- LOCKHEED AlRéRAFT CORPORATION

- VAN NUYS, CALIFORNIA

 DEVELOPMENT
PLAN

VOL. 1l SUB-SYSTEM PLAN

~ E Visual Reconnaissance _'

MISSILE SYSTEMS bivisston .

T ——————




R

YR
‘

)
1
¥

‘;Siﬁkk -

¥

!;'-(
~u!-k" .o’
fera iy 15

NMARET
G

B

A Y
e

(B
D
.

oo

ol

I.OCKHEED AIRCRAFT CO’RP-ORATION

MISSILE SYSTEMS Division
VAN NUYS CALIFORNIA

‘ Y H\"‘EN:ODY PAELO ALTO
[ C Libiary. Do not des
o __nomar person or offlce.

troy

 Pud
Pher

DEVEI.OPMENT

VOL. i SUB-SYSTEM PI.AN

E. Vnsual Reconnmssa nce -

Cee e e .-,..L.---...;-‘....,-s--_

- MSD 1536
1 MARCH 1956

- CoPY -ﬂ Efsc



—— .




- L
‘

up

g.
!

A T



s

c
D,

&

Py
1 H

—
2

I Frpem DEVELORENT PLu

VOLDME I,  sysrmy pray

VOLOME 1T, suasr'srmms
A,

Airframe

Propnlsion ‘ .
Auiliu-y.rower | |
Guidanco and Control
Visun Reconnasssance

| Electronic Reeonmissance '

Inn-ared Reconnaissance
Veh.icle mactmnics
L‘lrborne Test Systems

- Vehicle {ntercept and. Contml Ground Station
Ground Data Proceesing

Vehicle Oround Suppors . e

C et

PO

PR N

W]

R 7 A SXh

N

P

A



S o o | XD 1536
Suboysten E Visual Raeomuisslnce
“ RDB PROJECT .CARD (Forn DD 613)
Tab 1 General Design Spec:u'ications
" Tab 2 Subaystqn Swwaries
. o Milestones
i Bardvare Delivery -
_qut Schedules
R and D's'ehe'dnles
Tab3 R and D Tests (Form ARDC 105)
| Tab iy R and D Test Aireraft (Form ARDc 105)
} Tab 5 Rand D Materiel (Form ARDC 107)
_ - Tab 6 Required Facilities A
. o : ' ‘Iab‘? Randncom.ractl’mﬁs
. B . 'Tab 8 Estimate or nnpom- Requirmm ‘ I
4 | seEROIXT | . PAGE
T . Photographic Data - - R 1
APPENDIX TT . , L
: - Visnal Reconnaissance Data Link Tranmitter | 1
] m*::"ns::;,::ss.;?;,f:;,w e st
: L. Beckgoum '
I 2. | ‘Dascrip@ion of Apparatus
- 3. Discussion of Results ' 17

')\ S e e



e '.

i

1&:‘&;1956'

& BANC MO Of Svencs EX
: 8. CooMZANT Avancy | ™ conmactos anv/on tscmarcry COMTMACT/W.0. o
‘- Lockhwed Atroratt Corporation| . -
) 9. SMSCHNG Adency - |Missile Bystems Divigiog - | A¥33(616)-3105
o, RIGURITING ARENET 13 RRATS FRoRCH 17. . Cowet. aaes I
. : -m' . ‘. N B
u.umamu.mmm R mr s
o B ' OF. BVAL ' .
| 4. oaTe arerOVES 18, i Tl B, gy
5. Priomny |
. "- v. ’ o
L 3. MQURLMNT AND/OR ATNcATION

b.

- POSSibilities of
choice of resolution.

' Magnitude diffarent from those. of ‘the satellite env
sPplicaticns of interest to
examining

and Bovemént at orders of -
nw’\“. mn :

the Air Foroe will be the
-inaccessible Tegions vith g

€. The Successful culmination of the devclcpunt yrogran in an opera-
[’ tional ARS vas e Alr Porce capability ipn aerial recon-
; m-nm.mlurnmmc.w < '
§
. l
ls‘ !
. ) i
r :
Lo [Es T [= [=©° T I=

. N



Ui

© RED PROJECT CARD
CONTINUAT 0N SkeET

t. 'Nlntl' MA Y3

: (Mssmm) :

L RINSACE ey

2. Steumity or
PROsreY -

“Secnet-

3 Preuget maisgn

4.

& 20w o

2. Prief and operationay Characteristies

rec (2) torag
' apprupria;g ground ip .
20 foet 451

a © e Chu'acteri_stica: .conttnmd.-l_trip
| an oxfbiting.sateuite.win be carrieq out with ¢
&round

und commandeq intercept staticng, Film Processing wil) be
nticandtbesubsys X , of .opi

Tecording ror o tatellite misstle systen, 1t includes
. |
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S ‘ | Performance lim'ts.m descrited ian terns of Spproximately 5 ' '
_ ‘hegacyeles videp output bandwidth ag the lover limit rejuireq to avoid - '
any 1nromtion-_limtim apertare of the subsystem, :

3. a. Information Link Component

b. Contractor; - Columibia ﬁroadcus:ting System

: o Characteristies: Vides ) _
trensmitter for relay to ground intercept on a Programmed and/oy commcngd
basis, oo SR : » . .

: ' Range apa’ performance 1imits ape those which cope cha.:’-:-.ctcrtsuc
of transmtitterg of tkis type and Power level uged, Performonce vill be poge
inized vy means of a Servo-controlledq Sconning antenns tor,around-inereept- .
stetion tracking Purposes, o : o E ' :

2l d. Other Information

1. Gen}emlv " _ -
- Although a1y vork involving long-focus lenses, camers designz, ana | PR R
nev films for aerial photograpw -above: 30,000 feet may hHe considered coll:.t. ' :
eral activ!ties,' the unusual environmenta} conditions vithin the ‘satellite

®ogy
E &5
5 g %EE
-4 :
8

: " As an -alte:-pate subsystem, the direct pic,lmi: and iustuntungous :
transmission by standarq television techniques will be considered. This im
Poses the requi-ement of a multiplicity of vehicles and/or grouni intercept

3. Statement of Effects

- A

: A'Ll‘ equipment wil) be contractor maintained eng oz:eratiné Personnel
vill be contractor trained, R

2L e. Backprouna History

Study contracts such 28 Piled Piper under AP 33(616),-3105 ectablighed . B
that atrounte militury reconnzigsence &nd warning of enery citdeck could be - | : *
obtrinag only with Satellite nissiles. —
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Study under this contract hag determined that
Phage R operly into the missile time geale,
tary intelligence reQths. -
2l g. References | a -
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I. GENERAL
A Stntencnt of the Problem.

!'he basic obJectiv- w be stnl:ed os mxhamh!c nerial photn

reconnaiscnnce ‘from a vohicle whose orbital rorion u at an aItltndc

- of approximtely 300 nauticnl nues -and. vhom- orbitnl velocity is 1n the

order of 25,000 feet per aecond
n Aggr ch _ , -
| - The ob.‘]ective vill be nppronched thraugh the doveloment of a
photo f1im nnd/or photo tape cnmera chatn and/or a television enmern
chain coupled to a readout system.

a. hendm'or prefabricated fiin. , |
b.. Procencing of latent imnges followed by reudout. .
¢. Acquisition of vimml images by means or a simplified comeran
followed by proccscing and readout.
a. Mod.tﬂcationa to arrive at design forms of & universal
camora., ' i
The large seale or udvnneed visml uysteu develomnt will

Tollow: throur,h stnges which nrrive at n r.cmi-production prototype of

: - ETabl, p1

The pioneer tisml syiten»develpmt.will carry through ordérl_y _
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mvercumtoneldthecmpleteﬁhmtaenﬁumedmthe

smmmmwcmbeamunmeem B
' For a telev:lzion surveilhnce system, two Perallel approaches
will be rollmred One wil) utilize direct pd.clmp and simul taneous trans.

b Destgn o Fepeater equiment for the Satellite termtnug of

€. Acquisition 'or_ vi'sm‘img'es by direct Tv pieknp and

- instantenecus trancmisston to ground stations through s
saten:lte cmmcatiom network.

a. lloditieations to arrive at a reﬁned lysten, A

>

e, Researeh and develoment to evolve a rema'ble phatcta.pe for
‘eleetrostatic :umge recording, ‘ ,

L. Develoment or su:ttable ztrip-type camera, mdout and :

: Aerasure equipment. . _

&. Application and -retinenent. of phototape data acquisition,

' ' - | 'E-'hbl,p?
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SEGREF- e

Typical rangea and lim:tte.tions of lenses and filnm -

suppues are sumr:l.zed in 'rables I and II of the
Appemux..
70-im £1lm at 100 lires/mn resclution will be

-exposedandprocesudroralengthotminches

for each pass uthin a continuous ttrip. .
Bquivalentexpometimviubaintheorderor'
0.01 second using a one-nil 8sMit. .

cover. mes 'rhere vidth or desired. sround cover

. 8ge exceeds the capability of the individua)
‘lens chosen oa the basis of sround recolntien.

_ne:dbilityinthelbon‘wpeofomntionﬂll
pcmtobaeﬂaﬁonorapu-torthemaeovered

bymeatadiﬁemtmiﬁuuonhylnothgr

- Pa.rticular V!ri&nts» are derined and' Tixed ag a

pa.rt:lcular ‘mission intent is establighed at some

' ,.pre-rnght tine,

MSSHE SYSTEMS DVISION

The film processor will have design variants by

way aof balancing chemistry with flight duration

med
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\ andmmtaorﬁlninvolved Bssical.lyitisv
l .‘ : 1 expectedtobesroner-eppnca.tortype
\\(b) Photo Readout :

1. In readout, high se scamning line density (7000/1nch)
h@oces the anireneat of extensive optical minifiea.
tionortheﬂyingspotcathodemtuhemtsr Hence
Mi-m@hmmmmammhorneep-'
_1mthem1rmvidthuthesehsc&nninguneh
orientingthislinealongthehngthctﬁlnandmnng
1ts uugetnverse the tﬂmbyscusbimtion efelec-
tronte and optico-meehanical scenning sctions to com-

. Plete a transverse ﬁ'ame The £1ln 1s stepped ucng
attheendoteschfrsne o

2. !l'heflyingspotcatboderaytubemlomrateatanode

o voltage (approx. 27 kv) consistent Vith tvbe rating ang
Gnvirmmsl conditions to. maximize resolution. sapa.

3. .Cethode rq;f tube and photmultipl!.er perameters will
’ be established to optmr'e sendout resolution ang
s-ml-to-uoise ratio.

. . E-Tahl,ph
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S. Aa h Dutn h'anmtter, noduhted by readqxt

tube types to optimize lire, h:lgh etf:lcieney,
FM lincarity,
6 A persbolie data a.nteana linearly Pohnzed, un
‘be appmxj.-gtaly 3% feet in d:lueter, hdng 35 db.
{e) mzauuoncummmmmmmuh .
) he opcntionu Tanges for the televison elaun ehun
a.nd phototape nrip-camra vill be expected to mel
the general capebilities of the coubined £11n capers
chain and readout. | |

end exposure time are vithin the scope of avatlsble lens
and Tilm typcs. ' ' |
2. FLIn précassing oqutpment study indicates the availability

E-Tab 1, p 5
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of a procecnor when ngoded. loteehnieslbrenr*thrwﬂl
18 required. ' '

| :hotoneudout

‘Lo

2.
.

The flying spot kathode ray tube scenmer ig an extenaioh
of prweddn techniques. Co-ercil.'uy mihble compon--
ents w1y be used in early stages. '

'anedized eonponentsmquredfornhiﬂe muecon- .
lﬁeredtcbeuthinthemteotthelrt
The data tronsmitter and entenna appl'y;.horm _teclmi-m

2

Optical and electronic elements of the TV camers chain
are vith:l.n the present atate of the art. Couponent

_rlmquutiou 18 needed, :Improvements will extend the

~ S E . ) _ E-Tab 1, p 6



MED 1536
X »
B. murmntul f‘onditions Required ror Operat:lon
1. -!;:e _need tor o seaied bousing for the entire camera chain
seans evident. Tis will fnciude tne Photo-readout equip-
: meat of mehm-optien utm but excludes pmr supplies
an:it lnpl.tnert. '
2.. An upper l:u:lt-‘on relativa hm:ldity is mentm ta raw
-ﬁ.nstmgemdtrnsportthrovghthecmpmer
3. Tenperature control within a tolerance of + 1 F. prob-
.' ably will be Tequired in the pmceu:lng operation
alti:ough the rarticular absolute level m be chosen over
- & wider range. ,
k. Pressurtzation wiiy be required to avoid frothing or un.

due cvaporation in the processor. Possibly @ source of
‘heat will be needed for £iim drying.

l'elev:ls:lon Cenera Chain and Photot_aE camra‘_

R Alealedhomingviube required toreleanl:lnesa of
opticl. Certun types or camera tubes alsg require that -
some of the envelcpebekept atanaptimtempentum
vith a tolermnce of 5°r '

2. !lequirunentl ‘imposed by the phototape system can be deter-
mined on.ly through its own R&D : prosram

C. Bpeclal Tests Poquired

It is expected that nea.rl;r all aspects of this aubmten's de.

sisn pmblm can be studied 1n the hbora.tory. Prior to the actual

E-Tab 1, p 7
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eoupq.t:lbility yrove»in wlm: embining Components of the. lubsylten.
D. Other SubsEtm Arrecte o o
Subsystem J (Ormmd Intercept Stn.tion) is elo-ely memmm
viththil submtenlmlclcu liaison must be maintained. |

: A very high deme of perromance reliability may be eXpected
in the photorecording function as & vhole. However, scme ditﬁctn.ty .ues

focal plane in terms of "instantanecus” measure of brigm:nen mist bo one
of unusmuy low per:ldd in view of the vehicle'l velocity.
Photo w o : ER
‘ Incmmahighdegmorpezfmammuitymybe ‘eX-
. pected 1n this area. -Hovever, relisbuity limitg vm he utablishsd in’
tem ot the electron tubes in thin part of the. srltm, the tngm_t_;ter
pmr output tube being the least reliable elmt .

E-Tab 1, p 8
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ez#ihlhﬁ_‘ed--ut Some pre-flight time.’ .choic_ef:of processing chemicals will

* When the above léntioned develmmttngu are reached, a _
'mm 51‘5“&5105;‘554“3* of last-minute rlexﬂs_ﬂity in mtalling parallel

_ lubcystem components applies. This includes paraliel transmitters vhich
“then' feed into & common antenna Systen. '

a. I_ggv uticq ‘con_sid'entiom:

It vill be sdvisable to have Fhoto darkroas and storage facili.

" ties &% launching sitea'm_: 2 GFE dasis-since niuion intentnayh deter-

mined at a very late hour 1n the flight schedule. Sucy fecilities wouid
be contractor meintained and bersonnel would be coﬁtra.ctor trained.

be c&ntrac'tbr.t'ra_imd.

o : : E-Tb 1, py _
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The E].ectmn:lcs Cfmponents hboutczy (Uright Pctvterson nem)
has 1ssued a pumhue requ.e:t (PIL,SGOB) ror an ARs klystm having the
tollwug chl.mtcrutics cu:ltlble for thu requlremnt

. Prequcacy TS - 7.70 ke
mfe, e:neiency, ete. Mtuble tbrm
Itisupectadthatthisnntmﬁnbemime. Althoug:mg-~
netrommaenenuyinreuortom:tmrmthemtorﬁwot

- e expectancy other tube typen, mch as interﬁgtm Mt (H-type
- Carcinotrons) have 1na.1.cated such dsi:lmble chlmtgristies as long nﬁeti' :
lndefﬁciennycoupuubletoamsnetm (M)mmmlimmty.

These tubol may be opera.ted \dth permnent, nd:tvemt magnet mqnb

.- Hes, ;I.n.n.eu Ao:t,t-hg klystm, mﬂ.villbe :lnmt;lnted- ga,pouible -alt_-f
) : B . v . o " » T EE- : . . -

- The tmnﬂ.ttcr then, vﬂl couist of a nndnhtar, tnnmtt:.ng
‘h:be,mdpmrmly ulhominm. II-:I.. m:lylooﬁlts .

,-mmmwmumtmmm,mmummrm.".

wuonuuhentheomrormontn. -,
' mmnem(ormmm)ununelnnuuu
utho.gaincraséb. ﬁoumnmmcung itviuheconieally
lmduasocyuente.
mmmtemorm-nnxuasummmvam
ntercepememtmemmmum ) '
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IMAGE ORTHICON, 38" LEws

Kineséqpe Display of Direct Pickup

Without Magn?tic Tape Storage
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B 42
Actual Neg_ative Size

EASTMAN. F5740-6 FILM (Microfile Type), 6" LENS.

t

. 50X Enlargement of Image

Stored by Vehicle Camera
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Fig. E-3 ~ IMAGE ORTHICON, 38" LENs.

Delayed Transmission With Simulated Magnetic Tape Storage:
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Fig. E-4 EASTMAN F5740-6 FrLm (Microfile Type), g~ LENs o 7

Délayed Transmission Using Flying Spot Film Scanner - _— .. T
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EASTMAN F5740-6 FILM (Microije Type), 18" LENs

Delayed Transmission u

(Kinescope Display at ('Z%round Receiving Station)
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NG SPOT- FILM SCAN
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" Fig. E-9 "

mm. Slide

Kinescope Display of RETMA Resolution Chart on 35
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FLYING SPOT FILM SCANNER

Kinescope Display of Pickup

bFrom 35 mm. Slide




and heretofore undeveloped methods are reserved Tor later, Surveilisnce . .
type, applications. , _ | o |
With these aims as o Bulde, & review of avatlabie and proposed ‘sys.

tems was mage. The most serious problem ‘encountered was that of record.

 possible.

Another importent ‘Problem encomtemdm the 1irgted useful life
of the Image brhhicon Camers tube. Signal currents carried deteriorate
the glass target apag the resulting changes in target reststivity cause g

| latent mge to reaain'(lmou-q "sticking") in & frame time by leakage'

through the slass._ The ‘bcndmey to stick increases With tube 11fe angd
statistics show that in 9CF of tne cases "sticking" limits tae useful
tube life to less than 1000 hours. Sticking eventually becoges intoler.

sble for both the ﬁdefsmed target types, like the 5820, and the close-

spaced types, like the 1854, mefelase-ipaeed types have an advantage

extensive research.
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TABLE ITT-1

SENSITIVITY Asp RESOLUTION ¢APABILITIES
FOR FILM AND FOR pace ORTRICON SYSTEIG

-~ DPaGE '
CRTHICON SUPER _
- "FEEDBACK™ . x -
. . ‘ ~ SYSTEM . FILM MICROPIIM
Basic I1pht sensi.
%ivitz in Shadows ,

1 \meterecandle. . L .
seconds). Includes . <007 .01 3
21 loss for No. 12 ‘ o C

| £11ter ang 411 cone

] trast ratio, - )

Aetual systey 17
Jumination require- ' - _— '
ments (meterwandlo- <007 | -00033. | C W01
seconds) for 1,0, . ‘ o L
FA16; for Filn ~F/2.8
~Relat1ve:$ensiti_v1ty > B - o7

| Resolution of Senas. 20 opt, 75 opt. | .130 o
tive Surfuce - . lines/mm . _li‘nes/m. lines_;:n
Ground Rescution
300 mf, altitude : : SRR
for both, 3gr 200 £t/ | 40 /[ eorey
focal length fop "opt, line opt, Iine opt, 1ine.

.0, 6n focal . s -
dangth for Film

E-Apax 111, p 5



2, IBSCRImONOPAPPARAms

The apparatus and technigues of the comparison test are describeq
i : v .

belwo L - :'r.
2.1 Bubject Matter
B \

trolled to give a contmt range of 5.

1 and & gamm of untty. The posi.

tive transparency vas considemdtobetheleeneuéndatnnutitme of .

. Mmu:hutherthenhormee

1ln (microfiie type) to rednceq si_ze or‘p.lsz.'"x 0.114" vith a deng

spot scanner to be desczibgd below,
The 8" x 6" m-tgr pocitive
light bax for unitom rea.r mumimti

tmspanmymmntedona

——

e

.
-
.
g



n§ scenning rates of the Inage Orthicon Systen iescnbed in
the Rend Report are.u‘fol-'lnv:_: ST
- 1. 600 totay scan lines
2, 558 active scan n;néy
3."5:3 &;Pect i'atio
b, 233 Irames per gec
: 5.. 13.87 ke l'Lne ratio

» For sscurity reasons, as Vell ac. for tne Pract-cal advantage -
Of locking the syac. generator 4o e 60 cyele power 1tne, & high

- motion of the vehicle. In the ol (or Pioneer) system the ﬁl@‘ia- read

out by o line-scan ﬂaipg-xpot.ume-'ny tube in frames that cover




'inz_e.nzm‘roi- the 01 system is Tated ot better than 100 opticay -
| lines/mn. For the tentative value of 130 optical iinas/m, the 0.152" x
- 0-11k" negative contatns 0.12 x 25:%% 2 2130 = 753 W elements 17 1
0.114" hedgnt, - ' o '
scanning lines Tequired 1s | '
- S R
o7 ;976 active ‘Jines_

For a vertical resolution factor 0% 0.7, the number of active

" eon Systenm, that it wvas decided, for equipment simplification Teascns,
to operate all of the elecémig eqilpment for the compartsen test at the
Scamning rates and band widaths glven as above. | '




.. SEGREF =i

\ o

1xportent sdventage. Direct comparisen of the Inege Orthicon and Filn
mins-'bc:.t uﬁxodé’.n’;{;,’ tube teléﬁqion pick-up ileuee:, *ith Tespect
to reaolut.';on ‘and pictt;re quality, .m possible for -:lM:tcal scanning
2.3 Fiying-spot Fiim Seammer

. Amecia) 13m £/1.5 teng v, used to inage tne f1ying-spot
Faster onto the Eastman r57ho~6 negatives. The 1ight trensmitted through -
the negatives vas Sollected and applied to the photocathode of & type
K234, high sensitivity, motbmllipii_er tube. The video signal wvas .

- e
’
4
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_ video intomtion vas a.mlied. to: a swrn trmcriber kine-
lccpe The m nhospnor enits a hishly aetinic blu. radizt:l.on tha.t is
delirl.ble for photography with ane-sensit:lve, ﬁne-srd.n ﬁln._ :

' A cne-freme gate vas epplied to the SUFLY cathoge, Type 5374
ﬁlnina35mcopyingcamenmusedtorecomsinshtrmsotﬂdeo
information displayed on tae 5WP11. Vertical spot vobble vas eqployed to

V minimize the’ scanningline structnreintheduphy

2.# Orthicen System .
A block diasram or the Inage Ortlucon System is ﬂzovn in
. IIi-2. . _
neS"xé"murtmspuucymmtedmandxthum
imgedonthephdbocathodeotatypelﬂshwoﬁhicon The Image
Orthicon was operated over the "knee" of the transfer chamteriatic for
best re:olution and sigml-to-mue ratio. Severa.l Imae Orthicons, both
nev and used (with a variety in mumbers of hours of opention) were tested
in the lystem. The 1851& Image Orthicon with the best resolution, least
.noise; una. mst mitom rTesponse (freedom from sbading) mchosen fo-
the couparuon tests. ' | }

| Both vertical and hoz:lzonta.l dana.mic focus voltages were appl:l.ed
to the Image Orthivon %o improve the cormer resolution. During the

} tect; theImgeOrthiconmexposedtothe scene cantim:sly,
is, to'simplify the equipment, the phstocathode vas not pulsed "on" 1.5 -
milliseconds per frame =s dzscribed in the Rana report. The test thus
give:asl:l@;t admtagetotheImgeOrthicMSysteninthatthebnﬂen

E-ApdeII,pl.‘L

= MISSAE SYSTENS DIVISION i LOCKEED ARCRAFT CORPORATION
o

© Al e Bt £ ¢

T

£

h LA

he
¥
b 4

.
4.0y v

; X SN

———— PRI TN . "
R e g DI, . R

g

’
by
o

3

Ty

‘.
[ A

.
g
-2
Tum 2

3



MSD 1536

o] waouma

. weaderq ypotg
Wei8Ag UOOTYIIQ edwMr  2-1T[ *Fry

otaos suLy . jods "} _ : : . )
J0q140%u0y TR St . . Jo11d) 410w 0g0ud
...sn. , ‘ TN

fwammununamuwmw

oqng F.rcuof...o
40ds-Bujiy;
91426

*upb oj0d — .
Suesp i § L] sezpiente pus

. | o8nzi0n Wiy | A o @ .
R B iodiic T S . paeds — $nd04 .N.Jl.i@
. , - ) _ . . *ue§.: .. : . =3 i
R s o — - : :
| T

wpuUDde2 " pus ‘duwe Teangaedy [T ] wepisess0d ~
Bl ospiAeuly] : Sdseyq . ~
. | Tou e gt N

‘ued usl q

obuijon yBy pue |,

- DUAS
Joisen

. E-Apdx I

aBerion 4By
~ pue_vedg

- ewaay ) dqun. .
oep 1A eu| eouey TULTY ]

ASudiedsuisy \

Y ealsised 49 X 4@

FAISSILE SYSTEMS DIVISION

THE



on - the circuitry to provide and m:lntain the reqnired photoeo.thode in the
Pulsed ! *on" condition :ls elimn:ated Although noise in the photoca.thode
cuxmtimgedmthetargstis mtemtedoveram.lfrmtim (1/21&
see) for contimn operation, the sisna.l-to-noise ratio at the outmut
or the Image Orthicon is very proba.bly the same for both condit:lcns of
operation, since noige in “the Imge Ort.hicon Ou:tput is a.‘l.mst ent:lrely
that or the sca.nning beam.

by a.n'a.pertnr_e eqinl:fzer. Elhe output of the ca.mm chain vas dis;:layed

one Mll transcriber klnescope. Vertical spot voh'ble m employed to

minimize the line structure in the display. A one-frana gate vas lppl:led

to the cathode ot the SWP11 80 that om.y s:l.ngle frames vere pho‘bosraphed -

on35mtype 537hrunbytm recording camera.

Since a video tape reconler vith the band width lpeciﬂed '.‘n _
the Rand reports does not exist, it 1s d1fficult to evaluate the. deterio-.
nt:lon :t.n picture qnl.uty that vill result from the tape mcord.tng proeeu.

" The magnetic tape recorder will desrade the video :lnfomuticn
inlmra.luyc meﬁnitecapofthe ncoﬁingheadrepnmtsa o
finite a.perbure that will cause a "roll-cre" or the recording tr'queney
relpome chl.racteristic. n;e mu-arr" u:u.J. reduce the fine deta.:u coti-
trast in the rccorded 1nromt.1.on. Sim{larly the pick-otr, Cr playbeck’
heaxl, represents a finite apertm that will r.ux ther reduce the fine
Qetail contmt in the output of the ta.pe mcorder. - It 1s,possib1e' to

compensate pcrtia.uy for these a.perture: by means of aperture equalizer

B-Apdx 111, p 13
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’ amnﬁers. Hm_yer, the h:lgh frequency hoige w:l.l]. be boosted Propor-
tiom.{Jy hn'thermre, the msnet.ic ‘tape is not 'y pnrfectly hwemeous',
‘mtena.l. Itdoeshavesnin,vhichadds tothetpp&mtmseinﬂw
recordar output. Any aperture eqm.uza.t:lcn appned to the recorder out-

" put incresses the high tmmmymm”. e magnetic tape recorder
18 luppoaedlyanmrpmcess..xomr, :anctic.e, themgeotnneu-

' ity is J.tm:lted and compression is pouible.v In msnetic tape record-
:lng the synchronu:lng 1n:omtian is stored along with the pict'ure in- .
fomtim On play back, the tape and d.tsph,y Gevices mst be Bynchron
.ized. Any non-unirnmty in the tape speed during recérding, or play.
back nakes the synchrorizing problem dirﬁcult, ‘and may reswlt in hori-
aontal Jitter end loss of honzontal renlntion in the ﬁ.na.l d.isplay

‘ Present-day qm.uty broadca.st pra.ctice of v:ldeo :ecording )

consists of photographing ‘the picture on the race of a k:lnetccpe._ Since
the ﬁd.e-band tape recomer described in the Rand reporu does not ex- '.
ist, the tape recurding process vas sinulated for the cmpex-non tent by .
nmngrmammmeopeontoﬁmtm 537#:11::, vith reed-
out by & SZP16 flying-spot eathode. ray tube. Such 8 Process has Sinmite
rocordingandplaybacklperun-uinthelm -mdirectiondmﬁotha

- recording ld.nescope and ﬁying-spot scanner beam sizes. Such a pmcess,
llsohassrunduetothemmdnﬁphcsphcrputicleuzes, andtoa
much smaller degree, to the. rﬂn emulsion. Since this process Tepresents
qm:u.ty boradcast practice, 11-. is reascnable to state tha.t to a rirat ‘
ordey ‘epproximation, the horizontal resolntion and sisnal-to-noise ratio

B-Apdx III, p 1k -
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tortheld;wscopeﬁlmncordingny:temuecmubhtothoseorthe

_non-existent magnet:l.e tape recordcr of the hnd. report

he kinescope-£ilm mcord.ing process may possihl: glve e 1oss
of vertical msolubion, depena.ing on the techniquel used, that does not
exist for the msnetj.c tape record.er To n:ln:l.nze the: poss:lble loss of

. verl::lcal resolution, the tollawing procedm m emplayed

_ ‘dmdmltmthelmgeowcmemmum
oo a kinclcope ilhoac aspect nﬁqm pmposely distorted to 3. x b (udth- :

~ to-height), tha.t 1s the kinescope mter m tbz‘tched vemcally Vertio
eal spot wbble m employed to minimize the Yine - ‘structure 1n -the. dis-
play Asinglerrmorintomuonmphotunpmd.mﬁmtype 537&

film, The intomtion vas thus essent.ally morded in almost contigu-

.ous. Louzuntal strips (instead of ﬁne hoz:!.zontal Jines) on. the ﬁ.].m.

The Mtnnscnberld.neseopem reyhcedbya 5ZP16 flying
cathode-ray tube. m same. d.:lntorted aspect ratio was uinta.ined. ‘hxe :

‘35mnegu.t:lve remmtingthe neeonungm then md mrt.bythe fly-
f‘ing-spot ca.thodg-my tube openting at the u.me scan z-a.tes, and d.ts-
phyed cn a SHPJJ. txmcﬁ.‘ber ld.nescope with spot wobble. Again only'

mﬁmorudeomphmphedtomttbemtputorthe sys- _
tem, The process of recording a.nd read. out with o utretched a.spect ru.tio

Wus -elr-reetitﬁng 80 that the cutput pictum was mustorted-

In the simulation it was intended to re;l.lter the fine Jd.ne
stmh:rgott.emetermsedonthenh,uthﬂ:e centers of
the strip atmc'bnre of the nego,tive. For the 1dea.. case; thea,, the

E-Apdx TI, p 15

. ~nese o o o
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information would be ncord.ed in horizontal strips, and read out along
the centarnnes orthe str:lps. merevonldthen'benolon in vertical |
molution, btrb only loss or horizontal resolution d.ua to the recording
and play-back apertures ﬁx.e :ldeal case was not achieved in this com-

_pe.nsontest,but&efncttha.ttheidalmclose]yq:pmhedisveﬁ-

ﬁedhythephotomhsinthilreport _ - .
© The kinescope recording process cmta.ins elemeitts, the kines.-

v‘_copeandthe film, that arenonlinea.r !'orthis canpar.tson test'!‘he ﬁlm

cama was controued, and- eomenaﬁng gamma amplifiers. vez-e ldJusted to

_neproduce gray sca.]as satisraci'.ozﬂy

E-Apdx ITI, p 16
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' wartheaerial acenebyaSB"focalhugthImgeOrthieencmmis

1llustrated 1n Pig. 1, vhile airect Pick-up by the 6 focal J:mgth Froto~
graphic cmnottheolsystmisshminng 2. meaer:ln.lseeu h

output of- the. simlated tape recorder of the Image Qrthiem System ig
’mnm.s,mmﬁmsmmormolmumm -
in Fig. 4. Tese two 11lustrations Tepresent. the visual data at the

- output of the storage pmeeu quured for d&layed tnnmm«:n.» !I.'he.

photogmphs in mera.l s:pea.k for- themselws. They -hw the picture .
qmlity representmg direct pick-up to be a.bout cm;pmble for both sys-
tms At the output ct the storage process, however, the pieture quali.

. ty ot .the Imge Orthicon-simla.ted te,pe recorder system is 1n£erior to.
S that otthe Oll’ﬂ.m-nactranic syltem »

risures 5and 6 mnstrn;te the picture q,unlity end’ moltrtion that
can be obta.ined with the nlm.ch system using an 18" focal length -

.»‘.hna(ltilllessthanon&haltthesa"tocuimsﬁalauotthemge

| )
Orthicon System) as pianned :torOlSpecialhumse lyctenmrorhisher

_ordersystm ‘&xm:ﬂ:otognmsmamdtoﬁa luﬂ3sho|rthe

resolution a.nd Picture quality of the P’ilm-nectromlc system to be sup-
enortothatotthelmgeomiconmten , .

e RETMA Besoluﬁom cha.rt was substituted for ‘the aerial ‘scene to
#Sec Apdx, (IIT, pl fr,

'x-mx'm, 17
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" to show the Tesolution cepibilities at various places in both smm

Pig. &Amustratesdirectp.ek-upbythelmge&thicmcmn. The

Flcture shows horizontal Tesclution capab:uities (vart.icnl vedge) of bet- |
vtertha.nGOOTVLnes (ina"rameheight) vith theeontrast Tatio falling
off srldua.uy beyond 350 TV Lines. tlhe verticel mo:.uuon (horimntgl )
wedge) 18 off course hmted.bythe active number of ‘scamning lines (558). .
nthen'm, and the Kell fastor (apprma.mtelyo.'r) .The vertical re-
. solution cuts off st about 390 TV lines. o

The output of the simhted tape recorder is 1nustnted1anSB.

_ Hmhnm& nsolutionbesins to fall off at -about’ hOO'Nlines, vith
complete cut-oft at b ut 500 N lines, vhich ror the scanning rates used -

8 equivalent to comple’ce ctrb-cff at 5.T5 me. tlhe vert:.ea.l resolution

. .cuts orr at ahout 325 :u.nes. _There is theref.ore some: 1oss 1n vertieal

' resolution soing through the simlated magnetic ‘tape recorder tha:t. wmﬂ.d

notenst:l.nanactualtapemomr. - : o
' A35mnegmuorthemmmnuonamtnsmammm

;'-Artrmthmughtheﬂ.nng-mtmmumr 'nxeoutpntulhmin

. ;_hythembero:uumumnmmxenmm,mnemtoabmt

e TS 9. “Here tbe horizonta.‘!. relolution 1s better ﬂn.n 600 TV lines witn

no r-u-ot.r in cantmt ratio. " The verticql -Tresolution is again limited
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