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ABSTRACT

§ G oore ot entermty wsed oo e 4 superimposed display (o ats visuad hackground »
et o en o the intormahion at abable tor vertical guslanee and control dunng o purely
Gl aoproadt P mtormation piay e represented by mdividual sy mboh of combined i a sl
wohob ot el e ments ol these methods are dincuswd A tully contermal display format s
4w e dd e the purpose ol Jiowing both the position andd dises tion ot the flight path, with
pronaston o the elredts ol diturrbsances, 1S compatibibty. and vontrol needs

. .
1.t d o view need ad tor Al conditions and phases of the visual wpprouch with  “ully conformal
oty s studind e ehibon e the huntations of conventional collimator aystens, Few m\lhod} are
disctnaed which depewd on dewation of the sght hne. ard on windstueld reflection of the

areolhmatod mape of snple  pomter Lited fhght tests show  some promise for the

ano Himatad method

INTRODUCTION

on. the display tiekh s supenmposed on the torward
view Boean o. o neilecting collnnator In consequeney, the user has occasion 10 move between
Laterrhon T hds whidd 1y or may not be simtar. depending on the way e symbol tormat »
1 oand this o he ospectod teathedd e control process When the Head-Up Display (1181
i aed s o et dired bor aith no requirement tor algning sy mbholks with the vxtermal wutl'd. [{
o two helds are made only partly contormal, bemg understood by rules which are
anly true ot the visttal approach hecause another
cngnry I 1o examiw the degree of

bt ety ethod o presentine infosmati
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O
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Littenont ol
il ¢ bul noet wdenbieal Phe sapiv s pot aeeess
bond of Lntorniabion s involved  The hrst purpose ol the

Coot ety vedud Lo thas theht mode

U antonmation avalable witinn the aireratt dunng & purely visual approach v used 1 fully
bols are always seen m their correct refation to the

el workd This condibon can be eapeted (0 Huence both the torm and muvement ol
ibobs amd thios exertboa pawertul vlivct on the display tormat 11 may abw demand ot the optical
coal e Doad tareer thanos sequired 1or modes in which alignment s pot easential, and 1t s o be
b od whethor sathaent Hebt can be reabized with known techgues of presentation It 1s desirable
) provebme 1S compatibihity . and of operating m vondihions ol

Contonaat manner the Larresponding sy m

dae G ettt ity ot

Crosswind shonoamd turhulenee
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CONFORMITY OF DISPLAY AND BACKGROUND
GENERAL PRINCIPLES

Conformity exists in s superimposed Jispliy. suelt as @ headeup display, when the symbols bear a
resemblunce (o the background agamst which the, are wen. The resemblance may not e complete,
For example, the superimposed lickls m.y only be alike in their onentation. to the extent that a
difection of movement his the same meaning in each field. Figure | shows a simple atiinude display
in which the artificial horizon always remains parallef with the horizon yisible m the external world,
during changes in pitch attitude and bank angle, but thes condstion can be obtaimed without using 4
common sale of elevation, and without a commorn origin for the two hiekds On the other hand. the
resemblanve may be more complete, such that all positons and il movements have the same
meanings in cach Gield, and there s one-to-one correspondence 1t 1s thus possible to distimpuish
between displays which are partly or fully vonformal

The advantage of a conformal display 1 in reducing workloud. tor the user is not required 10 adapt
to hifferent rules of mterpretation for cach of the supenmposd fields, And the best advantage v
expected when the fields are fulty conformal, There are practics) dificulties i acdneving this end.
nowever. and Tull conformity cannotl always be Justified on grounds of workload alone A more
compellng reason is to be found m the farmation regquirements for the vistal approach

VISUAL APPROACH INFORMATION

The need Tor s conlormal display 1 not particularly strong whean HUD s uwd 10 present command
information, which is usually independent of the postion m which it s shown, and [nas no natural
walt i the external world when the control Law embodies denvatives of angular displacements The
atuation s ditterent i the purely visual approach. The natura! fosward view s then the sourve ot
ntormation about the approach path. andd 1l HUD i awd 1o support o mwent (his souree the
di played mfornation i bikely 10 e closely related 1o e bachgroun.i

Two kinds o mformation are avanluoke 1 an arevral E wineh are indepe L of ground sources, snd
which may be used i HUD 1o aamtain an approach path m the verte o plane, where help as most
nevded.t ! First, position can be shown with respect 10 a piven path, b as AV Laguse 2owhewe A
1% the wrcraft's position, by symbol depressed from the horzontal by o tixed angle, ¥, windhoin
made egual 10 the mchmation of the pven pathe o true sole Lhe position of the <y mibob i relation
10 the twuchdown 7018 it i presents the st from the piven path, that i, 18 n proportiengl to
AA’. Second, the @ ction i which the direralt s moving van e shown by 4 symbol depressed
from the horzontal by the Might path angle. v, again in true swale, so that the sy mbol shows the vl
point of the Might path in the ground plane. at F. Smee the seale ol presentation is e samie as 1y
the external workd, i both cases, and sinee the position ol cach symbol is mierpreed in refation 1o
e visual backgroumd, the presentation s fully contormal amd  the superpmposed tichds are
understood by the same ruk,

INEIVIDUAL OR COMBINED REPRESENTATION

11 has o Lar been assined that individual symbols are needed 1o show position and direa tion ol the
Night path. Bul o is also poxsible Tor both kinds of intormation to be combmed m a control law
which is then applicd 1o o single syinbol, as desenbed by Batweman.' 2! The tormat s sanpliaed by
this acrangement, and siphuity » generally desitable, bt the mdivihinal character of contobutng
compuoneits iv naturaly fost And the display 18 no Jonger ully contormal. although contornnty s
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1o some cxtent manteined by zeroing the control law with respect to the touchdown zone. It has to
be judged whether the loss of information imphat 1n combined representation, and the loss of
contormity . are penalties which can be accepted 12 the interest of a simplified format.

An important teature of the situation s the cemplkementary nature of the two classes of
intormation  ¢ach contnbuting to, but nesther entirely sutficient in itsell for the purpose of
totlowing 4 given path The figed depression symbol shows whether the aircraft i1s above or below
the gaven path. which the flight path syribol does not show, and the flight path symbol shows
where the present path terminates, which the fixed depreswon symbol only allows 1o be inferred,
from its change of posithon When.the flight profile ne¢ds to be known, as 1n deciding when to start
an approgch or an deadirg whether energy has to be lust or gained in order to wash out an offset,
the fixed depression symbol appears to be indispensable On the other hand, this symbol gives poor
miormatie n aboe: the rate gt which the given path 1s joined, though this 1s shown directly by the
flight path symbol

When both symbols are shown they are used 10 corgunction in the manner shown in Figure 3. The
thght path AF s chosen to reduce the oftset AA' at a suitable rate, which is then adjusted by
alterig the thght path to BF' when the offset has been reduced to BB It can be seen that the
posthions of the two symbols. which are represented by the figures in parentheses, lie on opposite
sides of the touchdown sone, T. when the operation 1s correctly performed, and this condition
mantained by the user The same result would be achieved by a suitable control law applied to «
wingle symbol  ba king oft displacement by rate an the usual way, bul without awarseness of ihe
magnitudes ot the contnbuting components Individual representation thus allows the same control
as combined representation but a better gras'  f the total situation.

Another sspect « § the situation 1s that the two symbols are affected differently by errors, noise, and
wind '’ Both s/mbols are subject to errors, but the light path symbol 1s more sensitive in the way
arrors alfect longitudinal touchcown dispersion  As regards noise, both symbols are subject to
whatever disturbsaces atfect tharr data sources, so that the Might path symbol is adversely affected
1t no inertial pliiform s avanlable and 1t has to be dniven by an angle of attack sugnal, whereas the
fixed depression symbol is not significantly aftected The imfluence of longitudinal wind is shown
by both symbols. erther as a change in of 'set or as a change in flight path, but the situation is again
complicated 1in the case ot the Mght path symbol by the nature of the data source. Tae fixed
depression symbol s thus dess influen.ed, or at beast influenced in a less complex manner, by
disturbances and errors and may w0 advantage be shown independently,

The guestion ot individual versus combined representation is alw affected by control considerations
in the vertical plane While it may not be deurable always to separate the ¢ffects of thrust and
attuiteide on the path and speed of an wircraft, there are carcumstances when 1t 1s advantageous to do
so 1t may be possihle to achieve change of speed, at fixea thrust, pnmarily by the use of the
clevator and to change the direction of the fight patn, at fixed speed, pnmanly by using thrust. In
such g vase. there 18 good regson (o associate speed control with an attitude symbol, and to hink
height control (through fhight path direction) with a symbol related to thrust. Clearly, this s less
castly done it the Might path symbol loses its ddentity

Finally this ssue 1s affected by the desirabihity of compatibility wath [LS procedure, for although
the display s mtended for the purely visual approach. there will be occasions when ILS signals are
avarlable 1 visual fight conditions At such times, it will be convenent f the display continues to
funition in the same manner. while showing the correct relationship to the glideslope ongin. This
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van be achieved quite simply by adding a4 symbol to represent the glideslope ongin and by displacing
1t from the fixed depression symbol by the ghdeslope devigtion, 8 Then, as shown i Figure 4, the
syr bo) will always comcde with the ghdeslope origin (here assumed situated ut the touchdown
rone) because the airczant’s elevation s % th

Operation of the display with ILS compatibility can be illustrated by the special cuses shown in
Figures S and 6. In the case when the mrcralt approaches with 8 constant, along (he path AB,
Figure 5. the touchdown zone remains at the same angular distance from (he artificial horizon. As
ranee decreases. the runway appears to grow and the position of the fixed depression symbol is
mterpreted as showing 4 smaller fmear offset from the beam, the constant angle g representing a
smaller ground run at the enlasged scale In the case when the approach i1s made with constan« hincar
otfset from the beam. along the path AB in Figure 6. the fixed depression symbol remains at the
same hnear distance from the touchdown sone This corresponds to an increased angular subtense at
" orter range, the fixed Jdepression symbol appearing to move away from the touchdown zone but
at the same rate as the runway appears to grow. 1t is not difficult to see that these cases have their
analogs 1in might operations when the touchdown zone 1s illumsnated, and 10 s clear that the part
played by the fixed depression symbol in all of them 1s only possible 1f 1t remains an individual
entity

The 1ssues which have been discussed allow a good case to be made for individual representation. It
seems reasonable to assume that it will generally be dessrable to know both position and direction
of the thght path, that it will be advantageous In balancing rate against displacement to know the
magmtudes involved, which may be mterpreted in the context of the visual background: that noise
and error cffects should be ehiminated as much as possible, and wind effects estimated accurately,
that control will be simplified 1n many cases by establishing separate pitch and thrust information
chanrels, and that 1LS compatibihty 1s dewrable 1n what ,ollows, it 1s assumed that these factors,
which operate in the fully conformat display. are sufficiens to justify the ioss of umplicity resulting
trom the use of individual symbols to represent fixed depression and fhight path angles

CONFORMAL DISPLAY FOR VISUAL APPROACH

BASIC FORMAT

A fully conformal display for the visual approach, with the features which have been discussed, can
be developed from the basic format of Figure 7, where the visual background is shown in schematic
form 1t 1s assumed that the framework of the format is fixed with respect to the airframe, and that
its visible extent is himited by a umple rectangle. All components of the ditplay format are shown as
thick hines, to indicate the'r visual prominence in the actual display, but these are much broader
than the hines as they appear to the user The convention 1s used that when a symbol is displaced
from ils usual position, on a long-term taus, it 1s drawn with a broad dotted line. Features of the
visual background are shown by thin hnes,

The longitudinal axis of the aircraft 1 represented by the circular symbol with stub wings, as in
previous practice. 11 has a fixed position cn the midline of the format and thus moves with the
aircraft at represents. For special purposes it may be moved into a displaced position, when it is
shown in dotted form. Flanking this symbol are the two halves of a horizontal bar, which form the
artificial honizon symbol. It 1s displaced vertically from the aircraft symbol by the pitch attitude
angle. 8. in true scale and 1in the appropriate sense, and thus shuws the position of the true (gyro)
honzon in the external world. The arcraft and horizon symbaols together form the attitude display,
in the usual way, but it will be noted that the middie of the horizon bar is removed to avoid
nterterence
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The artificial horizon is in tum flanked by the two halves of another bar, to witich vertical bars ot
variable length are attached below. It s displaced from the artificial horizon by the et path
angle, 1n true scale, and thus shows the position of the Might path 10 the external world In the
approach configuration, the vertical bars arc lengthened to form (he letter T, suggestir, alvo a1,
assocration between thrust and Migho path direction. and therefore height As the symbols apoear im
Figure 7, the aircraft is in level Mlight with zero pitch attatude. It will be noted that the honson bar
does not coincide with the visible horizon because of the angle of dip (and perhaps also begsus of
etfects of visibility and terrain)

APPROACH TRANSITION

Development of the format tor the approach transifion. or for ILS vapture, s shown e §ogure 8
The mam difference v in the addition of the fixed depression symbol which has the same 1onm as
the horizon bar but i dotted to show long-term displacement 1t s set below the astihiaal honson
by the desired approach path angle or by the ghdesiope angle. 1 (rue seale s that y, © 3 dfegrees.
sty When the desired Might path s horizontal (v, = 0), the tixed depression sy mbol v concealed
by the horizon bar. The situation shown in Figure 8 corresponds 1o 4 postion such s A m bpure 2
where the desired path has not yet been imtercepted. and this i shown by the symbol ly (g shiort ot
the runway

Another difference s .+, addition of S LS datum mark. the two Jalves of whicls e outaae the
flight puth symbol, wher, they serve the minor puipose of showing comerdence with the 11§ argn
0 pertect conditions, be g, displaced from the fixed depression symiye) by e angle 5 i true seale
o previously described, This symbal does not appear in e absence of « valid S signal. nor wot
~hown in the ghdes we extension. | igure 8 shows that the HECEatt s i banding contigus ihon and
that the fhight path i beng held level, by means of thruss FIns condstsnn Lasts wanl n wlupg the
desired path, or ghdeslope, which ocours when the hixed depression symbaol g abigned wol the
touchdown sone By thes hime the ghdestope desiation s reduced 10 7ero, and thie comventan
preserved of the iLS datum moving downward (toward the fixed depression symbol i this o)
the ghideslope 18 intercepted from below. The diagram glso shows g e-up change of attitude

FINAL APPROACH

The appearance of the display format Jduring the final approach s shown m Figare 9 | he flonzon
har 1s moved downward m the format as the nose rises 1o the fyll approach attitade. and there
smaller separation between the true and vistble horizons as height decreases A1 thin tme, attention
needs to be transferred 1o the touchdown zone in the fower part of the Tormat. o 4 duphcate
aircratt symbol i introduced i 4 displaced position, i dotted 1orm The dowaward displacement
0,‘ Y M otrue angular scale, where 0, the wleal pateh attitude for the approach. so that the angle
between the displaced aircraft symbol and the fixed depression symbol g given by

Al = (0,‘#7‘) 0 +y)

The two dotted symbols thus torm o Pch attitude error display amd are gy alable 101 the control ot
speed The displaved aircratt symbol s added by manugl sefection

In the stuation shown, the aircraft s above the ghdestope mince the tixed depresson .y nbol g
above the touchdown sone (represented here by 4 single lateral lme on the renway ) T
duplacement sy being reduced by i the fhght path at the other wde ot the touchdown sony
Speed mwoa ntle low unee the pitch attitude error o i the nowe-up sense The IES datum mak
remains aligned with the touchdown sone,
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FIELD OF VIEW

EFFECT OF FULL CONFORMITY

Fully con ormat development of HUD has an ymportant effect on the field of view ol the optical
system As the discussion fiss shown, 1t 1s necessary 1 this type of presentation for sy mbols to have
4 range of angulsr position Thus, fined depression. fhight path. and ILS datum symbols need to be
wenan the vicinty of the tou. bdown gane, which tends te move futther away from. and below the
longstudinal aircraft axas as the approsch proceeds For an optical systew fixed i the wrframe, the
fivhl of view, w. must be of suttioent vertical extent to accommodate gritch attnode and hxed
depression angles, as m Fagure 2, <o thet

w4y,

Ihis condition wan be met i shallow approsches with only shghtly nose-up attitudes, but s easily
viofated i other cirvumstanves For examiple, o 6-degree approacht w2 4-<dogree nose-up athitmde
Fequires more than the Ydegree instantancous field provided by a d-nch aperture collimator when
s wistatted at g viewing dntance of 23 inch.., espectally of toamt has 2o be found for penpherat
symbobh and alfowance wade tor disturbed conditions.

Ihe Grersl extent of the fickl may need o be v vea greater, for although the dusplay » only miended
for sertnal guwlanve, seltng erfors in the vertical pla.ie wall be smaller if the symboby are kept from
movii g (o eithier side of the rusway, which means accommodating ¢he fult range of dnft angies, The
tormat may thus nevd to be moved latersily about 30 degrees, and this cannat be achieved by
statid. rd techmgues except through changing the cye posstion The amount of head movement
neede { for this purpose. at & viewmng distance of 25 wnches, s 5-1/4 inches 1 each direction
Callow ing Sos an terpupdiary distance of 2-1/2 inches) and this s anhikely to be acceptable.

3 owoold b posible ta enlarge the field by reductng the viewing istance. But expentnce shows
that °S ches 15 about the sinsllest value ycceptabie, n operating conditions, when using the
prevent type of reflecting collimatoe @ 4 typica) commeraial et transport  The alternative 15 ta
iiredse the sperture of the oplical systent. thus increasiag the nstantaneous field and avording the
need for head movement The hkel.ood of success then depends on betag able 10 nstall the larger,
hedavier system

INSTALLATION STUDIES

N the columator aperture o ncreased o B anches, the fergih of the collimator barre) becomes about
L7 iches, and the wewht about 65 pounds Using 4 space model of these dimensions, tastallalion
sadies hase heen mude tor the codkpit of 4 large commercial Jet transport, with the results shown
w Fagares 10, 1, and 12 In the arrangement of Figure 10, which ss scen from eye datum, the
colimator o placed outhoard and 1o the side, at the first officer’s station, and the reflectos is
mounfed separately on the greshueld n this case, the instantaneous monocular field s 21 degrees,
Untortunately, the tue desrance o reduced by the reflector plate, which s rathier {arge and
overhangs the glireshield by some 4 inches Afe,, there ss inteserence with the pilot’'s nght shoulder
and {oss of downawdard view og this sde

Another arrangement » with the colhmator mounted overhead, as shown n Figute 11 for a
viexpaint behad the frsy officer’s seat There o5 httle sgnificant chungs i s case. the Neld is
reduced shghtly, 10 20 degrees, the reflector plate agass, protrudes by 4 inches, while there is & 1oss

«14Q

FIQURE 10. SIDE INSTALLATION OF LARGE COLLIMATOR
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ol head dearance and 4 restricted upward view On the other hand. there 1s now less chance of
sunbght taling directly 1nto the collimator.

These arrangements are scarcely satinfactory for production purposes, and since there is imsufficient
space tor the conventional type of gunsight mounting, it does not appear possible to install such
Jarge equipment unless the windshield itselt is used as the reflector. The barrel 1s then mounted n
the glareshicld. as shown in Figure 12, where the view point is eye datum at the first officer’s
station. Head and face clearances are not affected in this case, nor 1s the external view reduced, but
these advantages are achieved at the expense of panel space, And there 1s now interference with
wheel and  hands, sufficient to require modification of the control column. Moreover, the
Jstantaneots tield 1 no more than 14 degrees. and 1s centered to the left of the forward sight hne,
as shown by the small arcie at the top of the (cham dotted) colhmator axis, which s to the lett of
the pancl instrument  Unfortunately . there s no flexability in locating the collimator axis, and this
has 1o be aceepted with other disadvantages af the windshield as @ reflector, which may arse from
eliccts of bending. heating. lack of reflecivity. and multiple reflections. Of these, the latter may
well prove to be the most serous because of low tolerances on wedge angle, typically, a wedge angle
of T muinutes of are leads 1o displacement ol the secondary image by about 7 times the width of line
wsed 1 drawing the display symbols. For these reasons, windshield reflection does not offer much
promuse s an instaflation method for the ty pe of cockpit considered, and there seems hittle hope of
enlargin : the fichl ot view by the techmques o far described

ALTERNATE METHODS

The problem of enlarging the optical field can be approached by different methuds. A simple
techmique. which s adimissible when plenty of space » available, consists i moving the entire
ophical system 10 o new posiion and adjusting the axis to pass through eye datum 1t 15 then
unnecessary 10 use a large colimator. However. the swept volume 15 “ound to include  large part of
the space between eye datum and the windshicld One way out of this difficulty may be to devise a
scheme 10 which 1t 1s only necessary to move the reflector

Another method s by optical displacement of the external sight lne, us shown in Figure 13. A
collimator. « 1 mounted below the glareshueld, g, and the display 1s seen in the reflector, r in a
convenhonal manper But the sight hne s turned from the usual direction, ss', to the direction, d,
by means of the prism, p. The deviation of the sight line 1s made equal to the dnft angle, so that the
view centered on the flight path s shown centered on the longitudinal axis of the aircraft. In this
way. moterately sized equipment can be used to deal with quite large field angles, but at the
expense of a diwcontiniuty n the external field Clearly. this method could only be used after
caretul study of the drorentation potential

Finally. 1t 15 possible to avord 4 large part of the problem by abandoning collimation, using an
out-of-focus presentation in the hine of sight This method appears suitable when the displayed
ntormation i very simple. 0 that it can be undersiood without detasled inspection, and 1t 1s well
known that an open gunsight can be used with some accuracy. Clearly, a majer advantage of HUD s
werifhiced. tor there 1s no longer any protection aganst efiects of shortsightedness induced by an
empty visual hieid, but this 1s acceptable tor the visual approach.

Fquipment previowsly used to explore this method s indscated 1n Figure 14 1t consists of a simple
hnk mechemsm. ABCDEF, which 15 used to keep crossbars mounted at F and C 1n line with eye

stum. b This equipment allows a direction n the external field to be mantained if the hink
meonanism s altered 1o compensate for aircraft movements Unfortunately, it is difficult to mount
10 the space above the glareshiedd if the windshield 1s steeply inclined.

~142-
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FIGURE 13. DEVIATION OF SIGHT LINE
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FIGURE 14. OPEN SIGHT LINK MECHANISM
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A later development is shown in Figure 15. In this case, a s.ugle crossbar of arbitrary length is
designed to be moved in the plane of the glareshield by an elementary lead screw drive. It 1s
illuminated by ambient light so that its image may be seen by reflection in the windshield. The
oriertation of the lead screw is arranged to be such that the image of the bar moves up and down in
the external field, ir a manner representing changes in angle cf attack, attitude, or related
quantities. With this equipment, it is necessary to define the viewing position, and this has to be
done by independent means.

The cockpit atrangement in a DC-9 is shown in Figure 16, where the captain’s windshield is scen
from eye datum. The baseplate of the experimental equipment is attached to the upper surface of
the glareshield and cannot be seen because it is end-on to the viewer, but the crossbar, which is
painted white, is evident at the lower edge of the windshield. The primmary image of the crossbar
appears as a2 white line running across the middle of the windshield. At some distance above is a
secondary image of less brightness. The primary and secondary images are accompanied by much
fainter images in close attendance. The images all lie in a horizontal plane but appear to converge
slightly because they are closer than :afinity.

Test flights were made with the equipment by two experimental test pilots, with the following
results. About twelve approaches were carried out, mostly in fine weather but occasionally in poor
external lighting conditions. The equipment was not driven by an input signal but used in a passive
condition, simply to evaluate the uncollimated crossbar image as a means for conveying infor.nation
in conditions of an active external scan. [t was found somewhat distracting not to have the image at
infinity and it was felt that the initial reaction of other users would be unfavorable. Multiple images,
though annoying, were not unduly bothersome. It was convenient that the brightest image was also
the lowest, suggesting an association with the nearer end of the runway, and leaving no doubt about
which image to use. If desired, the two brightest images could be used as a bracket. The apparent
inclination of the lines did not trouble the user. The primary image was visible under a range of
lighting conditions, with the bar painted gloss white, but local illumination would naturally be
needed by night. Th  ravel of the bar was adequate, when moved up and down by hand, but the
imzge needed to extend furthes toward the centerline of the aircraft. It was felt that the device had
some merit and was worth developing as a flight aid, using an angle of attack, or a fixed dvpression
drive.

CONCLUSION

A fully conformal display is desirable for head-up presentation on the general grounds of reduced
workload, because it enables geometrical relationships in the superimiosed fields to be understood
by the same method of interpretation. It is more particularly desirable in the purely visual
approach, for which two kinds of information available within the resources of an aircraft need to be
understood in the context of the extemal visual world, each being represented by its owr. symbol. A
simpler format results from a combined representation, but this precludes knowledge of the flight
profile and of the rate used in reducing an offset. Also, individual representation is preferable for
the elimination of noise ana error effects, for the estimation of wind effects, for linking stick and
throttle with i dividual elements of the display, and for the realization of ISL compatibility.

A fully conformal display can be developed from an attitude display by adding symbols showing
fixed depression and flight path angles in true scale. which give information about the position and
direction of the flight path. Another symbol can be added to show the position of the ILS
glideslope origin, and a simple modification allows attitude to be used in c~ntrolling speed.
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But difficulties are met in Irying to provade an adequate field of view, which is needed because of
large relative movemcnts of the center of interest in the external world during the course of a visual
approach. New developments are needed to enlarge the field of the present type of display system,
as may be used 1. commercial jet transports, since viewing distance cannot be decreased without
loss of face clearance, and aperture cannot readily be increased without introducing other clearance
problems and reducing the external view. Some of these difficulties are alleviated by the method of
windshield reflection. but new problems arise, especially the problem of multiple images, and the
ficld of view 15 only moderately large.

Oue possibility 1s tat the eviarw! sizpt line may be deviated by means of a prism. This method
allows the tield to be enlarged white using quite smalf equipment, but a discontinuity is introduced
in the cxternal fied. the <eriousness of which is hard to assess. Another possibility is that
enlimation may be dispenses with by using sot= form of open sigh?, a method which is admissible
when presenting simple tnformation in visual appr vach conditions. If space is available, a mechanical
linkage can be mounted above the glareshield and used to define an external direction by the
alignment of pownters. An easicr way is to move 1 pointer in the plane of the glareshield and use the
ambient illumination to form an image by reflection in the windshield, in which case the head
position nevds to be defined. Flight tests of the latter method showed that adequate field could be
“btained with a pointer of sufficient length, and that the method was worth developing as a simple
hight aid despite obvious limitations of image quality.

The investigation shows that fully conformal head-up presentation, though suitabie for guidance
and control 1n the vertical plane during a visual approach, and though capable of realization in a
format of symbols, depends for its success on the further development of techniques for entarging
the freld of view,
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