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PREFACE
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during this effort. C
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1.0 INTRODUCTION
1.1 Bndtgron.nd

~ The increasing complexities of modern weapon systems and missions are placing
"demands on pilots and aircrews that often exceed their ability to perform in the
traditional manner.. Advanced avionics and supporting ground systems are capable of
collectihg, processing and distributing unprecedented amounts of operating data, much
of which is essential ir order to cope with current and projected mission requirements
and threat situations. At the same time, the air vehicle, subsystems, and weapons are
themselves becoming more sophisticated in order to support performance goals and
“extended operating conditions. As a result, pilots are being faced with vastly more
- information to interpret, more complex mstructlons to give their onboard systems, and
coﬂslderably less time to perform these functions. Desired performance gains
associated with new and “improved” weapon Systems may not be achieved if these
requirement- exceed the aircrew’s ability to perform.

Historically, pilots have been able to function successfully at an "operator” level,
exercising direct monitoring and control over many of the individual components and
subsystems that comprise the total weapon system. In this capacity, the pilot
effectively performed the integration function in real-time. Using essentially raw
data,‘he was required to search, monitor, interpret, transform, integrate, and evaluate
multiple readouts in order to arrive at the alternatives, decisions and control actions
needed to manage his aircraft and mission. Raw data for this purpose was most
typically obtained from dedicated electromechanical instrumentation in alpha-numeric
_form. In the current complex environment this approach is no- longer feasible; it has
_become Clear that the information processing capacity of man can severely limit the
overall performance of the system. Modern efforts toward cockpit integration are
- dramatically enhancing the role of the crew, allowing him to more effectively exercise
appropriate aIrcn!t and mission con'trol fmctlom‘ ata "muhgement‘ level.

-‘Tednologlu that have resulted in increased complexity have, at the same time,
created some of the advances needed to solve the problem. Rapld advances in °
: computlng and dnu prooessing technology have made lt possible to automate. rnany ol,




the raw data functions previously performed manually, thus offering the pilot
processed decision-}2sel information tailored to "management” responsibilities. Mass
storage and high sueed processing also provide the potential for more and better
systems and missici: information available to the pilot than he could hope to achieve
rnanually, as well as the means to heip determine what information is needed and
when. Multifunction electro-optical displays and controls have given the crewstation
desi'gner. and the pilot vastly increased levels of flexibility in the cockpit. The flexible
programming offered by these devices allows for the true integration of information
and control functions according to the needs of the pilot, and for the rapid
reconfiguration of the cockpit based on changing mission and system conditions. The
numerous readouts of alpha-numeric raw data once used by the pilot can thus be
replaced by integrated, mission-oriented displays formatted for ease of interpretation,
heightened situational awareness, and rapid decision-aiding.

Until recently, the advantages of programmable electro-optical displays and controls, -
including the use of color and graphic or pictorial information, have only been partially
exploited. Although the flexibility exists, there has only infrequently been a re-
examination of pilot information needs together with the formats and symbology best
able to convey this information. Instead, there has been a tendency to mimic the
information and formats characteristic of the older electro-mechanical devices. The
goal of the present Pictorial Format Displays program has been to extensively explore
the concept of replacing the alpha-numeric data typically used in the past with
i.nt'egrated graphic and pictorial display formats. In the phases of the program
reported here, representative electronic pictorial displays were developed, based on
format concepts provided by the Government, and these displays were then evaluatgd ,
in a real-time, full-mission piloted simulation. ' '

Sponsorship of this work was provided by the Crew Systems Development Branch of
the Air Force Flight Dynamics Laboratory (AFWAL/FIGR), the ECM Advanced
Development Branch of the Air Force Avionics L.aboratory (AFIML/MVID), the Air
Force Armament Laboratory (AFATL/DLJA), and the Naval Alr Development Center.
Both services are conducting a comprehensxve interrelated program to develop the
advanced integrated crewstation technologies needed for future «ircraft. This work
represents a contributing part of these e!tons.




1.2 The Two Simulation Studies

The program reported here consisted of two sequential studies. The basic study was a
general evaluation of the concept of pictorial format displays, while the second used
the same basic displays but concentrated on threat warning formats of the sort which
might be employed in future tactical aircraft. Sections 2 through 5 and Appendices A
and B of this report cover the basic study. Sections 6 through 10 and Appendices C
and D cover the threat wéming study. Section 11 includes the combined conclusions
and recommended format changes. o

13 Test Objectives - Basic Study

The basic study had three primary objectives. One of these was to evaluate usability
and pilot acceptance of a ‘set of service-provided pictorial format concepts for
electro-optical displays. The second objective was to determine whether the degree of
usability and pilot acceptance of the pictorial formats is a function of three basic
display presentation modes: monochromaﬁc, color line, and color fill. The third
objective was to revise the formats based on the data collected. - All pictorial
elements in the monochromatic formats were composed of black and white lines and
surfaces. Pictorial representations in the color line formats were depicted by simple
outlines, but several different colors were used to define e!ements within the formats.
In the color fill fofmats, surfaces enclosed by lme segments were also colored.

Realistic man-in-the-loop simulation was used to evajuate the display formats. USAF .
and Navy aircrews evaluated pictorial formats for seven basic types of displays: head--
up flight displays, head-down flight displays, navigation/tactical situation. displays,
- System status displays (fuel,-electrical, hydrauhc), engine displays, stores management
: duplays, and emergency procedures displays. Data collected from these studies were
used to refine the ongmal formats, where appropriate, and the results are documented ‘
in this. report. Figures 1.3-1 and 1.3-2 show examplcs of the formats. Section 3.
 discusses each in detail. : |




Figure 1.3-1. Flight and Navigation/Tactical Situstion Format Examples
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2.0 TEST EQUIPMENT AND FACILITIES - BASIC STUDY

‘The simulation hardware configuration which supported the bdsic Pictorial Format
| Display Evaluation study is shown in Figure 2.0-1. For discussion, the equipment can
be divided into four groups: simulation host computing and bus communfcation; digital
graphics sysiem; crew station with displays; and supporting elements, mcludmg data
recording units.

2.1 Simulation Host Computers and Bus Communication

An advanced tactical fighter model and a navigation cell with real world coordihates
were used as a baseline for both the manual and autopilot flight modes. Three Varian
V-76 computers and one Floating Point Systems AP-120B array processor provided for

airplane modeling, navigation cells, simulation operating systems, instruction sets and '
airplane derivatives for graphics assembly, and on-line data recording. This part of
the simulation was recomputed each 42 milliseconds. All available data (bidirectional)
were transmitted within two computer .frame times of less than 8% milliseconds.
Digital data was passed from V-76 computer No. 5 through a MIL-STD-1553B digital
data bus composed of one bus control interface unit, two base band fiber optic modem
sets and two bus interface adapter units to the crew station 1/O and to the graphics
generators. This was a 1 Mhz, bidirectional data bus. Programs were written in
FORTRAN and assembly languages. Assembly 'lan’guagé (about 20 percent of total
software) was used for the crewstation 1/0, special switch routines, recordmg devxces,

andtheairplane equatxonsofmotion~

2..2 Digital Graphics System

The digital graphics system was supported by a dedicated SEL 32/2750 computer which

~ had 2 300 megabyte (MB) memory disc, 800/1600 bpi 1/2 inch magnetic tape unit, high
speed line printer, and several line terminals. Two high speed devices served as
parallel interfaces between the SEL 32/2750 computer and two graphxcs generators.

One Mégatek 7250 colo'r raster graphics generator péovided RGB video outputs for
both the HUD and the VSD displays. Both display channels had 512 by 512 ‘pixels
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Figure 2.0-1. Simulation Configuration

resolution updatad at 30 framnes per second interlaced. With the 32 bit parallel
intertace to the Selbus, (3 MB/sec), speeds were 1.75 microseconds per vector and 160
nanoseaconds per pixel average writing time. Internal hardware architecture allowed
for color block fill, vectoring, and 2D/3D transformations. ‘l'he 32 blt wnde bus
 allowed up to two vectors to be processed with a- single memory access, thus -
minimizing processing time and maxxmxzmg throughput to the vector generator and

raster displays. The hardware transformation' modules scaled, rotated, and translated . .

each vector and then clipped the result to the specxfled viewport. This transformauon
was performed on each refresh cycle, providing the fastest frame update rate possxble.

 The Megatek 7250 was supported by WAND 7200, a modular software package o

following guidelines "derived from the latest efforts in computer graphxcs
standardxzation. Call-up routines resided in the SEL 32/2750.

One Lexidata 3400 color raster graphics generator provided RGB video output for the'
. HSD. Line resolution was 640 by 512 pixels updated at .30 frames per second
interiaced. It was interfaced through a 16 bit parallel bus to the SEL computer. Burst
- data transfer rates of ‘up.to | megaword per second (16 bit words) were. typical.




- Normal operating speeds were 2 micrcseconds per pixel update and 3 microseconds per
vector with a 13 microsecond vector set-up time. Image control and manipulation -

features consisted of high speed color look-up tables, zoom control with
magnifications from .1 to 16 poWer in integer increments, pan controllers, multiple
overlays, blink and circle controllers. Image manipulation subroutinas were stored in
the Lexidata 3400 either in PROM or user programmed RAM and called from
FORTRAN library programs resmmg in the SEL 32/2750.

Two Discovision Model PR-7820-3 video disk units provided 525 line, 30 frame per
second, NTSC video through two Lenco PCD-363 demodulator color units to the two
MPDs. The Lenco uecoders received composite color video from the disk players,
demodulated color and stripped RGB and sync from the signal. This allowed RGB
displays and moﬁitors to be used. The MPD units had limiting resolution of
approximately 300 TVL. The PR-7820-3 is an optical laser video disk playe} with a
storage capacity of up to 54,000 frames (1 image list per frame) per side. Direct
random access to any frame out of 54,000 is possible within 2.5 seconds. Access
speeds of 60-120 milliseconds were realized by selective programming of the image

lists onto the disk. The disk units were interfaced through two RS-232 ports of the °

crew station 1/O bus. Digital instructions directed the disk units for freeze frame,
search, framu-by-frame, forward, reverse, and frame by number operations.

2.3 Crew Station and Displays

The front seat of the multimission two-man tandem crew station was modified and

used in support of this program as represented in Figure 2.3-1 and picturéd'in Figure

2.3-2. The crew station was interfaced through a MIL-STD-1553B bus interface
adapter to the 15538 IMhz data bus. Bidirectional digital data was converted in the

crew station 1/O into discrete in and out, analog to digital, digital to analog, and .

digital to synchro data. A local Motorola 68000 microprocessor, connected to the I/O

~ 16 bit parallel bus, provided for local intelligence (i.e, instrument scaling, diagnostics,

test routines, and demonstration capability). -

" Five color CRT monitors were jnstal!éd in tﬁe cockpit for thls simulation. The HUD',.
~ VSD and HSD were eight-inch diagonal, modified NEC narrow shadow mask monitors..

They had ’approximately 480 lines of vertical resolution. The 'HUD was designed for a

23-degree horizontal by l7-degree vertical field of view and was focused at near




HUD * MASTER CAUTION

LEFT =:hE WARN RIGHT FIRE WARN

____MPD 2 MODE
SELECT SWITCHES

B

FLIGHT DISPLAY
OPTION SWITCHES

T FUEL QUANTITY

* COLOR CAPASBLE DISPLAY

- Figure 2.3-1. Front Instrument Panel With Pictorisl Disnlays snd Switches

infinity. The VSD monitor was underscanned to provide a square format. The HSD had
a horizontally oriented 4 by 3 aspect ratio. . ‘ y
The MPD's were five-inch diagonal modified Hitachi.monitors.. The active display afea
was 3-1/% by #-1/4 inches with 200 by 280 color triads. The left MPD was oriented
scanned horizontally and the right MPD was oriented and scanned vertically.

In addition to the full color CRT displays, a flight control stick, dual throttles,
altimeter, accelerometer, attitude iidicator, vertical speed indicator, angle-of-attack,

" and Mach-airspeed instruments were installen and available for use. An autopilot
~ comprising hea‘dihg hold, nav steer, altitude hold, and speed hold were available as
as a seiection of controllers, multifunction switches, and subsystem control panels.

r X Supporting Elements

The simulator crew station was placed before a 60 degree vertical x 160 degree
horizontal spherical section screen. .The screen had a radius of 15 feet with a high
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gain coating. A 70 millimeter, variable speed motion picture projector operating in
coincidence with the air-to-ground simulation scenario presented the out-of-cockpit
scene. Symbology on the HUD was superimposed on, and tracked, the out-of-cockpit
scene, thus provrdmg a basis for color observation evaluanons.

* Oculometer data was obtained with an NAC ‘Model 4 eye mark recorder, a device that

enables the point of visual regard to be monitored. - It was lightweight (14,4 o2),
required rmmmal time to set up and -calibrate, and allowed freedom of head
movement. A V-shaped reticle was sunenmposed on a visual i xmage of the cockpit over
a range of approxxmately 60 degrees horizontally by 40 degrees vertically. The reticle
and image were conveyed via a fiber optic link to a Dage-650 silicon intensified tube

A (SIT) 525 line video camera. The combined image was then recorded on a JVC model

CR 6600U video tape recorder. For runs when the eye mark recorder was not used, a
second Dage camera was employed to record pilot cockpit activity. A Portac Model
DS-1 time and window generator were used to key and mix digital clock time and
frame number information on each frame of the imagery. This allowed rapid access to
specific frames of interest. The video mixing unit clock was activated by a command
from the Varian V-76 host computer at the start of the 'simulation and then ran in
paralle] with the computer clock. The maximum discrepancy between times recorded

- on the video imagery and event times recorded in the V-76 simulation computer was

approxrmately 50 mllhseconds over the course of a 30-minute simulation. A
monochrome TV monitor was on-line to continuously monitor the final video being

lrecorded on the JvC vxdeo recoraer. The pilot's verbal reports were recorded on the

recorder audxo channel. .

A test conductor's console was positioned just aft and above the crew station. The

test conductor had access to the host computer controls. He monitored the simulation

run variables via aTy repeater from the V-76 computer console. He was in constant
communication, thh the subject as well as with other personnel operatmg the:

- simulation equxpment.

i




3.0 TEST FORMATS - BASIC STUDY

All the formats tested in this evaluation - the Head-Up Display (HUD), the Vertical
Situation Display (VSD), the Horizontal Situation 'Display (HSD) and the systems
formats - were created in three versions or display presentation modes. The color fill
mode represented a color hybrid or raster display system. Formats were created with
either lines or filled areas of color. The color line mode represented a color stroke or
'calligraphic display system. The formats were created from colored lines. In the
monochrome mode, lines and filled areas were used but in white-on-black, with no
color. '

Many of the format concepts tested in this evaluation were initially developed in an
'earuer prdgram, and were reported in Reference 1. A number of formats were
changed only as necgssary to implément them in this simulation. In all case$;"_the
salient features of the earlier conceptual formats were retained. - - '

Considerable effort was expended designing and detailing the formats of Reference 1
for dynamic display on CRT's in,a simulator cockpit and further tailoring them to
support a representative mission scenario. All the displays were résponsive to Loth the
 mission and the pilots' actions. The HUD, VSD and HSD were programmed to fly the
mission with real-time updates at an acceptaﬁle rate. They were, literally. ébmputér-
generated imager'y. The formats which appeared on the MPD's. were individually
_static, but enpugh ot them (834) were created to represent all the conditions and
system states required by the mission. The stores programming format was a new .
. development, created to provide cbntrol necessary . to exercise the stoies' status

format.

3.1 Head-up Display

' The head-up display (HUD), shown in Figure 3.1-1, featured a pathway-in-‘thé—sky
flight director, an airplane symbol, synthetic terrain information and data boxes with

+ digital airspeed, heading and altitude. It was the primary flight display, and symbology

was true-scale with the outside world., The HUD field of view was 23 degrees across
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Figure 3.1-1. HUD Display TF/TA Format




by 17 degrees high. Artiiicial terrain, the honzon and the pathway were ground-
stabilized. ’ : .

The pathway represanted the desired ﬁightl path. The entrance gate represented an
area 300 feet wide by 150 feet high. It was 6000 feet long, tapered in perspective
toward the far end, and had a single line extension 20,000 feet long. There were
internal lines on the floor and sides of the pathway at 100G foot intervals. Numbered
flags on the side of the pathway represented waypoints or ground targets.

At high altitude, the terfain was replaé:ed by an artificial horizon line. During flight, a

_caution or warning condition_ was ‘indicated by color change (to yellow or red,

respectively) of the au'phne symbol and data blocks. The symboloyy tlashed to
indicate caution or warning in the: monochrome mode. A red (or vhxte,for
monochrome) "X™ syinbol appeared in the center of the airplane symbol for both
air-to-air ana air-to-grcund weapon delivery. It came on solid to indicate entry into
the delivery envelope, flashed when the pilot pressed his weapon delivery handoff

buttmandduappuredvhenmempon was released or the envelope had passed.

In the color fill mode, mountains on the HUD were green, the ground plane was a
darker green, the channel was white with black markings and the airplane symbol was
blue.. In color Lne mode, the terrain shapes were outlined in green and the channel was
outlined in white. In the monochrome mode, the terrain shapes and channel were black
with white outline. In both color line and monochrome modes, radial lines on the
ground plane, orl;nmtln; at the center of the horizon, provided sky-ground
dmenmhticn. :

32 Vqrﬂal Situation Display
At high altituds, the vertical situation display (VSD) had conventional attituds director

Lidicator symbology. Below an arbitrarily selected 10,000 feet, the low altitude or
terrain-following/terrain avoidance VSD format was available.

. The low altitude VSD format (Flgure 3.2-1) gave a perspective view of the alrcraft,

the desired flight path, the terrain ard surface threats. A 90-degree wide by 67-
de;roo hlgh !lcld of vm was shovm !rom 'y vlowpolnt 6000 !ect behind and 1000 feet




Pigure 3.2-1. VSD Display TF/TA Format - Color Fill




above the aircraft. The desired flight path was portrayed as a five mile long ribbon
beginning 1000 feet ahead of the aircraft symbol and ending 20,000 feet ahead. It was
roughly comparable to the floor of the HUD pathway. Like the HUD pathway, the VSD
ribbon had numbered flags representing waypoints and targets.

Terrain, in the low-altitude VSD, was represented as three dimensional mountain
shapes, brown above current aircraft altitude and green below. A grid on the ground
plane helped create the perspective effect. Rivers, roads, targets and the Forward
Edge of the Battle Area (FEBA) were shown on the ground plane.

Surface-to-air missile (SAM)‘ and anti-aircraft artillery (AAA) threats were shown on
the VSD as three dimensional shapes, colored yellow and red to indicate degree of
lethality. The SAMs were roughly conical with apex downward and axis inclined
slightly toward the planned flight route. The outer volume of each SAM shape was
. yellow and the inside red. Whenever two SAM volumes intersected, lethality was
- considered to be high and the intersection was red. AAA sites were shorter truncated
cones (base down) with uniformly high lethality, and thus were solid red.

In color line mode (Figure 3.2-2), the mountains and threats on the VSD were outlined
with the appropriate color—brown or green for mountains and yellow or red for
threats. In monochrome mode (Figure 3.2-3), mountains above current altitude and the
. -high lethality portions of threat shapes wefe solid white with the remainder of
mountains and the threats outlined in white.

33 . Horizontal Situation Display

The horizontal situation display (HSD) was a plan view projection of situation and
tactical lnf«maﬁm. It was a track
shown in Figure 3.3-1. Information on
numbered waypoints and targets, hount

format centered on the airplane symbol as
HSD included the planned flight route with
ins, threats, rivers, roads and the FEBA.

In ‘the low altitude mode, available
against a green background. As in t

low I0,000 feg_t, these features‘were. shown
VSD, mountains were brown above current
were shown as current altitude slices thrcugh -

aircraft atitude. SAM and. AAA threa
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the red and yellow lethality shapes described above. Digital heading was given in a
box at the top center of the display.

The high altitude HSD showed all the above information except threats and mountains.
The background was black. In air-tc-air mode, the HSD contained only the symbology
shown in Figure 3.3-2. The sec*or shapes represented low (outer) and high (inner)
probability of kill areas for both own and advérsary aircraft. In this simulation, only
the 80-mile scale was available for air-to-air mode and the range rmgs had 20 and 40
nautical mile radii.

A number of option switches were available for the HSD. "Range Increase" and
"Range Decrease" allowed the pilot to select amoung 40, 80, 160 and 320 nautical mile
.along-track display ranges. The selected range was given in a box in the lower left
corner of the HSD. "Fuel Range" allowed the pilot to select or deselect two range
rings. They represented normal and extended fuel range limits. "Target" put an
expanded inset of the target area on the right side of the display. A line led from this
target inset to the actual target location. Three other buttons allowed the pilot to
display digital time and distance to the home base, the next target or the next
waypoint. This mformanon, when selected, was dlsplayed at the lower center and
right of the HSD.

3 Multipurpose Displays

.. Formats on the multipurpose displays pictorially represented airplane systems:
engines, stores, electrical, hydraulic and fuel. Each of these systems had a status
* display. Several (engines, electrical and hydraulic) had associated advisory displays,
and there was also a programming display for the stores system. The engine status,
electrical status and hydraulic status formats were assigned to the right MPD. The
two stores formats, the fuel status format and the advisory formats were on the left ‘
'MPD. Each of these formats is discussed in more detail below.

Like the flight and situation displays, these systems formats each had three versions,

,folbwing the rules for color fill, color Une and monochrome described in paragraph
3000 ' .
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Figure 3.3-2. HSD Display Air-to-Air Format




3.4.1 Engine Formats

Figure 3.4.1-1 shows the engine status format for a two-engine airplane. Engine body
outlines were given with important engine parameters depicted symbolically. The
articulating inlet and exhaust doors were shown. Turhine inlet temperature (TIT) and
exhaust gas temperature (EGT) were shown as thermometers with safety limits
represented by horizontal bars. Compressor speed (N1) and turbine speed (N2) were
shcwn as vertical bars with limits. Fuel flow (FF) to each engine was shown as an
arrow with moving bubbles and a bar for fuel cut-off. The size of the arrows
‘represented rate of fuel flow. The flame at the rear of each engine changed color and
moved outside the burner section to indicate afterburner operation. Figure 3.4.1-2
shows a series of engine advisory formats directing' the pilot through remedial steps
after an engine fire. The pilot was advised by these formats to (a) bring the throttle
of the affected engine to idle, (b) cuf off the fuel to that engine, (c) release the fire
extinguishing agent and, (d) with the fire extinguished, land as soon as possible.

3.45.2 " Stores Formats , ‘

The Stores Status format showed presence or absence of each store on the aircraft and
the state of the stores selection and stores .progfamming options. Figure 3.4.2-1 is an
example of one configuration of the stores status format. Represented are two ECM
pods on the wing tips, two napalm canisters, twelve Mark 82 bombs,. and two air-to-air
missiles. The weapons shown in dashed outline are on board but'not selected. Eight of
the bombs are sclected with nose and tail rolored green to indicate programmed -
fusing. The center sections of the selected ‘bombs are yellow. These would appear
green if the Master Arm switch were turned on and the bombs were completely ready
to drop. The ;riangles near the forward two bombs indicate that they will be the first
~ two to drop. If any store had already been expended, that'positicn would be vacant.

The wingtip ECM pods were represented to have only three states-—off, standby and
on. When. off, they appeared with dashed outline. In standby, the ECM pod symbol

turned yellow and had a solid outline. When the ECM was turned on, the symbol turned -

- blue and yellow lighting bolts appeared forward of the pod symbol. ECM functioned
separately from dropable stores, and could be selected in combination with any of the
- weapons options. ' ' : ' '
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Figure 3.4.1-1. Engin'e Status Displéy
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The only malfunction in the stcres system was a single hung bomb after the bomb drop.
When that happened, the format was bordered in red, the remaining (hung) bomb
turned red and the word "HUNG" was written alongside the bomb. When the pilot
safed the fuses, the nose and tail of the bombs went 10 outline red. When he turned
the master arm switch off, the belly went to out_line red and when he deselected
bombs, the border turned from red to yellow. |

For programming the stores, pilots in this evaluation used alphanumeric menu lists.

One such list was available for each type of store and contained all the available
options for the selected store. Figure 3.4.2-2 is an example of the Stores Program
format. In this example, eight Mark 82 bombs were selected, to be dehvered in paxrs
at 150 foot intervals with nose and tail fused. The pilot could reprogram any store
using the select and program buttcns located just above and below the Stores Program
format.

343 Electrical Formats

The electrical system was represented by two formats. One, the Electrical Status
format shown in Figure 3.4.3-1 was a simpliﬁed schematic of the sysiem. If some
- element of the electrical system failed, a red (for permanent failure) or a yellow (for
temporary failure) border appeared around the format and the picture of the failed
element change'd character. The failed element was shown against a white background
"and a red X was drawn through it, closed for permanent failure and open for
temporary. The Electrical Advisory format showed reqmred actions in pictorial form.
Fzgure 3.4.3-2 indicates an example of a permanent failure of the right generator. The
‘ ~-advisory is to turn the right generator switch off and to land as soon as possible., .

3.4.8 Hydraulic Formats

The Hydraulic Status format, an example of which is shown in Figure 3.4.4-1, followed
a non-schematic pictorial philosophy. The format was a matrix of system (1A, 1B, 2A,
'2B) by status (normal, temporary failure, permanent failure). In case of failure, the
symbol representing the failed element moved to the second column (temporary
failure) or the third column (permanent fatlure). In ar.‘dmon, a yellow border appeared
around both the whole format and the failed element for permanent failure. It was
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~assumed that the hydraulic system had enough redundancy that & temporary failure did
not warrant caution status.

The Hydraulic Advisory formats did not portray remedial action, but instead indicated
the affected airplane system. Figure 3.4.4-2 shows the example of a permanent
failure of the 1B hydraulié system and indicates that the port side control surfaces are
affected.

3.4.5 Fuel System Format

The. fuel system was shown against an airplane outline in the Fuel Status format. A
five-tank system was shown with valves, crossfeed', a refueling probe and a single
boost pump. It was assumed that additional detailé would be provided on an advisory
display as needed. The level of fuel in each tank, the state of each valve and the boost -
pump were represented. Figure 3.4.5-1 shows roughly 35 percent of the fuel remaining
and a closéd valve on the right wing tahk resulting in a fuel imbalance.

i




Figure 3.4.4-2. Hydraulic System Advisory Format .
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&0 TEST PLAN - BASIC STUDY

The test plan for the basic study was derived from the prime objectives. They were to
evaluate the usability and pilot acéeptance of these pictorial formats; determine
whether usability and pilot acceptance are a function of presentation mode -
monochrome, color line and color fill; and revise the form'ats based on study results.

The intent was to provide an operationally valid evaluation under conditions of
moderate experimental control. To this end, current military fighter or attack pilots .
were recruited as evaluators and a within-subjécts factorial design was selected. The
test procedure provided an intensive training and practice peribd before testing began.
: ‘l'he test scenario exposed the salient features of the formats. Data were collected to
* support responses to the program objectives. '

LN Test Subjects

A total of eighteen (18) pilots served as subjects in the study. Nine pilots each were
obtained from McChord AFB and from Whidbey Island NAS. The Air Defense
Command pilots from McChord were current in the F-106 airplane or the T-33 while
the tactical fighter pilots from Whidbey were current in either the A-6 or the A-7.
The special qualifications of the pilots are listed in Table 4.1-1. The pilots had an
‘avr-rage age of 29 years and an average of '1,510 flying hours in a variety of jet
 air:raft. Two additional pilots, one from each command, served as check-out pilots. |
They flew the same schedule as the other pilots. The simulation, but not the formats,

changed - in significant ways ‘after their participation. For this reason, their

* performance data are not included but their responses to the usability questionnaxre

' and the general questxons are u\cluded l

Na'res, teiephone numbers, and home organizations for all participatihg pilots were
mag: available to Boeing approximately two weeks prior to the scheduled test date. A
training package (Reference 2), designed to familiarize subjects wnth the test -
objectives, conditions of test and the simulatim facility, was forwarded to’all puots
for review prior to the sxmulatlon. '




Table 4.1-1. Pilot Qualifications

Mean Range
Age: - ) 29 24 -38 yr§
Total jat hours: 1510 350 - 3,800 hrs
Year of pilot rating: 1977 1968 - 1982
Operational experience:
Pilot no. Branch Type of aircraft
1 N A7,A4,T2
t2. AF T-38, T-37, 7-33
3 N A8, A4, AF-111, F4,T-38
4 AF T-38, T-37, T-33
5 AF F-106, T-38, T-37, T-33
6 N A8, A4,T-38 T2
7 N ' | A6.EA6B, T-38
8 AF | F-108,7-38,T-37,T-33
9 AF F-106, T-37, T-38
10 N A8 A4, T2
11 _AF F-108, 7-38, T-37, T-33
12 N A6 ,A4,T28 T2
13 ‘N A8, A4,T-348, T-2
14 AF. 7-38, 737, 7-33
15 AF 7-38,7-37, 7-33
16 N A8, TA4,T-2
17 N A8, A8B,TA4, T2
18 AF T-38, 7:37, 733
.35




2 Test Design

The experimental design selected for this study was determined, to a large extent, by
two important considerations. The most significant consideration was the requirement
to use experienced pilots as subjects. Using experienced pilots offers the advantage of
'reducing the amount of training required and also maximizes genéralization of
simulation results to the large population of operational pilots. On the other hand, use
of experienced pilots imposes a serious restriction on the number of subjects available
for participation i the study. Théreiore', the experimental design selected for this
study had to be inherently economical in terms of sﬁbject utilization.

A second consideration involved the magnitude of the error variance components in
the performance measures. In some experimental designs (independent-groups
desighs), as the number of test subjects decreases, there is an increasipg risk that
individual differences between subjects may contribute to performance differences
between two or more treatment conditions. Since the number of subjects available for
this study was quite small, it was decided to select a within-subjects experimental
design that would minimize effects due to individual differences.

A block diagram of the test design for the proposed study is shown in Figure 4.2-1. As
can be seen, there were two independent variables: display presentation mode, and
eye movement recorder. ' ‘i'he display presentation mode variable had three levels:
monochromatic, color line, and color fill. Disglay presentation mode was seled:_ed as
an independent variable in order to determine whether the use of more ‘expensive color
displéys would be justified by increased usability anq pilot acce'p',tance.- :

The eye movement recorder variable had two levels: present and absent. This device
was used to obtain information about the nature of the pilots' scan patterns over the
advanced display formats. It.was selected as an indepehdent variable because the eye
movement ,r'ecorder is an obtrusive measurement device. Whenever such devices are
introduced into a realistic working environment, it is possible that the subjects may -
modify their typical behavior. A comparison of operator performance with and
without the device was made in order to determine if the device, in and of itself,
altered the subjects' normal behavior, | .




PRESENT

ABSENT EYE
MOVEMENT |
RECORDER

MONOCHROMATIC COLOR LINE COLOR FiLL
DISPLAY PRESENTATION MODE

Figure 4.2-1.  Experimental Design

The six cells in Figure 4.2-1 represent a 3 by 2 factorial design with repeated
measures. Each subject was teste_d in all treatment conditions of the experiment.
Therefore, error variability due to individual differences between groups of subjects
did not differe_ntially affect the performance measures. This design also minimized”
the number of subjects required and provfded more dJdata per subject than any other
design. Training requirements were minimized since skills learned under initial
training trials transferred to all subsequent conditions.

83 Test Procedure

Before reporting,' pilots had access to, and were asked to study, a "flight manuai"
-(Reference 2) which de'scribed_ the simulator cockpit, the formats to be evaluated and
the missions to be flown. The test shbjects reported to the Kent Space Center in
pairs. - Most pairs consisted of one Navy and one Air. Force pilot. Two days were
required to proceés each pair of subjects through the entire training and test sequence.
The daily test schedule shown in Figure 4.3-1 presents the sequence of events for the
first two pilots. The ‘same basic sequence of events was used for all subsequent test
days except that the order of the treatment conditions was varied. o

~ Each test day began by bringing the simulator on-line and checking to see that all
equipment was operating properly.  Any detected ueficiencies were corrected before
__the first practice or test trial began. o

_On the first d:;y, pilots were given an intr‘bduction to the multimission simulator while
the cab was being initialized for the first practice trial Fol‘lo‘wing the introduction,

the pilots were briefed on the general cockpit layout, the formats to be evaluated, the
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DAY 1

0730-1000 Bring simulator on line and checkout

0800-0930 Introduction to facility and pre-flight briefing

0930-1000 Cockpit familiarization

1000-1040 Practice trial, color fill, autopilot, no eye recorder, no visual scene, subject 1
1040-1120 Practice trial, color fill, autopilot, no eye recorder, no visual scene, subject 2 '
1120-1200 Practice trial, color fill, no eye recorder, no visual scene, subject 1
1200-1300 Lunch Break A

1300-1340 Practice trial, color fill, no eye recorder, no visual scene, subject 2
1340-1420 Practice trial, color line, no eye recorder, visual scene, subject 1

1420.1500 Practice trial, color line, no eye recorder, visual scene, subject 2
1500-1540 Practice trial, monochrome, eye recorder, no visual scene, subject 1
1540-1620 Practice trial, monochrome, éye recorder, no visual scene, subject 2
1620-1700 Taest trisl, monochrome, eye recorder, subject 1

1700-1740 Test trial, monochroms, no eye recorder, subject 2

DAY 2

0730-0830 8ring simulator on line and checkout
0830-0910 Test trial, color line, eye recorder, subject 1
0910-0950 Test trial, color line, no eye recorder, subject 2
0950-1030 Test trial, color fill, eye recorder, subject 1
1030-1110 Test trial, color fill, no eye recorder, subject 2
1110-1150 Test trial, monochrome, no eye recorder, subject 1
1150-1300 Lunch Break
1300-1340 Test trial, monochrome, eye recorder, subject 2
1340-1420 Test trial, color line, no eye recorder, subject 1
-1420-1500 Test trial, color line, eye recorder, subject 2
1500-1540" Test trial, color fiil, no sye recorder, subject 1
1540-1620 Test trial, coior fill, eye recorder, subject 2
1540-1700 Post-flight debriefing

Figure 4.3-1. Daily Test Schedule

operational procedures to be used, and the: fhght plan for the s;mulated massxon. A

one-half scale foamcore mock-up of the simulator cab was used during the ~cockpit -
'layout briefing. .Static pictorial representations on film transparencies were used to

introduce display formats ‘that would be encountered during the‘practice and test
trials. The briefing was conducted in a room removed from the simulator cockpit.

Then the pilots were taken to the simulator cab for familiarization with the operation
"of required cockpit controls and to calibrate the eye movement recorder. ’

F.ach pilot flew one familiarization trial and three practice trials, one with each of the .
three presentatxon modes. Familiarization and practice trials included the same basic
misson profile and flight duration used in the test trials. At the beginning of eag:h :
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practice and test trial, the pilot cormpleted the preflight checklist given in Figure
4.3-2. The eye movement recorder was worn on one practice trial to familiarize the
subjects with its characteristics prior tc data collection. The VMC flight segment was
also presented during one of the practice trials. After the practice trials, each pilot
flew two twenty-four minute test trials with each display presentation mode, one with
the eye movement recorder and one without. Half of the subjects were tested with
the eye movement recorder present on the first set of trials. The remaining half were
tested with the eye movement recorder absent on the first set of trials. The
presentation order for levels of the display mode and eye movemen* --iriables is shown
in Table 4.3-1. As can be seen, the levels of these variables were counterbalanced
over the eighteen subjects. ‘ '

The pilots wore a set of headphones and. a microphone during all trials. They were
asked for verbal system stats repor;cs and for verbal confirmation of the presence and
meaning of emergency conditions. These responses were recorded on the audio .
channel of the eye movement 'video’ tape for subsequent analysis. When the eye .
movement recorder was not worn by the pilot, & video camera recorded an image of
the front panel. R

Fuel Crossfeed — CLOSED
Fuel Transfer Switches — OFF
Flaps — UP, Sweep 25 degrees
Engine and Fuel Master — NN
" Throttles to MILITARY Power (in detent)
Electrical — LH and RH Generators ON .
Gear — UP ' o . '
Standby Altimeter Setting — 28.92 ,
Program Stores: (left MPD) '
Select:
ECM — Standby
. BLU - Rippls, Qty 2, 50 feet A
VK 82 — Ripple, Qty 12: Interval 100 feet;
" nose and tail fused
AAM -~ Single '
Select BLU
Master Arm — OFF
HSD — Select 320 nm Scale
Master Mode Conrol — Select NAV Moude
" Engine Status — ON (right MPD) )
Adjust Seat and Rudde- Pedals
Autopilot — AUTOPILOT ENGAGED
. Hydraulic Control ~ T-bar OFF
Engage RUN on Simutator Control Panel When Ready

' Figure 4.3-2. Pre-Flight Checklist
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Table 4.3-1. Sequence of Conditions for Test i...'s

_ ’ Eye recorder present e Eye recorder absent
Branch Subject Monociirome Color line + Color filt Monochrome Color line Color fill
ANNV ) 1 1 . 2 3 4 5 P
Air Force 2 4 [ A 5 s ' 1 2 3
Navy 3 3 1 2 s 4 5
Air Force 4 e 'O 5 3 1 2
Air Force s 2 3 1 ] [} 4
Nevy s 5 [} . ' 3 1
Novy 7 4 5 e 1 2 3
Air Force 8 - 2 3 4 5 6
Air Force 9 ] 4 5 3 1 2
Nevy 10 3 1 2 s 4 5
Air Forcs 1" ] [ 4 2 3 1
Navy 12 2 3 1 5 ] 4
Newy 13 N 2 3 4 5 s
Air Force 14 .' 4 s [ ] 1 2 3
Alr Force 15 3 v 2 ' 8 4 5
Navy 10 -8 4 5 3 1 2
Nevy 17 2 3 1 5 s 4
Air Force 18 5 ] 4 2 3 1
N Forty minutes were rgserve_a in the daily test schedule to complete each practice and

fest tr.al. ‘This included a sixteen-minute period to reconfigure the simulator, rotate
subjects, and calibrate the eye movement recorder for a subsequent trial.

' Contral of the simulation facility was turned wver to the test conductor only after the

 facility had been initialized by theA laboratory :personnel. ‘Following each test run,
control of the facility was returned to the laboratory personnel to allow them to re-
initialize the equipment for the next test. condition. During the rebirﬁtializatiqn
period, the eye movement recorder was recalibrated as required and data acquisition
was veri{ied. ' |




L X Mission Scenarios

The navigation track for the simulated mission is shown in Figure 4.4-1. Table 4.4-1

defines pertinent aircraft conditions and mission events for each leg of the flight plan.-

The mission covered approximately 240 nautical miles. During each trial the pilot
experienced both Visual Meteorological Conditions (VMC) . and Instrument
Meteorological Conditions (IMC), manual and coupled flight, air-to-air and air-to-
ground weapon deliveries, degraded flight conditions, and axrspeeds from 500 knots to
Mach 1.6.

Leg A

The mit"ion began with the aircraft on autopilot holding altitude at 20,u00. feet and

heading at 330 degrees. The power was set to 500 knots for cruise to the Forward

- Edge of the Battle Area (FEBA). The aircraft had just completed aerial refueling and
was proceeding inbound to the pre-assigned target area, a petroleum dump located at a

railroad switching yard. :

Shortly after: initiation of the mission, the pilot. recewed a communication from an
advanced C3 aircraft mformmg him that two enemy aircrait were proceedmg
outbound from the FEBA on an intercept course. The pilot set she ECM pods to ON,
selected missiles as the active weapons option, activated the master arm switch, and
selected the air-to-air master mode in prepar_ition for the aerial engagement.

Two enemy aircraft appeared at the top of the HSD. Shortly after the missile lock-on
appeared on the [HUD,. the puot launched a missile and one of the enemy aircraft was
destroyed. The second enemy aircraft was beyov\d range for missile lock-on 30 the
aerial engagement was terminated. At this time the pilot set the ECM pods to
: standby, selected napalm as the active weapons -option, tumed the master arm- swnch
off, and selected the navigation master mode o

A "systems status” message was presented over the pilot’s headset as a cue to call up
the subsystem status formats by depressing the appropriate MPD mode select

switches. As each switch was depressed, the appropriate subsystem format appeared
" on one of the MPDs. Both normal and degraded systam status formats were presented.’
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360°/010°
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A .Start - 1
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C - 3-4° .
(o] 4.5
€ 5-6
F 6-/
G 7-1

START

Figurs 4.4-1. Navigation Track




Table 4.4-1. Flight Plan Events

Leg Weether Control (NA'&':'" ' Airspesd Distance Time ) Eventy
A Agprosch N Autogilot | 20K Rt 500 ks 28 i 3.4 min Program weapons, sir-to-eir
FEBA . . . SNCOUNTIT, TODOTT SYSTEMS status
8 Penetrason IMCVMC | Avtopior | 20K-200f | S00kw 3M6nomi | 38min | Failure, report systeme status,
L . ) nuom
C Asprosch If e Ausopdior | 200 ft S00/585 ks | 419nmi’ | 4.8min Faidure, report systems status,
) popup threst
D Tuge e Menusl 200 ft 560 kts 21 omi 2.3 min Detiver stores, hung bomy
E Withdrawel 1MC [ ] 000 000 ks 33.5 newi 3.4 min Failure, svoid tiwests, popup
thrests
F Escese 1C Ausopiton | 20020t | Mach 1.8 4.8 omi 2.6 min Failure, repert systems status
G Rowrn NC Aviopitet | 20k | 000k Xswmi | IBmin Failure, repert systems vt
M0.4 i 228 min

The pilot verbally identified each subsystem as it was selected and reported "normal”

or "degraded" as appropriate. I a degraded 'format was presented, the pilot also
provided a brief verbal description of the nature of the problem'and performed the
appropriate corrective action, if requxred.

LegB

The aircraft descended from 20,000 feet to minimum terrain following’ altitude
immediately after the air-to-air engagement. During descent, the pilot performed

“another systems status check and received a message informing him that the
’ petroleum dump had been destroyed, and directing him to bomb the switching yard.

Upon receipt of this message, the pilot selected bombs as the active weapons option.

As the aircraft passed through 10,000 feet, the pilot selected TF/TA on the master
- mode panel and the low altitude displays appeared. -

‘The aircraft encountered VMC shortly after reaching terrain following aititude. The
total VMC simulation period lasted approximately three minutes. The VMC period was
used to evaluate the degree of visual interference between HUD symbology and a |
dynamic color background, particularly in the color presentations. ‘




LegC

The aircraft autopilot captured a heading of 040 degrees at the beginning of Leg C.
The aircraft returned to IMC and remained in that condition for the rest of the flight.
Another systems status check was performed. The VSD and Horizontal Situation
Display (HSD) formats were used to observe the position of enemy ground threats -
during the approach to the target area.

LegD

The aircraft autopilot captured a heading of 315 degrees at the beginnihg of Leg D and
the pilot assumed manual control of the airplane. The target’ area, a railroad
switching yard, was highlighted on the HSD as the aircraft approached the weapon
release point. All twelve MK 82 bombs were delivered from a wings-level attitude on
a single pass at 550 knots. Weapon delivéry was cued by the appearance of a weapon

' release symbol on the Head-Up Display (HUD). Following weapon release, the pilot

maintained minimum terrain-following altitude for withdrawal from the target area.

A single hung bomb remamed foliowing weapon delivery on selected trials. When this
occurred, the pilot deactivated the master arm switch, deselected bombs as the active
weapons option, and defused the hung bomb. ' :

LexE

The aircraft was flown manually to a heading of 250 'degrees at waypointlls and speed

" was increased to 600 knots. The pilot's primary task during this leg was to use the VSD
' and HSD formats to minimize exposure to enemy ground threats. Displayed ground

threats included both prebnefed and pop-up threats. Prebriefed threats remained on

_ the displays as long as they were within the selected range. Pop-up threats appeared
suddenly as an addition to the orebriefed threats. When a pop-up threat appeared, the

pilot activated a navigation update. switch ‘that fed the new threat data to the
navigation computer so that the flight channel could be modified based on cofnputer-
aided analysis of the best evasive tactic. Thirty seconds were requires to generate a
new flight channel following the pilot's input to the navigation system. Therefore,

control input to update the navxgatxon system had to he made at lcast 30 seconds prior
to intercepting the pop-up threat if it was to be effective. All pop-up threats were

presented from 7 to 12 miles away fron, the aircraft. At an mrspeed of 600 knots, the
N

“




climb and a systems status check was performed.

p;lof ha’d'a. maximum of 12 seconds to detect and respond to a pop-up threat that was 7
miles away and a maximum of 42 seconds to dete:t and respondv to a pop-up threat

- were assumed to be assimilated by the navigation system, but did not actually result in

alterations to the flight channel. When evasion tactics were employed, the flight

channel was programmed to reintercept the mission leg once the threat had been
: avoxded

The autopilot was engaged at waypoint 6 after crossing the FEBA outbound. The
aircraft captured a heading of 190 degrees and the afterburner was used during a Mach

1.6 dash to cruising altitude of 20,000 feet. Power was reduced to 600 knots at top of

LegG

The aircraft autopuot captured a headmg of 126 degrees at the begmmng of Leg G.

‘During the return to home base, the pllot exercised the fuel range ring feature of the
. HSD. A final systems status check was performed in Leg G. -

a5 Emergency Conditions and System Status Reports

'

; Emergency co’nditions were presented on selected trials in Legs B, G, Db, E, F, and G.

Warning symbology appeared in the HUD, the master caution light came on and .

- selector buttons blinked for the appropriate status and advxsory displays. When this

occurred, the pilot selected the proper displays, verbally identified the nature of the

. _ problem and periormed the appropriate corrective acnon, if required. Formats for the

tollowmg emergency condmons were presented:

=~ Left generator failure - temporary*
= Left generator failure - permanent*® .
- Right generator failure - temporary*
- Right generator failure - permanent*
- Hydraulic circuit failure - 1B
=" 'Hydrauli¢ circit failure - 2A

Ky




- Fuel boost pump failure
- Hung bomb*

- Left engine out*

- Left engine overtemp*
- Left engine fire*

- Right engine out*

- Right engine fire*

Some of the emergency conditions required the pilot to take immediate corrective
action. An asterisk (*) has beer: used to indicate all such conditions in the above list.
Nc emergency, with the excepticn of the hung bomb, occurred more than once in the
same mission leg over the six trials for a given pilot. The top half of Table '4.5-1
shows the assignment of specific failures to mission legs for each of: the six trials. A

. dashed line in the body of the table signifies that no emergency format was presented

for a particular leg on a particular trial. The trial numbers in the left column
correspond to the numbers in the body of Table 4.3-1, Sequence of Test Conditions.

System status reports were requested during Legs A, B, C, F, and G. In addition to
normal systems status, verbal reports of the following degraded conditions were
required: :

- Fuel boost pump failure

- Closed valve right wing fuel tank - temporary*
- Closed valve left wing fuel tank - temporary*
- ‘Right transformer rectifier 'failure, - permanent
- Left transformer rectifier failure - permanent -
- Right generator failure - permanent

- Left generator failure - permanent
- Hydraulic circuit 1B - temporary

- Hydraulic circuit 2A - temporary

- Hydraulic circuit 1B - permanent

- Hydraulic circuit 2A - permanent

-« 'Hung Bomb .

- Left engine out

=" Right engine out




Two fuel conditions required the pilot to take inmediate corrective action, as
indicated by asterisks. The bottom half of Table 4.5-1 shows the assignment of

specific status formats to mission legs for each of the six trials. No routine status
reports were requested during Legs D and E when the pilot was flying manvally. The

letters F, H, and E adjacent to the trial numbers in the left column stand for the fuel,

hydraulic, and electrical subsystems, respectivel)". ‘Status formats were determined, in

some cases, by previously presented emergency conditions. If, for example, an

emergency format was presented for a permanent right generator failure, all

subsequent electrical status formats indicated a permanent right generator failure.
The number of degraded system status formats increased from Leg A to Leg G because
each permanent failure remained on all subsequent legs after its initial presentation.

Stores status and normal fuel range were added to the Leg F status request. Stores

siatus, engine status and extended fuel range were added to the Leg G status request.

After each pilot had been exposed to all of the test conditions, a questionnaire and a
structured interview were administered to elicit constructive comments about the
pictorial formats and obtain comparative ;udgments about the usefulness of the three
display presentation modes. The debnefmg emphasxzed the identification of problem -
areas and suggestions for improvements to the display formats. The test conductor
was present during the debriefing period to answer any questions the subjects might
~have and to ensure that all questionnaire iteris were answered completely.

M6 . Test Data Collection .

It is not uncommon to obtain ccnflicting results when ob]ectwe and sub)ectwe data
collection techniques are used. anferences between pilot performance and pilot
ppinion may suggest differential sensmvxty between the two measurement techmques.
Therefore, both sorts of data were collected i in this study.

_ r.&l Pilot Performance Measures
Eigh‘t r'neasure: of pilot performance were recorded. These measures provided
quantitative data with regard to the pilots' ability to. use pictorial information in ;he

three display presentation modes to accomplishs a) flight path control, b) threat
detection and avoidance, c) weapon delivery, d) identificatioh and resolution of -
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degraded system status, and e) identification and resolution of emergency conditions.
It was assumed that deviations from the flight path channel, problems in threat
detection and avoidance, errors in weapon delivery, and dxiﬂculty in the identification
and resolution of degraded or' emergency conditions would be greater for display
presentation modes that were more difficult to use.

Percent of Time Airplane Symbol Within Flight Path Chanriel

Acwracy of flight path control was measured during Legs D and E when the pilots

were flying manually. The magnitude of vertical and lateral excursions from the

center of the flight path channel u'rere'recorded at a rate of one sample per second.
Data collection began when the pilot deselected the autopilot at the beginning of Leg
D and ended when the pilot was instructed to engage the autopilot at the end of Leg E.

La of R to P Threats

Response latency to presentation of pop-up threats was measured in Legs C and E.
Response latency was defined as the interval from the appearance of the pop-up threat

‘on the HSD to the pilot's control input to update the navigation system.

Latency of Response to Missile Lock-on Cue

Response lateﬁcy to 'presentation of the missile lock-on cue was measured in Leg A.

Response latency was defined as the interval from the appearance of the lock-on cue

.on the HUD to the pilot's control input to fire a missile.

Latency of Response to Bomb Release Cue

Response lafency to presentation of the ‘bomb release Cue was n;easured m Leg D.
Response latency was defined as the interval from the appearance of the bomb release
Cue on the HUD to the pxlot's control mput for ~weapon release.

La of Res and ion of Errors in Respondi vtoS stem Status Formats =

Response latency and error data tor system -status formats was measured in Legs A, B,

C, F, and G. Response latency was defined as the interval from the end of the status

N
~
N

N\
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request. to beginning of the response. An error was defined as an incorrect status
report ("normal" when actually degraded or "degraded" when actually normal) or a
failure to perform the appropriate corrective action.

| Latency of Response and Proportion of Errors in Responding to Emergency Formats -

Response latency and error data for emergency formats was measured in Legs B, C, D,
E, F, and G. Response latency was defined as the interval from the appearance of the
emergency format to the beginning of the pilot's verbal response identifying the nature
of the problem. All engine, electrical, and stores émergency formats required one or
more overt motor responses by the pilot. An error was defined as an inappropriate

control input, an omission of a specified control input, or as an incorrect verbal
analysis of the problem.

#3.2 Eye Fixations and Movements

A continuous record of eye fixations and eye movements within the cockpit was

recorded for all pilots in each of the display presentation modes. 'Performance
measures included:

C - Median dwell time on e.ch display
- Proportion of time sr.2nt fixating each display -
- Proportion of fixa .ions on each dxsplay
=" Fixation rate o, each display
- Transitional probabnlmes from one display to another

This data was recorded on video tape for subsequent reductlon and analysu:. Although

care must be taken in interpretating such data, the pattem cf eye movements, in
conjunction with other performance measures such as response latencies, may reveal
display-formét_ deficiencies.

§.6.3 Pilot Opinion Measures

A comprehensive quesnonnaxre was admmistered after all sxmulatxon test trials were

" completed. The questionnaire was composed of three parts. The first part was

designed to examine the pilots’ opirions regarding the reiative usefulness of the three

_presentation modes and to. evaluate the extent to which'the individual formats were
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iniegrated into a coherent. an¢ comprehensive information presentation'system. The
second part was designed to examine the pilots' general level of acceptanée of
pictorial displays and to compare their relative usefulnéss with conventional aircraft
~ displays. The third, and final, part of the questionnaire was designed to o'btain‘ critical
‘comments regarding &isplay dynamics and specific features withi, display formats.
The questionnaire addressed differences between high and low altitude versions of the
primary flight and navigation displays. Topics receiving special attention included:

- Flight path channel on the HUD during IMC versus VMC

- Terrain presentation on the HUD during IMC versus VMC
- Terrain and threat presentation on the VSD '

- Perspective flight path on the VSD

- Terrain and threat preséntation on the HSD L
- Target expanded inset, and fuel range ring options on the HSD
- Stores formats

- Engine formats

- Air-to-air format on the HSD

- All system status formats ’

- All emergency condition formats

51
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3.0 RESULTS - BASIC STUDY
5.1 . Performance Data and Multivariate Analysis of Variance

An on-line data acquisition system recorded the time of selected discrete events.
Output from the on-line system contained the computer clock time for the following
events: ' '

- When the pilot deselected autopilot at the beginning of leg D
- When the pilot selected autopilot at the end of leg E -
- When a pop-up threat was presented
< When the pilot activated the navigation update sw‘ritc_h
- When the missile lock-on cue was presented on the HUD
- When the bomb release cue was presented on the HUD
- When the pilot released a missile
- When the pilot released bombs
- When the pilot activated the air-to-air master mode switch
~  When the pilot activated the MPD mode select switches
- When an emergency format was présenfed
"~ = . When the right or left generator switches were turned on or off
- When the right or left throttle was moved to the idle or off positior;
- When the pilot activated the engine restart switch
- When the pilot received each pre-recorded message iy

In. addmon, the output contained RMS errors for lateral and vertncal deviations from
the’ fhght channel as well as total time and percent of time that the airplane symbol
was within the flight path channel. during manual flight. This information was

generated at the end of each trial. ' .

Error data and response létency' data for pilot's system status repoéts and responses to
emergency condmons were extracted from the audio and the video channels of the
' video tapes. The error data were obtained by monitoring the pnlot's verbal and motor
~ responses and recording whether they were correct or incorrect. Response latencxes
for system status reports were obtained by searchmg for successive requests for
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system status information on the audio channel. For each such request, the digital
clock time at the beginning of the pilot's response was recorded. The difference
between the message presentation time and the beginhing of the pilot's response -
defined the latency of response measure. '

Response latencies for emergency conditions were obtained by locating successive
emergencies on the video channel. For each emergency condition, the digital clock

" time was recorded at the beginning of the pilot's verbal response. The difference

between the emergency onset and the beginning of the pilot's response defined the
latency measure for emergency conditions. ' '

A preliminary multivariate malysis of variance (MANOVA) was perfcrmed to
determine if the presence of eye :novement recorder had an appreciable effect on the
performance measures. The independent variables in this analysis were eye mark
recorder with two levels (bresent or absent) and display presentation mode with three
levels (monochrome, color line or color fiil. The dependent measures included:
percent of time in 150 by 300 foot flight channel, root mean square vertical deviation

‘from {light channel, root mean square lateral deviation from flight channel, latency of

response to pop-up threats, latency of response to missile lock-on cue, latency of
response to bomb release cue, and latency of response to system status requests. The
MANOVA summary table for this analysis is shown in Table 5.1-1. No significant main
or interaction effects involving the eye movement recoder variable were found.

‘Since the eye f(uovement recorder did not differentially affect the other performance

measures, these measures were averaged over the eye mark.and no eye mark
conditions end a second, one-way' MANOVA was perfonmed. The independent variable
in this analysis was display presentation mode with three levels (monochrome, color
line, or c_‘blor fill). The same seven dependent measures were used in this analysis.
The MANOVA Summary table for this analysis is shown in Table 5.1-2. Results of the
MANOVA indicated no significant difference among the three d:splay presentatxon '
modes for the set of seven performance measures.

Table 5.1-3 shows the'mean and standard deviation lfor each performance measure in _

~ the three display presentation corditions. As can be seen, three of the seven
. performance. measures (RMS vertics i deviation, RMS lateral deviation, and latency to
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Effect .. syemark

‘Table 5.1-1. Two-Factor Repeated Measures MANOVA

MANOVA !'or pictoriai format display evaluition

Multivariate tests of significance (€ = 1, M = 2%, N = 4%)

Test name Value Approximate F Hypothesis DF Error DF Significance of F
Pillais . 57759 2.14870 7.00 11.00 . 124
‘Hotellings 1.36735 2.14870 7.00 11.00 124
Wilks 42241 2.14870 7.00 11.00 124
Roys 57750
MANOVA for pictorial format display evaluation
Effect . . display
Multivariate tests of significance (S=1,M =g, N=1) .
Test name Value Approximate F Hypothesis DF Error OF Significance of F
Pillais .76368 92331 14.00 4.00 .508
Hotellings 2.23157 92331 14.00 4.00 588
Wilks - .23832 92331 14.00 400 598
Roys .76368 .
MANOVA for pictorial format display evaluation .
Effect .. eyemark by display
Multivariate tests of significance (S=1,M=6,N=1)
Test name Value Approximate F Hypothesis DF Error DF - Significance of F
Pillais 87741 2.04489 14.00 4.00 .256 -
Hotellings 7.18711 2.04489 14.00 4.00 .258
Wilks .12250 2.04488 14.00 4.00 .256
Roys 87751
Table 5.1-2. One-Factor Repeated Measures MANOVA
MANOVA for pictorisl format presentation mode R .
"Eftect .. displey
. Multiviriate tests of significance (S = 1, M = 6, N = 1) , .

Testname Valie ' Approximate F HypothesisOF - | EmorDF - |  Significance of F

Pilleis 70337 87748 14.00 4.00 | s :

Hotellings 33118 87748 M.m 4.00 ) ’ | 738

Wilks .29663 87748 14.00 4.00 738

Roys 70337




Table 5.1-3. Mean and Standard Deviation for Seven Performance Measures
Monochrome Color line . Color fi
Performance measure pey puy —
X SO X sD X SO
% time in 150 x 300 ft channel 76.0 15 | 44 9.4 77.6 103
RMS vertical deviation 1413 7152 | 1327 98 | 1218 65.8
" RMS latersl deviation ‘ 279.3 1573 257.3 1355 . 2495 1432
Latancy to popup thrests 127 65 155 60 126 6.3
Latency to mimile lock-on 3.1 34 21 1.2 30 37
Latency 10 bomb relaese cus 27 20 26 20 36 - 28
Latency to system status request |  13.0 31 126 | 14 124 15

- pop-up threats) showed a consistent improvement from the monochrome condition to
the color fill condition. In all cases, however, the variability of scores within each
‘condition was much greater than the differences in mean performance between the
conditions. Much of this variability was caused by the high task demands that were
intentionally built into the simulation. For example, on selected trials, a pop-up
.threat was presented shortly after releasing bombs. In additioﬁ, a hung bomb condition
occurred followir.; bomb release on selected trials. A problem with the I_:omb, release
task could precipitate subsequent problems ‘in dealing with the hung bomb or . in
identification of the pop-up threat. Thus, a pure test of the three aisplay presentation
conditions - for each perlormanoe measure was not possible because of the
'mterdependence of task demands. Vihxle the' simulation scenario mtroduced a
considerable amount of error variabihty into the data, it also enabled the test subjects
.to evaluate a large number of display édncépts in a realistic mission-oriented
"environment. The demonstration of these new pictorial display concepts was

comldered in impuortant aspect of this study.




5.2 Eye Mark Recorder Data

A ‘framgfbyoffamg analysis of the eye movement data during manual flight was
conducted to transform each video record into a digital format. A video control‘ unit
with single frame advance capability was used to obtain the start time for each eye
fixation. The following_'procedure was used to complete the manual translation effort.
The cockpit was divided into seven zones for data reduction purposes. These zones
were identified as follows: '

Zone . Display

Head-Up Display
 Vertical Situation Display
Horizontal Situation Display
‘Left Multipurpose Display
Right Multipurpose Display
Other (caret visible but not on one of the above)
Unknown (caret not visible)

N WM E W N =

The data were recorded using a format that included the display number and the time

and frame number at which the eye movement caret first appeared on .i display for

each fixation. For example, the code 03013425 denotes a fixation on display 3

(Horizontal Sntuatnon Display) beginning at 1 mmute, 3% secoods and 25 frames into the
simulation.

Approximately 30 hours were required to translate 1 hour of video data into a digital
format. The video records of eye movements and eye fixations occuring in Legs D and
E were analyzed for all pilots in each of the three presentation modes. These legs
', were chosen for analysis because of the high workioad imposed by manual flight,
weapon deli'very and threat ‘avoic_hnce tasks. ' k

The translated eye data was processed through a screening program that flagged
specific data input errors. The raw data were edited to remove all identitied errors
prior to data analysis. Then, a second computer program was used to generate
dexriptivc statistics for the eye movement data. Table J.2-1 shows mean
lpertormance for the eighteen subjects on four eye-movemt variables: median dwetl
nme in seconds, pefcent of fhght time spent fiuting ona dlsphy. percent of total

A.x




Table 5.2-1. Eye Movement Data for Display by Presentation Mode Combinations

Monochrome ) Color line Color fill
Variable
HUD | vSD | HSD | mPDY1 | MPD2] HUD | vSD | HSD | MPDY | MPD2 | HUD | vSD | HSD | MPD1 | MPD2
Modign dweit (sec) 34 07 | 08 0s 03 33 ] or bR 08 08 | 31 08 | 08 04 03
% of woel time 20 | 42 22 08 03 |30 39 1.8 10 05 | 851 38 | 14 0.7 02

% of veesl fixanons < | 426 | 147 8 k8 14 430 | s 5.7 3s5 15 | 437 128 53 31 1.51

Fixaton rate/min X 27 13 | o8 02 s2}| 28 | o9 os 0.2 17| 23| o8 | o8 02

fixatfons devoted to a display; and fixation rate. As can be seen, eye movements and -
fixations were dominated by the HUD. Over 80 percent of the manual flight time was
spent fixating the HUD. Median dwell times were muych lohger for the HUD and
fixation rates were much higher for the HUD. Pilot eye movements and fixations did
not vary as a function of display presentation mode. Indeed, a display by display’
comparison between presentation modes reveals hearly identical values for all of the
eye movement variables. ‘

The remainder of the eye movement analysis was done on data from pilot 10, mission
2, color fill. Table 5.2-2 summarizes relevant parameters for that flight segment.and
each display. By inspection these data are similar to those of Table 5.2-1 which were
averaged across pilots. Number and percent of fixations, total and percent of dwell
time and length of fixation are all considerably greater for the HUD.

Table 3.2-3 shows the probability ‘of transition from each display represented by. the
rows of the matrix to each di§play represented by the columns. Examination of
, cofumn one clearly shows 4thlat the majority of transitions from all other displays was
o to ‘the HUD. The transition probability from the HUD was highest when going to the
VSD. It should. be noted that the probability of transition from the HUD to the OTHER
and UNKNOWN categories was higher than to all other displays except the VSD.
Because of this, the percent of total time and the percent of total fixations for these
two categones were typically higher than for the HSD and the two MPDs. The
relatively hngh pércentage of time for the OTHER and UNKNOWN categories resuited
from the unique interaction between the cockpit geometry and the NAC Model IV eye
mark recorder. .Considerable head rotation was required, when wearing the eye mark




Table 5.2-2. Summary of Eye Movement Dat: “r One Flight

Number Percent ‘Toul Percent Median 'Mun S. dev

of of | dwell | 'of dwell | dwelt dwell

fixations fixations | time time time | time time

HUD 34 | 465 | 2407 85.1 40 73 6.8
vsD 14 | 192 | 188 67 | 10 14 1.1
HSD { 5.5 47 1.6 1.1 12 03
Left MPD 4 | ss 33| 11 | o8 08 | 03
Right MPD 1 14 0.9 0.3 09 | 09 -
Other o. | 123 | 91 31. | o9 1.0 06

. Unknown 7 | se 54 19 | 10 0.8 0.4

Pilot 10, Mission 2, color fill

Tabk 5.2-3. Eye Movernent Transition Probability Matrix '

To ‘ o | Left Right ‘
From HUD VSO HSD MPD - | MPD | Other Unknown
HUD - 384 030 a2 030 242§ a2
vsD s | - ] (] 0 on ]
MSD 750 .| 2% — 0 ) 0 0
Left MPD 1000 | 0 0 - 0 0 0
Right MPD 100 | 0 0 0 - 0 0
Other . e | o | 0. |o - 0
Unknown sn | o 4% .| o o | o -

PHot 10, Mission 2, color fill

recorder, for the pilot to monitor the vertically oriented HUD, VSD and HSD displays.
It was possible, however, for the pilots to reduce some of this head movement by
deflecting their eyes downward. When this happened the eye mark caret would leave
the half silvered mirror and dxsappear from the video image. Desplte considerable
effort to acquaint the pilots w;thvthis problem, they all tended to revert to the eye
deflection habit. Over all subjects and conditions, the percent of total time attributed
to the OTHER and UNKNOWN categories ranged from 1.7% to 26.3% with a mean of
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9.3%. Over all squectS and conditions, the percent ot total fixations on the OTHER
and UNKNOWN categories ranged from 5.2% to 50.6% with a mean of 31.4%.

Figure 5.2-1 shows a frequency distribution of dwell times for the HU_D. As can be -
seen, there are a number of very lohg fixations. The very long HUD fixations in
conjunction with the restricted scan pattern suggests that the manual flight control
task with the HUD display was very difficult. Another reason for pilot concentration
on the HUD is probably that the HUD format contained most of the information the
pilot needed, so fewer excursions from that Hisplay were required.. '
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Figure 5.2-1. HUD Eys Dwell Time Frequency Distribution
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5.3 System Status Reports, F.mei'gency Condition Responses, and Pop-up

Responses

Across pilots and conditions, 2160 individual status report items were requested. Of
these, only 44 were omitted or incorrectly reported. Table 5.3-1 shows the
distribution by reports and conditions. Eleven of these were in monochrome display
mode, 20 in color line and 13 in color fill. Nineteen were committed by pilots when
wearing the eye mark recorder and 25 with no eye mark recorder. By Chi—squafe test,
neither of these effects were significant.

On the other hahd, two conditions were more frequently reported incorrectly than the
others. The "fuel valve closed" report was omitted or was incorrect 2l times
(p <.001). Fuel range was omitted or incorrect 10 times (p <.01).

Across pilots and conditions, there were 378 programmed emergency conditions. Of
these, 65 responses or corrective actions were omitted or improper. Table 5.3-2 gives
the distribution by system and condition. Twenty of these were in monochrome display
mode, 21 in color line and 24 in color fill. Thirty-seven were commited by pilots when
wearing the eye mark recorder and 28 when not wearing the eye mark recorder.
Again, neither the display mode nor eye mark effects were significant. The problem-
type effect was significant. Compared with other response errors, there were’
significantly more (p <.01) missed hung bomb reports (25 of 54 occasions) and
significantly more  (p <.001) missed engine overtemperature reports (11 .of 18
occasions). ‘ '

. On each flight, there were two pop-up threats.. These were shown as unique shapes on

the VSD and HSD. As discussed earlier, appropnate pxlot response was to press the
Navxgatxon Update button. If this was done soon enough, an evasion course would be
calculated and displayed. If not, the fhght path continued on through the threat -

-volume. Despite that motivation, a significant number of pop-up threats were missed |

as shown in Table' 5.3-3.. By Chi-square test, the difference between eye-mark and no
eye-mark was signiﬁ'cant (p < .02). The presentation mode effect was only suggestive.

sa 'Opinion-niu'

The formal questxonnaxres and the list of questnons for open-ended responses are ngen

: ,m Appendlx A.




Table 5.3-1. Errors or Omissions in System Status Reports

’ Monochrome Color line Color fill Total Total
EM* No EM EM No EM EM No EM | errors | reports
Fusl—narmal ' o Y 1 0 0 0 1 468
Fusi-—-boost pump 1 0 0 0 0 -1 2 18
Fusi—vaive closed 3 2 4 8 1 3 21 ”
Hydraulic—all 0 0 1 0o 0 s 5 540
Electrical—all 0 0 0 0 0 0 0 540
Stores—all 1 0 1 0 '0 0 2 216
Engines—all 1 Ty 0 0 0 1 3 108
Fusi range Y 2 2 3 3 0 10 216
*Eye mark recorder
Table 5.3-2. Errors or Omitted Responses to Programmed Emergencies
o Monochrome Color line Color fill Tot'al Total
Programmed emergency A .
I EM® | NoEM EM No EM EM No EM | .errors | occasions
Generstor—temporary 0 0 8 3 2 4 17 72
Generator—permanent 1 0 (] 0 0 1 2 54
Hydraulic ] B - 0 0o 1 0 1 90
Hung bomb 2 | 4 '3 5 7 4 25 5.
Fuel 1 0 o o | o o 1 18
Engine—out o | o 0 0 0 0 ) 38
" Engine—fire 4 3 0. 0 1 0 8 38
. Engine—owrtemp 3 2 1 1 3 1 " 18
Total 1" 9 12 9 14 10 e | ais
*Eve mark recorder
.81 .-




Table 5.3-3. Missed Pop-Up Threats

ﬁmochfom Color Iir;e Color fill
Eye mark 38.8% 30.5% 27.7%
No eye mark 2.2% 16.6% 8.3%
38 threats per cell

In one part of the questionnaire, pilots were asked to use a score of 100 for color line
as a standard and rate monochrome and color fill for usability against a number of
- detailed questxons. This is the method of magmtude estimation described in Reference
3. The Friedman two-way analysis of variance by ranks (Reference 4) was applied to
the responses to each question. The mean ratings are profiled in Figure 5.4-1. The
results indicate a clear preference for color iine over monochrome, and color fill over
color line, except for the HUD. Of the four questions on the HUD, pilots preferred
color line in the two VMC cases, though the effects were not statistically significant.

*In the second part of the questionnaire, pilots rated the pictorial formats used here
_against the display of comparable information in "conventional aircraft." The results"
of these ratings are profiled in Figure 5.4-2. In:general, the pictorial formats were
well accepted. Median response was at least "moderately easier” for all but the HUD,
' engine status and hydraulic status formats.

The general trends of pilot opinion elicited by the formal qugstionnairé weré det_ailedl
in responses to a set of open-ended questions. Responsgs to those questions reinforced -
the other qtiestionnaire responses. Except for the HUD, color till was perferred, with
color line next and monochrome last. Except for the HUD under VMC condmons, the
pnctornl formats were generally well accepted.

The formal questionnaire with average responses, and a synopsls ot responses to the
open-ended quesnons, a2re given in Appendices A and B, respectwely
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With color line set at 100, the usability u'tings for color fill and monochrome are:
Worse Relative Usability Ratings ' Better
. _ : Y - 50 160 150 200
: | | l ! o | |

HUD psthway in VMC . e ' l

HUD pathway in IMC ’> ®  @u——e Monoc'ivome

HUD terrain in VMC : O el ‘ »=—X Color Line (Standard)
_HUD terrain in IMC : 1 : ‘ o @0 Color Fill

VSD terrain and threats ‘ ‘ o
VSD ribbon ‘ > a <
HSD terrain and threats ' g '

HSD air-to-air N °d

HSD pop-up threat

Stores quantiiy

Stores status

éngino status normal

Elecyiul status normal

Electrical status degraded

Hydraulic status normal

Hvdnulic status degraded

. Fuel status nonml‘

" Fuel status degraded

Engine advisory

Electrical advisory

Hydraulic advisory
Crosschecking flight path high altitude
Crosschecking flight path low sititude
Crosschecking threats '

Crosschecking terrain

Figure 5.4-1. Profiles of Scaled Comparisons Among Presentation Modes
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Compared with conventional aircraft, these fomm are:

Easier to Use Harder to Use
Much Moderately  Slightly Same Slightly Moderately Much
I - I | | |

High altitude HUD o

Low altitude HUD (VMC)

\\

Low altitude HUD (IMC)
Low altitudo.VSD |
High altitude HSD

Low altitude HSD
Air-to-sii HSD

Engine sta‘us
Storesswtus . | <
Hydraulic statue » '

Electrical status

1

Fuel status ) .
Caution and warning ' / :
Figurs 5.4-2. Profile of Median Comparative Usabiiity Ratings
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6.0 INTRODUCTION - THREAT WARNING STUDY .

This section and the next four report the threat warning study of thé Pictorial Display

.Formats Evaluation program. This second study was an extension of the effort carried
out in the first study. Display formats used earlier were enhanced by adding threat
information, while retaining as much of the supporting software and hardware as
possible. ‘l'he‘ display formats of primary interest in the threat warning study were
those which depicted ,threat-related information. . These included the low altitude
mode of the vertical situation display, which gave a perspeétive view of the airplane
with surrounding terrain and threat information, from a viewpdint behind and above
the aircraft. The low altitudé mode of the horizontal situation display (HSD) gave
much of the same information but in a map-like plan view. The air-to-air mode of the
HSD provided information about air-to-air threats. Finally, in the threat warning
study, the HUD provided threat alert cues. -

The threat warning study had three primary objectives. The first was to develop a
candidate concept for pictorial threat displays.'- The candidate display formats iVere
applicable to both air-to-air and air-to-ground -sifuations, and were compatible with
advanced threat warning systems. The second objective was to evaluate the usability
and acceptability of the candidate threat warning formats. The third objective was to
determirie if the degree of usability and acceptability of the candidate display concept
was a function.ot- two basic display presentation modes: ‘ color and monochromatic.
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7.0 TEST EQUIPMEN_T AND FACILITIES - THREAT WARNING STUDY

The simulation hardware ¢onfiguration was retained from the first study to the second
with very few exceptions. First, the eye-mark recorder and the 7( -mm motion picture
projéctor were not used. Second, a push-button switch on the flight control stick and
an indicator labeled "EVADE" in the bank of switches between the VSD and the HSD
were activated. This s'wifch was used by the pilot to indicate that a _shorf-term
maneuver should be;,ﬂown to evade an incoming missile. With these two exceptions,
the configuration dé_séribéd in Section 2 applies.




8.0 TEST FORMATS - THREAT WARNING STUDY

As in the basic study, primary flight and threat information was presented on three -

displays:” a Horizontal Situation Display (HSD) and Vertical Situation Display (VSD)
located in the center of the front instrument pane:; and a Head Up Display (HUD)
located just above the VSD. HSD and VSD information was vpr'esented on two ~ight-
inch (diagonal) Cathode Ray Tube (CRT) displays. KUD symbology was projected onto
a color-capable combiner designed especially for this simulation. The system status
displays from the basic stﬁdy were available and some were used in the threat warning
study. -

Each of the pictorial formats on these displays was presented in two versions, or
presentation types: color and monochrome. In the monochrome formats, -all
symbology was composed of black and white lines and surt.ces. The color formats
consisted of colored outlines and surfaces. Each simulator flight utilized one of the
two versions. '

Several types of threat-related information were represented in the primary flight

displays: threat Iocatxon, threat type, threat lethality, threat mode (inactive, search,
track or launch), and countermeasures effectiveness. Not all information was

presented in all three displays, but wherever possible the coding of threat information

~was similar across displays and for both surface-to-air (S/A) and_ air-to-air (A/A)
. threats. o | | ‘ ‘ v

i Primary Flight Displays

The three primary flight displays presented flight information from three different
~ viewpoints, updated in real time. The Head-Up Display (HUD) presented a pilot's eye

view of the ‘outside world, with terrain outlines, threat alert information, “own"

airplane symbol and the desired flight path supertmposed on the visual scene (anure
8.1-1a). The HUD field of view was 23° (horizontal) by 17° (vertical).

. The Vertical Situation stplay (VSD) dnsplayed much of the same information, but from
a viewpoint 6,000 _:t. behind and 1,000 feet above the aircraft, and with a wrder field




of view (90° horizontal). From this viewpoint, one loocked down and forward at the
current aircraft position. In addition to terrain outlines, airplane position and the
desired flight path, threat, and sume terrain altitude information were presented
(Figure 8.1-1b). The VSD was truly a situation display, using & remote vjewpoint‘ to
include one's own aircraft. Aircraft maneuvers initiated by the pilot were reflected by
~ the movement of the ribbon and orientation of the aircraft symbol in the display; the
remainder of the display was airplane stabilized.

The Horizontal Situation Display (HSD) gave a view looking straight down from a point
directly above the airplane. It showed a plan view of the terrain (including some
terrain altitude information) and threat information, along with the flight path and
"own" airplane position (Figure 8.1-lc). '

It is important to note that for each of the three prima.ry displays, the airplane symbol
showed the airplane in the same position relative to tﬁe terrain (the plane's current
position); only the viewpoints differed. Figures 8.1-1a, b, and ¢ show the viewpoints
represented by the HUD, VSD and HSD fof a givén airplane position. -

The VSD and HSD had two modes: navigation (NAV), and Terrain Following/Terrain
Avoidance (TF/TA). In addition, the HSD had an Air to Air (A/A) Mode. ‘I’hese modes
were selected using the master mode switches located’ between the VSD and HSD.
Pressmg the NAV or TF/TA mode switches put the selected format on both the VSD
and HSD. The A/A mode|switch ‘Was "press-on, press-off" and affected the HSD only.
" Pressing it on caused the A/A HSD mode (160 mile range) to be displayed. Pressing it
off returned the HSD to the previously selected mode and scale. The range selection
switches for the HSD operated in all three modes. B |

8.1l H'ead-Up Display (HUD)

An example of the Head |Up Display (HUD) TF/TA format is shown in Figure 8.1-z.
Outlines of terrain features (mountains) and the horizon were projected on the HUD. -
In addition, a segmented flight channel (pathway in the sky) defined the desired flight
path. The entry gate to the fiight channel was 300 feet wide and 150 feet high. The
' flight channel started 4,000 feet in front of the plane and extended 6,000 feet. Lines
on the floor of the "patthay" represented 1000 foot distances along the desred flight
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Figure 8.1-2'..Head-Ub Display (H'UD) TF/TA Format

.
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| path. If the desired flight path was maintained accurately, the aircraft symbol was

positioned in the middle of the “pathway" entry gate, and its "wings" were lined up
evenly with the lines that extended outward from the middle of the sides of the flight

" channel.

If the desired flight path was not maintained, the pathway moved relat_ive to the
aircraft symbol, which remained fixed. The entrance of the flight channel in Figure

8.1-2 is displaced slightly below the airplane symbol. This indicates that the pilot
. should descend s'i *tly to regain the desired flight path. If the aircraft deviated far

enough from the ¢ sired course, the pathway moved out of the theoretical field of
view of the HUD. It did not disappeat' from the HUD, however, instead it was pegged
to the side of the HUD in the direction of its current position. When the pathway was

pegged to the side, a transitional flight director symbol (an inverted "T") appeared

(shown in Figure 8.1-3) to aid in regaining the correct course. .The transitional flight
director disappeared once the aircraft was within five degrees of the entry gate of the
pathway.

A ﬁne which extended from the end of the pathway indicated the desired tlight path
past the 6,000 foot pathway limit. Other symbology included square waypoint "flags"

. and triangular target "flags" which indicated the locations of these points relative to

the desired flight path. Boxed readouts of airspeed and altitude appeared to the left
and nght of the aircraft symbol; headmg was shown at the top center. '

Threat alert information (detailed in Figure 8.1-3) was also prdvided on the HUD. An
airplane- or a missile-shaped "threat alert symbol" represented air-to-air or surface-
to-air threats, respectively. The appropriate symbol appeared for six seconds when a
threat became active (went into search mode). When a threat went into track mode,
the same symbol flashed fot six second-. In launch mode, a_ vector that gave the
relative azimuth of the missile or t eat site appeared, along with the flashing threat
alert symbol. In addition, a boxed readout of "time to impact” appeared above the
threat alert symbol, | I '

The navngatnon (NAV) HUD tormat was identical to the low altitude format, except

that terrain outlines were reduced to a single artificial honzon.

n
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| TRANSITIONAL
FLIGHT DIRECTOR

4 | - THREAT
: / AZIMUTH
_ crerrerd  VECTOR —

| LAUNCH MODE

- TIME TO.

MISSILE
IMPACT

AIR-TO-AIR )

THREAT ALERT SYMBOL

({FLASHED IN TRACK AND

LAUNCH MODES)

Informaétion Levels Coding in Threat Warning Study
Thrpn Alert o Search-mode Air-to-air — airplane symbol 6 seconds
‘ Surface-to-air — missile symbol

' “Track Modc threat Air-to-air — flashing airpiane symbol 6 seconds o
; ‘ ' Surface-10-air — flashing missile symbol )

“Launch Mode” threat | Same as track mode, but remains for duration o
: : of missile launch

Missile Azimuth 0 t0360deg | Vector to threat or missile azimuth(A/A and S/A)-|
. . launch'mode only _ .

Missile “Time to -  Otoxsecs Boxed readout of time to-missile impsct

Impact”’ ' in seconds — launch mode only

Figure 8.1-3. HUD Threat Information Coding
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For weapon delivery, an "X" waé added to the circle of the airplane symbol when the
aircraft entered the weapon release envelope. When the pilot pressed the weapon
" release button on the control stick to hand the weapon off to the automatic weapon
fire control system, the "X" flashed. The "X" then disappeared when the weapon was
launched. . ' ‘

Figure 8.1-2 shows the solid "ground" shading of the color presentation mode. In the
monochrome version, where such shading was not possible, tadials extended from a
vanishing point on the horizon in the "ground" portion of the display to dxstmguxsh it
from the "sky".

s.1.2 Vertical Situation Display (VSD)

An example of the low altitude Vertical Situation Display (VSD) is shown in Figure 8.1-
4. As previously discussed, the viewpoint of this display (6,000 feet behind and 1000
feet above the airplane) differed from the pilot's eye viewpoint of the HUD. The VSD
field of view (90° horizontal) was significantly wider than the HUD field of view (23°).
Much of the basic VSD symbology, however, was similar to HUD symbology. The
desired flight path was depit:ted as a "ribbon in the sky", similar to the "floor" of the
HUD "pathway". The ribbon started 1,000 feet in front of the airplane, and extended
to 20,000 feet ahead. The lines across the ribbon represented a distance of 2,000 feet. |
Square flags marked the location of waypoints and a tnangular flag marked the
location of the ground target.

Airspeed, heading, and altitude readouts, in boxes at the top and sides of the VSD,
were identical to those on ‘the HUD. Terrain information on the VSD was similar to
terrain information on the HUD, with additional three-dimensional perspective
information available. The same basic terrain features were debicted, but' terraliri‘
' above current airplane altitude was colored brown to distinguish it from terrain
currently below airplane altitude, which was colored green. In the monochrome |
version, "above altitude" terrain was solid white, "below altitude” terrain was black.
The "ground" area of the display, in both presentation types, included a grid composed
of radials extending from a vanishing point on the’ honzon, crossed by horizontal
. parallel lines which got progressively closer together towards the horizon. This grid

_helped to give a perspective to the ‘V,SD. The VSD also included other selected terrain
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Figure 8.1-4. Vertical Situation Display




and cultural features such as nvers and roads, target, city, and the FEBA (Forward
Edge of the Battle Area)

Information about threats was presented pictorially on thé VSD as detailed in Figure
8.1-5. The lethality zones of SAM-type threats were depicted as six-sided cone-like
objects with their bases up. Their position was shown relative to terrain features and
the desired flight path. There were two generic types of SAM's represented: high-
altitude and low-altitude, which differed primarily in the height and radii of their
lethality zones. Anti-aircraft artillery threats (AAA's) were reﬁresented by. truncated
cone figures, base downward, that were muCh shorter than the SAM's.

Threat modes (inactive, search, track, launch) were coded as follows. Inactive threats
(those known only through intelligence 4;data) ‘were shown in a transparent, outline
form. When sensor data indicated an active threat in search mode, the threat was
depicted in solid color: SAM's had an inner red (high lethality) area surrounded by a

- yellow (lowerl lethality) area. In the monochrome version, the high lethality area was

solid white, while the surrounding lower lethality area was black with white outlines.

AAA's were solid red, or solid white in the monochrome version. The location (but not

the lethality areas) of air-to-air threats was represented by a red triangle.

For threats in track mode, a "tractor beam" was added that connected the threat to a
circle around the own aircraft symbol. In launch mode (possible only after the aircraft
had entered.a threat lethalxty envelope) the threat lethahty envelope symbology-
disappeared and was replaced by a small "jewel light" at the threat site. (For air-to-
air threats, the threat location tnanglevremaxned, the same for track and launch
modes.) A ﬂashing tractor beam connected the circled aircraft syrﬁbol to the "jewel
" light" for as long as the threat remamed in launch mode. Even if the site of the threat
-passed out of the VSD ‘xeld of view, the flashing tractor beam remamed, and the

)ewe! light" was pegged to the side of the dxsplay at the end of the flashing tractor
beam. For both track and search modes, the cxrcle around the aircraft symbol was
- color coded to reflect the status of countermeasures: yellow for effective, red for
. ineffective or depleted. In the monochrome version, white ‘outline represented
effective countermeasures, and solid white represe_rited ineffective or 'deplete_d
countermeasures. . | | ’ N C |
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. | COUNTERMEASURES
AIR-TO-AIR THREAT - | STATUS :
TRAACK MODE ~ — L&
THACk MODE “TRACTOR BEAMS'" X
FOR AIR-TO-AIR, AIR-TO-GROUND
THREATS , .
Information Levels Coding in Threat Warning Study
Threst T'yﬁo
Surface-to-ely SAM A N “High altitude’ SAM — tall core
SAM B “Low altitude’”” SAM — shorter, wider cone
AAA inverted, truncated cone .
 Air-to-sir —_ | Triangle (red/white) '
_ Threet Lethality _ ,
Surface-to-sir - Low ‘ Yellow/white outline -
High Red/white
. v ~1 .
Air-to-oir, - Inactive (prebriefed) Outine only o
surface-to-sie Search Outline plus color/white fill
Track ' Tractor besm connects aircraft symbol
. : : {plus circle) to threet .
Launch .{ Filashing tractor beam connects sircraft symbol
to “jewel light” at threat site (S/A) ; or to A/A
threat position
Countermsesures Status Aircratft circle:
Surfess-10-aiv Effective . Yellow fill/white outtine
' : Not effective ‘ Red fill/white fil

Now: MMommeumlwmmﬂm
Figura 8. 1-5 VSD Threat Infonmtion Codlng
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The NAYV mode of the VSD was a conventional EADI format. It included an airplane
symbol, honzon, pitch ladder, and roll indicator, as weil as the alrspeed, heading and
altitude boxes found on the TF/TA (low altitude) version.

8.1.3 Horizontal Situation Display (HSD)

The low altitude Horizontal Situation Display (HSD) gave a plan view of the plane's
position and desired flight path relative to terrain features and threats, as shown in
Figure 8.1-6. Terrain above aircraft altitude was colored brown: mountain "peaks" '
were four- or six-sided brown ("above altitude") figures against a green background (in
the color fill version). Threats had a red (high lethality) zone surrounded by a yellow
(lower lethality)4 zone. The flight route was represented by a line that connected
numbered waypoint boxes. The airplane was always in the center of the. display, track
up. The airplane symbol remained stationary and the other symbology moved relative
to it. The current track was given at the top. The pilot-selectable range was g.iven at
the lower left (40, 80, 160 or 320 NM from the top to the bottom of the display).
Optional time and distance intormation to the next waypoint, to the next target, or to
" home base was displayed at the bottom when selected by the pilot. Other terrain and
_cultural features were also represented.

Threat information was presented in plan view on the HSD with coding similar to-that o
used on the VSD. Inactive threats were shown in outline form. Threats in search mode
were in solid color (or white) and a tractor beam was added for track-mode threats.
Unlike coding on the'VSD, tractor beam did not flash in launch mode. Instead, a
moving circle marked the current position of the missile. HSD threat coding details
* are summarized in Figure 8.1-7. |

The high altitude NAV mode of the HSD showed the flight péth waypoints, and other
cultural and terrain features, but the above amtude/below altitude terrain dxstmctxon
was no longer relevant; the background was black. .

‘The pilot could select among four ranges (40, 80, 160 or 320 NM) for the NAV mode of
the HSD, using the switches to the left of the HSD. Time and distance ‘information
" could aiso be selected, along with optnonal fuel range rxngs, usmg the same ‘group of .
sthches. The fuel range rings showed the flight dxstance avaxlable with. the remammg ,

"
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SAM (A) THREAT -
_ INACTIVE
U (PREBRIEFED)

AAA -~
SEARCH MODE

SAM (B) - -
TRACK MODE

AIR/AIR  ———_
THREAT ~
(POSITION ONLY)

- SURFACE-TO-AIR
THREAT - LAUNCH
MODE

(FLASHING TRACTOR
BEAM)
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L sam @) -

SEARCH MODE

. Information Levels Coding in Threat Warning Study
Threat Type
Surface-to-sir SAM A
SAM B Double symmetrical hexagon
- AAA Regular hexagon
Air-to-air - isoceles triangle ,
Threat Lethality
Surfsce-to-air Low Yellow/white outline . .
. High Red/white ' ‘
. -
Threat Mode
" . Surfece-to-sir inactive (prebriefed) Qutline only
‘ Sesrch Color fill/outtine plus fill
Track Tractor beam connects sircratt symbol to tiweat
Launch Tractor beam corr ~s Jircraft symbol to
“jewel light” at th. _site (threat plan view
dissppesrs) '

Note: Slash marks nho_uu coding for color/monochrome vs: :ons

Figurs 8.1-7. HSD Surface-to-Air Threat Information Coding
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fuel, for both present configuration (inner ring) and maximum range configuration
(outer ring). ‘

8.1.% Horizontal Situation Display - Air-to-Air Mode
Figure 8.1-8 shows the Air to Air (A/A) mode of the HSD. Each sector represented the

missile "lock on" range for an airplane located at the apex, and flying in the direction
of . the long axis of the wedge. "Own" aircraft sector was white; those of "enemy"

aircraft was red and yellow. The inner (red) and outer (yellow) portions of the sectors .

represented high and lower probability of kill areas. As in the other HSD modes, the
display was always track up for "own" aircraft, with a heading box at the top. Range '
" rings represented distances of 40 and 80 miles, and the FEBA was depicted when it was
within the display range. The pilot-selectable range (40, 80, 160 or 32C NM) was
displayed in the lower left corner.

- Air-to-air threat type, number, lethality (pK) zones and mode information were also -
presented as detailed in Figure 8.1-9. Air-to-air threat modes were analogous to air-
to-ground threat modes: outline, fill, connecting tractor beam, and tractor beam to
jewel light at threat location (vith missile position indicated by a moving circle)
represented inactive (prebriefed). search, track and launch modes, respectively. The
number, type and altitude difference (from "own" aircraft, in thousands of feet) were
given in alphanumerics in a box at .the apex of the air-to-air threat sector.
‘Abbreviated air-to-air threat codmg was also ngen in the other modes of the HSD
(NAV and TF/TA). In these formats, an air-to-air threat was represented by an
isoceles triangle pointing in the dxrectxon of the "bogle's" fhght.

‘82  System Status and System Advisory' Displays

The Multipurpose‘ Displays (MPDs), located on either side of the HSD, were used to
display engine and system status information and to program and display stores
options. MPD mode selection switches were located in a group above each MPD. The
. left MPD, used primarily for stores programming and status, was oriented with its long
. axis horizontal. Displéyprogramniing'switches were located aleng the top and bottom
of this MPD. ‘l'he'."right MPD, used for engine and system status’informatidn, had its
. long axis oriented vertieally,' with. display programming switches on either side (not
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“UWN"” AIRCRAFT _ .

[ S0LID WHITE)
|_AIR-TO-AIR THREAT —
SEARCH MODE
A/A THREAT- '
INACTIVE
AIR-TO-AIR THREAT AIR-TC-AIR THREAT —
NUMBER, TYPE, 'LAUNCH MODE
ALTITUDE DELTA —r +05 (TRACTOR BEAM
' FLASHES)
MIR-TO-AIR THREAT -
TRACK MODE
Levels Information Coding in Threat Warning Study
Threat Type »
Air-to-sir Mig 21 . “21” at apex of sector
) Mig 23 23" at apex of sector
Threat Number ) S '
-Air-to-air . 1,2 Number at apex of sector (2 - 21) ‘
Threat Altitude Delta™ | . '
Air-to-sir " 2{x) thousand ., % x at apex of sector, .
. feet below ..umber, type
Threat Lethality
Py zones) . Low Yellow/white omlim '
' High - " Red/whits.
Threat Mode v '
Air-to-sir | inactive: ' | Outline only
" Search Color fill/cutline plus fill
Track ' Tractor beam connects sircraft symbol tivrest .
Launch Tractor beam connects aircraft symbol to -
, “Jewel light” at threat position - Missile
location shown by moving cm:k
M Siesh merks seperate eodm fev color/monochrome versions
' ' Flgum 81" HuD Air-to-Air Threat Informm'an Codlng




used during this simulation). The MPD formats used in the threat warning study were
unaltered from those in the basic study, described in Section 3.4.

During the course of a mission, the pi-lo_t. would typicaliy have the engine status format
displayed on the right MPD, and the currently selected stores option on the left MPD
(initially programmed before the - flight began). The other MPD formats, while
available, were not exercised in the threat warning study.
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90 TEST PLAN - THREAT WARNING STUDY

The test plan for the threat warning study was derived from the prime objectives for
Phase D. They were to develop a candidate concept for pictorial threat Jdisplays, both
air-to-air and surface-to-air; evaluate the usability and acceptability of the candidate
threat warning formats; and determine if the degree of usability and acceptability of
the candidate display concept is a funcﬂon cf the two basic dxsnlay presentation
modes. color and monochromatic.

The intent' was to provide an operationally valid evaluation under conditions of
moderate experimental control. To this end, currént military fighter or attack pilots
were recruited as evaluators and a within-subjects factorial design was selected. The
test procedure provided an intensive training and practice period before testing began.
The test scenario exposed the salient features of the formats. Data were collected to
support responses to the program objectives.

5.1 .. Test Subjects

A total of twelve (12) pilots served as subjscts in the study. Five pilots were from
McChord AFB and seven from Whidbey Island NAS. The Air Defence Command pilots
from McChord were current in the F-106 airplane, T-33 or F-4 while the pilots from
‘Whidbey were current in either the A-6, EA-6B or the P-3. The special qualifications
of the pilots are hsted in Table 9.1-1. The pilots had an average age of 3C years and
an average of 1,524 flying hours in a variety of jet aircraft. The pilots with F-4 and -
v F-lOG expenenoe had used HUD’s. Those with F-§, or A-6 experience had used threat

" warning devices. The A-6E pilots had used a cathode ray tube YDL. None of the pilots
who served as subjects in the threat warning study had pu:tlcxpnted in the basic study.

Names, telephone numbers, and home organizations for all participating pilots were
made available to Boeing approximately two weeks prior to the scheduled test date. A -
 training package, designed to famillarize subjects with the test objectives, the test
conditions, and the slmuhtion hcxlity, was fonvarded to all pilots for revlew prior to
the simulation.




Table 9.1-1: Pilot Oualiﬁbations

Mean ~ Range
Age: 30 24-36 yrs.
Total Jet Hours: 1524 465-2,600 hes.
OPERATIONAL EXPERIENCE:
. EverUsed?
PllotNo. ' | Branch | Type cf Alrcratt o | nup W cRT
1 AF F4,T-38, T-37 F4 F4  No
_ F-15 (Sim)
N P3,52,A4,F4,T-28 No F4 No
3 N A-6E, KA-6D, TA-4J, T-2C No  ABE  AGE
T-34C ‘
4 N A-6E, A4, T2 __ No ASE - A6E
5 AF | T-33,T7T-38,T37 . No No No
6 AF F-106,T-33,7-38,7-37 F-106 T33  No
7 N A6, A4, T-2,F-14 ' AT A6 A6
iSim)
8 | N A8, A4,T-2,T-28 739 No A6 A8
) AF F-106,7-38,T-33, 737~ F108 No - No
10 AF ‘| F-108,T-33,7-38, 737 ~ F-108 No No
1 N EA6B, TA4J, T-2, T-28 No . EA88 No
12 N EA68, A4, T-2, T-34 No EA68 No
9.2 Test Desig;n

The experimental desxgn selected for this study was determmed, as in the basxc study,
by the desire for economical use of the .operational evaluator pnlots and by a
requirement to minimize the effect of individual differences. For these reasons, a
within-subjects design was used in this threat warning study, as in the basic study.
_There was one independent variable: display presentation mode. It had two levels:

monochromatic and color. Display presentation mode was selected as an independent
variable in order to determine whether the use of more expensive color displays would -

be justified by increased usability and pilot acceptance. Each stbject was, tested in
both treatment conditions of the expgriment; Therefore, error variability due to
individual differences between groups of subjects did not differentially affect the
performance measures. This design also minimized the number of subjects required
. and provided more data per subject than any other design. Training r'equireme'nts were

reduced since skills learned under initial trammg trials transferred to all subsequent .

conditions.




3.3 . Test Procedures .

Before repofting, pilots had access to and were asked to study a "flight manual"
(Reference 5) which described the simulator cockpit, the formats to be evaluated and
the missions to be flown. The test subjects reported to the Kent Space Center in
pairs. Two days were required to process cach pair of subjects through the entire
training and test sequence. The daily test schedule shown in Tabie 9.3-1 presents the
sequence of events for the first two pilots. The same basic sequence of events was
used for all subsequenf test days except that the order of the treatment conditions was
varied,

Each test day began by bringing the simulator on-line and checking to see that all -
equipment was operating properly. Any detected deficiencies were correc~2d before
the first practice or test trial began.

On the first day, piiots were given an introduction to the multimissioh simulator while
the cab was being initialized for the first practice trial. Following the introduction,
the pilots were briefed on the genera! cockpit layout, the formats to be evaluated, the
operational procedures to be used, and the flight plan for the simulated mission.
Static pictorial representations on film transparencies were used to introduce display
formats that would be encountered during the practice and test trials. The basi
' features of each display and the mission profile were described to the subjects. Then
the pilots were taken to the simulator cab for familiarization and training.

Each pilot flew four practice trials using a training mission with the same, basic
mission profile and flight duration used in the test missions. The training mission was |
" flown twice with color and twice with monochrome displays. At the beginning of each
practice and test trial, the pilot completed the same preflight checklist uséd in the
basic study. After the practice trials, each pilot flew six twenty-four minute test
trials, three with each display presentation mode. The presentation order for levels of
" the display mode and rhission is shown in Table 9.3-2, Entries in the body of the ‘ta'ble
- are the ordinal numbers of each subject's trials. As can be séen; the orders of display
mode and mission.number were counterbalanced over the twelve subjects.




The pilots wore a headset with microphone during all trials. They were asked for
verbal reports of changes in threat status. These responses were recorded on the audic
channel of the video tape for subsequent analysis. Required switch hit responses were

recorded automatically by computer on magnetic tape and printed out at the end of |

each days run. Both the videotape and the computer recorded data had cleck data
(hours, minutes, seconds, video frame, and date) recorded. '

Table 9.3-1. Typical Daily Test Scheduie

DAY 1

0730-1000 Bring simulator on line and checkout

0800-0930 Introduction to facility and pre-flight briefing

0930-1020 Cockpit familisrization

1020-1055 Practice trial, color, subject 1

1065-1130 Practice trial, color, subject 2

1130-1230 Lunch Bresk

1230-1305 anticn trial, color, subject 1

1305-1340 Practice trial, color, subject 2

134G-1415 Practics trial, monochrome, subject 1
14151450 Practice trisl, monochrome, subject 2

1450-1525 Practice trisl, monochrome, subject 1
. 1525-1300 Practice trial, monochrome, subject 2

1600-1635 Test trial, color, subject 1

1635-1710 Test trisl, color, subject 2

DAY 2

0730-0630 Bring simulator on line and checkout
0830-0905 Tes? trial, monochrome, subject 1
0905-0940 Test trial, monochrome, subject 2
0940-1015 Test trial, color, subject 1

1015-7060 Test trial, color, subject 2
1060-1125 Test trisl, mnochrome, subject 1
1125-1225 Lunch Bresk

1225-1300 Test trist, monochrome, subject 2
1300-1325 Tt trisl, color, subject 1

1325-1410 Test trial, color, subject 2 _
1410-1445 Test trisl, moc.ochrome, subject 1 .
.1445-1520 Test trisl, monochrome, subject 2
1520-1720 Debriefing, questionnaire and tuped interview




Table 9.3-2. Sequence Of Conditions For Test Trials '

Color Monochrome
Subject [ Mission 1| Mission 2 [Mission 3 | Mission 1 | Mission 2 {Mission 3

1 1 5 3 4 2 6

2 5 3 1 2 6 .4
3 3 1 5 6 4 2
4 4 2 6 1 5 3

5 2 € 4 5 3 1

6 6 4 2 3 1 5
7 1 ‘5 3 -4 2 6

8 5 3 1 2 6 4

9 3 1 5 6 4 2
10 .4 2 6 1 5 .3
11 2 6 4 5 3 1
12 6 4 2 3 1 5

9.4 . Mission Scenario

The flight plan for the simulated mission is shown in Figures 9.4-1 and 9.4-2. Table
9.4-1 defines pertinent aircraft conditions and mission events for each leg of the flight
plan. The mission covered approximately 240 nautical miles. During each trial the
pilot experienced manual and coupled flight, air-to-air and air-to-ground weapon
| deliveries, and airspeeds from 500 knots to Mach 1.6 under Instrument Meteorological

Conditions (IMC).
~ Table 9.4-1. Flight Plan
Leg Weather Control Altitude (AGL) Airspeed Distance Time -
A-Approsch FEBA | 'MC | Autopilot | 20K e s00ks | 280m | 335min
8- Mwatﬁm iMC Autopilot 20K ft- 200 ft - | . 500 K& 31.5nm . 3.79 min
C - Approach IP : iMC Manual 200 ft ' 500/565 Kts |- 420m’ 4.59 min
0 Target . iMC' . Manual 200t | 5u0Km 1 21om - 229 min
E - Withdrawsl - mMC Manusl | 200 ft 600 Kts .33.5am 3.35 min
F - Escape IMC Autopidot * | 200ft-20Kft | Mach 18 ' 48.9.nm 2.61 min
G - Retumn _ IMC Autopilot 20K ft ' 600 Kes 38.6 nm 3.85 min
' | 241.400m | 23.93min
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Lez A

Just prior to initiating the mission, the pilot exercised the preflight checklist. He used
the left Multi-Purpose Display (MPD) to program the weapons options. The initial -
weapons format showed all stores in the inventory (2 ECM pods, 2 napalm canisters, 2
~ air-to-air missiles, 12 MK 82 bombs), but nothing was selected or fused. 4

The missions began with the aircraft on autopilot at 20,000 feet and on a heading of
330 degrees. Cruise speed was 500 kncts to the Forward Edge of the Battle Area
' (FEBA). The aircraft had just completed aerial refueling and was proceedmg mbound
to the pre-assngned target area, a railroad switching yard.

The pilot encountered | enemy aircraft proceeding outbound from the FEBA on:an
mtercept course. The pilot set the F.CM pods to ON, selected air-to-air missiles as the
active weapon option and turned the master arm on.

The air-to-air format was automaticaily displayed on the HSD when the enemy
aircraft was detected. The enemy aircraft appeared at the top, of the HSD AirlAir
mode format. An "X" appeared in the middle of the HUD airplane symbol when an
enemy aircraft was within radar range. At this point, the pilot could press the weapon
release trigger to hand the missile off to the automatic weapon fire control system,
and the "X" then flashed. A missile was launched an¢ the enemy aircraft'deétroyed;
When the missile was fired, the flashing "X" disappeared. At this time the pilot set
the ECM pods to standby and selected MK 82 bombs as the active weapons option. -

LegB

The aircraft deacended from 20 ,000 feet to 200 feet above ter-am unmedxately after
the air-to-air engagement. ' '

During this leg. the pilot was sometimes alerted %o a heat seeking miscile fired from
" behind. The pilot was required to activate an "evade" switch during an appropriate
time window, 3-5 seconds from missile impact, to slmulate initiation of an approprxate

'evasive maneuver. . |




Lex C

The autopilot established a heading of 040 degrees at the beginning of Leg C. After
this heading was captured, the pile: disengaged the autopilot and flew manually,
adjusting the power to maintain approximately 550 knots. The.VSD and HSD formats
were used to observe the pcsition of eneiny ground threats during the approach to the
target area, ' '

The pilot's primary task during legs C through F was to use the VSD and HSD formats
to minimize exposure to enemy ground threats. Displayed ground threats included
both inactive and active threats. On the VSD, inactive, search, and track mode
threats remained on the displays as long as they were within the field of view. On the
HSD, active and inactive threats were displayed whenever they were within the
selected range. When a threat was in track mode, and countermeasures were
ineffective or depleted (as indicated by the color of the circle around the airplane
symbol), the pilot activated a navigation update switch that fed the new threat data to’
the navigation computer so that the flight track and the displayed flight channel could
be offset to take the best evasive action. When a threat was in laurch mode, andthe
countermeasures were ineffective or depleted, the pilot activated an evade switch
(located on the control stick) to simulate initiation of a "jink" evasive maneuver.

Leg D

The pilot manually turned onto a heading of 315 degrees at the beginning of Leg D.
" The pilot could optionally highlight the target area, a railroad switching yard, as the
aircraft approached the weapon release pomt. All MK 82 bombs were delivered on a

single pass over the target. Entry into the weapon delivery envelope was cued by the
appearance of an "X" on the Head-Up Display (HUD). :

LegE

The axrcraft was flown manually to a heading ot 250 degrees at waypomt 5 and speed
was increased to 600 knots.
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Leg F

The autopilot was engaged at waypomt 6 after crossmg the FEBA uutbound The
aircraft captured a heading of 190 degrees and the afterburner was used during a Mach
1.6 escape to cruising altitude of 20,000 feet. \ Speed was reduced to 600 knots at top
.of climb. On some fligits, the pilot was alerted to a heat seeking missile from behind,
and responded by activating the "evade" switch. In some missions, an eneny aircraft ‘
approached for an engagement in this leg. The pilot disengaged the autopilct and
' engaged. the enemy in manual flight. o ‘

Leg G

The aircraft autopilot captured a headmg of 126 degrees at the begmmng of Leg G. A
final enemy air-to-air engagement sometimes occurred. in this leg, if one had not
occurred in Leg F. The mission ended as soon as the final air-to-air engagement was
' completed. L '

9.5 ‘[Ireat and Mission Variations

Four missions were developed for this study, one for pilot practice and three for
testing. These missions varied only in the location and behavior of the air-to-air and
surface-to-air threats. Figures 9.53-1 through 9.5-4 show the threat beddown locations
: for the four missions. In those figures, the circles around the surface threat locatxons,
: represent maximum launch range at ground level. For air-to-air threats, the bogxes'
Ibcation and the bcatxon of our aircraft at the start of the engagement are showr.

The ihreat. ‘encounters for each mission were drawn from a catalog of twenty-four
. surface threats and twelve air threats. Among the surface threats, seven were anti-
‘aircraft artillery sites, eight were low altitude SAM's and nine were high altitude
SAM's. The air threats included four which closed and could be fired upon without
_maneuvering, four which closed but requxred maneuvermg to hit, and four incoming
air-launched mxssnles which had to be evaded

Table 9.5-1 shqws» the threat composition of each of the four missions. Each mission
used sixteen of the twenty-four threats, chosen so that each threat was used a total of '
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%6 Test Data Collection

As in the basic study, both objective performance and subjective opinion data were
" collected. These data addressed the questions of overall suitability of the pictorial -
.format display concepts, the selection between color and monochrome
implementations of thos» concepts, and identification of particular format weaknesses
which could be corrected in revised formats.

Ten measures of pilot performance were collected. These measures provided |
quantitative data on the pilot's ability to use the pictorial formats in the two
ptesentanon modes to accomplish fhght path control, threat detection and avoidance,
and weagon delivery.

9.6.1 Flight Path Control Performance Measures

During three manual legs of the mission, one of the pilot's tasks was to use the flight
displays, primarily the HUD, to maintain the desired flight path. Airplane position was
- sampled at one-second intervals from the time that the pilot, on cue, selected manual

tlight until the time he, on cue, resumed automatic tlight. Four measures were
derived from these samples:

- RMS vertical deviation - RMS (oot mean squared) error in the vertical or
~ altitude dimension ‘

- RMS. htenl devhuon RMS (root mean squared) error in the lateral or
croa-tnck dimension

. = Percent of time in flight path channel (130 feet high by 300 feet wide)

- Percent of time in tight channel (73 feet high by 130 feet wide)




9.6.2 Verbal Reports

Throughout the missions, whenever a threat went into an active mode (search, track or
launch) or upgraded from one active mode to another more threatening mode, a threat
alert symbol appeared on the HUD. ‘The pilots were instructed to report these events
immediate!y' with seyeral items of information available from one or more o_f the three
major‘ displays as discussed in Section 8.1. Required verbal responses are given in
Table 9.6-1. Three measures were taken of these verbal responses.

- Latency of verbal response - Elapsed time from appearance of threat alert
symbol to beginning of verbal response

- Duration of verbal response - Elapsed time from beginning to end of verbal
response '

- Correctness of verbal response - Was responce correct and complete or
not? |

Table 9.6-1. Required Verbasl Responses

Resgonse itams (and siternetives)

Air | Sesrch | Threst Type (MIG 21 or MIG 23}
Clock position (1 o’clock through 12 o’clock)
Surtace | Seerch | Threet Typs (SAM or AAA)

Mode (Search, track ar lsunch)

Aieor | Treck or | Threst Type (MIG 21, MIG 23, SAM, or AAA)’
Mode (Seerch, treck or launch) ‘
Clock position (1 o'clock through 12 o'clock)
Countermessures effectivensss (Yes or no) -

Mode (Search, track or lsunch) . 7

Al



9.6.3 Motor Responses (Switch Hits)

When a threat went into track or launch mode and countermeasures were not
etfective, tae pilots were instructed to respond with an appropriate evasive action.
When a surface threat went into track mode, and countermeasures were not effective,
he was to press the "Nav Update® switch. If done in ﬁme, this would cause the
computer to calculate, the displays to show, and the airplane to fly, a safe route
around the threat and back to the original flight plan. As soon as any threat launched,
and countermeasures were not effective, the pilot was to press the "Evade" switch.
'For AAA threats, this was to be done immediately', and for missiles (SAM nr AAM) this
was to be done from three-to-five seconds before projected missile impact. The
measures take=n on these responses were: '

- Latency of ‘Nav Update" response - Elapsed time. from threat going into
~ track mode to switch hit ' ’

- Switch hit errors - Inappropriate or missed "Nav Update” or "Evade" switch
hit ' | '

9.6.% Weapon Release Measures |

The objective of these missions was a bomb drop on a target. The pilnts'were
instructed to press the weapon delivery switch as soon as the HUD weapon release
symbol indicated entry into the bomb drop window. They were also instructed to press
the weapon delivery switch in air-to-air engagements (two opportunmes per mission)’
as soon as the adversary entered the AAM delivery envelope and the HUD weapon
release symbol was dxsplayed. Response latencies to these weapon release situations
were measured. '

963 Pilot Opinion Measures -

A questionnaire (Appendix, C) was administered after the simtllation trials were
" completed. It ‘was divided into three parts. In:the first part, ten attributes or
characterlstlcs of display symbology were defined. Then the pllots were asked to rate

mdmdua' elements of the HUD, VSD and HSD symbology on a seven pomt scale, from




“very good" to "very poor", against those attributes. The attributes are listed and
defined below. v '

Usability in Color. How usable was this display element in the color display mode?

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

mode?

Usabxhty in Monochrome. How usable was this display element in the monochrome
dxsplay mode?

Conspicuousness _in Moroci.rome. How easy was it to see thxs display element in the
monochrome dxsp.ay mode?

Location. Is this format element in the right place and on the right display (HUD,
VSD, HSD)?

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?

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

Training. How easily could this format element be‘.leamed?,

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

" In the second part of the questionnaire, pilots were rasked'tvo rate the usability of -

monochromatic and color p}ésentation modes for particular aspects of the HUD, VSD

and HSD, 'and for crosschecking certain information. Again a seven pomt scale was - -

used, this t:me from "very easy" to "very dxfhcult"

The third oart of the questlonnanre was a llst ot ten open-ended questions. The pnlots

spoke their - responses mto a tape recocder and the resulting records were transcnbed
. for analysas. h
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10.0 - RESULTS - THREAT WARNING STUDY
10.1 - Pilot Performance Data |

Table 10.1-1 summarizes the ten objective measures of pilot performance that were
collected in the threat warning study. The data shown are ai! mean values taken
across the twelve subjects and the three missions, repeated once for color and again .
for the monochrome display version. Although only two of these measures (RMS
vertical error and percent correct verbal reports) were statistically significant, all ten
. showed an advantage for the color display version. The individual response measures
are discussed in the paragraphs which follow.

10.1.1 Flight Path Control

Table 10.1-2 gives means for each pilot across the three missions on each of the four
measures of flight path control. At the bottom of the table the means and standard
deviations across pilots are given as are the four paired measures t-tests. With 11
degrees-of-freedom, the .05 level criterion for significance of a one-tailed test is
2.202. With this criterion, only the difference between color and monochrome
presentation modes for RMS3 vertica! .c..-rrbr' was significant. All four differences,
however, are in the expected direction with color better than monochrome.

Table 10.1-1. Objective Performance Summary

Color Monochrome

RMS vertical error {feet) ~ © 2571 3438
RMS iateral error (feet) , 12224  1696.8
Percent time in 150 foot by 300 foot window - 817 - 64,2
_Percent time in 75 foot by 150 foot window 44,7 .. 421
Verbsl report latency (seconds) ' 2.28 . 2.35
Verbal report duration (seconds) ' 3.83 3.94
Percent correct verbai reports. 88.47 86.69
'Navigation updn'o latency (seconds) 717 . 1.68
Percent correct switch hits 88.83 85.83
Weapon relesse latency (seconds) ‘ ' 252 2.64
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Table 10.1-2. Flight ath Control Summary Data

RMS (ft) HMS (ft) Percent time in Percent time in
Pilot Vertical ¢rror Lateral error 150 x 300 ft window 75 x 150 ft window
Color Monochrome Color Monochrome Color Monochrome Color Monochrome

1 148.2 - 1971 816.8 830.8 81.4 60.1 573 56.2

2 2878 427.3 . 9878 913.0 63.1 64.1 37.3 7L

3 323.0 3143 2607.2 3025.1 875 618 499 45./

4 478.3 298.0 1892.0 2382.1 4715 54.6 48 29.7

5 3106 3899 7726 1188.2 417 524 204 44

(] 3754 742.6 815 983.1 665 355 40.2 339

7 289.2 140.9 1937.2 671.0 70.7 739 408 489

8 1178 3815 657.2 34236 - nz? 629 54.7 400

9 152.7 407.1 696.1 1047.1 80.3 78.1 65.1 60.3

10 137 .aNns 8778 1579.0 78.7 753 §5.5 454

1 303.1 277.2 1704.5 1629.2 ., 582 59.4 378 354

12 185.0 1754 1108.7 2689.2 733 66.0 529 48.2

Mean 257.1 3438 12224 1696.9 61.7 64.2 4“7 421

S.D. 113.7 159.0 647.1 945.1 118 128 135 10.0
t -1.043° -1.673 1133 ' 7.408

® Significant, p < .06

10.1.2 © Verbal Reports .

Table 10.1-3 gives the mean latency and duration of verbal reports for each pilot. To
make the values as comparable as possible, the subject means include only those cases
for each pilot where the particular reports were complete and correct for both color
and monochrome display versions. While the mean difference across subjects was not
significantly different for either latency or duration, both measures showed the color -
display version to be shghtly better.

.Table 10.1-4 gives percent correct v;rbal reports and the breakdown of .incorfect.
reports into corrected errors, uncorrected errors, and omitted or 'incorhplete reports.
By Chi-square test, the difference in -frequéncies of correct reports bgtweén color and -
monochi'.ome display versions was significant at . the .05 level. .-Again, a slight
' performance improvement was found with the color formats. The most comimen errors
in these verbal reports were incomplete or omitted reports. Among these, the
difference in trequencies of incomplete or omitted reports between color and
-monochrome dxsplay versions was sxgmﬂcant by Chi-square at the .05 level.

'
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Table 10.1-3. Verbal Report Latency And Duration (Seconds)

Verbal Report Verbal Report
Latency ’ Duration -

Pilot Color Mono Color Mono -
v 223 2.05 251 | 322
2 191 . | 164 669 - | 6.59
3 2.21 2.42 312 | 3.16
4 2.39 2.74 338 | 327
5 - 2.01 2.49 5.27 553
6 2.98 318 | 268 - | 288
7 2.08 1.90 4.29 439
¥ 2.75 '2.84 388 -.| 4.02
9 2.03 223 | ‘382 3.27
10 2.21 " 1.87 412 4.69
1" 2.24 2.69 217 | 274
12 2.37 2.16 72:.99 3.46
Mean | 228 | 235 383 | 394
S.D. 0.31 0.46 1.21 117

t -794 o o

Table 10.14. Percent Correct and Incorrect Verbal Reports

Corrected Uncorrected | Omitted
corret:t errors errors responses
Color ' 88.47 2.30 393 | 530
Monochrome |  86.69 . 2682 397 . 673
x2,df=1- |  4i43° . 1T ©ane

*Significant, p < .05

10.1.3 ' Motor Responses and Weapon Release

_ Table 10.1-5 gives the mean latencies for navigation update and weapon release switch
_hits. As with the verbal report latencies, the means for each subject include latencies
only‘ for events for which the responses were correct in both the .color and
monochrome display versions. This was an attempt to avoid contamination of the
latency data by incorrect reépéﬁ;es. _For both these 'measureﬁ, the mean lai:ency‘ was
slightly shorter for color formats, but neither was statistically significant. «




-

Table 10.1-6 gives percent correct "naviéation update" and "evade" switch hit
responses. Incorrect responses are broken down into corrected errcrs, uncorrected
errors and omitted responses. By Chi-sqixare test, the difference in correct responses
between colored and monochrome display versions was not significant at the .05 level.

Table 10.1 5 Navigation Update and Weapon Release Latencies (Seconds)

. Navigation updatz latency _Weapon release latency
Plot Color Monochrome Color Monochrome
1 '7.33 , 665 | 174 2584
2 8.92 6.23 588 211
3 6.59 6.32 1.32 2.48
4 9.13 7.85 1.96 217
| s 633 | 1091 421 2.80
6 658 854 2.37 2.90
7 487 6.85 451 2.09
8 8.39 9.09 223 5.73
9. 5.63 7.26 147 141
10 5.86  6.89 128 1.72
1 5.22 5.71 2.07 313
12 8.19 9.57 1.07 2.31
Mean 717 7.66 252 2.64
S.D. 1.47 157 1.54 1.09
t < .875 -218

Table 10.1-6. Percent Correct and Incorrect Switch Hits

i Corrected Uncorrected | Omitted or

(Correct _ errors errors incomplete
Color , 88.83 1.06 133 8.78
Monodu'omg‘ 85.83 1.67 ' 250 10.0
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10.2 Opinion Data

Appendix A contains a copy of the quéstionnaire with mean respcnses for the rating
questions. In general, the responses were fairly tightly grouped and QUite favorable.

In Figure 16G.z-1, rcatings of HUD symbology elemants for usability in color and
usability in monochrome are plotted as profiles. With the exceptiori of
waypoin;/target flags, where the ratings are tied, color was judged slightly better than
monochrome’ for all the symbology elemeﬁts covered. The profiles also show that,
except for the transitional flight director, the elements were judged from slightly
good to very good. This was the first time the transitional flight director was included
in the display, and its implementation was incomplete at the time of the threat
warning study.

Table 10.2-1 shows a correlation matrix, across subjects and symbology elements, of
attribute ratings for the HUD. For both color and monochrome, rated usabilify was
most highly correlated with precision, timeliness, training and workload. Caution
should be exercised in interpreting this correlation matrix and the others to be
pi-esented. The characteristics of the response scale and the tight grouping of
.responses may violate some of the assumptions for the Pearson product-moment
correlation coefficient. However, at this level, that statistic provides a valid
indication of relatedness. | |

i
Figure 10.2-2 profiles the. color 'and monochrome usabil+y ratings for the VSD. For
than monochrome. Even in
the monochromatic mode, only altitude terrain coding was rat¢d as low as neutral. |

each of‘t'he symbology elements, cclor was rated better

The correlation métr‘ix' for '.:%e VSD, Tab'le 10.2-2,"shows that for the colpred symbols,
usability was most closely correlated with conspicuouI‘ess, training, workload and
precision. For the mvrochromatic symbols, training, canspicuousness, precision and

timeliness were most closely correlated with usability.

As Figurg 10.2-3 shows, the profiles of rated usability for [color and monochrome in the

HSD are parallel and quite close. The two items for ich mean rétings were tied,
. bogie number and type and bogie altitude, are both numeric rather than symibolic
- elements. All elements in both display modes had mean ratings better than neutral.




in color and monochto«ﬁ, thess display elements are:

et SR e

Good ' Poor
Very Moderately Slightly Neutral Slightly Moderately Very .
1 2 3 4 5 6 7
| | | B | | |
1
Search mode threat i
alert symbol :

Track mode threat
alert symbol

@——=@ Color
Time-to-missile o=@ N.onochrome

impact readout

Threat azimuth
vector

Pathway-in-the-sky

Transitional flight
director

Terrain information

Weapon rclease cue

Waypcint/target
flags

Flgure 10. 2 1. Usabrllty Ratings for HUD m Color and Monochme

, The correlation matrix shown in Table 10.2-3 shows that for both color and
monochrome, usability was most’ closely correlated with conspxcuousness, _training,
meaning and precxsxon. The HSD correlatxons are generally higher than comparable

" correlations for the other displays. '

The results of the second part of the questionnaire are plotted in Figure 10.2-4. The
pilots were asked specifically to rate the two display modes for di:fﬁculty in extracting:
or crosschecking specific information. The familiar pattern appears - all items were
rated neutral or better, with color slightly better than monochrome. The tie was for
‘threat type in the air-to-air HSD mode, which was presented digitally.




Inactive threat
lethality envelope

Active threat
lethality envelopes

Track mode “‘tractor
beam*’

Launch mode
symbology

Countermeasures

effectiveness coding |

Ribbon-in-the-sky

Altitudé terrain
coding

Geographic and
cultural features

Waypoint/target flags -

Very

In color and monochrome, these display element, .are:

G_ood Poor
Moderately Slightly Neutral Slightly Moderately
2 3 4 5 6

Very
7
|

/

Oy Color
g Monochrome

" Figure 10.2-2. Usability Ratings for VSD in Color and Monochrome




in color and monochrome, these display elements are:
Gocd . Poor
Very- Moderately  Slightly Neutral Slightty  Moderatzly  Very
1 2 3 4 5 6 7
| I | | | ] |
. : I

Inactive threai
lethality envelupes ‘ /

Active threat

lethality envelopes @—0 Color

oo Monochrome
Tractor beam -
Missile position

Bogie number
and type

Bogie altitude

information | \ Co ' ) )
Altitude terrain ' : o .

coding o ' . . ' .

Geographic .and ' ‘ // " .

cultural features &
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HUD threat alert
HUD pathway

HUD terrain

VSD threat mode
VSD threat type
VvSD countermeasures
VSD ribbon

VSD terrain

HSD threat mode
HSD threat type

HSD countermeasures
HSO missite positiorns
A/A HSD threst mode .

A/A HSD thraat type

Crosachecking threat mode

Crouchgcking threst t&po
Crosschecking flight path
Cu:mdncting terrain

Storss meniputation
and status

-
A

In color and monochrome, it was this sasy to obtsin information:

Easy Difficult
Very Moderately  Slightly Slightiy Moderately Very
] 2 ' 3 6 ?
I ] | | i
O——@ Colof

w

Sve—g Monochrome




Table 10.2.1, Head Up Display — Correlation Matrix of Ratings

Workioed

[_ Symuology attributes 8 c (s} E F G H | J
A. Usabiiity in color _ 88 | 97| 55 | 86 | 75 | 93 | 83 | 84 | 89
8. Conspicuousness in color | J5 | 94 88 | 43 | 60 | S8 | .17 52
C. Usability in monochrome 6 | 7 | 74 | 94 | 92 | 96 | 82
D. Conspicucusness in monochrome 9 | 18 | 4z | &1 | 57 | 2
E. Location ' 41 | 56 | 56 | 75 | 54
F. Meaning 90 | 80 | 85 | 87
G. Precision '} 95 | %6 | 87
H. Timeliness % | 8
1. Training 90
J. Workioed

' Table 10.2-2. Vertical Situation Display — Correlation Matrix of Ratings
Symbology attributes B c ) € F. G H I J
A. Usebility in color 0 | 88| 27| | 22| @3] 28| 54| 4
8. Compicuousness in color 6 | 86 ] 44| 20| 08| -1} .05 | .28
C. Usability n monochvome 43 21 3t 43 | 36 .58 .32
D. Conspicucusness in monochrome 22 22 <08 -17 .28 -.81
 E. Location ‘ -4 | 27 a8 1 07 | 2
F. Mesning x| | 8] .07
G. Precision 92| 8 | &
H. Timeliness 88 | .68
. Tisining .54
J. Workioed
Table 10.2-3. Horizontsl Situation Displey — Correlation Matrix of Ratings
.. Symbology sttribuses 8 c o E | F G H ! J
A. Ussbility in color 98| s | 92| 8 | 94| 02| 87| 97| ¢
B. Compicucusness in color ' ‘e8| 92| | e8| o | 82| 92| #
C. Usebility in monochrome | 96| 20 | 96 | 97 | 8 | 90 | 80
0. Conpicuousness in monachrome 56 8] 99 | N B4 § 3|
E. Locstion 80 | s0 | 88 | 88 | 77
F. Meening 9 | 82 | & | 82
G. Precision 74 | 88 | .88
H. Timeliness 94 | .78
" 1. Treining 1 .84,
J.

A




11.0 CONCLUSIONS AND FORMAT REVISIONS

The basic study. was general in the sense that formats were developed and tested for
the HUD, the VSD, the HSD,. and airplane systems formats on the two MPDs. Some of
the format improvements from the basic study were implemented in the threat
' wérning study. In that second study, more threat information 'was added to the HUD,
VSD and HSD formats and the. emphasis in testing was on thg added threat
information. Since there was some format evolution between the two studies and
since the objective and methodology of the two studies were similar, conclusions and
recommended format changes are combined and presented in this final section. The
revised figures for the HUD, the VSD, and the HSD formats represent composites. As
such, they include examples of speciﬁc symbology which may not all appear
simultaneously in actual use.

11.1 General Conclusions

-The first objective was to determine whether these formats are usable by,. and
acceptable to, operational military fighter and attack pilots. Both the opinion and
performance data indicate that the concept of pictorial formats and the particular
formats studied were usable and accepted by the subject pilots.

The second ob;ectwe was to determine whather the acceptabulty and usability ot‘
these formats was a function of display mode color nu color line or monochrome in
the basic study, and color or monochrome in the threat warmng study. In both studies,

the pilots clearly preferred the color format vemons ‘and thexr per!ormance was -

slightly better with color. .

The tinsl objective was to identiy format improvements, From Vpilot opinion and weak
'spots in performance, a number of improvements have been identified and are
discussed in the subsections which follow. .

This is not_to say that the work on pictorial format displays is completed with these
revised formats. . Zach specmc applicatnon will bring its own set of requirements
which must be met, some with more empirical study. Since crew xnfcwmanon needs in_




the tactical ervironment may change considerably with different mission situations
and operating conditions, the fiexibility offered by electronic vdisplays and information
processing should be fully utilized to accommodate changing requirements. Thus, the
particular group of graphic formats evaluated in this study should only be considered a
representative subset, subject to refinement and revision as needs change. '

Also, blending of pictorial format work with other on-going advanced crew station -
'techr'sology will provide additional opportunities for controlled evolution of pictorial
format displays. Activity in such areas as flight management, mission management,
sensor development for target acquisition and flight path selection,“ target
classification, and weapon delivery all require crew station integration with pictorial
format displays to help achieve the transition of air crews from system ooerators to
mission managers, as discussed in Paragraph 1.1.

Fiﬁally, the present progrlam has raised a number of new issues. Some general ideas
are presented here, and those which are format-specific are discussed under ‘the
specmc displays.

Both the basic study and the threat warning study were aimed at simulating and

evaluating candidate concepts for pictorial flight, situation, systems, stores and threat

warning displays. As such, the displays used in the simulation represented'a first

attempt to integrate and portray a wide range of information in a pictorial, rather

than alphanumeric or strictly analog format. In order to progress from “concept"

displays used in laboratory simulations, to displays that can be used as an intcgral part
of an aircraft cockpit, numerous issues must be resolved. These factors range from

psychophysical, petceptxon-related parameters to questions of mformatxon structure

and priority, and include such questions as the following:

- Dlsplay field of view A

- Optimum sxze, color, duratlon, brightness, and tlash rates (where
necessary) for symbology

- ‘Optimum display size and placement ,

‘= Range limits for terrain and threat information '
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- Algorithms for threat display decisions in high threat density situations,
based on mode, range and time factors
- Pilot-selectable declutter options and format changes based on mission
segments
.= Role of voice commands in entermg and requeetmg information, and of
voice annunciation or aural warnings for threats or other warning
information ' '

112 Head-Up Display

The HUD display format, as tested in the basic study, was not a unanimous success.
Pilots tended to have difficulty with it initially, and even after a significant amount of
practice this format would have to be considered a high workload contributor.
Overall, nearly one-third of the pilot ratings of this display suggested that it was the
same or more difficult to use than information in conventional aifcraft. The usability
of the HUD received a lower rating than any of the formats tested.

V'Several factors ukexy centrmuted to this result. The three-dimensional fhght du'ector
pathway, mcludmg the dynamics of flight path commands and "airplane” handling
qualities, were all unfamiliar to the evaluators. The concern with color fill
obscuration of the outside scene during VMC was the major source of lower ratings.
As the pnmary fhght display, and as the only source of this type of mformatxon during
low altitude mission segments, the HUD would be expected to command a high
pen.entage of the pxlot's attention. This was further. accentuated by the degree of
. precision in flight control elicited by the flight director channel during manual flxght.

The dimensions, sensitivity ‘and dynamics of this symbology can undoubtedly be

improved upon. Moreover, the precise fhght path control called for during partxcular
segments of TF/TA and weapon dehvery should probably be relaxed at times when
requirements are less severe.

Nevertheless, a large number of improvements were suggested for the HUD format
and have been incorporated in the revision. A simple steering symbol has been added.
This symbol would appear any time that the entry gate of the pathway is at the
. -peripheral limits of the HUD display,' and would provide the pilot with director
information to. smoothly ,te-ivr'\tercept_the desired pathway. At the pilot's option,
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steering symbol dyr=mics and geometry could be coupled with a cursor in the HSD that
allows pilot selecti 1 of the re-interception point. This has the further advantage' of
.allowing close-in m:snual threat and missile avoidance maneuvering with easy return to
. the preferred flight route at any desired point,

Indicators have been added for air-to-air and surface-to-air threats.. These symbols
would appear for a specified period whenever the onboard threat warning system
detects pop-up threats not previously known to the system, and would serve principally
to alert the piloi to new threat'information appearing on the situation displays.

An optional vertical velocity indication has been added, primarily to assist the pilot
with precision altitude control and pitch trimming functions. To eliminate any
ambiguify in viewing the three-dimensional ‘flight pathway, particularly during
maneuvering turns where the channel may overlap itself, the 1000-foot segment linés
have been eliminated from the outside and used only on the inside of the pathway.

For medium and hi<l altitude flight, a pilot selectable pitch ladder and roll index are .
recommended. This could be accompanied by some damping of the,ﬂight director
channe! to allov rreater latitude in flight path control. Abbreviated pitch and roll-
indices could als> be considered for low altitude segements where terrain portrayed in
the HUD field-of-view may not always provide a reliable horizontal reference. For
transparency, the color line HUD format is preferred under VMC conditions, but may
lack the information needed in a primary flight display. during low-altitude IMC

operations.

For the threat warning _Study, the transitional flight direcfor symbol,rand the threat
alert symbol suggested above were added to the HUD as described in paragraph 8.1.1.

In the threat warning study, the HUD display iormat in general, and the'tﬁreat'alerting
symbology in particular, were fairly well accepted by the pilots, although they made
maﬁy suggestions for specific coding changes. Usability of most of the threat

symbology was rated moderately good to very good; the only exception was the threat
~ azimuth VVect'or, which was difficult to see unQer some conditions. Many of the pilot
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suggestions for change were requests for more (or more differentiated) threat-related
information to be presented on the HUD. Specific suggestions, and their.impact on the

revised formats are described below.

The only HUD symbology that received a usal?ility rating poorer than "neutral" was the
transitional ilight director. As discussed previously, this symbology was included for

the first time in the threat warning study, and its implementation was incomplete.

Pilot comments supported the concept of a flight director, but not its execution in this
' simulation. '

The HUD alert symbology consisted of an air-to-air alert symtol (shaped like a fighter)
or a surface-to-air symbo! (a missile) that appeared solid for six seconds for search-
mode threats; flashed for six seconds for track-mode threats; or flashed for launch
duration, accompanied by a time-to-missile-impact readout and threat azimuth vec:or,
for launch-mode threats. Most of the pilots considered the HUD threat symbology
~ adequate for alerting them to change in the threat environment; and also rated it
moderately- to very usable, especially in color. Half the pilot., however, suggested
that a separate alert symbol be used for AAA's, to distinguish them from SAMs.
Figure 11.2-1 shows the revised HUD format, which incorporates an AAA alert symbol,
a gun-type silhouette at bottom nght. :

Some pilots also commented that it was sometimes difficult to distinguish between
track- and launch-mode alert symbology, which differed only in duration and in the
presence or absence of the time-to-impact readout and threat azimuth vector, in the
revised HUD format, search mode threats would be represented by solid (non-flashing)
~ yellow' symbols (SAM, AAA or A/A, as-appropriate); track-mode threats by solid red

“symbols; and launch mode threats by tlashing red symbols. This coding would make the . -
distinction between threat modes more explicit. In addition, since threat azimuth
symbology would not be tied du'ectly to launch mode threats, it could be added, as
several pilots suggested, to track mode threat alerts, or ehmmated where
inappropriate. The time-to-mis‘sile-irhpact readout could be deleted for AAA's, for
example, to increase the dnstmcuon between them and SAM's, as suggested by two
pxlots. Table 11.2-1 summarizes the revised HUD threat alert codmg.
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Figure 11.2-1. Revised Head-Up Display (HUDJ — Composite

Some pilots requested more continuous threat information (for search and track mode

~ threats) in addition to the alerts for new threats. One possible' way of providing longer

and more inclusive information about the overall "active threat situation” is shown in _
Figure 11.2-1. Threat alert symbology similar to that in the threat warning study, but
with the modifications described above, would continue to appear below the aircraft

' symboi for all new or upgraded mode threats, to alert the pilot to changes in the

threat environment. In addition, similar symbolog&, but reduced in size, would appear

for all currently active threats in a row below the threat alert symbology, at the

bottom of the screen. The symbol for a given type of threat (A/A, SAM or AAA)
would always appear, if a threat of that type was active, in the same relative position:
left, center, or right. The "currently active" threat symbols would be cbded in the
same way as the "threat clert" symbology: yellow, _réd, or flashing red for search, .
track, or launch modes. If more than one threat of a éiven type were attive, the

number of those active could be given below the appropriate sy_rﬂboi, which would be

coded to represent the most severe mode of the threats of that type. Figure 11.2-1-
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Table 11.2-1. Proposed Threat Information Coding for Head-Up Display Format

Information Scove or restrictions Levels Coding
Threst status - * “Alert” o Large threat symbol just below
*‘own” aircraft symbol, 6 seconds
s ““Active” o Smaller threat symbols below
' alert threat symbol, duration
of active mode
Threat type o Alert or active threats . Air-to-air * Fighter symbol
* SAM ¢ Missile symbol
* AAA ¢ Gun symbol
Threat mode e Alert or Active thraats ® Search ® Yellow threat symbol
® A/A,SAM or AAA e Track '® Red threat symbol
Highest priority threat
of given status, type ® Launch ¢ Flashing red threat symbol
Counterm_‘asum status o Alert or Active threats o Efective ¢ Yellow circle
* AJA, SAM or AAA o Not effective| ¢ Red circle
' Most severe status for or depleted
given status, type
o Track or Launch mode
only '
Missile azimuth o Alert threat 0-t0 360-deg | Vector to missile azimuth
e A/A or SAM
o Launch mode only
Missile “Time-to-tmpact” | o Alert threat 0 to x secs Poxe& readout of time to missile
impact .
o A/A or SAM :
o Launch mode 6n|v
Number of thrém » Active threats 2tox Defauit is 1; pilot’s option to select
' **3ll active threats” number, or restrict
* A/A,SAM or AAA | to track and launch mode total

also shows possible coding for the countermeasures status of “active" or "alert”
‘threats, using a yellow (effective) or red (not effective) circle around the appropriate.
symbol (for track or launch modes threats, analogous to the coding used on the
' Vertical or Horizontal Situation Displays). -‘Four ptlots suggested that countermeasures
mformatxon be added to the HUD. : .
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The additional'sy_mbélogy for "active" threats and countermeasures status information
outlined above and shown in Figure 11.2-1 is only one possible approach. The |
feasibility of ad"ing-'s'uch information as well as its size, location, range limits, and
availability fir a pxlot-selectable mode, for example) would need to be mvestxgated in
further research.

Two other chanjges’ have been incorporated into the revised HUD symbology in response
to pilot comments: the threat azimuth has been made longer and thicker, and the:

time-to-missile-impact readout has been enlarged to make it more conspicuous.

The revxsxons dxscussed above for the HUD are related to threat-warning symbology.

As.in the basic study, some of the pilots suggested that a pitch ladder and better flight

direction mformatxon be added to the HUD. Changes in the sensmvny of the flight
channel are appropriate for different mission segments and requirements. The
addition of an abbrevnated pitch ladder, pilot-adjustable sensitivity for the flight
channel syn‘ibology, end a fully implemented flight director for recapturing the flight
channel when necessary, would improve the usability and pilot acceptability of the

-HUD format.

11.3 - Vertical Situation Display

The low-altitude VSD format was a true situation display that portrayed, in aircraft
stabilized form, the interaction of one's own aircraft with terrain, threats, targets,

“cultural features, and future intended flight path. At high altitude the VSD reverted

to a standard, ground-stabilized electronic attitude director indicator (EADI) format.

' Generally, the unique features of the low altitude VSD were well accepted; it provided

a concise overview of the mission situati_én with a minimum requirement to process
and integrate information from different sources. Overall, thiee-fourths of the pilot
evaluators rated this concept as easier to use than conventional aircraft information.

Much of the criticism of the verfical situation display in the basic study followed the
form, ;'I liked it, particularly for threat display, but otherwise it Was redundant.”"  In
part, this stemmed from lack of understanding or acceptance of the distinction
between fhgnt and situation display. The low altitude VSD was intended to be a
situation display showmg more about the threat and tesrain environiment and less about

" the mechamcs of fhght. The latter mformatxon was contamed in the HUD.
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If the HUD had been optimized and if the vertical situation display had remained a
situation display at high altitude, the 'pilots. would likely have been quite satisfied with
the VSD. The low altitude VSD changes are shown in Figure 11.3-1. The ground grid
should have meaningful linear dimensions (1 mile squares) and be fixed at the nadir or
point directly below the aircraft. This would help in determination of range to terrain
and threats and also give a coarse indication of aircraft altitude. There was scme
feeling that a heading tape or compass rose was needed so’rhew_here as an azimuth
reference feor terrain, threats and targets and one suggestion was the VSD. That is
~ probably appropriate since it has a v_vider field of view than the HUD. If necessary, a
more complete compass rose could be added to the HSD. .

...........

Figurs 11.3-1. Revised Low Altitude VVertical Situation Display (VSD) — Composite
\\ |
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At high altitude, the VSD should not dramétically change character from an aircraft-
stabilized situation display to a ground-stabilized attitude director display. Even if
the aircraft is above terrain, the threat information may still apply. The ground grid
could be retained, with each square representing five or ten miles to reduce clutter.
The VSD could still be a back-up location for the HUD format in case of HUD system
failure.

W;tﬁ one exception (altitude terrain coding), the color version of the VSD received
ratings of slightly good, or better, in the threat warning study. However, in general,
the VSD' was the lowest rated display and the least used source of threat information.
In part, this result was an artifact of the response measures, and the relatively narrow
field of view of the VSD, combined with an anomaly in the threat mode coding for the
VSD. Moreover, it was likely influenced by the design of the VSD format as a
“situational" display, rather than one intended to give discrete threat data uniquély
tailored for response purposes. '

In the threat warning study, the pilots were recjuired to give the type and mode of all
threats fl”agged by a HUD threat alert symbol. Sometimes such threats were out of
the field of view of the VSD; or hidden behind a mountain or another threat.
Information for such threats could be reliably obtained only be referring to the HSD.
This was especially true for threats in track mode. Once they went oqi of the field of
view of the VSD, their lethality envelope, tractor beam, and the concommitant
countermeasures status coding circle disappeared; this was not true for the HSD. An
important revision proposed for the VSD i; that the tractor beam and countgrmeésures

information for tr
the field of view (

k mode threats remain on the VSD even if the threat goes outside,
ith the caveat that some range limits might have to be enforced

for all three displays, especially in a high density threat envircnment).

Another difficulty
symbology used to

with the VSD (one it shared with the HSD) was the *jewel" light .
replace the lethality envelopes of threats in launch mode. Pilot

comments (and performance data) indicated that the jewel light was easily confused

with the AAA thr

t lethality envelope. Moreover, once the jewel light had replaced

the threat lethality envelope, there was only mirimal information as to the type of

threat that was in

launch mode (i.e., the presence or absence of the missiie position

symbol on the HSD; and the ditfefencg in time-to~-missile-impact readout on the HUD).'
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Table 11.3-1. Proposed Threat Mode Coding for Low Altitude Vertlcal Situation Display
and Low Altitude Horizontal Situation Display Formats

Aircraft ‘ .
Threat site~JoC3tion | Within threat lethality envelope | Cutside threat lethality envelope
locstion, mode
Within VSD § I o :
field-of-view £ Yellow threat-site symbol Threat lethsiily envelope
or HSD display | -
range g
3
8 : Hed threat-site symbol Threat lethality envelope
&
E | Tractor beam Tractor beam
E Countermeasures circle Coun*ermeasures circle
"§ Frashing red threat-site symbol Th(eat lethality envelone .
_g Flashing tractor beam Flashing tractor beam
5 Countermeasures circle Countermeasures circle
-
Outside VSD § : .
field-of-view g | Nocoding® No coding®
or HSD display £
range 5
|4
o | Red threat-site symbol pegged Tractor beam to side at eorrect
E to side at correct azimuth azimuth
% | Tractor beam to symbol .'Countermeasures circle
[d -
F | Countermeasures circle
§ Flashing red threat-site symbol Flashiﬁg‘tfactor beam 10 side at
€ | pegged to svde o ) correct az:muth
fg F Iashmg tractor beam to symboi Countermeasures cm:le :
2
= | Couitermeasures circle

* An increass in the selected HSD range would bring thu
threat site within the HSD dnsplay range ‘




Finally, there was a more general problm with the way the jewel light was
implemented in the threat warning simulation. Although the substitution of the jewel
light was initially intended to indicate that a threat-le'thavlity‘ envelope had 1b<_eén
penetrated, there was also a requirement that the jewel light remain as long as the
threat was in launch mode. Thus, threat mode status and lethality envelope
peneiration were not clearly differentiated. To keep the coding and briefing .
straightforward, the jewel light was defined as a part of the code for launch mode
status rather than lethality envelope penetration. One possible solution for the
drawbacks associated with jewel light as it was used in the threat wam"ing study is
shown in the revised VSD and HSD formats, Figures !l_.3-l and 11.#-1, and the
proposed threat coding for the two formats, Table 11.3-1. | -
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Figure 11.4-1. Revised Horizontal Situation Display. (HSO} - Composite
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Figure 11.3-1 shows the jewel light replaced by a "threat site symbol" similar to the
threat symbology used in the HUD. This symbology, with a unique symbdl for AAA's,
SAM's and A/A threats would allow threat type to be identified even after the threat
lethality envelope disappeared. In addition, Table 11.3-1 shows how all combinations
of threat mode (search, track and launch), threat envelope penetration (inside or
outside ervelope! and VSD field of view (inside or outside field of view) could be
represented.

With this 'coding, the appropriate threat site symbol would replace a lethality snvelope
only if the envelope had been penetrated. The threat site symbol would then reflect
the current mode of that threat: the symbol would be yellow, red, or flashing red for
threats in search, track, or launch mode (with the latter modes more probable).
Threat site symbols would appear only for threats within the V5D field of view; for
track and launich mode threats outside the field of view, the appropriate tractor beam
{soiid or flashing to correct azimuth) and countermeasutes status circle (yellow or red)
would remain. The width of the tractor beam would be increased to make it more
conspicuous, and the optimum flash rate would be determined. Similar coding would
be used on the HSD. This proposed coding is only one possible approach, but it has the
dual acdvantages of presenting and distinguishing threat envelope penetration and
threat .node information, as well as increasing the consistency and commonality of
coding across displays. This would have the added result of making the VSD a much
more reliable and complete source of threat information, increasing its usability as a
true situational display. ' '

11.4 Air-to-Surface Horizontal Situation Display

" The basic HSD is an electronic moving-map display. It contains some unique features
which should be retained. The idea of showing threat envelope and mountain sizes at

_current altitude is good and would probably be even more valuable with denser threats
and more manual evasive maneuvers than’ were simulated here. The target lnset was
well ‘accepted by most of the pllots.

. Several optional features should be added. 1f numeric tuel-range Is lmportant, then its
numeric value should be added to the !uel-range ‘vings. The selectable time and.
distance boxes shouid have a "direct" option as well as “via fhght plan” Other




important ground features such as prime and alternate landing fields and radio aids to
navigators should be considered as pilot options. An offset option should be added to
put the airplane symbol at the bottom of the display. This would, for a given scale
selection, almost double the look-ahead range. A pilot-selectable cursor is suggested-
that would allow the pilot to make minor course changes in near real-time, and would
facilitate return to the preplanned route following manual maneuvering.

An optional trend vector should be added. This would give 30, 60 and 90-second
predictions based on current configuration and speed. In. other applications, this
feature has proven to be a valuable aid to manual flight. Display range (scale) should
be stated as distance from the airplane symbol to the top of the display.

In the threat warning study, the horizontal situation display received the highest
usability ratings of the three displays. This result may have been partly an artifact of
the response structure and some anomalies in the VSO threat coding, as discussed
earlier. The revisions to the HSD air-to-surface format, shown in Figure 11.4-1 and
described in Table i1.3-1, are analogous to those made on the VSD. The primary
proposed change is the ~ubstitution of a threat site symbol (which also codes threat
mode status) for threats within the HSD display range whose lethality envelopes have
been penetrated. As with the VSD, the tractor beam (for track or launch modes) would
be made thicker and more conspicuous, and it would flash for launch mode to mcrease
consistencCy across dnsphys. "

Because the plan view of the HSD contains no information on the height of the
lethality envelopes, the pilots had more difficulty distinguishing SAM's from AAA's,
and threats (especially AAA's and jewel lights) from terrain. One reason for this was a
less discriminable difference between the red (of threats) and the brown (of above-
amtude terrain) on the CRT used in this simulation for the HSD. But this may be only

' one example of the more general problem of distinguishing threats from terrain when -

more realistic depictions are used (so that threats and terrain cannot be classified by
their distinctive regular shapes), or when a more dense threat and mountain
environment occurs. Although it was not incorporated in the revised HSD format
shewn in Figure 11.8-1, one possible solution would be to use a more distinctive coding,
such as a striped (stroke or puthl fill raster) format !or ternln. This would increase
the ,discrimimbnmy of the two types of information, and would also allow the terrain V
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information to be presented in a high density environment without occluding important

threat information. This is only an attempt to define a possible approach to a solution,
since no work has been done to test the effects of this coding in the laboratory.

One final pilot suggestion should be noted: three pilots wanted some indication on 'the
HSD about which threat was associated with the threat alert symbol currently on the
HUD. This was undoubtedly influenced by the requirement to identify the clock

position of the threat for a given HUD alert, but this request could be easily
" accommodated by changing the color of the entire threat envelope for the duration of

the HUD alert symbol (e.g., magenta threat envelope for six seconds). The feasibility
of this suggestion would depend on threat density and the timing of threat mode
changes. o

1.5 Air-to-Air Horizontal Situation Display

The air-to-air format of the HSD was well received. The revised format, shown in

Figure 11.3-1, reflects two major changes. First, in keeping with the changes made to

the air-to-surface HSD, and the VSD, a “threat site® symbol replaces the lethality

envelope of the threat (the sector shape) once it has been penetrated. .

Second, the location of the threat number, type, and altitude difference information
has been changed. Some pilots noted that, for some ranges, this information was out
of the HSD field of viey. To provide more timely information, these data have been
moved inside the threat envelopes. Threat number mxght also be coded pxctonally, as
shown in Figure 11.5-1. This coding gives a clearer p:cture of the relative position of
formation: urcnft, transitions more easily when a change in formation occurs, and
reduoesthealphanumencmdoutstotvonmbersttutanﬂtmthebodyofthe

_throat envelope (even it the envelope rotates) under all usable scale conditions. B

16 wunmohplm

The status and advuory fotmats, which . were shown on the two multipurpose displays,
were generally ‘well received. Some of them do ot warrant revision at this time.
Others require extensive work.




Figure 11.5-1. Revised Air-to-Air Horizontal Situation Display (HSD) — Composite

1161  Engine Formats

The pilots wanted two things from engine displays. They required good thrust setting
information and they were concerned about engine health. The test version of the
engine format covered both of these concerns - but not well. There was not sufficient
resolution i in the thrust parameters (N1, N2, fuel ﬂoy) to set thrust level. The engine
health parameters.(turbine inlet temperatures, exhaust gas temperature) were' lost
among the other display elements; engine oil quantity and pressure were not shown.
" The engine status display was crmcized for being too cluttered.

The design response to these criticis'ms is shown in Figure 11.6.1-1. ‘Turbine: inlet .

temperature and com;’xesaor' _speed have been eliminated. Fuel flow has been
simplified and "bubble® movement removed. 1f numeric fuel flow, is required, it could

sy







be added at the ends of the fuel flow arrows. Characters should be the same size as
the letters on this format. A composite thrust parameter is suggested and displayed as
shown in a tape-like display with desired thrust shown, derived from autopilot or

manually set desired zirspeed. Actual thrust is shown along with throttle position.
This way, the thrust goal is known and displayed. The pilot can set his throttles

- quickly to match that goal and attend to other duties while engine thrust comes up (or

down) to match the setting or goal. The procedure obviates the continual monitoring
and successive approximation frequently required with current engine display systems.

‘The engine advisory formats were. successful. They cued the pilots though the steps ‘

necessary to deal with engine problems. No change is suggested to the existing
formats. An engine health format should be added to display the health parameters of
concern.

11.6.2 ‘Stores Formats

The stores status and stores.program formats were very successful - they were well
accepted and pilots performed well with them. Neither the status nor the program
formats require revision ut this stage. Both would be tailored for specific
applications. Pilot errors in deahng with the hung bomb problem indicate that stores

‘problems should bring up either verbal or plctonal checklists like those used here for

engine and electrical problems.

11.63  Electrical Formats

The electrical status format requires only modest change. The distinction between
permanent and temporary failure of an electrical system element was subtle - filled
vs. open X. If the dxstmcuon is 1mportant, it shou!d be more clearly indicated. Figure
11.6.3-1 is the mod: fxed electrical status format, showing a temporary failure of the

" left generator. A permanently failed element would have an X through it, as well.

The electrical advisory format was an exarnple of a puctorial checklxst showing

‘reqmred actions. Some pilots would have preferred verbal checklists and were critical

of the cartoons. If verbal checklists are used, they should be interactive and have a
recall feature. In this way, completed checklist items would be automatically
indicated and actions rot completed would be available fqr later recall.
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If pictorial checklists are used, they should be simple, clear and have a fairly uniform
format across systems. Required actions should be clearly separated, perhaps to the
point of having separate pictures for each action. This would have precluded the
relatively common error of forgetting to turn the generator back on after a tempdrary
failure. In pictorial checklists, condition and action should be clear. Showing cockpit
location of switches is not as importah’; and could be excluded.

11.6.% Hydraulic Formats

The hydraulic status format was well received and easily understood. However, a
number of pilots indicated the need for numeric information. Pending the sort of
analysis that accompanies a specific application, no revision is recommended.

The hydraulic advisory format showed results of a system failure but did not indicate

any action required. The pilots read the display quickly and accurately. No revision is
recommended.

11.6.5 | Fuel System Format

The fuel status format was judged to be good, but pilots had to refer to a conventional
gauge to report amount of remaining fuel. Figure 11.6.5-1 shows a version which adds
numeric fuel quan'tity to the format. In some aircraft, fuel flow is used as an

indication of thrust. A number of pilots requested display of fuel flow. This has been
discussed in the revised engine status format.
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APPENDIX A

PILOTS' QUESTIONNAIRE - BASIC STUDY

~ This appendix is a copy of the questionnaire completed by the pilots in the basic study.

As described in paragraph 5.4 of the main body of this report, the first part of the

- questionnaire was analyzed by the method of magnitude estimation. The numbers

written in under "Color Fill" and "Monochrome" are the georhetric mean responses.
Questions marked with asterisks had significant differences (p < .05) by Friedman
two-way analysis of variance. '

In the second part of the questionnaire, pilots were asked to compz-e these formats
with conventional aircraft displays. The boxes in that part of this appendix contain
the number of ‘pilots making that response and the asterisks indicate the median

response.




NAME ‘ . ' DATE

y SERVICE BRANCH

AGE | - TOTAL JET HOURS

EXPERIENCE BY AIRCRAFT TYPE

" AIRCRAFT ___ HOURS
ATRCRAFT , ' HOURS
: CAIRCRAFT HOURS
AIRCRAFT .' HOURS
AIRCRAFT | ' Houaé

. YEAR OF PILOT'RATING . CURRENT RANK
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APPENDIX B

SYNOPSIS OF TWENTY RESPONSES TO EACH OF NINETEEN GENERAL QUESTIONS
BASIC STUDY
It was hoped that providing each pilot a list of general questions aqd a tape recorder

would elicit ideas not otherwise available - a sort of directed free association. The
technique ' worked we_ll; - Transcripts of the tapes from individual pilots were

recordered by question and are summarized in the pages following. The richness of the-

raw data made summarizing difficult but an attempt was made to represent all the

ideas presented.' Both convergences and divergences 'appear. There were a few
comments on the simulation as opposed to the formats under evaluation; these were
excluded from the summaries.
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1 Question 1. What is your general feehng w1th regard to the use of CRT dxsplays in the
cockpit?

Good (19 pilots).

Systems displays especxally good (5 pxlots)

- Some too complicated (4 pilots).

Make thrust setting information better .(2'pilot‘s).
VSD and HSD don't give quick information (1 pilot).
Quick and easy crosscheck (1 pilot). |
Color fill best (1 pilot).

@esnon 2. What is your general opinion of- the low altitude Vertical Sxtuatlon
Dlsplay'7 '

Good, particularly threat display (l8_fpilots).
Good for situational awareness (2 pilots).

Used it mostly for threats (5 pilots).

Ribbon questionable (3 pilots).

Put threat warmng in HUD, as well (3 pllots)
Perspective confusing (2 pilots). .

Want better steering and attitude information (2 pilots).
Tie to radar for real terrain (2 pilots).

Monochrome best (1 pilot).

Color line best (1 pilot).

Color fill best (1 pilot).

Question 3. Does the HUD provide sufficient information for flight path control
during low altitude flight? If not, what would you add?

Yes, the HUD provides sufficient mformatxon for fhght path control in low
~ altitude flight (8 pilots).

No, it doesn't (12 pilots). . ‘

Add better flight director or steering information (10 pilots)."
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Pathway difficult to return to from extreme deviations (7 pilots).
Add clear attitude information (6 pilots).
Get rid of background fill, especially in VMC (5 pilots).
Add threat indication (5 pilots).
Add vertical velocity (5 pilots).
Heading, airspeed and altitude boxes should be moved in (2 pxlots)
‘Add forward-looking sensor overlay (2 pilots).
Add pitch ladder (2 pilots).
Too cluttered (2 pilots).
Add angle-of-attack (1 pilot).
Ridge lines too cluttered (1 pilot).
Add low altitude alert (1 pilot).
Use velocity vector (1 pilot).
. Prefer standard ADI (1 pilot).

Question 4. In this simulation, the HUD presentation was airplane stabilized and the

: Vertical Situation Display was ground stabilized. 1Is this acceptable? If not, what
4 would you change? ’ l
| . Acceptable (19 pilots).

Not acceptable (i pilot).
Add attitude to HUD and better steering display on VSD (1 pilot).
Establish back-up director mode for VSD if HUD fails'(1 pilot).

Q.!estxon e, What do you think of the terram shadmg on the low altxtude color ﬁll :
HUD format? .

- Fine as it was (8 pilots).
Alright for IMC, but clear up for VMC (6 puots)
Masked too much, color line better (5 pilots).
Attitude and steering not well displayed (2 pilots).
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Add ia’ng_e information to the mountains (1 pilot).
~ Need declutter capability (1 pilot).
Color fill excellent on VSD and HSD (1 pilot).
:Ter;é.in avoidance i:.formation is better on the A6 (1 pilot).

Question 6. Did you have difficulty interpreting HUD flight path information due to
the lég between the airplane symbol and the pathway-in-the-sky when flying with

autopilot engaged?

No difficulty on autopilot (13 pilots).

Problems in manual flight (6 pilots).

Turns hard to interpret (3 pilots).

Experience may help (3 pilots).

Monochrome hard to interpret (2 pilots). '

Hard to.get back to course (1 pilot).

Too much information when in autopilot (1 pilot).
A6 format better (1 pilot). |

Question 7. Did you ever refer to the electromechanical standby instruments in the

i Cockpit? If so, about how many timeS and for what purpose?

Rarely 6 pxlots)
Sometimes, partxcularly on early flights (5 pilots).
Yes, but more out of habit (5 pxlots).
Yes, primarily for'cross check (3 pilots).
Altimeter (8 pilots).
~ Used vertical speed indicator (5 pilots).
1 Mach/alrspeed (5 pilots). :
Needed analog heading information 2 pilots).
'Looked for attitude because it wasn't clear on the HUD (1 pilot).
_ Looked for angle of attack (1 pilot).
" *Would hke to see Navy format angle of attack on HUD (i pllot)
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Note: Despite all the empha51s here on pictorial formats, heading, airspeed and
altitude were presented digitally. Pllots used the standby instruments for analog
presentations of those parameters.

Question 3. Did the flight path channel ever completely disappear from the HUD? If
so, did you find it difficult;to‘recapture proper position with respect to the flight -
path?

Note: When the path disappéared from the HUD, it was due to extreme deviation from
the flight path. In that case, the entry gate remained, pegged at the display periphery.

Yes, it did but recovery was not difficult (5 pilots).
Yes, and add steerihg symbology to get back (5 pilots).
Yes, HSD helped recovery (3 pilots). '
No, but steering cues would help (4 pilots).

No, it did not disappear (3 pilots).

Question 9. Was the blinking velocity vector on the HUD a useful indication of
abnormal and -emergency conditions in the monochromatic presentation? .

Yes, it was fine (11 pilots).

No, easj to miss (4 pilots). _

Other indications (master caution, fire light or blinking display. selector) were .
o . more effectxve (5 pilots).

‘Question 10. Was a change in color of the velocxty vector on the HUD a useful
- indication of abnormal and emergency condxtxons in the color format presentatmns" If

not, how would you mdxcate thxs mformatxon on the HUD?

Yes, it was adéquate (8 pilots).
No, blink it, too (6 pilots).
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No, add something else (6 pilots).
Do not need heading in all three displays (1 pilot).

Question 11. Do you think the waypoint and target flags on the HUD and on the
Vertical Situation Display are useful cues? ~Were these cues useful in crosschecking
flight progress on the Horizontal Situation Display?

Yes, they are useful (16 pilots).

Good on VSD, but not HUD (2 pilots).

No, unless they were real sensor input (1 pilot).
No, HSD indication is enough (1 pilot).

Question 12. What is your general feeling about ‘the river and highway presentations '
on the low altitude Vertical Situation Display?

Not useful (9 pilots).
Might be useful in low altitude VMC navigation (5 pilots).
Good (3 pilots). Good but not in monochromatic VSD (2 pilots).

Question 13. What is your gr:eral feeling about the usefulness of the target expansion
feature on the map display?

seful (14 pilots).
ot useful (2 pilots).
tter if it were real sensor imagery (4 pilots).
"..greatest feature in the whole system® (1 pilot).
"...one of the less 'importaqt features” (1 pilot). |
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Question i4. What is your general feeling about the usefulness of the fuel range rings
on the map display? ' o :

Good (7 pilots).
Good but add fixed range rings or something to improve estimation (7 pilots).
Good but add digital range (5 pilots).
Add fuel flow gauge (2 pilots).
' Good, but mlght be hard to lmplement (1 pilot).

Question 15. What is your general feelirig about the usefulness of the air-to-air
pictorial format on the horizontal situation display? ‘

Good (9 pxlots) .

Good but makes assumptions about adversary's ordmance (5 pilots).
Good but add target designator box on HUD (2 pilots).

Good but may need to be reduced for multiplane engagements (1 pilot).
Good, but need more range (1 pilot). , ‘ , . -

No ovinion (2 pilots).

Question 16. What did you hke most about the pictorial formats that were presented

in this simulation?

Speed of understanding malfuncnons and corrective acuons thh pxctonal

checkhsts (10 pilots). _ : : o P . ’
HSD (5 pilots). S ‘
Threat and terrain depiction (4 pxlots). :
Color fill (2 pilots). '

Uise of color (2 pilots). , ; o | o o - B
Stores formats (2 pilots). o Ce o ' :
Versatility of format creation (1 pilot). ' ' : /

Emergency indication on HUD (1 pilot).-




Clear, sharp pictures (1 pilot).
Fuel format {1 pilot).

VSD and HSD) (1 pilot).
Air-to-air node (1 pilot).

Question 17. What did you dislike most about the pxctonal formats that were
presented in this sxmulatxon"

Fuel and engine displays (2 oilots).
. HUD too cluttered (2 pilots).
. HUD terrain presentation Q pilot).
HUD pathway (1 pilot). :
‘o V3D - the information should be on the HUD (1 pllot). E
Flying the pathway and getting used to it (1 pilot).
+ o Too much non-useful information (1 pilot).
' Difficulty of seeing trends.in status displays (1 pilot).
. Cartoon advisories. Should have actions memorized (1 pilot).
Need accurate thrust setting information on engine format (1 pilot).
Fuel, engine and electrical status dispiays (1 pilot).
Fuel display (1 pilot). : |
, Want North-up HSD (1 pilot).
. "' Coler fill on HUD (1 pilot).
- Color line and monochrome display modes (1 pxlot).
Monochrome mode (1 pilot).

Question 18. \Vould you' modify the content or layout of any of the pxctonal formats

used in this sxmulanon" If so, what would you change’

. ' Head Up Display

Add steering symbology back to pathway and for turns (7 pilots).
Cut out clutter in low attitude HUD (5 pilots).




Add threat indication to HUD (4 pilots).

Replace channel with fly~to symbol and single line (2 pilots). . ,
Add better artificial horizon (2 pilots). : :
Add pitch ladder and roll indicator (2 pilots).

Need better altitude information (2 pilots).

Eliminate artificial terrain (2 pilots).

Integrate nose camera video (1 pilot).

Add vertical speed (1 pilot).

Add air-to-air threat information (1 pilot).

Make it like A7E HUD (1 pilot).

Add declutter capability (1 pilot).

Mal'<e heading, airspeed &-.d attitude boxes larger (1 pilot).

Need range information to terrain features (1 pilot).

Need low altitude warning (1 pilot)..

Make lock-on X larger in monochrome (1 pilot).

What would weather look like (1 pxlot)" '

Good as is (1 pilot).

Color line best (1 pilot).

Monochrome worst (1 pilot).

Monochrome best (1 pilot).

Vertical Situation Display

Good as is (8 pilots).

VSD redundant except for threats (# pilots).

‘Make low altitude VSD available full time (1 pilot).
Make high altitude version like A6 VDI (1 pilot).

High altitude - make roll index bigger (1 pilot).

Needs roll, attitude and steering information (1 pilot),
Add radar terrain imagery (1 pilot). '
Simple headmg tape better than single box (1 pilot).




Move ground texture to indicate ground motion (1 pilot).
What would weather look like (1 pilot)?

Exchange locations of VSD and HSD (1 pilot).

Use color fill (2 pilots). '

Use color line (1 pilot).

Monochrome worst (2 pilots).

Horizontal Situation Display

Good (3 pilots).

Wit I had it in A6 (1 pilot). |

Air-to-air makes assumptions about adversary's characteristics (2 pilots).. -

Provide declutter for air-to-air (1 pilot). ' |

Air-to-air range shbuld be selectable (1 pilot).

Add velocity, identification and probable armament load to air-tn-air mode
(1 pilot). |

Add offset-to-bottom option (2 pilots).

Add real imagery (1 pilot).

State range as radius rather than dxsplay height (1 pilot).

Add heading on each leg (1 pilot).

Add range rings (1 pilot).

Add North-up option (1 pilot).

HSD should not have time critical information (1 pilot).

What would weather look like (1 pilot)?

Color fill best (3 pilots).’ |

Color versions better (2 pilots).

Stores Status and Stores Program MPD Formats
Good (15 pilots).

Master arm switch is a problem (3 pxlots)
Programming easy but ehmmate entry key (1 pilot).
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Color fill best (4 pilots).
Color line and color fill better (2 pilots).

Engine Status MPD Format

Good (4 pilots).
Throw it out (1 pilot).

‘Too cluttered (3 pilots).

Too simple (1 pilot). '

Too much of a cartoon (1 pilot).

Improve power setting readings (9 pilots).
Add numeric RPM (8 pilots). |
Add numeric EGT (4 pilots).

Add numeric fuel flow (3 pifots).

. Add oil pressure and quantity (1 pilot).

Color fill best (1 pilot).

‘Color line best (1 pilot).

" Hydraulic Status MPD Format

Good (9 pilots).

Terril.le (1 pilot). :
Could ceplace with gauge (s pilots).
Need numerical information (3 pilots).
Combine with engine format (1 pilot).
Need more detail (1 pilot).
Monochrome was all right (1 pnlot)

Eloctrica! Status MPD Format

Good (10 pilots).

'Replace with gauges or annunciator (3 pilots).
~ Just tell me in words (1 pilot),

Hard to distinguish between temporary and permanent faxlure (1 pilot).

~ Color line best(l pllot) Lo

Monochrome worst (1 pilot).




Fuel Status MPD Format

Good (10 pilots).

Need numeric fuel flow somewhere (5 pilots).

Make valve indications clearer (2 pilots).

Add numeric total fuel to format (2 pilots).

Need more complete schematic (1 pilot).

Prefer digital indication by tank (1 pilot).

Boost pump failure indication should be clearer (1 pilot).
Replace with annunciators (1 pilot).

Monochromatic worst (1 pilot).

Emergency and Advisory MPD Formats

Good (9 pilots).
Prefer checklists (7 pilots).
Pilot should already know this information (4 pxlots).
Saves memorization (1 pilot).

Add warning light on VSD (1 pilot).
 Make each step a separate presentation (1 pilot).
Should come up automatically (1 pilot).

Airplane this smart should be able to fix these problems and )ust announce

tix (1 pilot).
Borders too-bright (1 pilot).
+ M- nochrome worst (1 pilot).
" Color made little ditference (1 pilot).

No additional (3 pilots)..
Geez, no (1 pilo?)! .

152

Question 19. Do you have any suggestxons ior additional pictonal 1ormats that mnght
‘be developed? : ‘ ' ‘ '



Communications and navigation (2 pilots).

Put VSD threat information in HUD (1 pilot).

Emergency pull-up indication in HUD (2 pilots).

VSl in HUD (! pilot).

Integrate actual pictures in HUD (1 pilot).

Variable accuracy requirement in pathway to reflect operational

' requirement (1 pilot).

‘Better steering and attitude in HUD (1 pilot).
Make HUD altimeter a tape (1 pilot).
Bank scale on HUD and VSD (1 pilot).
Air-to-air display on VSD (1 pilot).
Sensor pictures on VSD (1 pilot).
Compass rose on VSD or HSD (I pilot).
Format to steer for stern engagement - also useful for refuelhng

(1 pilot).

Straight course and distance for emergency return to base (1 pllot) ,
HSD scale should read radius (1 pilot). .
Compass card with TACAN, ILS and flight director a pllot)
Otfcenter airpiane to bottom of HSD (1 pilot). _
Pictorial evasion format, chait, “CM, and maneuver (1 pilot).
Engine and hydraulic oil pressure and quantity (1 pilot).‘
Fuel tlow (1 pilot). | '
More checklists (1 pilot).
RHAW display (1 pilot).

‘ Include ground speed for low level, airspeed and Mach number at

altitude (1 pilot). '
Ordered single action pictures for advisories (1 pxlot)
Clean up engine format (1 pilot).
Environmental system (1 pilot).
Voice actuated communications change (1 pilot).
Flash master caution (1 pilot). .
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Flasiing light for pop up threats (1 pilot).

Vertical velocity (1 pilot).

Trim position indication (! pilot).

Color change in colored displays not noticeable {1 pilot).
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APPENDIX C

PILOTS' QUESTIONNAIRE - THREAT WARNING STUDY

The pagés which follow contain a copy of the questionnaire each pilot filled out at the
completion of their data taking flights in the simulator. The numbers in the cells are

" the mean responses across the twelve subjects.
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Subject No.

Name .

Rank/Branch

Age

Experience by Aircraft Type

AIRCRAFT | - HOURS

Have you every used a HUD?

Date

Total Jet Hours

CURRENT (YES, NO)

. If yes, which aircraft .

Have you ever used threat warning devices'(RHAH. etc.)?

which aircraft? '

Other than radar, have you ever used CRT cockpit displays?
If yes, what display(s) in which aircraft?
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1. The purpose of this questionnaire is to elicit your opinions of the
symbology used in this study. Threat warning elements are emphasized, but
ratings are also requested for other display symbology. Defined below are
attributes or characteristics of display symbology.

Uéabi]ity in Color. How usable was this display element in the color
display mode?

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

Usébility in Monochrome. How usable was this display element in the
monochrome display mode?

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

Location.  Is this format element in the right place and on the right
display (HUD, VSD, HSD)?

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

Precision. Does this format element convey its information with thé

appropriate level of précision?

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

" Training. How easily cquld this format element be learned?_*

Workload. Does this format element contribute to workload or re]ievev
it? | | | ' | ' |
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Very Good -
Moderately Good
Slightly Good

y -
N oY B W N -

Neutral 2 o ,
This symbology S1ightly Poor with respect to this attribute.
element is Moderately Poor | S
L7 Very Poor J IN .
MONO - .
IN COLOR / CHROME o
o I .
S MODE INDEPENDENT ATTRIBUTES
5? S B,
RS <N = S Ty
HUD. SYMBOLOGY SISIS/S]S/S/5/5/5/S
S/18[5/2/5/5/§/8/5/8
Search mode threat . ‘ ' - ‘
1.7501.33)1.91] 1.5081.42] 2.41 2.5]1.75 El.67 2,27
alert symbol '
Track mode threat , 1. , '
2.0011.42)2.08] 1.58]1.33|2.67]2.33}1.75/1.83 |3.18
~alert symbol :

Time-to-missile
" impact readout

1.25 1.671.422.0[11.42 1.58]1.42]1.67{1.331.45

2.5 [3.27]2.8 4.36] 2.67] 2.14 2. 25| 2.00| 2.50[3. 09

Threat azimuth vector

Pathway in the sky 3.33}1.6713.504 2.2 ,1t58 2.333.25]2.82 2.‘55H3.55

Transitional flight director 4,5013.83]5.08 4.5842.67] 3.5945.08] 3.58|4.334.36

Terrain Information . |2:00]2.08]2.83 3.041.67 2.49 2.7 1.91] 1.91]2..09
Weapon release cue . 1.83]2.33}2.42 4.0(]1.83 1.331.67] 1.50{1.421.55
Waypoint/target flags 2.08]1.83]2.0d z.le.sé 1.631.54.1.251.271.82}
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r 1 Very‘Good 3
2 Moderately Good
3 S1ightly Good
. € 4 Neutral ( .
This symbology 5 Slightly Poor with respect to this at*rioute,
element is 6 Moderately Poor
A : \ 7 Very Poor’ ‘
/8
VSD SYMBOLOGY | S/ 8
ELEMENTS ér" ei-“

Inactive threat lethality
envelopes (outlines only) .381¢.6713.17:3. I .

Active threat lethality
envelopes

;.92 1.92 2,67 2.83ﬂ1.92 2.3311.831.64]1,9112,73

Track mode “"tractor beam® 2.50§2.503.00 3:58'2.33 1.75/2.171.75]1.82} 2.55

Launch mode flashing'tractor

: . beam and jewel light 3.00§2.92]3.25]3.83]2.38]2.58| 2.131.67|2.09]2.73

" Countermeasures effectiveness
coding (circle around aircraft

2.58(2.67 {3.17]3.42}2.50]1.85] 1.711.58]1.8
symbo1) ‘ 25011831711 58)1.82|2.95|

" Ribbon- in the sky (VSD pathway)

2.9212.17|3.25]2.50]2.17)2. 25 2.5d 2.00 3.2 a.1]

- Above and below altitude terrain 3.332.83 }4.00]3.83]2.08]2.42{ 2.17] 1.82 2.89 3.09
coding - :

Geographic and cultural features |2:1712.33]2.83|3.50)1.92{2.17 1.831.73 2.09 2.45

|2.83[2.33].00]2.92]2.00{1.92] 1.5d 1.45 1.74 2. 91

" Waypoint/target flags
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Very Good N
Moderately Good
Slightly Good

Neutral -t
" This symbology Slightly Poor with respect to this attribute,
element is Moderately Poor .

y -
N oY B W N -

Very Poor

HSD SYMBOLOGRY
ELEMENTS

Inactive threat lethality
envelopes (outline only)

Active threat lethality

‘ 1.33}1.2511.79 2.0 1.584 1.441.50]1.33]1.45|1.64
envelopes _ il

Tractor beam 1.58 |1.83]1.67|2.17 1.58 1.50‘1.58 1.581.73]1.82

Missile Position .08 12.67 2.1? 3.0842.00]1.92} 1.921 5§ 1.82(2.82

Bogie number and type
information (A/A)

1.08(1.251.08]1.2501.83]1.25 1.291{33 |1.36{1.55

. Bogie a]titﬁde difference
~informat ion (A/A)

1.50]1.42 1.50{1.42§2.25|1.67 1.441,58 |1.64]2.27].

' Ab9v§ and below altitude
terrain coding-

3.0013.30]3.40}3.8013.10f 3.40 2.2¢2.10]2.60{3.00

Geographical and cultural
features '

2.08(2.17]2,58]3.001.92| 2.67 2.01].50{1.822.45]
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2. This part of the questionhairé is designed to elicit your opinions on the
relative usability of the two display presentation modes - monochromatic
and color. Please place a number on each line to indicate, for
monochromatic and for color, the degree of ease or difficulty of
understanding the particular display information.

Easy | “ Difficult

Very tioderately Slightly Neutral STightly Moderately Very
1 2 3 4 5 6 7

~ Monochrome . Color

1

1. Interpretation

of threat alert symbology

161

" on the HUD was: 1.92 1.75
2. Interpretation of HUD pathway information was: 3.67 2.83
3. Interprétation of HUD terrain information was: 3.42 2.25
4. Interpretation of surface-to-air threat mode

information on the VSD was: 2.83 2.25
5. Interpretation of surface-to-air threat type

information on the VSD was: 3.50 2.67
6. 'Interprétation}of countermeasures effectjveness

information on the VSD was: C 2.75 1.83
7. Interpretation of the VSD ribbon in fhe sky was:  3.00 2.42
8. Interpretation of VSD terrain information was: 2.67 ' 1.67




~
. N
. N
. .
.

Easy

Very = Moderately  Sligntly  Neutral  Slightly

1 -2 3 . 4

9. Interpretation of surface-to-air threat
- mode information on the HSD was:

10. Interpretation of surfaco-to-air threat
- type information on the HSD was:

11. Interpretation of countermeasures effectiveness

5

information on the HSD was;'

12. Interpretétion of current missile position
information on the HSD was:

13. Interpretation of A/A threat mode information
on the HSD A/A format was: |

14. Interpretation of A/A threat type information
. on the HSD A/A-format was:

15. Crosschecking threat mode 1nformat10n on the.
“VSD and HSD. was: .

16. Crosschecking threat type information on the
 VSD and'HSD was: ‘

| 17..Cros$éheck1ng f1ight path information on the

HUD. VSD and HSD was:

18. Crosschecking terrain 1nformation on the
. HUD, VSD and HSD was:

19. Stores manipulation_and status

Difficult

Moderafely Very

6 7
. Monochrome Color
2.58 .'2.33
3.75 3.08

3.16 2.08
2.75 2.41
2.00 ' 1.75
1.42 1.42
4.25 3.3
" 4.17 3..53'}
3.50 3.3
-3.83. /3.08
e

- 4.17.
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APPENDIX D

SYNOPSIS OF TWELVE RESPONSES TO EACH OF TEN OPEN-ENDED QUESTIONS
THREAT WARNING STUDY

The pilots spoke their responses' to the open-ended questions into a tape recordgr.
These responses “}ere_transcribed and are summarired in the pages which follow. As
might be expected, there are some agreements and a number of differences. Several
pilots went through the listed qﬁestions and found themselves will still more to say.
These additional statements are summarized under "General Comments" at the end of
this aﬁpendix. The revised formats include éttempts to address plurality opinions.
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Question 1.. What is your general opinion of the threat alerting information on the
HUD? Any suggestions for change?

Good (7 pilots). ,
Use different symbol for AAA and SAM (6 pilots).
Need countermeasures effectiveness information on HUD (& pilots).
For AAA, put three A's instead of 3 O's in the countdown box (2 pilots).
Need contirwous s>arch or track information in HUD as well as alerts for new
threats (2 pilots)
Keep alerting symbol up longer than 6 seC - perhaps reduce size {1 pilot).
Hard to see threat azimuth vector (2 pilots).
Put azimuth vector on alert symbc. vs airplane symbol (1 pilot).
Didn't use threat azimuth on HUD (1 pilot),
Use different symbols or color as track and launch (2 pllots)
Use different flash rates for track and launch (1 pilot).
" Turn flash rule around - flash for search, solid for track or launch (i pilot).
Red alerting symbol especially good (1 pilot).
Repeat alert symbols on VSD (1 pilot).
Make launch indication (countdown box) more conspicuous (1 pilot).
~Add information on adversary position for air-to-air in HUD (1 pilot).
Add aural warning for new threat (1 pilot).’
Put Gmeter in HUD (1 pilot).
Monochrome confusing (1 gilot).
Need better horizon in HUD (1 palot)
Make HUD numbers larger (1 pilot).
Use heading tape in HUD (1 pilot).
Too much color fill.in HUD obscures outside scene (1 pilot).

estion 2. What is your general opiﬁion of the threat mode and type of information
presented on the VSD? . Any suggestion for changes?

Didn't use it much (6 pilots). '
Good (3 pilots).




Good in color (1 pilot).

Bad on monochrome (2 pilots).
Put SAM vs AAA distinction on HUD then eliminate VSD (l pxlot)
Repeat HUD threat olert symbols on V. > (1 pilot).
Confused AAA site with launch "jewel light" (1 pilot).
Put all essential information in HUD-use VSD and HSD. for backup
details (1 pilot).
* In two-seat aircraft, give HUD to pilot; VSD and HSD to back seater (1 pilot).
_ Change airplane symbol so it shows roll (1 pilot).
Put viewpoint in airplane and use to amplify and expand HUD data (1 pilot).
I liked high altitude mode (simple ADI) (1 pilot). -
"I wouldn't want to go flying into a valley at mght with that thing." (1 pllot)

Question 3. What is your general opinion of the threat mode and type information

presented on the HSD? Any suggestions for changes?

. Good (8 pilots). -
Identify on HSD which new threat the HUD is alerting (3 pilots). Takes too fong
to distinguish SAM from AAA (3 pxlots) Sometimes confused threats with
mountains (3 pilots). '

Consider eliminating terrain data (3 pilots).

Jewel light is worthless ~ too much like AAA (1 pilot).

Countermeasures effectiveness hard in monochrome (1 pllot)

Monochrome tough (1 pilot).

Cluttered with all those threats (1 pilot), .

Put in single button for each range rather than stepping through (1 pilot),

Question 4. Which display did you find most useful for threat information?
HUD ( 9 pilots).

HSD (6 pilots). ‘
- Air-to-Air HSD (2 pilots).
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VSD good backup (4 pilots).

VSD of limited value (2 pilots). v
Put more in HUD so I don't have to look down (3 pilots).
Consider made buttons which would put VSD and HSD pictures on HUD (1 pilot)

Question 5. Was the threat symbology on the HUD adequate for alefting you to threat
mode changes? ’

Yes (8 pilots).

Add countermeasures effectiveness information to HUD (3 pilots).
"Retain alert symbol longer than € seconds. Shrink "old" ones to reset for "new"
‘ alerts (3 pilots). ;

Consider different flash rates for track and launch (3 pilots).

Add threat type and clear track/launch distinction to HUD (1 pilot).

Add audio tone for threat warning (2 pilots). '

Add threat locatxon vector to HUD for surtace-to-axr as weu as air-to-air

(1 pxlot) ,
Need dxfferent symbols for SAM and AAA (l pilot).

. Quéstion 6. Was'the distribution of threat alert symbology across the HUD, VSD and
HSD appropriate? What would you change? '

The distribution was good (3 pilots).

" Do not add more to HUD (1 pilot).
- More in HUD (7 pilots). v

Azimuth in HUD earlier than launch for surface-to—axr as well as alr-to-alr

© (& pilots).

SAM/AAA distinction in HUD (2 pxlots)

Countermeasures effectiveness in HUD (2 pulots)
“Track/launch distinction in HUD (1 pilot).

Maybe change scales to add more to HUD (1 pilot),
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Repeat alert in VSD as it is in HUD (2 pilots).
Improve attitude information in VSD (1 pilot).

Question 7. Would you modify the layout or content of any of the pictorial formats
- used in this simulation? If so, what would you change?

Pitch ‘der and better flight director in HUD (5 pilots).

Put mo: : information in the HUD (3 pilots).

Heading tape in HUD (2 pilots). '

HUD weapon delivery X hard to see in monochrome (2 pilots). ‘

Altitude tape in HUD (1 pilot). |

Put selected weapon information in HUD (1 pilot). |

In HUD, get rid of data boxes and make airspeed, heading and airspeed numbers
larger (1 pilot).

Eliminate waypoint and target flags from HUD (!l pilot).

Remove sides from HUD pathway (1 pilot). '

Put countermeasures effectiveness in HUD (1 pilot).

Put flight director and attitude information in VSD (1 pilot).

Didn't use YSD ribbon much (1 pilot).

Have VSD revert to ADI format at high bank angles (1 pilot).’

Remove VSD and move HSD up (1 pilot).

Swap positions of HSD and VSD (1 pilot).

Jmpro?e stores management and status disblays - like A-10 (2 pilots).
Hard to tell mountains from AAA sites (1 pilot). -
Monochrome displays appeared to cluttered (2 pilots).

Put symbol dictionary on MFo - then you could make any symbol on other
diﬁphys and look up its meaning (1 pilot). '
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Question 8. Do you have any suggestions fof additional pictorial fcrmats that might be
developed? Specifics? o -

Good as they are (3 pxlots)
Expand stores/attack symbology to include other tactics and dehvery
options (3 pilots).

Need good transitional flight director - and ability to chose its duration
and mode (1 pilot). ' '

Add accelerometer to HUD (1'pilot)..

Use ribbon vs pathway in HUD (1 pilot).

Put desired as well as actual heading, airspeed and alt.tude in HUD (1 pilot).

Add threat position to HUD (1 pilot). -

Add vertical speed to VSD (! pilot).

Add angle-of-attack to VSD (1 pilot).

With more than 3 types of surface threats, you'll run out of symbols SO use
alphanumerics (1 pilot).

Unclutter dxsplays in monochrome (1 pnlot)

Keep it snmple (1 pxlot) '

Question 9. How does the threat warnihg symbology used in this study compare with
other threat warning systems you may have used or know about?

~ A lot' more information here. This is much better (6 pilots).
No comment - not familiar with other systems (5 pilots).
Retain aural warning from older systems (1 pilot).

" Question 10. How necessary are the various threat ‘warning elements shown in this
simulation? Are there some you could do without in a mission of the sort simulated?

Need it all (8 pilots).

Wouldn't trust countermeasuros effectiveness (3 pilots).
Clear up AAA/SAM distinction on HUD (1 pilot).
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Remove the VSD (2 pilots).
Need good ADI (1 pilot).
Weapons switchology too complicated (1 pilot).

Engine status poor (1 pilot). .
Color much better -monochrome appears cluttered (1 pilot).

General Comments

Find.‘way to integrate more threat information in HUD (3 pilots). S
HUD inverted T difficult to use (1 pilot). ’ Ly
' Put angle of attack on HUD and VSD (I pilot). ' |
Use something like Kaiser VDI in A-6 rather than this perspective pictorial
VSD (1 pilot). L
VSD airplane symbol shculd rotate about its cénter of gravity (1 pilot).
" 'Give VSD and HSD to the back seater in-a two-place airplane (1 pilot).
. Bogie altitude notation in air-to-air HSD - hard to know units (1 pilot).
Color coding of countermeasures effectiveness was confusing (1 pilot). -
Need transparent envelope notation for active threats for case when the threat
is the target (1 pilot). ' '
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