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APPENDIX II-A

EFFECT of PITCH, ROLL, and YAW on MEASURING ACCURACY
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o in the (-x) direction is
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APPENDIX II-A

EFFECT of PITCH, ROLL, and YAW on MEASURING ACCURACY "

Figure II-A-1 illustrates the use of a measur'ing engine to'

etermine the x~-y coordinates of a point P as compared to those of a

_.»reference point R. Call the "true" coordina tes of P "x,y" and call its

o measured coordinates "x m' Ym * The "true" coordina tes of the reference

' point may be assigned arbitrarily, hence they will be taken the same as ‘

the measured coordinates - "%, y . Measurement involves first

5_ placing the reference point R at the reticle (optical axis) The coordinates
ixAO, v, are thus read'out. Next the point P is shifted to the reticle, as

' ~indicated by P' coinc*:iding with R, and the coordinates xm, y are read

out., In the figure point R is shown shifted to R' and the X O Y axes are

shown shifted to X! O' Y'

In Figure II-A- 1 it is assumed that the measuring engine has

'-'p&mitted a small rotation along with the displacement_; - in order to
 calculate the measure'ment error due to such rotation. “3Por generality
- it is assumed that the measurement axes have their intersection (M)

displaced from the reticle - by the amount ci2 in the x direction and the

amount d1 in the y direction.

From the diagram it may be seen that the measured displacement

xm-x aab=xsecq>+d tan ¢ - x

(o) Ov;,

;wh__ere $ is the angle,:of rotation (yaw). Similarly, th f"measured displace~
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ment in the (-y) direction is
Ym "Yo”’ cd=ysec ¢-d, tan ¢ - yo

Hence the errors exjaﬁd ey in the measured coordinates are given by:

' e 2
ex==xm~x%)§(§ec ¢:-—1)+d1 tan ¢ = x('%)+_d1 (4)

3

and

I

. 2
8y = ¥y ~ Y =y(sec ¢ -1) - d, tan ¢= y(%)*‘dz “

where the approximate expressions are valid for small values of ¢.

T

Figure II-A?Z similarly shows the effect of pitch on the measured -

1

x coordinate of point P. A diagram similar to Figure II-A-2 woulc_ir likewise

03

“ Show the effect of roll.-bn the measured y coordinate Qf» P. Bviden'tly:

xm—xoaxcos‘¢v- (d - % 8in ¢) tan - x,=x sgc ¢-dtan¢-—xo

and iikewise for yrﬁ_-yo. Thesé expressions are similar to tbose given
above for the effec:ts of yaw.

G The measu;i_ng engines of the VStereocomp»ar‘ator have pitch, roll
- and yaw angles eaéh‘substantia 1ly less than 10-5 radians. For angles

this small the errors shown by the preceding formulas may be separated

into two classes: those which vary directly with ¢, and those which vary

as the square of ¢. Evidently errors in the latter category are so small as

to be entirely negligible. Thus the magnitude of errors due to pitch, roll

" and vyaw depends on the amount of separation between the measuring
axes and the reticle (i.e., dl and d2 in Figure II-A-1 or d in Figure I1I-A-2).
‘The measuring engines for the Stereocomparator are designed

so the axes of the interferometer intersect the optical axis when seen

| Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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in the plan view (i.e., d, = d2 = 0). In either elevation view the

plane of the interferometers is slightly less than 1/2" below the top

T

of the film platen (i.e., d = 12,700 microns). Thus the effect of yaw

.

on measuring accuracy is negligibly small.
From measurements made of the granite flatness and ‘from'

(1)

dynamic measurements of air bearing deflections it has been deter-
mined that pitch and roll angles are not more than about 2 microns

divided by the separation between the support air bearings for the top

stage. These distances are 20 inches in the x direction and 44 inches

3

in thé y direction, Thus, the effect of pitch and roll is not greater
than _ : |

12700 x 2/(20 x 25400) = 0.05 microns.

From the foregoi.ng,. it is seen that the errorAs‘ in measurement

which may be strictly charged to pitch, roll and yaw of the top stage

are so small as to be probably undetectable with any practical means

of calibration.

3
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Fig_pr_e II-A-1.. Effect of yaw on measured X, Y
" coordinates of point P as compared

to those of reference point R.v
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Figure .II-A—Z . Lffect of pitch _(or roll) on measured x

D

(or y) coordinate of point P as compared

to that of reference point R,
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APPENDIX T16, 17, 18-A

, TRIP REPORT
! |

. STAT:
Company Contacted: ' _

Date: Week of January 15, 1968

' ' . TAT,
Persons Present: (Representing o _ : S :

(Representing

 Detailed Drawings

n STAT
is starting to make up a drawing plan list and they are currently .

estimating a total of 1300 drawings. They only have been assigned 1000
\ .

drawing numbers, and therefore it will be necessaryE to give them an STAT |

additional drawing number assignment. They have requested a block of 500

additional numbers.

i
i
i
i
i
i
i
i
i
i
i
i
i
E

| | . STAT
In the last month, has increased their estimate for the total number
of drawings from 700 to 1300. This is an increase of 85%. They are only
just now reahzmg the magnitude of the drafting work that is before them.
. . 1 qSTAT
1 did not understand how to use the title block and drawing v

identification system A group of sample drawmg blocks was filled out for

them: to show the method of ‘using the titles and the use of the next assembly

, §
D : drawing number system. ) o

LA
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(contmued)

usual method of cailing out screws and nuts of standard sizes
is to use a letter and number identification which can be referted to a
catalog index which will then give the number of threads, the length and
type of screw, and the diameter of the screw. This method was acceptable

except that it was necessary fof:ho include in the list

D of drawings the detailed tabulation identifying the various screw parameters

s | in a manner that would allow specific identification of screws called out on
the detailed drawings. The respective detailed drawings will call out the

‘screw tabulation drawings in a manner similar to the usual standard parts

call-out.

was using a rather involved system for identifying the appropriate

D finish required on machined parts. agreed to use the RMS surface

\d

smoothness system commoh in the United States.

Swill use their regular tolerance method which is a letter-number

system referring to a tabulated set of standard identifying symbols. They

3 STAT

STAT

STAT

STAT

STAT

STAT

will provide a tabulation of the 1dent1fyihg symbols and standard part drawing.

STAT |

(i
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. {continued)
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i

C | | | | - STAT
0 |
L

{

i

1

Zoom Systems Ranges .

B _ Sstated that the retlcle zoom system operates over the range of STAT

v——— and the Vatom magmfication. The main opt1ca1 system zoom operates

over the magnification ranges ‘of the \To— to V—i%—- . Both the above systems

: D -zoom over a range of 10:1 but they are arranged' to be in the opposite sense,
that is, as the main zoom magnification increases, the reticle zoom magnifi~
D cation decreases.
i «3 ' : Diffraction Limited Condition .
ae In considering the size of the diffraction limited reticle spot, _
B pointed out that the limiting condition is not in the opticél system of the
reticle, but rather in the main optical viewing path between the zoom and
E the anamorphic lens system.’' This arrangement has the effect of maintaining

the reticle spot free from the diffraction limited condition during changes .1n

T3
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(contmued)

the reticle system magnification. The reticle zoom has to decrease the
diameter of the reticle spot to match the increases in the main optical path
zoom system. Under these conditions, if a minimum size reticle spot had

been set by the reticle system, then a furthér reduction in spot size by

changes to the reticle zoom could.produce a diffraction limited or otherwise

defective reticle spot.
Having the 'diffraction limited system elsewhere in the system o;her than in
the reticle spot projector, maintains a high quality reticle spot for all

conditions of the reticle system.

Main Illumination Variable Condenser System

had designed a moveable illumination condensor which focused

objectivé lens, it appeared that

the illumination-at a point in the air beneath the film plane. Since a con-

ventional condenser system places the image of thelight sorce within the

design did not conform to usual

‘practice.

stated that their design actually did duplicate the conventional

system; however the combination main zoom and objective lens placed the

p roved for Release 2012/08/29 : CIA-RDP?QBOOB?S@(B}O’IBOOO‘I0007-3 STAT
e . £Qa

STAT

STAT

STAT

"center" of the lens system beneath the film plane from an optical standpoint.

The location of this point moved as the objective was switched and as the

main zoom lens magnification was changed. As the magnification increased,

the optical center of the system moved upwards and towards the film pléne.

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDAP7QBOO873AOO130001'0007-3



, | . e STAT
Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP?QBOOB{?EQAQOJ 300010007-3

WAL
continued)

i .
- | S

has agreed to provide a ray trace of this portion of the optical

13

STAT

-

system in order to clarify the functioning of the various elements.

1

Eye Position Sensitivity and Exit Pupil Diameter

The exit pupil of the eye piece system is one millimeter in diameter, and

the eye is located 20 millimeters from the last lens of the eyepiece assembly.

The normal eye has a pupiliary diameter of 3 _rnillimeters; thus comparing the
one millimeter diameter of the stereo comparator exit pupil with the 3 milli-
meter diameter of the entrance pupil of the eye, it seems that the eye may

move 2 millimeters in any diréction and still maintain full viewing of the

3 T2

field. Any movement of the eye in excess of two millimeters will result in

portions of the field of view being cut off*from the eve.

The numbers above are quite normal for microscope viewing, and STAT

feels there is no problem for the operator of the equipment. Further, they

set up an experiment with the parameters indicated above and it was noted

thét there was no particular difficulty in méintaining adequate sight of the

—3

field of view under these conditions.

7
’

The experiment as set up was quite definitive. The eye pupil consisted of a

'brass_ plat'e with a 1 millimeter diameter hole in it. A-90%.contrast ratio. target
was located 25 .cms' away. from.the:slmm.dia: hole: . Beypnd thé target was 'Té,; N
- diffusing screen and an illumination source variable up to 1.5 stilbs brightness.
prasd i

“ NEIELN } B BN [ N PR
e Tl UL DR VT LR e

‘No difficulty whatever was experienced in maintaining the proper eye alignment.
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‘ i
{(continued)

e

Film Cooling

1l

L

| B presented with 'the data on film cooling that haé been obtained STAT

by t.e’sts | asked for a presentation by of the entire sub- ~ STAT

J @ ject ofﬂ film cool'ing‘. A two-hour presentation was made to about 12 of the | .

‘ D technical pers.onnel. The presentatién included a detailed descrip- STAT
‘ ' STAT

tion of thebequipment and tests used at and the results of the test in terms

of the energy absorbed by the film; the; temperature of the film and the deduced

brightness level at the eyepiece.

It was shown that, for a temperature rise of approximately 10 degrees F, that
a magnification of 200X and with 3.0 density film the brightness level at the
eyepieces would be at least 0.025 stilbs, and coincidentélly,' the energy
absorbed by the film would be not greater than 0.025 watts. The only experi-

ments that had been performed at were to do with the temperature and

STAT

energy aspect of the film.

was equipped with the facilities to perform compatible tests involving STAT

it R s O i N s N e N

the optical aspects of the film cooling, and agreed to cooperate.in  STAT

the performance of these tests. also égreed that they were responsiblgTAT

" for the film cooling design problem as a whole.

k)

The group at the meeting was anxious to proceed on an immediate basis with

STAT

)

this work, and agreed to perform a vibration test. They were given

»typical parameters for air flow and the geometery of a possible air nozzle system,

including a sketch for the experimental fabrication of the nozzle assembly onto

a microscope.,

-0 3

&

~

C-D
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(continued)

assembled an optical system with a resolution of 1000 linepairs STAT

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 - CIA-RDP79B00873A

per millimeter, with a magnification of 200X and with 1.3 millimeter space

between the film plane and the nose lens of the objective system.

The film plane consisted of a glass target, aluminized to é density in excess
of 5.0. The target elements consisted of minute reticle spots of varying sizes
from well into the diffraction limited range to perhaps about 10 times the diffraction

limited size.

Both Xenon aﬁd tungsten light sources: were utilized and. the light level could be
changed from 0 to several stilbs as measured under .the stereo comparator eye-
piece conditions.

Air cooling was provided at roorh ambient»air temperature, with a flow rqte ad-
justable from'0 to about 200 cubic feet per hour. Thé tests showéd that under

the conditions stipuiated, the temperature rise of the target was as predicted
(about 10° F) and with the 90% contrast ratio target, the target information (6 spots
in a circle) was readily resolvable at the minimum_level of illumination, namely
0.025 stilbs at the eyepiece assembly. Further, there was no evidence of vib-

ration caused by the jets of the air cooling system.

Note that a resolution of 1000 linepairs per millimeter at 200X represents lines

that are one micron apart, and under the stereo comparator eyepiece conditions,

~ these lines would subtend an angle of 3 minutes of arc.

¢

Now considering that one micron on the film represents 3 minutes of arc, and

that the eyepiece resolves 2 minutes of arc, then the resolution of 1000 line

T . ot . e en e e
R T D LR A

P . D el 1 v,
S ot K

001300010007-3
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(contmued)

pairs per millimeter should be readily observed, and in actuality, fhis was

found to be the case. For a target contrast ratio of 20%, the angle subtended

at the eye must be between 3~1/2 and 4 minutes of arc. This is slightly over

the 3 minutes of arc obtained abeve for a 100% contrast ratio target. }n actuality,
the difference produced a marginal condition of resolution, put considering that

_ the condition is a limiting one, there should be no practical problem with the

stereo comparator,

position at this;point is that the film cooling problem should no; be of STAT
major concern, and that.any further substantial experimental work should await
the fabrication phase of ‘the stereo comparater when- the servo systems for limit-
ing the brightness and various conditions of.magnificationfand film density can

be determined experimentally. .

The optical system of the stereo comparator as a whole is sufficiently complex
to prohibit the exact determmation of a limiting relationship without experiments

" performed on the actual assembled hardware.

| |was told firmly that they were not relieved of their contractual respon-STAT
sibility for the design of the film cooling system, and that the experimental data

Ewas provided for their information only. . STAT

Modulation Transfer Function Calculations

At the meeting between of December 2, 1967, ETAT
the optical consultant for had recommended that the modulation functmn fmSTAT
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the system be computed, and offered to interpret the date and
make a recommendatior A budgetary price estimate was made at the
time but‘the amount was deemed grossly excessive and

the performance of the computer work was left in abeyance.

In the past month,

which is an optical institute in Paris,

has obtained additional information from

L]

STAT &

STAT
STAT

STAT

OTAT

- STAT

On this basis, they have now prepar.ed'a

price quotation of 10,992 francs, with a time schedule of four weeks for perform-

ing the modulation function calculation.

- the problem and the reduced price for the Work had been furnished by

had interested himself in

STAT

STAT

. , P

has issued an appropriate purchase order to o perform the cal-

culations and the definitive resolution information should be. available in about

axis at 1/3 of the field diameter, and at the edge of the field

Platen Glass Specification

In order to complete the detailed optical design urgently requires the

STAT

A~ A

STAT

four weeks. The calculations will be made at 3 wavelengths for fiv'e zoom posi-

tions and for both of the objective positions, with data computed on the optical

STAT

thickness of the platen glass and its refractive index. Eagreed to provide ISTAT

information as soon as possible.
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(continued) ‘

Resolving Power versus Brightness at the Eyepiece

_ STAT. °
was asked to set up an experiment to show that the brightness level

STAT

for the system currently specified will provide satisfactory viewing for

the stereo comparator film material.

The equioment as arranged vconsistevd of a 2500 degree K tungsten standard
light source, with a diffuser and a 90% contrast ratio target. The target was
adjustable to subtend various angles in the system, but the test were made at
3 and 2 minutes of arc. The three minutes of arc represented'a resolution of

1000 linepairs per millimeter at 200X.

The test system was provided with an eyepiece 25 centimeters from the target
and with a 1 millimeter diameter pupil. .

A 1.2 stilb at the eyepiece, which was the maximum specified eye brightness
for the stereo comparator, the target was clearly visible at 3 minutes of arc,

and was discernible at 2 minutes of arc for a 90% contrast ratio.

'I'his test was performed under conditions of bright room lighting. The illumination
level of the optical system was fully adequate, but was not considered excessive -

and there was no sensation of discomfort to the viewer.

'I‘he brightness level at the eyepiece was adjusted to 0.08 stilb and the target
was again examined. The 3;minutes of arc target was readily resolved but

it was not possible to resolve the 2 minutes of arc.

-
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; D (continued)

The system was readjusted to 0.026 stilb at the eyepiece. It was found to be

difficult to resolve .3 minutes of arc with the room brightly illuminated. When

3

the room lighting level was reduced somes)vhat and the eyes had become adapted

to the lower light level in the optical system it was found that the target for 3

minutes of arc could be resolved.

- ._-r:
[

The light level at the eyepiece was readjusted to 0.008 stilbs and with the

e

room brightly_ illuminated, it was not pos\sible to resolve 3 mim'ite's of arc. The

[T
<
g

room lights were extinguished and several minutes were allowed for the observ-

ers . eyes to become dark-adapted. Under these conditions, it was possible tb

resolve 3 minutes of are.

The system lighting level represented by the last brightness value is less _than

1/3 the amount of minimum illumination specified for the.'stereo comparator.

The foregoing work was performed with a target contrast ratio of 90% and four

observers took part in the test with their conclusions unanimous.

The work was repeated in a qualitative manner, using representative typical

aerial film provided In the worst case with the minimum level STAT

of illumination and with dark adapted eyes, and an eyepiece brightness of
0.008 stilb under open gate conditions, the qualified observer considered that -

the aerial film could be marginally but effectively interpreted.

From the practical standpoint, the foregoing tests are considered virtually an"
order of magnitude (~~ 10X) more severe than is anticipated for the stereo

comparator.

AN

£ AN

~.{$,-21-; *5
~
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Main Illumination Filter Density

On the basis of the film cooling experimental date, changed the STAT

density ra'nge_ for the main illumination filter system to 'O minimum and

5.0 maximum. The previous density makimum had been 4.0, and the

original 3.0. S agreed to incorporate the new density value. - STAT

Schedule Review

asked for a meeting at which would be represented by the STAT

technical director and the chiefs of the various optical and engineering

"design groups would be present. The purpose of the meeting was to place

before

STAT

a series of questions demanding an immediate answer.

1

-

2.

.. What is the level of completeness of the design contract. STAT

Answer: 74% of the work has béen performed with 500 drawmgs

-.completed:olt of a. total .of 1&00 estimated ,*The:a.llum,mation‘system

s :s-till-'-.undergoingfconc'éptu'al'design. The drawings yet to be finished

are primarily in the category of detailing. The engineering design
has been performed during the layout phases of the drafting work.
Thus, the drawings remaining are relatively elementary in character, .

and require only a limited number of manhours for their completion.

Will meet the design completion date of February 28, 1968 ? STAT

Answer- Yes, they will. They understand that this date is critical

and any slippage would have the effect of mdicating a lack of ability

to perform on the p_art will look into the ques- STAT

tion of schedule in the course of the next few days in greater detail,

and if there should be an important slippage past the date of February

“
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(contmued)
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E

28, they will notify immediately. &~ - - - 07 0L STAT

Cont

.3. What doeszconsider as their contractual status in regard  STAT

to film cooling problem? Answer: understands that they STAT

have the design responsibility. They are contemplating deféring any.w

extehsive experimental work to the fabricatioh phase of the program.

4, On the basis of the December 2 meeting was to advise . STAT

Eregarding the performance specifications for the optics. When STAT

will this information be furnished? Answer: February 2, 1968.
5. When will furnish| |with the anticipated resolution STAT

_ level for the system? Answer: will provide this informaticS TAT

‘b'y February 2, 1968, This work should not be confused with the -

runs elsewhere in the program mentioned in this report. This work
would involve on axis information only and would be on the basis of

estimations by hand calculation.

STAT

6. Will make the interpretation,'andcanalygi-,sqéff:'the,.mod'u\llaﬁon

transfer coefficient calculation? Answer: This work was not included

in the quotation" mentloned elsewhere in this report. was STAT

dlrected to provide graphs showing the resolution in-linepairs per

m1111meter for the various parameters stipulated for the computer

E - modulation transfer coefficient date to be determined by computer

computations. Any change of scope will be negotiated. (Note: This

was done).

7. Does accept the rejection of the two-lamp main STAT

~illumination system? Answer: Yes. We will follow as far as pos-

D sible the system design suggestions offered A STAT-

e
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(continued)

E .
@ 8. moveable coﬁdenserr drive for the illumination system STAT .
D has many mechanical interferences. A suggésted iayout to solve ‘

this problem has been tendered to By wilat date STAT
D will definitely solve the problem and furnish with the STAT
D appropriate drawings ? Answer: January 26, 1968. ‘

9. Bhas provided with photographs of two typical briefing’ STAT _
aids. has likewise stipulated that should make at STAT

Q

G least 5 briefing aids of 30 x 44" size. 'I'hey have been give‘n contract

spe.c'ifications covering this material. The briefing aids should include

the followihg material: | | ' |
a. The overall optical system.

b. The illumination system and the zoom system.

c. Reticle system.

d. The anamorph system and the image rotation system.
e. The optical switching system.
10. A short written description should be provided for each of the brief-

ing aid drawings. When will thp‘ information be éombleted ST.AT

| Answer: February 28, 1968.

!

| .
_ of the,op;ical system:

i . B
a. The illumination moveable condensor, the objective, and the

main zoom system.

P -

b. The eyepiece system. When will this information be available ? -

‘Answer: February 28, 1968, -
I STAT

12. When will select the drive equipment for the optical drives

¢

| D 11. ;Ra_ytr_a.cewinformatioh must be provided for the fnput and output elements
|
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(continued) o

~ and when will they furnish the inertia data for the optical system:

Answer: February 2, 1968,

13. - When will fix the contour of the objective housing, especio‘?‘:r,AT :

this must include any housing for the film cooling equipment ?

Answer: January. 25, 1968

1'4 . When will provide brightness and specification data for the STAT |

reticle and main illumination lamps. Answer: January 26, 1968.

STAT

15. has been prdmising for six weeks to send the optical glass

procurement specification In addition, a price quotation is STAT

required. When will this information be provided: Answer: Ianuafy
26, 1968,
16. Among the deliverable items are the following documents used during
the design effort, \ , . |
| a. Original t.racings.\
b. Plan list. |
c. Computer printouts.
d. (Calculations.
e. Graphs. | |
f. Notebooks. . _ : )
g 'Sketches ./ |

h. Etc.

When will furnish this information? Answer: March 28, STAT

1968.

17. requires 1nformation regarding the depth of focus of the film planSTAT

for various magnifications and for the two objective lenses. When can

\
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18,

thi‘s information be provided. Answer: February 15, 1968.

In the original prdgram, there was a planned visit by to STAT
Berkeley in December 1967-.'. Since was behind the schedules;rfq:

that time, it was agreed that there was apparently no necessity for

.such a t'rip; in fact, more specifically, that such a trip would be un-

profitable and the only satisfactory situation would be for the repS-TATv
g : STAT
resentatives to go t in order to be able to interface with the

many designers working on the different aspecvts of the problem. Alsb,

in the original planning was the requirement that make a trip to STAT

at the end of the contract to review the details of the com- STAT

pleted work to be sure that all interfaces are in order and the various

specifications have been considered and met.

- Considering the present and contemplated status of the program, what

EN

is recommendation regarding the end of the program meeti.SJ’la\T

Answer: The final meeting of the program should defInitel_y be held at

_ ' STAT
Only by this means can the many technical people partic-

ipating in the program be present to explain the details of the design,

and answer questions involving tnterface and specifications. It is not ‘

practical for to send such a necessarily large staff to BerkeSI}A‘T :

for this type of consultétic)n... Ordinarily the trip to would be madS,TAT

by the technical director and the sales manager, but these people would

not be able to discuss details of the program known only to the qﬁaliﬁed

engineers performing the design work. recommends that| SSoTAT

travel to Paris for this meeting.

A\
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Trip Report age <17
(continued) .

19. It has been noted that nas available a reproduced tracing STAT |
material similar to the material furnished to STAT
requests that in the future send their drawings on this materSTAT A
so that may re‘produce and utilize prints that are readable'in placeSTAT
of the present material that has been sending which makes STAT
almost unintelligible prints. Is this .satisfactory to ? Answcs;IAT

Yes, they will reproduce their tracings for information purposes on the

new material,

General Comments

frequently states that this particular job is taking cons iderably more STAT

time than-they had ant;cipa‘ted ,'.xor",r-they will 'say, .we didn/'t:include that'in’our

original pricing, but we do see that it has to be done, etc., etc., etc.

The evidence is that they are over-running the program from the fact that there

are 85% more drawings than they had anticipated, plus the fact that the program

is apparently running a least one month behind schedule. expresseS TAT

a great interest in getting the work done and meeting the February 28 deadline.

. AT AT

has said that they want to maintain the image as a good STAT

performer so that they can be considered for the follow-on hardware, that is,
be considered without performance criticism, They are discovering new problems

almost daily and the cost of these items was definitely not in their original price

estimate. has given very little personal attention to the design details STAT

of this work and his engineering personnel seem extremely competent, but I

believe the project lacks direction and organization.
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(continued)

is not running this work as a project - rather, it is as a technical STAT b,'

group which appears to make its own decisions for different aspects of the job,

often without significant consultation with the other groups. STAT

~ Overall, ‘the staff:members 'are'extrerriely'coepetative,ma’nd ‘when a. priSTAT ..

.

. arises they will usually accept aBsuggestion as if it were a technical direSTAT:,

even though the suggestion was perhaps relatively superficial. .

For a development project such as the Stereo Comparator, has demonSTAT

sUaFed one almost overwhelmingly good characteristic - they allow the:STAT
representative to consult in depth with their technical perspnnel, and apparently
hold nothing back so that sensible judgr.men.tt' and course direction méy be made
during the project. In addition, they 'seérn to ignore possibie changes of scope,
that is, they appear to consider the project as a job to- be done ;ather than as a -

contract to be fulfilled.

Up to this point in the program, at least, there are no regrets in the matter of .

selecting as the optical design vendor. . - | , | STAT
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OPERATING INSTRUCTIONS.

" This volume contains instructions for the operation checkout and servicing of the Image

Analysis System Yy

1. TURNON PROCEDURE

When the POWER ‘switch on the front panel is placed in the ON posmon the entire Image
Analysis System is energized Since there are no time delays in any part of the interfacing '
equipment, no particula.r turnon order is necessary. It is recommended, however, that the
correlation inhibit signal be présent either before or during the energizing process to keep mean-
ingléss svgnals from the servo elements.

2. WARMUP TIME B Y

Although warmup time is expected to be quite short, a defimte length can be established only
after the complete stereo system has been tested. The umt may be used immediately a.fter turnon;

: however it is possible there will be some reduction in accuracy

- 3. OPERATOR ADJUSTMENTS ’

The Image Analysis System has been desngned for a minimum number of operator adjustments.
We have recommended that two c6ntrols, X raster position and Y raster position, be located on
the stereo system control panel.. This will perniit the electrical axes to be adjusted-until they
correspond to the optical- axes. These are the only controls available to the operator

4. MARGINAL CHECKING

Because of the operatmg procedure of the Image Analysis System most sudden failures will
be detected by the operator as a decrease in automati¢ correlation or a complete loss in stereo
fusion. Gradual deterioration of circuit performance is difficult to detect during normal operation,
For this reason, a routine margmal checking procedure is recommended.

Two tests are given below to detect gradual deterioration of gains and circuit performance
which may not produce viSible difficulties during normal operation. A sudden drop in- performance
would indicate the need for servxcmg ‘and adJustment

Correlation Quality Threshold ‘Calibrated test images (to be- specmed) should be used to
check the correlation quality threshold. When the images are registered and lockon is achieved,
reduce the light intensity by means of neutral density filters or other suitable means until

. correlation fails. At this point correlatxon quahty is zero. Rpcord the light level or filter value.

Lockon Range. Using calibrated test scenes, register the images and inhibit correla.tlon

,. Displace one image in X, relative to the other, an amount equal to 5 percent of the image diameter

at the image dissector. Correlate and measure the rise time of parallax error signals. Record
the rise time.

1= Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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Table 1 — Service Procedures*

Malfunction and Possible Cause

Loss of correlation :
Correlation quality level
(correlation enable line
normal)

Correlation quality signal
level 1

Reduction in'pull-in capability -
(correlation otherwise normal)
. ’

e

Correlation erratic

'Error'signal response slow (pull-in
normal)

Error éutput greater than ‘sﬁécifie"d

- Test

Check scan waveforms at chassis test .
points and time base if no output. If time:
base outputs are normal, replace or test
sum and difference hoard." o

Check video signals at chassis test points:.

If no outputs{ire obtained, measure direct

current to deflection amplifiers; if normal,
check image dissector assembly (video -
amplifier, dynode regulator), -

If both video outputs are normal, replace

- or test channel selection board.

"Check X and Y. parallax error signals.
* If outputs are zero or saturated, replace

or check parallax analyzer board

-

If parallax errgr signals are normal,

replace or check modulator board.

- Replace or check sum and difference board.

Check or replace video correlator, band A1
or band A.

Check or replace Achannel éelector.,

Check or replace channel selector, channel '
selection logic board or distortion analyzer' .

Check w}ideo oixtput Check dynode regulator
Check image dlssector tocus '

Check parallax- analy Zer.
Check distortion analyzer.
Check. integrator,

Check and recalibrate parallax analyzer ’
for parallax. errors, -

Check and recallbrate distortion analyzer
for first-order errors.

Check and recalibrate integrator.

*These procedures are given 'onlyf"'as an aid in troubleshooting down to the circuit board
level. Refer to system and‘iridividt_xal’ circuit board test procedures for further information.

AN
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BREADBOARD TESTS AND COMP'ONENTS"

This volume contams the results of the breadboard tests of the Image Analysxs System
circuits. Two circuits were breadboarded and tested on this program: - (1) a deflection am-
plifier (schematic 126908) and (2) a time base oscillator phase lock (schematic 126896),

Certain proprietary circuits were tested to determine their suitability for this program. These
include a video amplifier, video correlator, analyzer, and modulator. ‘The results of these tests
are summarized below. Table 1 lists the components used on the breadboards. Final disposi-
tion of the material will be agreed on at a later date. ' ’

DEFLECTION AMPLIFIER

The deflection amplifier requires a voltage to current amplifier with an output of +75 milli-
amperes. Since bandwidth requirements must be high enough to preserve a relatively sharp
corner on the triangular waveform output, the full bandwidth output should exceed 250 to 300
khz. In addition, there should be low drift operatlon over long periods of time with some varia-
tion in temperature.

An attempt was made to use a standard high performance oper atxonal amp11f1er (Analog Dev1ce§
type 116) for deflection using current feedback. However, difficulty was encountered in stabiliz- -
ing the device with the inductive load of the deflection coil. Also, since full output bandwidth was
less than has been expected, another circuit was designed which employed a wideband opera-:
tional amplifier to drive a complementary transistor output stage (schematic 126908)

Test results on this circuit, particularly with respect to ease ‘and flexxblhty of stabiliza-.
tion and frequency response, were encouraging. Fig. 1 shows the output current waveform and
deflection coil voltage for a triangular input waveform. The output current is 150 milli- "
amperes peak to peak, and the voltage is 16 volts maximum peak to peak. Current output was
identical to the input waveform, with a-small delay (less than 2 mlcroseconds) Fig. 2 shows ©
the turnaround region at an expanded time scale. '

The stability of the amplifier (Fig. 3) was measured over a period of 5 hOurs Drlft was
less than 300 microvolts from turnon which is less than 1/5 of the spec1f1cat10n tolerance

TIME BASE OSCILLATOR

3 L. : ;

The time base oscillator must be synchromzed to 120 hz derlved from the power lme and
low frequency hunting or instabilities should be minimized. The oscillator was breadboarded
using an integrated circuit level detector connected as a multivibrator with an FET used as one
of the frequency determining elements (schematic 126896). A voltage variation (+25 khz) at the
FET gate changes the frequency of the oscillator, nominally 460 khz. The oscillator output was
divided by 4,000 using a frequency counter and two flip-flops. This output was compared to an
external 120-hz mput by means of a phase detector. (The- divider ratio on the final design is 3,840.)

E Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA- RDP79BOO873A001300010007 3



Ca

oi

Cy Ca O 1

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP7QBOO873AOO1300010007-3 o

' B

LI

-

The final breadboard circuit gave positive lockon with relatively fast response (see Fig. 4) ’
The 120-hz component in the control voltage was attenuated sufficiently so that no ev1dence of -
jitter was observed in the oscﬂlator output waveform.

- ‘ K2
VIDEO AMPLIFIER - :

The frequency response of the video amplifier (Fig. 5) 1nd1cates a 3db drop at 9 khz and

1.2 mhz. Although the low frequency response is satisfactory for this application, the high

frequency response could, if necessary, be reduced to about 400 khz to 1mprove the overall video
signal'to noise ratio. :

The range of automatic gain control is shown in Fig. 6. II some clxppmg of the output wave--
form is tolerated, then the range of control can be greater than 1,000:1. However to ensure
greater accuracy of the correlation system, clipping should be avoided (this reduces the effective
range to about 30:1). The additional control range has been- prov1ded by addmg a dynode regulator

-to the photomultiplier section of the image dissector.

VIDEO CORRELATOR

Tests were carried out on the A band correlator. Fig. 7 shows the frequency response of the
normal correlator output and the null output of the orthogonal correlator, with identical inputs of
1 volt peak to peak. The gam of the normal correlator is approximately 5 at the center frequency.
The orthogonal correlator frequency response is —6 db at the low end (34 khz) and -3 db at the
high ‘end (109 khz), as shown in Fig. 8. The ratio of the output to null voltage at the center fre-
quency is equal to 70:1 for the tests shown. Dynamic range and linearity of the multiplier:are
shown in Fig. 9. The gain of the orthogonal multiplier is 2.5. '

ANALYZER

The parallax and distortion analyzers are similar circuits. Flg 10 shows the typlcal dynamlc :
range and linearity. Inputs are a 1-khz sine wave and an 8-khz square wave. The output is a modu-
lated 8-khz carrier, with characteristics as shown. In this case, the gains of the two circuits

. tested differ considerably indicating the need for normalization on the production units. The null

with zero sine-wave input is generally much less than 25 millivolts peak to peak for all umts
tested.

- MODULATOR

The modulator (Fig. 11) was tested for lmearxty, dynamlc range, and gain stab111ty Lmearxty
is excellent over the +5-volt control range. The gain, at 25 °C, was 0.40, i.e., a 1-dc input gave

'0.40-volt peak to peak output. Gain decreased with increasing temperature thh a typ1ca1 change

of 0.2 percent per °F change of ambient.

Fig. 12a is a photograph of the output waveforms with + ‘5 volts applied to the control mput
Fig. 12b shows the null output (0 volts in) to be less than 5 m1lhvolts peak to peak.

The frequency response of the modulator is indicated by the waveforms of the square-wave

response (Fig. 13). The rise time of the leading and trailing ‘edges is approx1mately 0.15
microsecond. '
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Table 1 — Breadboard Compbnents

Component

Time base oscillator

Micrologic circuits FD 950

Micrologic circuits, Fairchild, LA 750

Transistors, 2N36:43
Potentiometer, 1 kilohm
Resistors, 1/4 watt
Capacitors, 5 at 50 vdc
Capacitors, 0.0047 millifarad
Capacitors, 22 picofarad
Diodes, 1N753

Fairchild, FuA 710
Transistors, 2N4091
Capacitor, 0.015 microfaragd
Capacitor, 3.3 millifarad 15 vdc
Resistors, 1/4 watt

Deflection amplifier

Micrologic circuits MC1530
Transistors, 2N3643
Transistors, 2N3644

Diodes, FD6193

Diodes, 1N4729, 3.6 volts, 1 watt
Capacitors, 360 picofarad
Capacitors, 150 picofarad
Capacitors, 0.015 millifarad-
Capacitors, 3.3 millifarad, 15 vdc
Resistors, 1/4 watt

Experimental deflection amplifier

Analog devices, number 116 amplifier
Resistors, 1/4 watt
Capacitor
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Fig. 1 — Deflection coil voltage, 5 volts per centimeter (deflection current =
50 milliamperes per centimeter, sweep = 20 microseconds per centimeter)
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Fig. 2 — Turnaround region, expanded time scale (voltage = 5 volts per
centimeter, current = 25 milliamperes per centimeter, sweep = 2 micro-
seconds per centimeter) :
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Fig. 9 — Correlator A dynamic range, 64-khz .input, 60-hz-beat output.‘
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Fig. 12 ;—‘Modulator tests -
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(b) Trai-iing edge, 1 volt, 0.1 microsecond per division

Fig. 13 — Modulator tests
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APPENDIX T34-A
UTILITIES MECHANICAL SCHEMATIC
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APPENDIX T34-C
ELECTRICAL DIAGRAM OF UTILITIES CONTROL
SK-405
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APPENDIX T34-D

CONTROL PANEL SCHEMATIC
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DRAWING D-6596
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'APPENDIX T35-A

DYNAMIC ANALYSIS

9001147 ISOLATION SYSTEM
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o 1.0 SCOPE

D se of this report is to analyize the response of - STAT |
o stero comparator when mounted on| 15001147 - STAT
Py colation System and subjected to the vibration inputs per STAT
-y Report No. 1398. | ' STAT
g 2.0 SIGN COHVENTION

2.1 Tne location and orientation of inertial referance axis for
~which all location dimensions are referenced, is as shown in
‘Figure I. I : '
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3.7.1 Figures 2 Q'Q Show the Response at the Systems C.G. *

3.7.2 Figures 5 - 7 Show the Response at Optical Axis PointﬂAl

0 3.7.3 Figui'es 8-10 Show the Response at Optical Axis Point A,

| _ | | STAT
Report No. WD-495 Page No. 2
- SUMMARY OF RESULTS
3.1 Weight
W = 26,344 lbs,
3.2 Location of C.G.
X R zZ
 6.10 Ft .'3.08 Ft 2.49 Ft
3.3 . Principle P’bmants of ‘Inertia
_ I Iyy Lz .
| 3661.9 ft-1lb-sec? | 12412 ft-1b-sec? . 13438 ft-lb-sec?
3.4  Products of Inertia
: Ixy ) Ixz ) I‘/Z '
-2.967 ft-1b-sec? | -13.71 ft-1b-sec? -23.75 ft-1b-sec?
3.5 Radius of Gyration
: p P P )
. X . Z -
2.116 ft. »‘;.ssg ft. 4.053 ft.
3.6~ Undamped Natural Freqdenciés~of System
- | Mode - 1 2 3 4 5 6
| Natural Freq.| 0.687 Hz |.0.504 Hz | 1.052 Hz 1.603 Hz | 1.296 Hz| 0.903 Hz
3.7 Transmissibility -vs- Frequency Curves
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4.0  ANALYSIS

a1 ra

4.1 Vieight, Moment & Products of Tnertia Calculations

4.1.1 The .'system was broken into 25 rectangular or triangular
sections based on the following drawings as subritted Dy

STAT |

a) SK 382
SK 383
SK 384
d) D 1104

e) L 44y Sht 1
£)  E 44l Sht 2
g) T 6109

The weight, location and moments of inertia about the
individual C.G. was tabulated as listed'in Table I.

3 C3 C3 U3 €3 C3
oL

- ' ~ These values were inserted into a computer program to : \
' determine the composit weight, moments and products -
of inertia, C.G.  location and radius of gyration. The
printout of the results is shown in Appendix I.

4.2 Sysfem Response

4.2.1 The system response is calculated in terms of transmissibility
(i.e. ratio of output displacement to input displacement).
Therefore, to determine the actual output displacement at any

~ frequency, the transmissibility is just multiplied by the
corresponding input displacement. The response of the C.G.,
along with the phase relationships for frequency between 0.25 Iz

- and 30 Hz were determined and the computer printout is listed in
Appendix II.

—1 - -

4.2.2 The transmissibility of the two optical axes (Points A, & A,)
- were determined for frequencies between 0.25 Hz and 30 Hz.
The computer printout is listed in Appendix III. '

»
!
/

s -

o T T |
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TABLE T
%Car«ing = l ;M z '»Aigﬁé‘ Wigg. ’Iy{l | taz
., (It.) | 0ty (Pt | (bs) | Fe-Lb-Sec? Ft~Lb~Scc2; rt-Lb-SCCZE
é Tl [T6a0 r 1.50 | 0.75 | 3100 95.60 | 663 ]“ g2 .40 'E
‘ 2 | 2.50 | 4.58 | 0.75 1210 | 57 350 |69
3 5.70 | 4.58 | 0,75 | 1210 57 38.50 i 65
y 2.50 | 3.30 | 2.40 | 6400 757.20 328.90 1027.20 }
5 9.70 | 3.30 | 2.40 | 8400 757.20 328.90 1627.20
6 0.17 | 2.30 | 2.60 | 272 3.10 2.50 0.83
7 0.17 | 3.30 | 4.03 | u03 10.20 0.95 9.50
8 0.17 | 4.30 | 2.60°| 272 3.10 2.50 0.83
9 12.00 | 2.30 | 2.60 | 272 3.10 2.50 0.83
10 12.00 | 3.30 | 4.03 | 03 10.20 0.95 3.50
11 12.00 | 4.30 | 2.60 | 272 3.10 2.50 0.83
12 ;u;7s 2.30 | 2.40 | 200 1.50 0.98 0.58
13 4.70 | 2.70 | 3.80 | 575 7.90 3.30 5.40
14 7.75 12,30 | 2.40 200 1.50 0.98  0.58
15 7.67 | 2.70 | 3.80 | §75 7.90 3.30 5.40
16 6.10 | 1.50 | 3.58 | 780 37.80 37.80 12.10
17 2.70 | 3.31 | 3.48 | 300 19.40 7.80 27:20
18 9.46 | 3.31 | 3.48 | 300 19.40 7.80 27.20
19 2.96 | 3.30 | 3.85 | 700 45.70 7.50 52.80
20 9.20 | 3.30 | 3.85 | 700 45.70 7.50 52.80 ;
21 2.29 | 3.13 | 4.61 | su0 4.60 31.50 1.90 |
22 134 | 3.13 | 5.47 60 0.33 2.25 2.142
23 9.88 | 3.13 | u.61 | su0 4.60 31.50 31.90
24 8.70 | 3.13 | 5.47 60 0.33 2.25 7.42 ¢
25 6.08 | 2.10 | 5.58 | 600 13.30 5660 68.30 ;
4

5
SR

Y
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4.2.3 "'The Ligen values and Eigen Vectors for the system ware
.calculated to determine the system natural frequencies
and mode shapes. The mathematical nodel for the pneunatic
isolation is shown in Figure -11. :

M

FIGURE 11 -

Because of the complex nature:of the mathematical model, the
~Eigen values and Eigen vectors are computed for the two ex-
treme cases that is with zero damping (c=0) and with infinite
damping (c==), with the actual natural frequencies falling
between these two extremes as can be seen from the transmissi-
bility plots for the response of the systém C.G. The computer
printout is listed in Appendix IV. S :

To‘rsional Mode of Base

'I’xe base is constructed of a rectangular box structure in the shape
a "U" (see Figure 12), with the greatest portion of the total weight
of .Jtem comparator bemg supported on the arms. The torsional natural

- frequency of the base frame will effect the isolation efficiency-of the

isolation system, if its natural frequency is close to that of the

isolation system. Therefore, the torsional natural frequency is deter-
mined as follows: : : AR
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4.3 Téréionél Mode of Base,(continued)

¢ N

Calculation of Torsional Natur@al Frequency

CIA-RDP79BQO873AOO1 300010007-3

Pape No. 15 STAT

Cross Section -

N of Center Section
. » ‘ . ‘/I
E’ (tvey  § |
{ o ; K
e T ; ]
i i
,D o G b
Pl ty
| 26" )
Di i 18" D
" & Figuré 12a » Figure 12b
la - » o
ig Stiffness of Center Section in Torsion is:
|
E K, =_GA
J GnZel
P
B' ' G = Shear Modulus (steel G = 11 x 108 psi).
| Q B A = Crdss Section Area '
e I, = Polar Moment of Inertia
S =T, + I,
E o T
:» E ‘Ip'g.bhl(hz"* b2 "_ (b=2) (11—2)_ [(h—-Z)z - (b—2)2_]

17 12
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4.3 ' Torsional Mode of Base (cohtinued)

I, = 12,376 in"

A = bh - (b-2)(h-2) :

A = 84 in? E

A= 84 in® {

- b :

K = _Gh :

- 4w 221, %
= K, = 50,694,000 1b-in/rad 5
o » | , |
- fn ='.-2}-1-T- R :

o

Assume the weight acts at a distance y on the arm of frame

=1

Ej, Y = 21.28"
' W= 11,465 1bs

—
n

my? = 13,449 in-1b-sec?

¢

f
n

9.8 Hz. " Torsional Natural I'requency of Base

The above resonant frequency is well above the natural frequencies
of the isolation system. In fact, from the transmissibility plots
for the system response, the system is at least 95% isolated at 10
Hz. Therefore, the torsional mode of the base frame should not
effect the performance of the isolation system.

" Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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LY

T

2% .10, 1.5, .75, 5.5, 44585 2T5,9475 42585 W75, 2.5, 3.3, 5.4,

? 975 3.3, 2.4, 04175 2.3, 246, 04175 3¢35 44035, 0417, Aaas 2.5
2 12.0, 2.3, 2.6, 12.6, 3435 4.035 12.0, 435 24h 5 4.75, 2.7, 2.4,
4T 2075 385 74755 2435 2445 74575 2475 3485 615 1.5, 3.58,
2.T5 3.1, 3.4Rs 9.46s 3431s 34485 2.955 3.3 385, 9.3, 3.7, A.85.

»

2429, 34135 44615 14145 3413, Sed7> 9885 3+13» 44615 Rels 34135 Sea7
.7 608, 241, 5.58, |
25
20
? 0.

?.0

3100, 986, 863, 882.4, 1210, 57, 38.5, 65, 1210, 57, 38.5, 45,
64005 757+2, 328.9, 10272, 6400, 75725 328.9, 1027+2, 272, 3.1, 5.5,
0.83, 403, 10.2, 0.95, 9.5, 2725 315 2455, N83, 2725 3415 25, N0.83,

4035 1025, 0.95, 9.5, 272, 3.1, 2.5, 083,200, 1.5, 0.98, 0.58, 575, -

1
-

7495 335 Sed, 200: 155 0°98’.0'58’.575' 7.9, 3.3, SoAJ T80, 37.8,

? 37-8:'1?0]: 3005, 19.4s 7.8, 2725 3005 1945 T8, 27.2, 700:.45-7)

T eSs» S2 .8, 700:_4507) Te55 5285 S405 465 31.5, 31.9, 605 N33, ?-?5;

? 2.42, 540, 4 66 5 3105: 31.9, 60; 0335 2.25, 2.24, 600, 133, 5646, 583
{3; s : ' ! ‘
| WEIGHT (LLBS.) CENTER OF GRAVITY(FT&)

_ X Y z
26344 .00 610 3.08 2.49

;Ej - MOMENTS AND PRODUCTS OF INERTIACFT «-LB«-SEC S0 .)
[ X Yy Z
«366 19E+04 F12412E+05 «13438E+05

] Yz x7z XY

T+R237S51E402 - -.13706E+02 - -.29573E+01 i - !
»[j B RADIUS OF GYRATIONCFT .) | . )
_ X Y Z ‘ -
D 2.116 3+895 4.053
J Ty oy M~ (il e -, s

o oo . 'w  a—

RS T
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Re rT No WD-495 T
3 LMOD T0F3T LA THU 12721747 Page No. 20
IN LINENS
IN FIRST
IN ARCTAS
? 3510562554505 +75510+.051 25,1 #5051 7552 :0,2.15,2.30,
. _ ' '
MAGNITUDE OF INPUTS , :
FORCE=1 LB. FLOOR TRANQLATI@N 1 IN, FLOPR ROATATIOGN=1 RADIAN
AUTPUT UNITS . S ,
XsYsZ-~INe 3 ALPHA,BETAJGAMMA--RADIANS 3 PHASE--DFEGREES
X wweouT
RN
" FREQUENCY X Y o o Z .
CPS MAGNITUDE _ PHASFE MAGNIT!IDF -PHASE - MAGNITUDF PHASS
+250 «1118E+01 - .53 «705S2E~05 12234 .22425-07 114 .55
.500 JATHIE+01 =T 45 B TTH4E-04 -9.53 «174A3E-N5 -22 .94
750 «3139F+01. =72.54 H438F-N3  131.25 cR91RE-N5 113.88%
1.000 «1350E+01 | -110.61 +8995FE-03 =117.19 - .9744% =05 -17.27
1 250 «9216E+00 ; -125.18 «3529E£~03 15149 «1261E-04  =114.35
1 +500 b 420F+00 | ~142 .31 216 8E<03 76 58 116TE=04  155.81
1750 4244E+00 | =152 .42 «1088E-03 11.09  .7106E-05 80 .21
2.000 | «2946E+00 | -155499 . 45 11E-04 -32.13 «3399E-05 30 .32
24150 2438E+00 | ~158.15  2R36E-04 48 .22 «2216FE =05 1119
2 .300 k,20555+oo - -158.72 «1828E-04 ~59 .44 «1504E-05 -2 .84
FREQUENCY ALPHA- 3ETA GAMMA
.CPS MAGNITUDF PHASE MAGNITUDFE PHASE MAGNITUNE PHASFE .
<500 -1527E~OS 171 .85 +7002E -02 =35 .08 <1 437F =02 166 .52
<750 6 919E-05 -38.65 +3214FE-01 =122 .41 12875-01 90 .40
1 .000 «7220E-05S =149 .48 «2423E-N1 162 .74 . 1225E£-01 ~87 01
1250 «1045E-04 135 .28 «2003E-01 124 .43 «3611E-02  =-119.31
1.500 «1221E-04 61 .84 «1395E-01 87«34 +1909E-02 -140.53
1750  «9541E-05 ~3.81 +8823E-02 AaoTT «109RE~N2 =~153.11
2 .000 +56 9SE =05 4777 +S854E-02 52 .47 «7013F=-03 . =159.11
24150  J4172E-05  -64.43 «4T729E-02 47 .80 «5598FE =03 -161.N7
2 «300 «3147E-05 ~76 +50 «3904E -02 44 .36 +4584E-03 =162.35%
N\ PeOoT
L N N ==
FREQUENCY , X . . Y - o Z
CPS MAGNITIUDE PHASE MAGNITIDE  PHASE MAGNITUDE PHASE
+250 «70S2E-056 122 .34 f1241E401 -2.01 «5173E-02 -20.37
«500 B TT4E =04 -9.,53 «2792E+01+| =53.84 +SROTE=-01  -97.33
.750 +6638E~-03 131.25 «T337E+00 | 10943 .  «4449E-01 165.15
1 000 +8995E-03 =117.19 «4129E400 -RB.J18 fA1T45-01 127411
1.250 «3529E-03 15169 | «4455E+00°) =74 .03 «4163E-01 87 .84
1500 2168E=-03 76.58 «556 SE+00 87 .42 «3830E-01 44.09
1750 «1088E-03 11.09. | «S3B4E+00 | ~114.94 «2704FE =01 -2.54
" 2.000  .4611E-04 =32.13 | .3900E+00 | -135.87 «1493E-01 -35.25
2+150 2836E-04 ~48.22 +3138BE+00 | '-142.83 «1044E=01 + =47.27
2 .300 +1828E-~04 =59 .66 «256 1E+00 | =147.16 +7515E=-02 ~55.69

e N S s 4 e ot o AN e LA Ay o0 g e hitipns
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- FREAUENCY ALPHA o AFTA GAMMA P.21
_‘ CPS . MAGNITUDF PHASE  MAGNITUD® PHASF - MAGNIT!'ID® PHASE
+250 ARTRE =02 155.53 «7775%.207 152 A7 CA1ASF =06 153 .81
- <500 «5026E =01 96 TK - JBARRE =05 R 2273 =04 92 .32
- +750 «3453FE-01 V12 .42 55798 -05 27 .22 «T7795-04 ~4 .25
1.000 «3087E =01 =530 15438 =04 =164 5 R <15478-03 =154 .85
- 1.250 e3449E =01 -22 .52 «A903F =05  =124.21  JT3R2E-04  165.85
- 1.500 «4007E-01. =49 .88 «1235E-04 =162.43 JA4NIE-04 134499
1.750 «36315-01 =86 «56 < 12548 =04 141 .09 «SN28F. -04 97.12
- 2 .000 «2502E-01 ~-113.33 «8518F =05 102 .20 «3193F-04 69.70
- 2.150 +1966E-01" -122.89 +45559E-05 8748 24PAE =04 59.87
2 .300 «1572F-01 =129.35  .5138E-05 = 77.34 «1890F -04 S3419
! E S
REH TR
L] .
- FREQURNCY X Y 7
. CPS MAGNITIIDE PHASE  MAGNITUDR PHASE  MAGNITUDE PHASE
- «250 2241E-07 116465 «S173E-N2 =20.37 [ .]0S7R+01 -57
+500 «1763%-05 -22 .24 «SBNI1F-01 =97.33 | +1226FE+01 =527
- «750 «B91BE~0S 113 .88 C4A49E =01 165416 1 «1482E+01 ~17.09
- 1.000 . +9764E-05 17427  +4174E-01 12711 | «15679E+01 -37.7%
L 1250  +1261E-04 =114.35 «4163E-01 R7 84 ! 41592E+01| =61.74
- 1.500 «1167E~04 155 .81 «383NE-01 44409 | <1314E+01| . -80.79
- 1750 - «7106E=~05 80 .21 «2T704E-01 -2.54 < 10495401 “93.50
2 .000 +3399£-05 30.32 «1493E-01 =35.25 , «B4R4E+00! ~102.40
- 2 .150 «2216E~05 11.19 +1044E =01 ~47.27 i VISSOE+00| =106 <48
- 2 .300 +1504E =05 =2 .84 «7515E-02  =5549 | 6770E+00] =109.95
- FREQUENCY ALPHA . . RETA ‘' GAMMA
CPS MAGNITUDE PHASE  MAGNITUDF PHASE  MAGNITUDE. PHASE
H 250 «1549E£-03 159.77 «2470F-08 147 .12 «1316F=07 158.05
- «500 «1308E-02 84 .05 «8921E-07 51.95 «5914FE =05 79.59
+750 «4638E=03 ~4.74 «8837E-07 9.87 - «1045E~05  =21.72
E\ 1.000 «3350E-03 94463 «1575E-06  =54.75 «1679E-NS  =56.93
1.250 «1233E-02 71 <44 «1752E-06 -30.24 +243RE-05 =100.20
1.500 «2157E-02 29 .35 64 46 E~-06 -83.20 +3445F =05 ° =145.78
E\ 14750 2371E=02  =17.44  .BI1B5E-04 =-149.79 «3283E-05 166 .24
2.000 «1844E-02 = -50.89 6278E-06 16.4 445 «2354E-05 132.15
2.150 | '+1536%-02 -63.48 +5124E-06 147 .09 «189SE-0S5 ~ 119.28
E‘ 2 .300 «1294E-02 -72 .53 «4228E-06 134.16 +1555E-05 " 110.01
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BLMO2 14234 LA WED 12/20/67 . Page 22
IN LINEAQS Pyz 47,47 e P2: 7.9 e3)
IN FIRST : | o,
IN ARCTAS P s 4147 esy P :

? 351052¢55355,5¢558s10515,20525,30

MAGNITUDE & INPUTS - ‘
FORCE=1 LB. FLOGR TRANSLATION=1 IN. FLOOR ROTATIAN=1 RADIAN

QUTPUT UNITS ’ : . ,
XsYsZ==IN« ; ALPHA,BETA,GAMMA--RADIANS ; PHASE--DEGREFS

X \oPLT
I NPUT A NG e (tu PET X DQECT\ON [ e YN b-\m.‘ou )
NN BRI EZINT T DATR A SauLT AL VAU 25 Vo EUT TO ET AT O AN~
FREQUENCY eI eIy , Y - Z
CPS VAGNITUDFlA - PHASE . MAGNITHDF, PHASE MAGNITUDE - PHASE
24500 [ «1677TE+00] =158.89 «1090K ~-04 ~70 .28 «9555E =04 =16 «48
3.000 «1104F+00 ~157.89 +3R93L -NS -84 .50 «3907F-06 = =37.21
5000 | +3918F-01| =~149.49 «36 55 E-06 =90 47 «S0A4KE~0T7 - =64 04
5.500 «3287TE-01 =147 .33 © «2503E =054 ~B8 .50 +3591E-07 ~69.09
8 .000 «1733E-01 =137 .A9 66 10E-~07 -75433 «1010E~-N7 ~77 .26
10 .000 «1229FK-01 =131.52 «3327E-07 =5 551 f4219F-08 =80 .21
15.000 «T7045F =02 -120.72 «1118F-07 48 .04 = <1388E-08 =83 A7
20.000 «4952E-02} ~114.08 «56 20K -0N8 =37 41 .57S9Ef09_ -85 .28
25 .000 «3833E-02 ~109.49 «3404E-08 ~30 .49 «2927TF =09 -84 +23
' 30.000 -31355-02_ =106 <61 «2292E~08 “25457 «1A87FE~09 ~86 «86
FREQUENCY . ALPHA . . . BETA . GAMMA
"CPS] MAGNITUDE PHASE MAGNITUDFE PHASE MAGNITUDE PHASE
2 .500 2267E-05 ¢+ ~-88.02 «3108E-02 41 .07 e3625 5 -03 ~163e41
3.000 «1201E-05 -104465 «1950K-02 34 «57 «2258F~03 -164.28
S .000 «3074K-06 -120 .54 A 258E-03 35 .83 <7127 ~04 ~=151.20
5 +.500 «2501E-056 -120.73 eS174F -013 37 .00 «SBSNE-04 . =160 .01
8 .000 «1244E-06 -117 .32 26 05K =03 44 .08 2796 E-04 =153.79
10 .000 «8807E-07 ~11375 «1812E-03 49 447 +1853E-04 =-148.98
15.000 «S152E-07 ~107 .16 «1016E-03 59.50 +9308E-05 . -138.58
20 .000 «3683RE-07 ~103.22 «7077FE =04 65 06  «6011E=-05 ~130.59
25 .000 «2881E~-07 “100.71 «S455E-04 70 .38 «4409E-05 =~124.52
30.000  2371E-07 =98 .98 «4451E-04 73443 +3481E=-05  =119.87
\(\wpo\
BT a—2_ CiluroY N o.tucn:na\) 1. 606 M
FREQUENCY . X ‘ Y ' A
CPS MAGNITUDE PHASE MAGNITUDF B PHASE -~ MAGNITUDE PHASE
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T T T T T T L (T e 3 |
- 2 .50 7sz T4 W =N age
D = WP 300 c16P AR =0 A '
5400 415002
» 5450 SB[ AT =00
E ] N0 C.NTINTRE =00
10.00 SIARNHPE =02
15.00 CRANNEE =03 }
D 0 N0 CARAD GV -0 ;
25.N00 L LR12RSE-N] !
30 .00 218387 =073 i
D POINT NO. 8 VT A 2 DWRECTION ' i
: RARGRTNA =T FREQFNCY DISPLACTGENT (R E
. X\ PO 2.50 1154257 +00 §
E 3.00 72538 F -0 l
' 5 .00. SD2ADTET =01 !
S +50 192457 -01 ‘
D ' .00 =73 hp/lr'-ﬂ’)‘
: 10.00 B T4 B =02
S 15.00 377795 -N2
Eﬁ 20 .00 W24 32 4F =02
o . 25.00 2N291F =N
BRI ‘ 30 .00 e 1555465 =02 -
vD L pemEwEN —) rRFOUFNFY DISPLACEURNT ()
S : ~ ' 2 .50 480928 =01
- ﬂw§gpu\ 300 AN304F =01
D - o 5.00 < 120558 -01
' S <50 «99144F =02
' 8 .00 S492R9F -02
D S 10.00 «34155F =02
11500 «19052F-02
20 .00 «132525-02
D 25.00 «102058-02
: 30 .00 232287 -073
D TR Nra=—%_ FREAQURENCY DISPI.ACKMENT ct)
| ' 2 .50 0594607400
i 300 4A4S58E+00 '
5.00 19135400 3
D 550 « 15239400 . .
g .00 «83077E-01 f
10 .00 «54813E-01 g
D 15.00 «25181FE-01!1 t
' 20 .00 J14341E-01] :
' 25.00 .92323E-02
D. 30 .00 | «64321E=02]

TICT O Y

3
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S s e |

D ST TY 913K - LA THE 15/04/67 rage
! IN SPRIGH
E CIN LFIRST '
1 = IN RIGIXS
:D 2 2634453661 49,12412,13438,10,3
; .
;D THE HINDAMPED NATURAL FRENUENCIRS ARE CALCULATED ASSIHMING
1 PREDICTS OF INERTIA ARE 7ZERM, HORIZANTAL.NDAMPING ‘
Lo RATIO IS ZERG, AND VERTICAL DAMPING RATIO IS 7ZRRG(CASE A)
D  AND INFINITE(CASE B) | |
D ' CASFE A
D MODE _ 1 2 3 4 5 5
| FREQC(CPS) 687 «504 1.052 1503 1294 .907
D EIGEN VECTORS
D X 295E-01 «00NE +00 «0N0F+00 ONNE+NN = 1RTE=N] 144702
Y CO00R+00 «3045-01 =-.125E-0N2 < 1725-01 «0NNE+00N «NNNE +0N
7 <0008 +00 «907£-03 “349F -0 <934E-03"  .N0NF+0N «NNNT 400
U ALPHA .000E+00 «BISFE=02. =.173E-03 C1448-01 L0NNE+00 <D0NF+NN
RETA | «471E-02 <000E +00 000K +00 «ANNE+00 «154%-02 «125£-02
E GAMMA -.938E-03 «000NE+00 «000F+00 «0NOE+00  =.B2KE-N3  .854%-N2
casT B
MODE ] 2 -3 4 5 6
D FREQCCPS) 843 <781 2.439 2 .325 2.345 .959
D EIGEN VEGCTORS
i . ) . ’ . .
| X «292E-01 <00NE+NQO <000F +00 NONF N0 = 201E=-02 1877 -0)
D Y <0N0E+00 «342E-01 «3775-02 5 NRE=ND S0NNT4N0 LONOE+ND
: z - <000E+00  .3546RF-03 2RBF =01 =.]198E=0] «0NNE+00 <0008 +00
~ ALeHA «000E+00 . =.338E-02  .921F-02 « 1335 =01 NNOE+NN L0NNAT+0N
D 3&% +80SE=-03 " .000E+00 «000E+00 «NONE+NN  JR92E-N2 A 50E=03
: GAMMA  =,465E-02 ' 000E+00 «000E+00 «N00E+00  ~.107R-03 <7245 -02
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APPENDIX T43-A
Figures T43-1 through 1.7
and

Notes for Computer Flow Charts
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= A2 ‘ .Start Computer, MANUAL Mode
f‘ ‘ _* FIrOr Disable Interrupt
- i Message: '
- .
—.
- . :
j Itime = 0, Itic = 0, Ifid = 0.
bl Jtime = 0, Iic—~0 Jfid = 0,
- Cl.6 ‘
- 15
- | Set TYPE.LT. (OCP 00) Type Data Reset TYPE.LT. (OCP 03) |
- . ’ ! -
- ; ENTER
o (SK 74)
A7.2 §
"i RIGHT STAG
- (INA 21-12) /) °
- A.2,1y
U ‘ N
' | s A8.2.2
3 . i Set R.‘FERE\ CE Light (OCP 70) i Set REFERENCE Light (OCP 70) -
_ A8.1.3 g AB.2.3
Q _ N /REFERENCE REFERENCE
13 v \(INA 21-07 N (INA 21-07),
1G Y :
' 28.1.4 A8.2.4 ]
Reset Record (OCP 21), Itime -l Reset Record{OC? 21), Jtime ="1",
ol Read Left : REFERENCE Read Right REFERENCE -
= Enable RECALL (OGP 7: Fnable RECALL
ResetREF.Lt, /= (OCP 7:) Reset REF.Lt, | (OCP 71)
a , . 29.1 f«a A0, 2 -
_ . Convert Left Recall Coordinates ﬁ Convert Right Recall Coordmate;!
ﬂ Al0.1 § B3 .
- ( RECALL . RECALL
- \\INA 21-10) /7~ Routine,
| .
- '
L.F.
- Routine Routine’
- _ |
- . Al2. Al2, ' B2.2
b L.T.T. | Y /TIME TIC "\ TIME TIC Y{ R.T.T.
Ll Routine . (INA 21-08) (INA 21-08) | Routine
-~ . N : | N
- 1 .
.
- ' (I I - ’ Plgure T43~1,1. . 13:0/21.;4/?:;-7
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Left Fiducial Routine \\ nght Fiducial Routine

s

Reset Reocord (OCP 21)
Ifeg = Ifeg + 1

Read Left Fiducial

FID (Ifid) = L.F.

v

("0 3 e300 o G J 0-J Gm]j

Bl. S é

RN
Al3 A13 RN
Left Time Tic Routine ‘Right Time Tic Routine
B2.1 4 B2.2

Reset Reocrd (OCP 21)
Itic = Jtic + 1

Redd Left Time Tic
TTL (Itic) = L.T.T.’

i

B3 Al3
Recall Routine -

Reset Record (OCP 21)
Jtic = Jtic + 1

Read Right Time Tic
TTR (Itic) =R.T.T.

!

s I s B

pr—

!

i v

S I R R .

B3.1.1 & B3.1.1.1 B3.2.1 , B3.2.1.1
#1 RECALL Y Output #1 #7 RECALL Y Output #7
(INA 23-05) Recall Coord (INA 23-11) Recall Coord
‘ N N ' )
B3.1.2 | A B3.1.2.1  B3.2.2  B3.2.2.1 ~
#2 RECALL ) Y Output #2 ‘ #8 RECALL ) Y I out 1
, put #8
QINA 23-06) Recall Coord [ ® (INA 23-12) Recall Coord
N ' é N '
,B3.1.6é B3.1.6.1 B3.2.6.1
#6 RECALL Y Output #6
: Output #12
-\. (INA 23-10) ) #1 Recall Coord = Recall Coord| ™
S . .
%
y
533 | |
Reset - "
RECALL
(ocp23)
Note
'gecali =#1 Recall or * * * or #6 Recall ° é
' or=4#7 Recall or -+ - « or #12 Recall Al3 :
. . 1302-43
11/15/67

' ' Figure T43-1.2
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g S o R e O s O s

- Interrupt

'Cl.1 é.

Disable Interrupt
Save Regi_sters

Cl.2 :
ECALL Y
(INA21-10)

N

C1.3
AUTOMATI
(SXS 76)

. Cl.5¢

NTERLOCK
(INA 21-13)

ENTER
(SKS 74) -

B3 L | Dl §
-Recall - Automatic
Routine . Routine

|

Al3 C3

c2

Convert Recall Coordinates .
Compute Matrices
Enable Interrupt

Restore Registers
. Enable Interrupt

Note:.

S. AUTO = AUTOMATIC WITHOUT CORRELATOR
S o

!

Figure T43-1.3

Program

302-43
" 11/15/67
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— Cl.4 : ’
o w ‘ — s .7.2
. ‘Dl - ¥ : . - Y \ete,

T3 0o

r::;‘ m T S ' '- D10
= ‘ ' ‘ xM = xM + Ax
: ijc , and Ax}s . .
w - - D2.1 : m_ _m m
| ] 2 . Ax =X - ST
. D Multiply
- JOYSTICK ‘ : ro_.r r
g COARSE - AX}S by X =X +4ax
( SKS 72) Scale r r r
Factor = - :
= - » Ax =X Xgr ¢
‘ ’ . Output
- Read Axq7q Ax™ (left stage)
u “and AXRTB o4 1. | - Ax" (right stage)
- 3 D4 ‘¥ o . . ‘
E Multlply D12 g
. ?;_ COARSE and Ax _ IOTC = IOTC + 1
" D P (SKS 73) LTB RTB - ‘
R T N by Scale Factor
D N ’

‘TRACKING
MODE

(INA 05-11)

REORIENT
(INA 05-12)

w)}
N

Reset REORIENT

OCP 5
J ]
Axyg +A"LTB * AXRTB
= X;.n Ax?
Xr Axm )
‘ {
DIy
CORRELATOR Y
OPERATIVE . 5
(INA 2 l_-16)
N
| .D9.1
P
L , |
- , | axt = axt +. k; Axg , , 302-43
F ‘ oo » _ v "11/15/67
™ ‘ ' © Figure 743-1.4
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2§
xM =x M
ST
r -, fT
X X g7
: Y = . IORT =3 :
E( ) {IORT 2 ) n»C _ D
pg E4,1 Y Y ES.1 (Y
m xm ='xm
X2 °F 3
r ' _oor r = 3yl
X, = X X4 X
Compute u,
e -
E7 - E8
{7.S. RIGHT :

%4
% 4
[ T
I

i B e R ]

i

(INA 05-14) )

CE8L 1\

N /REV. ST.
: (INA 05—~ 07)

ﬁgL

REV. ST. Y
(INA05-07) /7 |

Figure T43-~1.5
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N , N
s E9.1 ¥ '
' AxM = T Ay
E8.2 ’ X Xj xLTB
Ax = Q ) S o j .
. | AX". XjAXRTB
AX =X Ax]
: ) ' IS
E7.2 ¥
Axm = Xmij i
j IOSﬂ E9.2 i
% I ' ;
AX = Q0 AXm=Xm AXJ
)| RTB
axt =Xt ax]
‘v J * LTB
¥ i :
302-43 .
f%; 11/15/67z
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D12 | .
D13 o ' ‘
(lorc=4 ) — ) ,
| LY P2 Y o
Fl ' OPTICS \ N
IOTC = 0 | . INDEPENDENT _
(INA 05-13) j F3 - é
' Read Optics Values
L 1 =1, 2) f
F3.1 é A r 2 for
LEFT MAG. HI. \ Y Cay, M, 0, 8,
(INA 21-15)  / ‘ :
: F3.2 el o
. : 1i 21
Mult., M, by o .

v ' 1
, Scale Factor .

- F3.3 § - o
. ( RIGHT MAG. HI. \ Y
(INA 21-14) / 3.4 %
' Mult.ﬂMz-by
Scale Factor

vb

4 s #"—“——‘( — )
. N /7 REORIENT ) o

F6
Compute A ajy, _AMi, ,Ael'i’. A,,.GZi
By Ay
‘ T8
F7 CORRELATOR
: ACTIVE

_/

\_ (INA 05-12)
FS.1 ‘ ”Y' !

Store Optics Values'

$150 95

Y

INA 21-16)
- : T N

F8.1 i

Read'A, B, C, D.
from Correlator :
Compute AA, AB, AC, AD

~
\

‘» _ , - 302-43
o - ©11/15/67
Figuye T43-1,6 o
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-
-
F8.1
b . ' -
= - g
\ G1 ¥
D' Correct Aa,, AM,, Aeli’ AeZi
D Adjyr 8%y
- (7 _ -
\ F8 _ i
D a, = a; + Aal
D Mj = Mj + AM;
D Similarly for 0\“, 92’1
|
®1yr Py

G4 oy

G3.1 : :

L1

\(INA 21-15)

/LEFT MAG . T, N\ Y

. A“@
s \LG4.1 S

I3

h TN
Divide My
D by Scale Factor -
%*”% ,» .5\»;-,:“**&5}?.@5 v
D /RIGHT MAG. HI. \ Y '
L (INA 21-14) - - " "
AN - J | G5
D e Divide M,
g by Scale Factor
D G6 ‘
D Cutput to Optics
(i = 1,2) Vvalues of 43, = 3; (comp) - 3, (actual) etc.
Aai, AM, |
D AL AM A0 A8y A Aby,
. ,
]
D Dl4 | 302-43
Figure T43-1,7 ' 11/15/67

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3



s pa - , ) _ - . T T i L
LJ Declassifieq in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3 V"

0 - . . »
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NOTES FOR COMPUTER FLOW CHARTS

"0 o043

Dl Read from Stereoscan registers:

m

D a) Xgp =X, ¥ coordinates of left stage.
: b) ng = x, y coordinates of right stage.
E ' c) ax)_ = X, y image displacement indicated by correlator.

d) AXJIS = x, y image displacement signalled by joystick.

3

D2 - JOYSTICK COARSE:

. .

Test condition of pushbutton on top of joYstick handle: yes (skip) . B

if button pushed. Tested by SKS 72.

s

%

D2.1 = Multiply se'parately'by appropriate scale favcit‘or:

& . : o=

A

D3 © Read from Stereoscan registers:

a) AxiTB = X, Yy image displacement signalled by left trackball..

b) = X, y image displacement signalled by right trackball..

' j
AXRTB

-1

D4 TRACKBALL COARSE:

Test condition of pushbutton with this title: yes (skip) if depressed.

(1

Tested by SKS 73.

 Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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D o D4.1 Multiply (sepaiately) 'by‘_appropriate scale factor:
) = _ '
i . Axppp T @xppg AVppg)
. ‘A = '

RTB

DS TRACKING MODE:

Test condition of flip flops which register this condition. Yes

if INA 0S bit 11 is a "1"

i

D6  REORIENT: ,

Test pushbutton with this title. Yes if INA 05 bit 12 is a "1".

[P

D7 IORT = 0:

Set to zero a memofy word Which'is referred to by name "IORT".

D8 Computanons per formulas given:

Ax’ = (bx, Ay) total 1mage dlsplacement signalled by stage

-

controls.

Ax™ = (Ax, Ay) displacement of left stage

Ax" = (Ax, Ay) displacement of right stage

—n
~
3
!

.inverse matrix (2 x 2) for left optiéé train

tracking matrix (2 x 2) for slave (right) stage displace-

.- n—u
=<
B i
It

D ment corresponding to master (left) stage displacement
(Note: : notation'x;n ij means
E : : X Ax, +X ,A48%x,;m=1, 2)

ml ~ 1 m2 2

D Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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[

D9 CORRELATOR ACTIVE:
Test correlator signal for this condition. Yes if INA 21 bit 16

isa"1".

D9.1 ‘Computations per formulas given:
. X; = inverse matrix (2 x 2) for right optics train
D10 Coméﬁtations per formulas given:
x™ = X, y coordinates for left stage which computer uses |
in non-real fime prdgram '. |
x' = X, y coordinates for r._ight stage sometimes compﬁted
by transformation in non-real time procjram. otherwise updated by |

incremental tracking - as in this box (D10).

-

D11 Output:
ax™ = Ax, Ay increments to left s'tage count-down register

ax' = Ax, Ay increments to right stage count-down register -
D12 Increment storage word which is referred to as "IOTC".

D13 Test to see-if word "IOTC" is 4.

' /
D14 Reset f_lip flop which is set by pushbu’tton marked REORIENT.

OCP-$ results in reset.,

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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/

El Increment storage word called "IORT".

C.J 0.3 0.0 1

E2 Store stage coordinates read-in Dl at memorx'locations referred

to in D10,

E3  Test word IORT for value 1. - |
E3.1 Store coo‘rdinates referred to in E2 at memory positions

referred to as xrln and xli (eight words of storage). '

E4 Test word IORT for value 2.

v y .
E4.1 Store coordinates referred to in E2 at memory positions

N R S Y Y 1

referred to as x;n and x; (eight words of storage). _

ES Test word IORT for value 3.
\ ES.1 Store coordinates feferred to in E2 at memory positions

referred to as xrr:; and xr3 (eight words of storage).

Compute b, = components of unit vector normal to plane

-y

through the 3 ground points represented by photograph points referred

to in D3.1, D4.1, and D5.1, this plane is called the "Tracking Plane".

E6 Compute D, = the normal distance from the tracking plane to the - .
o ) o a. - _
#1 camera lens. D, =u, (xl ,xpl) :

i

E7 JOYSTICK LEFT:
i

Test this pushbutton. Yes if INA 05 produces 1 at bit position 15

E8  JOYSTICK RIGHT:

i Test this pushbutton. Yes if INA 05 produces 1 at bit position 14. |
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E7.

Y

1, E8.1, E9 REVERSE STEREOQ: v

Test for this optics condition. Yes if INA 05 produces

1 at bit position 07,

E7.2, E8.2, E9.1, E9.2  Compute per formulas given. Symbols are

as defined in D1, D3, D8, and D9.1.

F1 .

F2

F3

LD Do

0

Lo

0

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 - CIA-RDP79B00873A001300010007-3

Set word IOTC equal to ze.ro-..b-

OPTICS INDEPENDENT:

Test this pushbutton. Yes if INA 05 bit 13 is a "1".

Read settings of optical elements for both optics trains.

a |, a, = anamorph stretch ratio for left and ridht optics. .

f,

. ‘ Ml’ M2 = magnification for left énd right optics.

e“. 912, 62'1. 622 = angle-'of image rotator, left and nght. ‘

‘ .

_4>“. ¢12,‘ ¢21, byy T angle of anamorph,major axi;; ‘left and right.

F3.1 LEFT MAGNIFICATION HIGH:

Test this pushbutton. Yes if INA 21 bit 15 is "1".

F3.2 ~ *Multiply Ml'by appfopfiate_ scale factdr.

F3.3  RIGHT MAGNIFICATION HIGH: -

Test this pushbutton. Yes if INA 21 bit 14 is "1".

F3.4  Multiply M, by appropriate scale factor.



!

0.4

J.

0

£ .4a

31 013

e

1

i

D

/
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F4 - Set indekx to initial value.

FS REORIENT:

A}

. Test this pushbutton. Yes if INA 05 bit 12 is "1".

F5.1 Store the values read in F3 for use in G2.

When these operations by-passed "'(FS produces "no" answer)

values used in G2 are those left from previous cycle.

F6  Compute increments:

. aai aai
5 : - = —
- 835 = 5%, 2% T ay, AV
i i
aM, M,
AMi = A%, Axi * oy, Ayi '
. i i
etc.
F7  Test index for final value.

F8 CORRELATOR ACTIVE:

Test this signal from correlator. Yes if INA_ 21 bit 16 is "1".

F8.1 Read signals from correlator:
A = x scale factor
B=x §kew ,
C =y skew

D=y scale factor

N .
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r3 3 303

i

-

-

F8.1 .(co'nt'd..)

i

Compute: o ‘
2 (A-1) B . A2 ‘ ‘BZ
C, Dy

aa aB| [a B|[a, B B
Dyl {C2 Dy

ac ap| |c Dp||©2 c (D-1)

where AZ' BZ’ CZ’ D2 = efements of le, computed in non-real time program.

v,

Gl " Correct for effect of correlation signals:

etc.
G2 Compute per formulas given. .
G3 | Test ihdex for final value..
- G.3.1 Increment iﬁdex.
G4 See F3.1.
G4.1 Dividé M, by scale f§Ctor used in F3.2. N
GS See F3.3. ‘
CGS.1 Divid_e Mz by scale factor":used in F3.4.
Gb ‘ Qutput to both optical trains:

Values computed in G2.
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APPENDIX T43-B
NON-~-REAL TIME COMPUTATIONS

3 3
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i

‘ STAT
= 11/10/67 ‘
E 302-43
D » * NON-REAL TIME COMPUTATIONS
D 1. TRACKING WHEN CAMERA STATION DATA AVAILABLE
a '_ 1.1 Insofar as it is available the following information will be-

typed into the computer. For each camera station:

1.1 ;l Type of photograph (frame, strip or panoramic).

1.1.2 Time at which exposure occurred or initiated.

1.1.3 Latitude, longitude, and altitude at time stated per 1.1.2,

3

1.1.4 Ground speed and éngulai* heading with respeot to north

at time stated. )

1.1.5 Angles of pitch, roll, and yaw with respect to vertical and

stated heading at time stated.

1.1.6 ~ Angles of semi~convergence and/or obliquity of camera,

1.1.7 Information regarding origin and spacing of time tics which

l

camera put along edge of film during progressive exposure of photograph

(not applicable for frame type photographs). Subsequent measurement of

any time tic will enable computation of time at which a narrow strip across

the pho;ograph through that particular time tic was exposed

1.1.8 The focal length of the camera;;‘ and angle B for a strip

camera.

€3
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1.1.9 Information, as required, regarding fiducial marks, panoramic

sweep rate, and image motion compensation (IMC) rate for camera during

exposure.

1.2 Phptogra'ph coordinate systems.

For each photograph a right handed rectangular (Cartesian)
coordinate system is assumed with its z-axis normal to the plane of the
photograph and with its x-axis in the direction which was parallel to the ‘
uft direction at the time of exposure. The latter is, in general, approxi-
;-.:étel.y. pérallel to the edge bf the film for strip photogfaphs, perpendicular
1o the edgé of the film for panoramic photographs, and parallel to some . |
edge for frame photographs. The actuél flight direction (x-axis) is
establishea by measurement of fiducial marks which should be spec':ified‘
in 1.1.9. Order of measuring these marks will determine positive directions

of x and y-axes,

1.2.1 Stage coordinate systems.

Both méasuring stages have their positive x-axes from left to
right across the short axes, and their y~-axes from front to back across the
long axes. Roll film is placed on the stages with its edge approximately
parallel to the long axis. Qut film (i.e‘., cut duplicates of selected |
portions of roll film) is placed as though still part of a roll. Thus strip

photographs have their x-axes approximately parallel to the stage y-axes,

. whereas panoramic photographs have their x-axes approximately parallel

to the stage x-axes. No general rule is presently known for alignment of

- irame photographs on the measuring stages.

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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- 1.2.2 Rotation of coordinates.
Fiducial marks lined up with a photograph coordinate axis as
‘specified under 1.1, 9 are measured in stage coordinates. The direction
of the specified axis is then computed by

Y, -y
= tan )
2 1

. where (xl, yl) and (XZ’ YZ) are the stage coordinates of two fiducial

marks. The rotation matrix for each stage will be designated

_cos(}l1 sint,i,/1 0

a :
Cm= - smqj1 cost.p1 0
0 0 1

?or the left stage, and

cos q)z sin\,‘)2 0

g_ ,
Cr— - siny, cost.')2 0
0 0 1

for-the right stage. The above formulae assume that the two fiducial
marks define a photograph x-axis (positive direction). If the fiducials
define a y-axis (positive direction) then the angle L}/calculated from the

stated inverse tangent should be replaced by (l,V- /2) in the expression

. a
for C  or CU.
m r°.

.

1..2.3 The time tics referred to in 1.1.7 will (if not missing) be approxi-
mately lined up along the long axis of the measuring engine. As required,
these time tics will have their x, y (stage) coordinates measured, and the
results rotated into photograph coérdinétes. Rotation is to the x-axis for '

strip type photographs and to the y-axis for panoramic type photographs.

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3
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Thus the time at which any measured point wa’s exposed is to be computed
by‘interpolation between the times for the two nearest measured time tics as
determined from their respective long-axis coordinates. In the case of pan-
oramic photogra;ﬁhs lacking a complete set of time tics there will be one or

more fiducial marks which, togéther with the information specified in 1.1. 9,

can serve the same purpose.

1.2.4 The photograph coordinate systems have their origins fixéd
with respect to the photographs. For strip and panoramic photographs this
fact means that the camera point of perspective is not constant with respect
to the coordinate ‘system; Hence the coordinates of the poinf of perspective
are, in general, time functions. It will be assu_med that the lens (point of

perspective) coordinates can be satisfactorily approximated by the types of

formulas given below:

1.2.4.1 Frame type photographs.

Lens coordinates constant:

(XO’ YO, - f)

where f is the camera focal length.

1.2.4.2 Strip type photographs. : o

" " Lens x-coordinate a linear function of time. Lens y and z

coordinates constant:

: (XO'*'V.(t“ to)’ YO! - f)

where’v is the IMC velocity (taken as a negati\}'e number), t is the time referred

toin 1.2.3, (xo, Yo -f) are the (constant) lens coordinates at time ty.

1.2.4.3 Panoramic type photographs.
IMC velocity is proportional to the cosine of the lens

.
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"o B B )

. sweep angle. The latter is a linear function of time. The lens x-coordinate

ot

herefore involves an integral of a cosine function ({.e., a sine function).
The lens y and z coordinates are constant:

v y-v
M 0 )
(xo .+ _.(:)_. sin —f——_’ yo, f)

. B B

whnere (-VM) is the maximum IMC velocity and w is the lens angular sweep

rate (see 1.1.9). In this expression difference between the time referred

to in 1.2.3 and to has been set equal to

(y = yO)/“)f-

1.3 Definition of corresponding points.

3 103

In general, for each point in one picture, there is a corre-

sr,om.mg point in the other picture. Cor‘gesponding points are points, one
on each photograph, which both correspond to the same ground point.
Insoiar as both pictures are complete one-to-one mappings of the ground

surface there is likewise a unique one-to-one relation between corresponding

points in the two photographs. It may happen, however, that certain iow

. |

altitude regions of the ground are obscured by higher altitude ground regions
one pnotograph, but nct from the other. Thus it is not true that every
point in one photograph has a (visik;le) correspondin.g point in the other

7
S 7

onotogreph. In other words, if each photograph {s regarded as a mapping

of the other photograph then one or the other will sometimes be like a folded

mapping wnerein a portion is folded under (1.e., ooscured oy) another

[Q}
.3

cortion. Thus the relation of correspondence betweeﬁ the two photographs

is, mathematically speaking, sometimes a multivalued function.

3

s
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is i_3d

1.4 Stage tracking.
As a result of some of the computétions described below,

and as a result of certain control functions which the computer can

o

exercise on the two measuring stages, the latter will, if in the tracking

mode, be epproximately maintained on corresponding points. Thus the

. |

serator directs the "master" stage to a desired point and the computer

slave" stage to the corresponding point. If tracking errors

e operator desires to correct such tracking errors then he

1 i
{ )
[0}
0]
(V]
>
o]
o))
o
O

may use an independent (I.e., non-tracking) mode of stage control to
vlace the siages precisely on corresponding points. Such exact corre-

‘sponcence is signalled to the computer by the operator depressing the

C3 1

RZORIENT pushbutton. Detalls of this operation will be de_scribed later.

Thus, in general, any time the computer reads the x—y coordinates of

ooth stages it will LhUS obtain the two sets of coordinates belonging to

coints whicn are, at least appw\'rnately, comesponding to each other.

1.5 Corresponding times for'the 'two camera stations,

For each camera station the time at which any particular'

point was exposed is related to the point as described in1.2.3. Cormre-

-, s»onalng times for the two camera stations ore the two exposure times

‘e

icr any two peinis wuich correspond to each other as descnoed in 1.3,

U

cra station ground coordinates.,

Using information as per 1.1.3 and 1.2.3 the latitude,

E - ~ |
i

iongitude, qnd al*ituae of both camera s;atlons are to be computed at

y -
(R e
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various required values of corrésponding times for the two stations.
Linear functions of time will be satisfactory approximations for this
purpose. In what follows the following symbols will be used:

b = létitudé at time t; of first (l.e., earliest) camera station,

(- w2 < $, < + 1/2) north latitude taken positive.

A, = longitude at time t

1 of first station,

1
(-w< N 2 + 1) east longitude taken positive.

¢2, xz = latitude and longitude at tim'e t2 of second’'camera station

¢10' )‘10 = values of ¢1 and )‘1 (at tifne tlo)”stated per 1.1.3 .

¢20, )‘20 = values ofq;2 and xz (at time tzo) stated per 1. l'.3

V‘l, V2 = ground speeds of two camera stations |

Y.l’ Y, = headings (azimuth) with respect to north of two camera stations
| (- m< vy <+ 1) westerly heading taken positive,

Hl' Hz = aliltudes of two camera stations (assumed constant unless

other information given).

Two cases may be distinguished:

1.6.1 When both camera stations occur on the same flight (and have

eéssentially equal values of ground speed and heading): -

b = d1g = Llogg = 9 ) Mty - t ] 1y = 1))
M om g = [gg ) ltyg -ty )] () -t )

Y2 7 210 = [gg = Mgl ltgg = 1)) (1) — 1))

_7‘
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o O O B

1.6.2 When the two camera statlons occur on two different

flights or when the values for latitude and longi{tude are not given witn

i_10

sufficient precision to show significant difference for the tv§(o stations.

.

o =40 =V &) -t ) cos v IR,

N “ A= "[Vx (tl -~ tlo) sin Yl]/R2

0 O

) = dyg = [V, (6 = ty ) cos v, /R

|

Xy = Xyp =~ [v2 (t2 - tzo) sin w.(z]/R2

-

where

R

2 2
. N (1 - e° cos ¢>10)+H1

R, = (N + Hl) cos ¢

—o 11D

N and e defined in Manual of Photogrammetry, pages 349 and 466. .

1.6.3 Primary ground coordinate system.

s I

- Origin at ¢10' )‘10; Hl‘ X axis points north, Y axis points"

west, and Z axis points vertically up. No corhput’ations needed to establish

this coordinate system.

3 O

. 1.6.4 Computation of air base (relative to system specified in 1.6. 3).

‘-<:>1.,,,, )‘1’ sz, >‘2 computed for corresponding times at which air
base is evaluated., Use formulas in 1.6.1 or 1.6.2. Then:

HE=(H, + HZ)/Z

1
B _ e _ _ _ _’
X=X =Ky =X, Yy =Y, 2,-2)
X, =X, = (R, [sin (&, - )]+}32—()\ -;X)z i
2 "M 1 %74 2 N2 T A siné,

—D
N*<
]
<
!

1 =T Ry sin g =N ) [1 - (¢ - ¢)) tan ¢, 4]

u..._.u
N
(3]
|
N
—
H

- -N—;—H [@2 - ¢1)2 +“2 - x1)2 cosz ¢10]

8..

-
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D v 1.6.5  Rotation of ground coordinate system.

D o 1.6.5.1 Rotate about Z axis by angle

= R -1 ) L

DA B . N tan [(Y2 Yl)/(X2 Xl)]

D o : counter-clockwise rotation when looking down from above)

if angle is positive,

1.6.5.2 Rotate about new Y axis by angle

o

tan”! (2, - 2 )A0G - X)) + (Y, - ¥,)7]

r—a

downward rotation if angle is negative (usual case).

1.6.5.3 Rotate about new X axis by an angle to be specified later

(called the angle of obliquity).

. 1.98.5.4 The direction cosines of the combined effect of these three

rotations will be represented by

)
-Gy

1.7 _ Direction cosines for each camera station.

1.7.1 If both camere/t stations are on the same flight the angles

~ of pitch, roll, and yaw are to be linearly interpolated similarly to the

method shown for latitude anad lonc_ﬁitude inl.6.1.

3

1.7.2 If the two camera stations are on different flignts the

engles of pitch, roll and yaw are to be taken constant for each camera

;|

siction. By one of these two methods the angles of pitch, roll, and yaw

9 .

D
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J 03

g
i
= are to be obtained at corresponding times for the two camera stations.
i ‘Then for each station:
H 1.7.3 ~ Rotate the photograph coordinaté system abouts its z-axis
U ‘ :

by minus the angle of yaw. .

1.7.4  Rotate about the new y-axis by minus the angle of pitch

—3

combined with semi-convergence.

3

1.7.5 Rotate about the new x-axis by minus the angle of roll

combined with obliquity.

D

7.6 Rotate about the new z-axis by minus the angle of heading.

3

1.7.7 Rotate about the new y-axis by - ¢1 for the first - camera

station and by -4, for the second station. Positive x-axis upward if
_ ] _

latitude is positive.

1.7.8 Rotate about the new x-axis by - (A, - )‘10) for the first

1

station and by - (>\2 - )‘10) for the second station. Positive y-axis down-

ward if angle is negative.

1.7.9 Rotate about the new y-axis by ¢, - Positive x-axis E

downward if latitude is positive.

1.7.10 The direction cosines computed for the combined effect of

all the above rotations will be represented by Ci for the first camera

. a .
station, and Cs for the second camera station.

5k
&

&

a7
s
w

| | 10

g

-
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-

I

£ 0O

' . a _ a4 ,.a a_,a 0 .
1.7.11 Define Cm = Cc1 Cm and Cr CO" Cr as well as inverses

(transposes) of these (i.e., C;n and C;).

1.8 Subroutine for computation of ground coordinates from

measured photograph coordinates of corresponding points (X.Ell - X? computed

1

as in 1.6.4).

—13

SR X - ob ) 0 - 60
-X7 =

- 1 L3 _ 3Ly o B By o T_ .7

i (€4 Cx - Cp Cp) P = xD) (<" - )

- This subroutine calls the appropriate subroutines for evaluating

VI

x% - xcll and xU- xg

depending on which type (or types) of photographs are being measured.

(See 1.12.) ..

1.9 Subroutine for computation of unit vector which is normal

1S

. N ' A a a a ,
to tracking plane through three ground points. Let Xpl' sz, _and )333 be

the (X, Y, Z) coordinates of three ground points which are not all co-

linear (computed per 1.8). Then

| _ b b C _ €
1.9.1 Ua =€ abe (sz Xpl) ()(p3 Xpl)
1.9.3 W =U/Uip =p C2
a a a a ~a
21.9.4 I.La'areb the ground system components (direction cosines)

and M, are the pho'to system components of the desired unit vector.

11

i -

E | 1.9.2 U = (5P U, Ub)%_
D ‘.

D

i

E Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79B00873A001300010007-3



I

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA-RDP79BOO873AOQﬁ300010007-3

B

L]

D.

i

1.10 Subroutine for computation of normal distance of first

camera station from tracking plane.

-

- a_,a
D) =y X Xpl)

1|

X? computed in 1.6.4; Xgl compu{ed in 1.8; Mg computed in 1.9.

17

1,11 ' Transformation from a point in the master stage photo-

i

graph to the corresponding point in the slave stage photograph.

F_10

1.11.1 Auxiliary functions used in 1.11.2 - 1.11.6 (also see 1.12)

‘ a,.a a
Xa_aﬁ_cha(x —Xl)_.
X20 :

a a
(<P - xP) Xa0 = %))
HB 1
a_.a‘', .,a _ L y@ o ya a Y

But see 1.6.4.
t1 per 1.2.3 (for master stage photograph). t2 given below,

|
c?+ 2 (x8- X?)]

o cr‘['
2

Ya=ca a D

1.11.2 Frame type slave stage photograph.

2
- X L] ]
y 2(? Yy (x? - x?)

0, a ‘a
f Yo. (x —xl)‘

0=1, 2

)
x2 0 constant

=1t

2 20

12

™D
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i o8 i 5d W

1.11.3 Strip type slave stage photograph.
")

!1'] ) Q_ Q
J . T 0-_f2 Y(1 (x xl). _
x“' XZ = 3!1 B B ’ 0= l. 2
- YB (x" - xl.)
, o_.0 .. 0
‘: Xg =Xyt 610 vy (t) - ty0)
‘ ! -c¥ tanp,) x*- %2
o _ a a 2 XZO
| t2 = o3, ) P T 20
b p tanBy) v, '
D [Cln f, - C3" f tan B, ] V3 { tan B, + )
o a .2 a 2 27 V2 Wy 2 T M3
Ve T D
ﬁ 2
-

.11.4 Panoramic type slave stage photograph.

D -1 Y<21 (" - x})

a, = tan g - .
' 2 Yg (xB—x?),
E t, =t

i3
=
Q
<)

P32

ig_ a

~
W)
|

<
Do
o

[l
[\
o]
[g8)

i3

1.11,5 Output to slave stage. Coordinates rotated by

by r _ r 0 g
xv—xzo—CU(x =X,

i3

O)'

i.11.6 Tracking matrix.

By using the transformation formula 1.11.30r 1.11.4

i3

for three nearby points, values are obtained for two corresponding

i3z

C o
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6.3

r:] i - . . a 1) a a.
- displacements on the two photographs (Axl, Axl, and Ax,, sz)
;cf‘% o3 ' ' ’ "
E i34 wherein Ax° and Ax" are zero. These are related by
D ax? =x7 ax®
- o1 a -1
D and
iF% Axg = Xg Ax;1
H

which may be sdj'lved for the matrix Xg. The trécking matrix is then

given by:

0 D
P
~
]
<
Q
q"-
Q
o]

1.12 Subroutines for evaluation of x* - x?.

-

Where measured, coordinates are assumed rotated into

D

) a a _ .o m_ _m
photograph system,{1.e., X -xlo-—Cm (x XIO)'

o=
Mo,
e

,,,.

.

1.12.1 Frame photography.

a_a_ 11t 20 2
x —xl—(x X1g» X xlO’fl)

/Y R

xll x2' constant
10" 710

r—o

1.12.2 Strip photography.

_ - 2t 2t
= (f1 tap Bl’ X X[ g fl)

D
X
o
xi—-‘

| .
- X)g fl tan Bl

| | 10) = v (but see 1.2.3
| | ) '
D 1.12.3. Panoramic photography.
R y-y Y-y Y-y
@ ! ! M si l0, fl' sin —-i-—j—l—o-, fl cos _f___l_O)

1 1 1

X
'
x
Il
%
]
%
o
)
n
"
3
L

3

14

| ‘ : : _ '
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i b &9 U_d

1.12.4 Paragraph 1.8 al‘sq calls for evaluation of xG— xg.

fm:::1 This quantity for the number 2 photograph is analogous to x® - xcljL for

_m the number 1 photograph. 1.12.1, 1. 12 .2, and 1.12.3 may be adapted
D ) . ° ' ..

‘ml for xg— xg simply by appropriate changes of the i{ndices.

=

|

=

F"

i

i

0 B0 D

i—0 £°D

L -

D €0 ED 00D

D | \ - s
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C

/

u 2. C’OMPUTER' CONTROL OF OPTICAL TRAINS

{

A frame type virtual image equivalent to the number one photo-

graph may be ¢omputed by the formula

i ) _idd et 1c]ey - c3 ch)yc®x® - xh iy
1 - X * .

, B 1 —— [C Cg (xP )]

D 'MY'(XY-x\{)

Similarly a frame typé image equivalent to the number two photograph
may be computed by the formula

3*

ro 1

4 0 .0 - 3 b, 0 _ 0 .a
(b -xy) 1(C) Gy -Gy G) Cg &k - xp) V3t

D

X = Xna =
20 2

o 6 =x3)

3*

Ty (63 " - xp)

Cr X,)
Such computatlons are not directly required; the formulas are given to
help defme what follows Smce both equat1ons have the same form,
differi_ng only in the letters used for indices the following desc‘riptlon_
is givuen for only one photograph. -The formulas given apply also for
the second photograph (except for the difference in indices). - Thus the
same set of formulas will be evaluated twice, once for each optical

train.

il .

' 2.1  Optics transformation matrix

i

, o B_ B

' ¥ = %! 8 (7 - x] . ax) ot

E‘ U B P At gyo
S IS P

D Xm Xa Cm

D ,

il |

' 16
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Cke

2.2 Computation of terms in 2.1,

2.2.1 Frame type photograph,

| | Ja3% L 3% gy YLy
0 o) _1(cpc) -cy ch) oY -x)
‘ 9 (x[3 - x?)
i = of
Ix

31
,QJ
~—
f=
i}
O

2.2.2 Strip type photograph.

pd _f(chcl - oy o -
D 3 (xB - x?) [Cg (x{5 - X?)]:2
B_,B
| d (X xl) _ 6B 5 '
| ox® 2
ot _ 1 1 -
gl =58, V=T VM

2.2.3 Pahoramic fype photograph.

: j ~3* 3* j Y Y
f - -
ax) ) (CB CY* CB Cy) (x xl)
e O CE A
a(va- xB) .
: . 17 _ 6[3 1
- ] 6
ax® 1 a
B "M Y™ Y0 Y=Yi0 B Y~ Y10, 2
- [&", - sP, — 19 . _ 10
E] { 1 fl cos fl | 651 COS fl + 630 sin fl ]6(1
D 3 A
—— T e— 6
ax® ¢fj Ta
E] tan B =0

17 ‘
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N

T35

2.2.4 Strip and panoramic.

&

1, 3
[ca f, - C, ftanB]V .tan51+p3,)

M- D

1

= (V, cos Yy V1 sin vy, 0)

1

.a
Bo =y By wp) =C kg

o O3 0 D
i

2.3 Derivatives of Optics Transformation Matrices.

Let the elements of the matrices for the two optics trains be

o - A B{]
, Lcl D |

1
=

i—
x;o
1}
a >
il

Compute values for these elements at three nearby pairs of corresponding

points. From these compute increment approximations for the derivatives

j’ .
6X-m

6xn~_
and

j
. 6‘xs

where each index takes two values (one for x and one for y).

2.4 Computation of settings for optical elements.

R

18
"
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~2.4.1. Lef the elements of the optical transformation matrix be

A B
xl =
“m

C Dj

2.4.2 : Anamorphic stretch ratio.

A2+BZ+CZ+D +‘/[(A D) +(B+C)][(A+D) +(C - )ZJ
' 2 (AD - BC) .

o D 3D

2.4.3 Magnification of zoom lens.

_ [ AD - BC
M—\/—T—

2.4.4 Image rotator angles

°IC‘B__' ,<‘ <
G¥p i ~TRe =T

<
It

tan

3

™o
il

91+1T1f 61<0

a:n

D
It

2 el-ﬁif 61>0

2 .4..5 ‘ Auxiliary angle

D | 1 pig
- | |

= ' 2 2. < <
63 tan — | U 63_1T

P

2.4,6 Anamorphic Angles

.'E | AL =A +Tif A <0

2 1 1

14
!

i

E  A,=A -Tif A >0

D - s

Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA- RDP79B00873A001300010007-3




E Declassified in Part - Sanitized Copy Approved for Release 2012/08/29 : CIA- RDP79800873A001300010007 3

E o 2.4.7 From the formulae in 2,.4,2 to 2.4.6 compute the derivatives:

da

[e5)

9a ca
L 8C’ 8D

]
S .
i

In computing the above derivatives it will sometimes bq_,,,useful to employ
the following rules for differentlating ratios of functions

(a) If F (x) =F, (x)/1=2 (%)

then  F' () =[F (/F, (OIF! () - [F x)/F, )F) (x)

(b) If F(x)= w/Fl (xVF2 (x)

then  F' (x)=[F (/2F) (O} F] 60 - [F (0/F, (0] F; (x)

- 2.4.8 Combine the results of 2.3 and 2.4.7 to obtain

i
i
i
i
o
i
i

9a _2adA,2adB, .,
3% ~ BA dx 8B ox
] 0a OA , da 0B
— O em— —+-———-+o-.
oy A Oy B dy
B oM _aM oA, ..
) ) 9

etc.

Both for the left optics train and for the right optics train, -

i
C
@
:
2

20
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