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1. INTRODUCTION

In spite of vast efforts in display design and evaluation,
there do not appear to be standardized procedures for evaluating
atlrcraft displays. 1nstead, a variety of teschnigues are loyed
in the sevaral stages leading to an acceptable display configura=
tion, with man-in-the~loop real-time simulation experiments playinsg
a central role. While there are a number of valid reasons for the
tachniques that have been used [1]), it seems fair to say that there
exists & reed for unifying concepts tad approaches.

Analytical mndeis of the pilot-vehicle-display system appear
to offer the possibility of a s{umuc, vwell-defined and compre=-
hensive approach to display evaluation, Such modsls allow one to
exanine the interactions of displayed information with vehicle
dynamicy, disturbances, mission criteria and human perzformance.
They wmay be used to provide early and preliminary evaluation of
competing confi ations without the necessity for expensive
simulation; in later stages of display development, the models
can serve as powerful diagnostic and extrapolative adjunots to
the necessary simulations.

The advantages of a1.lytical models for display evaluation
have been well-understood for some time and considerable effort
has been expended in their development. Perhaps the most exten-
sive effort to date is represented by the work of Allen, Clement
and Jex {2] and McRuer, et al. [3]. Thay attempted to synthesize
the human operator scanning model of Senders {(4], multi-loop
describing function theozy [S] and Clement's theory of human
signal reconstruction {6} into a theory for displays in manual
control,

In this paper, an approach to display evaluation hased on
the optimal~control or state-varisble model of the human operator
[{7-10) is described, The approach has evolved over the past
several years [11-14] and we believe it has significant advantages
for aisplay evaluation., 1In the remainder of the paper, we describe
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briefly the foundations of the methodeology® and preseat results of
its appliocation to the analysis of vertical situation display for
STOL spproach. This analysis inoleudes the effects of M: statue
and compand displays on pilet workloed and system performance.
l'::t; mail mmtu results and ideas presented here can

(-] n .

2, DISPLAY EVALUATION METHODOLOSY

The following four steps are fundumentel in the application
of the display evaluation methodolegy:

1. Specification of system dynamics, distvrbances,
and task regquirements in terms of & linear-guadratic~

gaussian imigation problem suiteble for application
?s ﬂ;glm 1 eontrol model of ¢he hurman opsrator
’ .

2, Analysis of gngend dleplay configuration with
Tespeot to display characteristios and their rela~
tion to parametwrs of the human cperater model,

3. Deteramine performance with given configuration and
im::: ate the effects of eliminaticn of dAisplay
111 Y

4. Analyse display workload-performance tradeoffe via
sensitivity analysis.

Syetem Specifioation

System dynanics are approximated by the following linear
state equation:

E"AK+RUtEY )

where x(t) is the vagtor of aystem states, u(t) the vector of pilot
concrol inputs and ;(t) the vector of linearly independen: white
gauseian noises. IT¥ external foreing functions are rational
gmnha noise spectra of first order or higher as is th.- cese

or most turbulence models P"' are represented by whits
noise (w) passed through a linear filter and the systenm dynamics
are need those of the filter, Disturbances such as conetant
winds or wind-shears are modelled, sssentially, dy adding mon-zero
mean components to ¥ [14, 15},

mm of the optimal gontrol model of the human
?rioue: ulue given es it has already been well-dooumented
*i0y 0eQe]e.
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The displav-variables are assumed to be linear combinations
of tho_-tato ard control variables and are given by the "display-
vectoer

Yit) = C x(t) + D ult) (2)

As with the input,display dynapics are included by introducing
additional system states and augmenting the matrices in Egquation (1),

Such is required, for example, in analyzing certain flight directoer
configurations.

Task requirements are stated in terms of "cost weightings®
agsociated with various system variables in 3 guadratic cost
functional of the form

Jw =E{y Qy+u Ru+ g gyl (3

Tt is assumed that the pilot selects his control response to mini-
mize the appropriate J. Por relatively simple, single-variable
control situatiors, good approximations to experimental measure-
ments have been obtained with a cost functional consisting simply
of a weighted sum of system error variance plus control-rate
variance [S]. The cost on control-zate .epresents, in part, a
subjective penalty imposed by the controller on auktnz rapid
control motions and wmay account, indirectly, for physiological
limitations on the pilot's bandwidth,

Por complex mu'ti-input, multi-output tasks, the cost wlit -
tings may not be chosen in so simple a fashion, One approach is
to sclect vaiues for the weightings so as to keep mean~squared
output levels within prescribed tolerances [17]. A unit amount
of “cost® is associated with a given variable when the magnitude
of the "error® equals the nominal limit, and the weighting
coefficient for each variable is simply the inverse of the

square of the corresponding limit. This approach was used in

the application to be discussed later.

Por the present paper, the matrices introduced in Zquations
1-3 are assumed constant, This corresponds to a condition for
which we have the most validation data but it is not a necessary
restriction. For example, in a companion paper [18) and in (15],
range (time)-varying display gains and cost functional weightings
are included in the analysis.

Analysis of Display Configuration

A basic assumption of the optimal control model of the human
operator is that the human perceives a noisy, delayed version of
the displayed variables; i{.e., if Yplt) ir the vector of perceived
variables, then

Lolt) = yle=1) + g, (t=1) (4)
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where y is defined by Equation J, and vy is a vector of white,
gaussian cbservation noises,? When the Adisplays have been opti-
mally designed as is the case in many laboratory situstions, central
processing sources of pilot randomness appear to be the principal
deterninent of vy, Thus, we find for manual control situations

in which the displayed liqml is large enocugh to negate the effects
of visual resolution ("threshecld”) limitations, the autooccvarisnce
of each observation noise eongononc Sppears to vary proportionally
with mean squared signal level and may “e represented as

Vg (8) = 1 By« Blyiie))
(s
» 9Py 03‘(t)

where P is the "noise/signal ratio®” and has units of normalized
er per rad/sec, HNumeriocasl values for Py of 0.01 (i.e., ~20 4B)
ave b;on found to be typioal of single-variable ocontrol situations
(9, 10).

When display characteristics are not ideal it is necessary to
modify the expression for the observation noise covariance associa<
ted with a particular display varisble., 1In this study, two display
limitations were important under certain circumstances, namely
threshold limitations and *he lack of a zero refersnoce. We account
for these phencmens by letting the autocovariance for each observa-
tion noise process be

2
04 2
40 (6)
o -l

V,(¢) » P
i i (" (C‘o.‘.)

where the subacript i refers to the 1‘“ display-variable. The
quantity K{o4, a4) in Bquation 6 is the desoribing function
gain anloeiaéod with a threshold device

R(c, a) = 7:_— .f;%o"'z ax

where “a” is the threshold and ¢ is the standard deviation of the
®*input® to the threshold device.** This factor is used primarily
to acoount for threshold-type phenomena associated with viewing

VIhe human's time dfTay, 1, is o parameter of t“a models typically,

T= ,15 - ,2 seo,
*oPor non-zerc mean signais this sxpression r t bYe modified (i4j.
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the display, but "indifference"” thresholds will have an indistin-
quishable effect, Essentially, its effect is to cause the observa-
tion noise covariarce to become greater as the signal becomes
amaller relative to the threshold.

The term Oz in (6) is a residual-noise covariance and, in
many cases, is similar in effect to a threshold, However, it
can be viewed as a separate parameter and used to account for
observed degradation in tracking performance that results from
lack of reference indicators [15].

Performance Evaluation

Once the system and human parameters have been chosen, per~
formance can be evaluated. Although, for model development, task
requirements are specified in terms of the quadratic cost functional
J of Equation 3, other measures of performance are important in
problem analysis. For many problems a useful system metric relates
to performance reliability, or the probability of achieving mission
objectives successfully. The success of a mission (segment) can
often be stated in terms of constraints that the system states
(or outputs, or controls, or functions of these variables) must
satisfy. In other words, mission success may be eguated with
¥ ¢ X. Then, the probability cf success is, simply,

Pr {z c X} = j' plx)dx (7
xeX

where p(x) is the probability density function for x. An example
where such a specification of success is meaningful™is approach to
landing (see below), Because of the lineari y and gaussian assump-
tions, p(x) (and p(y), p(u), etc.) is obtained in a single run of
the cptimal control model for the human operator,

The probability of success, as defined in Equation 7, is for
the total man-macn.ne system and the particular mission segment
being analyzed. This probability is, in fact, a conditional one
in that its computation depends or the particular system and
model parameters chosen in Equations 1-6, Thus, through model
analyses, success or failure probabilities may be determined as
functions of any parameter(s) of interest. In particular, for
display evaluation, one can investigate systematically the
effects on performance reliability of changes in display charac-
teristics. Because of the structure of the model, one can also
compute the parformance that could be attained with an idealized
display; this provides a useful basis for comparison and analysis,
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Workioad Analyeis

As noted sarlier, the obsezvation noise/signal ratio, Py, seems
to be associated with the operator's central processing capabilicies.
This association leads to a velatively straightforward model for
task interference and operator workload, The details of this model
are given in (19). Very brief.y, we consider, for convenience,
that attention=-sharing may be required at three levels: betwsen
manual contrel and non-control tasks; between subetasks within the
manual ountrol task; and between dttglnys associated with performing
a given sub~task. Por example, a pilot might share attention between
control and communication, betwean longitudinal and lateral control
and between flight path and atti=ude displays. Thus, we define

£, » fraction of attention devotsd to the control task as a whole
f. » fraction of attention davoted to sub-task s
£, = fraction of attention devored to ith display in sub-task s

Then, the effects of nttantton-oharinr are modelled by an increase
in the "neminal® noise/signal ratio, i.,e., by

1 1
P, m P o . . (9)
4 ° ?c %; !l
where P; is the noise/signal zatio assoociated with the 1‘" air;iay

when attention is being shared and Po is the noise/signal ratio
agsociated with full attention to the display.

To predict the effect on specific tasks of sharing attentiocn,
Equation 8 is used to establish the appropriate observation noise-
signal raticsand the model equations are solved using this value.
If the pilot's allocation of attention is unknown beforehand, model
solutions may be used to determine the optimum allocation of atten~
tion, which, in line with the fundamental optimality hypothesis,
may be taken as a predioction of the pilot's allocation,

Building on the rodel for attention, we define a "workload in-
dex"” as the fraction of avtention required to achieve a specified
cxiterion level of performance on the control task. Thus,

Worklocad "ndex = ’tc

where feg is the minimum fraction of attention for which perfor-
mance can be maintained within the criterion level. 1In order to
predict the workload index, it is necessary to specify a relevant
pezformance measure, the required level of performance, and the
"reference® noise/signal -atic Po. 1Ideally, we would like Pg to
corzespond to full attent .on, but we cannot conduct an exper 113
in which the pilot is guaranteed to use his total ‘nformation-
processing capability. Therefo:r¢, we let Pg cor aspond to the
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noise/signal ratio (namely, .0l or =20 4B) obtained in a standar~
dized laboratory situation in which the pilot is motivated to
minimize his tracking errors. We know that this value does not
correspond to "full capacity®, because significantly lower noise-
ratiocs have heen found experimentally (19?. However, based on
our laboratory experience, Po = =20 4B does appeur to correspond
to a high workload condition, and "operation” at this level for
any prolonged time would undoubtedly be unacceptable, Of course,
when we are interested primarily in the relative change in workload
requirements from one situation to the next, the value for Pg is
not too critical.

3. ANALYSIS OF VERTICAL SITUATION DISPLAYS FOR STOL APPROACH

The display evaluation methodology has been used to analyze
basic status displays and director displays for the steep (7.5°)
approach to landing of the Augmencor Wing Jet STOL Research
Aircraft (AWISRA). The displays were analyszed primarily with
respect to steady-state, gust regulation performance at
decision height (approximately 30m), though other supporting
studies were also conducted [15, 18). Here, we describe the
basic display configuration that was investigated and present
some of the more interesting and more important results, Perfor-
kance predictions are presented for lateral contrel and for com-
bined lateral-longitudinal control. Results for the longitudinll
control case are given in {35]. Details e~ncerning vehicle dynamics,
turbulence spectra, cost-functional weightings, and other parameters
¢f the system-human operator model are given in (15), where more
extensive presentation and discussion of results may also be found.

An abstraction of the relevant features of the STOLAND-BAD1
ststus display [20] considered here is shown in Pigure 1. This
display provides the pilot with glide path and localizer errors
as well as attitude information. Prom such a display the pilet
can also obtain the rates of change of these variables. Although
an airspeed errxor indicator is not shown in Pigure 1, the gtiot
is displayed this quantity with the STOLAND-EADI and we will
assume that airspeed error is available in our analysis.

Effective visual thresholds were computed for the aircraft
at the 30-meter decision height, On the basis of previous analysis
of approach performance (14), an "indifference threshold” of 0.1
degrees visual arc was associated wiih perception of height error.
Previous analysis of pilot remnant data [13] suggested thresholds
of 0.05 degrees visual arc for other indicator displacements and
0.18 arc-degrees/second for indicator-rate gquantities, Display
gains given in [20) were used to convert thresholds into units
related to system quantities.

-219-
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Non-2ero rms residual noise terme were associated with height
and sink-rate information. Because the display shows the height
“window" of +3.7 meters, a residual noise on height perception
was ded to unt for the lack of an explicit zero reference.
To approximate the effects or the non-zero reference, the value
of the remidual noise was set equal 0 the amount of the reference
offset (i.e., 3.7 meters). The residual noise on sink-rate infoxr-
mation was included to account, in a rough way, for the resolution
limitations of a Scanning Beam Instrument Landing System., However,
the latter noise term was found to have no appreciable effect on
predicted performance. A non-zero rms residuval noise term was
also associated with lateral offset error. This was set to a
value of 5.4 meters, corresponding to the lateral dimensions of
the "wirdow®., Studies of longitudinal contrel showed that the
thresholds cn attitude could be ignored, so in the analysis of
late-al performance the thresholds associated with viewing the
bank angle indicator were set to zero. Thresholds and residusl
noises for all displayed variables are summarized in Table 1.

Table 1
DISPLAY~RELATED PARAMETERS

RMS Residual
YJariable Threshold Roise
_Altitude error (m) 0.48 ' 3.7
! Sink-rate (m/s) 0.8% 1.1
I Pitch (deg) 0.22 0.0
Pitch-rate (deg/s) 0.78 0.0
‘Ainpcod error (m/s) 0.14 0.0
! Lateral error (m) ; .28 5.4
f Lateral error rate (m/s) .52 ‘ 0
| Bank angle (deg) 0 0
| Roll rate {deg/®) i 0 0
; i H

To evaluate varjous display configurations it was necessary
to choose a performance metric. Although rms error scores wers
used as raw measures, it was decided to evaluate the displays
in terms of the probability of not meeting Category II, apgroach
window specifications, i.e., in terms of probability of s "missed
approach®. Cf course, the missed approach probability is a function
of gust intensity. Both, a worst-case wind- and a median-wind-
rondition, were investigated.,* Because the relationship between
rms performance ard gust intensity is nearly linear (15] and the

“Glven that turbulence occurs (Pg=.8), winds of intensity equal to
or greater than that of the worst-case (median) wind will be
encountered 1% (50%) of the time.
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probability density for turbulence intensity is known [16), one
can use the results for the two wind conditions to predict a
measure of system performance that is averaged over all pcssible
wind conditions. Such an overall system performance measurs was
also obtained in many cases.

Longuudtnal and lateral displays were first analyzed
separately. This was possible because of the decoupling inherent
in the assumed linesarized perturbation equations. Of course, the
pilot must share his capacity between the longitudinal and lateral
tasks, which implies some interference and a degradation in per~
formance on each task. This interference was treated within the
framework of the model of attention presented earlier.

To account for the interference, we define a combined cost
functiocnal

Jror * Jrone * Trar

where J. and Jpar are the cost functionals for the longitudinal

and lateral cases, respectively. The combined cost functional is
meaningful because of the manner in which the weightings in the
separats cost functionals were chosen, Now, if frowmg is the

fraction of attention devoted to the longitudinal task, then for control

fiar = 1 - fromg
It is therefore nossible to determine how attention should be
shared between the twe control modes so as to minimize JporAL.

Status Dieplay

The tirst stage of the analysis of the lateral displays was
a sensitivity study to determine the optimal allecation of atten~
tion between localizer and bank le displays.®* It was found
that perforr.ance was not very sensitive to allocation of attention
bestween these displays. Neverthess, about 758 attentioa to locali-
zer, 25% to bank angle indicator was best in a high workload
situation [18) and this attention-split was assumed for the
remainder of the analysis.

Lateral tracking performance was computed for the worst-case
and median winds and these rms scores were used to compute a
composite score for an "all-winds” average. This was done for
several levels of total attention devoted to the lateral task.
The results in terme of missing the lateral approach window
(S.4n) are given in Pigure 2. They reveal that the lateral
control task, even with the SAS-on, is very difficult, (The
probability of missing the lateral window when averaged across
all winds is 1.5 - 3 times as great as that for missing the lomgi-

tudinal window at all levels of attention investigated.) 1If a 958
"Because of the nature of the BADI overt visual scanning was not

considered.
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probability of a successful lateral approach is selacted as a
criterion level, the Workload Index for the lateral task for the
B 508 wind is about .4, and it is about ,7 when the average of all
720l winds are considered. Por the 1t wind, it does not appear that
a success probability of 958 is achievabie within the limits of
human behevior that we have cbserved heretoforae.

The effects cf sharing attention between longitudinal and
_ lateral control tasks on window performance, sveraged over all
| winds is shown in Figure 3., Using the probability of a missed
60 approach as the measure of performance leads to the conclusion
that approximately a 40/60 split of attention batween longi-
tudinal and lateral tasks is optimal. The corresponding overall
probability of a missed approach (i.e., a miss on height or
airspeed or lateral position) is about 8%, We can use these
sol- . results and those for longitudinal control to obtain missed
approach probabilities as functions of the relative altention
devoted to the tracking task as & whole (assuming, for conve-
nience that the pilot splits attention equally between the two
tasks and that "full” attention s =20 d4B). The result is plotted
in Pigure 4. This figure emphasizes the difficulty of the task.
- When all winds are considered, it does not appear possible to
401 achieve a 95% approach success probability, at least within the
range of pilot workload that {s assumed acceptabile,

Even for

IND the 50% wind condition, a success probability of 95¢ implies a
%W Workload Index of about .9, hardlv a deeirable situation.

30F 7

In an attempt tO0 determine potential improvements in the
lateral display, an analysis of the sensitivity of performance
to changes in display parameters was conducted (for the worst-
case wind and a high workload (P, = -20 dB)condition). The
following display improvements were considered in cumulative
fashion: A) nominal EADI-Status Display: B) removal of

- residual noise associated with lateral error (providing a zero~
20 reference); C) zero threshold for lateral error-rate; D) zero
threshold for lateral error; E) no modification of noise/signal
ratios for attention-sharing (display integration).

PROBABILITY OF EXCEEDING LATERAL WINDOW (PERCENT)

The results
of the analysis are given in Table 2,
pu
10} o Table 2
™ % WIN
"ALL' WINDS — 50% EPPECT OF DISPLAY PARAMETERS ON LATERAL PERPORMANCE
3
° “o » Condition A B c D B
-30 OBSERVATION. NOISE/SIGNAL RATIO (d8) oy (m) 5,09 5,08 4.89 | 4,87 4.59
——T T Y Y Los g (m/s) 2.0 1.99 1.96 | 1.95 1.88
a0 20 1.0 05 Nﬂgzs iz 04 (deg) 5,04 5,03 8,97 | 4.96 4.71
RELATIVE ATTE 0, (de8) 10.6 | 10,6 10,4 [10.4 9.8
rieURF 2.  Effect of Attention on Lateral Window Performance
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PROBABILITY OF MISSED APPROACH (PERCENT)

V-7

FIGURE 3,

ATTENTION TO LONGITUDINAL TASK

Effect on Approach Performance of Attention Sharing
Between Longitudinal and Latersl Tasks
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Performance improvemaents with display changes are not too %
dramatic, with the cumnlative improvement in tracking performance
being about 108, Of the changes made, only two had any significant o l
effect; namely, removing the lateral error rate threshold and re-
moving the necessity for attention-sharing. ,

Diwgetor Display

A flight director display could remove threshold limitations
and alleviate the requirement for display integration and, thus,
realize the performance improvement poseible with the f{dealised
display of condition E. The actual performance improvement
attained might not be substantial in terms of lateral error
{about 10% according to Table 2). However, the flight director

-~
might allow achievement of similar performance at reduced work- «?
load, i.e., it might reduce the workload index. "“*E;? l
-]
oo
N
©
w0
e
-~
w

An "jinterim" lateral fligit director system for the AWJSRA
has been described in [21]. We analyzed an approximate version
of that system, as shown in Figure 5. It should be noted that
we assume here that lateral flight path angle way be obtained
directly rather than by means of the complementary filtering
techniques of [21). Although this assumption is somewhat un-
realistic, the idealization should provide a bound on the perfor=-
mance improvements that can be expected of the more practical
systéem. The gains for the lateral director system correspond to
case 2F of (21].

DYNAMICS

The effects on rms performance of sharing attention between

the Jateral flight director and the lateral displays of the EADI- I

Status display (considered as an entity) were investigated. It

was assumed that the portion of attention devoted to the status

display was allocated bestween the localizer and bank angle indica- l

tors in the approximately optimal 3:1 ratio mentioned earlier,

The results i..dicated that about 80-90% attention to the flight

director is “optimal®™, but perforwance was very insensitive to I

changes in attention [15]. Results for the 80% division of atten- L
' £

tion were quite close to those for the idealized display; lateral
erzor was about 3% greater for %“he flight director-status display
combination and other variables were virtually identical. Even
when only the flight airector is available, there is not a signi-
ficant increase in lateral error. In general, then, the attention-
sharing results indicate that the "interim" lateral flight director OF:
<
o+
0

comes close to achieving the improvements implicit in an ideslized
display. On the other hand, the improvements at the level of
attention (-20 dB) and wind-condition (1%) investigated were not
large indicating that, when working hard at the task, one can
perform almost as well with the status displays as with the
direccor.
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FLIGHT DIRECTOR COMPUTER

®*Interim® Lateral Director System

FIGURE S,



The improvement provided by adding the lateral flight directox
to the status displav at various "levels" of attention is shown
in Figure 6. Averaged over all wind conditions, the probability
of a missed approach without the flight director is 1.5 to 2
times greater than with it — at all levels of attention. Moreover,
the improvement is greatest in the range of operation (attentions
of .5 %o .125 that are likely to be most important. FPFor the 50%-
wind (also shown in Figure 6}, the flight director provides even
more substantial improvement.

In terms of workload, an approach success probability of
99% is unattainable, with reasonable worklovad, when all winds are
considered; for the 50t-wind, che flight director reduces the
Workload Index from about 1.4 to about .3, For the all-winds
average, a 95% success orobability requires a workload index of
about .7 in the no-director case as opposed to about .25 when
the director is available., In general, the rurves of Figure €
indicate that addition of the flight director will reduce the
lateral workload by a factor of 2~4 for success probabilities
that can be achieved, with greatest improvement in thc range of
most interest,

The total loncitudinal-lateral approach task with flight
directors for both control tasks* was analyzed in exactly the
same fashion as for the status display configuration. The
results are presented in Figure 7, When the a’‘eraoe of all-
winds is considered, the addition of the flight-directors
reduces che miss probabilitv by about a factor of two, with
the most improvement in the lower attention leveis. Even
qreater i1mprovement (4-7 times better) is evidenced for the
S0%-wind condition. The missed approacher, for the all-winds
averaqe, are dae largely to the lateral task; although not shown,
th:* is even more true for the S0t-wind condition,

Figure 8 shows the tradeoff between workload and rerformance
for the 50i-wind condition. The directors cut the workload by at
least ¢+ third in the range of svccess probabilit; of 35-99%, A
similar reduction in workload is pnssible for the all-winds
average, but the probability of success is much reduced. (The
workload index for a 95% success probability is about .7 with
the directors as opposed to 2 without them.)

4, CONCLUSE 1S

A d:splay evaluation methodology based on the optimal control
model of the human operator has been described and applied to the
analysis of vertical situation displays for STOL approach. The
rethodology appears to provide a powerful means for analyzing

*The "interim® longitudinal directors for nozzle and elevator
control were approximations [15) to those proposed in (21],
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displays and their effect on system performance and reliability.

It may be used to determine bounds on expected display improvements
via analysis of "idealized" displays. The model for task inter-
ference and workload permits linearized analysis of combined
lonaitudinal and lateral performance in a rational and consistent
manner. Interaction hetween axes is introduced via the limited
capacity of the pilot and not through any vehicle coupling. The
analysis technigues can also serve as a basis for director design.
Such u (preliminary) procedure for design of a Jongitudinal director
svstem, that considered only the gust-regulatiorn problem, yielded

a configuration that resulted in substantially reduced workload ([22].

The performance of the AWJSRA with an “"unaugmented” EADI-Status
displav was analyzed with respect to “oth "window® performance and
pilot workload, for . range of turbulence conditions. The results
indicate that with the basic display the overall task is quite
difficult. When the median wind level is considered, a 95% success
probability for approach requires a high workload. If performance
1s averaced over all possible winds, such a success~probability
does not appear to be attainable within a reasonable range of
workload. The lateral-directional task seems to be considerably
more difficult than the longitudinal control task, even though
stabality augmentation is provided for lateral control. For a
95% probability of being within the respective approach window,
the lateral task has a workload index about 2.5 times that
for longitudinal coatrol.

Potential improvements to the basic display were also explored.
The grestest effects were observed when better error-rate (sink-
rate, lateral error-rate) information was assumed, as might be
providec, for example, by a display of longitudinal and lateral
flight rath angles. Significant effects were also observed when
the requirements for attention-sharing were removed, These
improvements, as well as a reduction in pilot workload, may be
realizable with suitable flight-directors.

Analysis of suggested lonaitudinal and lateral flight director
systems confirms that performance is improved and pilot workload
15 reduced by a significant amount. When the average of all-winds
15 considered, reducing the probability of a missed approach to 5%
st1ll rejuires a high workload. However, for a median=wind condi-
tion the directors reduce workload requirements to values that
seem well within capabilities.
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