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This technical rE!EX)I't describes briefly the dfforts carried on by 

Westwor..rl Dhision, Houstoo Fearless Corporation, 11801 West Olympic 

Boulevard, Los Ar¥Jeles, California 90064 uooer US oontract AF30(602)-

3521. The work was aaninistrated \D'mt' project 6980B uroer the direction 

of Rane Air DeVeloprent Center, Mr. Nathaniel J. J'IJ.ullo, Project Monitor. 

The Unit Record Printer EN-77 was no:lified t:o detexm.lne the various 

requiremerits of the US Air Foroe for mak~ 70xl0Cmn Tact: cal Target 

Records (Tl'R) transparencies us by p-lOto-interpreters a~ reference 

materi.11. '11ie printer presently is at 4444 Recc. Tee-~. Gp. at targley 

AFB for further evaluatioo. 

This report is designated 1"1-130-65 by Houston Fearless Coqx:>ration. 

Release of subject doc\lnent t:o the ge-ieral plblic is prohibited by 

the Strategic Trade Control Program, ~-tituaJ. r>efeu;e Assistance Control 

List (revised 5 January 1965) , plblished by the ~t of State. 

This tecllnical report has been reviewed arx1 is approved. 

App?Jid: - . JD 
/JA~IMEL~ 

Col onel, USAF 
Chief, Intel & In f o Pr oc O iv :,'_ ·\ (L). 

FOR THE COMMANOE,-; .:ftit,1·~·\ \J:i # .-._...__ 

l~VIN . GA8tLMAN 
Chief, i:tvon·c:ed S!udies Group 
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The EN-77 Unit Record Printer was originally developed with 

capability for contact printing frnm input negatives and 11 mited capa­

bility for mensuration on the input negatives and for recording auxiliary 

data. The output film consisted of exposed lengths of unperforated 

70mm print film t o be devel oped and cut into Tactical Target Record (TTP) 

chips. 

The ta sk covered by this report was t o redesign and rework the 

unit rec ord printer t o give it substantially inc reased capabi lity in the 

areas of mensurati c. n and auxiliary data recording and t o make i t more 

:-eliabl e and more convenient in operation . 

Section 1 of the report describes the final configuration of the 

reworked printer, illustrates all the major components and controls, and 

describes its capabilities. Section 2 presents the theory of operation 

of the pri nter as a whole and of each major functional sPbsystem and 

describes the automatically controlled sequence of operation in the print­

ing cycle with each function referenced to the detailed logic diagram 

bound in Appendix B of the report. Section 3 discusses the changes that 

are required by contract to bring the printer to its new configuration and 

describes the methods proposed to achieve the performance goals . Sec­

tion 4 describes the progress of the development, the problems that were 

uncovered , and the solutions that were incorporated, in the final config ­

uration. !"'ppendix A is a research report on initial studies of approaches 

to the problem of recording the machine and human-readable codes on the 

output film. Appendix B contains all the schematic diagrams of the printer. 

iii/iv 
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.. SECTII0 l 

GENERAL Dl:SCRJP'l1ON 

R.M-130-65 

The Model EN-77 Unit Recc,rd Pr.t.nter (herreina!fter referred to 1a 

the URP} consists of two units: a main console and an auxUtacy 1electrlc 

typewriter as shown in the Frontispiece. The IURP l intended for use in 

a photog,11phic prooessln; faclllty for photographic contac!t printing <!lf 

selectec' , ection• o aerial reconnal sance ne~atives. The output of tlile 

URP consists of expos~cl :l ,engtha of unperfmrated 10mm posUive film ln a 

fonnat Ito be converted into Tactical Target Record (T?R) chlps after proc­

ea oing. The 1np.ut con.slats of ,a vartetiy- of ,a·er1al phcrtographle roll fUm 

negatives ln width• of 10mm throlilgih 9-1/Z indbes ,and lengths up to 500 

feet as ,weU as sheet fUm up to 24 inches in length. 

The URP is capalble 1of eKposi1ng 2S iden:tlca1 TTR's au.tomaticaUy 

at a rate of 5 per ute . Frlm advance and eXIJ)osure adjl!latment are auto-

matic. A 'mensuratlon aiy:stem pennita the 10J!)eeltor to establish !the loca­

tion of the de!lired p,d111Ung 1area 'lo an accuracy 10£ 0.001 inch wd.th respect 

to the 1coor1c.Unates of the lnput ner,ative. 

To ald ln the stc,rage and retrieval of the T'M chips and to provide 

suppori:lng lnf,onnaMon for the user, the IURP h~H• the ca,pa~illty of recording 

several data. ltrem1 I0n the output film ln adclidon tb, the comtact-prtnted im­

a9e. The1e ,data Item• lnclude an aocession. number in lbcttl muman-rieadab1e 

and macnlne-readable form ,, the 1ecurity classtflcation of 'thel TTR, a norith­

indlcatlng arrow,, and a block of ty~ or printed 1copy photographed at a 

seven-to-one reduction from a unit photo lnterpretattion record 1(VJ>[~ caret. 

th,e major functtons of the URP a.re perf(1'n!led at lt!he mailn console. 

lbe ,awdUary electric typewriter h a modified dden Flex(Mdter Mod.el ft. 

on a stand. It is not conn~ted either electrfBaHy 1M mechanically with 

'1-1 
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6) Auxiliary data printer 

7) Mairt Ulumlnator aa,aemSl? 

8) Sy••~em electronics 

9) Powc,r supplies 

Several of these major a111emblle1 coniattt eighifld~nt 1uba11em­

bUes. The major asseJribliea and 1uba1sembliea are de crlbed In detail 

in the following aub1ection1. 

1. 2 INPUT FILM TRANSPOf<T M1S:E!,18LY 
The input film transport a11embly (Flvure 2) holda the Input film 

in po1lttort and provides the electdo m~br drlv, td wirid it ln either direc­

tion at hlgh or low speed as required. Film spool hoU!,i,U are adJuatable 

to accom~odate film irt widths of 70mm, 5· inche•, ,an -1/Z inches and 

le1'(Jths up td 600 feet. Sheets of cut film up to 24 inches lonq tJ:an al10 

be aocomQlodated. A light bQM under the film perndta the operator ta view 

the neqaUve lmage. A ,mensuratidn unit mounted dn top ot the transport 

a11embly jupport• and posltion• the print fnim• th•t outline• the area of 

the negative selected for ptln\ing. 

1. 2 . 1 Carriage 

'1'he ,nure film tr~nH>ort a1se~h~ and tnel menst,tr~tion unlt are 

mourtted on a maehlni!Ki caillt-alUminuda ~arrlage. Tile o~r,taQ'1il ls movable 

from tt1 normal po1ltion (in w~tch a n~atlve 11 seleci~ a~d ttwe prlnt 

frame1 po•tt1oned) tC!> t~e printljnCJ ~•lt~on (in whioli the :prlnt frame 11 under 

the corita<:t printer) . '1'he daniage m~•mertt 11 !rt>,n front t~ back and re-
' 

tum. It 11 Jnltiale4 by de,,.s1t,wg ,the PUNT G1'CLE ST.MT cbntrol alter 

the neoe■sary preparatl~• have ~een 'mad J The DlC>Vementl ls produced 
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by a drive iorew rotated by a motor. A potentiometer mounted to th print­

in; frame po•ltion1 the carriage beneath the camera. Eleotn:>nic lc,olc ctr­

cuit•1 cau•e the carriaqe to return to the ops:mting p01lt1on aft r the required 

expo1ure1 have been made . 

A gla11 platen covers the top of the center part of the carnage, 

forming a flat surface against which the negative Ulm 11 held for men1ur­

t1on and printing. 

1. Z. 2 PllDl Drive System 
The Ulm ia driven by a capatan roller at the right-hand end of the 

transport aa1:embly. The capstan b drtven by a ZS-watt, 11,0-volt, 60-

cycle, 1ingle-pba11e servo motor that is controlled by the alew control and 

■can control knob• on the cdntrol p,nel. A.11 the ddve motor arid cap1tan 

1nov the film. through the transport a111embly, two torque1 motors (one at 

each end) control the action of the fllm 1poob. Regardless of which dtreo­

tiori th• Olm move•, the ■pool that is acting a.a takeup ts rota1ed by its 

torque motor to wind up the film,, and the spooi that is acUng as supply 

ls Ntalrd~ by tt:a torque motor t~ prevent overruntting when the filtn drive 

11 itopped. Slnce· the torque' needed to maintain a. given1 tension changes 

with th~ amount of fllm wound, on the spool, automatic torqu.e adjustment 

11 provided by a pivoted idler arm at the le,ft end, controUirtg th setting 

of a variable tran■fonner that adjust■ the voltage to _the t.eft-hand torque 

m(:tot., When the film transport b ,,topped, the power to the rtght-hand 

torque motor 111 •hut off and a tirake ii appUad whUe torque la maintained 

to the1 left-hand torqµe motor to keep the fllm under tenaiorl. Since there 

111 rlo prov111On for reveratng the1 di"8Ct:ion C>f torque produced by the torque 

mot:or11, negaUve film to be loaded ·on the J)ri.nter mu■t always b wourld 

with the emulsion, aide in 10 that it can be threaded emulsion 1ide up and 

have pro,per torque. 
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FUm roll diameter 1enaor• at each ftlm 1pool 1top the film tran1-

port automatlcally when the end c>f th ftlm is approached. 

1. 2 . 3 FUm Cleaner 

A hi9h-voltaqe eleotra1tatic fllm cleaner with du1t brq1he1 and 

a vacuum 1y1t m 11 installed in the left-hand nd of the film tran11pon 

a11embly. 'Jh film pa11ea throuoh the cleaning unit for duet reJlloval 

aft r leaving the left-hand 1upply apool. The power supply for the lec­

troatatlc element and the vacuum blower' la mounted inside the pnnte.r 

cha■i• behind the oleaner locaU.cm. A flexi)jle tube intemconneot1 the 

cleaner and tbe vacuum blower. To, inaure tllat the film will be cleaned 

before lt pa1se1 over the platen, roll■, QI input negative ftlm are rt<>nnaUy 

loadtd on ~Ile 1plndla neare1t tl]e clemner (the left-hand end c,f the URP). 

1. 2 • 4 FHm Viewtno IU.oht Box 

'lh• viWNi•91 l19ht box b ,a abaUow box located urtde~ the central 

area, ol tht Wm b11n1port a•••mblt ., 1t ,Qontain11 fou, Type P 15T8'-0 t\11:N­

lar flu.or •c•nt lamp11 and l.11 eavel'8d with an opal 9laa1 to grovide ~ pnQht 

uniform d~uminated urface for inspecting negaUves and poaHiontn1 the 

print frame . The box ta hinged to the con11ole along the baQk ed\le eo that 

it o•n be 1wung d,own for ~l41u1ntnw or' ~~t nanQe. 

1.3 MBN8UM'r1-'ION U~ 

'!l'he m n~uraticm \Ullt (,'lgure ,3) oon■i•t■, 9f • pair of' fnune a11em­

blle,1 1upponed ovet the 9la,1 platen~ 1the1 fll• tran•~ c~rrlat•• ~• 

two fn1m•• are wpported on ~U bearl~ roilen that re1t in tum on •achlnad 

1ur!ace1 . Th men1uration unit •uppqrU the1 n,qtan~lar fntn• and ~• prtnl;-' 

1ng mask that defines the area of th• bf!l~Y~ selected for printing~ The two 
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lateral shift■ of the mensuration unlt (one in the X oil of the negative 

and one ln the Y axia) permit placement of the prlntlno tna■k anywhere on 

the negative. The lateral 1hlft1 are ~c001r1pl11hed with rnoto,-ddven lead 

sc,ew1 that are directly geared to fout-place counter■ readino in inchi• 

and thou1andth1 • 
The print fnurle 1uppo,:ts lnterchantieab!e b1911 printing snaalc:1 . 

Two ma1k1 are auppU•d, dne wlth a 58 by 58tnm aperture and one wlth a 

58 by 84mm aperture. Fiducial notdh•• cut into each alc;le of the aperture 

define the reference axe a ~f the prlht ,., • 

SHdes working a9alh1t precliely-machlnedi guide rail• k1ep ~e 

unit in alignment and prevent any fre- play that nU.9ht tend to red1.1i0~ the 

accuracy. 

1. 4 CAMERA: ,MSEMBLY 
Th, 01uneJ"a a••enbly (Figure 4) 11 a box-Uke atruotu~ made 1¢>f 

~ I ,U..1
1 

,I. 
a •oMned alumi~um ,alloy caeUnv and mounted in U.a ~el)ter of me prln~er 

chaa,11 •. ' 1t 111 light-ttc;Jht and tonwtn• the mech:antsm that po1lUpn1 and 
I ' , 

advance• the
1 
po11ttv,, lijm raw stock fot tlie 5>t1nt1.hv operation. Th, ,~.1-

◄ l I j 

tiv~ fUm magazine, contalnlnq the £Um aupply anc;! takeup 1pao11 i mqbnb 

on tc!>p of the a11embly a1lowt~9 the film to feed lnt:o the inted,or Uiro.,9h 

a slot. A llgbt-tl~ht •tt.~1\9 door clo1e1 the ·opimlng ln the bE>ttom of th• 
da~era a••4'~1y throuoh whtch the film ii exte..S-.d by f.h• 'Vertical ltlve 
assembly tot ~ttntJng. The oam•t• asseD\bly, al,.q •uppc,rta sbme' ~P,~Cira~ 

and mechanical, compon-.nt• ot the awciltary data 'pdnter and ffli• ~o~in•-
. ' ' • ' 

readable cc)de, qen,mor. 
P~ur amall mbtdts mounted on the back of the camera a11embly 

are 'involved ln lh• po•r1t1v._ film t~n•P0H and the contact println~ q,•~­

tlon. 1'1•¥ have th~ following funcUon1: • 

1-10 
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1) One motor drive, • rotatlrtcJ' eam that produce• the down and 

up •troke of the vertloal drive a11embly that brln • the po1ltlve film Into 

contact wlth the negative • 
.i 2) one motor move• the lltht, 1}\teld out of the way 10 tbe po■l~ 

tive ftl~ can be extended thtouoh the perture ln the bottom of the caQtem 

a 111111bl y. 
31 One motor drive• a deneva mechani1m that advance• the 

po1ltlve Wm. 
4)1 On la the takeup totque mqtor fOf tht tateup 1pool of the , 

film sn.c;ia1lne. 

Thi 0.n•n meohanl•m rotate11 ~• abaft of . the large rubber­

c9v•red ro111,r Con the left in, '1[gurit 4) , 1'h!ch llCtl •• "- meted.119 bapistan 

to •dvanoe ~~ ,eq¢red le itb 10~ fj.Un f~ eac1- expotttre. The film ad,Jance 
f 

ocQUrl ln two e~M Jncriment• of 50mm -•ch, the fl_.t d~JIO '1e down 

•~• of the "eri:toal ddve as••Jnbly and the1 :1econd aurth9 tll• up 1tro1te. 

'l'h• tateup totqUe motor ~••P•I tHe til-.i uncler tenalon $nd win . , \tp film 

as lt 11 relea.•ed by the combl~ abtlon c>f the vertical dttve 11111emblf 

and the film, at\~tle•1• 
'A Wm Qlttoff k¢fe 11 pe•nentlt mounted In th• cam~ a11end;>ly. 

It la, actuat.«! by • Utver on the out1i<1• arid Cu\l th• blm abqutJ 3 •nohel 
f 

b•low the entranc;,e to aU<>W ~- Q.im 1111194-1rt• to be 1r,ll)oved. 
' j 

1. s AmaiWlt ~1"' ,mmtt 
The auxiliary da~ P"1nter (Fic;iure 5) i1 a box-llke1 atNcture moµnted 

1n the cha11l1 of the unit record printer tmmedlately to the right of the cam­

era aaaeml,ly. tt oc>ntaln• vartou1 compo:nenta reqill...-d f~r recordlnv auxll-

Uny data on the tTR 1ooiucHng the followlDCJ: 

• 
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Figure 5. Auxiliary Data Printer Assembly and UPIR Card Holder
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1) The llluminator and holder for the UPIR card, the north arrow, 

and the cla111ficatlon indicator. 

2) The holder, illuminator, and advancing mechanism for the 

human-readable code. 

3) The code 9enerator for the machine-readable code. 

4) The len1 and 1ome of the mirron that reflect the human­

readable code onto the film. 

S) The mirror that reflects the UPIR cam onto the lens that pro­

jects the .lmage onto the film. 

The holder for the UPIR card i1 ea.illy removable for changing the 

card and for changing the cla11ificatlon indication and th3 north arrow 

direction. 

The accordian-folded l11t1 of human-readable code numben are 

placed on a 1helf and threaded around the platen roller of the advance 

mecltani1m that brine;Js each number .into an aperture alot ln 1ucce111on. 

1. S . 1 UPI.R. Card 8y1tean 

. The UPIR carda have typed or prlnted data to be photographed 

onto the TTR at a reduction of seven to one. The card l1 held in po1itie>n 

to be photographed in a frame with a gla11 .front tFtgure 5). The frame i1 

opened by removin(J the back, and the UPIR ,card is placed ln it face down. 

The frame also contain• the north arrow and an in1ert tor the security cla1-

1ificat1on. The proper 1ecurtty cla11ifidatlon is inaerted and thet north 

arrow ia 1et by rotatin9 the dial with the finger. The back la then replacf»d 

and the holder tn1erted in the 1lot1 provided tn the awdl.lary data Printer. 

Th, UPIR card holder 11 Ulwnlnated by fdut 110-volt, 6'!4'iatt 

lamp1. 'lhe reconting lens 11 a high-grade f/3. 5 ana1t19mat of lOOmri, 
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focal lenoth mounted ln the contact prtnter 41•embly. A mirror directs 

the imaqe of the llluminated cald to the len1. The lens projects the re­

duced imaCJe directly onto the film. 

1. 5. 2 Human-Readable Code RecOlder 

The human-readable code recorder (F1CJUre 6) conalats of a pin­

feei platen roller wt.th standard ratchet and ratched release to hold a 

typed llat of numbers. An Uluminator and an optical system project the 

image of the desired number ontc. the £Um at a reduction of seven-to~one. 

, ' 

'nle accession Uats a:re typed on the auxiliary electric typewrtter 

on ,accordion-folded lengths of white bond card stock that have regit1tra·· 

tion holes punched along each side for positive positioning of the lines 

of typing . A shelf ls provided int: . .) auxiliary data printer to support the 

folded 11st. The leading end ls threaded under the drive capstan with tbe 

pin:a of the capstan engaging the registration holes in the sides of the 

paper strip and the first number is brought into position. 'nlereafter, the 

paper ls manually advanced to bring the next accession number into posi­

tion before each new print cycle ls initiated. 

The Ulumlnator is a 450-watt tungsten-iodide l,a~p. The lens 

ls a 210mm focal length, f/4.5 anasttgmat of high cr.1allty mount.eel in the 

auxillary data printer a11embly. Three front-surface m1rrora reftect the 

image into the lens and two reflect lt onto the proper location on the fllm. 

'ffle three minors in f l'lnt ot the lens rotate the image of the acc,es slon 
• 

cod 90 degrees to place the image in the proper orientation on the fllm. 

1. 5. 3 Machine-Readable Oode Generator 

The machlne-readabll! code la recorded on the film at i1 sertes 

of 196 parallel rectangular bars, each 6.35mm long ,and 0.134mm wide. 

1-lS 
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Figu.re 6. Accessic.,n List Advance Mechanism for Hum n-Readable 
Code Recorder 
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Each bar repre1 nt1 one bit of a 11:>t-bit-plu1-padty code and 11 read as 

a binary 1 or O depending on whether the bar la in the leading half or trail­

ing half of the allocated apace. The1 codes are generated by photographing 

the edges of a stack of ■even 1olenoid•actuated metal blades (Figure 7). 

These edges are each divided down the middl,e into two halves. one of 

which ta polished and th~ other black. Each blade has two positions in 

which the polished and blaek phase,s are '8Vetsed. Thus the solenoid­

act:u,ated position of each b1ade indicate• either a 1 or O in binary, a\1d 

the PQ&ltions of the seven blades encQde• o~e fl~hanumertc character or 

a etait code. The posltiort• of the •even bla~•• 1are controlled (through 

logio clrodtts) by the tape reader on th~ frt>nt pa~el of the URP, which 

re.ad,s th• hole■ 'pµnched in the 1,even-blt ~~Et ~1l ls prepared on the 

au:xUiary typewrtter. 

1 

''~he code-generating blad~s a~ 111~1~~ted by a small xe,non 

np,h
1

~b• (~ PT-3t)1 powered by the ~i•~batUd if11• 16.:.~ictofairad 300-
. II 111 , I 

voJ~ ,Q~~ltot. ' The lena11• an tf3.15 ~na•,t~J of ,IO'~m~1fbco''~l !~ngth 
I I I I. 1' I I I I I 

idW!~~- ~ ti'\• 1 0n♦ u1:•~ 1n tn,j' ~~- •r•tt•J!Jl .! ~Q ~ .. t ..... ;;irface mirrors 
m.::. I ' I I I ' I r 

dl"l"J ~~1 Jana~• ~ ~• 1,n-1,, wh~c~1 ~~ecta1 tt ,pn1:~1 ¢,1, HJ.in., • 1 

I Sin~i11:}le10:ode 1gerteraM;>~ ~,:oduo~•· b~)fJi, -~v~r,I bi~• (~r' b~~ alpha-
I . • ,, 1 1 r 

1 

m1•f19 chara~er) at a, t!im~ aodl .~npe ~he CO~l]J~~te e.oeres/dOli number 
I I I 

con•!~ of 21 1 cna~cte111 pl1,1 • 1tartj ·c~-,1, 1lbe full ~chi111e ... 11eadable 
I I . I I . ,I 

code 11, , *mdeti b, , •teiP~ tile ~qrttbt~ le~, ' ~~~nic•liy for each 

su•*••v• cha,acter. 'hi•i' Jehjr 
1
~~. a~,e~1~1 la !l~ated ln the camera 

1 , I 1 · • 11 

aa1e;....:ii,y1~ ill~ Jena mount t• •ti ~r1..-1 on• •haft an4 mdved to each 

aucc:!~t~e polliU'I" by a $1in~ ~;:"'llllt•~ d$ien ~ a 11Mll de motor. 
I I I I 
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Figure 7. Machine-Readable Code Generator 
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1.6 MAIN ILLUMINATOR ASSEMBLY 

The matn tlluminator assembly ( lgure 8) suppUes the Ught for 

the contact printing operation. It con1!1t■ of a 250-watt merou?y arc 

light souroe, a spherical reflector, a four-element condensing len1 sys-

tem, a heat-abaorbing filter, a solenold controlled ilhuttel', and a pair of 

circular neutral denaity filter wedges. The entlire1 1u1emb!y' ls contained 

ln ~ square housing mounted under the c4mera aa■embly in the center of 

the main console. The alignment 111 such that the light ts projected up 

through the printing area of the source, negative when it has been moved 

into printing position. The light falls first on the photocells that are 

mounted on the underside of the sliding door of the contact printing ap.er­

ture. The brightness meaaured by the photocells ca•11e1 the neutral den-

1ity filter dlska to rotate until the lntenalty ha,a been red~1ced to a pred,e­

termined value that depends on t'iie ,etttng of the film speed adjustment. 

The ahutte: then closes• the sliding door open■, positive film 1,1 brought 

into cmtact with the negative , and the ■butter open• for the proper exJ)O­

suie time and then closes. Expoa\1te times range from l/2 to 5 ■econd• 

depending on the output fihn speed ilettin.9. 

1. 7 SYSTEM BU:CTRCilNIOS 

The eleot?Qa:,ic sy1tem of' the fi:Jnter' provides necee sa?y lntedock1 

and a11,ure1 the propet sequencing of the automatic functton:s. It conal:sts 
.. , 

of logic circuits on printed circuit boerda interoonnected with relays, micro-

switches, and the manual •"1tches for opetator control. '?'be circuitry oper­

ate■ from two 18-volt de 1upp]te•. 

The electronic 1ystem (aldng \flth th• pqnter ~,r. auppUea) 1• 

mounted ln the panel l!>ehlnd • pt9tec1iive door on the1 light-hand eJid of the 

printer (Figure 9). The, sy•tein1 contalna, 10 printed cirouit boards and 15 

relaya. Schematic dlllgram• of the electronic 1y1tem are provided in Ap­

pendix B. 
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1. 8 POWER SUPPLIES 

There are four poWer 1upplle1 (Figure 10) for the printer in addlUon 

to the main power panel that cllsttlbutes the 110-volt pow~r to the various 

aub1y1tem1. These powet supplies are the special power supply fqt the 

main Ulwninator, the minus 26-vdc power 1upply for the relays and so1e-­

nolds, a~d the two regulated 18-vdc power supplle• for the logic dlrcuitl. 

Schematic diagrams of the J>O-Wer supplies are provided ln Appen-

dix B. 

1.9 CONTROLS ~D INDIOAtfO~ 

The locat1on1 and functt.on•1 of •11th, cc,ntrols ahd lndicatota of 
I I : 11 

the URJ> are de■ild>ed in the (oll~no ,1bbseetton1 by maJpr pan,1 aa•embly. 
I 

I 

1. 9. l Ma!n ~owet SupfilY and ijy~t•,~ , El41d~C;'•1 ,an••·•1 ' • 

'l'h"ae ,anel• ~
1 
iocat•d be~:~~ il>1'9'~fi~• d~t -,11_ ll)e right,.. • 

hand end of' the,'um, and are u1u,uatea i~ Flgure b. the10i\Wo ~el• are 
I i: 'll' I 1;1 ' I I 1' 

de•q~d uncle~ ~ndl~ldµW aubliea4lh91, • I' I 
I I I I 

.'i 

Main f•1sr Otta,111 A6 ~, 'lb• ,ogvl1 ,witch ~nci· tpe five ,pu•h-

butto'- , •wttcphe•1 on thi• •~nel are ctrcui\ break•,,• They are normally 

main-'ned in the1 ON ot dlo•ed po1i~ori ~d wlll o~n fa qa1e of ovet-

loa~ to !Pl'C>t,&ct the circuit■. ftey hav• ~• followinQi functlona: 
II 

1) MAI" POWER - 0ntrol•1 aU .P0'Y•r td the ttP.P. • 
' tt • 

a) MAIN II.LUM -, control• ~~., la the 11.l-tn.aNATOll POW!a 

SUPJP11', which 1upplie~
1 
~a mercury •xq ')8'lf ln, 'the -..as, Uiumtnatclr1 

, II I 
I 

i11embiy. 

3) AUX IlJ..UM - Control1, ~fr to lllum~tor1 in the awdilary 

data a1,1embly and to the tape reader. 

"' I 
I 

" 
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Figure 10. Direct-Current rower Supply Panels 
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4) X TRANSPORT - Oo.ittols power to the negative film transport 

drive motor, torque motors, brake, f! lm cleaner, and the takeup mbtor in 

" 

the camera. ... 
5) MENSURATION - Oc:mtrola power to the viewing Ugbt source. 

I 

6) DC POWltR S'Ui>PUES - Controls power to the do power supplies. 

System l]:fPtroajcs AS. 'l'his panel contains two circuit tireakers 

and a number of controls for te1tln9 individual functions of the URP. 

1) CAMERA DRIVE - Drives the camera down or up when appro­

priately actuated. Must be poaiU<>ned to N for nonnal operation. Inter­

locks prev6nt the camera from driving down unless the negative fllm trans­

port carriage ls in the full out po1it1on or full in position with the prtnt 

frame c,entered in t"e X axil. 

2) Y-ms S£RVO - Circuit break'.er to protect th aervo amplifier 
II 

of the film transp6'l 0arrta9e drive1. Nomaity 1et to QN , lt wUl open and 
'I 

muat be re1et if an1 OV":ltlaad occuna. 
3) CA.MIRA FILM 'QNS10N ADJUST - Controls tensl6a of takeup 

motor ln camera.. .hould be kept et maximum t:en•Jon (Which 1, , maximum 

counter-cl,octwl1e11 po1lUon) at a~l Utnea. 

4) X-AXIS SEltVO - Circuit breaker to protect the servo amplifier 

of the capstan drive mot« of th• tl.,atl've f~m t1'n•PA1·tt drive. ijotmally 
I 'I I I ! t- I 

set to ON, it will ~pen en~ qiy .• l .,_ ~••t if :an QV,r~cJ.~:: :odc:ur1 • 
I I ' 111, , I 

5) RUN pgbE ,.,.1'AT01' ~ nrive• th~ C#M ,
1 

g~n
1 

~tl~ 119~1 
11 I ' I I ,.t(,. l •' I 

forward or reve.,.e1 •1-•rr appf<>~rt•t•ly act\l~t.d 'to(' _' 1' ,i ,
1
~ ~• 

1

~•,peq-r I H " I 

U vel y. Must be l!tume4 lo N for normal operilUcn. 
1 1 

11 
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NOTE 

When this function is tested, the final test 
must a:1-v:.ays be in the R£V direction to leave 
the len.s in position to start an operating py­
cle by moving forward. Dl:lring nonnal opera­
tion, the lens will reset to the proper posi­
tion automatically at the completion of the 
automatic print cycle. 
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Y-AXIS - Toggle switch. When actuated up it drives the 

negative film carriage in to the printing po.sitiou. When actuated down, 

it drives the carriage out. Interlock prevents the carriage ftom moving 

unless the camera is up. 

7) EXPOSURE TEST - Spring-loaded toggle ,s,wttch. When actu-

ated lt initiate.a the exposure light control cycle, opening the shutter and 

adjusting the intensity as controlled by the FILM SPEED ADJUST setting. 

8) AUXIIJARY DATA MANUAL S,TART - Momentary-action toggle 

switch. When actuated, it initiates the auxillaty data ;recording cycle 

provided that either of the following two conditions are met.: 

a) Oode generator lens at the maximum reverae position 

and a STOP character under the reading head of the tape reader 

b) Oode generator lens at the ma.ximum fol'Y(ard position 

and a START character under the reading head of the, tape reader 

NOTE 

The code generator lens d~• n9t re■et auto­
maueally to the reverse position following 
this operation. 

9) AUXILIARY DATA OFF - Toggle switch. When actuated, it 

disable• the auxiliary data reoor--Jti\g function. 

1-25 
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1. 9. 2 Left Front Panel 

The left front panel baa three sections. The top 1ec,tton 11 devoted 

mainly to status indicator,. The toiddle aectlon. contains the tape reader. 

1h1e bottom section ls the control panel. 

Top Section. A row of . elght indicatons ,aeros s the top of the panel 

(as shown ln Figure 11) illuminate approprlately to provide the operator 

with status lnfonnation. They have the followtng significance when illum­

inated: 

1) MAIN POWER - Power is connected to URP and MAIN POWER 

circuit breaker ,and MAIN POWER switch are ON. 

2) PRINT CYOLB ON - Ptt.nter 1• in the contact printing cycle. 
I 

3) AUX PRINT 01' ON - Printer 1•·-tn the awd.Uary data recotd .. 

in~ cycle. 
" 

4) MAIN PRINT LAMP - Main pi:tnt lamp is on. 

5) nLM LOW TRANS - Negative film transport haa1 been driven 
' 

almost to the end of the film caualng the automatic end-of-film seneln1 

atm and switch to dilial>le the ,film drtv,. 

6) nLM LOW C~ERA - Po•lttve fil'm supply 11 low. 

7) OVER EXPOSE S~P - Neg•Uv,e area under prtnt~r .11 too thin 
" 

for automatic expo1UJe co~peJ11at1nn to prevent overexpo•ure. 
I 

8) UNDER 'EXPOSURE ST9P - Negative area under printer i1 too 
• dense for automatic expoaure c:om~

1
nI~t1on to ptevent undere,q>01UN. 

Two counters ahcl ■evensl pontrot• and indicator■ are al10 on 

the top aectlon. They ~aV'• qte f~tQ\VtnCJ tuti0t1on1: 

1, PRIN'r' COVN''l'BR - l 11ponre1ettable, counter that acoumulatea 

the total n\,lmber of ~ frame• ~•.t. 

l-26 
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2) TAPE IHDE)( COWTER - A rie·aettable counter that accumulate■ 

the number of new 'M'R 1ull>t~i,1 JIIC_,Jd._ ~ 
I 

3) RESET - Actuator· ■,witch that resets the TAPE INDEX COUNTBR 

to zero when depre1,1ed . 

4) FILM SPEED ADJUST - Control knob to adjust the automatic 

control 1y•tem to po1lUve fll• .• tock of dlfbmnt 1en1tt!vtty. It chanv•• 

the exposure time over the full range from 1/2 to 5 seconds and simultane­

ou1ly changes the reference set PQlnt for the brt9htne11 control. The index 

numbers are arbitrary and must be related to a calibration chart for the film 

in u1e. 

5) FILM WIDTH - Control bution and indicator for 1el eotir.9 and . 

1howi119 the J)dnt format in use. When 58 11 illuminated, the 58 by 5,8mm 

printing maak 1hould be tin place. When 84 ll ·illuminated, the 58 by 84mm 

ma1k ■h()uld be in place. Dep1e11ln9 the button make■ a chanc,e in the cir­

oultl!y that oompen1ate1 the· automatic ex;po1ure control 1y1t11m for the differ­

ence in the illuminated area of the two ma1t1. In addition, the 1hutt•r tor 

expa1ln9 the UPIR card data 11 prevented from opent119 when this control ls 

set on 814. (Prtnttno ma1k1 mu1t be changed omnually.) 
. 

6J FILM STEP - Con~l button for manual control of film advance . 

Each time thl1 button is depre11ed and held for 5 1econd1, the po1tt1ve1 film 

stock adva.-.ce• one frame. 

7) LOAD1 nLM TRANS - Control button and indicator to pUt nega­

tive film tranaport 1y1tem into loadtnq conf!9urat1on. When the button l• 

depre11ed, lllwnlnaUng the tndiaator, the torque mo10r1, brake, film drive, 

and film cleaner are abut off to permit loacib19 or removing film. 

8) LOAD nLM CAMERA - Control button and 1nd1oator to put po1-

u1:v.- Wm t!ran1port 1y:1tem in camera tn~ 1.,41'-~ conf1Q'1ratlon. When t;he 

button ls depre11ed, Ulumlnatinq the Indicator, the camera maqazlne drive 

11 abut off to permit threading film through the camera. 
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Middle Section. The Remex tape reader and two toggle swite;hea 

are located on the middle section of the panel. The switches have the 

following function,: 

1) RUN LOAD - A two-po11Uon toggle switch. When set to 

LOAD, it disables the drive motor of the tape reader for loading. When 

aet to RUN, it allow a operation. 

2) POWER ON OFF - A two-posftion toggle switch that controls 

power to the tape reader. It must be 1et to ON for tape reader operation. 

Bottom Section. Several controls and indicators are located on 

the bottom section of the panel . The••e controls are for routine operations 

of the printer and are within reach of the operator when seated at the c·on­

sole. :they have the following functions: 

1) POWER ON - Pushbutton and indicator tC!> tum the URP on or 

off. Power is on when illuminated. 

2) REPRINT SELECTOR - Manually-set dial to control the number 

of automatic reprints of a selected TrR up to 25 reprints. 

3) P·R!NT CYCLE START - Pushbutton and indicator by which the 

operator 1tarts the print cycle after making necessary preparations. Once 

the print cycle is started by depresalng this button it will continue auto­

matically until the preset number of TTR chips has been exposed. 

4) PRINT CYCLE RESET - Pushbutton and indicator to stop re­

printing of a given TTR after the print cycle has started. When deprea1ed 

during a p:inting cycle, it will allow only that cycle to be completed and 

will then return the negative transport carriage to the out po1ition. 

5) SLEW CONTROL - Control knob for moving negative film in 

slew mode. When turned to the left it will move the film to the, left and 

when turned to the right it wilI move film to the right at fast IJ)eed. 

1-29 
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6) SCAN CONTROL - Conirol knob for moviq ~eQaUve Wm in 

scan mode. Operation 11 aimilar to the SLEW CONTROL c·ontrol knob. 'l'lll• 

control is used to move film at a slow creep for exact po1itionln9 in the X 

axis. 

1. 9. 3 Control Table (Figure 12) 

The control table has the footage Ci:ounter for the neqative film 

transport and the controls and indfcatora for the mensuration system. 

These controla and indicators have the following functions: 

1) +X and -X COUNTER - ~eae two four-digit oour¢era indicate 

the diatanpe to right or left {plu.a or minus) tbat, ti;ie pl'lnt fr~une has' b,en 

moYed frt0m the zero point. They read in inches and th.ouaandtha. 

2) X-AXIS - A spd.ng-loaded lever that can be actuated to right 

or left, driving the print frame in the corre11pondtng di~tlc,n along the X 

axis. 

3:) Y:-AXIS - A 1pri~o-l~~ed lever that Qan b~ ac~ated up or 

down, driving the pr:tnt ~m, in a cone1.pondin9 direotloii elong the Y axl1 . 

4) Y COUNTER - A four-dlqit counter that indicates the position 

of the print frame in the Y ax1 • . It read a in inohe1 and thousandths from 

a zero point above the field of the input negative, accumulating count as 
.I 

the print frame la moved down in the minus Y direcUcm. 

5) MA$1t - A puahbutt,on tb~t opemie, a, aol,enGtd to c:lamp the 

printiRQ ma-Jt against the neqatlve. 

6)1 FOOTAGE - A resettable four11g1t counter tbat m~su~• and 

record• the amount of negative film moved throuqh tJJ• transport system. 

It counts forwald in feet as film 11 movecit from Jett to rioht and counts 

back•onl a1 film la mov~ from right to 1,tt. 1'he cou~ter c~m be reset 

to a,ro byi raUi~ the control table ,a~, tu~no ill• ~n~ri•<I 11•••~ knob 

manually. 
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1. 9 .,4 Ml.1cellaneou1 Controls 

Ml1cellaneou1 control• In vart.oua paru of the URP have: the 

foUowlnt function■: 

1) Film Tran1port Manual Control SwUoh - 11w• toggle awltch 

i■ located ln the bottom of the rtght,-hand compartment of the film trans­

port a11embly. When actuated to the right during the fllm loading opera­

Uon, it will energize the film drive to the right and wind film onto the 

takeup ■pool. 

2) NetJaUve Fllm Takeup-Torque Potentiometer - Thia poten­

Uometer ta mounted at the back of the lower right-hand con1partment of 

the film tran■pon a11embly. It waa 1:et at. the factory for proper torque 

on the n99atJ:-.1e film takeup motor l!nd require■ no further adj,uatment. 

3). Diaphragm Control■ of Auxlllary Data Len••• - Each of the 

three au>dUary data recording len1e1 ha• a dla1>hragm ring to control the 

amwnt e>f Ught pa11ed by the lena. The rl'1g■ are marked with f number■. 

Ohangmv from o:ne f' number to the nm la1:9er f number will reduce the 

am0unt of Ught by one-half. 

!j ' ,, 



I 

, I 
I 
I 

... 

a q •• \iM cpsve ·•• w /'F If 
I I 

SECTION 2 

THEORY OF OPERATION 

I 

RM-138-65 

Ths Unit Record Printer la e11enUally a photographic contact 

printer with auxiliary data recording. It■' runcUon as a contact printer 

11 to hold a section of unexposed poeiUve film in intimate contact with 

a selected negative area while sufficient light la transmitted through the 

negative to expose the film. To meet the requirements for convenience, 

speed, and capability of the prtnter, the basic function la supp,lemented 

to provide for automatic advance of the po1tUve film stock, automatic • 

exposure control, automatic recording of acces1lon number and other sup­

portino data, precise location of the selected negatlve an,a, and automatic 

recycling of the exposure to produce up to 2'5 identical TTR'•. Theae 

extended oapabUities require con■iderable 1opbilt1catJ!on ln optical, elec­

tromechanical, and electronic a11embUe1. The operating principles of 

many of the■e aaaembUes are self evident or are covered adequately in 

the de1cription1 of the equipment in Section I . Theory of operation of 

the more complex items 11 covered here. 

2. 1 NEGATIVE FILM TRANSPORT (Schematic Diagrams .~.090851 and 4090852) 

The negative film transport 11 controlled by relays Al3Kl and Al3K2 

and the SLEW and SCAN CONTROL knoba on the front panel. When relay 

Al3Kl (the x-axis power relay) 11 energized, 1t applies 110 vac to the 

x-axis servo ampllfier and. right-hand torque motor A782 , and removes 

the -26 vdc from brake A3Ll on the right-hand film spool. Relay Al3K2 

(the x-axis slew relay) determines which solenoid in the two-speed gear 

box is energized. Relay Allll is energized when the x-a:xia slew control 

la operated, energizing slew aolenold A3L4. 
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The film-low 1wltohe1 on each ,film ■pool prevent x-axis power 

relay A13Kl from being energized l;>y the front panel controls. Theae 

switches can be overridden by enerc;,iz!ng FILM LOAD TRANS switch AlSl 1 

and operating AUX FILM DRIVE 1witc1', A3S5 . The AUX FILM DRIVE ewitch 

allows the Wm to be driven to the dght during film loa.dino. 

The x-error detector on circuit card A12A7 receives a signal from 

the x-axis tachometer and holds ln relay A13Kl until the transport speed 

has been reduced to zero. 

2. 2 MENSURATION SYSTEM (Schematic Diagram 4090853) 

The function of the mensuration system 1s to permit the operator 

to ■elect the area of the input ne~ative that is required for printing. The 

accuracy requirement■ are severe: image po■ition must be within •0. 001 

inch of nominal poIition as meatured at the displacement of the X and Y 

axe■ of the selected area with re1pect to the reference axes of the input 

negative. 

The X and Y (rete_rence) axes of the lnpu'.: negatt ~• are defined 

by the fiducial mark■ recorded on the four 1ide1 of the negative. The 

axe1 are the zero lines of the coordinate 1ystem used by the photointer·· 

preter■ to mea1ure the po1iUon1 of image points of intere1t that appear 

in the picture•. A croaa road, for e:,cample, appe~tino somewhat down 

and to the riqht of the center of a picture miqht have been measured and 

found to have coordinates of X • 1. 764 and Y • -0. 8~2 , meaninq that the 

center of the 01011 road• ia 1.164 inch to the right (etlono the X ax1,) and 

0.842 inch down (alono the Y axis) of the n99aUve. If a TTR chip were 

required of thi1 croI1 roa.da area it could be reqµe,ted and ldenUf1ed by 

the1e same values, meantnq that the image area of the TTR chip should 

t>.- centered on these coordinates. The ••• of the image area. of the TTR 
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chip are defined by fiducial cuts into the aldea of the thit, braaa frame that 

masks the printing area. These marks record on the TTR pdnt in the same 

manner aa the fiducial marks of the input. negative. 

Movement of the negative image 1n the X axl1 for proper place­

ment of the selected area in the printing freme la accompl11hed l!>y moving 

the fllm in transport. Movement in the Y axis for proper placement ls 

accomplished by moving the printing frame from front to back. The print­

ing frame can also be moved from side to alde (along the X axis of the 

negative) for mensuration, but it must be centered for the printing opera­

tion. The movement of the printing frame ls accomplished by a motor­

driven lead screw in each axis. The amount of movement 11 indicated by 

four-digit counters reading to one thou•andth of an inch and geared directly 

to the lead screw drive as described in Section 1. 3. 

The mensuration drive system con1lat1 of two small de motors, 

each producing movement in one of tile axes through a two-epeed gear 

drive and a lead screw. Operating either of the mensuration control levers 

on the control table applies -26 vdc to the respective motor, which drives 

the printing frame through the low a peed of the gear train. Direction of 

motor rotation and :result-printing frame movement is controllied by direc­

tion of operation of the control lever. Speed of movement of the printing 

frame 11 controlled by the range of movement of the lever. When the lever 

11 operated to the extreme po1ltion in either direction, the -26 vdc is also 

applied to a clutch that 1wltche1 the motor drive from the low-speed gear 

train to the htoh-1peed gear trclin, Four limit awltchea, one for each direc­

tion of each axis, 1hut off the drtve motor• when the printing frame ls driv­

en to the limit■ . 

The X axil of the men1uration system has the addit1onal feature 

of a detent bar at the center of tra·1el (zero position) . When the printing 
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frame 11 driven to the center pollition, the detent bar slide.a Into place, 

actuating the zero switch, A4S7 . The zero switch 11 an interlock and 

must be actuated before the automatio print cycle can be made to start . 

The mask switch appllea power to the two mask solenoids, A4Ll 

and A4L2, which l ower the prinUng maak into contact with the film . 

An interlock 11 provided by means of A3S7 A that remove a all -2 6 

vdc power from the mensuration system (except the mask 1olenoid1) when 

the negative film carriage 11 not ln the full out position. 'nlis interlock 
' 

prevents the printing mask from being moved during the printing operation. 

2 . 3 • FILM VIEWING llGHT BOX 

'nle ballast• for the fluoreacent tubes in the film viewing light 

box are on the floor of the riqht-hand compartment of the conaole. The 

lamps are normally on durint URP operatt,on but are tumed off automatically 

by print cycle start relay Al3X3 durinq the print oyole. They can be turned 

off manually by pulling out MENSURATION circuit breaker A6CB5. (See 

Lotlc Diaqram 4093507.) 

2. 4 MAIN ILLUMINATOR· (Schematic Diagram• 3090735 and 3093526) 

The, 250-watt mercury aro1 lamp in the main Uluminator ls powered 

from a special transformer ln the Uluminator power supply. T'ae input to 

the trana.fonner la regulated by a Sola t can1fonner. The meicury arc lamp 

is normally on during URP operation but O'an be turned ofr lf desired by 

pulling out MAIN ILLUM circuit breaker A6CB2. 

A photocell in the mal!n 1llum1nator assembly 1eapond1 to the lirJht 

from the lamp and, through the detector circuit on Al2Al0 (Diagram 309,0870), 

causes MAIN LAMP i'ndicator AlDS4 to illuminate on the front panel. 
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A sole.nold-operated shutter 11 located Just above the lamp. Shut­
ter operation 11 controlled by the logic circuit• of the automatic print cycle. 

Two neutral-denalty filter d11ka are located Just above the shutter. 
These dl1ka control the intensity of the llc;iht reaching the film during the 
print cycle and are driven by a de motor that ii In tum controlled by expo­
sure sequence controller Al2A9. 

2. 5 AUTOMATIC PRINT CYCLE (Schematic Dia9ram 4093507} 
The automatic print cycle la a relay-controlled operation initi~ted 

by closing PRINT CYCLE START switch Al SB. Once the cycle is started, 
the completion of each phase starts the next phase. Switching and control 
are provided by relays Al3K3 through Al3Kl5. The sequence of operations 
and the logf.c can be traced on Logic Diagram 4093507. The sequence is 
as follow■: 

1) Manual closure of PRINT CYCLE START switch AlA8 
2) Print cycle start relay Al3K3 eneroizea closing the motor 

circuit and drt ving the film carriage under the camera 
3) Shutter opens, initiating the expoaure sequence 
4) Exposure controller Al2X9 clo1es the motor circuit, driving 

the neutral density di1k1 to adjust the illumination level 
5) Shutter closes 

6) Light shield in camera opens 

7) Camera drives down and film . dvances first half frame 
8) Shutter opens and e:,cposure ti:- ,e delay begins 
9) Time delay ends and shutter closes 

10) Camera drives up and film advances second half frame 
11) Light shield closes 

I I 
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12) Auxiliary dat& print cycle relay Al3Kl2 enervlzea, opening 

auxiliary data baa utters, energizing lamps, and starting len1 drive for 

machine-readable code reconilng 

13) Lens drive moves lens through 28 exposure positions, step­

ping tape reader and expo1ing machine-readable code. At eT1d of travel, 

relay Al3Kl2 is deenerglzed closing shutters and deenergizing lamps 

14) If the desired number of prints has not been made, the cycle 

repeats from step 3. If the desired number of prints has been made, film 

carriage returns to full out position, lens drive returns to rear position, 

and tape steps to next accession number. 

2. 5 .1 Film CaMage Drive System (Schematic Diagram 4090850) 

The film carriage drive system operates in the following J\\anper. 

When the PRINT CYCLE START button ls depressed, an error signal appears 

at the input to the Y-axis aervoampllfler and is detected by Y-axis error 

detector Al2A7, which, in tum, energizes Y-axis error relay Al3K4. This 

relay releases Y-axis brake AJLl by applying power to it and also applies 

power to Y-axis servo amplifier ASAI, which energizes the drive motor 

and moves the film carriage in. When the carriage nears the proper posi­

tion under the camera, potentiometer A4R3 , mounted on the mensuration 

assembly, hits a fixed limit that causes the potentiometer to reduce the 

error signal. When the error signal is reduced to zero, relay Al3K4 is 

deenergized, removing power from the servoampl1f1er and allowing the 

brake to lock. An interlock prevents th4' 0arrtage from movinc;i unle1s the 

camera mechanism la in the raised position. 

Two overtravel limit switches ~e provided, one at each end of 

the film carriage travel, to atop the carriage if the servo error system 

fails. If either of the overtravel limit switches is actuated, relay Al3K4 

must be manually actuated to tetum the carrlac;ie to 1t1 opera tine, range. 
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2 . S . 2 Automatit i Exposure Control 

The automatic exposure control system adjusts the p.rtnting Ught 

to compensate for variaµons ln the average density of the input negatives 

to produce output prints of consistent average density. 

During the automatic print cycle after the film transport carriage 

has been positioned under the camera, the shu e r ln the main Ulumlnator 

opens, allowing the light to pass through the negative area to be printed 

and lmplnge on the auay of photocells mounted on the unde rside of the 

light shield ln the camera assembly. 

The light intensity ls adjusted automatically. The output from 

the photocells, which ls a 120-cps signal resulting from the o0-cps cur­

rent ln the lamp, ls amplified and flltered ln the photocell amplifier (Sche­

matic Diagram 3090734). The signal ls attenuated by potentiometer Al R3 

(connected to the FILM SPEED knob) am, fed to the e,cr,01ure ·ampllfler card 

(Al2A8 Schematic Diagram 4090732). There the signal ls further amplified, 

rectiHed, and compared with a fixed reference voltage of opposite polarity. 

If the difference between the rectified voltage from the photocells '\nd the 

reference voltage is greater than 0.25, one of the two reldys (depending 

on polarity) on the exposure sequence controller (Al2A£ of Schematic Dla­

~ram 3090733) is energized. These relays apply power to the motor that 

rotates the neutral density disks that control the illumination level being 

sensed by the photocells . 

While the Ulumination level ls belng adjusted, a circuit on Al2A9 

prevents the automatic print cycle from continuing. When the adjustment 

ls complete, the circuit allows the print cycle to continue and also pre­

vents the illumination level from being changed during the remainder of 

the cycle. 
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2. 5. J Reprint Selector 

The number of reprl.nt1 made during the automatic pnnt cycle 18 

controlled by REPRINT selector 1W1tch AlA2 on the front panel and a 2 6-

position 9tepplng switch (ASS7) located l n the system eldctrontoa ohaa111t1. 

The de1ired number of print.a 18 set on the REPRINT selector before initia­

ting the print cycle. Each position of the REPRINT a elector from 1 to 2 5 

corresponds to one position of stepping switch ASS7. Each time the cam­

era drive actuates to make a print, the stepping switch 11 ste1)Ped to the 

next position. When the stepping switch reaches the position correspond­

ing to the position selected by the REPRINT selector, a circuit is closed 

that energizes reprint complete relay Al3K6 , which then tenninates the 

automatic print sequence at the end of the current cycle. After the print 

cycle has been completed, the stepping switch is automatically returned 

to the starting posUion. 

The reprint selector may be set to any number from Oto 99. At 

the 0 setting, one print will be made. At any settJng over 2 5 , twenty-five 

prints will be made . 

2. 6 AUXUJARY DATA RECORDING 

Recording auxiliary data to identify and supplem.ent the photogra­

phic image on the Tl'R chip is an important function of the ORP. The data 

items that can be recorded and their locations on the Tl'R format are shown 

in Figures 13 a nd 14. The recording or the auxiliary data is accomplished 

as a separate step following the fUm advance after the image area has 

been contact printed. The film advance brings the auxiliary data area of 

the film into the recording platen of the contact printer assembly and holds 

it accurately ln the common focal plane of the three recording lenses. 

Printer logic then energizes the solenoids that open the Uc;iht shields over 

the reoorciing platen and initiate a the various recording functions. 
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2 . 6. 1 General Auxiliary Data, Recordln(J 

'nle trim line for cutting the unit record from the continuous strip 
of developed film is expoaed by a specltl lamp shining through a narrow 
slot in the recoroing platen. Reoordlnq ~e UPIR card, the north am>w, 
and the cla111flcation is a straightforward photographic operation compli­
cated only slightly by the mirror in the ~th. Recording the human-readable 
accession number is similar but requtrea five mirrors to orient and position 
the image on the film. 

Exposure time for each of the auxiliary records is limited by the 
recycling time of the printer and is fixed In the design of the machine. 
Exposure level is establist. ed by setting the diaphrar;ms of the recording 
lenses and must be adjusted when prtnt films of different sensitivity are 
loaded. 

2.6.2 Machine-Readable Code 

Recording the machine-readable code is far more complex than 
recording the oth~r data item,, since the code must be generated within 
the printer and then photographed seven bits (one character} at a time 
until all 28 characters have been recorded. The densities, bit spacings 
and 1tmensions, and positioning of the machine-readable code on the unit 
record are critical since the developed density and contrast of the unit 
record cannot be predicted with certainty and since the code must be redd 
by machines of unknown characteristics. 

Code Theory. To avoid mechanical complexity in the code reader, 
the code ts designed to be read with one awe' , of a light beam ir a atraight­
ltne scan modulating a photosen,or. The information is recovered by meas­
uring the time intervals between ltght-dark and dark-light transttlons. Thia 
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acheme, called phaae modulftt1on, ha1 con■tant averaqe den■ity from 

chan.oter to character, ■inc• eaeh obacter con•l•t• of bit■ that aN half 

light and half dart. Since the av•rave den■tty 11 independent of the infor­

mation encoded, only the variation■ in den■ity and their tran■ltion lntervall 

(which correspond to the ac 1t9nal co111iponent from the photo.1en1ora) need 

be oon■idered in dec.tpherinq the oode. '?he de component ii remcved by 

the ■canner circuitry, makinq the scanner independent of the average d-,n­

aity of the '?TR and the cc~tlon of the scanning 1y1tem. 

In pha1e modulation, each recorded bit t•• a tran1ition and a 

direction of tran1ition. The tran1ltion (dadc-to-light or Uqht-to-dark) 

OO,!ur1 at the center of each bit and it1 direction detennlne1 whether the 

bit 1hould be read aa a 1 or a O. In thli application, each character ha• 

■even bi t1; ■ix detennlne one coded character (out of a po.111ble 64) and 

the aeventh la a parity check. Bach aoce11lon number ha■ 2 7 alphanum1erlc 

oha.racter■; a 28th character recorded i1 a 1tart character. Althouvh the1 

code oeneralor will encode any combination of hole■ punched into the tape, 

the only character■ meanlnqful to the code reader will be thoae l11ted in 

Table 2. 

A 1paoe of 6. 35mm :t::O. 127mm by 52. 7mm 11 allotted on the unit 

record fonnat for the encoded aoce11lon number. The 28 character■ encoded 

by 7 bit1 each make 19·6 bit■ 1n the number. Each encoded bit extend■ the 

full width of the code, al"la, 6,. 3 5mm. The allocated width of each bit in 

the direction of ■oan la 0.269mm, but the bar or half bit 11 recorded in 

on y half that wid~. 

Code Conventiona. Binary code• for the character■ that comprl■e 

the unit record printer character set are qtven in Table 2. The code 11 a 

subaet of the ABCU code promulqated by ASA Standud No. A3. 4, wtth the 

parity bit adder in the moat ■ignifloant poaltion. 
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TAB;LE 2 

UNIT UOORD PRINTER CHA.RAC . ..A SIT AND QODE, 

Binary AlJ)hanumeric Binary Alphanumenc 

0 000 001 A 1 110•, 000 0 
0 000 010 B 0 110 001 1 
1 000 011 C 0 110 010 2 
0 000 100 D 1 110 011 3 
1 0010 101 E 0 110 100 4 
1 000 110 F 1 110 101 5 
0 000 111 G 1 110 110 6 

0 001 000 H 0 110 111 1 
1 001 001 I 0 111 000 8 
1 001 010 J 1 111 001 ~ 
0 001 011 1( 1 000 0:00 START 
1 001 100 L 0 lOO 010,0 ST()P 
0 001 101 M 0 111 110 LOWiR CASE 
0 001 110 N 1 111 100 UPPIROASE 
! 001 111 (), 1 101 101 CARNAGE RETUaN 
0 010 000 p 0 101 101 T"'UlATOR 
1 010 001 Q 0 111 011 COLOR SHIFT 
1 010 010 R 0 111 1.01 SPAOE 
0 010 011 s 0 011 111 BACK. SPACE 

• ' l 010 100 T 0 011 100 STOf TAPE READ, 
0 010 101 u o lQl 111 l OVEI\ 
0 010 110 V 1 011 101 - OVllJ\• 
1 010 111 w 1 101 110 . OVJ;IR , 
1 011 000 X 0 101 100 ? oV1'1 -
a 011 0011 y 1 111 111 DJ:LBTE 
0 011 010 z 

"' 
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The following arbitrary convention, have been eatabllahed in the 

u1e of th!• codlno- 1chen.ae: 

POSITIVE NE&TIV! 
RECORD REOORD 

Film Backoround: Lirht Duk 

Blna:ry "0": IJ9ht area fol - Dark area fol-
lowed by dark lowed by '.J.ght 

Binary "l "t Dark area fol- Ltght area fol-
lowed by llght lowed by dark 

These tran1ition dir ctions are in the directl,1n of the scan, which ls from 

ritJht to left (oppo1ite nonnal reading direction) . The ■canner reads the 

least aignifloant bit of the start character first and the parity blt of the 

most significant alphanumeric character la1t. The corresponding human­

readable identification, if aligned adjacent to the ccxJe, would read cor­

rect! y from 1 eft to right but the 1tart character would be at the right-hand 

~ud. 

2. 6. 3 Da~ Reoordb~q Control Sequence 

Bach tlme the oamera mechani, m 11 driven down to make a print, 

1et relay Al3Kl 1 11 energized. 'l'hl• n,lay provide■ the command to ■tart 

the printinq of auxiliary data when the contact print expo1ure 11 complete. 

When the camera meohani1m ri1e1, relay Al31C:l 1 provide.a a 119-

nal to energize auxiliary data print cycle relay Al3X:12. Thia relay ener­

gize• at thia time if one of two oondlt1on1 are met. The1e conditions are 

a1 follows: 

1) A STOP code 1• po11Uoned at Uie reading 1tot.lon of tape rea­

der AlAl, and the lent drive of the machine-readable code 9en rator la ln 

the forward po1itiQn ("~(,t the inaide wall of the camera). 
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2) A START code 11 po1lUoned at die readlnq po1itlon of the 
tape reader and the len• drive 11 at the back po1lUon. 

When relay A13Kl2 enerqizea, it open■ the three auxiliary data 
1hutter1, clamps the film in the auxiliary data platen, energize a the UPIR 
and human- readable acce11ion code lamp■ (through relay A14Kl, Schematic 
4090722) and enerqize1 code generator motor relay Al3K8. Rel ay Al3K8 
cau1e1 the code 9enerator motor to drive the code generator lens by means 
of a Geneva mechanism and a lead screw . A1 the lens steps from each 
position to the next, a signal is applied to tape reader AlAl, advancing 
the t.ape by one character. The seven outputs of the tape reader control 
the aeven code-generator mirrors through code generator driver cards Al2A2 
and Al2A3. At each poalUon of the lens, the flash tube in the auxiliary 
data a11embly la fired, exposin9 one character of the a'"'cession number. 
When the code qenerator lane reaches the last position, a signal is pro­
vided to stop detector Al2A4, which momentarily energize~ stop relay 
Al2A4Kl, which in tum deener;izes auxiliary data prtnt cycle relay Al3Kl2. 
If multiple print■ are being made, the cycle is repeated for each print; but 
on the even-numbered prints, the code generator lens 11 driven in reverse 
and the tape reader i1 5tepped in reverse. 

When the required reprints have been completed, reset auxiliary 
data relay Al3Kl5 is ener;ized . The relay causes the code generator lens 
to be driven back to 1t1 starting posiUon and also step■ the tape reader to 
the STOP character of the next accession number by means of the multivi­
brator on code qenerator control card Al2A5. Next-atart relay A13Kl4, 
which 11 energized durtnq the firat auxiUary data prir,t cycle, momentarily 
inhibit• the action of the STOP character detector and therefore in1ures 
thi,.! the tape reader will advance the tape to the next STOP code in order. 
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A circuit on ood• oene~tQr oo"troJ Qa~ A12A5 1erve1 to hold in na1et 

relay A131C15 until the len1 ha1 r,tumec;l to lt1 1tart1n9 po11Uon and the 

tape ha1 advanced to the next STOP oode. 

2-16 
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bBC'nON 3 

TECHNICAL DEVELOPMENT 

3. 1 INITIAL CONFIGURA'nON AND OAPABIUTY 

When the Houaton Pearle as portion of the prooram was initiated, 

the EN-77 con111ted of a main console and an electronics cabinet. The 

main console housed the input film transport and the camera, while the 

electronics cabinet housed the power supplies and moat of the power 

switching control components . 

The input film transport was essentially the same as was finally 

used. It consisted of a capstan drive system with alternating c:urrent tor­

que motors providing film tension. The film tl'8nsport mechanism was 

driven beneath the camera by a two-motor, two-speed drive system us­

ing a three-quarter horsepower motor for the main drive. 

The camera produced a contact print by driving the output film 

down into contact with the input film on the film transport. Film was in­

dexed in the camera by means of a sprocket hole punched at 100mm inter­

vals as the film moved through the camera. 

Orientation of the contact printed image on the output film chip 

could be controlled by rotating the camera through a full 360 degrees 

around the vertical axis. 

Auxiliary data was contact printed onto the film by inserting a 

previously prepared transparency of the desired auxiliary data into the 

camera each time the data changed. 

The following items summarize the capabilities of the EN-77 in 

its initial configuration: 

Input film transport 

3-1 

500 ft spool capacity 
70mm, 5 lnch, and 9. 5 inch width 

Tranapo~ speed• from l ft/min to 
100 ft/min 
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Measurement aCC"'lfacy 

Camera 

Exposure control 

Exposure illumination 

Auxiliary data printing 

3 • 2 CHANGE REQUIREMENTS 

Approximately 1/B inch 

Contact prints on 70mm film with 

orientation adjustable through 

360 degrees 

Automatic control to maintain 
density of output film chip 
constant (Operaticn was in­
adequate) 

Illumination source capable of 
printing onto S0-230 film from 

input negatives with density of 
2. 0 in 4 seconds or less 

Capable of printing from a man­
ually inserted film chip f the 
desired data 

The changes to be incorporated in the Unit Record Printer 

EN-77 (A) were defined in RADO Exhibit 5141 and ammenJed by RADO 

Letter 13442 dated February 27, 1964. These requirements are de­

scribed in the following paragraphs. 

3.2.1 Mensuration System 

Design and incorporates a mensuration system for the input 

negatives capable of measuring both the X and Y axes to an accuracy 

of 0. 001 inch. The mensuration device must be capable of establish­

ing the coordinate distances between the fiducial marks on the nega­

u ve and selected targets anywhere in the negative imQge area and 

must further be able to relate the1e coordinates to the fiducial marks 

of the output film chip to the sam• accuracy. 

3-2 
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3 . 2 . 2 Output Camera 
.... 
I 

Redeaign the output camera 10 thllt lt will bav the folloi.Ylng 

feature■ : 

1) Precision film advance 

2) Easy-threading magazine 

3) Provision for contact printing the selected a1-ea of the lnput 

negative and optically recording auxiliary d111ta lncludlnq an accession 

number in both machine readable and human readable fonn, the security 

claaaificatton, a north-pointing arrow, and the UPIR card (a block of 

t yped or printed lnfonnation) 

4) Provision for optically recording a mark on the margin of 

each output film chip to be used as a guide for cuttinq the chip from 

the continuous roll after development 

5) A device for oountinq the number of duplicate chips exposed 

(up to 25) 

6) An end-of-film wamino indicate:-:- for the output film stock 

7) Automatic exposure control 

8) An operating rate of 10 exposure cycles pe minute. 

Tho human-readable code in the auxiliary data block must pro­

vide for 2 7 alphanumeric characters. The UPIR card data block muat be 

recorded at a linear reduction of one seventh of the original. The nortt1-

pointing arrow must be manually controllable, and three leve!a of classi­

fication must be manually insertable . 

3. 2. 3 Code Generator 

I .. Develop a code generator for machine-readable code capable 

of producing a 2 7-character, 7 bit per character code on the film in 
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the fonn of opaque and transparent bars. The systAm must encode the 

same accession number as is recorded on the film chip in human­

readable form. 

3. 3 ANTICIPATED PROBLEM AREAS 

3.3.1 Mensuration System 

It was apparent that there would be a number of problem areas 

in the redesign of the mensuration system to meet the requirements. 

The following were the major items: 

1) Accuracy. The requirement for an accuracy of O. 001 inch 

in th& measurements is severe. The targets may lie anywhere in the 

~nput negative area of 9 by 18 or 9 by 24 inches and must be related 

to the ficucial marks of the outp~t chip as well as those of the input 

negative. 

2) Measurement Transfer. Moving the film and mensuration 

system from the measuring to the printing position without disturbing 

the relation between ther.1 requires an extremely stable electrical and 

mechanical system. 

3) Film Curl. Because of the limited space between the in­

put film carrtaga and the c.amera platen, film curl in the i.iput negative 

could be1 troublesome. 

4) Counters. High speed counters are required for the men­

suration system. Since the smallest. count is . 001, the counters will 

register 18, 000 counts over the longest measure distances of 18 inches. 

Even if the total scan period were five minutes (which is probably ex­

cessive) the counters will be operating at 3600 counts per minute,. a 

very high value. 
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5) Mensuration System Mounting. Mounting the mensuration 

Y-Y system requires a considerable amount of rework of the original 

transport. 

3. 3. 2 Output Camera Transport System and Magazine 

The film transport system for the output camera must be capable 

of moving the output film with sufficient accuracy to insure proper place­

ment of all the items recorded on the chip and proper mounting of the 

chip in the final frame without wa teful trimming. The accurate trans ­

portation of film that has no sprocket holes has ,., .-;:. ,s been a problem. 

The design of the magazine would require considerable st1.1dy 

to assure easy loading and threading. The success of the camera would 

depend partly on the design of the magazine. 

3 • 3 . 3 Code Generator 

The problems associated with producing a machine readable 

code on the film are related to the spacing accuracy required and the 

contrast between the light and dark areas·~ sYnce only one 7-bit 

c!laracter would be photographed at a time, the device whloh trans­

ports the character generator would be required to do so with consider­

able accuracy. The actual spacing deviation of succeeding parallel 

transl tions, 1. e. , one dark to light to the next dark to light. is +. 0 0 1 

inches, - . 002 inches. The deviation of nominal spacing of opposite 

tranai•lons, i. " . , one dark to l19ht to the next light to dark is +. 0005 

-. 001 inches from 1/2 bit to 1/2 bit. The optical densities required 

are: 

Light areas - 02 to 2. 00 

Dark areas - . 52 to 2. 50 
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The density spread between light and dark areas must fall 

between . SO and 1. ~O and the average transmission of the light areas 

must not exceed 12. 5 times the average transmission of the dark areas. 

In addition, the edge sharpness of the bits on the film defined by the 

width of the fall off from maximum to minimum densities at t"1e boundary 

of the dark and light areas must not exceed . 002 inches . The optical 

and 4lluminatlon systems required to achieve the prescribed configura­

tion are discussed in the section dealing with proposed solution. 

3. 4 PROPOSED SOLUTIONS 1'0 ANTICIPATED PROBLEMS 

3. 4. 1 Men::suration System 

The iollowing solutions were proposed for the anticipated prob­

lems in development of the mensuration system: 

1) Accuracy. To achieve the accuracy requirement of O. 001 

inch in measuring the pcsition of the. imagery in relation to a given 

position ln the original record, the equipment must be capable of an 

accurate least count measurement, and must retain this relationship 

during the recording phase. A measurement capaUlity of 0. 001 lmplies 

component parts accuracies exceeding this. 

The lead screw driving the X-Y table carTY1ng the mask with 

which measurements are made would need to be accurate to within . 0005 

in the 24 inch length. The lead screws should be provided with preloaded 

ball nuts and be mounted in preloaded bearings to preclude axial motion. 

The X-Y carriages must ride on ground stock, and be supported by preci­

sion bi9arings. The fixed support bearings must be opposed by spring 

loaded bearings to assure accurate registration. Since the measurement 
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accuracy will be a function only of the X-Y table accuracy instead of 

film travel accuracy, no difficulties beyond the u ual care required in 

designing this type of mechanism was anticipated. 

2) Transport. The transport system for the input material 

appeared to require no modification. Since the proposed mensuration 

system accuracy is not dependent upon film travel accuracy, the func­

tion of the transport system is to bring the desired nagatlve into posi­

tion and to remain stable during the recording period. If the transport 

were found to be u1\stable, electro-mechanical brakes could be added 

to immobilize it._ Figure 15 shows the proposed threading. 

3) Film Curl. Some difficulty had been experienced with the 

film transport system because the edge of the input film would curl up 

and catch the camera mask when the film transport system was moved 

under the output camera. Plastic bands, whfoh were added to the film 

transport, were ineffectual in preventing this difficulty. The proposed 

design for the mensuration system was to use rollers on both sides of 

th~ mask so that the significant area would be held flat. An alternate 

proposal would use a frame that could be lowered against the film and 

held during the recording cycle. ThJs arrangement would have the added 

advantage of immobilizing the film between mensuration and recording. 

4) Counters. As noted in Paragraph 3. 3. 1, the required count­

ing rate could easily approach 3600 counts pe:- minute during the mensura­

tion sequence. Since it seemed unlikely that a mechanical counter could 

be found that could be actuated at this speed, the alternatives were either 

to reduce the speed to accommodate the fastest mechanical counter (about 

2000 counts per minute) or to supply an electronic counter actuated by 

counts from an analog to diqital encoder. It we~ re,:ommended that the 

ruatomer be requested to epec,:fy a suitable traverse time to scan the 

entire illuminated area. 
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5) Mensuration System Mounting. The existing mensuration 

system consi ted of an X-Y coordinate drive system, a reticle and mag­

nifier, and means for accurately determining the loca'tion of the reticle 

in t he coordinate system . It was proposed to mount the mensuration 

syst,Jm directly on the existing input film transport so that X = 0 would 

define the location of the center of the output camera. For future refer­

ence the center of the output camera (X • 0 and Y = 0) was dP-fined as a 

:,oint contained in a line bisecting the film in the long dimension and 

1. 418 inches from the left si iJe of the TTR. This dimension bisects the 

57mm image in the vertical direction. For 84mm images, a special 

mask would be require,: which would place X = 0 at a position O. 531 

inches to the left of the center of the image. It should be noted that 

although the exhibit required that provisions be made fer accommodat­

ing 24 inches of film, the opening in the existing input film transport 

was only 18 inches long. 

3.4.2 Output Camera 

The proposeci design for the film transi.,..>rt system of the output 

camera was to have the capability for advancing the film in even incre-

ments of 100mm :t0.4mm. The film advance was to be accomplished with 

an accurate vertical drive mechanism that would unroll the required length 

of film from the supply roll. A braked drum would be permitt-?d to rotate 

during the down stroke by means of~ cam-actuated mechanism that would 

prevent motion during the return stroke. A torque motor on the takeup 

reel would wind the released film into the takeup magazine. A one-wJl\y 

clutch on the takeup side of the camera woul".! prev~nt film from being 

pulled from the takeup side. A port on the side of the camera wouid allow 

auxiliary information to be recorded opUcally on the film. The pressure 
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pad would assure film flatness. A new design was required for the maga-. 
zine to hold the supply and tal:eup reels. The magazine would need an 

end-of-film alarm, light shields, a friction clutch, and a torque motor 

for the takeup reel. The ent; ,·e camera assembly would need to be raised 

about 2 inches to allow rr.om for the mensuration assembly. The proposed 

threading diagram for the redesigned camera is shown in Figure lo. 

3.4.3 Machine-Readable Code Generator 

The proposal for generation the machine- readable codes was to 

use a mechanical device containing pivoted mirrors controlled by sole­

noids. The pi voted mirrors would be rotated in or out of the field depend-

lng on whether the binary l or O ls required. Since the accession number 

to be encoded consists of 27 alphanumeric characters plus a stc..,p code, 

and si:1ce ench character requires 14 half bits to record, it was obviously 

impractical to attempt to record the entire encoded number at one ti me. 

For examplo, if each blt were controlled by one relay, 7 times 28, t)r 

128 relay, would be required. To simplify the mechanism, lt was pro­

posed to record only one character at a time and move the code generator 

the required 28 steps ln even increments controlled by an ~ccurate Geneva 

mechanisrn. The solenoids that position the mirrors and the advancement 

of the Geneva mechanism would be controlled by a punched tape prepat.red 

in advance on the Flexowrtter typewriter that was part of t ne URP syst~·m. 

IUumlnatlon for recording the image of the codes was to be pm­

vi1ed by a tungsten ribbon fllam,3nt lamp mounted to move with the step·• 

ping mechant am so the correct lamp-to-mirror relationship would be 

maintained. UluminaU.on control would be provided either by a graduated 

snutter or by cpunter-1'9tating neutral-density wedges. Since the variable 
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TAKEUP CHAMBER 

PINCH ROLLERS 

IDLER ROLLER 

Figure 16. Threading Diagram for Positive Film 
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was film sensitivity, the rotating wedges could be driven to discrete 

positions by a manual input for film sensitivity. 

The required speed for code generation is governed by the 

specification requirement that the URP be capable of printing 10 TTR's 

- --~ .............. 

per minute, allowing 6 seconds per chip. Allowing l second for tran11-

porting film, the speed requirement for generatinH one character is 5/28= 

. 178 seconds/character. Since thi.s figure !nch.ades the time to transport 

the code generator, the actual printing time per character- may be closer 

to . 1 sec. The area to be illuminated consists of seven bits, 1. 75 long 

x . 52. The diagonal is 1. 82 inches. Thb corresponds to a f/2 con­

denser with 111 focal length. The flux collected in an f/2 lens 6ystem• 

5 
1.96 X 10 

4 X 
066

2 

12 X 
11 - = 
4 

1.1 lumens. 

This flux illuminates an area on the film of 

A a: 
l 
4 

X 
1,822 

12 
..L -5 

X 
49 

= 36 X 10 Sq. ft. 

Assuming a tral'7amission of 60 percent, the illumination on the film is 

I 111 .6x 
1. 1 

36 X 10-5 • 1833 lumens/sq. ft. 

Assuming an exposure requirement of 185 lumen-seconds per sq. ft., the 

illumination on the film 11 

1833 
10 183.3 

The illumination ls therefore adequate for film with a . 02 C rating. 

3-12 



------ -
RM-130-65 

3 • 4. 4 Human Readable Code Generator 

It was proposed that the human rGadable code be generated on 

+.he Flexowrtter at the same time that the tape is punched for the macrine 

readable code. There are several aitemate methods for riecording and 

employtng the human readable code. One method employs a two par t 

fonn, one of which i s a hard copy perforated approximately ev·ery one 

half inch. The required code is tom off this form, and the one half 

inch by two inch slip is inserted in the printer. Another method, which 

eliminates the po.ssibility of error, is to type the human readable mate­

rial on a two part form which is perfor:ated on both sides and consists 

of a continuous tape. The completed tape would b~ inserted into a drum 

mechanism that steps each time a new number is desired. [n spite of 

the increased cost, this meth,od appears to be the most satis.factory from 

the standpoint of operating ease and reliability. 

3. 4. 5 North ~ointlng Arrow 

It was proposed to rec•oro the north indicator on the bottom edge 

,of the chip immedlate1y bel,ow the UPIR ca·Id. The indicator would !be :set 

by a manually controlled knob on the control panel and a synchro follower 

moving a dlal on tile reflecting imag,e a·rea. The nortm-pointtng arrow 

would be photographed at 1/7X. .A.ssumlng that the recorded image ls 

2mm high, th.e overall ,size of the arrow would be 14mm. 

3.4.6 UPIR Card 

The UPIR card would be ph•.:>t011raphed at l/7X. It would be in­

serted on an ,easel acces,sible from the front. T.he location of the image 

would be 3mm to the left ,oft e :n1achine readable code and app,roximate1y 

18 .. lmm by 29. 03mm in slze. 

3-13 
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3. 4. 7 Classification 

It was planned that a manually operated classification designa­

tion photographed at 1/?X would consist of a rotating triangle wlth the 

various classifications printed on the sides. The classification device 

would be approximatE.1ly 14mm on one side and 40mm long. The i nfonna­

tlon consisting possib~'t of the words "classified", "secret", "top secret", 

would be white on a black background so as to reproduce black on the 

positive film chip. 

3. 4. 8 Dlumination 

Proposed illumination for the UPIR card,. classification level, 

human readable code, and north arrow would be provided by a General 

Electric H400R, 400 watt reflector meroury vapor l&mp providing 20,000 

integral lumens . 

Illumina,Uon for the film cutting marks would be provided by 

spot illundnattons. Illumination for the machine read ble code would 

be provided by a ribbon fih11ment tungsten lamp operating at 3 00 0° to 

3200°K. This lamp would be mounted on the movable carriage of tho 

code generator and pivoted to adjust for carriage travel by means of a 

wonn and raek drtve. The degJ1eee of pivoting required le determined 

by the amount of carriage travel and the conjugete distance. As,sum-. 
ing a 100mm f3. 6 lens at 1/7X the conjugate distances are 4. 56 and 

31. 92 inches. If the objective lens is centered on the carriage travel -

13. 72 inches, the maximum, angular adjustment for the lamp is 

7 
Tan & • 31.92 12-1/2 degrees 
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3. 4. 9 Exposure Control for Auxiliary Data 

Exposure control for the UPIR card, north arrow, human read­

able code, and classification index would use a manually operated 

neutral density filter turret. '!'he extent to which control trust be exer­

cised for this data will require exploration. At the present, 4 degrees 

of control with filters, and fine control by varying the lamp voltage seems 

adequate. Filters will be provided to control exposure with films varying 

in 11C" speed from .02 to .515, .515 to 1.010, 1.010 to 1;.t;\l5, 1.505 to 

2. 00. The maximum deviation from correct exposure will be 

2.247 

or an exposure r.!ifference of 162 meter candle seconds for a density of 

. 9 since the total exposed area 1 s one square foot and the exposure 

time ls . 1 second, the exposure error ls equivalent to 

!il. 
10.5 

x 10 = 1. 5 ft. candles 

3-15/-16 
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SECTION 4 

DEVELOPMENT PROGRESS 

4.1 DESIGN AND FABRICATION OF CABINET 

RM-130-65 

With the planned elimination of some of the bulky electronic 

equipment, it waa evident that the new electronic system could easily 

be packaged in the main console and the separate electronic cabinet 

eliminated. 

The console itself required modification to accept the new 

camera. A door was installed in the right-hand panel space to pennit 

loading the auxiliary data. A new table cover was installed to provide 

room underneath for the mensuration system. It was originally felt that 

these changes to the cabinet would be all that werd required, however, 

toward the end of the program, it was' found that a slightly deeper cab­

inet would have allowed printing from either border of the 9. 5-inch filni. 

(The equipment in: final configuration will print over an 8. 9-inch width 

instead of the full 9. 5-inch width.) 

4. 2 NEGA'nVE FILM TRANSPORT 

The negative film transport was constqered essent11,Jlly adequate 

for the system. Only one significant feature was changed. The original 

system d1d not actively maintain tension on the input film when the trans­

port was stopped, it merely braked the two reels. This arrangement was 

modified so that when the transport was stopped, only one reel was 

braked while the torque motor on the other reel maintained constant ten­

sion on the film. 
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4. 3 MENSURATION SYSTEM 

It was decided that to obtain the required accuracy of 0. 001 

inch, the measurement on the input f11m must be made with the mask 

that carried the fiducial marks that will record on the output film. Once 

the measurements have been made, the prints will be made without dis­

turbing the relation between the mask and the input film. In this way, 

the exact position of the image area on the output film is of no conse­

quence since the image of the fiducial marks and the actual imagery 

are always in exact agreement according to the measurements recorded. 

Precision ground stainless-steel rails were used to provide 

accurate guides for the print mask. The mask was supported by ball 

bearings riding on the precision rails and was driven by a small direct 

current motor through a precision gear train and a ball-bearing lead-

screw. 
In the interest of keeping the cost within limits, a mechanical 

counter was selected as a readout device. The only disadvantage b1 

using this type of counter is that it Umits the maximum speed of travel 

of the print mask to approximately 0.25 inches per second. 

A two-speed control was considered adequate for this applica­

tion: a high-speed for coarse positioning artd a very slow speed (less 

than O. OdS tnch per second) for fine positioning. 
The completed equipment showed an accuracy of 0. 0015 inches 

as opl)Osed to the specified requiremont of O. 001 inches. The accuracy 

was checked by attaching a dial ltr1dicator graduated in 0. 001 inch in­

crements to each ma and comparing the counter reading to the dial in-

dicator. 
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4.4 OUTPUT CAMERA 

After ln1pect1ng the original camera ., it was decided that an 

all new camera would have to be dea!grted. S;,eolfic deficiencies of 

the old oamem were inaccurate fllm metering, dlfflcul.t film loading, 

and no suitable means for adding the automated auxiliary data prin.t!ng 

feature. 

4. 4. 1 Magazine 

A simple two-chamber magazine similar to that used on other 

types of 701nm cameras was selected. A torque motor provided fllm 

take up and a slip clutch provides drag on the supply spool 

4 . 4. Z Film Metering 

The original redesign plan called for metering film by a preci­

sion pull-down mechanism (the same mechanism that 1'cmered the output 

film into contact printing position). This mechanism r ulled film from 

the supply spool on the down stroke and allowed the fUm to be take1,: 

up on the up stroJce. It was found, however, that this type of indexing 

did not move the film far enough ln one operation to brine, the contact 

print image into position for the adjacent printing of the auxiliary data. 

A new film metering system was designed that indexed the film by means 

of a capstan drive-roller driven by a 9'01 degree Geneva indexer. The in­

dexet advanced the film ln two steps, totaling 100mm for each e:,cposure. 

The indexing accumcy obtai~d was approximately O. 03 0 inch or O. 8mm. 

4. 4. 3 Maohln.e-Readable Code Generator 

Development of the machine-readable, eQde generator presented 

many problems before it was complete even though the final design used 
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the general configuration of the inital design (seven solenoid- operated 

mirrors and a stepped recording lens). 

Since the mirrors had to be adjacer:t to each other, they had a 

tendency to rub, causing wear and increased friction. The friction 

became a major problem since the size of the 1.1olenoids was Hmited by 

the mirror spacing. The problems were ultimatel y resolved by two mod­

ifications. The sides of the mirrors we1·e relieved behind the actual mh·­

ror surface and a brass shim washer equal 11\.thickness to the material 

removed was inserted in each of the spaces between the mirrors. With 

this ammgement, the mirrors rotated against the brass shim washers 

instead of each othe,r and the friction remained within acceptable llm:1.ts. 

The second modification involved increasing the voltage on the soler, olds 

by a factor of 6 for a brief period during which they are initially ener­

gizec:J. This arrangement gave the solenoids enough force to pull tn the 

mirrors quick! y but prevented overheating. 

lt had been planned originally to use a filament type lamp and 

a mechanical shutter to expose the mac~ne-readable code. However, 

no suitable shutter could be found tllat would operate at the required 

speed of seven Umes per second. A le,;,,non flash tube was then selected, 

eliminating the need for a shutter ~xcept between prints. 

4. 4. 4 Human-Re11dable Code ~cOl!der 

No practical m$ana could be found, within the scope of the con.­

tract, to fully automate the huntan •r~adable code reqord,r. However, 

since it would be necessary to manuaily- ihaeri' the UPIR card, align the 

north arrow, and set the-claaai,Scation, it was evident that the human-, 

readable code could, be1 ~dvanQed manually at ~e same ~me U a -~yped 
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list of the required numbers were provided. The llght •ource orlglnally 

planned for ext')()l1no the human-teadabl e code wa1 found to be Inade­

quate. The finul choice, a tung1tert .ioltde lamp, wa1 iniltalled and 

found to b very aattafactory. 

4. 4. S UPIR Card, North Arrow, and Claasiflcation Recorder 

Development of the UPIR recorder proceeded In a 1tral9ht­

forward mar. ner. Since the output print of the contact printed image 

was a11umed to be a positive reading correct!)~ from the emulsion rslde, 

lt was necessary to install a folding mirror ~n the optical path of the 

recorder 10 the image of the UPIR card would also read ccrrectly from 

the emulsion aide of the film . 

The original light source selected was ~ battery of four, 150-

watt photoflood lamps. However, it was found that ordinary 150-watt 

1ampa provided enough illumination, so they were lnatall.ed instead. 

4. 4. 6 Bxposure Control for th• Auxiliary Data 

Nd automatic expoaure cbntrol for the auxUiary data was con-­

aidered necessary ainc• the data to b• printed would be of oon1iatent 

reflectance and contra11t. The only variable i1 the sensitivity of the 

output film stock, and this can be compensated for by adjuatlno ~e 

diaphragm openings of the recording lenses during the initial setup of 

the printer. 
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SECTION 5 

CONCLUSIONS AND RECOMMENDATIONS 

The original concept of a tactical target record chip printer was 

demonstrated to be both feasible and practical. The addition of auxiliary 

data to the contact print was also shown to be feasible and with certain 

modifications to be qulte practical. The machine, as a whole, proved 

to be quite reliable. Many aspects of the machlne have proven to be 

useful for future designs, while some aspects should be investigated 

further. 

In particular, the inclusion of a hi9h accuracy measuring capa­

bility in the unit record printer should be reevaluated. This capability, 

while of esignificant value, sertous1y affects the fleMJ.billty of design, 

Increases the complexity of the machine resulting in a decrease in reli­

ability, and, to an extent, interferes wtth the primary function of the 

printer. Deleting the mei:isuring system would be ideal, but reducing 

the de.sired accuracy would provide some improvement. 

In the area of the auxiliary data, the printing of the machine­

readable code presents the greatest difficulty. It is recommended that 

the entire codtl format be reviewed the the problems of both high speed 

code printing and code reading considered in the light of recent exper­

ience. The amount of data recorded in the code should be kept to an 

absolute minimum to reduce the complexity of both the printing device 

and the reading device. The remainder of the auxiliary data should be 

reorganized to allow the printing of all data through a singJe optical 

system. 

Finally, the requirement for a contact pri.,it as· oppoeed ta an 
opt19al priht should be thoroughly examined. Contact printing imposes 



RM - 130-65 

severe limitations on the flexibility ~f tbe machine. For example, in 

an optical printer, the input film trans port would not have to be moved 

under the camera and the filra could be In full view at all times , which 

also greatly stmpUfiee the design of an effective mensuration system. 

Rotation of the image could be easily p110vided and insertion of auxiliary 

data would be greatly stmpllfied. 
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The tests conducted were somewhat restricted by the lack. of 

an adequate camera and by a poor selection of film. 'The camera em­

ployed was an oscllloscope type with an fl. 9 fixed focus lens. No 

variation in magnification r&tio was possible so all tests were approx­

imately 1:1. The fllm employed was Eastman Kodak 80-230, a very 

hiqh definition aerial duplicating tilm. 

It should be pointed out that the generated field to be photo-
.,. 

graphed should be made as small as possible to minimize the optical • 

reduction required for imaging on the film. The light power transmis­

sion through the optical system can be characterized by the equation 

• • • 2 [ -1 PM ] WO• k sin tan 2 (M+ l) 

where F • f number of the optical system and M = the image magnification 

accomplished by the optical system. i-' ugging some number~ into the 

equation, assuming an f2 lens, ~ud normalizing to 

W • 1 for M • 1 we obtain 
0 

M•l 
M• 1/4 
M• t/7 
M ~ 1/8 

1..-1 

W• l 
w- .1925 
W n • 078 
W• .061, 

J 
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":t can be seen that a character gen,erator design utllizlng a 7: 1 reduc­

tion in image size wUl require a:pproxlmately thirteen tlmes the llght 

of a system employing a 1: 1 optical system. 

The test targets utilized consisted of a very dense image of 

the machine readable code and an etched metal plate containing holes 

of various sizes and shapes. 

APPROACHES 
Three general approaches to generation of the unit record 

character code were investigated. These were: 

1) Electrolumlnescence 

2) Aperture di,sks 

3) Light ducts • 

Electroluminescent Displays 

Sev:eral exposures were made using S0-23v film and an elec-

troluminescent panel with the test target taped to the front of the panel. 

The panel was excited with an 800 cycle signal of approximately 400 

volt ampUtude peak to peak. Eight hundred cycles provided the hi,ghest 

Ught output from the panel employed and was used throughout the tests. 

Even With exposures as long as ten minutes and with a foroed lmage 

development only a thin image of the clear portions of the metal target 

was obtained. The dense machine readable code field could barely be 

seen on the ten minute exposure ,. It was obvious, therefore, that elec­

troluminescent panel-, do not provide an adequate amount of llght for 

printing on th11s very slow, blue sensitive fUm. 
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Mechanlet.al Pattern Generator 

A test setup was made to l ·nvesttwate an ,approaoh suggested 

by A. Le Grand. This character CJenerator con·sists of a qlasa diak: with 

all thlrty-1ix chamcters inscribed upon lt. A complete image fonnat, 

both machine and human readable, ls provided for every cham.cter with 

tha same character located in each of the 26 lnformatlon positions. This 

disk would operate in ,conjunction with~ second mask which would 

seleet which of the 2 6 Information position was to be printed. 

Tests were conducted using the test targets mounted 'i.o a disk 

which was rotated at approxlmately 115 rpm. The machlne reada.ble 

code was posittoned with the nec1re1t point ,of field located l. 7 inch.ea 

from the hub of the disk. This was calculated to be the minimum mdlua 

for locating the imac,e fields that all characters could be placed on one 

d.iak:. The lloht 1ource empl0y1ed was a Type 1531-A Strobotac wkich 

provides a 10° beamwidth of light rich in blue and UV. Energy input to 

the discharge tube employed 11 approximately • 45 watt seconds which 

qeneratea a tight pulse six microseconds lonq between 110 percent power 

poirta. The source was capable of being synchronized to the disk speed 

to provide a stationary image for multiple exposures. Several exposures 

were made utilizing a single flash of the lamp which display good image 

qual!ty especially when the density of the test ta~et is ta:ken intc:> ,con­

stderatlon . 

As a result of these tests it seerhs safe to include that the 

approach ouWne above 11 completely feasible. The use of a conti!l­

uously rotating character disk and a strobed llght 101.1rce •hiou.ld reduce 

botn the mechanical and electrical deeiCJD problems consldembly .. 
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Light Du.eta 

The final method inve1t19ated employs luclte or plexigl~•a 
< 

materials to transmit light from controlled light sources tc- the point 

where the Image fonnat is constructed. The main advantage of thls 
I 

system lies in the ability to 9enerate the desired display wlth no mov­

ing· parts and wi:th sufficient light ii;itensity to e~pose the slow copy 

film. The machine readable code can be generated using thin lucite 

strips for each segment of the code with a thin layer of reflecting 

material interspersed between adjacent segments 1 The human read­

able characters can be generated usi11g an eleven segment matri.x. for 

generating each character. It is obvious from the above description 
I 

that such a system capable of generating the entire code field at one 
I 

time would require a tremendous number of controlled light sources 

and attendant control circuits. I~ appears tlesirable to combin~ some 

mechanical infonnation position selection system with the character 
I, 

generatidn system to reduce the total number of light sources to a 

reason8bht number. 

Tests were conducted using . 030 ~lexi~las for the segm~nts 

with strips of . 00075 aluminum foU sandwiched betwe~q, adjacent ele-. ' 

ments to fonn a reflective bani.er layer. The strobc,acope gas dl$charge 
I 

Ught source Wl!IS ~gain employed so that a feel foi;- tltle relative transmis-

sio11 loss e:xperienced in the test setup of approach two and three could 

be obtained. Th~ near-UV ab11So~t1on chatacteristics of Plexiglass were 
' 

easily <llacemable in the teat resutts. Imac;1e density on tes~ nega~ve, 

for the type three ayat~m was consiqe@bly lea• than that obtaiped with 
' 

the t¥J)e two system exposing film throug)l the dense m~ohine ~adable 

code, tes,t target. However, an acceptable image was obtained with the· 

A-4 

. ' 

... 



.. 

RM-is0-65 

' 
type three te1t ■etup wlth a 1tnqle . 45 watt •ecdnd d11oha1"9e. Maxi• 

mum chtevable lmaoe den1tty wa1 obtained with orUy hto Uqht pul1es. 

Du to the extreme in1en1ltivtty of SO-2301 film tb 101\Q wave­

length light enerqy, the use of tncand:e1cent light 110Urde1 appears 

foredoomed to faUure, especially 1f lamps 1ia,1:1.ng ari mended 11ervice 

Ufa are used. The exception to the statement JMy be the tungsten 

iodide, lamp which operates at a high color temperature. lt appears that 

the most desirable light source, will tum out to be either the xenon gas 

discharge lamp or a cold cathode light source designed to provide a high 

UV output. 

POSSDLE SYSTEM CONFIGURATIONS 

''lhe attempt has been to conflqure a chataotet generation scheme 

whlo& would provide tHe de•ired re1ult1 at a minimum of exp•nse and com­

plexity'. An irilltlal conatderation ,Ja, to avoid any mechanical ~otion. if 

poasible to provide a completely atatib character generation scheme. The 

mo■t prombing method■, e,lectn>lumine•cent peneis OF clucted light em­

plQying separate lncanciescerit light sou.roe, for each ducrt W.led due to 

the inability of the liqht sourcl!ta td propedy . expose· the slow cdpy Olm. 

The approach fina1ly chosen assumes the use of a punched 1 

paper tape input. and a 11ngle line tape recorder. TJills choice" of lhput 

materlal ae•m• advt sable from both a ~oat and availability, standpoint. 

It 11 further pn,poaed that the eo8e fonnat be generatied on the film dne 

character at a time ualnc,, the tape ~der a• a alngle character lnfonna­
tion buff•r. The senal approa:eh td character oeneraUbn elimlnatea any 

requitenient for a ••nal to ~llel tnfonnation 1tora1e1 oapabUity ittthin 
the equipment. The main dra'tfback to the aerla! approacl1 111 th• ~nt~ 

required for the repetitive ~tinting operations. Since 21 characteta are 
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to be qenerated, a safe time fi«J1,1te for the I complete operation would be 

in the order of twelve aec:pnd•, or approximately two charaote,;s per 
I 

second. This t!me c,n probably ~e reduced by a factor of two as ex-

penence Is gained with the :Prototype equipment. 

Two approaches to thEI mechanics of characteJ:" generation sug­

gest themselves; one based upon approach two and the other on a~proach 

three. 

ROTATING DISK CHARACTER GEN~ TOR 

The disk character generator con'9ists of a high speed light 

source, a glas,s character disk, a chamcter position selecUon disk, 

and an qptical system for imaging the chairact•r field on the, film. 

·~e ~lght sourae1 sh'ould pe .dapable of providing abort pulses 

of ~i~ht having a hi1gh t>tue and W content. A likely sourde1 of su~h 
I ' 

Ugh~ eriergr ta the line xenon Baab tubes mall,ufactured by Edgerton, 

Germ~•Hauaen and Grt~r, Inc. Thesf tuibes are similar t0 the li~ht 

sduroe emp1loyed Ui the' t~11t p~ram. 

ffie ch~u11oter disk c?nsists of a ,glass badkinq plate with 36 1 • 

code fi,ld~i bc;>th hu~n anq mJ1chi~e rea~~b~e d.eposited upon i ,t. Each 

code fitdd 11 compos~ of a stng:l,e charaqter repeated in each ihforma­

tton pos1t1Qn. A11001~t-1, wtth e~oJt code field~• ~ second c~e field 

and an aas.Ci>dtated timln~ 
1
traclt which ls u~lized in the electroru.c: ohar­

~otu sei.,uon proc,11. Thia sel~otion ~• accomplished by oom~ring I 

the desired oharact111f c~• as prpvided by the tape ~der ~caaineil the 

alonals eman~thlg I~ ~e chaq,;~t•r' dls~. \Vhen a coincidence'• 
I I ' 

eJ~bUahed, th• tir!lin~ mark. ,asaooiatep \vitJi the de11red charaoter 
I 

f1re1 the a~e lamp, ,8:JFPO,1n9 '1le film. 
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The character poaiUon ■elecUon d,i1k provtde1 the means for 

1eleot1ng the po1it1on within the information format in which a particu­

lar character i■ printed. The cli1k ii divtded into thirty angular seg­

ments with a ■et of apertures for a particular poatuon in the lnfonnation 

field associated with each of 27 poaitiona. The remaining three p01i­

tion1 are not used. Thia division into 12° lncrementa was made to allow 

the use of a Slo-Syn stepping motor which 11 capable of stepping in 1. 8° 

increments with a non-cumulative poaitlonal aocutaoy of :J::0. 1°. A thi rd 

fixed aperture is associated with the, two disks described previously ao 

that only a single character is seen at the output of the optical system 

at any time. In operaUon, a 2 7 step counter controls the advance of 

the tape reader from the start code position and at the same time 1ndexes1 

the character position selection disk. The output of the tape reader 111 

compared with the signals read from the rotatihg character selection, disk 

and the1 light source fired when both the character position sel•ctiop disk 

and the character selection disk are properly od!ented behind the fixed 

ma•k. No mention has been made of verification and checkbaok circuits 

as yet.. For the prototype system it would, seem desirable to operate the 

ayat•m slowly enough so that sequential operation■ can take piece with­

C>Qt fear of timing or overlap problem•. The cheokback feature, can l)e 

added at e later date after the, basic syatem concept la1 checJced out. The 

main disadvantage to ti1e system outllned above lie,s in the cost of gen­

erating the two dlaks due to the high accuracy requirem,nts of th~, ays­

tem. Also, a problem arl,-ea in poait1onlng of the ~o disks in relation 

to eac .. other. One moUhU.ng method might be to u~lize the long sh~ft 

on the 1How-ayn motor used for the character position JelecUon disk as 

a mounting shaft for a cQncentrtc roller bearin9 supported character a,e-

1,ection disk and the rotor of the, associated driving motor. The stator 
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of the character 1eleot1c,n di•t dn-n motor would aleo be mountWJ con­

centric to the •haft but would hav•1 nd ~bntact wlth lt. Th dlQital in­

fonnatton and t1min9 track a11ooiatu with each code Beld would b• 

printed on the character 1eleoUon dt■k _., a ga:eater radius the.a ·th code 

field and p01ittoned 1uch that thJi• information could be scanned without 

interfering with the character generator optical •ysttetn. 

The second approach to die problem reUeves the mechanical 

accuracy problems inherent in the previous system by replacing the 

character selection disk with a 1y1tem of li\lht duc1!s and controlled 

ll9ht soul'.0••· Thi• aystem baa the disadvantage of requiring con­

siderably more light lnt•n•ity due to losses ln the plastic ducts but 

has the advantage of being able to uttHze a light source' other than 

the 1trobe1 lamp. Character generation 11 still ace(!)mpllaned onf char­

acter at a ume utllizlng- the dharacter position seleati.on. disk a11 de~ 

scribed ear1ter. Two approach•• are available, for generating a de aired 

charact•r', one of whloh employs multiple light sources and, 11 complete­

ly static while the ,eoond system cah employ a single: light' aource and 

a mechanical code 1e:lect1on 1yatem. 

For the 1taUc 1y1tem thf tourtetin d\lots aompttstno a character 

would have, their source ends fanned out hortzontaUy to provide a finished 

machine 11eadable array cons11t1ng of fourteen columns of 2 7 elemjnts 

each. E ch column would: be illunU!n11ted by a controlled Ught •outce 

whl~h ia switched on and ~ff by tl'le signals from the tape reader. More 

tolerance1 oould be 9$ed ln the aperture size on the character pd1ttton 

selecU<>n dbk by ,,..bdlvt.dlnc; tile 'column• of the n1:et and last character 

199ment1 into four Qblumne repre1entirt9 •van arid bdd, character po11-

uons wt thin the code frame. This would then allow the apertures to be 

A-8 

41 
I 

t 



9 •• 

RM-130-69 

made allghtly averal■e to a11ure tran1 ,11lon of• fuH character with­

out the i ~••lblUty of ll~ht leaJcaqe th~gh the flt1t and bllt 1egment1 

of ldjoirtlnq 1eqment1. 

The multlpllolty of Ught 1ourct11 required for th~ generation 

of the1 machine readable code can be replaced by a 1ingle source 1f a 

mechanical lntetpo;•r controlled by the 1lgnal information i1 provided 

for adJ1acent 1et1 of ducts so that when one duct 11 H1umina~ed the 

other i1 dark. 

The human readable code can be wenerated by' an eleven bar 

matr:lx of ltght duct•. Twenty-seven of the matrtce• would be, provided 

With llke elem~rtts of an 26 matr:t!cea ti~ together to one of eleven con­

trolled light sources. A code convetslori matri>e will ha ~vided to, con-

• vert the punched tape code into the infonnation required to control the 

Ulwbination of various segments of the matrix. Generatlon of ttie human 

teadable obde i1 the same regardle111 of the method ,mployed for genera­

tion df the machine readable code. 
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• APPENDIX I 

IN-77 SOHEMATIC DIAGRAMS 

The following schematic diagram■ are suppll d with this report 

aa an aid in following the discussion of theory of operation. 

409072 5 Start and Stop Detector• A.12Al 

3090726 Code Generator Driv•ra Al2'A2 

3090727 

3090728 

3090729 

3090730 

3090731 

4og,01a2 

3090733 

3090734 

3090735 

309073'6 

30901748 

30901769 

3,090870 

3093526 

4090850 

4090851 

4090852 

4090853 

4093507 

5090737 

4090722 

Code Generator Drivers A12A3 

Motor Run and Stop Relays A12A4 

Code Generator Oontrol Al2A5 

Auxiliary Data Print Cycle Oirouit A12A6 

Y-Axil Enor Detector A1ZA7 

Expo1ure Amplifier Al2.AB 

bpoaure Sequence Controller A12A9 

Photocell AIQplifiet 

Main Illumination C'ha11i1 AS 

Main Power Cha1,1i1 A& 

Power Supply ::1:18, VDC 

Voltage bgulator :1:18 VDC 

Lamp Detector• A12A10 

Illuminator Power Supply 

Y-Ald• ·Drive Syetem 

X-Axl• Drive Sy■tem A7 

X-Axl• Film Drive 

Men•uratlon Syatem A4 

LC>Qic Diagram (Seven Sheet,) 

Sy1tem Eledtronl01 AS 

Auxiliary Data Elec ~ Ali 
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Thls do c umen t ;~ subject to spe c ial export con trols a nd ea ch trans­
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to foreign goverrments or foreign nationals may be made only 

• r approval of ~ome Alr Development Center (EMLilGr iffi ss AF , 

II, ll"OMIOIIINO 11111.ITAlll'r AC'l'IVITY 

Rome Air Developme nt Center 
Griffiss AFB , NY 13440 

The EN - 77 Un:t Record Pr i n ter was or iglna l ly developed with c app 

ab l llty for contact prlnt l ng from Input negatives and li mited capa·· 

bl l ity for me nsuration on the lnput negatives and for record in g 

aux ll iary data. The output film c onsisted of exposed leng t hs of 

unperforated 70mm pr in t fllm to be developed and c ut i nto Tacticel 

Target Record <TTR) chi ps. 
The task covered by thls r eport was to redesign and rework the 

unit record printer to gi ve f t substantially inc reased capability 

in the area s of m9nsu ra tio n ond aux: I iary da t a recording and to 

make I t more rellable end mor e convenient ln operation, 

Sect ion l of th report des crib es the f in a 1 confi guration of the 

reworked printer, ii l ustrates al I the major components and control s 

and des c ribes i ts cape b ilitles. Section 2 presents th theory of 

operation o f the pr in te r as a whole a nd of eech meJor fun c tion al 

subsystem and des cri bes the automatically contro ll ed s qu,nce o f 

operation In the pr intln g c y~ le wi th ea ch function ref renced tot~ 

detailed logTc diagram bound ln Appendix B of the report. Secti on 

3 dis c usses the ch a nges that are required by con trac t to brlng the 

printer to its new config~rat~on and describes th e methods proposed 

to ac h ieve the performan c e ~oais. Section 4 describes the progress 

of the d ~v elopment, the problems that were uncovered, and the solu­

tions that were incor poritte d in th e final con figuration. {Over) 

"-----·"':":~~------------------------------' DD 1~!!~. 1:473 Unclaaslf.ed 
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Appendix A is a ,· e:search report on initial studies of approaches to 

the problem of recording the mach:ne and human-readable codes on the 

output fllm, Appendil< B conta:ns al I the schemat:c d:agrama of the 

pr:ntor. 
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