitude could be used
more effectively in a pilot’s scan pattern if positioned closer
to the center of the display. Adding a heading tape to the top
of the display would facilitate heading change manuevers.

Alrcrews were also critical of the roll indicator and index,
arbitarily 1limited to 45°. 1t is recommended that the roll
indicator &nd index be replaced with a horizontal reference line
as shown in Figure 8.3-1. This line would provide the pilot with
an immediate and intuitive indication of roll and limited pitch.
The horizontal reference line indicates the aircraft’s
orientation relative to the earth at any attitude. At zero roll
and zero pitch, the horizontal reference line appears as a pair
of solid lines extending from either side of the ownship symbol.
For pitch up the feet of the solid horizontal refesence line
point down toward the horizon and for pitch down the feet of the
dashed line point up toward the horizon. The artificial
reference line overlays the horizon when it is in the ficld of
view, At more extreme pitch angles, the horizontal reference
line pegs at the top (for pitch down) or bottom (for pitch up),
thereby continuing to provide roll information with an immediate
indication of direction back to horizontal flight.

The minor adjustments suggested above are intended to improve the
utility of the pathway. The segmented white pathway symbology
appears to be acceptable as does the symbology of its associated
elements - the pathway entry gate (flight director) and the
ownship symbol (velocity vector). The conspicuousness of the
entry gate and ownship symbol would be improved with heavier
lines. The pathway was frequently found to be inadequate as a
steering device and it was extremely difficult to recover using
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the transitional) flight director. The pathway in its current
state of development uppears to ke best suited as a predictive
element toc be used when the pilot is adherring to a flight
profile or when pathway guidance back to that flight profile can
be generated. '

‘ The pitch ladder would not generally be used when on a

: predetermined flight profile. Yet in an air-to-air engagement or
when executing threat avcidance maneuvers, it may not be possible
or desirable to generate or display a pathway. In such cases the
pitch ladder would be selected tc replace the pathway. Later,

! when the pilot wished to return to the original flight profile,

' the pathway would be reselected to replace the pitch ladder. The
pathway guiding the aircraft to the original flight profile may
be differentially color coded until the return is complete.

- Using a pathway to return to aircraft to the original flight
i profile would eliminate the requirement for the clumsy
: ‘transitional flight director,

In addition, =~ pilots have insisted, the HUD should include the
capability to display an alternate pathway constructed with
waypoints inserted by the aircrew using the HSF. 1In essence, the
revised HUD seeks to explore mechanisms for implementing a
pathway at differing levels such that the presence or absence of
a pathway best suits a particular phase of flight.

Other minor modifications are suggested for the attack MLE and

‘ shoot cue. Throughout the display suite, the color coding green
i when used in conjunction with the targeting of a weapon has
indicated the within range status of the weapon, except for the
attack MLE., By simply reversing the white and green areas along
the arrow, consistency across displays is acheived with green
within range coding and white no-escape coding. The shoot cue,
an X within the ownship symbol, was difficult to see and to many
pilots it represents a break away indication. 1t is suggested
that the word SHOOT replace the X as a shoot cue.

8.3.2 Peirspective Situation Format

Modifications to the basic symbology of the Perspective Situation
Format are minimal. A predictive flight vector has been attached
to the ownship symbol to provide aircraft direction information
based on current attitude. However a freqguently cited problem
was that the lock-on circle around ownship obscured other
critical symbology. Transparency of the disk would be an ideal
solution. However, without such a graphics capability, a lock-on
ring would be sufficent to indicate the track condition. The
track and launch conditions could be further differentiated with
an amber tractor beam and lock-on ring indicating a tracking
threat and a red tractor beam and lock-on ring indicating a
launching threat.
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Figure 8.3-2 is a revision of the PSF in air mode. 1t is
intended to provide the aircrew with a quick look of the air
battle situation, detailis of which are provided by the Close iook
and Horizontal Situation Formats. In this revision, the
perspective space is showr as a segment of a right circular
cylinder bounded at the bottom by the ground plane and at the top
by a horizontal plane through swnship’s altitude. The radius of
the cylinder and angular width of the gegaent are functions of
ownship’s radar coverage. The ground plane is ruled off in
range arcs and ten degree relative bearing radials. The height
St the segment =an be i~ferred from ten thousand foot tick marks
along the left and right sides of the radar coverage area.

Within the space thus defined, ownship is on the axis of the
solid segment atop a stake running down to the origin of the
figure. Other aircraft in the space are on stakes whose lengths
represent altitude and origins on the ground plane represent
range and bearing. Radar coverage sectors are attached to the
nose of an aircraft in search mode. Airbcrne threat’s track and
luunch symbology is identical to that cf surface threats.

8.3.3 Horizontal Situation Format

The HSF remains 2ssentially unchanged with only minor detailing

in order to provide more precise information in se¢lected areas.

As with the PSF, a predictive flight vector has been attached to
the ownship symbol.

Aircrews freqgquently critized the range ring implementation where
the rings always represented ranges of one guarter and one half
of the selected format range, but the ring interval was not
explicit. Range may be better implemented as a series of rings
vhere range is increased in specified steps from ownship, the
size being that which best fits the display range in useful
multiples. The recommended revision is to display ring intsrval
with the selected format range, when range rings have been
selected. Recommended range/ring interval combinations are:
20/5, 40,10, 80,20, 100/25, 150/25 and 300/50. Note that the
available format ranges have also been changed to provide another
intermediate range.

In Figure 8.3-3, a crew selectable compass rose has been added to
the Horizontal Situation Format’s heading readout. When both the
range rings and the compass rose are selected, the compass rose
forms the outermost range ring. The compass rose and the
cptional range rings are available to provide qualitative
pictorial information concerning the global sitiuation. However,
as the tactical situation develops, precise bearing and range
information may be required. The cursor can be used to designate
a given location for display of the numeric bearing and range.
Similarly, time and distance to a particular point may be better
implemented as a cursor function.
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One contributor to clutter on the HSF may be the use of
abbreviated symbology for threats. 1In air wmode, ground threats
were shown as icutiz withiut the th:-ent ervelopes. Tha rucgestad
change is to remove the icons and show only air threats in air
mode and grnund threats in ground mcde. The all-threats feature
would be retained to display, at crew option, both air and ground
threat envelopes in either mode¢. Other declutter features are
possible and could be added, depending on aircraft ana mission
application.

As with the PSF, the solid lock-onrn circle was reduced to a long-
on ring to avoid obsuring other symbology. To better distinguish
between the track and lauwnch conditions, an amber tractor beam
and lock-on ring indicates a tracking threat; a red tractor beam
and lock-on ring indicates a launching tireat.

In air mode, ccrrelation between the HSF and CLF was weak with
respect to aircraft identification and missile launch envelope
depiction. From observation and informal discussion with the
ajircrews, execution of an engagement with two or more formations
was difficult. To coordinate the syzbology of the two displays,
squares and circles with attached flight vectors should represent
unknown and friendly aircraft or formations of aircraft on the
HSF as they do on the CLF. To assist the aircrew in effectively
using the HSF (in conjunction with the CLF), identification and
access to each formation was simplified. Once selected for Close
Look display an aircraft symbol would be enclosed by a set of
four box corners and designated with an identifying letter. The
identifying letter is than associated with one of the switches
alongside the display. As subsequent formations are selected for
Close Look display, sets of box corners and identification
letters are added to each aircraft or formation of aircraft and
to additional side switches. As shown in Figure 8.3-4 color
coding may be used to differentiate that formation currently
displayed on the CLF from those formations stored in the track
file as a result of their initial designation, The identified
side switches are then used to select the formation to be
aisplayed on the CLF. Target assignment symbology will also be
added to an HSF symbol as they appear within the formation should
it be displayed on the CLF. An advantage to displaying a target
assignment ring within the HSF is that it cues the pilot to
select the appropriate formation on the CLF for targeting of
weapons.

Figure 8.3-5 illustrates the threat and ownship symbology changes
OSr the HSF in air mode. Few changes are recommended. The
tractor beams which represent missile launch envelopes of threats
and ownship appear as elongzted "L" shapes and are more
prominant. Graphies rules will preclude overlaying of the
tractor beams. The order of colors on ownship’s tractor beam has
been reversed to match the HUD and the stores status format.

Noy, within range is green and within the no-escap.e zone is
white.
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8.3.4 Close Look PFormat

Sigaificant chaagea are recommended for the CLF to simplify its
use with the HSF. The use of two Cluse Look Formats, each with a
subset of the necessary information, required excessive display
management and occasioned significant confusion. It is
recomaended that a single format be used which would display
cemplete formations, selected from the HSF, as before. The CLF
would center about the centroid of the formation (not necessarily
a particular aircratft) and have one of four crew selectable
ranges: 5nm, 1l0nm, 20nm, and 30nm. The size and number of
ranges allows for an entire formation to be contained within a
single format. The formation centroid is marked with a small
white cross and is the point to which range and bearing are
calculated.

The symbology identifyiay a multiple group of aircraft and those
alrcraft deterained to be friendly and unknown remains unchanged.
However, the diamond previously used in coding hostile aircraft
is reduced to a triangle (as in the HSF). The three point scale
identifying aircratt as hostile (red triangle), unknown (amber
square), and friendly (green square) is sufficient, so the
interpolated "probable hostile” and "probable friendly" symbols
have been eliminated. The simplification is expected to reduce
confusion. The flight vector is always attached to the nose of
the aircraft symbcl. A wmodification of the weapon status coding
was required to agsist the aircrew in dictinguishing between
target assignment coding (blue rings for ownship) and weapon
release coding (thin green rings for ownship and wingman). Once
2 weapon has been fired, the target aircraft symbol and its
coding are reduced in size.

As the Identification Friend, Foe, or Neutral process identifies
aircraf. type and model, that information is displayed within the
symbol as previously. An identification number is included
within ¢ach individual symbol; the same identification number is
associated with a gide gwitch for targeting. Readouts
indicating heading (degrees), airspeed (knots), and altitude (in
thousands of feet) for each aircraft are added to the display
alongside the identified switches (Figure 8.3-6). An optional
declutter feature is available to remove the aircraft information
readouts on the sides of the format (but retain the aircraft
identification number).

Tc map the formation selected from the HSF (indicated with a set
of differentially coded box corners) for CLF display, a readout
identifying the formation was added to the lower edge of the CLF
display. The revised CLF also provides a mechanism to display
aircraft in the event a formation breaks up and forms two
distinct tactical groups. As the formation differentiates into
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two, the addition of a new formation occurs automatically within
the track file. The identification of the additional formation
ncenrg in the RAF: the next available switch is identified and
the appropriate syabol is enclosed within a new set of box
corners.

8.3.5 BEngine Status Format

The concepts depicted in the Engine Status Format were well
received and worked well for the pilota. The notion of showing
coaposite thrust directly, rather than the usual thrust
correlates such as N1, N2, or EPR was well accepted. The
criticisms and suggested revisions were in the directioa of
simplification and “"display by exception." PFigure 8.3-7 shows
the recommended Bngine Status Format revisions. The information
between the two engine bodies has been removed and the engine
bodies moved closer tngether to facilitate cross checks. The
labels have been deleted and the numeric fuel flow readout has
been moved into the fuel flow arrows. The engine oil pressure
and temperature indications and EGT have been retained but will
be displayed when needed, rather than full time. The resulting
Engine Stztus Format recains the same information elements as
before but is simpler, responsive to pilot feedback.
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APPENDIX A
PILOT RESPONSES TO STATIC FORMAT EVALUATION QUESTIONNAIRES

The Static Format Evaluation is discussed in Section 2 of this
* report. Responses to the open-ended questions used in the static

format evaluation are summarized in this appendix. Parenthetical
numbers indicate frequency of the comment.
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Sahde il & Sl

information to be added:

Pitch ladder (2)

Heading scale (2)

Reciprocal heading at bottom (1)
Target designator (1)

Weapon status, winen Master
armon(1)

Range and time-to-go to target
(1

Bomb impact point (1)

AJA and A/G symbology (1)

Head Up Display

Information to be deleted:

PITS fill (3)
PITS, in A/A mode (1)

1000-ft. markers on PITS (1)

Comments:

OK for air-to-ground; of little or
doubtful use for air-to-air (2)

Makes PITS fill optional to avoid
obscuring view (2)

Keep pitch ladder (1)

Terrain outlines good, but have
declutter switch to delete
unnecessary information (1)

Have a standard ADI for primary
flight instrument (1)

Format good for navigation (1)

Missile Launch Enveloge Symbology (HUD)

Information to be sdded:

Target designator box (3)
Steering cue (3)

Target type, range (2)
Weapons selected (2)
Weapons remaining (1)
Shoct cue (1)

Pitch ladrer (1)

Missil2 launch parameters; cues
to meat them (1)

$85122//131-7

s

Information to be deleted:
Flight path (3)%

Terrain outlines (1) )

A-2

Comments:

Dan’t need pathway; keep
simpler (2)

Not bad, but prefer symbology in
F-15 (better than F-16) (1)

Airspeed, not mach (1)




P
i
'
b
'L;
:

PSF, Ground Mode

Information to be added: Informaticn to be deleted: fomments:
Attitude information (2) (No responses) Good (3)
Pitch information (2) in monochrome, lock-on beam can

be confused with grid lines (2)
ADI(1)

Need larger lock-on beam for active
Adjustable range scale (1) threats
Specific probable threats (1)

PSF, Air Mode

Information to be added: Information to be deleted: ments:
Ceding for highest priority Target aititude arrows (1) Display absolute altitude, not
threat - red or flashing (3) relative altitude, for enemies (1)
Range to threats (2) Flip relative altitude arrows. (1)
Threat altitude (2) Not too useful (1)
Pitch ladder (1) Difficult to interpret range and

aspect of enemies (1)
Ground threat envelopes (1)

“New View" good for backseater

(1

HSF, Ground Mode

Information to be added: Information to be deleted: Comments:

Enerny altitude (2) {No respnnses)
Specific threat labels (1)

Cardinal heading cues (1)

Written 1aunch warning (1)

Option to display A/A threat
envelopes, “friendiies” (1)

$$5122V/131-7

“New View" seems useful, but for
WSO. (4)

“New View” capability extremely
favorable for survivability. (1)

Good display (1)

Vety busy to look out if fast and low.
(1)

i
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Range to target

Type of missile launched (2)
Airspeed, aititude of aircraft (1)
Numbers of aircraft (1)

Cardinal heading (1)

Ground threat status. (1)

lnformation to be added:

. Altituce information (3)

Selected vertical information (1)

N ion t

Overall failure picture; whatis
lost by failure (1)

None (1)

$$S122W/131.7

HSF, Air Mode

(No responses)

Target Formation Display

Information to be deleted:

Diamond symbology. Just
aircraft type (1)

Electrical Status

Information to be deleted:

Status of all normal
electrical components (1)

None (1)

Everything but problem
identifier (1)

A4

ggmmgntg:

Display too complicated/cluttered
(2)

Good concept (1)

Display absolute altitude, not
relative altitude, for enemies (1)

Delete threat envelopes for
threats that aren’t pointed at us
(1)

"New View" quite useful for A/G
(1

Move airmode to HUD (1)

Comments:

Useful (2)

Incorporate into HSF as range to
target decreases (1)

Comments:

Not more useful than current
telelight panel (4)

May lose information if there are
problems with more than one
system (2)

Display prioritized checklist (2)

Prefer system lost/problem, then
list what you would lose (1)




2 None(1)

None (1)

$$5123/D131.7

Electrical Status (Continued)

information t eleted:

Electrical Advisory

Information to be deleted:

Unnecessary wo:ds (1)

None (1)

Hydraulic Status

information leted:

The whole format (1)

Everything but failed
system 1D (1)

A-B

Comments:

Use red only for critical action
problems; flashing amber for
non-critical failures (1)

Comments:

Very good (2)
Good, but not necessary (2)
Useful witt: telelight panel (2)

Have pilot call this up on same CRT
as Electrical Status (1)

Comments:
List degraded or failed systems (4)
Easy to interpret (1)
Pictures easier than reading (1)
Don’t need (2)

Limitinfor.nation to
operation-critical (1)

Like amber for potential problems
4))

Show normal systems in green (1)

Flash symbology for new failures
(1)




Fuel Status

information to be added: nformation eleted: Gomments:
* Fuel quantity in each tank (8) (No responses) A constant source of total fuel .
- information is required (3)

Total fuel gauge, constantly

available (3) Prefer fuel gauge (3) .

Wing fuel balance gauge (1) Need more information about fuel

in each tank (1)
; Numeric readouts (1)
- Has good potential as a
supplement to fue! gauge (1)
b
Stores Status
Information to be added: Information to be deleted: Comments:
(No responses) "Master Arm Off" exceptif Display it automatically whenever
format is brought up Master Arm is on (4)

manually (1)
Dispiay it all the time (1)

Display it automaticaliy whenever
a weanon status changes (1)

Nice dispiay (1)

} Not much better than current ACO
| 4))

Need capability to look atd4or S
things with pressing buttons or
using voice commands to change
displays (1)

SSS12¥/E 1317




Countermeasures
\nformation to be added: informati l
J Actual number of chaff and (No responses)
| flares (1)
i
|
|
|
Passive Sensor Status
Information to be added: Informati let

Move ownship symbol in globe (No responses)
to show current attitude (1)

$SS123/F N 317

ggmmgnt;:

OK for WSO (2)

Only need to know if sumething is
wrong (2)

Prefer number of chaff/flares left
()

Only need low level warning light
(1)

ECM “lightning bolts" not required
unless jamming is directional (1)

Would be used only prior to FEBA
(1)

Comments:

Display it only upon failure or
when called up (2)

Would seldom be used (2)
Good for WSO (2)

Only for pre-FEBA or when time
available (1)

Integrate with other displays (1)

Should be ownship relative (1)
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Engine Status

loformation to be added: information to be deleted: Comments:
Numaeric readouts (4) Carets for suggested Prefer or need gauges/round dials .
thrust/throttie position (1)  (6)
Fuel flow in pounds per hour (2}
Actual versus selected thrust Need numeric readouts (4) .
is not required (1)
Must be displayed at all times (2)
Afterburner flames, fuel
flow arrows (1) Prefer warnings or caution
information, plus gauges (2)
include hydraulics (1)
Oil display is excellient (1)
Engine Advisory
Information to be added: in i ieleted: Commaents:
(No responsaes) (No responses) Good, useful (3)
Like chacklist formats (1)
Use round dials with warning lights
and be able to cail up this (1)
Need both engine display and this
at the same time (1)
Monachrome reduces distraction
)
A-8

L $$5123/G N 317 §




APPENDIX B

AIRCREW QUESTIONNAIRES
MEAN USABILITY RATINGS OF FORMAT SYMBOLOGY ELEMENTS

; This appendix contains usability profiles of the formats and

| their symbology elements. These profiles were derived by

| plotting the mean usability ratings given by the aircrews in the
questionnaires. The mean ratings for usability and other
attributes are qiven in Appendix C.
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1. Good
2. rately Good
3. Slightly Good
The symbology elementis: € 4.  Neutral With respect to usability
S. Slightly Poor
6. Mcdonhly Poor
7. VeryPoor
VERY VERY
POOR
T Y —
HUD Symbology Element 1 3 6 7
Pathway - Filled
Pathway - Outline
Pitch Ladder

Transitional Flight Dirlctor

Zero Pitch w Line
1)

Threat Alert Symbols

Threat .'nmimary Symbols (number of)

Missile or AAs Azimuth Vector

Time to Missile Impact Readout

Heading Readout

Airspeed Readout

Altitude Readout

Heading, Mach, Altitude Command

Arrows and Readouts

Roll index

Waypoints

Velocity Vector

——2 coLor
® - -~ - MONOCHROME

Usability Ratings of HUD Symbology Elements in Ground Mode (Mean of 16 Pilots)

$85037/A/327-6
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Very Good
loderately Good
Slightly Good
Neutrsl With respect to usability
Slightly Poor
Moderately Poor
Very Poor

VERY VERY
0

The symbology element is: ¢

NONA DWW -

» o
-
o0 -
~

HUD Symbology tlement 1 2

Ownship Symbol, Weapon Number,
Typereadout PO

Pathway - Filled

Pathway - Outline

Pitch Ladder

Transitional Flight Director

Zero Pitch Reference Line

DEFense MLE Arrow and Carets

ATTack MLE Arrow and Carets

Threat Alert Symbols

Threat Summary Symbols (number of)

Missile Azimuth Vector

Time to Missile Impact Readout

Vertical Valotity indicator

Heading Readout
Mach Readout
Ahitude Readout
Heading, Mach, Altitude Command
Arrows and Readouts
——* COLOR
©- - - -~ MONOCHROME
Usability Ratings of HUD Symbology Elements in Air Modk: (Mean of 16 Pilots)
B3
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1. VeryGood
2. rately Good
3. Slightly Good
The symbology elementis: { 4.  Neutral With respect to usability
3. Slightly Poor
6. Moderately Poor
7. VeryPoor
VERY VERY
L L J L Ll ] R
P5F Symbology Hement 1 2 3l 4 5 [ ?
Ownship Symbol Q
\
Panned Flight Route )
Ground Grid .~
Terrain Altitude Coding N e
Airspeed Readout call
\\
Heading Readout b
A
Altitude Reafout é
Ground Threats:
Threat Lethality Volume
Track Mode Tractor Beam
Launch Mode Tractor Beam
Missile Symbol
Lock On Circle (sround ownship)
Airborne Threat Symbol
New View Readouts
Ownship Preview Symbol
| ——

coL

OR
@ - - =~ MONOCHROME

Usability Ratings of PSF Symbology in Ground Mode (Mean of 16 Pilots and 16 WSOs)
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1. VeryGood
2. Moderately Good
3. Slightly Good
The symbology elementis: 4. Neutral With respect to usability
5. Slightiy Poor
6. Moderately Poor
7. VeryPoor

VERY VERY
GOQD POOR
Ll ]

PSF Symbology Element 1 2 3 4

-
-

e ) f
@9
~

Ownship Symbol

Planned Flight Route

Terrain Altitude Coding

wround Grid

5roundpoint Symbol

Mach Readout

Heading Readout

Altitude Readout

Alrborne Threats:

Threat Symbols

Radar Coverage Sectors

Track Mode Tractor Beam

Launch Mode Tractor Beam

Missile Symbol

Lock On Circle

SAM Missile Symbol

AAA Gun Symbcl

Tracked A/C Readou. range

closing rate -~ ® COLOR

o---- -@ MONOCHROME
relative altitude

Ownship Preview Symbol

Usability Ratings of PSF Symbology in Air Mode (Mean of 16 Pilots and 16 WSOs)
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1. VeryGood

2. Moderately Good

3. Slightly Good )

The symbology elementis: { 4. Neutral With respect to usability

S. Slightly Poor

6. Moderately Poor

7. VeryPoor
, VERY VERY
: GOOD POOR
' B EE— T T T T T 1

HSE Symbology Element 1 2 3 4 5 6 7

Ownship Symbol

flanned Flight Route

Flight Route Alternates

Display Range Rings

Fuel Range Rings

]

t Terrain Above Altitude
|

| Ground Threats:

k

AAA Lethality Area

SAM Lethality Area

Track Mode Tractor Beam

Launch Mode Tractor Beam

Missile Location and Type

Lock On Circle

Airborne Threat Symbols

Ownship Missile Symbols

FLOT

General Cursor Symbol

Waypoint and Target Symbols

Display Range Readout

2 CcOLoR
®--- -~ < MONOCHROME

Usability Ratings of HSF in Ground Mode (Mean of 16 Pilots and 16 WSOs)
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Very Good

Moderately Good

Slightly Good

Neutral V. ith respect to usability
Slightly Poor

Moderately Poor

Very Poor

VERY VERY
GOOD
L)

The symbology element is: <

fCNovpwna

w
B
@
o
~

HSF Symbology Element 1

Ownship Symbol

-@—r—w -

Planned Flight Route (5\

Display Range Rings \.I

Fuel Range Rings

Alrborne Thieats:

Threat Radar Coverage Sector >

Launch Mode Tractor Beam CD\
MLE Boundary Arcs > h:@
Missile Location and Type 78

4

Aircraft Symbols o\ ,Q
/
\N
\\
I”
'

Track Mode Tractor Beam Q
\
” rd

Ownship Radar Coverage Area

Ownship Tractor Beam

MLE Boundary Arcs

Ownship Missile Symbol

SAM Missile Symbol

AAA Gun Symbo!

Waypoint and Target Symbols 9

Display Range Readout é)

¢——* COLOR
@ -- -~ <) MONOCHROME

Usability Ratings of HSF in Air Mode (Mean of 16 Pilots and 16 W50s)
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1. VeryGood

2. Moderateiy Good

3. Slightly Good

The symbology element is: 4. Neutral With respect to usability

S Slugh\‘&y Poor

6. Mode ately Poor

7. VeryPoor

VERY VERY
GOOD POGR
L T T T T T -
Detail CLF Symbology Element 1 2 3 4 S 6 7
Aircraft Classification Symbols
Aircraft Type Alphanumerics
Aircraft Flight Vectors
Aircraft Relative Altitude Readouts
Aircraft Mach Readouts .
~
~
~)

Target Recommencation Coding \Q

Weapon Status Coding

Aircraft D Numbers

Formation CLF Symbology Element

Aircraft Classification Symbols

Aircraft Flight Vectors

Target Recommendation Coding

Weapon Status Coding

Aircraft ID Numbers

Aircraft Geometric Arrangement

Ownship Bearing Vector

CLF Range Change Feature

% COLOR
®- - - - - ® MONOCHROME

Usability Ratings of Close Look Formats (Mean of 16 Pilots and 16 WSOs)
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1.  VeryGood
2. ately
3. Slightly Good
The symbology elementis: { 4.  Neutral With respect t0 usability
S.  Slightly Poor
6. Moderately Poor
7.  VeryPoor
VERY VERY
GOOD . — r PO'OR
Stores Status Symbology Elements 1 4 ] 6 7
Weapon Selected Coding (P
Weapon Outline Symibols

Master Arm Status lndicator

Waeapon Status Coding

Weapon Type/Number Readouts

sswm ?ngt‘nm

Options Available

indicator 8ox

Countormeasures Status
Symbology Elements

Jammar Status

Expendables Symbaiogy

Expandables Status

sures Programming

Countermea
Symbology Elements

Quantity Selection Options

Re!ease Method Options (single, busst,

salvo)

Permission Required Selection

&% (OLOR
®-----<© MONOCHROME

Usability Ratings of Stores Status, Stores Programming, Countermeasures
Status and Countermeasures Programming Formats

{Mean of 16 Pilots and 16 WS50s)
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1. VeryGood
2.  Moderately Good
3. Slightly Good
The symbology elementis: 4.  Neutral With respect to usability
5. Slightly Poor
6. Moderately Poor
7. VeryPoor .
VERY VERY
POOR
L L] T ¥ T 1
Symbology Element 1 f 3 4 S 6 7 .
Recommended Thrust Carets o
4
’
’
ThrustHandle Bar
Actual Thrust Bar
Mil Power and Afterburner “coding” oWl

Fuel Flow Arrows

Qil Pressure Status Indicators

Oil Quantity Status Indicators

EGT Status indicators

———% COLOR
®- - ~-- < MONOCHROME

Usability Ratings of Engine Status Format (Mean of 16 Pilots)
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1  VeryGood
2 Moderately Good
3. Shghtly Good
The symbology elementis: 4  Neutral With respect to usability
S  Shghtly Poor
6 Moderately Poor
7. VeryPoor
VERY VERY
Gool D T v L LI L] POIOR
Fuel Status Symbo’agy Elements 1 2 3 4 S 6 7
)
Fuel Quantity
Pump Symbols
Failure Coding T
>
Damage Coding
Alternate Fuel Flow Routes
Elactrical Status Symbology Elements
Electrical System Flements q'
Electrical System Buses &
~
~
Failed Elements \Y,')
4
/
Failed Buses d
Hydraulic Status Symbology Elements
Aircraft Elements C)
p— < .
Failed Elements ©
[
/
Single Thread Elements ¢
’
1D of Failed Subs:'stem o}
\
Caution/Warning Borders o}
® COLOR
© - -~ - < MONOCHROME
Usability Ratings of Fuel Status, Electrical Status, and Hydraulic Status Formats
(Mean of 16 Pilots)
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1. VeryGood ‘
2. rately Good
3. Slightly Good
The symbology elementis: { 4. Neutral With respect to usability
S. Slighthy Poor
6. Moderately Poor .
7. VeryPoor
VERY VERY
GO0 POOR
L L] Ll v Ll L]
E 1 2 3 4 H 6 é *
|
. Passive Sensor Symbology Elements
System Coverage Globe i
| Degraded Sectors T e
Ownship ol
Systam Advisory Features
Advisory Title and Levet
(cautionAvarning) .
»
Action hem Arrow 8 Color Coding }'i)
’
Completed ftem Check & Color Coding @&

9 (COLOR
®- - -~ - {© MONOCHROME
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APPENDIX C

AIRCREW QUESTIONNAIRES
MISSTON SEGMENT AND COMPOSITE MISSIONS

At the coampletion of the test flights for each of the amission
seguents, the aircrews completed a questionnaire on the formats
which were featured ia that segment. The pilots completed one
euch time and the WSOs completed a questionnaire after the low
level penetration and BVR air-to-air segments. In addition, both
pilots and WSOs completed a broader Juestionnaire on information
interpretation after the final full mission flight.

Appendix C contains in pages C-2 through C-17 mean pilot
usability ratings of the display symbology for each of the three
test segments. WSO mean usability ratings are reported in pages
in C-25 through C-34. Information interpretation questionnaires
and responses are gi.en in pages C-18 through C-24 for pilots and
C-35 through C--38 for WSOs. The WSOs had nc HUD and ware not
responsible for system health responses so they were not
questioned on the HUD or most of the system status formats.
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PILOTS' RESPONSES TO
SYSTEM HEALTH SEGMENT QUESTIONS

The purpose of this gquestionnaire is to elicit your opinions of
the symbology used in this study Defined below are the
attributes or characteristics that you will rate for each type of
display symbology.

Usability in Color. How easy was it to make use of this
display element in the color display mode?

Conspicucusness in Color. How easy was it to see this
display element in the color display mode?

Usability in Monochrome. How easy was it to make use of
this splay element in the mcnochrome display mode?

Conspicuousness in Monochrome. How easy was it to see this
display element in the monochrome display mode?

Location. 1Is this format element in the right place and on
the right display?

Meaning. How clear or obvious is the meaning of this format
eleaent?

Precision. Does this format element convey its information
with the appropriate level of precision?

Timeliness. 1Is this format element available to you at the
right time and for the right duration?

Training. How easily could this fo:mat element be learned?

Workload. Does this format elemcnt contribute to workload
or relieve it?

C2




(1. Very Good

2. Moderately Good

2. :'Iightly‘Good ( with N .

is: . Neutra with respect to this attribute

The symbology element is \S. Slightly Poor pec

6. Moderately Poor

7. VeryPoor

-

] .
In Mono- Mode-independent
Color | chrome Attributes
A AAAS,
. \55? C/8/ R/ $

Display: Engine Status
Recommended Thrust Carets 21 |21 125 (3.0 J2.1 |23 2.0 |24 |20 |22
Thrust Handle Bar 20[2.0)20 (2221 |24 |24 {28 |21 |23
Actual Thrust Bar 1.8 (19182020 |19 |26 23 {18 |19
Mil Power and Afterburner "coding” |2.6 [2.9 3.1 [34 ]25 [25 |24 |26 |23 |26
Fuel Flow Arrows 39 (394114313737 ]4a1{39 (39 |35
Oil Pressure Status Indicators 21|24 2513025 (24 |23 |26 |24 |25
O“QuantityStatuslndicators 21125324 29§25 |23 |23 {26 |23 |25
EGT Status Indicators 222624 (33|25 |23 |26 |26 |23 |23
Display: Fuel Status
Fuel Quantity 1818192229 |23 (2333 |22 |26
Pump Symbols 232226 |27 126 |28 |24 |2.7 |25 |28
Failure coding 28)2.6}3.4 36 ]3.1]31]26(33 3231
Damage Coding 25123313429 |28 |24 |29 |28 |27
Alternate Fuel Flow Routes 28|27 }31136]31]28]27 (29 |29 |27
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(1. Very Good
2. Moderately Good
z. alightlylcood . with Nis attriL
is: . Neutra with respect to this attribute
The symbology element is ﬁ S. Slightly Poor
: 6. Moderately Poor
. L‘l. Very Poor ] .
In Mono- Mode-independent
Color | chrome Attributes *
£y f g‘% &
/&S
N/ /S/e8/
Display: Electrical Status
Electrical System Elements 16161924 |18 |19 |16 |23 |21 |20
Electrical System Buses 171721 |24 |19 |18 |16 |23 |20 |21
Failed Elements " 19162629 |19 |25 |22 |23 |21 |22
Failed Buses 1814252919 |23 |22 |22 |20 |21
Display: Hydraulic Status
Aircraft Elements 282413213728 [29 (33|30 [3.0 3.1
Failed Elements 2323374329 (3.1 ]31 |29 |31 |29
Single Threat Elements 25|22 |34 |a1 |27 |29 {28 |27 |29 |28
iD of Failed Subsystem 24 |23 3.1 (38|27 |28 |27 |27 |27 |27
Caution/Warning Borders 292634136 |29 |26 |29 |28 ;28 |28
$55052-L/308-6 C4
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Very Good
Moderately Good
Slightly Good
The symbology elementis: < Slightly Poor
Moderately Poor
Very Poor

TNonswn='

Neutral > with respect to this attribute

Display: Passive Sensor System Status

In M:;;nno- Mode-independent
Color | chrome Attributes
05/ 4
¢ CAALAA,

&

System Coverage Globe 2321303727 |24 |26 |28 |28 |29
Degraded Sectors 23|26 |44 |57 ]29 |30 |31 29 |29 |31
Ownship 23|23 29|27 |27 |27 |27 |29 |27 |28
Display: Advisories

AdvusorrYTutleand Level 1.7 (1820 |23 |23 {22 |23 |20 |22 |22
_{cautioi/warnin

Act'°"'“-"“A"°W&C°'°'C°d'"9 1819123 |26 [19[19 |21 |21 |19 |19
Completed ltemCheck&ColorCodlngJ1.8 19 |22 |25 |19 |19 |20 (21 |19 |18

1
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PILOTS' RESPONSES TO
LOW LEVEL PENETRATION SEGMENT QUESTIONS

The purpose of this questionnaire is to elicit your opinions of
the symbology used in this study. Defined below are the
attributes or characteristics that you will rate for each type of

display symbology.

Usability in Color. How eagy was it to make use of this
display element in the color display mode?

Conspicuousness in Color. How easy was it to see this
digplay element in the color display mode?

Usability in Monochrome. How easy was it to make use of
this display element in the monochrome display mode?

conspicuousness in Monochrome. How easy was it to see this
digsplay element in the monochrome display mode?

Location. 1Is this format element in the right place and on
the right display?

Meaning. How clear or obvious is the meaning of this format
element?

Precigsion. Does this format element convey its information
with the appropriate level of precision?

Timelinegss. Is this format element available to you at the
right time and for the right duration?

Training. How easily could this format element be learned?

wWorkload. Does this format element contribute to workload
or relieve it?




R |

1. Very Good
2. Moderately Good
i. lS\.Iightl\‘ Good g h " X
h | tis: . Neutra with respect to this attribute
The symbology element is ﬁ 2 Sliahtly Poor
6. Moderately Poor
7. Very Poor
- J
In
in Mono- Mode-independent
Color | chrome Attributes
7
&) S8 i
i : . (N
Display: HUD GROUND MODE &/ &/ /S ¢§\& 5 é\,\& %&@, @
ijf&g\,é?@ N &@ AN $§
Display Element: <& [y
Pathway - Filled 33|28 3.1 {30 [3.4 |35 {37 |36 |33 |36
Pathway - Outline 35(3.2 3.4 |3.4 |3.1 |33 |34 |35 3.1 |35
Pitch Ladder 272326 |24 ]2.3 [24 |26 |29 |26 |30
Transitional Flight Director 48 |39 4.7 {39 |34 |46 |47 |44 |45 |51
Zero Pitch Reference Line 2627|3032 ]24 |25 |25 |23 |23 |26
Threat Alert Symbols 16|16 )22 |23 |16 |15 |19 |i6 |15 [1.8

Threat Summary Symbols (numberof) {20 [2.1 J2.5 (28 |24 |21 |22 |21 |21 (23

Missile or AAA Azimuth Vector 24 (24 (3.0 |33 23 (2.2 |21 |20 {21 |21
Time to Missile Impact Readout 3034|3134 ]26 |25 |29 |24 |27 |29
Heading Readout 333334 (34 ]24 |24 |26 |23 |23 |30
Airspeed Readout 22220232420 |21 |22 |19 |18 |24
Altitude Readout 2524126 |26 |21 |21 [20 [2.1 |20 |24
Heading, Mach, Altitude Command 1,4 156 |25 (29 |23 |29 |29 29 |29 |29
Roli Index 33|36 ]34 136 ]34 [3.0 (3.1 |25 |32 3.2
Waypoints 19 (1.7 121 {20 |18 {18 |19 {19 [19 1.8
Ownship Symbol 21024 |22 (23118 |23 |24 |20 |19 |20
$$5052-G/308-6
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-
rl. Very Good
2. Wloderately Good
J z z‘lightI); Good N h N
Th \ le tis: . Neutra with respect to this attribute
e symbology element is 5. siightly Poor P 3
6. Moderately Poor
7. Very Poor -
. o
In _
. In Mono- Mode-independent
- Color | chrome Attributes *
a ‘. Display: PSF GROUND MODE é? GP
i Display Element:
Ownship Symbo! 23 (2812813420 |16 {21 |18 |23 |21
; Planned Flight Route 20§21}23 |28 (2.1 [1.9 |22 |20 |23 |24
' Ground Grid 2511927 |23 |18 |22 {24 |22 |2.2 |2.2
Terrain Altitude Coding 28|28 )44 (5.1 29 |33 |41 |36 |34 |36
|
: Airspeed Readout 281281292927 |25 {25 |23 |26 |26
Heading Readout 3.1]2813.1 {2926 |27 |26 |26 |28 |28
Altitude Readout 30|28 |3.129}29 (27 |26 |26 {28 |28
Ground Threats:
Threat Lethality Volume 1511413139 |15 {1414 |17 |20 [1.8
Track Mode Tractor Beam 1.8(19]24 |29 |19 |15]18 |18 1.7 |2.2
L Launch Mode Tractor Beam 191924 {2821 {16 |18 |18 |18 |23
Missile Symbol 2021|2326 |19 |19 )22 (2.1 |23 |23
Lock On Circle (around ownship) 23119126 |26)124 |18 |23 |23 |2.1 |23
Airborne Threat Symbol 2929303024 |25(25 |26 |28 |28
New View Readouts 3232|3637 ]29 29 |29 |29 |30 {3.0
OwnshippreviewSymbo| 3031131 |32}30(30(|28 (28 |29 (3.0
$55052-H/308-6
c8 "




r-1. Very Good
2. Moderately Good
3. Slightly Good L
The symbclogy element is: % 4. Neutral with respect to this attribute
i 5. Slightly Pocr
: 6. Moderately Poor
] 7. Very Poor
- k -’
In ,
In Mono- Mode-independent
Color | chrome Attributes
| &, &,
i i . R >y § S/ &/ & >
Display: HSF GROUND MODE f@@ YA ‘.§Q § S/ & Q\&Q@
: &/ $/ &
&< §V§§ BV '\@&Q\
g Display Element: 2y S
E ; 1.8 12223 (3323 (2326 |2.1 |25 |25
; Ownship symbol
8 Planned Flight Route 1.4 1161162116 (1.4 |16 1.6 [1.6 |16
Flight Route Alternates 1.8 (1719|2517 {1.3 |15 |24 |23 |25
Display Range Rings 26|24 |26 |25 |25 |23 |23 |23 |25 (2.7
Fuel Range Rings 39(35})39/38]36 (333935 (3.7 (38
Terrain Above Altitude 2712633 (36 |27 (3.2 (30 |26 |3.2 [3.0
Ground Threats:
AAA Lethality Area 13 (1123|3314 13|16 |17 [18 |18
SAM Lethality Area 1.2 {1124 (3414 (13 |16 ]i.7 [1.8 [1.8
i Track Mode Tractor Beam 19 (1925 (29|16 |16 |20 [1.9 |19 [2.2
Missile Location and Type 202323 |28 |18 |1.6 |]2.1 |2.0 {2.0 |2.3
Lock On Circle | 24|21 })28 |25 28 2.0 |2.1 |25 |2.1 |26
Ownship Missile Symbol 32132]135]39)30 (29 (29 {35 (3.2 (3.3
FLOT 26 (2228|2823 125 (25 |25 {27 |29
{
General Cursor Symbo! 3013613237132 (3.1 34|34 {36 (3.7
Waypoints Target Symbol 21 (212312523 (2223 (23 (22|23
Display Range Readout , 26 2626 |26 |27 |24 |21 |26 |2.6 2.9

$55052-1/308-6 CL




(1. v ry Good
2. ModeratelyGood
2. :lllghtl){Good . with h b
' | | is: . Neutra with respect to this attribute
The symbology element is {5_ ! oor pe
: 6. Moderately Poor
7. VeryPoor )
“~ o
in
In Mono- Mode-independent
Color | chrome Attributes o
LA
SELETLIES, éﬁ &/
> ¢ é? &/ o & &
SAA/AONE
Display: Countermeasures Status Ny Q
Jammer Status 25(2.0]27 [25]2.6 |25 |23 |25 |24 |26
"'ExpendablesSymbology 21121 (21|25 )24 |23 |23 |25 |23 |25
Expendables Status 22 (23022 (272522 (24 (26 |24 |26
Display: Countermeasuras
P ‘ Programming
Quantity Selection Options 16 [1.7]16 17118 1.6 |19 |24 |19 |2.4
ﬁﬁﬁassea“cg}h“OP"'°“S(S'“9'€' 1716 )17 |16 |17 |15 [19 |21 17 2
| Permission Required Selection 2.1 20|21 }z0)2.1 (20 [20 |24 |22 |26

$55052-1/036-7
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PILOTS’ RESPONSES TO
AIR - TO - AIR BVR SEGMENT QUESTIONS
The purpose of this questionnaire is to elicit your opinions of

~ the symbology used in this study. Defined below are the
attributes sr characteristics that you will rate for each type of

v dlmplay symbology.
o | Usability in Color. How easy was it to make use of this
splay element in the color display mode?

s Conspicucusness in Color. How easy was it to see this
o splay element in the color display mode?

Usability in Monochrome. BHow sasy was it to make use of
this display element in the monochrome display mode?

Conspicuousness in Monochrome. How easy was it to see this
E aIspan eleaent In the monochroma display mode?

the right display?

:

t Location. 1Is this format element in the right place and on
|

z Meaning. How clear or obvious is the meaning of this format
t element?

Precision. Does this format element convey its information
with the appropriate level of precision?

Timeliness. Is this fcrmat element available to you at the
tight time and for the right duration?

Traihfng. How easily could this format element be learned?

Yorklcad. Does this focrmat element contribute to workload
or relieve it?

C-11




~
1. Very Good
2. Moderately Good
3. alightl;: Good X n h b
The bol slementis: . Neutra with respect to this attribute
symbology 5. Siightly Poor
6. Moderately Poor
7. VeryPoor
o L -
In )
In Mono- Mode-independent
Color | chrome Attributes *

Display: HUD AIR MODE N f é % ?
& &S
Display Element: W fi <§ & &

v
2.1 |2.1 12.0 |19 |20 |2.4

Ownship symbol 232

Weapon number, type readcut

ﬁathway-Filled 31(28]33132]26 (2338363336
Pathway - Outline 34(3.1]138(33]22 |22 (4.0 |35 |32 (39
Pitch Ladder 242102412219 (|17 )24 |25 |24 |2.4
Transitional Flight Director 4840|4840 ]a1 445153 (49|53
Zero Pitch Reference 2321242522 (21123123 24 |24
DEFense MLE Arrow and Carets 19{19]23]26]20{18]2.0 {20 |18 |2.0
ATTack MLE Arrow and Carets 18118]21]26 19|19 ]2.1 |19 1.7 1.9
Threat Alert Symbols 18]19119]21]17|16]19]|18[19 |19

Threat Summary Symbols (number of) |24 2527 {28 |26 |24 |23 |22 |23 |23

Missiie Azimuth Vector 1921482112319 |18 (21 |18 |18 |2.0
Time to Missile Impact Readout 231252512723 (19|23 21|19 (23
Vertical Velocity Indicator 48 (4045|3735 (33|4a5(38 (39 (38
Heading Readout 30/26 31|28 |24 |26 |28 2.7 (28 |28
Mach Readout 25119426 |2.1}121 (24 (21 ]2.1 |23 |23
Altitude Readout 26 |21]28 2321 (|21 |22 2.2 (26 |26

Heading, Mach, Altitude Command
__.grrowsgandReadouts 24 2326|2619 2.2 |26 |22 {24 |25

$55052-A/308-6
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. .
2 Moderately Good
3. Slightly Good
The symbology element is: ﬁ g: g:'e:':;'a; Poor > with respect to this attribute
. Moo o
L J
, In
c;’a‘or rame | et
e Display: PSF AIR MODE
S Display Element:
- Ownship Symbol 27]29]29 (3823 |19 |24 |22 |23 |27
Planned Flight Route 24 (28]28 (3322 (2.0 |25 |20 [26 |26
Terrain Altitude Coding 3.1{3.0]40{39 |31 313334 |33 |33
Ground Grid 34281353028 |31 31 |31 33 {30
Groundpoint Symbol 33371374331 (31|31 (32|32 (34
Mach Readout 30(26 30|26 |26 |3.0 |26 |28 |28 |29
Heading Readout 3228133 (29 {26 |28 |29 |29 |29 |29
Altitude Readout 3127131 (28|27 29 |29 |29 [3.0 |31
Airborne Threats:
Threat Symbols 25261293324 |24 (29 |22 |24 |28
Radar Coverage Sectors 21 (1925|2822 |19 |25 |23 |22 |22
Track Mode Tractor Beam 2322263024 |21 |25 ]24 |25 |26
Launch Mode Tractor Beam 2012223292118 2.1 |20 |20 |23
Missilesymbol 1.7118)21]123120 |15 |18 |1.7 |18 |20
Lock On Circle 1.9 [20]26 (2922 |12 |20 |21 |20 |21
SAM Missile Symbol 2421027 |27 |23 |23 23 {22 |21 |22
AAA Gun Symbol 25221252623 {23 (23|23 |21 |23
Tracked A/C Readouts range |29[30]30(3.1]31129 2829 |29 |29
closingrate |[3.23233 (3333 (3.1 (29|31 |31 |31
relative altitude [3.1{30[32 (3031|2928 29 (29 |29
Ownship Preview Symbnl 37(36]38 (3636 (36|36 |36 (3737

$55052-8/308-6 c13




(1. Very Good
2. Moderately Good
3. ﬂightlyisood (. with R R
T | is: . Neutra withr ¢t to this attribute
he symbology element is: < 5 Stienthy Poor espe
6. Moderately Poor
7. Very Poor he
. 7
In
“ERE in Mono- Mode-independent
: Color | chrome Attributes .
/. / /
Display: HSF AIR MODE
o f f f& f *f@@ é‘?
/KL
3 Cisplay Element:
F Ownship Symbol 1s{1s]23{26 17|13 |16 |16 |15 |18
Planned Flight Route 16152023 |17 [as {19 |12 |17 1o
Display Range Rings 24 124126 |28 )26 |25 |25 |23 |25 |26
Fuel Range Rings 363138 [37]28 ]34 |36 |29 [3.1 |33
AirborneThreats:
3 Aircraft Symbols 1820223318 |18 |21 [1.8 |19 |21
Threat Radar Coverage Sector 1915212318 (19 (19|19 |19 |24
s Track Mode Tractor Beam 22 |20]25 (29 |20 {20 {19 |19 |2.2 |21
Launch Mode Tractor Beam 22 |20]25 (29 )23 (23 |21 |20 |25 |25
MLE Boundary Arcs 283133 |39]26 |26 |24 [23 |28 |29
Missile Location and Type 23|28 27|31 J24 |23 [2.1 |20 |25 |31
I
: Ownship Radar Coverage Area 17619 {1916 |15 |17 |17 |16 |19
|
* Ownship Tractor Beam 2823312925 |24 |26 |26 |2.7 |28
Qwnship Missile Symbol 28293133129 3029 {29 |3.2 |33
SAM Missile Symbol 23 (2325 {2924 |23 |23 |22 |25 |22
AAA Gun Symbol 25(25127 (312524 |24 |23 |24 |24
D.splayRangeReadout 212323125127 123 120 119 |2.1 12.4
C14
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(1. Very Good
2. Moderate'y Good
2. :llightl\:cood . with h b
E is: . Neutra with r to this attribute
4 The symbology elementis: < & Slightly Poor espect
6. Moderately Poor
v 7. VeryPoor
L . L
In
o In Mono- Mode-independent
}, Color | chrome Attributes
| 4
Display: CLF DETAIL Version / é’
£ &/ g
# ~ Display Element:
‘ Aircraft Classification Symbols 24|19 |27 (30122 |27 |22 |21 |25 |25
Aircraft Type Aiphanumerics 1.8[18]19]20 21 {2019 |19 |18 |19
Aircraft Flight Vectors 27282712729 |28 |27 |27 |27 |28

Aircraft Relative Altitude Readouts 2829128 (2929 |28 |25 |26 |28 |3.2

Aircraft Mach Readouts 272827 |28 |28 {27 |26 |28 |28 |3.2
Target Recommendation Coding 20119129 {37 ]23 |28 |21 |2.2 |30 [3.2
Weapcn Status Coding 21124125 (34 23 123 |21 |21 |29 |28
Aircraft i0 Numbers 2217123118 J23 [2.4 |19 |19 |22 |23

$$5652-D7308-6 C-15
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ery Good
Modcutdy Good
ahghtlyl Good q h h b
eutra with respect to this attribute
Slightly Poor
Modemoly Poor

Very Poor -

The symhology elementis: <

'.ﬂsw-.bs».w.-‘

In
Mono- Mode-independent
Color chrome Attributes *

- Display: CLF FORMATION Version j/d{\/f f /
- Display Element: @

Aircraft Classification Symbols 1.9 (19115123 119 |19 [1.6 6 |18

Aircraft Flight Vectors 2112221 |23 |18 |19 |23 |17 |22 |23

Target Recommendation Coding 1.8]19]24 |34 1.7 |22 1.8 |18 |20 |25

Weapon Status Coding 1.9 ]20122 |28 1.8 [2.1 [1.7 |1.8 |25 |25

Aircraft ID Numbers 211912119 ]20 |24 |18 |1.8 |19 |23

Aircraft Geometric Arrangement 17valrr s e 17 |16 |15 18 19

Ownship Bearing Vector 2223222422 |22 |20 |19 |23 (2.2

CLF Range Change Feature 3.0 (3.1 303230 (28 |27 |26 [3.2 {31

$$5052-€/308-6 Cc-16




The symbology elementis: <

fNownpwn.’

Display: Stores Status

> with respect to this attribute

In
Color

Mode-independent
Attributes

Q%{@ .ég

e
L
i
i
P
i
i
f
i

Weapon Selected Coding 18162228 1.7 [19 |19 |17 |18 |16
Weapon Outline Symbols an 19222219 {19 |19 |19 |21 |19
Master Arm Status Indicator 24 |23 25|25 23 |22 |22 |22 |22 |24
Weapon Status Coding 21 |21 f23 |23 |21 |19 |19 |19 19 |19
Weapon Type/Number Readouts 19 ]19]20}20 1.8 |16 |1.7 |17 |17 |19
Display: Stores Programming
Options Available 1921121 1919 |19 |18 |18 |19 |14
Iindicator Box 14141511615 |15 |15 |14 [1.4 |14
$$3052-F309-6 C-17




| A S S
RN L N
LN L i

B - [

: Pt

ot

LA A e S ¢ T B
' " i

PILOTS’ RESPONSES TO
INFORMATION INTERPRETATION QUESTIONS

This part of the queationnaire is designed to elicil ;cus
opinions on the relative usability of the two display 1.0des - -
monochrome and color. Place a number in each column t~ indicate,
for the monochrome and color versions, the degree to which it is
easy or difficult to understand the particular display .
information.

das Difficult
Very HNoderately Slightly Neutral SIightly noacgaton Very
b § 2 3 4 5 7

RUD Monochrome Color
EEE———

Row easy or difficult is it to intecrpret
the following information on HUD?

Pathwvay 3.4 3.1
Pitch Ladder 1.7 1.8
Threat Alert and Suammary Information 2.5 2.3
DEF NLE Arrow 2.4 1.6
ATT NLE Arrow 2.4 1.6
Vertical Velocity Indicator 3.9 3.7
Ownship’s Relationship to Terrain 4.6 [
Waypoint Locations 2.3 2.3
Weapon Release Cue 3.4 3.4
14
How easy or difficult is it to interpret
the following intormation on PSF? -
Planned Flight Route 3.3 2.4
Suriace-to-air Threat Type (SAM,AAA) 2.7 1.3
Surface-to-air Threat Mode
(search, track, launch) 2.9 1.6
Airborne Threat Type (enemy, unknown) 3.6 2.6
Airborne Threat Mode (search, track,
launch) 2.8 2.2
Ared of Airborne Threat Radar
Coverage Area 2.6 2.0
Terrain 4.3 3.3
Location of Waypoints 2.1 1.7
Range, Closing rate and
Relative Altitude Readouts 3.3 3.4
c18




Basy Difficult
D :ty oderately A§IT§E€T§ Neutral SIightly HModerately vVery
3 2 4 5 6 7

. i
usr Monochrome Jolor
’ How easy or difficult is it to interpret
: the following information on HSF? *
Flight Route 2.0 1.7
Display Range 2.3 ~2.3
Fuel Range Rings “3.5 3.4
ownship’s Proximity to Mountains 5.1 4.6
; Surface-to-Air Threat Type
(SAM,AAA) _2.6 1.6
Surface-to-Air Threat Mode
(prebriefed, search, track
launch) 2.4 1.6
Airborne Threat Type (enemy, unknown 2.9 1.3
Airborne Threat Mode (prebriefed,
search, track, launch) 2.8 2.3

ownship’s Position Relative to .

Enemy Radar Coverage 1.8 1.5
Airborne Target Position Relative
to Ownship Radar Coverage 1.9 1.6
Ownship MLE Boundary Arcs ~3.6 2.8
Enemy MLE Boundary Arcs 3.8 2.9
Close Look Formats (CLF’s)
How easy or difficult is it to interpret
the following information on Close Look
Formats (Detail and Formation versions)?
Aircraft Classification {enemy,
unknown, friendly) 2.8 1.7

Clasgification Status (probable
o¢ known) 2

L]
(=
-
L
[

Aircraft Flight Vector 3.0 2.9
System Recommended Target Coding 4.0 ~2.3
Weapon Assignment/Readiness Coding 3.6 2.1
Formation CLF only:
Aircraft Position and Movement 2.3 2.1
Location of Ownship Relative B
to rormation 3.3 3.3

C-19




Basy Difficult
ery Noderately ghtly Neutral Slightly Moderately Very
2 3 q 5 6 7

i
=
,:E:
15
E
&
i

1
Close Look Formats (Cont’'d) Monochrome Color )
Detail CLF only:
Alrcraft Type (fighter, bomber, .
specific type) 1.6 1.7
Afircraft Relative Altitude 2.5 2.5
. Alrcraft Speed 2.1 2.2
; Engine Status Format
How eaey or difficult is it to interpret
the following information oan the
Engine Status PFormat?
] Commanded Thrust, Throttle
* Position and Actual Thrust 2.7 2.3
Fuel PFlow 3.2 2.8
0il Pressure 2.4 2.1
0il Quantity 2.3 1.9
‘ EGT 2.4 2.0
i Damage/Failure Coding 3.8 2.6
F
7 Fuel Status Formet
1 How easy or difficult is it to interpret
[ the following information on the Fuel
i Status Format?
Fuel Quantity 1.8 1.7
Pump Status (normal/failed) 3.5 2.9
Damage/Failure Coding 3.8 2.9
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Easy Difficult
Very Moderately 5lightly Neutral Slightly Moderately Very
1 2 3 4 5 6 7
;' "Electrical Status Format Monochrome Color
. How easy or difficult is it to interpret
. the following information on Electrical
Status Format?
Element Symbology 2.0 1.6
Damage/Failure Coding 2.7 1.5
Hydraulic Status Format
How easy or difficult is it to interpret
the following information on the Hydraulic
Status Format?
Aircraft Element Supported 3.1 2.4
Lavel of Element Support (full
support,single threat support,
full failure) 4.4 3.2
Damage/Failure Coding 4.1 2.6
Stores Status Format
How easy or difficult is it to interpret
the following information on the Stores
Status format?
Weapon Complement 1.3 1.4
Type and Number of Weapons Seclected 1.5 1.4
Master Arm Status 1.8 1.4
Selected Weapon Status (assigned/
ready) 2,1 1.7

o B O e, BN
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Easy Difficult '
Very Moderately Slightly Neutral Slightly Moderately Very
1 2 3 4 5 6 7

Passive_Sensor System Monbbhrome Color : )
Status Format

How easy or difficult is it to interpret - .
the following information on the Passive
Sensor System Status format?

o Status of Passive Sensor System 3.6 2.6

: Area of Degraded Coverage 5.6 3.3

| Count2ermeasures Status

[ How easy or difficult is it to interpret

f the following information on the

E Countermeasures Status format?

: Status of Jammer {off,standby,on) 1.4 1.5

| Quantity o€ Expendable

[ Counterm:asures Selected 2.0 1.5

| Permission Required Indicator 1.6 1.5
Chaff Symbology vs Flare Symbology 2.0 1.8
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PILOTS’ RESPONSES TO
INFORHATION CROSSCHECK QUESTIONS

. This part of the questionnaire is designed to elicit your
-opinions on the relative ease or difficulty of crosschecking
information across displays in the two modes - monochrome and
color. Place a number in each column to indicate, for the
.monochrome and color versions, the degree to which it is easy or
difficult to understand the information across displays.

EasL ' ' Difficult
Very Hoderately Sllgntly Neutral SIigh tly Moderately very
1 2 3 4 6 7

HUbi PSF, and HSF Monochrome Color

How easy or difficult is it to interpret
the following information on HUD,
PSF and HSF?

Flight Path Information : 3.3 2.6
ownship’s Position Relative

to Terrain 5.5 4.2
Threat or Missile Position

Relative to ownship ' 2.9 2.4

HUD 2nd HSF

How easv or difficult is it to crosscheck
the fol.owing information on the HUD and

HSF?
Ownship AT1 MLE Arrow and MLE
Boundary Arcs 3.5 2.6
Enemy DEF MLE Arrow and MLE
Boundary Arcs 3.7 2.7
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Easy Difficult
‘fVery noderately Slightly Neutrai SIightly Moderately Very
-1 2 3 4 5 6 7

PSF and HSF Monochrome Color
“'How easy or difficult is it to crosscheck :
the following information on the PSF and ' .
HSF? '
Surface~to-Air Threat Location 3.1 1.8
Surface-to-Air Threat Type (SAM,AAA) 3.1 1.6

Surface~-to-Air Threat Mode (search,

track, launch) 2.5 1.6
Airborne Threat Location ~2.8 2.2
Airborne Threat Type (enemy, unknown) 3. 2.2
Airborne Threat Mode (search, track, 3.1 2.0

iaunch)

CLF and HSF

How easy or difficult is it tc crosscheck
the following information on the CLF arda ESF?

Aircraft Type (enemy, unkaown,

friendly) _2.6 1.8

Aircraft Heading 2.5 2.3
Target/Weapon Status 2.6 L.

h CLF and Stores Status

F How easy or difficult is it to crosscheck

E the following information on the CLF and

g Stores Status format?

| Target/Weapon Status 2.6 2.3
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. WSO RESPONSES TO
LOW LEVEL PENETRATION SEGMENT QUESTIONS |

The purpose of this questionnaire is to elicit your opinions of
the symbology used in this study. Defined below are the
attributes or characteristics that youn will rate for each type of

display symbology.

Usability in Color. How easy was it to make use of this
disp.ay eiement in the color display mode?

Conspicuousness in Color. How easy was it to see this
display element in the color dicplay mode?

Usability in Monochrome. How easy was it to make use of
thig digsplay element in the monochrome display mode?

Conspicuousness in Monochrome. How easy was it to see this
splay element in the monochrome display mode?

Location. 1Is this format element in the right place and on

the right display?

Meaning. How clear or obvious is the meaning of this format
element?

Precision. Does this format element convey its information
with the appropriate level of precision?

Timelinzgcs. 1Is this format element available to you at the
right time and for the right duration?

Training. How easily covld this format element be learned?

Workload. Does this format element contribute to workload
or relieve it?
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Display: PSF GROUND MODE

‘Display Element:

(1. Very Good
2. Moderately Good
2. i'lightly"Good . with h b
Th logy element is: . Neutra with respect to this attribute
¢ symbology s Shightiy Poor
6. Moaderately Poor
7. VeryPoor
. P
In ,
In Mono- Mode-independent
Color chrome Attributes

&, &
S/ S/ S/ &/
f di f & \f Qéié /@\@aP

Ownship Symbol

2.3

2.7 13.1 |38 2.4 |2.1 |25 (20 ({24 |26

Planned Flight Route

2.8

30)3.6 |43 ]13.0}23 |3.1 |28 |23 |28

Ground Grid

29

26 3.1 |3.0]2.7 |29 |26 [2.6 |2.6 |31

Terrain Altitude Coding

2.5

2.7 |44 |54 23 (3.0 3.6 {2.3 |23 |3.1

Airspeed Readout

2.2

19124122124 19|17 |16 {19 {23

Heading Readout

2.6

191282112122 11.7 (1.8 |23 |28

Altitude Readout

2.5

25128128129 |2.1 1.7 |1.8 (2.7 |31

Ground Threats:

- Threat Lethality Volume

19

1541|4623 (23 |28 |]2.1 |19 |23

Track Mode Tractor Beam

19

21131133126 (1819 (|18 ]18 |19

Launch Mode Tractor Beam

2.5

26 1311351272320 )19 |20 (2.2

Missile Symbol

23

Lock On Circle (around ownship)

2.7

2633382812629 |26 |26 |3.2

Airborne Threat Symbol

2.8

28133135128 |3.0(30 (28 |28 |3.0

New View Readouts

29

2633131124 (2825 (25 (26 (28

Ownship Preview Symbol

35

37140 (4630 (31 )27 (3.2 |31 |37

$85052-N/308-6
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(1. Very Good
2. Moderately Good
3. Slightly Good L _ o
The symbology element is: ﬁ g gl?gurt\:?y' Poor with respect to this attribute
6. Moderately Poor
7. VeryPoor
- o
In .
In Mono- Mode-independent
Color | chrome Attributes

i Display: HSF GROUND MODE

A,

S
Display Element: S
Ownship symbol S| 412 . . . . 7 118
Planned Flight Route 16 1.4 |21 |25 1.9 |15]1.6 |16 [1.7 |18
Flight Route Alternates 221927 (32|23 |23 ]2.0 (3.8 (29 (33
Display Range Rings 3225352929 (3.5 (3.7 |26 |3.0 |37
Fuel Range Rings 41 (33|41 (3631433635 (3539
Terrain Above Altitude 2623138 (38|23 (192019 (27 |26
Ground Threats:
AAA Lethality Area 1.5 (1.3 ]2.4 3.0 |1.5 [1.5 1.7 |]1.5 |15 |16
SAM Lethality Area 1.5 (1.3 |24 [3.4 15|16 |1.7 |15 |15 |16
Track Mode Tractor Beam 15119 2.1 |29 |18 [1.7 [1.5 |14 |16 |17
Launch Mode Tractor Beam 22125 |27 |32 ]2.2 |24 |21 [2.1 |21 |22
Missile Location and Type 23 12829 (3.7 |26 |19 |24 |20 |21 |24
Lock On Circle 3024343426 |25(27 |21 {23 |26
Airborne Threat Symbols 28 28|33 (33|30 |27 (23 (|23 (23 |23 |
Ownship Missile Symbol 26 (271323828 |25 (|28 |26 |28 [28
FLOT 26|22 |28 |27 23 |21 |21 |24 {24 |31
General Cursor Symbol 21123124 |30f20 (16 |23 |21 |21 (23
Waypoints Target Symbol 1719192519 (19221821 |18
Display Range Readout 22124242727 [21]19 |21 |24 |25

$55052-0/308-6 c-27
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(1 VeryGood ]
2. Modorutely Good
' ' : sut?:t'y . with respect to this attribut
" . . aytral > Witnr O this attndbute
The symbology element is: {s. N Poor
' £.  Moderately Poor
']17. VeryPoor
™ 4
in Mm M.ode-independent
ono- ‘
Color | chrome Attributes
Display: Countermeasures Status » ‘
_ JammerStatus) tawarz 2 |7 |14 13 |13 |15 |16
" Expendables Symbology 20|18 24 |26 (1.8 [19 {16 [1.5 119 |19
Expendables Status 21 |17 J2a |27 |19 |21 |19 |15 |19 [21
Display: Countermeasures
e Programming
' Quantity Selection Options 18 |15]1.9 |16 |18 {16 |21 [1.8 |16 18
- elease Method Options (single,
i? Grst. salvo) P 9 o 19 1.7 120 (1.8 1.8 |17 |21 |1.7 |19 1.9
F Permission Required Selection 221823 [19]23 |15 j1.5 |15 |21 |23

$55052-PA03€-2




W30 RESPONSES TO
AIR-TO-AIR BVR SEGMENT QUESTIONS

The purpose of this guestionnaire is to elicit your opinions of

the symbology used in this study. Defined below are the
~ attributes or characteristics that you will rate for each type of

display symbology.
Usability in Color. How easy was it to make use of this
display elemen n the color display mode?

Conspicuousness in Color. How easy was it to see this
display element in the color display mode?

Usability in Monochrome. How easy was it to make use of
this display element In the monochrome display mode?

Conspicuousness in Monochrome. How easy was it to see this
splay element in the monochrome display mode?

Location. 1Is this format element in the right place and on
the right display?

Meaning. How clear or obvious is the meaning of this format
element?

Precision. Does this format element convey its information
with the appropriate level of precision?

Timelinass. Is this format element available to you at the
right time and for the right duration?

Ttaining. How easily could this format element be learne??

Worklosd. Does this format e2lement contribute to workload
or relieve it?
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.
(1. Very Good
2. Moderately Good
‘3‘. ::ightl);ﬁood . with R b
The bo! element is: . Neutra with respect to this attribute
ymaoiogy s 4 Sy Poor
6. Modorately Poor
7. VeryPoor )
In
in Mono- Mode-independent .
Color | chrome Attributes
. &/
_ Display Element:
mi'psymbm 26(23131133]20 |18 2116 |16 |21
Planned Flight Route 30|25 93.7 4023|2227 |27 |21 |24
Terrain Altitude Coding 28|21 ]|a3|a221 12533 |25 |26 |31
Ground Grid 342339 (3.2]21 (23 ]2.2 20 |21 |28
Groundpoint Symbol 4.2 3847|5033 (36|35 [33 |38 |4
Mach Readout 272427 2525 |21 |21 {21 |24 |27
‘ Heading Readout 3102113212318 |24 |18 18 23 (31
Altitude Readout 22(19]22{20]23 |20 |15 |25 |19 |25
;. Airborne Threats:
Threat Symbols 201626 [29]19 |20 ]21 |19 |20 |25
Track Mode Tractor Beam 192222 (29]18 |21 19|21 |17 |26
. Laur.ch MadeTra(torBeam 23123126 {31]221]211{201]21 |19 |26
| Missile Symbol 24 (2429|3418 |17 |20 |20 |16 |24
3
E Lock On Circle 22|20)29(31]28 |21 |23 |24 |19 |24
SAM Missile Symbol 2422130322318 25|19 |17 |26
AAA Gun Symbol 2312413034124 )19 (251}20 |18 |26
., Tracked A/C Readouts range | 192522 2_8 3012311923 [24 |29
'{l' closingrate |25(28)26 29733 25 (20124 |27 |34
relative altitude |22[24 (222529 {24 |19 (2224 [31
{ Ownship Preview Symbol 31[3sf36]ar[22]2a 29 [30 31 Jao

$55052-Q/308-6 C30




r‘,. Very Good )
2. Moderately Good
i' :‘lightu;c,ood } N "
The element is: . Neutra with respect to this attribute
symbology 95 Sitghtly Poor
6. Moderately Poor
7. Very Poor
- o
in
In Mono- Mode-independent
Color | chrome Attributes
Display: HSF AIR MODE f
. /) N/
- D.splay Element:
P ~ Ownship Symbol 1311619 |29 |17 |15 |15 [15 |13 |14
Fo ~ Planned Flight Route 18 (2022 [29 |16 |16 [19 [18 |16 |20
- Display Range Rings 3327|3431 |26 |28 |27 |21 {31 |36
; Fuel Range Rings 44138484739 |50 |40 |39 |42 |47
i AirborneThreats:
N ] R
- Aircraft Symbols 15 (1629|3518 |19 [20 |18 |23 |23
Threat Radar Coverage Secter 181525 (31§17 ({v7}20 {19 |20 |22
Track Mode Tractor Beam KRER 2 PR R AR A NN R AR AT
Launch Mode Tractor Beam 1921026 (35|19 |18 |21 |19 |19 |22
MLE Boundary Arcs 25)26)33/a2]24 |26 |26 |21 |24 |29
Missile Location and Type 172426 |37 e |19 (21 |19 |19 |24
Ownship Radar Coverage Area t5(13123 |26 19|18 |17 |17 |18 |19
Ownship Tractor Beam 24 (2533361819 {19 [18 |21 |20
MLE Boundary Arcs 3234424731 (3538 {30 (30 [36
Ownship Missile Symbol 2612431133 ]23 22 |25 |25 |19 |27
SAM Missile Symbol 26 (2633|3617 |18 20|19 |19 |24
i
AAA Gun Symbol 28 129135 (3917 |19 |20 19|21 |28 |
Waypoint Target Symbols 20212427 s e 17 17 e
Display Range Readout 23227 (23210121 (23 |19 |20 |27
C-31
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(1. Very Good ]
2. Moderately Good
2. :'lightly|Good . with h b
The s ™ tis: . Neutra with respect to this attribute
ymbology elementis: 4 & (e or pe
6. Moderutely Poor
7. VeryPoor
' o
In .
In Mono- Mode-independent
Color | chreme Attributes
Display: CLF DETAIL Version ) f é? @ é,
, f f &/ &/ > &
| AWLVAVES
§ Display Element:
Aircraft Classification Symbols 1514125 (3.1 119 |21 |16 19 |23 (2.3
Aircraft Type Alphanumerics 1414171617 (15|14 |18 |20 19
i Aircraft Flight Vectors 24 [18]26 |21 ]20 (23 |2.2 |23 |24 |21
Aircraft Relative Altitude Readouts 2812312924129 |26 |22 |23 |27 |29
Aircraft Mach Readouts 2323262627 |19 |15 (23 |26 |28
Target Recommendation Coding 21{21]38147 119 (24 |20 |24 |27 |24
Jeapon Status Coding 18 (1.7 134 |43 |19 |21 |21 |17 {22 |22
Aircraft iD Numbers 2021232523 (2216 [16 |31 |27
|
l
|
|
|
$55052-5/308-6 c-32




Very Good
The symbolugy element is: J Neutral

Very Poor

fNownawn -’

Display: CLF FORMATION Version d/f

Display Element:

Slightly Poor
Moderately Poor

Moderately Good
Slightly Good

> with respect to this attribute

in
Color

in
Mono-

chrome

Mode-independent
Attributes

/S 8/ &S
(TS T ,\\{\é}é’

19 )27

Aircraft Classification Symbols 13113 17 s s v 7 e
Aircraft Flight Vectors 1.9 (18121 (2120 |21 |27 |20 |23 |23
Target Recommendation Coding 1821133491829 ]19 |19 |27 |31
Weapon Status Coding 18232944 |19 26 |18 |17 |24 |25
Aircraft ID Numbers 21 |18f24a 2221|2218 |16 |26 |24
Aircraft Geometric Arrangement 1415161617219 (21 |17 |23 |21
C-vnship Bearing Vector 25|24 )28 |28 |23 |26 |27 |22 |26 |26
CLF Range Change Feature 401371413929 |38 |3.1 |24 {31 |36
$$5052-T/308-6 cS3

S AR A 20T - TR AT AU AT AR LR WAE L W LS LR L L P LI LSl LA L ALY

yan

A




(1. VeryGood |

;- 2. Moderately Good
2. zlightlylcood N N .
: The hol elementis: eutra with respect to this attribute
1 symaoiogy 895 Neany Poor g
. 6. Mcderately Poor
H L?. Very Poor .
in
In Mono- Mode-independent
[ Color | chrome Attributes .
SETLTEALAS, ég?
AT
; Display: Stores Status
Weapon Selected Coding 141421 |29 |16 [1.8 15 [15 15 15

Weapon Outline Symbols 1415119 |26 J1.6 |18 |15 |15 |16 |15
Master Arm Status Indicator 1411619 |26 |18 |15 [13 |13 [14a 15
, WQaponStatusCoding 18123129 4.1 21 {24 |20 |19 [2.2 |2.1
]r
| Weapon Type/Number Readouts 181820222219 |16 |17 [19 |19
|
)
|
|
|

Display: Stores Programming

Options Available 151416 |17 17 {15 |15 |16 [15 |16

Indicator Box 141415 (16|16 |15 |14 |16 |15 |16

$550520-U/308-6 C-34




This part of the questionnaire is designed to elicit your
opinions on the relative usability of the two display modes -
chrome and coior. Place a number in each coiumn to indicate,
for the monochrome and color versions, the degree to which it is
easy or difficult to understand the particular display

mono

info

Easy

WSO RESPONSES TO
INFORMATION INTERPRETATION QUESTIONS

rmation.

Very
1

HUD

How
the

Moderately Slightly Neutral Slightly Moderately Very
2 3 4 5 6 7

easy or difficult is it to interpret

following information on PSF?

Planned Flight Route

Surface-tu-Air Threat Type
(SAM,AAA;

Surface-toc-Air Threat Mode
(search, track, launch)

Airborne Threat Type (enemy,
unknowi)

Airborne Threat Mode (search,
track, launch)

Area of Airborne Threat Radar
Coverage Area

Terrain

Location of Waypoints

Range, Closing Rate, and
Relstive Altitude Readouts

Difficult

Monochrome Color

_3.5 _3.0
_3.6 1.4
3.5 2.0
4.6 2.5
4.1 3.1
3.1 _2.0
4.7 2.2
=7 I3
2.6 2.4




Easy Difficult
Very Moderately Slightly Neutral Slightly Moderately Very
2 3 4 5 6 7

1
HSF ) Monochrome Color '
How easy or difficult is it to!interpret
the following information on HSF? .
Flight Route 1.8 1.3

Display Range

Fuel Range Rings

Ownship’s proximity to mountains

Surface~to-Air Threat Type
(SAM,AAR) 2.

Surface-~tc~Air Threat Mode
(prebriefed, search, track

i
s

O
-
L]

[+))

launch) 2.9 1.7
Airborne Threat Type (enemy,unknown) 4.1 1.3
Airborne Threat Mode (pr:ibriefed,

search, track, launch) 3.5 2.0
Ownship’s. Position Relative t;
Enemy Radar Coverage v 2.5 1.7
Airborne Target Position Relative
to Ownsaip Radar Coverage 2.1 1.5
Ownship MLE Boundary Arcs 4.3 2.8
Enemy MLE Boundary Arcs .6 3.1
Close Look Formats (CLF'’s) Monochrome Color
How easy or difficult is it to interpret
the following information on Close Look
Formats (Detail and Formeation versions)?
Aircraft Classification (enemy,
unknown, friendly 3.3 1.
Classification Status (probable
or known) 3.3 1.6
Aircraft Flight Vector 2.1 2.0 ‘
System Recommended Target Coding 3.6 1.7
Weapon Assignment/Readiness 4.1 1.¢
Coding
Formaticn CLF only:
Aircraft Position and Movement 2.3 1.7
Location of Ownship Relative to
Formation 2.6 2.1
C-36
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Basy Difficult
Very Moderately Slightly Neutral §Slightly Moderately Very
1 2 3 4 5 6 7

Close Look Formats (Cont’d) Monochrome Color

Detail CLF only:
Aircraft Type (fighter, bomber,

. specific type) 1.8 1.4
é Aircraft Relative Altitude 2.9 2.8
; Aircraft Speed 1.9 1.8
? Fuel Status Format
How eagy or difficult is it to interpret
the following information on the Fuel
Status Format?
Fuel Quantity 2.0 1.4
Pump Status (normal/failed) 3.1 1.6
Damage/Failure Coding 3.2 1.6
Stores Status Format
How easy or difficult is it to interpret
the following information on the Stores
Status Format?
Weapon Complement 1.6 1.3
Type and Number of Weapons Selected 1.9 1.3
Master Arm Status 2.3 1.3
Selected Weapon Status (assigned/
ready) 3.6 1.5
Countermeasures Status
How easy or difficult is it to interpret
the following information on the
Countermeasure Status format?
Status of Jammer (off, standby, on) 1.8 1.4
Quantity of Expendable
Countermeasures Selected 2.1 1.8
Permission Required Indicator 2.4 1.8
Chaff Symbology vs Flare Symbology 1.9 1.6
c-37
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WSO RESPONSES TO
INFORMATION CROSSCHECFKF QUESTIONS

This part of the questionnaire is designed to elicit your

opinions on the relative easy or difficulty of crosschecking

information across displays in the two modes - monochrome and ¢
color. Place & number in each column to indicate, for the

.monochrome and color versions, the degree to which *t is easy or

difficult to understand the information across displays. #
‘Easy . Difficult
very Moderataly Sligntly Neutral Slightly Moderately Very
1 2 ' 3 4 5 6 7
PSF and HSF Monochrome Color

5 How easy or difficult is it to crosscheck
1 the following irformation on PSF ard HSF?

Surface-to-Air Threat Location 3.4 1.9
Surface-to-Air Threat Type (SAM,

AAA) 3.3 1.5
Surface-to-Air Threat Mode (search,

track, launch) 3.4 1.8
Airborne Threat Location 3.2 2.
Airborne Threat Type (enenmy,

unknown) _4.1 2.4
Airborne Threat Mode (search,

track, launch) 3.5 2.6

CLPF and HSF

How eagy or difficult is it to
crosscheck the following information
on the CLF and HSF?

Aircraft Type (enemy, unknown,

friendly) 3.6 2.3
Aircraft heading 2.9 2.1
Target/Wezpon Status 3.9 2.4

CLPF and Stores Status
How easy or difficult is it to
crosscheck the following information
on the CLF and Stores Status format?
Target/Weapon Status 4.0 2.1

c-3as8
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APPENDIX D

AIRCREW QUESTIONNAIRE
OPEN ENDED ANSWERS

As the last exercise in opinion data collection, the aircrew
members were given a list of open ended questions and a tape
recorder. I evious studies have shown this to be an effective
vay to elicit ideas not otherwise available. Transcripts of the
tapes from the individual pilots and WSOs are summarized in this
Appendix. The richness of the raw data made summarizing
difficult but an attempt was made to represent all of the format
ideas presented. As might be expected, both agreements and
disagreements appear. There were a few comments which dealt more
with the simulation than the formats; these were excluded from
the summaries.
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'iltion 1. Wwhat is your opinion of the Pathway-in-the-Sky

' on the HUD? Does it provide gufficient information for
£11qht path control during low level flight? During which flight
-and mission phases is it most useful? Are there any flight or
mission phases when it is not useful?

: S pilots Difficult to follow if off path.
: - 4 Pilots Generally effective. Needs improvement.

4 Pilots Less useful, not useful, don’'t need in air-to- o
air.

4 Pilots The pits. Eliminate pathway. Inadequate.
Should not be primary aid.

3 Pilots Good cue.

'3 Pilots Better in low level than at altitude.

3 Pilots Adeguate for low level.

3 Pilots Too sensitive.

3 Pilots Completely inadequate as a steering device.

2 Pilots Useful straight and level, not in maneuver.

2 Pilots Adequate with autopilot on.

2 Pilots Good as preview of coming commanded changes.

2 Pilots Pitch bad during level flight.

2 Pilots Transitional flight di.ector too slow and
difficult to understand.

1 pilot Adequate in azimuth.

1 pPilot Adequate for BVR air-to-air.

1 pilot Confusing in color and monochrome.

1 pilot Path easier in monochrome.

1 pilot Hard to tell range to terrain on HUD.

How Change

3 Pilots Need steering back to selected point, rather
than strict return path to some arbitrary point.

3 Pilots Use proportional, ILS type steering.

2 Pilots, 1 WsO Pathway should provide SAM avoidance guidance.

2 Pilots, 1 WSO Shoot cue should be more noticable, not an "X".

2 Pilots Tend to lose gate. Need more solid steering
target.

1 pilot Need filled path in air mode.

1 pilot Make pathway selectable.

1l Pilot Add low altitude warning.

1 Pilot Bank index should continue all around and not
flash at some arbitrary limit.

1 pPilot In air mode, don’t show Mach for ownship and
knots for closing velocity.

1 pPilot Back seater needs complete HUD information.

1l pilot VSI indicator should peg at 1500 or 2000 ft/min,

with digital extending beyond. That woulid
provide more sensitivity at lower vertical
speeds.

D-2
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%uostion 2.
L
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uestion 3.
Format (PSF)?

Pilots
Pllots
Pilot
Pilot
Pilot
Pilot
Pllot
Pilot

11 Pilots,5 WSOs

. 9 pilots, 5 WSOs
' 3 Pilots, 6 WSOs

J Pilots, 2 WSOs
. 3 Pilots
; 2 Pilots, 2 wWSOs
3 2 Pilots

1 Pilot, 1 wsoO

1l Pilot, 1 WSO

1 Pilot

1 Pilot

2 WSO0s

1 wso

1 wso

How Change

& Pilots, 6 WSOs

1 Pilot, 1 WSO

1 Pilot, 1 wWsO

1 Pilot, 1 WSO

1 Pilot, 1 WSO

1 Pilot

What is your opinion of the Missile Launch Envelope
nformation presented on the HUD (MLE arrows and carets)?
Any suggestions for changes?

13 Pilots

Very useful and iatuitive.

Better in color.

Good in color or monochrome,

Do not need color coded arrows.

Make shoot cue more attention-getting.
Incorporate raw range.

Add ranges next to carets.

Inprove target and threat IDs on arrows.

Have carets flash when within no-escape zone.

What is your opinion of the Perspective Situation
How well does it provide information about the
tactical situation? Any suggestions for changes?

Provides good informalion well.

Better in color.

Good threat depiction.

Particularly useful in ground mode.
Difficult to use for terrain clearance.
Good for situation awareness, vertical
situation, tuning HSH info.

Heading. airspeed an: ~lcitude redundant with

HUD.

Useful in air mode.

Weak in air mode.

Good idea. Needs work.

Not too useful.

Ground grid was helpful.

Confused threats and terrain in monochrome.
Better than we have row,.

Need declutter or transparency to see past
near threats to mountains beyond.

Ground grid not helpful.

Ownship and pathway should be brighter or
larger or different color.

Make PSF into a flight instrument.

As flight instrument, put viewpoint at
ownship

Add shading to show teriain height or impact

point.

SATE o e ot o) N TR AN R A avh pt



- S R e s DI e e F‘

" Question 4.

pilot

rilot
Pilot

Pilot

‘Pilot
‘N80s

‘W80

W30

‘W80

W50
WSO
WS0
WSO

WSO
WSO

WSO
WSO
WSO

L b et 3 DD = D B D )

Pilots, 9 WSOs
Pilots, 3 WSOs
Pilots

Pilots, 2 WSOs
Pilot, 1 WsO
Pilots, 3 WSOs
Pilot, 1 WSO
Pilot

Pilot

Pilot

Pilot

What is your opinion of the Perspective
How well does it provide information

bout the tlctical situation? Any suggestions for changes?

Add option for ground or airplane stabilized
choice.

Change PSFr range with HSF.

Add cockpit outline to provide visuzl
reference.

Add vertical grid lines for attitude and
altitude corrections.

In air mode, add contrails for track history.
Add selectable ground clearance plane and
altitude above terrain.

Code terrain ahead.

Need stronger indication of terrain shape
below current altitude.

Add aircraft attitude for back seat.

Add abbreviated heading tape to PSF.

Make lock-on circle transparent.

Add selectable in-cockpit viewpoint.

Show true rather than relative altitude for
air threats.

Show only volumes of active threats.

As flight instrument, add artificial horizon
and velocity vector.

Display throughout air engageanent without
switching.

For air targets, show aspect angle, heading,
velocity, range, altitude and targetting.
For air targets, add readouts of heading and
true mach.

Did you use the "new view" feature on the PSF to
change the viewpoint of the format?

How useful is the featuie?

Used it, liked it.

Used it, didn’t like it.

Used it seldom or not at all.
Used it in ground mode.

Useful in air mode.

Best looking straight forward.
Best rotated 15 degrees down.
Best in default position.

bidn’t like extreme adjustments.
Good for flight path management,
adjustrment.

Good for own location and threat

bank angle

avoidance.




' o0 change

feature?

1

1
2

Pilot

Pilot
WSO0s

1 w80

1
1

uestion 5.
Format (HS

9

b s et et b S g (S

w80
N80

o gggiition 4.(Continued) Did you use the "new view" feature on the

e viewpoint of the format? How uvseful is the

If you select "new view," change viewpoint,
degselect "new view," then select it again,
viewpoint should go to changed value.
Viewpoint too far back.

Useful for setting personal preference.
Good for terrain clearance.

Useful for air-to-ground transition.

Hard to see ownship symbol with level
viewpoint.

What is your opinion of the Horizontal Situation

HSF)? How well does it provide information about the
tactical situation? Any suggestions for changes?

Pilots, 13 WSOs

Pilots, 2 WSOs
Pilots, 2 WSOs
»ilot, 1 WSO
Pilot

Pilot

Pilot

WSO

WSO

WSO
WSO

Bow Change

4
2

b

T 1Y

Pilots, 3 WSOs
Pilots, 2 WSOs
Pilot, 1 WSO

Pilot, 1 wWsO
W8O0s

Pilot
Pilot

Pilot
Pilot

Excellent. Good situatinnal awareness
picture.

Prcvides tactical information very well.
Color better than monochionme.

Liked ability to de-center ownship.

It’s a pretty radar scope.

Not guod for close-in work.

Too far from HUD for cross-check.
Difficult to judge altitude in HSF.
Almost indispensible for threat and terrain
avoidance.

Not great for tactical infcrmation.
Important format. Make it larger.

Add range up and range down buttons vs. range
change cycle.

Label range rings or make the:a constant
radius in NM.

Terrain should be available from high
altitude to plan descent.

Show preplanned alternate route earl ier.
Flash new threats 5 seconds or until
acknowledged by WSO.

Put ownship halfway between center and
bottom.

Move time and distance readouts to HUD or
PSF. Too far away on HSF.

Add time-to-go to next waypoint in air mode.
Too cluttered with All Threats selected.




Question 5. (Continued). What is your opinion of the Horizontal
Situatios: Forma

HSF)? How well does it provide information

about the tactical situation? Any suggestions for changes?

How Change
Pilot

Pilot
Pilot

Pilot
WSO

WSO
WSO
WSO
WSO

WSO

wso
wso

WSO
WSO
WSO
WSO

Wso
WSO
WSO
Pilot, 1 WSO

L N N o o = X S Y R

1 Pilot, 1 WSO

1 wso

Add declutter switch to eliminate non-
immediate threats.

Remove lock-on circle around ownship. It
covers other information.

Add aid for reaching specific time-over-
target.

Add predictive vector to nose of ownship.
Need better indication of terrain below
current altitude.

Show WSO aircraft attitude on HSF.

Show full 3-D ownship launch envelope.

Need North-up option.

Add compass indication around periphery of
format.

Add offset to left and right as well as
bottom.

Add weapon and countermeasures select status.
Have range readout show total range and range
of rings, e.g., 160/40.

Change range scales to multiples of 5 NM.
Increase range options.

Make range rings dimmer.

Indicate selected weapons on selected
targets.

Indicate which are pop-up threats.

Add airspeed i:..dicator.

Add low altitude warning.

Add ability to set up route deviations with
waypoints to provide path guidance to pilot
for flying around threats.

In air mode, show iadividual target bearing,
closing velocity, aspect angle, altitude
differential, missile assigned, and single or
multiple.

Eliminate Close Look formats and window in
the information on the HSF.

In transition, may need two HSF’s, one on
small scale and one on large to monitor both
grourd and air situations.

L8,



Question 6. Should the HSF background change color as a function
of Master Mode? For example, green background in GND Mode and
black background in AIR Mode. How would this information be
useful?

12 Pilots, 11 WSOs No. Leave it as it is.
3 Pilots, 3 WSOs Yes. Might help.
1 Pilot, 2 WSOs Didn’t notice. Don’t know.

Question 7. How easy is it to correlate threat type, position
and mode information across the PSF and HSF? How useful is it to
have threat information presented on two displays with different
viewpoints?

9 Pilots, 8 WSOs Good. No change,

2 Pilots, 3 WSOs Better in color.

2 WSO0s Need range to threats on PSF.

1 Pilot Not that useful.

1 Pilot Good in ground mode, weak in air mode.

1 Pilot Need to be more specific to support tactical
decisions.

1 Pilot Flash threat envelope for launching threats.

1 wWso Good in air mode, not as important in ground
mode.

1 wWso Identify missile type on lethality envelopes.

1 wWso Make threats transpai :t cn PSF.

1 wWso Indifferent to different viewpoints.

1 wso Good for identifying pop-up threats.

Question 8. How useful was the preview feature on the HSF and
PSF? During which mission phases is it most useful? Any
suggestions for changes?

10 Pilots, 5 WSOs Worthless. No time to use it.

1 Pilot, 5 WSOs Good for briefing, ingress and egress.

4 WSOs Distracting or disorienting.

2 Pilots, 1 WSO Good in both air and ground phases.

3 WsOs Limited use.

2 Pilots Good but didn’t use it much.

1 Pilot Good for back seater.

1l Pilot Must run quicker.

1 Pilot Replace with capability to center HSF on
cursor-selected location.

1 wso Bad to displace real time display.

1 wso Revert to real time if threat launches.

1 WSO Computer should show primary recommendations

and alternates.
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Question 9. Which display (HUD, PSF, HSF) did you find most
usefu or threat information? Lease useful? Was the

distribution of threat information across the HUD, PSF, and HSF
appropriate? 1If not, what would you change about the

distribution?

Most Useful

1 pilot, 9 wWSOs HSF most useful. J

6 Pilots HUD most useful.

2 Pilots, 3 wWsOs PSF and HSF both good.

3 Pilots, 1 wsoO All good.

4 WSOs Used HSF for planning and advance work, then
PSF for execution and close-up work.

2 Pilots, 1 WSO PSF most useful.

2 Pilocts PSF good for threat avoidance.

1 Pilot HUD and HSF tied for most useful.

1 Pilot HUD, then PSF, then HSF.

1 Pilot HUD well arranged. Missile time-of-flight
was useful for timing expendables. Missile
and tractor beams on HSF good.

1 Pilot Threat warning and mode change in HUD good.

Least Useful

3 Pilots PSF least useful.
2 Pilots HUD least useful for threats.

Distribution of Threat Information

4 Pilots, 5 WSOs Distribution of threat information good.

How Change Distribution

2 Pilots Switch positions of PSF and HSF.

2 Pilots Add more threat information to HUD.

1 Pilot For pilot, combine information and eliminate
HSF.

1 Pilot Time-to-go for missile impact useless to
pilot., WSO may use it.

1 wWso Reduce threat depiction range on PSF, so

distant threats don’t cover closer ones.




guostion 10. Wwha: is your opinion of the Detail Close Look
ormat? Doas it provide adequate and useful raid assessment
information? Any suggestions for changes?

Pilots, 13 WSOs
Pilots

Pilotsg, 2 WSOs
Pilots

WSO8

Pilot

How Change.

Pilots, 3 WSOs
Pilots, 4 WSOs
Pilot, 1 WSO

HNNNDeYW

Pilot, 1 WSO
WS0s

Pilot
Pilot
Pilot
Pilot
Pilot

Pilot
Pilot

WSO
W30

WSO
WSO

Pl s s e N HDW

1 WSO

Good. No change

Unusable and confusing.

Better in color. Worse in monochrome.
WSO used this. Pilot didn't.
Difficult to learn.

Pilot may not have time to use it.

Integrate formation and detail CLPs.

Hard to correlate groups between HSF and CLF.
Make CLF a separate display. Don’t displace
PSF air mode.

Display actual rather than relative altitude.
Have digital readouts default to airspeed
rather than relative altitude.

Prefer Formation Close Look Format.

Rather have PSPF.

Not sure £flight vectors are useful.

Speed readouts are good.

Close Look Format should default to formation
when first selected.

Use letters rather than symbolic coding.
Symbolic coding of fighters and bombers would
be better.

Make symbols smaller to make room for more of
them.

Assign missiles to air targets as in Fl4A.
Add arrows to flight vectors.

Have digital readouts default to previous
selection (airspeed or relative altitude)
when Close Look is reselected.

Use textures rather than gray shades in
monochrome.

Question 11. What is your opinion of the Formation Close Look
Format? Does it provide adequate and useful information about
the target formation? How useful is TRACK selection feature? Any
suggestions for changes?

13 Pilots, 6 WSOs
1l Pilot, 1 WSO

1l Pilot

1 Pilot

1 Pilot

Good.

Confusing.

Barely adequate.

WSO used this. Pilot didn’'t.

Correlated well with HSF for BVR information.




Suestion l1l1. (Continued) What is your opinion of the Formation
ose Look Format? Does it provide adequate and useful
information about the target formation? How useful is TRACK
selection feature? Any suggestions for changes?

1 Pilot Easier to find who's targeted than on Detail !
Close Look Format.
1l Pilot Altitude and airspeed readouts good for
targeting. ‘
1 wso Didn’t use it too much. -
1 wWso Difficult to correlate with HSF.
1 wWso Hard to follow if groups split up.
1 wso Used Detail Close Look Format more because I

cculd only see the ones I was tracking on the
Formation format.

TRACK Selection

4 Pilots, 4 WSOs TRACK select was useful.

1 Pilot, 2 WSOs Did not use TRACK select often or at all.
1 Pilot TRACK select was not helpful.
How Change

5 Pilots, 2 WSOs Add 1p, range, bearing, aspect angle, closing
velocity, target speed, etc., to Formation
CLF and eliminate Detail CLF.

2 Pilots Make it 3-D so you can view it from different
angles.

1l Pilot Use ID letter for group and number for
aircraft within group.

1 Pilot Move to MPD.

1 Pilot Make ownship vector more conspicuous.

1 Pilot Formation should be relative to ownship - an
eyeball picture of what crew is looking at.

1l wso Make symbols smaller to accommodate more of
then.

1 wso Add auto scale change to keep targets in
field of view.

1 wWso Need more range available when formation
dispurses.

1 wso Display target aspect very clearly.

1 wso When reselected, keep previously selected
range.

1 wso Keep all the aircraft in the formation on the
scope even if they were separated by a few
miles.
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Question 12. What is your opinion of the Engine Status Fcrmat?
Does e composite thrust bar provide adeguate and useful

information to set and monitor thrust? Any suggestions for

changes?

“ 12 Pilots, 1 WSO Liked it.

7 Pilots Like the composite thrust idea.

1 Pilot, 3 WSOs W80 needs this, too.

2 Pilots Better in color.

1 pilot Nice to have.

1 Pilot Did not like it.

How Change

3 Pilots, 1 WSO Show 0il and EGT by exczption.

3 Pilots Make fuel flow digital, take out arrows.

2 Pilots Show digital fue) flow in hundreds of pounds
per hour.

2 Pilots Put thrust levels together.

1 Pilot Too much critical information in one place.

1 Pilot Seemed confusing. Simplify.

1 Pilot Make actual thrust wider.

1 Pilot Use conventional thrust percent or analog
display.

1 Pilot Delete throttle setting thrust bar, keep
thrust command carets.

1 pilot Make thrust limits more obvious.

1 pilot Move power reguired.

1l Pilot Need digital oil.

1 Pilot Put oil and EGT closer to Lorizontal center
of format.

1 pilot Show o0il pressure as a bar graph, like oil
quantity and EGT.

1l rpilot Add EGT readout next to EGT gauge.

1 pilot Make composite format showing thrust, fuel
quantity, CM and missile status, then call up
other informaiton when needed.

1 pilot Use vertical tape for fuel flow.

1 Pilot Add fuel totalizer.

Question 13. What is your opinion of the Stores Status format?
Does it provide adequate and useful information tc monitor the
type, number and status of stores on board? Any suggestions for
changaes?

12 Pilots, 15 W50s Good. Useful.

3 Pilots, 8 WSO3 Color better.

1 Pilot Nice to have. Didn’'t dd much.

1 Pilot Concept good. Needs a little improvement.
1 Pilot Good in both color and monochrome.

1 pPilot Liked halos and what’s selected.

1 wse Difficult to represent variety of ordinance

we have today.

;
L
!
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gstion 13 (Continued) What is your opinion of the Stores

TS

ormat? Does it provide adequate and useful information

to monitor the type, number and status of stores on board? Any
auggestions for changes?

How Change

1 pPilot
1 Pilot

1 Pilot
1 wso
1 w80
1 wso

Add readout of weapon being launched.
Coloring sometimes confusing. Use letters
instead.

Too big. Digital better.

Add shoot cue for WSO.

Add target assignments.

Put weapon assignment with target on HSF,
then Stores Status would be less important.

Question 14. What is your opinion of the Stores Programming
Format How useful

programming options be useful in fliyht? Any suggestions for
changes?

12 Pilotsg, 12 WSOs

Pilot
Pilot
WSO

b e = O U O

Pilots, 8 WSOs
Pilots, 5 WSOs
Pilots, 1 WSO
Pilot, 1 WSO

How Change

Pilot

Pilot
Pilot

Pilot
WSO

W80
WSO

O N R R

is it during preflight set up? Would the

Good.

Would be useful in flight.

Good for preflight.

OK but too large.

Too many button presses.

WSO should use in flight.

Set and forget. Not useful in flight.
Awkward. Ripple and salvo not universal,
quantities need to be more precise.

Have default (leftmost) weapon selections
already made, crew use only inflight.

Use disk or tape to prz2load information.

Reduce number of steps. Perhaps make it

HOTAS.

Use keyboard rather than stepping through
selections.

Continuous menu around periphery would reduce

button presses.

Allow for multiple designation of ordinance.
Allow pretargeting of weaporis to reduce
workload during critical periods.
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Question 15. What is your opinion of the Countermeasures Status
rormat? Does it provide adequate and useful information to

‘ aonitor the level and status of electronic expendable

l : countermeasures? Any suggestions for changes?

+ 12 Pilots, 15 WSOs Good.

2 Pilots, 1 WSO Color bettar.

1 Pilot Important information.

I Pilot No difference between color and monochrome.

1 pilot Didn’t use it. “C" and "F" were OK.

1 wWso Better in monochrome. Maybe darker green
would help the color version.

How Change

3 Pilote Use digital for expendables remeining.

1 Pilot Use advisory light for jammer and countdown
for expendables.

1 Pilot For ECH, indicate loss of capability.

1 pPilot ECH standby and chaff or flares low all
amber. It’'s confusing.

1 wso Could be smaller.

1 wso "Permission requived" should be shown where
crew is lookinyg.

1 wso #dd ability to stop automatic deployment.

1 wso Move cue for "Permission Required" closer to

primary field of view.

Question 16. What is yovr opinion of the Countermeasures
Prog.amming Format? How useful is it during preflight setup?
Would the programming options be useful in flight? Any
suggestions for changes?

15 pilots, 12 WSOs Good.
2 Pilots, 6 WSOs Useful in flight.

1 wso Awkward to access due to menu cycling. ‘
How _Change
: 1 pilot, 1 WSO Need more variations. i
. 1 Pilot Use keyboard rather than stepping through. !
1 Pilot Preprogram on tape. Plug in to airplane.
1 Pilot "Permission required” optiun should be
available when airplane is maneuvering.
1 wso Too long head down in flight. Have single
switch for another option.
1 wso Get away from menus. !
1 wso "Permission required" option should be <

available full time. j
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Question 17, What is your opinion of the Electrical, Hydraulic,
Fuel Systea Status, and Passive Sensor formats? Do they provide
an sppropriate level of information about system healtl: and
system problems? Any suggestions for changes?

6 Pilots, 9 W8Os Color better.

S Pilots, 4 W8Os Good.

4 Pilots, 1 WSO Status formats should come up automatically
with Master Caution.

1 Pilot, 1 wsO Make them all sirmpler. Display only required
actions.

1 pilot System displays for engineers, not pilots.

1 wso Should be able to know what systems are¢ lost
without having to refer to specific system
format.

1 wso Nice to have schematics for electrical,
hydraulic and fuel.

Checklists

1 pilot Checklist good.

1 pilot Integrate checklists on status formats.

Rlectrical

S pilots, 2 wW80s® Electrical good.

1 pilot, 1 wW8O Better in color.

1 pilot OK, but unneeded.

1 pilot Add alphanuaerics to clarify.

Rydraulic

3 pilots Aydrauviic somewhat difficult.

2 Pilots Hydraulic good.

1 pilot Good in color. More difficult in monochrome.

1 pilot Cluttered and unneeded. An indicator light
is sufficient.

1 Pilot Add alphanumeric list of lost systems.

1 pilot Add alphanumeric labels.

1 pilot Substitute alphanumeric advisory for color
coding of single thread systems.

1 wso Good in both coulor and monoschrome.

1 wW8o Simple and clear.

1 wso Cryptic, needs training.
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Fuael

4 Pilots, 2 WS0s
2 Pilots

1 pPilot
1 Pilot

1 wso
1 wso

Pagsive Sensor

8 Pilots, 7 WSOs
6 Pilots, 7 W80s
1 pilot

1 w80

Continued
ystem Status, and Passive Sensor formats? Do
provide an appropriate level of information about systam
heaith and system problems? Any suggestions for changes?

What is your opiniun of the Slectrical,

Fuel good.

Add alphanumerics to identify system
components.

OK but too much. Totalizer would suffice.
Showing pumps and rerouting fuel lines a
little confusing.

Difficult to read. Should be more clearly
designated.

Fuel status should show both total and
useable fuel.

Even worse in monochronme.
Passive Sensor very difficult.
Neat picture.

OK.

s§ent£ou 18. What is your general opinion of pictorial displays?
you like best about the display formats used in this

simulation? What do you like least? Would you like to have

pictorial formats in a fighter of the future? FPor which

displays?

12 Pilots, 16 wWSOs

3 rilots, 4 WSOs
4 Pllots

1 pilot, 1 w80
1 rilot

Color

2 Pilots,. 3 WSOs
1 Pilot, i w80

1 pilot

Good.

Like these formats. All useful tactically.
I like them. They are very close to what
should be there.

Reduced workload with these formats.
Increased situational awareness.

Color auch better.

Color eagcier initially, monochrome could be
effective.

Love color but sometimes overused here.

D-18
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g¥g.tgoa 18. {Continued) What is your general opinion of |
pictoria splays at do you like best about the display

; formats used in this simulation? what do you like least? Would
3 you like to have pictorial formats in a fighter of the future?
- Por which displays?
. ’
b Liked Best
1 pilot, 1 w80 Liked the HSPF and 3-D aspects of the PSP, 4
1 rilot HUD, pathway-in-the-sXky, and Engine Status
3 were especially 2asy to learn.
L 1 pilot Liked the NLE arrows, especially in color’
E: invaluable in air-to-air combat.
. 1 pilot Liked the PSF beut; it was well done.
1 pPilot PSP and NSF are really good in correlating
overall aission.
! 1 pilot Threat information excellent.
: 1 pilot lng:no and system health formats were very
good,
1 pilot Alrcraft classifications on Close Look Detail
format are great - easy to interpret.
1 wso USPF and PSP helped a lot in navigation, and
in threat and terrain avoidance.
1 wso HSF and PSF together are excellent aids.
1 wso Liked the volumetric indications of SANs and
AMAS
i 1 w80 All the ground sapping displays were nice.
1 W80 Liked the countermeasures setup and weapons
programming.
Liked Least
1 rilot Liked the NUD least.
1 pilot Liked the pathway (on the HUD) least; it was h
too loose, sloppy, and hard to follow. Not
enough information on the ERUD and PSF to keep
out of the ground.
1 Pllot Pathwvay-in-the-sky is not the greatest
answer; should only be an aid.
1 Pilot Liked monochrome PSF least, especially in 4
lony range air-to-air.
1 Pilot Liked Detail Close Look format least; too
complex.
1 rilot Terrain clearance was questionable.
1 wso Target information on HSF and Stores Status
display was very difficult to interpret in
sonochroae.
1 980 Liked Passive Sensor Health format least.
1 W80 Liked redundant displays least. It is
possible to have identical displays up on
either side, especially in heat of battle;
irritating.
D-16 E
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Q¥cttlon 18. (Continued) What is your general opinion of
pictoria splays at do you like best about the display
formats used in this simulation? Wwhat do you like least? Would

you like to have pictorial formats in a fighter of the future?
For which displays?

» Pictorial Prormats in Pighters of the PFuture

3 Pilots, 3 WS0s Would like to have pictorial formats in
fighter of the future; absolutely.

1 pilot Would like to have NUD, pathway-in-the-sky,
PSP, NSFr and Engine Status; all are
excellent.

1 wso The only problem I foresee is lack of 3-D
avareness in some case¢s, working with 2-D
continuously.

1 w80 Wouid cut down on workload in both seats.

1 wso Would be very good if crews were well trained
to use them. Would be great for visual or
sarginal VNC conditions as a croascheck.
Would have a hard time accepting them in

total IFR.
1 pilot Would like HSFr. it is invaluable. Also HUD.
1 pPilot HSF should be on our planes right now; no

reason not to. Same for elecirical system
formats, hydraulics, and things iike that.

1 pilot Would like at least the PSF and HSF; the
overall view that they provide is definitely
needed.

1 Pilot Would like HSF with fast update and scrolling
feature, ownship-stabilized.

1 wso Would like to have the PSP as a radar varning
display, and the HSF as a projective map
display.

1 wso Would definitely like to have in future

aircraft. Would like PSF for low level; HSPF
for route choice and low level; all NPD’s for
system analysis.

Ganeral Comments and Suggestions

2 Pilots Use alphanumerics where necessary to clarify
what the pictures are.

2 Pilots Add trend information to heading readout.

1 pilot Would like "growing bar" symbology for
altitude to give trend information.

1 pilot Make digital readouts on all displays larger.

1 pilot Too much symbology on all the displays.

1l pilot Use symbology that carries over from format
to format.
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estion 18.(

plctoria
formats used in this simulation? What do you like least? Would
you like to have pictorial foraats in a fighter of the future?

For which displays?

1

1
1
1
1
|
b |

Pilot
Pilot
Pilot

wso
wso

wso
wso

CQntxnuch What is ¥our general opinion of
P at do you like best about the display

Tone down color; too bright for dim
visibility situations or night use.
Increase resolution of displays, especially
primary control display.

Don’t overuse pictures when analog displays
adequate.

Try to declutter as much as possible.
Navigation and threat depiction especially
good.

Need pictorial formats for air engagements,
but not like this.

Reed maneuvering information for air
encounter.

HUD Comments and Suggestions

4
2

2

P o

ot ht b e

Pilots
Pilots

Pilots
Pilo*
Pilot
Pilot
Pilot

Pilot
Pilot

Pilot
Pilot
Pilot

Pilot
Pilot

Nake all digital readouts on HUD larger.

RUD should have pitch indicator to indicate
where to bring airplane to get above terrain.
Rliminate transitional flight director on
BUD; use pathway to bring you back to
preplanned route.

When I’m off the pathway, I'd like » gross
steering cue on NUD that tells me which
direction the pathway is.

Add angle of attack to the RUD.

Must have "low altitude" visual warning on
HUD.

Shovw airspeed in knots on HUD, even in air
mode.

Sero pitch line needs to be more conspicuous
on KUD.

Change caution and warning alevtts on HUD; one
suggestion is to make only ownship symbol
flash.

Preferred nonochrome for the HUD; weapon
release cuc was difficult to see in color.
Reading, altitude and airspeed should be
analeog on HUD.

Use heading tape on HUD.

Put heading tape on horizon or bottom of HUD.
Show acceleration and angle of attack on HUD.
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g¥cltlcn ll.(continuedg What is your general opinion of
ctoria at do you like best about the display

&t
ormats used in

ays
this simulation? What do you like least? Would

you like to have pictorial formats in a fighter of the future?

Por which displays?

Other Commente and Sugqestions

W30s
Pilot

Pilot
Pilot

e e e

Pilot

s

Pilot
1 wso

Stores formats best.

Add flight vector to PSF and HSF to aid in
flight path control.

tngine Status format was too busy for
criticai items.

Bliminate (caution and warning) borders on
displays; thay are distracting and unneeded.
Too much time spent cycling through
Hydraulic, Electrical and Puel Status
formats; indicator lights and fuel totaliszer
would suffice.

Systea health formats too big and too
detailed.

Add gun symbol or aiphanumerics to AAA
envelopes on HSF.

sggntton 19. 1In this simulation, we demonstrated the use of a
ew cursor designation functions. What did you think of these
functions? What do you think are appropriate cursor designation
functions in fighter aircraft?

6 Pilots

3 Pilots, 3 wWsOs
1 Pilot, 2 wWSOs
2 Pilots

4 W80s

Didn’'t use it.

Functions appropriate.

Easy to use.

Nice to have for pilot. Better for WSO.
Punctions were standard, easy to learn.

Appropriate Cuwrsor Functions

2 W80s
1 pilot

Use cursor to insert waypoints for return to
planned route.

Important for targeting, designating
aircrafc, taking a closer look; for ground

targets, and ground information froa sensors.

Very important, egpecially in dual aission
aircraft.

D-19

— i A S— e - —mAmAmsaewAAsRASARARESAASAN AAAAGRAANRIAIASAAAARA AR



Question 19, QCOntinuod‘ In this simulation, we demonstrated the
uge of & few cursor designation functions. What did you think
of these functions? What do you think are appropriate cursor
designation functions in fighter aircraft?

Appropriate Cursor Furctions
Cursor should be available to identify 1

1 pilot

1 Pllot
Pilot

[

w80
w80
wso
w80

I I I T

w8o

wvaypoints, targets; to offset waypoints; to
update present position; to re-center display
around cursor; to display time-and-distance
to cursor-display on NUDL or PSF.

Use to designate a threat for more
information.

Could be used on NPDs to select modes, or
used for switching to keep hands on stick and
throttle,

In the A6, it would be very useful to use a
cursor to designate a target quickly.

Useful to designate new flight path, for
example to avoid threats.

Use cursor for more thorough update of
nevigation systea.

Use cursor to point out features to other |
crew members.

Need range and bearing to any cursor-selected
point.

In air mode, use cursor tn invoke expand
function, do missile assignment and control
dats callup.

Other Coamments or Suggestions

Pilots
Pilot, 1 480
Pilot, 1 WSO
WS8Os

Pilot

Pilot

Pilot

Pilot

Pilot
Pilot

Pt pes o gt gt s B et P D

1 Pllot

Cursor difficult to use.

Nake cursor bigger.

Need better cursor control method.

Move cursor control keys to the left.
Cursor position and use are good.

Cursor nevda to move faster.

Cursor difficult to see.

Cursor button should be controlled by left
finger.

Move cursor control to throttle.

Make cursor a multiple position switch so
that the entire process can be done with one
finger in a few movements.

Works fine as long as you can hook (desired
item). I don’'t think that there’s enough
precision from what you can see on the HSF.




Question 19. (

CQntinuodl In this simulation, we demonstrated the

use of a few cursor designation functions. What did you think of
these functions? What do you think are appropriate cursor
designation functions in fighter aircraft?

| Other Comments or Suggestions

1 Pllot

1 Pilot

- g

wso
wso

wso
wso

weo

b s s e s

w80

[y

wso
1 wso

Would have to be mechanized to be hands-on-
stick-and-throttle for the pilot to be able
to use.

Have larger sone of acceptance for cursor.
Get close then it jumps to nearest thing.
Too many button switches necessary.

Avkward, because the cursor was controlled
with the right hand, and the left hand had to
cross body to reach switches.

Put all cursor controls on the control stick,
or in one place.

Works well., Originates on ownship, which is
vhere it should.

Cursor designation took too long.

Very sensitive takes some practice to
control.

If you miss a designation, you have to start
all the way over; that takes too much time.
Hava several aiternate routes preprogrammed
and selected with a control-display unit or
switch instead of cursor.

Preview function was slow and didn’t offer
mauch information.

"New View" function was a little difficult.

D-21

. il IV WY yee ey Y Iy Y 38 Y.LV LV STV RW IV, ALY 1Y TS




