@ https:/intrs.nasa.gov/search.jsp?R=19750011069 2020-03-22T23:56:54+00:00Z

N75

-

) p=d
€O
) jd
L
» puud

Abstract

Several expert statements selected from 1iterature and concerning the
qualities of modern information displays lead to the definition of a
number of requirements which should be covered by the displa, - of the
future,

It is shown that abstract displays principally cannot fulfill all these
demands and that simply superimposing abstract symbois with the natural
view of the outside world or with, .. s artificial equivalent will not
result in an optimum solution,

‘mprovements in Pilot/Aircraft-Integration
by Advanced Contact Analog Displays

On the other hand, the natural visual contact information has some short-
comings too, soms of which are identified,
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A1l requirements can be, or will have the best chance to be, fulfilicd by

pictorial displays which contain the image of real outside world elements,
as far as they are useful for inforr.tion, and of their imaginary extension:
into the airspace. The Channe) Display s designed according to these rules.

V. Wilckens "

Some test results are shown for confirmation of the concept; cpecfal and
general problems are touched.
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Preface

Our activities, as far as reported here, are primarily viewed from the
standpoint of economic increase of Flight Safety. Not only because this
is an officially delegated duty of our group but because it should be
wise to base the orientation of each research effort more and more on
fundanental human needs.

Flight Safety belongs to these.

It seems to be generally accepted that - due to the high contribution
in aircraft accidents believed to be human errors - the main branches
of the manyfold roots of Flight safety are found in the area of human
engineer. g.

On the othor hand, the general title 'Flight Safety' is closely related,
for instance, to many aspects of economy as well, Thus neither the various
complex problem areas nor their more or less complicated details can be
separatad without ra ing the probability for deterioration of the quali‘y
of the progress, for eoxample, in Flight Safety Research.

Since it is a natural human tendency to concentrate on Jetail and to dis-
regard the whole, every effort should be supported which tends to correlate
detail knowledge with the intention of improving the chance to s ee

weak points as well as desirable trends, and to respect them.

In other words, problem definition of today should be "system-oriented" -
and we see that this is very well known 1n the USA,

There is another general point of view related to the more or less
spe.ific content of this paper:

The e..corts to correlate details within the whole are necessary as a pre-
paration of sound decisions for the future. Lack {n overall view tends to
produce only small steps towards progress, even when a big step is required.
Decisions must be made much more “cautiously" than desirable, and their
quality does not necessarily rise with the degree of caution, or more pra~
cisely: of hesitation.

The complexity of the ovarall problem requires thinking and speaking about
details which belung to very different disciplines of science. Thus, experts
in very different fields should closely cooperate in order to evaluate the
possible fruitful relations between those; but, we know how difficult it

is to uchieve this, e ‘
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A provisionary, but possibly very useful, substitute for direct cooperation
is an evaluation of experts' knowledge already available in literature. In
many cases sufficient, assured deteil 'know-how' is already available for
synthesizing a new concept.

Thus, as indicated in the abstract, relatively numerous statements selected
from literature are used in order to point cut relevant characteristics of
the "state of the art", some of it's shortcomings and the main desires for
progress. Secondary reasons for making use of these are twofold:

- Many of the facts they describe can not be sajd in s hor t more
precisely,

- it is only fair to revive again thoughts others expressed before but
which are buried in the avalanche of later papers.

But argumentation with 1iterature extracts s sometimes - 1{f it proves

to be unconventional and thus inconvenient - tried to be neutralized by
the comment: ”..,. separated from the context.”

Aithough there can be a risk of modifying the meaning of an origina) text
this does not necessarily imply falsification, An extract describing a com-
plete notion will not falsify, and drawing conclusions from it which had
not been drawn by the originator should not effect a distortion. Last not
least, recognizing the risk is an important presupposition for discrimina-
ting cases of wrong interpretations from evasive comments.

In research on aircraft displays, their valuation is often exclusively
concentrated on measurement and statistical processing of paramsters con-
cerning 1. guidance precision and 2. workload. A general aspect of this
paper will be to demonstrate that these topics are very important, but
nevertheless can be presuppositions only for further deciding proof for
suitability in the future. This suggests, too, that the two quality mea-
sures are insufficient and new additional valuation criteria and methods
are needed.
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Introduction tutes than are available today.

Insofar, the paper primarily deals with display and mental processing of

Fig. 1 shows possibilities for research end improvement reduced to siy
information.

ways along which, in principle, the problems of Flight Safety as far as

influenced by All Weather Operations can be and are attacked.
In the evolution of the problem to be solved

IDEAL INFORATICY
%j‘ ¥hen improvements are proposed, their valuation can be facilitated if

the things to be improved are specifically processed for comparison. Al-

% though you are well familiar with the 'state of the art', a very condensed
a sbstraction of i* may be allowed here (Fig. 2).
v
o
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Fig. 1: Possible Ways to Attack the Critical A1l Weather Flight Problem, piar
ADDITIVE CISPAAY ACOUMULAT IVE, DISPLAY YIIEGAATIVE DISPiAY,
{distrivuted, lso~ (loca} condensation of {Command, Praview;
tated informations) 1s0iate0 Intormations) No situation infol)
o A
The fundamental reason for the unsolved problems of the critical phases of
Al Fli is i i the r'1it=
: Weather Flight i3 the more or less impaired visual contact to *the rit roalutegratisle and/er + 7 ecmulores Integrative
side world [1]. Therefore, trials which intend to disperse or pene’ .te the "stancdy'-situation infe 810 saparated situotion
nformation
obscuration or whi.h offer an artificial substitute for the visual contact
are considered, as far as they are successful, tobe real solutioms (1t I 4.

in the strict sense. These ways are indicated in the .ertical axis of Fig. 1,

and they include, in principle, al) types of visual information display. '
y inclu princip yp play 'ig. 2 Main Steps in Evolution of Information Gathering from Conventional

A1l other ways try to e 1 ud e the problem by reducing the difficulty Displays.
Tevel of the critical task or by providing technical means which are inde-~
pendent of visual .nformation. "/ fhe ADDITIVE Display which consists of a number of isolated indicators,

the number of which icreased with time and progress, emerged from the
jrowing importance of limitations of the natural visual contact. The
'single channelness” of the human orain [3, 1] requires that the favourable

Today all the d:fferent ways are used in aeronautics to a more or less high
degrec. It can be snown, however, that a sound cverall solution which is to
remarkably rarse L.e safety level needs much better visual contact substi-

*)

Details of the different ways are evaluated in a separate paper ﬁﬂ.
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continuity of the different information flows be broken by intermittent
information scanning. Thus, the precentage of the actually used part of
the several continuous information flows decreased during display evolu-
tion due to the process of extension and completion - certainly an un-
desirable trend.

You know that one action against this problem was the local condensation
of some indicators in the "combined" or. as it is called here, the "ACCU-
MULATIVE Display”. The advantage: There is some gain in the time needed
per - simplified - scanning cycle which in truth has multilnop charac-
ter.

One of the most important advances in aircraft control was obtained with
the introduction of command signals necessary for automatic control and
useful for manual control if displayed for instance, with a 'Flight Direc-
tor’. These types of instruments are collected here, together with others,
under the group "INTEGRATIVE Displays®.

This information is - under certain presuppositions - a dynamicelly
correct condination of a set of variables which is - on a first view -
completely sufficient for the "precision control"-part of the task. With
tt, the human contrcller could, in principle, concentrate as the autopilot
does on one single control signal per axis. The result, in general, is a
more or less remarkable improvement in regularity of guidance precision
combined ~ith a reduction in the pilot's mental load under the more or less
critical environmental operating coriitions.

A command that satisfies complete’v an automatic control syste: may, how-
ever, not necessarily be sufficient for the human piiot. The autopilot does,
in general, not take care of the situation, and would for example - with-
out any fears - precisely follow a false command into a crash.

Most human pilots on the other hand ne e d to krow the situation in
order to be confident. But from the command they cannot derive an overall
v'ew, because the conventional command information is not “transparent®.

It is ztated in *wo of the late t AGARD-Reports of a joint working group
concerned with V/STOL Displays:

".e. the pillots ex ressed a lack of confidence in directors alone ..."
(e, p- 4}.
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* ..« the pure flight director that has to be nulled can be flown very
acourately. Unfortunately without the inclusion of situation informaticn
the pilot is extremely uncomfortable, since he is unaware of how close he

is to disaster. In addition, instruments which can fail to a zero positio.
~ 1like the conventional abstract needle instruments (remark of the author) -
are particularly dangsrous ..." [5, p. 4] or:

* «+. the lack of situation information may lead to a condition in which
the command display shows all commands satisfied ~ while the aircraft ac-
tually flies Iin ... a dangerous situation which cannot be detectead ..."

[5, P 6] .
Since these statements on V/STOL are related to general display problems
and not to aircraft characteristics they should be applicable to CTOL, too.

Due to these problems, we have all historical stages of displsy evolution
in the modern cockpit: An accumulation of primary command and situation
indications (in the ADI/HSI-Instruments) and a number of non-integratible,
or redundant, 'standby'-instruments for emergency control and confidence-
crosscheck, respectively. "

However, this introduced again the dynamically unfavourable scanning:

" +4e dn (tests) with the pilot instructed tc share his attention between
dizectors and situation displays, the accuracy was only half as good as
when the tlight diractor recelved full attention” [4, I-18 4].

In addition, these disadvantages in guidance precision are accompanfed by
8 fundamental lack of spontaneous confidence caused by the high degree ¢
abstraction of the conventional situation instruments, not only of the

‘non-transparent’ command information,
Among others, a statement of ANAST [7] may describe the problem:

"We are all aware that a flight director does not meet the overall needs
of .a psychologically satisfying display. ... The pictorial s i tua -
tion display ... is a firm requirement before automatic landings will
be considered complaetely acceptable”.

This and other similar remarks mean a reslistic outside world equivalent
and not the reduced "pictorial® presentations used in today's head down
instruments, the Horizontal Situation Indicators (HSI) for example.

o The research groups of STI, for instence, have studied the problems of
this operational modern displey and have created many ideas vhich seem
aseful for extended spplication [e.g. 6].
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“  ..ow that recent display concapts try to solve the problem by svperim-
‘1. “precision control symbols" like scales, digits, needles on U~
. or artificial - according to ANAST: "usychologically needed” -

wne e af the outside world, head up or head down, respectively.

Bue even this solution which can - without doubt - introduce a further
remarkable improvement, compared to the visual display technique up to now,
still leaves somethingtobe desired.

There are, too, arguments to confirm this:

"Pilots like to dim the light intensity of HUD-symbols down to the mini-
mim usable level, because as they reported - they want to make them

"
transparent and look through or behini them" [B, p. 18]. )

"A superimposed display can not naturally be interpreted simultaneously
with the underlying real world view. The pilot still retains an attention-
switching task ..." [5, P. 11].

The final root for such statements - which all, more or less directly,
criticize the superimposition principle - is expressed, for example, hy
the following text extract:

?” ... superimposition will not promote combination and fusion (of the dif-
ferent informatiun fields) unless the head up display conforms correlative-
ly with the visual field external to the cockpit.” [¢, p. 97].

We can find statements which even suggest that support for the abstract
"precision control” information is expected to come from the outsi-‘e world
image:

Again a free translation:

® ... the danger of ’short landings’ ... and the touch down spread ...

are reduced, if the runway threshold is visible (in a head down TV-monitor)
... [8, p. 23].

Wouldn't this mean that duties of precision control are delegated to the
visual contact or its' analog - which is sometimes believed to be useful
for quali. -tive quick orientation only - and that the abstract informa-
tion is considered to be insufficient even for the duties it is primarily

designed for?

L4 .
! a tranc "tion
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: In my opinion, at least the following four arguments can be derived

from these very remarka'le statements:

- the abstract symbo’s disturb the perception of the “psychologically
needed" outside +orld information,

- collimation (focussed at infinity) does not provide the required true
integration of the information components,

- the information content of the abstract "precision control* symbclogy
is - intuitively - considered by the pilots to be insufficient and
needs to be supported by the “information behind®, by the VISUAL CON-
TACT,

- the citation of ANAST (p. 7) indicates, that the residual dispiay pro-
biems are not always primarily concerned with controllability but with
the pilot's CONFIDENCE - a generally agreed upon but not yet very pre-
cisely defined term.

Therefore, the natural 'visual contact' information and the phenomenon
‘confidence’ should attract further attention in specific chapters.

Visual Contact Information

As far as precision and ease of control is concerned, the several thousand
landings per day successfully performed by the "pictorial situation dis-
play” VISUAL CONTACT are no problem for well educzced pilots in good visual
conditions. But after reading, or listening to, some of the papers on these
matters one often has more or less the impression that it is not yet com-
pletely understood why,

An extract from german 1iterature (8, p. 19] says in free translation:

" «++ The conflict betwsen ... superimposed information ... and the pure
visual contact ... will, perhaps, be better understood when in future im~
proved knowledge about information regiiremsnts of the pllot in visual
flight is available.”

The question might arise, whether any reasonable valuations of contact
analog displays and decisions on preferable display progress can be tried,
before the most habitual, obviously very important, visual contact
information is - at Jeast believed to be - completely understood,

~179.
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Thus, intensive effort with high priority seems %o be necessary to fil)
chis gap of basic knowledge.

One reason for the difficulty in evaluatin~ the quality of the visual con-
tact information is probably the apparent cantradiction between the obvious-
1y high success rate and the ease of control on one hand and the wide scatter
of visual approach path- i seems to uncover lack of precision qualities
on the other.

However, this lack of precision can, under certain circumstances, be mis-
understood as lack of disp.ay quality; while in truth it expresses highly
desirab’e “flexibility®.

Precision in terms of any deviation measures of the time functions of a
set of relevant variables can be a valuation criterion only if the respec~
tive variables are definitely indicated, and 1t is requested of and accep-
ted by the pilot that he should closely track them.

In fact, there is no def.nite ind.cation of a glide path,

In addition, a landing aircraft actualdy only needs to meet certain touch-
down requirements, no matter, which approach path it flies along, provided
it always proceeds reliabiy safe and according to the intentions of the
pitot.

Straight or otherwise prescribed approaches are n many cases basically
nefther a necessity nor desirable, but an excuse for poor dynamic stability,
i.e. poor guidance and display systems which do not allow VMC-like flexibili-
ty. In best visual contact, that is: where best transparency of the at®os-
phere and ootimum habitual texture of the outside world features are avai-
lable, reliably safe visual contact landings can be performed with enormous
flexibility - and without relevant height perception difficulties.

Remarks on Quantification

The aversion to the "difficult-to-analyse" visual contact information 13
sometimes based upon the argument that height perception in terms of esti-
mated meters or feet - whicnever quantification units are preferred -

is inaccurate, It is indeed; but in landings under optimwm visual contact
conditions, it doesn't mean very much in terms of the relevant quality mea-
sures "land . ng-success" and 'safety’'.

-325-
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Accurate perception of hafght, for examplc, s Recassary only - and then
the visual contact information really nesds supplemeutation - §f safe
vertical distance to the aot relisbly visible fixed ur moving environment
(obscurad moun.ains, obstacles and other traffic) must be maintained.

_But this does not necessarily require abstract quantitative information

. @lements 1ike scales, digits and needles, nc - Ire these very advantageous.

’A\though. with good - casons, one units system was selected by a majority
from the many possibi’ 'ties to b: applied in aeronsutics, some pilots who
don‘t use these units in everyday-i®e have to epply some extra effort to
transiate them into their most habitual units in order to be really infor-

med.

Quantification by the genarally usable medsures: meters, feet, degrees etc.,
is sometimes overemphasized by far in aircraft guidance displays; perhaps
Lecause it is not understood or accepted everywhere that other directly task-
oriented pictorial units can be used to give the environment meaningful di-
mensions. 1.+ oddity <f she situstion is demonstrated, if we try to imagine,
for instarce, that the car driver’'s information - the field of view in front
of his vehicle - were painted with meter or feet scales and digital data
for improvemrnt of position and heading information.

Probably, this would not result in an improvement.

Problems of interpretation of transfer between different units systems do

not exist at all if natural outside world units are used - necessarily in
pictorial form - which are and should be very habitual to all human baings.
This would give the best guarantee that orientation is immediate and -elfsble.

Orientation

It is generally accepted that the most familiar visuel contact information
is intuitively and {mmediately understood, in other words: there 8 8 spon-
taneous orientation.

1s this really true to the fu)) extent or are there any restrictions and if
0, where precisely?

If a well-textured level plane - of the earth's surface - 1is seen from
an sltitude which is very small compared with the aiameter of the globe, and
the horizon 1fes within the field of view, we can say that attitude orients-
tion - i.e. pitch (6) and roll (8} - s immediately schieved.

-326-
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However, the orientation in azimut, and much more in the translational de-
grees of freedom, very much depends on the individual texture of, and on
the height above, *he earth’s surface. High altitude gives wide-scaled "un-
distorted” impressions of the environment below This view is very useful
for raw orientation in terms of relative distances and directions between
individual locations - 1if these are clearly identified.

The unaided natural texture must be very familiar to the man if a fairly
spontaneous orientation is to be effected. In most cases of pure VMC air-
craft operation, some time-consuming observation and comparison with

maps are required before the pilot is completely oriented. Therefore, well
defined artificial navigational symbols will enhance quick orientation, pre-
ferably in the form of the new electronic map displays.

Simple perspective 1ine or checkerboard patterns representing the surface
do not offer any plan position information, rather only qualitative impres-
sions of motion and height. Nevertheless, some support for attitude percep-
tion relative to the horizontal may be expected.

In addition, spatial orientation must include orientation in relation to
the "moving environment” which is particularly problematic in VMC operation
{21, p. 80).

We would assume high foveal sensitivity and continuous attention abilities
of the pilot's visual system over the whole spheric field of view if we
expect this part of the orientation problem to already be satisfactorily
solved by painting aircraft tails and‘wingtips with bright orange colour
and by insStallation of strobe 1lights.

Plan position map displays do nnt provide integrated vertical position in-
formation which is necessary for complete spontaneous orientation as well

as for control. On the other hand, a profile view would be incomplete and

therefore not sufficient as well but now in the lateral axis. Besides, the
latter cannot be available in the natural visual contact for a pilot since
it is, in principle, an "outside-in" display.

Immediate spontaneous attitude and position orientation is very important,
as far as it's influences in manual control as well as monitorirg are con-
sidered. Based on the findings of the first chapter, we must assume that
full integration of all 6 degrees of freedom is required.

I8

c 14

The unaided ' forward' visual contact clearly offers simple sen-
sitive integrated directional information - simple, because the fmage of the
environment, whatever it momentarily contains, is simply shifted transver-
sally in the field of view. Together with the attitude angles the posttion
is also offered fully integrated. However, in many cases it suffers from
lack of typical texture. This problem is amplified by perspective distor-
tion and by the low sensitivity and it's very nonlinear change due to motion,

Height perception fur couch down is completely left to intuitive judgment.

Thus, precise visual contact approaches and landings are not as easy to
learn d teach, as skilled pilots make believe; and even in best atmo-
spheric transparency, the pure visual contact informatfon can be dangerous-
1y misinterpreted. During night approaches, lack of foreground texture

and sloping runways can cause early catastrophic ground contact[$, 10, 11].
Therefore the different attempts in simulating the pure visusl contact for
ajrcraft control have not been very successful [8, p.22].

A1l these shortcowings of orientation by the natural visual contact in it's
different modifications require a prescribed flight path to be visible. Such
a path would be desirable for economy because it can shew the shortest/fastest
connection between departure and destinatiun. It is necessary for safety be-
cause it provides safe trajectories which reliably avoid dangerous inter-
ference (collision) with the environment. A prescribed path can only be

made by imaginary means, since - in opposition to the hard earth’s surface
- space, in general, can not practically contain a real prescribed path for
an aircraft. (The condensation trail of a preceding limer on an airway may

be considered as an exception,)

Such a path can and should offer the most suitable sensitivity, preferably
constant during each typica' phase of flight, in order to enable sufficient
precision. In the central perspective forward view presentation, for instance,
of a street - which is the most familiar form of a prescribed path on tne
earth's surface - deviation sensitivity changes with the distance between
the observer and the street surface. The more sensitivity desfred, the more
closely parallel should be the imaginary street to the prescribed path of

the pilot's eyes.
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With a sufficiently realistic image of a prescribed path of such a type,
in addition to the pictorial attitude information, any human pilot will
be completely oriented, probably a; spontaneously as at all possible.

In addition, symbols similar to a street offer a tolerance limits indi-
cation for path seviations by their natural pictorial quantification.

Disoriencation
Recent expert statements say the following:

*The ... displays ... have not eliminated disorientation. ... Disorientation
in flight is not only a current problem; it promigses to be a continuing pro-
blem... I do not think that instruments, no matter how good, will ever com-

pletely prevent disorientation.” [12, pp- S, 7:].

Indeed, the present modern instruments - although some are beautifully
painted in crder to stimulate convincing impressions - do not prevent that
even very skilled pilots sometimes have illusions which, per definition, do
not correlate with the true attitude and/or position oriertation and the
motion within the airspace.

The drift of the human inertial orientation system requires this system to

be wpdated by the vitual orirntation, If the visual inputs for the perception
of the vertical - for instance from the artifical horizon - are poor in
comparison to dominating cockpit references, or if vague external cues excite
misleading impressions, orientation conflicts known as 'vertigo’ occur,

Under certain circumstances strong i)lusions can happen even in excellent
visibility in flight. This is possible, for instance, on high altitude flight
above flat untextured haze layers with some reference ®aicks (cumulonimbus)
at the horizon,

In turns under such conditions the horizon texture sometimes seems to wove

and tha aircraft appears to be the fixed reference. Some pilots even can inten-

tiona1ly produce the illusion of fast lateral or even backward translational
*

wotiont "’ Psychological background to such experiences is explained in a

book of BEATY [21].

*) observstions of the author

-182-

- 16 »

Such experiences should not be treated as an illness of the pilot but as
naturally explainable reactions of the human (visual) orientation system
to the sometimes ambiguous visual contact information:

The absence of distributed nesr-by texture - which is necessary in order
to sense changes of posftion - allows the eye and brain to interpret the
far-away azimutal turn motion as a fast unnatural transiational motion
of the aircraft.

Thare will be no doubt that the orientational disturbances are definitely
svoidable if the presentation of the environmint contains sufficient ele-
ments of vertical and/or horizontal orientation which are about as urgent
and sensitive as in everyday visual contact of human beings.

The presentation of the prescribed path which, in the previous chapter,
was found to be necessary, could be designed so as to reinforce to a con-
vincing degree the impression of a vertically and horizontally oriented
fixed outside world reference.

It seems to be realistic that a display with such characteristics has a
good chance of completely eliminating disorientation. But strictly speaking,
confirmation is still left for experimental research in real flight.

Confidence

The dominat.ing significance of the display quality ‘confidence’ was ment ioned
in some esriier pspers [e.g. 1], and confirmed in one of the cited ASARD-
Reports:

wpilot’s confidence is probably the most important single factor in achie-
ving oporational all-weather landing.” B, p. 3

Obviously, there are different contribui.ons to the phenomenon ‘Confidence’:

- speed and reliability of orientation,

- ease and precision of control,

- flexibility of flight path selection,

- the - display dependent - proficiency of the pilot
- and the functional reliability of the electronics

All these more or lass remsrkably influence the pilot's confidence in the
overall system and situation.
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Build-up of confiderce in some new A1l Weather Systems is aimost exclusively
based on the - without doubt very important - last component. But in my opin-
ion, confidence produced only by extremely reliable equipment, is very expen-
sively purchased because very much of the unactivated human abilities have

to be substituted. There is no question that pilats will fly such systems be-
cause they have no choice [1, 13]. According to their human tendency to adapt
to almost everything, they wil) develop a substitute for confidence which is

sometimes said to be a psychological progress[*?, p.966], but should be better
called fatalism,

The following gene 11 remark applies to confiderce ds well as to the orienta-
tion problems:

The pictorial display should nave a nigh degree of realism, a highly sensi-
tive perspective which always seems to be a true undistorted, although possi-
Wy simplified, visual contact. There appears to ea.st a threshold in realism
“esulring in a respective discontinuity in human acceptance. As soon as suffi-
ient realism is cffered, human imagination automatically completes the "pic-
:ure of the situation” and unequivocally integrates it with the inputs of

the other orientation sensors. If this threshold is not reached, however,
imagination is not exited and the pseudo-pictorial presentation is felt to

»e not much more than a specific arrangement of symbols. The psychologically
~ooted corponents of confidence don't seem to be activated by displays with
too limited r-1lism.

Therefore, too, permutation of abstract symbols, colors and other weans
for information coding, does not seem to be a very effective tool for
achieving desirable progress in display research and technique.

In my opinion, here are also some chances for further efficient research.

Proble: »f monitoring, decision making and manual take-over

Sowme papers could make one believe that the man/vehicle-céoperation problem
could be characterized with headlines such as:

- "reduce the workload of the man in the cockpit®,
- ®the pilot's task should be kept as simple as possible” [, p. ]

- “che pilot must progress from being the operator to becoming the manager® [15].
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That the root of the problem would be missed by such a progress seews to
be indicated by the following transiated remarks:

* «oo It 18 the guestion, how far man may be supported by complex subsy.:toms,
without causing hazards for the whole in case of any failure. Too such "fool~
proof” gystems wouldn’t maintain t'.e pilot sufficiently trained ..." [16]

“Phe step from ... an extzemely easy monitor task ... to the more complex ...
{one which requires mental) ... measurement and interpretation of informatiou
(as well as) manual control must remain acceptably small.” [27]

Of course, the step from extremely easy monitoring to the m o s t complex

basic form of a manual control task requires-a jump over the maximum pos-
sible difference of difficulty levels!

Therefore, it can only be m u ¢ h too demanding, particularly because it
would have to be mastered in very rare and unexpect.d cases and because even
the already continuously trained manval task is too difficult - as far as

instrument landings in critical cases are considered!
If the statements above are true, this conclusion seems to be permitted:

A reasonable monitoring task

- includes fully competent manual take-over by the pilot, and this
- requires the best possible information display, which must be by far
much more capable than the 'state of the art'.

The tendency to confront pilots with a more or less arbitrary collection of
different command, situation and monitoring instruments or electronic drawings
and, being discontent with his necessarily inconsistent resulting performance,
to push him into the pseudo-active role of a monitor and “go automatic or
overshoot”-decisionmaker will hardly lead to optimum solutions.

It is unrealistic to derive human dynamic skills from observations of con-
ventional instrument flight. Since the extremely wide step mentioned above
is well within human pilot's capabilities as soon as he flies in good visual
conditions, the assumption is justified that a display which could offer in-~
formation really equivalent to visual contact and including the necessary
and desirable improvements would allow him to perform at least as well.

183~
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However, manual take-over needs manual skill, necessarily based on training,

which will be more and more reduced by automatic operation. Since man usually
applies no wore than the effort which is requested from him, the manual skill
#s not developed within human limits to the desirable degree by the informa-

tion principles used today.

Insofar, it is doubtful that the pilots’' task should be made “as easy as
possible”. Manual skills should be kept high by a reasonably demanding task
presgniled by respective display qualities.

Resulting Remarks on Basic Suitability of Contact Analog Displays due to
Human Characteristics

Referring to the shortcomings of the visual contact there are numerous com-
ments in literature which condemn this natural information source as a model
for display development.

The well known fact that the use of the visual contact in f1 § ght
!- not so easy to teach and to learn as it secems to be when observing ex-
B. - .wed pilots 1s basically caused by the deteriorations of information
conte t as soon as the pilots eyes are raised high abow the surface.

But this does not necessarily postulate the so caused deficiencies of the
visual contact to the ground tc be unavoidably associated with the other,
the doubtless superb qualities of this natural display. The possibilities
of today's artificial electronic image generation would allow an interrup-
tion if such an undesirab’, apromising connection would exist. In other
words, it cannot be prohibited in using, extending and amplifying the fa-
Vourable pictorial elements and in deleting the superfluous or even unfa-
vourable ones.

Abstraction of inform tion, as well as destroying it's natural integration
by a break down into single parameters, and a mixture of diffevent display
principles should be abandoned because much or all of the unique qualities
of the environment view model are lost. It ¢ a n be abandoned because
211 the necessary information - 1in quantity and quality - can be
presented ina pure pictorial form.

An interesting remark, received in a discussion, and it's analysis will
+ ¢ - Wy further contribute to clerr the "difficult-to-measure” problems:

®a ver, habitual informatiom, like the u.spective outside world view, is
not necessarily an optimam.”

L T - 20

To me, this appears to be very true even in general and neither restricted
to one type of information only, nor to vehicle control alone.

The appearance of the environment as picked up not only by the visual system
but also by other closely correlated sensory modalities obviously reaches an
absolute “familiarity maximum” for almost every individual during his evolu-
tion from childhood. Bayond this it is highly protable that, due to the “prin-
ciple of amplifying selection® in the evolution of mankind, human sensors
shoyld have adapted to the appegrance of the environment. This particularly
because the appearance and it's change in human motion remained the same
during the very long time of the evolution process.

Probably therefore, the eyes in their nirmal ‘zero' attitude, looking in
the direction of motfon, became very able to sense shifts of the path-
stabilizing attitude angles due to foveal sensitivity and/or due to very
precise eye tracking ability. This is supported by peripheral view which,
in addition,became very sensitive to streamer vectors and asymmetries indi-
cating transversal deviations.

This should be one strong, although not the only, argument for the visual
contact on earth’s surface being preferable in comparison to other more or
less artificial information principles.

Other - to engineers probably more convincing - arguments should come from
considerations dealing with the suitability of the information content wn-
der control dynamics aspects. These matters are discussed in the next
chapters.

Bue to the finding that weaknesses of poor information (display) qualities
are principally the roots of the problems, human pilots should not be treated
as underdeveloped subjects as far as the task of .cabilization and control
of dynamic systems is concerned. This became alwost common habit in argumen-
tations which claim for superiority of automatic control systems. It should
be surprising that in such cases it is not tried to explain the discrepancies
between this attitude on one hand and the admirable precision of the we'l
known close formation flight acrobatfcs controlled by a “"purely pictorial®
visual contact information on the other. The argument that those are per-
formed by rare exceptionally talented individuals does not fit. Veiy wmany,
if not all of the thousands of fighter pilots for instance,were, are or will
be able to reach similar skills because they are all human controllers "de-
signed” and selected,educated and trained by the same principles.



However, thcr it must also be >ccepted that some -emarkable "rest” of dynamic
adaptation i left to learn fo- man, very experienced pilots who primarily
have to mana:a instead of flying their aircraft.

Kithout doub: it is conceced that the 'combat ready’ fighter pilots have
to be fit in she precision task formation flight for normal service. Thus
it won't be uareasonable to request adaptation of pilots to a similarly
demanding ta., given by a pure pictorial display i f this display
would be highly desirable from an overall standpoint.

Concluding Pr.hien Definition

As an output from the preceding chapters, the design targets for future
displays would in short be:

1. Spontaneou: reljable orientation, <liminated disorientaticn; (realized by -2):

> deviatioq-sensitive advanced contact analog;

2. Easily controllable precision: - fully integrated ¢~ *ies;

3. VMC-like flexitility: - advanced contact analog;

4. Maximum ard economic development of manual skill: - wenanding advanced
contact analog;

5. Best monitoring qualities: ~ deviation sensitive advanced contact analog;

6. Satisfaction of all confidence components: - results from point 1
through 5.

tnus, 2 ‘demanding deviation-sensitive advanced contact analog display with
fully integrated command qualities’ would be required. Or, returning to the
described limits of the ‘state of the art® { p. 10), the problem to be solved
could be defined by the following overlapping questions:

- How couid information for spontaneous confidence and for precision
control be -orbined, “in*egraten” command be achieved, wi thout
the disadvantar~ ;s superimposition of different types of information?

- Is there a type of display which offers all simultaneousiy?

- How could the contact analog infarmation which obviously is necessary
to amplify confidence artificially be improved in order to offer the
precision control aids which are not available in the visual contact
in the natural or, mych Tess, in simulated form?

' -22-

{Test Results

jWe tried to answer at least parts of these questions in an experiment last

. year, where we compared simulator tests, flown with three different stages
%of conventional display evolution (Fig. 2) and with the Channel-Display,
,which was described in earlier papers [18, 1, 13]. The latter was especially
" developed to fulfill the design targets mentioned before.

, Figure 3 shows the display arrangement which includes a relatively poor

| realization of the channel display due to very 1imited computer capacity.
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Fig. 3  Conventional Instruments and Channe) Display
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Fig. 4 shows graphs of tre lateral offset and of the bank angle cummand

C, for three typical test runs flown in a fixed base simulator with the
Flight Director (FD), the Channel Display and the conventional ILS.

o
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[

FYignt Directer Test

Chemnel-Display Test
contrelled according te C'

Sasic ILS Test
G. "ot displayed

‘. not displayed

Fig. 4: Comparison of test graphs

There are comparable flight path traces in the FD and Channel tests in
the interception as well as *racking phases. It is worth being mentioned
that the C.— signal reaches zero after a similar time lapse from the start
of the channel-run as well as the Fi-test.

The FD-test was controlled by zeroing the c.—Signal resulting in the time
function of the residual alternsting command error. In the channel test no
comand 51gnal was of course visible for the pilot. In spite of tnat there
is a comparable quality in the command traces, the FD showing higher fre-
quencies only caused by the direct response of the pilot to the coswmand
needle which is deflected under the influence of gust-induced motions,

The natural or artificial visual contact is considered tobea ; "re
fituation information. Insofar, it should be surprising that
i*. Channel-Disylay, which is evaluated from this model, exhibits a gui-

dance precisioy a d path error smoothness which is comparable to that
of the FD, ana much better than that of the abstract situation instruments.

~186~
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Fig.5 depicts a more detailed proce sing of C, -craces of FD- and Channel/
L]

Tunnel-runs ) and additional traces from basic ILS, distriduted as well
as accumulated.

C. = (1)

FLIOI LIRTETOR

Fig.5: Comparison of evaluated C,- traces’*'nistograms

The histograms of C o superimposed foy' compar .un.“" belong to the
first 2, the FD and Tunnel traces, respectively. Obviously, the results
are even better with the Tunnel than with FD in this case.

Channel and Tunnel traces are similar in frequency and amplitude. The
tasks with rew distribute” and accumulated ILS had identical gust time
functions and show much , or Co-error functions which are similar, too.
To me, such results suggest that the channel display interently contains
a sort of command characteristic comparable to that of the typical FD.

*) Sunne® = a closed channel (see Fig. 6)

) These traces were taken from another type of ~nalog recox:d than
those of Fig. 4. With regard to this, it will de recoguized that

the dominating frequency of the traces of the FD tests is the same
in Figs. % end 5.

®es) Of course, single test graphs 4o not seem to be very convincing. But:. [
very leborious manual processing had to te dc-e because the magneiic

tapes b/ came unusable after a fire In our simulator rooms. However, the
analog records selected are typical.
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And, indeed, we find the analog of the FD-equation in the perspective pic-
ture of a Tunnel, (Fig, 6)

Fig. 6: The Dirsctor in the Tunne) Display

The lateral deviation is transformed into an angle y due to the laws of
central perspective projection, while the heading difference v is repre-
sented by a lateral offset of the tunnel's vanishing point from the re-

ticle. The bank angle ¢ is of course given by a corresponding rotation,
Finally, the view angle magnification ratio defines the coefficients

Ko' Kl and Kz' so that the simplified FD-equations can be derived from Fig. 6:

co - Ko ry e K1 M+ Ka o9 0

The equation co = 0 1s satisfied as soon as a point M at the upper end of
the reticle coincides with another point PL on the upper centerline of the
Tunnel,

0f course, this does not mean that pilots wily ...us their attention on
thes. two markingz and closely track them. Instes: they probably lsarn
in a modifiud type »f 'Successive urganization of Perception [6) to
perceiva the correct progress peripherally and to apply the “cosmand
characteristic” intuitively § o f2 ..reble flexidle manner,

There was & remarkable differencs in the control strategies of the
Channel/Tunne) tests and the FD-runs. The Channe)/Tunne) display enables
the pilot in discriminating between cark, yaw and displacing disturbances
and in reacting individually with the pective control, Control inputs
were applied wall coordinated or inae .:ruwntly, whichever was preferable
[jdﬂ. With the "nontransparent” FD the pilot has no choice but to react
with the aileron only although, in case of & y-disturbance, the most rea-
sonadble direct action would be with the rudder.

Since the stability of a .ommand control system depends on the magnitudes
of the coefficients and since the coefficient Ko i3 & function of the cross-
section size of the channel, it is desirable to know which channel calidbra-
tion would be optisum with respect to precision and esse of control,

Fig. 7 is a qualitative diagram of the relations between the channel size
and the tracking accurscy.

\
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degrea of pliot's
adaptation
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AVERAGE TRACKING ERROR ———o=—
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~t— TRACKING ACCURACY

817¢ of CHANNE( ———®
e SENSITIVITY Of ERROR INDICATION

Fig. 7: Aver‘ge tracking errors VS size of channel
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In general, we can expect an increase in the tracking errors with a
growing size of the chaanel due to the reduction of signa’ sensitivity,
On the other hand, there will be 3 hyperbolic contribution because the
closed Joop dynamic stability will progressively decrease {f tha channe)
{s tightened; and thus deviation sensitivity (or Ko) grows beyond favour-
able values and .auses increasing oscillatory overshoots.

The sum of baoth wil) necessarily have an optimum at a certain channel
s1ze, Further the optimum will be & fuarition of other parameters 1ike
vehicle dvamics, type and level of the disturbances, and degree of adap-
tati. » of the pilot. Since the stability contribution will be more in-
fluenced by tha pilot's skill leve' than the sensitivity contribution,
the optimum will drift towards smaller size during the adaptation process.

The position of the optimum is particularly important, because the channel
shall additionally provide inherent motion tolerance information where ne-
cessary; for irstance, during the final phase ot the landing. This will
help to 1woid superflunus precisfon and centrol sctivity, and wil) allow
wore flexibility, all being factors whicn contribute to confidence.

In a series of test runs » “th one pilot at an approximate’y constant ievel
of adaptation the influence of channel size was investigated (Fig. 8).

CONTROL ACTIVITY
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Fig, 8: Tracking Error and Control Activity
as a fFunction of Channel Size
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The time sversge sbsolute errors in the laters) (y) and vertica) (2)
direction as well as their vector sum r ond the respective control ac~
tivities are drawn as functions of the channel width 8 at a constant
ratio H/B = 3/8,

The results reproduce the functions as they were expscted sccording to
Fig. 7.

The spread of values was not, or not only, caused by stochastic influ-
ances. With one exception, the upper limit represents the early, the lo-
wer Vimit the later tests. Apparentl,, thers was stil) an adsptation pro-
cess going on,

It sesms to be {nportent to mention hare that statistical evaluation

of such tests with many subjects would hardly exhibit these very im-

portant results, They would probabdly be pasked by undetermined in-
fluences like differsnt unknowsn sdaptation levels of the subjects.

With other vords, such and other traditional "laboratory rituals”
[, .12)sheuld be applied with caution. Other: ise, misleading con-
clusiuns could be encoursged,

While there is a minfmum of 7 (F1g. 8) st #0 « B < 80, ¥ continues to
drop with decreasing B. This difference was obviously caused by the lo-
wer difficulty Yeve) of the control task in the vartica) axis in compari-
son to the lateral. This results partly from the higher order of the la-
teral task, partly from the difference in x-sansitivity (B/2 » H; Fig, 9).
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Fig. 9: Three examnles of vertica) (ii) and lateral (x ) du.fation sensitivity

as functions of the resp. deviations .(Derived in [201).
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The control difficulty differences are recognizable (Fig. 8) from the
control activity functions, as well. The 6“7-act1v1ty has a wider “scat-
ter" - 1d.e. the pilot still continued to adapt - and starts to in-
crease at a larger B, Especially the consistency of the elevator activity
is believed to be an indication of the reliabilty of the results.

The differences in control activity partly originated from the different
control sensitivities and partly from the axtraordinarily poor lateral con-
trol characteristics of the simulator,

The most important overal] result, however, appears to be that the minimum
of the resultant average error v 1ies at a channel width B which approxi-
mately coincides with the width of a typical runway!

Thus, for the conditions selected, we had coincidence of the optima of
three of the most important display characteristics: £ase (1) and presi-
sion (2) of control and tolerance information (3).

A further interesting observation during the tests confirmed by the results
was that the stability of the closed-loop system,including a well adapted
pilot and the Channel/Tunnel display,was much less depandent on "variation
of coefficients" than a flight director controlled system in principle 1s.

BEYER et al. [19] have shown that the coefficients can be selected to effect
either a high precision contro) aid with an oversensitive, "high workload"
indicator or a less demanding, less precise control task. They stated that,
therefore, "no really optimum selection of the coefficients is possibdle"
{19, pp. 20, 21].

A performance restricting compromise is needed. Although this paper deals
with the "quickened displa,” *) for a heading control task, and not for the
more critical flight path control which is the relevant type of operation
today, the problem would principally correspond with the findings derived
from the simpler system in [477.

With the conventional "nontransparent® FD any human pilot s necessarily con~
demned to operate as a poor constant amplifier. When using the {nherent com-
mand characteristic of the Channel/Tunnel display, he is able to develop and
apply his ntelligence-based high adeptability. He can thereby compensate
the changes of system dynamics caused, for instance, by variations of display
and control sensitivities or of afircraft characteristics,

In Fig. 8 the increasing control activity, with decreasing error, indicates
the compensating ability of the human pilot.

*Jin this respect the "quickened daisplay” mey be considersd to be the sane
as the flight director
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There sre sti1] some questions concerning, for instance, the computer
sophistication for realizing the Channa) Display, it's informetion con-
tent in cases of Jarge deviation, the suitability of the available
guidance systems for feeding the display and it's failure varning

ond survival abilities. These points are very important from the opera-
tiona) standpoint and their evaluation depends very much on less provi-
sionery realization and f1ight testing.

Although thare are many favourable arguments which slready seem to be

convincing, these should now be retained until they can be relfably con-
firmed.
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Conclusions

1.

3.

As long as pilots are able to fly and land an aircraft manually in good
visual conditions, and there is any deterioration in performance as soon

as the visual conditions get worse, the root of the problem is a poor
display.

. It is recognized that man must scan when provided with a number of single

information sources. Thus, he can unfavourably use small asynchronous
sections of the continuous information flows only. Therefore, it is neces-
sary to derive that scanning should definitely be avoided for the dynami-
cally demanding task of attitude and flight path stabilization,

Although local condensation and superimposition of different information
allow some improvement, these methods do not completely eliminate the
need for some undesirable "attention switching”,

A dynamically complete and correct pure single command indicator would
allow the removal of scanning, but it s not "transparent” for orientation
which the human pilot needs for confidence. Observing the command needle,

for instance zeroed by the sutopilot, does not sufficiently satisfy this
need.

. Neither additional abstract basic conventional data nor the pseudo-picto-

rial situation displays, especially such in the plan position or profile
view, provide sufficient confidence in critical cases. In addition, they

distract attention from the primary control information, which distraction
conflicts with the item 2.

. It is necessary to fully understand the visual contact information before

successful comparing vaiuations of present display principles and relia-
ble decisions for desirable future development can be made.

. Selfexplanatory, complete visual contact to habitual environment fully

satisfies the human need for confidence. But in most cases che visual
contact in flight, even in good visual conditions, does not contain suf-
ficiently sensitive three dimensional position information, especially
in the vertical,
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8, The deficiencies can be overcompensatad, tha suparb qualities aup\i; .
fied, by the presentation of 8 - necessarily imaginary - prescr :e‘
f14ght path. This should be calibrated in intuitively obvious pictor :‘.
elements of preferably hordzontal and vertical orientation which prov
sensitive vertical, latersl and longitudinal position information, A
prescribed path eliminates ambiguity and sttention-demanding mental pro-

cessing.

9. Espacially for the use of pracision contral (item 2.) and complete
imnediate orientation, this prescribed path can only be presented in
fully integrated form, together with the three rotational degrees of
freedom, by central perspective projection of the ‘forwerd’ view. Only
this single format emphasizes the information components approximately
according to their importence. An additional "incide-out” map display
is desirsble for rew orientation.

10. The Channe)/Tunnel-Display is designed sccording to the findings 1. to @.

P13, ?thheruore 1t has been shown by test resuits that this display contains

i inherent commend characteristics which - in contrast to the conven-

' tional “nontrensparent” flight director - leaves situation information
available and thus can be used in an extremsly flexidle manner.

12, The pictorial integration used in the chennel display allows en increase
of the sensitivity of daviation information beyond that which is accep-
table in "abstract integration” (deviation coafficient in the command
equation) in ordar to maintain dynsmic stability.

! 13, The acceptance fur high deviation sensitivity allows the use of channe)
dimensions as meaningfu) tolerance 14mit indications even in the -
generally most critical - landing phase, It was shown by toft results

i that optimum tracking pracision can be achieved with a channe: calibra-

‘ ted for standard runway width,

14, Thus, an objective messure s possibly achieved for the momentary per-
formance Yavel of a pilot, for the dynamic sptituda of student pilot
candidates or for sufficient rumway width.



15. Although it does not agree with the philosophy of offering a display
which is "as easy to control as possible”, two pilots expressed that
they felt relaxed when changing over from modern conventional fnstru-
ments in simulator tests. Director tracking appeared to be a compara-
tively stultifying primitive task.

16. In any case there was no problem of manual take over from a failing
autopilot in simulator tests with the channel display. The channel,
whicn simultaneously allows quick orientation and manual precision con-
trel, was felt to be optimum for the monitoring and decision task, too.
In general, monitoring and manual control should be most convenient with

one and the same display.

17. With the Channe)/Tunnel-Display spontaneous orientation and VMC-1ike
flexibility will be achieved, disorientation prleems - Very pro-

bably - completely eliminated.

18. Regard for different display quality requirements does not necessarily
require a compromise in the strict sense which includes reductions in
the performance of the conflicting comgonants, There are combinations -
additive and superimposed displays, for instance - which suffer from
such reductions. Other combinations, the channel display for example,
can offer qualitias which are more than the sum of the components.

19. The problem of safely overcoming the extraordinary demands for dynamic
capability in case of a necessary unexpected take-over under adverse
conditions cannot be solved by separation of the pilot from these basic
Jemands. Instead of artificially "making his task as easy as possible”
only - with the attitude stabilization (which is very useful), higher
sophisticated flight directors etc. - the reserves of human dynamic
adaptability should be activated by better displays in order to achieve
an efficient and economic increase of safety,
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