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ABSTRACT 

This report summarizes technical details of work performed at 
The Ohio State University ElectroScience Laboratory during the period 
8 October 1971 to 8 January 1972. 

The 2-channel infrared scanning, display, and recording system for 
measurement of rapidly varying atmospheric effects on image transmission 
and for experiments in image restoration has been completed and successfully 
tested. This report provides complete documentation for this system in- 
cluding a general description, specifications, installation and operating 
procedures, theory of operation, logic and wiring diagrams, and alignment 
and maintenance procedures. 

This system is now ready for delivery to RADC where initial experiments 
are to be performed in which atmospherically degraded image:; of a pair of 
point sources are to be recorded. The resulting data will then be processed 
at OSU for image restoration and for determination of atmospheric MTF and 
isoplanatic patch size for various atmospheric conditions. 
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I.  INTRODUCTION 

0„+-J
h!iS..TS thf.sixth technical report on Contract No. F30602-70-C-0003 

entitled "Investigation of 10.6 Micron Propagation Phenomena." and covers 
the penod 8 October 1971 to 8 January 1972. 

This program initially provided theoretical backup to the RADC 
Sn Jhe st^S^f10?1 Pr°Pa?atJon Studies ^grm  and is^urrenlly centered 
on the study of atmosphenc imaging and restoration of atmospherically 
degraded images at 10.6 microns. The general aim is to provide initial 
iniSl d^/n^rfi0"' t0*eterm™e  Potential problems, and to obtain 
IVill       :a USef^  for Pr^m™*ry  systems design. For this purpose 
^nd SI^PH wMrh"1"?! recordin9' ^d d1?play system has been completed 
silufnoouol »t J1J feCOrd' in dl9itJ

al format' two 10-6 micron images 
sMnmpn? ?n Jfln? I     ^f^  PerL

second- This system is now ready for 
rh Son + ? 

mC  W5ere 1t 1S t0 be used with the RADC 16 inch Boller- 
a vari^^fn^Sr^00'^"9 ^spherically degraded laser beams for 
HJ! -^ S propagation paths and atmospheric conditions. The resultinq 
data will be returned to the Ohio State University ElectroScience 
Laboratory for computer analysis to determine atmospheric MTF and 
A d?tJnnliShJJfcCl«3 H?: ?nd t0 frf0nT1 exPeriments in image restoration. 
tJtlll  ?layback ^d display system interfaced with the ESL data processing 
system is currently being implemented for this purpose. Details of the 
nS-r"'5 Tt  Sl,brquent data ana1ysis to be performed as we Is 
oflZZl daha '"K reSU tS 0bta1ned du^"n9 tests of ^og  portions of the system have been given previously.1,2.3 

u fun! HI^'^T- inJu
rare<i  scanning, display, and recording system 

rnnL ic document?d,in the remaining chapters of this report. Chapter II 
contains a general description and specifications for the system, in- 
f^ r^n^V"0 bl0Ck dia9rarns- ChaPter m  conta ns in tructions 
2rh ^J^riS" and °Peration of the system. The theory of operation of 
trlLll? 0t tfe SySlm 1S 9iven in ChaPter IV with reference to the schematic, logic, and timing diagrams of Appendix I. Chapter V is a 
summary  Appendices II and III give additional details on sync signals 
nTrZft  f0r H"Channe1 multiPlexed operation, and on scanning disc9 
parameters and scanning sequence, respectively; while Appendix IV gives 
alignment and maintenance instructions. HI^MUIA  gives 

II. DESCRIPTION AND SPECIFICATIONS 

The dual-channel 10.6 micron imaging system (see Fig. 1) consists 

SlDC   ifinr^Rni?115^3  '"Tf  ^^  deSi9ned  f0r ^"^"9  to  the RADC 16- nch Bo ler-Chivens telescope or other suitable primary ootics) 
earner0 oSpJhp16 fJ^lJ1"9 a,comPlete set of remote control fo^the^ 

dUnul lnVfl   LTth  vldP?.and sync circuitry, encoders, decoders and 
display units, and a magnetic tape recorder. The system is basically 
mirrnn^han>l hl9h.sPeed I^P6 scanning system operating at J"y 

microns, with provisions for magnetic tape recording and playback, 
and visual CRT display of the received infrared images. System 



Fig. 1. Photograph of the 10.6 micron imaging system. 
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speci^cations are summarized in Table I, and a block diagram of the 
system   s g1Ven in Fig   2 which should be used in conjunction with 
the following description of overall  system operation 

A.    Scanner System 

„h^h L   * "PP^.16^ ?f Fi9- 2 is depicted the basic experiment for 
?nl Inn?? S{-tem 1S ?esi9ned1f «though it can be used equally well for 
oryt!5P ]'a^0n re^lV^ the reception, recording, and display of one 
of the   SL fsee^nr1?? ^t™** imaqes with1n the cajabili fes in Jne.systeP (see Table I).    For the experiment shown, the outout of a 
10 6 micron laser is split into two beams which propagate th?ouSh the 
SSr^J^f ima9e?' aS tW0 atmospherically degraded Ai^ydisc 
patterns, at the image plane of the primary receiving optics     Here 

ee^rVfoVSnl byHmeanS 0f tW0 m°vable cor^refl^ctors 
iositinS^n 1^- 1S) and are refocused by suitable magnifying and positioning optics onto opposite sides of the scanning disc. 

is aiJen^n^V16?^ % 0?tl"Ca1  system for Channe1 B of the system 
If VI \'    Vg; 4-    The optlcal  astern for Channel A is located to the left 
of a vertical  plane containing the scanning disc axis and is the m?rror 
fS ?Lthat Sh0Wni. A11 0ptical  components of the   y tern except Jor the 
fed   enses are gold-coated reflective, hence by changing detectors and 
£nI?ÄeS th%s"n"er may be used at other wavelengths if desi?ed 
conJrn     wM?! V-l-2' ^ 4 may be rmote]y sele^ed via stepp ng motor 
SSJ^l: f 1e addlt]onal stepping motors are provided for vertical and 
rlAlrflll ima9e Posltlon^g. translation of the image separator?orner 
nnt ^^U^AS1: lnserting cross-hair alignment targets Into the 
ÄreP;iohuslyA?3!4t10nal detailS 0f the ^t?cal ^ ^™ 

« thIte+!
Ca-nin9 dlSC co"tains two identical  sets of scanning apertures 

so that two images focused on opposite sides of the disc nwv be sc»nnpd 
simultaneously     The disc rotates at 6000 RPM and scans two comnlete 
ZTlir- revolu^on P^^ng a scanning rate of 2oS frames pei second 
Scnf^h

+
ima9e-. T,he SCannin?5 fomat used is illustrated in Fig    5 with 

SoMnht0 a;-ld??1  Square imge t0 be scan"ed Projected onto the d^sc 
f xSd «diriJC;lly SCanned lines are sli9htly curved because of the 
[Innfh en 1.°! Jhe.scanning apertures, all  scanning lines are of equal 
S nf .thJ- honzonia; ^"es in the scanned image are preserved and 

{hat l^Lrr^3n.nCoU?ed b/ the.scanni-"g Process is minimized     Note   ' that linear and angular dimensions are exaggerated in Fig   5 for ournn^ 

U rnn!^LfK0m e!9h^mage Passing through the scanning disc apertures 

Perry »de, 604 prea.pfifter. «"^-.Uo 1^     d'es'        «nj' rö? c L' 
b as clrcu t for the detector, and is then amplified byvarabfeaa^n 
video »npllflors and applied via a channel selector swUch as 1«lns?ty 



TABLE I 
SCANNING DETECTOR SPECIFICATIONS 

Primary Optics 

Aperture 

f' 

Secondary Optics 

Magnification 

Image Channels 

Frame Rate 

Resolution 

Image Size 

Scanning Aperture Dia. 

Disc Radius 

Rotation Speed 

Detector Type 

Detector Area 

D* (at 10.6 microns) 

S/N for 2 mw Incident Power 

Diffraction Limited Spot 

Turbulence Degraded Spot 

Power Requirements: 

Control Console 

Scanner Unit 

RADC Boiler Chivens Telescope (Reflective) 

40 cm 

18 

Gold coated reflective (off axis parabolas) 

1, 2, or 4 (externally selectable) 

2 

200 frames/sec 

40 x 40 elements 

8 mm x 8 rrni 

0.2 mm 

12.7 cm 

6000 RPM 

Cd Hg Te 

6 mm 

1010 cm Hzh W"1 

^50 dB 

%30 dB 

120 v., 60 Hz. 1 phase, 15 amps. max. 

120 v., 60 Hz, 1 phase, 10 amps, max, and 
120/208 v., 400 Hz (±5%), 3 phase, 3 amps. 

Recorder (Ampex FR 1400)   120 v., 60 Hz, 1 phase 

Dry Nitrogen for Detector Cooling: 1000-1500 psi 

Magnetic Tape Scotch Cat. No. 888-^-9200 IR, or equivalent 

! 

:.i 

! 

[J 

I 
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modulation for the scanner mounted display scope. Additional video 
amplifiers, with remote gain controls located in the control console are 
^MP

35
 
VHdr lin.e Vir  f°r aPProx1^tely 100 ft. of 9^ ohm coaxial 

cable used to conduct the video signals to the control console. 

INCIDENT   IMAGES    (WIDELY    SPACED) 

\y INCIDENT    IMAGES 
(CLOSELY  SPACED) VI 

MOVABLE CORNER 
REFLECTORS 

Fig. 3. Image separator. 

Synchronizing signals for controlling the digitization of the 
video signals prior to recording and for generating a raster for 
reconstruction and visual display of the scanned images are produced 
by the sync generators of Fig. 2. Additional details of the synchroni- 
zatlon system are shown in Fig. 6 and have been described previously.3.5 

rH«r c^SkfrjJ5 9?!??rated by Projecting two 20-line reticles onto the 
ill*  ?h. ?nLtheX •l11 be S.C?n[!ed by the same set of apertures used to scan the infrared images. Light from these reticles passing throuah the 
w^dnn^n9raSh:.tUre?^r^UCe.pulses 1n the outPuts of tSeJJSS and odd *Z rU  P^J^^^P'ier detectors which are then sharpened, shortened 
and combined to form the channel A word sync pulse train  Channel B 
on^h^r^5 the.n 0bta^ed fr0m Channel A word sync v  i d  Je ual to one haU the word spacing of the shortest (outemost) raster line. 



400 mm OR 800 mm 
PARABOLA  FOR 

MAGNIFICATIONS 2:18 4:1 

20^ PARABOLIC  MIRROR^^ 
(200mm F.L. FOR IM MAG.) 

INCIDENT 
BEAM 

CORNER 
REFLECTOR 

li! PARABOLIC MIRROR 
F.L.« 200mm 

Cd HgTe 
DETECTOR 

Fig. 4.    Functional  view of the Channel B optical system. 



SCANNING DISC 

SCANNING FORMAT (SOLID LINES) 

PROTECTED IMAGE (DASHED LINES) 

Fig. 5. Scanning format. 

Line, frame, and disc sync, pulses are generated similarly by a 
3-line projected reticle and photomultiplier operating in conjunction with 
the scanning apertures (for line sync) and three additional apertures (for 
frame and disc sync) located near the edge of the scanning disc. Since line, 
frame and disc sync are all generated by the same detector they appear 
multiplexed at the detector output and must be separated before use. 
This is accomplished by suitable logic circuits (see sync separator. 
Chapter IV). 

Word sync, line sync, and frame sync signals are then applied to the 
raster generator which generates a digital x-y raster for visual display of 
the received video image on the scanner-mounted display scope. The Channel 
A word sync pulse train and the multiplexed line, frame, and disc sync pulse 
train are each applied to digital line drivers and transmitted via 100 ft. 
93 ohm coaxial cables to the control console. 

. t 
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LINE, FRAME 
AND DISC 
SYNC. 
PROJECTOR 

P.M. DETECTOR 

/ 
LINE, FRAME AND 

DISC  SYNC. 

SCANNING 
DISC 

WORD SYNC 
PROJECTOR 

EVEN WORD 
SYNC. 

P.M. DETECTORS 

ODD WORD 

SYNC. 

CHAN. A WORD SYNC. 
CHAN. B WORD SYNC. 
LINE SYNC. 
FRAME SYNC. 
DISC SYNC. 

Fig. 6.    Scanner synchronization system. 

B.   Control Console, Recorder, and Display 

Sync signals from the scanner are applied to line receivers in the 
control console and then to the sync separator and B-sync generator which 
provide separate output signals for Channel A and Channel B word sync, 
line sync, frame sync, and disc sync for use throughout tne console as 
shown in Fig. 2. 



The channel A and Channel B video signals arriving at the console 
from the scanner are separately amplified and matched to low-pass filters 
which eliminate excess noise outside the passband of the video signals 
prior to sampling. These amplifiers have hi-lo gain switches which, 
together with the console mounted gain controls for the video amplifiers 
in the scanner, permit the video levels to be set for optimum utilization 
of the analog-to-digital conversion capability of the system. The video 
signals are then multiplexed so that a single A/D converter may be used 
fur both channels, and are sampled and digitized to 8-bit accuracy. They 
are then separated by the digital demultiplexer which supplies separate 
A channel and B channel video in parallel digital form (i.e., on 8 parallel 
data lines) to the remaining circuitry which, except for a common clock, 
is essentially duplicated for the two channels. The digital demultiplexer 
also drives A channel and B channel video level indicators which indicate 
full scale output from the A/D converter and thus permit the video gain 
controls mentioned above to be properly adjusted. 

Recording digital data on parallel tracks of magnetic tape at the 
required data rate is not feasible at present because the dynamic skew 
between data tracks of state-of-the-art recorders would be greater than 
the bit spacing. Consequently, a serial digital recording technique 
which has recently been developed and is capable of handling the re- 
quired data rate on a single track of an instrumentation tape recorder 
is used.6 This technique utilizes the Miller code to eliminate the 
requirement for dc response, to match the spectral density of the 
signal to that provided by a conventional direct-record channel, and 
to permit extraction of a data clock for decoding from the recorded 
data. 

For use with this system, the parallel digital output of the A/D 
converter must be changed to serial form and the sync pulses required 
for reconstructing the image upon playback must be inserted into the 
serial data stream since dynamic skew limitations do not permit these 
to be recorded on a separate channel. The sync pulses must be uniquely 
coded so that they may be extracted from the video data at playback. 
These tasks are accomplished by the parallel input serial output encoder 
of Fig. 2. 

If samples were taken at equal time intervals the scanning lines 
would be of unequal length since the scanning disc apertures at dif- 
ferent radii sweep out equal angles (e) rather than equal length (h) 
in a given time (see Fig. 5). To obtain scanning lines of equal 
length different sampling intervals must therefore be used for each image 
line. Thus the data samples from the A/D converter are asychronous with 
respect to a fixed-frequency clock, but since the Miller code recording 
technique works best with synchronous data the encoder contains suf- 
ficient temporary storage and an appropriate clocking system to convert 
the asynchronous parallel input to a synchronous serial output together 
with a data clock required by the Miller code system. 
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Since the high density (22.6 K bits/in.) recording system used has 
a non-zero (approximately 1 in 106) error probability which could de- 
teriorate with misalignment, dirty, magnetized, or worn recording or 
reproduce heads, dirty or defective tape, or other reasons, it may be 
desirable to check the error rate from time to time. For this purpose 
a mode selector has been provided which permits recording either 8 data 
bits per word or 7 data bits plus parity. The encoder substitutes a 
parity check bit for the least significant data bit when the parity 
mode is selected and also modifies the code used for frame sync so 
that the mode used during recording can be automatically determined 
by the decoder during playback of the data tape. 

Details of the serial coding technique used and of the Miller code 
are illustrated by Figs. 7 and 8, respectively, and have been discussed 
previously.5,6 

The serial binary NRZ (non-return to zero) data stream and the data 
clock from the parallel input serial output encoder are «PPlJed jvia 

U drivers and 93 ohm coaxial cables not shown in Fig. 2) to the Miller 
code encoder which is located inside the Ampex FR 1400 tape recorder. 
The output of this encoder is then recorded at 120 ips tape speed on 
a single direct record channel as mentioned above. In addition to the 
two recorded data tracks (Channel B is separate from, but identical to, 
channel A described above — see Fig. 2) a 200 KHz sinusoidal synchro- 
nizing signal supplied by a crystal oscillator (installed in the tape 
recorder Miller code electronics card cage) is also recorded on a third 
track. This signal permits tape speed servo control to be used when a 
tape recorded on this system (normally located at RADC) is Play«« back on 

li a second recorder (to be located at 0SU for data analysis) thus eliminating 
errors which could otherwise be introduced by variations in tape speed 
between recording and playback. 

A remote control panel (not shown in Fig. 2) is included in the 
f control console so that the recorder may be operated from the console. 

Relays in this panel furnish record and playback off/on logic signals 
needed by the encoders and decoders. 

During playback, the Miller code decoder located in the recorder 
extracts the data clock from the recorded data, converts the Miller coded 
data to NRZ binary form, and sands these signals via drivers and 93 ohm 
coaxial cable to the serial data decoder located in the control console. 
This decoder extracts frame, line, and word sync pulses from the serial 
data stream, converts the serial data to parallel digital form, determines 
what recording mode has been used, and, if the parity check mode was 
used, provides a signal to illuminate the parity mode indicator and activate 
the parity checker which is incorporated in the decoder. Each time a 
parity error is detected an outout pulse is generated causing the parity 
error indicator to blink thus giving a visual indication of the presence 
and relative rate of occurrence of errors introduced during the recording 
or playback process. 
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NRZ 
DATA 

I   01   0000001   I   001 
i    I    l    I    I    |    I    I    I    •>    ■    I    I    | 

I    I    l    '    I _rui 
MINIMUM        PEAK  SPECTRAL 

BANDWIDTH      DENSITY  AT 

DC   TO 0.75 f DC 

O.SfTO 0.75f   0.375f 

MILLER CODE DEFINITION 

I - TRANSITION IN CENTER OF BIT CELL 

00-TRANSITION AT END OF |ll o'S BIT CELL 

Fig. 8. Miller code format. 

Word, line, and frame sync pulses are applied to a raster generator 
which generates a digital x-y raster for the console display scope, while 
the video signal from the decoder is applied (via a buffer and digital- 
to-analog converter not shown in Fig. 2) to intensity modulate the display 
scope thus providing a visual display of the recorded infrared image. 

As indicated by the symbolic switching arrangement in Fig. 2 the 
display system incorporated in the control console is quite versatile. 
It may be used to view the output from magnetic tape (Serial Out) as 
described above either during recording or from a prerecorded tape, 
the input to the recorder (Serial In), the parallel video signal from 
the demultiplexer (Parallel), or the analog video similar to that displayed 
by the scanner display scope (Analog) for either A or B channel as desired. 
Two identical display systems are provided (except for the second display 
scope which is to be supplied by RADC) so that video from both channels 
may be viewed simultaneously or, if desired, video signals from a single 
channel may be viewed simultaneously during recording at two different 
points along the signal path. 

It should be noted that since the RADC system playback capability 
is required only for previewing the data and not for data analysis, 
certain compromises were made (in order to reduce system cost) which 
result in a higher average error rate for tape reproduction performed 
on the RADC system as compared to that performed on the OSU system to 
be used for data analysis. Specifically, a tape recorder with reduced 
nigh frequency response has been used and the tape speed servo option 
has not been included in the RADC system. This in no way degrades 
the performance of the system for data recording which is the primary 
function of this system. However, if the system should later be used 
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for data analysis, it is recommended that the tape recorder bb replaced 
with one more suitable for the reproduction of Miller code data tapes. 

III. INSTALLATION AND OPERATING PROCEDURE 

A. Installation 

System installation consists essentially of mounting the scanner 
to the telescope which serves as the primary receiving optics; installing 
the control console components (furnished rack mounted) in the RADC main 
contro conso e, if desired; supplying primary power to the scanner, 
control console, and recorder; supplying high pressure dry nitrogen 
rnntrni r^f00lin3 t0 th! ^"T5 and interconnecting the scanner, control console, and recorder as described below. 

1. Control Console 

The control console components may be used rack mounted and 
connected as supplied, or they can be removed from the rack and re- 
mounted In the RADC control console. A suggested mounting arrangement 
for this purpose is given In Fig. 9. All cables and connectors are 
labeled so that no difficulty should be experienced in reconnecting 
the units after mounting in the control console. If the logic power 
supply is mounted below the desk top as suggested, a multiple-outlet 
power cord (not supplied) plugged into one of the ac outlets on the 
rear of the power supply chassis should be run to the upper bay to 
supply power to the multiplexer, D/A converter, and display scope(s) 
so that power to these units will be controlled by the main power 
push buttons on the control unit panel. 

A second display scope (Hewlett-Packard Model 1330A - to be 
supplied by RADC) is to be mounted in the space, now covered by a 
blank panel, to the right of the display scope furnished. Since the 
video signals supplied to the display scopes are of negative polarity 
{for increased brightness) it will be necessary to remove the bottom 
cover plate of the new display scope and reverse the z-axis input leads 
at the jumper connections to the PC board as shown in the manual supplied 
with the unit./ It may also be desirable to check raster size after the 
system is put into operation and adjust the x and y gain controls if 
required before replacing the bottom cover. Cables for supplying x. y. 
and z axis inputs for the second display scope are coiled inside the 
rear of the present equipment rack. They should be connected to the 
second display scope as labeled. 

All power for control console components is supplied via the 
logic unit power supply power cord. This should be connected to a 
suitable 120 volt, single phase 60 Hz ac power outlet (with power 
ground) capable of supplying 15 amperes. 
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X-Y  DJSPLAY 

UN!T I 

(HP  MODEL I330A) 

X-Y DISPLAY 

UNIT 2 

(HP  MODEL I330A) 

ANALOO-TO-DIGITAL CONVERTER 

(CL MODEL HS-802) 

MULTIPLEXER 
(CL MODEL MUX-810) 

CONTROL UNIT 

(OSU MODEL CU-I) 

UPPER BAY ~7 

SCANNER LOGIC UNIT 

(OSU MODEL SLU-I) 

RECORDER CONTROL UNIT 

(OSU MODELRCU-I) 

LOWER BAY LOGIC POWER SUPPLY 

(OSU MODEL LPS-I) 

Fig. 9. Equipment mounting arrangement for RADC console. 

Interconnections to the magnetic tape recorder consist of 8 
93-ohm coaxial cables from the scanner logic unit (card cage) and one 
remote control cable from the Recorder Control Unit. Cables of ap- 
proximately 15 ft. length are supplied for this purpose and their use is 
recommended although longer cables could probably be used without dif- 
ficulty if required. The cables supplied are appropriately labeled and 
mate with connectors bearing the same number on the rear of the recorder. 

Interconnections with the scanner consist of 4 93-ohm coaxial 
cables from the scanner logic unit and one control cable from the control 
unit. Four properly labeled 100 ft. coaxial cables are supplied for 
interconnection to the scanner. If it is necessary to change the length 
(or type) of these cables the output line capacitors on the scanner 
control unit line driver board and the input line capacitors on the 
scanner logic unit line receiver board should also be changed to values 
which are equal to the total distributed capacity of the interconnecting 
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cables. (See Chapter IV and the srhematic diagrams of Appendix I for 
further details.) A control cable of approximately 15 ft. length is 
also supplied with the system for test purposes. A similar cable of 
suitable length is to be fabricated and installed by RADC prior to 
installation of the system. This cable may be Beiden #8750, or any 
other similar, or heavier, cable having a minimum of 52 conductors 
An MS 3106A 36-404P connector (P12) is required at the control console 
(control unit CU-1) and an MS 3106A 36-404S connector (J14) is required 
at the scanner (control unit CU-2), connected pin for pin. Although no 
problems with hum pickup are expected, if such should be evident following 
installation, due to inefficient grounding of the power system and 
building structure, a heavy ground buss between the control console 
and scanner may be required. (A ground is included (pin 1) in the 
control cable, however a larger, lower impedance conductor might be 
required if hum problems are encountered.) 

2. Magnetic Tape Recorder 

The magnetic tape recorder should be located where stable temperature 
and humidity conditions can be maintained and, if possible, within 10 to 
15 feet of the control console. The line cord should be connected to a 
suitable 120 volt, 60 Hz ac power outlet (grounded type) and inter- 
connecting cables from the control console (see above) should be con- 
nected to jacks on the rear of the recorder bearing the same numbers 
as those on the interconnecting cables. 

3. Scanner 

The scanner is designed for direct mounting to the RADC 16-inch 
Boller-Chivens telescope. Four mounting studs and three kinematic 
mounts are provided on the front of the scanner for this purpose 
(see Fig. 10). A set of shims is included behind each of the two 
lower kinematic mounts. These should be removed as required (by 
first loosening the 6-32 socket-head set screws holding the mount 
pads in place and removing the pads from the mounting blocks) during 
initial installation so that the optical axis of the telescope is 
perpendicular to the scanner package mounting plate. The mounting 
studs should then be tightened using a 5/8 inch end wrench applied 
to the hexagonal shank of each stud, drawing all studs down evenly 
to seat the kinematic mounts and clamp the scanner firmly to the 
telescope. Since the scanner is quite heavy, additional support 
beneath the scanner package attached to the telescope mount should 
be supplied to avoid undue strain on the teles ope housing, scanner, 
or kinematic mounts. Two hoisting rings are supplied at the top of 
the scanner for lifting the unit. 

Interconnections with the control console require 4 coaxial 
cables and one control cable as described above in paragraph 1. 
These mate with correspondingly numbered connecto-s located on'the 
bottom plate of the Scanner Control Unit (see Fig. 10). Two ad- 
ditional connectors are provided for primary power input to the 
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' Fig,   10.    Scanner mounting and input connectors, 
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scanner. The cables supplied may be used, or longer ones may be sub- 
stituted if necessary. The 120 volt, 60 Hz AC power cord (J16) may be 
connected to any suitable power outlet (grounded typt) capable of supplying 
10 amperes. The 120/208 volt, 400 Hz, 3 phase power cable (J18) should 
be connected to a suitable source capable of supplying at least 3 amperes 
Frequency of this source must be accurate within ±5% for proper system 
operation, and voltage sliould not be lower than approximately 117 volts 
(line-to-neutral) at the scanner package. 

Following initial connection of the 400 Hz power source, the 
scanner motor must be checked for proper direction of rotation as 
follows. If the scanner has not been mounted to the telescope the 
direction of disc rotation can be observed through the front aperture 
of the scanner housing; otherwise, remove the rear cover plate of 
the scanner housing. A portion of the disk can then be seen through 
an aperture near the top of the motor mounting plate behind the line, 
frame, and disc sync projector. With scanner interconnected with the 
control console as described above apply power to the control console 
by pressing the console main power ON pushbutton. (Switch on the 
front panel of the Logic Power Supply must be in REMOTE position.) 
The scanner motor may then be turned on to check the direction of 
rotation by pressing the 400 cycle power ON button on either the 
control console (CU-1) or scanner (CU-2). Disc rotation must be downward 
on the A-channel side of the scanner (left side as viewed from the rear 
of the scanner); otherwise, the sequence of sync pulses will be in- 
correct and proper operation cannot be obtained. The direction of disc 
rotation can best be observed as the motor is being started, or is 
coasting to a stop. If the direction of rotation is incorrect reverse 
any two phases of thu 3 phase input at the point of connection to the 
3 phase, 400 Hz power source. 

A source of clean, dry nitrogen with regulated pressure variable 
from 1000 Psi to 1500 psi must be supplied for detector cooling. A 
standard 1/4 inch 0D stainless steel compression fitting (swage lock) 
is provided on the scanner mounting plate (see Fig. 10) for connection 
to the nitrogen supply. 

B. Operation 

1. Controls and Indicators 

All controls required for normal operation of the system (other 
than the recorder) are located on the front panel of the console control 
unit, CU-1, (see Fig. 11). These controls and their functions are sum- 
marized in Table II which also lists the various indicators found on the 
control unit, and their functions. Several auxiliary controls are avail- 
able elsewhere on the console but these require infrequent adjustment, 
or are to be left in a given position for normal system operation. 
These controls, together with their locations and functions are listed 
in Table III. The test switch located on the D/A converter (see Table 
III) may be used to check for proper operation of this unit. Readouts 
which should be obtained during these tests are listed in Table IV. 
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Fig.  11.    Console control  unit, system operating controls 
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TABLE II 
SYSTEM OPERATING CONTROLS AND INDICATORS 

CONSOLE CONTROL UNIT 

Control or Indicator Function 

Console Main Power 
ON/OFF 

Controls Primary Power to all Console 
Components, Including the 28 v dc supply 
used for scanner stepping motors and 
power control relays 

Scanner Main Power 
60 ^N/OFF 

Controls Primary Power to all Scanner 
components except for the scanner motor. 

400 ^ON/OFF Scanner motor control. 

These controls are operational only when 
console main power is ON. 

Console Power Indicators These indicator lamps, when illuminated, 
indicate proper operation of the cor- 
responding console power supplies. 

Scanner Power Indicators These indicator lamps, when illuminated, 
indicate proper operation of the cor- 
responding scanner power supplies. 

Stepping motor selectors: Selects a particular stepping motor for 
positioning optical components within the 
scanner package. Illuminated push button 
indicates which motor has been selected. 

TRANS. A Controls translation of the A channel 
image separator corner reflector. 

HORIZ. A Controls A channel horizontal image 
positioning 

VERT. A Controls A channel vertical image 
positioning 

TRANS. B Controls translation of the B channel 
image separator corner reflector 

HORIZ. B Controls B channel horizontal image 
positioning 

VERT. B. Controls B channel vertical image 
positioning 

MAGNIFICATION Controls motion of the translation stage 
used to position optical components 
for obtaining magnifications of 1:1, 
2:1, or 4:1 

TARGET Inserts or removes cross-hair alignment 
targets at the primary focus in both 
the A and B channel optical paths 
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ü 
.. Control or Indicator 

Stepping Motor Controls: 

INCREASE FAST 

DECREASE FAST 

INCREASE SLOW 
& 

DECREASE SLOW 

SPEED 

Stepping Motor Position 
Indicator (Digital Voltmeter) 

Channel A & Channel B 
VIDEO GAIN 

HI-LO 

MAX. LEVEL 

TABLE II 
(Continued) 

Function 

Produces clockwise rotation of 
selected stepping motor and an 
increase in stepping motor position 
indicator readout at a speed de- 
determined by the stepping motor 
SPEED control 

As above except counterclockwise 
rotation and a decrease in position 
indicator readout are produced. 

As above except stepping motor speed 
is approximately 1 pulse per second, 
independent of speed control setting 

Controls speed of stepping motors 
when FAST controls above are in use 

Provides a nunerical readout proportional 
to the current position of the selected 
stepping motor within its range of travel 
and hence provides a means for resetting 
a stepping motor to any desired pre- 
determined position. An over voltage 
or undervoltage indication signifies 
the motor has reached the end of its 
travel in that particular direction 

Controls gain of the corresponding A or B 
channel video amplifier located in the 
scanner control unit 

Selects high or low gain for the video 
filter amplifier located in the scanner 
logic unit (console card cage) 

This indicator, when lighted, indicates 
flU: L UILscale readl'ng has been obtained 
from the A/D converter for the corresponding 
A or B channel video signal 
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TABLE II 
(Continued) 

Control or Indicator 

Display Unit 1 or 2: 

CHANNEL SELECTOR 

VIDEO SELECTOR 

PARITY MODE 

PARITY ERRORS 

MODE SELECTOR 

Function 

Selects A channel or B channel video for 
viewing on the corresponding display unit. 
Also connects mode and parity indicators 
(see below) to the selected channel. 

Permits viewing of video data at various 
points in the system: 
ANALOG - analog video prior to multiplexing 
PARALLEL - digital video following A/D 

conversion and demultiplexing 
SERIAL IN - serial data stream (decoded) 

prior to recording 
SERIAL OUT - serial"data stream (decoded) 

reproduced from magnetic tape 

When illuminated, indicates that parity 
mode has been selected (see below) during 
recording (SERIAL IN), or that a tape is 
being reproduced (SERIAL OUT) which was 
previously recorded using the parity 
check mode. 

This indicator flashes each time a parity 
error is detected 

Selects recording mode for both channels. 
Either 8 data bits per word, or seven bits 
plus parity may be recorded. 
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TABLE III 

L 

^      AUXILLIARY CONTROLS AND INDICATORS 
Unit tontroi or Indicator Normal betting Function 
X-Y Display 
(HP 1330 A) 

FOCUS Focused Spot Focus 
INTENSITY ^2/3 cw Image Intensity Level 

POSITION VERTICAL Centered Vertical Centering 

POSITION HORIZONTAL Centered Horizontal Centering 

_ kill tiolpxpr 

LINE ON ON Main Power 

(CL MUX-810) 
ÜN-OFF ON Main Power 

- 

RANDOM ACCESS/SE- 
QUENTIAL 

CHANNELS IN SE- 

RANDOM ACCESS 

9 

Addressing Mode 
Selector 

QUENCE Selects number of 
input channels 

CONTROL EXT Selects external 
channel address input 

Push Button (Red) Not Used Can be used to select 

. 
a channel manually 
in sequential mode & 
man. control positions 

ACTIVE CHANNEL 1 & 2 (scanner on) Indicates present 

A/h rnni/orfov« 1 or 2 (scanner off) 
channel selected 

(CL HS-802) 
Uutput indicators blinking (scanner Indicates current on; output of A/D 

converter 

1/0, Binary bits 1-8 Random (scanner Bit 1 = MSB, 
off) Bit 8 = LSB 

:: 

(see TEST below) 

TEST Center (off) A/D converter 

: 

operational check - 
see Table IV 

MODE COMMAND Holds current output 

i until encode command 
initiates a new 
conversion cycle 

i CODE BINARY Selects binary 
rather than gray 

i code output 
POWER ON Main power 
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TABLE III 

(Continued) 

Unit Control or Indicator Normal Setting Function 

Logic Power Supply 
(LPS-1)       * REMOTE-OFF-ON Remote Permits main power 

control via the 
logic control unit 
push buttons 

MAIN POWER In 
Main Power circuit 
breaker - push to reset 

Power ON ON 
Primary Power Indicator 

Fuse Indicators      nff 
Lighted Indicator 

i 1 1 signifies blown fuse 
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TABLE IV 
A/D CONVERTER TEST COOES 

Code Test 

Binary } 

2 

Gray ] 

2 

Correct Readout 

noonoo or nooion or noonoi 

onoono or onooioi or onoom 

10101010 or 10101110 or 10101011 

01010101 or 01010100 or 01010111 
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The recorder control panel located in the control console 
duplicates many of the functions found on the front panel of the re- 
corder and permits operation of the recorder from the console once a 
tape has been mounted, main power and transport power have been turned 
on, and tape speed has been selected. Lighted push buttons for RECORD, 
STOP, REWIND, FORWARD, and REPRODUCE are provided on this panel as are 
indicaters for READY, RECORD SPEED (120 ips tape speed selected) and 
RECORD SPEED ERROR (tape speed other than 120 ips selected). 

The scanner control unit, CU-2 (see Fig. 12) contains a duplicate 
set of controls and indicators for scanner power and stepping motor 
positioning and readout which may be used interchangeably with those 
on the console control unit. The scanner control unit also contains a 
small display scope and associated controls for visual observation of 
the analog infrared images received by the scanner. In addition to the 
normal oscilloscope controls, a CHANNEL SELECTOR switch and VIDEO GAIN 
control (completely independent from those which control the consolr 
indicators and recording system) are provided. 

2. Operating Procedure 

a. System turn on procedure 

With system installed and interconnected as in Section A, above: 

1. Set all auxiliary controls to the normal settings qiven in 
Table III. 

2. Press console main power ON button located on control unit CU-1. 
a, MAIN POWER pilot lamps on logic power supply and control 

unit should light. 
b. CONSOLE POWER supply indicators on control unit should light. 
C 24 V. INDICATOR on scanner control unit should light. 
d. POWER INDICATORS and/or NUMERICAL READOUTS on console 

control unit digital voltmeter, multiplexer, A/D 
converter, and console display units should light. 

3. Press scanner power 60^ ON button located on console control 
unit CU-1 or scanner control unit CU-2. 
a. Scanner MAIN POWER pilot lamps on console and scanner 

control units should light. 
b. Scanner power supply indicators on console and scanner 

control units should light. 
c. Digital voltmeter on scanner control unit should be 

illuminated. 
d. A dot should be visible on scanner control unit display 

scope if scope intensity control is advanced. (Note: Reset 
intensity control if necessary so that screen will not be 
burned.) 
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4. Press scanner power 40(K ON button located on console control 
unit CU-1 or scanner control unit CU-2 
a. 40(K POWER indicators on console and scanner control 

units should light 
b. Scanner motor should start. 
c. When motor is up to speed, a 40 x 40 raster (dot pattern) 

should appear on the scanner control unit display scope. 
(Readjust INTENSITY, FOCUS, POSITIONING, and GAIN controls 
for best pattern, if required.) 

d. Similar rasters should appear on the console display indicators 
when the corresponding VIDEO SELECTOR switches are in the 
ANALOG, PARALLEL, or SERIAL IN positions. (Adjust indicator 
controls for best pattern, if required.) 

e. With VIDEO SELECTOR switches in the SERIAL IN position, and 
the MODE SELECTOR in the 7 BITS + PARITY position, the 
corresponding MODE indicator lights should light. PARITY 
ERROR indicators should be out indicating that no errors are 
present. (Error indicators may be checked if desired by 
turning off scanner motor briefly, allowing the disc speed 
to drop below required limits. Errors should then be present 
in the signal supplied to the decoder, causing the ERROR 
indicators, and possibly also the MODE indicators, to blink.) 

5. Turn on tape recorder by pressing the POWER button on the recorder 
front panel. (NOTE: circuit breaker inside the tape recorder 
control drawer must be ON.) 

6. Mount a tape on the transport as described in the operators 
manual furnished with the tape recorder.8 HOTE: A tape to be 
used for recording must be thoroughly degaussed prior to mounting 
on the tape transport; otRerwise the error rate of the recorded 
data will be significantly increased. 

7. Set the TAPE SPEED selector on the recorder front panel to 120. 

8. Press the TRANSPORT button on the recorder front panel. 
a. The POWER, TRANSPORT, READY, and STOP indicators on 

the recorder front panel should be illuminated. 
b. The RECORD SPEED, READY, and STOP indicators on the 

recorder control panel in the console should be 
illuminated. 

The recorder can now be operated from the front panel controls 
or from the control console, as desired. 

To obtain minimum error rate without realignment of the Miller 
code electronics, the recorder should be turned on (steps 6 through 
8 above) at least one hour prior to use. 
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b. Scanning and displaying an infrared image 

With system operating as described above 

1. Apply high pressure clean, dry nitrogen to the detectors via 
the connector on the scanner mounting plate. A suitable 
pressure regulator should be used so that pressures of 1000- 
1500 psi can be obtained. Detector cooling requires approxi- 
mately 15 minutes at 1500 psi. After operating temperature has 
been reached the pressure may be reduced if desired to conserve 
nitrogen. Pressures down to approximately 1000 psi usually provide 
satisfactory operation. If cooling becomes erratic, increase 
pressure. 

2. A 10.6 micron image containing on the order of 2 milliwatts of 
average power may now be applied to the scanner via the optical 
system. With proper adjustment of the video gain and image 
positioning (stepping motor) controls, the image should be displayed 
on tne scanner control unit display scope and console display units. 

3. For test and alignment purposes, cross hair targets are provided 
which may be lowered into the optical path near the primary focal 
plane. To lower these targets, press the TARGET selector button 
on either the scanner or console control unit and then press the 
stepping motor DECREASE FAST button until the stepping motor 
position indicator (digital voltmeter) gives an underrange 
indication signifying that the targets are fully lowered. The 
stepping motor is stopped automatically in this position and the 
DECREASE FAST button has no further effect. (Targets may be 
raised when desired by pressing the INCREASE FAST button with 
TARGET selector button depressed as above. The stepping motor 
automatically stops with targets in the fully raised position and 
with the stepping motor position indicator giving an overrange 
indication.) 

A flood beam such as a diffuse beam from a 10.6 micron laser 
(total average incident power %2 mw) may now be applied (by 
imaging a diffuse field via the primary optics or by directly 
flooding the scanner input aperture) , thus casting shadows of 
the target cross hairs which are imaged by the scanning detector. 
These target images are quite useful for setting the translation 
stage for a given magnification and for centering an image to 
be viewed in the optical field of view of the detector. 

4. Image Positioning, selection of magnifications of 1:1, 2:1, 
or 4:1, and field separation for the two channels (see 
Chap. II, Section A) may be accomplished as desired by means of 
the stepping motor controls on either the console or scanner 
control unit. It is suggested, following initial installation, 
that frequently used positions of the various stepping motors 
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(i.e., magnifications, centered-field image positions, etc.) 
be calibrated using the cross hair targets and stepping motor 
position indicator so that indicator readout can then be used 
to reset the stepping motors to these positions. 

5. Video gain and display scope controls on the scanner control 
unit should be adjusted to obtain the best visual display. 
Either the channel A or channel B image may be selected via 
the channel selector switch. 

6. Channel A and Channel B video gain for the control console 
displays, and for recording, should each be adjusted as follows: 

a. Increase gain of one channel using the VIDEO GAIN control 
and HI-LO switch as required until the corresponding MAX 
LEVEL indicator lights. 

b. Decrease the gain slowly until the MAX LEVEL indicator is 
just extinguished, or flashes occasionally. 

c. Repeat for the other channel. (If only one channel is to 
be used, set gain of the unused channel to minimum.) 

Note that if the signal level for one or both channels is set too 
high, cross coupling between channels will occur due to overloading at 
the multiplexer and A/D converter. Hence, if difficulty is obtained in 
adjustment of the first channel, as above, decrease gain setting of the 
other channel. 

For maximum signal to noise ratio, the HI-LO switch should be in the 
LO position whenever signal level permits. This insures that maximum 
video amplification takes place in the scanner, prior to any line induced 
noise, rather than in the scanner logic unit where any noise picked up bv 
the lines would also be amplified. 

7. Adjust the intensity, focus, and positioning controls on the 
display indicators, if required for best visual presentation. 

Note that the orientation of the images appearing on the display 
indicators may differ from that of the image received by the primary 
optics (see Section 3 below). 

c. Recording 

With the system in operation, the recorder on, and an image being 
received as described above, and assuming that a previously degaussed 
tape has been mounted (see paragraph a-6) the image data being received 
may be recorded. 

1. Check video gain and readjust if necessary (paragraph b-6). 

2. Make sure recording speed (120 ips) has been selected 
(paragraph a-7) and that the tape recorder capstan is up 
to speed as indicated by a stationary pattern on the inner- 
most section of the stroboscope disc attached to the capstan. 
(NOTE: 60 cycle illumination such as ordinary room lighting- 
not sunlight - must be used to observe the stroboscope pattern.) 
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WARNING: Do not procepd to Step 3 until capstan has 
reached operating speed, otherwise the tape may be damaged. 

Simultaneously press both RECORD buttons on either the recorder 
front panel or console mounted recorder control panel. After 
several seconds delay required to get the tape up to speed and 
lower the record and reproduce heads the RECORD indicators 
(push buttons) should be illuminated indicating that recording 
is in progress. 

After an additional delay of approximately 10 seconds (during 
which time an 0101 code is being recorded for clock synchronization 
upon subsequent playback) the recorded image, read back from the 
tape immediately after recording, may be viewed on a console display 
unit by setting the corresponding VIDEO SELECTOR to the SERIAL OUT 
position. Since two identical display units are provided, images from 
both channels may be viewed simultaneously, if desired. 

5. If the MODE SELECTOR is set to record the 7 bits + parity mode 
and the display unit VIDEO SELECTOR is set to the SERIAL OUT 
position, as above, the corresponding PARITY MODE indicator should 
be lit and any errors detected during playback of the recorded 
data will cause the PARITY ERROR indicator to blink. 

An average error rate of one every several seconds is normal 
for this system (see last paragraph of Chapter II). In practice, 
errors usually occur in bursts with longer periods of error-free 
data between. Abnormally high error rates usually indicate one 
or more of the following conditions which should be corrected: 

a. recorder not adequately warmed up prior to use (or room 
temperature environment not maintained) 

b. tape not thoroughly degaussed prior to recording 
c. dirty .-ecording or playback heads 
d. magnetized recording or playback heads 
e. dirty or defective tape, or tape of incorrect and 

inadequate quality 
f. playback head azimuth requires adjustment 
g. Miller code system requires alignment 
h. record level or bias controls require adjustment. 

Alignment procedures ara given in Appendix IV. Since these should 
rarely be required, all other possibilities should first be eliminated. 

d. Playback of a prerecorded tape 

To reproduce a previously recorded tape for viewing, the console and 
recorder should be turned on and the tape should be mounted as previously 
described in paragraph a. For minimum error rate the recorder should be 
allowed to warm up prior to use, as mentioned previously. The scanner 
power need not be turned on. 
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1. Select the desired tape playback speed via the TAPE SPEED 
selector on the recorder front panel. 

a. Either 120 ips or 15 ips may be selected. 
b. The 30 ips or 60 ips positions may not be used since 

the Miller code electronics permits simultaneous 
installation of only two filter sets, presently 
chosen to be 120 ips (required for recording) and 
15 ips. 

2. When recorder capstan has reached operating speed (see WARNING, 
paragraph c-2 above) as indicated by a stationary stroboscope 
pattern (outer segment for 15 ips, inner segment fo:' 120 ips) 
press REPRODUCE button on either the recorder front panel or 
console mounted recorder control panel. 

3. The recorded images may now be viewed on the display units 
provided the corresponding VIDEO SELECTORS are set to the 
SERIAL OUT positions. 

4. If the tape has been recorded using the 7 bits + parity mode, 
the PARITY MODE indicators should be illuminated and the in- 
formation concerning errors given previously in paragraph c-5 
is applicable. 

5. Recorder speed may be changed (see 1. above) during reproduction 
without risk of tape damage (the image will lose sync, how- 
ever during speed changer,) provided that the recorder is kept 
in the REPRODUCE mode. If the recorder is in the STOP mode, 
however, and a speed change is made, the capstan must be 
allowed to reach the new operating speed before REPRODUCE is 
again iniated; otherwise tape damage will likely occur. 

e. System turn off procedure 

1. Turn off nitrogen supply to detectors 

2. Turn off recorder by pressing TRANSPORT and/or POWER buttons 
on recorder front panel. 

3. Turn off scanner power by pressing 60^ and 400^ OFF buttons 
on scanner control unit or on control console. (This step 
may optionally be omitted since step 4 below will automatically 
turn off scanner power.) 

4. Turn off console power by pressing console main power OFF 
button on console control unit. 

3. Image Orientation and Scanning Sequence 

Because of the method of scanning (see Chapter II, Section A) as 
well as the primary optics used the images appearing on the display 
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indicator? may be reversed (left-to-right) or inverted (top-to-bottom) 
with respt:t to the incident image. For most applications knowledge 
of this orientation will be required. 

Images incident at the scanner unit input aperture, for both A 
channel and B channel, are transmitted to the scanning disc by the 
magnifying and positioning optics without reversal or inversion, hence 
image orientation at the scanning disc is identical to that at the input 
aperture. However, since the A channel and B channel images are 
simultaneously scanned by opposite edges of a single scanning disc, 
the scanning sequence for channel A differs from that for channel B 
as shown in Fig. 13. Note that the x-y coordinate vectors shown for 
each image in this figure are determined by the order in which successive 
image elements are scanned. These coordinate vectors are displayed with 
conventional orientation on all system display indicators as shown in 
Fig. 14. Consequently, A channel images are inverted (top-to-bottom) 
and B channel images are reversed (left-to-right) on all display indicators, 
as compared to the images incident at the detector input. Depending upon 
the primary optics used in a particular installation, an additional 
reversal and/or inversion may be present prior to the scanning detector 
input, hence effects of the primary optics must also be considered in 
determining final image orientation. 

If the second display indicator has been installed in the console 
(see paragraph A-l, above), and if one indicator is always used to display 
A channel images while the other is always used to display B channel images 
then properly oriented image displays for both channels may be obtained, 
if desired, by appropriate reversals of polarity of the x and/or y axis 
inputs to the display indicators as described in the manual supplied with 
the indicator unit.7 Since the scanner control unit contains only one 
indicator, and since no convenient means for reversing the input polarities 
to this unit is provided, image orientation for the scanner display will 
remain as previously described. 

The order in which image information is written on magnetic tape 
is the same as the scanning sequence given in Fig. 13. Each image line 
consists of 40 equally spaced words (i.e., 40 distinct dots on the 
indicator display) which are sampled, recorded, and reproduced, in 
numerical order, in the direction indicated by the arrows representing 
the scanning lines. Successive lines are not generated, recorded, and 
reproduced in numerical order, however, but are interlaced 2 to 1 
according to the sequence given in Fig. 13. 

> 
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SCANNING LINES 
12 3 4Q 

) I 

DISC 
ROTATION 

t 

i m 

CHANNEL A  IMAGE 

AS   VIEWED 
FROM   REAR  OF 

SCANNER 

40 3 2! 
SCANNING LINES 

CHANNEL B   IMAGE 

f^ÄTf'i,!"-^1; A^US5,,;0 w0Rt>s S™NED ARROW '»"'AS   INDICATED   BY   DIRECTION    OF 

Fig. 13. Scanning sequence. 

Fig. 14. Display sequence. 
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IV. THEORY OF OPERATION 

This chapter contains details of the individual units, circuit 
groups, and logic cards comprising the 2-channel infrared scanner 
system. Frequent reference is made to the logic, schematic, and timing 
diagrams of Appendix I throughout the following sections. 

th. chcSi0 üj^ng diagrams are first presented which essentially parallel 
mnL ^!-1

biOCk1r
1'9ra'ü.9iven earl1er in ^' 2*  but *™ considerably 

TZl „•  ! ^ "'ü1^9 ?iagrams for the major system components are 
HSJI S Jollowed by logic and timing diagrams for the individual 
circuit cards and subassemblies. 

uno !(!-h the eicePt1?n of the linear video amplifiers, video switching, 
r^nnnlir" and/e"ivers, and stepping motor limit controls, all logic 
components are standard TTL ^tegrated circuits. For additional infor- 
be c n 0lt d6 indlvldual IC,S the manufacturers literaturelO-13 should 

A. Logic Wiring Diagrams 

Logic wiring diagrams for the telescope-mounted package (scanner 
and scanner control unit CU-2) and for the system control Package 
(console units and magnetic tape recorder) are given in Figs. 20 and 21 
respectively of Appendix I. Functional circuit groups and/or circuit 
*?Jh LJI! shown on these diagrams as appropriately labeled rectangles 
clJ\ i?!!™""6^1!!"! sh?!'n and directions of signal flow indicated. 
Card slots occupied by all printed circuit cards are given by the 
a ^elrnr- ?1tMn th+

e/ec^ngles, and card cage pin numbers are 
HTJVA     l  1nterco'Inect1ons t0 each card. Interconnections labeled 
thl !™J9Ln0nnft0r' are made via the special edge connector bolted to 
the front edge of a circuit card, while all other interconnections are 
Sth. Uo Jlnf!! 2rd-Ca-d.ca9e rear ed9e) "lectors. Where signal paths are completed via intervening connectors, the corresponding con- 
nector numbers are given. r   » v, .. 

In addition to providing detailed information on the various circuit 
*n3UhL?nd S19nal path^ these 'liagrams show a11 card cage connections, and hence serve as card cage wiring diagrams. All circuit cards for the 
telescope-mounted package are located in the scanner control unit CU-2. 

^^log^nu'sfu!]!0^01 ^^ ^ l0Cated 1n the COnsole mounted 

,-n.i..Se!;tai\u0nipo^nts such as channel selectors and video gain controls 
Zlit   ? these diagrams for functional completeness may be found in 
Section B below) ^ specific urn'ts containing them (see 

fh««TIl- 9eneral theory of operation for the complete system, for which 
these diagrams illustrate all logic components, has been presented pre- 
n Ä™ ^«V1- Additional details of individual components Ire 
given in subsequent paragraphs. 
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B.   Major System Components 

1. Scanner 

The scanner unit contains magnifying and positioning optics, stepping 
motors and control relays, scanning disc and motor, video detectors with 
Perry Preamps, and the sync projectors and detectors with their power 
supplies and voltage divider network. 

A photograph of the scanner with cover removed is given in Fig. 15 
while the scanner with disc, motor, and sync assembly removed in order to 
show the optical components and stepping motor assemblies is shown in 
Fig. 16. The disc, motor, and sync assembly, as viewed from the front, 
is given in Fig. 17. Wiring diagrams for the scanner and for one of the 
eight stepping motor assemblies are given in Figs. 22 and 23, respectively, 
of Appendix I. All stepping motor assemblies are electrically identical 
although gearing and mounting details differ for the various units as 
shown by the photographs. 

The various scanner components are identified by number in the 
photographs and are listed in Table V. 

Video and sync signal outputs are provided via BNC connectors while 
all stepping motor control and power connections are via connector PI7 to 
the scanner control unit CU-2 which is attached to the scanner mounting 
plate. 

2. Scanner Control Unit 

The scanner control unit CU-2 which is bolted to the front plate of 
the scanner package contains scanner power controls and indicators, stepping 
motor controls and position indicator, and a small visual display indicator 
with associated CRT controls,^ video gain control, and channel selector 
switch. Functions of these controls and indicators are described in 
Chapter III-B and in Table II while a front panel photograph i:> given 
in Fig. 12. This unit also contains a card cage for the telescope-mounted 
logic circuits (see Section A above and Fig. 20), power supplies,15,16 
and a cooling fan. 

Test points are provided near the edge of the card cage (see 
Fig. 18) from which various sync, signals are available for testing 
and alignment. All electrical connections to the telescope-mounted 
package are made via the scanner control unit connector panel. Figs. 
10 and 18, which also contain primary power fuses and a circuit 
breaker. 

A wiring diagram for the scanner control unit is given in Fig. 24 
of Appendix I. 
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Fig.   15.    Rear view of scanner with cover removed, 
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Fig.   16.    Scanner optical  system and stepping motor se rvos 
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Fig. 17, Scanning disc and sync assemblies 
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TABLE V 
SCANNER COMPONENT IDENTIFICATION 

Number Figure Component 

1 15 
2 15 
3 15 
4 15 
5 15 
6 15 
7 15 
8 15 
9 15 

10 15,17 
n 16 
12 16 
13 16 
14 16 

15 16 

16 16 
17 16 

18 16 
19 15,16 
20 16 
21 16 
22 15,16 
23 16 
24 16 
25 17 
26 17 
27 17 
28 17 
29 15,17 
30 17 

Line, frame, and disc sync projector 
Scanner motor 
IR detector mount (Channel A) 
Perry preamp (Channel A) 
Odd word sync detector 
Word sync splitting mirror 
+5.5 v. power supply PS1 
Nitrogen filters 
Cryostat (Channel A) 
Word sync projector 
Magnification translation stage 
Image separator corner reflectors 
1st parabolic mirror (200 mm. f.l.) 
2nd parabolic mirror, 1:1 magnification 
(200 rm. f.l.) 
2nd parabolic mirror, 2:1 magnification 
(400 nm f.l.) 
Beam folding flat for 4:1 magnification 
2nd parabolic mirror, 4:1 magnification 
(800 mm f.l.) 
Optical flats 
Stepping motor servo (typical) 
Image separator rotation adjust micrometer 
Image separator tilt adjustment screw 
Stepping motor relay panel 
Target assembly 
Sync detector high voltage divider 
Even word sync detector 
-1250 volt power supply PS2 
Word sync projection mirror 
Scanning disc 
Line, frame, and disc sync detector 
Image framing masks 
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ver removed. 
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3. Console Control Unit 

The console control unit CU-1 contains all of the main operating 
controls for the scanner system as previously described in Chapter III-B 
and Table II. A front panel photograph showing the various controls and 
indicators is given in Fig. 11 and a wiring diagram is given in Fig. 25. 
Appendix I. »      »•  • 

In addition to the controls and indicators, this unit contains the 
stepping motor controller, pulse source and limit control, and timing 
relays, RY1 and RY2 of Fig. 25, o pulse the stepping motor selector 
switch release solenoid for e ^ r the console control unit or scanner 
control unit when a button on .. opposite control unit is pressed. 
Power is applied to one of these relays when a button on the corresponding 
console is pressed. The relay pulls in, energizing the release solenoid " 
for the other console push buttons, for the time interval required to 
charge timing capacitor Cl or C2. The parallel resistors Rl and R2 
provide discharge paths for the capacitors after power is removed, but 
limit current through the relay to a value too low to keep the relay 
pulled in with power applied. 

The stepping motor pulse source provides positive pulses of 10 volts 
magnitude or greater to drive the stepping motor controller. A pulse rate 
of 1 pulse per second (SLOW) or a variable rate up to several hundred 
pulses per second (FAST) determined by the setting of the SPEED CONTROL 
n??DCAcrPPr   t0 the stePPin9 mtor  controller via the INCREASE or 
DECREASE, FAST or SLOW, buttons on the scanner or console control unit 
The stepping motor controller provides output pulses required to drive'a 
stepping motor in the desired direction when the appropriate controller 
input is pulsed. These pulses are applied to the stepping motor selected 
by one of the selector buttons on the scanner or console control unit via 
the corresponding relay in the scanner (see Fig. 16). This relay also 
connects the selected stepping motor position potentiometer to the digital 
voltmeter position indicators located on the scanner and console control 
units. The stepping motors, pulse source, and controller are standard 
commercial items (see Figs. 23 and 25), and the manufacturers literature 
should be consulted if further information is required on these components 

AA AJ^  sJePP1'n9 mtor limit control operates in conjunction with the 
digital voltmeter position indicator to limit stepping motor travel in 
each direction to the proper range, thus preventing damage to the gearing, 
position pots., or other components. The digital voltmeters, located 
on both scanner and console control units for position indication via 
the voltage supplied by the selected stepping motor position potentiomete», 
are commercial components (see Figs. 24 and 25) and the manufacturers 
literatureiö should be consulted for additional information. These ' 
meters have been modified, however, as follows, for use in this system: 

(1) The voltmeters which had a 0-10 volt range were converted to 
read full scale with only 5 volts applied by shorting out 
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one of the two equal multiplier resistors (R105 and R106 on the 
schematic furnished by the manufacturer^). 

(2) The response time of the meters have been decreased bv 
nS afl39rf5S ^"rtcrofarad input filter capacitors 
C101 and C102 by 0.1 microfarad capacitors. 

(3) 
Si 5? ?!t?r US!d in the console contro1 unit only, outputs 
rnLfTJ r***™*'»  over-range, under-range, and print 
command have been brought out to the pc edge connector. 
The direct (zeroing) input originally connected to pin 1 
has been removed and this terminal is used for one of the 
above outputs (see Table VI). 

Pin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
A 
B 
C 
D 
E 
F 
H 
J 
K 
L 

TABLE VI 
DIGITAL VOLTMETER CONNECTIONS 

DVM FUNCTION 
Console Unit Scanner Unit 

Under-Range 
Print Command 
Units "1" Output 
Units "4" Output 
Tens "1" Output 
Tens "4" Output 
Hundreds "1" Output 
Hundreds "8" Output 
Over-Range 
Power Gnd. 
Voltage Input (-) 
Voltage Input (+) 
Units "2" Output 
Units "8" Output 
Tens "2" Output 
Tens "8" Output 
Hundreds "2" output 
Hundreds "4" Output 
115 v 60 Hz Power (N) 
115 v 60 Hz Power (H) 

Direct Input (Gnd. for zero set) 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
Power Gnd. 
Voltage Input (-) 
Voltage Input (+) 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
115 v 60 Hz Power (N) 
115 v 60 Hz Power (H) 

are aiSpfln^nc™1 11"™% o^9™"5 for the stePPin9 "»tor limit control are given in Figs. 26 and 27. respectively, of Appendix I. 

The RTuL 9900 buffer-driver is connected as a 1-shot multivibrator 
tL9nHnr;te a burr l0ating 9ate ^^dent with the trailing edge o? 
CuL 995?   w?r;2/:0m th^ di9ital voltmeter.    This gate loads ihlbSffer. 
fSL ;S'nSithu4th! tyrent state of the under-range and over-range signals 
from the DVM which stores them until a new print command is received     This 
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buffer also serves as an interface between the RTL logic levels of the 
DVM and 1-shot, and the TTL logic levels required by the SN 7407 buffer- 
drivers. If either the over-range or under-range signal is low, indicating 
that the corresponding off-scale condition of the DVM exists, then the 
3 paralleled sections of the buffer-driver controlled by that signal are 
turned on shorting the stepping motor controller input pulses to ground 
thus preventing further motion in the corresponding direction. The 
resistor in series with each pulse input operates in conjunction with 
the corresponding zener diode to limit the pulse voltage to a value which 
will not damage the buffer drivers. This resistor also limits buffer 
current, and loading of the pulse source, to a safe value when the pulses 
are shorted to ground by the buffer drivers. 

4. Recorder Control Unit 

A wiring diagram of the recorder control unit is given in Fig. 28 
of Appendix I. This unit contains control buttons and indicators, 
essentially duplicating those found on the Ampex FR-1400 tape recorder 
front panel thus permitting operation of the tape recorder from the 
control console after a tape has been mounted and primary power has been 
applied. The recorder control unit connects to, and derives all operating 
power from, the FR-1400 tape recorder via the interconnecting cable shown 
which mates with connector J211 on the rear of the recorder. The RECORD 
SPEED indicator on the recorder control unit indicates that the proper 
recording speed, 120 ips, has been selected via the selector switch on 
the recorder front panel. The RECORD SPEED ERROR indicator is illuminated 
if any other speed has been selected. For additional information con- 
cerning the operation of the controls and indicators, the manuals furnished 
by the recorder manufacturer should be consulted.8 

Two relays, RY1 and RY2 of Fig. 28 are provided within the 
recorder control unit to provide logic signals indicating RECORD and/or 
REPRODUCE states of the recorder to the data registers and serial data 
decoders, respectively, of the scanner logic unit. These relays simply 
ground the logic line (Pin A or B on P66) via a common return (Pin C) 
when the corresponding state exists thus producing a logical zero level. 
When the lines are not thus grounded, a logical one level is produced 
via returns to the logic supply Vcc through 1 K resistors located in 
the scanner logic unit. 

Also connected to P211 (see Fig. 28) is another 4-conductor cable, 
which, through an intervening connector shown, connects to P324 on the 
rear of the recorder. This cable provides signals for automatic selection 
of the High (120 ips) and Low (15 ips) speed Miller code electronics 
via the speed selector switch on the recorder front panel. Changes re- 
quired in the Miller code electronics chassis to achieve this have been 
appropriately indicated on the manufacturers schematics9 furnished with 
the recorder. 
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5.    DC Power Supplies 

., 

. 

All dc voltages for the console control unit and scanner loaic 

Zntrl ZlluJl '^ 2? VOltS dC f0r the manner andlcanne Control 
for tft! f^Vl? fy the ]0JliC power ^PP^ LP5-"1-    A wiring diagram 
S   ^S "?!* 1S 91ven in Fi9- 29 of Appendix I.     All voltages exceot 

g        In ^n'rahi^S!;6' ^ ^T^J^ power applies «ifsedl^* ng. ^9 and in Table VII.    The +24 volt output used for various indicators 

accidental grounding of the output. transistor n. case of 

circu?tCbn*rHr C-fH-cit-f0r-ihe -5 volt ^PP^ 1s deluded on the LPS-1 
by shortfno tA«   5 ! CirC!i'lt P:0teCtS the lo9ic components from damage 

bar circuit is included within the +5 volt supply! ?S4.19 lar Cr0W" 

by theTcrRela1 RTof^in^pS0"5016^"^ comPonents is controlled 
A/n ronl +       

y ?     ?f.F,ig- 29» Provided that the display indicator 
A/D converter, and multiplexer power cords are connected to thl 11? u 
receptacles provided on the rea? of the chassis fS? this pSrpose 
This relay may be operated via the front panel switch   SW2   for test 

aTr^f^ nNOnnJ ly ^iS SWitch is set t0 ^e RE^Tosition! however 
?Re c^s^rcon^f 11^°^ * the main ^ ^tons^oca?^^' 

thp nc0!«?!1* breaker/0r A-C power Input and indicator fuse posts for 
Irl l5nSÄ Ä^an0;^"115 and f0r eaCh "^ ^ ^ 

co^er^-aTp^rsu^nerSri'Jertn^br^^ 
diagrams for these unit!   F?gM a d 24J   0   'su   lv     I? IfV^W 

Sdd6 no^^lLnS6 Pr0rt0r lanipS has ^en slgnff^   I; m   i? ad'1 ; ^ 
so   !9w?irin?9K0

Cr-ba^ I"™*™* ^e delay of the current crowbar 
a?e co^   reSLLnJ^ th^ IXV* SVe CUrrent when lamp f"™^ 
JIIL c+.k^Vf? !nxu0f the volta9e reference diode to improve temoera- 

cSued.fS.ltll Un,tS' the "»""f«""-«>■'s "terature should Se 
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DC 
TABLE VII 
POWER SUPPLIES 

Voltage Current Regulated Location  Unit Mfr. & Type Use 
±15 v 150 ma Yes LPS-1 PS1 VON* DPM 15/150 D/A Converters 

±12 v 100 ma Yes LPS-1 PS2 PMC MD 12c Operational Amplifiers 
-5 v 250 ma Yes LPS-1 PS3 PMC MM5B Line Receivers & 

Video Switching 

+5 v 10 A Yes LPS-1 PS4 PMC ICX 5cc All Console Logic 
+28 v 5 A No LPS-1 PS5 APN 28 ÜBT 500 Stepping Motors, Relays 

& 24 v Reg. 

+24 v 2 A Yes LPS-1 Series Reg.from 28 v DC Indicators & Relays 
±15 v 400 ma Yes CU-2 PS3 PMC PT 99 D/A Converters &-5v Reg. 
±12 v 400 ma Yes CU-2 PS2 PMC PT 99 Operational Amplifiers 
-5 v 150 ma Yes CU-2 Series 

(on line 
Reg. from -15 v 
driver board) 

Iine Drivers & Video 
switching 

+5 v 4 A Yes CU-2 PS1 PMC UNI 30C All Scanner Logic 
+5.5 v 5 A Yes Scanner PS1 WNS 60 OEM-l1" Sync. Projector Lamps 
-1250 v 4 ma Yes Scanner PS2 ABT HAK05D- 

1230 A 
Sync. Detectors 

♦Mfr's. Code: VON 
PMC 
APN 
WNS 
ABT 

Varadyne 
Powermate 
Acopian 
Wanlass 
Abbott 

Modified - see Fig. 30 

i 
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6.    Scanner Logic Unit 

The scanner logic unit SLU-1 is essentially a card cage, with 
associated cable connectors, housing all console logic cards as 

fÄffi P-eSenJed ^ Fi9- 2]' Section A' above-    Details o? the indivTdual circuit cards are given in the following section. 

C    Logic Circuits 

This section contains the detailed theory of operation for all 

oSi-r nn- %r?ain.ed in the ^"^ contro1 ^ CU^aJS scann^1 

.Snr Ho?lJ^ ^d ^•t?in closely associated components such as the 
sync detectors and multiplexer-mounted data ready delay.    Pertinent 
lalVrl, It the mHli]e*er and A/D converter are also d scussed In 
S^S-T6 W1^ these circuits.    Associated  logic and timing 

fötiri^p^ix'r""'^ ^"^ thr0Ugh0Ut ?h1s section -e 

CU 2 anH^^.i0910 C^dS are fTd both 1n the scanner control unit 
r^Hc ai ! the console-mounted scanner logic unit, SLU-1.    Such 
aoDlv ?n hnS^T91^ tdent]cal« hence the following descriptions 
nhSli^i    fh-    Ho^ver   cards for the scanner control  unit are 
c^d   ari

ynlr3-r t+
h?n ^+

0Se I0' the scanner logic unit. hence the 
consolP mnnnt0HlreCtly ^^^S6^1«.    Also, all cards for the 
console mounted scanner logic unit utilize 7400 series integrated cir- 

ca" dl   sed1? 'th^ ?" the ^\^^ while the co^es ond'ing0 

be suhSoH tn !-HteleSK-Pe:Tnted scanner contTOl unit. which could be subjected to wide ambient temperature variations, utilize the 
more rugged 5400 series integrated circuits. 

1.    Video Preamps 

amni J-e Vlde? P^PS' "9- 31. are gain controllable IC linear video 
amplifiers.    Two pairs of amplifiers are used, one pair for channe   A 
tlVjüf iSUPP^ fr™ the A channel Per^ P^P

P   ee Hg   22     n3 
oair ?s ann ^S1'-^ ^f B-    The ^ from ™ amplJf er of each 
S!rf fhL K ISd Via a C0UPlln9 capacitor to the video switching circuits 
? er Sreach DairCHHV

epr.COnLr0l.Unit ^display, while the other amp l 
v a an Pm?tÜ ^i?       S V2 ^m coaxial  cable to the control console via an emitter-follower and output coupling capacitor. 

which^on^fni fV!Ch ^l]fier If P^vided by means of a photomod 
-r lamn   cJJs1sts of a photoresistive cell  packaged with a tungsten-filament 

a? on   I SS9 I6 ZrrT\SmUet t0 the lamP the Photo"'? 'l ^i- i nation is varied, and hence its resistance.    This resistance is connertpH 
s variS1" a0nt^01 l*™™^. of the amplifier, hen« tSe ^p   flS? gain 

T ^m-J      ' A931? of approximately 10 to 200 is available with this 
' -^ atJon"^'0^ ^^^    Since the photomods provide excel ent 

oaKn?^ VJnl iUr:fü.ts fl0^ :n the sain control  leads and tie 

I gain controls ma^ be mountedVemoi'ely ^ith^t di??fcuitri 5a1n'control 
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for the amplifiers driving the scanner CRT display is provided on the 
front panel cf the scanner control unit. This control is switched to the 
channel being viewed by the channel selector switch (see Figs. 20 and 24) 
As shown in Fig 24, the gain control consists of a variable resistance in 
?Ür?5 W1^ a 12 V0lt s?urce which is aPPTied to the photomod lamp filament. 
The 12 volt source is obtained from the +24 v supply (loc. ted in the loqic 
power supply) via a zener diode and dropping resistor. 

Independent gain controls are provided for the A and B channel 
amplifiers driving the coax, cables to the console, since both may be 
used simultaneously. These controls are located on the console control 
unit and are similar to that described above (see Fig. 25). 

By locating the gain controlled video preamps driving the console 
in the scanner control unit, a high video signal level can be obtained 

?Mc fn!„2!XIlV!ule ™ f0r a variety of inPut si9nal level conditions. 
This insures that the signal to noise ratio is not significantly degraded 
by noise pickup by the cables. 

2. Sync Projectors and Detectors 

As previously described in Chapter II. Section A. three sync de- 
tectors are used in conjunction with two sync projectors and the scanning 
disc to generate synchronization signals for controlling signal sampling 
during the scanning process, for pre-recording signal processing, and 
for raster generation for visual display of the recorded and/or on-line 
sampled images. These components, together with the associated power 
supplies and voltage divider are shown in the scanner wiring diagram, 
ng. iz and physical locations are given in Figs. 15 and 17. 

The sync projectors, one for word sync which projects two 20-line 
reticles onto the disc, and one for the line, frame, and disc sync I 
which projects a reticle consisting of 3 line segments, are identical 
except for physical mounting details. Each contains a special sauare 
filament projection lamp (Phillips #13347W) powered by the +5.5 v. power 
supply PS1 of Fig. 22. a condensing lens, reticle holder, and projection 
lens. Procedures for aligning these projectors are given in Appendix IV. 

The sync detectors are basically photomultiplier circuits with 
appropriate optics to collect light passing through the scanning disc 
apertures from the reticles. The photomultipliers generate negative- 
going output pulses from the light pulses thus received. Schematic 
diagrams for these detectors are given in Fig. 32. The line, frame. 
and disc sync detector contains a Type 931A photomultiplier. Because 
of the wider field of view required as well as physical mounting re- 
fnn ^ S * ™tWu word sync detectors, which are identical, utilize 
end-on type 7767 photomultipliers. 
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The dynode voltage divider strings used with the photomultipliers 

are designed to cause saturation at high illumination limiting photo- 
multiplier anode current to approximately 350 ya maximum. This protects 
the photomultipliers from damage and also protects the operational 
amplifiers and Schmitt triggers of the scanner sync generator (see below) 
from damage due to excessive applied voltage in the event of high ambient 
illumination. A 2K ohm load resistor is mounted inside each detector 
housing and another, connected in parallel, is mounted on the scanner 
sync generator PC board, hence neither circuit will be significantly 
disturbed or damaged if the photomultipiier output cable is disconnected 
with power applied. The net load impedance for each photomultiplier is 
therefore IK ohm and the maximum (saturated) output voltage applied to 
the scanner sync generator input is approximately 350 millivolts. 

3. Scanner Sync Generator 

A logic diagram for the scanner sync generator is given in Fig. 33 
and a timing diagram in Fig. 34. The output of each sync detector is 
applied to the inverting input of an operational amplifier (CA 3038) 
operating in the comparator mode (i.e., no feedback resistor is used 
giving very high gain, hence the amplifier is either on or off) while 
a reference voltage is applied to the noninverting input from a voltage 
divider connected to the -5 volt supply, A potentiometer in the voltage 
divider permits setting the trigger point for the comparator amplifier 
at a point on the input waveform where the slope is steep (for reliable 
timing) and where noise or variations in input signal amplitude will not 
cause false or erratic triggering. The comparator amplifiers are operated 
from symmetrical 5 volt supplies and a diode clamp is included between 
pins 2 and 11 of each amplifier to prevent the output from going negative 
in order to provide proper voltage levels for the Schmitt triggers which 
follow. 

. 

:. 

1 
\ 

I 
\ 

The primary purpose of the Schmitt triggers (SN 5413) is to provide 
TTL compatible voltage levels for the remaining circuitry; however, they 
also serve to further shorten the rise time of the signal waveforms. 

nEach Schmitt trigger output is applied to trigger a one-shot 
multivibrator (SN 54121) which produces a narrow output pulse approxi- 
mately 120 ns in width coincident with the leading edge of each input 
pulse. For line, frame, and disc sync this output pulse train is the 
required sync signal waveform. The even and odd word sync pulse trains 
(taken from the t)-, or inverse, outputs of the 1-shots) are ORed together 
via a NAND gate (SN 5400), the output of which is the required Channel 

• A raster word sync pulse train. These sync signals are used in the 
scanner control unit to generate a raster for visual display and are 
also sent via the line drivers (see below) and coaxial cables to the 
console-mounted scanner logic unit (see Fig. 20). 
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4. Line Drivers 

A schematic diagram of the line driver PC board is given in Fig, 35, 
The line drivers, type SN 55109, accept TTL logic level inputs and provido 
low impedance high current outputs suitable for driving the 100 ft. 
coaxial cables connecting the scanner logic unit to the control console. 
Two IC packages are used, each containing two identical, independent 
line driver circuits. Only one circuit of each package is used at 
present leaving the other two as spares. 

The output capacitors (.0013 ufd.) are chosen to match the total 
distributed capacity of the cable used. If cable length and/or type 
is changed, these capacitors should be changed alro (see Note, Fig. 35) 
for most reliable, noise-free operation. 

A -5 v supply is reguired for the line drivers in addition to the 
normal -i-S v logic supply. Since no separate -5 v power supply is 
provided in the scanner control unit, -5 volts is obtained from the 
-15 volt supply via a series-pass transistor (2N 2905) and zener reference 
diode (IN 752A). This circuit also supplies -5 volts to the scanner 
sync generator (see above) and the video switching and D/A converter 
cards mounted in scanner control unit (see Fig. 20). 

A -5 volt crowbar circuit similar to that described earlier for 
the logic power supply LPS-1 (see paragraph B-5 above) is also included 
to protect the components connected to the -5 v line in the event of a 
shorted series-pass transistor or other failure resultino in abnormally 
high voltage on the -5 v line. 

5. Video F'iter Amplifiers 

The console-mounted video filter amplifier circuit board, shown 
schematically in Fig. 36 contains two identical amplifiers, one each 
for A channel and B channel video. Each amplifier provides a matched 
termination for the coaxial video cable from the scanner control unit 
video preamplifier and provides a matched output sufficient to drive 
the video filter, multiplexer, and A/D converter to full scale output. 
Each amplifier consists of a type CA 3038 operational amplifier connected 
in a high current output, inverting configuration. A relay and 25.5 K 
ohm resistor in parallel with the 100 K feedback resistor for each 
amplifier provide gains of approximately 2 and 10, selectable by means 
of the corresponding HI-L0 gain switch mounted on the console control 
unit front panel (see Fig. 25). 
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^+    [^.composite line, frame, and disc sync pulse train is separated 
SIuJl* :1VldUa! 5Utpu5s by the sync separator. Figs. 39 and 40.    Each 

?n K ias fn 1[l?ePendSnt time delay adjustment so that small variations 
in input pulse timing from the correct values can be compensated 
electrically and mechanical adjustments of the line, frame, and disc 
sync projector and detector are therefore much less critical I 

r 
r 
r 

6. Video Filters 

The video filter board. Fig. 37, contains identical low-pass 
filters for A channel and B channel video to restrict the channel 
bandwidth to that required by the signal. Thus any higher frequency 
noise components introduced by the wide band video amplifiers and/or 
picked up by the cables are removed prior to sampling. Such noise 
components. If present, are of little consequence in an analog video 
display since they are effectively filtered out by the persistence 
of vision of the observer, if not by the CRT phosphor decay time, 
ihey must be removed prior to sampling however, or they may appear 
as extraneous signals in the sampled data (i.e., aliasing) since the 
Nyquist sampling criteria (requiring a minimum of 2 samples per cycle 
tor all frequency components present) would be violated with respect 
to these signals. K 

The low pass filters are of the 4-element Butterworth type, and 
n^c!^ent-Jlly fatJ0 160 KHz>  the hi9hest legitimate signal frequency present, with roll off to -3 dB at 430 KHz and -67 dB at 3 MHz. 

7. Line Receivers 

A schematic diagram of the line receivers is given in Fig 38 
As for the line driver board described previously (paragraph 4'above) 
two IC packages (type SN 75107) are used, each having two independent 
circuits. One circuit of each package is presently used while the 
others are spares. 

The line receivers convert the sync signals received from the line 
drivers via the coaxial cables to TTL compatible logic levels for use 
throughout the scanner logic unit (see Fig. 21). 

The input capacitors (.0013 pfd.) are chosen to match the total 
distributed capacity of the line used. If cable lengths and/or type 
are changed, these capacitors should be changed also as Indicated in 
the Note, Fig. 38, for most reliable, noise-free operation. 

8. Sync Separator 

fWf M IS y-     Puls? 1S P^56^ Preceding every image line and occurs 
first in the input pulse train (see tiring diagram. Fig. 40). This pulse 
is app led via the upper NAND gate of Fig. 39 to trigger the line sync 
Jhi ^•nl'cwn/f10^/^ ari adJustable delay of 9 us (nominal) triggers 
the line sync 1-shot thus generating the required line sync output pulse 
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The lower two NAND gates are gated off during the duration of the 1st 
input pulse. The trailing edge of this pulse, however triggers the frame 
sync gate 1-shot which then, for an 8.9 ys interval, gates on the center 
NAND (Fig. 39) while gating off the other two. If another input pulse 
(which is present preceding every image frame) occurs during this in- 
terval it then triggers the frame sync delay 1-shot which, after a 
nominal 6 ys delay generates a frame sync output pulse via an additional 
1-shot, as above. 

The trailing edge of the frame sync gate 1-shot then triggers the 
disc sync gate 1-shot for an interval of 6 microseconds which gates on 
the lower NAND while gating off the other two. An input pulse (present 
preceding every second frame - i.e., once per disc rotation) occurring 
during this interval thus triggers the disc sync delay, and after a 
nominal 3 ysec delay produces a disc sync output pulse via the 
corresponding 1-shot. 

As mentioned previously, the individual delays are adjustable, and 
should be set to produce the proper output pulse timing with respect to 
the Channel A raster word sync pulse train as shown in Fig. 40. 

9. B-Sync Generator and Digital Data Demultiplexer 

Several additional synchronization signals which can be derived from 
the Channel A raster word sync and A line sync signals (see paragraphs 3 
and 8 dhove) are required throughout the system (see Fig. 21). These 
signals, B raster word sync, B line sync, A data register line sync, 
B data register line sync, channel address, and channel transfer, are 
obtained via the B-sync generator. Closely related signals, A data 
strobe and B data strobe, are also required for demultiplexing the digital 
data following analog multiplexing and A/D conversion. These are 
generated from the present channel address and data ready signals from 
the multiplexer and A/D converter, respectively, by the digital data 
demultiplexer mounted on the same circuit board. A schematic diagram 
of these circuits is given in Fig. 41, and the corresponding timing 
diagrams in Figs. 42 and 43. Additional information concerning the 
requirements and derivation of the various word sync related waveforms 
generated by these circuits is given in Appendix II. 

The Channel B line sync and raster word sync signals are obtained 
from the corresponding Channel A signals via a delay equal to \ the 
word spacing of the shortest raster line. This delay is provided by 
the B-channel delay 1-shot (see Figs. 41 and 42) which is triggered by 
each A line sync or A raster word sync input pulie. Output pulses of 
approximately 120 ns duration are generated fol1owing each delay gate 
by the B-delay pulse generator l-shot. The A line sync input pulse also 
sets the A data register line sync flip-flop while the first A raster 
word sync pulse clears this flip-flop generating the required output 
waveform having a negatrve-going transition coincident with the first 
word sync pulse of each data line. The outputs of this flip flop are 
also used in conjunction with the two upper AND gates of Fig. 41 to 
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demultiplex the B line sync pulses and B raster word sync pulses onto 
separate output lines. 

The B line sync and B raster word sync waveforms are then used 
to generate the B data register line sync output via an additional 
flip-flop as was done for A channel, above. 

The channel A and channel B raster word sync pulses (used by the 
raster generators for analog video display) occur at the beginning of 
each data word interval (i.e., just as the disc begins to scan the 
corresponding image element). Sampling for A/D conversion however 
should occur at the center of each image element and, since a single 
A/D converter is used for both channels, samples from the two image 
channels must be multiplexed. Generation of the required waveforms, 
channel transfer to initiate sampling, and channel address to designate 
the channel to be sampled, will now be described. 

The A raster word sync and B raster word sync pulse trains are 
individually delayed (by h  the word spacing of the shortest data line 
minus the multiplexer set-up time) by means of the A channel transfer 
delay 1-shot and B channel transfer delay 1-shot, respectively, and 
their associated pulse generator 1-shots. These are then ORed and 
inverted by the NAND gate to produce the required channel transfer 
waveform. The channel address waveform is obtained from the channel 
address flip-flop which is set and reset, respectively, by the B 
channel transfer delay and A channel transfer delay 1-shots. 

Digitized samples for both A and B channel video appear, multi- 
plexed, on the 8 A/D converter output data lines (see Fig. 21). These 
are demultiplexed by strobing the data from the lines into the ap- 
propriate registers or other circuits via the A data strobe or B data 
strobe, as required. These strobes are generated by the digital data 
demultiplexer which consists of the three lower logic gates of Fig. 41. 
The data strobes originate as the data ready pulse generated by the A/D 
converter each time a new sample is available on the data output lines. 
This pulse is routed to either the A data st obe or B data strobe output 
line via the two AND gates, and NAND inverter, driven by the present 
channel address waveform from the multiplexer. These waveforms are 
given in the timing diagram. Fig. 43. 

10. Co-ax Driver 

Since the standard TTL logic circuits used throughout the system 
are not directly capable of driving lines more than a few inches in 
length, line drivers are required to drive the interconnecting coaxial 
lines to the multiplexer and tape recorder (see Fig. 21). As shown by 
the schematic diagram. Fig. 44. each line driver consists of three 
parallel sections of a type 7407 non-inverting, open collector buffer- 
driver IC, with collectors returned to Vcc via a 47 ohm resistor. Each 
driver is capable of driving a 93 ohm coaxial cable at least 25 ft in 
length provided the cable is properly terminated in a matched load at the 
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receiving end. Eignt identical driver channels are provided on the cir- 
cuit board. Four terminated "feed-throughs" are also provided on this 
board for signals received via coaxial cable from the multiplexer and 
A/D converter. 

11. Multiplexer 

The multiplexer is, except for one modification described below, 
a standard commercial unit, and for operational details the manufacturer s 
manual should be consulted.20 This multiplexer, a two-channel version 
of the Computer Labs Model MUX-810 is capable of multiplexing the 
analog video signals from the two input channels for subsequent sampling 
and analog to digital conversion at a rate up to 2 megawords per second. 
Next channel address and channel transfer signals (see paragraph 9, above) 
are supplied to the multiplexer to initiate sv.itchiny the desired analog 
input signal onto the output line. Switching is accurately completed 
(including settling time) so that A/D conversion of the new data sample 
may begin approximately 200 ns after receipt of the channel transfer 
pulse. 

As received from the manufacturer, the channel transfer pulse applied 
to the multiplexer input connector was simply paralleled off via the 
channel ready output connector to signify that the multiplexer had 
completed the transfer; whereas, as stated above, the switching process 
is not actually completed until 200 ns later. Hence, in order that the 
A/D converter does not begin conversion prior to arrival of the correct 
input signal a 200 ns delay has been added between the channel transfer 
input signal and channel ready output as shown in Fig. 45. This circuit, 
which consists of a 200 ns (adjustable) delay 1-shot followed by a pulse 
generator 1-shot (120 ns nominal width) and output driver for 93 ohm 
coaxial cable, is installed inside the multiplexer. A connector has 
been installed and appropriately wired for this purpose in the card 
slot position originally intended for the channel 8 analog data switching 
circuit which was unused since the multiplexer is equipped with only two 
input channels. 

In addition to the analog data output and data ready signals 
which are sent via coaxial cables to the A/D converter, tl.e multiplexer 
also furnishes a present channel address signal to the system logic 
(see paragraph 9, above), indicating the channel presently selected, 
which is used for subsequent demultiplexing of the digital data as 
previously described. 

12. A/D Converter 

The analog-to-digital converter is an 8-bit, parallel output, 
standard commercial unit (Computer Labs Model HS-802) having a maximum 
conversion rate of 2 megawords per second. Specifications, operational 
and circuit details, and schematic diagrams are given in the manufacturer's 
manual2' supplied with the equipment which should be consulted for ad- 
ditional information. 
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The analog input signal, and encode command which initiates sampling 
and conversion of a new data point, are supplied by the multiplexer. 
The encode command input is simply the channel ready output from the 
multiplexer as described in the preceding paragraph. Approximately 125 
ns after receipt of the encode command signal the new digital data is 
available on the 8 data output lines. At this time the A/D converter 
furnishes a data ready pulse to the system logic which, via the digital 
data demultiplexer (see paragraph 9, above), is applied to strobe the 
data from the lines into the data registers of the A and B channel 
parallel input-serial output encoders described below. 

13. Parallel Input-Serial Output Encoder 

Digital video data available from the A/D converter is in parallel, 
8-bit binary form. In addition, because of the scanning method used (see 
Chapter II), the data is asynchronous. As discussed previously (Chap. II) 
parallel recording on separate tracks at the required data rate is not 
feasible because of dynamic skew limitations, hence a high density serial 
recording (Miller Code) technique utilizing a single magnetic tape track 
for each video channel is used. The required format which combines video, 
sync signals, and an optional parity check in a single, synchronous, serial 
data stream for application to the Miller Code system has been given pre- 
viously in Fig. 7, Chapter II. The purpose of the parallel input-serial 
output encoder is to generate this serial data stream from the available 
input data and sync signals. 

Two identical parallel input-serial output encoders are provided, 
as shown in Fig. 21; one for each data channel. Each encoder consists 
of three circuit boards, and in addition, certain auxilliary circuits used 
by both channels (see paragraph 14, below) comprise one additional board. 
A logic diagram of the encoder is given in Fig. 46 and corresponding 
timing diagrams in Fig. 47. 

The basic function of the encoder is to convert the asynchronous 
parallel input data, plus synchronization signals required for raster 
generation at playback, to a synchronous serial bit stream suitable for 
the Miller code system. This is accomplished by means of six 8-bit 
parallel input-serial output shift registers, each consisting of two 
serial connected type SN7494 IC's (see Fig. 46). Five of these registers, 
mounted on decoder board #2, are used for data storage and conversion 
(or gap filler 0101 code if data is not available) while the sixth, 
mounted on decoder board #3, is used for inserting the 4-bit preamble 
and 4-bit sync code (see Fig. 7) into the serial data stream as re- 
quired. The remaining logic circuits of the encoder control the loading 
and unloading of these registers, provide switching for the optional 
parity check mode, generate parity when this mode is used, and provide 
appropriate start and stop sequences for the decoder when the recorder 
is switched on and off, respectively. 

Since data input is asynchronous (i.e., data for each image line 
comes in a burst at an input frequency peculiar to that particular line 
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(but exceeding the output data rate), followed by a gap of varying 
length prior to arrival of data for the next line) while data output 
is synchronous, temporary data storage must be provided within the 
encoder. This is provided by the five data registers. These are loaded 
in sequence as input data arrives; and are unloaded, in sequence, at a 
constant rate determined by the output data clock (see paragraph 14). 
For the input and output data rates used for this system, 5" data registers 
are sufficient to insure that at least one empty data register is avail- 
able whenever input data arrives, even allowing for possible variations 
in scanning speed (determined by the instantaneous speed of the 
synchronous scanning disc motor). 

For a continuous system such as this, average input and output 
data rates must obviously be identical. Also, the output bit rate 
must be a known constant in order for the Miller code system to 
function properly. These requirements are met while still permitting 
small variations in scanning speed via the variable length 0101 gap 
filler code of Fig. 7. Since the 101 sequence is used by the Miller 
code system at playback to recover the data clock from the recorded 
data, this gap filler code, together with the preamble (Fig. 7) and 
any Id's occurring in the video data, also helps insure proper clock 
synchronization during playback. 

Operation of the data encoder will now be described with reference 
to Figs. 46 and 47. 

The 8 parallel data input lines (or 7 data lines plus parity bit 
for the parity check mode) are hard wired to the data 1 inputs of all 
5 data registers. Channel A and Channel B video data are multiplexed 
on these lines as discussed previously (paragraphs 9, 11, and 12, above). 
The appropriate register is parallel loaded with this data by strobing 
the preset 1 input of that register when-the desired (Channel A or 
Channel B) data is present on the input lines. The required data strobe 
enters the encoder (board #1) from the digital data demultiplexer 
(paragraph 9), is delayed by 40 ns (i.e., the width of the input pulse) 
and lengthened to 100 ns by the data strobe delay 1-shot, and is then 
routed to the appropriate register preset 1 input via the data in decoder 
under control of the input address counter. The delay is required to 
insure sufficient time for generating the parity bit prior to loading. 

The data 2 inputs of all data registers are hard wired for 0101 
(gap filler) code. This code may be loaded as desired by strobing the 
preset 2 input of the appropriate data register. A strobe for this 
purpose is generated by the 0101 decoder strobe 1-slot (board #1), 
provided that the 0101 loader is enabled (see below), each time the 
data output address advances to the next register. This strobe is 
routed to the appropriate register by the 0101 decoder which is also 
controlled by the input address counter, as above. 
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After all 40 data words of the line have been loaded an 0101 loader 
enable pulse is received from the line length counter and gate located 
on the data register clock board (see paragraph 14, below). This pulse 
sets the 0101 decoder strobe flip-flop enabling the 0101 loader logic 
so that, from this point on, whenever the output address counter is 
incremented to output data from a new register, the register currently 
addressed by the input address counter (i.e., the register inmediately 
following the last register previously loaded) will be loaded with gap 
filler code. This is accomplished, as mentioned previously, by applying 
the output of the 0101 decoder strobe 1-shot, via the 0101 decoder, to 
the register preset 2 input. The trailing edge of the 1-shot output 
pulse is also now applied to increment the input address counter 
preparatory to loading of the next gap filler code word, if required. 

Since the instantaneous data loading rate (during the time when a 
data line is being received) exceeds the instantaneous data output rate 
(a constant), a surplus of data is always available in the registers 
immediately after loading the last data word of each line. Thus the 
need for gap filler code is not immediate and loading of this code can 
await the advance of the output address counter to the next register, 
as described above. With this method of loading gap filler code, the 
average loading rate is identical to the unloading rate so that the time 
interval for which gap filler code can be supplied is unlimited. (This 
is important during system turn-on, as will be described later.) The 
loading cycle is now complete, and with the arrival of the next line 
sync pulse to the encoder, the cycle is repeated. 

The data encoder output sequence will now be d' scribed. Data is 
clocked out serially from each data register by applying a clock input 
to that register. A new data bit appears at the output each time the 
clock input goes positive. As data bits are clocked out, zero bits are 
clocked in (since the serial input to each register is grounded), hence 
8 clock cycles are sufficient both to serially unload the register of 
all data contained therein, and to clear the register to zero which is 
required prior to subsequent parallel loading. 

The 2.716 MHz data clock is received from a crystal controlled 
clock oscillator and divider (see paragraph 14 below) and is applied 
via an inverter and the data out decoder, under control of the output 
address counter, to the clock input of the data register to be unloaded. 
The output of this register is simultaneously connected to the output 
data line by the output data selector, also controlled by the output 
address counter. The output address counter is driven by a divide- 
by-eight bit counter (since there are 8 bits per data word) which is 
in turn driven by the data clock. 

The output address counter is basically a divide-by-five counter, 
similar to the input address counter, which automatically cycles (000 
through 100 and repeat) thus addressing the five data registers in 
succession when incremented by the address clock (bit counter output). 
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AND gating from the A and D outputs to the A input, and OR gating from 
th'1 A and B outputs to the low order bit output line have been added 
however which modify the operation of the counter in the following 
manner: A reset pulse applied to the R9 inputs of the counter will 
set the counter output to 101 thus addressing the sync register. Suc- 
cessive input pulses will now cause the counter to step to 000 and then 
continue cycling (000 through 100) as a divide-by-5 counter, never 
again reaching the count of 101. Hence, by means of the R9 reset, 
this counter may be used to automatically include the contents of the 
sync register at the beginning of the first output cycle for each data 
line, and then to exclude it during output of the remaining data and gap 
filler code. 

Now assume the system to be in steady state operation with 0101 
gap filler code being clocked out as before. Further assume that line 
sync, and frame sync, if present, have been received thus loading the 
sync register, and that the trailing edge of the data register line 
sync pulse has been received enabling the output reset flip-flop via 
the data ready pulse from the data ready 1-shot as previously described. 
Upon completing the output of the current 01 bit sequence of the gap 
filler code which may be in progress when the output reset flip-flop 
is enabled, the leading edge of the B output from the bit counter is 
applied via an inverter to set the output reset flip-flop. The output 
of this flip-flop in turn triggers the output reset 1-shot which 
generates reset pulses to reset the bit counter to zero, clear the 5 
data registers prior to loading new data, and set the output address 
counter to 101, thus addressing the sync register, via the R9 reset 
inputs as described above. The first bit of the preamble from the sync 
register is then immediately available at the data output line of the 
encoder and successive bits of the preamble and sync code then follow, 
synchronous with the data clock. When all bits from the sync register 
have thus been unloaded the output address counter will be incremented 
to 000 by the address clock and data bits from the 1st data register, 
which will have been loaded prior to this time, will then be clocked 
out. The output sequence then continues cycling through the 5 data 
registers in succession clocking out all data for the line, and will 
then continue to clock out the 0101 gap filler code loaded into 
successive data registers following the data input cycle as previously 
described. This process continues until the next data ready pulse 
occurs initiating a new output cycle for the next data line. 

The above descriptions of the input and output sequences assume 
steady state operation. If the first data frame recorded after turn- 
on is to be recoverable during playback, three additional requirements 
must be met: (1) some means must be provided for synchronizing the 
Miller code output data clock at playback prior to arrival at the 1st 
actual data, (2) data recording must start at the beginning of a data 
frame, and (3) all registers and counters must be reset prior to 
inputting the first data frame to the encoder. 
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frame at the end of the start-up delay. Since line sync input to the 
data register is not inhibited during the start-up delay, the sync 
register loading cycle will be repeated many times during the remainder 
ot this interval, but will not change the contents of the sync register 
The frame sync code preset 1-shot has been inhibited however, so that 

Ü frame sync code will not be loaded. This is important because frame 
sync code depends upon the recording mode selected, and mode could be 
switched by the operator during the start up delay resulting in in- 
correct sync code for the 1st data frame if this code were preset 
(Note that while it is possible to change line sync code to frame'sync 
code by preset alone (no clear cycle) it is not possible to change 
frame sync code in this manner since the preset operation will change 
0 s to I's, but not I's to O's.) 

At the end of the start up delay a 1 level is again applied to the 
D input of the data enable flip-flop and when the leading edge of the 
next frame sync pulse occurs, this flip-flop is set returning the system 
to normal operation. The trailing edge of this frame sync pulse triggers 
the frame sync code preset flip-flop thus loading the frame sync code in 
the sync register which already contains preamble and line sync code 
1 see above). The data ready pulse then initiates output of the preamble, 
sync code, and fist data line as previously described for steady state 
operation. J 

When the RECORD mode is turned off (either by the operator, or when 
end-of-tape is reached) a true level is applied to the D input of the 
on-off flip flop which then sets when the next frame sync pulse arrives 
thus completing the on-off cycle. No other change in encoder operation 
S« r!of Jhls.tim5 and Jhe encoder output, though no longer being recorded, 
can still be viewed on the visual display indicator as desired. 

A mode selector switch which may be used to select 8 data bits per 
ü« T 

0* lu ta h^ plus parity' for ^cording is located on the front 
panel of the console control unit. This switch, shown schematically in 
ng. 46, sets the D input of the mode flip-flop to 1 or 0 for the 7 bit 

11 tJ2-lty !I!0de 0/  thu ? data bit ^d6' respectively. Coincident with the 
leading edge of each frame sync pulse, the D input of the flip-flop is 
clocked to the output and remains until a subsequent change in D input 
followed by a frame sync (clock) pulse occurs. Thus the position of tie 
mode switch may be changed at random, but actual switching of the encoder 
logic will only occur prior to the beginning of a new frame so that no 
errors are introduced by changing the position of the mode switch while 
recording is in progress. Timing diagrams for mode switching are given 
HSto^nfn'h ^ 3^ N0t? ^5 loading of the frame sync code (which is 
determined by the mode selected) is delayed until the trailing edge of 
the frame sync pulse occurs (via the frame sync code preset 1-shot) as 
E™* ? T^'0"^ so t!iat the Pr0Per code will be loaded for the frame 
jmmediately following a change in mode, as well as for all subsequent 
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The outputs of the mode flip-flop are applied to the data 2 inputs 
of the sync register to provide the proper frame sync code for each mode 
(see Fig. 7), and to the gating inputs of an AND-NOR (SN 7450) used to 
select either the least significant data bit or the parity bit for the 
eighth bit applied to the data register inputs. The parity bit is 
generated from the 7 higher order data bits by means of a parallel input 
parity generator IC (SN 74180) wired to generate even parity. Note, 
however, that the AND-NOR used to select this bit produces a data in- 
version so that odd parity is actually output by the encoder when the 7 
bit plus parity mode is selected and, when the 8 data bit mode is selected, 
the least significant data bit is inverted. The data is recorded in this 
manner, but the inverted bit is reinverted by the decoder during playback. 

14. Data Register Clock and Output Buffer 

The data register clock and output buffer PC board, which also 
contains a line length counter and gate, is used in conjunction with 
the parallel-input-serial output data encoders described in paragraph 13. 
A logic diagram of the circuits contained on this board is given in 
Fig. 48. 

The master clock oscillator for the output data clock used by the 
rnCSo^ is a crystal controlled 5.432 MHz oscillator (Vectron Model 
CO-231) operating from 5 v d.c. and having a TTL compatible output 
waveform. The oscillator output is divided by two by the SN 7474 flip- 
flops (one for each channel) to yield the 2.716 MHz synnetrical square 
wave data clock signals required by the encoders and also by the Miller 
code recording system. These clock waveforms are also applied to clock 
the output data buffers which will now be described. 

The output from the parallel input-serial output encoders comes, 
at various times, from 5 different data registers and a sync register 
which are addressed and selected in sequence by an output address counter 
and output data selector (see paragraph 13, above). Since the total 
propagation delays associated with all possible data paths are not 
identical there is a certain amount of phase jitter present in the 
data output of the encoder which would cause a significant increase in 
error rate of the Miller code recording system. It is the purpose of 
the output buffers (one for each channel) to remove this jitter and 
rürni!?,a data waveform which is phase coherent with the data clock to 
the Miller code encoder. This is done in the following manner. The 
data input (output of the parallel input-serial output encoder) is 
applied to the D input of a flip-flop (SN 7474). At the middle of each 
data word interval, when each bit is certain to be present regardless 
of the input phase jitter, the input is clocked to the output by the 
positive-going edge of the data clock; hence the data output is phase 
coherent with the data clock as required by the Miller code system 
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16. Serial Data Decoder 

A logic diagram of the serial data decoder is given in Fiq 50 
and corresponding timing diagrams in Fig. 51. The purpose of the 
decoder is to convert the serial data stream, and data clock, from the 
Miller code recorder dunng playback (or directly from the parallel 
input-senal output encoder prior to recording) to parallel data to 
extract sync signals from the data stream with proper timing for'raster 
generation, to determine the mode (8 data bits or 7  bits + parity) 
used during recording, and. if the parity check mode was used, to 
perform a parity check on the decoded data. Two identical serial data 
SaT^H- Urd 'ü thVystem' each supplying one of the two identical display indicator channels. 

rsp« ^natJn?eleCt0r (JyPe.SN 74153) is used at the inPut t0 the decoder Uee Mg. 50) to select, via the video selector and channel selector 
switches mounted on the console control unit, any one of 4 pairs of 
input data and data clock signals which are: Channel A or Channel B 
Serial In (input signals to the recorder from the parallel input-seria^ 
output encoder) and Channel A or Channel B Serial Out (output signals 
from the recorder). »"»•* 

The selected data clock input is applied to a 1-shot which generates 
pHnTnT ^l86/3? ns1

nom;"al width) coincident with the neg t ve!go'ng 
?n?^1?

aSMCI0?k ^lse (i:e-» in the niiddle of each data bit time 
Thl 11-2  whl?hJs then used t0 drive a shift register and counter. 
The shift register, consisting of two SN 7495 IC's in series, connected 
wJth^hl3LrüV ^ ^ 0Utput ^ht-shlft operation, i 'sS?pTied 
with the selected serial data and serves as the serial input to parallel 

couKt noM'fiXTK-. The ^T^  basical1y provides a ^ans of 
S?r^ nn lu\   da!u bl5s per word and Prides an output signal 1n- 

7*11 tJ/ 11 0r wy™™^  this counter with the beginning of each 
data word, however, and for separating data words from preamble, sync 
nltr^i  i?P lUr C^e a^0 contained in the input data stream (see 
dwSde? fo ?c iS the PUrp0Se 0f mch of tbe remaining 

thP innHfcV!uthS firstAbits of the shift ^gister are applied to the inputs of the 3 sync detector NAND gates, through inverters as 
required. One of these gates will produce an output whenever the cor- 
a'd^H? ZC C??^bit? (0000 = line s^ 0011 - W sync code 8 data bit mode; 1100 = frame sync code. 7 bit + parity mode) are 

to^deSec^ofm nfinSf-?iP0SitI0^ 0Vhe Sync lister/ A foirth gate 
llrtll™  «12 9JP fI ler C^de 1S also Present for  test purposes but 
ZltZ  hi nr ^ncfl0f- ^Previously stated, each of the three sync 
whpn fh^J PrfiSe1y 1oc?ted (i.e.. the detector produces an output 
wuL thp L^V'6 co^let!^ loaded. but not prior to this time) 
within the data stream since they are known to always follow an 0101 
IV* JL  . 5US an ^^"V™" one of the sync detectors can be used 

"no^nto^rdaL00:^;"60 for di'vidin9 the data bns which 
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If the sync disable flip-flop is reset (see below) an output from 
one of the sync detectors will pass through the corresponding NOR gate 
and other associated logic elements to trigger the line sync 1-shot 
and thus produce a line sync pulse for output. The line sync 1-shot 
also clocks the sync disable flip-flop which, assuming that the decoder 
is active via a true level applied to the D input (see below), will 
set at this time disabling the sync detectors via the associated NOR 
gates, enabling the bit and word counters, and enabling the word svnc 
output NOR gate. 

If the sync code detected was one of the two frame sync codes 
(i.e., produced an output from one of the 1  lower sync detector NANDS 
of Fig. 50) then the frame sync 1-shot is also triggered by the 
associated logic elements thus producing a frame sync pulse for 
output. Note that this frame sync pulse, when present, is not 
coincident with the line sync pulse, but is, in fact, triggered by 
the trailing edge of the line sync pulse (with the sync disable flip- 
flop and associated NOR gates) and hence occurs following the line 
sync pulse as required by the raster generator used for visual display 
An output from the 0011 or the 1100 frame sync NAND also is applied 
(when enabled) to clear or set, respectively, the mode flip-flop 
thus automatically selecting the 8 data bit mode, or the 7 bits + 
parity (parity check) mode for decoder output depending upon the mode 
used during recording. 

Data clock pulses, coincident with data bits, received after one 
of the sync codes has been detected as above will trigger the bit 
counter. After 8 bits have thus been counted the first data word 
will be positioned in the shift register ready for output, and an 
output from the divide-by-eight bit counter will trigger the word 
sync l-'^hot producing a word sync output pulse which may be used, 
as desired, to strobe the data word into an appropriate buffer (see 
paragraph 17, below). This process continues, with a data strobe being 
produced every 8 bits, until the remaining data words of the line have 
thus been converted for output. 

As mentioned above, the sync code detectors are gated off following 
detection of a -ync pulse and must remain off during butput of the data' 
inI;;- if 1fu

necessary because the data itself may contain bit sequences 
identical to the sync codes at random locations and such sequences would 
otherwise be detected as sync pulses producing extraneous outputs from 
the decoder. Hence it is necessary to detect the end of the data line 
so that the sync detectors can again be enabled prior to arrival of 
sync code for the subsequent line. This is accomplished via the word 
counter and gate (Fig. 50). 

The word counter is an 8-stage binary ripple counter driven by the 
biw counter. The word counter outputs indicate the number of con- 
secutive output data words per line that have been converted to parallel 
form via the shift register and thus made available for output. Word 
count jumpers (at present connected for 40 words per line) permit the 
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counter outputs to be applied to an 8-input NAND gate which, followino 
completion of a data line, resets the sync disable flip-flop thus 
enabling the sync detectors, resetting the bit and word counters, and 
gating off the word sync output preventing the output of an extraneous 
word sync pulse generated by counter reset. This NAND gate has two 
inputs in addition to those from the word counter. These are from the 
bit counter, and delay the output of the NAND until 6 additional bits 
have been input following output of the last data word. Four of these 
are required to shift new data bits, following the last data word, 
into position in the first 4 bit positions of the shift register where 
possible sync detection could occur. (These bits will normally be 
0101 gap filler code provided that the decoder is in sync with the in- 
coming data.) The two additional bits are provided as a margin for 
error in the bit count (the Miller code system is not completely error 
free) without loss of sync. 

If the data being decoded was recorded using the parity check 
mode the mode flip-flop will be set as described above. In this case 
a 1-level is supplied to the mode output of the decoder (used, via a 
lamp driver, to illuminate the partiy check indicator on the console 
control unit) and is also applied to gate on the parity checker (IC 
Type SN 74180) and to supply, via the NOR gate in the LS8 output line, 
a zero data bit to replace the parity check bit present on this line 
at the output of the shift register. The parity checker is actually 
identical to the parity generator of Fig. 46 (paragraph 13), but is" 
connected differently to perform the checking function, as shown in Fig 
50  Since the output of the parity checker is valid only when a data ' 
word is in proper position for output in the shift register it is 
necessary to strobe the output of the parity checker with the word 
sync pulse available at that time. Thus, the parity error output of 
the encoder is a 1-level pulse coincident with the word sync pulse if 
the corresponding data word contains a parity error, and is zero 
otherwise. 

If the mode flip-flop is reset, indicating that the input data was 
recorded using the 8 data bit mode, a zero level is apnlied to the mode 
?lJcSwand the parity checker 1s gated off. The least significant bit      -, 
(LSB) from the shift register will now be a data bit and is permitted 
to pass to the data output via the NOR gate. Note, in this case, that 
this bit which has previously been inverted by the parallel input-serial 
output encoder (paragraph 13) is reinverted by the NOR gate and thus 
appears correctly at the decoder output. 

If a decoder is not in use at a particular time (i.e., the cor- 
responding video selector switch is set to other than a serial data 
position, or if the recorder is not in the REPRODUCE or RECORD mod« 
(the RECORD mode also provides reproduction of the data immediately 
after recording), the correspondina parity error and mode indicators 
would be illuminated at random which would be distracting to the 
operator. To p-event this, a means for disabling the decoder under 
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disable signal  is rUSd^siS^lKe   y     d sah^ff-^1 the encoder 

be set while this signal is nreJnt   y!L    s?u e f1lP-floP cannot again 
is removed (by PlaciTlh^S 
sync code detected by the decoder wni  l^t }!t,PR0ÜUCE_.md^ t^e ^rst 
a.t^decode. „i,/co

t
n11„

d-?„^^;:t:!^■*^-^-^ou^•;-> 

random (or after "oss of s^r d,» L**""" "I even 'f started « 
manner   «CHS ^^e ' ^e^^   Ä nTi^t atllTH^V" the 

successive data line«; h* *+ i^.i r^ul[e"lfcnt ^ that the data for 
dition practcaii certain to DrL?^9' ^^ T nature' a """ iy certain to prevaTl  In any normal  imaging application. 

17.    Video Data Buffer 

and alsS^ro^Kr^^n^^^l^^Jtr;;?1 datJAdders (par. 16) 
brief time interval    in order tnH^;!^.^6 T}y available during a 
channel, each data word must be stored i^^ ~ta V1"a the visual display 
becomes available.    This ?s the wtlnn o? ^L""*]1 the next word 

Twoidentical units are ^^^^^^^  SZ 
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The SN 7450 AND-NOR gates (Fig. 52) and inverter b  of the SN 7404 
Hex inverter controlled by the serial data switch input provide a means 
for selecting data from either the serial decoder or the A/D converter 
for application to the buffer. Since the AND-NOR's invert the data, each 
bit is re-inverted by one of the remaining inverters (SN 7404) before 
input to the buffer. The buffer is a type SN 74100 8-bit bistable latch 
clocked via the digital data strobe input. (A suitable data strobe is 
provided via the video display switching unit -see paragraph 18, below.) 
The outputs of the latch follow the input data when the clock is high. 
When the clock goes low the data then present at the inputs are retained 
at the latch outputs until the clock again goes high to load the next 
data word. 

18. Video Display Switching 

Associated with each visual display channel is a versatile video 
display switching system by means of which either display unit may be 
used to display analog video (ANALOG), sampled and digitized video 
(PARALLEL), the serial digital data applied to the input of the recorder     •• 
(SERIAL IN), or the output of the magnetic tape recorder (SERIAL OUT) 
for either Channel A or Channel B as desired. The desired signals for 
display are selected by means of the channel selector and video selector 
switches on the console control unit  Because of the high frequency 
signals involved and the location of the various signals to be switched 
in diverse parts of the system, however, direct signal switching via 
the control unit switches is not feasible. Consequently, these switches 
only apply appropriate logic levels to 3 binary switching lines (1), 
(2), and (4) (see Fig. 21) which are then routed to various solid state 
IC switching devices (via additional logic, in some cases) located 
elsewhere in the system. 

A block diagram of the overall video display switching system for       ; 
one display indicator channel (the second channel is identical) is 
given in Fig. 19. In this diagram all solid state switching elements       _ 
are shown as conventional switches and control inputs to the various 
devices are omitted to clearly indicate the functional arrangement of       "* 
the signal paths. All switching elements are labeled for reference 
and all which bear the same number (example: SW-1A and SW1-B) operate 
together as a multi-pole switch although those bearing a different 
subscript (i.e., SW-1A and SW-1B) are physically separate units which 
are mounted on different circuit boards. The various possible positions 
of these switches are numbered in Fig. 19, and these numbers (which are 
the numerical values of the corresponding digital switching lines for 
the corresponding positions) correspond to settings of the'channel 
and video selector switches as indicated at the bottom of the figure. 

Actual locations of the switching elements of Fig. 19 are given in 
Table VIII while the logic input levels applied to the switching elements 
for the various possible setting of the channel and video selector 
switches are given in Table IX. 
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TABLE VIII 
VIDEO SWITCHING ELEMENT LOCATION 

Switching Element Circuit-Board 

sJf'JJ Video Data Buffer 
cj"ö Video Display Switching Unit 
Jy ,. Serial Data Decoder 
cu"on Video Display Switching Unit 

Video Switching and D/A Converter 

is as*c1•aLrdUexcfS^^Jel(vPewr
1■thantl;:,'-'H*'6 W^V switching unit, 

be described with referenced th= T"-0 Sy11*1^ system and will now ucu wnn rererence to the logic diagram, Fig. 53. 

(IC T™ jNt7d?lilS^^t0r ;!;d ;ne half of the 2nd <<«» selector 

&l   Vend3   ^ f ™     Ive'n'^rth0: W'A I'k ^ fj"^ 

fFin 0?^ha^-?f !l!e 3ru data selecto^ Performs the function of SW-3A 
(F 9.  19), whTle the other half is spare.    The reauired Inn tcfnJ f^c 

thp R    5? •    tie/ I1    input 1S dr1Ve,1 from the (1) switching line while 

which^ulres'a^/wwi !%a ?011? Stafe analo9 switching device J 
line whi?e a n til ^f Z^-5 Slg?al applied t0 the selected input 

19.    Raster Generator 

inDutIhethoS^?efT?t0r ProdlJCes. from word. line, and frame sync 
axif?nn^ ^9^tal..infy output signals required to drive the x and v 
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The vertical raster generator is basically a binary counter driven 
by the raster word sync input with reset via line sync or an end-of-line 
gate. Since it is the faster of the two generators in this system (i.e . 
the raster consists of 40 vertical lines, each composed of 40 individual 
sample points, or words, see Fig. 14) it also contains circuitry for 
unblanking the beam (z-axis intensity) for each data word. Operation is 
as follows (see Figs. S4 and 55). 

Arrival of a line sync pulse will reset the vertical raster counters 
to zero if not already reset via the end-of-line gate following a previous 
ine. This is the required output for the 1st word of each raster line 

jsee Fig. 55, sheet 1). Each raster word sync pulse which now arrives 
(coincident with the beginning of a data word cell) triggers the unblanking 
tilt III    h   Thfu

trai1l.ng edge of the word sync pulse is used to insure 
that data (from the serial decoder and buffer) is actually available at that 
ilZ* Z L     ^  0f ^e "nblanl<ing gate 1-shot is then fed to the blanking 
input of the video switching and D/A converter (paragraph 20) where it is 
applied to unblank the CRT beam for display of each data word. The trailing 
lgJi A \     uIl51*nkln9 9ate 1-shot outPut is then applied, following a 
SL.? y °btained/ia ^e raster step delay 1-shot, to increment" the 
fo^hf „rarr+

COUntr' thus nioving the (now blanked) CRT beam into position tor the next data word. 

The raster step delay is not included in the timing diagrams of 
VnllJJ  since its function is not directly associated with raster generator 
operation. It is required because, in general, the propagation delay of 
SLnlflJ ^annel. + 1sgreater than that of the x and y axis channels 
because of the switching, blanking, and amplifier circuits contained in 
the video switching and A/D converter (see par. 20. below) and perhaps 
also in the display indicator as well. Hence this delay, which may be 
adjusted as required for a given visual display indicator, provides a 
means for delaying the y-axis raster steps so that they arrive at the in- 
dicator CRT while the beam is blanked as shown in Fig. 55. 

After the last word of the line (40th word in the present system - 
corresponding to a vertical raster output count of 39) has thus been 
displayed the counter is incremented once more, but is then iimediately 
reset via the end-of-line gate in preparation for the next raster line 
This arrangement gives the maximum amount of fly-back time possible and 
hence relieves the frequency response requirements of the display in- 
dicator and settling time requirement of the associated D/A converter 
in the event that a word sync pulse is missed, however, or that the 
raster generator is not properly synced with the incoming signals, the 
raster counters are later reset via the line snyc pulse so that proper 
sync is re-established for the next raster line. 

ChantPr'm J^L^-"^"? horizontally ™  previously mentioned in 
Chapter III-B-3 (see Fig. 14), hence the horizontal raster generator is 
somewhat more complex. It consists basically of a type SN 74193 4-staae 
of^n T^rS? Kr^T^ With 2 ^^  stages (consisting 
JLfl K lt0l  dual fllP:f1oP) ^iven by the line sync input pulses, 
reset by the frame sync input, and with appropriate gating to produce 
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the following count sequence: (0, 2, 4, 6, ••• 38, 39, 37, 35 ••• 5, 3, 
1). Operation is now described with reference to the logic diagram 
(Fig. 54) and timing diagrams (Fig, 55, sheets 2 and 3). 

For discussion of all previous circuits the point of reference in 
time (datum line on the timing diagrams) has been conveniently taken 
as the midpoint of the dead space between data lines. In this frame of 
reference, line sync precedes frame sync (when present) which in turn 
precedes the 1st data word of each line. However, for a system in 
continuous operation this reference point is arbitrary, and for 
discussion of the horizontal raster generator a reference point 
(datum line) immediately preceding the frame sync pulse is more con- 
venient. With respect to this frame of reference, frame sync first 
occurs (see Fig. 55, sheets 2 and 3) followed by the word sync pulses 
for the first data line (not shown on these diagrams), and finally, 
the 1st line sync pulse which now occurs at the end of the line rather 
than at the beginning, and so on for the remaining lines of the frame. 

When the frame sync pulse arrives the raster counter (SN 74193 and 
SN 74107) is reset to zero for the 1st raster line. The up-count NAND 
is now enabled via the ^output of the "1" counter (SN 74107) and line 
count NAND, while the down count NAND is disabled via the Q output of 
the "1" counter and the zero count NAND. Thus when the first line sync 
pulse occurs (after the 1st data line) the counter is incremented. Note 
that the first stage of the counter produces the "2" output (while the 
"1" output is obtained from a special counter stage).  Thus the counter 
counts by 2^ as required for the interlaced scan. After the first line 
sync pulse is received, the output of the zero count NAND goes high; how- 
ever the down count NAND is still disabled by the "1" counter so that 
counter gating remains as before. Thus the counter continues to in- 
crement (by 2^) with each line sync pulse until the count of 38 is 
reached. Note that the 5th stage of the counter, although composed of 
an SN 74107 flip-flop, is wired to operate exactly as the previous stages 
(SN 74193). 

At this point, the output of the line count NAND goes low gating off 
the up-count NAND and gating on the clock input to the "1" counter. Hence 
on arrival of the next line sync pulse the "1" counter is set producing 
an output count of 39. The outputs of the "1" counter are also applied 
to enable the down count NAND and disable the up count NAND. Note that 
while the clock input to the "1" counter remains enabled, this counter 
will not reset on the next line sync pulse because the levels applied to 
the J and K inputs only permit this counter to be set via the clock input. 

The next line sync pulse will then cause the counter to decrement 
(by 2) producing the output count of 37. At this point the line count 
NAND goes high but this has no immediate effect on counter operation 
(since the up-count NAND remains gated off via the "1" counter and the 
presence or absence of clock pulses to the "1" counter can have no 
further effect until this counter has again been reset via a frame sync 
pulse). Thus the counter continues to decrement (by 2^) until the count 
of 1 is reached for the last raster line of the frame. 
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Trom the 5th stage) to produce a low output which is aoDlied to d^ahl« 

will  Jelet^til 'T'^ouSS1???«^ ar:ival f the next frame ^nc pulse l«t Hnf L IE counter flip-flop to produce a zero-count for the 
1st bne of the next frame.    As mentioned previously   the fram* ™nr 

ö^tha N?1^/^!^ t0 a11 °thr horizontT^S^ounte' "a^ C 

so that if the raster generator has for any reason lost svnc with th« 
incoming data, proper sync will be re-established at thifSoini ' 

20.    Video Switching and D/A Converters 

The video switching and D/A converter PC board contain«: diaital 

Tor anying this switch, and a video summing amplifier for combininn 

i^JT 7'dentical units are used for driving the two console disolav 
indicators and a third unit is used for analog displays on°v for th^ 
scanner^mounted display indicator.    This unit Is Identical excentJhat 

d sX'y)^^?^2;"1!5 D/A C.0nVerter (notne^Slo^ n   o '   deo 
resistor. SlfH^r6^ v?1ues °f x «nd y axis D/A converter load 
resistors and a different value of video amplifier feed back rpsio-nr 
Ä* 0f ^ differing 1nP"t sensitivities of the associated ds5?aV 

dlag^Tpig^sT1* 0Perati0n 1S deSCn"bed with ^e?In?e to'lh^lSg?? 

raster^Jeratr^ £ VÜI ^ T^Tlo'VrX^ ^ the 

n/I rL     /    td9eS/fquired by the visual display indicator     These 
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The z-axis D/A converter is electrically identical to those described 
above except for the value of load resistor (chosen to yield a ±1 volt 
peak-to-peak output to match that of the analoq video signals). Input 
is supplied from the video data buffer as shown in Fig. 21. All 8 input 
data bits are used. The video output is applied to the z-axis channel, 
when one of the digital video signals is selected for viewing (see 
paragraph 18, above), via the analog switch as described Mow. 

Three sections of the analog switch (IC Type CD 4016D) are used for 
selecting the desired video signal: Channel A analog, Channel B analog, 
or the output of the z-axis D/A converter, for application to the video 
amplifier. The desired section of the switch is turned on by applying 
a +5 volt level to the associated control input while the remaining 
switches are turned off via a -5 volt control input. The selected 
signal is then applied to the video amplifier via the associated summing 
input resistor while the other two video signal inputs are effectively 
disconnected. 

The 4th section of the analog switch (switch D) is used for 
unbanking the CRT beam (which is otherwise biased beyond cut off) 
during display of an image element. The blanking input from the 
raster generator (which is 0-logic level during a data word, and 1- 
level otherwise) is first applied to the blanking amplifier which 
inverts the signal and provides output levels (+5 v or -5 v nominal) 
required by the analog switch. This amplifier is a high frequency 
operational amplifier operated in the comparator mode (i.e., no 
feedback resistor) for fast switching between the two output levels. 
When the switch is turned on, by a +5 volt signal from the amplifier, 
+5 volts (from a low impedance source for fast rise time) is applied 
via the switch to the video amplifier input via the associated input 
summing resistor to unblank the CRT beam. When this signal is not 
present the beam is kept blanked by means of the bias applied to the 
video amplifier input from the -5 volt source and associated input 
summing resistor. 

Since the analog switch is a bipolar device which cannot be controlled 
directly via the standard TTL logic levels, level converters are required 
on the three input video switching lines. These are provided by the 
triple operational amplifier type CA 3060. Each section is identical, 
and operates as a non-inverting comparator producing a +5 volt (nominal) 
output to turn on the corresponding analoq switch when the input level is 
high (true) and a -5 volt output level when the input is low (false). 

21. Video Level and Error Indicators 

The video level and error indicator board shown in Fig. 57 contains 
logic circuits to sense a full scale reading for video level from the A/D 
converter for either A or B channel, and to provide an output pulse, for 
each such occurrence, of sufficient width to be visible on the video 
level indicator for the corresponding channel. This board also contains 
circuits to lengthen any parity error pulses received from the serial data 
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decoder Panty error checkers for the two display channels (see par. 16) 
tMc K .S^tablf1

f0!; ^'SUal disP1ay- Bl^er drivers are inc uded on 

e^rtdlcaVr^^ dnVe the aSS0Ciated 24 V Video level ™* ^ 

^J^^^l^^ IT.  $ Te ^^ied'tVärjn^fs^? B 

anf il'^in^fn^' ^i^,^ Ch P^uces   ™™ output leTwhenLr 
Jnl IlJ «    i3n5Ui (1*e-] a11  1 s) occurs-    This 0UtP"t is first inverted 
and then applied to one input of each of two NAND qates (SN 7400) used to 
demultiplex the resultant signals to the appropriate channel.    The other 
input foreach of these NAND gates is supplied by a 1-shot (SN 74123)lor 

vt eo'chaZ? % . ! L'311 n9.ed9? 0f the data Strobe for ^ corres onSing video channel.    Thus an output pulse, coincident with the delayed data strobe 

fuulJl SlT^ ?f the NAN2 gate f0r either A or B channel whenever a SI « ? f s19nal Jevel appears for that channel at the parallel data input 
InntwT hf+

e?cE ^Uiplexer NAND 9ate is then applied to trigje?      P 

ZlZ   ll^l^ K41?3i/fiChi?enerateS a pulse of Efficient width 
ifESi 5^7   ?S) t0nbe indlvldually visible on the corresponding video 
level indicator.    Each indicator lamp is driven by two parallel section. 
o he % HI'^ *r^"J which pounds SnelidTof       '   m     t     ' 

dta'i^tlh^StpuTpulse^ m V SUPPly) CaUSin9 ^ t0 H9ht f- the 

.k«„ Circuits similar to the output pulse 1-shots and lamp drivers 
?.?nLaIS !l-ed r?r each parity error channel.    These 1-shots are 
clI?Jf S^    7Ctly by the parity error Pulses frm the corresponding serial data decoder error checker.    Since by nature of the Miller code 

Hn t fi!Tty rr?rS ra11y 0CCur in bl!rs^ (due t0 tape drop out! 
anniJI*•    V61*0 ^^ thar] ^ s1n91e errors' the 1-shots for this 
application have a shorter pulse width (approx. 3 ms) which has been 
experimentally determined to yield a more useful measure of the 

em^SyedyabJvrr0r ^'^ t0 0CCUr than d0 the wider pulses 

All  1-shots used in these circuits are of the retriqqerable tvne 
hence if the output pulses exceed the cycle rate for theTshots, the' 
corresponding indicator lamp will  be continuously illuminated. 

22.    Voltage Dividers 

anH J^r- Tr0üS dc p0wr suPPll"es used throughout the system 
and it is des red to have panel  indicators to signifv proper operation 
of these supplies.    The function of the voltage divider PC board is tS 
LTV0!  each°J these various voltage sources, correspond ng output 
ogic levels suitable for application to standard TTL buffer-drivers to 

a]?aM-^s^enPO?ninF?g:
n58"t0r ^    A SChematiC dia9ram ^ these 
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Circuits for all negative input voltages (except -1250 volts) are 
identical except for the values of the input resistors which are chosen 
consistent with the magnitude of each input voltage. Each circuit consists 
of a transistor inverter which, in the absence of the input voltage, is 
biased to saturation via the 1 K resistor and 3 series diodes thus 
producing a low logic output level. When the voltage is applied the 
transistor is cut off and a high logic output level is produced. A 
series diode is used in each base circuit to protect the associated 
transistor from any excessive applied inverse voltage. 

Since -1250 volts cannot safely be applied to the card cage, a 
remote voltage divider (see Fig. 22) is used. The output of this 
voltage divider (^150 mv) is then applied to the input of the (-1250 v) 
inverter circuit. Since this power supply and voltage divider can only 
supply a limited current (^100 u Amp) to the inverter circuit the parallel 
path to ground (3 series diodes) has been eliminated, a more sensitive 
transistor is used, and biasing and output divider resistors have been 
chosen accordingly. Otherwise, operation is the same as above. 

Voltage dividers for the positive supply voltages are simple 
resistive dividers with resistance values appropriately chosen according 
to the supply voltage input. A value of 390fi is used as the output 
resistance value for all dividers. The maximum value for this resistor- 
is determined by the permissible voltage drop due to sinking current 
from the IC lamp drivers at low logic levels. 

23. Lamp Drivers 

The lamp drivers. Fig. 59, accept input logic levels (high = on, 
low = off) from the voltage divider board (par. 22) or from other TTL 
logic sources (i.e., the mode outputs of the serial data decoders) 
and provide switching to control the 24 volt indicator lamps. Either 
two or three sections are paralleled for each application via the 
jumpers (Fig. 59) depending upon the number of lamps to be driven 
(either 1 or 2 for this system) and upon the current ratings of the 
drivers (the type SN 7406 drivers used in the console have a higher 
current rating than the type SN 5406 drivers used in the scanner 
control unit). 

The +24 v supply is connected to one side of each indicator lamp 
and the other side is connected to the corresponding lamp driver output 
When a high level is applied to the driver input the output is effectively 
grounded, thus lighting the lamp. y 
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V.  SUMMARY 

A dual channel, 200 frames per second, 10.6 micron infrared scanner, 
recorder, and visual display system developed and constructed for use in 
atmospheric imaging and image restoration experiments has been fully 
documented in this report. A general description, specifications, 
installation and operating procedures, and detailed theory of operation 
are given together with photographs, block diagrams, and complete 
schematics and timing diagrams. 

Since this report was begun, the complete system has been delivered 
to the RADC Verona PATS test site and, using temporary primary optics 
(the telescope for which the scanner was designed was temporarily not 
available), preliminary tests were performed. No problems were en- 
countered, and proper system operation was obtained without difficulty. 
The laser transmitting system is now being prepared, after which data 
recording for the imaging experiments^ will be performed. 

The recorded data will then be returned to the OSU ElectroScience 
Laboratory for processing. A playback and display system interfaced 
with the ESL DC 6024 data processing system is currently being con- 
structed for this purpose. This system, as well as the data processing 
and experimental results obtained will be discussed in future technical 
reports. 

,1 

78 

3 

l 



\ 

APPENDIX I - SCHEMATIC AND TIMING DIAGRAMS 

All schematic, logic, and timing diagrams for the system are 
collected in this appendix for easy reference. Details of circuit 
operation for the various circuits are given in Chapter IV which 
should be consulted for additional information. 

Where possible, input signals for a given diagram enter on the 
left and output signals exit on the right for ease in following the 
circuit logic. All input and output connections to logic cards are 
indicated on the drawings by circles enclosing the corresponding 
card cage or edge connector pin numbers. Two types of card edge 
connectors are used for some circuit cards. These are the standard 
card cage edge connector (rear edge connector) which is always implied 
unless otherwise noted, and a special edge connector (front edge con- 
nector) which is bolted to the opposite edge of some circuit cards. 
These front edge connectors are used primarily for coaxial cable input 
or output connections to the circuit cards and are always labelled 
"front edge connector" when they appear on the logic diagrams. 

Nearly all circuit logic elements are standard TTL integrated 
circuits. Details for the individual IC's may be found in the 
manufacturers literature.10-13 

Many of the timing diagrams have a time reference line (datum line) 
which is usually taken to be the center of the dead space between 
successive data lines. One exception is the horizontal raster generator 
where a point in time just preceding the frame sync pulse is used (see 
Chap. IV, par. 19). Since successive data lines differ in length 
(although the time from the center of one dead space to the next is a 
fixed constant) an average length data line is normally used in the 
timing diagrams unless otherwise stated. 
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Fig. 56.    Video switching and D/A converters logic diagram. 
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APPENDIX II - WORD SYNC AND RELATED PULSES REQUIRED FOR 
THE 2-CHANNEL IR SCANNER 

This Appendix contains additional discussion of several wavoronns 
generated by the B-sync generator (see Chap. IV, par. 9) which are 
required for 2-channel multiplexed operation. 

Requirements: 

1. Channel transfer pulses at the center of each data word to initiate 
sampling. These are obtained by ORing together Channel A and 
Channel B word sync pulses which occur at the center of each data 
space. 

2. Raster word sync pulses for each channel which occur at (or near) 
the beginning of each data space. The Channel A and Channel B 
word sync pulses must be offset by approximately H data space to 
permit multiplexing and subsequent use of a single A/D converter. 

3. A next channel address signal to program the multiplexer to sample 
the proper channel. 

4. B-channel line sync must also be generated, lagging A-channel line 
sync by h data space. 

Limitation: 

1.  The data spaces (times) and hence word length for each line of the 
image is different because an approximate rectangular image, rather 
than a pie shaped wedge, is being scanned by the scanning disc. 

Method: 

1. The B-channel image is made to lag the A-channel image by h the 
word length of the shortest (1st) line of the image via a rotation 
about ehe axis of the disk (approximately .004" at the radius of 
the 1st (outermost) scanning aperture). 

2. Since the rotational speed of the disc is constant, rotation is 
proportional to time; hence each element of the B-channel imago 
is delayed with respect to the corresponding element of the A- 
channel image by % the word length of the 1st (shortest) image line. 

This is illustrated by the timing diagrams of Fig. 60 in which: 

1. Only 6 elements (rather than the actual 40) per line are shown 
to illustrate the principles in minimum space, and 

2. Only the shortest (1st) and longest lines of the image are drawn 
(with arbitrary time scales and length ratio) to illustrate 
that lines of unequal length are accommodated. 
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Fig. 60.    Word sync related signals, timing diagram. 
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Since the Channel A raster word sync, pulses must occur 1st in time, 
these will be generated directly by the word sync, generator. They will: 

1. Occur coincident with the start of each data space (word) for 
the shortest (1st) raster line, and will 

2. Precede the center of each word space by the same amount for 
all data lines. (Thus if equal length samples are taken for 
all words used in an analog display, all such samples will be 
taken about the midpoint of each data word.) 

The Channel A raster word sync, pulses thus defined are drawn next 
on the timing diagram. 

The Channel A channel transfer pulses are next obtained from these 
generated pulses by means of a constant time delay equal to h the data 
space of the shortest line. (The actual delay gate timing used may be 
somewhat less than this to allow for propagation delays in the various 
circuits.) Note from the timing diagram that these then occur at the 
center of the data space, as required, for all words. 

The B channel word sync, pulses could now be obtained from the 
corresponding A channel pulses via a constant time delay equal to h 
the data word space for the shortest line. These are next shown in the 
timing diagram. Note that the Channel B raster word sync, is (ideally) 
identical with the Channel A channel transfer pulses. However, 
propagation delays in the circuits for which these pulses are used will 
very likely differ, so that independent adjustment of the delays for 
these two pulse trains is desirable. Hence separate delay circuits 
are used to obtain these two signals. Channel B channel transfer pulses 
are then obtained from the Channel B raster word sync, pulses via an 
additional time delay (see the block diagram. Fig. 61). 

A RASTER_JUl 
WORD SYNC 

A LINE     A ., 
SYNC      *■   * 

-   A LINE SYNC 
■ll-jj;     ^ A RASTER 

n _     WORD SYNC 
J|4t».B RASTER 

WORD SYMC 

B LINE SYNC 

CHANNEL 
TRANSFER 

NEXT 
CHANNEL 
ADDRESS 

Fig. 61.    Two-channel sync signal generation, block diagram. 
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The Channel A and Channel B channel transfer pulses are next ORed 
together for application to the multiplexer. This waveform is next 
shov(>n in the timing diagram. The pulses are seen to be evenly spaced 
in the case of the shortest line but occur in pairs for the longest 
line, the minimum spacing being equal to that for the shortest line 
(i.e., H data word space of the shortest line). Thus, if the multiplexer 
and A/D converter is adequate for the shortest line, it will function 
properly for the longest line also even though sample spacing for this 
line might not at first glance appear optimum. (Note that it is not 
possible to first combine the A and B raster word sync pulses and then 
delay them via a single delay gate since a "100% duty cycle 1-shot" 
would be required - i.e., the required delay is approximately equal to 
the pulse spacing of the channel transfer wavetrain.) 

A next channel address signal is now required to program the multi- 
plexer to sample the proper channel. The proper address must be applied 
to the multiplexer prior to the arrival of the channel transfer pulse. 
This is accomplished by applying the delay gate outputs driven by the 
A-channel and B-channel raster word sync pulses to the clear and preset 
inputs, respectively, of a flip flip. The Q output of the flip flop is 
then used for the next channel address signal applied to the multiplexer. 

A-channel line sync is directly generated and occurs Wh data spaces 
(for the shortest line) ahead of the 1st A-channel raster word sync pulse. 
The B-channel line sync is obtained from the A-channel line sync via a 
delay equal to H data space for the shortest line. The same delay used 
for obtaining the B channel raster word sync is used, with a flip flop 
and gates for switching. 
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APPENDIX III - SCANNING DISC PARAMETERS AND SCANNING SEQUENCE 

This appendix lists essential parameters of the scanning disc with 
respect to location of the scanning apertures and their use for image 
scanning and associated sync pulse generation. The physical layout of 
the disc relative to scanning hole numbers and image and sync reticle 
scanning positions is shown in Fig. 62. Table X lists the scanning, 
synchronization and display sequence. Table XI lists R-THETA coordinates 
of the scanning apertures and frame sync holes, while Table XII lists 
the scanning frequency (for the 40 data points) and lengths of the data 
space and dead space (see Fig. 63) for each image line. 

LINE,  FRAME, a DISC   SYNC. 
RETICLE   (ON  REAR OF DISC 

CHANNEL B 
IMAGE 

POSITION 

CHANNEL A 
IMAGE POSITION 

ODD WORD SYNC. RETICLE 

EVEN WORD SYNC. RETICLE 

Fig. 62. Scanning disc, front view. 
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TABLE XI 
R-THETA COORDINATES OF THE SCANNING DISC APERTURES 

Hole No.       Theta Theta R 
Degrees Deg. Min. Sec. In. 

1 0.0 0 0 0. 4.52521 
2 4.50000 4 30 0. 4.50946 
3 9.00000 9 0 0. 4.49371 
4 13.50000 13 30 0. 4.47796 
5 18.00000 18 0 0. 4.46221 
6 22.50000 22 30 0. 4.44647 
7 27.00000 27 0 0. 4.4307? Tolerances 
8 31.50000 31 30 0. 4.41497 
9 36.00000 36 0 0. 4.39922 

10 40.50000 40 30 0. 4.38347 
11 -5.00000 45 0 0. 4.36773 Radius ±2.5/10,000 inch 
12 49.50000 49 30 0. 4.35198 
13 54.00000 54 0 0. 4.33623 Theta ±3/1,000 degree 
14 58.50000 58 30 0. 4.32048 
15 63.00000 63 0 0. 4.30473 %   ±10 seconds 
16 67.50000 67 30 0. 4.28899 
17 72.00000 72 0 0. 4.27324 
18 76.50000 76 30 0. 4.25749 
19 81.00000 81 0 0. 4.24174 
20 85.50000 85 30 0. 4.22599 
21 90.00000 90 0 0. 4.21812 
22 94.50000 94 30 0. 4.23387 
23 99.00000 99 0 0. 4.24962 
24 103.50000 103 30 0. 4.26536 
25 108.00000 108 0 0. 4.28111 
26 112.50000 112 30 0. 4.29686 
27 117.00000 117 0 0. 4.31261 
28 121.50000 121 30 0. 4.32836 
29 126.00000 126 0 0. 4.34410 
30 130.50000 130 30 0. 4.35985 
31 135.00000 135 0 0. 4.37560 
32 139.50000 139 30 0. 4.39135 
33 144.00000 144 0 0. 4.40710 
34 148.50000 148 30 0. 4.42284 
35 153.00000 153 0 0. 4.43859 
36 157.50000 157 30 0. 4.45434 
37 162.00000 162 0 0. 4.47009 
38 166.50000 166 30 0. 4.48584 
39 171.00000 171 0 0. 4.50158 
40 175.50000 175 30 0. 4.51733 
41 -180.00000 180 0 0. 4.52521 
42 -175.50000 184 30 0. 4.50946 i 

43 -171.00000 189 0 0. 4.49371 ■ 

44 -166.50000 193 30 0. 4.47796 
45 -162.00000 198 0 0. '1.46221 
46 -157.50000 202 30 0. 4.44647. 
47 -153.00000 207 0 0. 4.43072 
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TABLE XI (Continued) 

Hole 1 fc).  Theta Theta R 
Degrees Deg. Min. Sec. In. 

48 -148.50000 211 30 0. 4.41497 
49 -144.00000 216 0 0. 4.39922 
50 -139.50000 220 30 0. 4.38347 
51 -135.00000 225 0 0. 4.36773 
52 -130.50000 229 30 0. 4.35198 
53 -126.00000 234 0 0. 4.33623 
54 -121.50000 238 30 0. 4.32048 
55 -117.00000 243 0 0. 4.30473 
56 -112.50000 247 30 0. 4.28899 
57 -108.00000 252 0 0. 4.27324 
50 -103.50000 256 30 0. 4.25749 
59 - 99.00000 261 0 0. 4.24174 
60 - 94.50000 265 30 0. 4.22599 
61 - 90.00000 270 0 0. 4.21812 
62 - 85.50000 274 30 0. 4.23387 
63 - 81.00000 279 0 0. 4.24962 
64 - 76.50000 283 30 0. 4.26536 
65 - 72.00000 288 0 0. 4.28111 
66 - 6,'.50000 292 30 0. 4.29686 
67 - 63.00000 297 0 0. 4.31261 
68 - 58.50000 301 30 0. 4.32836 
69 - 54.00000 306 0 0. 4.34410 
70 - 49.50000 310 30 0. 4.35985 
71 - 45.00000 315 0 0. 4.37560 
72 - 40.50000 319 30 0. 4.39135 
73 - 36.00000 324 0 0. 4.40710 
74 - 31.50000 328 30 0. 4.42284 
75 - 27.00000 333 0 0. 4.43859 
76 - 22.50000 337 30 0. 4.45434 
77 - 18.00000 342 0 0. 4.47009 
78 - 13.50000 346 30 0. 4.48584 
79 - 9.00000 351 0 0. 4.50158 
80 - 4.50000 355 30 0. 4.51733 

81 - 90.50000 269 30 0. 4.75000' 
82 89.50000 89 30 0. 4.75000 

83 89.50000 89 30 0.  4.65000 }  Disc Sync Hole 
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Fig. 63.    Scanning line format. 
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APPENDIX IV - IR SCANNER ALIGNMENT AND MAINTENANCE 

A. General Maintenance Procedures 

Both mechanical and electrical components of the IR scanner system 
are quite stable and re-alignment should not normally be required except 
perhaps after component replacement following accidental damage or failure 
No periodic maintenance of the scanner and console components is required ' 
other than keeping the system clean and occasionally drying the nitrogen 
Tilters if erratic detector cooling is experienced (see instructions for 
regeneration printed on the body of the filters). The magnetic tape 
^„Ii r q0eu ITJ6  Peri?dici maintenance, however, and the manufacturer's 
manual st.y should be consulted and the maintenance instructions followed 
(see also Chapter III. Section 8-2-0, of this report). 

The gold-coated IR imaging optics should only be cleaned using an 
JIL.I"! VnC^  thes! 0?tical coatings are very easily damaged. Lens 
tissue, and a drop of cleaning solution may be used if necessary on the 
various sync system lenses, and. with extreme care to avoid scratching, 
on the first surface mirrors used in the word sync system, if necessary. 

The scanning disc apertures may be cleaned by an air blast, using 
In ml   n pessary or in an extreme case not yielding to this treatment, 
a 0.008 in. dia drill may be used - very lightly held in the fingers, 
and very carefully used to avoid enlarging the aperture. 

In the event of system malfunction and, in any case, prior to 
attempting any alignment procedures given below, the following should 
first be checked: »  wU.u 

1. Power Supplies: 

— a. Make sure that all power supply indicators are lit. 
If not. turn power off and then back-on to reset any 
crowbar circuits which may have tripped because of a 
temporary voltage or current overload. (Note an off 
cycle of 60 seconds may be required to thus reset the 
+5.5 v supply.) If this fails, check indicator lamps, 
power supply fuses and other components to determine 
cause of failure, and replace, as required. 

b. If malfunction presists, and before any alignment 
procedures are attempted, check all associated power 
supply voltages with an accurate voltmeter (digital 
voltmeter mth millivolt sensitivity preferred) and 
readjust, if required. Care must be used not to set 
the low voltage regulated logic supplies more than 
h volt above nominal, even temporarily, or logic 
components may be damaged. It is recommended that 
the loads be disconnected prior to adjusting these 
supplies, but the voltage should then be rechecked 
with normal load applied. 
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Crowbar circuits, where used, are to be set % voU 
higher than the nominal output voltage. WARNING: All logic 
circuits must be disconnected from the power supply to prevent 
damage prior to attempting a crowbar circuit adjustment. 

2. Scanning Disc and Sync System: 

a. Make sure that both sync projector lamps are lit. 
If not, check +5.5 volt power supply as above or 
replace sync projector lamps as required (see below). 

b. Make sure all scanning and sync apertures of the scanning 
disc are clear. (See above for cleaning procedure.) This 
may be checked if necessary by observing the signal output 
of each sync detector (at the sync detector output con- 
nector - see Figs. 15 and 17) via an oscilloscope. 

Eighty output pulse trains (20 pulses per train) 
corresponding to 80 successive data lines should be 
viewed (i.e., 1 complete rotation of the scanning disc). 
This can best be done by syncing the A-sweep of the 
oscilloscope with the disc sync output (available on 
TP5 of the scanner control unit card cage - see Fig. 18) 
and viewing each successive pulse group by means of the 
delayed sweep. 

If one or more pulse groups are found to be of 
significantly lower amplitude than the others, the cor- 
responding scanning disc aperture is probably partly 
obstructed and should be clear.d. The information con- 
tained in Table X of Appendix III will aid in determining 
a specific aperture which requires cleaning from the 
observed pulse trains. 

c. Spots of dirt on the sync system 1st surface mirrors 
or projector reticles could also cause individual pulses 
to drop out, but would normally not reduce the amplitude 
of an entire pulse train as would an obstructed aperture. 
The possibility of this condition existing can also be 
checked, as above, and should be corrected if required. 

3. Scanner Motor Speed: 

For proper system operation scanner motor speed must 
be correct to within approximately ±5%. Low line voltage 
(400 Hz 3-phase supply) may cause the motor to operate below 
synchronous speed. The line-to-neutral voltage, at the motor, 
for each phase of the supply should not be less than 117 volts 
to insure proper operation. 

Motor speed may easily be checked for synchronous 
operation as follows: With IR detectors warm, video gain 
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full on, and the remainder of the system in normal operation, 
a certain amount of 400 Hz hum modulation (i.e., variation of 
intensity with horizontal position) will be observable on the 
visual display raster pattern. This is produced by magnetic 
coupling from the scanner motor windings to the IR detectors. 
If this pattern is stationary, and does not exhibit a slow 
drift with time, the scanner motor speed is synchronous with 
the 400 Hz power line frequency. 

B. Sync Projector Lamp Replacement 

The procedure for replacing a defective sync projector lamp is as 
fol1ows: 

1. Slide back plastic boot covering lamp base to expose connections 
2. Unsolder wires from lamp base. 
3. Remove 3 8-32 socket head cap screws holding lamp mounting 

plate to projector and remove lamp and plate. 
4. Loosen 3 6-32 socket head set screws in rim of mounting plate 

and remove defective lamp. 
5. Install new lamp (Philips Type 13347W, 6 volt-15 watt) by 

reversing the above procedure. Tighten set screws (step 4) 
just sufficient to hold lamp firmly. Excess tightening will 
damage lamp. Tighten the socket head cap screws (step 3), 
each fitted with a flat washer and spring lock washer, only 
enough to hold lamp mounting plate in position. 

6. Adjust lamp position for even illumination of the reticle as 
follows: turn system power on and observe raster pattern on 
the console visual display indicator using the SERIAL IN 

*• position of the video selector switch (this position is most 
sensitive to alignment errors). Slide the lamp mounting plate 
to the limits of its travel (the mounting holes are larger 
than the mounting screws) while watching the raster display 
to determine the midpoint, both vertically and horizontally, 
of lamp positions which result in a proper raster display. 
Set lamp mounting plate to this position and tighten the 3 
8-32 socket heaJ mounting screws. 

6a. If the above adjustment procedure (step 6) cannot be used 
(i.e., locations are such that the console indicator cannot 
be seen from the scanner location) then the output of the 
associated sync detector should be viewed on an oscilloscope 
as in paragraph A-2-b, above, and the sync projector lamp 
should be adjusted to obtain the most uniform amplitude 
distribution of detector output pulses. 

C. System Alignment Procedures 

Before system alignment is attempted, perform all preliminary tests 
indicated in Section A above. It is further recommended tint, prior to 
performing an alignment procedure, the need for that particular align- 
ment should be verified by appropriate oscilloscope checks of the various 
waveforms. When comparing the various waveforms obtained with the timing 
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diagrams of Appendix I. remember that these diagrams in general represent 
ideal waveforms, times are nominal, and the various propagation delays of 
the logic elements are not included; hence the observed wave shapes may 
differ from these to some extent, yet still be correct. 

1. Final Alignment - General Procedure 

The final criterion for proper system alignment is proper system 
operation with maximum deviation permitted before improper operation 
occurs. Hence, with the system nominally aligned and operating properly, 
or nearly so, final adjustment of most alignment controls can be per- 
formed as follows: 

a. With system power on (detector cooling not required) 
set the console display indicators to the SERIAL IN 
position and observe the raster pattern. Since some 
adjustments affect the two channels differently, both 
A and B channels should be observed. (If two indicators 
are installed, switch one to each channel; otherwise 
switch periodically as required to observe both channels.) 

b. Note the initial setting of the adjustment to be 
attempted so that it can be returned to its original 
position, if required. 

c. While observing the raster patterns vary the adjustment 
in each direction and determine the limits over which 
proper operation can be obtained. 

d. If definite limits are found in step c, set the adjust- 
ment to the midpoint of the range of proper operation. 

e. If such limits are not found, return the adjustment to 
its original setting as determined in step b, above. 

The above procedure should prove adequate for nearly all field 
alignment requirements unless system modifications are made, the 
system is seriously damaged, or catastrophic failures requiring major 
component replacement occur. In such a case the following alignment 
procedures may be required. The scanner must be in operation (de- 
tectors uncooled) during alignment. 

2. Scanner Sync Generator Alignment 

a. Set the odd word sync and even word sync high voltage 
pots accessible on the front plate of the scanner 
(Fig. 10) fully clockwise. 

b. Using an oscilloscope with delayed sweep and dual trace 
capability observe the outputs of the two word sync 
detectors at their respective BNC output connectors. 
Oscilloscope svnc for this, and all following procedures, 
should be obtä..,ed using the disc sync output, TP5 of 
the scanner control unit card cage (Fig. 18). 
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c. 

d. 

Signal amplitudes should be approximately 350 millivolts. 
If the two waveshapes are not of approximately equal ampli 
tudes reduce the higher one by turning the corresponding 
pot counterclockwise. 

View the output of the line, frame, and disc sync 
detector on the oscilloscope as above. Since the 
disc sync pulse occurs last in the pulse train it 
will be necessary to use delayed sweep to observe 
the line, frame, and disc sync pulses simultaneously. 
Adjust the line, frame, and disc sync high voltage pot 
(Fig. 18) for approximately 350 millivolts peak ampli- 
tude of the lowest of the three pulses. 

Note the positions of all 3 high voltage controls so 
they may be reset to these positions after the remaining 
steps have been performed. 

f. Trigger level adjustments are now performed. The controls 
are located on the scanner sync generator board, slot 12 
of the scanner control unit card cage. Control locations 
are given in Fig. 64. 

e. 

I 

\ 
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0  0 
ODD   WORD   SYNC. 
TRIGGER   LEVEL 

EVEN   WORD  SYNC. 
TRIGGER   LEVEL 

LINE, FRAME, 8   DISC  SYNC. 
TRIGGER   LEVEL 

Fig. 64. Scanner sync generator control locati ons. 
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g. Using disc sync (TP5) as above, view the following waveshapes 
on the oscilloscope: 

(1) odd word sync detector output (use a co-ax tee so that 
detector is still connected to scanner control unit). 

(2) A raster word sync, TP 2 on card cage. 

h. Choose level on wave shape (1) at which triggering is desired. 
This should be approximately midpoint on the negative-going 
leading edge of each pulse, and must be chosen for reliable 
triggering from the lowest sync pulses, but significantly 
greater than the noise level. 

i. After noting original position so that it may be reset, 
turn odd word sync high voltage pot ccw to reduce peaks 
of waveform (1) to the value chosen in step h. 

j. Set the odd word sync trigger level pot (Fig. 64) so that 
triggering just occurs as shown by waveshape (2). (NOTE: 
since this waveshape normally contains both even and odd 
word sync pulses it is helpful to remove the signal or 
h.v. cable from the detector not currently in use so that 
only the desired pulses are present.) 

k. Return the high voltage pot (step i) to its original setting 

1. Repeat g through k above for even word sync. 
Waveshape (1) will now be obtained from the even word 
sync detector. 

m. Repeat g through k above for line, frame, and disc sync. 
Waveshape (1) will now be obtained from the line, frame, 
and disc sync detector. Waveshape (2) is taken from 
TP1 of the card cage. 

NOTE: With detector connected to the scanner sync generator, 
a break in slope occurs at the trigger point in wave- 
shape (1) as shown in Fig. 65. 

TRIGGER  POINT 

Fig. 65. Sync detector waveform. 
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3. Sync Separator Alignment 

the sl^cort^^Jt5^",0:! aa
r'u?^ »je heated In slot 11 of 

unit (console ca" cage), sfot f 'c^rof in«?- 1n the scanner ,09ic 

board may be used so that thl rem ??J ^•(.ee Fl9: 39)- An "tender 
or test leads raay be Ä^i^l^^nlo^fb^d^^^^^. 

ALIGNMENT 
ORDER 

| I   FRAME SYNC. DELAY ( 6M sec) 

a 
DISC   SYNC. DELAY (3uSec) 

LINE    SYNC. DELAY ( 9 ^ sec) 

a" ISC SYNC. GATE     (6Msec) 

a FRAME SYNC. GATE    ( 8.9 u sec ) 

b. 

Fig. 66. Sync separator control locations. 

board; and from cardconnlcSor Jin ^5-3?   5-23   a^'S 7 
respectively, for the console-nZLd board      * *"* 5'7' 
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4. B-sync Generator Alignment 

Two identical units are used, one located in the scanner rnnf™i 
unit card cage, slot 10, and the other in the scanner loSlS unl? S?it fi Control locations are given in Fig. 67.     stannBr logTC unit, slot 6. 

OUTPUT 
TEST  PIN 

47 

ALIGNMENT 
ORDER 

□B   CHANNEL TRANSFER  DELAY 
( 1.13 M sec) 

□ B  CHANNEL  DELAY 
( 1.38 fi sec ) 

a CHANNEL   TRANSFER DELAY 
( 1.13 Msec ) 

Fig. 67. B-sync generator control locations. 

a' nhtafn Hl H J61^.Q9^' i" the specified order, to 
obtain the delay times indicated. The required test 

sryrr^1^:6 at the circuit board pins in- 
ll?nl lii

UStmnl 0f t[}e  B channel delay should be made using the procedure given in paragraph 1, above. 
b. 

5.    Raster Generator Alignment 

inHnvIw6 1*!ntical raster generators are used, one for each disolav 
loJT and Inhe^re l0Cate? ^ the scanner control un?t card cage   y 

u^tVi ^ I', fesplc?:!^!0910 ^ ^ * *"* " f0r —^display 

a*    «J?onoIl?.UnWMkinL9a*e for mximm useable display time 
JdjlÄ^/J^w)^8^1 interaCtS SOmewhat w?th 

152 



:: 

1. While observing the raster on the associated display 
indicator, turn the unblanking gate pot clockwise 
(see Fig. 68 for location) until one or more raster 
spots drop out. 

2. Turn control ccw until all spots are again present 
and uniformly illuminated. (Check for all positions 
of the video selector switch.) 

b. Adjust the raster step delay so that changes in raster 
spot position occur when the beam is blanked. Final 
criterion for adjustment is a correct, uniformly il- 
luminated raster display, although preliminary adjustment 
is facilitated by viewing the z-axis and y-axis waveshapes 
on a two-channel oscilloscope (use co-ax tees in the lines 
to the display unit). 

OUTPUT 
TEST   PIN 

ALIGNMENT 
ORDER 

-  ■■ 

I 

1 

I 
1 

I 

17 

RASTER  STEP   DELAY 
( APPROX. I ^i sec ) 

UNBLANKING  GATE 
(2 Msec NOMINAL) 

Fig. 68. Raster generator control locations. 

6. Word Sync Projector Alignment 

This paragraph describes mechanical alignment of the word sync 
projector and associated components which must be accurately positioned 
in order to obtain proper system operation. Since this alignment is 
quite tedious and critical, it should not be attempted unless the need 
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is clearly Indicated and all other possible (and more likely) causes for 
malfunction have been eliminated - see Section A above. If slight mis- 
alignment of one or more adjustments are then suspected, the final 
alignment procedure of paragraph 1 above should first be tried before 
performing the following complete alignment procedure. Locations of -he 
components are given in Figs. 15 and 17. ^«»tiunb or ne 

NOTE: It will be necessary to unbolt the scanning disc, motor, 
and sync assembly from the scanner baseplate and rotate it 90° 
clockwise for access to various components. Remove scanner 
cover, and use longer HV cables supplied to operate sync de- 
tectors in this position. 

a. Set the even-odd splitting mirror to proper location and 
alignment, if required. (Splitting edge 2^  ccw from 
vertically downward, facing front of disc.) 

b. Remove cover from word sync projector. Loosen reticle 
mount clamps (L-shaped brackets holding reticle to mount) 
Set reticle horizontal adjustment so that centerline of 
reticle lies along edge of splitting mirror. (Rotate 
reticle to approx. position, if required, prior to this 
adjustment.) 

c Set up oscilloscope (multi-trace verticle plug-in. delaying 
sweep horizontal) to view the following waveshapes: 

(1) disc sync (TP5 of card cage) - sync all waveforms to 
this signal. 

(2) output of odd word sync, detector (use co-ax tee at 
detector) 

(3) output of even word sync, detector (use co-ax tee at 
detector) 

(4) A raster word sync. (TP2 of card cage). 

d. Check for uniform amplitude of pulses, waveshapes (2) and (3), 
and adjust lamp position (and condenser if necessary) to obtain 
uniform amplitude. 

e. Check for proper trigger level adjustment and adjust if 
necessary (see par. 2, above) 

f. Adjust reticle rotation as follows: 

1. Raise reticle (turn vertical adjustment screw ccw) until 
1st line word sync (waveshapes (2) or (3)) begin to drop 

2. Loosen rotation locking screws just enough to permit 
reticle rotation. 

3. Adjust reticle rotation (and vertical adjustment, as 
required) until waveshape is h its normal height and 
is of uniform height at each end of the line (i e 
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1. 

2. 

ment. check both waveshapes ?2) and r^'J l3^^ 
(A different vertical settinawiffKi^ in-th? manner- 
two waveshapes.) 9 Wl11 be reWred for the 

4.    Lock rotation adjustment. 

9.    Adjust projector focus. 

u^0d0er^-d\\1VotaVrebLCa
s

Pö%C
h

rT {Mt^ sc^s) on 
moved sideways S0 that ProJector may be 

oT?h\7&ts^runtf?^s(e^P1'nH9 I' ^^ the ^ 
positive portion of nigaJlvI wa^!h e bfW!en pij1ses (most 

,     and (3) is as wide as possible PeS, 0f waves,iaPes (2) 
J.    Tighten mounting screws. 

h.    Adjust reticle size: 

^nrdn^beTomed0^"9 ^ S0 that th-ded lens 

mull ^nuJlvrn'Äd Ilk {3)' ^ (4) rotate ^ns 
order (i.e . odd-elen-odd     ? IZ pulse? are ^ P^per 

^    Tighten lens mount iScJJngslre^V     Unif0rmly SpaCed- 

'•    Stan^sly.35 ^^ t0 0bta- P-Per focus and size 

J.    Adjust reticle vertical  position: 

1. 

1. 

2. 

2. 

3. 

4. 

4Ä KÄd^ S0 that an -«- f-e (I.e.. 

men^mSa^b^^n^oh inl ?"' (3lSet Vertical a^ust. 
part of the waveshape   to^^J^r"^"?5 yh1ch ca^ « 
vertical setting P 0Ut-    This 1S an approximate 

po'si^-oTri?^^ }Vtini^i^r^h adj-t ^^ 
the odd wordene spacinn a. ^    abruPt.shifts occur in 
one line to the next     Set ver?Le P0^^ion is van"ed f^ 
uniform spacing of Ln and ^   al/0S1tl0n t0 9fve mo^ 
waveshape (4       nlchltl ^   0^ wo!:d sync- Pulses, 

down if^Lssarytr^srsp^to1 n^N?"^^1'^^ 
Final check can be made usinSTl9   V11  llnes s1™ltaneously. 
No.  21 and 61 actual scan ?nn ™9rnfler t0 see if disc holes 
holes No. 1 and 41 actual J TcL Inl? i*^* and if disc 

^ not, adjust reticle so that ?h- line of retl'cle. reticle so that tfns occurs and Repeat 3 above 
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7. Line, Frame, and Disc Sync Projector Alignment 

a. Reticle rotation adjustment (p-eliminary) 

1. Loosen rotation clamping screws 
2. Adjust rotation so that top and bottom (alignment) 

M?af Ä^ rlCl.e are in align^r^th tne radial line scribed on edge of disc. 

b. Size, Focus, and Vertical Adjustment 

1. Adjust threaded lens mount for proper size of reticle 
SÜÄ ^•e" sizeu

sh0"ld be such that the disc sync 
hole and frame sync holes center in their respective 
wftM % IT* and a11 scanning holes *re  fncfSed within the line sync portion of the reticle. NOTE- 
It may be necessary to adjust reticle verticle position 
to achieve proper positioning. position 

t.    Check focus. If not acceptable, loosen reticle mount 

and L ahnl ?fUSi T ghten Clarnpin9 screws- Repeat I and 2a above if clamping screws have been loosened 
3. Set vertical position for correct pattern as in 'above. 

c Final Rotation Adjustment 

]'    SnSsJope1lne, f^an1e, and diSC Sync (TP1 on card ca9e) 
2. Loosen rotation clamping screws 
3. Rotate reticle to achieve uniform (6 usec) spacing 

between line, frame, and disc sync, pulses     9 

4. Tighten clamping screws. 

d. Horizontal Reticle Timing Adjustment 

1. Sync scope using disc sync (TP5 of card cage) 
l'    SIÄ f ^r WOrd sync- on SC0Pe (TP2 of card cage) 
3. Move horizontal reticle adjustment so that 1st raste? 

word sync pulse occurs 2.5 usec after disc sync 
4. Tighten reticle clamping screws. 

e. Recheck c and d above until no further adjustment is necessary. 
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8. Miller Code System Alignment 

General procedures for aligning the Miller code system (contained in 
the Ampex FR 1400 magnetic tape recorder) are given in the manual supplied 
by the manufacturer.9 The procedure for aligning the encoder as given 
therein (as corrected) is adequate and should be followed, except that 
the normal scanner signals are used rather than the signal generator 
specified. The decoder alignment procedure, however, is not adequate 
for this system hence the following procedures are given. 

Before any alignment of the Miller code system is attempted it is 
absolutely essential that all items listed in Chapter III, par. B-2-c, 
be checked and corrected if necessary. Recording and playback heads 
should be cleaned and degaussed prior to alignment, in any case. Also, 
circuit boards should never be removed from the recorder with power 
applied as this can sometimes cause the heads to become magnetized, 
making proper operation and alignment impossible (unless the heads 
are again degaussed). Make sure a high quality, thoroughly degaussed 
tape is used for recording during the decoder alignment. 

a. Check alignment of the Miller code encoder using the procedure 
given in the manufacturer's manual9 and adjust if necessary. 
The clock and data signals from the scanner system should be 
used rather than the signal generator specified, however. 
(NOTE: an 0101 data signal convenient for alignment can usually 
be obtained from the scanner system by switching off the scanner 
motor and allowing the disc to come to rest. If the signal is 
not present after the first attempt, switch on the motor 
momentarily and try again.) 

b. If any kind of recognizable raster pattern is obtainable (using 
the SERIAL OUT position of the video selector) while recording 
a tape or playing back a pre-recorded tape known to be properly 
recorded (see Chap. III-B-2-c and d), the following procedure 
has been found to be most effective for alignment of the Mille>" 
code decoder, as well as recorder head bias, recording level 
(front panel gain controls) and head azimuth: 

1. With SERIAL OUT selected via the indicator video selector 
switch, and a tape being recorded (120 ips) using the parity 
check (7 bits plus parity) mode, adjust each of the following 
controls alternately for proper raster display and minimum 
error rate as previously described in Section C-l of this 
appendix, i.e.. Final Adjustment - General Procedure: 

(a) each adjustment of the Miller code decoder associated 
with the speed, and channel in use (see manufacturer's 
manual9). 

(b) head bias 
(c) input signal level 
(d) head azimuth 
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2. Since nearly all of the above adjustments interact, repeat 
1 above until no further improvement can be obtained. 

3. For playback speeds other than 120 ips, a tape pre- 
recorded using the parity check mode must be used. 
While reproducing this tape, repeat 1(a) above at the 
desired playback speed. (NOTE: This speed must be in 
agreement with the timing unit and filter installed in 
the low speed position of the Miller code decoder - 15 
ips, at present). 

c. If no recognizable raster pattern is obtainable, and the Miller 
code decoder is known to be misaligned (as, for example: when 
first installing an additional channel of Miller code electronics, 
or when first installing a new timing unit and filter in an 
existing channel) the following procedure may prove helpful: 

1. Remove data input to Miller code encoder (clock only, input). 
2. While monitoring the direct reproduce amplifier output 

(TP1 of Miller code decoder board) reduce the encoder level 
input (via the front panel level control) to reduce the 
signal level by 6 dB. 

3. Peak the recording head bias (i.e., set for maximum output 
of the signal, step 2) and then continues turning the bias 
pot clockwise until the signal level drops by k dB. 

4. Increase input level (front panel level control) to obtain 
maximum output signal level and then turn ccw to reduce 
signal level by 2 or 3 dB. 

5. Reconnect signal input to encoder. Preferably use 0101 code 
input (see NOTE under paragraph a above). 

6. With oscilloscope signal input connected to TP1 as above, 
but synced via the data clock, alternately adjust all 
Miller code decoder controls for most stable zero crossings 
of the "eye" pattern (i.e., multitrace ac signals) on the 
oscilloscope. Maintain a 2v p.p signal by adjusting reproduce 
level control on decoder board as required. 

7. Minimum width of the ramp sample (ramp test point of 
decoder board) should occur simultaneous with best "eye" 
pattern of step 6 above. 

8. Final adjustment should now be performed according to 
paragraph b, above. 
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ßTTTrelinghuysen Ave.. Newark. N.J. Q*™™1™™"^* Inc.. 

19-   ^^m^^^^^,. Power Mate Corp.. 

20- wfiT^^^caror^rfe^- L-- ™ 

22. Test Report No.  2930 for DLK RQAl  q/M vi  T«4-       J « 
State University Contract No   RF 2389J   lnlrtre^tector for 0hl0 

Center. 2 Forbe^oad. LLfngton. Mass.'o"?^ ^ Radiati0n 

23. Test Report No.  2934 for DLK RQ Ä1  «;/w V9 T„*- 
State University. P 0   RF 238961    Hn«! ^J"^^ Detector for Ohio 
2 Forbes Road.Yexington" Mass    0271S!^11  ^^ Radiation Center' 
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