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I, INTRODUCTION

In October 1963, the Bell Aerosystems Company received a contract from
NASA~ Manned Spacecraft Center, Flight Crew Support Divisiom, NAS 9-20l1, to
built an Agena Target Tmage Generator., This device was delivered, evaluated,
and used by NASA on a part task trainer,

In July 196L, this contract for GEOS, NAS 9-2988, was let to Bell Aero-
systems to add an earth to the scene and inset the electronically gensrated
target into this scene, The earth gensrator portion of the system was a
radically new concept utilizing the general principle developed in the target
generator, but extending these through the use of a variable frequency scan
arrangement that would increase the resolution by providing apprroximstely 2000
scan lines from one horizon to the opposite horizon. The GEOS system was also
new, in that, it would provide color features through a flying spot scanner,
and target insetting by the use of recording storage tubes, Further, the sys-
tem required new high frequency 21" magnetically deflected displays that could
be registered adjequately to provide a color scems, In all three of these areas,
new developments were necessary and the state-of-the-art was being extended as
followss ’

a, In Variable Frequency Scan, it was necessary to vary scan frequency

~ovear a 7.5:1 rangs, simultaneously modulaté . and maintain a constant
- 90° phase shift between two scan signals over this frequency range,
b, In the flying spot scamner, video amplifier development was necessary
to compensate for the phosphor persistence problem of P2} phospher,
which 43 about 1,5 usec to 10% brightness, This compensation through
proper high frequency peaking was needed to obtain the video band
pass of about 17.5 MC.
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¢. The target insetting required the use of a new recording storage tubs,
the Raytheon CK 1500, that had the capability of being cycled through
write, read, and erase in 16 millisecond periods. Also a three cycle
program had to be usfd rather than the normal fowr cycle program of
prime, write, read, and erase,

d, The displays had to be large screenm oscilloscopes with a spot veloclity
capability of at least an 1*/usec which was twice that available in
any previous equipment. In addition, two complementary phosphors had
to be used on two tubes to obtain the aprroximate colars seem fronm
orbit. Film for the scanner, proper colar separation and combining
ddchroics, and the phosphors had to be chosen and tested for this
color display. High brightness on the displays was necessary to make
up for the 100:1 loss through the infinity optics system to which the‘ .
displays would be attached,

During the course of the contract, additions were made to adapt the sys-
tem to the Gemini Full Mission Simulator. These included the additiom of right
window displays with appropriate window axis transformations, multiplexers,
right window insetting, etc.

It also included a "back transformatiom" to provide transformed offset
-m for - the disnlocement af tha twn pillotsy a new right window target video
system, since the back side blanking and shading for each window is different;
and servoed instead of manual target attitude transformationm,




BELL AEROSYSTEMS COMPANY 3
Mﬂd“ SivistiM CF BELL AEMOLPazg CORPORMATION Pag.

Date Report 60&9-517

(345 Rev, 1248

TI, DESION APPROACH

A. Scanning and Conputirg_;&gm - The proposed approach was to design

a2 scan generator where the scan was earth related but also oriented in accord-
ance with the heading of the spacecraft, In this system, the whole earth cap
from horizon to horizon would not be scanned, but only the portion ahead of
the vehicle,

This system required spacecraft angles from the NASA computer defined
ina p , @, sequence,

An early meeting with NASA personnel resulted in change to the 0, g/,
g sequence due to unavailability of the other angles, This forced us to scan
the whole earth cap below the vehicle and ultimately resulted in a lower resolu-
tion in the system than originally intended, even though we didn't expect the
resolution drop at the time the change was mads.

The resolution decreass comes from the fact that time is wasted
scanning areas of the sarth beyond the immediate window field of view,

Figure lashows the general scan and computing scheme for both methods
described above, It is apparent at this time that the former method would
have been preferable and future resolution improvements in the system should
include a change to that method if possible,

- Plgure 1b is hecomputing system fimctiom for GEOS as it presently

exists,
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II, B, Earth Raster Generator - A variavle frequency, variable amplituds
scan generator was built to produce the three components (x, y, and z) of a
scanned spot!s position in three dimensional spaces defined in g rectangular
coordinate system, The spot scans from the Nadir (point directly below the
spacecraft) to the horizon #n an Archimedes spiral consisting of approximately
1000 revolutions, In order to keep the spot velocity constant, the redial

1 yhere r is the instantaneous

velocity must be decreased in accordance with ¥

radius of the wpkPal;,

Instead of actually moving this spot on the earth's surface, it is
moved over a surface as shown in Figure £, This was initislly done to keep the
spot at constant range from the spacecraft with the intent that the perapec-
tive diwvision: could be eliminated. Later the divider had to be installed any-
way and the functions were not changed because it retuced the necessary range
of operation of the divider,

To obtain signals for the flying spot scanner, the x and y scan sig-
nals transformed from this spherical surface to the sarth surface, This 1is
dons with a multiplier inside the earth raster generator,

Functionally, this scan generator is shown in Figure 3., The heart
of the system is the VFO (Variable Frequency Oscillator), Modulator, and 90°
rhase shifter. These devices are controlled by a times base gensrator, a fre-
quency function generator and a control circuit that compensates for non-
linsarities in the VFO and phase shiftsr, The time base generator is simply
a integrating type sawtooth generator which is reset with a pulse developed
from the 60 ~ 1ine, This pulse becomsa the trigger for the whole system of
blanking and multiplexing, The frequency functién generator is especially

designed in conjunction with the x - y amplitude generator and the z functiom
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gensrator to obtain constant spot velocity in the Archimedes spiral while main-
taining proper line spacing.

It should be noted that a separate Flying Spot Scanner (FSS) function
genesrator isv used with a two channel analog multiplier to transform the x and
y outputs to the earth's surface for picking up data from the film, Thus two
sets of x - y signals come out of the raster generator,

The variable frequency oscillator is basically a phase shift oscilla-
tor where the frequency is controlled with Field Effect Transistors (FET) on
the inputs to two integrating D.C‘. amplifiers, Thus, as the gate control volt=
age is increased, the FET resistance increases and the frequency drops. The
circuit includes compensation networks for linearity and for maintaining near
constant amplitude,

The 90° phase shifter uses the same gate control voltage to another
FET used to maintain 90° phase shift over the frequency rangs, Figure <«
11lustrates the circuit, which consists mainly of an inverting amplifier and
an R-C summation of the 0° signal and the 180 ° signal to obtain the 90° phase.
As long as the R and C are maintained at equal impedance for over the range -of
frequencies, the phase will remain 90°. The modulator in the system is really

a four quadrant analog multiplier of unique design.
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Figure -5 shows a general block diagram of this type of device,

®L

-

82
fm

Ry e
o1
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Substituting (2) in (L) we have

L

As a multiplier, e, is held constant.

inserted into the amplifier Al to obtain four quadrant operation.

- Ry o

B e

Also an

offset is subtracted out on the output of the divider.

(1)

(2)

(3)

(L)

additional offset is

This D.C.
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IT. C. Multi - Early in the program a choice of P11 and P20 phosphoars

were made for the displays, Fll is chemically composed of Z ,StAg (/V/ ), is
of medium short persistence, and fluoresces blue, Its absolute efficlency is
0.10 and produces 14O lumens per radiated watt. P20 is composed of Z,(yS:Ag,
is of medium persistence and fluoresces yellow-green. Its absolute efficiency
is .1 radiated watts per input watt and it produces LBO lumens per radiated
watt,

Experiments were performed to determine whethsr these phosphors were
actually complimentary as data indicated and what relative input wattage was
necessary to obtain white,

Utilizing a Liberty Owens 90-650 dichroic coating for image combining,
it was found that nearly equal input wattage could be used, Under this condi-
tion, vhite was obtained with P20 operating at 64 foot lamberts per input watt
but P11 produced only 13.5 foot lamberts per input watt, On an oscilloscope
test setup, we found that the apparent line resolution dropped in half because
of this great difference in relative brightness, The blue lines did not appear
as separate distinct lines but only colored the yellow lines to white., We had
proposed & multiplexing system as shown on Figure ( as, vwhere esarth prime
scan was put on one color and earth interlace put on the other.

The tsst data indicated this would give us an apparent resolution of
one half of the actual number of scan lines becauss earth interlace would mever
be put on both displays.

We saw no easy way out except that possibly a staggered arrangement
could be used with a 20 cps rep rate (see Figure & b) where the flicker fre-
quency would be changed to 20 cps instead of 30, It appeared feasible on the
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basis that the duty cycle for earth information was nearly 100%. This possi-
bility was built into the multiplexing system so the final systeam could be
operated either way. During checkout at Bsll, the staggered system was checked
first., The earth looked fairly good, but the target flickered badly, especially
at close range., Some 20 cps flicker could also bs seen on the earth. Ais a
result, we rejected this approach and wired the system as originally planned,
but with the resulting apparent resolution loss,

Recent thinking on the system has resulted in a way of increasing the
resolution by varisble time sharing dependent upon target range. Presently 16
milliseconds are used for target and earth regardlesa of target size or target
range, In an image related scanning system, this results in better resolutiom
on the target than is necessary at greater ranges. The number of target scan
lines were originally set up to give good resolution at the closest rangs., I
target range is increased by four, the resolution is now four times better than
necegsary, Thus, we would now propose to reduce target scan tims with increased
range in accord with a function approximately as showm on Figure 7a.

Earth scan time wuld also be varisd to reduce the number of scan
lines when the target is at close range., This can be justified 1f ons considers
that at close target range, the astromaut's prime interest is with the target,
and the earth is only z bdackground reference,

The earth would also be defocused at this close target range to re-
duge the effect of the scan lines, Earth time would vary as in Figure 7b,

Any future resolution work that is dons on GEOS should probably in-
corporate this concept,

rﬂm 0345 Rev, 1348
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II. D, Flying Spot Scanner 3ystem (FSS)

1, QGeneral - The Flying Spot Scamner System involves deflection amp-
1ifiers, a S" magnstically deflected CRT; an optical syatem consisting of an
imaging lens, comiensing lens, and dichroics;two photo multiplier with approp-
riate dynode circuitry, phosphor compensation, pre-amplifiers, video amplifier,
high voltage supplies, a foous regulator, and blanking circuitry for the FSS CRT.

We were particularly conmcerned in the design phase with phosphor
choice and photo multiplier pre-amplifier design. The phosphor had to be in
the visible spectrum because GEOS was a color system, Also the phosphor had
to be short persistence. The phosphor best fitting = the bill was P2L. It
has a decay to 10% brightness in 1,5 usec. Normal F15 or P16 ultra violet
phosphors used on Flying Spot Scanners decay to 10f in 0.12 usec.

It was extremsly difficult to design the persistence compemsation
circuitry to obtain the necessary bandpass for the whole system, High frequency
peaking was necessary, but this had to be accomplished in such a way that signal
to noise ratio could be kspt high,

The final video system performed very well, however, and we were
able to obtain the required bandpass without objectionable video noise,

2. Video tem Des A h - Resolution bandpass requirement on
the final display is calculated by the formmla:
Vs ©

Y el
where ¥ = spot velocity in inches per usec.
@ = field of view of GROS in degrees,
H = horizontal length of display in inches
Ae = visual geatty  (nominal) in degrees.
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The derivation is based on ths

_[\E7/._________ standard TV 1ine pair as shown at

Y Ny

oF arc I left vhere

.'.f - O.Sx‘mx% x -l-x
uses 19

*y
L

= 26.6 mc and t = 37,6 nsec

=3

The design aim was that this frequency occuring at 10%, the maxi-
mum amplitude capability of the video system would produce the required resolu-
tion,

Correlation of this.point to the 3 B point of the system ampli-
tude response curve is difficult without kmowledge of the curves of individual
amplifiers in the video chain, However, an approximte correlation can be made
to the rise time characteristic of a video chain,

The transient response of a good video system has minimum over-
shoot or swear. The transient response is shown below, If the assumptiom is
made that the sinusoidal response above can be approximated by the triangular

response shown, them the tm-:- t is 10 of the rise tims,

1, = 37,6 = 18.8 nanosec
ARE =
or ¢ = 10x18.8 = 188 nanosee % 0,19 microsec

f— 7 —""l
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The actual frequency response of the system is of little consequence
in the final analysis. Oocod transient response with negligible time delay dis-
tortion is the first requirement for a good video chain. The design approach
then is to obtain a system capaeble of iy .= 0,19 usec with no overshoot or
smear,

3. TFhotommltiplier Subsystem - The RCA 7326 photomultiplier tube was
chosen for its spectral response (5-20), moise characteristic; also external
focus capability for optimum performance.

The FSS tube phosphor decay curve was analyzed. Compensation for
the decay can be realized with three RC time constants for high frequency peak-
ing. A rise time of 5O to 80 nanoseconds was theoretically realizable with high
frequency peaking resulting in a ratio of H.F, gain to low frequency gain of
twenty to one in the video system.

The main noise components in the system are:

a. The photomultiplier noise due to signal (this is not the

same as dark current noise),

b, Phosphor noise due to gramular structure of the tube surface,

A theoretical signal to RMS noise ratio of thirty to one was cal-
culated, Previous experience shows that this is a good quality picture,

A laboratory model was built at Bell using the actual componsnts.
No film was used, The flying spot wéa traversed across a razor edge to obtain
verification of previous calculation,
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The results were:

a. Rise time of 55 nsec under very carefully controlled conditions,

b. Rise time of 50 nanosecond under normsl aligmment conditions.

¢. Signal to RMS noiss of twenty-five to one,

L. Video Amplifier Chainm - The video amplifier chain contained high
frequency microcircuit amplifiers. The use of microcircuits was feasible since
the uin source of noise was the P, M. tube,

The final video amplifier was a purchased item and was modified
by Bell, The amplifier was advertised as a 20 mc device but tests at Bell
showed that the amplifier had severe time delay distortion. High frequency
overshoots to transient would cause ringing on the final display.

The final rise time of the amplifier turned out to be 35 npec
with no smear or overshoot.

The block diagram of the video system containsd two additiomsl
ricrocircuits wi%x;{S nanoseconds each., Hence, the overall rise time of the
system in lab conditions could be calculated

'ﬁr by m; = \/1‘1—524—53‘:4*265)1 =9& nsec.

vhere t-l & 7.5,S. rize tima 1t of the phosphar compensation
circuits,

tp = video amplifier (final) rise time
t; = microcircuit rise time,

Referring to Sectiom TII.D.2 (pglf) the design goal was a rise
time of 190 usec. The results above show that a capability exists that is
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better by a factor of two, Allowing for error caused by the assumption of that
Section , the video capability is still well withing the resolution require-
ments,

Later in the program, the display spot velocity was increased from
a nominal .75 inch/usec to a nominal 1,25 in/usec, The flyinz spot scanner spot
velocity was lowered due to the haze reduction scaling change. The resultant
resolution decrease from these two is about 100% which is still better than
necessary,

Refer to the video functional diagram, Figure 8. The point of in-
Jection of the insetting occurs after the F,S5.S., video channel, The rise time
to the final display from this point is about LO nssc. The quality of the in-
setting pattern can be estimated, Allowing for a 4O nsec tiwe interval from
full white to full black, the intensity goss thru a gray level in the transi-
tion. The apparent transition to black occurs in less than !0 nsec (about 25
nsec), In terms of visual aculty, the 25 nsec time period is about S minutes
of arc at the originally designed spot velocity.

5. Powsr Supply Noise Problem - During checkout of the system, consid-

erable trouble was encountered from the chopper type high woltage power supplies
used in GB0S. The supplies radiated spikes at the chopper frequency. Heavy
shieiding and dscoupling techniques were inadequate to suppress the noise that
resulted on ths photo-amltiplisy - preamp outputs, Finally all were replaced by
sine wave oscillator type supplies resulting in a complete slimination of the
problen,

6. Horizon Hage - GEOS was designed to have earth data to within 10°
of the horizon., The last 10° was an unfeatured hazs. The method for accomp-
lishing this was to let the spiral scan extend beyond the edge of the PSS CRT
phosphor,
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Since the FSS is a negative system, this hase area would them turn white., No
method had been employed to adjust the intensity of this haze to match it with
the data area of the plcture. Alsc it looked umrealistic because it was too
aven at the tranafer point between data and hase,

To correct this and provide more realism, we rescaled the PSS scan
to provide data to within about 1° of the horizon at which point it became a

hage, This now means that film scaling must be changsd for altituds changes
above 100 miles,
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II. E. Displays - Display in Visusl Simulation is ome of the major trouble

areas, The eye has such good resolutiom near ths center of its field of view
and this field can be easily directed over a wide area, Therefore, display
systems need to be wide field of view with high resolution over the entire
area. In addition, the GEOS system mast be higch brightness to make up for
optical system losses, and it must be a colar display.

Two inputs were available on the Infinity Optics system, so that a
two color, two display arrangement was used for each Gemini window, High bright-
ness ruled out shadow mask types of tubes. Band pass limitations ruled out
color sequential systems., The system was therefore designed to have the two
colors scanned onto two tubas which were them to be superimposed via a dichroie.

The scan frequencies involved appeared to force a maximum spot velo-
city of sbout 1"/usec. Registration had to be met with scans on the displays
from D,C. to 100 KC,

Checkout of the system revealed several problems not anticipated.
Firstly, the earth's magnetic ﬁ@ld severely affected registration so that as
position of the displays was alt;red, the registration was changed. This meant
that the displays would have to be registered in the final system in the flight
capsule position. Secondly, a calculation mistake on the effect of scan fre-
quencies for worst case spot velwcily wes foummd, This meant that the displays
should really be handling a spot velocity of 1,5%/usec. Compromises were made
in checkout on the scan rroqx:mciea vhich were reduced by about 17%. The dis-
plays were operated at 1.25%/usec. This they could do, howsver, some difficulty
was encountered with the limiting under these conditions, Subsequsent work omn
the GEOS system to provide limiting prior to the display was successful in
solving this problem,
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Color registration has been set up by the careful addition of per-
manent magnets on the neck and bell of the CRT's. However, either dus to the
shock the displays sometimes get during movement of optical system, or dus to
the changing magnetic field conditions within the simulation room, the displays
do not remain registered over long periods of time. We would recommend that
when improvements are conlil!erod for the GEOS system, work to be dons on pro-
viding new CRT displays that have electro magnetic centering and heavy shisld-
ing around the CRT similar to the new color television techniques. At the
sams tims improved deflection amplifiers, which now exist, could be used to
provide & better spot velocity margin,

F. The Insetting System - Insstting for one window requires two CK1500
tubes to produce a contimous insetting readout signal, While one tube reads
out for two successive 16 millisecond periods, the other tube is erasing for
one period and writing in new information during the next period.

Inquiriss to several manufacturers revealed that no attempts had
been made to date at erasing all information in one 16 millisecond period.
Raytheon stated that they had a developmental tube (CK1500) which they bel isved
capable of this requiremsnt., A visit to Raytheon by a Bell engineer resulted
in a demonstration of the CK1500's capability and also suggestions by Raytheon
engineers for the best approach to design.

The write mode is a normal operation used to store target information
on the storage scresn., The read mode is another normal operation using earth
scan to obtain readout except that moderate beam current is used in a partially
destructive manner. The erass mode is a target scan readout mode with very
heavy beam current for complete destruction of the written informatiom.
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The first requirement was the rapid updating feature of this insetting
system. Eliminstion of the effect of the storage screen to output electrode
capacitance WS necessary. This capacitance couples the leading and trailing
edges of a 300 volt, fast rise time stoi-nge screen pulse directly into the high
guin video amplifier. The feedihruref:the trailing edge overloads the amplifier
and the amp does not recover in time for proper transmission of ths readout sig-
nal, As many as 5 to 10 fields may be required for recovery.

The solution to this problem was the design of a special storage screen
pulse circuit to minimize feedthrru; also a compensation circuit was designed to
counteract whatever feedthru occurréd. The compensation circuit is part of the
input circuitry of the video amp. Thus the video amp is never overloaded and
;-apid updating is possible, R

The second requirement was adequate resolution of the insetting signal
at the point of injection into the earth video channel, This is accomplished by
applying the 500 mv insetting signal with rise time of 100 nanosscond (this is
0.2 nanosecond per wr), to a microcircuit zero crossing detector with a full
output capability of 15 nanosecond with 1S mv input (this is 1 nanosecond per
mv at input) since the input signal goes thru 15 mv in 3 nsec, then the micro-
circuit operates at its full capability and produces an out‘put pulse with a rit;e
time of 15 nsea, This is injected into the earth video chamnel and transmitted
in the video chain to the display CRT's. Refer to GEOS video bandpass design
approach on page 17 . |

If the microcircuit triggers near the S0% point of its input signal
no signal stretching occurs but only signal delay. Refer to Figure 7 .,
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With an insetting output of 100 mnsec rise, the delsy is SO nsec. At 1.2"/usec
spot velocity om the final display, the original design objective was that the
insetting error would be under I lines, Since the decrease in apparent resolu-
tion, this error is now under 2 lines,

To assure a 100 nsec rise tims signal into to microcircuit, a calcula-
tion was made dased on Raytheon!s tube capability. A resolution of 1000 TV lines
at SOf amplitude across the storage screen diameter was quoted as resolutiom
specification. Assuming the use of 758 of the storage screen dismeter to equal
90° field of view, them 750 lines are achievable in 90° field of view. At 1,2"
per usec on fimal display, 750 lines (corresponding to 375 cycles of informa-
tion) results in L2 nsec per cycle. Considering sine wave response only, the
insetting signal can rise to SOf in 21 nssc. Since this output is 250 mv and
st4ll in excess of the microcircuit input requirements, the tube itself is
fully capable of the resolution requiremsnts.
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The video amplifier was designed for L5 nsec rise time and tested
to this spec. Thus, the imput to the microcircuit is VZ 5z~ =|zi%yvst =
50 nsec. A safety factor of two 1s used in the assumption of 100 usec signal
risetime into the microcircuit,

Observation of the insetting hole on the earth data in the final

display showed a well-defined, sharp insetting pattern indicative of high
resolution,

| Form 0045 Rev, 1248
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ITI. SUMMARY OF RESULTS

In general, the GEOS system promises to be a usable tachnique for earth
orbital scene gemeration., Some aress of this prototype design have been proven
to be entirely satisfactory, while othertareas show need of improvement,

The major problem affecting the quality of the display is the elsctrical
and magnetic nolse of the MS enviromment. Input D.C, voltage from the driving
computer have at times been 1,5V peak to peak noise on 10V D.C. signals. We
have filtered to substantially reduce the effect of this type of noise, but
more work needs to be done to reduce the noise at its source, High frequency
digital computer noise is apparently being radiated and picked up on soms
transmission lines within the GEOS system. Since variable frequsncy scan is
used in GEO3, this noise cannot be easily filtered,

The second major problem affecting image quality is apparent resolution
reduction due to the difference in brightness of the two colors used for the
displays and due to the particular scan that was used, Referring back to II, A.
of this report, note that the whole earth cap is scanned rather than a portion
ahead of the Gemini Spacecraft. The resolution loss dues to this is about 15%.
These two losses put together means that we are getting an apparent resolution
of only 42% of that originally intended.

Other areas needing improvement aré as fcllows:

a, Color registration can be set to less than .5% of deflection

distance as intanded but doesn't stay registered this well,
Careful testing on this system during use would have to be
dons to establish the deviation and the reasons for the
change,
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b.

C.

d.

Scan from nadir to horizoa with variable frequency has resulted
in no phase or sync sense on the horizon scan line, The result
is that this last scan line somstimes pulses, Changes have been
made in the system to compress the last several scan lines to
reduce this effect, however, in the future, it would prodbably

be better to scan in the reverse direction; that is, from
horizon to nadir,

The haze method for the last 10° of horizon locked wmrealistic,
therefore, changes in scaling were made to extend earth data to
within about 1 degree of the horizom. This was done by setting
the FSS optical system in the 300 mile condition and readjusting
the soan amplituds to just cover the film,

The color flying spot scanner l:ms, in general, worked very well,
We have obtained the desired bandpass without eBjectionable video
noise, Future work could possibly be doms to improve the coler
balance through additional special tailoring of the negative coleor
film, High 1light brightmess of 200 ft lambers has been achieved.
Display spot sizes of 15 wils at the CRT center has been obtained,
Spet size was checked on the displays bvefore incorporation into
the system,

The earth defocusing system has also been shown to be workable,

| As target range is reduced, the earth is defocused according to

s 1/R funotion, which gives the desired impression that the tar-
got 1is nearer than the earth,

System static accurscy was to be :3°. Actually the target partion
of the system has been aligned to about 1%,
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Iv, MODIFICATION RECOMMENDATIONS
Recommendations for the future of the GEOS type system must be handled
differently depending upon whether the existent system is to be improved or
whether a new system is to be built,
| Firstly, we will consider modification to the existent device to improve
performance and to provide a‘ wider flexibility.,
1. Increase resolution by the following:
a, Work om noise problem im (MS facility,
b. Revise raster generator and order of transformation to pro-
vide spacecraft stabilized scan,
¢. Incorporate variable time sharing between target and earth,
The total increasie in earth resolution will be almost 1005, The
increase in target resolution will be 33%.
2, Change raster generator to give horizon to nadir scan.
3. Change film drive system to take up.- reels providing 20 orbits
and providing a fast bi-directional reset.
k. Change multiplexing scheme so that the same imfSormation is put
on both displays at omce; that is, Blue Earth and Yellow Barth
at one time, and Blue and Yellow targets at one time, This
will tend to reduce the effect of noise on the sysienm.
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There are many improvemsnts that could be incorporated into a new OBOS
type system. We have learmed the things stated in previous sections of this
repart, but also we have learned relative worth of the variocus portions of
the system, Also we now kmow of system and packaging changes that will reduce
the susceptibility to external noise,

In addition, there are display improvements that can be made. In
general, we believe that ths next system can bs a tramendously improved ver-
sion of the prototype.

A, Noige - One of the disadvantages of electronic image generation
compared to closed circuit tslevision is that the display does not contain the
raster generator as in television., Therefore, long transmission lines carrying
scan signals are potential noiss sources,

In television, the tuned raster is generated within the display and
only symc pulses are transmitted to this displey. The result is nice clear
scan lines,

In GEOS, this could be done by placing the raster gensrator, the
coordinats transformation, and the display multiplexing cards in a unit adjacent .
to the displays. The raster generator and multiplexers for earth signal con-
sists of about 30 cards, Thess with ths servos could be quite easily packaged
in & unit 15" high x 19" wide x 25" deep. If the target scan generator with
ita servos were added, the package would have to bes 20" high,

With mors work done on packaging, this space could be cut even more
making the auxiliary umit about the size of a large display power supply. It
could be mounted right on the Farrand display system. We have had good success
with clear scan signals when short tranamission lines have been used,
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B, Insetting - The relative value of insetting seems low shen comparsd
to the cost snd reliability effect an the total system.
The original Agens target gamerator was a completely solid state
device, except for the display, GR0S, on the other hand, has L CK1S00 storage
tubes in the insetting system with their associated 8 deflection amplifiers,
L video amplifiers, and other switching circuitry, Also it has a flying spot
scanner tube with 2 deflectiom amps and 4 display tubes with B deflection amp~
1lifiers, The relisbility of the system is conaiderably decreased by this
collection of nine CRT's with their deflectiom systems high woltage and focus
circuits, |
Usage of the GEOS systam without insetting has been entirely ade-
quate, The bloed_‘ through of earth and stars into the target image does not
appear &jwtionﬁh. If the ﬁopoued variable time sharing feature were in-
corporated, the earth would be greatly defocused whenever ths target image
is close (large). Bleed through of features is thereby even reduced further.
We would recommend that a future GEOS system not include insetting.
C, A1l of the changes that are listed in Section IV should also be in-
corpaorated in a2 new system.

The resultant system would probably be packaged as showm in Figure /O
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