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Until recently, the complexity and number of cockpit instruments increased
with the complexity of aircraft and the functions for which they could be
used . Then , because of advances in display technology, multifunctional,
integrated disp lay systems we re developed . Their immediate appeal is that
they require relatively little cockpit panel space .~~However , there are
other , perhaps more positive , potential uses of multifunctional disp lays.
It is by exploring these potentialities that we are likely to be led to new
cockpit instrument panel guidelines.

Our main concerns in presenting images from a number of sources are for
c larity of information and speed of assimilation. A consideration of image
content shows that there can be a wide range of relationships between two
or more images that are to be presented together . The relationship is
determined by the pointing angle of the sensors delivering the imagery, by
the geometry of the images, and by the field s of view/magnifications being
used .

Imagery from several sources can be used in several ways . First , an
observer may need to compare the outputs of two or more sources to derive
a kipd- of information composite. Second , an enhanced , composite image
might be produced by combining separate images on the observer ’ s screen.
Third , the observer may need to monitor information from more than one
sou rce . Fourth , transitions from one image source to another may be

by some form of multiple-image presentation.

Eight methods of presenting multiple images were ident ified. They
inc luded superimposition, j uxtaposition in time , spli t screen, and various
forms of insetting. The appropriateness of these eight methods for each of
the four uses of multiple-image presentation was considered . Of the 32
combinations of uses and methods, 11 were judged to be promising, a
further 11 were possible, while the remaining 10 were inappropriate.

Various sensors and displays, as well as techniques for image combini ng.
scan conversion and symbol writing were reviewed . They were evaluated
in terms of their applicability to the multi-image presentation cases
listed above . Of eight image-combining techniques evaluated, the one w ith
the greatest potential for a low-cost , near-term, multi-function disp lay
was judged to be optical image combining. Digital computer techniques
for more comp lex applications were also discussed
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FOREWORD

The study reported in this document was conducted by the Systems and
Research Center of Honeywell Inc. from May through December 1976 under
sponsorship of the Office of Nava l Research, 800 North Quincy Street ,
Arlington , Virginia 22217 . The work was ident ified by Systems and Research
Center number F0455. Robert 3. Hughes and Leon G. Williams , PhD ,
served as co-principal investigators under the progra m management of
A. F. Kanarick , PhD. Significant technical contributions were made by
John B loomfield , PhD in mu lti-image presentat ion and by Patrick D. Pratt
in implementation. The work has been completed and this report released
for publication by the authors in December 1976.
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SECTION 1

SUMMARY

In this study of multisensor displays, the objectives were to consider different

display formats , and to suggest simple, efficient ways of implementing elec-

tronic and optical methods of combining images. The study is part of a more

general U. S. Navy program to develop a system for combining the informa-

tion from several sensors on a single display surface.

Until recently, the complexity and number of cockpit instruments increased

with the complexit y of aircraft and the functions for which they c~ ild be used.

Then , because of advances in disp lay technology, multifunctional, integrated

display systems were developed. Their immediate appeal is that they require

relatively little cockpit panel space. However , there are other , perhaps

more positive , potential uses of multifuncti onal displays. It is by exploring

these potentialities that we are likely to be led to new cockpit instrum ent

panel guidelines.

Our main concerns in presenting images from a number of sources are for

clarity of information and speed of assimilation. A consideration of image

content shows that there can be a wide range of relationships between two or

more images that are to be presented together. The relationship is deter-

mined by the pointing angle of the sensors delivering the imagery, by the

geometry of the images , and by the fields of view/magnifications being used.

Imagery from several sources can be used in several ways. First, an ob-

server may need to compare the outputs of two or more sources to derive a

kind of information composite. Second , an enhanced , composite image

might be produced by combining separate images on the observer ’s screen.

Third , the observer may need to monitor information from more than one

1 
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source. Fourth , transitions from one image source to another may be

facilit ated by some form of multiple-image presentation.

Eight methods of presenting multiple images were identified. They included

superimposition, j uxtaposition in time , split screen, and various forms of
insetting. The appropriateness of these eight methods for each of the four
uses of multiple-image presentation was considered . Of the 32 combinations
of uses and methods, 11 were judged to be promising, a further 11 were pos-
sible , while the remaining 10 were inappropriate,

• In considering implementation we considered a number of image sources and
several cases of multiple-image presentations. They are listed in Table 1-i
along with other important factors.

Various sensors and displays, as well as techniques for image combining,
scan conve rsion and symbol writ ing were reviewed. They were evaluated in
terms of their applicability to the multi-image presentation cases listed
above. Of eight image-combining techniques evaluated , the one with the
greatest potential for a low-cost , near-term , multi-function display was

jud ged to be optical image combining. Digital computer techniques for more
complex applications were also discussed.

Further research and development work is recommended. However , in both
cases, it should be directed towards more specific applications. Th~ f ollow -

- 
- - ing tasks are necessary:

For research

• Prioritization of four uses of multi-image presentation

• Prepare and conduct experiment s and analyze data to
determine the most appropriate method(s) of presenting
mult iple images for highest priority use.

2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~ _ _ _ _ _ _ _ _ _ _  _ _ _
-5- -5----— __5__ -.5--- -— --.5-- —p 

~~~~~ -5 - .5-5— -



Table 1-1. Requirements for Candidat e Image -
Combining Con cept s

Sensor s

• PPI radar with slow frame rate

• FLIR and LLLTV with high quality imagery

Annotation

• Moving map

• Symbols and graphics

Image Combination Laser

• Radar and moving map

• Inset radar imagery into E-O imagery
t FLIR imagery inset into LLTV imagery

• Radar , FLIR , and LLLTV imagery sequentially or
simultaneously

• Annotation for either radar or E-O imagery

Cockpit Environment

• High ambient illumination

• Limited head motion requirement

• Severe vibration

Display

• Minimum instrument panel space

• High visibility

• Head-down application assumed

Design

• Simple

• Reliable

• Low cost

3
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For development

• Definition of mission to establish specific system requirements

• Definition of system component s for image combining by
means of performance tradeoffs

• Fabrication and evaluation of demonstration system

We are dealing with complex tasks and techniques. It will not be easy to dis-
cover the optimal ways of combining images , However , research such as
that suggested should help in defining new cockpit design guidelines.

4
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SECTION II
INTRODUCTION

OBJECTIVES

This study, part of a more general program , is to develop a syst em for

combi ning the information from several sensors on a single disp lay surface .

The objectives of the current study were to consider different disp lay fo rmat s ,

and to suggest simple , efficient ways of implementing electronic and opt ical

methods of combining images.

OR GANIZATION

There are five main sections to this report . The first  is an Introduction .

The second, Multi Image Presentation, discusses ways of combining images,

and de scribes those likely to be most usef ul. The third sect ion, Imple-

mentation, details available equipment. It also contains a general descrip-
tion of ways various image combinations might be achieved , and this is
followed by some illust rat ive examples . The fourth section is an Evaluation .
The final section , Recommendations , pre sent s conclusions and recom-
mendations for further researchand development.

• This introductory section deals with the reasons for considering multifunc-

tional, multisensor displays, describ es the cockpit environm ent in which

they may be used, and , finally, discusses the potential advantages that might

he obtained by using these disp lays.

5
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W E T Y  USE MULTISENSOR DISPLAYS?

From the early 1900s until recent times, there was an obvious trend in the
way information was displayed in cockpits. Gradually, ai rcraft became r n z ,r e
complex, and could be used in an increasing number of circumstances. There
was a corresponding increase in the number , and in the complexity, of dis-
plays and dials. This trend could have continued until pilots were faced wi th
an unmanageable multitude of disp lay su rfac es.

Fortunately, there are alternative methods of handling information. By
using storag e and processing devices , the trend has been arrested . Multi-
functional , integrated cockpit di splay systems have been developed. Examp les
are provided by the U. S. Navy ’s Advanced Integrated Modular Instrumentation
System (AfMIS) and Vertical Take Off and Landing System (VTOL) , by t he

U. S. Air Forc e Digital Avionics Inform ation System (DAIS) and the B-52
• Electro-optical Viewing System (EVS).

At present , there is a transitiona l stage . This seems certain to be followed
by a period in which there is an increasing emphasis on int egrat ed , multi-
func tiona l disp lays .

The cock pit designer ’s problem was how to squeeze another dial, or disp lay,
into the already cluttered array facing the operator . Now , the designe r has
tools , developed through computer science and advances in display tech-
nology, that allows him/her  to cut through the design constraint s of conven-
tional cock pit disp lays. Howeve r , it may be that he /she is wield ing a double-
ed ged sword . These constraints provide some of the basic guidelines of
cockpit design . In eliminating them , the designe r will find that he/she has
excised many of the guideline s as well .

6
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The immediate appeal of multifunctional, multisensor displays is that they

are economical. One screen is less expensive than two , or three , and , more

importantly , it takes less space. However , the use of these disp lays opens

up many other possibilit ies .

Multisensor displays may improve both the quality, and flow of information.
By combining diffe~ ent sensor outputs, it may be possible to enhanc e those

• features of the resultant, composit e image that are relevant to the operator ’ s
tasks. In addition , with a multisensor display, the operator may be able to

make smoother transitions between one sensor output and another .

These potential improvements in information could , in turn , lead to improve-
ments in a number of the operator ’s tasks : navigation, piloting, target
acquisition, tracking and battle dam age assessment . These tasks might
well be carried out more rap idly, with more accuracy, and/or with less
effort by the operator .

There are seve ral ways of combining images: multiple screens, j uxtaposition
in time , overlay, split screen and various forms of insetting. Investigations
will have to be conducted to discover which techni ques produce the optimal

• performance in various operating tasks. It is through such investigations
that new cockpit de sign guidelines will appear .

We can expect the range of aircraft functions and activities to continue to
increase in the future. Spatial and financial economy are important . But ,
another consideration will outweigh them soon , if is has not already. We

m ust discover how to present information to pilot s and navigators in the most
easily, and rapidly assimiLe le wax possible .

As a first step, this study conc entrates on ways in which continuous real-
t ime imagery might best he presented .

7
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THE COC KPiT ENVIR ONMENT

The cockpit environment is far from ideal.

Space is limited . One of the prime reasons for the confusion of instru-
ments that confront the operator is that they have to be crammed into a
very rest ricted area . As discussed in the previous section , multisensor

• di splays may be of considerab le importance in reducing this visual clutter.

There are other impediments in the visual environment. The ope rator ’s
view of the world outside the cockpit is determined by the design of the air-
craft ; by the size of the windows , and the extent to which the body of the
vehicle obscures the ground . In addition , many aircraft are equipped with
some kind of Head Up Disp lay (HUD) . HUDs are used to present info rmation
directly on the windshield . A more sophisticated var iant of this is the
Helmet Mounted Display (HMD). In this case , a display is mounted on the
vi sor of the operator ’ s helmet . Both HUDs and HMDs are useful visual
aids . However , when the observer is looking through them to observe cock-
pit instruments, they may be a hindrance.

The spac e limitations also affect the operator more directly . He/ she has
virtually no freedom of movement. On the other hand , he/ she is subject to
many forces caused by various movements , both large (forward motion , ro ll,
pitch and yaw) and small (vibrati ons).

We must be aware of these factors , when developing multisensor disp lays .
Anything that is added to the cockpit environment, must be compact , and
robust , and should reduce visual clutter. .

8
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POTENTIA L ADVANTAGE S OF MULTI SENSOR DISP LAYS

Multisensor disp lays could affect performance of a number of the operator ’s
tasks: reconnaissance , navigation, pilot ing,target acquisition , tracking, f i r e

cont rol and batt le damage assessment .

To perform these tasks , it may be necessary for the operator to use infor-
mation from a number of sources , simultaneously, and/or  sequentially. For
example, consider a mission in which the operator has the task of assessing
batt le damage on a part icu lar installat ion . He/ she may need to look at map

• information and radar imagery. He/ she will then be able to identify a particular
area. Next , it may be necessary to switch to a low light level television
(LLLTV) to see the area in detail . Fi nally, it may be advisab le to make the
damage assessment using a thermal image sensor , as well as the television .

Clearly, this task can be performed if the operator has a map and the neces-
sary sensor-display systems. Howeve r , it may be easier to carry out the
task using a multisensor disp lay. First , the operator would look at project ed

map imagery and at the output of the radar . Wit h the ir scales adjusted appro-
priately, simultaneous presentation on a sing le screen wo u ld allow a direct
comparison . Having identified the ground area of interest , the operator could
introduce the te levision image b y insetting it into the appropriate location , in

the radar image . Then , it could be enlarged until it filled the disp lay. \Vhen

• 
. 

- required , the thermal im age of the installation being inspected could be added .
Again , an inset might be used , but , pe rha ps , this t ime it could be placed i n a
corner of the television image , wi th a marke r being used to indicate the cor-
re sponding area on the television image . In this way, the battle d a.rn age
assessment could be performed , using informat ion obtained from the simul-
taneous disp lay of the thermal and television images.

9 
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The use of a single disp lay surfac e could lead to improvement s in several

way s. The operator might accomplish the task more rapid ly. or more

accurately . Alternatively, it might require less e ffort , so that the operator

has more time or energy to spend on othe r tasks that have to be performed

at the same time . Research is needed to discover just which of the various

image-combining techniques will help the ope rator improve his/he r perfor-

rn ance in each of the specific tasks.

We can expect new cockpit guidelines to emerge from such research . How-

ever , we should not expect them to emerge fast , nor with particular clarity

at first.  We are dealing w ith complex techniques and complex behaviors . It

will not be easy to establish definitively the best way of combining images .

For some tasks , one method may be optimal. But , this method may act ually

hinder the perfo rmance on other tasks.

10
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SECT ION III
MULTI-IMAGE PRESENTATION

There are many way s of presenting a number of images. All of them have

be en explored thoroughly this cen t ury , f irst  by photographe r s, then , by f i lm

makers, and most recently, by television directors and editors. Any one

who wa nts to observe the full range of possibilities need only sit in an armchair

and switch on his/he r television . All of the techniques; juxta position , super-

imposit io n , split screen , insetting, and variations on them , are used either

in the scheduled programs or in the commercials that inte rupt them.

Occasionally, they are used to call attention to themselves. However , more

often , they are used unobtrusively, and to become aware of them one has to

pay close attention. The more common u ses of mul tiple images are described

below .

Two unbalanced, individual images may be combined to produce an aesthetically

pleasing, composi te image. For example , an image showing the full figure of •1

a singer at the extreme right and nothing else in the frame , may be balanced

by a second image , containing a close-up of his/her face , on the left , and

looki ng to the right (Figure 3-1). Here , the two images are combined to

produce a single aesthetic entity .

Two, or more, images may be shown simultaneously by mean s of a split

screen, or insetting, to reveal parallel action. For example , a long shot ,

of the progress of the ba 1l and action around it in a football game , may  have

an in set, in a corner , of a static close-up of a playe r in j u red early in the play

(Figure 3-2).

11
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Figure 3-2. Composite of Two Parallel Act ivit ies
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Mos t other uses of multip le images occur when the television edi t or , or
dir ector wants to make a transition from one image to another. The ty pe
of transition used depends on the action and mood of the particular program.

The se use s of multi-image presentations are of great interest he re . However ,
the decisions dictating their use are quite different: they are essentially used

aesthetically for pictorial , dra matic , or atmospheric effe cts. For us , the
emphasis is different. We are interested in direct responses to images. We

arc  concerned with clarity of information and speed of assimilation .

In considering airc raft applications of multisensor display s, two kinds of

problems must be addressed. The first deals with the relative effectiveness
of the various ways of combining images, the second with the most efficient
methods of implementing those combinations. The first of these areas is
discussed in this section , while the second is dealt with in Section 1V.

Before considering the potential effects of various image combinati on inethod ~
it is necessary to mention , briefly, the source from which the images may
eman ate. It is also necessary to discuss , in ra ther more detail , the content
of those images.

IMAG E SO UR CE

Cockpi t information is provided by a number  of sources. As a result , we

must consider several diffe rent kinds of imagery.

Low-Li ght-Level T elevision (LLLT V)

Low-light-level television systems are u sed mainl y to provide ground info r-
mation . The LLLT V camera is gene rally slewable , and is controlled either

1 1 
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by a joy stick , or by using a Helmet \Iounted Sight (Hi\ 1S). For most purposes,
the resolution of LLLT V systems is equivalent to 600-8 00 TV lines.

Forward-Looking Infrared (FLLR)

Forw ard-looking infrared systems also provide ground information and are
slewable . They can be used in two ways: first , as an alternative to LLLTV
in showing terrain details; and second , wi th low-level temperature differences ,
to highlight potential targets.

Radar

Radar is typically used at a greater range than LLLT V or FLIR. The radar
image has a geometry that is different than that obtained with LLLT V or
FLIR . In addition , its images take considerably longer to form.

Electronic J)ot Patterns/Stroke Writing

Flight data can be provided by the gene ration of appropriate symbols.
Electroni c dot patterns are used to convey alphanume ric information , while

graphical data is given by stroke w riting.

Film

Fil m ca n be used to give moving map imagery .

15
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IMAGE CONTENT

It may be advantageous for a pilot or navigator to receive information from
two, or more image sources. The information should be presented as clearly

and con cisely as possible . It is important to consider both the task that faces the
operator , and the content of the images.

In particular , we must consider the relationship between the content of one
image and another. There can be a wide range of relationships , from two
quite unrelated images , to two corresponding images. The relationship is
de termined by the pointing direction of the sensors delivering the images , by
the image geomet ries, and by the fields of view/magnification s being used .
For corresponding images , two geometrically compa t ib le sen sors (LL1~TV
and F U R  or radar with appropriate Cartesian coordinate conversion) must

be pointing at the same area on the ground , with identical field s of view .
There would be less corre spondence if one sensor had a narrow; and the other
a wide-angle field of view; and still less, if the two sensors were not pointing
in exact ly the same direction , bu t did cover some common details. A third
example of a partial relationship would be provided by combining a FLIR sensor ,
or LL LT V camera, and a radar direc ted towards the same general area.

As noted in one of the above examples , field of view is variable. Objects
within it can be enlarged , and then inspected in more detail , a t the cost of
i ~ducing the area covered by the sensor. With LLLTV, FLIR and radar,

field of view/magnification can be changed discretely by a turret or step

zoom lens. A continuous zoom lens can be used with  LLLTV to provide a

continuous change in field of view. This kind of transition cannot be made

with current FUR and radar systems, though for 1’LIR at least, it may be
desirable .

1 (
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A continuous zoom lens allows two options not possible with a turret  or step
zoom lens. First , smooth , fluid transitions can be made with the detail of
interest remaining in view and becoming progressively larger. Second , the
zoom can be stopped at any point between the maximum and minimum fie lds
of view. With the other lenses, on ly two or three fixed fields of view are
available, and . during a change from one view to anothe r , the observer’ s
screen goe s blank .

It wo uld be prohibitively cost ly to produce a continuous zoom lens for thermal
image systems. However , the first  of the two continuous zoom options could
be provided by adding an electronic storage unit and making use of the existing
step zoom lens and display . A wide-angle field-of-view image would be
stored on the storage unit. Then , while the lens was being switched to a
narrow field of view, there would be a continuouc. electronic zoom-in on the
stored image. H oneywell hopes to investigate this fake , continuous zoom
effec t in the near future .

Changes in field of view , whe the r mediated by step zoom , conti nuou s z oom

or fake con tin uou s zoom , have a prof ound effect on image content.  Changes
in pointing angle and image geometry have similar, drastic effects .  .\ con-
sidera tion of image content is of considerable importance when one is a t l e r , I u -
in g to present to an observer more than one image at a t ime.

USES OF MULTI-IMAGE PRESENTATION

Imagery f rom a number  of different sources can be used in s e v e r a l  w ay s .

First , an observer may ne ed to compare the outputs of Iwo , or more sou ’ Ces

to derive a kind of inf ormation composite. .\n e x a mp le was  L i v e n .nde r

“Potential advantages of multisensor displays. ” Thei i~ it  was sug~ es1ed t t ~;~
an observer might compare information gleaned f ro m a F U R  inset , and ir o m

the marked area of a full-screen LLLT V image.
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This use is related to the first example of multi-image usage in commercial
television . Here , an information composite is derived from two or more
sources. There , one unbalanced image was superiniposed on anothe r to

• produce an aesthetically pleasing composite image.

If our first use is related to this examp le, our ~ccond is directly eq uivalent
to it. In some case s, it is possible to  produce il e i i I i ~~need , composite image
by combining separate pieces of irnagi.~ry be~or ~- showing ~1ie~~ on the ob se l \  Cr ’ S

screen. Our objective is not an aesthet i  one . ) i ~ ra~he  t , r e l a t e s  to the

clarity of the resultant information .

T hirdly, the observer may need to monitor in 1or~~. .~~ioI1 C Y . I I I L  I rom more

than one source. Each image conveyinc i n u ~ m,~~i u .  should ~e dis t inct . Our

second commercial television example , of p a r a l l e l  ac~i o i t  in  a football  ~amc ,
is relevant in this case. T here , parallel act ion wa s  i n d i c a t - I  by inse t t ing ,

though in fact commercial television makes use of other methods, including

split screen, juxtaposition in time , and (less frequently) super-imposition.

We must consider these alternative methods of monitoring parallel informa-

tion.

Four thly, transitions from one image source to anothe r may be facilitated by

presen ting bo th image s simultaneously , around the time of the transition .
This is similar to the third example from commercial television , al thou gh

our objec tives in making transitions may be ra ther d i f ferent .  \\ e  are not
interested in aesthetics, drama ,or mood; but in c l a r i t y  and ease of unde r-
standing . As a result , a numbe r of editing techniques will be of no use. We

will not want to fade-out from our first  image to darkness , and then fade-in
the second one , although we may consider dissolving or mixin g the two i n ~ag e s

by mean s nt  supe rimposition. Similarly , we will  not be interested in i i i s i n ~-

ou t from image to darkness and then irising-in to  the new image ; thoug h

again , we may think of insetting the s.~cond image  in the f i r s t , and then

gradua l ly enlarging the inset. Nor will we want a turn-over , where  the

18
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first image appears to turn over to reveal the second on its back. In thi s

latter case, both image s are distorted during the transition. However , we

may be inte rested in using either a split screen during the image change or
a wipe, in which the new image is revealed by a line that wipes off the pre-
vious image .

Some form of multiple -image presentation may be effective for each of the
uses identified above. H owever, differen t forms of presentation may be
needed to produce the most comprehensive information composites and the
clearest composite images to convey parallel informati on succinctly and
to give smoother transitions. We now need to consider the var ious methods
of pre sentation available .

METHODS OF PRESENTIN G MULTIPLE IMAGES

There are several way s of pr esenting multip le images:

1. Images filling the whole screen may be show n simultaneously
on mul tiple screens.

2 . Images filling the whole screen may be shown simultaneously ,
superi mposed upon each other on a single screen.

3. Images filling the whole screen may be shown separa tely,
ju xtaposed in time, on a single screen.

4 . Images occupy ing equal proportions of the display space may
be shown simultaneously on a single screen. This is known as
a split-screen presentation .

5. A full-screen image may be shown with a designated portion
of it overlayed by the supe rimposed inse t of a second image.

1 I
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6. A full-screen image may be shown with an inset of a
second image replacing a designated portion of it .

7 . A variant on Number  6, wi th the inset image placed
in one corne r of the main image , and a marke r indicating
an area of special interest in the latter.

8. A variant on Number  7 , with an inset agarn pl2ced in a
corner of the main image . In this case , there is no
marke r , as there is no special relationship be tween the two
im’ages.

MAT CHING METHODS TO USES

We have described eight different methods of presenting multiple images ,
and four main uses of such a pre sentation. The next step, is to discuss
which method , or method s, might be most appropriate for each use . Table
3-1 lists the various methods and uses, An indication is given of those
me thods that are inappropriate for some uses , those tha t may be useful ,
and those we jud ge to be most promising .

; It should he noted that Table 3-1 pre sents judgments .  A n experimental
inves tigation is required before any definitive matches of methods and uses
can be stated.

The table is discussed in terms of the four  identif ied uses of mul t ip le- image

presentation. 
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Table 3-1. Applicability of Eight Methods of Presenting
Mult ip le  Images to Each of Four Ways  of Using
Those Images. (Key: N = Inappropriate;
P = Possible ; M = M ost Promising)

- - Uses

Information Composite Monitoring
Methods . Parallel TransitionsComposite Image

_________________________ ___________ ___________ 
Information -

1. Multiple Screens P N P P

2. Full Image P P P
Superimposition

3. Juxtaposition in Time ~l P \1

4. Split Screen M N P

5. Superimposed Inset P M N N

6. Inset (Replacement) N N l\l

7 . Inset with Marker I’.l N N P

8. Inset, No Relationship N X M P

Information Composite

In this use , the observer has to const ruct  a composite of the informat ion

he ! she extracts from two or more dis t inct  image sources.

• All three methods using fu l l - sc reen  images could be used . With Method 1,

multiple screens , the distance between the display s showing the image ty
should be the min imum.  The fart her apart the  relevant  display s happen to
be , the larger the eye ni ovem ents  needed to look from one to the othe r , and

thL less sa tisfactory this method is likely to be.
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Method 2, involving superimposed full screen images, could be used . However,

some coding of the images, perhaps by color , would be necessary if they
were to be easily distinguishable from each other.

The third full-screen method is more promising. Observers may find they
are able to combine information judiciously, when it is derived from images

that are shown alternately on a single screen. Several questions need to be
invest igated: should the observer control the alternation process? Is there

all optimal al ternation rate ? Does optimal rate vary with image content ?

\ Iuth od  4 , spli t-screen pre sentation , also may be appropriate for this u s ag e .

It is similar to multiple-screen presentation, bu t has at least one advantage .
Since the images are presented side by side on a single disp lay , in t e r - i m age
dis tance is at a min imum.  Thi s method will he suitable , if there is suf f ic ien t
resolution on the half-screen images to see the details of interest clearly.

Two of the four methods involving insets are inappropriate for this us ag e .
•\iethod 6 , in which the area of inte rest in the full image is replaced by an
inset , is clearly unsuitable , since no comparison would be possible . And , in

Me thod 8, since the re is no special relationship between the inse rted i n v i c l

and the full image , no comparison could be made.

Me thod 5, in which an inset is supe rimposed , might be useful . As  w i th  fu l l -
image supe rimposition , codin g would be necessary , or the inset t m L a V  simply

r i d ge into the ful l  ima ge.

The  last inset ,Me thod 7 , joins Methods 3 (juxtaposition in t ime )  and 4 (sp lit
sc m d c i i ) ,  in having the most potential for this use . In thi s case , the  a i c a  of

in te res t  on the full screen is marked , and an inset show s the are a v i a an o th e r

st Im sol 5: 51cm. Resolution is less likel y to be a problem than in t i l e  sp li t

screen method since the area of interest can be shown wi th  a m a x i m u m  m e s o l u t  i on

22

__
_ _

_
_ _

_
_ _

_
_ _

_
_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ii~



on both inset and full screen. In addition , unlike ei ther the juxtaposition in
time or split screen methods , the details for comparison can be pinpointed
more accurately.

Composite Images

In thi s case , the observer receives a single image that is a composite of two ,
or more , combined images.

Methods 1 (multiple screens), 4 (split screen), 7 and 8 (both with insets in
the corner of a full image) are all clearly inappropriate .

Method 3, juxtaposition in time , is a possibility , but only because of a
technicality. If the alternation rate of two distinct images is sufficiently
rapid , the two images appear to he supe rimposed upon one another. If a
suitable rate were used , a composite im age  would be seen . However , if

alternation were used in thi s way, it should really be considered as an
alternative way of implementing supe rimposition Method 2 .

The two superimposition methods , with fu l l  ima ges (Method 2) and with an
inset (Method 5), are clearly of great inte rest here . 1-lowever , there may be
problems in balancing the images that are to be combined. First , misal ignment
of the image s could lead to inte rference that would degrade each image .
Second , the g ray scale , or dynamic range , of the individual images should  be
mat ched , otherwise the display with the l a rg e r  dynamic range would dominate
the othe r(s). Third , the signal to noise ratio in the images needs to be balanced ,
since a high noise content in one im a g e  would degrade  informat ion f rom ano the r .
These technical problems t iced to be dealt with if this form of image enhance  -
ment is to be conducted in real t ime.

23
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Spotlighting is a special case of superimposition Method 2 . Here , the low
temperature diffe rences picked up by the F LIR sensor would be supressed.
Then , the high temperature differences could be used to indicate potential
ta rgets. The FLJ.R image might be defocussed slightly, so that it did not
interfere with the detail information contained in a LLLT V image. The latter
would be used to identify targets from amongst the candidates suggested by
the FLIR .

One last method needs to be discussed in relation to thi s usage : Method 6,
involving an inset that replaces a portion of the full  image . In this case , the

observe r may need to combine terrain background information , perhaps from
a LLLT V, with a small inset of FLIR target information . The FLIR sensor
might be used by the observe r to search around the LLLT V image. There
would be no alignment problem , nor would it be necessary for both sensors
to have the same scale.

Monitoring Parallel Information

In this use of multiple image presentation , the observer ’s task is to monitor
information coming from two or more sources continuously. Each image
needs to be distinct. There are similarities between this case and the first
usage involving an information composite. In both cases it is necessary for
the images to remain clearly distinguishable from each other.

As before , the three full-screen methods could be used. With a mult iple-
screen presenta tion , the inte i -display distance should be as small as possible.
\Vith supe rimposit ion , codin g would once more be needed to ensure that the
l i l lages  are distinct . A nd again , alte rnation in time is the more p romising
m ethod , with a similar investigation into alternation control and rate being
called for. l\l ethod 4, invol ving split-screen presentation , would a gain be
an appropriate fllethOd.
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There are differences between the two usages that emerge when we consider
the various insetting methods. Those methods (5 , 6 and 7) that deal with
ways in which the inset image is related to the full-screen image are all
inappropriate. Only Method 8, in which an unrelated image is inset in a
corner of the main image, is revealed as a candidate.

T ransitions

In making transition s from one image to anothe r , a number  of mult ip le image

pre sentations may be useful.  In fact , of the eight methods that were identified ,

only one can be eliminated. There seems to be little point in using Method 5 .
The combination of superimposition and insetting is unlike ly to ameliorate
t ransition s, altho ugh either alone could be of assistance.

With mul tiple screens, transition s would be mediated by eye m o v emen t s fr o n~
one sensor disp lay to another. This method seems unlike ly to be the best ,
although it may be as good as Methods 2 (supe rimposition), 4 (spli t screen),
and 7 (inset placed in one corne r , with marker  in the area of interest) , and

it is probably be tter than Method 8 (where an un related i :riage is inset in a
corner of the full screen image) . It may also be as useful as one commercial
television editing technique that was not cove red by our listing of methods of
presenting multiple images. Thi s technique is the wipe . In this , one image

is swept away by the leading ed ge of the second image .

The two most promising transitional techniques are Methods 3 and 6. The
forme r, juxtaposition in time, here becomes direc t-cutt ing . The latte r ,
with an inset replacing a specific area of interest , may be part icularly
u seful in target acquisition operations. Af t e r  the image was inset , the t ra n s-
ition would be effected by allowing th e  i n s e t  to grow gradua l l y until  it f i l led

the whole scene , and had complete ly  r epl : ced t i m e  ini t ial  image.  There are
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two way s that the inset image . uuld be expanded. Eithe r part of the second
image could be inset , and the rest revealled gradually. Or the whole of the
second image could be minified , inset, and then magnified and centered on
the display . The latter is rarely seen and harder to imp lement, but may be

interesting for our purposes.

While discussing transitions, changes of field of view involving a single
sensor should be mentioned. When a turret , or step zoom lens is used ,
the observer ’ s display goes blank during the transition from one field of
view to another. This may result in some disorientation or confusion . It
may be di fficult for the observer to decide exactly wha t is in the narrow
field of view , and/or how it relates to the previously visible , wider an gle
view . These potentially disconcer ting effects may delay the observe r ’ s
response . The delay may only be shor t . Neve rtheless, f or tasks such as
ta rget acquisition , it may be of considerable importance.

It is possible that the use of a real , or fake contin uous zoom le n s system
would avoid such effects and lead to a mo re efficient performance.

RECOMMENDATIONS
S

The re are 32 combinations of presentation methods and presentation use s listed
in Table 3-1 . As the table and the subseq uent discussion show, 10 of the se
combinations can be eliminated from further consideration . However, 22
combinations seem to have some possibilities. Of these, 11 seem particularly

promising. With the exception of the multi-screen method , all  seven remain-
ing methods, i.e . all methods involving a single screen, seem to be promis ing
in at least one usage. Because of this, we wi l l  discuss way s of implement ing
each of these methods in the next section .
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SECT1O~ IV
IMPLEMENTAT I ON

INTRODUCTION

Any airborne mult~~unction display must be able to present information from
a variety of sensor~. and data sources . The multifunction displa y must not

only be compatible with various sensors but also with computer-generated
symbology der i from instrumentation sensors and/or  weapon systems.
The input sources which appear to require the highest per fo rm ar~~e from an

airborne display are those which form images. The inherent f lexibil i ty of

electronic displays such as the cathode ray tube is particularly attractive for
multifunction use. While the inherent flexibility permits a high degree of
optimization to a specific system under specific viewing conditions . obviously - r

a multifunction display has a large range of performance requirements and
presents a formidable task to the display desi gner .

A representative list of sensors and other data sources for a mult ifunction
display on a military aircraft  includes the following:

Low light level TV (LLLTV)

Forward looking inf rared (Fl IR)

Radar

Computer generated and processed information (e. g . ,
weapon aiming , fli ght information , and aircraft  systems)

Dedicated electronic cockp it displays hav e been in use for many years . Hut
with current prol iferation of sensor systems and increased quanti ty of pro-

cessed data available from dig ita l compu t i iu ~ systems , a need exists to mini-

mize crew workload within ins t rument  panel space . The opt imal  approach

27
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to design of an integrated. multisensor , multifunction display system seems

to be a raster based integrated disp lay system. In it . a l l  sensor data are

converted to the standard video line rate prior to mixing with any synthet ica 1l~
generated symbology . Various approaches to combining sensor i magery with

synthetic symbology will  be discussed in this section .

It is unlikely that the resolution and gray scale requ irements for radar infor-

i~ at ion will  exceed that of the optical image forming sensors; hence , it wi I

not r°present a limiting condition on display performance. It I S un l ike ly  tha t

symbolo gy for target designation or navigationa l data for f l ight  information

would defin e the limiting conditions for a inultifunction display. Rather , it

would need to be compatible in readabi li t\  , contrast , accuracy and resolu t ion

with associa ted imaging sensor information.

The rada r sensor is basically incompatibilit y with a mul t i funct ion (TV raster)

display due to its relatively slow scan rates. A radar sensor requires either

a display with a long persistence or some sort of scan conversion to display

the imagery at TV refresh rates .

Two t ype s of synthetic symbol generation are stroke wri t ing and raster writ ing.

Stroke writing is produced by apply in g ana log x and v signals to the x and ‘
~

deflection ci rcuits of the display device , causin g the spot to deflect on the
CRT face correspond ingly. The spot is switched OF 1’ while it is being moved

in to position and ON while it is being moved to create a line or sy m bol.

Raster writ ing (as in television) is produced by genera t ing x and y t r iangular

waveforms locked to the synchronizing signals from the source in the x and v

deflec tion c ircui t  of the display device. Triangular waveforms cause the

spot to trace out a large number of horizontal lines . The br ightness of the

spot is varied to generate the symbol as hor izontal  lines co’~ pris ing it reach

the desired location on the screen.

28
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A di splay designed origina l ly for raster wri t ing cannot easily be mnodified to
generate stroke written symbols . However , a stroke wr it ing d isplay can
usually generate raster writ ing without modification .

The TV raster approach has the advantag e of being cost effective with low

power requirements . However , the stroke wri t ing display has the capabi l i iv
of generating hi gh resolution symbols between fields of the standard TV dis-
play format . When this is done the symbol brightness adds to the brightness
of the raster imagery . and the synthetic data are always legible . In other
words , the symbol becomes whiter than the white  of the image in the raster.
Raster type displays must use some techni que s such as black border ing for

the synthetic symbol to be visible against peak whi te  port i on s of the scene .
However , this obli terates some of the imagery .  ConfIi ’~’ iim g results  of
various optional design approaches must be traded off agains t requirements
of the specific aircraft’ s mission .

A detailed analysis of proposed image combining techniques has not been
undertaken in this study. A meaningful analysis of MTF , resolution ,
brightness, contrast , vi sual acuity, probability of detection , recognition,
and identification requires the definition of a specific sensor/combiner/
display system for a specific application. Therefore , it appea rs that the
most cost—effective approach to the multifunction display problem is to
select a candidate from the alternatives in this study on a qualitative basis.
A follow-on effort should then be implemented to perform a quantitative
analysis of its suitability to its specific application and aircraft .
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The main thrust of this study has been directed toward the standard television
monitor. Advantages of this display type are high resolution and high bright-
ness when combined with a narrow ban d phosphor and matched spectral
filter for visibility under high ambient light conditions. The television moni-
tor ’s tuned CRT display has the advantages of sim plicity, reliability, main-
tainability, lower power and low cost as compared to other types of displays.
Before adopting it , however , a very important tradeoff in display design is
required between the number of symbols and the ability to write them during
the field fly-back time of the raster display. This tradeoff is among the
di splay brightness , the writing speed , and the number of symbols to be
imaged.

In addition to raster and stroke-written CRTs , other disp lay ma terials will
be discussed. These include plasma panels , light emitting diode arrays ,
electro-luminescent panels and liquid crystal panels. This stud y is primarily
concerned with the heads down display rather than the heads up or helmet-
mount ed display, though some image combining techniques discussed here
also appl y to them.

SYSTEM REQUIREMENTS

table 4- 1 summarizes the requirements on which the anal ysis of various
ima ge combining techniques is based. These requirements do not relate to
a specifi c application but have been selected to reflect a generic worst case
for a multi function display. We assume the sensors hat -c high quality imagery
wi th EQ sensors having a TV compatible video output. Fiva cases for image
combinations have been selected. We assum e also that the radar and moving
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Table 4-1. Preliminary Requirements t’orCandidate
Image C o m b i n i ng  C ()nceut s

• H i g h — q i a i i t v  radar  w it h  f o r t a r d  ~~ c o r  I ’ J ’ I  ~~u’ r~~ae at  at ow i r a i a e  t a t  a and
ow n u o c er of ~ra~ s!c,d~~~~

• I -I L ’  — c c i i i  i v  i i r ’ t ’ n d  o P l i q ie I ’ l . I R  ~nd I I  I I’~~ a h i a h  f r a t i t - r at  1 ~~
i nP e r  of e r a ’  iader .

ia a I

• b c  . r ig  map

• Sv’ ab o l .  and gr ’ ap h c ~.

I cOg Contt iri at i on  Caaea

• Radar and c i o v i n ~ - t j i  ~i~~w ’ n ’ .d 1’ . or ~~t . t : i  t o y - k  at  ~ac , ~ca~~

• S c a ’ n t i a i  or in — c t  r adar  : L i ’ l  . n i t ,  , — )  I t catr i ‘ \ • l adar  a i L  ~ - it
( i i  l~~~r i i i  seal ‘ an d  g ’ ~~r-

• i l  I n  ~r ’ c t i,~’ r ’ I t t — c r ’ a’ t f t - ~ -, t  ~~c O i ~~ utd g 0~~i t t .  i t  \ OC
c it e V er a .

• ( 0  inC k i ll- I  o r a l  L .L1 1’ , i t t a r t c r ~ a 0 i i - : . t a i 1~ t i t  t t i t . t . i a - i ’  0’

~- i a b o  an d  it o r  ‘ ‘ i - ’ .

• Svt i l to i  and ~p t~~~ a a i t  for t~~c . t ’d a t  i t ’d  - — i•~~~~. .

Co c k t i  1 r ’  i r o r . m e n i

• bli L ’ l l  a m b i - u t  i l i t t t  t t 0 , i ,

• I L i - I  :0 -a (I n t o t . o i i  r - q u r r -  -c ci

• ~~~~‘. r \ I t i 0  R u t

I n~~j la. ( )oai g t t  ‘ atoL l

• I r 1 o t — 1 I , 4 x 1 4 x 2 O r i w : t - 1O . i1~~~ii cr n a c ’ i r , o r a : . ( 2 , L .  l it , - — )

• t a - i g a t o r ’  — 2 1 , G x  i’ . i  x 4 1 2  c - i t  tv i ’h  18 a 13 .4  ci lI a - u r i o ,
(3 75  T\ i : n u - a )

• ‘t o  W L t I g  d i st~~o eu ’  — u i  to 7) 1

• .‘l i r i ’t i d  f l i g h t  c o t , i i O l :  t i ’  t t t t t l i ’t t , t i t i a n  f o l i o v i r e  - i d  ‘, u ud t t n c .  ‘ r i )
0 ) I o n  I r ig d ir t  - a t  ay i i i  d i— - rid ~ ‘‘ i t  — - it j i r u i : u c l  ri d I 3

• \ .u t- . u r i i - i i i :  ci ‘ - b i i r kj  i t  i t o  t o t  k~ o i . ’ 3 , ‘ i L t . , i i i u i ’

i i )  0  • in  - i i ’  n, for a a L i t t .  - it a

• \ t ’ ~~u ’k l i u r u , ’ I d i ’  ‘ l i i i  r i ’ , ’ , i : , i ’ i O : ,  c l i s a t ic t it t )

l u r c a r  or d i — ,, ’ i i .) :  j u t  - , t u u  u t . ’ t r i l l  U’ a ‘ k !  I L

•

• Iii ’  l i t  i I i ’

• “ - i i - ?
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map imagery hav e the same scale and geometry. No requirement has been
assumed to presen t the radar and EQ imagery at the same scale and geometry.

The rada r is assumed to have a forward look ing PPI format. The EQ sensors

are assumed to have a forward oblique geometry but can be at d ifferent  scales ,

geometries or TV line rates. Symbol annotation is assumed for both radar

and EQ imagery.

A cockpit environment with a high ambient illumination , li mited head motion
and severe vib ration (as in a helicopter) is assumed. Ai r  crew tasks are
assumed to be fa i r ly  complex and require high-quality radar and EQ imagery .
I)esi gn goals for the multifunction displa y are high rel iabi l i ty , simplici ty ,

low cost and a minimum cockp it space.

~ i~°~SQ R, DISPL AY AND IM A GE CO\Ti~I~~l ’ ~GC( )\ [ I ’( )N EN T CHARACTERISTICS

Sensors

Radar -- A forward- looking PPI sector ,  slow scan radar has been selected
as one of the imag ing sensors . A wors t  case for dh cp l a a ing  information has
be en selected that assumes a good qua l i t y  i~r our i d  t r l~~~j mage  and a require-
ment tha t the operator recognize the tar~~u~I . These requ irements impact the
typ e of display tha t can be used. A typ ical forward- looking radar requires
al)out one second to form a complete i’~iag e. It demands , therefore , that the

disp la y sy s tem store the image o v r  that t i m e  if  the a i r  crew is to see i t  in

it -i c u t  i i ’ ’ t~~. A television sensor takes on ly  one - th i r t i e th  of a second to form

a com plete Image , and television i n f o r m a t i o n  w i l l  be lost if it is stored for

one -i t -cond . Consequently,  some sort of scan eonvt rsion must be used for

32



- ~~~~~-- -- - -“—--
—~~—-- .-~~~~ ‘. - .‘---- - - -. -- ~~~~~~~

-- - - -  

~~—

the radar sensor to convert it to TV compatible video. Studies of operator
performance indicate that eight shades of grey ( ‘f ~ ratio) are adequatc for

radar imagery and at least 16 are needed for EQ imagery 1. It is u n l I k e l y

that resolution requirements for the radar displa y will exceed the resolution

requirements for an EQ sensor. Hence , radar imagery does not represent

a limiting condition for dLsplay performance2 .

r Forward- Looking Infrared Sensor (FLIR) -- \Ve assume tha t the FLIR sensor ,

whether serial scan or pushbroom type , wi l l  have outpu t video in TV com-

patible format. The fie ld of view of the FI.IIt sensor ranges f rom 65 ° for

navigationa l systems to about 4 ° for target identificat ion and tracking sy s t em - .

Current spatial resolutions are about 0.2 mrad which requires 350 resolution

elements across the four—degree , narrow field of view. Gray scale require-

ments are about 16 shades of gra y for the high- quali ty  imagery assumed for

this study. The ground footprint of the forward oblique field of view of the

FLIR sensor presents an image with a vary ing ground resolution from the

bottom to the top of the display. Therefore the I” LIR image geometry is not
p compa t ible with the cartesian ground presentation of the radar sensor.

Low Light Level TV Sensor (LI~LTV) -- Numerous LLT TV sy s tems are

ava i lable from various combinations of camera tubes and in tensi fiers. Under
reasonable light levels , these systems have a resolution of between 600 to 800
TV lines per picture he ight . Consequen tly - the LLLTV sy stems with a 16
gray scale requirement represent the worst case for disp lay requirements .

Symbol Generator

An electronic displa y system must be capable of gene ra t in g  a variety of s~ m-

‘ 
bology and superimposing this on a picture of the outside world provided by

the }“ I . IR .  LLI~’T’V or radar. An example of svmbol o~ v for a sy s t e m  wi1ho ’~t
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Figure 4-1. A-7 Weapon Delivery HUD
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presented to show target desi gnation , automatic release point and the bomb
path . The display also shows the air speed , pul l -up cue , radar altitude ,

horizon line and heading. Figures -4- 2 , 4-3 and 4-4 show F-16 displays
combining weapon delivery vectors with F U R  or LLLTV imager’~. I”i gure 4-2
shows the weapon status for the continuously computed impact point and bomb
fall line and velocity vector . A dive toss mode is shown in F ieur e  4-3 agains t
a brid ge, and Figure 4-4 shows the gun or rocket steering line and gun roun ds
rema inin g against a truck target . 

-

A typi cal symbol disp lay system configuration is-sh own in Figure  4-5 . The
symbol generation fac i l i ty  consists of three main uni ts - -a  computer , a wave
form generator and interface unit . The interface un i t  receives signals f rom
various aircraft data sources and directs them to the computer , which calcu-

lates parameters of the display symbols. These parameters are in  turn fed
to the waveform generator. The FIJR or U T .LTV and its associated i:-ontrol

un i t supp ly the video to the wav efor m generator . which mixes it with sv m n b o l o g v
to produce a composite video waveform 3. This sy st em j s a raster-based
electronic display that mixes the symbology with the raster of the sensor

imagery.

An alternate procedure is to replace the waveform generator wi th  a disp lay

processor that generates signals to stroke wri te  on the d isplay .  This re-
quires a direct drive display system. Symbols in the stroke write mode
are usually written in the flyback time between fields of the sensor signal.
The number of symbols that can be written in the fixed flyback time is

directly proportional to the speed of the deflection circuits and inversely
proportional to the required brightness. The writing speed or rate can only
be improved by increasing the deflection circuit’ s bandwidth and power.

Seve ral computer/display command interfaces are possible . The easiest

for the display but the most time consuming for the computer is a point-by-
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Figure 4-5. Display System Configuration
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poin t method where each picture element is addressed sequentially by the
computer. \nother method , requ ir ing les s computing power , uses a d isplay
device that can draw pred etermined objects in specific orientations and the
computer only specifies tha t location . This limits the flexibility of the display
s ign i f i can t ly. Somewhere between these two levels of’ complexity is the line
orientated display. h ere the computer specifies lines as vectors with initial
coordinates , angles , and lengths; the display hardwar e does the calculations
necessary to draw them. The restriction in this method is that all pictures
must be line segments. Curved lines cannot be drawn d i r e c tl \  but may be
approximated by many shor t line segments . A CRT is easily controlled b y  a
line—o rientated display generator . High-speed deflection c i rcu i t s  are neces-
sarv in the CRT to allow all required l ines  to be drawn before the pers istence
of the phosphor requires them to be redrawn . Thi s method of pos i t ion ing  t~~e
beam to arbi t rary  location is known as a random scann ing  technique .

The standard t e l e v i s i o n  monitor u t I l i z e s  a fixed raster SC-an tech nique. W i th
this method the position of the trace cannot he selected by the display genera tor .
Scan pos i t ioninc  the electron b eam is a known funct ion of t ime .  ( )nl~ the
in t ens i t y  can he controlled externall y . To draw a l ine , al l points throug h
which t I m e  l ine H 1-~ses must be know n and cons tan t ly  compared wi th  the ac tua l
location of the beam . When they correspond , the bea m is unbl anked . This
method works well when only horizonta l or vertica l lines ne ed to be drawi ,
I (  -wi ~ er. the appearance of diagona l or curved lines is uneven or r a it c ed  due
to t he  s: I . ~~W m s e  construction. The random scan l i sp L i v s  are prefe r red  when
shm’t curved or diagonal lines are required.

\ lov~ r - ~~ ~T aj ~

i~rrent  mov ‘fl L mn p d isp la ~~s have a h i g h  resolution I r e :  ecteci map i~~m ae e oh—
t , i i t t  i i  I s . t i S I  !1I~ f i l m  cn ~~~~ t-~~I~~

i
~ - c c v i )  dr ive - afld —~peciai op t ic s .  The map

L ’ t l l  I cv iS ~~~- - m l i v  superin 0 ‘~ 011 CR T—g en cra ~ed symb ols  and a CRT —

h R
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generated navigation radar image . Usefu lness of the radar im a L e  and nia p
display is greatly enhanced if they are accura t els.  reg istered . One t e c h n i q u e

for comb ining these images uses a rea r port CRT as shown n I-’igu re 4-6 .
This particular configurat i on was proposed b y Cont rol Data for t l l (  Hoe I l L

B— i system 4 . The film is scanned by a rotat ing periscope as .--ho w m i  in 1’ .~ -

ure 4—7 . Rotation of the map imagery is accomplished by o r i ( - nt a t i o n  rotat or

optics; examples are shown ~ ii Figure 4-8 . The rota~ i m c per scope scan ~~ ’ I m )

f i lm in the North/ South direction , and the combination of t i l e  ro t a t i r i c  J) t ~~ i

scope and f i lm motion scans the film in the l- a st / W e st  d i rec t io ’ . 1’hi~ pa~ -

t icular system contains a hundred feet of 7 0 — r n i l l i t t i e ~ er f i l m  wi t !  three sac-

nification scales , as shown in Figure 4-9 . The performanc e s um m a ry  in

Figure 4—10 indicates a limited brightness of 500 fo o t—Ia : T l e r l s , w m t t c h  i .~
typ ica l of a rear por t CRT system.

The fundamental  problem in this approach is that  the J TLo sp h or  m u s t  be re-

duced in thickness when a CRT is used as a back pro~cctec) scl-een. T Im bright-
ness level of a radar image may then be i nad equate under hi gh ambien t  illu-
mina tion conditions .

The Control Data CDS— 1 system employs contast enhancement t e c h m ~m q mes  that

i nclude a fiber optics face plate . a neutra l densi ty  f i l t e r  and ant m r e f l ec t ion
coatings . A field lens may be used for extre mely narrow y i e w m n u  lobe appli-
cations . Even wi th these technique s . v i s i b i l i m  ‘ - of the c~~m : m h  ned i m ar  e in the

pr esence of hi gh amb ient l ight ing  cond i t ion may not 1 € ’  s m t t z s f a c t o r ~~. ~\n  aP i
nate approach , shown in Figure 4—11 , combines t b cl ct i-on m c ( ‘P T and j : o —

jected film images at a combining  glass . Au important  t i s .  a m i t  iL  e of h i s

appr oach is  that  the two images can he separately enhanced before Co

tion . The CRT imag e is monochromatic (P-43 green l ml i) sl)h~~I’) and is
hanced by usin g a narrow band pass f i l t e r  om 1’ ‘he CRT t ir e .  T h e  f u l m  -

is f u l l y  chro matic and is enhanced by using a h igh  contra -i t screen ma t i  m i  I

in conjunc tion wi th  a circular  polarizer .  A u i t i r e f h - c t i .- r m - O i t I m t L~ - are used

throughout . The result  is a fu l l— color n a p  readab le under  I I I c H  a i - m h u m m t

-
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(A BOJ~~O . O7 5 ) ~ USELL 
~~~~~~~~~~ O V E R L A P

70 ~.1?~1 (L70 ) 0 .62 5  NET.

EQ U I V A L E N T ~- IDTH ON CHART L70 X 12/1 . 3 15 .7 IN . (30 .. OVER MA G. )
E Q U I V A L E N T  CHART AR LA 1200’1.3 X 15. 7 145 ,000 SQ. IN . (382 X 382 IN .)

COVERAGE EXAM PLESI
SCALE S C R E E N  DIA . G R I D  COV ERA G E ST RI P C O V E R A G E

1 2 M 157.6 N~, 1I 10 , 500 X 10 , 500 N r ~1I 430 X 25 , 000 N M I
1 1 M 78.8 N M I  5 , 240 X 5 , 240 N ri i 215 X 12 , 600 N t. ~i
1 : 1 - 2 M  34 .4 NMI 2 , 620 X 2 , 620 r( r .1i 108 X 6 ,300 Nt~I

Fi gure 4-9 . Film Coverage
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P R O J E C T E D  MAP

AREA - MASKED TO 7-1/2 IN. DIA. CENTRA L AXIS

BRI G H T N E S S  - > 500 f L U N F I L T E R E D

MAGNIFICATION - 12X

ACCURACY - <0.05 IN. POSITIONAL ; <10 ARC ROTATIONAL

RESOLUTION - >6 LP/M M

FILM - 100 FT. 70 MM

CRT (P31 PHOSPHOR)

AREA - 10 x 7- 1/2 IN. (IN 12- 1/2 x 12- 1/2 x 26 IN.
UNIT

I HTN ss STROKE SYMBOLOGY > 300 fL U N F I L T  RBR G E - 87 5 -LINE R A S T E R  > 85 fL AVG E ED

VIDEO GREY SHADES - 6 LOGARITH. SHADES AT 100 FC
12 LOGARITH. SHADES AT 10 FC

LINE WIDTH - 0.0 12 IN. (SHRINKING RASTER )

ACCURACY - 0.09 IN. RELATIVE TO MAP

Fi gure 4-10. Performance Summary
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MAP I M A G E  H U D  A N D
\ C O N T R O L  C O M B I N E D

\ P A N E L  ~~~~ - IMAGES
LE~N S \

ROTATOR

CO MB I N E R

k

H
LAMP CRT IMAGE

FILM CASSETTE

POWE R S U P P L Y

PCB S

Figure  4- l i .  IISD Simulator Display Unit
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i l luminat ion . The combined image is real , not v i r tual ;  and allows consider-
able freedom of head movement for the pi lot or observer .

The CRT and map image planes are spaced optical1~ equidistant  from the
beam split ting mirror surface, The observer sees two images which appear
to be combined at one image plane , the CR T face plane . This particular CRT
presentation has a rectangular format 15. 2 cri high and 13 am inches wide
and is proposed for use by the U. S. Navy on the F-lB aircraft simulator5.
The dumens ions  of the display uni t  are estimated to be 17 . 3 cm wide by 26 cm
hi gh and 51 cm long .

The disadvantage of this approach is that direct sunlight can impinge on the
CRT face and the map projection screen , reducing the display contrast . The
al ternate approach shown in Figure 4—12 overcomes the problem by present in g
the image via a viewing system consisting of a combiner mirror , transfer lens
and field lens . The combiner mirror reflects the real map image (from the
rear projection screen) and transmits the CRT image such that they appear
superimposed in the same plane. To prevent paralax , it is important that
the relative positions of the CRT screen , proj ection screen and combiner
all  he held to close tolerances . The exit pupil of this par t icular  sy stem 6 is
l!~ cm in diameter at a viewing distance of 66 cm . This allow s a vert ical
head movement of plus or min us 9 . 5 cm and a horizonta l head movement of
ab ou t i-6 . 3 cm , depending upon the interpupilary distance of the operator .

The f ie ld  lens viewing system has several important advantages over the sys-
tern shown in F igure 4- il .  Note that the t ransfer  lens focuses a real , com-
bined image at the position of t~r field lens . The observer t h en sees the  real
image in the field lens and the lens d i rec t s  the d ive rg ing  l i ght f rom the tran-i-
fer lens to the  exit  pupil for increased brightness .

The advan tages of this system are several. Firs t , d ir ec t  sunl ight  cannot
enter the system to reduce the contrast of e i ther  the map or CRT Images .

I,

L
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To impinge upon the CRT or map projection screen , l ight  mus t  pass through
the transfer lens. However , to pass through the t ransfer  lens it mus t  a l so
pass through the  system exit pupil , Whi ch is the image of the t ransfer  lens
exit pupil. This is impossible since the exit pupil’ s d iameter i s completely
f i l l ed  by the operator ’s head.

Second , the display has higher brightness. The brightness of the primary
image (as seen by the operator) is the same as t i e  br ightness  of the source ,
I .e.  . the map projection screen and CRT phosphor. How ever , these images
are almost five t imes bri ghter (due to 2 . 2 t imes image magniftcau on) than iS
f’u l l  s ized images were used . This assumes tha t the bri ghtness  of the map
jil t ij ection screen is inversely proportional to i t s  area , i .e.  - 6 . 9 cm ‘aap
screen d iame te r  instead of a 15. 2 cm map diameter .  The b r ig ht n e s s  of the
7 . 6 cm CRT used in the system has twice the br i ghtness of a 15 . 2 cm
( 1i a in ete r  CRT for equivalent drive powers . However , a 7 . 6 cm CRT has
four  t u n e s  the br ightness  of a 15.2 cm rear port CRT since rear port CRTs

- i r i r o t  have a lumin ized  screens.

ibis pa rt icular  system acco m modates 17.37 m of 35 mm film . This is
equivalent  to an area of 366 km by 366 km with a f i lm-to-screen  ni agnifica—

t t ~~ i i  of 7 . 5 ti mes and a chart—to—film reduction factor of 15. This  system has
an access t ime  of 10 seconds and the ground area is spl it  in to  E-W str ps
photographed sequentially along the length of the f i l m . Different  scales are
located on dif ferent  parts of the f i l m , p e r m i t t i ng  a var iab le  magni f ica t ion .
The accuracy of synchronizing the map to the CRT images is approximate l y
“I te  percent anywhere on the screen (Ref . E)

- 
- 

All moving map system s accept a manual initialization to the approximate  a i r -
( - r a f t  l o c at i on  and heading. The projected map image can then be compared
o the radar m a p  i mage for up dat :ng.  \~-‘hen the map image is in m a n u a l

r e g I s tr at i o n  wi th  the radar map. the map d r ive  control can be switched ovet ’
to a i u t o m a t n -  update by the aircraft  dig ital navigationa l control .  These sy s t ems
Lrr capable of selecting scales to match the radar  map.
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Displays

Aircraf t  Displa y Requirements and Display Types -- The pr i ru arv requ ire-
meri t for any cockpit displa y is that it must  be leg ible under h igh  and low
lev els of i l lum inat ion , as well as in darkness , and to pilots of all age groups .
I l luminat ion levels in direct  su’~light can be as high as 10a l n i/ m 2 . Increahed
re l i ab i l i t y  and ruggedness beyond that typica l of incandescent  lamps and
electromechanical devices is sorely needed .

It is also des i rable  for displays to have a graphic ( l ine-drawing)  capabi l i ty
and be able to show alphanumeric characters and symbols w ithout a large
number of wires connecting the display to the drive electronics. A rc raf t

displays must also be compatible with modern tntegrated circu it s and should
operate on low voltage aircraft power. The display should also operate over
a minimum temperature range of ~2O~ to +7O~ C.

Displays may he classified into one of two types: p a ss i v e  d i sp lay s , which
funct i on by modulating ambient illumination; and ernissive or active d i sp l ay s
which generate l igh t. The following paragraphs b r i e f l y  describe ~~~~~~~~~~~
examples of both types and give their general characteristics; more technical

details are supplied in A ppend ices I through P of re ference  7 .

The introduction of on—hoard comput ing  sy s tems  means that  more sop l i i s t i ca t( d
-
. displays can be made ava i lab le .  For examp le .  an on-boa rd comput ing  5\ s t ern

can directly indicate  throug h the displa y the est imated t ime  of a r r iva l  at a ny

particular point instead of requiring the p ilot to read several dials and per-
• form a calculation. Displays can also present navigational t i f o r m at i c -’n data

- 
- on the mechan ical sta te  of the a i rcraf t , and resu l t s  of a i i v  a u t o m a t i c  checks

carried out by the calcu lator, It is quite possible that one or more l a r L  em

display s may be - i se d  to perform these f u n c t i o n s , r e d I i c i n L ~ the cockpit  area
taken up by ins t ru  ine t it a t ion .
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Contemporary electromechanical instruments are b u l k y ,  require large panel
areas , and are undesirably heavy. They also have a relatively slow response

contain moving parts , and may be sens i t ive  to vibrat ion.  The only other dis-
play technique commonly used is the cathode ray tube (CRT); however , CRTs
are rather heavy and bulk y, require a high voltage , and carry a sl ight r isk of
implo sion .

Characteristics of Passive Displays -- The advantage of reflective , passive
display s is tha t their contrast is independent of the i l lumina tion  level , i . e. -

t h e y  modulate the ambient light . This modu lation is controlled on ind ividual

element s to form the de~3i red image. They consume l i t t le  power and are
ideal for large displays . A d i f ficu l ty  wi th  passive displays is mater ia l  satu-

ration with  increasing driv e voltages . It is impossible for the passive disp lay

to compensate for the necessary short-address period by dr iv ing  the display

a’-der at higher voltages. To fill this need , some form of either inherent

( in  the form of high decay-f imc/r ise-t ime ratio) or on-site memory must  be
employed .

‘ass ive  displays also require some illumination for night v iewing and their

f ie ld  of v iew may be limited. An addit ional possible disadvantage in  air-

t o”ne application is a degradation of contrast in d i f fuse  i l luminat io n , i . e . ,
f l~~ing through a cloud , for those displays based on a scattering mechanism .

Character is t ics  of Emissive Displays —- T i gh t—em i t t i ng  d i sp lay s  are less
em i t  icall~ dependent upon the color , reflectivity , and posit ion of surrounding

I , ob jec ts than reflect ive disp lays and are more easil~ read in low ambient

l i e } i t i n g  condit ions . However , they must have su ff icien t  luminance to com-

pet~’ w i t h  ambient illumination (up to ~~~ lm/ m2) must be v i s ib le  when the
e-: c is adapted to luminance  levels up to 3. 4 x 1O 4 lm f s r / r n 2 and mus t  have

a d e q u at e  eo n tr a s t  w i th  the i rri t n ediate su r round ing  cockpit area.
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Several techniques are available to reduce the amount of ambient light reaching

the display. Bezels can be used where a limited f ield of view is acceptable

and the space available . More compact m ethods res t r ic t  the range of inc iden t

light on the display through the  use of louvered plast ic  or imbedded mesh

fi lters. Al ternate ly  neutral  dens i ty ,  colored , or c i rcu la r ly  polarizing f i l t e r s

can be used. The colored f i l t e r  matches peak spectral e m i t t a n c e  of the d i sp l a\ .

\ l l  f i l ters  at tenuate the incident ambient i l lumina t ion  twice w h i l e  they a t t enua te

the emitted display light once, resulting in improved contrast .

One importan t adva ntage of the ernis~~ve  display is an unsaturated output.

The emitted light increases in proportion to the drive voltage up to a re la t ivel \

high level. However , the display luminance must be reduced as emitted uls-

p lay light that is bri ght enough under hi gh i l lumination condi t ions  wi l l  be too

br ight and , therefore unreadable at low luminance le~. e l s . The disadvantage

of the emissive disp lay is the high power consumption that results f rom the

low emission ef f ic ienc ies .

Cathode ray tubes (CRT) are currently the dominant  e lec t ron ic  disp lays , ex-

cept for pure a lphanumerics . They are the standard of Perforniance to which

all other displays are compared . The CRT is a vacuum tub e with a cathode

lumi nescent phosphor that is bombarded by a posit ion-co ntrol led electron
beam. Operation is generally ei ther  v ideo r a s t e i- - s ’t n or i : tmido u access .

— - In the ras’ e r— s c a n  mode , the beam t r a v e r se s  the w H o l e  area of the d i sp la\

l i ne—by—l ine .  D i sp l ay  b r igh tness  is de te rmined  by t h e  l earn  power , phosphor

efficiency . and d It ’  cycle . The random— access mode is used with computer —
generated nonvideo si gnals tvpi callv a l p h a n u me r i c  or graphic information ,

which is u s u a l l y  generated with a st r o k e  w r i t i n g  t echn ique .

The CHT is not good for general aircraft because e~
’ he larce r a t i o  of tube-

depth to viewing-face-diameter the high v o l t : w e s  i ~t i i r e d  for adequ a te

br ightness , the associated e l ec t ron i c  c i r c u i t r y , and  tb bu lk  a m i d  power

requirements.
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The basic advantage of the CRT is the high peak brig htness of greater than

three mi llion cd/ rn2 , which permits a high average brightness at TV display

rates. The primary concern for television is the low duty cycle of typicall y
1/500 or 1/ 1000 . In spite of this low duty cycle , there are displays wi th
lum inance levels of 10 , 200 cd/rn2 with resolution in excess of 40 lines/mm .

The CRT can achieve these luminance levels due to a very  high instantaneous
luminance  and a decay t ime that is long re la t ive  t o  the f r ame  rate .

Another display requirement tha t is fu Lfil led by the CRT is the  u n i f o r m i t y  of

bot h the threshold voltage and output beyond the threshold . Without  u n i f o r m i t y

there is an undesirable mott l ing of the pic ture .  The CRT meets the u n i f o r m i t ~
requi rement  as there are more than  1000 phosphor pa r t i c l e s  w i t h i n  the elec-

tronic scanning beam; this averag ing gives good u n i f o r m i t y  of luminance

across the face of the display. The redundancy of the d isp lay , t • e .,  m u l t i p l e
elements wi th in  the scanning beam. also g ives  a hi gh degree of r e l i abi l i t~~.
For a material to be considered for a display it must not only  have the capa-

h i l i t y  of high peak br ightness  but  also must  have i n t r insic  memory or per-

sistence, The CRT meets both these requ i rement s.

o n e  of the CRTt s m ajor advantages is cost , which is 23 cents per character

(Table 4 -2 ) .  Fur ther  development is be in g  funded  and is inherent ly low in

technical  r isk.

Table 4 — 2 . Display Subsystem I -~m o ie c t e d  Prices <

Gas Gas LiquidN u m b e r  of . CRT . LED’sPlasma , Discharge , .. Cry s ta l ,Characters — .

32 6.05 5. 2l 1 3 .56
256 3. 7 5 1. 09 1. 10
512 2.33  0.78 0.66 0. 40  0.75

1024 1.69 0.62 0.35
204 8 0. 97 0 . 56 0 . 23

Original equipment m a n u f a c t u r e r  p r i c e  per character  i n c l u d i n g  decode
drive and r e f r e sh  b u f f e r .
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A typical a i rcraf t  CRT display for  an ima g ing fo rward- look ing  i i i  t - ~~x- . • ,

has a mean luminanc e of 171 cd/ rn2 . wi th  a pea k l u m i n a n c e  of 680 e a / u ,

and requires 75 wa tt s of power. The display is 11 x 8 cm an d has an ~ (~U l i i .-

per—picture height resolution. Envelope d imens ions  are l~~x1~~x 2 d  cm . l v i ) -

ica l mean luminance levels for alphanumeric  CRT di~~i l a ~~s ~‘. l l  r un  a~ h i L h
as 1710 c d/ r n 2 . The cost of a commercia l  TV display is -~1 i ( )  anu  a \ l I I .  s in ’r

unit  wi l l  cost b etween 4000 and ~5000 .

The size of a CRT suggests using flat panel d i sp lay s . rn for tun a te ly , exi c t i n .

flat panel mater ia ls  are not br ight  enough w i t h o u t  increased pe r s i s t ance

(inherent memory) or crea t ing  persistence b~ use of electronic o n- s i t e  ru m-

ory. Consequent1~’, the problems and requirements  of m a t r i x - a d dr e s s e d  dis-

plays with i n t r i n s i c  or on-site memory must he considered .

Matrix—Addressed Displays -- Today, the potential  for  f l a t -pane l  video tech-

nology is limited to li quid crystal. gas-discharge , and possibl y e lect roph om ’e ’ i c

devices. Little effort  has been devoted to the prob lem of address ing  oi’ s ignal
d i s t r ibu t ion  in mu lt i—ele ment displays as compared to the deve lopmen t  of no’. el

display mater ia ls . Therefore , the major current problem is g e t t i m i e  the dis-

play message to all points on the screen; the disp lay mater ial  i t seLf  becoming

a secondar ’v problem .

It  is necessary to d i s t i ngu i sh  between a c t i v e  ari d passive matr ix  address ing.

Ac t ive  matrix addressing is defined as con ta in ing  g a i n - p r o d u c i n g ,  sw i t c h i u L ,

and/or  memory element s at e v e ry  d i sp l a ’ .  cel l .  A passive :1:ur~x in con—

trast , is nor m a h l \  composed of two set s  of ’ paral lel  conductors  or iented at

r ight  angles  to each other , w i t h  the di Sp bi in edium sa n ( lwi ched  in betw t ~~fl .

The major problems associated wi th  p~~ s s ive  m a t r i x  ( t I I \  en di  sp l av s  are:
1) the excessive demands  placed on the eh ’r l  r ical  md opt ica l  n i i a r a c t ’i’ist  ics

of the display ma te r i a l , and 2) the c o m p l e x i ty  and cost , i f  the  e x ter n a l  d r i v e

e lec t ronics .  Al l  of these prob lems  can I c  solved  or byp a s s e d  by th e  d - v n l o i

ment of act ive t u i t r i c e s .
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The func t ion  of the act ive matrix is to integrate  the electronic funct ions and
to compensate for the def ic ienc ies  in the electro-optical  characteris t ics  of
the chosen display material. Liquid crystal displays , for example , hav e
slow response times and electroluminescent d isplay s  require comparat ivel’.
high voltages and lack inherent  memory . Fie ld-effect  li quid crystal panels ,
w i t h  their  own capacitance and high impedance , fo rm thei r  own memor” .- .
Consequently u n I v  a transistor is required at each d i sp lay element to g a t e
the ini t ia l  charge (Figure  4- 13). Electroluminescent  d i sp l ay s , on ~he other
hand , of ei ther a-c or d-c , require a more complex circu itry due to h igh
voltages and s igni f icant  current  levels. (Compare the c i r c u i t s  in  F igures  4-13 —

and 4—14 .)

Most f la t  panel display schemes use a matr ix  a r r angemen t  in which  the in-
dividua l display elements are connected between row and column electrodes.
Al l  elements along a row and column are par t i a l ly  st imula t ed  when a sing le
element is addressed at the i n t er s ec t ion  of a row and  a column because al l
elements of the mat r ix  are pe rmanent ly  interconnected . Therefore , most p

elemen ts will  he par t ia l l y excited (cross talk ) many  more t imes  than direct ly
excited . Each element must  have a Sharp threshold above the par t ia l ly  cx-
cited level to hav e adequate coiit i ’ast . An add i t iona l  diod e is requi red  in dis-
play  media not l~~ving  th is  inherent  sharp threshold .

\la r ix-address  arrays are gene r a l l ’.- operated a l ine  at a t i m e  such that ‘1
each e lement  in the l ine can be dr iven for a ful l  l ine t i m e  rather t l~ n for lu st
one eleme nt t i m e . ‘Fhis increases exci ta t ion t ime  by a factor of the number
of e lements  in a horkzon ta l  l i ne , increasing the output  b r ig htness of the d i s p l ay
as much as 500 times ,

The longer exc i t a t ion  t i m e  re l ieves  the dr ive  e l ec t ron ics  of handling short ,
h igh- powered pulses to a high-  capaci tance e lectrode , However , l i ne -a t—a-
t u n e  operi~t ion at TV rates requires  a 15-kI-T z sh i f t  reg ister for t h e  horizonta l
rows , a video s a m p l e r — d i s t r i b u t o r , two stora Lu r eg i s t e r s  and a colu m i t

‘I 

—----~~-~~~~~~ —‘~~~~~~~~~ --- --—-- - - -~~



So rt e a ’data

TFT

Gat e~~~ 

: ________

Figure 4-13. Design of Elemental  Matr ix  (~~r cmt
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Figure  4-14 . Design of Elemental  \ l a tr ’ ix C i r c u i t
for the 6 by 6 Inch . 20 L in e s / I n c h
El. Display
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driver (see Figures 4-15 and 4—16). The video signal for one l ine of infor-

rn athrn is fed into the samp le r—dis t r ibu to r . Paral le l  video in fo rmat ion  is then
stored in one register  whi le  the other storage register is feeding the column

dr ivers . The storage registers and column drivers  may be either analog or

dig ita l , but  it is d i f f i cu l t  to produce a large number of analog c i r c u i t s  wi th
the same characterist ics thereby avoiding ver t ica l  streaks in the pic ture .
Thus , dig ita l circuits are preferred to overcome this d i f f icu l ty .

The average brightness of matr ix displays developed to date is not as great

as desired . Table 4-3 lists the expected maximum bri ghtness for various

display media when operated in a l ine -a t -a - t im e format . This problem can

he el iminated by incorporating an analog memory driver at each picture

element location (Figure 4-16) , which would maintain the display element

excitat ion during the whole frame t ime and increase display brightness

according ly. Moreover , the memory elements must e i ther  control an

ex t erna l  power source or act as amplifiers , whm ch creates problems of

e lement - to—element  uni formi ty .

The need to avoid an unmanageably large number of connections and to provide

integrated electronic circu itry leads to the large-scale-integration (LSI)
concept of the ent i re  display. Monol i th ic  integrated c i rcui ts  of ma t rice s  over

two to three inches may be beyond the present or near- fu ture  capab i l i ty  of

s i l icon technologies (Ref .  12). However , t h i n - f i l m  technology appears ade-

quate for large-area activ e matrices and can be integrated wi th  a large

variety of display media . Thin- f i lm transis tor  work is cur ren t ly  bei n g

conduc ted by Westinghouse and Aerojet General to bui ld  large act ive

matrices .

It is not clear wh ich  technology t h i n — f i l m  t r a n s i s t o r s  ( T b ” F s )  or s i l icon

processes. will eventually produce usable matr ix  d isp lay s . A one—inch

square silicon m a t ri x  is huge by si l icon integrated c i r cui t s  ( I C)  s t anda rds ;

shorting problems , insulator  pin holes . me tal iza t ion . wafer b r e a k ag e .
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Table 4-3 . Average Brightness  and Luminous
~~f ic i ency  of Display Media

Peak Max imum Average
Display Type Br ightness  Brightness  at 1/5000 E f fic ienc ’,

-- 

‘Cd~ m2’ Duty  Factor ( lm / w)
_________________________ _____________ 

(Cd/rn2 ) ___________

Plasma 7500 10-15 0. 5—1

AC Electroluminescent 500 1-5 5-10

DC Electroluminescent 3000-5000 25-50 0.5-1

Light Emi t t i ng  Diodes 5000 5-10 0 . 5

Catholuminescent ~~100 , 000 ~,500 100
phosphors 

F

in— process inspection and tes t ing  are the problems encountered wi th  ob ta in ing

the needed crystall ine perfection over large areas .

The key problem in t h i n - f i l m  technology is the need for a 100 percent  area
y ie ld  in all process steps . This is d i f ferent  than the semiconductor c i r c u i t

manufacture  where many chips are formed sim u l t an e o u s ly  on a s ingle  wafer

and 100-percent wafer  y ields are nei ther  needed nor expected . The t h i n - f i l m

deposition sequence is long,  somewhat complex , and sublect  to operator

errors.  Not only mask fabricat ion (for th in - f i lm deposit ion) but also the

a l ig n m e n t  dur ing the deposition steps must be perfect . However  - mask loca-

tion changing , deposition material  sequencing . and thickness  moni tor ing  can

a l l  he done by automat ic  equipment . Also , the process st e p s  are qu i t e  fas t ,

therefore , a large output-per-machine can be expected w i t S  reasonable y i e l d s

as manua l  operations are e l imina t ed .

Sit
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Passive Disp lay M ate r ia l  Types -— Liquid crysta l , e lect rochrornic  electro—

phoretic , and PT ,ZT are four examples of low-power passi;e  displays . These

d i splays do not emit visible radiation; rather  they control  the passage of
externally generated light through the display. S t r u c t u r a l ly , these four

disp lays have s imi la r  principa l operations but dissimilar properties.

- 

Liquid Crystal Displays (LCDs ) -— Liquid crysta l ma te rial s  have the

normal solid and isotropic liquid phases of normal liquids , hu t  they also have

a third phase which occurs between the solid an~ the i so t rop ic  l i q u i d  phase.

In th is  in termedia tc  phase , the liquid crystal  flows l ike  a f l u i d  but exhih i t ’-~ a
c ry s t a l l i n e  organic state. The molecules are  usual ly  long and rod-like , arid

are r esponsible for the display—related anisotrop c proper t ies .

The l iquid  crystal is confined between two glass plates with  the i r  conduc t ive

coatings in contact with the mater ial .  The electro-optic phenomena can he

d iv ided  into two groups : 1) those caused by dielectric forces and t I i c  so-

called f i e l d  effects;  and 2) those induced by a combination of d ie lec t r ic  a r i d

conduct ive forces.

The most promising material  and a r rangement  i ’es i i i t s  in  a cell s t r u c t u re

called the twis ted  nematic . Linear polarized light p ropaga t ing  i erpend ic tLu ’ r

to the cell is rotated approximately 90 degrees . M a x i m u m  l ight  t r a n s m i s s i o n

is obtained by orient ing a crossed polarizer and analyz er. The t i ’a i i s m t ted

l ight  decreases when the applied voltage exceeds a ce r t a in  threshold voltage

and the l iquid  c ry s t a l  molecules start to change t h e i r  or ientat ion and the

polar izati on of the display.

The advantages of T C’Ds are a low voltage and loIr i - t i  r - r  n t , w l t  ch a l low l i e

cell to be d r i v e n  by CTh )S ICs and the fact  tha t t h e i r  coot 1’at-~ i s indep er i d ’ r t i .

of ambien t  lig ht levels . The disadvantages are a slow response t i m e  (10 ~o

100 r -nsec) , and the d i f f i c u l t y  of mu l t i p l e x i n g .  The ’. I i a ’ . -e  a Ii m i t e d  u p e r - a t i n g

i r - ij r e r a t u r c  range , and the v i e w i n g  a n ele af t ’ect s  the c o i t 1 T ’~e- t .

hit
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Electrochromic Disp lays (ECDs)  -- A n  elec t rochr omic  ma te r i a l  is one

in which the color is changed by an electr ic-f ield current . ( ) ne vers ion  uses

an aqueous solution of a special organic  dye contained between a pa ir  of t ran~-

parent electrodes . This display re l ies  upon the ox ida t ion- reduc t ion  reac tLon

of the dye controlled by the application of voltage to the electrodes. The dye

is colorless in the oxidized  state. Application of about two  vol ts  across the

electrodes red uces react ions, resulting a dramatic change in color. \\hcn

th e  polari ty of the voltage is rever~~ed , the color compound ox id izes  back to

the colorless state. Another typ e of ECI) uses a solid , i norgan ic  f i lm as t h e
electrochromic mater ia l .  A glass substrate wi th  a t ransparen t  conduc ’ing

layer or electrode is coated with a thin f i l m  of the mate r ia l . A layer of

insula t ing  mater ial  is deposited over the f i l m , followed by a second electrode .

The f i l m  is colorless in the normal  state , but  when a v o l t a g e  is applied the

display appears blu e . When the polarity is rever ’s d . the f i l m  again becomes

colorless.

The advantages of clectroc ’riromic material are tha t it operates on f iv e  vo l t s

or less , and its appearance does not change with  the v i ewing  ang le. Its dis-

advantages are a slow re sponse  t ime  (between 20 to 200 rnsec) and d i lf icul tv  in

mu I t :  plexing.

Electrophoret ic  Disp la~~s -- This type of d i s p l ay  uses p igment  part icles

of one color suspended in a l iquid of a d i f f e r en t  color . The suspension is

sandwiched between a pair of electrodes , at least one of which  is t r a n s par e n t .

The p i g m e n t  part icles t i re  he ld in a colloidal  suspension and carry  a charge .

\Vh en the electrodes arc- ch arged.  the pigment  part ic les  ciov e toward the f ron t

electrode , where they collect to scat ter  t i - in a m b ien t  l i gh t . m ak ing the displa \

change color . Rever s ing  the po l a r i t\  causes the par t ic les  to move to\vards

the ouier  e lectrode,  chang ing the color of the d isplay  to t ha t  of the suspension

fluid.



These displays operate at low voltages ( l e ss  than 10 v o l t s )  and ar e  l e g i b l e
over a wid e  range of v i e w i n g  angles . On the  other hand , t h r - \ h a v e  a v i v  1 r i g
r e s I ) o n i s e  t ime  (in 100’ s of msec) and the p ar t i c l e s  r 1 R ’ ~ e\ e n i t a l l -  t t l e  out of
- t i m  spen isiori  or may he damaged b ’. shock and v i b r a t i o n .

I ’LZT DLsplay s —— PLZT is a t ransparent , c r - t i n i l y , ( I  ( c t  t o — o p t  i ( ’a l
- i t a t i r i a l  wi th  voltage—dependent t r a n s m i s s i on t  1) 1 ’u p i - m ’t i i ~ - . t - a - r . t i a s i -  t r i o  n m t  - —

rial is in  the  solid state , it is necessary to use t h e  opt i cal pro1~ r - t in s

induced b ir efr iagence and of scattering.  The b i r e f r i r i L  -nt  i o d i -  is im p l e —
merited by operating the material such  that the ap p l t  i d  ‘~ o lt a g e  wi l l  var ’ .  t h e
p o l ar i z a t i o n  of the transmitted light . The effect  can be ebsc’r ’. ed f t i r o t t g
a n a ly z e r  sheet as a change in in tensi ty .  In the s c a t t e rt n g  r ’iod e , the tra ri s-
mi t ted  l igh t  is diverted f rom the normal propagation d i r ec t ion  and scat tered
into a larger solid angle by  the application of the v ci l t t img e to the r i a t e i ’ i t d .
\ V i t h i n  these two modes of operation , the m a te r ia l  can f u r t he r  he c lass i f ied
ar cord ing  to its memory .  The material  m a . - e i the r  have memory or oem in
either mode of operation .

A s ign i f i can t  advantage of the mater ia l  is i t s  potent ial  for’ i n t r i n s i c  me flier ’.
which  would permit  displays with hi gh contrast . I lowevet - . i t s  d i s a r i v a n t a t -o s
of a h i gh  drive voltage (40 volts) , c r ack ing  under  s t ress , poor con t ras t , and
s n i i a l l  v i e w in g  angles are also s ig n i f i c a n t . The r equ i r emen t  for t r ansverse
exc i ta t ion  ‘eqir ires either deposit ing in te rd ig i t i zed  electrodes , or cross-
S l o t t in g  the mater ia l  itself . Both techniques  are d i f f i c i r  It for m a t r i x —  ce t  I
fabr i cation .

E mt s s i ve  Dr - -p lay s  Material Types —— Three ex t imn p l et - t  (~t e m i s s iv e  ~i spl a \  S

are l i gh t  e m i t t i n g  diode (LED),  gas plasma devices (GPD) . arid eleetro-
lu m i n e s c e n t  devices (EI..D) . These devices  e m i t  v i s ib le  r a d i a t i o n  an d .
con so qn ien t l ~ r e q u i r e  more power than tb  pa s s ive  d i sp lay .

h2



Light Emitt ing Diode -- This device is essentially an electro-optical

trans istor. Bas ic components are the diode leads , crystal chip,  and possibly

-
. a diffuser lens . Diode- chip-emitted light is proportional to  the current  flow .

Luminous levels up to 340-1400 Cd/m 2 are common without  heat s ink ing  and

cooling. Voltage levels vary from 1. 4 to 4 . 5 volts , depending upon the

material. Color of the device t s output is primarily red . but green and y el low

are available and a blue output is under developm ent . LEDs are  hig h- cur ren t ,

low-voltage devices that are compatib le with discrete ‘tJOS t rans is tors .

The advantages of LEDs are tha t they can be molded into a large va r i e ty  of

shapes with a large range of optics . They are compat ible with the low—voltage

supply provided by conventional transistor circui ts . They are rugged , have a

high reliability w i t h  a long l i fe , and are resistant to temperature change. The

disadvantages are that the material is re la t ively expensive and the LED is not

• read i ly driven to maximum bril l iance h\  \IOS ICs . part icularly CMOS ICs ,

due to the electrical current requi rements. Consequenti’. , they are not l i k e l y
- - to be used in large- mat r ix—driven  d isp lay s .

Gas—Plasma Devices (GPD) -- A p lasma panel  is a gas - f i l l ed  device . It

is the most advanced class of al l  f l a t -pane l  displays . It has two modes of

operation~ ac and dc. The gas f i l l  is usual ly  neon or i~ mixture of noble  gases

wi th  other iner t  gases , such as nitrogen . A panel—resolu t ion  element is defined

by a very small gas volume between or thogonal ly  or iented set . -; of parallel

conductors , one on the front  transparent surface , and the other on the back

transparent surface. The visible plasma discharge  appears when a high-

vol tage.  [ow— cur i a - n t  charge  is appl ied  between the electrodes . Some of the

many display types are sell c a n n i n g  and require few electrica l connect ions .

These disp lays hav e been under very intensiv e - - ~u dy to develop real-~ ime  TV

displays as they are closest te having all the requ i red  c h a r a c t e r i st i c s .
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The advantages of d—c GPDs are tha t they have sharp thresholds with a i r i t t b
contrast  ra t io . They also permit the use of a g r ay  scale. The response
t ime  is fast enough for l ine—at-a- t ime addressing. The disadvantages are tha t
they pr imar ily  come in ~he color red , require 170 vo l t s , arid have  no inherent
rae mn ory .

E lec t ro luminescent  Displays (ELD )  -- These devices are e s sen t i a l ly  an
electr ical , luminous  capacitor consis t ing of two f la t  electrodes , one of which
is transparent , enclosing a space f i l led  with  an e lectroluminescent  p h i o su or .
\.Vhen a low-cur ren t , high vo ltage is applied to the electrodes , a f i e ld  is
created causing the coated areas to emit light . \I e s t  d i sp lay s  are s ing le
colored , usual ly  green or orange because of the h ighe r  e f fi c i enc i e s .  I ’hle
potent ial  may be ac or dc , depending upon the  s t r u c t ur e , h u t  t h e ’. usual ! .
are ac.

The advantages of these devices are tha t  t h e y  can ij e d r iven  b~ TF ’T-t for large-
scale mat r ix  displays . They are l i gh t w e i g ht , have low c u r r e n t  r equ i r emen t s ,
and I)roduce no heat , They have a hi gh r e l i a b i l i t ~ a i d  a long l i fe  arid are not
a f fec ted  Ia t emp era ture . v ib ra t ion , or shock . I m i i i r i a r i c e  levels are  u s u a l l y
o n i l ~ 15 to 100 C d/ m 2 

- and they  come in o n ly  o m i t  color for  a par t cular  d i
p lay i yp e , hut that may be red , green , y e l low , b l u e , or w h i t e .  The d i s a d :a n —

tage is the high voltage r e q u i r e m e n t  (up to 600 v o l t - - - ) .

i)i sp 1a’~~\ l a te r i a l  Comparison -- The basic par ’i m i - t -r ~ f o r -  compar ing  cand i-

d a t e  . ii splav  n i a te r ial s  are: v i~~i I i l i t ’ .  in the h i g h  t t ; i ~~ i i - i i t  i l l i - ~i i r a t i o n  of the
cockpit . l uminance , contrast , l i f e , power requ nn ’  - - a  - m ; t s  , and resolu t ion .
Size and bu lk are not compared as the t t i t -r i a ls  r -  a l l  in t ended  for flat  panel
d i sp l ay s , and it is a ssumed  tha t panel  depth ~‘.-‘a 11 riot he a p r - o I - l e m  as drive
elec t  none ’s  and probably be min ia tur ized . If  l i i ’  hu lk  of the e lec t ronics
l ieno i ( .- ; a I)roblem for h igh_ vo l t a Lt i d i s p i : i  - - - ‘ e ’~ ( -TU I l i e  m ounted in a
rer’note location . The panels are expected to  hr less t h a n  one i n c h  th ick .



Tab le 4-4 presents display mater ia l  characterist ics, and a detailed d i s c a - -
sion of these parameters is presented in A ppendices I throug h P of Ref . 7 .
The pacing requirements  for a d i sp lay material  are contrast  and luminance .
A specific case for these requi rements  is presented in Table 4-5 . A d iscus-
sion of these requirements  and the dev iat ion  fr om them is presented in th e
attached Appendix A.  Because data on re f lec tance  is not ava i lable in the

l i t e r a tu re , f ive perLent  ref lectance is assumed for a l l  materials. ,-\ displa-
em ’ t ime—averag ed  contrast  of 10:1 is al -t o assu a d  as a requirement . The
i n t r i n s ic  mater ial  contrast and luminan ce  is  equal to th e t ime-averaged
contrast and luminance  only ~v !u n the d i sp l ay  e l em e n t s  are on c o n t i n u o u s ly
(nonmult i plex or memory ma t r ix  addressed) . Ifowever , the  contrast
luminance is reduced when a character  is i r r i l t i p l e x e d  or a ma t r ix  is addressed
one line at a t ime  wi thout  memory.

It should be noted that  passive display lu minance is a f u n c t i o n  of ref lec ted
ambient  i l luminat ion . It is assumed that the cover glass ref lec tance  is lower
than the d i sp lay  reflectance and , therefore , d i sp lay  contrast  i ’erna ins  con-
stant with i l l umina t ion .

Table 4-5 presents the contrast ari d luminance  requi rement .-- for three corid i-
tions of high ambient  i l luminat ion in the a i rc ra f t  cockpit . T h e  f i r s t  condil ion

is when the display is shielded from all  amb ie r i t  i l l u m i n a t ion , arid t h e  r eq ;m it ’e d
display luminance is established by eye adapt ion  to r ig h t  whi te  c louds , The
second condition is when the display is shielded from direct sunli ght but is

- i llum inated by reflected light from wh ite clouds through the cockpit window~
The las t condition of direct  sun i l l umina t ion  is the most  d i f f i c u l t  i’or ac t ive
display vis ib i h i t :. This table does not inc lude  the use of ambient  lie }-it sup-

pression techniques for active display s because spec i f ic  disp lay re f l ec tance

data is not av a i lab le .  Therefore, Table 4-~ I ) r ( - s e n t s  a worst -case  set of
requirements and provides a basis for a re lat ive comparison of disp lay
mat erials .
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Table 4-4 . Display Material Characteristics (Concluded)
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Table 4-5 show s tha t all passive display materials  have adequate in t r ins ic

contrast (10:1) for nonmultiplex or memory matrix address display s.  Al l
display materials except electrochromic (ECD) and perhaps electrophoremic
(EPID) have enough in t r ins ic  contrast (53:1) for use as 16-chara cter l ine-
multiplexed or nonmemnorv ( l in e— a t - a - t i m e  address) mat~’ix displa y . l-Iowe-~-’er .
there are no materials that have adequate in t r ins ic  contrast when a h igh
resolut ion (100 to 500 characters/ l ine)  non inernory  display is requi red .
PLZ T may have a fu tu re  potential of 1000:1 contrast , but it requires  a hi gh

dr ive voltage. On-site memory is a better approach to the development of ‘1
high-resolut ion passiv e displays as any material  wi th  lower in t r in s i c  contrast
but superior electr ical  characteristics can be used .

Intr insic  contrast requi rements  for act ive  display s  become much higher  than
for passive disp lays when the active display is in ambient i l l u m i n a t i o n

(Appendix A). These ratios range from 530:1 to 17 ,000:1, and none of the

materials  meet these requirements5 On- s ite nonl inear  devices could be used
to improv e the mater ial  exci ta t ion threshold (A ppendix ;\) and contrast;  how-

ever , on- s ite memory can be provided as easily and then hi gh contrast would
no longer he required . It should be noted that in t r ins i c  luminance require-

ments for active displays in ambient  i l lumina t ion  (Table 4-5) becomes much

larger tha n the capabi l i t ies  of the disp lay ‘na t i -r i a l s . Even two orders of 
- 

-

magni tude reduct ion in  luminance  r (-qu iremefl tS ( Table 4-5) for high reso lut ion

displays through the use of ambient  light suppression t e c h n i qu e s  w i l l  not help.

Consequentl y, an on-site m emory is de f in i t e l y required for both pass ive  and

active h igh-resolu t ion  ma t r ix  displays.

Passive Display St a tus  -— ‘I he 10,- promising passive d i s p l a y  mate r ial  is

l iqu id  c ry s ta l  w i t h  an on—si te  - ~~ i i t ~~ (see Appendix I of l -~ef . 7) .  wh ich  is
being developed by 1)0th [hughes  ;\ i r’ cr ’af’ and \\ ‘e s t t n u l i ou s e .  C u r r e n t ly . I hc ’rt-

appears to he enough d ve lopment  f u n d  in c fo t -  m i l i t a ry  app l i ra t  on •

i i
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The next t i o s t  p romis ing  class of passive display mater ia ls  are the electro-
nlu orr ’th-s  (EPII)s), with the colloidal—sized T10

2 particles (Appendix 1< of
hi -f . 7) as the best candidate . As there does not appear to be a specific air-

~i ’aft-oriented program on this mater ial , there is more r i sk  than in the case
- ‘if l C D  development .

‘ctive Display Status -- CRTs are cui’rentlv the best device for aircraft
d i s p l ay s  and wi l l  be used in the various tradeoff s, analyses and examples in
k ’ia - report . However , there is a hi gh probability tha t G PDs with a perfor-

mance suitable for aircraft  displays wi l l  be ava i lab le  in the 19801 s. Because
1’f ’ f b i ’  current  effort being expended on GPDs for TV use , the r isks involved

0 ( 5  f i 1p s u i t a b i l i ty  of the physical configurat ion (s ize  mostly) and the question
‘i~~ ~o’~v mu c h  ambient  li ght suppression and shielding wi l l  he required .

l EDs wi l l  I n  availab le in large volume and many types , but because of the
m ’ t - l a t i - . - I - ’ l n  hi gh d n iy e  currents  required for high br i l l iance , there are some
d o u b t s  as ~o the development of the on- site memory necessary for hi gh—
r c s t ) I - l t : o n  ma trix displays. There is no doubt as to the avai lab i l i ty  of su i t —
a h i t s o  u l p 1 i a t i - i n i u - r i c  disp la\ -s .

~~~~~~~~~~~~~~~~~~ Phosphor CRTs -- l ong-persistence P— 7 and P-14 phosphors
hayc b - l U - i s ed  for many years to d i sp l a y  the radar and IR l ine—scan  imagery .
‘l ’br d i  - -i d’~an t a g e s  of using long persis tence tubes are a low brightness level ,
f i x e d  an d  nonl inear  persistence , and an inah ih t y to selectively erase.

f t c  low br igh tness  of this type of tube makes it  impossible to use such a
d i sp l ay  in a i r c r a f t  cockpi ts  wi thout  a visor or hood to shield ambient  l ight .
J ’; -~- u-ri  then , the operator is forced to ad -jus t  qu i c k l y  from exterior ambient  li ght
leve ls  as hi gh as 10 ,000 foot lamberts o tb -c low br igh tness  of CRT long
per s is tence  phosphor . This d isp la  can be used where  ambient  light can be
controlled and the long persistence CRT prov ides  an acceptable display  for
low scan r at e  sensors .
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Even under these condit ions , the image smears , if the image from one f r am e

is not completely erased by the time the new image is painted on the disp lay.

However , ad jus tments  to the display to promote a rapid fading  wi l l  also cause

an annoy ing fade rate which degrades the operator t s recognit ion performance.
Therefore , other displays were developed , such as the direct-view storage

tubes (DVST) .

- Direct-View Storage Tubes (DVST) -- A direct-view storage tube display pro-

vides a br igh t , non f l icke r ing  image with  a controlled persistence. The high

bri ghtness is a resul t  of a constant source of electrons to il luminate  the view-

ing screen phosphor dur ing  the viewing operation . The flooding electron beam

is modulated by the stored charge pat tern on die lectr ic  mesh located imme-

diately in back of the phosphor . The pic ture  ohst-r ’.’ t - d  on the face (phosphor)

of the tube is a projection of the charge pattern on the dielectric mesh.  This

charge pattern is wri t ten on the die lectric  by the action of a focused  e lec t ron

beam. Both conventional and fast-erase s—to r age  tubes are ava i lable. A con-

ventional DVST requires several  tenths of a second for erasure , and is too

slow for h igh-f rame-ra te  FLIR or L.LLTV sensors . The fas t - e rase  storage

tube can be erased in one to two mil l iseconds.  and therefore presents a br ight

TV disp lay .

h owever , fast-erase on a DVST loses resolut ion , gray scale and scan- to-

scan interference. Also,  symbologv presented on either a f a s t - e rase  or a

conventional DVST smears when it is moved across a stored i mage.

Typ ical characterist ics of a fasL-erase  DVST arc 100 stored l ines per inch of

i t - s o l u t i o n  ( sh r i nk ing  raster) , 10 percent ‘\ I PF at 68 c y c l e s/ i n c h . 800—foot

lamb er t s  of br ightness .  100-N inch/ second wr ting speed . a storage t i m e  of

10 seconds , and ~3 shades of gray .

L _ _ _ _ _ _
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Fast erase DVST appears most applicable where the radar ground mapping is
of a poor qualit y; nonstored symbology is not required simultaneousl y w i t h  a
stored image; image fade,  smear and gray scale is not important (target
recognition is not required) ar 1d TV image brightness is more important tha n
resolution or gray scale. Fast erase DVSTs are not suitable for presenting
E-O sensor imagery for a high quali ty mult ifunction display. However, a
conventional DVST can display radar information for combining with E-O
imagery from another , more suitable display.

F Short Persistence Standard CRTs —- The conventional short persistence CRT
is the best choice if a single indicator is to be used for a mult ifunction display
monitor. However , this implies the requirement for some sort of scan
conversion of the slow scan radar sensor ’ s video . The short persistence
CRT has a high resolution and high br ightness .  It also has good vis ibi l i ty
tinder high ambient  light condit ions when a narrowband phosphor and a matched
notch f i l ter  is l ised

It is assumed that the standard TV raster video scan rates is the best

approach for the aircraft  display. However annotation of display with alpha-
nu5 ’i (0r i cs  requires a selection of the type of deflection system. There appear
to he three options: a wideband deflect ion system; a dual  mode deflec-
t ion  sy s tem;  or an all— raster energy recovery deflection system.

The f i r s t  option is the wideband deflection system. which is capable of medium-

SlIced cali graphi c generation of synthetic s’. mbology during pure symbol modes
and al,-o  raster scanning when an EQ sensor imagery is selected . When a
raster  sensor is displayed , overlay symbols  are generated during the raster
ver t i ca l  retrace . The advantage of wri t ing a sy m b o l  dur ing  the ver t ica l

L 

retrace period is that the brightness of the symbol adds to the brightness of
the image . Th erefore ,  the symbol can he seen even when super im posed on a

peak—whi te  area of the image. In other words , it becomes whiter  than white .
This ensures tita t the synthet ic  data is seen everywhere wi th  good contrast
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for the image pic ture . The disadvantages of the wideband deflection ampl i f i e r
are the excessive power r e qu i remen t s  and heat d issi pat ion . Another  dis-
advantage  is the comp lexity of the wideband def lect ion sy stem created by the
re la t ive ’y high wr i t ing  speeds associated wi th  the sequential  cons t ru ctm ~~n of
s t roke—wr i t t en  symbols  wi th in  the available b, hack t im e .  The l imi t ing  factor
is the quant i t y of wri t ten  symb obo i,t v required during the one mil l i second  of
vertical retrace t ime ,

The dual-mode deflection system is capable of ei ther  sequential  cal igraphic
beam steering as for the wideband deflection system in purely symbolic modes ,
or a more eff icient  scanning techniqu e wI hub m i n im i z e s  power d i s s ipa t ion
during the TV r aute r  scanning mode . This design couicl also inc lude  a l imited
raster symbol overlay using video mixing t e chn iques  dur ing  the TV raster
mode . Al l  svstcr -o performance requirement -. are reduced , since the stroke
wri t ing  applies only to the symbolic mode over which  some 17 mil l iseconds
(60 field rate) are ava Liable and this  resul ts  in a reduced wri t ing speed and
simp ler waveform generat ion . However , additional complexity is needed to
generate  the l imi ted  number of raster symbols which are in the TV r a sier
scan mode.

The last option is the al l-raster energy i - eco~ cry deflect ion or tuned sy stem .
This approach generates all the syn the t ic  s v m~ olocy in the i ’aster and mixes
it  w i t h  the E / ( )  video when imaging sen sors an selected . By cotnpar sot - ,
th is  technique is the least complex since there is no w r i t i ng  speed h i m i i a t i o i .
on sy m bol generation. fhe  TV raster app”oach is the most cost- e f f e c t i v e
f rom the overall syste m point of view , a fac t  j i r o v ( -n  by i ts  choice for use in
commerc ia l  television receivers. The ke\  advantages are: 1) simp le , l ow-
cost , low- power , hi gh ly  r e l i ab l e  and easi l\ -  mainta inable  CRT ind ica to r  d e s i y n ;
2) simple hn— raster ” symbol genera t ion ; 3) direct  c o m p a t i b i l i t y  w i t h  many
electro— optica l sensors; 4) a simple in t e r f ace  for repeater displays ; ~) corn—
p at i b i l i t v  wi th  standard TV v i  ‘-k’ , tape Ft - c o r d i n g  and [ i I a \ - ~ lack equi p - - cu t fom -
rapid miss ion evaluat ion and ru i n i r - ig; and 6) co- p a t i b i l i t v  with  TV video data
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links for real-time transmission of radar video for evaluation and analysis at

remote s i tes equ ipped for T\-’ recept ion and d isplays. The di sadvantage of the
“ in- raster” symbol writ ing is that , in some areas , the symbol becomes
indist inguishable unless techniques such as black bordering of the symbol is

used . h owever , in this case , the black border obliterates some of the image.

Even so . raster symbol generation is generally more effective for display with

a large quant i ty  of characters , while  the cursive approach has an advantage

or displays of symbols having a large quan t i ty  of vectors or circles . The

raster  approach also has a greater potential fat inver t ing character contrast ,

generating electronic  window s , drawing broad lines , and generaiLng other area

sy n - i b o ls .

I
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Imaging Combining Techniques

R e a r - P o r t  CRTs -- Image combining with a rear-port C’RT has already been

discussed for moving map and CRT imagery.  This device has a flat optical

window near the gun , which permits projecting an optical  image on the back

surface of the phosphor.

The brightness of a rear-port CRT is limited by the projection optics .

Limited space within a display package not only confines the heat for high

power (high brightness lamps) operation , also tends to burn the film . Good

visibil i ty of the fine detail on conventiona l maps and charts is d iff icul t  under

high  ambient i l lumination  conditions . ‘T herefore , a map Ima ge  is general l\

l imited to low brightnesses of between 100 and 200 foot-lamberts , and must

he viewed with a hood in direct , b r igh t  sunl i g ht.

Another  problem with optical projection svslu us is the hot spot in the center

of the screen. This is generally a voided by roughening the glass on the in-

side of the CRT to d i f fuse  the image.

Brightness of ri- ar-port (‘RT phosphors can exceed 200 foot-larnbert s , but

superimposed map imagery would then not be visible. Larger display pack-

ages may permit brighter map images , but phosp hor brightness is reduced

(one half ) by the lack of an aluminized screen behind the- phosphor ( l ic~it

from the projection optics cann ot penetrate the aluminum fi lm) .

Applying a rear port to a DV~ T is not feasible since the s to rage  mesh is

opaque. This suggests , in addition , invest igat ing an optically t ransparen t

storage mesh. At the present t i m e , r ear-port  ( !~Ts are limited to low -

ambient lighting conditions , use ~vi th u viewing hood.

7 ~
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Dua l Phosphor CRTs - - There are at least two appro~ ~s that use dual re-
sistance phosphor CRTs for image combining. The first  technique uses one
gun that excites bot h a blue , short-persistance phosphor , and an orange ,
long-persistance phosphor . Blue and orange filters reduce the interference
from the unwanted phosphor persistance. The blue phosphor f i l ter  permits a

- fast raster scan TV sensor image to be shown whit-  the orange filter permits
viewing the slow-scan radar imagery. This e cxn~bined approach penalizes
both modes due to the attenuation of the filters . F ur thermore, the drive

electronics and display must funct ion at two different  scan rates.  A second
approach excites the phosphors by electron beams with different  acceleration
potentials . The lower acceleration beam excites the short persistence
phosphor alone for imagery at TV rates . The hi gher acceleration potential
excites both the long- and short-persistence phosphors for radar , slow-scan
magery alone. This techni que has the advantage of requiring no color f i l t e r s .

The dual-persistance phosphor/ f i l te r  CRT is most useful where no ambient

light falls on the display, and the operator has little t ime pressure and r~o
compet ing task .  These disadvantages can only be justified where cost is an
overr iding consideration , or where a radar operator is a part of the crew .
The dual acceleration-potential CRT has greater potential for brightness , and
therefore usefulness, since it does not use optical filters. However , all
approaches using long-persistance phosphors have all the disadvantages dis-
c t i s - ’ed earlier: low brightness; and either a rapid fade or smearing. Other
n.p iroaches would probab ly he preferred.

~dultimode Tonotron (Hughes Aircraft  Co.) -- The multimode Tonotron tube ,
a special type of a DVST , is discussed as a separate image combining tech-

nique ‘~ince it has a potential for sequentially presenting radar and TV imagery .
‘ t h e  Tonotron has five guns : a stored writ ing gun , a T\ gun , a symbology gun ,

- — - ‘  
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an erase gun, and a flood gun . The stored wiring and flood guns permit

projection of radar imagery with a high viewing brightness , good resoluti ’:rn,

good contrast and a good gray scale . The TV gun permits using the standard

short-persistence phosphor of the Tonotron for E-O imagery  with good resolu-

tion and good gray scale , but with br ightness too b ’ - ’.’ for viewing under high

ambient light conditions. \on-stored svmhobogy is presented by the separa te

sy-mbology gun , which  permits symbologv to be moved across the stored video

image without smearing.

The erase gun allows selective erasure of a stored image.  Through its use ,
smearing of slow-ecan radar imagery is avoided by erasing the urevious
image sweep before writ ing in a new sweep. ( onsequently , the mult imode

Tonotron can present acceptable radar imagery for target  recognition w i t h

non-smearing symbology. However , its high-quali ty TV ima~~e1’y can only be

viewed under low ambient light le~ el conditions (or with a hood) . Stored radar

and TV imagery can be viewed simultaneously hut not with  non-stored sym bols ,

unless the TV and sym bol gun are t ime-shared. The limitation of the Tono-

tron in a ircraf t  may be its sensitivity to stray magnetic fields and vibration.

Video ~tTixers  - - \ I any  systems are currently available for mixing TV-
compatible video imagi- ry .  These systems rout ine ly  offer  as lnan\’ us  100

special ef fects  pattern-generators.  They include wipe pa tt e rns  (insert ing or

transitions between video channels)  such as bars , ro tary ,  \vindshield , and

many other combinations. Video inputs can be mixed  or dissolved into each
— 

other with many types of edge and border ~ff -i t s .

\ I ix ing  is accomplished on an addi t ive  basis wi ~ li f aders  control l ing the

brightness of eac~ channel with an at tenuat ion 1 m m  0 to 100 percent .  \Vipe

patterns can be automatically programmed w i t h  t rans i t ions  of from 10 to one-

tenth of a second. Black , white , or drop shadow borders can I a -  created

around alpha-numerics.  Spotlight effects  can be c reate d  with  circular ,

rectangular or diamond pat terns  at any rat io of bi~ ~,t h t n i - s s  I~~- t w t - t ’ n  the bach-

ground and the scer i~ ‘,v i th in  t I e -  spotl ight . , l o v t h c k  posit ioner s are available
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to move single-wipe patterns anywhere within the display field . The aspect

ratio of the special effect patterns can also be varied by a single control.

Polarity can be inverted and blink rates varied.

The variet y of special effects , ease of operation , and the preprogrammed

automatic control of these video mixes is very extensive, and indicates a

well-developed arsenal of circuitry and technique. Consequently, many forms

of video inserting can easily be accomplished for aircraft application , with a

minimum of technical risk, The maj or developmental task is to convert corn-

mercial units to militarized hardware.

Scan Conversion Tubes -- The problems with DVST s and multimode Tono-

trons (l) VSTs) have led to a need for a device to store s low-frame-rate

imagery separately. Such a device (a scan converter) can provide all the

advantages of a I)VST , as well as:

• Superior display using a CRT TV monitor

• Large selection of CRT sizes and shapes

• Potential application to flat-panel displays

• Nonsmearing syrribology by “ in raster” or stroke writ ing

between frames

‘ • Flexibility and growth potential to new sensors

• ~\ 1ul t ip le  displays with  one scan converter

Scan conversion tubes tend to fall into one of two main  categories: the single-

ended , and the double-end ed. In the single-ended version the charge is de-

posited on and read  from the same side of a storage mesh.  A single-

def lect ion svsten ~ is used which is shared by the read and writ e  beams.  It

follows that the reading and w r i t i n g  operation must be t ime-mult iplexed ,

which means that , for many  applications , two tubes are needed for a page-by-

pag e mode .
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The double-ended storage tube has separate read and wri te  beam deflection

systems on either side of the storage mesh. Charce is developed on one side

of the mesh by the write beam and interrogated on the other side by the read

beam. The charge pattern is written on the dielectric mesh by either a

secondary emission or a bombardment-induced conductivity.  The pattern

on the dielectric modulates the scanning read beam on the output side . The

read beam is scanned at the standard TV format of 60 fields per second ,

while the write input beam can be at any scan rate or format.

The advantage of the double-ended scan converter tube is that the write- in

and read-out operations can be performed simultaneously. Its disadvantage

is the extreme complexity of adjustment required during installation or re-

placement. Since the adjustments tend to vary, the periodic maintenance costs

are also high. The end result is a system which is inadequately ma inta ined ,

has a high replacement cost and low reliability , and has poor accuracy,

• 
-
~ - 

dynamic range , and picture registration.

These problems can be avoided through the use of two single-ended scan con-

version tubes. The procedure is to write one f rame of radar imagery  into one

of the tubes. The next f rame of radar imagery goes to the second tube. Tbe

TV monitor is switched between the tubes at the frame rate of the radar

sensor. The image seen on the TV display is frozen over the radar fran-ic

period , approximately one second. The disadvantage of this approach is that

the display is not updated continuously at the sweep ra te  of the radar (as with

the double-ended tube). A further disadvantage is that the tube deflection

circuitry must operate at both the slow-radar and f a s t - T V  ra s t e r  rates.

This approach has advantages:

• “ Erase” before ‘ wri te ’ is not required

• Close tolerance mechanical  ali~ n n i i - n f s  for f ine  correct ion for

deflection gain  and offse t  are not required when replacing

tube ass em blies

~~~~~~L 
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• Ease of packaging: the single-handed tubes are less than

half as long as the double-handed tubes

• The tube and coil assembly need not he accurate ly  aligned

• Unit operation does not depend upon the position of the two tube

assemblies with respect to each other

• Lower cost

Dj gital Scan Conversion -- Storage tube scan converters can successfully

meet  specifi c needs of unsophisticated display systems.  Unti l  quite recently

t h e y  have been cheaper , smaller , and consumed less power than digital scan

co l l \er t e r s  of identical specifications . The main advantage of the storage

tube is the virtual independence of its read and wr i te  scan patterns.  Howevc

it is difficult to scan in random or discontinuous steps becaus e of the self-

inductance of the deflection coils. For this reason , disp lay features which

require  variable read-out , f rame overlap and image magnification fend to be

performed easier with a digital system. Furthermore, rolling map present~
t i ons  of moving platform radars are diff icult  to achieve with storage-tube

-on ~- e r to r s . Also , the ten shades of gray of tonal quality of a stored picture

is below that  of commercial TV . The h igh  impedance of the device lowers

the signal-to-noise ratio, which degrades the overall picture quality. This

degradation is compounded by areas of uneven leak s  which produce pa t ch~’

images . An optimal picture requires highly stable drive and deflection wav€

f or m s  with careful  setup and frequent  read jus tm ents .  Filament life is anot h

problem . Furthermore, the device is highly sensit ive to extraneous magnet

fields since the electrons in the i~cad beam are repelled by the stored charg€

end t i - s  v e loc i ty  of the electrons is momenta r i ly  reduced to zero. The

environmental  shortcomings of the s to rage  tube seriously limit its use in a

m i l iu r v  vehicle.
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These limitations have led to the development of digital scan conversion
techniques. A digital-scan converter must be differentiated from a solid-

~1ate converter to avoid ambiguity. The solid-state converter is typ ified
by the charge-coupled devices discussed in the next section. The digital-
scan converter is also a solid-state device, but rel ies more on trad itional
digital logic design than the solid-state converter . All solid-state systems

are reliable, easily maintained and require little or no readjus tment  in use.
In addition , digital systems are easier to partition and simpler to integrate
with existing computer systems. The main advantage of a digital system is
its capability to produce a picture of definable quality wi th in  the constraints

imposed by storage capacity, volum e, and power consumption.

The digital-scan converter has additional capabilities:

• Picture hold

• Rolling update presentation

• Rolling map presentation

• Page-by-page presentation

• Variable line -by-line integration

• Field or f rame up date

• Polarity reversal

• Reserva ’t l ie line count

• Input magnification

• Image super-imposition

• Selective erase

• Controlled fade  erase

• Multi-input

• Choice of TV raster rate

• Contrast bit suppression

• Reduction of resolution

• h istogram equalization

• Spatial filtering and gamma correction

~ I
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• Clutter suppression and scan correlation

• Synthetic digital maps

• Level slicing

• Scale and geometry conversion

A digital scan converter samples the incoming analog video and converts it

to digital codes corresponding to the number of amplitude levels (shades of

gray) desired for each resolution element on the display. The digitized video

is then stored in digital memory, which is read out at TV rates and converted

to analog video for input to a TV display monitor (Figure 4-17).  It is neces-

sary that each storage cell be capable of encoding enough contrast levels to

reproduce the image to the desired degree of fidelity. In practice , the niaxi-

n in i  gray-scale resolution is limited by either the sensor , the display, or

t h e  v isual  acuity of the observer. Figur e 4-18 (Ref .  13) shows the memory

and bandwidth requirements as a function of resolution based upon a 4-bit

( 16 gray scales) digital code for each resolution element. The video band-

width requirement assumes a 30-Hz TV f rame rate w i t h  a 75 percent active

display dut y cycle.

‘-
~~ lec t ive  erasure of video information is automatically obtained with digital

storage, since each resolution element is erased as new sensor data are

‘zf ored . A digital scan converter provides high-quality imagery because:
- a) the digital memory is perfectly uniform;  b) it can be designed to store as
- muc li  sensor resolution as desired; c) it stores the full  signal amplitude w i t h

as many  shades of gray as desired; d) the image does not fade as a function

of t ime or environment , and 3) the stored si~~~u l s  can be read out ~ f a high

signal/noise ratio.

it is expected that  digital—scan conversion will f ind wider applications in new

avionics  systems , as the cost of digi tal  n u - i n or i e s  and components continue

to decl ine . Volume and cost of the converter is related to the  computer
memory  market . Consequent ly ,  tb  volume of a digi ta l -scan converter  can

la ’ r edu ced  to one—quar te r  and the cost reduced by a f a c t o r  of f i v e  w i th in  the

next f i v e  years (Ref . 14) .
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Fi gurc- 4 - 17 . Basic  Dig ital Scan Converter Block Diagram
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Solid-State Scan Conversion Using Charge Coupled I)evices (CU D ) -- Then”
are at least two techniques that  use ( ‘UDs for image combining. The f i r ’~t

stores al ternate fields to permit mixing of FLIR and LT J~TV sensors at
different  line rates; i . e . ,  for this example 525 and 875 T\ ’ l ines/ f rame.  The

second approach uses a ( ‘CD-imaging sensor to convert slow-scan radar
imagery (on a DV ST) to TV-compatible format . The advantages ever digital
or doubled-ended tube scan conversions are cost and /or  s implici ty  and
volunt e.

CCI) Electronic Scan Conversion -- Current CCD technology will permit
F f rame storage of raster imagery to convert video from one f rame rate to

another , for example from 525 TV l ines/ f rame to 875 TV lines . it will :-iloo

permit a non-interlace to interlace format conversion , or vice versa.  Two
( ( l ) s  must be used for alternate field or fram e storage since “write in ” and
“read out are sequential operations for ccr)s (Figure 4-19) .

Thi s approach implies a need for the simultaneous image presentation of
non-compatible raster FLIR and LLLTV sensors . If sequent ial  pr sc ’nt’vf ion

were required , it would be simpler to use disp lays that can be swi tched to

alternate l ine rates. It is fur ther  assumed that  a 5 2 F - T V  line FUR sensor
- and a higher resolution 875-TV-line LLLTV sensor with equal F(bVs are

being displayed on an 875—TV-l ine  monitor . This  requirement  is r - a h i s F ic

s in ce  high-resolution LLLTV 8 7 5 - T V - l i n e  sensors  nr c  common , whi le  hi~ h-

resolution I-’LIRs are not.

The f - ’a irchild (‘( ‘1)36 1 23 , 560—bi t  analog shift  register is intended for analog

signal processing and temporary storage application s . it is organized in a

series-parallel-series configuration. Input vol tage  is sampled by a charge

j f lj~~Ct 1Ofl port and generates proportional charge packets  in a ‘h O-element

se r i a l - in pu t  r eg i s t e r. The infornietion is t h e n  t r ans fe r r ed  in parallel to

regis ters  that  t ranspor t  the packets to a 190—e l - n i e n t  serial output r eg i s ter .
( locking the output i~~- n i s t t - r  then de l iver s  t h e  charge package to an en-ch i p
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output amplifier to be converted to an analog voltage. Continuous clocking

of the device reproduces a line-by-line representation of the 190 input ele-
ments at the output .

The CCD36 1 can be used for a wide variety of applications. The simplest

application is for delay of analog inform ation which is accurately controlled

by an external clock. Varying the clock simply changes the delay. One
specific delay application appropriate to its large capacity is that of a large

number of analog samples for video frame storage. This permits a t ime

axis scan conversion where write and read rates can be varied to adapt to

particular display requirements. A line of analog video information can be
read in and stored at a low line rate and then read out at the higher line r a ie .

1’ or example , 490 active lines of the low resolution video are stored to
match the 525 line input system rate (see Figure 4-19) . A logic circuit  i-s
required in the video mixer (output of C C I ) s , see Figure 4~~lit ) to feed 8 17

active lines to the 875 TV display from the stored 490 active TV lines. This

log ic circuit will be required to repeat 327 lines of the 4~~O stored lines.

Therefore, one line will be repeated on the average of every 1. 5 stored ac-

tive line. This will result in a slight distortion. Also the 1i~LTV sen~ or

will have a better resolution than the FUR sensor.

‘Write in ’ clock rates are generated from the FUR sensor input syn c pulses

and the clock ra tes for CCD ‘ read out ” is generated by the 875 TV l i n t -  1- 1 IH

sensor sync pulses. The “A ” CCD field memory is read out in n e ar  real

t ime , wh i l e  the “ B” CCD field memory is in the ‘ wr i t e  in ’ mode ( S ci -  I ~~~~~
- - ‘ .

4— ’h~). “ Read out ’ and “write in ” modes are  alt ernated t i  o~~ f i e ld  •o

het w~ en ‘ A ” and “ B” C( ’D memory units .

A block diagram of the system which stores a s ingl e  f irh1  ~s
1- igur e  4 — 2 0 .  The input demult iplexer  ( D E M I \ - 1)  r e c F - i - . . S

data. The f i r s t  124 lines of — dd eo are fed to I ) U ~~fl \—2 -

lines are fe d to [) I - \ I I  X—3 (a total of 2 4 5  act ive U n ’  -
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Each of the 124 lines is divided into thirds by the demultiplexer , the first
190 point s in the line are routed to the first analog shift register , the second
190 to the second register and the third 190 to the third register (a minimum
of 460 horizontal resolution elements are needed to match the vertical resolu-
Hon of 350; i. e. 0. 7 KeU factor x 490 active lines x 4:3 aspect ratio) .
After the first 124 lines are stored in registers 1. 2 , and 3, the next 124
lines are stored in registers 4 , 5, and 6 .

However , full-frame (two fields) storage is necessary. This requires that
two field systems be combined and an ad~ . ~ demultip lexer and multiplexer
be added.

A block diagram of the full-frame storage system is shown in Figure 4-2 1.
The Field 1 and Field 2 systems referenced here are identical , and each is
equivalent to Figure 4-20. The input demultiplexer routes the odd fields to
the Field 1 system and the even fields to the Field 2 system.

• Another approach to combining non-compatible raster imagery is possible
when a smaller image is permissible for one sensor than for the other. If
the 490 active lines of a 525-line raster are stored in a solid-state scan con-
verter , we can clock them out directly on the 490 lines located in the center
of tile 875-line display. To do this a vertical blanking signal added to the
storage output would simply be extended to cause the picture to begin well
below the top of the 875-line display, is shown in Figure 4-2 2. By shortening
the picture vertically, we have distorted it. The true proportions of the image
can be restored by also narrowing the image by increasing the clock rate and
inserting extended horizontal blanking signals. The picture now appears only
in the center of the 875-line raster (Figure 4-22) . The image is correct in

• proportion and contains all the original picture information.

The composite video signal for the image in Figure 4-22 is compatible in
every way with other 875-line video , and can be mixed with the output of an
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• Figure 4-21. Full-Frame Storage System , 30 Frames per Second
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a. 525 LINE IMAGE ON b. 525 LINE DATA IMPRESSED
CENTER LINES OF 875 ON CE NTER PORTION OF
LINE DISPLAY - IMAGE 875 LINE ROSTER - IMAGE
DISTORTED HOR IZONTALLY IN CORRECT PROPORTION

875 LINE ___________________ VIDEO ___________________ 875 LINE• LLL TV MIXER DISPLA Y

________ 875 LINE ___________ __________

SYNC

• 

• 

52 S L I N E SOUO S T A T L  H®~ 
BLANKIN G~~~~~

JFLIR j  CONVERTER 
h SYN C 

GENER ATOR

c . SCAN CON VERSION AND MIXING SYSTEM
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2. 525 LINL SENSOR
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4 . S~~ N CONV ERTED

TRADITIONAL SCAN AL TERN AT IV t
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Figure 4—22 .  Simplified Solid-State Scan Conversion
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875-line sensor as shown in Figure 4-22 . A dual CCD solid state converter
is used to store the output of the 525-line FLIR. The readout , however , is
synchronized with the blanking signals generating video only in the center of

the 875-line format . Figure 4-22 compares the resulting video waveforms

with those from a more traditional scan converter.

The F LIR imagery will appear on the display as shown in Figure 4-22 . When

mixed with the LLLTV imagery it will cover only the central portion of the
TV image , leaving the edges unaffected . The scaling of the two images
determines the fields of view of the optics used on the two sensors.

CCD Optical Scan Conversion --

CCD Sensor -- The Fairchild CCD-221A solid-state im aging detector is

a fully TV-compatible 380-element x 488-element sensor device. A camera
using the CCD-221A sensor can be developed to generate TV-compatible video

• from slow-scan radar imagery presented on a DVST , as shown in Figure 4-23 .

This application of a CCD camera for radar imagery scan conversion assumes
space is available to mount the DVST and camera at a site remot e from the

• display. The overall length of one approach to CCD camera scan conversion
• 

- 

is 17. 75 inches , which assumes an eight-inch long H-1 126AP20 Tonotron , a

six-inch optical object distance and a 3. 75-inch camera.

The advantages of a CCD-221A solid-state sensor over a double-ended scan

converter are ruggedness , reliability, longevity, low voltage , low power re-

quirements , a small size and a light weight.

General Description -- The CCD22 1 is a solid-state, self-scanned area

image sensor suitable for use as the sensor in camera-type applications. The

device is organized in an array of 488 horizontal lines by 380 vertical columns.
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The 185, 440-image sensing elements are 14 iim horizontally by 18 p.i.m vertical-
ly, and are located on 30 ~m horizontal centers and 18 p.m vertical centers .
The dimensions of the image sensing area are 8. 8 mm x 11.4 mm , with a
diagonal dimension of 14. 4 mm.

The X-Y format of the array was selected to provide a 4 x 3 image aspect
ratio and to approximate the image size of standard NTSC systems. The
highly precise location of the photosites allows an accurat e identification of
each component of the image signal. This feature allows the device to be
used in applications requiring dim ensional measurement. This sensor is in-
tended to be used in video cameras that require a low power , a small size ,
high sensitivity and high reliability. It is enclosed in a 36-pin dual , in-line
package with an optical glass window :

• 185, 440 image sensing element s on a single chip

• Column anti-blooming

• No lag, no geometric distortion

• Gamma characteristic of approximately 1. 0

• On-chip video preamplifier providing more than 200m V of
output signal

• High dynamic range : Typically 300:1
• - 

• Low light level capability; low noise equivalent exposure

• Wide range of video data rates , up to 75 f rames/sec

• All operating voltage under 20V

• Low power dissipation : Typically 75mW

• High reliability
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Absolute Maximum Ratings - -
Operating Temperature : -25 °C to 55 °C
Storage Temperature : -25 °C to 100 °C.

Voltages - -
lOV to +15V

Functional Description -- Light energy incident on the image sensor ele-

• ment s generates a packet of electrons at eaTh sensing element . Electrical
clocking of the photogat e, the vertical analog t~ ansport registers, and the
horizontal analog output register sequentially delivers the charge packets to
the preamplifier.

Image Sensing Elements - - Image photons pass through a tr ansparent
polycrystalline silicon gate structure and create hole-electron pairs in a
single crystal silicon layer. The resulting photoelectrons are collected in
photosites during the HIGH stat e of the photogate. The amount of charge ac-
cumulated is a linear function of the incident illumination intensity and of the
integration period.

• Vertical Analog Transport Registers - - Charge packets are transferred
out of the array in two sequential fields of 244 lines each at the end of an

• integration period. Alternate lines of charge packets are transferred to their
• corresponding sites in the vertical registers when the pho-togate voltage is

lowered. Clocking of the vertical register (two-phase) delivers the charge
packets from the 380 vertical registers to the horizontal analog transport
register, A minimum of 246 vertical transfers (246 cloc k cycles) are re-
quired to transport each field of charge packet out of the vertical registers .
A second field cycle is initiated to receive the information from photosites
corresponding to the other field (i. e .,  the even-numbered photoelements) .
Clocking of the vertical register then transports the charge packets to the
output .
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Horizontal Analog Transport Register - - The two-phase horizontal
register has 392 elements and receives t h e  charge packets from the vertical
transport registers, line by line. Each row of information, r eceived from
the vertical registers, is serially moved to the outpuc amplifier by two hori-
z ontal clocks.

A minimum of 392 horizontal clock pulses are required to completely transfer
one row of information to the floating gat e amplifier.

Floating Gate Amplifier - - Charge packets from the horizontal registel’
are sensed by a floating gate amplifier. Its output potential is linear to the
input signal charge and drives a T\1OS transistor. The transistor output then
drives the gate of an output n-chann- ’l MOS transistor to produce a video out-
put signal.

Optical Combining Techniques - - Optics cEt n also be used to combine informa-
tion from different sensors , This approach avoids the electronic problems
of mixing incompatible E-O sensor videos and allows a choice of display tubes
to match specifi c sensor designs (Figure 4-24) . The method has several other
advantages. The images do not necessarily appear at exactly the same dig-
tance from the observer; this can make the job of discrimination easier.

~\Iaintenance of the individual component s can be simplified. Finally, failu re
of one tube or electrical part will not result in the loss of the entire display .

Figure 4-25 shows a flat combiner. The coating material can be selected to
aflow the proper ratio between reflected light and transmitted light (Beam 2) .
This is a design tool whir b  can be used to balance the intensity of the display.
The coating material can also be designed , within limit s , to selectively re-
fleet certain wavelengths of light. Combining this with a proper tube phosphor
can also enhance the light balance. It is standard practice to use anti-
reflective coatings on oth ’~r surfaces of combiners to eliminate ghost images.
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A combtfl~~ 
cube is shown in FigUr e 4-26 . ThiS combiner is used in the

same way as the flat combiner , but has a 51~~ ificant ~~~~ntage. The refrac-

tive index of the glasS shorten5 the optical path physical diskaflce by approx’

~~ately one_third of the distance the light travels with1~ 
the glass. A folding

priSm also has this ~~vafltage. The ~jg~ dvantage of the combiner cube is itS

weight.

The d~SP1aY shown in FigUr e 4-27 uses a flat combiner and folding prism.

In this examPle, the high resolution CRT could be used for an E-O sensor and

the DVST for a radar seflS0~~ 
Both have appr0ximate~~ 

4_ inch diameter

~~ewiflg screefl5~~ 
it is the smaflest system that can be built using two dis-

play tubes of this size. ii a ~0lding mirror rather than a folding prism were

used, the CRT would have to be moved back about an inch for it to appear to

be at the same distance for the viewer as the DVST . This is a good examPle

of redUCing the system t s size by using prisms. A variation of this design in-

cludes a moving map displaYs as shown in Figure 4-28. flere , the f0lding

prism is replaced by a combiner cube , but the cube iS modified in several

wayS. The top surface iS ~~0~ gated~ part of it used as a grOU~~ 
glass screcfl

and part of it as an apertU~~ 
for the map prOiectb°fl ’ 

The map proje ction

lenS, above the cube , sends the light ~~roUgh the glaSS y onto a refleCting mir-

ror and back onto the ground glaSS screen. placing the map j~~age at this

surface of the cube provides the same ~~ewifl g distance to the observer. The

lenS , film cassett e and projection lens are similar to those previ0U~~Y de-

scribed.

H

Thomas EleCtr0m~~ 
5~~ l07 CRT - 3. 25 in.SCr e~~ 

height , 4 . 3l-i~ . screen

width , 65O~1i~~ 
reSolUttOfl

Hughes AirCr~~t Co. Typ e H_ 1126AP2° ToflOtron 
- 4-in. miflinhum screen

diametet’.
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BEAM 1

X % B E A M 1

_ _ _ _ _ _  
~~~

—

• 1 - x %  ~~~~~(l - X) °/0 BEAM 2
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PA RI IALLV RE ELECTIVE

X 0/, BEAM 2

Figure 4-25. Flat- Plate Comb iner
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Figure 4-26. Optical Combiners
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Figure 4-2 7 . Sim ple Combiner Design: 27-inch Viewing Distance
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Figure 4-28.  Simple Combine r Design with Map: -~~
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r Diameter Image ; 2 7 - i n c h  Viewing Distance
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Lenses -- Lenses can be used to increase the size of the image and 10
transfer the image forward , near the external opening of the display. A
field lens can be used to assure that light from the display enters the exil
pupil. Specific lens systems for each of the~~ tasks can only be designed for
specific applications. The following does not attempt to discuss the best lens
system design for some display, but rathe r to provide a “ feel ’ for what ( an
be done with lenses and for what their ust in ip l i ~~ in terms of disp lay si~:e ,
limitations of eye movement and other operationa l questions.

Transfer Lenses -- In the simple combiner design (Figure 4-2 7), the
image seen by the pilot would more desirably be at the front surface of the
display. This can be done using a transfer lense which can also magnify the

image. For instance, if the image size desired were 6 inches , the ray trace
shown in Figure 4-29 would result. The CRT and DVST face plates are 10
inches from the exit aperture of the display. To magnif y the four-inch (‘RT
image to six inches and to transfer the image to the exit aper 4 ure requires
a lens with a focal length equal to 2. 4 inches. However , to see the edge of
the field of view at the exit pupil 20 inches away, the lens diameter required
is eight inches. (This is shown by the ray label “A-B” in the figure. ) The
ratio of the focal length to the lens diameter is the F-number of the lens.
It is practically impossible to fabricate a lens faster (lower number) than
F/O. 5, yet the lens shown would have to be F/O. 3. This is clearly impos3ible 0

and requires som ething be done. The usual solution is to use a field lens.

Field Lens -- F’igur e 4-30 shows the addition of a field lens to this de-
sign. Its optical characteristics are chosen to re-image the transfer lens at
the exit pupil. In this  way, the light which passes through the transfer lens
is assured of entering the exit pupil , but the magnification of the system is
unchanged. In this case , the field lens eases considerably the optical design
of the transfer lens. It allows the lens diameter to reduce to about two inches ,
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yielding F/ i .  2 . However , the field lens focal length is only 4. 62 inches and ,
since the image size is six inches, the field lens itself is F/O. 77 . This is
possible hut still very diff icult. Such a system could be constructed as shown
in Figure 4-3 1, and would need a volume of 6 x 12 x 18 inches. The cube
combiner has been shown modified to provide for a front-illuminated screen
projection moving map display.

APERTURE DIA 8 IN.
F 2 . 40
F/.30

6 IN. DIA IMAGE

TRAN SFER
LENS

L _ lO iN. _______________________ _________________

I LENS TO CRT PILOT TO DISPLAY

Figure 4-29 . First Field Lens Design
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Figure 4-30. Field Lens

COMBINE CUBE WI IH

12 iN. 11111111 1~~~~iiii 
M~~R S RFA LE FOR
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Figure 4-31. First Fie ld Lens Desi gn
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The main reason the lens requirements are so tough in this design is the
short distance allowed for the image transfer from CRT to display face.

This dh.tance is lengthened considerably in the design shown in Figure 4-32.

Here the depth and the height of the display are kept the same , but the width
is increased. The throw distance between tube and image is increased to

i 32 inches by turning the display tubes aroun d. This results in a transfer

lens focal length of 7 . 68 inches and a field lens focal length of 9. 8 inches,

F/3. 8, and F/i .  6 respectively. There is also much more room for the
moving-map display.

This system seems quite practical and gives a good feel for the size neces-
sary to provide a display with a six-inch image.

Compatible FLIR and LLLTV

Techniques for combining imagery from compatible FLIR and LLLT V
sensors can be divided into the need for sequential and simultaneous presenta-
tions. Sequential presentations of sensor imagery can most easily be satis-
fied by switching the display to the desired sensor to be imaged ( Figure 4-33) .
Simultaneous imaging is more complicated and requires frame-to-frame
alternation of images, a video mixer , a dual-beam CRT, or optical mixing
techniques. Image frame -to-frame alternation requires combining by the
observer ’s visual response. Each image now has a frame rate of 15 Hz , but
the overall rate is still 60Hz . Flicker effort s are unknown and need to be
investigated. Video mixers (Figure 4-33) are commercially available and
are the most versatile and sophisticated of all techniques , tut  are limited to
video signals with the same line rate.
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SENSORS

a) SEQUENTIAL PRESENTAT ION BY DISPLAY
SWITCHING

SENSORS

b) SIMULTANEOUS INSERT WITH VIDEO MIXER
SENSORS

CRT

c) SIMULTANEOUS INSERT WITH DUAL BEAM CR1
525 TV LINE

~~~~~~~~~~~~~~~
IDISPLAY

_
F— — —

875 TV LINE

d) SIMULTANEOUS INSERT WITH OPTICAL MIXINU

Figttre 4—33. Compatible FUR and LLLTV Image Combining
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Optical mixing ( Figure 4-33) is certainly a possibility for image combining.
Ho wever , this technique would require two CRTs as well as the separate

• drive circuitry. There does not appear to be a distinct advantage to this

approach over the video mixer or over the dual-beam technique.

Non-Compatible FUR and LLLTV

It is assumed for this class of image combining techniques tha t the FUR
sensors have a TV raster video, but that the line scan rates are not the same.
For example, high-resolution, 875-line LLLTV sensors are fairly common .
However , FUR sensor s of such a resolution are beyond the g~neral stat e of

the art . Therefore , the presentation of high-resolution LLLT V and low-
resolution FLIR imagery on a single , high-resolution display may be a fairly
common occurrence. Again , the techniques may be separated int o the need
for sequential and simultaneous presentations.

Sequential presentations of sensor imagery can best be accomplished by em-
ploying a display that operates at either sensor scan rate ( Figure 4-34) .
These TV monitors are available. Three options are possible for the simul-
taneous presentation of non-compatible FUR and LLLTV sensor images.
These are alternate fram e switching on the same display, CCI) memory,

and optical combining techniques (tw o separate displays , see previous

section). Simultaneous presentations by alternate frame swit hing on one
display requires the monitor to operate alternately at 15 Hz for 525 to 875

line rates.

Figure 4-34 shows the application of two Fairchild CCD-36 1 analog shift
registers to provide electronic scan conversion of the 525-line FUR sensor
to an 875-line rate (see earlier section for a detailed discussion) . This
technique would require 12 Fairchild CCDs , seven demultiplexes and seven
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b) SIMULT~kNEOUS INSERT WITH CCD
ELECTRONIC SCA N CONVERSION

Figu re 4-34. Non- Compatible FLIR and LLLTV Image
Combining Techniques
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multiplexers. In addition , logic would be required to address the multi-
plexer and the demultiplexers. The advantages of this form of scan conwr-
sion over scan converter tubes are volume , cost and simplicity. The output

of the CCL) electronic scan conversion would feed into a video mixer , as

discussed in the previous section, for various forms of in-setting, fadin g and

so forth .

Raster and Radar Image Combining

One scan conversion device and two techniques for combining non-compatible

TV raster and radar images will be discussed in this section : CCL) cameras;

optical image combining; and dual-persistence CRT.

The CCD-22 1 solid-state, self-scanning sensor has the potential for scan
conversion of radar imagery presented on a DVST (Figure 4-3 5). The resolu-
tion capability of the CCD camera is approximately equal to that of the radar
sensor and I)VST , and there will be some loss of image quality. A high -
resolution vidicon camera would provide a better image quality, but this
device is larger and less reliable. The advantages of the CCD camera are
that it is small,and low in power and voltage requirements.

• 1 The CCD camera is a 525-line compatible , and its output then can be fed

directly to a video mixer with a 525-line E-O sensor, However , if the E-O

sensor operates at an 875-line rate , then both the video mixer and camera

must operate at that rate. Video mixers at 875-lines are available and a
scan converter is required to obtain 875-line rat e video from the CCD camera.

The CCI) camera has a high sensitivity , which permits use of a slow lens as
well as a reduced brightness on the DVST. This , in turn , permits a smaller
spot size and improves resolution. These improvements partially overcome
the image quality loss of a CCL) camera. The approach requires space for
remotely mounting the DVST and CCD camera.
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PHOSPHOR) DU A L P ER S I S T A N C E

DUAL ACCELER ATION
CR 1

EO TV _____

RASTER J
(SHORT PERSISTANCE
PHOSPHOR)

1 SEQUENTIAL PRESENTATION DUAL PERSISTANCE A~ D
DUAL ACCELER MT ION POTENTIAL PHOSPHOR CR1

Figure 4-35. Non-Compatible TV Roster and Radar
Image Combining Techniques
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The second approach to the simultaneous inserting of non-compatible E-O
and radar sensor imagery is optically combining (see earlier section) with
two displays, a DVST and a TV monitor.

A dual persistence phosphor CRT is the last approach considered for com-
bining radar and TV imagery (see Figure 4-35 and previous dual phosphor

CRT discussion).

Combining Symbology and Raster Imagery

Tradeoffs for combining symbology and raster imagery have been discussed
(see previous discussions in Section IV).

Raster and Projec ted Imagery

Figure 4-36 shows one application of a rear port CRT for combining radar
imagery with optical map imagery. The radar video is converted to a TV-
raster format by a scan converter. Radar and E-O video can be combined
by a video mixer if they are at the same TV line rates. An alternate ap-
proach to mixing map imagery with an optical combiner rather than a rear-

• port CRT is shown in Figure 4-36 (see earlier discussions of optical com-
• bining techniques) .
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SECTION V
EVALUATION

Table 5-1 provides the methodology for evaluating candidate image—combining
techniques discussed in Section IV. Evaluation starts with how well hardware
implementation (left , Table 5-1) satisfies the weighted display characteristics
(top , Table 5-1) as shown in Table 5-lA . Display characteristics are weighed
in relativ e order of importance , with the most important at the top.

The second step of the evaluation is concerned with the capability (Table 5-1B)
of each combining approach (implementation) for g enerating each method of
presenting multiple images (bottom , Table 5-1) . The evaluation (Table 5-iC)
of how well each method meets the needs of various uses for mu l t ip le  imagery
(right , Table 5— 1) was discussed earlier in Section III and is repeated for
completeness.

Table 5-lB shows one combining approach can be eliminated from further
consideration at the onset and another can be reduced in importance , The
dual per sisten ce, dual acceleration potent ial CRT is satisfactor ~ onl~ for slow
juxtaposition (alternation) of radar and TV imagery. Even in this application ,
its long- persistence phosphor has poor bri ghtness (Table 5 - lA ) .

A second implementation , optica l combining , can onl y combine by super-
imposition and juxtaposition when used alone (‘[‘able 5- 1B). Split screen and
insetting are difficult optically, however , the technique is not rejected since
it is usefu l when used in concert with other implementation schemes .

Since all other implementations satisfy the needs of combining methods equally
well , further evaluation must be based upon the wei ghted s\ s t e m character-
istics (perform ance characteristic rating . Table 5—lA ) .  In Table 5-2 . the
poten tial implementations are ranked in descending order of desirabil i ty .
defined by this evaluation .
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Table 5-1. Evaluation and Ratings of Combining Implementations
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The multi-beam CRT and image-alternation implementations hav e the hi ghest
rank ing (Table 5-2) of all approaches where the application is limited to TV
line rate video inputs (requiring only short-persistence phosphors) . Digital
scan conversion is the best overall approach , bu t carries complexity and cost

• 
• penalties. Optical combining implementation has the most promise when

combined with other existing techniques , such as video mixers , map projec-
tors and DVST. However , more design and system integration study is need ed
to solve packag ing prob lems which now make optical comb inations more bulky
than those using electronic combining techn iques .

SY1V~BOLOGY GENERATION

Symbol genera tion by either in- raster or direct-draw techniques may be

required to implement mu ltifunction image combining. When symbology is

requi red , the type to be used must be selected by comparing the charac-
terist ics and cost of the available generation schemes wit h the characteristics
and requirements of the displa y system, In general , in-raster generation will
he m ore versatile and less costly when the display system is based on raster
scanned ima gery and requires alphanumerics and simple line symbols. Where
more complex or higher resolution symbols are required , direct draw during
the vertica l fl y-back period of the raster will be preferable , though it w i l l
generally he mere expens ive. Tradeoffs among symbol and display imple-
men tations are discussed in detail in Section IV .

SCA N CONVERSION TECHN IQUES 
-

I)i gital scan conversion is truly an implementation of image combining since
two video signals can be coded digitall y and stored separately in memory
relative to spatia l location. The stored images can then be summed before
re adout to build t ip a combined image. CCI) solid state and tube scan
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conversion devices , by themselves , are riot complete image-combining
techniques since they only convert noncornpatible video to a compat ible
format . They are tools , however , which can be used in conjunction w ith
combining implementation to extend the capability of a multi-image presen-
tation.

Table 5-3 presents a ranking of how well each conversion technique satisfies
the weighted display characteristics introduced in Table 5-1.

CCD electrical scan conversion has the best ranking for converting between
TV line rates , Its disadvantage may be the init ial  fabrication and wiring of
the 12 CCD memory chips . However , single, large memory chips will  be
available in the future , Solid-state CCD optical and single-ended tube con-
version have about the same ranking . If slow-scan , low-resolution imagery
at a 525 TV line outpu t rate is needed , then the CCD approach is best.
However , if slow—scan , high-resolution imagery at an 875 TV line rate
(or higher) is needed , then single’.ended conversion tubes are required . If
careful design techniques are not followed , these devices may exact a per-
formance penalty due to a poor signa l-to-noise ratio (SNR) and poor dynamic
range. Double-ended scan conversion tubes are unacceptable due to their
poor accuracy . high complexity and resulting poor m aintainability.
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SECTION VI
RECOMMENDATIONS

To supplement these recommendations, the main conclusions are shown in
tabular form in Section V, Table 5-1.

METHODS AND USES

Four uses of multiple images and eight methods of presenting them were
identified. Of these 32 combinations , 10 appeared to be inappropriate.
Eleven of the remainder seem promising, while the rest have some possi-
bilities. All seven methods involving a single screen were promising for

at least one use. However , experimental investigations are required before

a definitive selection of methods can be made for each use.

We recommend the following approach to research in this area. First , the
Navy should assign priorities to the four uses of multiple image presentation.
Those uses of concern should be investigated , beginning with that judged to
be most important.

Appropriate imagery would be selected , or developed , as necessary. The
candidate presentation methods would be simulated . Experiment s would be

r . conducted. In these , the various presentation methods under investigation

would be used to show the selected imagery to observers. The response of
the observers to this imagery would be recorded. The response data would
be analyzed and used to compare the relative merits of the presentation

methods. The method associated with the most effective performance would

be recommended.

This procedure should be repeated for each use that the Navy judges to be

important.
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If the information composite use were selected , several types of image con-
tent relationship should be used, in one case , the two images from different
sensors should have an identical pointing angle , scale and geometry. In addi-
tion , imagery should be used in which pointing angle , scale and geometry are
varied in such a way as to provide partially related imagery. Completely
unrelated imagery would be of no interest in thi s stud y.

If one investigated the composite image use , similar imagery content rela-
tionships should be used. In addition , the imagery sample used should ir~~lu de

examples of overlaying, spotlighting and replacement (as discussed in Sec-

tion III) .

Different imagery would be required for investigating the third use. When

parallel information sources are monitored , the two images be-ing viewed
are likely to have little or no relationship in terms of content , However , a
number of image pairs should be used. For example , LLLTV and FLIR ,

1,LL’rv and radar , radar and map imag~ery, and FUR and symbolic inf or-

mation. This list is illustrative , not exhaustive.

It would be appropriate- to investigate methods of making transitions in the
context of target acquisition or reconnaissance. The imagery used and the
instructions to the observers would maximize the need for transitions.
Changes between various image sources should be investigated; for example ,

from map to radar , from radar to LLLTV and from LLLTV to FLIR.

- . A general approach to research in this area is summarized below :

Task 1. Prioritize the four uses of multiple-image presentation.

Task 2 . Design experiments that investigate the use of highest
priority.
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Task 3. Prepare suitable imagery.

Task 4 . Construct an apparatus capable of producing the
appropriat e methods of multiple -image presentation.

Task 5. Conduct experiments to measure the performance of
human abservers for each presentation m ethod.

• - Task 6. Analyze data , comparing performance for each pre-

- - sentation method.

Task 7. Report findings , recommend best method(s) of pre-
sentation for particular use investigated.

Research should be conducted on all of the uses deemed to be important.
This is the only way to produce definitive answers linking methods to uses
of multiple-image presentation.

IMPLEMENTATION

We identified seven different methods of presenting multiple images on a
single screen, Eight techniques or devices were located that could be used
in implementing these methods. The characteristics of all eight were
investigated and evaluated. To carry this analysis further and to obtain
more specific , applied data , it will be necessary to relate potential systems
to particular aircraft , sensors and missions.

We recommend the following program to generate more specifi c data.
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Task I

Either choose a specific aircraft with specific missions, or develop a h ypo-
thetical model of an aircraft with specific hypothetical missions. By analysis ,
define a sensor complement to carry out the missions. To perform this
analysis , consideration must be given to target type, background and clutter ,
operat ing environment, sensor resolution, field( s)-of-view , an d number of

members in the crew and their workload.

Task 2

Define a multi-sensor display system to bring together the output s of the sen-
sors defined above , annotate them with needed symbology, and present them
in the format(s) which will make them most useful to the aircrew. This

analysis requires reference to all the data listed above. In addition , the
flight scenario (day or night , etc .) ,  restrictions on operation (positive visual
identification before attack , et c . ) ;  type of visual access required (head up or
head down), and the need for auxiliary information (attitude or air data , et c . )
will be of interest. A significant part of the task will be to choose those
implementation techniques which offer the greatest opportunity for improve-
ment over existing techniques at an acceptable cost.

Task 3

Fabricate a demonstration model of the chosen multi-function display and
conduct a laboratory evaluation of its performance . Depending on resources
avai lable , the demonstration model may be designed either for laboratory-
only analysis or for an eventual flight test. The latter is preferable , though
the former would yield information valuable in designing a flight system.

122



CONCLUDING REMARKS

We have made a number of tentative recommendations. We feel that much
more work is required in both research and developm ent . The design of
cockpit information systems has been of great importance , and the develop-
ment of multifunctional and multisensor displays makes this task even more
challenging.

V
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APPENDD ( A
LL ’ I i I N A \ C E  A N D  CONTRAST REQUIRE \ I E N T S

Luminance of emissive displays is reduced if the active elements are not on during
the 0. 1 second integrat ion time of the eye. Most disp lay materials are quoted for their
peak luminance unless it is  the time-averaged luminance of the display that  is measure d .
It is necessary to know the refresh rate of a display when it is mul t i plexed or matrix
addressed to establish the relationship between the required peak luminance (B R ) and
desired time-average d luminance (B) .

BR = B
~~~~ ( A l )

where

N = number of ref resh periods during 0. 1 second integrat ion time of the eye .

L = number of characters to be sequentially multiplexed or the number of
line s of a matrix disp lay being d riven one line at a t ime.

The required peak luminance must be 170 times the t ime-average of br ightness  for a
500- line matrix address disp lay with a 30 TV frame rate . It is apparent that a displa~
with intr insic  or on-site memory would greatly improve disp lay luminance  as the driven
element would be on during the entire re f resh period.

The luminance of a disp lay (instantaneous threshold) must be at least 1/100 of the
luminance level of the surroundings (to which the eye is adapted) to be vis ible . Howe ver ,
this data was from test of a black square with an angular subtend against  a whi t e  back-
ground , and a smaller ratio of 2/100 or 5/ 100 should probably be used for a/c disp lays
Therefore , an aircraft display should have a luminance of from 680 to 1700 cd/ rn  2 to be
visible with the eye adapted to the luminance levels of white clouds (i . e . ,  34 000 ed/ rn 2 ) .

The intrinsic contrast between on and off elements of a d isplay  are degraded when that
display is multiplexed . The relationship of the required display  in t r ins ic  contrast ratio
(C R ) to the desired time-averaged contrast ratio (C) is

C R =
C

~~~
L ( A 2 )

The intrinsic contrast between cells is measured when the d isplay  ele nmr ,t i~ on over
the entire integration t ime of the eye . The time-averaged con t rast  i .s measure d wh i le
the disp lay is being multiplexed or matr ix  addressed and the disp lay cel l  is not on con-
tinuously. LI a time-averaged contrast of 10:1 is required , then an in t r ins ic  contrast of
1700:1 is require d for a 500- line matrix display with a 30 frame refresh rate (N 3. 0).
Because few display materials hav e this high of an intrinsic contrast , on-sit e memory is
needed for matrix addressed passive displays.

This contrast expression (Equation A2) is val id  for a passive ref lec t ive  d i — p lav under
any conditions of ambient i l luminat ion as the lum inance  ratio is the same as the contrast
ratio. However , the contrast  of an active displa y is degraded by any ambient  i l l u m i n a t i o n
on the display due to direct  sun i l l u r n i n a n c e  or ambien t  i l lu m in a n c e  from th e  sk ’- . Tne

t ime-averaged contrast  (C) of an active display is also

— - - - .
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- A 2 -
or

Bij ~ NC~~~~~~ T (A3a)
Lo

where B111 is the peak cell brightness during the on time , and B LO is the average cell
brightness during the off time ,

The time-averaged contrast ratio changes when the luminance due to the e ffectivedisp lay reflectance (R) with an incident i l luminat ion (E) is added to the in t r ins ic  cell
luminance levels BHj  and BLO :

(B • + R
c~~~~ Hi A4I.

or

(B 11. -~~ R E / ~
-) .~

C (Bil l/C R + R E / ~ ) ( A4a~

It can be seen that the time-averaged contrast is reduced by an~ i l luminance on the display .
The required (peak) display luminance (B 111) during the cell on time is found from the
above equation to be

- R E (N / L C)B11~ ( C/ C R  - N / L )  
(A d )

An example of increased display luminance requirements is given here for explanation .
I)irect sun illuminance is about 100 000 Im I m 2 Ambient  i l luminance (E r) on the
display from white cloud luminance (B C ) ove r a solid angle (C)  of 1.6 steradians (est i-
mate of solid angle of white , bri ght clouds through cockpit windows) is approximated as

O B
E C = ~~~~ (A C )

2
F’ - 1. 6 x 34 000 c d / i n

2

E C = 28 000 Im / m 2

A nonmult iplex disp lay ( N I L  1. 0) in d i rect  s u n l i g h t  wi th  an i n t r i n s i c  contrast  ra t io
(C R ) of 100:1 , a desire d display contrast  (C) of 10 with  a cell ref lectance of 0. 05 would
require an intr insic peak luminance (Bii i) of

— HE (1 — C)
13Hi - r (C /Cs - 1) ( A )

In subs t i t u t ing  for the case of d i rec t  sun i l l u m i n a t i o n ,

5_ 0 . 05 x 10 (1 - 10)
Iii — 

— ( 10/ 100 — I )

= 1 6~ 000 c d/m  2 and in cloud ambient i l luminat ion , l3~~ = 4 4~~s cd/m 2 .
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It should be noted that as the iri ~ r i n s ic  con~r i - ~ ~ ~ ) app roache - the requi red  caa~ i--~.-~I
(C) or when C/ C e become s uni ty , the d i sp la y  l u min a n c e  requirement  becomes in f i n i t e .
It can be concj uded that the in t r ins i c  c o n t r a - I  of a n o n m u l t i p i e x e d  display should he r o u g i l - .
ten t ime s the desired display contrast  to av aid unreasonable disp lay b r ightness  I - cqcir e-
ments  in an aircraft.

The disp lay luminance and int r ins ic  contrast ratio requi rements  for  a matr ix  h ue-
at-a-t ime display become s seve re in the ambient  i l lumin at ion  of an a i rc ra f t  ( o c k p i t . The
required peak display intr insic  luminance is

— RE ( N I L  - C)
- -- (C - 

(A8

The numerator is negative as N / I ,  is less than C for  matrix dL.p lavs . Therefo re , C
must be less than N / L  to have a positive (real)  solut ion for the di~ p ia~ peak lu rn in~ nce.
If C /C R is to be 10 time s less than N / L  to m i n i m i z e  the peak luminance  requirement s ,
then the in t r ins ic  contrast  (C R ) r u s t be 17 000:1. This is for  the ma t r i x  display case b r
C = 10 , L = 500 line s, and N = 3.

C11 > 10 ( A P )

c lO x l O x 5 0 0
11 > 3

C R > 16 660:1

This high contrast is expected be cause ma t r ix  a d d r e s s  ce l l  e l e n o - i i t . -- arc on U : -  a
short t ime , making res idual  luminance of the ‘ off ce l ls  s i g n i f i c a n t . There fore , i t
c r i t i c a l  that the re be very lit t le drive leakage to the off cel ls , i . e. , ~he off cc l  r e - i d u . i l
luminance  must be 17 000 time s less than the peak luminance of the or ce l l .  The peak
display luminance requirement tor th is  ca5e in d i rect  sun l igh t  i s

- 0 . 05 x 10~ ( 3 / 5 0 0  - 10) (~~lO )‘3 11i 
— 

~~TT~ / 17 000 - 3/500 )  - -

3. ~ x io 6 cd/ rn  2 f or d i rec t  - n  l u r ~ in a n c c

B ij ~ 
8~ 2 x i o6 c d/ r n  for . nTh i~ ii i  sky  l : i n o nr

These luminance lev e l =  are very hi gh compared to wha t  r, a v a i l a b l e  :01 f1~~t p a t :
‘ mate r ia l s . The best solut ion for  matr ix  disp l ays  in an a i r c r a f t  is to dev~ lop I T : -

i n t r i n s i c  or inherent  memory  capab i l i ty ;  it can he conc luded  t h a t  1 v -  ~op : . . - T : t
: t t c n l o r V  i~ a f i r m  re t i r e m e n t  for ac t iv e  ma t r i x  a d d i e  . - t - d  i i~.p L i ’ ~

- 
- This  analys is  doe s not a ccou n t for the imp rn-~a- me nt  of di -p :  ~ con tra --t a nd - t - d m - t i o n

- - of di splay b r i gh tne s s  th rough  t h e  use of amble  u t  h i ~:h~ su ppr s -  si c . . I L v i -  pl o t - s~ luu~~~ tv _
or f i l t e r s  because these  dt- -~ ir e s  wi l l  prohabb~ n ot :~ h - i-  ~h ’-  l r i g h t n c s b  or C o u - ’ u- :I~~r i - t p i i r e u n t - n ts of a nonmemorv a c t i v e  d i sp lay  ta a :-

~ a - c n sh l e  l eve l .  Fh t - -e i ce -, -

h o w i - ’.-t-  i- , wi l l  permi t  some act i v e  : ionrnu lt i  p le x d i s p l ay s  or a t a t  u - t x  di splay n- i  fl I T : —
I l i e n t o r v to funct ion  in a u t t b i ~ - r t T  i l l u m i n a t i o n . ()p e i - a t i o n  ii  d i t  i - c t  t i t ,  t : a ~ h i -  p@- - .—-h h-
o n ly  for a pas s ive  d i sp lay  i t :  f l u -  : o r u : i h ~ip le x mode .
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