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. (HMD) was directed toward the goal of displaying high resolution video over a wide angular
... field of view. These systems were not entirely acceptable from an operational standpoint

" due to excessive weight,” size and a number

two ‘competing, high resolution”image
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Recent studies at the USAF Aerospace Medical Research ‘Laboratory (AFAMRL) have been
-.directed at the introduction of a flexible fiber optics bundle. (FFOB) to.. relay
alphanumeric/symbolic information from'a Cathode Ray Tube:' (CRT) located off the helmet
in order to provide Head-Up Display (HUD) equivalent display.. information. This approach’
results in less weight and size, tlhe potential for: increased brightness and the removal
~of high voltage from the helmet. In ‘additjion to these improved hardware characteristic
several visual problems™ are’:avoided  by.this simple' configliration.:’: This paper .wil’
“examine the rationale for” such.a design approach as well as present results of laborator
studies to assess.the’efféct of . FFOB-fiber.densit ymbol 'legibility  for: e
Mounted Head-Up Display. (HMHUD
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The tern Heimet-Mouﬁtea, Head—Up~bi§b1a§‘is a rather cluméy,falfhoﬁgh quite appropriate- ' '
and descriptive, title for an item of display hardware in that such a device falls under . . oo
_ the general category cf lelmet-Mounted Displays but takes. on some of the attributes-and: '
.7 - .. operating characteristics of & Head-Up Display.. For those not familiar with these and:

‘related display devices a few brief descriptions follow...

}.i:I Head-Up DféplgiT‘T CoTr
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The HUD is a large electro-optical ‘instrument that.is accurately affixed - (boresighted)’
to the aircraft structure. in front of the pilot to provide a sophisticated gunsight -
capability. Information derived from various aircraft - flight instrument and weapon
delivery sensors is presented in symbolic form on a very. high intensity CRT located within
the instrument.. This information: is projected thirough an optical system and reflected -
from a beamsplitter.or.” combining element located in the pilot's forward field of view .

* (see Fig. 1).- The symbology is seen focused at optical infinity, superimposed upon the

" view of the real world scene. This dllows the pilot to accommodate the video information
and real world .information together, and therefore monitor essential flight and weapon
delivery data without having to look down into the cockpit as he flies the aircraft, thus
the term "head-up" display.
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1.2 Helmet-Mounted Display

The HMD is a device that makes use of a miniature CRT or other such small, controlled
image source mounted on the pilot's helmet to provide an information display. The image
source, again, is not viewed directly but through an optical link that presents a virtual
image, focused at optical infinity and reflected from a transparent combining element

* in front of the pilot's eye (see Fig. 2). In some designs the helmet visor is used for
this purpose (Kocian and Pratt, 1973). Two visual fields of information are therefore
seen simultaneously, the virtual image superimposed upon the real world scene. Awiring
bundle musr be routed to the helmet from a remote location to supply electrical excitation
for the image source. In the case of a CRT approach high voltages (7 to 7.5 Kilovolts)
are present and special precautions must be taken to permit separation of the bundle
during emergency egress, without introducing potentially dangerous sparks.
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A few important distinctions are worth noting in comparing the HUD and HMD.. - The HUD
requires nothing on the pilot's head. Both eyes view the information presented thrcugh
the same aperture with restricted head positioning but very stable boresight accuracies
can be achieved.. In utilizing the HMD the pilot sees the entire video field constantly,
regardless of head motion.but.usually .only in one’eye.. Also, soue visual obstructions
are usually present due to the proximity of the bardware and boresight does- not- have .
significance ; i ’ : ; '

A third type of devicé that is important to this discussion is the Helmet- Mounted Sight
(HMS)"....The HMS measures; ilot's lineé.of sight in feldtion, to the dircraft by sensing:-
helmét . orieéntation.+.1t: then:-provides. that information: for use -in'.controlling ‘weapon.
_delivery systems:and external sensors.® A.small  jreticle display reflected from the:
pilot's visor isiiised foripositioning: referen “The pilot. overlays the'reticle-on a
target and the System thén'calculates helmet.ang referenced to-the airframe, and hence
1line of sight relative to the'target (see Fig:. 3)::Several techniques have been developed
to- sense helmetorientation  in the: cockpit:.i:Such- physical phenomena as ‘infra-red
radiation, magnetic fields, and-ultrasonic'waves'have been employed for detection. More ™

specific;techdicaI'detailzdp'thisrsubject'can-be found: in:: Birt and Task (1973)..v ‘-
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1.4 Visually-Coupled Systems

The concurrent use of an HMD with an BMS results in a configuration that has been defined
as a Visually-Coupled System (VCS). The HMS determines the operator's line of sight
ditecting video sensors to coincide such that imagery from the observed field of regard
is displayed in real time. This powerful technique gives the operator instantaneous
visual feedback so that he cen introduce corrections and manipulate directional systems
(Fig. 4). additional information on VCS can also be found in Birt and Task (1673).

CONTROL PATH

HELMET
__4—— il 3
CONTROLLED
OPERATOR DEVICE

HELMET | e
DISPLAY -
FEEDBACK PATH
FIG. 4. VISUALLY-COUPLED SYSTEM(YCS) CONCEP'IT:

2. BACKGROUND T

[P

Head-Up Displays, although not technically perfected in terms of man-machine interface,
have been j: operational use in fighter and attack aircraft for the last few decades
(Gard, 1978'. The Helmet-Mounted (ight, although not so extensively employed, has also
undergone production and Iield service. Helmet-Mounted Displays nave 1l:nguished in the
lzboratory. The primary reason for this is that every HMD system designed to date has
. imposed upon the operator- more physiological and psychological hardships than could be
- counterbalanced by the benefits that such systems are capablé of providing. This is’
not to say that HMDs do not offer the potential for significant increases in.performance:-
and ' reductions in pilot workload. It does, however, give some indication-of the rather
- substantial human engineering problems encountered in the ‘design of . helmet mounted

systems S e H :

There are many complex and interacting parameférs'involved in_the design of:a given HMD
(Task, Kocian and Brindle, 1980) making trade-offs very difficult:_Typically, improvirg
field of view, exit pupil or eye relief results in a larger ™ optical system and unwanted
extra weight. .The poténtial” solutions are geometrically limited..~. More detailed
discussion on the subject of optical constraints” can be found in Larkin (1980)." Advers
visual effects are also diffié¢ult to avoid:.. These includé such phenomena as distor-.- "I
tions, occlusions;. brightness inadequacies and binmocular.rivalry to name only a few. .
Binocular rivalry has, been examined in some depth and documented in Hershberger and .
Guerin, (1975). ... .o ‘.. e RIS o e Vi

. . - [E P A R i Ly ke oo e e P s
Finally, the physical properties of weight, size ‘and .balance (center-of-gravity)
complicate the design task.even further. Ultimately, the most.objectionable feature.
of an HMD system is added helmet weight. Generally speaking the problems discussed:
herein increase with system sophistication. -~ B é - o

Historically much of the significant HMD development transpired in the late 1960's and
early 1970's (Birt and Task; 1973). A large portion of this work included optimization

of miniature CRTs in terms of size, brightness and resolution and in the manipulation
of various helmet and’ optical design configurations to reduce weight, improve cen-

ter-of-gravity and provide for.->satisfactory viewing characteristics. As one might
expect with a fresh technology, design goals were quite high and not knowing the true
design limits; researchers emphasized systems with large fields of view, %igh reso-
lution imagery, binocular”viewing capability, color, etc.” As discussed earlier the
complexity of the systems led to their unacceptability.. Lo s T
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« 3. " HELMET-MOUNTED HEAD-UP DISPLLY R :
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A much simpler HMD configuration has been suggested that has iewer vphusiclogical

disadvantages and the potential for cperatiunal wusefulness. A Flexible Fiber Optics

Bundle can be used to relay the image from a CRT Jocated off rhe heimet to theé helmet

optics. Several advantages can be ceen with this approach (ree ig lemoving the -

CRT not only gives a significant weight reduction but does away with high vn;tave an the :

helmer. This permits a simple on“‘:'l d“"”qrA]P; mechanis easily

" separate in an emergency. lIncreased liexibility in CRT cho! Lgrtger
devices exhibiting higher brightness. ruggedness and even the . e 1 lering
the design for a symbology-only capability has additicnal sdvancages. lower

resolution required Lo generate recognizable svmbels permite s faitiy flexible and
lightweight bundle, since fewer filier elements are required. The durability of such s
bundle would be quite good. Excellent viewing characteristics vesult from being able
to display a singular, high level of brightness as oppused to sever ral levels of brightness
as would be required for jpagery. A monocular display prese tlng symbology only would
not be susceptible to binocular rivalry as studies have indicated (Jazobs, Triggs and
Aldrich, 1973). 1In addition, symbolic information is eadllv interpreted and under-
stood.

HUD
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FIG. 5. HELMET-MOUNTED, HEAD-UP D;SPLAY ("%PUD‘ CONCEPT
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The overall Lap°b111ty would be similer to that of a HUD although boresight would be
- lacking. Use of a HMHUD with an HMS weuld provxde the - advan:ages of off- boresrgnt target
'~ designation, weapon lock-on and navigation upddte. Warning and cauticn information ..
.would always be within the view of the operator. The display would be very convenient -

for input/output 1nteractlon with on board computers. Retrofit of course would be i
prelatlvely s1mp1e, g1v1ng HUD capab111ty to a1rcraft that were not originally so

. With th1s concept in’ m1nd an in- house effort was undertaken to demonstrate " the HMHUD.
A Honeywell Mod 7A HMD was chosen to be modified (gee Flg 6). This .particular HMD design
B ‘orlglnally made use of a 'short non-flexible fiber’ optics’bundle to relay the image from .
. aminiature CRT located*on the back of the helmet to the optical system used to project’’ S
the image onto the helmet visor. The unit shown in Fig. 6 includes Helmet-Mounted Sight - T
sensors and cabling. It.was a simple task to replace the CRT and original FFOB with a ' RS
one meter long, off the shelf FFOB. The completed prototype un1t is plctured in Fig. = 7 1
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L
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: 5 _”aﬁ;x e i
FIG. 6. HONEYWELL MOD 7A HMD .. FIG. 7. HMHUD PROTOTYPE S
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used to optically couple the image from a miniature ‘CRT to the end of the
gL k is presently in progress to couple the miniature CRT to a micro-computer
“f0r generating appropriate symbology. The entire system will Se used as & research tool
to develop a symbology set best suited for HMHUD use.

To determine whether or not a flexible fiber optics bundle of reasonable size could
support the image quality tequired for HUD symbology some test situations were set up
and photographed. Figure. 8 shows a photograph of a 35 mm slide with a sample of HUD
symbology. This slide was then imaged through a 50,000 element, hexagonaliy formatted
FFOE composed of 50 micron fibers. Fig. 9 shows the resulring imzge at the other end
of the FFCB. The FFOB selected for the research prototype is a 350,000 eiement bundle
in a rectangular format composed of 10 micron fibers in 6x6 element subbundles. This
FFOE should provide slightly better resolution, depending on the misregistration and
fiber breakage of the particular bundle acquired.

FIG. 8. HUD SYMBOLOGY | FIG. 9. HUD SYMBOLOGY ON FFOB
ST (35mm SLIDE) , IMAGE PLANE

5. FFOB STUDIES

Since resolution is directly related to the number of fibers and since weight and
flexibility are improved with fewer fibers, it becomes desirable to know how many fibers
‘across a given symbol are required for easy recognition. Studies are being conducted
at AFAMRL to define limits such as. these.. One study, already completed, varied both
the number of fibers across ‘dlphanumeric characters. and the”angular subtense of. the
" characters themselves.. Subjects wete ‘scored - on response time and number of correct . -
.Iesponses.. Two different bundles were used, one having a rectangular format (Fig. 10).
~and one: having'a héxagonal format (Fig: 11)- . Major findings of .the study indicated that
performance: with the hexagonal bundle was” superior .to that with the rectangular bundle '~
‘ andfoptimhl”performéncé'dccurred”afiéﬁﬁfgﬁipatélyf8.][éleméﬂtéfbf mdte per character. . . .-
~ height and; with chardcter angular subtenses greater than 18 minutes of arc. ‘This data - ..
"will .serve tof define-the lower limit of symbol sizes for a Helmet-Mounted Head-Up
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result in small. dark inactive areas {see Fig. 103. This problem becomes worse with time
and use as more fibers breal. Light trensmission [s attenuated by approximately ten
“percent per foot in a typical FFOE. & suliiciently btright source would compensate for

.
- -
«
Thete are a few FFOB disuadvantages worth discussing. Imperfections are present
in every bundle to some degree. Fibers atre not always registered perfectly from end
to end although this is noi 2 severe problem. |DMisregistration displaces a pixel of

information siightly from its eriginszi physical location. RBroken fibers and sub-bundles
& y & P

this efifect. Since each end surface ¢f tne bundle is zn image plane, debris and scratches
on these surfaces can interfere with any image being projected. Extra care must be taken
to insure that the imaging surfaces ave kept isclated from foreign material and abuse.
The bundle structure itsell tresults in o fixed pattern that is siperimposed on the image
plane. This can be a mils distraction. There are rwo techniques that can be employed
to 1limit {ized pattern effects, if this is desirable. A small specially Gesigned prism
set properly at each end ¢f the bundle breaks up and recomhines the transmitted light
according to wavelength elifinating the image of the pattern. This technique is called
"wavelength multiplexing”. Wavelensth mulfiplexing results in additional complexity, -
size and added weight. Another method to effectively eliminate the pattern image
utilizes synchronized vibration at each end of the bundle. It is not a simple task to
c¢ontrol vibration with the accurac necessary to eliminate the fixed pattern noise
without blurring the image due to -unsynchronized vibration. None of the problems
discussed above appear to bte insurmountable. '

3
3
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6. CONCLUSIONS

xS MG S,

The authors believe that a Helmet-Mcunted, Head-Up Display as described in this paper

offers the pilot a unique and useful information source without many of the more f
prominent disadvantages usually associated with Helmet-Mounted Displays. Very impor- g
tant weight reductions are possible with this configuration, adverse visual effects are 5
minimized, high voltage separation is unnecessary and retrofit is simple and inexpen- 3
sive. b
Tactically, the device can be used with a Helmet-Mounted Sight to provide off-boresight, .
head-up interaction with weapon delivery and navigation systems. 3
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‘In the past much of the effort expended in the development of Helmet-Mounted Displays
.(HMD) was directed toward the goal of displaying high resolution video over a wide angular

field of view. These systems were not entirely acceptable from an operational standpoint .
due to excessive weight, size and a number of adverse visual effects related to viewing ~~: " .

two competing, high resolution”images: : A e

Recent studies at the USAF Aerospace Medical Research Laboratory (AFAMRL) have been -
.directed at the introduction of a flexible fiber optics bundle. (FFOB) to.. relay’
alphanumeric/symbolic. information. from-a Cathode Ray Tube (CRT) located off the helmet -
.in order to provide Head-Up Display (HUD) equivalent display. information.  This approach -
:results in less weight and size, the potential for increased brightness and the removal -
.of high voltage from the helmét. In addition to these improved hardware characteristics’
everal visual problems” are!:‘avoided’ by.this simple' configlration.s This paper wil
xamine the rationale for’ such.a design approach as well as present results of laborator
" assess.the’effect of FFOB-fiber.density on symbol legibility for a Helm

1is ‘paper~.discusses a conceptual “approach. that ‘is”siccessful’ in’
ivoiding many of the*confoundirng-eélements of traditional HMD design in-favor.of a'simplé,.
I,y less objectionable "system with higher pdtential’ for .operational acceptanc

DRIGG T T P Piv LB s e T e ET AT AR Gt o
The term Helmet-Mounted, Head-Up-Display is a rather clumsy, although quite appropriate

and descriptive, title for an item of display hardware in that such a device falls under -
the general category cf Helmet-Mounted Displays but takes. on some of the attributes and-
operating characteristics of & Head-Up Display.. For those not familiar with these and:

A = P

‘Telated display devices a few brief descriptions follow.. .

"Head-Up Display. L
The HUD is a large electro-optical ‘instrument that is accurately affixed ' (boresighted):
to the aircraft structure. in front of thé pilot to provide a sophisticated gunsight -
capability. Information derived from various aircraft ‘flight instrument and weapon
delivery sensors is presented in.symbolic form on a very high intensity CRT located within
the instrument: This information.:is projected through an optical system and reflected

~. from a beamsplitter.or.. combining element located in the pilot's forward field of view

'~ (see Fig. 1).: The symbology is seen focused at optical infinity, superimposed upon the

" view of the real world scene. This allows the pilot to accommodate the video information

and real world information together, and therefore monitor essential flight and weapon
delivery data without having to look down into the cockpit as he flies the aircraft, thus
the term "head-up"” display.
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1.2 Helmet-Mcounted Display

The HMD is s device that makes use of a miniature CRT or other such small, controlled
image source mounted on the pilot's helmer to provide an information display. The image
source, again. is not viewed directly but through an optical link that presents a virtual
image, focused at optical infinity and reflected from a transparent combining element
in front of the pilot's eye (see Fig. 2). In some designs the helmet visor is used for
this purpose (Kocian and Pratt, 1973). Two visual fields of information are therefore
seen simultaneously, the virtual image superimposed upon the real world scene. A wiring
bundle must be routed to the helmet from a remote location to supply electrical excitation
for the image source. In the case of a CRT approach high voltages (7 to 7.5 Kilovolts)
are present and special precautions must be taken to permit separation of the bundle
¢uring emergency egress, without introducing potentially dangerous sparks.
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A few important distinctions are worth noting in comparing ‘the HUD and HMD..-The HUD

requires nothing on the pilot's head. Both eyes view the information presented thrcugh-

the same aperture with restricted head positioning but very stable boresight accuracies
can be achieved. In utilizing the HMD the pilot sees the entire video field constantly,
regardless of head motion.but usually..only in one eye.: Also, soue visual obstructions

are usually present due to the proximity of the hardware and boresight does not- have .
. .. o N er” .o PTIE T3 PN S . B . c . . .

»

significance. 3

1 3 _' Hénlmet-Moux{'ted Sight

A third type of device that’is important to this discussion is the Helmet- Mounted Sight
(HMS) ... The HMS measures;the:pilot’s Lineé.of sight'inrelation. to-the dircraft by sensing
helmét.oriéntation. I1t: then provides. that infor itioni: for Use-in .controlling weapon
_delivery systems: and external sensors .= A.small  tteticle display reflected. from 'the
) ‘vis T positi né Thé pilot.overlays the'reticle.on a
‘referenced to-the airframe, and hence
to-the. Several.techniques have been developed

to- sense helmet*orientation-in the: cockpit Suéh physical phenomena as.-infra-red
radiation, magnetic fields’and-ultrasonic’ waves ‘have been employed for detection. More
specific.technical deta’i],‘;o‘n' this subject can:be  found:in:- Birt and Task (1973)...% :
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1.4 Visually-Coupled Systems

The concurrent use of an HMD with an 'HMS results in a configuration that has been defined
as a Visually-Coupled System (VCS). The HMS determines the operator's line of sight
dlrecrlng video sensors to coincide such that imagery from the observed field of regard
is displayed in real time. This powerful technique gives the operator instantaneous
visual feedback so that he can introduce corrections and manipulate directional systems
(Fig. 4). Additional informatioan on VCS can also be found in Birt and Task (1973).

CONTROL PATH

HELMET
L OSIGHT [ N
CONTROLLED
OPERATOR DEVICE
\________ HELMET ___/
DISPLAY :

FEEDBACK PATH

AFIG.'Q. VISUALLY-COUPLED SYSTEM (VCS) CONCEPT .

2. BACKGROUND LTt

Head-Up Displays, although not technically perfected in terms of man-machine interface,
have been i: operational use in fighter and attack aircraft for the lest few decades
{Gard, 1978%. The Helmet-Mounted ! -ight; although not so extensi vely employed, has also
undergone production and {ield service. Helmet-Mounted Displays have 1.ngu1shed in the
laboratory. The primary reason for this is that every HMD system desigred to date has
. imposed upon the operator  more physiological and psychglogical hardships than could be .
" counterbalanced by the benefits that such systems are capable of prov1d1ng. This is’
" mot to say that HMDs do not offer the potential for 51gn1f1cant increases in performance -
- and reductions in pllot workload It does, however, glve some 1nd1cat10n of the rather ... .
-.substant1al human i bl t d he ‘desi f. h lmet mo ted *
system b SR Tl N At ) ; b et .

.. There are many complex and interacting p: nvolved in the.design of a ‘given HMD |
© . (Task|, Kocian and Brindle, 1980) making trade- offs very difficult: Typlcally, improving .
field of view, exit pup11 or eye relief results in a larger” opt1ca1 system and unwanted
extra’ welght. -.The ‘potential” solufions are geometrically limited.’. More’ detailed
discussion on the subject of optical constralnts can be found in Larkin (1980) Adverse ”
visual effects are also difficéult to avoid.  Thesé include such phenomena as distor-
tions, occlusions;. brightness 1nadequac1es and binocular. tivalry. to name only 'a few. .
Binocular rivalry bas been examined in some depth and documented in Hershberger andi
Guerin, (1975) - o . . . N . . : :

a

Fxnally,' the phy51cal propertles of welght Size and balance (center of grav1ty)
complicate the design task.even further. Ultlmately, the most objectionable feature'
of ‘an HMD system is added helmet weight. Generally Speak1ng the problems discussed -
herein 1ncrease with system SOphlSthathn.A o S

Hlstor1cally much of the s gnlflcant HMD development transplred in the late 1960 s and
early 1970's (Birt and Task;-1973). A large portion of this work included optimization

of miniature CRTs in term§ "of size, brightness and resolution and in the manipulation
of various helmet and’ optical design conflguratlons to reduce weight, improve cen-

ter-of-gravity and provide for ‘satisfactory viewing characteristics. As one might
expect with a fresh technology, de51gn goals were quite high and not knowing the true
design limits; researchers emphasized systems with large -fields of view, high reso-
lution imagery, binocularviewing capability, color, etc.: As dlscussed earller the -
complex1ty of the systems led to the1r unacceptabllxty : - ’

~
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A much simpler HMD configuration has been suggested that has fewer phvsiclogical %
disadvantages and the potential for cperational usefulness. A Flexitle Fiber Ouvtics 3
Bundle can be used to relay the image from a CRT located off rhe heimet to the heimet g
optics. Several advantages can be seen with this appreach (see Fig. 5). Kemoving the j

CRT not only gives a significant weight reduction but does away with high valrage on the 4
helmet. This psrmits a simple optizsl decoupling mechanism That rhe pi y easily !

* separate in an emergency. Increased liexibility in CRT chai permite Folarger 1
devices exhibiting higher brightness. ruggedness and even the coption of color., Tailoring N

the design for a symbology-only capability has additicnal advantages. The lower 4
resolution reguired to generate recognizable symbels permite a faivly flexible and g
lightweight bundle, since fewer filier elements are required. The durability of such a !

"

bundle would be quite good. Ewxcellint viewing characteristics result from being able
to display a singular, high level of brightness as opposed to several levels oi brightness
as would be required for ipagery. A monocular display presenting symbology only would
not be susceptible to binocular rivalry as studies have indicated (Jacobs, Triggs and
Aldrich, 1970). 1n addition, symbolic information is readily interpreted and under-
stood.

SYMBOLOGY

“
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FFOB—-""’—’ %
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> 3
LENS ,/”/’/' v
SYSTEM
4
. E
CRT ki

FIG. 5. HELMET-MOUNTED, HEAD-UP DISPLAY (HMHUD) CONCEPT

The overall capzbility would be similer to that of a HUD although boresizht would be
lacking. Use of a HMHUD wi:h an HMS would provide the  advantages of off-boresight target
designation, weapon lock-on and navigation upddté.’ Warning and caution information
- would always be within the view of the operator. The display would be very convenient
- - for input/outpit interaction with on board computers. = Retrofit of course would be

' relatively simple, giving HUD capability to aircraft that were not originally so

H K

"HMHUD PROTOTYPE

e . . RN RN

"With this concépt in mind, an in-house effort was undettaken to demonstrate’ the HMHUD.
A Honeywell Mod 7A HMD was chosen to be modified (Seé Fig. 6). This particular HMD design.
originally made use of a short non-flexible fiber‘optics’bundle to relay the image from.
aminiature CRT located"on the back of the helmet to the optical system used to project’
the image onto the helmet visor. The unit shown in Fig. 6 includes Helmet-Mounted Sight
sensors and cabling. It was a simple task to replace the CRT and original FFOB with a

oné meter long, off-the-shelf FFOB. The completed prototype unit is pictured in Fig.

BT SV -¥ 53 DY
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FIG. 6. HONEYWELL MOD 7A HMD




**A lens was used to optically couple the image from a miniature *CRT to the end of the
" " DlUndle. Work ie presently in progress to couple the miniasture CRT to a micro-computer
“for ge&ersting appropriate symbology. Thbe entire system will Be used as a research tool

to cevelop a symbology set best suited for HMHUD use.

To determine whether or not a flexible fiber optics bundle of reasonable size could
support the image quality required for HUD symbology some test situations were set up
and photographed. Figure. 8 shows a photograph of a 35 mm slide with a sampie of HUD
symbology. This slide was then imaged through a 50,000 element, hexagonally formatted
FFOE ccmposed of 50 micron fibers. Fig. 9 shows the resulring image at the other end
of the FFCB. The FFOB selected for the research prototype is 2 350,000 element bundle
in a rectangular format composed of 10 micron fibers in 6x6 element subbundles. This
FFOB should provide slightly better resolution, depending on the misregistration and
fiber breakage of the particular bundle acquired.

g FIG. 8. HUD SYMBOLOGY FiG. 9. HUD SYMBOLOGY ON FFOB
om0 (35mm SLIDE) _ IMAGE PLANE

5. FFOB STUDIES

3ince resolution is directly related to the number of fibers and since weight and
flexibility are improved with fewer fibers, it becomes desirable to know how many fibers
-, 'across a given symbol are required for easy recognition. Studies are being conducted
"..at. AFAMRL to define’limits such as. these.. One study, already completed, varied both

the number of fibers across -alphanumeric: characters.and. the angular subtense of. the
" characters themselves.. Subjects were scored on response time and number of correct

and one: having'a héxagonal format (Fig. 11). .Major findings of the study indicated that -
performance; with the hexagonal bundle was superior to that with the rectangular bundle.

. andToptimal per formancé occurred ‘at approximately 8.7 elements of more per character.

“will.serve to? define-the;’ - limit of symbol size

oL e

lower

- N ? -

. FIG. 11. HEXAGONAL FORMAT FFOB

.responses.. Two ,different bundles were used, one having a rectangular format (Fig. 10).;tf1

. height and; with chardcter angular subtenses greater than 18 minutes of arc. This data ;;:_:
' s for a Helmet-Mounted Head-Up
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Thete are a few FFOB disadvantages worth discussing. Imperfections are present
in every bundle to some cdegree. TFibers ate not always registered perfectly from end
to end although this is not 2 severe problem. Misregistration displaces a pixel of
irformation siightly from its erizinzl physical location. Rroken fibers and sub-bundlesg
result in small, dark inactive aréss (sce Fig. 10}. This probiem becomes worse with time
and use as more fibers break. Light transmission is attenuated by approximately ten
percent per foor in'e typical FFOE. & sufficiently bhright source would compensate for
this effect. Since each end surface of tne bundle is an image plane, debris and scratches
on these surfaces can interfere with any image being projected. Extra care must be taken
to insure that the imaging surfaces are kept isclated from foreign material and abuse.
The bundle structure itseif results in o fived pattern that is superimposed on the image
plane. This can be a mild distraction. There are rwo techniques that can be employed
to limit fized pattern effects, if this is desirable. A small specially designed prism
set properly at each end of the bundle breaks up and recombines the transmitted light
according to wavelength elifinating the image of the pattern. This technique is called
"wavelength multiplexing”. Havelength multiplexing results in additional complexity,
size and added weight. Another method to effectively eliminate the pattern image
utilizes synchronized vibration at each end of the bundle. It is not a simple task to
control vibration with the accuricy necessary to eliminate the fixed pattern noise
without blurring the image due to -unsynchronized vibration. None of the problems
discussed above appear to be insurmountable.

6. CONCLUSIONS

The authors believe that a Helmet-Mcunted, Head-Up Display as described in this paper
offers the pilot a unique and useful information source without many of the more
prominent disadvantages usually associated with Helmet-Mounted Displays. Very impor- .
tant weight reductions are possible with this configuration, adverse visual effects are s

minimized, high voltage separation is unnecessary and retrofit is simple and inexpen-
sive.

Tactically, the device can be used with a Helmet-Mounted Sight to provide off-boresight, -
head-up interaction with weapon delivery and navigation systems,

7. REFERENCES

Birt, Joseph A. and Task, Harry L., 1973, "Proceedings of: A Symposium on Visually
Coupled Systems: Deveicpment and 4pplicatiens," U.S. Air Force Aercrpace Medical Divi-
sion, AMRL-TR-7"--1, -

Gard, Jerold H., 1978, "4 Scmewhat Vignetted History of the Head-Up Display,’ in Fro- 15
cz2edings of the Society fer Information Display, Volume 19, No. 4, Fourth Quarter 1978. S
p- 163. :

Hershbérger, M.L. and Guerin, D.F., 1975, "Binocular Rivalry in Helmet-Mounted Displaj
Applications," USAF: AMRL-TR-75-48, U.S. Aerospace Medical ‘Research Laboratory;
Wright- Patterson AFB, Ohio. T T B D R S S

[N

Jaéobs;ZR.S., Triggs, T.J. and Aldrich, J.w.;.1970; "Heiﬁet—MQUntéd DiSﬁléy/Sight
System Study," USAF: AFFDL-TR-70-83, Vol. I, Flight Dynamics ‘Laboratory, Wright-Pat
terson AFB, Ohio.. : ‘ R i

chién;'ﬁ;'éﬁd Pfatt, P;, 1973, "Development of a Helmet-Mounted Visor Display in-
Proceedings of: A Symposium on Visually Coupled Systems: Development and A lication,”
Birt and Task, (Eds), U.S. AiT Force Aerospace Me ical Division AMRL-TR-/3-

Lérkins, Jaﬁes.T.,li975; "Désign of an Optiéai:Link for a Side;ﬁoﬁntédlﬂeimet'DispI y
Using Off;the—Shelf Lenses,"” U.S. Air Force Institute of Technology Master's Thesis,
GEO-PH/75/6. R

Task, H. Lee, Kocian, Dean F. and Brindle, James H., 1980, "Helmet-Mounted Displays:
Design Considerations,'" in Advancement on Visualization Techniques, Hollister, W.M.
(Ed.), AGARDograph_No. 255, Harfcrd House, London. I : - L




