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APPENDIX R

HUMAN FACTORS/MAN-MACHINE INTERFACE (HF/MMI) ANALYSIS (V)

R-1. (U) PURPOSE. The intent of this appendix is to assess the human
factors/man-machine interface (HF/MMI) associated with the design of the
Light Helicopter Family (LHX) of aircraft, to identify the HF/MMI concerns,
and to provide recommendations related to crewstation design.

R-2. (U) BACKGROUND.

a. (U) The rcle of the helicopter in military operations has been
greatly expanded in recent years. Hellcopters now contribute enormously to
the Army's ability to counduct its land combat operations. The helicopter's
recently adopted primary role as an antiarmor weapon system means that scout
and attack helicopters must be able to fly and complete combat missions day
and night in all kinds of weather.

t. (U) The scout and attack (SCAT) mission 1s a good example of what is
expected for the Army's projected single-pilot helicopters of the future
(figure R-1): the pilot will have to reconnoiter ard contact enemy elements,
hand-of f targets to other gcout/attack elements, help select firing positions,
and engage enemy targets. In order to perform these roles, he will have to
supervise or control:

—- The data management and transfer system.

-= The flight control, navigation, guidance, and communication
systems. i

-— The target acquisition and designation systems.

~- The weapon systems. éi
-~ The threat identification systems. %ﬁ
-- The electronic ccuntermeasures (ECM) systems. §
The aircrew will more than likely have to do all these things under the %
stressful and fatiguing conditions of low-level or nap-of-the-earth (NOE) ﬁ

flight in all kinds of weather while avoiding obstacles and probably taking
enemy fire.

c. (U) There is growing concern about the effectiveness with which the
pilot can perform all the mission tasks expected of him. As the missions and
the aircraft become more and more complicated, there 1s a commensurate
increase in demand on the aircrew's time and attention. The response of
aircraft cockpit designers to increased workload 1z usually one of providing
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(U) The scout/attack mission.

Figure R-1.
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more and more information through the medis of advanced displays and devices
in an effort to keep the pilot's workload manageable. Aircraft designed to
operate near the limits of their performance envelopes and the ready avail-
ability of rew information display technology make this a necessary and
appropriate response. There is a constant danger, hcwever, of going so far in
providing additional information that the pilot's cognitive and information-
processing capabilities may be exceeded. Given the stress of combat, either
near the surface or at altitude, will the pllot Le helped by these flight aids
or will he be overwhelmed with more information than he can handle?

d. (U) Conventional helicopters already present the pilot with an array
of dials, controls, gages, and switches. 1In the proposed all-electronic
crewstation of the LHX, those conventional controls and displays are expected
to be replaced with multifunction television-like displays that will have the
same type information condensed into a smaller area. The three flight
controls found in current aircraft may be combined into a single control
operated by one hand. The concentration of displayed information and control
functions is expected to place an increasingly greater burden on the pilot's
mental capabilities. Increased equipment complexity, along with increased
mission complexity, will be accompanied by proportionate increases in the
anount of information that will have to be furnished to the pilot. The result
of increasing the information available to the pilot may only shift the
aviator's effort from manual werkload to a workload which is more cognitive in

nature.

e. (U) The pilots of the Aruy's new helicopters will need ail the help
the avionic systems designer can provide them if they are to exacute the
missions envisioned for Army 21 battlefilelds, especially if single-pilot
designs are produced. The problem is cne of giving the pilot the information
he needs at a rate at which he can assimilate it properly and use it
effectively.

f. (U) Technolcgical advances in the past two decades have made possible
the development of more highly advanced and capable aircraft that can fly
under more difficult conditions, at faster speeds, and with much greater
agility. At the same time and perhaps as a consequence of these technological
advances, the environment ia which alrcraft must fly and fight has become more
dangerous. The only element that has not changed significantly over the years
is the human operator. The pilot is limited in his ability to assimilate and
perform tasks. He may not be able to fully handle the increased workload
involved in operating today's faster, more highly mechanized aircraft.
Limitations in human capabilities are difficult to overcome and, as yet, have
not been completely described. However, the proper use of automation in
aircraft could help to overcome some limitations.

g. (U) 1f the LHX {s to be effective on the intense and dynamic battle-
field of the future, the human element must be considered in tle crewstation
design and system integration early in the concept formulation process. The
HF/MMI substudy of the Trade~Off Analysis (TOA) is directed toward the
assessment of the HF/MMI issues associated with the LHX from the user's
perspective.
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R-3. (U) ASSUMPTIONS.

a. (U) The goal of the substudy was the identification and assessment of
HF/MMI concerns. The HF/MMI substudy, in the limited time available, would
not be able to determine and/or vecommend solutions to all the issues.
Therefore, the HF/MMI substudy would concentrate on cockpit configuration and
crew size.

b. (U) The LHX-Utillity would be designed with a two-man cockpit (one-man
operable) for passenger safety.

¢. (U) This analysis would be liuited to the LHX~SCAT aircraft.

R-4., (U) LIMITATIONS.

a. (U) The primary limitation was that of time and facilities available
to conduct human factors research assessments and analyvsis.

b. (U) The proposed mission equipment for the LHX is unavailable for
testing; thus, the data used 1s restricted to projections of the capabllities
and limitations of the proposea mission equipment package (MEP).

R~5. (U) METHODOLOGY. The United States Army Aviation Center's LHX HF/MMI
analysis used tne Trade~0ff Decermination (TOD) as a baseline. The TOD
reports were supplemented by additional analyses. Also, additional data was
obtained through an information search, specific inpucrs of subject matter
experts, an expanded mission task analysis, pilot interviews, the application
of a subjective work load assessment, and limited engineering simulatiouns.

a. (U) The information search was used to obtain data on current and
future technologies, cockpit designs, and cockpit integration programs. Data
was reviewed for both the helicopter and fixed wing aircraft. The study team
solicited the assistance from numerous laboratories throughout the defense
establishment to contribute their technical expertise in the conduct of the
analysis. The technical literature was reviewed for relevant LHX studies,
assessments, and data. That information, coupled with ongoing aviation
research programs, was evaluated in light of LHX missions and constraincs.
Air Force and Navy programs were also reviewed. Programs reviewed included
the Advanced Flight Technology Integration (AFTL)/F—~16 program, the Cockpit
Automation Technology (CAT) program, the F-15 dual role fighter (DRF), and the
F/A-18 program.

b. (U) The Air Force Aeromedical Research Laboratory (AFAMRL) developed
subjective workload assessment technique (SWAT) was applied in the evaluaticn
of five conceptual crewstations for the LHX-SCAT. Each concept, based on a
distinct level of a wide field of view (WFOV) display technology, was assessed
by a team of Army aviators wich varled alrcraft expertise and backgrounds in
the scout and attack missions. The MEP analyzed was that projected for the
LHX-SCAT. A composite mission scenar o was synthesized and six mission
segments were used to collect workload estimates.
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¢. (U) The mission task/workload anaiysis, started during the TOD, was
expanded during the TOA to cover the MEP alternatives for both the one- and
two-man cockpits. Additional analyses were conducted to determine the
expected workload levels provided by the MEP as descrihed in the earlier draft
LHX Required Operaticnal Capability (ROC) documernts.

d. (U) Operational pilots were utilized in limited engineering simula-
tion which investigated the man-machine interiace concerns for the single-
pilot attack helicopter mission. The exploratery siwmulation program, nsing
the virtual cockpit airborne system simulator (VCASS) at Wright Patterson Air
Force Base (AFB), constituted the first engineering-type simulation to assess
proposed LHX mission equipment and HF/MMI concerrns. During that limited simu-
lation effort, LHX-type mission segments were flown in a crewstaticn that con-
tained controls and displays similar to those expected in the LHX. The major
area of concern during the simulation was target acquisition and engagement by
means of a helmet-mounted display (HMD) system.

e. (U) Structured interviews were conducted with operational pilots from
the Army, Navy, Air Force., and Marine Corps. The study team interviewed Army
pilots from a number of units and locatiews. Navy pilots were interviewed at
Lemore Naval Air Station (NAS), Califormfa. Air Force pilots included
Instructor pilots from Williams AFB, operational pilots from the F-15 Wing at
Eglin AFB, and operational A-10 pilots on temporary duty to Fort Rucker,
Alabama. In addition, Army and Marine Corps pilots from the alr-to-air
tralning detachment at Yuma, Arizona, were interviewed.

f. (U) The information and data obtained from the above sources were
used to provide an analysis of the crewstation configuration proposed for the
LHX, the technologies and mission equipment expected in the LHK, crew
workload, and a crew complement assessment. The results of that analysis are
summarized in the following paragraphs of this section. More detailed
coverage of specific critical areas, provided by subject matter experts in
each of those areas, can be found in annexes I through XIII of appendix R.

R-6. (U) RESULTS OF ANALYSIS.

a. (U) General. The LHX program is dynamic in nature and new informa-
tion is available on an almost continuous basis. The HF/MMI assessment for
the LHX must, therefore, be considered an iterative process that should be
updated as the emerging results of the Advanced Rotorcraft Technology
Integration (ARTI) program, LHX simulation efforts, and other Department of
Defense aviation research and development (R&D) programs progress. This
~nalysls is based on the information available during the TOA time frame.
Detailed results of the methodology applied to the HF/MMI analysis can be
found in the annexes of this report. The following discussion integrztes the
conclusions and recommendations of those individual reports to provide an
overview of the major man~machine iInterface concerns and issues resulting from
the HF/MMI analysis.
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b. (U) Mission Task Analysis.

(1) (U) The mission task analysis began with a review of 24 LHX-SCAT
mission profiles to Jetermine the critical mission segments that have the
greatest impact on aviator workload. Each of the mission profiles were sub-
divided into mission segments. Twenty-nine segments were then selected for
further analysis. These segments were considered repraesentative of the LIX
mission activities. Each of the mission segments was then broken down into
critical flight control and mission support functions and was positioned on a
aission time line. Functional analyses were performed b identifying the cri-
tical perforuance elements with thelr man-machine interface. Sensory, cogni-
tive, and psychomotor workload and durations were estimated {or each
performance element.

(2) (U) Computerized one- and two-crewmember models wer= developed.
These mission and function analysis results, including the workloau and dura-~
ticn estimates, werc ured as the data base. Decision rules were written for
building functions friw the performance elements and mission segments from the
functions. The computer modeis were used to predict total workload in four
components: visual, auditory, coguitive, and psychomotor during concurreat
performance elements. Performance elements and subsystems associated with
excessive workload were idencified. The results were used to compare the one-
and two-crewnember configurations.

(3) (U) Two computer-aided analyses were completed. The first
analysis was completed for the LHX without automation. Data indicated that,
for the one-man aircraft, the pilot experienced overloads in all 29 segments
analyzed. For the two-man crew aircraft, overloads remained in 15 segments.

A second analysis was then completed for the aircraft with full automation.
Although no overloads were identified for the two-man crew, overloads remained
in two critical segments (air-to-ground target engagement and reconnaissance)
for the one-man aircraft.

(4) (U) After establishmen: of the LHX draft ROC, the one- and two-
crewmember workload models were once agaln exercised in order to estimate the
workload reduction that would occur with the automation opportunities provided
by the draft ROC. A review of that document revealed that several automation
options assumed during the original full-up MEP workload analysis would not be
available. A preliminary review of the mission task analysis, using the draft
ROC-propused mission equipment and automation options, {ndicates that crew
overloads will still remain in several critical mission segments and may, in
fact, increase. The draft ROC has since been changed to a letter of agreement
(LOA). The LOA is currently under revision. The results of the mission task
analysis need to be reassessed when the LOA becomes firm.

(5) (U) In summary, the results of the mission task analysis indi-
cate that, with full automation, the single crewmember will experience
overloads during critical segments of combat missions. A second crewmember in
the cockpit would eliminate those overload conditions. In an LHX with less
than full astomation, the crew overloads can be expected to Increase. The
proposed automation in the early draft ROC for the LHX did not include full

automation.
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c. (U) 3Subjective Workload Assessment Technique (SWAT).

(1) {U) Technigque.

(a) (U} SWAT has been used successfully by the US Air Force in the
evaluation of misslon equivmant and aircrew station design. It allows the
experience and knowledge cf subject matter experts, in this case operaticnal
pllots, to be used in a systematic manner to assist In determining the optimal
crew station design. For the LHX, it was applied as a means of evaluating
five conceptual crewstation designs and thelr associated MEP. A composite
misslon scenario was developed for use during the assessment. Six mission
segments (cruise, pre-~forwerd line of own troops (FLOT), FLOT penetration,
approach to battle position, alr-to-ground target acquisition and engagement,
and alr-to-alr target aczquisiton and engagement) were selected as polnts at
which to collect workload estimates.

(b) (U) The crewstation conflguration assessed conslisted of a fuily
integrated MEP including multifunction displasys, target acquisition and e¢nga-
gement gystems, search and acquisition radar, and voice interaction sysiems.
Each of the five crew station configurations was different in that each Jesign
was based on a distinct level of fleld of view (FOV) display technology
(figures R-2 through R-6):

1. (U) Heads-up display (HUD) (200 x 300 FOV). Referred to as the
“LHX Baseline Configuration™ and shown in figure R-2.

2. (U) Monocular helmet-mounted display (HMD) (30° x 40° FOV).
Referred to as “"LHX Option 1 Configuration™ and shown {n figure R-3.

3. (U) Binocular HMD medium FOV display (60° x 90° FOV). Referred
to as "LHX Option 2 Configuratfon” and shown in fligure R-4.

4. (U) Binocular HMD wide FOV display (60° x 120° FOV). Referred to
as "LHX Optior 3 Configuration” and shown fn figure R-5.

5. (¥) Cabin-mounted projection display system (1200 x 2200 FOV).
Referred to as "LhX Option &4 Configuration” and shown in figure R-6.

(c¢) {Y) The workload associated with the baseline display and each
of the four options was assessed by 11 Army operational pilots who were
experienced in utility, scout, and attack helicopter mi.sions, including the
latest advanced attack helicopter (AR-64).

(2) (U) Conclusions. The major conclusions drawn from the applica-
ticn of the SWAT approach to the LHX were:

(a) (U) A wide ranez in workload may be expected to be encountered
during the conduct of the LHX~-SCAT missions (figures R-7 through R~12). The
exact level of workload that will be experienced may be significantly wodifled
by the crew system interface concept employed by tlie weapon system. The mini-
mum expected workload level was found for the crulse mission segment,
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employing option 4 (cockplit-mounted, WFOV, projection display), and the maxi-
mum expected workload level was encountered for the air-to-ground attack
mission segment using the baseline heads-up display (HUD).

(b) (U) A signficant reduction in workload can be expected with a
wide FOV display versus present cockplt designs and narrow FOV monocular
displays. Wide FOV display technology is expected to make a considerable
contribution to achieving and maintaining good situational awareness, sup~
porting mission effectiveness, and providing required functional support
(pilotage, navigation, communication, target acquisition, weapon delivery) and
LBEX survivability.

(c) (U) Wide FOV HMDs should be considered critical for both one- or
cwo—crew LHX. The crew size of the LHX will determine the FOV required.
Although further research is needed, at least a 409 x 1200 FOV display 1s con-

sidered essential for effective survivability of the single-pilot LiX.

(d) (U) The LHX display effort should be directed at providing the
LHX pllot with the largest FOV possible within the constraints of cost, risk,
welght, and sensor and display resolution.

d. (U) Engineering Simulation.

(1) (U) Visually Coupled Airborne System Simulator (VCASS)
description.

(a) (U) Engineering simulation was conducted in the VCASS facility
developed by the Visual Display Systems Branch of the Human Engineering
Di ‘=ion within the AFAMRL at Wright Patterson AFB, Ohio. The VCASS provides
a capability tc present computer-generated imagery on an HMD to each eye inde-
pendently. Each ocular of the HMD optics can provide a FOV of up to 60°
vertical by 80° horizontal, with up to a 40° overlap tetween the fields.
Thus, the cize of the FOV may be manipulated for experimental evaluation. The
instantaneous orientation of tne oculars (as controlled by head movement) is
measured by a magnetic helmet tracker, allowing information displayed on the
oculars to be translated relative to head movement so that the displayed
images appear to be stable in space. In this way, a panorama of information
is available to the operator as a function of head position.

(b) (U) The victual cockpit, as it was employed in the present simu-
lation, is depicted in figure R-13. Missile selection, electronic
countecmeasures/aircraft survivability equipment (ECM/ASE) activation, and
target designation could all be executed by positioning the "cross hairs"
reticle over the intended object. R2ticle poslition is measured by the VCASS
helmet-mounted sight (HMS) system and ie boresighted by the pilot prior to
flight. The virtual cockpit also includes a heading tape and flight director
information (altitude, airspeed, missiles, and ECM/ASE status) as shown. The
diamond (on the horizontal bar next to the reticle in this picture) provides a
steering command, while the adjacent numeric readout provides ihe flight
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Figure R-13. (U) The virtual cockpit.
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vector to the target. Airborue and ground threats are viewable in the out-
the-window scene, provided they are close enough and the pilot has them within
his FOV. Similarly, tracer rounds from either the LHX or a simulated Soviet
HIND hcelicopter, as well as missile launches and hit bursts, are displayed.
Figure R-14 shows the total display concept, which includes both the virtual
cockpit and the rudimentary terrain depicticn. Solid, dashed, and blanked
lines represent ground, marsh, and water features, respectively.

(2) (U) Simulation requirement. The simulation was developed to
satisfy a number of requiremeats. Below 1s a listing of these requirements,
together with an indication of how they were satisfied.

(a) (U) The simulation gaming area was to correspond to a point in
the composite mission scenario (Fulda region of Germany) used previously
durirg the SWAT study. The engagement area was sclected to be 10 kilometers
(km) from the FLOT.

(b) (U) The pilot's task had to be realistic within the mission sce-
nario. (The pilots were tasked to follow the flight director information,
which would vector them to the primary targets.)

(c¢) (U) Otuer ground and airborne threats were to be encountered on
the way to the primary targets. (A simulated HIND helicopter, an antiaircraft
artillery (AAA) site, and three surface-to-air missile (SAM) sites were
located at random within a 10-xkm to 20-km vadius from the fixed start pogi-
tion. Alr:sugh the tanks were passive, the other threats were c-apable of
lethal weapon deliveries if the LHX was within their range and not masked bv
terrain. The HIND, once shot down, was always replaced by another HIND
somewhere within the threat area after approximately 5 seconds).

{d) (U) The state of the target acquisition systems associated with
each o the threats had to be communicated to the pllot. (Recorded vcice
announcements were provided to the pilot whenever the LHX was radlated by a
threat's emitter and not masked by terrain. Announcements provided target
type (i.e., intrared (IR) or radar target), clock position and range infor-
mation. Threat emitter mode changes ({.e., search, acquisition, tracking, or
launch) were signalled to the pilot via a set of threat warning tones.)

(e) (UI) A secondary tesk was provided to ensure the pilots were
task-loaded at all times. During that task, the pilcts were requested to
indicate, via a button on the collective, whether an alphabetic character pre-
sented over the headset was or was not one of a previously memorized set of
items.

(£) (U) Suffiicient LHY armament was to be provided tc enablae the
pilct to knock out the primary target (tank) as well as to deal effectively
with the HIND and the AAA and 5AM siter. Three guided missiles, three
“"fire~and-forget” missiles, and a 30-millimeter (mm) cannoa with 300 rounds of
ammunitfon were provided.
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(g) (1) ECM/ASE capabilities were to b2 provided under pilot
control. (Pilots could select IR or radar counteraeasures individually or
place both in an avtomatic mode for intervals of 30 seconds each, at which
tine they were not vulnerable to IR or radar detection by threats.)

(h) (U) Measures of workload resulting from various FOV displays
were to be generated by four subject pilots. (Subjective evaluation of
workload was provided through a broad range of both structured and unstruc-
tured questionnalire responses). In addition, SWAT ratings were obtained on
the major miss{on task elements.

(3 (U) Simulation results.
(a) (U) Field of view.

1. (U) Figure R-15 shows the average of pilot ratings (on a seven-
point scale) of the effects of FOV size on overall mission success, as well as
on the discrete functious of piloting, navigation, target acquisition, weapon
delivery, and survivability. Anchor points were provided at both ends of the
scale. A rating of one indicated the probability of success was extremely
small, while a rating of seven indicatzd maximum effectiveness.

UNCLASSIFIED —750 e s 765
Monocular Binocular Binocular Binocular

Overall nmission 1.75 2.75 5.0 5.5
Piloting 2.25 3.75 5.7 6.0
Navigation 2.25 3.55 5.5 6.0
Target acquisition 1.75 3.25 4.5 | 4.75
Weapon delivery 2.75 3.75 5.25 5.0
Survivabiliry 1.5 2.5 5.25 5.75
Situational awareness 1.0 2.5 5.0 5.25
Pilot acceptability 1.25 2.75 5.5 6.0

Figure R-15. (U) Mean of pilot ratings of FOV effects
on mission and mission functions.

2. (U) 1In general, the pilot responses favor a binocular wide FOV in
the 90° to 120° range. Both those were rated much higher than the 40° mono-

cular or binocniar FOVs. The difference in ratings between the 90° and
1200 FOVs was, however, relatively sumall.
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3. (U) The pilots were then tasked to narratively describe the
effect FOV was likely to nave on a single-pilot's performance for air-to-~air,
antiarmor, and reconnalssance missions. Their statements fndicated that, for
the air-to-air mission, a greater FOV should increase the accuracy of and
decrease the time required for target acquisition. It was felt that a narrow
FOV would limit maneuverability and decrease acquisition capability. A con-
cern wags expressed that the high workload resulting with a narrow FOV would
adversely affect survivability. All pilots wanted as wide a FOV as possible
for overall mission effectiveness.

4. (U) The results of the engineering simulation effort point out
the need for a binocular, wide FOV display for the LHX. A minimum horizontal
FOV of 90° was indicated and a 120° horizontal FOV was preferred. There also
was an indication that the payback in improved mission effectiveness between
the 90° and 120° FOVs was less than the improvement obtained between the

40° and 90° FOVs.
(b) (U) Operational concerns.

1. (U) Voice control. During the engineering simulation, a state-
of-the-art voice interactive system was used for weapon designation and
control. During several engagement tasks, the weapon did not fire when ver-
bally commanded by the pilots. Although this was simulation, it contributed
to an immediate increase in pilot stress. This does not mean that voice
systems are not viable for the LHX; it simply means that, for voice control of
critical systems, it must work the first time and every time because, when it
falls, the pilot must use a backup control medium and thus pecomes reactionary
in trying to complete the follow~on tasks. In addition, based on both prior
studies and this simulation, it appears that, depending on types of feedback
required, voice coumand of some functions may take longer than conventional
switching.

2. (U) Conventional hands-on switching. Conventional switching,
i.e, selecting a radio transmitter by turning a dial on the radio control
unit, requires the pillot to divide his attention between inside and outside
the cockpit. This is unacceptable while flying as a single pilot at low-level
or NOE altitudes. Hands-on switching would allow the pilot to make that same
selection by possibly depressing a buttow on the cyclic or collective. With
the optimization of switchology, this will probably be the most viable
approach to reduciug the amount of time the pilot spends with his head inside
the cockpit looking for dials and switches.

3. (U) Degraded mode operations. Many potential problems exist with
respect to degraded mode operationgs. With a single pilot, the mission abort
point (in terms of equipment status) will typically occur earlier in the
mission than with two crewmembers. While this can be partially compensated
for by software reconfiguration, it cannot be completely resolved in this
manner. The precise implications of, and compensatory mechanism for, degraded
mode operations with a single pilot will require extensive analysis and simu-
lation (including testing to failure) to determine the level of degradation
allowed for tue single piiot.
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4. (U) Off-axis weapon control.

a. (Y) This issue revolves around the problem of controlling and
ficing a weapon system off-axis, while concurrently flying the aircraft and
maintaining obstacle clearance. The pcroblem is particularly significant
during NOE or low-level, high-speed flight, night, or adverse weather opera-
tions. The automation issue is whether the flight control system and/or the
weapon system can approach the human capability of the second crewmember. In
order to replace the second crewmember during off-axis weapon control, an
accurate terrain-following/terrain-avoldance flight control system is
required. Such a system has not been demonstrated, and cost and weight con-
siderations might make such a capability (if it existed) prchibitive for the
LHX. Allowing the weapon system to automatically engage threats {off-axis or
otherwise) requires a level of sensitivity in detection and recognition capa-
bilities that must be demonstrated to achleve single-pilot operation 1if the
required flight control system cannot be implemented.

b. (U) A furcher point is the capability of the single pilot to pro-
vide suppressive gun fire while simultaneously gulding a missile to the
target. During numcrcus tank engagements while the single pilot was busy
gulding the missile to its target, he was effectively engaged and destroyed by
other threats. One solution to this problem could be a second aircraft dedi-
cated to procecting the LHX actively engaging the primary target. Fire-and-
forget missiles would also reduce the problem to a manageable level.

c. (U) In addition, a fire-and-forget weapon system would make the
single-pilot aircraft mission-effective and would alleviate the requirement to
bring the aircraft to a hover prior to and during target engagement. Without
fire-and-forget weapons, the single-crswman LHX will be less mission-effective
and may not survive. Adopting a fire-and-forget weapon system now would
significantly reduce the risk for an effective single-pilot aircraft.

5. (U) Maneuvering against and engaging threats. The 1issue 1is
avoiding and countering the threat with state-of-the-art threat detection and
recognition systems. The system must be sufficiently automated to recognize
and neutralize a threat while simultaneously providing cues for maneuvering
the alrcraft to gain a tactical advantage or to avoid the threat kill
envelope.

6. (U) Situation awareness. The LHX pilot will live to continue
the fight only if he can maintain a high level of situation awareness of the
battlefield and the battle evolving around him. The key to the pilot's
situation awareness is the displays and the information media available to
him. These must be integrated with hls strengths and weaknesses in mind.
Without a second piiot to aid him when he begins to run out of alrspeed, alti-
tude, and ideas at the same time, he must depend on the aircraft systems to
maintain a survivable situation until he can regain his composure and once
again function effectively. If such a system cannot be provided, then a
second crewman must be provided because the nonfunctioning pilot, flying alone
on the future battlefield, will die and the Army will have lost one and
possibly two expensive assets.
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7. (U) Stress. The level of stress while flying an aircraft at high
speed and at a very low altitude must be a high priority consideration when
dealing with the single-pilot LHX question. Although artificial stress was
not introduced into the simulation, pilots flying the siamulator consistently
identiffed a high level of fatigue and stress associlated with air-to-ground
and afir-to—-air engagements. The point to be made is that, during the benign
environment of the engineering simulation, the single pilot was under con-
siderable stress. The stress in combat situations can be expected to be much

greater.

(c) (U) Coaclusion. The insights gained from the simulation lend
themsclves to a definition of problem areas which can be expected in the
development of the single-pilot LHX. Whether these problems can be avcrcome
Yy techuology and training may be answered by full mission simulations con-
ducted by the ARTI contractors and the Natioral Aeronautics and Space Agency
(NASA). These simulations, if planned and conducted in a manner that will
evaluate the overall effectiveness of the single-pilet aircraft based on (1) a
realistic MEP, (2) a realistic operational environment, and (3) testing the
pilot and system to failure, will answer many of the questions raised by engi-
neering simulation to date.

e. (U) LHX Crew Size Trade Study.

(1) (U) History.

(a) (U) The number of crewmembers necessary to perform the tactical
alrcraft role in military conflicts has been an issue for debate since the
birth of military aviation. At the beginning of World War I, combat aircraft
were used primarily as scout or reconnaissance aircraft. Most of these
aircraft carried a two-man crew (a pilot to fly the aircraft and an observer
to perform reconnaissance duties). With the advent of the forward-firing
machine gun, aircraft were very vulnerable to a*tack from their 6 o'clock
position. The first solution tc this handicap was to equip the observer with
a machine gun that could be aimed backward, upward, and sideways. This con=-
cept was effective but had its limitations. The weight of the observer, his
machine gun, and his cockpit accommodation lowered the fighter's speed, climb
rate, mareuverability, and service ceiling. These performance limitations
forced the fighter down into the lethal envelope of AAA fire and gave single-
seat fighters a considerable advantage in dog fights. Therefore, at the close
of World War I, the single-seat concept prevailed.

(b) (U) Prior to and during World War II, almost all of the fighter
alrcraft produced were single seat. This was primarily due to limited
missions and the fact that pilot workload had not increased enough to warrant
the need of a second crewmember. Performance factors also contributed to the
single~seat configuration. Since airborne radar for fighters did not exist,
the air-to-surface missions flown were limited to day visual flight rule (VFR)
weather conditions. These types of missions reguired only one crewmember.

(c) (U) Following World War II, a rethinking of crew complement was
required due to the advent of jet propulsion and airborne radar systems. The
jet engine increased the speed of fighters and, therefore, required quicker
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reactions and quicker thinking by the crewnember, thus increasing his
workload. The radar allowed for all-weather interception of enemy aircraft
and all-weather navigation and weapon delivery. The workload imposed by these
two factors forced soma of the early jet interceptors Into two-seat con-
figurations (F-89, F-94, and F~4). Early jet attack aircraft (¥-84, F-86,
F-100, F-101A, and F-105) were designed single seat since thelr primary
mission was limited to day visual bombing due to technology limitations pre-
venting all-weather operations. As avionics matured, the capability for per-
forming accurate and safe adverse weather bombing missions became a reality
with the A-6 and F-111 aircraft. These were designed with a two-man crew
because the workload required to effectively operate the avionlcs exceeded one
man's capabilities.

(d) (U) Today's fighters and ground attack aircraft (F-15, F-16, and
F-18) have returned to a single~seat concept. This may be attributad directly
to the major advances in computer technology. Automation in new avionics
systems assists the pilot tremendously in the areas of navigation, radar
interception, target arquisition, and weapons delivery. These alds enable a
single crewmember to satisfactorily perform the missions these alrcraft were
designed to accomplish. These are, primarily, the alr-to-air role with air-
to~surface capability for day VFR conditions and limited night operationms.

(e) (U) 1In their present form, however, none of these alrcraft can
perfocm the night, low-level, adverse weather attack missions as defined by
the Air Force or Navy today. They are limited by their lack of a terrain-
following navigation system and target acquisition and recognitlon sensors.
Derivatives of the F-15, the F~16, and the F-18 are presently being developed
to accomplish these missions. It has been decided that these aircraft will
host a two—man crew to enhance mission effectiveness and survivability.
Factors affecting this decision include technology, workload requirements,
training requirements, and mission, threat, and survivability considerations.

(2) (U} LHX mission environment.

(a) (U) The design of an aifrcraft (including the number of
crewmembers) is greatly influenced by the proposed missions to be flown, the
eavironment (weather, terrain, etc.) in which it will be operating, and the
threats which are expected to be encountered during the mission. For the LHX
crew size study, the missions con idered were: antiarmor, reconnaissance,
antipersonnel, and security. Air-to—-air combat was included in all missions.
A comprehensive description of each of these missions is documented in appen-
dix L. A composite mission scenario was selected as the representative
mission for this report and the simulation programs to be conducted for the
LHX and ARTI programs. This composite mission was used because it incor-
porated elements of most all of the missions, provides a good baseline for
crewmember task/workload analysis, and simplifies the simulation problem of
multiple missions.

(b) (U) The geographical setting is that of the Fulda region of

Germany. The environment of this area is one of the most demanding for heli-
copter low-level/NCE operations worldwide. Low ceilings and limited
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visibility conditions are common most of the year, thus restricting normal
operations. The terrain varles from flatlands to rolling hills to mountains,
which tends to make low-level/NOE flight more difficult and hazardous. The
cultural features of this area complicate navigation because many of the
villages and towns appear virtually alike.

(¢) (U) The expected threats and threat densgity are primary drivers
in aircraft and cockpit design considerations. The type of threats to be
encountered will be radar/electro-optics (EQ) directed AAA, radar/EO/IR SAMs,
look~down/shoot~down airborne interceptors, and high-performance threat heli-
copters. In addition to this already formidable array of threats, the LHX
pilot will have to contend with a multitude of automatic weapons and ground
obstacles (both natural and man-made). Add to this the nuclear, biological,
ard chemical (NBC) contamination and obscurants (both natural and man-made),
and you have "the dirty battlefield."™ These threat systems will have very
low-altitude coverage capability and will be mobile, thus making mission
- accomplishment a very difficult task.

(3) (U) Operational concerns. The selection of a crew size for the
LHX involves a number of factors, including mission effectiveness, technology
availability and risk, program resources, and goals. The crew size decision
process must also take into account the operational concerns related to crew
slze. The operational requirements will demand an aircraft capable of per-
forming a variety of missions as discussed in the mission needs appendix of
this TOA report. The ciscussions of operational concerns in the following
paragraphs have been based on the subject matter expert reports found in the
annexes, along with inputs received during interviews with operatjonal pilots.
The question which the HF/MMI team sought to answer is this: “Is there an
operational advantage to the US Army having either a single- or two-seat LHX?"
The areas which need to be considered in answering this question include:

-- Operational effectiveness.

-= Flight safety.

== Training.

== Survivability.

-~ Mission flexibility and growth.
-~ Fatigue/stress.

-- Performance.

~-- Cost.

-- Risk.
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(a) (U) Operational effectiveness.

1. (U) The LHX is to be a multirole aircraft that will perform many
diverse missions throughout the world. The multirole mission will make it
extremely difficult for the designer to maximize the aircraft capabili:y for
each of the specific missions. The final LHX configuration will most likely
be a compromise between individual mission requirements, resulting in an
aircraft optimized across all missions.

2. (U) The integrated battlefield will require he LHX crew to
simultaneously perform a number of mission tasks. For example, during the
target acquisition and engagemant task, the aircrew will be required to con-
centrate on the target while watching out for threat ground and air weapons
that are trying to kill them and communicating with numerous other -:mbers of
Ehe combined arms team.

3. (U) There will be situatlons where the nature of the battle and
the mission will overload the single pilot. In general, these sitvatioas will
occur as a consequence of the LHX pilot being unable to control the pace in
which certain functions must be accomplished. During many missions, the com—
.munication task alone threatens to overload the pilot. 1In addition, the
effectiveness of the single-pilot LHX can be expected to be less than desired
when the pllot is sleepy, tired, or sick or when his thoughts are distracted
by personal problems.

4. (U) The target engagement task itself requires a great deal of
concentration on the part of the pilot to destroy the target. Any distraccion
due to other tasks such as responding to threat warnings, communicating with
otherz, or aircraft control will reduce that concentration and degrade perfor-
mance. Studies regarding alrcraft attack missions have indicated that a two-
man crew is less easily saturated as the workload fncreases due to enemy
threats or malfunctioning equipment. A two-crew aircraft would allow one
crewnmember to concentrate on the offensive task of killing targets, while the
second crewmember concentrated on the other aspects of the mission such as the
defensive tasks, If the LHX were designed to provide one-man operability, as
well as the capability for each crewmember to perform specific tasks without a
full dependency on the other crewmember, the flexibility of the LHX and its
operational effectiveness could be maximized.

3. (U) Observations of personnel involved in the engineering simula-
tf;n previously mentioned are that *he LHX will become highly vulnerable when
the pilot workload factor becomes too much r one man to cope with; e.g.,
engaging targets while flying low level or NOE. Further substantiation of
this can be found in numerous NASA workloau studies which, in summary, say:
Increased automation may have decreased the number of overt responses the
alrcraft crew may be required to make, but increased system capabilities may
have disproportionally reduced the time available to make those remaining
responses and/or added new monitoring tasks. The introduction of automation
does not necessarlly reduce the involvement of the crew in aircraft opera-
tions, but only changes it.
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6. (U) Operational effectiveness is especially important in this
decade since the Army will be fighting outnumbered. Attrition rates in
contemporary high-intensity conflicts such as the Yom Kippur War have been
significantly higher than for World War II rates, and a war in Central Europe
could produce astronomical losses. In view of the projected total number of
LHX-SCATs to be fielded, the Army must be sure that it can achieve the maximum
possible benefits from its alrcraft in terms of enemy weapon systems
destroyed. )

(b) (U) Flight safety. Since the US Army has no scout or attack
alrcraft operated by a single crewmember, flight safety data was obtained from
the other services. Although other factors such as mission and operational
environment prevent a simple comparison between two specific ailrcraft, the
overall safety statistics indicate that, in general, a two-seat aircraft 1is
safer to operate than a single seater. Naval Safety Center statistics show
that a two-seat F-4 has a lifetime mishap rate of 2.77 versus 4.79 for the
single-pilot F-8. The lifetime mishap rate for the two-seat A-6 i{s 1.52 as
compared to 2.66 for the single-place A~7 aircraft. The A-6 had five pilot
error mishaps versus 41 pilot error mishaps for the A-7. The data reviewed
for the Ailr Force and the Navy alrcraft mishaps, althongh not directly equated
to the helicopter environment, does Indicate a two-crewmember aircraft may
provide an extra margin of safety. The majority of aircraft mishaps have
pllot error as a coatributing factor, wany involving mistakes where the pilot
fails to notice an emergency situation or fails to follow the procedural ’
methods in a timely manner. This could easily occur during the heat of battle
in a single-crew LHX when the pilot is concentrating on mission success. The
presence of a second crewmember would permit a more effactive handling of such
situations. In the NOE environment, the second crewmember would free the
pllot from a number of crewstation duties and allow him to coancentrate on
flying the aircraft. From a flight safety aspect, a two-seat LHX could prove
to be more cost—-effective than a single seater.

(¢) (U) Training. A detailed assessment of the LHX training con-
glderations 1s covered in appendix U. This section discusses those training
concerns that are more directly related to the crew size issue.

1. (U) Seasoning prrcess.

a. (U) The training and seasoning process currently in place allows
for the aviatcr to be approximately 75 percent operationally ready when he
leaves the training base. He must then be pailred with an experienced aviator
at the unit to learn from the experienced pilot. During the Vietnam War, this
“seasoning process” used by both the Army and the Air Force proved very effec~-
tive. A single-place aircraft would require additional traiaing at the insti-
tutional base and would prohibit the use of the training and “seasoning
process” as currently practiced. Since effectiveness and the survival of the
new guy are directly related to the learning curve, the “"seasoning process” {is
an important consideration for the LHX.

R-32

UNCLASSIFIED




<.

UNCLASSIFIED

b. () Historlcal studies indicate that, in a single-pleace aircraft
operated by a pi.ot witicut coumbat experience, the pilot's chances of sur-
viving the first engagement are less than 50-50. The probability of survival
increases with expericn-~e level. For a two-seat alrcraft, with an
experienced/nsw pilot mixture, the new pilot would enjoy approximately the
same probabllity of survival as the more experienced pilot/aircraft commander
(figure R-16). The pzooebility of survival is based on the exposure and
experience of the aviator.

c. (U) With cirreat training strotegy, it !¢ assumed that, at tha
time of Eraduation from {ligut school, the novice aviator does not necessarily
require full proficlency in tis misslcn alrcraft or its subsystems. It is
expected that a consider :ble awount of learning and skill improvement will
take place under the gu.dance of more experienced aviators. Even after a new
pilot has obtained status as pilot in command, it is commnon oractice to pair
him with more experieaced aviators when flying umtil he has asufficient
experience and self-confide e tc fly with less experienced ropilots. The
single-seat alrcraft would nct permit such a training strategy to continue.

2. (U) Training renuivements.

a. (U) A basic requirement for preparing aviators to eupioy a
single-seat SCAT aircraft will be a two-szat trainer. In reviewing the flight
and mission tasks for which LHX-SCAT avi<iore must be trained, approximately
170 were identified which should require a reasorable level of proficiency
before being executed or practiced solo. Mar: of these tasks, nctably
emergency, instrument flight, and weapon .uployment procedures, can be trained
adequately using simulators. However, there are a considerable number of
activities, central to scout and attack nission tactics, which cannov be ade-
quately trained in simulators using current technology. Proficleut
performance of these activities requires precision timing and control
responses based on fine discrimination of sensory cues {visual, auditory, and
vestibular) which involve too much detail and subtlety to be accurately simu—
lated at reasonable costs. They include

(1) (U) Terrain flight and maneuwvering.

(2) (U) Simultaneous terrain flight and target engagement
techni ques.

(3) (U) Confined area operations.

(ﬁ) (U) Touchdown maneuvers such as autorotation and slope landings.

b. (U) Si-v2 the tasks comprising each of these groupings all
involve significant afety risks, they should be practiced under direct super-

vision of a qualified instructor pilot until students develop sufficient skill
te safely continue practicing them solo.
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2. (U) Aviator requirements.

a. (U) While interviewing Navy, Air Force, and Marine Corps opera-
tional pllots, many of them conveyed their concerns for the average pilot
trying to operate complex systems such as those found on the F/A~18. Both
F-18 and F~15 pilots mentioned that it was almost impossible to learn, much
less maintain proficiency in, all of the many capabilicies of each and every
system on the alrcraft. The F-15 target acquisition and fire control radar is
a good example; pilot interviews indicate that it is a major effort to learn
its many modes of use. To handle the problem while in flight, they usually
develop combat skills in only three or four operational modes. This indicates
that the aircraft has more system capabilities than the pilot is able to uti~
lize. (The above comments were made by aviators with college degrees, often
with engineering backgrounds, aud more extensive flight training than that
received by Arwy aviators.)

b. (U) The piiot of a single-seat LHX may have to have superior
mental capabilities. This type of soldier will bte in short supply and high
demand by other branches and specialtles. Because of this, the single-seat
LHX may not have the desired impact on the Army's manpower requirements. The
availability of pilots with the ability to handle such complex systems while
flying the aircraft without the benefit of additional unit seasoning may be an
even mora serious problem than just a numbers problem. It may be that the
single-place aircraft will not require additional pilots to meet the 24-hour
operational capability, but i1f it requires such high-caliber people to use it,
have we not, in fact, coampounded the pilot availability problem? Pilot
availability problems will not disappear with the single-place alrcraft. This
is evidenced by the Navy which continues to have pilot availability problems
even though they nhave fielded a number of single-place alrcraft. Entrance and
training requirements for Naval aviators can be viewed as major causes of the
continuing problem. A two-man crew (not necessarily both rated) would reduce
the requirements for the type of man selected and :he degree of training
required for any one individual.

(d) (U) Survivability.

1. (U) A conventional war between the North Atlantic Treaty
Organization (NATO) and the Warsaw Pact would engage masses of alrcraft,
tanks, troops, and specialized weapons. At its heart would be electronic war-
fare (EW) and ECM, especially in air defense operations. Pilots would be
expected to penetrate the most sophisticated SAM and AAA belts ever fielded.

2. (U) A typical Warsaw Pact army of four or five divisions has an
alr defense system near L' e forward edge of the battle area covering a Front
about 50 km long and 100 km deep. Such an Army typically has 32 batteries of
Z8U-23-4s, 23 batteries of 5-50 AAA, 5 batierles of SA-6 SAM, 9 batteries of
SA-4 SAM, and 3 batteries of SA-2 SAM, plus ubiquitous shoulder-fired SA-7s,
quadruple SA-9s, command-guided SA-8s mounted on vehicles, and individual
automatic weapons. Large numbers of overlapping early warning, ground
control, Intercept, and acquisition radars tie these factors together.
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3. (U) Just the magnitude of individual weapons presents problems.
Since the threat is made up of so many different systems pointing from many
different areas, aircrews will be faced with warning from all quarters. Not
only will the radar warning receiver light up in all directions, but the head-
set tones may be continuous. This can be confusin~ and distracting, forcing a
“head in the cockpit” reaction. Many Vietnam and Middle East combat veterans
consider this very dangerous since a crewmember's eyes are often his most
effective plece of ASE. In past conflicts, an often used enemy trick was to
set up multiple automatic firing positions. One would fire at the aircraft to
distract the pilot while another, unless observed by a second crewaember,
would make the kill. Based on the LYX missions and threat assessment, this
type of situation can be expected to be repeated in future engagements with
one exception: the second crewmember will not be present. Anothar point to
consider is that, during combat, the aircrew which detects the enemy first has
a decided advuntage ia making the kill and increasing their own probability of
survival. The second crewmember can make that happen.

4. (U) When pilots and desiguers talk about survivability, SAMs seem
to be the preferred subject; however, there is every veason to believe that,
with the exceptlion of the shoulder-fired SAMs, the ZSU-23-4 and smaller
antialrcraft guns will continue to be the greatest threat to Army aviation.
Modeling conducted during the LHX TOA showed that, by virtue of having crew
redundancy, the two-place LHX was approximately 25 percent more survivable
against all threats modeled. For a more detailed analysis of the sur-
vivability aspects of the one- versus two-crewmember issue, refer to the sur-
vivability appendix of the TOA (appendix Q).

(e) (U) Mission growth and flexibility. Historically, the design of
single-seat alrcraft 1s oriented toward a specific mission or series of
missions predicated on the assumed threat at the time of system development.
As rapidly as these systems are placed in combat, the Increased threat and
operational conditions require them to be modified. New capabilities are
added that tend to place an increased worklcad burden on the pilot. The next
step 1s often to design a new version of the aircraft with two seats. This
cycle has been repeated throughout aviation history. The LHX will probably be

no exception.

1. (U) The LHX is pro’ected to have a 25-percent growth factor bullt
in. Advances in mission avionics and weapons make this a conservative esti-
mate. The accomplishment of the new missions will be made possible with addi-
tional components added to the aircraft as needed.

2. (U) 1If the answer to more capability 1s the addition of new
systems to the crew station, that potential growth may be limited by the
single pilot operating at maximum capacity. This will be especially true when
an alrcraft system malfunctions and the pilot has to "take up the slack.”
Designing the LHX for two seats initially could enhance the system's opera-
tional flexibility and be of great benefit in adapting to the mission changes
expected over the service life of the LHX.
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(£f) (U) Fatigue/stress.

1. (U) Current Army flight regulations (Army Regulation 95-1)
specify ‘the number of flight hours which can be logged per day as a function
of type of flight profile, eavironmental conditions, and number of engagement
days. Studies dealing with combat fatigue have reported that 10 combat days
are equivalent to 17 calendar days of normal flying. As a rule, pilots are
expected to be able to fly between 8 and 12 hours a day. During surge opera-
tions (or the independent actions of an Army 21 close combat force), piiots
may be called upon to fly considerably more hours than normal, as well as
attending to additional duties. The net result will be fatigue. The LHX
envisioned is expected to be superior in the management of workload and
release from tediocus tasks: hcwever, the price paid will be increased cogni-

-« tive involvement by the pilot. While the effects of fatigue upon aviators is
a topic still belng researched, it 1s safe to assume that lack of sleep,
coupled with long flight hours, will take its toll upon the pilot's ability to
comprehend and react to the ailrcraft and the tactical situation.

2. (U) Only high-fidelity simulation training and stressful flignt
time in the aircrafc will protect the pilot from the immediate effec. of high-
intensity stress. A realistic rest and relaxatfon policy, coupled with
psychological decompression techniques, will also be required to extend the
pllot's effectiveness. However, even when a soldier is provided with
realistic and imaginative familiarization training and has formed a generally
accurate picture of combat couditioms, there will nonetheless remain a gap
between his mental preparation and his first experience of being fired upon.
Nothing can prepare you for the experience of beilng fired upon. The
realization that these people mean to kill you has a severe impact on your
psychological well-being and performance.

3. (U) The overall effect of the fatigue and psychological impact
will be that the pilot's normal skill may break down and he may begin to deal
with separate component requirements and not be able to integrate them into
the integrated requirements and responses. Noc¢ only will there be a
demonstrable fall in the level of performance, but flight safety will also be
jeopardized in that the pilot will acuept a lower standard of performance. He
may take unnecessary risks with a consequent raduction of safety margins;
hence, there will be an increase in the probability of an incident or acci-~
dent. A significant finding of aviation fatigue res. rch was the increase in
the number of errors tcward the end of a flight as if the »ilot felt that,
having accomplished the bulk of his mission, he could relax. Given the
reduced number of crewmembers and the requirement for longer missions, we can
expect a significant increase in fatigue-related mishaps

4. (U) The impact of fatigue and stress on the LHX crew size is
.significant in that, with a single pllot, there will possibly be a decrease in
performan:e simply because he 1s requiced to accomplish numerous tasks while

simultaneously monitoring other tasks without any significant relief
throughort multiple missions. The questior which must be answered is whether
a single pllot or two pilots will best be able to perform at acceptable levels
of effectiveness and survive for an extended period of combat. The dynamics

[N
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of the integrated battlefield will surely create situations where a very tired
LHX pilot will be regquired to conduct an in-flight change of mission and end
up a considerable distance away from his parent unit where a relatively
“rested” aviator is waiting without an aircraft to relieve him.

3. (U) Although the effect of isolation on the LHX single pilot
remains an unknown, historical data shows conclusively that gsoldiers fight
more aggressively and effectively as a team. The two-man foxhole concept was
derived from combat experience with a one-man foxhole. The two~maa foxhole
has proven to be more effective. The same concept can carry over to the crew
of the LHX. The LHX pilot wmay very well gpend over half of his tocal mission
time in direct coufronta.ion with the enemy. Tne utilization of forward
arming and refueling points will produce more time on station which will
result in repetitive engagements with the enemy without any extended rest. » 3
The Air Force and Navy have for a long time used the wingaan concept which, ' '
under most cases, permits a pilot to have eye-to—eye contact with another
individual. The LHX, however, cannot use such a concept as effectively
because of the need to remain dispersed and hidden from the enemy. The LHX
pilot may, in fact, go through a complete mission without seeing any other
individuals except those on the ground trying to ki1l him. Without a doubt,
Army pllots are extremely aggressive and capable but have never before had to
deal with complete combat isolation over long perlods of time. Based on past
combat experlences, it may be a problem that will reduce overall mission
effectiveness. A two-crew LHX would do much to relieve that problem.

(g) (U) Performance. Consideration of a single-gseat alrcraft raises
the fundamental question: How much larger would the two-place airecvaft be and
how much performance would be lost? Although the Army has no experience with
designing a true single-seat helicopter, projectlons by both the government
and the contractors put the projected difference somewhere between 500 and 750
pounds. This may be an overestimate when the increased mission equipment and
ballistic protection is provided for the single pilot. Although exact perfor-
mance figures are not yet available., performance degradation for the two-place
aircraft should not be a major factor if the decision is made early enough to
allow innovative design studies. However, 1f. a decision for the one-man LHX
is made and it is later proven that it will nut woik, the LHX program will
have to stop while the redesign of a two-place aircraft which meets require-
ments 1is completed. This wou’d not be the case for the less risky two—-place
design. The extra space coul. be filled with additional fuel, mission equip~
ment, or armament, or a second pilot when required.

(h) (U) Cosi.

l. (U) A single-seat LHX has one mailn advantage—lower production

and operating costs. For comparable speed and endurance, it 1s projected that .
it will be about 15 percent lighter in empty weight and in gross weight than
its two~seat counterpart. These lighter weights should translate into lower
alrframe and recurring production costs~-costs which are generally propor-
tional to airframe weight. 5ince the engine has been sized at 1,200 shaft
horsepower, there would be no significant savings assoclated with the engine.
Some of rhe recurring cost advantages of a single-seat LHX would be offset by
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the higher development and testing cost of the automation features required
for a single pilot. There may also be significant added recurring costs for
the extra sensors and computational capability associated with the single-crew
LHX. The net effect is that the production unit cost of the single-seat
afrcraft is expected to be gsomewhat less than its two-seat counterpart.

2. (U) A possible disadvantage often associated with the two-seat
aircraft is the inceased life cycle cost of the aircraft. However, if just
one of the second crewmembers in a "flight” of five two-seat LHX's sights an
enemy threat or ldentifies an unsafe flight condition and saves his aircraft,
he would in effect "pay” for the life cycle cost of having the second man in
the aircraft for the entire flight. Thus, it seems that the backseater would
be cost-effective in increased survivability ~d safety alone.

(1) (U) Risk. Prior to the TOD and the TOA, contractors were asked
to explore the possibility of building a single-pilot SCAT aircraft. The
contractors provided the government with data which alluded to a highly
advanced, highly sutomated aircraft which constituted a high-risk program.
Based on the HF/MMI analysis, the single-pilot crew station constitutes a
higher risk thaa the two-place crew station. The single-pilot aircraft will
require more extenslve automation and crewstation integration than a two-place
aircraft.

(3) (U) Summary. From an operational and mission performance stand-
point, the two-crew LHX appears to be the better choice. The analysis of the
operational concerns indicates that a two~crew LHX will be more survivable,
more operationally effective, and safer to fly. The second person in the
crewstation can reduce the effects of fatigue and stress and provide con-
siderable flexibility in mission performance and growth. It is also estimated
that training effectiveness will be enhanced and cost will be less with a two-
seat LHX. The main disadvantage of the two-seat configuration is the pre-
dicted production and life cycle cost which is expected to be only slightly
highker than a single-seat version.

f. (U) Integrated Crewstation.

(1) (U) Overview.

(a) (U) The combat effectiveness of the LHX largely depends on the
alrcrew's ablility to successfully opera.e the aircraft and its onboard equip~
ment and systems in flight. To obtain _he best overall operational effec-
tiveness, the interface between the aircrew and the aircraft must be designed
to effectively capitalize on the capabilities of technology and th2 aircrew.

(b) (U) Early crewstation designs were relatively uncluttered and
contained only minimal instrumentation, displays, controls, and flight systems
necessary for optimal daylight flying. These systems were well within the
capabilities and workload limitations of the aircrews. As the full potential
of Army aircraft was realized, mission requirements and aircraft crewstation
configurations began to change. New dedicated devices and systems were added,
each competing for the limited space within the FOV and reach of the aviator.
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Each new function or system added usually resulted in the addition of one or
more dedicated displays or controls. Due to the limited space within the
crewstatlor, it was not always possible to place the new control. oxr displays
in a position that maximized human effectiveness.

(c) (U) The additional workload imposed by the large variety of
systems lncorporated into the crewstations was further romplicated by more
demanding missions. When the primary Army aviation miassion was combat sup-
port, transporting soldiers and equipment at relatively high altitudes,

- aviators were afforded more than gsufficient time to cross~check instruments,
tue radios, monitor their crewstation systems, and fly the alrcraft. With
the addition of close combat missions and the advent of highly sophisticated
ground-to-ajr weapons deployed by tha enemy, Army aviation was required to
change tactics. The luxury of flying well above the terrain is no longer
affordable. Helicopters are now required to utilize terrain flight tech~
niques, often flying below treetop levels to avold enemy detection. When
flying 1n the terrain flight regime, most of the aviator's attention must be
concentrated outside the aircraft, leaving little time for monitoring instru-
ments or operating controls and systems inside the crewstation.

(d) .J) Tue requirement to be able to fly and fight around the clock
further compounds the problem. When flying at night or at reduced visibilicy
levels, the aviator's capability to see things outside the ailrcraft is greatly
reduced. To ease the burden of flight at night, new technologies like image
inteasification right vision goggles (NVG), low-light level video cameras
(LLTV), and IR video systems have Yeen Incorporated into Army helicopters.
These systems 4o provide an enhanced night flight capability, but they have
increased the number of displays and controls the aviators of dual-crew
aircraft must be attentive to, thereby increasing the alrcrew workload.

(e) (U) The increased demauds of future conflicts, coupled with the
addition of new and more complex systems in the crewstation, could easily
reach a point where, if not properiy integrated, the crew workload or atten-
tion level may prevent obtaining the maximum effectiveness from the alrcrew
and the aircraft in the highly intense and dynamic conflicts of the future.

(£f) (U) Technological advances over the past years have demonstrated
a considerable increase in the capability of aviation systems and mission
equipment. Human or alrcrew capabilities, on the other hand, have increased
in the domain of knowleage and training, but the alrcrew's cognitive and
gsengory capabilities, anthropometry, and environmental requirements have
changed very little. For example, the capability to preseat visual infor-
mation on displays in the cockpit has changed from the dedicated dial and
moving needle to graphically presenting info.rmation on electronic displays.
The aviator's visual capabilities and limitations, on the other hand, remain
egsentially the same as they were in the past. To assure the success of the
LHX in future conflicts, aircrew workload must not be allowed to exceed a
level that restricts the effective use of the full airecraft capabilities.

(g) (U) Applying advanced technology is certainly an appropriate way
to {mprove performance and overcome the space and weight limitations 1in modern
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aircraft, as long as its use remains within the abilitles and capabilities of
the aircrew that must operate the system. The change from current crewstation
configurations to a more sophisticated design is expected to shift the crew
workload from one that 1s manual or physical to one that is more demanding
from a cognitive and mental workload aspect. 1In effect, the aviator whose
past role was one of system operator and information integrator becomes a
system manager.

(h) (U) Electronics and avionics systems may be available in the LHX
development time period that can gather and provide all the information needed
to fight and win future conflicts. The information can, however, only be use~
ful if presented to the aircrew at a rate they can assimilate and effectively
use. To best optimize available technology, 1t i{s vital that the aircrew be
provided essential flight and mission information in a way that allows them to
become ar integral part of the system. The operation of advanced Army combat
aircraft demands that information be crganized and presented so that the
alrcrew will be provided with preprocessed data relevant to the specific
mission or flight phase they are engaged in.

(1) (U) The challenge in the LH{ is to maximize system performance
through the appropriate assignment of mission functions to the alrcrew and the
aircraft 1n a way that uses the best attributes of both man and machine. The
crewstation displays and controls, with which the aircrew interact, must be
designed to capitalize on the crew's capabilities. One of the goals of the
LHX program is to design an aircraft that is mission effective with a single
crewnember. To accomplish that gcal, the functions now performed by the
second crewmember In current aircraft must be automated or transfered to the
single crewmember.

(3) (U) Flying at low levels and NOE below treetop levels is
extremely demanding on the flight crew. NOE flight requires the pilot to
focus most of his visual attention outside the crewstation while rapidly
maneuvering the aircraft around obstacles in the flight path., Add the cther
crew tasks like navigation, communication, target acquisitioun and engagement,
and monltoring of the aircraft subsystems, and the demand on the aircrew's
physical and mental abilities rapidly increases. The requirement to fly and
fight around the clock further compounds the problem.

(k) (U) The increasingly hostile environment Army aviators must
fight in and the number and complexity of new aviation systems requires that a
large amcunt of information be presented to and assimilated by the aircrew.
The most essential ingredient of the design of the LHX for the future battle-
field is the integration of the vast amount of information provided by the
alrcraft sensors into a form that can easily be interpreted and used by the
aircrew.

(1) (YY) The goal of a single-crewmember LHX demands an even more
efficlent crewstation design. The full iategration of the information
displays, the control techniques employed, and the capabilities and limita-
tions of the aircrew at a level much greater than current aircraft is man-
datory if that goal i3 to be achieved.
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(r) (U) The functions the alrcrew must perform in the LHX fall into
the major functional areas of flight control, navigation, communication,
target acquisition and engagemen*, survivability, and system status moni-
toring. Each of these functions Is of prime importance when the LHX enters
combat. The inability of the alrcrew to effectively perform any one of these
functions could result in degraded performance and loss of mission success.

(n) (U) A review of the crewstation integration of recently
developed aircraft supports that hypothesis. Both the AH-64 attack helicopter
and the OH-58D scout helicopter require a crew of two to perform their
missions even though some of the technology and crewstation integration pro-
posed for the LHY can be fuund in those helicopters.

(o) (U) In a single~-crew LHX, many of the crew duties must be auto-
mated to take up the slack left by the second crewmember. That automation
must be extensive and flexible enough to provide the crew the option to use
whatever automation is best suited for the particular mission they are
involved in at a specific time.

{p) (U) A review of the major human factors engineering 1ssues of
the LHX crewstation integration concern=s has indicated that the capabllities
and limitations of the human must rece!ve additional consideration. The LHX
is expected to be a highly automated nclicopter with the cepability to provide
the aircrew with a continuous flow of essential information. It 1s the
integration of that information into the crewstation, along with the pro-
cessing of that information by the crewrembers and the resulting control
actions on the part of the aircraft, that require much attention from the
human factors engineering viewpoint. Traditionally, the system design phase,
making the hardware work, has consumed most of the allotted time scheduled for
development of a new aircraft. If the LHX is to truly provide the effective
combat system needed to meet the future threat, the human factors engineering
effort must be given as equal an emphasis as the hardware operational design.
The human factors engineering analyses presented in the Aviation Systems
Command TOD and this Trainign and Dcctrine Command TOA, along with the preli-
minary results provided thus far from the ARTI program, all contribute to the
assessment of the soldier-machine interface of the LHX and the enhancement of
the crew's operational capabilities and the manpower, personnel, and training
requirements. These preliminary efforts provide a [ramework for the develop-
ment of the LHX but do not answer all the human factors engineering-related
tssues. Human factors engineering for the LHX crewstation is part of an
iterative design process that must be continually reviewed and updated. The
operational success of the LHX on the battlefield 1s dependent on that process

continuing.

(3) (U) The next several pages in this appendix will address various
aspects of the LHX crewstation and will examine some of the crew functions
upon which the new technology may have a positive impact. Workload is con-
gidered in light of the time spent on specific crew activities or che atten~
tion aviators must devote to any specific ailrcraft function. The major areas
considcred include: navigation, communications, flight controls, subhsystem
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monitoring, target acquisition/designat®on, survivability systems, NBC pro-
tection, life support equipment, and controls and displays. Each of those
areas i3 discussed separately but, in the final LHX configuratiou, 1t is
essential that they be fully integrated to provide minimal workload for the
alrcrew. The major sources of {nformation considered im this analysis
tncluded the Army Aviation Mission Area Analysis, the LHX TOD, and the i{adivi-
dual reports submitted for inclusion in the US Army Aviation Center's TOA. It
ts assumed that the detalled design of the alrframes, the crewstation, and the
controls and displays will {ncorporate all human englneering principles and
data regarding the physiological and mental capabilities and limitations of
the alr and grourd crews expected to operate, mailntain, rearm, and refuel the
LHX.

(2) (U) Navigation.

(a) (U) The success of the LHX in future conflicts will be highly
dependent upon the abllity of the aircrew to maneuver their aircraft to the
right place at the right time. That ability, in turn, depends on being able
to successfully perform the task of navigation. In that regard, navigation
encompasses not only movement from one point on the battlefield to another but
the abtlity to accurately accumunlate, record, use, and transmit position
{nformation concerning the threat and friendly “orces. Mission success also
requires the crew to maintain an overall situation awareness of the rapldly
changing tactical situation around them.

(b) (U) Studies and svaluations of the relationship between human
performance and currently €ielded navigation syst:ms reveal that they yleld
performance less than that needed for the LHX. This less-than-desired
performance is due, in part, to a number of factors including loss of perspec-
tive, map design, navigatiorn sensor accuracy, and display designs.

Evaluations of more recently developed and available navigation systems indi-
cate these systems do much to enhance the present capabilities to navigate and
to maintain a situational awareness of the battlefield, but further improve-
m nts are needed if the maximum effectiveness of t'e LHX capabilities 1is to be
realized.

(c) (U) Projected map displays (PMD), utilizing remote map reader
technology that takes map informaticn stored on film and projects it onto a
multf{function display, improve current systems by taking the traditional map
inforaation out of the aviator‘s lap and placing it on a display in the
instrument panel of the airecraft. In tests conducted so far, an alrcrew of
two, when using a projected map, can navigate terrain more rapidly with fewer
delays and course disorientation and less visual attention devoted to the
navigation task than previous navigation systems. The copilot/navigator does,
however, still devote about one-fourth of his total visual attention to the
navigation system. In addition, the navigation system requires manual
updating after every 10 to 15 minutes of flight.

(a) (U) Digital map technology, because of 1ts inherent flexibility,
provides the greatest potential for mission success in the LHX. The digital
map approach uses as its source of information geographic data produced by the
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Defense Mapping Agency in a digital form that can be stored in the memory of
flight computers. During flight, this data is converted back into a display
that can be used by the aircrew. The digital map technology not only ha: the
potential to provide a horizontal display much 1ike cthe PMD but, when fuily
developed, it could provide a vertical display as well. Another advantage of
the digital map system is the capability for the alrcrew to select the type
and amount of information to be displayed. Because of their common tri-
service use by both ground and air forces, current paper maps and projected
map displays often contain more information than can be used by Army aviators.
With the dizitally geonerated data base, only the informtion that the aviator
chooses i3 prescnted on the crewstation display. In a sense, the digital map
display caa be decluttered. The digital map system alao has the potential to
automatically calculate and display the optimal flight path the aircraft can
follow to best avoid the known threats. The exact level of visual attention
and crew workload raequired by the digital map system has not yet been deter-
mined. The available systems are still in the simulation evaluation stage.
Tt is speculated that the visual asttention will be less than that of the PMD,
but it could still be relatively high. 1If the visual attention and crew
workload associated with the panel-mounted digital navigation system
approaches t!. of the panel-mounted display, additional display techniques
will be necessary to enhance the LHX performance, specifically in a single-
crew LHX. While flying missions at terrain flight levels, the single
crewmember should devote as much visual time outside the crewstation as
possible., He can 111 afford to spend one-fourth of his attention on the navi-~
garion task. Navigation information should, therefore, be provided to the
aviator in a manner that allows him to keep his eyes outside the crewstation
during terrain flight. Simulation and flight tests to specifically address
the most effective means of providing navigation information to the alrcrew,
when their attention 1s focused outside, will be necessary if maximum effec-
tiveness of the LHX is to be obtained.

(e) (U) The digital map data base also has the potential to provide
inputs into an automat!c terrain following and avoidance system. With such a
system, the pilot could be relieved of much of the workload associated with
the task of flying. That technology, unfortunately, hes not yet matured. The
current digital data base with approximately 100-meter (m) accuracy, along
with scnsors to detect small objects like buildings, trees, and wires, require
considerable improvement if full terrain following and avoidance are to be

achieved.

(f) (U) The LHX navigation system review indicates that, at a mini-
mum, a horizontal situation map—like display should be provided that gives the
aircrew real-time accurate, spatial iuformation concerning their aircraft
position and the position of friendly and threat forces during day, night, and
adverse weather conditions. In addition, the system should allow the alrcrew
to rapidly obtain information from the disnlay with minimal head-down time
inside the crewstation, provide a means to automatically update the position
information, allow the user to annotate the display with friendly and threat
information, and provide the capability to rapidly transfer {nformation to
other members of the combined arms team. The need to develop methods and
techniques to allow the aviator to keep his attention focused outside the
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aircraft while navigating is of particular importance to the single-crew
aircraf~ where the copilot is no longer available to attend to the navigator's
task. From a human factors engineering perspective, the potential of the
digital-based navigation system appears to provide the better choice to the
LHX, assuming the systems currently under development are sufficiently mature
by the full-scale development phase of the LHX. 1If the goal for a single-crew
LHX is to be accomplished, a high priority must be placed on the improvement
of navigation sensor acvuracy, the availabiliry and accuracy of digital data
base information, and improved methods for displaying navigation information
to the aircrew.

(g) (U) Any candidate navigation system for the LHX should be con-
sidered in terms of the system workload demand. Navigation systems typically
demand to be fed information during system start—up and alignment, flight
planning, sensor updating, and en route waypoint entry. Currently fielded
systems require from 5 to 20 minutes to load data through a keyboard during
the pre-takeoff phase of the mission. Updating the navigation system accuracy
is required on a frequent basis during the mission, and the crew must spend
valuahle time telling the navigation system its present position so that it
can then tell the crew their present position for the next few minutes. Data
loading should be achievable in the aircraft without using a keyboard and
should not require more than a few minutes. System updating should be infre-
quently required and should be easily accomplished. The navigation system
should support the pilot in the performance of his mission and should minimize
the demand on his time and attention.

(3) {U) Nuclear, biological, and chemical (NBC) defense.

(a) (U) Army aviation can expect to encounter NBC threat weapons
during future conflicts. The Soviet Union and Soviet-backed forces have the
capablility of employing a vast array of such weapons and the capability to
protect their own troops during such an attack. The LHX must 1incorporate
design features that can successfully counter that threat. Analyses of NBC
defensive measures have highlighted three basic approaches that can be used to
protect the alrcrew from the threat: contamination avoldance, collective pro-
tection, and individual protection.

(b) (U) The most effective means to prevent casualties and protect
the aircraft from the NPC threat is perhaps avoiding the threat completely.
Although contamination avoldance mzy not be used in all cases, it is an
available tactical measure for the cummander in the field when the situation
permits. The option of contamination avoldance will be snuccessful only if
aviation units are provided a reliable means to determine if an attack 1is
imminent or has cccurred. The ideal situation would be the identificatlion of
contaminated areas at some standoff distance from the aircraft. [Lemote
standoff detection devices are required for the LHX to fully exercise the
option of contamination avoidance. Detectors in the inventory are of the
polint sampling type normally used on the ground. As such, they must he placed
in che contaminated area to detect the contamination. Preliminary flight
testing has indicated that it is possible to modify some of those systems for
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flight use. Standoff detectors, on the other hand, are in the early develop~
ment phase. If a standoff detection capability is to be achievable for the
initial fielding of the LHX, those prograns need to be given a priority equal
to the LHX program. Contamination avoidance is a tactical measure that can be
advantageously used when the combat situation permits, but it does not provide
a complete solution to the NBC threat.

(c) (U) Collective protection, provided to the aircrew by way of an
LHX that 1s completely sealed and pressurized to prevent contaminated agents
from entering the alrcraft, would also provide a considerable tactical advan-
tage. Collective pr-otection would allow personnel to operate in normal flight
clothing, thereby overcoming the performance decrements imposed by protective
clothing. In addition, collective protection would also protect the aircraft
avionics, aircraft materlals, and other equipment or systems inside the
aircraft from destructive ugents. The need for decontamination of the
interior nf the alrcraft would also be reduced. Collective protection,
however, cannot assure total survival of the LHX on the battlefield. Full
protection could be los: in the event of damage by enemy fire that breaks the
integrity of the sealed aircraft or when it 13 necessary for the alrcrew or
passengers to enter or exit the airsraft in a coataminated area. Collective
protection alone i3 alsc not the solution.

(d) (U) Currant protective clothing that encapsulates the individual
in an NBC protective suit and mask provides a life-saving capability, while
allowing the individual to continue tc operate on the battlefield but at a
considerably reduced level of effectiveness. The protective clothing and
masks introduce problems associated with degraded crew performance like heat
gtress in hot climates, restricted aviator movements, a lack of manual dex-
terity and sensitivity of touch, a restricted FOV, reduced visual capabili-
ties, increased aviatcr workload, and fatigue. All these factors combine to
create a large decrement in crew performance. Individual protection much like
collective protection and contamination avoildaince allows the alicrew to con-.
tinue the battie but, alone, i3 not the optimal way to meet the NBC threat.

(e) (U) - The most viable solution for the LHX appears to be a hybrid
collective protection system that maximizes the advantages of all three
approaches: contamination avoidance, collective protection, and individual
protection. Such a system could allow the aircrew to operate in a pressurized
ailrcraft, partially clothed in NBC gaar under normal or routine conditions.
The contaminated area could be avoid.d when onboard detectors warn of its
existence ahead of time and the battle conditions allow the commander to
exercige this option. When approaching a known contaminated area or when the
alrcraft detectcrs indicate the alrcraft is in a contaminated area, the full
NB” protective measures could be taken. This approach would allow for maximum
crew effectivcaegs to be obtained when not in a contaminated area, as well as K
assure protection to the aircrew when in a contaminated area. The technology
to do this appears to be available well within the LHX development time frame.

(£} (U) To take full advantage of this concept, NBC agent detectors
should be located both inside and outside the alrcrart. The aircrew would
then ba able to determine when tuey are in a contaminated area and whether the
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contamination has penetrated the crewstation. A remote standoff detectio..
capability should be added, when available, to avoid the contamination
completely. A sufficlent cooling capability must also be incorporated into
the crewstation to prevent aviator heat stress in hot environments. The use
of aircraft environmental control systems, in conjunction with microclimate
cooling vests worn by the aviator, appears to meet this need.

(g) (U) In addition to the hybrid system and cooling provisions, the
crewstation configuration and the design of the controls and displays should
provide adequate room and space for the aviators to operate the LHX when fully
dressed in NBC clothing and other life support equipment.

(4) (U) Flight control.

(a) (U) The helicopter is basically an unstable, vibrating platform
suspended 1n space by a spinning rotor blade. The task of the aviators when
flying such a system 18 twofold. First, the aviators must fly the aircraft
from one location to another; second, they must maneuver the helicopter into a
position so that they can effectively complete their combat mission and defeat
the enemy. To accomplish that task, the helicopter itself must be extremely
agile and maneuverable. The flight controls of current Army helicopters con-
sist of three separate control levers that control mechanical systems with
hydraulic boost. Two of the cont:ol levers require manipulation by the
aviator's hands while the third 1is moved by the aviator's feet. A review of
the evaluations concerning manual control and workload suggests that, even
under the most favorable conditions, a large percentage of the pilot's atten-
tion is required for manual ccutrol of the helicopter. That effort is par-
ticularly demanding during mission conditions involving poor visibility,
variable winds, and terrain flight where the aircrew i3 contiauously
maneuvering around trees and obstacles. At a minimum, the LHX should provide
some level of automatic control and stability augmentation to assist the
aviator and reduce the amount of attention, control movement requirements, aad
workload imposed on the aircrew. The less attention the pilot must devote to
the task of controlling the aircraft, the more time he will have to perform
other operational functions, thus enhancing the prcbability of mission
accomplishment. This 1s specifically important during terrain flight where
the fatigue factor is 1.3 times higher than during normal flight.

(b) (U) Another aspect of crew workload associated with flight
controls is the physical interface between those controls and the human
operator. Avlators in today's Army come in all sizes and shapes. It is
difficult to design a crewstation that will properly accommodate all of these.
If the crewstation is not optimally designed, the adverse effects on the human
will degrade operator performance. Investigations directed toward the
evaluation of aircrew anthropometeric dimensions and crewstation configura-
tions have pointed out that in current helicopters the crewstation internal
space, in combination with the fixed cyclic control position, does have an
adverse effect on the aviator. To reach the cyclic control grip while
simultaneously resting the'r arm on their leg, a number of aviators are
required to assume an exaggerated forward "clouched™ position. That position
places a curvature in the human spine that is susceptible to vibrational
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stress and fatigue during normal flight, resulting in back problems for the
aviator. The "slouched”™ position also increases the probability of back
injury during a crash. 1In addition, the forward "slouch" position tends to
restrict the aviator's forward vision outside the aircraft and to shift his
eye position away from the optimal design eye position used for reference when
deteruining the placement of controls and displays in the crewstation.

(c) (U) Aircrew protective gear and life support equipment also
create an initerface problem with current alrcraft controls. Larger aviators,
wearing full NBC gear and body armor, often restrict the full movement of
aircraft controls. The situation can be partially relieved through a better
seat and aircraft control position relationship. Improved adjustments on both
the seat and the control levers in both the horizontal and vertical planes
would be one way to reduce the need for the aviators to "slouch” when flying.

(d) (U) A second solution would be to remove the position
constraints imposed on the aviator with current type aircraft controls
(cyclic, collective, pedals) by replacing them with a single "side-arm
controller™ that could be operated with one hand. One such system, the
advanced digital/optical control system (ADOCS), is undergoing development.
From a human factors perspective, the "gside-arm controller” has a number of
advantages. First of all, the aviators should no longer need to "slouch” for-
ward in the crew seat to reach the flight controls. Second, the aircrew
should be afforded more freedom to position their bodies in a more comfortable
position in the aircraft. Third, the relocation of the cyclic control func-
tion from in front of the aviator would remove one of the visual restrictions
between the aviator and his instrument panel. The relocation of the collec-
tive control head would also remove the visual restriction between the pilot
and the avionics control panels in the center console. The increased,
unrestricted FOV not only enhances the aircrew's capabilities but allows the
crewstation designer more freedom in which to place displays in the

crewstation.

(e) (U) PFrom a handling qualities point of view, the use of
fly-by-light and likewise fly-by-wire concepts should afford more flexibility
to design the aircraft control system in such a manner that aviator workload
and attection devoted to the flying task are reduced. With suck a system,
control gains and transfer functions could be tailored to provide the best
controllability for various maneuvers. Such tailoring could be selected by
the pilot or perhaps automatically by sensing appropriate aircraft state
variables or operator inputs. It would also provide an avenue whereby infor-
mation from other alrcraft system sensors could be inserted into the control
loop for increased automation of the flight control function.

(f) (U) Flight control and maneuvering of the aircraft is an
attent .on-consmming task for the pilot during flight when well above the
terrain. Terrain flight <own among the trees and obstacles i{s much more
demanding. Based on studies of current helicopters, the pilot of a two-crew
aircraft must devote most of his attention to the flight control tasks,
leaving other tasks like navigation and communications to the copilot.
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(g) (V) With expanded missions and the advanced capabilities
expected in the LHX, {t would be advantageous to the overall success of the
mission if the pilct of the aircraft could spend less attention on the flight
control task and more attention on other combat functions. From the human
factors point of view, it appears to be a minimum requirement when considering
a single-crew LHX. From the limited testing ~onducte! so far, the evidence
indicates the fly-by-light and/or fly-by-wire concept of flight control has
the potential to relieve the pilot from some of the flight control effort.
That potential for improved handling qualities, automatic stabilization, and
flight of the aircraft should be pursued. The use of a side-arm controller to
replace the three separate controls now found in helicopters also has gome
advantages with respect to the reduction of stress and fatigue caused by the
aviator's "slouched" position, the removal of visual restrictions between the
aviator and the controls and displays, and the increaced flexibility afforded
the crewstation designer regarding the placement of displays. In addition,
the integration of the control functions ianto less than three separate
controllers should relieve the pilot from having both hands and feet gimulta-
neously occupled in flying the aircraft. The question concerning how many of
the three control functions chould be placed on a single side-arm controller
remains unanswered. Although the aviator's physical workload may be less
under the side-arm controller concept, the cognitive and manral workload
associated with that task may very well be increased. Additional investiga-
tion through simulation and flight testing are needed to address that concern.

(5) (U) System status monitoring.

(a) (U) The monitoring of the health and status of various aircraft
systems (engine, t insmission, electrical system, hydraulics, fuel flow) is
considered to be an essential task to assure safe flight. 1In today's
aircraft, that intrormation is displayed in the crewstation, on the instrument
panel and center console, through the use of as many as 14 round dials and
gauges for quantitative information, supplemented by over 20 discrete lighkts
and audio tones.

{(b) (U) Quantitative information is displayed when the conditions
involved are dynamic and require continuous monitoring. Examples of this type
of information would include the amount of fuel left in the aircraft fuel
tanks, engine pressures or temperatures, and electrical system voltage levels.
Continuously displayed quantitative data providcs the aviator with trend
information concerning the parameters monitored. Trend information is
important to the aircrew because it permits them to assess Lhe overall system
status, detect lmpending adverse conditions, evaluate how rapidly the adverse
condition is progressing, and take action to stop or reverse the trend.

(¢) (U) Discrete information displays are the type that provide
binary iaformation that indicates if the state of the system monitored is
good or bad. The master caution light 1s a good example of that type of
dispiay. When the light is not on, it {ndicates the systems monitored zre
operating within a "safe” condition. When the light is on, it indicates a
problem that requires the aviator's attention. It does not provide quan-
titative or trend information.
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(d) (U) Both the quantitative and discrete displays convey needed
information, but there is some concern as to how well that information is
detected and used by the alrcrew. Several studies have ghown that, during
terrain flight, the attention of each member cf a two-man aircrew is virtually
consumed by the tasks of flight control, terrain and obstacle avoidance, and
navigation. Less than 10 percent of their time is devoted to monitoring
other flight instrumerts, communication controls, and system status displays.
Add to this the tasks of observing cnemy movements, target detection, and com-—
bat communications, and the time available for monitoring system status
displays will be further decreased. Flying at night will compound the
problem. During the heat of battle, the aircrew cannot afford the time
required to monitor the aircraft system status; on the other hand, 1f that
task is not accomplished, i+ could lead to disastrous resclts.

(e) (U) The timely acquisition of both quantitative and discrete
system status information and the decisions based on that information are
important to the LHX survivability. How well that 1s accomplished 1s
dependent on the information being available and the aircrew having sufficient
time to monitor the displays to obtain the information quickly. This presents
a considerable challenge in a two-crew alrcraft where one crewmember may be
able to devote some of his time to monitoring the system status. 1In a single-
crew LHX, the need to relieve the aviator of this task is more critical.

(f) (U) The data related to the status or conditioa of aircraft sub-
systems 13 demand-type information. Aviators require that type of information
to assure them that the ailrcraft systems are operating properly and to warn of
a possible impending fallure. Under normal operating conditions, some status
information 13 not necessarily needed except to build the aviator's con-
fidence. The demand for system status information becomes critical when the
gystems being monitored are not operating well and could result in degrading
of the mission or losing the aircra“t.

(g) (U) Considering the limited time available for system status
monitoring and the type instruments used in most fielded aircraft, it is very
probable that the alrcrew may not detect a rapidly developing out-of-tolerance
condition when flying NOE. First of all, NOE flying requires that most of the
crew's attention be focused outside the cockpit. Second, humans by nature are
not good monitors of relatively slow-changing displayed information. Aviators
tend to rapidly scan such displays but do not always obtain the necessary
information from them. During a 5-day aviator fatigue study in a UH-l simula-
tor, it took the flight crew from a few seconds to 20 minutes to notice the
engine o0il teuwperature had reached a point well above the red line. Another
aspect of the problem with system—monitoring displays is the large amount of
panel space required for those devices. The system—monitoring disp. ays occupy
a disproportionate amount of panel space compared to the amouat of time the
pilot views these displays.

(h) (U) The ideal aircraft system status-monitoring system should be
one that 1s capable of sensing a changing trend in system status, determining
if that trend 1s within or approaching tolerance limits, and then warning the
crewnembers when the system status 1s approaching an adverse condition that
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requires theilr attention. The aircrew can then assess the problem and imple-
ment corrective pcocedures when needed. From a human factors englneering
perspective, system status monitoring is a prime candidate for automs:tion.
Monitoring iIs a task that humans do not do well, while computers can perform
that task extremely weil.

(1) (U) The concept of system status management by exception is
quite appropriate for the LHX. A computerized monitoring system could main-
tain constant vigilance, perform trend analysis, diagnose abnormalities, and
provide the aviator with the information he requires or desires. If the
systems are functioning within tolerance limits, the ailrcrew need not be pro-
vided any information unless they specifically ask for it. When a condition
demanding the aviator's attention arises, critical information the aircrew
needs for that particular situation cou'd be provided on the crewstation
displays.

{j) (U) A concern from the human factore engineering standpoint is
the implementation of the concept. In order for the management-by-ezception
system status-monitoring system to be successful on the battlefield, much
attention must be devoted to determining what needs to be monitored, the
tolerance limits of the various systems to b~ monitored, the level or depth to
which the computer should diagnose the data received, and when and how to
dicplay the information to the aircrew. The recommendation for the LHX is to
incorporate the management-~by-exception system status—-monitcrirg concept 1into
that aircraft. Prior to incorporating such a system, specific tests and
evaluations should be conduct2d to answer the concerns above and to assure the
concept will, in fact, reduce crewstation workload.

(6) (U) Coumunication.

(a) (U) Effective arnd accurate communications are also critical to
the successful completion of LHX combat missions. This is especially true for
the SCAT version. The LhX crew must be able to effectively communicate with a
large number of friendly forces. The Army 21 concept dictates a greater need
fer improved communications with an increa.ing number of other members of the
combined arms team than did past conflicts. To meet this need, additional
radios have been placed in aircraft crewstations. Tach new addition increases
the crewstation workload by increasing the aumber of controls and displays the
alrcrew must operate and monitor.

(b) (U) The impact that the addition of individually dedicated radio
control display heads has on the aircraft cockpit is best described by the
results of the "Advanced Scout Helicopter Man-Machine Interface (MMI)
Investigation.™ That evaluation consisted of a review of the literature
supplemented by studles conducted in a crewstation mockup using standard com-
munication systems. The results of that evaluation sugges: that 56 percent of
the aircrew mission time involves some type of comnunications distributed
across a varlety of radios. 1If the LHX aviators are to be effective on the
moacrn battlefield, the overall time devoted to communications needs to be
reduced.
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(¢) (U) One method of reducing the workload associated with the com-
munication task 1s to integrate the various radio controls into one panel. '
Such an integrated avionics control system (IACS) was developed through the
Army Avionics Research and Development Activity. A similar system 1s utilized
in the OH~58D helicopter. In these systems, the aviator uses an alphanumeric
data entry keyboard along with various switches to select a number of radio
functions displayed on an electronic display. These include selection of the
type of radio and the specific frequency desired. 1In addition, the system can
be used to control aircraft navigation equipment. .

(d) (U) Evaluations of the IACS indicate that the time required to
access a specific radio frequency when using preset frequencles was 13 percent
less than with standard control heads. When used in the manual mode, the IACS
was no more advantageous with respect to crew workload than the conventional
method. The integrated system does, however, provide a definite reduction in
the crewstation space occupled by radio control heads and conceantrates the
display information in a centrsal location.

(e) (U) The evaluations conducted so far with the OH-58D indicate
the control of the communication system through a multifunction keyboard is
advantageous but that approach will require additional 'mprovements if it is
to be a viable option for the LHX single-crew aircraft. For example, the
system requires considerable time to manually load initial data into the
system during preflight. During flight, the communication task requires
prcgragsing through a number of computer-displayed pages to communicate and
send target infurmation to other aircraft and the ground. In a two-man
aircraft, the second crewmember can help with this task; in a single-crew LHX,
a less workload-intensive system will be a necessity.

(f) (U) Another important factor related to the efficiency of com-
municating between aircraft and with ground forces 1is the communication
electronics operation instructions (CE0I). The CEJIs are classified documents
that provide the aircrew with a complete listing of frequencies, call signs,
and other critical communications data concerning friendly forces withia thelr
operational area. The CEQIs are updated every 24 hours with more frequent
changes 1f the system is gsuspected of being compromised by enemy action. The
CEOIs are rather large and bulky documents. Aviators must thumb through many
pages of the document to find the specific frequency and call signs assigned
to the unit they wish to contact. The use of CEOIs can congsume as much of the
communication task time as the tuning of the radios. One method of reducing
the workload assoclated with CEOIs, as well as the entry of other communica-
tion and navigation information into the LHX during preflight, would be the
provision of a bulk-loading device similar to an audio tape or disk that could
transfer pretaped data into the LHX system computers within a few minutes.

(g) (U) Still another communication human factors area that must be
considered for the LHX is gneech intelligibility. Some of the information
communicated by voice in today's aircraft is lost in the noise levels found
within the communication equipment itsgelf. Fallure to transmit or the need to
repeat information that one 1is trying to communicate easily results in a loss
of information or delays that could have an adverse impact on the battle. The
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LHX communication systems wmust provide a less nolsy environment and greater
speech ‘ntelligibility in the overall communication system. The technologies
avallable for incorporation into the LHX appear to be capable of accomplishing
that goal. The use of improved sound-canceling microphones, more acoustically
3 efffcient earcups, and control system nolse suppression techniques would do

{ much to improve the situaticn.

P R

(h) (U) Aoother aspcct of communication workload that requires
attention is the transfcr of targeting information to other aircraft or ground
forces. 1In the current aircraft, most of the fnformation Is transferred by
volce communications. The copilot or observer often handles that task. The
results obtained so far through operational and developmental testing fndicate
that the alrborae target handoff system (ATHS) has the capability to transnmit
a large volume of data in a short period of time, but one member of the dual-
crew aircraft must devote considerable time to entering information into the
system. The ATHS needs to become more automatic 1f used in the single-crew
LHX.

R R

(1) (U) From a human factors viewpoint, the crew workload and
information transfer accuracy of communication systems for the LHX must be
improved considerably over current systems. The LHX should use an integrated
communication coatrol system in which all radios and navigation systems can be
controlled from a single devi:e. The task of entering data into the aircraft
comput2r system, including a full CEOI, should be automated in a user fri 'ndly
way. The integrated communication display/controls must be designed to untur-
den the crew from the need to process through a large number of computer paies
when desiring to transmit informatfon. The noise levels in thz system must be
reduced and speech intelligibllity must be increased to allow for a high
probability that a message can be transmitted accurately the first time 1t {is
attempted. Automatic target handoff capabilities should be provided in which
the inforwation is gathered and transmitted with little crew interaction.

e Y

il

e A v 8

(7) (U) Survivabllity.

(a) (U) ASE will be an {mportant factor in the success of the LHX.

The threat possesses a formidable array of ground and airborne systems that

can be uscd against Army aircraft, including the individual soldier‘s hand-

held weapons, radar and optically guided missiles, heat-r.eking sensors, ECM,
attack helicopters, and fixed wing aircraft. The primary defense against many
of those weapons will be threat avoidance. When complete avoldance is not
possible and the LHX 1s detected, the next defense is to prevent the threat
weapon from reaching the aircraft by using evasive maneuvers or counter-

. measures. The defensive techniques and methods for survivability are as

f varied and as numerous as the threat they are expected to encounter.

Y Countermeasure alds fall iInto two major categories: detection and Jamming/
decoys. A capabllity should be available in the LHX time frame for detecting
threat systems expected to be encountered on the battlefield of the future.

] Jammers should likewise be available for radar, lasers, and IR systems.

: Flares and decoys are also expected to be part of the LHX defensive system.

e B IR L ¥, T Y
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(b) (U) The detailed capabilities of each of those systems are
covered elsewhere in the TOA. The concerns from the human factors standpoint
are the ability of the alrcrew to react to these devices and to take the
appropriate corrective action to avoid becoming a casualty.

(¢) (U) The first area to consider i3 complete avoidunce of the
threat. To accomplish this, the ailrcrew requires information concerning the
threat type and location. Some of the information will hopefully be provided
to the aircrew before starting the mission. Frovisions for entering knowu
threats into the LHX computer memory and the display of those threats on a
situation awareness display, along with geographic location information, must
be avallable to the aircrew. The aircrew can then plan their flight course
around those threats. Provisions should also be made to update that infor-
mation during flight through information automatically provided from other
aircraft or ground systems, the onboard sensors, and manually by the aircrew.
ASE detectors and countermeasures must be kept to a minimum. ¥Yor the LHX to
react rapidly to the threat, the automation of some countermeasures should be
ccnsldered. The pilot should, however, have an override capabllity that
allows him to control the ASE when automatic activation may be a disadvantage.
For example, i{he LHX will only be able to carry a limited quantity of chaff
and decoys. To conserve these resources, the crew should decide when and
where to use them. A fully automatic system may dispense them too rapidly and
at a less than optimal tim-.

(d) (U) The LHX will operate fn a highly lethal environment of com~
bined air and ground threats. The aircrew must, therefore, be provided with
effective threat detectfon and countermeasures 30 the LHX cannot only survive
on the battlefield, but stay and fight. These systems should provide a capa-
bility to detect and counter threats located completely around the afrcraft,
as well as below and above it. Current ASE does not always provide that full
capabllity. For example, an air threat behind the LHX, when not radiating a
detectable signal, may not be detected by the alrcrew engaged in battle. ASE
significantly enhances the czhances for both the aircraft and crew surviv-
abllity and mission success.

(e) (U) ASE hardware and software developments appear to have kept
pace with most of the threat but through dedicated individual systems. The
integration of the ASE for simplistic presentation to the aircrew, in a
prioritized format, is essential for a single-crew aircraft. It 1s recom-
mended that an analysis be conducted to determine the degree of integrstion
necessary and to determine the most effective method for information presen-
tation, how it should be displayed, and when it should be displayed. In addi-
tion, ASE countermeasures should be considered for automation.

(8) (U) Target acquisition/designation.

(a) (U; One of the most important combat functions of the SCAT ver-
slon of the light helicopter fleet 1is target acquisition and engagemeat. A
high level of aut-mation must be incorporated into the LHX to allow the SCAT
to accomplish that function. Advanced technology must be fully integrated
fnto the crewstat‘on to maintain the crew workload at a manageable level that
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will permit mission success. The current capabilities of target acquisition
and engagement systems in Army alrcraft are reflected in the AH-1 Cobra and
AH~64 Apoche attack helicopters. Those systems were designed to perform the
target acquisition and engagement function {n the alr-to-ground role. Durlng
the attack mission, the pllot of those two-crew aircraft flies the alrcraft
and maneuvers it Into the proper position to engage the enemy. The targeting
function is assigned to the copilot/gunner who is totally occupied with the
target acquisition and engagement task. The workload of both crewmembers
during the attack mission {s relatively high. The single~-crew LHX will only
become a reality i1f major technology advances are available to reduce the
workload level of the two crewmembers down to a level tha“ can be handled by
one.

(b) (U) The sensors that are available in the Apache attack heli-
copters include direct view optics (DVO), day television sgsystems (DIV), and a
forward-looking infrared (FLIR) system. The WO and television systems are
used mainly during the day. The FLIR system is useful during periods of
reduced visibility ard at night. The target acquisftion and designation
systems in the Apache directly place the sensor data and aircraft weapon
information on both the pilot's and copilot/gunner's display. The success of
the target acquisition and engagement systems on current attack helicopters is
therefore fully dependent on the combined abilities of the two-member crew.

(¢) (U) The candidate sensors for the LHX include WO, video/
television sensors, IR devices, and radar. Much like the Apache, the
video/television and DVO can be used during daylight. The FLIR and radar
systems can be used during the day and at night. One cf the major factors
that will influence the overall success of the LHX target acquisition and
engagement capability will be the maturity level of the various sensors needed
to acquire and provide information concerning the type of target and its loca-
tion on the battlefield.

(d) (U) The second part of the equation involves the methods and
systems used to pass that information on to the aircrew. As mentioned
earlier, the attack aircraft in the fileld today require a crew of two to be
effective. How well the LHX target acquisition and engagement system operates
is dependent on the consideration given to human factors engineering criteria
and the soldier-machine interface. To reduce aviator workload and facilitate
the target acquisition and engagement task, a faster, more sophisticated
method of data processing and correlation must be developed for the LHX. The
1deal system would be one that fully automates the target detection, acquisi-
tion, tracking, identification, and engagement tasks, and provides a capa-
bility to automatically pass target information to other members of the
combined arms team. The level at which these functions can be successfully
automated will significantly {mpact the crew size of the LHX. From the human
factors viewpoint, the automatic processing of the various sensor inputs to
provide a composite display which only contains the information necessary for
target engagement or handoff should do much to ease the crew workload.

(e) (U) Target tracking should be automated to assist in holding the
target within the FOV of the sensor and displays and to reduce pilot workload
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when performing thai function. The systems should automaticall; compute
target location and range with respect to the aircraft and geographic posti-
tion. That information, along with target identification information, should
be automatically transferred to the communication system and tranemitted to
other friendly forces. Expansion of the sensor visual scene through a rumber
of FOV selections should be provided tv allow the aircrew to better see and
examine specific targets or points of interest. The FOV changes associated
with that expansion should be as gradual as possible to allow the opera%or to
continuously track the target.

(€) (U) Recordings of the information obtained through the sensors
would provide a capability for the aircrew te~ only expose their aircraft for a
short period of time, cbtain a picture of the battlefield, return the aircraft
to a safer position, and .aen play back the recording obtained. The full
extent of this capability has 1ot yet been evaluated, but it would assist in
increasing the survivability rate of the LHX by permitting a more detailed
examination of potential target data in a less vulnerable position. The
recording capability would also be of considerable use to collect information
during reconnaissance missions and to assess battle damage after an attack.

(g) (U) The methods for displaying the target visual informatlon
that appear to be within the LHX technology time frame are twofold: a panel-
mounted display (PMD) and a helmet-mounted display {HMD). The PMD, by itself,
i3 a poor option for a single-crew LHX because it requires the aviator to keep
his head inside the crewstation. The HMD system will be a necessity for the
single-crew LHX wnere the pilot must keep his eyes outside the crewstation as
much as possible. One disadvantage of the HMD is the large variety of infor -
mation the pilot needs to have on that display to fly the alrcraft and to per-
form the targeting function. The aircrew could be easily inundated with too
much information. The alternative would be a combtination of PMDs and HMDs.
The PMD in the crewstation could display the detailed information from the
targeting system sensors individually or as an integrated composite. Portions
of that information could be extracted and placed on the HMD to provide the
ninimun information required by the aircrew. 1if the system were fully auto-
mated, the aircrew would need only enough information to assure the process
was operating correctly.

(h) (U) Human factors standards and handbooks provide considerable
data concerning visual limitations and criteria with respect to the design of
display characteristics. The major challenge for the LHX is not necessarily
in that area but one of meaningful integration of the sensor inputs that will
provide the alrcrew the information needed without creating a workload 1eve1
they are unable to cope with.

(1) (U) Target sensor systems will also be required to automatically
scan for airborne targets, as well as ground targets. That capability should
include a 360° target search completely around the alrcraft.

(j) (U) Target acquisition and engagement in current Army attack

helicopters is a two-crewmember task. For a single-crewmember LHX to effec-
tively acc:mplish that mission, a major leap in sensor capabilities and the
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automation of many of the target acquisition and engagements must be
accomplished. That automation should cover all functions from initial target
detection until eugagement of the target. 1In addition to the current activi-
ties associated with alr-to-ground targeting tasis, the LHX crew must also
contend with air-to-air target acquisition and engagement tasks. Based on the
technology assessments presented so far, not all of the target acquisition and
engagement functions can be autumated, particularly target recognition. The
aircrew will be expected to make the final confirmation that the target is the
enemy and make the decislon to engage the target. From the human factors
perspective, the concept of multisensor fusion or integration and the display
of the composite results have not yet been zvaluated ’n sufficlent detail to
&llow a valild prediction of its capabilities or limitations. A number of
development efforts are underway but they are still in the early stages.
Further efforts in this area are required t¢ make a single-crew LHX a reality.

(9) (U) Aviation life support equipment (ALSE).

(a) (U) ALSE, including protective gear, also plays an important
role in aircvew survival in combat. In addition to the NBC protection pre-
viously dlscussed, ALSE includes:

-~ Protective helmu:ts.

-- Flight su'ts.

-= Armor panels and vest.

-- Alrcraft environmental control systems.

-- Oxygen systems.

== Laser and nuclear eye protection.

-— Cold weather clothing.

-- Survival gear and radios.

-= Weapons.

(b) (U) The protective helmet not only contains the system by which
the aircraft can communicate within and outside the crewstation, but also pro-
vides head impact protection during a crash and provides environmental noise
attenuation to protect the aviator's ears. Unless the LHX is radically dif-
ferent from previous aircraft designs, similar protecticn will still be
necessary. Future helmets should also include laser and nuclear flash-
blindness protection unless that protection can be huilt into the aircraft
itself. Add to this the wide FOV HMDs expected in the LHX, and the helmet
system becomes more complex. The LHX helmet with all the above systems and

NBC protection added will be wuch different from present helmets. The new
aircrew integrated helmet, now under development, integrates impact, noise,
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lasex, NBC, and flashblindness protection into one helmet, but it {s not
addressing the HMD issue. An advanced LHX helmet development program needs to
be initiatied to address this issue.

(c) (U) Protective armor is another area where the LHX design could
do much to alleviate the performance degradation associated with those
devices. Aviators now fly with armor protective seats and armor vests. The
vests are bulky and heavy and restrict alrcrew movements. The LHX should con-
sider additional armor protection as part of the aircraft so that the amount
worn by the aircrew could be reduced. When it 13 necessary for the alrcrew to
wear body armor, the LHX crewstation configuration must take into con-
sideration the restricted movements of the aviator while wearing such armor.

(d) (U) The environmental control systems, heating, and cooling
ventilation in today's fleet fall far short of providing the optimal environ-
ment for the alrcrew to operate in. The net result is increased aviator
stress and fatigue that degrade mission effectiveness or time. Systems have
been and are under development that can overcome this problem if applied to
the LHX crewstation design.

(e) (U) Oxygen systems are required for the LHX to allow operations
at altitudes above 10,000 feet mean sea level, such as that found in moun-
tainous terrain. During night operations, oxygen has also been found to
greatly Increase night vision capabilities at a few thousand feet above sea
level. Due to the logistics problems associated with bottled oxygen systems,
it 13 recommended that the LHX have an onboard oxygen system designed into the
aircraft. Such systems that are presently flying in Air Force and Navy high-
performance aircraft could be adapted to the LHX for that purpose.

(f) (U) Improved flight suits, cold weather clothing, survival gear,
and survival radios are all being developed under Army and tri-service
programs not directly related to the LHX. Those programs should mature inde-
pendently of the LHX. The LHX crewstation design must, however, take 1into
consideration the space constraints required for that ALSE. The crewstation
controls and displays must, for example, consider operation by aviators
dressed in bulky cold weather clothing. When wearing survival gear, the
aviator's movements will also be restricted. The LHX should, at a mlanimum,
consider building some of the survival gear into the alrcraft seat so aviators
do not have to wear it on their bodies. The LHX design must also provide
storage space for ALSE that must he stcred on the aircraft, in flight, and on
the ground when not in use.

(10) (U) Displays and controls.

(a) (U) The method in which information is displayed to the ailrcrew
of the LHX and the controls provided to operate the mission equipment and
systems are perhaps the most cruclal aspect of the crewstation design. As
mentioned earlier, the increased demands of the Army 21 concept, coupled with
the continued addition of new and more complex systems into the helicopter
crewstations, are rapidly approaching a point where crew workload or attention
demands may prevent obtaining the maximum effectiveness from the aircraft
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capabilities. Studies have shown that when flying at terrain flight levels,
particularly NOE, the pilot's visual attention concentrated outside the
crewstatlon varies from 33 to 80 percent of the overall available time,
depending on the mission profile. This leave-~ little time to monitor the
displays and controls within the aircraft.

{b) (U) To assure success in the airland battle, aircrev worxload
must not be allowed to exceed a level that restricts the effective use of full
aircraft capabilities. The best aircraft system avallable is of little use
unless it can be effectively operated by the aircrew. Ore solution for
reducing the variety and quantity of individual displays and controls is the
use of a fully iategrated electronlc cockpit. That approach replaces the mzny
cockpit displays, toggle switches, push buttons, rotary switches, and electro-
mechanical meters and gauges with TV-1like displays and electronic keyboard
controls. The potential advantages ¢f an integrated electronic crewstation
when designed for effective human interface are:

1. (U) The capability to provide the relevant data required by the
crewmembers in the most accessible panel areas of the crewstation.

2. (U) A reduction of the forward instrument panel space required
for displays, thus improving the out-of-co:zkpit wvisibility.

3. (U) The use of flight computers to partially relieve the
aviator's mental workload by integration of raw flight data into a form that
requires less dedicated displays.

4. (U) A reduction in the weight of existing alrcraft systems by
combining current functions, supported by a number of black boxes, into one
less bulky system.

5. (U) A reduction of the number of controls presently in the
cockpit.

(c) (U) Displays, combined with the visual capabilities of the
aircrew and the sensors feeding them, provide the information to support the
basic mission functions of spatial orientation, flight path control, weapon
delivery, survivability, navigation, and aircraft system monitoring. Each of
these functions places demands on a portion of the aviator's attention during
a typical LHX mission. The mission success will therefore be very dependent
on the manner in which that information is presented to the alrcrew and the
division of the aviator's time to properly attend to each of these functions.

{d) (U) One concept for the presentation of visual information in
the LHX is the use of a wide FOV panoramic display, mounted in the aircraft in
front of the aviator, that would display aircraft performance information
superimposed on an Image of the cutside world, with resolution and visual
capabilities that are similar to that of the human eye. It is recognized that
the technology development for such sensors and displays has not yet reached a
maturity level that would allow that to occur and reportedly will not do so
within the constraints, goals, and time frame of the LHX. The two visual
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display options that appear to be available fcr the LiX are helmet-mounted and
panel-uounted displays. The attributes of each will be covered in more
detail.

1. (U) The use of a helmet-mounted disgiuy (HMD) in the LHX that
ould allow the avistors to keep thelr eyes outside the crewstation, while
simultaneously having mission information displayed on a see-through lens in
front of their eyes, could provide a significant advantage when flying NOE gnd
when acquiring and destroying targets. In both those flight modes, while per-
forming the pilotage or a targeting task, much of the aviator's attention is
concentrated on things outside the crewstation with little time to monitor
displays in the crewstation. The HMD, when integrated with a head-sensing
system and weapon control, would also provide a means to rapldly slew weapons
and/or weapon sensors by means of head movements.

2. (U) Two of the major design criteria that need to be established
for the HMD are the FOV and the field of regard (FOR). The ideal FOV and FOR
for HMDs, from the human factors engineering standpoint, would approach those
of the human visual system. The assessment of current technology indicates
that full capability will most likely not be available for the initial
fielding of the LHX; therefore, some smaller FOVs and FOks must be considered.

_1. (U) There is little in the way of scientific data to establish
the exact requirement, but a number of evaluations point to the need for wide
FOV considerably larger than that of current gystems. Flight and simulation
studies, along with avliator assessments, suggest that the FOV for HMDs should
be considerably greater than the 400 available in curreat systems.

4. (U) The estimated FOV needed for the LHX, reported in the U.S.
Army Aviation Systems Command TOD, was 110° horizontal by 609 vertical. The
wide FOV permits the aircrew to acquire peripheral information that can be
helpful in flying the aircraft and detecting threats. BEvaluations conducted
in conjunction with the ongoing "LHX Virtual Cockpit™ assessment, conducted by
the Air Force Aerospace Medical Research Laboratory, indicate experienced Army
aviators prefer a crewstation desig. that incorporates HMDs with a FOV that is
at least 90° horizontal and 60° vertical or greater. FOV is not, however, the
only factor in the ability to gain useful information from helmet-mounted

visual displays.

3. (U) Other factors such as resolution, contrast, brightness, and
refresh rates are involved. The wider FOV is best, given that all these other
factors are constant, but this 13 not always the case. The LHX HMD parameters
will be a compromise between a number of criteria. The FOV will therefore be
determined by the capability of the technology available in the LHX time frame
to provide a wide FOV while maintaining a level of 1image quality that enhances
hunan and mission performance.

6. (U) The workload analyses of the Advanced Rotorcraft Technology

Assessment (ARTI) program support the need for a wide FOV display for the LHX.
Preliminary information from the ARTI program received to date indicates that
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a 90° by 60° FOV appears to be within the realm of practicality. This area
needs to receive considerable attention to assure the resultant LHX design 1is
mission effective.

1. {U) In addition to the FOV requirement, the sensors providing
information to the HMD should be slewable to provide a FOR that approaches the
aviator's capabilities at movement rates commensurate with normal head move-
ment . ith such a visually coupled system, the visual content of the HMD
would correspond with the aviator's head and aircraft movement. The limiting
factor will again be the capability of technology to provide the maximum FOR.

8. (U) The physical location of the sensors providing information
to the aircrew is also important. The seasor itself should be positioned as
close to the reference action position of the crewmember's eye as possible to
reduce errors in judgment concerning ailrcraft location. Sensors that are
located at gome distance from the position of the aviator's eyes require the
aviator to mentally manipulate the information he sees on his display in order
to react properly to that information. The net result is a requirement for
increased {nitial training and the need to fly with the system more often to
maintain an acceptable skill level.

9. (U) The reported disadvantages of the HMD from the human factors
engineering viewpoint include the limited amount of information that can be
placed on the display, helmet weight, connecting cables that may impede egress
from the crewstation in an emergency, a lack of easy interchangeability of
tallored helmets between aviators, the considerable time consumed in fitting
the helmet to the individual, and the time consumed in alignment of the sen—
gore and weapon alming sights. All of these areas are critical and must be
addressed in the LHX system design to reduce thelr negative impact on opera-
tional performance. A system design that allows for interchangeable helmets
and display systems between individuals and between aircraft would be best.

10. (U) Panel-mounted visual displays provide a means to reduce the
relatively large number of dedicated displays found in current aircraft to a
few electronic displays. The information now placed on a number of individual
dials and gauges could, for example, be integrated into a visual picture on
one multifunction display. The major advantage of this approach, other than a
reduction In space and weight, is the capability to place more visual
information within the prime viewing space of the crewstation and to require
less head movement on the part of the aviator to obtain that information.

This is Iimportant during flight to allow the ailrcrew to rapidly obtain infor-
mation from the crewstation displays.

(e) (U) Voice generation and audio systems offer another approach
for displaying information in the crewstation. Audio cues have been used for
a number of years to gain the aircrew's attention during emergency situations
and to assist in the identification of flight and navigation aids. Those
audio cues vary from a single tone or sound to the use of codes to identify
radio signals. A synthesized voice generated by a computer, on the other
hand, produces verbal messages that sound much like the human voice. It is an
advanced means by which the aircraft systems can interact with the pilot while
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leaving his eyes free for obtaining visual information from outside the
crewstation and from other displays. It is expected that a computer will be
used to monitor the aircraft subsystems in the LHX. When the computer senses
that a subsystem's tolerance limits have reached a level that requires pilot
attention, a speech-generated signal could alert the pilot. Threat warnings
could be handled in a similar manner either by speech alone or in conjuaction
with visual displays.

(f) (U) Speech generation technology 1s sufficlently advanced that
it could be used in the LHX today. The use of both generated speech and audio
tones have a place in the LHX crewstation display system. Speech systems have
the advantage of conveying information in 2 human-like voice, but do consume a
dedicated amount of time and only one understandable message can be conveyed
at a time. The audio tones, on the other hand, may be transmitted in a
shorter period of time but require the aviator to commit to memory the meaning
of various coded tones. The use of generated speach or audio tones both have
an additional limitation in that the human can only process a given amount of
information in a short period of time. Too many speech or audio warnings,
like any other warning system, could easily overload the aircrew. The advan-
tages of both speech generation and audio tones need to be completely
integrated with the visual information displays in the crewstation to provide
the best transfer of information from the aircraft sensors to the human
operator.

(8) (U) The effective design of the mission equipment systems
controls placed in the crewstation is as important as the display system. It
is through these devices that the aircrew communicates with and controls the
operation of such mission equipment.

(h) (U) In the past, that function has been mainly accomplished by
the use of dedicated toggle, rotary switches, and push buttons. Those
options, which are still available, can be supplemented with voice activated
systems, touch sensitive electronic displays, multifunction keyboards, indivi-
dual push buttons, and joy sticks. Each of these systems or approaches have
been evaluated on a limited basis in the laboratory but few have received
complete evaluations in Army aircraft. The use of volce activated systems,
for example, provides a potential that would allow the alrcrew to control
system functions by talking to the system. When the aviator speaks, the
speech recognition system analyzes the spoken word and converts it into digi-
tal signals that can control aircraft systems. The major advantage of gpeech
recognition is that it allows the pllot to interacc with controls and displays
using spoken commands without the use of his hands or feet. Potential appli-
cations of this technology include limited flight control such as "unmask” and
“"remasking” maneuvers, interaction with and possibly the firing of weapon
systems, tuning and controlling of radlios and navigation devices, and for data
eatry other than manual manipulation of a keyboard of switches. The above
examples are but a few that speech recognition devices can support when the
technology 1s mature enough to do so. At this tima2, the disadvantages of
speech recognition are equally numerous. Research cfforts have pointed out
that speech recognition systems have problems when operating in a nolsy
environment such as that of a helicopter. Emotional and physical stress
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effects on an individual's voice have an adverse affect on the 3ystem's
ability to recognize the spoken word. Speech pattern differences between
individuals is a major obstacle to the practical application of the tech~
nology. Today's systems are speaker-dependent, meaning that they must be
trained to recognize the input of one partlcular speaker at a time. The
potential for speech recegnition to ald ia reducing workload in the crew-
stations 1r high, but researchers in this area fndicate the probability of its
maturity within the LHX inirial development 1is low.

(1) (U) Multifunction keyboards also provide a potential that should
be captured for the LIX. As discussed in the section on communications, a
single multifunction keybeard can be used to control a variety of radios and
navigation systems, thereby replacing a nurber ot individval radio and naviga-
tion control heads. The major advantage is the reduction of space necessary
in the crewstation devoted specifically to those control functions. From the
human factors standpoint, the additional space provided by the use of a muiti-
function keyboard provides the feasibility to better place the remuining
controls and displays in a position that facilitates thelr effective use by
the aviators. Flying the aircraft with cne hand while operating the mulci-
function keyboard may, however, present some problems. A multifunction
keyboard has been used in the two-crewmember OH-58D scout helicopter but has
not been evaluated in a single~crew context. This area needs to be more
thoroughly evaluated.

(j) (U) The councept of the aviator keeping his hands oa the controls
as much as possible has recelved a lot of attention in the design of recently
developed helicopters. That approach attempts to place all of the eritical
control switches on the cyclic or collective pitch grips so that the aviator
can reach and operate them without moving his hands off the flight controls.
Due to sensitivity of the side-arm controller, that approach may no longer be
valid. It may te best not to put any system switches on the device. The
aviator's free hand can then be expected to be used to operate the mission
equipment and systems other than the flight controls. The location of the
system controls therefore becomes an open question that requires investigation
from a human factors viewpoint. This issue is of critical importance to the
single crew LHX in order to maintain the crew worklnad at an acceptsble level.

(11, (U) Conclusions/recommendations.

(a) (U) Aray aviation's role in combat has increased over the years
from the relatively limited use of helicopters and fixed wing alrcraft for
transporting soldiers and material around the battlefleld and performing scout
missions to osne of full, close combat missions. The expanded missions, along
with the increased threat capability, demanded the design and implementation
of new tactics. Helicopters are now required to use terrain flight tactics to
shield the aircraft from enemy detectlon. Flying at low levels and NOE below
treetop levels is extremely demanding on the flight crew. NOE flight requires
the pilot to focus most of his visual attention outside the crewstation while
rapidly maneuvering the aircraft around chbstacles in the flight path. Add the
other crew tasks like navigation, communication, target acquisition and
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engagement, and monitoring of the alrcraft subsystems, and the demand on the
aircrew's physical and mental abilities rapidly increases. The requirement to
fly and fight around the clock further compounds the problem.

(b) (U) The increasingly hostile environment Army aviators must
fight in and the number and complexity of new aviation systems require a large
amount of information be presented to and assimilated by the afrcrew. The
most essential ingredient of the design of the LHX for the future battlefield
is the integration of the vast amount of informatioun provided by the aircraft
sensors Into a form that can easily be interpreted and used by the aircrew.

(c) (U) The goal of a single-crewmember LHX derands an even more
efficient crewstation design. The full integration of the information
displays, the control techniques employed, and the capabilities and limita-
tions of the alrcrew at a level nmuch greater than current aircraft {s man-
datory if that goal i3 to be achieved. The functions the aircrew must perform
in the LHX fall into the major functional areas of flight control, navigation,
communication, target acquisition and engagement, survivability, and system
status monitoring. Each of these functions 13 of prime importance when the
LHX enters combat. The iiability of the aircrew to effactively perform any
one of these functions could result in degraded performance and loss of
mission success. From a human factors viewpoint, the followlag general recom-
mendations for the integrated crewstatior should receive attention:

l. (U) Flight control. An accurate automated flight control with
full terrain following and terrain avoidance capability would be best, but
does not appear feasible within the LHX development schedule. The LHX should,
however, provide a level of automatic control and stability augmzntation that
reduces pllot workload and improves mission performance. A hover-hold capa-
bility should be provided along with a low-level cruise capability.
Consideration should also be given to an automatic “pop-up” maneuver control.
The use of side—arm controllers to replace the current flight controls now
found in helicopters also has gome advantages with respect to aviator physical
fatigue and the removal of visual restrictions between the aviator and the
afrcraft displays. The question councerning how many of the control functions
can effectively be placed on a single side-arm controller remains unanswered.
Additional investigations are needed to address this area.

2. (U) Navigation. The LHX navigation system should, at a minimum,
consist of an electronic horizontal situation display that gives the aircrew
real-time accurate, gpatial information concerning their own position and the
position of frlendly and threat forces durlng day, night, and adverse weather
conditions. The system should allow the aircrew to rapidly obtain information
from the display with minimal head-down time inside the crewstation, provide a
means to automatically update the position information, and allow the aircrew
the capability to annotate the display with friendly and threat informatioa.
The feasibility and potential advantagec of the digital data base navigation
system should be included in the LHX when that technology matures.

l. (U) Communication. The control of the numerous radios and
navigation ailds from a central point should be considered to free up the
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crewstation space and allow more effective placement of other displays and
controls. The LHX design should include an automatic data loading system that
would rapidly transfer communication, navigation, threat, and other system
information into the avionlcs computers at the beginning of the mission and
would provide the capability of updating that information during flight. A
communication system with less nolse and better speech intelligibility needs
to be developed for the LHX.

4. (U) Target acquisition and engagement. The automatic processing
of information from the various target acquisition sensors, to provide a
composite display which only contains the ifuformation necessary for target
engagenent or handoff, is recommended fcs the LHX. A fast method of data pro-
cessing and correlation must be developed. Target lock-on and tracking should
alsc be autcmated to assist in holding the target within the FOV of the sensor
and displays. Video recording techniques should be employed to allow the
alrcrew to collect target or threat information for analysis at a later time.
Sensors and related systems shculd pe provided to automatically scan for air-
borne, as well as yround, targe:s. The 1deal would be a target acquisition
and engagement system with full automation of the target detectlon, acquisi-
tion, tracking, identification, and engagerment task with the pilot as the
system marager and final decision maker.

5. (U) Survivability.

a. (U) (a) ASE systems will be an important fartor in the LHX.
The ASE systems should btave provisions for entering known threat information
into the avionics computer menory, and the display of those threats along with
geographlic location information should be designed into the LHX. Individual
threat detection devices should be integrated to form a single survivablility
system that rapidly prov.ides the aircrew relevant information regarding the
threat location and the countermeasure necessary tc defeat the threat. The
threat information must be prioritized and the threats displayed must be
limited to the optimal number the aircrew can handle at one time. The infor-
mation presented to the alrcrew should include target position and location,
as well as information concerning the appropriate defensive actlion the crew
should take to defeat the threat.

b. (U) NBC defensive measures must be a part of the crewstatiosn
design of the LHX to allow the 2lrcrew the option to avoid contaminated areas
or to fight ir them. The system design should include NBC collective protec~
tion provided through a sealed and pressurized aircraft, remote detectors to
warn the alrcrew of contaminated areas before they have entered the area, and
point detectors to advise the alr ard ground crews when the exterior or
interior of tha alrcraft has becors contamineted. The capabiliLy to maintain
the individual aviator at the optimal Lody temperature while clothed in NBC
clothing should also be 1i.:luded. The crewstation controls and displays
should be designed so that ihey are compatible with *he aviator in full NBC
gear and life support equipment. 1In addition, the LHX design should constider
agent-resistant coatings and the application of design techniques to prevent
contamxination from adhering to the 2xterior surfaces and entering the .terior
subsystems of the aiccraft. Provisions should also be provided for tne addi-
tion of onboard decontamination devices at a later date.
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6. (U) System status monitoring.

a. (U) Monitoring of the system status 1s a prime candidate for
automation. It is recommended that the concept of system status management by
exception be employed ia the LHX. A computerized monitoriang system could
maintain constant vigilance, perforam trend analysis, diagnose abnormalitics,
and provide the aircrew with the {nformation neeued co take the appropriate
actlon required by the particular situation. The system should also be
deslgned to allow the alrcrew the capabllity to obtain information from the
system when deslred.

b. (U) The LHX crewstation should be designed so that the alir and
ground crews can effectlvely operate and maintiin the aircraft when wearing
cold weather, NBC, and sur rival clothing and gear. Spacc must be provided for
the storage of ALSE. Oxygen systems should be provided for high-altitude and
night missions. An LEX advaanced aircrew protective helmet should be designed
as an iategral part of the crewstation.

c. (U) The detailed assessment of each of tne ncamajor crew func-
tions outlined above reveals a common denomirator upon which the LHX mission
performances and success heavily depend. The LHX sensors and systems all
provide an enormous amount of mission-related information to the aircrew. The
effective use of that information relies on the ability of the aircrew to aen-
taliy precess the informatton, decide on the best course of action, and
through the LHX controls, execute that action. To assure succees of the LHX,
informacrion obtained from the various subsystems must be integrated and pre-
sented to the crew in a meaningful manner. The importance of the crewstation
integrat.’ on cannot be overemphasized.

(1) (i) This review of the major human factors engineering issues of
the LHX crewstation integration concerns has indicated that the capabllities
and limitations of the human must receive additional consideration. The LHX
1s expected to be a highly automated helicopter with the capability to provide
the alrcrew with information continuously. It 13 the integration of that
information into the crewstation, along wirh the processing of that infor-
mation by the crewmembers and the resnlting control actions on the part of the
aircraft that require much attention from the human factors engineering
viewpoint. The human factors engineering analyses presented in the AVSCOM TOD
and this TRADOC TOA, along with the preliminary results provided thus far from
the ARTI program, all contribute to the assessment of the soldier-machine
interface of the LHX and the enhancement of the crew's operational capabili-
ties and the manpower, personnel, and training requirements. These prelimi-
nary efforts provide a framework for rhe development of the LHX but do not
answer all the human factors engineering-related 1issues. Human factors engi-
neering for the LHX crewstation is part of an iterative design process that
must be continually reviewed and updated. The operational success of the LHX
on the battlefield is dependent on that process continuing. The continued
support from a number of government organizations and laboratories that deal
with human-related aspects of Army aviation will be necessary to accomplish
the LHX goals.
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R-7. (U) CONCLUSIONS.

a. (U) The results of mission task analysis indicated that a fully auto-
mated LHX can be operated by a two-member crew without undesirable crew
overloads. The single-crewnmember analysis indicates that even with full auto-
mation the pillot will experlence overloads during critical mission segments
such as *arget engagement and reconnaissance. 1If less than a fully automated
crewstatfon {s previded, the alrcrew workload can be expected to increase.

b. (U) The assessment of the crew size question from an operational
stardpoint highlights a nunber of advantages to a two-crewmember LHX. The
analvsis of operational concerns iudicates that a two-crew LHX would be more
survivablie, operatioanally note effective, and safer to fly. The second indi-
vidual 1in the crewstation should reduce fatigne and scress and provide con-
siderable flexibiliry in mission performance and growth.

c. (U) The HF/MMI assessment of the LHX and the related crew size fssue
indicates that a considerable amount of automation will be required in either
a one- or two-crewmeaber alrcraft. The data avallable at this time indicates
that from an operational effectiveness standpoint the single-crew LHX presents
a high risk with raspect to the WF/MMI. The two-crew LHX would therefore bte
the prudent approach In meeting the Army's future combat needs. 1f the goal
of a single-crew LHX is to be treached, considerable effort must be expended on
a number of factors including technology maturity, operational effectiveness,
and the level of mission equipment, and the controls and display Integration
required for the LHX.

d. (U) 'the following automation functions are considered critical co the
crewst.ation design, particularly If the goal of a single-crew LHX i3 to be
accomplished:

-~ Volce interactive systems.

-= Automatfc navigation.

-= Automatic rtarget detection, acquisition, trackiag, and
reccgnition.

-- Automatic threat analysis.

-- Automatic chreat wmanagement.

-- Terrain following (TF)/terrain avoidance (TA).
-- Levels of TF/TA.

== 1Integrated fire and flight control.

-=- Integrated fligh* engine contvol.

~= Integrated flight path control.
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-~ Wide FOV HMDs.
-= Artificial intelligence concepts.

A pictorial and verbal description of each of these required technologies 13
shovn in figures R-17 through R-28. The level of anaturity of each of these
technologies will have a definitive influence on the actual capabilities of
the LHX. That relationship is sihown in figure R-29.

e. (U) A major question for the success of the LHX is whether or not the
above technologics will be available and mature enough to reduce the crew
workload in a sigle-pilot LHX to a marageable level within the LHX full-scale
development schedule and program goale. The ARTI program and crew complcament
gimulation, when completed, will hopefully provide additional information to
answer that question.

R-8. (U) RECOMMENDATILIONS.

a. (U) The automation functions, mission equipment, survivability, and
NBC systems recommended in the various sections of this repert be integrated
into the LHX aircraft design.

b. (U) The HF/MM! analysis presented be exparded and updated as new
information becomes available from the ARTI and other R&D programs.

¢+ (U) The crew size decision remain open unti) the ARTI program and the
government crew size simulation assessment are fully completed and analyzed.

d. (U) 1f the critical technologies outlined in cthis section and the
rest of the TOA are not sufficiently mature and available within the LHX
program goals and schedule, consideration be given to the initial design of a
two-crewnmember LhX with a program to develop the needed technologies that
would allow the transition to a siugle-place LHX at some future date.
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ANNEX R-1l

PROJECTIVE APPLICATION OF THE SUBJECTIVE
WORKI.OAD ASSESSMENT IECHNIQUE TO ARVANCED
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Annex 1 to Appendix R
WORKLOAD ASSESSMENT 1ECHNIQUE IO ADVANCED
HELICOPTER CREW SYSTEM DESIGNS

R-1-1. The report, *“Projective Application of the 3ubjective
Workload Assessment Technique to Advanced Helicopter Crew System
Designs® 1is reproduced on the following pages. The report was
first published by the Aerospace Medical Division of the Air
FPorce Aeranspace Medical Research Laboratory, Air Force Systems

Command, Wright-Patterson Air Force Base, Ohio in December 1984.
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PREFACE
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Systems Branch, Human Engineering Division, Air Force Aerospace Medical
Research Laboratory (AFAMRL/HEA). The effort was accomplished under Work
Unit 7184-11-45, "Displéy Requirements for Tactical Night Systems.” The
research was conducted in support of a Memorandum of Agreement between the
AFAMRL and the U.S. Army Aviation Systems Command (AVSCOM) titled
“Technology Assessment Study: Virtual Cockpit for the LHX.®

Special thanks are due to Ms, Debra Warner of the MacAulay-Brown Company,
Dayton, Ohic, and to Mr. Johnathan Greene of Systems Research Laboratories,
Inc. (SRL), Dayton, Ohio, who very ably assisted in preparing for and con-
ducting the field data collection portion of the effort; and to Ms. Denise
Wilson, also of 5RL, who provided great assistance in preparing the review
of the workload measurement literature.

The personnel of the U.S. Army Aviation Center, Fort Rucker, Alébama, who
participated as subjects in the workload prediction experiment must be
acknowledged with sincerest gratitude. Their enthusiastic professionalism
and highly motivated support reflect great credit on that organization,
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SUMMARY

This report deals with conceptual crewsvation designs for an advanced
scout/attack helicopter. A composite mission is developed and six

1 alternative crewstations are evaluated ia terms of both predicted workload
and pitot opinion data. The two most promising crew interface concepts (a
wide field-of-view, binocular helmet-mounted display and a cockpit-mounted
projection system) are :recommended for development.
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AAA
A/A
AAH
A/C
ACAP
ACP
ADA
ADA
ADAS
ADF
AD!
ADOCS
AFAMRL
A/G
AHIP
AM

APC
ARTI
ASE
ATGM
ATHS
ATR
AVSCOM
AWACS
BANDIT
B.P.

GLOSSARY

Antiaircraft artillery

Air-to-air

Advanced attack helicopter (AH-64 APACHE)
Aircraft

Advanced composites aircraft program

Air control point

DoD standard higher-order computer language
Air defense artillery

Army digital avionics system
Attitude/direction finding

Attitude direction indicator

Advanced digital optical contro! system
Air Force Aerospace Medical Research Laboratory
Air-to-ground

Advanced Helicopter Integration Program (OH-~8D/KIOWA)
Amplitude modulation

Armored personnel carrier

Advanced Rotorcraft Technology Integration
Airtorne survivability equipment (ECH/ECCM)
Antitank guided rissile

Airborne target hand-off system

Automatic target recognizer

(Army) Aviation Systems Command

Airborne warning and control system

Confirmed enemy aircraft

Battle position
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CRT
DADS
NEW
EADI
EHSI
EO
EOTADS

ECM
ECCM
ETA
ETE
EW
FARP
FEBA
FLIR
FLOT
M
FOR
Fov

NG L B

GLOSSARY (continued)

Command/control/communications/intelligence
A group of aircraft performing a common mission
Circular error probability
Communications/navigation/intel{igence
Communications

Communications security

Cathode-ray tube

Digital audio distribution system

Directed energy weapon (e.g., laser)
Electronic attitude direction indicator
Electronic horizontal situation indicator
Electro-optical

Electro-optical target acquisition and designation system
(LLTV and FLIR)

Elactronic countermeasures
Electronic counter-countermeasures
Expected time of arrival |
Expectgd time of engagement
Electronic warfare

Forward arming and refueling point
Forward edge of battle area
Forward-looking infrared

Forward \fne of troops

Frequency modulation

Field of regard

Field of view
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HAVE QUICK
HELLFIRE
HF

HIND

HMD

HMS

HOGE

RN

HUD
TCNIA
LDENT
IFF

[FFN
IMFK

IR

IRS

(RST
JTI0S

KM

KTS

LD

LO/R

LHX

GLOSSARY (cantinued)

Future Soviet tank

Global positioning system

Horizontal

Secure UHF communications capability
Air-to-ground missile

High frequency

Soviet A/G attack helicopter

Helmet -mounted display

Helmet-mount sight

Hover out of ground effect

HAVE QUICK

Head-up display

Integrated comm/nav/ident avionics
Identification

Identification friend or foe
ldentification friend, foe, or neutral .
Integrated multifunction keyboard
Infrared

Inertial reference system

Infrared search and track

Joint Tactical Information Distribution System
Kilometer(s)

Knots; nautiﬁal miles per hour

Ltaser designator

Laser designation/ranging system

Lightweight helicopter family
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GLOSSARY (continued)

LLTV Low light-level television
LOC Lines{s) of communication
LRF/D Laser rangefinder and designator
LWR Laser warning receiver
MEP Mission equipment paékage
MFD Multifunction display
MFPK Multifunction programmable keyboard (IMFK)
MMI Man/machine interface
MMW Millimeter wave (radar)
NATO North Atlantic Treaty Organization
NAV Navigation
NBC Nuclear, biological, and chemical (warfare)
NNAPS Night navigation and pilotage system (digital map)
NOE Nap-of-the-earth
NVPS Night vision pilotage system
PJH PLRS/JTIDS hybrid
PLRS Position location reporting system
PNVS Pilot night vision system
. P31 Preplanned product improvement
RA Radar altimeter
RF Radio frequency
RWR ~ Radar warning receiver
SCAT Scout and attack (LHX missions)
SEAD Suppression of enemy air defenses (LHX mission)
SINCGARS Secure VHF communications capadility
SSB Single sideband
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Air-to-afr missile

Subjective Workload Assessment Technique
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Visually Coupled Airborne System Simulator
Visually coupled system (HMS and HMD)
Voice interactive avionics '

Very high frequency

Very high speed integrated cirCuits

Virtual panoramic display
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Section 1}
INTRODUCTION

BACKGROUND

This report documents the methodology and results of an application of the
Subjective Workload Assessment Technique (SWAT) to the prediction of work-
load associated with a next-generation, scout/attack (SCAT) helicopter
weapon system (Lightweight Helicopter Family, LHX). Five conceptual single-
pilot crew system designs are addressed. Ctmphasis in both the conceptual
designs and in the exploration of workload is on the incorporation of a
Virtual Panoramic Display (VPD) as a major component of the man-machine

interface.

As part of a joint agreement between the Air Force Aerospace Medical
Research Laboratory (AFAMRL) and the U.S. Army Aviation Systems Command
(AVSCOM), a technology assessment study titled "Virtual Cockpit for the LHX"
‘was undertaken by the Visual Display Systems Branch, Human Engineering
Division, of the AFAMRL. A portion of this document which serves to define
the scope of the study reads as follows:

The central thrust of this study is to invastigate and
trade-off state-of-the-art control/display technology
options, based upon their potential versus technical
risks and projected cost for achieving a panoramic
virtual image display and control interfaces for use
in an advanced helicopter. It is envisioned that such
a display interface may be essential for performing
the LHX mission using a single crewmember. Of special
concern are the feasibility and/or ultimate prac-
ticality for generating a wide field-of-view virtual
image with control interfaces which optimize the capa-
bilities of the pilot, thereby reducing workicad and
engendering a sense of "battle awareness.”

The present research addresses the workload issue. A subjective measure of
workload, SWAT, is applied using highly knowledgeable subjects to attempt to
predict the workload that may be expected when the advanced crewstations are
applied as the interface between the pilot and weapon system in the conduct
of an LHX mission,

13 R-1-20




OTHER STUDY TASKS

The workload prediction research reported herein formed only one part of the
technology assessment study. Two other study areas were treated. The first
was an engineering analysis covering the optics, image sources, and elec-
tronics technologies needed to provide a VPD. The second was a demonstra-
tion of selected aspects of the panoramic display crew system concept, using
the AFAMRL Visually Coupled Airborne Systems Simulator (VCASS). The results,
conclusions, and recommendations of the overall technology assessment study
were provided to the Army in a briefing on 12 July 1984 and to the Advanced
Rotorcraft. Technology Integration contractor teams on 75 July 1984, both at
wright-Patterson Air Force Base, Ohio.

SUMMARY OF THE REPORT

Section 2 presents an overview of the LHX weapon system concept. Included
is AFAMRL's understznding of how the Mission Equipment Package (MEP) pro-
vides information sources for the crew system and how the MEP is controlled
by the pilot. A composite mission scenario, developed by AFAMRL, is also
deseribed. Section 3 contains descriptions of five crew system concepts,
each employing a different version of VPD technology. Section 4 discusses
workload and its measurement. Particular emphasis is placed on SWAT and its
predictive applicaticn. Section 5 presents the methodology followed in a
sield data collection exercise in which SWAT, and other tools, were applied
in order to gain early insight into the levels of workload that might be
associated with the VPD concepts and LHX mission. Section 6 contains an
analysis of the field data, and Section 7 nresents the results and conclu-
sions derived from the analyzed.data.
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Section 2
LHX-SCAT

CVERVIEW

The post-1985 battlefield will be characterized by highly fluid tactical
situations which will necessitate the rapid and flexible employment of
capable weapon systems in accomplishing a variéty of complex mission objec-
tives. Both the fast pace of the land battle and the degree of sophistica-
tion of enemy countermeasure systems will force the command, control, °
communications, and infelligence functions to operate under conditions of
incomplete information. This will, in turn, require the employment of tac-
tical assets which are effective in an autonomous role against a variety of
targets, which are capable of rapidly responding to changing mission types
and objectives, and which are inherently survivable in the face of the num-
vers, types, and capabilities of enemy threat systems expected to be encoun-
tered and overcome, These problems will be compounded by the probability
that LHX will operate in a nuclear/biologic/chemical (NBC) environment.

The LHX program goal (as described by Tomaine, 1984) is to provide the
scout/attack (SCAT) and utility/observation (U4) aircraft needed to survive
in this extremely hostile environment. [The SCAT and UH versions will share
common vehicle dynamics (i.e., engine, rotor, drive) but will ba based on
different fuselages and, mora importantly for the purposes of tris documant,
employ different avionic suites, including the c¢rew system.] An enhanced
nap-of-the-earth (NOE) flight capability together with increased speed and
agility will make it more survivable in combat. Advanced sensors and other
avionics wil11 support sustained all-weather, day/night operational effec-
tiveness. The avionics suite will also assure threat warning and coun-
tering, including substantial self-protection capability, across the
electro-magnetic spectrum, A highly integrated crew system, including large
field-of-view (FOV), panoramic information display technology, will suppart
heightened battlefield awareness and reduce crew workload compatible with
one-man operability. Ordnance load-out and fire control mechanization will
provide substantial offensive and defensive air-to-ground and air-to-air
weapon delivery, resulting in greatly increased target servicing rates.
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The SCAT mission types include reconnaissance and security, antiarmor/
material/personnel, anti-helicopter, suppression of enemy air defenses
(SEAD), and cross forward line of troops (FLOT) operations. The last three
mission types are new Army 21 missions for light helicopters (lomaine, 1984).

Crewstation design is critical to the achievement of LHX system capabili-
ties. [In developing a rationale for LHX crew system concepts, the SCAT
mission, because of its higher inherent system-tasking and more severe
survivability/effectiveness goals, provides an appropriate context for

exploring design approaches.

Although the crew size issue (cne or two “pilots") is not vet resolved, the
LHX has single pilot operability as a design goal. Significant weight
savings result, even in the case of a redesign from a two place rotorcraft,
which can be capitalized on in terms of increased range and/or increased
(weapons) payload.

Around-the-clock operation of the LHX force will be required in order to
deny the enemy any possible "night sanctuary." Navigation and pilotage
functions must be carried out under all weather conditions, and the weapon
system must be capable of acquiring and destroying targets under adverse
weather conditions or in the presence of battlefield smoke or obscurants.
The force must be capable of deployment to any theatre in the world and must
be abla to perform sustained nperations under adverse environmentil condi-
tions. Operations will be carried out from both developed and forward/
remote bases, with unconventional landing sites employed as needed.

MISSION EQUIPMENT PACKAGE (MEP)

Two concepts support the consideration of a fully mission-capable, one pilat
LHX-SCAT crewstation. These are: “

) A High Level oV System Automation and Integration
. A Wide FOV Panoramic Virtual [mage Display
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Taogether, they provide the enhanced degree of battle awarenecs needed to
rapidly make correct decisions, the superior level of system responsiveness
needed’ to execute these decisions precisely and accurately, and the effi-
cien;ylbf greatly reduced crew workload needed to sustain the high level of
system activity associated with the aggressive conauct of the LHX-SCAT
mission. [t is the successful svnthesis of automation, integration, and
situaticnal awareness canabilities that makes feasidle a single-crewmember
approach to the LHX-SCAT mission. Fa.lure in'any one of these three man-
machine interface (MMI) areas would result in levels of workload beyond the

capab lities of single-place operation.

From the pilot's point of view, both literally and figuratively, the virtual
panoramic display (VPD) is the focus of the marn-machine interface., The LHX
crew ctystem is critical to mission effectiveness and survivability. The
soldiar-machine interface is based on integrated cockpit controls and dis-
plays, voice interactive control (of noncritical functions), and advanced
fire and flight control systems. Avionics integration [e.g., visually
coupled systems (VCS)] and miniaturization [e.g., very high speed inteqrated
circuits (VHSIC)] are required for achieving the required system capabili-
ties within the weight/volume/power constraints of a iightweight helicop-
ter., Many of the mission-required crew system functional capabilities are
achieved through the incorporation of an advanced night navigation and

pilntage system.

The following subsections identify and describe those portions of the MEP
that most directly impact the crew system. Controls, displays, and
information sources are addressed,

Controls and Displays

The LHX crewstation will be designed to complement the high degree of
automation inherent in the MEP. An enhanced battlefield awareness capa-
bility can be supported by the VPO, allowing the pilot-soidier to rapidly
and naturally assess both the external world and the status of the rotor-
craft's subsystems in order to gather mission-relevant information and to
execute combat decisions and tasks. Emphasis is placed on the reduction of
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workload through avtomation and information fusion. Backup modes would be

provided, although their use would probably result in degraded mission

effuctiveness and/or increased crew workload.

a'

e.

Virtual Panoramic Display (VPD). This display would be the primary
source of flight contral, pilotage, navigation, and situational
awareness information, Imagery and symbology from the several
information sources listad below wilf be presented in

combination, (Five alternative approaches to achieving the VPD are
described in Section 3.)

Multifuncticn Displays (MFD). Panel-mounted CRTs would be employed
(in several optional con’igurations) to present information (either
in conjunction with or as backup to the VYPD) and to provide
alternative mean. Lf controlling subsystems,

Integrated Multifunction Keyboard (IMFK). This technology would
serve (in several of the options presented in Section 3) as the
primary means for selecting and controlling subsystems and weap-
ons. Sensors would be selected, data would be entered into the
computer, display formats would be changed, weapons would be
selected, etc., by means of this integrated control head.

Bezel-Mounted Pushbuttons. These controls would be located around
the periphery of the MFDs., The labels which declare the function
that button pressing will invoke are presented as alphanumerics or
graphics on the MFD surface and would change with both the informa-
tion currently being presented and with the alternative display
formats or system modes that may be requested. The pushbuttons
would provide a backup capability to the IMFK.

Voice Interactive Avionics (VIA). Selected, nonflight critical
cockpit functions would be executed through voice control.

Changing radio channels, tuning the attitude/direction finder (ADF)
and nav/comm radios, selecting mission equipment modes, changing
the transponder code, controlling cockpit lighting, calling up

18




flight computer data, annotating digital maps, and entering/
recalling nav waypoint data are all functions that have been
suggested for VIA implementation.

f. Collective head and pilot's grip switches. Certain control func-
tions (e.g., slewing a cursor, selecting a weapon) may be executed
by means of switches and transducers located on the flight con-
trols. This obviates the need for the pilot to remove his hand
from the flight controls.

Information Sources

Both imagery and symbology will be presented to the pilot. The following
elements of the ME? serve as information sources for cockpit display.

a. Night Vision Pilotage System (NVPS). A wide field-of-view
(120 degrees V by 220 degrees H) night imaging system [employing
forward looking infrared (FLIR) or FLIR-like sensing technology]
will provide a video rendition of the “real world.” NVPS imagery
will be aircraft stabilized and di;splayed on the VPO in registra-
tion and at 1:1 scale with respect to the outside world. The
imagery will b2 useful for navigation and terrain/large obstacle

(e.q., trees) avoidance.

b. Electro-Optical Target Acquisition and Designation System
(EOTADS). This system will be composed of three elements: a nar-
row field-of-view FLIR sensor, a low light-level television (LLTV)
sensor, and a laser designator subsystem. The high resolution,
high sensitivity sensors will produce video which is fed to the
automatic target recognizer(s) (ATR). The ATR will produce sym-
bology showing target type and locatian within the NVPS display on
the VPD. The pilot may be able to call up the actual video,
against which the ATR cue was generated, for display on an MFD or
as a video inset in the NVPS imagery. The field of regard of the
sensors will be the same as the field of view of the NVPS (i.e.,
120 degrees V by 220 degrees H). The laser designator (LD)

19 R-1-26
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‘automated functions will produce corresponding status/mode sym-

provides target designation for the HELLFIRE air-to-ground (A/G)
missiles (which may be fired in either lock-on before or lock-on
after launch modes). LD “armed" and “firing" informaticn will be
displayed through symbology. Associated with EQOTADS will be an
automatic target track capability which will allow sensors, weap-
ons, and/or the LD to track a designated point on sensors, weap-
ons, and/or the LD to track a designated point on the ground (to
the limits of their respective fie]dé~of—view/regard). Similarly,
automatic sensor/weapon correlation will permit weapons &to be
assigned against {prioritized) ground tragets. Each of these

bology on the VPD (and/or other display).

Millimeter Wave (MMW) Radar. This equipment will exploit a
complex waveform to obtain multiple target signature informaticn
(cross section, range, range profile, etc.) in both A/A and A/G
search modes. The information will be fed to an ATR and target
type/position symbology will be displayed on the VPD, Addition-
ally, the MMW radar will be employed to sense, compute, and
generate terrain contour traces at four preselected ranges
perpendicular to the LHX flight path. These traces will be dis-
played as overlays on the NVPS video on the VPD,

Automatic Target Recognizer(s) (ATR). Target signature data from
the FLIR, LLTV, and MMW radar, together with range information
from the LO/R, will be exploited to producz target recognition
symbols which will be displeyed, in their respective locations,
against the NVPS video or against digital map imagery on the

VPD. (The possible use of ATR-processed video, either on a MFD or
as a video inset, has been mentioned.)

Automatic Target Handeff System {ATH). The locations of auto-
romously or externally determined targets is passed to (and from)
the LHX targeting system, (Additionally, known target locations
may be entered through the keyboard into the targeting system,)
Target type/location symbology is displayed on the VPD,
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Position Location Reporting System/Joint Tactical Information
Cistribution System (PLRS/JTIDS) Hybrid {(PJH): This combination
of the Pasition Location Reporting System {PLRS) and the Joint
Tactical Information Distribution System (JTIDS) will provide an
automated means of obtaining information as to the locations of
friendly and enemy forces. (PLRS is a computerized network of
ground and airborne radios that automatically reports the position
of aircraft, vehicles, and ground troops and provides designated
battiefield flight corridors through which network aircraft can
navigate and be free from friendly ground fire. JTIDS is a
secure, high speed data transmission system between radars, ground
troops, air defense systems, vehicles, and aircraft. It provides
information on the location of friendly and enemy units.) PJH
symbology will be overlayed on the NVPS and/or the digital map.

Digital Map: Tactical map information will be stored or the LHX
in digital form. Oriven by present position information from the
navigation processor, the map will display natural and cultural
features in the vicinity of the aircraft. Forward perspective
terrain elevation map information would be presented, in registra-
tion and at 1:1 scale with respect to the outside world, on the
VPD. Plan view map information would be presented on an MFD
employing full color rendition. The map data base and processcr
would support the computation and display of intervisibility
information (i.e., clear line-of-sight) and, exploiting threat
type and location data (such as from the PJH), would be capable of
generating contour lines of constant LHX survivability for route
selection. Other information, overlayed on the digital map dis-
play, would include waypoints, ground speed, time-to-waypoint/
target, distance to waypoint/target, range (map scale), and nav-

igation course.

Radar Altimeter (RA): This subsystem will provide accurate alti-
tude information to the point on the ground directly beneath the

rotorcraft. This information will be displayed to the pilot as a
digital readout (or graphic) on the VPO, '
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i. Airborne Survivability Equipment (ASE): Composed of a RF warning
receiver (RWR) and display system, a RF jammer, an IR jammer, and
a laser warning receiver, this suite will detect, identify, and
respond to threat systems. The direction-finding capability of
the equipment will provide approximate threat location informa-
tion. Display of these data in the crewstation will support
threat countering and route (re)planning.

Je 02 Laser: This technology represents a possible growth option
for the LHX. It would be used for obstacle (particularly wire)
detection., Laser “armed" and “firing" status information would be
displayed on the VPD. Obstacle location information would also be
displayed to the crewmember,

k. Weapon Delivery: Weapon symbology for gun, missile, and laser
status will be displayed on the VPO,

1. Backup Instruments: Although the VPD will be the primary flight
control display, dedicated “round dial“ instruments will be main-
tained as backup to the primary display. These will include air-
speed, barometric altitude, vertical speed, attitude (ADI), and
clock.

MISSION SCENARIO

Two objectives were addressed in the process of creating a representative
mission scenario for the LHX/SCAT weapon system, First, the scenario served
to provide context in seeking to understand how elements of the MEP,
including the VPD, might contribute to the total mission capability of the
aircraft, (It also served as a means of verifying that all required system
functions could, at least at the present conceptual level, be supported by
capabilities inherent in the MEP.) Second, the scenario provided the situa-
tional context required during the zdministration of the Pro-SWAT instru-
ments for workload estimation,
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The missfon was created on the basis of availadle infdrmation 1né1ud1ng
mission profile data prepared by the Directorate of Combat Jevelopments. It
was refined through discussions with representatives of the Army Aviation
Center and the LHX Program Management Office.

Description

A composite mission was created in order to assure that a wide variety of
crewstation functions would be represented. Thus, the mission includes
segments which individually emphasize antiarmor, SEAD, and antiair tasking.
Changes in mission priorities occurred as the mission progressed from seg-
ment to segment, which caused additional activity in the cockpit.

The mission is set in central Europe, shortly after the outbreak of
conventional warfare. Army ground forces (tanks and infantry), supported by
AH-64 APACHE advanced attack helicopters (AAHs), are holding a major enemy
thrust along lines of communication (LOCs) to the north of the LHX penetra-
tion route. An eight-ship flight of LHX/SCATs is tasked with attacking a
Soviet armored battalion located at an assembly area 30 to 40 km beyond the
forward line of troops (FLOT). Destruction of this second echelon force
will prevent reinforcement of the already engaged enemy units,

Figure 1 presents a graphic overview of the LHX/SCAT mission. The eight-
ship flight (call sign BLACKJACK) takes off from the base (Point A} at

2300 hours local time. All aircraft are identical and each is armed with
four HELLFIRE A/G missiles, two STINGER A/A missiles, and 260 rounds of

30 mm ammunition for the gun., The primary targets are the 37-plus enemy
tarks that constitute the mass of the armored battalion, Secondary targets
are the mobile air defense weapons (ZSU-XX and SA-XX) colocated with the
tanks. Tertiary targets are the armored personnel carriers (APCs), trucks,
and other support vehicies that comprise the remainder of the enemy force.
Time on target is briefed to be 0010 hours local. The mission duration is
to be two and a half hours, including the attack against the enemy ground
force and return to base. The weather both along the route and in the
target area is 34“F, patchy fog, and cloud ceilings at 4,000 feev. High
cover will be provided by a four-ship flight of Air Force F-15s at
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15,000 feet which will be operating in the area under afrborne warning and
control system (AWACS) direction. The LHX tactics for the mission are
briefed to emphasize contour flight between the FLOT and the planned battle
.position during both ingress and egress; terrain and foliage maskirg,
together with high speed dashes across open areas, provide for stealthy
transit of enemy-held terrain and offer the advantage of surprise in any
chance encounter with enemy defenses.

The LHXs will be vuinerable to numerous enemy weapon systems during the
course of the mission. These threat systems will be defeated by avoidance,
evasion, countering, or engagement. Threat systems for which a high prob-
ability of encounter exists include air defense artillery (guns, directed
energy weapons, and surface-to-air missiles), surface-to-surface artillery,
tank main guns, soldier-fired and crew-served small caliber guns, ground
launched antitank guided missiles, and enemy close air support (CAS) air-
craft (including both high performance, fixed wing types and helicopters).
(The circular arcs depicted on Figure 1 represent the threat envelopes of
the enemy surface-to-air systems.)

Although constituted of identical rotorcraft, carrying identical weapon
loads, three distinct roles are established in terms of mission tasking.
Two aircraft, one of which serves as the mission commander, are assigned
primary responsibility for combat security. Two others are tasked to serve
the flight as scouts during penetration, ingress, and egress and to perform
SEAD during the attack phase of the mission. The remaining four ships are
tasked to carry out the antiarmor attack. Each aircraft is capable of pe.-
forming all required functions; the differentiation in the roles to be per-
formed during the execution of the mission simply reflects a prioritization

in taskinqg.

After takeoff, the cell performs contour flight (160 kts, 40 km) to a
refueling point (B) where tanks are filled. The cell transits (contour
flight, 160 kts, 15 km) to point C where final subsystem checks are carried
out, the penetration formation is established, and monitoring for enemy
threat systems begins. The FLOT is crossed and ingress (between points C
and D) is conducted so as to maximize stealth and surprise (contour flight,
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130 kts, 20 km). kaen point U is achieved, the rlight turns toward the
planned battle position (point E) and employs contour flight to reach it
(130 kts, 15 km). (Disengagement from battle, egress, and return to base
are performed in similar fashion.)

Tasks

The following sequence of tasks (Table 1), described from the viewpoint of
the mission commander, reflects the activities of the flight from the time
that it approaches the battle position (point E) to the time that it departs
it. Although sequentially numbered, many tasks may in fact be grouped for
simultaneous execution. Information sources exploited in performing major
tasks are identified.

R-1-33
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TABLE 1. LHX/SCAT MISSION SCENARIO TASKS

1. Fly aircraft at minimum contour altitude (using primary flight
instruments on VPD, MMW terrain traces, -and NVPS)

2. Monitor for threats (VPD and/or RWR)
3. Command system self-tests to assure own-ship healtn
4. Check fuel status
5. Select/verify appropriate map display (scale and orientation)
6 Correct aircraft/flight heading to point E and note ETA/ETE (VPD)
7. Crosscheck primary and backup flight instruments
Configure displays for air-to-ground attack
9. Notify flight:
a. at point E
6. to descend and slow to hover

c. that the combat security aircraft are cleared to fly north to
point F (NOE, 5 km)

10, Fly aircraft to NOE and take up hover (VPO)

11. Check that all aircraft are in hover and are masked (visual, NVPS,
and/or EQTADS)

12. Notify attack force to hold position

13, Notify second scout to move forward in NOE

14. Fly ownship, NOE, to first observation position
15. Hover, masked, at observation posigion

16. Acknowledge combat security ships are on station

17. Confirm second scout in position and is ready to begin target area
search '

18. Command “unmask"”
19. Fly aircraft to HOGE, unmasked (NVPS)
20. Scan target area (visual, NVPS, EOTADS, MMW, ATR)

21. Call general target locations to second scout (comm)
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TABLE 1. LHX/SCAT MISSION SCENARIO TASKS (continued)

39.
40.

R a1.

42.
43,
84,

45,

3-1—35

Send targets to scout and attackers (ATH, PJH)

Observe/monitor contact by SAM (ASE, RWR, VPD) and send to second
scout

Confirm ECM on (ASE, VPD)

Command second scout to remask and confirm his safety
Take up hover in position masked from mobile SAM
Acknowledge SAM calls from scout

Scan fcr other threats and targets (ASE, EQTADS)
Select optimum.approach route for attack force

Handoff threat/target location to attackers and confirm receipt (ATH,
PJH, comm)

Transmit attack route and tactic

Command scout to move to new position

Fly, NOE, to new position (VPD, NVPS, MMW)

Hover, masked

Monitar PLRS for scout location and attack force movement (vPD)
Acknowledge attack force in position

Send updated locz.ion of SAM

Review tasking witn flight (scouts to perform SEAD and four ships in
antiarmor role)

Command "unmask* for all aircraft

Fly toward SAM, NOE (VPD, RWR)
Monitor for threats (RWR, ASE)
Acknowledge SAM contact by scout
Acknowledge SAM contacts by attackers
Call SAM contacts and send locations

Command scott to hold position
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TABLE 1, LHX/SCAT MISSION SCENARIO TASKS (continued)

46.
47.
48,
49,
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.

Fly, NOE, to =ffective weapon range (VPD)

Select HELLFiRE

Select SAM target (VPD, ATR, EQTADS)

Command LD autotrack

Slow aircratt to HOGE

Confirm HELLFIRE lock-on (VPD)

Fire HELLFIRE

Acknowledge AAA fire from attackers

Call "SAM destroyed”

Notify force to take advantage of reduced SAM coverage
Observe/send tank movements (VPD, ECTADS, ATR, ATH, PJH)
Fly, NOE, towards tanks

Fly maximum perfofmance maneuver tc avoid AAA fire
Fly, NOE, toward new masking position

Receive and acknowledge “Bandit" warning call from AWACS
Confirm combat security ships have received Bandit call
Acknowledge F-15s have “negative targets”

Hover, masked, in new position

Monitor PJH for hostile aircraft

Call AWACS for Bandit location

Monitor PJH (VPD)

Acknowledge combat securil; force has four HIND, 200 feet, engagind
Select ambush position between hostiles and A/G attack (VPD, map)

Command second scout to ambush position

Fly, NOE, toward ambush location (VPD, NVPS, MMW)




! TABLE 1. LHX/SCAT MISSION SCENARIO TASKS (continued)

71. Acknowledge combat security call: two HINDs shot dcwn, two
- penetrating security, using IR flares

4 72. Select A/A mode on displays (VPD)

73.  Select STRINGER

74. Scan for HINDs (VPD, NVPS, ECTADS, MMM)
75. Monitor PJH (VPD)

76. Acknowledge loss of A/G LHX to ground fire

) 77. Obtain (VPD, ATR, MMW, EOTADS) and call HIND sighting to second scout
78.  Slow aircraft to HOGE '
79. Select target
80. Confirm STINGER lock-on (VPU)
81, Call “engaging”

: 82. Confirm target within range {VPD)

. 83. Fire STINGER
84. Fly aircraft to avoid gunfire from second HIND

_ 85, Acknowledge “engaging” call from second scout

E _ 86. Monitor PJH for other af;craft (VPD)

. 87. Acknowledge destruction of sacond HIND

. 88. Fly, NOE, toward antiarmor LHXs

89, Check fuel status
90. Call flight for fuel/weapon status

91. Command all aircraft to disengage and return to battle position i
(Point E)

92. Select map display and find heading to B.P.

33, Select air-to-ground mode

94, Fly, NOE, on course toward B.P.
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TABLE 1. LHX/SCAT MISSION SCENARIOQ TASKS (continued)

95. Monitor PJH for other aircraft
36, Notify flight to hover at B8.P. until flight reformed
97. Monitor for aircraft approaching 3.P. (VPD, PLRS, NVPS)

38. Hover, masked, at B.P. until all triendly aircraft have rejoined

99, Call "flight departing B.P."
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Section 3
CREW SYSTEM CONCEPTS

REQUIREMENTS FOR A VPD

One of the major factors that serves to structure the LHX crew system
concepts is the specification that the weapon system is to be single-pilot
operable. A one-place aircraft, exploiting aAhigh1y capable MEP and per-
forming a complex mission, must be highly integrated and highly automatea in
order to carry out its assigned missicn. The VPO serves as the major inte-
grative force in the crew system.

MEP DOrivers for a VPD

To the extent that the single crewmember may be considered a part of the
MEP, a single, primary display is required to support his accomplishment of
situational assessment, decision-making, and functional execution tasks. An
integrated flight control display is required to reduce workload and to sup-
port "heads-up" flying (a concept already supported by the presence of VIA
and the presence of switches/transducers on the flight controls). The VPD
is the primary flight control instrument., The NVPS provides the pilot's
primary source of contact with the external world (especially at night) and
the VPD is the means of displaying that imagery. The digital map (forward
perspective mode) provides a data base of terrain elevation information and
of cultural and natural features. The VPD serves to transfer that informa-
tion to the pilot. Correlation of NVPS and digital map information provides
an autonomous navigation update capability. The NVPS and/or digital map
provide contextual meaning to the terrain traces generated by the MMW radar
and to the target lccation cues provided by the ATR and ATH. The VPD serves
to fuse sensor imagery, computer generated imagery, and radar and target
type/priority symbology.

Mission Orivers for a VPD

The nature of the LHX-SCAT mission also makes a compelling argument for the
inclusion ot a VPD as a situational awareness display. With a single pilot,
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all sources of mission-critical information must be presented for immediate
assimilation., Division of duties is not possible. The benetratioh,
ingress, attack, and egress phases of the mission are typified by maneu-
vering at low altitude (at and below tree-top level)., Stealth helps to
assure survivability. Target acquisition and weapon delivery will be
perforned with minimum exposure of tiae LHX to threats. Threat detection,
assessment, and countering will be performed rapidly and accurately. Multi-
ship formations and tactics will be maintained. The overall battle manage-
ment function will ba typified by numerous, rapid decision-making/execution
events. The VPD will support these attributes of a mission-effective weapon

system,

VPD CONCEPTS

" In order to explore the VPD, particularly with respect to crew workload, a
set of crew system concepts were developed to a first order level of
detail. In structuring these concepts, certain assumptions were made., It
was assumed to be highly desirable to rave the rOV of the NVPS available as
the FOR of the VPD. Thus, the crew system concepts are based on VPOs which
exhibit increasing FOVs. The availability of digital map information that
is suitable for display in full color (similar to a paper chart) suggested
that color displays were appropriate. Thus, color display capabilities are
included in the concepts. Hands-on flight control was assumed to be
desired. Thus, the concepts exhibit decreasing reliance on the MFPK (which
requires manual operation). Additionally, where a specific VPO concept sup-
ported it, evolutionary adjustments were made to the remaining controls and

displays.

A baseline crew system and four variations (options) derived from it are
presented below. The capabilities of the VPD used in each configuration
variant served as the departure point for configuring the total crew sys-
tem. To the extent that the increased FOV of the VPD options can be consid-
ered to b~ an enhancement to system capability, the five concepts represent
a baseline configuration and four enhanced versions of it. The baseline LHX.
configuration could fly now. It is very similar to the AHIP-equipped KIOWA.
Option 1 is similar to the AH-64 APACHE and employs a monocular HMD as the

33
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VPD. Option 2 employs a medium FOV, binocular helmet-mounted display while
Option 3 employs a wide FOV, binocular HMD, Option 4 exhibits a wide FOQV,
cockpit-mounted display as the VPD,

Baseline

Figure 2 illustrates the baseline crewstation concept. Key elements of the
concept include the VPN, the MFDs, and the control mechanization.

a. YPD: A 20-degree V by 30-degree H HUD serves as the primary
flight control and imagery/symbology display. Flight contrcl sym-
bology and alphanumerics (pitch ladder, velocity vector, radar
altitude, etc.) and weapon delivery symbology are presented. NVPS
sensor imagery and forward perspective view digital map imagery
are presented on the VPD in registration and at 1:1 magnification
with respect to the outside world. Target location symbology and
radar terrain traces are overlayed on the imagery. A “snap-look"
or “look-into-turn" feature allows the pilot to command the NVPS
imagery to slew 1/2 of the HUD FOV left, right, up, or down,
allowing exploitation of a 40 degrees V by 60 degrees H FOR with-
out requiring a change in the aircraft's flight path.

b. MFDs: Two, color MFDs (one 5 inches by 5 inches and .the second
7 inches by 7 inches) are mounted in the central panel. They will
be used to display the plan view digital map, to verify navigation
data, and to provide a "head down" source of flight control and
navigation information such as Electronic Horizontal Situation
Indicator (EHSI) and Electronic Attitude Direction Indicator
- (EADI) displays.
c. Controls: The pilot grip and collective head are the flight '
- controls. The MFPK serves as the primary means of controlling MEP
subsystems and changing modes or display formats. Pushbuttons,

located around each MFD, will also serve as a second me»ns in con-
trolling the MEP. VIA is employed to control noncritical system
functions.,
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Option 2

Other: Dedicated, conventional “round dial” type displays are
provided for backup instrumantation., These displays are arranged
around the front panel and include engine status, clock, radar
warning information, vertical speed indicator, airspeed indicator,
ADI, and barometric altitude.

VPD: This configuration is depicted in Figure 3. Option 1
differs from the baseline in that the HUD has been replaced by a
monocular, helmet-mounted display (HMD). The FQOV of the HMD is 30
degrees V by 40 degrees H. The FOR of the HMD is (at least) the
120-degree V by 220-degree H FOV of the NVPS,

Other: The HMD employs six degree-of-freedom head position
sensing to determine the boresight of the pilot's look angle,
(This direction of look is used in determining the portion of the
NVPS video, and other registered information, to display to him at
any instant in time,) Given head position sensing, then the HMD
could logically also carry with it a helmet-mount sight (HMS)
capability. The HMS in Option 1 is an aiming reticle centered in
the HMD FOV. It is employed for designating waypoints to the
navigation computer and targets to the weapon delivery computer or
to the ATH. VIA is impiemented as in the baseline configuration,

VPD: A binocular HMD is employed. Its FOV is 60 degrees V by
90 degrees H, with 30 degrees H overlap, and its FOR is the
120-degree V by 220-degree K FOV of the NVPS. Figure 4 depicts
this configuration. '

MFD: The two cdlor MFDs of the baseline and Option i are replaced
by a single 12-inch V by 22-inch H, color, panel-mounted dis-
play. All information previously available (in the baseline and
Option 1) is still available on this single, large panel-mounted

36

R-1-43




(VIA) SOINOIAV
JAILOVHILNI SOINOIAY @

did9 10Nd —

HOLVOIANI
d33dS TvOILH3A

uogyeanfitjuo) 1 vopady XH1 °¢ 34nbiy

av3H

3AILD03710D 10711d

HILIWILTY r
OIH13WOBVE | L

(Md4W) QHYOBAIN

HOLYDIONI &\
Q33dSHIV R

iav

Mok

ST

IT8VWIWYHOOH

" NOULONNIILINW

(@4nW)
AV1dSid 40100

L)

(4MmH) H3IAIRDO3Y
ONINHVYM HVAVY .£
HO010
T3NVd

SNLVLS INION3

4

J

]

T~

M3IA-40-a131d m@._DOOZO_z I._._>>

(QWH) AV1dSIa GILNNOW LIWT3H
0V X .0€

NOILONNSILTNN .S

(@4nW)
AV1dSI1a HO109

NOILONNIILTINW L

.02¢ X .0Ct
Ol 3718vym3ans

R-1-44




uotjesnbijuo) z uorldp XH1 “y dJnbly

(VIA) SOINOIAY
JAILDVHILNI IDIOA

H313IWINTY  HOLVOIUNI
H313WOHvE a33dSHIv
dido 10Ud —* ,

HOLVOIONI
d33dS TVvOILH3A

(WMH) H3AI303YH D O
ONINHYM HYaQVH —u

HOO10 O

T3NVd
SN1V1S INION3

Qv3H

=3} 3AI1931102D 1071d

Qv EHE QHYOB AN

(g [ 319VWWYHOOUd

. o Saa NOILONNIILINA
9lle]le

—

HOTOD 3AILISN3S

HONOL .c2 X .2}

dVIH3A0 .08 HLIM M3IA-40-Q131d HYINOONIS8

|
(+0Z2 % .02 O1 318¥YWM31S)

AV1dSIA d3LNNOW 13WI3H «08 X .09

-1-45



Option 3

a.

Because of its size, multiple information sources can be presented
simultaneously.

Controls: The MFD is equipped for touch control., That is, the
pilot's finger need only point to an area of the display surface
in order to activate some function. By presenting a menu of
functions on the display surface and exploiting touch control,
display formats can be changed and/or'MEP subsystems can be
controlled. This capability is assumed %o make the MPD at ‘east
cy-equal to the MFPK as the primary subsystem controller. VI[A is

retained for noncritical functions,

VPD: The medium FQV binocular HMD {of Option 2) is replacea with
a large FOV (60 degrees ¥V 2y 120 degrees H) binocular HMD in this
configuration, (See Figure 5,) The FOR remains the same. The
40-degree overlap is considered to be sufficiently great to
adequately support the coding of information for stereoscopic per-
ception. This additional coding dimension could be employed to
emphasize the priority, spatial or temporal proximity, or crit-
icality of the information along an apparent distance axis.

MFD: Because of the larger FOV of the VPD, the size of the MFD is
reduced to a 7-inch by 7-inch color display. Touch control is
retained., MFD display formats are now generated within non-
critical regions of the FOR of the HMD, and a “virtual®” MFPX is

created.

Controls: The HMS capability is exploited both as a target
designator and as a controller in conjunction with the virtual
MFPK. (The actual, hardware-based MFPK is retained as a backup

control head.)

ther: The previously dedicated "round dial” displays are
removed. They may be called up as virtual display information

_1-46
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workload are exhausting and stressful and do utilize the body's physical
energies. The proportion of physical to mental energy load that is required
by a given task is difficult to quantify; “all tasks have some of each
component in their total contribution to the human operator workload"
(Johannsen et al., 1979). The predominance of mental tasks is responsible
for unprecedented increases in the amount of workload experienced by the
noerator which may rompromise the performance of the entire human/machine

system (Reid et al., 1984),

Operationally, workload has heen cdefined objectively and subjectively.
Moray (1980) made a distinction tetween imposed mental load and subjective
mental load. He de‘ined imposed mental load as the load demanded by the
task and measured by task parameters. Subjective mental load he defined as

the load perceived or exgerienced by the operator,

Just as there is no single agreed upon delinition of workload, there is no
universaliy accepted metric of workload. Considerable scientific effort has
been directed toward defining workload and developing methods for measuring
it (Reid et al., 1984), However, most researchers do agree upon a set of
characteristics that any measurement technique should possess. Any measure-
ment technique should rave face validity; it should seem an intuitively
appropriate measure. It should be sensitive to the entire range of specific
human performance from underioad, where almost none .of the operator's capac-
ity is being employed, to overload, where all of the operator’'s capacity is
being utilized and more is needed. The measure should be nonintrusive or at
least reasonably unintrusive; measures which interfere with the operator's
normal activities may yield invalid results. Generalizability is an impor-
tant attribute; the measure should yield stable reliable results between and
within people and situations.

There are three major categories of workload measurement techniques:
physiological, behavioral o~ performance, and subjective. Physiological
methods involve the measurement of one or more variables related to the
human physiological process. The underlying assumption is that as operator
workload changes, involuntary changes take place in the physiological pro-
cesses of the human body (body chemistry, nervous system activity,
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circulatory or respiratory activity, etc.) (Wierwille, 1979). 0'Donnell
(1979) gives a complate discussion of the various nhysiological measurement

techniques.

The logic underlying behavior/performance-based measures is that externa!l
behavior reflects internal events and processes. It seems logical to sup-
pose that an operator is beginning to exceed his ability to process informa-
tion and/or generate appropriate responses when he begins to make errors,
The two major classes of performance-based measures are orimary or single
task measures and secondary or dual task measures. In the former, perform-
ance is measured for one or more tasks performed separ>tely; in the latter,
two tasks are performed simultaneously and performance on the lower priority
task is taken as an index of the amount of mental capacity not requirad for
the primary task. Both methods are based on the assumption that thera is an
upper limit to the amount of effort that can be exerted to meet task
demands, and that decrements in performance will begin to appear as this
upper limit is approached., Single task measures are discussed in detail by
Shingledecker, Crabtree, and Acton (1982) and secondary task measures by

Eggemeier 71981).

The use of subjective measures of workload is based on the rationale that if
an operator feels loaded and effortful, he is loaded and effortful, regard-
less of what performance measures might demonstrate (Johannsen ct al.,
1979). Johannsen et al. have suggested that prior to performance breakdown,
the operator might be working harder to avoid such decrements, and that sub-
jective feelings could be used as an indicant of the additional effort which
precedes degraded performanc :, Gartner and Murphy (1976) have indicated
that when subjective impressions’of workload are accepted, the operator's
direct perception or estimati . of his feelings, exertion, or condition may
provide the most sensitive and reliable indicators of workload. Moray
(1980) has pointed cut that an objectively easy task may be experienced as
difficult due to factors such as fatigue or motivation. Given appropriate
instructions and a balance between speed and accuracy, an objectively diffi-
cult task may be experienced as less effortful or difficult. In addition to
. their theoretical importance, subjective techniques have a number of char-
acteristics which contribute to their potential utility as measures of
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operator workload (Eggemeier, 1981), Thcy are relatively easy to implement
and support when compared with many physiological and performance-based

measures. Subjective measures minimize instrumentation requirements and,
therefore, might be more easily implemented in an operational environmant.
If implemented correctly, the measures can be relatively nonintrusive and
should not disturb primary task performance, If the general factors that
contribute to workload can be identified, subjective measures could be
applicable across a wide range of situations, th?e performance-based
techniques ara, by necessity, situation specific.

A variety of subjective assessment techniques have been reported in the
literature. Daryanian (1980) used a Thurstonian paired-comparison procedure
to generate an interval scale of workload related te a multicomponent deci-
sion task. Hicks and Wierwille (1979) applied the method of equal appearing
intervals to generate rating scale responses. This method successfully dis-
criminated a number of workload conditions in a driving simulator. Borg
(1978) has reviewed a program which made use of magnitude estimation tech-
niques and category scales to develop indices of perceived difficulty in a
group of physical and cognitive tasks. The program explored the relation-
ship between perceived difficulty and task characteristics for several
cognitive tasks, High correlations were obtained between subjective and
objective measures of aifficulty, supporting the capability of subjective
ratings to reflect objective levels of task difficulty.

SWAT

Most subjective assessment techniques have been developed for a particular
application and are not easily generalizable. SWAT has been developed by
the AFAMRL as a candidate generalized procedure for scaling pilot mental
workload (Reid et al., 1981)., SWAT uses a psychometric technique known as

conjoint measurement to construct interval level workload scales from
ordinal rankings of combinations of levels on three contributory dimensions.

Conjoint measuvrement (Coombs, Dawes, and Tversky, 1970; Krantz and Tversky,
1971) is a technique by which the joint effects of several factors are
investigated and the rule or composition principle that relates the factors
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to one another is extracted from the data. A major advantage of this
procedure is that only the ordinal aspects of the data are required for the
production of an interval level scale which represents the joint effect of

the factors.

SWAT distinguishes three levels for each of three dimensions: time load,
mental effort load, and psychological stress load. These are adaptations of
the cateaories defined by Sheridan and Simpson.(1979). Time load refers to
how much time is available for an operatar to perform a task; this includes
boeth overail time and task pacing. Mental effort load refers to the amount
of attentional capacity or effort required without regard to the amount of
time available or task pacing. Stress load refers to anything that makes
the task more difficult by producing anxiety, frustration, and confusion;
this includes such tuings as fatigue, stress, and fear, as well as physical
stressors like vibratior, g-loading, and heat. Tne primary assumption of
SWAT is that workload can be adequately represented by the combination nf
these three dimensions.

SWAT is a two step process consisting of a scale development phase and an
event scoring phase, These are two distinct events which occur at different
times. During the scale development phase, the data necessary to develop a
workload scale are obtained from a group of subjects. At the event scoring
phase, the subjects rate the workload associated with a particular task

and/or mission segment.

The three dimensions (time, effort, stress) taken in all possible combina-
tions yield a 27-cell three-dimensional matrix to represent workload. To
develop the scale, the subjects rank order the 27 combinations of descrip-
tors according to the workload represented by each combination. The results
of the ranking procedure are then used to develop an overall interval work-
load scale which represents the joint effect of the three dimensions. The
caomposition rule for the ordered data is defined through a series of axiom
tests; possible combinatory rules include additive, distributive, and joint
distributive (Krantz and Tversky, 1971). When the appropriate rule has been
identified, the scaling transformation is computed.
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The event scoring phase is an implementation of the scale as a dependent
variable. This is accomplished, as with other rating procedures, by
analyzing the tasks or mission scenario to determine what ratings are
needed, what ratings are possible given the scenario, and when the ratings
should be obtained. A major positive attribute of SWAT is the simplicity of
the event scoring procedure. The events are rated using the same descrip-
tors previously used for scale development. Asked to provide a SWAT rating
for a particular event, a pilot would assign either al, 2, or 3 to each of
the three dimensions of time load, effort load, and stress load experienced
during that event., The numbers for each level of the three aimensions are.
defined as in the scale development phase, and these definitions are sup-
plied to the pilot for reference. These three ratings correspond to one nf
the combinations created in the ordering procedure for scale development.
The scale value computad for this particular combination of the three fac-
tors is the subjective workload score assigned to the event,

Although all three classes of workload measures have been successfully
employed in the system development process, these techniques have been
designed almost exclusively for application to laboratory research, flight
test, or simulation studies. These workload measurement techniques are
applicable for evaluating the workload associated with an existing system or
when initial equipment configurations are available during the midd'e and
late stages of system design. Workload metrics can make significant contri-
hbutions to the design process during these phases. However, a number of
critical decisions affecting the human operator are made at the predesign
phase where design options are on paper only. Analytic tools such as task
analysis, time line analysis, and various systems models are currently being
used by systems designers to address operator factors in thaese early phases
of the development process. These anaiytic methods are useful in defining
the human-machine interface but address operator workload in an indirect or
informal manner, Although it is customary to acquire information from the
user during system development, informal and unstructured approaches may
encourage the user to provide information in areas beyond his expertise., If
operator workioad is to be adequately considered in the predesign phase, a
method is needed to provide quantitative predictors of operator workload
which can be used along with cost and effectiveness to permit optimal
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selection among candidate system designs. In order for this evaluation to
take place in the early stages of system design, a projective workload
assessment technique is required; therefore, a subjective technique must be
implemented rather than physiological or performance measures.

Courtright and Kuperman (1984) employed both Pro-SWAT and SWAT in the
operational test and evaluation of a complex multioperator, multistation
military system. The rating scale wis used in a field evaluation of a sys-
tem requiring skilled personnel to operate semiautomated equipment, The
SWAT rating scale was selected for this application for several reasons: 1{.
was an instrument that subjects could use repeatedly over a period of days,
it could be quickly administered with minimal distraction on the part of the
operators, it was scorable in terms of individual rating styles, and it
demonstrated measurement precision for relatively small changes.

The evaluation took place in two states. First, two highly experienced
operators used SWAT projectively to evaluate the completeness of the task
taxonomy of events to be used in the field data collection. Thus, Pro-SWAT
was used to guide the design of the field experiment. Second, 30 field
evaluators used SWAT and 38 task categories to analyze the distribution of
workload across work stations.

The SWAT instrumcnt, as used in this application, demonstrated sensitivity
in identifying problem tasks. In addition, the concepts of the instrument
were found to be readily understandable and accepted as legitimate by the
test community and the subjects. Courtright and Kuperman concluded that
“... 25 a relatively simple, easily administered tool for examining the
subjective workload associated with individual task performance, SWAT
appears to be very useful” (Courtright and Kuperman, 1984).

PRO-SWAT

Due to the demonstrated reliability of SWAT as a measurement of operator
workioad, a similar technique, based on the predictive or projective appii-
cation of SWAT (Pro-SWAT) has been developed for application at the pre-
design stage of system development. This measure of workload pravides an
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opportunity to involve, in a unigue way, the eventual user/operator of the
system. The evaluation of workload that may accompany the use of a new
technology is something the user is uniquely qualified to provida, Pro-SWAT
asks the user to describe how a new technology and system design will impact
workload, not how the system should be design (Eggleston and Kulwicki, 1984),

Pro-SWAT is based upon a combination of SWAT and another subjective

. technique known as Ground Attack Tactics Survey (GATS). GATS methodology

consists of a structured interview technique that is used to identify work-
load “choke points" for operational air-to-ground attack missions (Greene,
Arbak, Courtright, and 0'Oonnell, 1981). Detailed maps, charts, and mission
scenarios are used to carefully talk pilots through a mission with detailed
quescioning to reveal tasks or subtasks that have excessively high workload.

Pro-SWAT, like SWAT, occurs in two stages. The scale development phase is
identical to that used for SWAT. The event scoring phase, however, is
replaced by a procedure derived from GATS methodology. The subject is
required to imagine that he is experiencing events and performing appropri=
ate tasks with either a known system or a hypothetical system. Reid et al.
(1984) have reviewed the psychological literature pertaining to the use of
mental imagery for skill acquisition and have concluded that subjects were
able toc accurately imagine the events they were attempting to learn, This
is the same type of mental imagery that subjects are asked to perform as
part of the Pro-SWAT rating procedure. Since previous experience is
required in order for mental practice to be effective (Corbin, 1967),
obtaining estimates of workload for systems which do not exist depenus upon
responses from “expert" subjects. No subjects will be available who have
experience on a nonexistent system, sn subjects having the most similar
experience possible should be selected (Reid et al., 1984).

After the "expert" subjects have completed the scale development phase, they
are provided with detailed information concerning the mission and details
about operation of the conceptual system. This may include drawings and/or
mock-ups. Special attention is given the description of procedures for
operation of the system with precise detail on tasks and subtasks. Each
subject is then talked through a representative but hypothetical mission,
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once using a current or baseline system and once for each conceptual system
or design option., Pro-SWAT ratings are obtained at points of interest
selected for their anticipated high workload or expected conceptual system
superiority or inferiority. These ratings reflect the amount of time load,
mental effort load, and psychological stress load that the operator thinks
would be associated with the hypothetical event. The same events are rated
for the baseline system and all conceptual systems in order to obtain rela-
tive workioad information. As with SWAT, the scale values obtained from
Pro-SWAT are interval level data. An additional advantage of Mro-SWAT is
that the data are in the same metric as SWAT. [f SWAT is used in late} sim-
ulations and flight tests, direct comparisons can be made between the pre-
dictive results of Pro-SWAT and later real-time measurements.

Eggleston (1984) compared projected and measured workload ratings using Pro-
SWAT and SWAT. The technique was used in a projective manner to estima‘e
the workload impiications of system configurations during the conceptual
design state of development. Experienced aircrews were given descriptions
of a basic and several enhanced versions of an advanced attack aircraft.
They then used their knowledge and experience of similar missions to rate
the level of time load, effort load, and psychological stress load expected
to exist at selected points in the mission and for various system configura-
tions. Another group of equally experienced aircrews participated in real-
time simulation using the same system concepts and similar mission
scenarios. Five system configurations and three mission segments were
common to both the Pro-SWAT and SWAT task ratings. A Pearson coefficient of
correlation of .85 was found between predicted workload ratings and those
obtained in flight simulatfon, indicating a statistically reliable relation-
ship between predicted and experienced workload. Eggleston concludes that,
“given adequate materials and subject experience ... the workload associated
with a system in its conceptual stage can be measured, and seems to be
related to the workload experienced in similar simulated system/mission con-
ditions. Specifically the pilots were able to perform the predictive task
with a conceptual system, and their estimates of workload were not unlike
thase repaorted by other experienced pilots who, in a simulator, actually
experienced essentially the same systems/missions” (Eggleston, 1984).
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Pro-SWAT strongly suggests itself as a tool for application to the
prediction of workload for advanced, conceptual weapon systems. It is
sufficiently amenable to field use to support data collection away from the
laboratory environment. It has been demonstrated, to a limited extent, to
have predictive validity when compared against man-in-loop simulation.

R-1-59 56




Section 5
METHOOOLOGY

PROCEDURE

Field data collection was conducted at the Army Aviation Center, Fort
Pucker, Alabama, on 16 May 1984, Ten military and one civilian pilot served
as subjects (Ss). All were familiar with the LHX program and several of
them were assigned in direct support of it, A brief introduction to the VPD
Technology Assessment Study was given, and the importance of vbtaining esti-
mates of probable workload was explained. The Ss were provided an overview
(similar to that in Section &) of the concepts of workload and its
measurement/prediction, specifically by the Pro-SWAT method. The Ss then
performed the card sorting by the Pro-SWAT method. The Ss then performed
the card sorting task required for individual SWAT scale development. The
MEP was next presented, emphasizing the information sources for the
VPD-based crew systems (Section 2). The AFAMRL-developed mission scenario
(Section 2) was briefed to them in detail, The baseline crew system con-
cepts and the four options (Section 3) were explained in detail, using both
viewgraphs and full size cirdboard mock-ups. [Eggleston (1984), points out
that if the Ss' orientation to the concepts and mission "is not of suffi-
cient detail, then even an experienced subject may not be able to reliably
judge workload."] At this point, the Ss were again led through the mission.
scenario and Pro-SWAT ratings were obtained at each of six distinct mission
phases (identified below). In obtaining the Pro-SWAT ratings, the experi-
menter briefed the events and priorities of that segment, The Ss had a
folder which contained illustrat:ons of all five crew system concepts and a
SWAT data collection form (Figure 7) for each alternative crew system., Each
form was annotated to indicate the option being evaluated and the segment of
the mission at which workload was to be estimated. The S35 were requested to
project themselves into the mission and to estimate the level of workload '
that they believed they would encounter in attempting to accomplish mission
tasks with each crew system concept. Follaowing the pro-SWAT data collec-
tion, the Ss were requestea to complete a series of rating scales which
explored several qualitative aspects of crew system interface utility.
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Lastly, the Ss were requested to describe what they felt an "ideal" VPD crew
system would be.

SUBJECTS

The importance of using highly experienced Ss in the evaluation of advanced
crewstation components was discussed in Section 4, Additionally, Kuperman
(1984) addressed the requirement for selecting'Ss for participation in the
assessment of advanced aircraft crew system concepts who are sufficiently
knowledgeable about both mission requirements and advanced avionics capabil-
ities to minimize the need for extensive training., Kuperman et al. (1983)
pointed out the particular importance of the Ss' experience in their evalua-
tion of a derivative fighter aircraft which exploits advanced sensors and

weapeons,

Eleven Ss participated in the workload data collection exercise, ten
military and one civilian. All military pilcts were currently officers or
warrant officers, The military pilots reported an average of approximately
8 years, 4 months of flying experience (minimum about 1 year and maximum
over 15 years). (The civilian pilot reported a total of 313 hours of exper-
ience obtained in a variety of 1ight aircraft.) Four p.lots reported having
flown helicopters in combat for an average of 775 hours (minimum 150 hours
and maximum 1400 hours). The mean reported noncombat f\ying 2xperience .
(military only) was 1443 hours (minimum 430 hours and maximum 3500 hours).
A1l military pilots reported flight simulator experience with an average of
approximately 214 hours (minimum 30 hours anu maximum 600 hours).

The military pilots reported an average of approximately 742 hours flying
NOE (minimum 20 and maximum 3000). Nine of them reported experience in
flying at HOGE (mean approximately 318 hours, minimum 10 hours, maximum
1000 hours). The ten military pilots reported an average of approximately
238 hours of night flying experience (miminum 20 hours, maximum

600 hours). One S reported 800 hours of experience in performing day A/G
attack missions and 500 hours in night A/G.
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Subject Name

Display Configuration:

Mission Segment:

INSTRUCTIONS: For each of the three sections below, check the one box (1,
2, or 3) that you feel applies. Be sure to complete all three ratings.
TIME LOAD

L 3 (1) Often “ave spare time., Interruptions or overlap amonj activities
occur infrequently or not at all.

{ 1 (2) Occasionally have spare time, Interruptions or overlap among
activities occur frequently.

L ) (3) Almost never have spare time. Interruptions or overlap among
activities are very frequent, or occur all the time.

MENTAL EFFORT

L 1 (1) Very little conscious mental effort or concentration required.
Activity is almost automatic, requiring little or no attention.

[ ] (2) Moderate conscious mental effort or concentration required.
Complexity of activity is moderately high due to uncertainty,
unpredicability, or unfamiliarity. Considerable attention

required.

[ J (3) Extensive mental effort and concentration are necessary. Very
complex activity requiring total attention.

PSYCHOLOGICAL STRESS

£ J (1) Little confusion, risk, frustration, or anxiety exist and can be
easily accommodated.

C 1 (2) Moderate stress due to ccafusion, frustration, or anxiety
noticeably adds to workload, Significant compensation is
required to maintain adequate performance.

[ J (3) High to very intense stress due to confusion; frustration, or
anxiety. High to extreme determination and self-control

required.

Figure 7. (Pro-)SWAT Data Collection Form
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Six of the Army pilots were current in the UH-1 and the remaining four were
current in the AH-1. Four reported experience with guided A/G weapons,
three with HUD-equipped aircraft, two with FLIR, two with MFPK, one with a
moving map display, one with MFDs, one with voice control subsystems, and
one with night vision goggles,

Overall, the Ss were a highly experienced group of aviators. They were very

T familiar with low altitude operations (NOE and HOGE) and familiar with night
flying. They reported only limited experience with technologies comparable
to those in the LHX/SCAT MEP (which is not surprising since aircraft with
similar equipment are only now entering the Army operational inventory),
INDEPENDENT VARIABLES
Options
The five crew system concepts for which Pro-SWAT (and qualitative rating
scale) data were collected are described in Section 3, The VPD technology
exploited in each concept were:

a. Baseline: 20-degree V by 30-degree H HUD

b. Option 1: 30-degree V by 40-degree H monocular HMD

c. Option 2: 60-degree V by 90-degree H binocular HMD

d. Option 3: 60-degree V by 120-degree H stereo, binocular HMD

e. Option 4: 120-degree V by 220-degree H cockpit-muunted VPD

Mission Segments

g

Pro-SWAT data were collected at six points during the mission scenario.
They were:
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a, Cruise: Quring the outbound mission segment between the base and
the refueling point, the crewmember is relatively unburdened. Once
the airborne formation has been adopted and system checks have been
performed, the only concerns are maintaining inflight formation and
performing contour flight and navigation. No threats are expected.

b. Pre-FLOT: Immediately before crossing into enemy territory, the

LHXs perform final system checks and weapons arming. Roles within N
the flight (scout/SEAD, combat’security, and antiarmor) are ’
adopted.

¢. Ingress: The flight is transversing enemy territory at low alti-
tude. Chance encounters with threat systems are highly praobable.
Navigation is between the trees and below the hills and ridges, to
make maximum use of terrain masking.

d. Approach to Battle Position: Encounters with enemy threats are
becoming more likely. Priority is switching from navigation to
tar,2t search and acquisition. ‘

e. Air-to-Ground Engagement: Targets are being acquired, missiles
locked, and tanks destroyed. SAMs and AAA, intermixed with the

tanks, are being engaged and defeated.
f. Air-to-Air Engagement: Priority has been changed from antiarmor,

scout/SEAN, or combat security to antiair. Enemy helicopters must
be destroyed while ground-to-air threats are defeated.

NEPENDENT VARIABLES
Pro-SWAT :

The Pro-SWAT rating instrument was applied for each of the five options at
each of the six mission segments. The procedure for collecting Pro-SWAT

data is described above.
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Rating Questionnaires

In addition to the Pro-SWAT data collection sheets, the Ss were asked to
provide rating data along several qualitative scales regarding their
impressions of some aspect of each of the crewstation configurations. A
seven point scale was used throughout, with a lowest rating (1) having a
semantic anchor of “prohibit," “prevent," or "rejected" while the highest
rating (7) carried a semantic anchor of “enable" or “accepted/desired." (An
example of the questionnaire is presented in Appendix A.)

The first question dealt with the perceived ability of the concept to sup-
port the acquisition and maintenance of battlefield situational awareness.
The second rating dimension dealt with the contribution of the crew system
to overall mission effectiveness. A group of six rating scales explaored the
performance of major functional crew tasks (pilotage, navigation, communica-
tions, target acquisition, weapon delivery, &.d survivability). The last
question asked about the expected degree of acreptance of the Army pilot
community for each crew interface concept. In addition to providing the
ratings, the Ss were requested to provide supporting comments. (All com-
ments, arranged by rating dimension and broken down by option, appear in
Appendix 8).

“Ideal"” Crew Interface Design

The administration of the Pro-SWAT and rating scale instruments was followed
by a roundtable discussion which covered the MEP, the LHX/SCAT mission, and
the crew system concepts. Following this group discussion, the Ss were
asked to individually sketch out what they felt.would be the optimum or
“ideal" cockpit layout.
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Section 6
ANALYSIS AND RESULTS

GENERAL

This section of the report is divided into three parts. First, the Pro-3WAT
data analysis procedure is described and the resulting data are presented in
the form of tables and grapns, Next, a similar treatment of the subjertive
rating scale instrument is provided. Last, the "ideal” LHX VPO configura-
tion, as defined by the Ss, is depicted.

PRO-SWAT

The Pro-SWAT methodology employs a three-dimensional matrix (time stress,
mental effort, and psychological stress} within which to quantify work-
load. A unidimensional scale is desired for ease in making comparisons
between various reports of workload. The procedure for performing this
transformation is graphically depicted in Figure 8 and described in Reid

et al. (1981). The procedure employs a conjoint meisurement technique to
construct an interval level warkload scale from ordinal rankings of combina-
tions of levels on the three workload dimensions.

Debelqpment,of Individual Workload Scales

An interval scale is developed for each S. A randomly ordered set of cards
containing all possible combinations (one combination on each card) of the
three rankings of the three SWAT dimensions (33 a 27) is sorted by each S so
as to rearrange them in a sequence from least through greatest workload.
Thus, a 1,1,1 triplet ranking would represent the lowest level of workload
and a 3,3,3 triplet, the highest. It is the arrangement of the intervening
combinations that reflects the S's individual perception of workload. For
example, some Ss are acutely sensitive to time stress and arrange the deck
to reflect time as an "outer loop.” Thus, their arrangement would tend to
associate higher levels of workload with moderate and low time stress
ratings than corresponding (or perhaps higher) levels of the other two
dimensions. '
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A1l 11 Ss perforned the SWAT card sort task. Three of these 1l produced
sorts that contained too many errors (inconsistencies) to permit application
of their individual scales. (For example, an S might rate a 2,3,1 as easier
than a 2,1,1.) Of the remaining eight Ss, four were analyzed as being time
stress dominated, two reflected a combination of mental effort and psycho-
logical stress, one a combination of mental effort and time stress, and one
was dominated by psychological stress. These four prototypical interval
scales were used in processing the reported Pro-SWAT scores for analysis,
Table 3 presents the four prototypes used.

The table is used to convert the reported triplets into the unidimensional
workload scores, The left-most column contains all possible triplets. The
four other columns are the four scale prototypes. For each raw score trip-
let, the workload value is read frcm the same row in the column of the
appropriate prototype. Thus, 2,2,2 reported by a time stress dominated
individual would produce a workload value of 53.2.

Analysis of Variance

Figure 9 graphically presents the results c¢f the Pro-SWAT data collection.
The six mission segments, arranged in the order of increasing mean workload,
are identified on the abscissa. The mean workload for each of the five crew
system concepts is plotted for each segment, The data points for each con-
cept are joined by line segments to assist in differentiating between
options. Each point is the mean of the responses of the eight Ss, Table 4
presents the means that are plotted in the figure, tagether with respective
standard deviztions, The minimum expected workload has a Pro-SWAT rating of
13.9 (performing cruise using the Option 4 VPO) and the maximum observed is
93.2 (performing A/G attack using either the Baseline or the Option 1 VPD
concept). As may be seen from the figure and tab'e, the Ss’ mean expecta-
tion of workload never increases as the crew systems progress from the base-
line to Option 4, Three cases of identical expected medan workload levels
occur, all iavolving the baseline and Option 1.

Three questions suggest themselves in considering the utility of the data to
the operational command:




TABLE 3, PRO-SWAT PROTOTYPES

Triplet
(T,M,P)* T M/P M/T
1,1,1 0.0 0.0 6.0 0.0
1,1,2 9.6 25.2 1.6 39.7
1,1,3 20.2 32.9 6.3 70.0
1,2,1 7.9 27.1 40.4 13.7
1,2,2 17.6 52.3 42.0 53.4
1,2,3 28.1 60.0 46.7 83.7
1,3,1 17.1 43.6 72.0 22.8
1,3,2 26.8 68.8 73.6 62.4
1,3,3 37.3 76.5 78.3 92.8
2,1,1 35.6 2.2 13.7 4,7
2,1,2 45.3 27.4 15.3 44.4
2,1,3 55.8 35.1 20.0 74.7
2,2,1 43.5 29.3 54.0 18.4
2,2,2 53.2 54,5 55.7 58.1
2,2,3 €3.8 62.2 60.4 88.4
2,3,1 52,7 45,7 85.6 27.4
2,3,2 62.4 70.9 87.3 67.1
2,3,3 73.0 78.7 91.9 97.5
3,1,1 62.1 23.5 21.7 7.2
3,1,2 72.3 48.7 23.3 46.9
3,1,3 82.9 56.4 28.0 7.2
3,2,1 70.6 50.6 62.1 20.9
3,2,2 0.2 75.8 63.7 60.6
3,2,3 90.8 83.5 68.4 91.0
3,3,1 79.8 67.1 93.7 30.0
3,3,2 89.4 92.3 95.3 69.7
3,3,3 100.0 100.0 100.0 7100.0
*T = Time Stress
M = Mental Effort
P = Psychological Stress
66
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TABLE 4. PROJECTED WORKLOAD, 8Y VPO CONCEPT AND MISSION SEGMENT
(Means and Standard Oeviatfons)

Mission
Segment Baseline Option 1 Option 2 Option 3 Option 4§
Cruise .
o mean 45.8 38.0 32.1 15.1 13.9
std. dev. 331.8 34,5 23.6 22.5 16.5
b Pre-FLOT
mean 59.7 %a.7 49,7 34.0 31.0
std. dav, 29.7 25.9 13.1 26.9 22.7
Ingress .
mean 71.3 67.5 . 51.8 48.1 46.3
std. dev. 32.0 30.1 25.0 21.0 20.2
A/A | *'
mean 17.2 73.9 63.1 52.2 43.6
std, dev, 22.0 22.3 31.4 34.0 35.4
App. to Battle Position
mean 84.3 84.3 79.9 68.6 64.4
std. dev. 19,6 19.6 17.3 . 17.5 19.9
A/G
.. mean 93.2 93.2 85.8 76.1 72.1
std. dev. 13.7 13.7 17.8 20,2 17.7
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a. ls there a wide variaticn in workload to be expected within the
LHX/SCAT nission? (Are the mission segment expectations of mean
workload significantly different from each other?)

b. Do any of the five VPD-based crew system interface concepts offer
opportunities for reducing this workload? (Are the concepts
significantly different from each other?)

c. Are some concepts better at supporting reduced workload during some
mission segments than during other? (Is their a significant
interaction between concepts and mission segments?)

These questions were used to guide the analysis plan,

Table 5 presents a summary of an analysis of variance of (ANOVA) (SAS, 1982,
Process ANOVA) in which the Pro-SWAT workload estimates serve as the

dependent variable.

TABLE 5. ANALYSIS OF VARIANCE: PROJECTED WORKLOAD

Source of Variation SS DF MS

Concepts (C) 27245.0 4 6808.9 p <0.01
Mission Segments (S) 79675.0 5 15932.8 p <0.01
CxsS 1659.7 20 82.0 N.S.*
Error 123952.0 210 586.0

Total 231631.6 239

*N.S. = Not Significant

The main effect, Concents, is found to be highly statistically signifi-
cant. This is equivalent to rejecting the hypothesis that the five VPD crew
systems are equal to each other. (That is, at least some of the concepts
are different from each other,) The main effact of Mission Segments is
found to be of high statistical significance, This is equivalent to
rejecting the hypothesis that workload is not expected to vary over the
entire LHX/SCAT mission. (That is, at least some segments can be expe:ted
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to recylt in higher workload levels than can other segments.) The
interaction be'ween Concepts and Segments is not statistically signifi-
cant. This is equivalent to failing to reject the hypothesis that some
Concepts can be expected to result in lower workload at some Segments, come
pared to other Concepts, but that the reverse would be true at other Seg-
ments. (That is, if one Concept is expected to support lower workload
during one Segment than another Concept, then the first Concept will never
result in higher workload than the second Concept at any other Segment,)

In Figures 10 through 15, the mean expected workload, pooled over the aight
Ss, is shown in the form of bar graphs for each mission segment., Inspection
of each graph shows that, as the options progress from the baseline to
Option 4, expected workload never increases.

Figure 16 presents a graph of the means of the expected workload for each
concept (pooled over Ss and mission segments), The generally monotonically
decreasing form of the graph is apparent. Below the graph, the arrows,
joined by horizontal lines, delimit the significantly different yroupings
(SAS, 1982, Process ANOVA, Means/Tukey) of the concepts as found by Tukey's
Honestly Significant Difference (HSD) statistic. The baseline, together
with Options 1 and 2, form one group; Options 2 and 3 form a second; and
Options 3 and 4 form a third group. The lines joining the arrows permit
comparisons between pairs of options. Any two options for which there is no
common line beneath them are statistically different from each other {e.g.,
Cptions 1 and 3 are not equal).

Figure 17 presents two line graphs. The range of each graph is the 0 to 100
range of Pro-SWAT workload. The 30 mean expected workload levels (five con-
cepts x six segments, pooled over eight Ss} are plotted on the lower graph.
The mean expected workload levels for each of the eight Ss are plotted on
the upper graph. Workload appears to be relatively evenly distributed along
the lower graph, Six of the Ss' means cluster at the SWAT value of approxi-
mately 60, a seventh S exhibits a much lower mean (41.4), and the eighth S
exhibits a much higher mean {75.4). (A Tukey's HSD test, performed as a
post hoc test, revealed that only the Ss producing the highest and lowest
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OPTIONS

LHX Workload--A/G

Figure 14.
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mean Pro-SWAT values were significantly different frcm each other but that
neither of them was significantly different from the six other Ss.)

SUBJECTIvE RATING QUESTIONNAIRES

A1l 11 Ss completed rating questionnaires (des:ribed in Section 5 and
presented in Appendix A). All quest onnaire data were analyzed by the same
procedure. Firsi, the ratings wera transformed (SAs; 1982, Fracedure RANK)
into rankings. Thus, the seven-poin’ riting responses were remappeu unio a
(0 to 34 range {five concepts x 'l Ss}, equal intarval ranrking scale. An
ANOVA {SAS, 1382, Procedure ANOVA) was performea tar each question. In
every case, the concapts were found to be highly significantly diffarent
from each other {p <= 0.01), iso for each question, Tukey's HSD test
(SAS, 1982, Procedure ANOVA, MEANS/Tukey) was apyrlied to explore the nature

of the significance.

Figures 18 through 26 prese-~t mean results of rankings for each uf the nina
questions in the form of bar graphs. Beneath each bar graph, results of
Tukey's HSD test are shown by the jcined a~rows which depict groupings of

the concepts. The overall results are that, for every question, the base-
Tine and Option 1 were never found to be distinguishable from each othar;
Options 3 and 4 are neve-~ distinguishable frcm each other; and with only one
exception (the question dealing with communications), the baseline and
Option 1 (as a group) are always different from Options 3 and 4 (as a group).

Comments were solicited from the Ss to substantiate their rating assign-
ments. These comments are pres:anted in Appendix B, arranged by concept, for

each question,
"IDEAL" CREW INTERFACE

Figqure 27 presents a synthesis of the "ideal" LHX/SCAT crew system
interface, as denicted or described by the 11 Ss. It closely resembles
Option 4, In general. the Ss desired that specific types of informational
formats (e.qg., weapons load/status) be available for display, on demand and
at preselected locatiins, within the very wide FOV display.
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TUKEY'S HSD

Pilot Acceptance

Ranking Data

Figure 26.
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Section 7
DISCUSSION AND CONCLUSIONS

DISCUSSION

The intent of this research was to gain early insight into the levels of
workload tnat might reasonably be expected to be found in attempting to con-
duct LHX/SCAT missions using a weapon Ssystem whbse crewstation was based on’
a VPD technology concept. The reader shauld be aware that numerous factors
mnay detract from the significance of the data reported in tiis document.

The “grains of salt" to be applied are identified below:

a. Time Constraints: The total Technoiogy Assessment Study was
accomplished in a 4-month period. A g¢reater duration of the affaore
might have contributed to a deeper umszrstanding of the issues

involved,

b, Subjects: The Ss were assumed to be .epresentative of the pilots
who will eveniually fl,; the LHX/SCAT. They may, in fact, be too
highly experienced. The S5 were available for participation in the
Pro-SWAT and rating scale data collec*ion for only a single day. A
longer data collection period might have affected their responses.
Only 11 Ss (10 military) participated. A greater number of Ss
might have yielded more reliabla reguIts although the group
appeared to be relatively consistent (Figure 17).

c. MEP: Although AVSCOM participated in the preparation of the MEP
portion of the briefing to the Ss and other available relerences
- were employed in an attempt to assure the sufficiency and accuracy
of the MEP description, this area was still undergoing refinement
by the Army during the period of the Technology Assessment Study,'
: Any differences between the final MEP and that presented to the Ss
might have resulted in different responses.

d. Mission Scenario: The mission scenario syrthesized by the AFAMRL
was Dased on all available documentation and was reviewed by

.1-93
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representatives of the Army Aviation Center. The actual mission
asking appropriate to the LHX/SCAT weapon system may differ some-
what from this description which might affect the actual workload
levels to be experienced.

32, Pro-SWAT Data: Because of time constraints, all crew system con-
cepts were compared for cach mission segment sequentially, This
might have been a weakness in methodology and a random order pre-
sentation of crew system concept/missinn segments might have
produced more reliable responses. Secondly, no man-in-the-loop
simulation was possible. Simulation might have resulted in the Ss
obtaining a better (different) understanding of the concepts (and
of the MEP and mission). Simuiation is planned, however, during
subsequent VPD technology development and validaticn efforts.

f. "Ideal" Crew System Interface: The five concepts were presented in
order ¢f increasing FOV. This may have influenced both the stroag
expectation for reduced workload with larger FOQV options found in
the data and, also, might have led to the Ss' apparent expectation
that a concept very similar to the panel-mounted projection display
system {the last option presented to them) would be an ideal crew

system interfaca.

These several caveats are not intended to suggest that the data are highly
suspect. Rather, they should serve as guidance for follow-on experiments to
be conducted in extension, refinement, and validation of the present research,

FINDINGS
Pro-SWAT
The predicted worklcad data suggest two major findings:

a. A wide range i. workload may be expected to be encountered during

the conduct of an LMX/SCAT mission (Figures 9 through 15). The
exact leve! of workload that will be experienced may be
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significantly modified by the crew system interface concept
employed by the weapon system, The minimum expected workload
level was found for the cruise mission segment, employing Option 4
(cockpit-mounted, wide FOV, projection display), and the maximum
expected workload level was ancountered for the A/G attack mission
segment using the baseline (HUD) crew system VPD.

The VPD concepts are predicted to be significant]y different from
each cther in terms of the level of workload to be axpected in
applying them to LHX/SCAT mission tasks (Figure 9 and Table 4).
Over the six mission segments studied, the baseline and Option 1
(narrow FOV, monocular HMD) were never statistically different
from each other and always were associated with the highest levels
of workload. Options 3 (wide FOV, binocular HMD) and 4 were never
statistically different from each other and always were associated
with the Towest levels of expected workload. The baseline and
Option 1 (as a group) were significantly different from QOptions 3

and 4 (as a group),

Nine qualitative dimensions were examined. In every case, the baseline and
Option 1 (as a group) received the poorest score (least desired, made small-
est eontribution to effectiveness, etc.) and Options 3 and 4 (as a group)
received the best score. In all but one case (communications), these two
groups were highly significantly different from each other.

a. Situational Awareness: The concepts fell into three groups
(Figure 18). The baseline and Option 1 were expected to support
situational awareness to the least extent. Option 2 formed a
group by itself, between the other two groups. Options 3 and 4
were expected to support situational awareness to the greatest '
extent,

R 1-95




Overall Mission Effectiveness: The groupings were identical to
those found for Situational Awareness (Figure 19).

Pilotage: Two groups of the VPD concepts were found (Figure 20).
The baseline and Options 1 and 2 formed the group expected to
least support accomplishment of the pilotage function; Options 2,
3, and 4 for the second group. (The ambiguous presence of

Option 2 in both groups means only that it was not felt to be
significantly different from any of the four other VPD concepts in
its ability to contribute to pilotage.)

Navigation: Three groups were found (Figure 21). The baseline
and Options 1 and 2 formed a group that was expected to least
contridute to task accomplishment. Options 2 and 3 formed a
cecond group. Options 3 and 4 formed a group that was 2axpected to
make the greatest contribution to performing navigation tasks.

Communications: Three groups were found (Figure 22). The base-
line and Options 1 and 2 were least expected to support this
function. The baseline and Options 2 and 3 were expected to per-
form somewhat bettar. Options 2, 3, and 4 were expected to best
support accomplishment of this function,

Target Acquisition: Tnree groups were found (Figure 23). The
baseline and Options 1 and 2 were expected to support target
acquisition tasks least effectively. Options 2 and 3 were judged
to provide somewhat better task effectiveness., Options 3 and 4
were aypected to be best able to support this function.

Weapon Delivery: The groupings were identical to those found for
Target Acquisition (Figu.e 24).

Survivability: Four groups were identified (Figure 25). The
baseline and Option 1 were expected to make the least contribution
to system survivability. Options 2 and 3 were viewed as the sec-
ond poorest contributors. Options 3 and 4 were grouped together

93 R-1-96



as making the sccond greatest contribution, and Options 3 and 4
were expected to make the greatest contribution.

i. Pilot Community Acceptance: Three distinct groupings of the VPD
crew system interface concepts were identified (Figure 26).
Options 3 and 4 foirmed the group that was expected to be the most
acceptable to the LHX/SCAT pilot community. Options 2 and 3 were,
‘- as a group, the second most acceptable, The baseline and Option 1

were rated as being the least desired by the pilot community.

N "Ideal" Crew System Interface

The VPD crew system interface designs proposed by the 11 Ss were essentially
the same as Option 4. Opportunities were identified for exploiting the very
large FOV display as the context into which a wide variety of other informa-
tion elements/sources could de inset. The result was a "virtual" cockpit in
which almost all the displays and MEP controis could be called up on an
as-needed basis. The types and arrangement of displayed information subsets
could be tajlored to meet the needs of the specific mission segment and the
preferences of the pilot.

CONCLUSIONS

a. Options 3 and 4 appear to be the pest candidates for a VPD-based
crew system for a single-pilot, LHX/SCAT aircraft, A significant
reduction in workload is to be expected (based on the Pro-SWAT

findings) with these concepts versus present practice in cockpit
design (the baseline and Option 1),

b. Options 3 and 4 are expected (based on the ratings questionnaires)

to make the greatest contributions to achieving and maintaining
good situational awareness, supporting micsion effectiveness, and
providing required functional support (pilotage, navigation,
communications, target acquisition, weapon delivery, and system
survivability),

R-1-97
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;ﬁ‘ ¢. Options 3 and 4 are expected (based on the questionnaire results)

to be the VPD concepts most likely to be accepted in practice by
the LHX/SCAT pilot community.

d. Option 4 most closely resembles the crewstation design concept
of fered by the Ss themselves as representing the “ideal” crew

system interface.

e. Option 2 (narrow FOV, binocular HMD) was found to be only slightly
less capable than Option 3 in terms of both the projected workload
and the opinion rating scale data.

RECOMMENDATION

Options 3 and 4 should oe investigated for possible application to the
LHX/SCAT weapon system as the VPD-based crew system interface concepts. I[f
funding/schedule permit, Option 2 should also be included in this
consideration,

95
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Appendix A

DISPLAY CONFIGURATION QUESTIONNAIRE
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Subject Name:

DISPLAY CONFIGURATION QUESTIONNAIRE

Situational awareness is the | Jt's ability to utilize the displays
providad in the cockpit to create an image of his relationship to:

- geographical features (phvsical features shch as land, water,
mountains, deserts; politicai divisions; navigational waypoints;
weather systenms),

- terrain obstacles (trees, rivers, buildings),

- air and ground threats,

- air and ground targets,

- sistar ships, and
- own-ship health and status (weapons, mechanical, flight control)

within the context of the mission he is to perform,

a. Rate the degree to which this display configuration would provide
the pilot with situational awareness for performing the LHX-SCAT
mission,

Circle the number on the scale below which you feel applies:

l-aeve- 2---anw 3emeee- L §eceme- §awana 7
would not provide would provide optimum
acceptable situational situational awareness
awaraness for each phase and every
aspect ot the LHX-SCAT
mission

b. Comments (What motivated your decision to circle the number on

the scale above?):
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eness will depend upon the success of the

navigation, communications, target
d survivability functions.

2.  LHX-SCAT gission effectiy
pilot to perform pilotage,
acquisition, weapon delivery, an

How do you feel this display configuration would affect overall

a.
success/effectiveness of the LKX-SCAT mission if you were the
pilot? ' '
Circle the number on the scale below which you feel applies:

JEREEL L 2emmm=- Jamacn- L CETPTEE femmm= 7
display would display would
prohibit effective, enable effective,
safe completion of safe accomplishment of
critical mission eacn phase and every
components aspect of the mission
Comments:
R 1101
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b, 1f you were the pilot, how well do you think this display
configuration would enable you to perform aach of the functions
within the LHX-SCAT mission?

Circle the number on each scale below which you feel applies:

PILOTING: lecemn- 2eemunn 3eenann- bonenn- Becemmubemmn== 7
NAVIGATION: PR 2eevem= Jeecea- L Senmas- Gawme== 7
COMMUNICATIONS:  l--=--- 2ammnen Jamemnn fammann §ummann fammn 7
TARGET
ACQUISITION: lewve~- 2ewm=n- 3emenm- L Beances Bummm= 7
WEAPON
DELIVERY: leweeo- 2emmcn- 3amen-- P Beaeans femm=m- 7
SURVIVABILITY: JEEETEL 2aeamms Jemanan O Senman= fomrmn= 7
display would display would
prevent me enable me to
from performing successfully perform
this function for the this function for the
LHX-SCAT mission LHX-SCAT mission
Comments:
99 R-1-102




3. Rate the degree to which you feel the pilot comrunity would find this
y display acceptable/desirable for performing an LHX~SCAT mission:

,1%2 Circle the number on the scale below which you feel applies:
P

® P y DO 3emmna- Bomamen Bamamae Bammmanm 7

4 display concept display concept

?Q ~ would be rejected would be accepted/desired
o by the pilot by the pilot
?‘13 community community
% f Comments:
S|
o
g ?j
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Aﬁpendix B
COMMENTS REGARDING RATING ASSIGNMENTS

COMMENTS: SITUATION AWARENESS
Baseline

“The limited FOV of the HUD would require more crosschecking of the cockpit
to understand the situation.”

"Due to lack of adequate vision, pilot has need to keep his head on a pivot
looking outside A/C."

"HUD limits field of view. Pilot dependent upon A/C attitude to see real-
world display.”

"You have to move the whole A/C to search for obstacles, threats, or any-
thing else. Cannot see to the side."”

"Limited visual assistance for night/adverse weather gperations. Cockpit
complexity-hardware operation. Target ID/acquisition.”

"My concern is the flexibility of the HUD to enhance situational
awareness,"

“The area of attention (i.e., the HUD) does not provide a broad 2nough
scope of the situation.”’

“Too many informaticn areas requiring division of attention, thus reducing
situational awareness."

“Basically provides situational awareness of operational environment, but
it is limited."

“The limited FOV, even with snap-look, creates an unnatural feeling of con-
straint on head movement."

"Perceived transitional problems when going from HUD to CRT to HuD."

Option 1

“This option is similar to the baseline in that it requires inside the
cockpit time to become fully aware of the situation,"

“Instrumentation requires independent focal plane. No peripharal vision,
You have to decidedly look at a system when you should te looking somewhere
else., Too many buttons/switches with too many independent systems. System
needs to be more integrated with prioritization built in,"

"Biggest factor: HMD provides a 'movable' real-world display. Visual
intrepretation extremely important.”

191
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“Limited FOY. Better field of regard (FOR). You ran into bincoular rivalry
between HMD display and whai is going on in the cockpit with other

displays.”

"Threat acquisition is better than baseline but still not adequate. Cockpit
too complex. Does not lend itself well to battlefield fluidity."
"Situation awareness will be limited because of HMD (monocular), 1 like the

other displays.”

"Provides a great deal of information but the pilot has to work for it,”

"Configuration is basically the same as the baseline, therefore, too much
diversion of attention. However, the ability {(freedom) to slew the field of

vision display improves the capability.”

"wider field of view with HMD provides botter-than-baseline situational
awareness, but still limited.”

Option 2
“With the binocular FOV and touch sensitive display, the workload has
decreased and the pilot can be made more situation aware with less workload
on his part.”

"Getting better, Everyth’ng on one CRT. The only other thing that requires

focal attention is engine status."
“Binocular FOV will decrease psychological stresses, enabling me to assimi-
late more data usefully.”

“I feel nothing is gained with binocular FOV, Maybe if [ flew it I would

change my mind."

"Operation is simpler, Field of view better., Improved target 1D/

acquisition capability.”

“In comparison to baseline and Option 1, [ have better situational awareness
although I liked the separate multifunction displays better than the single."

L

&

g“ﬁ "Great field of view. Less effort on the part of the pilot."

O R

¥l “This configuration moves the pilot's attention more to the outside of the
b cockpit than the baseline or Option 1, However, it doesn’'t free him from
et continucus return to receive updated info."
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“Binocular KMD is probably a significant visual improvement. Touch-

W sensitive color display reduces cockpit workload in obtaining situational

) awarenress."”
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Option 3

“A1} functions easier and made availtable to the pilot in a wider FOV with
all necessary info available."

"Fiald of view greatly enhanced. Necessary switches in two places.
Requires focal attention inside aircraft only briefly.”

"etter FUV more information to “ly by and to search for other targers.”
“Operational simplicity, field ot view.”

"T've lost a wultifunction displiy and although 1 know that the display will
b2 made 2lsewhere, 1 think that .he second MFD is neeced for situational
awareness."

“Same a< uUption 2."

"This =~ fijuration is tha op’iral. trans’tion to future technologies
requir®  minimal training and positive {?) transfer from current pilot
uynder (.nding,”

"HMD fiald of view s much better i this zonfiquration and situaticnal
awarene;s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>