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ABSOLUTE HEIGHT

ACUITY

ACUTANCE
ATR BASE

ALTITUDE

AZIMUTH OF THE PRINCIPAL RAY

BASE HEIGHT RATIO

CAMERA NADIR

CONE ANGLE

COPY GENERATION

DATE OF PHOTOGRAPHY
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Vertical distance from the vehicle
to the mean ground level of the
area being photographed.

Sharpness - Edge definition.

Measure of the ability of a lens to
reproduce sharp images.

Ground distance between 2 exposure
stations,

Vertical distance from the vehicle
to the Hough Ellipsoid at the time
of exposure.

Horizontal clockwise angle, measured
from true north to the camera
principal ray.

Ratio between the air base and the
absclute altitude of a stereoscopic
pair of photographs.

Geodetic latitude and longitude of
a8 point vertically beneath the
perspective center of the camera
lens on the Hough Ellipsoid.

Angle between the prineipal ray and
the vehicle nadir.

Number of reproductive steps by which
a negative or positive photographic
copy is separated from the original,
i.e. the original negative is copy 1,
8 positive made from the original
negative is copy 2, etc.

Indicates the day, month, and year
(GMT) that the photography was acquired.
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EXPOSURE* Total quantity of light received
T . Per unit area on a sensitized plate
' ' or film.

EXPOSURE DURATION Time during which a light-sensitive

material is subjected to the
influence of light. Expressed in
this text in fractions of &
second. Formula: Exposure Time
(sec) = S1it Width (in) |

Scan Rate (radians per sec)

ZXPOSURE STATION Position occupied by the camers ]
lens at the moment of exposure.

FIDUCIAL MARK A standard geometricsl reference
point imaged at the margin of a
photograph. The intersection of
the primary fiduciai marks usually
defines the principal point.

FOCAL LENGTH: CALIBRATED Adjusted value of the equivalent
focal length. Computed to distribute
the effect of lens distortion over

the entire field.

FOCAL LENGTH: EQUIVALENT Distance measured along the lens axis
from the reer nodal point to the
plane of best average definition over
the entire field. Points other than
the rear nodal point may be used but
must be specified for correct inter-
pretation of data.

FOCAL PLANE Plane perpendicular to the lens axis,
in which images of peints in the
object field of the lens are focused.

FRAME One of a series of full-format
photographs comprising & roll of film.
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GROUND RESQLUTION*

HOLEY RAIL DOTS

IMC (Tmage Motion Compensation)

ISODENSITOMETER

LOCAL SuN TIME

MICRODENSITOMETER

NOD INDICATORS

THW- I.‘ul;t-rnl Sys-um Dniy
nq_,ﬂq!'

Resolved ground distance as
determined from standard bar target
resolution targets. A target is
considered to be resolved when a
grouping of 3 bars can be distin-
guished as 3 distinct lines. The
lines need not have linear form.

Images of the rail holes associated
with the pan gecmetry calibration
of the camera.

Correction for the forward motion
of the vehicle while photographing
the terrain. :

An instrument which is basically a
microdensitometer with the capability
of repeatedly scanning an image gt
pre-set intervals. Tts output is in
the form of a plot representing
distance along 2 axes and density
differences as code changes within

each scan line.

Time of day computed from the
position of the sun relative to the
imaged terrain.

An instrument which measures the
optical density of very small areas
in an image. Its output is in the
form of 2 continuous plot of density
versus distance across an image.

The microdensitometer used in NPIC
can accurately measure distances as
small as 1 micron and densities up
to 5.0+.

A series of marks imaged in the
border area of each frame for the
purpose of defining the relative )
orientation of the optical axis and
the ground scene.
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NODAL TRACE

PANORAMIC CAMERA

PARALLAX

PASS

PITCH

PRINCIPAL RAY

PROCESSING LEVEL

RESOLUTION

ROLL

A continuous line imaged along the
major axis of each frame to define
the optical axis of the lens relative
to any given instant of exposure.

Photographs a partial or complete
panorama of the terrain in a trans-
verse direction through a scanning
motion of the lens system.

Apparent displacement of the position
of an object in relation to a
reference point, caused by a change
in the point of observation.

Operational portion of an orbital
revolution. A suffix D indicates
the descending node and a suffix A
indicates the ascending node. 4n
additional suffix E indicates that
the associated photography was
generated for engineering purposes.

Rotation of the camers about its
transverse axis. Positive pitch
indicates nose-ur attitude.

That ray of light which emanates from

& point in object space and passes _l
undeviated through the lens to become

imaged at the principal point of the

camera system. It is co-incident with l

the optical axis of the lens.

Degree of development. Three levels
of processing are currently employed:
Primary, intermediate, and full.

Measure of the smallest array of point
objects distinguishable as independent
point images, expressed in lines/mm.

Rotation of the camera about its
longitudinal axis. Positive roll
indicates left wing up attitude.
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SHADOW FACTOR A constant for each frame, used to
calculate heights from shadow lengths.

SHRINKAGE MARKERS Calibrated reference points used to
calculate deformations of the photo-
graphic material.

SOLAR ELEVATION Vertical angle measured from g plane
(tangent to the surface of the earth
at the point of intersection of the
principal ray) to the sun, the vertex
being at the center of the format.

STELLAR CAMERA Used simultaneously with the index
camera to photograrh stars in order
to determine vehicle attitude.

SYSTEM TIME LARFL Binary presentation of the accumula-
tive system time.

UNIVEESAL GRID X, Y coordinate system used to locate

: images on rhotographic formats,

VEHICLE AZIMUTH Clockwise horizontal angle measured
from true north to the vehicle ground
track.

VIGNETTING Gradual reduction in density of

parts of a photographic image due to
the stopping of some of the rays
entering the lens.

YAW Rotation of the camera about its
vertical axis. Pogitive yaw represents
nose-lef't attitude, as viewed from the
top of the camera.

*Defined differently than in the "Glossary of NPIC Terminology."
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PER DOCUMENT NUMEER SPECIAL STUDY

1~32 None

103k None

1036 None

1037 None

1038 None

1039 None

1040 None

1041 Slant Range Computations

Related to Universal Grid
Coordinates for the KH-L
Camera System

1L None ‘
107 Scan Speed Deviation
‘ Analysis of the Forward :

Camera, Mission 1043 f
Slant Range Computations

Related to Universal Grid
Coordinates for the KH-LB ‘
Camera System
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Mission 1101l provides the initial photography from the KH-4B camera
system. The KH-U4B camera system is an evolution of the KH-4a System and
is based on the same fundamental design concepts. The most significant
improvement is the constant rotating drum which houses the leng elements.
This modification not only increasges dynamic stability but also provides
increased scan rate capability, permitting operation in ortits having a
i lower perigee. Other engineering modifications provide improved exposure
' through the use of a 4 position slit width capability and g 2 position
filter changer. A slit width fail safe position is also provided. For
photogrammetric burposes, the camers system incorporates the panoramic
geometry modifications which have been used on some previous KH-4A
missions.

To record terrain and stellar imagery, the DISIC (Dual Improved

Stellar Index Cameras ) subsystem was designed to replace the KH-44A
stellar/index unit. The DISIC is comprised of 3 cameras: a 3 inch foeal

: length terrain camers and two 3 inch foeal length stellar cameras (one
port-looking and one starboard-looking) whose axes are 10 degrees above
horizontal. The DISIC subsystem will operate in conjunction with the
panoramic cameras, or independently. Stellar-Index-Pan (SIP) correlation
is obtained by interpolation of the binary time word from each film

The best photography was obtained from the fwd-looking camers and is
€qual to or better than the photography of any KH-4A mission. The aft
camera imagery is out of focus throughout the mission. Several CORN and
fixed resolution targets were covereq. Readings of these targets are

- recorded in Part VI of this report.

The Mission Information Potentigl (MIP) rating for this mission is
95, the highest MIP rating to date. The MIP rev is 159D, frame 2,

The stellar camerss operated satisfactorily throughout the mission,
producing a sufficient number of stars for attitude determination.
However, due to software problems, attitude data reduction has not been
accomplished to date.

The index camers functioned properly. The image quality is
considered to be fair and the material is suitable for attitude
determination, relative orientation, and auxiliary map making. An
extensive analysis of the DISIC operation is being performed by NFIC.
Results of the study are not available at thig time.
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PART I,

A. Camers Numbers

GENERAL SYSTEM- INFORMATION

Forw&rd-Looking Panoramic Camers
Af't-Looking Panoramic Camers

Stellar/Index Camera
Stellar/Index Camera

(Mission 1101-1)
(Mission 1101-2)

B. Launch ana Recovery Dates

Launch
Recovery

C. Orbit Elements

Element

Period {min)
Perigee (nm)
Apogee (nm)
Eccentricity
Inclination (deg)
Perigee latitude

NA - Not Available.
*Not Applicable.

(Mission 1101-1)

19412/15 Sep 67
21427/21 Sep 67

303
302

(Mission 1101-2)

Actual
Rev 110

89.866
8L

213
0.0179k
8o.08
220N

Actual
Planned Rev 45
NA 89.84Y
NA 8L
NA 208
NA 0.01727
NA 80.08
KA 100N
-2 .
TOP-SFCRET RUEF
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*%
2005Z/28 sep 67

Photo Range

*

8k, rev 89

129, rev 8
*

*
*
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D. FPhotographic Operations

1. Panoramic Cameras

Type

Cperational
Fwd
Aft

Operational/Domestie
Fwd
Aft

Domestic
Fwd
Aft

Engineering (no imagery)
Fwd
Aft

Totals
Fwd
Aft

2. Secondary Cameras
Camers,

Stellar (Mission 1101-1)
Index (Mission 1101-1)
Stellar (Mission 1101-2)
Index (Mission 1101-2)

Mission 1101-1 Mission 1101-2 Total
Revs Frames Revs Frames Revs Frames
36 2,732 L8 2,711 84 5,443
36 2,743 48 2,703 84 5,4kk46
0 0 0 0 0 0
0 G 0] 0 0] 0O
3 Th 8 326 11 Loo
3 75 8 326 11 Lo1
2 30 1 5 3 35
2 30 1 5 3 35
41 2,836 57 3,02 98 5,878
41 2,848 57 3,034+ 98 5,882
Frames
3,578 starboard, 3,572 port
2,128
3,805 starboard, 3,800 port
2,446
-3
Handle Via
T’O'P'SE'E'R'E'F'R'U'F'F- Cl;tfnl System Gaiy
NOEORIONTISTER !

-



-y

Handle Via FOR-SECRET-RURF y
~—~LalaatakiiioLe NO-FOREION-BISSEM.

Control System Only

E. Film Usage

Pre-Flight Processed

Film Load (Total, ft) Footage Footage
Fui-Tooking (Mission 1101-1) 16,000% L6l 7,487 i
Aft-Looking (Mission 1101-1) 16,000% Ly 7,519
Fwi-Looking (Mission 1101.2) ' NA NA 8,031
Aft-Looking (Mission 1101-2) _ NA MA 8,006
Stellar (Mission 1101-1) 1,000 8h.66 1,085
Stellar (Mission 1101-2) 1,000 MA 965
Index (Mission 1101.-1) 1,000 63.75 1,016
Index (Mission 1101-2) 1,000 NA 1,023
*Total Load for Both Buckets.
NA - Not Applicable.
e I
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PART II. IMAGE ANALYSIS

A. Fwd-Looking Panoramic Camera

1. Density: The density of the original negative of Mission 1101
is generally medium. The use of LI g1it widths varied the exposure in
areas where exposure changes were necessary because of terrsain conditions
and/or solar elevation. The multi-slit capability was alge used to
generate the through exposure test as described in Part VIIT of this
report.

2. Contrast: In general, the fwd~loocking camers produced medium
contrast imagery.

3. Acuity: The edge sharpness of the imagery of Mission 1101 is
good and compares favorably with the better quality imagery obtained
from the KH-YA missions. There is, however, a band of smeared imagery
at the take-up end of each frame (as described in part IT, sec B, para 4).
4. Imaged Degradations

a. Light Legks: Very minor fog patterns are present on the
first frame and next-to-last frame of approximately 30 percent of
all camera operations (See Graphie 1).

b. Static: None noted.

C. Other: None noted.

5. Physical Degradations: Rail scratches are continuous along
both film edges throughout the mission.

€. Product Quality: The overall quality of the fwd-looking camera
record is good.

B. Aft-Looking Panoramic Camera

1. Density: Same as reported for the fwd-looking camers.

2. Contrast: Same as reported for the fwd-looking camera.

Nandle Yia
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3. Acuity: The edge sharpness of the imagery on the aft-looking
camersa record is poor. The imagery is out of focus throughout the
mission. Analysis of lens fabrication data showed a back focus shift of
one-thousandth of an inch less +han anticipated. 1In addition, an ambient
versus altitude test has indicated an added shift of approximately
one-half of a thousandth of an inch at the focal plane. The forward
camera was focused in a position that permitted the above changes without
going out of focus. On both main camera records, there is a one quarter
inch wide band of smeared imagery near the take-up end of esch frame.
This anomaly is caused by the scan head roller assembly which disturbs
the film as it enters the format. This condition was probably aggravated
by the lower temperatures encountered on this flight.

L. Imaged Degradations:

a. Light Leaks: Very minor fog patterns are present on
frames 1 and 2 and the next-to-last frame of approximately 30 percent
of all camera operations (See Graphic 2).

b. Static: None noted.
¢. Other: None noted.

9. Physical Degradations: Rail scratches are continuous on both
film edges throughout the mission. Numerous emulsion scratches, near
the format center, appear intermittently throughout the mission.

6. Product Quality: The physical quality of the aft camera record
is good. However, the image quality is only fair to poor due to the
out-of-focus condition.

C. Stellar Camera (Mission 1101-1)

1. Density: The density of the stellar record is generally medium.
However, the port-looking camera frames display heavier densities than
those obtained from the starboard-looking camera. Tn some instances,
these heavier densities preclude detection of stellar images.

2. Contrast: In. general, the contrast of the stellar camers record
is medium and adequate for the detection of stellar images.

3- Image Shape: Generally point type to slightly elongated.

4. Images Per Frame: A total of 25 to 50 star images can be detected
in the frames of the starboard-looking camera. The port-locking ‘camera
produced significantly fewer images, ranging from a minimm of zero to s
maximum of 10 with many frames having no images at alil.

-6 -
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5. Flare Level: Most stellar formats are affected by general
fogging, which is often heavier in one area of the format and ususlly
heavier on the port than on the starbosrd frames. Significantly heavier
densities were recorded on the second half of the mission. Degradation
ranges from minor to severe. A loss of star images is evident on the
more heavily fogged frames. The primary cause of this degradation is
light reflected into the lens from baffle surfaces. Abrupt changes in
flare density are apparently caused by slight changes in vehicle attitude
at the time of pan camera start up or shut down.

6. Imaged Degradations:

8. Light Leaks: Light leak induced fog degrades approximately
4 to 6 frames at all camera off periods. The affected frames are
those that fall between the port and starboard cameras during
nenoperative periods. Pegradation is minor to severe, depending on
the duration of the sit period. This light leak is the result of a
loose seal between the DISIC cover and terrain camera lens.

b. Statie: Dendritic type fog patterns caused by static
discharges are present intermittentiy throughout the stellar record.
They vary in size and intensity and in most cases enter the active
format area. Approximately 40 to 50 frames near the center of the
mission are degraded by corona static fogging. The first port-locking
camera frame of most stellar camers operations is degraded by =
heavy plus density waffle pattern which appears to be s mechanical
and/or electrostatic marking caused by the coarse texture of the
platen pressure pads and heavy platen pressure.

¢. Other: A repetitive rettern of small minus density spots
is present in both formats intermittently throughout the mission.
The repetition of the pattern is dependent on metering and therefore
is not caused by dirt on the resesu plate. The port camers grid
contains obstructions which cause 2 smail minus density spots in
the corner of all port cemers frames. A pattern of plus density
streaks is present in the border along both film edges throughout
the mission. The pattern is repetitive and is more dense on the
binary edge than on the opposite edge and less severe at the
beginning of the mission than at the end. These marks are caused
by pressure of the skew bead rollers in the DISIC exit box.

T. Physical Degradations: None noted except those associsted
with film cut.

8. Product Quality: The overall quality of the stellar record is
good and is adequate for attitude determination throughout the mission.

- 7 - .
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2. Stellar Camera (Mission 1101-2)

1. Density: The densities of the stellar record of Mission 1101-2
arc generally heavier thai. ihose of Mission 1101-1. 1In many instances,
these heavier densities caused a4 loss of star images.

2. Contrast: The contrast is generally medium. However, due to
the heavier densities many frames are of low contrast.

3. Image Shape: Same as reported for Mission 1101-1.

L. Images Per Frame: Significantly fewer images were recorded on

Aizsion 1101-2. However, the range of star images per frame is the same
2. vreoorted for Mission 110]1-1.

5. Flare level: Same as reported for Mission 1101-1.
€. Image Degradations:
a. Light Leaks: Same as reported for Mission 1101-1.
b. Static: Same as reported for Mission 1101-1,
€. Other: Same as reported for Mission 1101-1.
T+ Physiecal Degradations: Same as reported for Mission 1101-1. ‘
8. Product Quality: Same as reported for Mission 1101-1.'

L. Index Camera (Mission 1101-1) ,

1. Density: The density of the index camera record is generally
medium to heavy. The heavier density was caused by the failure of the
exposure control command to switch to the 1/500 of a second position at
the predicted times. A4 review of the tape recorded data angd flight
requirements list confirmed that the timer which controls the index camera
€xposure was improperly set prior to launch.

2. Contrast: The contrast of the imagery on the index camersa
‘record is predominantly low. Overexposure and a low gamma processing were
the major contributors to the very flat appearance of most index photo-

3. Acuity: The edge sharpness of the imagery on the index camersa
record is poor. The imagery may have been affected in part by incressed
smear due to the intermittent, slower-than-programmed shutter speed.
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L, TImaged Degradations:
8. Light Leaks: None noted.

b. Statie: Electrostatic markings of the corona and dendritic
types are present intermittently throughout the mission. Image
degradation associated with these markings is considered miner.

5. Physical Degradations: None noted,

6. Product Quality: The Physical quality of the index record is
good. However, the image quality is only fair. There is a definite
lack of sharpness, which is probably the combined result of the exposure
control problem, the film processing conditions, and the low vehicle
temperatures experienced throughout the missicon.

F. Index Camera (Mission 1101.2)

L. Density: Generally medium.
2. Contrast: Medium to low.
3. Acuity: Same as reported for Mission 1101-1.
4. Imaged Degradations:
8. Light Leaks: None noted.
b. Static: Same ag reported for Mission 1101-1.
¢. Other: Same as reported for Mission 1101-1.
5. Physical Degradation: None noted.

6. Product Quality: Same as reported for Mission 1101-1.
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G. Graphic Display (Mission 1101)

The patterns illustrated below are referenced in the text of this
report.

. Fat A -]
. D . Next to last Fr.

UL

{ D Next to last Fr.

NPIC m-1791
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PART III. IMAGED AUXTILIARY DATA

A. Fwd-Looking Panoramic Camers

-—

1. Horizon Cameras

a. OStarboard-Looking

(1) Imegery: 1In Some cases, the horizon imagery was not
as sharp as is normally expected. This was not caused by
"veiling,” as has happened in the past, nor did it appear to be
an out-of-focus condition. A possible cause of this degrads-
tion is the timing of the shutter opening solenoid with the
open position of the shutter. The shutter should be closed
prior to the end of solencid travel. 411 4 horizon cameras
produced vignetted imagery. The forvard-looking port side and
the aft-looking starboard side displayed similar vignetting.
Likewise, the forward-looking starboard side and the aft-looking
port side produced similar vignetting but different than the
other 2 horizon cameras. The total extent of the horizon line
that was obscured varies from 25 percent to about 40 percent.
Attitude determination, using the horizon imagery, was
accomplished on a few selected passes. However, the accuracy
confidence is reduced due to the vignetting. The significance
of the anomaly cannot be fully determined. Mission attitude
is derived from the stellar camera photography.

(2) Fiducials: Sharp and well defined.
b. Port-Looking

(1) Imagery: Same ag reported for the starboard-looking
camera.

(2) Fiducials: Sharp and well defined.

2. Frequency Marks: Sharp and well defined.

3. Binary Time Word: The binary time word functioneq Properly
throughout the mission. No problems were encountered with the binary
reader. The tape recorder times correlate within 2 to 5 milliseconds
of the main camers binary values.

L. Binary Index: Sharp and well defined.

5. Camera Number: Slightly bloomed but readable.
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6. Pan Geometry Dots: 1In general, the rail hole image quality
is good. The images are sharp and well defined. The major problem, as
experienced on earlier KH-4A, PG systems, is the loss of many images on
both main cameras due to emulsion filling the holes. Effective with
Mission 1102, the rail holes are filled with a transparent substance.
This innovation is expected to reduce the loss of rail hole images.

7. Nodal Traces: The scan trace imagery is present in the borders
of both main camera records. In general, the traces are sharp and
distinct. However, near the end of Mission 110l1-1 and throughout
Mission 1101-2 the trace on the binary edge of both main camera film
records becomes broken. This anomaly is the direct result of emulsion
build-up on the guide rails. Although highly polished rails have been
introduced to reduce emulsion removal due to rail scratching, the
condition has not been eliminated.

8. Nod Indicators: Not applicable.

B. Aft-Looking Panoramic Camera

1. Horizon Cameras

(1) Imagery: Same as reported for the fwd-looking camera.

(2) TFiducials: Same as reported for the fwd-looking
camera.

b. Port-Looking
(1) Imagery: Same as reported for the fwd-looking camersa.

(2) Fiducials: Same as reported for the fwd-looking
camera.

2. TFrequency Marks: Same as reported for the fwd-looking camersa.
3. Binary Time Word: Same as reported for the fwd-looking camera.
4. Binery Index: Sharp and well defined.

5. Camera Number: Same as reported for the fwd-looking camera.

6. Pan Geometry Dots: Same as reported for the fwd-looking camera.
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T. Nodal Traces: Same as reported for the fwd-looking camers,

8. Nod Indicators: Not applicable.

C. BStellar Camera (Mission 1101-1)

L. Grid Image Quality: Sharp and distinct.

2. Correlation Lamp Image Quality: Not applicable.

3. Binary Time Word: The time word image quality is good. Howvever,
numerous software problems and reader-timer interface problems have
delayed final reduction of the data.

L. Lens Serial Number Legibility: Good.

D. Stellar Camera (Mission 1101-2)

1. Grid Image Quality: Sharp and distinct.

ra

Correlation Lamp Tmage Quality: Not applicable.
3. Binary Time Word: Same as reported for Mission 1101-1.
4. Lens Serial Number Legibility: Good.

E. Index Camera (Mission 1101-1)

1. Grid Imege Quality: Sharp and well defined.
2. Correlation Lamp Image Quality: Not applicable.

3. Camera Number Legibility: The camers number image is weak but
readable.

L. Binary Time Word: Same as reported for the stellar cameras.

F. Index Camera (Mission 1101-2)

1. Grid Image Quality: Sharp and distinct.
2. Correlation Lamp Image Quality: Not applicable.
3. Camera Number Legibility: Weak but readable.

4, Binary Time Word: Same as reported for the stellar cameras.
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PART IV. MENSURATION QUALITY

A. Fwd-Looking Panoramic Camera

There were 36 requests for mensuration on Mission 1101, 24 on
part 1 and 12 on part 2, involving 960 pointings. All mensuration was
performed on the Mann 880 Real Time Mode.

The image quality is considered to be better than that obtained
from the KH-UA system with respect to pointing accuracy. Those
dimensions that could be compared with previous measurements showed a
close correlation. The only problem encountered was the filling of the
double rail hole which indicates center format. These images are used
a5 the zero reference. When the hole images were obscured, the zero
reference point had to be approximated.

B. Aft-Looking Panoramie Camera -

Mensuration from the aft camers record was very limited due to the
out-of-focus condition.
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PART V. FIIM PROCESSING

A. Processing Machines and Process Gamms

TOP-SECRET-RUFF -
~NO-FOREIGN-DISSEM - “IIIIIIIIIIIII"

Part: Entire Mission Part: NA

Film Machine Gamms, Machine Gamma
Fwd (Mission 1101-1) Trenton 2.23 NA NA
Aft {Mission 1101-1) Trenton 2.16 NA NA
Fwd (Mission 1101-2) Trenton 2.13 NA NA
Aft (Mission 1101-2) Trenton 2.12 NA NA
Stellar (Mission 1101-1) Trenton 2.29 NA NA
Stellar (Mission 1101-2) Trenton 2.43 NA NA
Index (Mission 1101-1) Drape 0.87 NA NA
*Index (Mission 1101-2) Drape 1.Lhy Yardleigh 2.41

(type 3L00) (80-230)
*See para 2, item 6 of Part 5.
NA - Not Applicable.
B. Processing levels

1. Panoramic Cameras
Processing

20
16
20

Film Primary Intermediate Full Transition Changes
Fwd (Mission 1101-1) 3% 3% LA 10%
At (Mission 1101-1) 0% 8% 85% %
Fwd (Mission 1101-2) 3% % 829 8%
Aft (Mission 1101-2) 3% 5% 824 10%

2. Secondary Cameras

a. BStellar Camera:
in a Trenton processor at a single level of development.

b. Index Cameras:
film type 3400.
209 feet of film type S0-230.

26

The stellar camera records were processed

The index camera record of Part I contained
Part 2 contained 814 feet of film type 3400 and
The 3400 material was processed in a

Drape processor and the S0-230 portion in a Yardleigh processor,

both at a single level of development.
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C. Film Handling Summary

1. Fwd-Looking Camers

a. Capsule De-Filming

(1) Mission 1101-1: All cameras were defilmed pricr ts
the delivery of the film to the processing site. The filnm
was prespooled, inspected, and brocessed without inciden+.
The R-2 sample for the panoramic record was not received until
after Mission 1101-2 was processed. Samples of film type
340L-292-8-7 (same batch as flight film) were used as a
substitute for <he R.2 sample. A later evaluation of the R-2
sample showed that it was essentially sensitometrically
identical to the substitute film sample. terial from the
pre-flight porticn of Mission 1101-1 was remzved from the af+
camera spool for special testing of film resolution character-
istics of post Flight film. Results of this analysis are
included in the processing contractor's evaluation recort of
Mission 11011.

(2) Mission 1101-2: To problems encountered.
b. Prespooling

(1)} Mission 1101-1: MNo problems encountered.

(2) Mission 1101-2: Accomplished without incident.
C. Manufacturing Splices

(1) Mission 1101-1; Frame 106, pass 56D.

(2) Mission 1101-2: Frame 18, pass 111D.

d. Processing Splices

(1) Mission 1101-1: None other than those normal for
mission handling. ‘

(2) Mission 1101-2: None noted.
e. Manufacturing Defects !
(1) Mission 1101-1: None noted.

(2) Mission 1101-2: None noted. !
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f. Processing Anomalies:

None.

g. Breakdown: No problems encountered.

Aft-Locking Camers

8. Capsule De-Filming

(1) Mission
(2) Mission
b. Pre-Spooling
(1) Mission
(2) Mission
¢. Manufacturing
(1) Mission

(2) Mission
pass 168D.

1101-1:

1101-2:

1101-1:

1101-2:

Splices

1101-1:

1101-2:

d. Processing Splices

(1) Mission
(2) Mission
€. Manufacturing
(1) Mission

(2} Mission

1101-1:
1101-2:
Defects
1101-1:

1101-2;

. Processing Anomalies:

Same as reported for the fwd camers.

Same as reported for the fwd camera.

Same as reported for the fwd camera.

Same as reported for the fwd camers.

Frame 22, pass 35D.

Frame 28, pass 87D, frame 29,

None.

None.

None noted.
Hone noted.

None.

g. Breakdown: Accomplished without incident.
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3. Index Camers
&. Capsule De-Filming

(1) Mission 1101-1: Some delay was encountered defilming
the DISIC due to assembly changes.

(2) Mission 1101-2: Mo problems encountered.
b. Pre-Spooling
(1) Mission 1101-1: WNo problems encountered.

(2) Mission 1101-2: No problems encountered.

[

Manufacturing Splices
(1) Mission 1101-1: None noted.
(2) Mission 1101-2: None noted.
d. Processing Splices
(1) Mission 1101-1: None.
(2) Mission 1101-2: None.
e. Manufacturing Defects

(1) Mission 1101-1: None.

f. Processing Anomalies: None.

g€- DBreakdown: Accomplished without incident.
L. Stellar Camera

a. Capsule De-Filming

(1) Missions 1101-1, 1101-2: Same as the index camera
payload of this mission. There was some difficulty associated
with defilming the stellar cameras because of the technicians
unfamilarity with the configuration.

(2) Mission 1101-2: None. .
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Pre-Spooling

(1) Mission 1101-1: No problems encountered.

(2) Mission 1101-2: No problems encountered.
Manufacturing Splices |

(1) Mission 1101-1: None noted.

(2) Mission 1101-2: None noted.
Processing Splices

(1) Mission 1101-1: None.

(2) Mission 1101-2: None.
Manufacturing Defects'

(1) Mission 1101-1: None.

(2) Mission 1101-2: None.
Processing Anomalies: None.

Breakdown: Accomplished without incident.
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PART VI. PI SUITABILITY

A. Definition of Photographic Interpretation (PI) Suitability

The PI suitability is an assessment of the information content of
photographic reconnaissance material ang its interpretability. A number
of interrelated factors are involved, such as the quality of the photo-
~ graphy, the extent of target coverage, scale, and weather limitations.
However, the fundamental criteria for assigning a PI suitability rating
may be reduced to (a) the scope of the Photographic coverage and (b) the
degree to which a photographic interpreter may extract useful and reliable
information from the material.

PI suitability ratings are categorized as Excellent, Good, Fair, Poor,
. and Unuseable. These ratings refer to the overall interpretive value of
the photography obtained from a particular reconnaissance mission.
Individual targets may also be assigned PT suitability ratings. The
standards that determine assignment of the various ratings are:

Excellent: The photography is free of degradations by camera
malfunctions or brocessing faults and the weather conditions are favorable
throughout. The imagery contains sharp, well-defined edges and corners
with no unusual distortions. Contrast is optimum and shadow details, as
well as details in the highlight areas, are readily detectable. Observa-
tion of small objects and a high order of mensuration are made possible
by the consistently good quality of the rhotography.

Good: The photography is relatively free of degradation or limiting
atmospheric conditions. Edges and corners are well defined. No unususl
distortions are present. Detection and accurate mensuration of small
objects are feasible, but to a lesser degree than in material rated as
"Excellent."

Fair: Degradation is present and the acuity of the photography is
less than optimum. Edges and corners are not crisply defined and there
is loss of detail in shadow and/or highlight areas. Detection ang
identification of small objects are possible, but accuracy of mensuration
is reduced by the fall-off in image quality and the less-than-optimum
contrast that prevails.

Poor: Camera-induced degradations and/or weather limitations severely
reduce the effectiveness of the photography. Definition of edges and
corners is not sharp. Only gross terrain features and culture may be
detected or identified and distortion of form may exist. Accurate
mensuration of even large objects is doubtful.
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Unuseable: Degradation of photography completely vrecludes
detection, identification, ana mensuration of cultural details. !

B. FI Statistics

1. Target Coverage

Mission 1101-1 Mission 1101-2 Totals

Priority 1 Targets Programmed Not available.
Priority 1 Targets Covered 196 192 388

" 2. PI Quality Appraissl

Nuclear Alr Elect Military B/C
Rating Missiles Energy Facilities Ports Commo Activity Complex Wwar
Good 15 - 15 9 - 3 2 2
Fair 87 2 48 9 1 LA 22 T
Poor 60 5 a7t 2 - 11 8 2
Totals 162 T 30 20 1 65 32 11
3- Summary of PI Quality Ratings (Percentage) I
Good 14
Fair 57 l
Poor 29
*¥A discrepancy exists between total number of targets covered and the
total PI reports because some targets are covered more repeatedly.
C. PI Comments I
1. Atmospheric attenuation: Listed below is the photointerpreterts
report of weather ccnditions for the priority 1 targets covered on this
mission: ' I
a. Clear T236 ' 60%
b. Scattered Clouds: 73 19%
¢. Heavy Clouds: 26 64
d. Haze: 28 %
e. Cloud Shadow: 31 8% l
2. Terrain Conditions: The terrain conditions were considered
g20d for interpretation purposes.
. I
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3. Product Interpretability: The irterpretability of the fwd-
lociting camera record ranges from fair to good throughout the first half
I <he missicn and is generally good throughout the second half of the
mizzion. The aft camera record is considered to be poor to fair through-
ot the mission due to the existing out-of-focus condition. The improved
information content of the second half of the mission is the direct

result of the shift in perigee which produced larger scale photography
over the prime target areas.
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RESOLUTION TARGET DATA

L. Resolution Target Analysis

Target Designator
Camera (Looking)
Pass

Frame

Date of Photography
Universal Grid Coordinates
Geographic Coordinates of

Format Center
Altitude {ft)
Camera !
Piteh (deg)
Roll {deg)
Yaw (deg)
Locel Sun Time

Sclar Elevation {deg)
Solar Azimuth {deg)

Exposure (sec)
Processing Level

Vehicle Azimuth (deg)

Filter {Wratten)
Target Type

Target Contrast
Weather Conditions

Fuwd

1Lp

13

16 Sep &7
6k.3 - 01.8

L2501 079.50W
B1b 641

KA

NA

NA

112¢
LBOYY ¥
1459

1/313

Full
168051 ¢
234

51/51 T-Bar
Medium
Light Haze

Aft

1Lp

20

16 Sep 67
10.9 - 00.5

b2-L20 079-50W
609,650

NA
NA

NA

112¢
4804g¢
1£5°

1/394

Full
169°07"

21

51/51 T-Bar
Medium
Light Haze

B
wd
LD
% Sep 67
8.1 - oL.k

«J-14N 079-10W
01,721

RA

A

NE

121

52%02°

16L0

/320

Tull
169031

234

51/51 T-Bar
Medium
Scattered Clouds

Aft
14p

37

15 Sep A7
27.4 - 02.3

40-158 079-13w
597,916

NA
NA

NA
1121
51021
1640
1/L03
Full
1699431
21

51/51 T-Bar
Medium
Scattered Clouds

GROUND RESOLUTION IN FEET AS DETERMINED FROM TEZ ORIGINAL NEGATTVE !

A B
Along Track Across Track Along Track Across Track
Fwd Aft Fwd Aft Fwd Aft Fwd Aft ‘
Cbserver 1 16 * * * Observer 1 12 * 8 16
Cbserver 2 12 » i€ * Observer 2 12 * 8 i6
Observer 3 12 * 16 * Cbserver 3 8 * 8 16 ‘
*No bars resolved.
NA - Not Availabie.
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Target Designator
Camera (Looking)
Pass
Frame
Date of Photography
Universal Grid Coordinates
Geographic Coordinates of
Format Center
Altitude (ft)
Camera
Piteh (deg)
Roll {deg)
Yaw (deg)
Local Sun Time
Solar Elevation (deg)
Solar Azimuth (deg)
Exposure (sec)
Processing Level
Vehicle Azimuth {deg)
Filter (Wratten)
Target Type
Target Contrast
Weather Conditions

GROUND RESCLUTION IN FEET AS DETERMINED FROM THE ORIGINAL NEGATIVE

Along Track
Fwd Aft
Observer 1 8 *
Observer 2 8 *
Observer 3 8 *

*No bars resolved.
NA - Not Available.

“TNO-FORMGN-DIGFEM
A
Fwd Aft
127D 127D
23 29
23 Sep 67 23 Sep 67
4L1.8 - 04.1 33.6 - 02.5

35-18N 116-11%
517,146

NA

N4

NA
1015
hgoOTu
141
1/372
Full
158
23A
51/51 T-Bar
Medium
Clear

Across Track

Fud ATt
16 *
16 *
16 *

35-19N 116-14wW
516,441

NA

RA

NA
1015
4g°ps!
1k1
1/L68
Full
168

21
51/51 T-Bar
Medium
Clear

Observer 1
Observer 2
Cbserver 3

Bad

127D

15

23 Sep 87
24.1 - 01.6

36-18N 116-23w
518,250

XA
KA
KA

1015
<8010+
Lul
_/372
Tulil
168
234
Pahrump
Eigh
Clear

B
Along Track
Fwd ATt
7.8" 8;7!!
611" 817”
6'10" 708"

Aft

127D

21

23 Sep 67
51.0 - 02.3

36-19N 116-26W
517,466

NA
NA

NA
1015
4899
141
1/468
Full
168
21
Pahrump
Figh

Clear

Across Track

Fwd AF%
13'8" 10110
122" g-n
212" gy
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Target Designator
Camera (Looking)
Pass
Frame
Date of Photography
Universal Grid Cocordinates
Geographic Coordinestes af
Format Center
Altitude (f+)
Camerz
Piteh (deg)
Roll (deg)
Yaw (deg)
Local Sun Time
Solar Elevation (deg)
Solar Azimuth {deg)
Exposure (ses)
Processzing Level
Vehlcle Azimuth (deg)
Filter (Wratten)
Target Type
Target Contras+
Weather Conditisns

(90

(6534

na

1

(e

a0
1y

36-33 115-26W
513,553

HA

Na

NA

101¢

Lrogas

141

/37

Full

168

23A

Indien Springs
High

Scattered Clouds

Aft

127%

19

23 Sep 67
07.1 - 02.8

36-3LN 116-29W
517,721

NA

NA

NA

1015

Lroggs

141

17463

Full

1568

21

Indian Springs
High

Scattered Clouds

B
Fwd Afs
1L3D 1535
20 el
24 Sep 67 2L gep &7
b2.0 - oe.€ 32.2 - 03.8
35-08N 118-33w 35-08N 118-35W
51k ,026 313,641
NA HA
NA NA
NA NA
1015 1015
LyoLger LTOLG
1h2 1kg
1/372 17411
Full Full
1679Ly! 187%40"
a5 21
51/51 T-Bar 51/51 T-Bar
Medium Medium
Clear Clear

CROUID RESOLUTION I FEET AS LETERMINED FROM THE ORIGINAL NEGATIVE

Along Tiack
Fad Af+
Observer 1 gron *
Observer 2 Bron *
Cbserver 3 Brew *

*No bars resolved.
NA - Not Available.

Across Tracx

Fwd AfL
* *
* *
* *

Observer 1
Cbserver 2
Observer 3

-2 -

B
Along Track Across Track E
Fwd Aft Fwd Aft
12 * 16 1€
12. * 16 12
12 * 1€ 12
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B
K Target Designator A B

Camera (Locking) Fwd Aft Fwd Aft

Pass 157D 157D 173D 173D

Frame 9 16 19 25
% Date of Photography 25 gep 67 25 Sep 67 26 Sep 67 26 Sep 67
N Universal Grid Coordinates 32.2 - Q1.2 43.2 - 0L.0 40.8 - 0b.0 34.6 - 02.9

Geographic Coordinates of
Format Center
Altitude (£t}

Camera
Pitch {deg)

Roll (deg)
Yaw (deg)

Local Sun Time

Selar Elevation (deg)

Solar Azimuth {deg)

Exposure (sec)

Processing Level

Vehicle Azimuth (deg)

Filter (Wratten)

Target Type

Target Contrast

Weather Conditions

bi-19N o76-L5W
515,579

Na
NA

NA
I
uoobs*
137
1/303
Full
166°L0!
23A
51/51 T-Bar
Medium
Clear

L1-13% O76-kéW
51k, 762

0950

Loosor

137

1/3m

Full
1669401

21

51/51 T-Bar
Medium
Clear

k109N 078-58w
514,693

NA
NA

XA

09hg

39024

137

1/30k

Full
166030

25

51/51 T-Bar
Medium
Clear

GROUND RESOLUTION IN FEET AS DETERMINED FROM THE ORIGINAL NEGATTVE

hi-10M 079-01W
51k,293

Full
166°30"

234

51/51 T-Bar
Medium
Clear

A B
Along Track Across Track Along Track Across Track
Fwd Aft Fwd Aft Aft Fuwd Aft
Observer 1 grhv * 8 * Observer 1 * 12 16
Observer 2 grin 16 12 * Observer 2 * 12 16
Cbserver 3 64" 15 8 * Observer 3 16 12 16
*No bars resolved.
NA - Not Available.
- 27 - .
Handle Via
N S1TT TR T —

Cantrol System QOnly

NO-PORTTONDISSEAT "




Narndie Via

NG AOREIGHN DISSEM

Controt System Gniy

* K ok ok

:m.
6l

0208 /004E
1-9-0£2-08
L=g=6-961
1
002/00g‘1
1069,

21
00S/1 ‘0%z /1
SV

VYN
201
201

E

Xapuy
10T uo g gy

—_—

"STAETIBAB 0N,
‘olasottdde oy ~ yy

N YN VN VN g1t YN VN Tai 1SBITUO) MOT g
¥N VN YN VN log ¥N ¥ £1e 1seIjuo) ydry g
Vi VN N ¥i 221 ¥N VN 0FT Iseajuc) mor 1
¥ vl VN ¥N C6T Vi YN 602 iseqquop ydy 1
D Tweui(g
¥ ¥N YN ¥N 051 ¥ ¥ Gyl ISRIJUOY) Mo
VN VN Wi N f9g i YN * 1s8I3u0) yIiy
o13Eg
?s\qv 18] uUoijntosay
ToKE HOKE HONE Ho4E HORE noug wonk Sdh], wity
Lel-6-1€2 VN YN L-9=)-¢ -yge YN YN L=g-C-ygz UoTs {ng
) YN vN ¢ VN VN G vastdy
000 2 VN ¥N 00091 ¥N YN 00041 (3J) wBua] wityg
$69° 6L 11854 8Ny HG 665744 009609 cll yg 289 ng S29° 609 (ww} yaBusp {uacy
Vee 4=
vN VN 52 e 1z 52 sa vtz (us11Bap) do911g
(] &1 GOT/1 00T/1 ¥A 00%/1 001/1 VN (995} swy aansodxg
Bre/d gre/d €9/4 v/l VN E-9/4 Cg/d YN aunjaady
00" Gz 0%g* gle-
it giz*
YN ¥y v YN nET" wET- v ¥ 1.1 ogT- UIPIM 3118
T dl ggLEed YOL 2F 291-1 WQLL 2 h9lEeq 2L1-I 13qunN TeTasg sueq
1 d1 vy YN YN VN v ¥ I3quny naasay
£ %* * &og * * £0E Jaquny waawey
pr1a 1.10J uoz fao)y Unw [Jday Ue, uozyruaoy U0z TJaol uey
- JBL187G £1ddng dn-aya], IAUY L1ddng dn-ayg],
TOTT uviseyy 3AB[Y e -1 J 58 doysey
VILVU NOISSIW  ITA Luvd

- 28 -

Handie Via

Cnntra_l System Only

N




e R TOB-SECRET-RUFF -

Contro! System Only

H O .m .

|
¢

PART VIII. ENGINEERING EXPERIMENTS

A. Mission 1101 Experiments

A "during operation filter change" and a "through exposure test"
were accomplished on Mission 1101. The filter experiment oceurred on
pass 143D. The first 36 frames of the fwd-looking camera record were
exposed using a Wrattep 25 filter and the remaining 17 frames using a
Wratten 23A filter. On the aft camera record, the first 16 frames were
exposed using a Wratten 23A filter and the remaining 37 frames using 2
Wratten 21 filter.

The through €Xposure test occurred on pass 159C. The various s5lit
widths used during the operation are correlated with the applicable
frames below:

Frame Fwd-Looking Aft-Looking
Number ' "~ Slit Width Slit Width
1-11 0.218 G.175
12-13 0.150 0.134
14-16 0.171 0.134
17-19 0.218 0.175
20-21 0.272 0.225
o2-24 0.218 0.200
25-27 0.250 0.175
258-30 0.250 0.200
31-50 0.218 0.175

B. Analysis of Experiments: An analysis of these experiments is being
conducted by the camera contractor. The original negative is not avail-
able at the NPIC for a detailed PI analysis at this time.
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c. Sghedule of Future Experiments

Mission

1102 Bi-spectral Wratten 25 and a SF 05
(Green Filter)

Polarizer Polocoat, 20° Angle

S0-230 "Faster," 30k type film

1103 Bi-spectral Wratten 25 and SF 05 (Green
Filter), Operational

Wide Band Filter Wratten 12

30- 3280 Ultra Thin Base Film
1104 50-180 Color Infrared Film

Night S0-340 (Tri X Type emulsion )

Tentative Experiments

1106 & 1107 Polarizer Through Winter, Proper Azimuth Stepped
Focus Glass Filter
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FIGURE 1. BEST IMAGE QUALITY

NPIC L-asoo

Image quality comparable to the best of this mission. MIP-95.

FIGURE 2. CORRESPONDING COVERAGE

Corresponding coverage as imaged by the aft camera. Qut-of-foecus
condition.
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. FIGURE 1
Camera . . 303
Pass . . 159D
Frame, e e e, .2
Date of Photography (GMT). . . 25 Sep 67
Universal Grid Coordinates . -+ 39.0 - 01.5
Enlargement Factor . - 20X
Geographic Coordinates . - 38-36N 121-21W
Altitude (ft). . . - 513,762
Camera Attitude:
Pitch (deg) . . . - NA
Roll (deg). . . - NA
Yaw (deg) . . . - NA
Tocal Sun Time . e . 0954
Solar Elevation (deg). . . . h3°0k!
Solar Azimuth (deg). . . . 1h10
Exposure (sec) . . . . . . - 1/333
Vehicle Azimuth (deg). . . - 170032!
Processing Level . . . . Full
NA - Not Available.
- 30b -
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FIGURE 2

302
159D
9

25 Sep 67
36.2 - 00.8

20X

36-LON 120-51W

510,043

NA
NA

NA
0954
L3004
1kio
L/hTT
170032°
Full
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FIGURE Z. STELLAR FORMAT (MISSICN 1101-1)
APIC. Uasoz

FIGURE 4. STELLAR FORMAT (MISSION 1101.2)

Flare pa<ttern tyri-sl throughout the mission.
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FIGURE 3 I

B
=
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-

Mission Number . . coe e e o e 4. . L 1101-1 101-2
“tellar Frame Numbers. . . . . . . . . h&58, Loop, Léfz L33, @38F, allz
. 14D 11D

no
[}
{]
el
4}]

© Of Photograrhy. . . . ., . . . . . 1§ Ser &7
tolavgement Faoto. . . . . | . - - . . 2.5
Loresurs (see) oo L L L L L, L . 1.5
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FIGURE 5. INDEX FORMAT (MISSTON 1101-1)

Best of mission.
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FIGURE 5

Mission Number . . . . . . e s o« o.o. 1101-1 l

Pass Number. . . . . I 1))

FrameNumber............1.15 -

Date of Photography. . . . . .. . . 19 Sep 67 l
Enlargement Factor . . + « « + .+ . . Contact

Exposure (sec) . . . . .. .. . . . 1/250 '
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“oecial Study:  Slant Range Computations Rela*ed o Univeorzal Grid

»

Site 1, develores Iromoequation (1), using a 15
T Zne zenter of Jormut, vrovides a scale fan
! coorainate of the universzal grid. Thus, the slant range of 2

Coordinates for the KH-4B Camers &:ztem

study develons 3 equations for comruzing the clar-
related o the universal grid coerdinases on KR

Thiz =ztudy alzo shows the accuracy thzT zan be exrerszed
range 1z zommuted from 2 of thege eguations.

<= H Zex w See @
& = Jlznt Fange
H = Vekizle Height

-
S
|

v o= Pitz

© = Secan Anglie
range S
error

ature. The
dus to >, a2t universal
1.2% nauvical miles {nm) o- 2,058 rercent,

1 nominal piteh
tor of F = Sec w Sec ¢

w3l mrid coordina<e can be quickly computed from the product

the

slant ranss i- computed from the rroduct (H){F) no

anre can be made Zor changes in vehicle attitude or earth curvatuyre.

v allow arproximate correciions for earth curvature, equation (2),

“qauation {2}
e

Croemg L el

(E)(F) + F 22+ 32(pe.1) -R:I
= 51ant Range
nicle Height
= 52aic Faoior = Sec w Ses §

= Radius o Earth = 3,437 nm can be used. Equation

g L
0
<
o

) Do an arprozimation formuls with a maxinum slant range difference,

zoxedinate (O, 5), of 0.02 nm or C.015 percen<.

“ovelooment of equatlon (2) iz as follows:

Cos 6 = Hq

TANGENT PLANE

FIGURE )

H sec w sec O

cos w cos 6 = Cone Angle
D tan &

where D is the ground distance from

the nadir to the point where the

rrincipal ray would intersect the

flat earth (tangent plane).
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In right triangle x, y, z of Figure 1,
53-8 +2 R

R
= B = R: + H2 tan 2 ] -7

= F Z"L/%E + H2 (Sez? 8-1) -R
l/ RE -~ H2 [I%ec W sec g )2 _z] -

o

=% = B sec § where A is the gorrection for sarth

o

site (xz)

I
o3}

T

~side (xy®

curvaiure

MARN D sec w sec P assuming angle (zxy) = is
arprovimately equal to &

i (zez w sec @) [VRE - HE Ksec ¥ zec )2 _Zl _;]

aetor F o= (sec w sec § ) the zlan® range is
x (B)(F) + FEI/RE »#2 [F2 1] -R]

When it iz necessary <o compute the slant range more accurately than
san oe glven tr either <he rraduct (H)(F), as developed from equation (1)
or equation (2) then by arplying the law of sines (Figure 2) we have:

Using the zealcs

&1

Equation (2)

SinA =35Sin B where the cone angle & = 4 = ¢as-1 [}35 ¥ COS§ é]
R B+ H
sin B = (R+H) sin A
R
A<B+C = 18C and ¢ = 180-4-% 20% € B< 180°
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When H.= 100 nm, the slan-= range for the universasl c£rid coordinaze
(Z. 3). wher computed with equation (1), is 128.£0 nm {assuming no errarz).
Tre value of S comvuted from equation (3) is 129.8% nr. Therefore, tie
marimum difference in slant rangs besween equations {1) and (3) is
L.Z- nm or {.$55 percenz. Ucing equation (2), the sla:t range iz comruie!
T2 re 129.82 nm. Therefore, the maximum difference in slant range vetweer
zguztions (2) and (3) iz €.02 nm or 0.015 percent.

Conzluslon:  EHquation - i- the best formula for determining slant range
ion since the true shape of the earth is

buT 1T is ctill an approvimat
neT Tasen into account. When

the Hough Ellipscid radius iz used for R,
Lo oeguatlion provides <he pecss

available answer.

quations above. equation (1), i.e., the v-oduct (H)}(F),

h iz mort ureful when nominal accuracy iz aczceptavle. In
2), al nzes for earth curvature == chianges in

con be mude.  Grid placement and line weights of the

id will contribute to ihe accurscy of the zlant range valuez
vuT these errars have nst been considered ir this study.

iotn k

“rected sranaard deviztion of the siant rang= (0S) related to

Incoe
equatio (1), when there are errors in the scan angle, pitch angle, or
zliitude. was developed using the law of propagation of errors as
S Ao Ty + 3 .
xmronsed by equation (P): 3 <

Q/'OJ Q/
€ =

Al dw o 0
a¢; e

X

y N e g g
Equation (P) we~" = i _a.: é.l y
@ 0 tFw
0 0

Qs

= H Sec w Sec § and the vartial derivatives

From equation (1) §
b ¢t to H, w, and 9 are:

I D2 with

3/ 0w = < Tun w

a\/a¢ = S Tan ¢

b trunon nte cquition | NUREE

. (o)™ 0 0 F

{o =) 2[1»‘ STan @ = Tan {l 0 (ew) o . S Tan w
0 0 o) 5 Tan ¢
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Considering a maximum case, we put E = 100 nm, choose grid coordinates
(S, 5) = (B, w) = (35931'L0", 17009'L3") and set the standard deviations*
of H, w, and § such that (9E) = 0.004C and (ow)? - (06 = 0.0000L57L
znd substitute these values into equaztion (P). The reszul- ig then 3% =

e Td M,

“Tne standard deviationz for H. w, and @ are:
OH = +0.07 nm = +L25 £+,
gv = +0.u0
ep = ¥, LO

These value: were arrived at by an analysis of vrevious KH-bLA
miscions and may not hold for the KH-4B camers system,
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Lizt of Symbols

= Slant Range

= Scan Angle

= Pitech

= Vehicle Height

Radius of Eartk = 3:37 nautical miles
= Scale Factor

= Cone Angle

= Ground Distance

Means Approximately Equal To

= Standard Deviation

rartial Derivative

Is an angle approximately equal toc the cone angle
+ = Therefcre

Tt iy m w2 o
1l

s q ll
I

Instructions for use of the Universal Grid KH-LR.

Place the fil~ with
or edge 2way from the vi
w2:l not be readable. P1
unright and readable.

vie Title readable and the iats block alonz the
ewer. The camers number (on the near edge )
ace the grid over the film wizh the lettering

align X-0 along the lef* edge of the format.
Align Y-0 along the bottom edge of the format.

The camera number will be between X-55 and X-5¢ below Y-=0.
The data block will be at X-28, Y-6.

Example: X-37.0/Y2.3 indicates the center of format.
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