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‘ ‘eyés are zigid, and therefore capable of only observing

_k _Iames E., Webb, Adminisivator of the National Aero-

- nauties and Spm Administration, with respeet to an
invention of Robert &. Beam, La Habra, Calif,
Filed Sept. 9, 1966, Ser. No, 578,931
6 Claims, (CL 8—24) .

Thxs invention re!atcs to an image projector system for

- determining or establishing the optimum arrangement of

instrument displays employed in aircraft, spacecraft, other
vehicles and industrial instrument consoles.

When plotting or designing the arrangement of a con- .

trol panel, including displays such as instruments, dials,
and indicators, it is necessary to distribute the instruments
so0 those considered most critical are located for ready
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visual convenience, those less critical are distributed

around those most critical but still within visual range.

.- . that which is directly in front and on a prescribed level.
" These devices also require the observer to be an integral -

component of the device, and therefore, the instruments
are located and arrenged according to rigid prescribed, but-
unrealistic conditions. Withoat an observer pressat, an in-
strument cluster cannot be desighed. The devices, per se,
are relatively compiex, but the complexity faﬂs 10 pro-
vide for versatility.

Another family of mechamcal devices are smulariy
complex and lack versatﬂxty, but the observer is not re-
quired. This family is one of the types presently employed.
Use of this technique results in a multiplicity of control.
or instrument panel plotiings outlining the general visual
limits at various proposed display and/or instrument lo-
cations. These devices, as well as those aforementioned,

‘compietely fail to consider an observer is capable of mov-

- ing his head and eyes.

Those displays considered less critical are dzsmbuted )

about those considered most critical.

20

The magnitude of importance is 2 function of the pur-

pose and workload on the operator. Instruments that are
used (or menitored) at or near the same -time, should
be located close to each other. Critical and frequently
used instruments and displays should be located near the
center of the panel. As the number of instruments and
displays increase, and the more ctitical and complex the
monitoring becomes, the greater the problems of instru-
ment ‘and display design and location become., When the
designer attempts tp properly locate a display, considera-
tion should be given to the functional relationship with
other instruments. For example, when an operator hasboth
eyes accommodated and converged at a g;ven point or in-
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strument on the pane] in many cases it is required that -

he be able 10 recognize words, symbols, colors, and/or
movements adjacent to this point or as far away as the
abjlity of his eyes will allow. Also contributing to the

design and location of instrumert and displays is parallax,

which is the false indication on a dial or instrument face,
caused by viewing the pointer at an -angle. In addition,
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controls, which protrude from the panel, and/or other -

obstructions between the observer, cause blind areas and/
or shadows, thus rendering it difficult or impossible to
read instruments in these areas. Thus, in summary, con-
tributing to the problem of locating a display of instru-
ments are five basic factors: (1) word recognition; (2)
symbol recognition; (3) color recognition; (4) peripheral
vision limitations, and (5) limits of eye and head rota-
tion, vertically and horizontally. For instance, an éxtreme-
ly critical instrument may employ colors, symbols, or
words, or a combination of all three to inferm an ob-
server of operating conditions. 'Ihus, when defining the

location of the instrument, it {s necessary to take into con-

sideration the ability of an observer fo recognize color.
symbols and words. Also cuntnbutmg to the prnbl:m of
plotting instrument displays is parallax, whether the view
of the instruments will be obstructed by some object, and
* whether allowances need be made for weaknesses of the
observer's eyesight. Parallax is defined as “the apparent
displacement (or the difference in apparent direction)
of an object, as seen from two difference points.” Still an-
other condition which contributes to the overall problem
is whether the instruments are located on a flat surface
in front of the observer or whether a curved “wrap
"around” surface is employed, All these and ‘other factors
" are to be considered when plotting instrument d:splays
Varjous devices and systems have been devised in 8¥n
altempt 1o solve the aforemientioned problems, but each
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~ of the systems or devives create as many probleing as .

- they solve. For instance, there is one fumily of devices
- which opcm!es on tbc prctmsc the absetvcrs head and

As a result of the rigid co:zdmons unposed by the prior
art devices, the instruments are all reqmred to be located
in an extremely dense cluster 1mmedxa£c1y in front of me.

observer. No consideration is given to peripheral vision, -

color, symbol, or word recognition, and all the other afore-
mentioned factors and conditions which impose their in-
fluence on observers and instrument displays are ignored.

However, the present invention comprises a solution to
the aforementioned probiem and all the faciors contribut-
ing thereto. The device comprises an optical projector
system. which projects an image for each eye, and which
may take into consideration peripheral vision, as well as
color, symbol and word recogpition. The projector sys-
tem also includes pravisions to simulate vertical and bori~
zontal eye movement, together with vertical, horizontal

" and angular head movement. The system does not require

the cooperation of an actual observer. The image pro-
jector system includes the zbility to providé for particular
visual characteristics of individual observers. For instance,
an instrument display may be arranged which provides
for reductions and changes in normal visual limits from _
such factors as pres$ure unit visor restrictions, Jack of suf-
ficient oxygen, G forces, light versus dark adapted eyes,
and moving the eyes farther away or near {0 the display -
panel. v

FIGURE lis 2 perspectzve view jllustrating the xmage
projector system as it would be employed to plot an in--
strument display on a corved instrument panel; _

FIGURE 2 is a longitudinal cross-sectional view
through one of the image projectors illustrating the ar-
rangement of Ienses, slides, and slide iHumination means;

FIGURE 3 is a cross-sectional view, pamally in eleva-
tion, taken on line 33 on FIGURE 2; .

FIGURE 4 is a view 1llustvatmg i dotted lmes the im-
age projected by the pro;cctor system superxmposed over
a proposed cluster of instruments arranged in accordance
with the c_:onditicms prgscribed by the fmagc;

FIGURE 5 is a view illustrating the image pfojscted
by the projector system superimposed on 2 target wherein'
peripberal and-other visual limitations are defined;

FIGURE 6 is a view illustrating the various bonzontal
visual limitation characteristics for an average obsefver
wherein the limits of peripheral vision are defined and

the limits of color, symbol and word recognition are . 5
. shown; :

'FIGURE 7 is a view illustrating the vertical vispal -
limitations as determmed by the irmage proxcctor system;

FIGURE B is a view illustrating the extension of visual -
limits obtained by horizontal eye and heid rotation as
established by the prcsent invention; .

FIGURE 9 is a vitw illustrating the extension of visual.
limits obtained by vcmx:.d eye and head movement: -
- FIGUF.ES 10~12 are views ilfustrating visual limitations
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imposed on the eyes due to obstructions being between the

observer and instrument. panel..
The invention illustrated in use in FIGURE 1 com-

pnses an imags projector system 1@ for plctting a cluster -

of instruments on & curved or fiat instrument panel 12,
it is to be undersicod the instrument panel miay also be
flat and in mest instances these are the circumstances.
Howeéver, a curved instrument panel contributes to the
solution of providing optimum instrument displays. The
projector system coptains features' whicl. simulate  the

‘horizontal, verticai, and angular movement of an observ-.

er’s bead. Other features also provide for simulating the
vertical and horizontal movements of an observer’s eyes.
These fcamres, the details of which will héreinafter be
more specifically described, enable plotting or arranging

a cluster of instruments on panel 12 to obtain opnmum
viewing by an observer.

For instance, projected image 14 prmudes for deﬁnmg‘

‘the peripheral limits of a viewer or abserver. This image,
-when projected on an instrument panel.at a given point,
FIGURE 4, will indicate the coptimum location of instru-
ments znd signals on the panel so an observer may readily
achieve color, symbol, and word recogaition.

The maximum and minimum limits of recognition are
illustrated in FIGURE 5 wherein the image is projected
onto a target 16, graduated into degrees..

Optical system 10; when properly employved will also
provide for de‘ermmmg, in addition to the foregoing, the
-limits of monocular vxs;on, binocular vision and ambi-
nocular vision, which is the total contribution of both,
eyes, FIGURE 6. This figure also illustrates the manner
in which the projector system contributes to establishing
parallax conditions. Obstructions which render a portion.
of the instrument panel in shadow, and thus obscure ac-
curate reading of a shaded instrument, are aiso determined
by use of the image projector system as hereinafter re-

~Tated.

The eyes obviously have vertical as well as horizontal
‘peripheral vision, and using the projected image 14 in the

. manner illustrated in FIGURE 7, it is possible to deter-
-mine the limits of vertical distribution of instrumeats so
as to achieve color, symbol and word recognition. FIG-
URE 8 illustrates the manner in which the system is em-
p} oyed for arranging instruments when consideration is
given to horizontal side-to-side movement of the eyes,
combined with horizontal movement of the bead; FIG~
URE 9 does the same thing for vertical movements of the
:eyes and head. -

- Obstructions in front of the observer create blind areas
on the instrument panel 12, By merely projecting the light
from the projector system, the obstructions produce shad-

-ows on the instrument panel which identify the areas not-

readily viewed by an observer, as is evidenced by FIG- .

‘URES 10-12. -
’ FIGURES 1-3

Returning to the ogtical projector system 10, x’llustrated
in FIGURE 1, wherein the vertical, horxzontal and angu-
lar movement simulating movement of an observer’s head
. is provided by the combination of a vertical standard 18
and 'a T-shaped horizontal arm 26 joined by a ball and -
socket Jomt 22, the joint being disposed to reliably repre-
sent the pivot point of a head and also being disposed
thhm a fitting 24, The fit of the ball within the socket -
is such as to provide frictional bias so as to avoxd move-
ment until required or desired.

Simulation of horizontal side-to-side movement of an
. observer's eyes is achieved by the combination of cap 26
of T-arm 20 wherein, spaced from each end thereof, is an
upwardly extending stub shaft 28 which is received in 2
socket 30, the combination of shaft and socket provid-
ing the vertical axis of rotation of a horizontally pivotal

C-shaped bracket 32, Each stub shaft has a snug, frictional
“bims fit in each socket so as to avoid uppredictable move-
ment of each bracket 32, The socket of each bracket is

10
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Tocated substanttially midway of the bight and below ‘he
vpwardly facing open end of the bracket.

An optical image projecior broadly designated 34 is
pivotally supported by the opposed free ends of each
bracket, the free ends providing the horizontal axis of
rotation for the projectors. The pivotal arrangement of
each projector on each bracket reliably simulates the.
vertical up and down movement of each eye, and of
course each projector represenis each corresponding eye.

Each stub shaft 28 and socket 32 is directly below the
center of gravity of the respective projector 34 so as to
obtain a balance to avoid unpredictable movement of
the projector. Additionally, the points of pivot between
each projector and bracket is frictionally biased to avoid
movemeant without selection.

The optical image projectors 34 are substantially identi-
czal and therefore, only one will be described. Referring
t6 FIGURES 2 and 3, each projettor includes an elon- -
gated hollow tube 36, with the rear end 38 being closed,
and the front end 40 being open. Supported adjacent the
rear end of tube 36 is a parabolic reflector 42 which re-

" flects the light from lamp 44 toward the open end of the
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tube. Power to illuminate lamp 44 may be provided by
any available power source 46, including batteries, if
desired. .

Forward of lamp 44 is a condenser lens 48; and for-
ward of the lens is a photographic slide 50 having an im-
age thereon which will hereinafter be considered in a

-greater detail. Tube 36 bas a slot 52 therein to accommo-
date insertion of the slide into position within the pro-

jector. Immediately forward of.slide 56, and mounted in.
the open end or front end of tube 36, is a wide angle lens
54 which provides for a wide angle display of the image
on slide 50,

The spacing of the eyes of each individual varies, and

therefore, provision is made in the optical projector sys- -

tem to simulate the condition, Cap 26 comprises a hol-

low elongated tube 56 which has telescopically disposed .. \

therein a smaller tube 58, Obviously, one bracket 32 is
fastened to one tube and the other bracket is fastened
to the opposed tube. Tube 56 has an elongated siot 60
therein which receives a2 key 62 on tube 5£8. By this
means, projectors 34 may be moved closer or further
away from ‘each other, and the key and slot arrangement
prevents rotation of the projectors from proper align- -
ment. \
Referring again to FIGURE 1, the combined images
14 are sbown projected onto curved panel 12. The .
images are partially overlapped for the purpose of ilius- .
trating the degree of cocperation each eye cortributes to
the other. The outer elliptical ring 78 of each image de-

fines the ambinocular vigwing limits of an average ob-- =~ .
server, the extremities of which indicate the limit of . =

peripheral vision. The face of the observer dictates the

elliptical phase of the various rings since -the nose ob-

structs inward eye moventent whereas no such obstruc-
tion exists for ontward viewing. The next inner ring 84
of each image defines the outer limits of color recogni-

tion. Within ring 80 is another ring 82 which defines the -

outer limits of symbol recognition, and the circular
hatched region 84 defines the region of word recogaition.
Of course, it is to be understood, even though 4n observer
may not recognize color outside of ring 80, the turning:
on or off of a light or flashing lights may be recafvmztd.'

- FIGURE 4 :
The purpose of the forcgomg explanation was to pro-. -

vide a broad understanding of the optical projector sys- '

tem 10 and its manner of operation, whereas hereinafter

attention will be directed to specific figures wherein
specific details of operatmn will be described, beginning
with FIGURE 4, Arm 20 is substamxallj horizontal and -
projectors 34 are set o project images 14 to converge at
any given point on instriment pancl 12 for the purpose
of locating those instrumenis considered to be most orit= -
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fcal when an observer is looking straight ahead. Within

outer ting 78, and outside of inner ring 86, are located the-
instruments or indicator which produces steady or flash- -

ing light which will draw the observer’s attention to the
region. Inside of innér ring 88, and outside of ring 82,
are those instruments which, when operational, produce
coloved lights to attract the observer’s attention. Also

instruments using unlighted: colored indicia are Jocated

in this region. Outside of the batched region 84, and with-
in ring 82, are located the instruments’ which ‘employ
- symbols to indicate operating conditions, but these sym-
bols do not include the nse of words. Within the hatched
areas, or region 84, are located the instruments which
employ words to identify for the observer condifions with
which he should be aware. Also Iocated in this region
may be printed instructions for performing certzin opera-
tions or functions. Atlention is diretted to the cross-hair
center 85 which represents canvergence of both observers’
eycs. This cross-hair center may be located at any posi-
yion on panel 12 for purposes of evaluating or plotting
"the arrangement of an insirument cluster, In other words,

changing the position of the cross-hair also includes

changing ‘the position of projectors 34.
FIGURES 5 AND 6

A more detailed understanding of the sigvniﬁcance;of‘

image 14 may be. cbtained by referring to FIGURE 5

wherein tle image is superimposed on a circular target

‘which is graduated outwardly from the center, zero point,
in degrees. It is readilv discernible outer ring 78 of each
image has an outer limitation of approximately 120°
which, in terms of an observer lookirg straight ahead,
mesans about 30° is behind the right or left side of the
observer. Since such is the case, the image is readily ap-

plicable for plotting the arrangement of instruments on a -

curved instrument panel wherein a portion of the panel
is behind and on the right or left side of the observer.

Furiher understanding of the relationship of the image
14 and ring 7% may be obtained by referring to FIGURE
6 wherein it is illustrated monocular vision of the right
or left eye is capable of viewing a region of about 94°,
thus enabling an average observer to see to his rear about
4°, In order to insure the viewing limits of an observer
are thoroughly covered, ring 78 covers a region of about

120°. On the other hand, binocular visicn is restricted to -

a maximum viewing range of .about 62°, as is evidenced
- in FIGULE 6. : : B
Inner ring 80, as illustrated in FIGURE 5, has a maxi-
‘mum outer viewing Hmit for monocular visicn of ap-
proximately 60°, but binocular vision contributes to his
viewing range and all viewing ranges which are less than
60°. In order to avoid unnecessarily cluttering an instru-
ment panel, the instruments employing color exclusively

" .- should be located in a region extending from 30°-60°,

on each siGe horizontally of the center poini; the vertical

viewing range will be considered hereinafter in greater

- detail.

The symbol recognition ring 82 has a maximum view- .

ing region of about 30°, and again in order to arrange

an instrument cluster in the most efficient manner, the

instruments employing symbols should be arranged in an
area ranging from 5°-30° on each side horizontally of
the center, Of course the word recognition region 84
covers the inner 10° or 5° on each side of the center

FIGURE § further illustrates there are vertical or up-
ward and downward vistral limitations defined by rings
78, 80, 82 and 84 which are about 60°, 40°, 20°, and 5°,
 respectively, measured vertically on each side of the
. center point, T :

FIGURE 6 further illustrates the condition wherein an

- pbstructicn 86 is mounted on the instrument punel which
]

muy be in the nature of a control handle, dial or another
instrument, The vision from the Jeft and right eye rep-

40
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resented by lings 88 indicate vision of an instrument -
would be impaired if Jocated ciosely adjacent the obstruc~

- tiom, 5

Also Tocated on the right side of pagel 12 is an insirus -
ment wherein a dial is located which is angularly dis-
placed from the left and right eve of an observer. A
parallax condition is thus created, representsd by line
96, whereby an accurate reading of the dial is unobtain- °
able. In other words, the eyes locate the instrument needle

1o fo the right of the actual reading, as it is viewed in FIG-.

URE 6. In the event instrument panel 12 is flat, as afore-
mentioned, the condition of parallax and obstruction is
further aggravated to the extent the instrument may pro-

 vide a critical false reading or be totally obscured, re- -
15 spectively, :

This condition clearly illustrates another purpose for the
optical projector systern 10. Where instruments: include
dials and needles, the face of the dials may be designed
to compensate for the parallax condition.

0 FIGURE 7

‘The range of vision and the ability to achieve color,
symbo! and word recognition is further illustrated in

FIGURE 7 wherein use of the.opticzl projector system .-
25 16 is employed to ascertain the vertical visual condition,

as contrasted with FIGURE 6 wherein the horizontal.
was established., It will be recalled image 14, when pro-
jected onto target 16, displayed vertical peripheral visnal
limitations, for an average observer, of about 60°. How- .

20 ever, FIGURE 7 illustrates an average observer has a .~

lower vertical peripheral visual limitation of between
about 70-80° and an upper vertical peripheral vision of
about 50-55° when the bead is held steady with the eyes

looking straight ahead. The variation from upper and - -
35 jower vertical peripheral vision is determined by an ob-

server’s forehead, Therefore, to plot an arrangement or - -
cluster of instruments in the region below and above a -

center line 49, which is it accordance with an average .
observer, another slide 50 shounld be employed which will

‘Certain types of instruments should be Jocated within
the aforementioned outer maximum lmits and the inner
Limits of about 40° which is the outer maximum Kmit for

45 color recognition. The range of symbol recognition is be-

tween about 5°-30° as it was in FIGURE 6, and, of
course, word recognition ranges up to 5°-102, Needless
to say, the instruments employing color, symbols and
words shoufd be distributed within the regions defined by

50 the image used in the projector system 19, illustrated in

FIGURE 7. .
. FIGURES 8 AND 9
'As previously related, the versatility of the 6ptica} pro-

55 jector system 10 provides for determining the arrange-

ment of clusters of instruments for optimum viewing
when the head of the observer is turned right or Jeft, or
is pivoted up or down. It is, of course, very often: im-
possible to arrange instruments on an instrument panel

80 where all the instruments are direstly in front of the ob-

server, Therefore, it becomes necessary to utilize the ob- ]
server’s ability to turn his head .and move his eyes, ‘bt
it is also necessary to determine the headturnitg limits
and the eye-moving limits, and thus distribute the in-

-65 struments so they are clustered within the determined

 limits and readily viewable by the observer. FIGURES
8 and 9 illustrate how the image projecter 10 is employed
for achieving the aforementioned. conditions, .. -

It has been related each projector 34 is horizontally

70 pivotal about a vertical axis defined by correspunding

stub shaft 28. This pivoiing effectively simulates the kori-
‘zontal movement of the eyes, ¥t was further felated the

“projector sysiem 18 was pivotal horizontilly sbout en

axis defined by the ball and socket joint 22 which realis-
tically simulates horizontal movement of the head, FIG- -

bave a projected image covering the maxiraum ranges
defined.
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URE 8 illustrates the manner of employing this pivotal
condition.

Experimentation has determined the average individual
can easily move his eyes horizontally, about 15° each
side of a vertical center line, and maximum horizontal
eye rotation is asbout 35°, Thus, by pivoting the projector
34 so as to create these conditions, and at the same time
project a suitable image, instrument location on an in+
strument papel may be determined.

It bas similarly been determined an average abserver
is capable of rotating his head horizontally between 45°—
60°, Thus, by rotating the optical projector system 10
2 similar amount, the best arrangement for locating a
cluster of instruments may be determined,

. However, one feature should also be given considera-
tion which is the combination of horizontal head rotation
and eye rotation. If the maximum horizonta] limits are con-
sidered for bead and eyes, the optical projector system
10 may be horizontally pivoted 60° and each projector
further borizontally pivoted another 35°, providing a
total of 95°. Thus, instruments may be distributed within
the range of 95° from a vertical center line. Further, the
projected image I4 provides for additional ;atitude since
_the conditions, which are illustratéd in FIGURES 6 and

7, are also generally applicable 1o the conditions which
exist when the projector systerz 10 and projectors 34 are
borizentally pwoted

Attention s directed to FIGURE.S wherein is illus-
trated the conditions which exist when an observer’s head
is vertically pivoted from a horizontal center line. Again,
experimentation has determined an average observer may
vertically pivot his head up and down betwean about 30°~
50°% the 30° pivoting being achieved relatwely gasily
whereas a 50° vertical pivoting is achieved with some
effort.

Also the eyes may be rotated upwardly about 25° and
downwardly between about 30°-35°, Thus, pivoting the
optical projector system 10 to provide for vertical hezd
movement, and vaotmg projectors 34 vertically, an op-
timem ézsplay of instruments may be plotted for an in-
strument panel which curves upwardly and over an ob-
server. Again the projected image 14 provides for addi-
tiona] vertical and horizontal latitude,

FIGURE 9 further illustrates, by irregular line 92, the
head, when pivoting vertically, does not describe a uni-
form arc. Although ball and socket joint 22 does provide
for a uniform arc of iravel of the projector system 10, jt.is
10 be understood a caming action may be employed whzch
1\:’;1: g;ﬁne the arc of travel illustrated by irregular arcuate

Further, FIGURE 9 illustrates the normal line of sighit
for a standing and sitting observer.

The hatched region 94, shown in FIGURE 9, defines the
optimum viewing zone for instrument dxsplays when the
obscrver is lookmg straight ahead.

FIGURES 10-12

Still another condition is to be considered when plotnng
instrument displays which are obstructions between the
observer and instrument panel. This condition'is illustrated
in FIGURES 10-12, mcluswe, with FIGURE 10 jllus-
tratmg a relatively small obstruction %6, FIGURE 11 illuss
trating a larger obstruction and the vxsual conditions pre-
va:lmg, and FIGURE 12 illustrating a still larger obstroc-
tion and the visual conditions resulting therefrom.

In order to use the optical projector system 10 to estab-
lish the conditions illustrated in the aforementioned three
figures, 2 projected target image is not required. Instead,
slide 59 muy be removed from the respective projectors
and only the projected light rays used since the obstruc-
tions will cast shadows represented by the hatched zones

98 and 100, However, it is not mandatory the slide be re-

moved since casting of the shadows by projected light
may be obtained with the slide and image thereon remam—
ing wuhm xhe pmiemn.
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Employing the projector system in the aforementioned
manner, it will be noted by referring to FIGURE 10, im-
mediately behind obstruciion 96 is an area which is blind
to both eyes. There is also an area £62 on instrument panel
12 which is also blind to both eves, Additionaily, obstruc-
tion 96 creates a shadow regxon represented by hatched
zone 98 which is blind to the right eye and another hatched
zone 108 which is Blind fo the left eye of an observer.
Fhus, use of the projector svstem 10 establishes instru..
ments, shovld not be Joeated in area 102 since ‘they can-
1ot be seen, and critical instrument should not be located .
in the shadowed zones 98 or 100 since observation there-
of is impaired by obstruction 96.

FIGURE 11 illustrates a condition similar to FIGURE
10 wherein the employment of projector system 10 estab-
lishes the obstruction 95, produces a region 162 on the
jnstrument panel which is blind to both eyes; the obstrue- -
tion also creates shadowed zones 98 and 100 which is
blind to one or the other eve of an observer.

FIGURE 12 likewise illustrates substantially the saie
conditicns, the enly variations between the figures being .
the blind region 162 progressively increases in size, where-
as the shadowed zones remain substantially uniform.

The optical projector system 10 is capable of provid- .
ing for other conditions which are not illustrated. For
instance, heretofore the description of the invention has

‘been devoted to describing conditions which are applicable

to an averagé observer, but projector system 18 may be
used io plot an instrument arrangement or an instrument
panel where the observer has a visual weakness. .

1f an environmental condition is imposed on an ob-
server of the type aforementioned, which produces a visual
impairment, then a slide may be prepared wherein the
image thereon, and which is projected, would realistically
reflect this visual change to thereby establish the optimum
arrangement of an jnstrument cluster which provides and
compensates for the change or alteration. Also an ob-
server may not have wide péripheral vision such as is -
caused by belmet or G-load. In this cese a slide again
could be prepared which would allow for réstricted. pe-
ripheral vision. Additionally, an observer may have wide
or narrow set eyes, the difference being measured only in .
fractions of an inch., In this case a slide again may be -
prepared to provide for this condition, or projectors 34
may be moved toward or away from each other in the
manner heretofore described, or a combination -of these
two provisions may be employed.

While particular embodiments of this invention have -
been llusirated and described berein, it will be apparent . .~
that various chapges and meodifications may be made in
the construction and arrangements of the various patts
withont departing from the spirit and scope of this inven- -
tion and its broader aspects, or as defined in the followxng
clatms. . ,

What is claimed is:

1. An optical projector sysiem for eva}uatmg a8 wel! as’ .
establishing the arrangement of instrument clustets wbxcb* ;
comprise:

(2} a substantially vertical standard for pivotally sup-
porting an arm which pivots on said vertical stand-
ard to simulate the horizental, vertical, and angn!ar
movements of the human head; .

{b) a pair of spaced brackets pivotally supported by
said arm, said brackets each being horizontally piv-
otal about a vertical axis so as to simulate the hori-
zontal sidé-to-side movement of the eyes; and

(¢} a photographic slide. projecting unit pivotally sup-

ported by each bracket, said units'each being vertical-
ly pivotal abput a horizontal axis so as {o smmiat_e]
the verticdl up and down movement of each eye:
{1) ea:h of said units include a wide angle Jns
for achieving s wide angle display of a light
~ . solirce as well as the image on a slide, the dis-
play being such s to provide fof accurately
simulating the visual ability and Jimitations of -
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each eye to establish the arrangement of instru- -

ment clusters.

2. An optxcal projector system, according to claim 3,

wherein said projecting units are each movable horizontal- -
1y toward and away from the opposed unit so as to sim-
ulate the spacing of the eyes.

3. An optical projector System, according to claim 1, _

wherein the pivotal connection between said standard and
said arm comprises a ball and socket universal joint,

4. An optical projector system, aceording to claim 1,
wherein said arm is T-shaped with the brackets disposed
inwardly and adjacent the ends of the cap of the arm.

E. An optical projector system, according to claim X,
wierein said brackets are C.shaped with said projecting

units cach being pivotally disposed within the open end

of the respective bracket and the vertical axis, about which
said brackets pivot, being disposed midway of the bight
of said brackets.

- 1,758,938
10 2325569

‘ 10 :

"' 6. An optical pro;ector system, accordxng {0 ciaxm 1,
wherexn each. pro;ectmg unit has a slot therein for in-
serting and removing. said slide; the slide, when located
within ‘the respective projecting units, being between said  ~

& wide angle lens and the light source.
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